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Abstract

Postoperative shed autologous blood reinfusion techniques have been used for decades in
total knee arthroplasty (TKA), but the effectiveness of this procedure is still a matter of
debate. This multicenter retrospective study investigated the medical records of patients
who underwent unilateral and bilateral TKA from January 1, 2015 to December 31, 2017 in
three hospitals. According to whether postoperative shed autologous blood reinfusion was
used, the patients were divided into the control group and the shed autologous blood reinfu-
sion group. The volume of perioperative infusion of red blood cells and plasma, the blood
transfusion-related costs, and the postoperative hospital stay were compared between the
two groups of patients. A total of 200 unilateral and 74 bilateral TKA were included after suc-
cessful matching. Among the patients who underwent unilateral TKA, the control group and
the shed autologous blood reinfusion group had 95 and 91 patients, respectively, who
received allogeneic blood infusion (P = 0.268). There was no significant difference in the
number of units of allogeneic red blood cells infused (P = 0.154), while the transfusion-
related cost was increased (P<0.001). The same phenomena were observed over the
patients underwent bilateral TKA. Shed autologous blood reinfusion does not reduce the
need for infusing allogeneic red blood cells. In addition, the procedure increases patient
expense and may also lead to an extended postoperative hospital stay.

Introduction

TKA is currently an important method for the treatment of late and severe knee joint lesions.
The surgical operation is complex, involves significant trauma and often leads to large

PLOS ONE | https://doi.org/10.1371/journal.pone.0219406 July 8, 2019

1/10


http://orcid.org/0000-0001-9067-0291
https://doi.org/10.1371/journal.pone.0219406
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0219406&domain=pdf&date_stamp=2019-07-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0219406&domain=pdf&date_stamp=2019-07-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0219406&domain=pdf&date_stamp=2019-07-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0219406&domain=pdf&date_stamp=2019-07-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0219406&domain=pdf&date_stamp=2019-07-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0219406&domain=pdf&date_stamp=2019-07-08
https://doi.org/10.1371/journal.pone.0219406
https://doi.org/10.1371/journal.pone.0219406
http://creativecommons.org/licenses/by/4.0/
http://www.306.cn

@ PLOS|ONE

Blood salvage is ineffective

100101) for researchers who meet the criteria for
access to confidential data.

Funding: The authors received no specific funding
for this work.

Competing interests: The authors have declared
that no competing interests exist.

postoperative blood loss. In particular, when both knee joints are replaced simultaneously, the
blood loss is substantial. Therefore, the procedure frequently requires a postoperative infusion
of allogeneic red blood cells [1, 2]. Although the safety of the transfusion of allogeneic red
blood cells has gradually increased, there are still potential risks of allergic reactions, HIV and
hepatitis transmission, and bacterial blood contamination[3]. In addition, the current state of
clinical blood use in China is dire, as there is a large gap between blood supply and demand. In
severe cases, surgery may be suspended due to insufficient blood supply.

At present, the blood-saving measures for TKA include the use of erythropoietin and iron,
preoperative collection of autologous blood, intraoperative use of a tourniquet and tranexamic
acid and postoperative shed autologous blood reinfusion. The last one has been used for
decades, and many studies have been reported, but the conclusions are not consistent. Most of
the earlier publications showed that postoperative shed autologous blood reinfusion could
save blood use [4, 5], but other recent studies and one meta-analysis suggested the opposite
result [6-9]. This difference may be because in the past 30 years, advanced surgical methods
and surgical instruments have been developed, and shed autologous blood reinfusion equip-
ment and operational methods have been somewhat improved. As a result, different studies
may have adopted different indications for blood transfusion.

Due to the publications of shed autologous blood reinfusion concerning allogeneic blood
transfusion after unilateral and bilateral TKA are rare, we designed this study to examine
whether shed autologous blood reinfusion can reduce allogeneic blood transfusion and to
determine the economic efficiency of this procedure.

Materials and methods

This multicenter retrospective study was approved by the Ethics Committees of the 306th Hos-
pital of PLA in Beijing, General Hospital of Chinese People’s Armed Police Forces, and Peo-
ple’s Liberation Army General Hospital in Beijing. All three hospitals are large-scale general
hospitals. Each hospital has experienced experts at performing TKA. All providers follow the
Beijing blood transfusion guidelines and use the same shed autologous blood reinfusion equip-
ment. Postoperative rehabilitation training is also the same.

