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Abstract

Purpose To investigate the efficacy of non-tranexamic acid (TXA) on reducing blood loss and requirements of allogeneic
blood transfusion (ABT) in total knee arthroplasty (TKA).

Methods The PubMed, EMBASE, and the Cochrane Library databases were researched since incipiency to June 2018.
Only randomized controlled trials (RCTs) involved with non-TXA hemostatic techniques in TKA met the inclusion criteria.
Results A total of 36 RCTs, including 1511 patients, were recruited for analysis. The results of subgroup analysis revealed
that hemostatic techniques, which could substantially decrease the rate of ABT, were cell salvage with the transfusion trigger
of 9 mg/dl, fibrin sealant with a dosage of 10 ml, and postoperative flexion position.

Conclusion The available evidence in this meta-analysis suggests that postoperative flexion position, fibrin sealant, and cell
salvage can substantially decrease the rate of ABT in TKA. Further studies, including more hemostatic methods and high-

quality research, are expected.

Keywords Total knee arthroplasty - Allogeneic blood transfusion - Meta-analysis

Introduction

Total knee arthroplasty (TKA) is one of the most common
elective orthopedic surgeries performed worldwide, and has
an increasing prevalence with the aging of population and
innovative medical instruments [1]. For patients with end-
stage knee osteoarthritis or inflammatory arthritis, TKA is
recognized as the highly cost-effective and curative method
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to relieve pain and improve function when conservative
treatment is unsuccessful [2].

TKA is associated with substantial blood loss because
of tissues and bony surfaces bleeding. It is reported that
patients receiving TKA can cause perioperative blood loss
from 0.3 to 1 L, and expanded to 1-2 L. when hidden blood
loss is included [3, 4]. Historically, to correct acute signifi-
cant blood loss during or after TKA, allogenic blood trans-
fusion (ABT) is ranked as the standard method to restore
normal level of hematocrit and hemoglobin, and is reported
to have an occurrence rate of 11-38% [5, 6]. However, the
issue about adverse effects of ABT always gives ortho-
pedists a dilemma. The ABT is reported to be associated
with blood dissemination diseases and a risk of the surgical
site infection after TKA [7-9]. Therefore, it is imperative
for surgeons to take measures to reduce or avoid ABT in
patients undergoing TKA. The efficacy of tranexamic acid
(TXA) in TKA has been intensively researched, and it is
well established that TXA is useful to decrease blood loss
and the requirements of ABT [10]. However, there are also
several drawbacks, like thrombogenesis and restricted dos-
age in aging patients, of applying TXA in TKA [11]. Hence,
many TXA-free strategies, including, platelet-rich plasma
(PRP), fibrin sealant, flexion position, tourniquet, and cell
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salvage are developed and applied in TKA to reduce blood
loss and the rate of ABT [12—15]. Whereas, whether other
strategies for reducing blood loss could actually lower the
requirements of ABT still bewilders orthopedists.

The purpose of this meta-analysis is to confirm which
non-TXA strategies can decrease the rate of perioperative
ABT in patients with TKA. The hypothesis is that tourni-
quet, cell salvage, and fibrin sealant can make a difference
in reducing the requirements of ABT.

Methods

This meta-analysis was designed and conducted according
to the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) guidelines [16].

Research strategy

Two authors independently searched the PubMed,
EMBASE, and the Cochrane Library databases for relevant
articles published till February 20, 2018. The search algo-
rithm was generated by different combination of keywords:
“total knee arthroplasty” or “total knee replacement” or
“TKA” or “TKR” AND *“allogenic blood transfusion” or
“homologous blood transfusion” or “blood transfusion”
AND “randomized controlled trial” or “clinical controlled
trial” or “randomized”. The searches were limited to human
subjects and RCTs, and an English language restriction was
imposed. In addition, the reference lists of identified articles
were checked manually to avoid missing other potentially
eligible studies. This process was performed iteratively until
no additional articles could be included.

Inclusion and exclusion criteria

The following selection criteria for inclusive articles were
applied: (a) published English, full-text, peer-reviewed arti-
cles; (b) prospective randomized controlled trails, level 1 or
2; (c) studies were performed to compare homologous or
allogenic transfusion rates between experimental and control
group in patients with TKA; and (d) studies were eligible
for pooling data for meta-analysis. Studies were excluded
according to following criteria: (a) cohort studies, retrospec-
tive studies, observational studies, case—control studies, case
series or reports, or review; (b) animal studies, cadaver stud-
ies, or laboratory studies; (c) studies that utilized TXA; and
(d) a preoperative HB level <12 mg/dl. Any disagreements
were resolved by discussion with the corresponding author.
Where there was disagreement or doubt, the full article was
retrieved. The same two authors independently assessed the
full study report to see if it met the review inclusion criteria.
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The corresponding author was consulted in cases of unre-
solved disagreement.

Data extraction

After all eligible studies were confirmed, two authors (Z.D
and J.Q) independently and carefully extracted the follow-
ing data: the first author, study design, year of publication,
country, numbers of cases and controls, transfusion rate,
and trigger of blood transfusion. Extracted data were then
entered into a standardized Excel (Microsoft Corp) file, and
were checked by the corresponding author. Any disagree-
ments were resolved by discussion and consensus.

Risk of bias assessment

Two authors (Y.S and F.W) independently assessed the risk
of bias for each identified study. The Cochrane Collabora-
tion’s risk of bias tool was applied according to six items as
follows: random sequence generation (selection bias), allo-
cation concealment (selection bias), blinding of participants
and personnel (performance bias), incomplete outcome data
(attrition bias), selective reporting (reporting bias), and other
bias [17]. Each outcome of these items was expressed as
low, unclear, or high bias. A funnel plot based on each trial’s
effect size was used to test the possibility of publication
bias through visual inspection [18]. Any disagreements were
resolved by discussion and consensus.

