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Abstract

Introduction Reducing allogeneic blood transfusions
remains a challenge in total knee arthroplasty. Patients with
preoperative anemia have a particularly high risk for perio-
perative blood transfusions.

Materials  and  methods 176  anemic  patients
(Hb < 13.5 g/dl) undergoing total knee replacement were
prospectively evaluated to compare the effect of a periop-
erative cell saver (26 patients), intraoperative fibrin sealants
(5 ml Evicel®, Johnson & Johnson Wound Management,
Ethicon, Somerville, NJ) (45 patients), preoperative autolo-
gous blood donation (PABD) (21 patients), the combination
of fibrin sealants and preoperative autologous blood dona-
tion (44) and no intervention (40 patients) on perioperative
blood loss and transfusion requirements.

Results All protocols resulted in significant reduction
of allogeneic blood transfusions. Transfusion rates were
similar with the use of PABD (19 %), Evicel® (18 %), and
cell saver (19 %), all significantly lower than the control
group (38 %, p < 0.05). Combining Evicel® with PABD
resulted in significantly higher wastage of autologous units
(p < 0.05) with no significant reduction in allogeneic trans-
fusion rate (14 %). The use of fibrin sealant resulted in a
significant reduction of blood loss compared to the PABD
group (603 vs. 810 ml, p < 0.005) as well as the control
group (603 vs. 822 ml, p < 0.005).

Conclusions While PABD proved to be the most cost-
effective treatment option in anemic patients, fibrin seal-
ants and cell saver show similar reduction in allogeneic
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transfusion rates compared to controls. The combination of
fibrin sealants and PABD is not cost-effective and increases
the number of wasted units.
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Introduction

Total knee arthroplasty is accompanied by significant
peri- and postoperative blood loss putting patients at risk
for allogeneic blood transfusions. In addition, approxi-
mately 24 % of the patients scheduled for total knee arthro-
plasty are anemic [1]. The baseline hemoglobin level is the
strongest predictor for receiving postoperative blood trans-
fusions [2, 3] and several studies have shown that there is
no need for blood management in non-anemic patients [4,
5]. In addition, preoperative anemia and allogeneic blood
transfusions are independently associated with an increased
risk of morbidity and mortality [1, 6, 7] making patients
with preoperative anemia the most important target for
blood management.

The goal of blood management is to minimize the expo-
sure to allogeneic blood transfusions. Potential health risks
of allogeneic blood transfusions include the transmission of
infectious disease, transfusion reaction, allergic reaction,
and postoperative infection [8, 9]. Despite the improvement
in safety of allogeneic blood with modern blood bank pro-
tocols, its potential risks are still a concern.

Preoperative autologous blood donation (PABD) repre-
sents the gold standard [10]. The optimal time for dona-
tion is 1 month prior to the surgery. Although PABD is
associated with a significant reduction in allogeneic blood

@ Springer



54

Arch Orthop Trauma Surg (2014) 134:53-58

Table 1 Demographics of primary total knee arthroplasty cases

Evicel®+PABD PABD Cell saver Evicel® Control Total
Number of patients (male/female) 44 (12/32) 21 (7/14) 26 (4/22) 45 (3/42) 40 (5/35) 176 (31/145)
Mean age (years) 69.6 (50-86) 68.0 (50-81) 70.2 (52-86) 65.0 (27-90)  68.8 (48-87) 67.9 (27-90)
Mean BMI (kg/m?) 29.7 (13.2-43.7) 25.2(19.0-40.8) 25.3(13.9-36.0) 25.7 (13.8-46) 25.8 (13.8-42.3) 25.5(13.8-46.0)
ASA 2.2 (1-3) 2.3 (1-3) 2 (2-3) 2.3 (1-3) 2.5 (2-3) 2 (1-3)

BMI body mass index, ASA American Society of anesthesiologists physical status classification system, LOS length of stay, PABD preoperative

autologous blood donation

transfusion, patients have a higher overall likelihood of
receiving blood units compared to patients without predo-
nation [11-14]. In addition, PABD is accompanied with a
high rate of wasted blood [8, 14-16] and the technique does
not eliminate the risks of transfusion reactions, administra-
tive errors or bacterial contamination [17].