All patient information was anonymous and only de-identified patient information was
used, therefore the need for informed consent was waived by the ethics committee. The inclu-
sion criteria were as follows: age 18-80 years, suffering from osteoarthritis and rheumatoid
arthritis, and undergoing the first unilateral or bilateral TKA. The exclusion criteria were as
follows: hemorrhage and coagulation disorders, previous history of thrombosis or hemor-
rhage, liver and kidney function abnormalities, severe lesions of the mental and nervous sys-
tem, implantation of cardiac pacemaker and in vivo stent.

The time period included in this study was from January 1, 2015, to December 31, 2017.
The patients were divided into a control group and a shed autologous blood reinfusion group
according to whether the shed autologous blood reinfusion equipment was used. The follow-
ing data on all patients who underwent unilateral or bilateral TKA were extracted from the
electronic medical record databases of the three hospitals: sex; age; American Society of Anes-
thesiologists (ASA) Physical Status Classification (ASA grade); weight; operation duration;
total perioperative blood loss; volume of perioperative allogeneic red blood cells and fresh fro-
zen plasma (FFP) infusion; volume of postoperative shed autologous blood reinfusion; postop-
erative hospital stay; hemoglobin and hematocrit levels before the surgery, on the day after
surgery (Day 0, i.e., 10 h after surgery completion), on the three consecutive days after the sur-
gery (Day 1-3) and prior to discharge.
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Anesthesia

All patients underwent endotracheal intubation, general anesthesia, intravenous and inhala-
tional combined anesthesia or total intravenous anesthesia. Preoperatively, none of the
patients had autologous blood collected or was given erythropoietin and iron. Intraoperatively,
no controlled hypotension and blood dilution was performed, and no blood coagulant drugs
were given.

Surgical methods and blood transfusion

All patients were placed in a supine position and an anterior midline incision of the knee joint
and medial parapatellar approach was used in all cases. All prostheses used were posterior-sta-
bilizing high-flexion rotary platform prostheses (Stryker Inc., Johnson & Johnson) and were
fixed with bone cement. A tourniquet was used during all operations, and the tourniquet was
used alternately for the operated limb in patients undergoing bilateral knee arthroplasty. The
orthopedic surgeon decided whether or not to use postoperative shed autologous blood reinfu-
sion equipment without clear indications and tendencies. A drainage tube was placed on the
surface of the prosthesis of each knee joint and was connected to a CBC II ConstaVac type
electric negative pressure non-washing postoperative autologous blood collection and transfu-
sion system (Stryker Inc.). In brief, the shed blood was collected into the anticoagulant-free
vacuum canister connecting to a reinfusion bag, then the shed blood was transfused through a
40-um screen filter allowing the elimination of fat particles and other debris. Within 6 h, the
autologous blood was directly reinfused as soon as the collection reached 200 ml. After 6 h, the
tube was used as an ordinary drainage tube. In the control group, a drainage bag was con-
nected to the drainage tube. The intraoperative blood loss included the blood lost in the aspira-
tor as well as gauze adsorption. The postoperative blood loss included autologous blood
reinfusion or the drainage bag blood as well as the exudation absorption from the incision
dressing; the sum of both was the total perioperative blood loss.

According to Beijing’s Guidelines for Clinical Blood Transfusion and considering that
these patients are elder, and some patients have various comorbidities, both anesthesiologists
and orthopedists suggest that more oxygen supply can be provided when the hemoglobin is
>10 g/dl, which can reduce or avoid myocardial ischemia and other postoperative complica-
tions and may be beneficial for postoperative recovery. Especially in the current medical envi-
ronment in mainland China !"%), this approach may be safer for both patients and hospitals.
Therefore, the blood transfusion trigger point is set at a hemoglobin of <10 g/dl

All three hospitals used Beijing’s charging standard for medical treatment. The calculation
is based on the RMB exchange rate of 6.28 yuan in January 2018. When ABO and Rh match-
ing, cross-matching, antibody screening, leukocyte filtration and infusion are included, the fee
for the infusion of every 1U of allogeneic red blood cells is US$78.79 (from 200 ml whole
blood). The fee for the transfusion of every 200 ml of FFP is $14.01. The difference is that every
unit of allogeneic red blood cells comes from 500 ml of whole blood in the US, and the average
charge is $211, at a cost of $54 for 200 ml. Assuming that the charge for postoperative autolo-
gous red blood cell collection and infusion uses Beijing’s fixed price of US$302.55, according
to the Beijing standard cost and the US standard cost, we calculated the total perioperative
transfusion-related cost for each patient, including shed autologous blood reinfusion, alloge-
neic red blood cells, and FFP.