Statistical analysis

Differences were expressed as risk ratio (RR) or risk differ-
ence (RD) with 95% confidence interval (CI) for dichoto-
mous outcomes, and mean differences (WMDs) with 95%
CIs for continuous outcomes. Heterogeneity across studies
was tested using /? statistics and Q test statistics with signifi-
cance set at P <0.10. Studies with an /? statistic of 25-50%
were considered as low heterogeneity, those with an I sta-
tistic of 50-75% were considered as moderate heterogene-
ity, and those with an I statistic of >75% were considered
as high heterogeneity [19]. Significant heterogeneity was
considered when 7> 50%, or P<0.1. A fixed-effects model
was used for the outcomes data when there was no statisti-
cally significant heterogeneity, otherwise, a random-effects
model was used [20]. To explore causes of inconsistency,
sensitivity analysis was performed. Additionally, subgroup
analyses were performed for pooling data according to dif-
ferent categories, such as trigger of ABT, dosage of fibrin
sealant, and time of releasing tourniquet. A P value <0.05
was judged as statistically significant, except where other-
wise specified. All statistical analyses were performed with
Review Manager soft-ware (version 5.3; Nordic Cochrane
Centre, The Cochrane).
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Results
Search results

A total of 1153 studies were identified through the initial
database search. After removal of duplicate, 377 records
were identified and, 230 records were excluded based on
screening the titles and abstracts. The remaining 147 full-
text articles were reviewed for more detail evaluation, and
23 full-text articles were excluded due to non-RCTs or
insufficient data. Eventually, 36 RCTs that conformed to
the inclusion criteria were included in this meta-analysis.
The flow diagram of selection process for the meta-analy-
sis is shown in Fig. 1.

Characteristics of included studies

We totally enrolled 1511 TKAs in experimental group and
1304 TKAs in control group, respectively. Five interven-
tions were brought into the meta-analysis for comparing
blood transfusion rate between experimental and con-
trol group (total transfusion rate, 0.22 vs. 0.34). Most of
included RCTs have set a transfusion trigger, such as 8 ml/
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Fig.1 The flow diagram of the selection process

dl, 9 ml/dl, or clinical symptoms. Other baseline charac-
teristics, like mean age and sex ratio, are listed in Table 1.

Risk of bias in included studies

The judgements about each risk of bias item for each
included study and about each risk of bias item presented as
percentages across all included studies are shown in Fig. 2,
respectively. The detection and attrition bias deserved the
lowest risk since the transfusion rate was an inpatient assess-
ment. The studies by Blatsoukas et al. and Ozkunt et al. used
the order of admission to conduct randomization, and thus
they were rated as having a high risk of selection bias [12,
13]. Eight studies did not report the trigger of blood transfu-
sion, which were considered to have a high risk of potential
bias [12, 21-27]. None of outcomes have shown a strong
evidence of publication bias based on visual inspection of
the funnel plots (Fig. 3).

Intervention outcomes

Only three RCTs were included to compare the transfusion
rate between PRP group and no PRP group in patients with
TKAs [22, 26, 28]. The evidence demonstrated that there
were no significance of the transfusion rate between two
groups (P=1.0; RD=0; 95% CI —0.06, 0.06). The results
showed low heterogeneity (P= 1.0, I>=0%), and no signifi-
cant heterogeneity was found (Fig. 4).

A total of 417 TKAs included in 7 studies were recruited
to compare the transfusion rate between fibrin sealant group
and placebo group [4, 27, 29-33]. The results suggested the
superiority of fibrin sealant group compared with placebo
group (P <0.01; RR=0.54;95% C10.41, 0.72), and no sig-
nificant heterogeneity was found (P=0.50, I=0%). The
subgroup analysis was performed according to different dos-
ages of fibrin sealant, and the evidence revealed there was no
significant difference between two groups when the dosages
of fibrin sealant were less than 10 ml (P =0.06; RR=0.66;
95% C10.42, 1.02) (Fig. 5).

Five RCTs were enrolled to determine whether post-oper-
ative positions could have an effect on decreasing the trans-
fusion rate of patients with TKA [24, 34-37]. The results
indicated that flexion position had a better performance
in decreasing the transfusion rate than extension position
(P<0.01; RR=0.51; 95% CI 0.32, 0.82). There was low
heterogeneity (P=0.47, I?=0%), and no significant hetero-
geneity was found (Fig. 6).

Seven studies were available to pool data for deter-
mining whether the usage of tourniquet could influence
the transfusion rate of patients with TKA [12, 21, 23, 25,
38—-40]. The pooled data demonstrated that there was no
significant difference of the transfusion rate between tour-
niquet group and no tourniquet group (P=0.12; RR=0.84;
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Table 1 Baseline data of included studies

Study Year Country LOE Number Male/Female

Exp Con Exp Con
Horstmann 2011 Netherlands 1 20 20 14/6 13/7
Morishita 2014 Japan 1 20 20 18/2 20/0
Guerreiro 2015 Brazil 1 20 20 6//14 8/12
Levy 1999 Israel 1 29 29 6/23 6/23
Wang 2001 America 1 25 28 N.A N.A
Mollory 2007 Ireland 1 50 50 N.A N.A
Notarnicola 2012 Italy 1 60 30 40/20 20/10
Kluba 2012 Germany 1 12 12 6/6 4/8
Auguilera 2013 Spain 1 42 42 6/36 6/36
Randelli 2014 Italy 1 31 31 5126 9/22
Ong 2002 England 1 20 20 8/12 7/13
Ma 2008 Australia 1 49 46 24/25 24/22
Panni 2014 Italy 1 50 50 12/38 10/40
Liu 2015 china 1 50 50 16/34 18/32
Yang 2015 China 1 46 46 24122 26/20
Harvey 1997 Canada 1 52 27 N.A N.A
Clarke 2001 England 1 20 10 N.A N.A
Tetro 2001 Canada 1 33 30 15/18 11/19
Matziolis 2005 Germany 1 10 10 2/8 3/7
Tai 2012 China 2 36 36 9127 8/28
Ledin 2012 Sweden 1 25 23 10/15 9/14
Ozkunt 2017 Turkey 2 44 25 NA N.A
Majkowski 1991 England 2 20 20 6/14 6/14
Newman 1997 England 1 35 35 N.A N.A
Shenolikar 1997 England 1 50 50 21/29 24126
Adalberth 1998 Sweden 1 24 24 4/20 8/16
Thomas 2001 England 1 115 116 44/71 55/61
Cheng 2005 Hong Kong 1 26 34 6/20 12/22
Dramis 2006 England 1 32 17 11/21 4/13
Abuzakuk 2007 England 1 52 52 43/61
Moonen 2007 Netherlands 1 45 32 N.A N.A
Amin 2008 England 1 92 68 43/49 39/27
Atay 2010 Istanbul 1 20 21 2/18 7/14
Blatsoukas 2010 Greece 2 163 85 31/132 12/73
Dutton 2012 England 1 23 25 10/13 10/15
Cip 2013 Austria 2 70 70 N.A N.A
Study Age Trigger Intervention

