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Abstract The increased blood loss and resulting need for
allogenic blood has been a major concern of one-stage
bilateral total knee arthroplasty (TKA). One hundred
eighteen consecutive patients donating either 2 units (87
patients) or 3 units (31 patients) of autologous blood prior
to one-stage bilateral TKAwere retrospectively evaluated to
determine: (1) how many patients received allogenic
transfusion; (2) what percentage of autologous blood was
wasted; and (3) whether donating 2 or 3 units of autologous
blood before surgery is more cost-effective. Fifteen patients
in the 2-units donation group (17.2%) and one patient in the
3-units donation group (3.2%) required allogenic blood
transfusions. In the 2-units group, 37.9% of the patients
wasted 21.8% of predonated autologous blood, and in the 3-
units group, 64.5% of the patients wasted 32.3% of
predonated autologous blood. The estimated cost for
patients donating 2 or 3 units of blood was $1,814.17 and
$1,996.10, respectively. Donating 2 units of autologous
blood is more cost-effective; however, patients donating
3 units of blood required less allogenic blood.
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Introduction

The one-stage bilateral total knee arthroplasty (TKA) is still
considered controversial for the treatment of bilateral knee
arthritis. Some studies have reported increased risk of
complications in one-stage bilateral knee arthroplasty [1–8].
Ritter et al. reported that one-stage bilateral TKA is associated
with a minimal increase in morbidity andmortality [7]. Bullock
et al. reported that complications were slightly raised in
bilateral TKA versus unilateral TKA, whereas mortality rates
were about the same [9]. The overall blood loss is higher in
one-stage bilateral TKA than staged or unilateral TKA [10, 11].

In a recent retrospective study of 461 one-stage bilateral
TKA patients, those donating 1 units of autologous blood
required allogenic blood in 72% of cases; those donating
2 units of autologous blood required allogenic blood in 48% of
cases; those donating 3 units of autologous blood required
allogenic blood in 29% of cases; and those donating 4 units of
autologous blood required allogenic blood in 27% of cases
[12]. The study concluded that preoperative donation of
autologous blood does not completely alleviate the need for
allogenic blood transfusion after bilateral TKA. Based on a
retrospective calculation, the authors suggested that the
combination of a perioperative cell saver and 2 units of
autologous blood would be the most cost-effective and
efficient blood management tool to decrease the need for
allogenic blood [12]. A perioperative cell saver has been
routinely used at the authors’ institution for patients undergo-
ing one-stage bilateral TKA.

The purpose of this study was to analyze the success of
using a perioperative cell saver and predonation of autologous
blood in avoiding the need for allogenic transfusion in patients
undergoing single-stage bilateral TKA. Specific research aims
included studying what percentage of patients require allo-
genic blood transfusion after donating either 2 or 3 units of
autologous blood and what percentage of predonated autolo-
gous blood is wasted with either of the protocols. The third
aim was to determine which of the two autologous donation
protocols (2- or 3-unit predonation) is more cost-effective.
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Materials and methods

A case-controlled, retrospective review of 118 one-stage
bilateral TKA patients was conducted to observe the
incidence of allogenic transfusion comparing two groups:
one group that predonated 2 units of autologous blood and
one group that predonated 3 units of autologous blood.

Between June 2004 and July 2006, 118 patients were
operated on by 15 surgeons at the Hospital for Special
Surgery (HSS). Forty-three males and 75 females partici-
pated with an average age at the time of the surgery of
64 years (range, 39–79 years). The average height was
169.1 cm (range, 149.9–193 cm), the average weight was
76.2 kg (range, 45.1–114 kg), and the average body mass
index was 26.7 kg m−2 (range, 14.0–42.9 kg m−2). The
study protocol was approved by the Institutional Review
Board at the authors’ institution.

All patients had spinal epidural anesthesia prior to
surgery. A pneumatic tourniquet was used routinely. The
knees were replaced sequentially beginning with the more
symptomatic knee in case the operation had to be discon-
tinued after the first knee replacement. The OrthoPAT®
(Transfusion Technologies Corporation, Natick, MA, USA)
retransfusion device was connected to the intraoperative
suction as soon as the tourniquet was released and was
connected to the postoperative drains as soon as the capsule
was closed. Warfarin, in combination with a pneumatic foot
compression device, was used for thromboembolic prophy-

laxis in all patients. Continuous passive motion was started in
the postoperative anesthesia care unit on the day of surgery.

The age and weight of the patient, the length of the
procedure, the intraoperative, and total postoperative blood
loss as well as the amount of blood reinfused after surgery
were recorded. The amount of predonated autologous blood
and the number of autologous and allogenic blood trans-
fusions were documented. The postoperative hemoglobin
levels during the first 7 days after surgery were recorded. A
hemoglobin level of 8 mg/dL was considered an indication
for transfusion in patients with an appropriate clinical
picture (hypotension, tachycardia, weakness) of postoperative
anemia not relieved by a fluid bolus.

Transfusion indications were individually reviewed and
it was assumed that patients with a postoperative hemoglobin
greater than 10.5 mg/dL at the time of discharge had received
too many blood transfusions if they had no medical
conditions justifying increased transfusion requirements,
such as preexisting coronary artery disease or a history of
myocardial infarction.

To analyze the cost-effectiveness of different approaches,
we used the following data: 1 units of autologous blood or
1 units of allogenic blood costs $275 at the author’s
institution. If blood is ordered for transfusion, an additional
$150 is charged for the type and cross-match of each unit. A
transfusion fee of $100 is charged for each transfusion. For
the use of the postoperative cell saver system (OrthoPAT®,
Transfusion Technologies Corporation), $684 is charged in
addition to the $100 transfusion fee.