Statistics

This study is retrospective and does not perform randomized grouping; therefore, the key
baseline indicators, including sex, age, ASA grade, body weight, operation duration, total
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perioperative blood loss, preoperative hemoglobin and hematocrit and those at discharge, are
not completely consistent. In this study, we used a propensity score matching method to nor-
malize the above indicators [11]. Briefly, the above indicators were substituted into the step-
wise logistic regression model, and each patient’s indicator received a propensity score. If the
patients with the closest propensity scores in the two groups were matched successfully, they
were included in the study. The patients who failed the matching were eventually excluded
from the enrolled samples. The specific parameter setting used the nearest neighbor method,
1:1 pairing, and the caliper value was set at 0.2. Once the matching was successful, it was not
re-entered.

The primary outcome indicator is the total perioperative infusion volume of allogeneic red
blood cells and plasma as well as the transfusion-related costs. Continuous variables are
expressed as the mean + standard error, and an independent sample t test was used. The cate-
gorical variables are expressed in frequency and chi-square tests are used. SPSS 19.0 is used for
statistical analysis, and the significant difference is set as P<0.05.

Results

According to the inclusion and exclusion criteria of this study, a total of 448 patients and 182
patients who underwent unilateral and bilateral TKA, respectively, were included. However,
some of the medical records were not complete. Moreover, one patient who had a previous
gastrointestinal ulcer history and died of massive, uncontrollable gastrointestinal blood loss 10
days after the surgery was excluded. Finally, a total of 357 cases of unilateral TKA were
enrolled. Of these, the control group contained 214 patients, and the shed autologous blood
reinfusion group contained 143 patients. A total of 158 patients underwent bilateral TKA. Of
these, 86 patients were in the control group, and 72 patients were in the shed autologous blood
reinfusion group.

After the propensity score matching, there were 100 cases of unilateral TKA and 37 cases of
bilateral knee arthroplasty in each group (see Tables 1 and 2). The distribution of preoperative
hypertension, diabetes, coronary heart disease and other internal diseases in patients of each
group is shown in Table 3. In all cases, no secondary surgery was required due to surgical site
infection before discharge. There was no severe deep venous thrombosis or serious anaphy-
laxis caused by transfusion or other complications such as low-grade DIC.

In patients undergoing unilateral TKA, 95 and 91 patients in the control group and the
shed autologous blood reinfusion group, respectively, received an infusion of allogeneic red
blood cells, and there was no significant difference between these two groups(P = 0.268). The
reinfusion volume in the postoperative shed autologous blood reinfusion group was 536.33
+38.54 ml. During the entire perioperative period, there was no significant difference in the
infused allogeneic red blood cells between the shed autologous blood reinfusion group and the
control group (3.70+0.17 vs 3.2940.17 units, P = 0.154). Compared to the control group, there
was no significant difference in the infused volume of (FFP) by the shed autologous blood
reinfusion group (299.50+42.71 vs 338.00+26.47, P = 0.444). On the day of surgery, and on the
first day after surgery, the hemoglobin content in the shed autologous blood reinfusion group
was increased compared to the control group (P = 0.002 and P = 0.029). There was also no sig-
nificant difference in the postoperative hospital stay (14.97+0.46 vs 15.58+0.61, P = 0.429), (see
Table 4).

In patients undergoing bilateral TKA, all 74 patients in both groups received an infusion of
allogeneic blood. The volume of postoperative shed autologous blood reinfusion was 1008.38
+72.99 ml. During the entire perioperative period, there was no significant difference in the
volume of infused allogeneic erythrocytes (7.89+0.44 vs 7.14+0.40, P = 0.207) or (FFP) (556.76
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Table 1. Patients’ demographic characteristics before and after propensity score matching, unilateral TKA.