Exp Con

Horstmann 67 (57-81) 66 (51-78) N.A PRP
Morishita 72 +4.1 74757 N.A PRP
Guerreiro 66.4 (50-86) 71 (55-81) 7 mg/dL PRP
Levy 68.9 +6.3 70.2 +£8.2 Non-restriction Fibrin sealant
Wang N.A N.A N.A Fibrin sealant
Mollory N.A N.A Hematocrit< 0.25 Fibrin sealant
Notarnicola 69.2 +8.2 8 mg/dl Fibrin sealant
Kluba 70.8 71 Non-restriction Fibrin sealant
Auguilera 72.6 +11.0 749 +£7.0 8 mg/dL Fibrin sealant
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Table 1 (continued)

Study Age Trigger Intervention

Exp Con
Randelli 69 + 8 71+ 8.5 9 mg/dl Fibrin sealant
Ong 71 74 8 mg/dL Postoperative position
Ma 71 +9.39 70.6 + 8.5 N.A Postoperative position
Panni 69 +7 62+ 6 8 mg/dL Postoperative position
Liu 73.1+5.1 724+ 4.6 8 mg/dL Postoperative position
Yang 73.6+5.0 72.5+4.7 9 mg/dL. Postoperative position
Harvey 72.4 +68.3 73.4 8 mg/dL Tourniquet
Clarke N.A N.A N.A Tourniquet
Tetro 69.8 +6.7 69.8 +9 Non-restriction Tourniquet
Matziolis 72.4 76.6 N.A Tourniquet
Tai 72.1+69 715+ 6.8 Non-restriction Tourniquet
Ledin 70 + 8 71+6 N.A Tourniquet
Ozkunt 69.05 N.A Tourniquet
Majkowski 71.3 70.3 9 mg/dL Cell salvage
Newman N.A N.A Clinical signs Cell salvage
Shenolikar 70.4 64.9 9 mg/dL Cell salvage
Adalberth 71 (69-74) 72 (69-75) 9 mg/dL. Cell salvage
Thomas 70.5 (32-95) 67.4 (38-85) 9 mg/dL Cell salvage
Cheng 72 (57-84) 69 (55-78) 9 mg/dL Cell salvage
Dramis 69 (49-83) 72 (62-91) 9 mg/dL Cell salvage
Abuzakuk 68.5 9 mg/dL Cell salvage
Moonen 69 +9.5 69.5+7.3 Clinical signs Cell salvage
Amin 70.3 70.4 8 mg/dL Cell salvage
Atay 65.25 + 12.57 68.19 + 6.62 8 mg/dL Cell salvage
Blatsoukas 69 +7 68.5+7 9 mg/dL Cell salvage
Dutton 68.7 70.5 Clinical signs Cell salvage
Cip 70 69 8 mg/dL Cell salvage

PRP platelet rich plasma, LOE level of evidence, Exp experimental, Con control, N.A not applicable

95% CI 0.67, 1.05), and no significant heterogeneity was
detected (P=0.46, P =0%). We further conduct the sub-
group analysis according to tourniquet release before
or after wound closure, however, the subgroup analysis
revealed no difference with overall effect (Fig. 7).

A total of 14 RCTs were included to prove whether
cell salvage contributed to reducing the allogeneic blood
transfusion rate of patients with TKA [13, 41-53]. The
evidence revealed that cell salvage could significantly
decrease the allogeneic blood transfusion rate compared
with no cell salvage (P <0.01; RR=0.5(2)8; 95% CI
0.50, 0.67), and a high heterogeneity was detected across
these studies (P <0.01, I>=71%). Sensitivity analysis was
conducted and showed the exclusion of studies did not
change the statistical results. However, a detailed subgroup
analysis was performed according to different triggers of
blood transfusion, and the results indicated that there was
no significant difference between two groups across the

studies which set 8 mg/dl as the trigger of blood transfu-
sion (P=0.14; RR=0.75; 95% CI 0.51, 1.10) (Fig. 8).