Another alternative is the use of fibrin sealant, plasma
fibrinogen mixed with thrombin [18]. When sprayed onto
the wound the activation of fibrinogen by thrombin forms
an adhesive fibrin clot [19-21]. In addition, perioperative
drainage blood reinfusion devices are utilized to minimize
exposure to allogeneic blood [22].

The current study attempts to answer the following
research questions: (1) which of the blood management
protocols achieves the most significant reduction in allo-
geneic blood transfusion as compared to controls with no
intervention? (2) Do these protocols have an impact on
postoperative blood loss? and (3) is there a difference in the
overall cost?

Materials and methods

A retrospective review was conducted of 192 patients with
a preoperative hemoglobin of less than 13.5 g/dl undergo-
ing total knee arthroplasty by the senior authors between
2010 and 2012. All procedures were performed with a
standardized mid-vastus or parapatellar approach under
hypotensive spinal-epidural anesthesia. 16 patients were
excluded because of preoperative treatment with blood
thinners or the presence of a bleeding disorder leaving 176
patients eligible for the study. 31 males and 145 females
were included with an average age of 68 years at the time
of the surgery (range 27-90 years) and mean BMI of
25.5 kg/m? (range 14—46 kg/m?). The study was approved
by the Institutional Review Board at the authors’ Institu-
tion, and all patients gave their informed consent prior to
their inclusion in the study.

Procedures were divided into five groups based on the
method of blood management that was employed. Gen-
der, age, BMI, preoperative Hb, date of preoperative Hb
measurement, date of autologous blood donation, number
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of autologous transfusions, number of allogeneic transfu-
sions, time of transfusion, and postoperative Hb levels until
date of discharge, and in-house complications (thrombo-
embolic events, cardiac events, bleeding, hematomas, and
urinary tract infections) were documented. The volume of
blood lost was calculated as the sum of intraoperative blood
loss and the volume retrieved from drains. All drains were
removed after 24 h.

Of 132 primary total knee arthroplasty procedures
performed in anemic patients, 21 (16 %) donated autolo-
gous blood preoperatively, 26 (20 %) used a reinfusion
device (OrthoPat®, Haemonetics, Braintree, MA), and 45
(34 %) received intraoperative fibrin sealant (5 ml Evi-
cel®, Johnson & Johnson Wound Management, Ethicon,
Somerville, NJ). 40 cases (30 %) had no intervention and
served as controls. These patients were all operated by
one of the two senior authors (FB) and each protocol was
used for 7-9 months at a time between 2010 and 2012. A
combination of PABD and Evicel® was used in 44 cases
operated on by the second surgeon in the current study
(CC). Patients received allogeneic transfusions if their
hemoglobin level dropped below 8.0 g/dl and they dis-
played clinical symptoms of anemia (tachycardia and/
or hypotension) despite an intravenous fluid bolus of
500 cc. The decision to transfuse autologous blood was
made at the discretion of the anesthesiologist and medi-
cal attending, and strict transfusion guidelines were not
enforced. All four groups were similar in terms of age,
BMI, and American Society of Anesthesiologists (ASA)
scores (Table 1).

The cost benefits were calculated considering the aver-
age cost of an autologous/allogeneic unit of blood of US
$240, a type and cross fee of US $100, and a transfusion
fee of US $100. Furthermore, one reinfusion device ran at
US $438 and 5 ml of fibrin sealant cost US $505. Insurance
reimbursement for preoperative donation or transfusion
was not considered for this protocol.

Data were analyzed using ANOVA (Microsoft Excel,
Microsoft Corporation, Redmond, WA, USA, Microsoft
Office Professional Plus 2010 Version 14.0.6 for Windows
7). A p value of less than 0.05 was considered statistically
significant (Table 2).
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Table 2 PABD is associated with the lowest allogeneic transfusion rate, followed by Evicel and cell saver

Patient Group Patients who received  Patients who Total allogeneic Average allogeneic ~ Average overall ~ Autologous
autologous transfusion received allogeneic units transfusion per patient transfusion per units wasted
transfusion patient
Evicel®+PABD 18 (41 %) 6 (14 %) 9 0.20 (0-2) 0.61 59 %
(n=44)