Overall Cohort Propensity-Matched Cohort
Control Cell saver Control Cell saver
(n=214) (n=143) P (n =100) (n =100) p
Sex (Male/Female) 42/172 25/118 0.612 18/82 19/81 0.856
Age (yr) 63.42+0.68 64.89+0.71 0.147 64.21+1.05 64.72+0.81 0.702
ASA degree 0.048 0.943
1 7 6 5 4
1I 147 113 77 78
111 60 24 18 18
Body weight (kg) 69.69+0.78 67.50+0.85 0.065 69.13+£1.05 68.82+1.01 0.832
Duration of the operation (min) 136.03+2.17 121.14+2.49 <0.001 125.96+2.99 125.25+3.14 0.870
Total blood loss (ml) 864.31+46.11 1159.86+55.71 <0.001 1044.45+47.28 1120.35+71.83 0.378
Pre-op hemoglobin (g/dl) 130.38+0.98 126.32+1.04 0.006 130.12+1.41 128.74+1.20 0.457
Pre-op hematocrit 39.33£0.27 38.60£0.31 0.080 39.38+0.41 39.02+0.36 0.507
Discharge hemoglobin (g/dl) 106.31+0.81 107.15£1.23 0.555 106.68+1.13 107.02+1.61 0.863
Discharge hematocrit 32.12+0.24 32.63+0.31 0.198 32.39+0.34 32.50+0.38 0.833

https:/doi.org/10.1371/journal.pone.0219406.t001

Table 2. Patient demographic characteristics before and after propensity score matching, bilateral TKA.

+52.64 vs. 683.78+61.21, P = 0.120) between the control group and the shed autologous blood
reinfusion group. Compared to the control group, the hemoglobin of the shed autologous
blood reinfusion group was higher on the day of surgery (P = 0.023), and the postoperative
hospital stay was significantly increased (15.41+0.86 days vs 18.41+0.91 days, P = 0.020); see

Table 5.

The cost in the shed autologous blood reinfusion group was significantly higher than the
control group, according to both the standard cost in Beijing ($312.50+14.68 vs. $582.03
+19.73, P<0.001) and the standard cost in the US ($393.15+20.79 vs $668.04+24.94, P<0.001).
In patients undergoing bilateral TKA, the cost of the shed autologous blood reinfusion group
was also increased significantly compared to the control group ($660.80+37.30 vs $1215.18
+34.59 based on the standard cost in Beijing, P<0.001, and $816.40+47.77 vs $1391.93+47.06

based on the standard cost in the US, P<0.001).

Overall Cohort Propensity-Matched Cohort
Control Cell saver Control Cell saver
(n=86) (n=72) P (n=37) (n=37) P
Sex (Male/Female) 14/72 8/64 0.350 5/32 3/34 0.708
Age (yr) 63.60+0.83 64.71£0.79 0.342 63.59+1.26 62.43+1.06 0.483
ASA degree 0.016 0.239
I 0 5 0 2
II 66 49 30 29
jats 20 18 7 6
Body weight (kg) 68.78+1.09 70.50+1.30 0.308 70.04+1.87 68.08+1.31 0.394
Duration of the operation (min) 239.72+7.04 191.04+4.32 <0.001 212.734£9.31 204.78+5.28 0.461
Total blood loss (ml) 1742.71+67.87 2173.26+68.13 <0.001 2087.03+£101.37 2109.05+£92.81 0.873
Preoperative hemoglobin (g/dl) 131.31+1.45 129.03+1.47 0.273 131.59+1.91 129.24+2.14 0.415
Preoperative hematocrit 39.64+0.38 39.33+0.48 0.604 39.74+0.54 39.20+0.71 0.547
Discharge hemoglobin (g/dl) 99.80£1.36 100.16£1.60 0.865 99.70+1.95 99.60+2.44 0.974
Discharge hematocrit 30.30+0.42 30.88+0.56 0.406 30.26+0.58 30.38+0.87 0.908
https://doi.org/10.1371/journal.pone.0219406.t002
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Table 3. Distribution of preoperative internal diseases.

Unilateral knee joint Bilateral knee joint
Control group n = 100 | Autologous blood group n =100 | P value | Control group n =37 | Autologous blood group n =37 | P value
Hypertension 33 39 0.3768 14 10 0.3206
Diabetes 13 12 0.8307 3 3 1.000
Bronchitis 1 2 1.000 2 0 0.473
Coronary heart disease 11 17 0.221 4 3 0.700
Hyperlipidemia 1 0.614 0 2 0.473
Gastric ulcer 3 4 1.000 0 1 1.000
Atrial fibrillation 1 1 1.000 0 0 /
https://doi.org/10.1371/journal.pone.0219406.t003
Discussion

In this study, we investigated whether the use of shed autologous blood reinfusion equipment
after unilateral or bilateral TKA can reduce the need for allogeneic red blood cell infusion and
improve economic efficiency. The results suggest that the procedure does not reduce the
demand for allogeneic red blood cells and plasma. In fact, it increases the economic burden on
patients.