Discussion

There are several interesting findings in our meta-analysis.
Cell salvage, flexion position, and fibrin sealant are deter-
minate non-TXA strategies which have positive effects on
reducing the rate of ABT in patients undergoing TKA. Note-
worthily, according to the subgroup analysis, fibrin sealant
group is not superior to control group when the volume is
less than 10 ml; cell salvage group has a better performance
than control group only in the case that the transfusion trig-
ger is set as 9 mg/dl of hemoglobin. Surprisingly, using a
tourniquet during TKA do not actually decrease the rate of
ABT, neither do PRP.
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Fig.2 Risk of bias graph
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Fig.3 Funnel plots

Postoperative flexion in TKA has been considered to be
a contributing factor for reducing postoperative blood loss
and improving range of motion [24, 34, 35]. Whereas, incon-
sistency exists regard with the effects of the knee flexion
position on decreasing the requirements of ABT associated
with TKA. The results of this study demonstrated that the
flexion position was preferable to lower the rate of perio-
perative ABT compared with the extension position. The
findings were somewhat matched with a previous meta-
analysis which reported that the high-flexion position could
significantly reduce the requirements of ABT and improve
postoperative range of motion [54]. The hidden blood loss,
the blood extravasating into the articular cavity and soft tis-
sues, can approximately account for half of total blood loss
and can lead to different extent of knee swelling following
TKA [3]. Knee swelling could increase the tension of soft
tissues around the knee, reducing knee flexion motion and
even hindering wound healing due to decreased oxygen ten-
sion at the skin edges [36, 55]. In theory, the extension posi-
tion could increase the tension of lower limb venous, block-
ing venous return and increasing venous pressure, resulting
in more blood loss. Moreover, the hidden blood loss could
aggravate the weight of the affected lower limb, demanding
more muscle force for straight-leg raising exercises [36, 37].
The flexion position is hypothesized to reduce blood loss
by bending popliteal vein and increasing local tension [34].
Since no local or general complications were documented,
the flexion position following TKA may be a safe and cost-
effective method to reduce the ABT requirements.

Cell salvage, alternatively known as ‘autotransfusion’, is
a terminology which consists of diverse methods that filter
blood from operative fields or wound sites, and re-transfuse
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Experimental Control Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Horstmann 2011 0 20 0 20 333% 000[0.09,009] 2011
Morishita 2014 0 20 0 20 333% 000[0.08,009 2014
Guerreiro 2015 0 20 0 20 333% 000[0.09,009] 2015
Total (95% CI) 60 60 100.0%  0.00[-0.06,0.06]
Total events 0 0
Heterogeneity: Chi2 =000, df =2 (P = 1.00); 12=0% PR : " .
Test for overall effect Z=0.00 (P=1.00) FavoursPRP  FavoursNo PRP
Fig.4 Pooled results of PRP
E xperimental Control Risk Ratio Risk Ratio

Study or Subgroup  Everts Total Events Total Weight M-H. Fixed. 95% CI Year M4 Fixed. 95% Cl
1.2110ml
Levy 1999 5 29 16 29 175% 031[0.13,0.74) 1999 —
Wang 2001 9 2 14 28 145%  072[0.38,1.37] 2001 =
Mollory 2007 7 50 11 50 121%  0B4[0.27,151] 2007 — T
Notarnicola 2012 7 20 19 30 208%  037[0.18,0.74] 2012 =
Subtatal (95% Cl) 134 137 64.9%  0.48[0.33,0.70] <>
Total events 28 60
Heterogeneity: Chi? = 344, df= 3(P = 0.33] 17=13%
Tegt for overall effect: Z=3.85(P = 00001)
1.2.2 less 10 ml
Kluba 2012 3 12 3 12 33%  100[0.25,400 2012 -
Notarnicola 2012 10 K] 19 30 208%  053[0.30,094] 2012 .
Randelli 2014 8 A 10 31 110% 080([0.36,1.75) 2014 T
Subtotal (95% CI) 1 73 35A% 066 [0.42,1.02] <>
Total events 21 32
Heterogeneity: Chi2=1.17,df= 2 (P = 0.56) I2= 0%
Tegt for overall effect: Z=1.88 (P = 0.06)
Total (95% CI) 207 210 100.0%  0.54[0.41,0.72) L 2
Total events 49 92

ty Chi = = = 2= F t t i
Heterogeneity: Chi=5.21,df=6(P = 050} 12=0% 001 01 1 10 100

Test for overall effect: Z = 4.22 (P < 0.0001)
Ted for suboroun differences Chiz=111 df=1/P =029 2=101%

Fig.5 Pooled results of fibrin sealant

the treated blood into the circulatory system [56]. Since the
end of 1970s, cell salvage, as a means of preventing poten-
tial risks of ABT, has been frequently used in the setting
of orthopedic surgery, and can be performed in both the
intra- and postoperative periods. There is still no consensus
with respect to whether cell salvage is able to reduce the
requirements of ABT in patients undergoing TKA [44-46,
51]. The pooled results indicated that the rate of ABT in the
cell salvage group was significantly lower than the control
group. In the subgroup with a more restrictive transfusion

FavoursFibrin Sealant Favours No Fibrin Sealant

trigger of 8 mg/dl, the rate of ABT was not significantly
different between the two groups. Carless et al. conducted
a meta-analysis and concluded that the application of cell
salvage in surgery was effective to lower the rate of ABT by
a relative 38%, and even more when applied in the elective
cardiac and orthopedic surgery [57]. In another recent meta-
analysis, the authors found that the positive impact of cell
salvage faded when associated a more restrictive trigger of
8 mg/dl for ABT; the authors also found a time period effect
with studies published since 2010 presenting no significant
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Experimenta Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% Cl Year M-H, Fixed. 95% CI
Ong 2002 7 20 11 20 276%  084[0.31,1.30] 2002
Ma 2008 8 49 9 ¢ 233%  083[0.35,1.98) 2008
Panni 2014 0 50 5 50 138%  0.09[0.01,1.60] 2014 * "
Yang 2015 2 46 5 46 126%  0.40(0.08,1.98] 2015 i
Liu2015 3 50 9 50 226%  033[0.10,1.18] 2015 - &
Total (95% CI) 215 212 100.0%  051[0.32,082] <&
Total events 20 39
Heterogeneity: Chi2 =355, df = 4 (P = 0.47);17= 0% * * ’ ’
0.0 01 1 10 100
Tearoriiemlsfiset £=270,P=0IK5) Favours Flexion Favours Extension
Fig.6 Pooled results of postoperative position
Experimenta Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Tota Weight M-H, Fixed. 95 Cl Year M-H, Fixed, 95% CI
1.41Release after wound closure
Harvey 1997 25 36 2728 390%  072(057,080] 1997 Ll
Clarke 2001 ] 20 5 10 86%  050[019,1.33] 2001 -
Matziolis 2005 2 10 2 10 26%  1.00[017,5.77 2005 - 1
Ledin 2012 2 36 2 36 26%  1.00[0156.72) 2012
Tai 2012 4 25 323 40%  1.23[031,480] 2012 I
Ozkunt 2017 ] 24 4 25 50%  1.30[040,4.28] 2017 — T
Subtotal (95% CI) 151 132 617%  0.79[0.61,1.04 L
Total events 43 43
Heterogeneity: ChP= 271, df=5 (P = 0.74); 1= 0%
Test for overall effect: Z=1.68 (P =0.09)
1.42 Release hefore wound closure
Harvey 1997 10 16 2728 252%  065(044,095 1997 e
Tetro 2001 10 33 6 30 81%  152[063 366 2001 N
Ozkunt 2017 5 24 4 25 50%  1.30[040 4.28) 2017 Y
Subtotal (95 Cl) 73 83 383%  0.92[0.63,1.33] <
Total events 25 K7)
Heterogeneity: Ch= 467, df=2 (P=0.10); 1= 57%
Test for overall effect: Z = 0.46 (P = 0.65)
Total (95 Cl) 24 215 100.0%  0.84[0.67,1.09 ¢
Total events 68 a0 . .