Student’s t test was used to compare costs and the need
for allogenic blood. A p value of less than 0.05 was
considered significant.

Results

The average intraoperative blood loss was 407.2 mL (range,
150–1,000 mL) and the average postoperative blood loss was
1,697.6 mL (range, 215–5,810 mL). On average, patients
received 548.2 mL (range, 50–2,050 mL) of blood from the
OrthoPAT® retransfusion device. In one (0.8%) of the 118
patients utilizing the device, not enough blood was collected
for reinfusion. There was no difference in preoperative
hemoglobin (p=0.405) and postoperative hemoglobin (p=
0.420) levels between patients who donated 2 or 3 units of
blood. In the postoperative period, the patients received an
average of 0.97 units of blood (range, 0–6 units; 1.7 units of
autologous blood and 0.26 units of allogenic blood) (Fig. 1).
Overall, 13.6% of the patients received allogenic blood.
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Fig. 1. The average number of autologous and allogenic blood
transfusions for each protocol are displayed for the day of surgery
(DOS), postoperative day 1 (POD #1), and postoperative days 2 and 3
(POD #2&3)

Table 1 The table displays the preoperative and postoperative hemoglobin levels as well as autologous and allogenic blood transfusion
requirements in patients donating 2 or 3 U of autologous blood

Number of
autologous blood
donations (units)

Number of
patients

Preoperative
hemoglobin
average (g/dL)

Postoperative
hemoglobin
average (g/dL)

Average number of
autologous blood
transfusions

Average number of
allogenic blood
transfusions

Average number of
overall blood
transfusions

2 87 12.4 10.1 1.6 0.3 1.9
3 31 12.5 10.2 2.0 0.1 2.0
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Patients that predonated 2 units of autologous blood
required more units of allogenic blood than those that
predonated 3 units (p=0.047). Fifteen patients (17.2%) in
the 2-units group and one patient (3.2%) in the 3-units
group required allogenic blood transfusions (Table 1).

Patients in the 3-units group wasted a greater percentage
of predonated autologous blood than those in the 2-units
group. (p=0.0003). In the 2-units group, 23 patients
(37.9%) wasted 21.8% of predonated autologous blood,
and in the 3-units group, 17 patients (64.5%) wasted 32.3%
of predonated autologous blood (Table 2).

The average cost of blood management was higher for
patients that donated 3 units of autologous blood compared
to those that donated 2 units (p=0.021). The average cost
was $1,996.10 in the 3-units group compared to $1,814.17 in
the 2-units group.

Discussion

One-stage bilateral TKA is associated with a high perioperative
blood loss and need for perioperative blood transfusions [6, 10,
11]. The current case-controlled retrospective study evaluated
whether predonation of either 2 or 3 units of autologous blood
would decrease the need for allogenic blood transfusion
without increasing the percentage of wasted predonated
autologous blood and blood management costs.

The current study is limited by its retrospective nature.
Transfusion guidelines were not strictly enforced at the
authors’ institution, and therefore, the number of trans-
fusions had to be retrospectively corrected in patients who
were overtransfused. Another shortcoming is the use of
historical controls. The decision to predonate 2 or 3 units of
blood is based on surgeon preference.

Total blood loss and transfusion requirements are major
concerns after one-stage bilateral TKA [5]. The total blood
loss after bilateral TKA is more than double than during
unilateral TKA [13]. One-stage bilateral TKA is also
associated with increased postoperative transfusion rates
[14]. Bottner and coworkers previously reported that
donation of autologous blood alone did not reduce the use
of allogenic blood to below 25% in one-stage bilateral TKA
and recommended predonation of 2 units of autologous
blood in combination with a perioperative cell saver [12].

Breakwell and coworkers recently reported that drainage
blood reinfusion in bilateral TKA was “a safe and effective
method of reducing allogenic blood requirements” [15]. In
their study, an average of 1,000 mL of blood was drained

and filtered using the Stryker CBCII ConstaVac, reducing
average allogenic blood use from 6.3 to 3.8 units [15].
Bottner and coworkers calculated the impact of a cell saver
on the need for allogenic blood. It was calculated that the
combination of a cell saver with predonation of 2 units of
autologous blood would reduce the need for allogenic blood
to approximately 8% [12]. In clinical studies, the reduced
need for allogenic blood has been less predictable [16].
Implementing a cell saver in combination with an average
of 1.68 units of predonated autologous blood (range,
0–3 units) in patients undergoing one-stage bilateral TKA
reduced the need of allogenic blood to 17% [16]. This is
similar to the data in the current study for patients that
predonated 2 units of autologous blood.

Previous studies, in agreement with the findings of this
report, suggest that the percentage of wasted autologous
blood increases with the number of predonated units of
autologous blood [12] Patients donating 1, 2, 3, or 4 units of
autologous blood wasted 1%, 5%, 19%, and 23% of pre-
donated autologous blood, respectively [12]. Similar results
were observed in the current study and explained that a
protocol involving predonation of 2 units of autologous
blood is more cost-effective than a protocol involving pre-
donation of 3 units of autologous blood.

Based on the study results, either the use of 2 units
predonated autologous blood in combination with a perioper-
ative cell saver or 3 units predonated autologous blood in
combination with perioperative cell saver can be recommen-
ded. Whether 64% of the patients should donate a third unit of
blood to help prevent allogenic blood transfusion in 14% of
patients should be individually discussed with the patient.
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