At present, approximately 300,000 TKA operations are performed each year in China. As
one of the important methods of blood management, shed autologous blood reinfusion tech-
nology has been applied to TKA for nearly 30 years, and its materials and application methods
have been continuously improved. There are many factors influencing blood loss in TKA,
which mainly include surgical approaches, usage of tourniquets , placement of drainage tubes,
the number and location of the drainage tubes, the type of equipment for shed autologous
blood reinfusion, usage of postoperative negative pressure drainage and blood transfusion
indications [9, 12].

Some reports suggested that shed autologous blood reinfusion could reduce the demand for
allogeneic blood [4, 5]. Similar to this conclusion is the meta-analyses by Carless et al [13] and
Hong et al [14], which included 18 studies that covered from 1991 to 2008 and 15 papers that
spanned from 1991 to 2014, respectively. Both meta-analyses concluded that shed autologous
blood reinfusion could significantly reduce the infusion rate and volume of allogeneic red
blood cells. However, other studies indicated that shed autologous blood reinfusion was inef-
fective [6-8, 15, 16]. This view was discussed in the meta-analysis published in 2015 by Bode-
gom-Vos et al [9]. Their study included 25 papers spanning from 1991 to 2014. The combined

Table 4. Unilateral TKA transfusion results.

Control Cell saver P

(n =100) (n =100)
Transfused numbers 95 91 0.268
Allogeneic RBC transfusion (units) 3.70+0.17 3.29+0.17 0.154
FFP transfusion (ml) 299.50+42.71 338.00+26.47 0.444

Reinfused RBC volume (ml) 536.33+38.54
Postoperative Day 0 Hb 108.60+2.30 116.99+1.39 0.002
Postoperative Day 1 Hb 103.57+2.29 109.33+1.45 0.029
Postoperative Day 2 Hb 104.68+2.59 102.08+2.13 0.442
Postoperative Day 3 Hb 100.69+2.30 105.82+2.22 0.126
Postoperative hospital stay (days) 14.97+0.46 15.58+0.61 0.429

https://doi.org/10.1371/journal.pone.0219406.t004
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Table 5. Bilateral TKA transfusion results.

Control Cell saver P

(n=37) (n=37)
Transfused numbers 37 37 1.000
Allogeneic RBC transfusion (units) 7.89+0.44 7.14+0.40 0.207
FFP transfusion (ml) 556.76+52.64 683.78+61.21 0.120

Reinfused volume of RBC (ml) 1008.38+72.99
Postoperative Day 0 Hb 105.39+2.63 115.77+3.58 0.023
Postoperative Day 1 Hb 105.86+2.59 113.15+3.23 0.113
Postoperative Day 2 Hb 103.81+3.58 96.13+3.51 0.143
Postoperative Day 3 Hb 98.65+2.36 96.67+3.43 0.657
Postoperative hospital stay (days) 15.41+0.86 18.41+0.91 0.020

https://doi.org/10.1371/journal.pone.0219406.t005

analysis of the 25 papers revealed that autologous blood reinfusion had a blood-saving effect.
However, after the 25 papers were stratified, the conclusion of the subgroups of 1991-1999
and 2000-2010 was that it could save blood use, whereas the higher quality papers published
in the subgroup of 2010-2014 indicated that shed autologous blood reinfusion did not have a
blood-saving effect.

Studies have shown that the average total blood loss in unilateral knee arthroplasty can be
as much as 750-1500 ml [1, 2, 17, 18]. Earlier literature suggested that the overall blood loss
was still as high as 1518 ml on average even if a tourniquet was used during the entire proce-
dure [19]. In addition to the visible blood loss, hidden blood loss may be even more severe
[18]. A study by Rosencher et al [17] showed that the visible blood loss in unilateral TKA was
800 ml, while the hidden blood loss was as high as 1934 ml. Correspondingly, the allogeneic
blood transfusion rate reached 22-87% [2, 20-22], and the average blood transfusion was 2
units [20]. Some studies [16] suggested that the blood loss in unilateral or bilateral knee arthro-
plasty can be as high as 1292 and 2043 ml. Similar to this result, the total blood loss caused by
unilateral and bilateral knee arthroplasty in this study exceeded 1000 and 2000 ml, respectively,
and the transfusion rates were as high as 91-95% and 100%, respectively. In the present study,
the total volumes of reinfusion in the unilateral and bilateral TKA were 536.33+38.54 ml and
1008.38+72.99 ml, respectively. There were no severe adverse reactions.