Heterogeneity: Ch2= 7.69, df=8 (P = 0.46); 1?= 0%
Testfor overall effect: Z=1.95(P=10.12)
Testfor subamun differences Chi2= 038 df=1 /P =054 P=0%

Fig. 7 Pooled results of tourniquet
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Favours Tourniquet  Favours No Tourniquet
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100

decrease in rate of ABT for the technique of cell salvage
[58]. However, one study included in their review recruited
patients undergoing both primary and revision TKA and
reported a higher rate of ABT in the cell salvage group
compared to the control, [59] hence was considered to have
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a substantial heterogeneity among the studies. There indeed
exist documented adverse effects following the procedure of
cell salvage, such as bacterial contamination, air embolism,
coagulation disorders, and nephrotoxicity [60, 61]. Whereas
the benefit of preventing the risks of transfusion-transmitted
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Fig.8 Pooled results of cell salvage

disease is more attractive if the cell salvage can avoid ABT
thoroughly. Febrile reactions are fairly commonplace fol-
lowing the application of cell salvage. The most possible
explanation is either a reaction to the debris of damaged
cells or the effect of several exogenous pyrogens [62]. Using
corticosteroids is reported to effectively weaken the febrile
reactions after major orthopedic surgery [62]. Dramis A
et al. showed that cell salvage was cost-effective to alloge-
neic blood requirements in primary TKA [47].

Fibrin sealant, mainly consisting of fibrinogen and
thrombin, has been developed into a versatile tool for
hemostasis, sealing, and gluing in a variety of surgical
procedures, including, recently TKA [31, 63, 64]. In the

Fawours Cell Salvage Favours No Cell Salvage

study, there was a lower rate of ABT in the fibrin group
compared to the control group. Furthermore, a dosage
effect was detected by the subgroup analysis which dem-
onstrated that there was no significant difference for the
rate of ABT between the two groups when the volume
of fibrin sealant was less than 10 ml. The procedures of
TKA include opening the soft tissue and cutting the bone,
as well as the preventive application of anticoagulants to
avoid deep venous thrombosis and possible pulmonary
embolism. The functions of cell salvage involve seal-
ing and plugging the bone-marrow sinusoids to reduce
blood oozing, and suppressing the enhanced fibrinolytic
status to prevent extravasation from the incision edges of
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tissues [31]. Fibrin sealant is theoretically associated with
a risk of thrombosis, whereas this has not yet been docu-
mented. There is a learning curve for surgeons to master
the knowledge and technique of applying fibrin sealant
[65]. According to the results of subgroup analysis, it is
should be kept in mind that the dosage of fibrin sealant
should be adequate.

The application of tourniquet in surgical settings can
date back over a century. Pneumatic tourniquet is com-
monly used during TKA to reduce intraoperative blood
loss, create a bloodless operative view, and facilitate the
cement—bone interdigitation [66]. The results of this study
showed that tourniquet application did not help to decrease
the requirements of ABT in TKA, neither did the sub-
group analysis. The hazards caused by the application of
tourniquet are well documented: thigh pain, nerve palsy,
vascular injury, quadriceps weakness, and postoperative
swelling [21]. A tourniquet is considered to be associated
with a higher risk of postoperative deep venous thrombo-
sis and possible pulmonary embolism [25, 39, 67]. This
may be explained by venous stasis and endothelial injury
with platelet adhesion secondary to distal limb ischemia.
In addition, using a tourniquet is found to hamper wound
healing and increase the occurrence of wound infec-
tion [21]. Ledin et al. reported that tourniquet could not
improve fixation [23]. PRP, a compound of platelet- and
leukocyte-rich plasma derived from freshly drawn autolo-
gous blood, is expected to promote wound healing and
reduce blood loss in a variety of surgical fields [26, 68].
The local application of PRP at wound gained attention
recently to decrease postoperative bleeding in TKA [69].
However, the results of this study did not support that PRP
is beneficial for decreasing requirements of ABT.

The preoperative Hb level is thought to be the primary
risk factor for exposing to ABT. Hence, this meta-analysis
selected only RCTs without patients who had a preopera-
tive Hb level less than 12 mg/dl. These methods, available
in lowering the rate of ABT, can be combined with oth-
ers for optimum usage. For example, fibrin sealant can be
used combined with TXA as a kind of “cocktail” applied
at incision. Surgeons should make an individual design of
blood-saving methods, and take account of all risk factors,
such as preoperative Hb level, difficulty and duration of the
operation, estimated blood loss, and related primary comor-
bidities. There were several limitations in the current meta-
analysis: (1) only 36 RCTs were included for 5 hemostatic
methods, and the PRP only had 3 RCTs; (2) there was not a
consistent trigger for ABT, and the subgroup analysis indi-
cated that the transfusion triggers could affect the results; (3)
the volume of ABT was not assessed in this literature due
to insufficient data; (4) other hemostatic methods were not
involved in this study (5) publication bias was unavoidable,
which could also have an effect on the results.