PABD (n = 21) 15 (71 %) 4 (19 %) 4 0.19 0.90 29 %
Cell saver (n =26) 0 5 (19 %) 6 0.23 (0-2) 0.23 0
Evicel® (n = 45) 0 8 (18 %) 12 0.26 (0-3) 0.26 0
Control (n = 40) 0 16 (38 %) 20 0.5 (0-2) 0 0
PABD preoperative autologous blood donation
Fig. 1 Percentage of patients in 40
each group who received alloge-
neic blood 35
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25
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PABD Evicel PABD + Evicel Cell Saver Control

Results drop from preoperative levels. The smallest drop was seen

Transfusion rates were similar with the use of PABD
(19 %), Evicel® (18 %), and cell saver (19 %), all sig-
nificantly lower than the control group (38 %, p < 0.05).
Among patients who predonated autologous blood, 19 %
required an allogeneic unit with an autologous wastage rate
of 29 %. Combining Evicel® with PABD resulted in sig-
nificantly higher wastage of autologous units (59 vs. 29 %;
p < 0.05) with no significant reduction in allogeneic trans-
fusion rate (14 %) (Fig. 1).

Wound drainage on the first postoperative day was found
to be reduced in the fibrin sealant group as compared to
PABD and cell saver (p < 0.05). The measured volume of
blood lost in the topical fibrin sealant group averaged 603 ml,
followed by the PABD group (810 ml, p < 0.05), the control
group (822 ml, p < 0.05), and the cell saver group (905 ml,
p < 0.05). However, after accounting for blood reinfused in
the cell saver group, the blood loss of 759 ml is not signifi-
cantly higher than the sealant group (p = 0.13) (Fig. 2).

The mean hemoglobin level at discharge was similar in
all groups regardless of the intervention, an average 3 g/dl

in the predonation group with 2.5 g/dl compared to 3.1 g/dl
with Evicel® (p < 0.05). No postoperative complications
or differences in length of hospital stay were noted among
the four groups. The mean duration of hospital stay for all
the patients was 3.8 days (range 2—10 days). Patients in all
groups averaged a hospital stay of 4 days, except the com-
bination PABD and Evicel group who were discharged
after a mean 2.8 days (p < 0.001), highlighting the impact
of postoperative transfusions on length of stay (Fig. 3).

The use of fibrin sealants resulted in a 26 % reduction
in perioperative blood loss compared to the control group
(p = 0.05). A similar reduction of 25 % was observed
between the PABD group and the fibrin sealant group
(p <0.05), and 20 % when compared to the cell saver group
(» =0.13).

Cost analysis revealed highest cost per patient when
Evicel® and PABD were combined (US $876/patient), fol-
lowed by Evicel® (US $622/patient), cell saver (US $540/
patient), and PABD alone (US $395/patient). All interven-
tions were significantly more expensive than the control
group (US $220/patient; p < 0.001) (Fig. 4).
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Discussion

The current retrospective study evaluates the efficacy of
reinfusion devices, PABD, the use of fibrin sealants and the
combination of both in anemic patients undergoing primary
total knee arthroplasty.

All interventions proved to be similarly effective in
reducing allogeneic transfusion rates compared to controls.

The administration of topical fibrin sealants has been
shown to reduce blood loss as well as allogeneic transfusion
risk in joint replacement [19-21]. In a prospective, multi-
center, randomized study Levy et al. [20] demonstrated a
significant reduction in blood loss compared to controls (360
vs. 878 ml), as well as lower transfusion rates (17 vs. 55 %),
and a smaller drop in hemoglobin level (2.5 vs. 3.7 g/dl). The
literature reveals a significant decrease in blood loss with the
use of fibrin sealants (185 vs. 408 ml) in total knee and hip
arthroplasty [21, 23], as well as a shorter hospital stay, supe-
rior range of motion, and decreased incidence of arthrofibro-
sis 5 months after the surgery [24]. Moreover, Mawatari et al.
[25] reported reduced blood loss over the first 48 h postopera-
tively (580 vs. 810 ml) in a study in which all patients in the
treatment and control groups predonated autologous blood.
Whereas 20 % of patients in the control group lost more than
1,200 ml postoperatively, only 4 % of the patients who were
treated with fibrin sealant registered such a volume of blood
loss [25]. Although fibrin sealants resulted in a significant 20—
25 % reduction in the current study, the reduction in blood
loss was not as marked as that reported in other studies.