In this study, we included 200 cases of unilateral and 74 cases of bilateral TKA from 3 large
hospitals in Beijing. The results suggested that shed autologous blood reinfusion could not
reduce the demand for allogeneic red blood cells (P = 0.154 and P = 0.207); instead, it signifi-
cantly increased economic costs (P<0.001 and P<0.001). We noted that there was no signifi-
cant difference in the total volume of infused allogeneic red blood cell after unilateral and
bilateral knee arthroplasty. The shed autologous blood reinfusion groups were transfused with
536.33 ml and 1008.38 ml autologous blood within 6 h after the surgery, respectively. Interest-
ingly, in unilateral TKA, the hemoglobin in the shed autologous blood reinfusion group was
significantly increased compared to the control group on the day of surgery (108.60+2.30 vs
116.99+1.39, P = 0.002) and the following day (103.57+2.29 vs 109.33£1.45, P = 0.029). Starting
from postoperative day 3, there was no significant difference in Hb level between the two
groups. There was a similar trend in bilateral TKA. On the day of surgery, the difference in the
level of hemoglobin between the two groups was significant (105.39+2.63 vs. 115.77+3.58,

P =0.023). Starting from the second day after the surgery, the level of hemoglobin became con-
sistent (P = 0.113). We speculate that this may be because at the time of allogeneic red blood
cells infusion, the shed autologous blood reinfusion groups were infused with a large volume
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of autologous blood; therefore, the hemoglobin level was higher for a short period of time after
the surgery[15].

Few studies have evaluated the economic efficiency of shed autologous blood reinfusion
equipment, and the conclusions are conflicting. A study by Thomas [23] indicated that shed
autologous blood reinfusion could significantly reduce the demand for allogeneic blood, but
on average, the medical cost for each patient was increased by 113 pounds. On the contrary, a
meta analysis by Han et al[24] demonstrated that the application of tranexamic acid has
blood-sparing and cost-benefit properties in theses patients. Unfortunately, tranexamic acid
was not used in the three hospitals above because of clinical habit which was verified the effi-
cacy of blood sparing. Meanwhile, some negative aspects exists such as the potential risk of
clotting since the blood goes through artificial surface including ConstaVac.

Interestingly, the length of postoperative hospitalization among patients undergoing bilat-
eral TKA was significantly increased (15.41+0.86 vs 18.41+0.91, P = 0.020) in this study. This
may be because the main result of this study was that shed autologous blood reinfusion could
not reduce the need for allogeneic blood in TKA [25]. Moreover, if shed autologous blood
reinfusion indirectly leads to an extended postoperative hospitalization, it may bring a hidden
increase in patient costs, and the specific values such as caregiving costs are difficult to
estimate.

The strengths of this study are as follows: 1. The study included three large comprehensive
hospitals in Beijing, and each of them had over 1000 beds. Moreover, there was consistency in
the anesthesia methods, application of tourniquets, etc, and the clinical bias was small. 2. Since
2000, the number of published RCT studies on shed autologous blood reinfusion after TKA
has been limited. Only two papers have over 100 cases in each group [23, 25], and both of
these were unilateral TKA. In this study, 200 and 74 cases of unilateral and bilateral TKA,
respectively, were investigated; no similar studies have been reported so far. 3. In this study, we
investigated the volume and the cost of the infusion of FFP. No such investigation has been
reported in similar studies.

The limitations of this study are as follows: 1. Considering that the patients in this study
were elder, regardless of whether the patient had symptoms such as hypotension and circula-
tory instability, in practice, Hb <10 g/dl was always used as a transfusion indication. In other
studies published earlier, the indications for blood transfusion were mostly Hb <9 g/dl and
clinical symptoms [4-6, 15, 26]. If the blood transfusion indication in this study was more rig-
orous, it may have led to different outcomes. 2. Since this is a multicenter retrospective study,
it is still not possible to completely exclude other potential clinical biases that may affect the
overall outcome.

Conclusion

In conclusion, the results of this study suggest that postoperative shed autologous blood reinfu-
sion cannot reduce the need for allogeneic blood in unilateral and bilateral TKA. Instead, shed
autologous blood reinfusion can significantly increase transfusion-related costs. In addition,
autologous transfusion may lead to an extended postoperative hospital stay. However, since
this study is retrospective in nature, it is necessary to perform a well-designed large-scale mul-
ticenter randomized controlled trial in the future for further investigation.
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