@ Springer

Conclusion

The available evidence in this meta-analysis suggests that
postoperative flexion position, fibrin sealant, and cell sal-
vage can substantially decrease the rate of ABT in TKA.
However, there are no contributions for ABT saving with the
application of PRP and tourniquet. Further studies, includ-
ing more hemostatic methods and high-quality research, are
expected.

Acknowledgements We declare that we have no financial and personal
relationships with other people or organizations that can inappropri-
ately influence our work, there is no professional or other personal
interest of any nature or kind in any product, service and/or company
that could be construed as influencing the position presented in, or the
review of, the manuscript entitled. Department of orthopaedic surgery,
Third Hospital of Hebei Medical University

Funding There is no funding source.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

References

1. Kurtz SM, Ong KL, Lau E, Widmer M, Maravic M, Gomez-Bar-
rena E et al (2011) International survey of primary and revision
total knee replacement. Int Orthop 35(12):1783-1789

2. Odum SM, Troyer JL, Kelly MP, Dedini RD, Bozic KJ (2013) A
cost-utility analysis comparing the cost-effectiveness of simul-
taneous and staged bilateral total knee arthroplasty. J Bone Joint
Surg Am Vol 95(16):1441-1449

3. Sehat KR, Evans R, Newman JH (2000) How much blood is really
lost in total knee arthroplasty? Correct blood loss management
should take hidden loss into account. Knee 7(3):151-155

4. Randelli F, D’Anchise R, Ragone V, Serrao L, Cabitza P, Randelli
P (2014) Is the newest fibrin sealant an effective strategy to reduce
blood loss after total knee arthroplasty? A randomized controlled
study. J Arthr 29(8):1516-1520

5. Park JH, Rasouli MR, Mortazavi SM, Tokarski AT, Maltenfort
MG, Parvizi J (2013) Predictors of perioperative blood loss in total
joint arthroplasty. J Bone Joint Surg Am Vol 95(19):1777-1783

6. Bong MR, Patel V, Chang E, Issack PS, Hebert R, Di Cesare PE
(2004) Risks associated with blood transfusion after total knee
arthroplasty. J Arthr 19(3):281-287

7. Browne JA, Adib F, Brown TE, Novicoff WM (2013) Transfusion
rates are increasing following total hip arthroplasty: risk factors
and outcomes. J Arthr 28(8 Suppl):34-37

8. Kato H, Nakayama T, Uruma M, Okuyama Y, Handa M, Tomiy-
ama Y et al (2015) A retrospective observational study to assess
adverse transfusion reactions of patients with and without prior
transfusion history. Vox Sang 108(3):243-250

9. Kim JL, Park JH, Han SB, Cho 1Y, Jang KM (2017) Allogeneic
blood transfusion is a significant risk factor for surgical-site



Archives of Orthopaedic and Trauma Surgery (2019) 139:1785-1796

1795

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

infection following total hip and knee arthroplasty: a meta-analy-
sis. J Arthr 32(1):320-325

. Mi B, Liu G, Zhou W, Lv H et al (2017) Intra-articular versus

intravenous tranexamic acid application in total knee arthroplasty:
a meta-analysis of randomized controlled trials. Arch Orthop
Trauma Surg 137(7):997-1009

Walsh M, Shreve J, Thomas S, Moore E, Moore H et al (2017)
Fibrinolysis in trauma: “myth”, “reality”, or “something in
between”. Semin Thromb Hemost 43:200-212

Ozkunt O, Sariyilmaz K, Gemalmaz HC, Dikici F (2018) The
effect of tourniquet usage on cement penetration in total knee
arthroplasty: a prospective randomized study of 3 methods. Medi-
cine 97(4):9668

Blatsoukas KS, Drosos GI, Kazakos K, Papaioakim M, Gioka T,
Chloropoulou P et al (2010) Prospective comparative study of two
different autotransfusion methods versus control group in total
knee replacement. Arch Orthop Trauma Surg 130(6):733-737
Alsaleh K, Alotaibi GS, Almodaimegh HS, Aleem AA, Kouroukis
CT (2013) The use of preoperative erythropoiesis-stimulating
agents (ESAs) in patients who underwent knee or hip arthro-
plasty: a meta-analysis of randomized clinical trials. J Arthr
28(9):1463-1472

. Chareancholvanich K, Wilairatana V, Narkbunnam R et al (2018)

Modified Robert Jones bandage can not reduce invisible blood
loss after total knee arthroplasty: a randomized-controlled trial.
Arch Orthop Trauma Surg 138(8):1151-1157

Moher D, Liberati A, Tetzlaft J, Altman DG (2009) Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. J Clin Epidemiol 62(10):1006-1012
Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman
AD et al (2011) The Cochrane collaboration’s tool for assessing
risk of bias in randomised trials. BMJ (Clin Res ed) 343:d5928
Sterne JA, Egger M (2001) Funnel plots for detecting bias in
meta-analysis: guidelines on choice of axis. J Clin Epidemiol
54(10):1046-1055

Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a
meta-analysis. Stat Med 21(11):1539-1558

Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003)
Measuring inconsistency in meta-analyses. BMJ (Clin Res ed)
327(7414):557-560

Clarke MT, Longstaff L, Edwards D, Rushton N (2001) Tourni-
quet-induced wound hypoxia after total knee replacement. J Bone
Joint Surg Br Vol 83(1):40—44

Horstmann WG, Slappendel R, van Hellemondt GG, Wymenga
AW, Jack N, Everts PA (2011) Autologous platelet gel in total
knee arthroplasty: a prospective randomized study. Knee Surg
Sports Traumatol Arthr Off ] ESSKA 19(1):115-121