Cell saver can recover up to 60 % of the blood lost dur-
ing total knee arthroplasty [22, 26]. Patients in the cell
saver group were reinfused with an average 102 ml the day
of surgery and 46 ml on postoperative day 1. A Cochrane
review showed similar results with reinfusion of washed
or unwashed blood in orthopedic trials. The relative risk of
exposure to blood transfusion was reduced on average by
52 % with washed cell salvage and 53 % with unwashed
cell salvage [27].

Preoperative donation reduces exposure to allogeneic
blood, at the expense of a 2.5-2.7 times increased risk of
receiving any transfusion (allogeneic and/or autologous)
[8, 16]. The current study confirms that routine PABD for
anemic patients significantly decreases the need for allo-
geneic blood. It is well established that the preoperative
hemoglobin is the strongest predictor for postoperative
transfusions [5, 8, 9, 14-16] and PABD seems to be espe-
cially effective in this high-risk group. In contrast, previous
studies have revealed no benefit for non-anemic patients [4,
28]. Hatzidakis et al. [15] showed that up to 83 % of the
predonated blood was discarded when PABD is utilized
in non-anemic patients less than 65 years of age. The high
rates of wasted autologous blood and the increased overall
transfusion rates highlight the importance of selecting an

appropriate group for an autologous donation protocol. This
targeted approach in which patients are grouped by hemo-
globin level is important to evaluate the efficacy and cost-
benefit of blood-saving interventions in orthopedic surgery.
Although a recent randomized-controlled trial found no sig-
nificant difference in blood loss with the use of intra-artic-
ular fibrin sealants in TKA, the paper does not provide an
independent calculation for anemic patients [29].

To our knowledge, there is no data in the literature about
the concurrent use of fibrin sealants and PABD. This com-
bination significantly reduced the number of autologous
transfusions and the overall transfusion rate when com-
pared to PABD alone, which reflected on a higher autolo-
gous wastage rate (59 vs. 29 %, respectively; p < 0.05).

Although no treatment at all is most cost-effective,
the high rate of allogeneic blood transfusions makes it an
unpractical approach. Among the treatment protocols that
were tested, PABD remains the most cost-effective approach
to blood management in anemic patients. A previous study
from our center reported that while routine PABD is costly,
limiting it to anemic patients only increases cost-effective-
ness [4]. However, routine use of PABD with postoperative
drains reduces its overall cost-effectiveness. Although rein-
fusion devices and fibrin sealants are more expensive they
do not require the patient to spend time prior to surgery to
donate blood and remain appealing treatment options for
patients or centers that do not have PABD readily available.
It is also important to notice that the difference in cost is
related to the price of the cell saver and fibrin sealant. At
lower prices, their effectiveness might be similar to PABD.

The current paper is limited by its retrospective and non-
randomized nature. It is not clear whether the best cut-off
for anemia is 13.5 g/dl or lower. Further studies are needed
to answer these questions and it is likely that cut-off levels
will differ from institution to institution based on anesthe-
sia and surgical technique. It is worth mentioning although
transfusion rates did not different significantly, drains were
used in all groups except the combination group. Because
hypotensive spinal anesthesia and its associated fluid sub-
stitution independently reduces hemoglobin and hemato-
crit, blood loss could not be reliably calculated based on
hemoglobin drop and had to rely on the measurement of
intraoperative blood loss and postoperative drain output.
Comparing treatments during different time periods does
add the potential problem that surgical or perioperative
changes over time could affect transfusion rates. The senior
surgeons did not change their surgical technique between
2010 and 2012 and utilized the same type of anesthesia and
perioperative medications. In addition, larger sample sizes
are needed to detect any significant difference in efficacy
between various blood management modalities.

In conclusion, PABD proved to be the most cost-
effective method in reducing allogeneic transfusions in
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anemic patients undergoing total knee arthroplasty. How-
ever, PABD requires a setup in place to adequately handle
the blood units. Fibrin sealants and perioperative reinfu-
sion devices both offer similar efficacy but are slightly
more expensive. Fibrin sealants are appealing since they
do not require preoperative blood donation or postoperative
handling of a cell saver; however, their cost-effectiveness
depends on the purchase price. The combination of fibrin
sealants and PABD is not justified in primary TKA, as it
significantly increases the cost and wastage with no benefit.
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