Ledin H, Aspenberg P, Good L (2012) Tourniquet use in total knee
replacement does not improve fixation, but appears to reduce final
range of motion. Acta Orthop 83(5):499-503

Ma T, Khan RJ, Carey Smith R, Nivbrant B, Wood DJ (2008)
Effect of flexion/extension splintage post total knee arthroplasty
on blood loss and range of motion—a randomised controlled trial.
Knee 15(1):15-19

Matziolis G, Drahn T, Schroder JH, Krocker D, Tuischer J, Perka
C (2005) Endothelin-1 is secreted after total knee arthroplasty
regardless of the use of a tourniquet. J Orthop Res 23(2):392-396
Morishita M, Ishida K, Matsumoto T, Kuroda R, Kurosaka
M, Tsumura N (2014) Intraoperative platelet-rich plasma
does not improve outcomes of total knee arthroplasty. J Arthr
29(12):2337-2341

Wang GJ, Hungerford DS, Savory CG, Rosenberg AG, Mont
MA, Burks SG et al (2001) Use of fibrin sealant to reduce bloody
drainage and hemoglobin loss after total knee arthroplasty: a brief
note on a randomized prospective trial. J] Bone Joint Surg Am
83-a(10):1503-1505

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Guerreiro JP, Danieli MV, Queiroz AO, Deffune E, Ferreira
RR (2015) Platelet-rich plasma (PRP) applied during total knee
arthroplasty. Revista brasileira de ortopedia 50(2):186—194
Aguilera X, Martinez-Zapata MJ, Bosch A, Urrutia G, Gonzalez
JC, Jordan M et al (2013) Efficacy and safety of fibrin glue and
tranexamic acid to prevent postoperative blood loss in total knee
arthroplasty: a randomized controlled clinical trial. J Bone Joint
Surg Am Vol 95(22):2001-2007

Kluba T, Fiedler K, Kunze B, Ipach I, Suckel A (2012) Fibrin seal-
ants in orthopaedic surgery: practical experiences derived from
use of QUIXIL(R) in total knee arthroplasty. Arch Orthop Trauma
Surg 132(8):1147-1152

Levy O, Martinowitz U, Oran A, Tauber C, Horoszowski H (1999)
The use of fibrin tissue adhesive to reduce blood loss and the
need for blood transfusion after total knee arthroplasty. A pro-
spective, randomized, multicenter study. J Bone Joint Surg Am
81(11):1580-1588

Molloy DO, Archbold HA, Ogonda L, McConway J, Wilson RK,
Beverland DE (2007) Comparison of topical fibrin spray and
tranexamic acid on blood loss after total knee replacement: a pro-
spective, randomised controlled trial. J] Bone Joint Surg Br Vol
89(3):306-309

Notarnicola A, Moretti L, Martucci A, Spinarelli A, Tafuri S,
Pesce V et al (2012) Comparative efficacy of different doses of
fibrin sealant to reduce bleeding after total knee arthroplasty.
Blood Coagul Fibrinol 23(4):278-284

Liu J, Li YM, Cao JG, Wang L (2015) Effects of knee position
on blood loss following total knee arthroplasty: a randomized,
controlled study. J Orthop Surg Res 10:69

Ong SM, Taylor GJ (2003) Can knee position save blood follow-
ing total knee replacement? Knee 10(1):81-85

Panni AS, Cerciello S, Vasso M, Del Regno C (2014) Knee flexion
after total knee arthroplasty reduces blood loss. Knee Surg Sports
Traumatol Arthr Off J ESSKA 22(8):1859-1864

Yang Y, Yong-Ming L, Pei-jian D, Jia L, Ying-ze Z (2015) Leg
position influences early blood loss and functional recovery fol-
lowing total knee arthroplasty: a randomized study. Int J Surg
(Lond Engl) 23(Pt A):82-86

Tai TW, Chang CW, Lai KA, Lin CJ, Yang CY (2012) Effects of
tourniquet use on blood loss and soft-tissue damage in total knee
arthroplasty: a randomized controlled trial. ] Bone Joint Surg Am
Vol 94(24):2209-2215

Tetro AM, Rudan JF (2001) The effects of a pneumatic tourniquet
on blood loss in total knee arthroplasty. Can J Surg J Can de Chi-
rurgie 44(1):33-38

Harvey EJ, Leclerc J, Brooks CE, Burke DL (1997) Effect of tour-
niquet use on blood loss and incidence of deep vein thrombosis in
total knee arthroplasty. J Arthr 12(3):291-296

Abuzakuk T, Senthil Kumar V, Shenava Y, Bulstrode C, Skinner
JA, Cannon SR et al (2007) Autotransfusion drains in total knee
replacement. Are they alternatives to homologous transfusion? Int
Orthop 31(2):235-239

Adalberth G, Bystrom S, Kolstad K, Mallmin H, Milbrink J
(1998) Postoperative drainage of knee arthroplasty is not nec-
essary: a randomized study of 90 patients. Acta Orthop Scand
69(5):475-478

Amin A, Watson A, Mangwani J, Nawabi DH, Ahluwalia R, Loef-
fler M (2008) A prospective randomised controlled trial of autolo-
gous retransfusion in total knee replacement. J Bone Joint Surg Br
Vol 90(4):451-454

Atay EF, Guven M, Altintas F, Kadioglu B, Ceviz E, Ipek S
(2010) Allogeneic blood transfusion decreases with postopera-
tive autotransfusion in hip and knee arthroplasty. Acta Orthop et
Traumatol Turcica 44(4):306-312

Cheng SC, Hung TS, Tse PY (2005) Investigation of the use
of drained blood reinfusion after total knee arthroplasty: a

@ Springer



1796

Archives of Orthopaedic and Trauma Surgery (2019) 139:1785-1796

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

prospective randomised controlled study. J Orthop Surg (Hong
Kong) 13(2):120-124

Cip J, Widemschek M, Benesch T, Waibel R, Martin A (2013)
Does single use of an autologous transfusion system in TKA
reduce the need for allogenic blood?: a prospective randomized
trial. Clin Orthop Relat Res 471(4):1319-1325

Dramis A, Plewes J (2006) Autologous blood transfusion after
primary unilateral total knee replacement surgery. Acta Orthop
Belg 72(1):15-17

Dutton T, De-Souza R, Parsons N, Costa ML (2012) The tim-
ing of tourniquet release and ’'retransfusion’ drains in total knee
arthroplasty: a stratified randomised pilot investigation. Knee
19(3):190-192

Majkowski RS, Currie IC, Newman JH (1991) Postoperative col-
lection and reinfusion of autologous blood in total knee arthro-
plasty. Ann R Coll Surg Engl 73(6):381-384

Moonen AF, Knoors NT, van Os JJ, Verburg AD, Pilot P (2007)
Retransfusion of filtered shed blood in primary total hip and knee
arthroplasty: a prospective randomized clinical trial. Transfusion
47(3):379-384

Newman JH, Bowers M, Murphy J (1997) The clinical advantages
of autologous transfusion. A randomized, controlled study after
knee replacement. J Bone Joint Surg Br 79(4):630-632
Shenolikar A, Wareham K, Newington D, Thomas D, Hughes
J, Downes M (1997) Cell salvage auto transfusion in total knee
replacement surgery. Transfus Med 7(4):277-280

Thomas D, Wareham K, Cohen D, Hutchings H (2001) Autolo-
gous blood transfusion in total knee replacement surgery. Br J
Anaesth 86(5):669-673

Wu, Yang T, Zeng Y, Si H, Li C, Shen B (2017) Effect of differ-
ent postoperative limb positions on blood loss and range of motion
in total knee arthroplasty: an updated meta-analysis of randomized
controlled trials. Int J Surg (Lon Engl) 37:15-23

Panni AS, Vasso M, Cerciello S, Salgarello M (2011) Wound
complications in total knee arthroplasty. Which flap is to be used?
With or without retention of prosthesis? Knee Surg Sports Trau-
matol Arthr 19(7):1060-1068

Lemos MJ, Healy WL (1996) Blood transfusion in orthopaedic
operations. J Bone Joint Surg Am Vol 78(8):1260-1270

Carless PA, Henry DA, Moxey AJ, O’Connell D, Brown T,
Fergusson DA (2010) Cell salvage for minimising periopera-
tive allogeneic blood transfusion. Cochrane Database Syst Rev
4:Cd001888

van Bodegom-Vos L, Voorn VM, So-Osman C, Vliet Vlieland TP,
Dahan A, Koopman-van Gemert AW et al (2015) Cell salvage in
hip and knee arthroplasty: a meta-analysis of randomized con-
trolled trials. J Bone Joint Surg Am Vol 97(12):1012-1021
So-Osman C, Nelissen RG, Koopman-van Gemert AW, Kluyver
E, Poll RG, Onstenk R et al (2014) Patient blood management

@ Springer

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

in elective total hip- and knee-replacement surgery (part 1): a
randomized controlled trial on erythropoietin and blood salvage
as transfusion alternatives using a restrictive transfusion policy in
erythropoietin-eligible patients. Anesthesiology 120(4):839-851
Huet C, Salmi LR, Fergusson D, Koopman-van Gemert AW,
Rubens F, Laupacis A (1999) A meta-analysis of the effective-
ness of cell salvage to minimize perioperative allogeneic blood
transfusion in cardiac and orthopedic surgery International Study
of Perioperative Transfusion (ISPOT) Investigators. Anesthesia
Analgesia 89(4):861-869

Semmens JB, Lawrence-Brown MM, Miles LE, Hellings MJ
(2000) Intraoperative blood salvage: the missing link in provid-
ing a safe and effective blood transfusion service. Med J Aus
173(5):266-268

Martin JW, Whiteside LA, Milliano MT, Reedy ME (1992) Post-
operative blood retrieval and transfusion in cementless total knee
arthroplasty. J Arthr 7(2):205-210

Dutcher JP (2000) Transfusion therapy: clinical principles and
practice. Ann Intern Med 133(7):572

Martinowitz U, Saltz R (1996) Fibrin sealant. Curr Opin Hematol
3(5):395-402

Wang GJ, Goldthwaite CA Jr, Burks SG, Spotnitz WD (2003)
Experience improves successful use of fibrin sealant in total knee
arthroplasty: implications for surgical education. J Long Term Eff
Med Implants 13(5):389-397

Alcelik I, Pollock RD, Sukeik M, Bettany-Saltikov J, Arm-
strong PM, Fismer P (2012) A comparison of outcomes with
and without a tourniquet in total knee arthroplasty: a systematic
review and meta-analysis of randomized controlled trials. J Arthr
27(3):331-340

Wauke K, Nagashima M, Kato N, Ogawa R, Yoshino S (2002)
Comparative study between thromboembolism and total knee
arthroplasty with or without tourniquet in rheumatoid arthritis
patients. Arch Orthop Trauma Surg 122(8):442-446

Mishra A, Pavelko T (2006) Treatment of chronic elbow ten-
dinosis with buffered platelet-rich plasma. Am J Sports Med
34(11):1774-1778

MaJ, Sun J, Guo W, Li Z, Wang B, Wang W (2017) The effect
of platelet-rich plasma on reducing blood loss after total knee
arthroplasty: a systematic review and meta-analysis. Medicine
96(26):€7262

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Hemostatic techniques to reduce blood transfusion after primary TKA: a meta-analysis and systematic review
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Research strategy
	Inclusion and exclusion criteria
	Data extraction
	Risk of bias assessment
	Statistical analysis

	Results
	Search results
	Characteristics of included studies
	Risk of bias in included studies
	Intervention outcomes

	Discussion
	Conclusion
	Acknowledgements 
	References




