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Abstract

Background: There are various techniques to reduce blood loss in total knee arthroplasty (TKA), including the use
of a tourniquet and tranexamic acid (TXA). In this study, we studied the combined effect of TXA with a tourniquet
on blood loss in the setting of primary TKA.

Methods: Randomized controlled trials (RCTs) of nine treatment methods were included (placebo, intravenous [iv.] TXA,
topical TXA, i.v.-combined topical TXA, oral TXA, placebo + tourniquet, i.v. TXA +tourniquet, topical TXA + tourniquet, and
iv-combined topical TXA + tourniquet). The patients were divided into eight groups according to the different treatment
strategies, with 30 cases per group. The differences in the total blood volume, the number of patients transfused, the
hemoglobin before and after the operation, and complications after the operation were compared.

Results: Totally 15 RCTs meeting our inclusion criteria were collected in this study. Compared with the placebo +
tourniquet group, the iv. TXA + tourniquet group displayed lower hemoglobin reduction value, pulmonary embolism
(PE) incidence, total blood loss, and blood transfusion risk; the topical TXA + tourniquet group showed reduced PE
incidence, total blood loss, and blood transfusion risk, and the iv.-combined topical TXA and iv.-combined topical TXA +
tourniquet groups showed decreased total blood loss and lower blood transfusion risk. Retrospective clinical study results
also demonstrated that the efficacy of i.v.-combined topical TXA was the best.

Conclusions: Our meta-analysis indicates that iv.-combined topical TXA provides a low total blood loss without
increasing the blood transfusion risk in patients undergoing total knee replacement surgery.
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Background

Total knee arthroplasty (TKA) remains one of the most
successful orthopedic operations to relieve pain and
improve function in patients with arthritis [1]. The
prevalence of TKA has increased dramatically due to the
aging of the population and a rise in per capita
utilization [2]. TKA leads to excessive perioperative
blood loss, which can result in anemia and blood trans-
fusions [3]. Indeed, allogenic transfusion is the standard
method for managing acute blood loss following TKA
[4]. However, the use of allogeneic transfusion can lead
to undesirable adverse events such as infection, im-
munologic reaction, and even myocardial infarction [5].
Many blood preservation strategies have been proposed
to reduce the operation-related blood loss and minimize
the risk of postoperative blood transfusion, such as the
use of the antifibrinolytic medication tranexamic acid
(TXA) and application of a tourniquet [6, 7].

The application of tourniquet in TKA can improve the
operative field of vision, reduce intraoperative blood loss,
and improve the quality of cementation by providing a
relatively bloodless operation site [8]. Nonetheless, the
clinical role of the tourniquet in TKA remains a controver-
sial matter. Ajnin et al. have proposed that TKA without
tourniquet could reduce post-operative pain, swelling, and
occult blood loss, including blood oozing into adjacent soft
tissues and knee joints, thus improving the range of activity
and enabling the entry of patients in rehabilitation training,
while reducing the length of hospital stay [9]. Indeed, tour-
niquet use after TKA can provoke various complications,
including a higher rate of deep vein thrombosis (DVT),
wound infections, and nerve damage [10]. A recent study
has shown that tourniquet application can decrease muscle
strength and reduce knee range of motion (ROM), thus
interfering with functional recovery after TKA [11].

Other research shows that tranexamic acid (TXA)
treatment in conjunction with a tourniquet could
compensate for the disadvantages of tourniquet use [7].
TXA, as an antifibrinolytic agent, is a synthetic lysine
derivative, which can reduce blood loss by reversibly
competing for the binding site of lysine on plasminogen
to fibrin [12]. Accumulating evidence has also confirmed
the benefits of TXA in decreasing blood loss and the
transfusion rate in TKA [13]. In recent decades, the
efficacies of intravenous, oral, and topical use of TXA
has been compared in numerous studies, without show-
ing distinct benefits from one route of administration
[14]. A meta-analysis study compared the efficacy of top-
ical intra-articular administration TXA versus placebo in
TKA, which showed similar efficacies in reducing blood
loss, hemoglobin reduction and the requirement for
blood transfusion, without increasing adverse reactions
[15]. Moreover, Lin at al. have confirmed that i.v.-com-
bined topical with TXA could decrease the total blood
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loss and subsequent need for transfusion without in-
creasing the occurrence of DVT in comparison to the
topical, intravenous TXA alone [16]. The literature is
largely unclear regarding the best-practice use of the
tourniquet and TXA in the context of TKA surgery.
Consequently, we made a meta-analysis of the nine
treatment methods, aiming to determine if the use of a
tourniquet in conjunction with TXA would improve
total blood loss, transfusion rate, and complication rates.

Material and methods

Data sources

Relevant references were retrieved manually using the
PubMed, EMBASE, Cochrane Library, and other English
databases. The search range extended from the establish-
ment to December 2019, with the use of combinations of
keywords, ie., total knee replacement, tourniquet, tranex-
amic acid, total knee arthroplasty, and randomized con-
trolled trial (RCT).

Inclusion and exclusion criteria

Inclusion criteria: (1) study type: randomized controlled
study; (2) intervention measures: placebo, intravenous
(i.v.) TXA, topical TXA, i.v.-combined topical TXA, oral
TXA, placebo + tourniquet, i.v. TXA + tourniquet, and
topical TXA + tourniquets; (3) study subjects: patients
(over 45 years old) who suffered from osteoarthritis or
rheumatoid arthritis have undergone TKA for the first
time; (4) results, including blood loss or transfusion risk.
Exclusion criteria: (1) patients had previously received
knee surgery; (2) patients who received bilateral knee
arthroplasty; (3) patients with a history of deep vein
thrombosis (DVT) and pulmonary embolism (PE); (4)
patients with osteoporosis; (5) patients with severe anemia
(Hb <60 g/L), coagulation dysfunction and peripheral vas-
cular diseases; (6) non-randomized controlled study design;
(7) republished literature, (8) conference reports, systematic
reviews or abstract article; and (9) non-English literature.

Data extraction and quality evaluation

Using a unified data collection table, two researchers
independently extract the data included in the literature
search. If a dispute emerged in the data extraction
process, the dispute would be solved by multiple re-
searchers. Randomized controlled trials were evaluated
by more than two researchers according to the Cochrane
risk bias assessment tool [17]. The tool included six
fields: random assignment, assignment concealment,
blinding, loss of outcome data, selection of outcome
reports, and other biases. The assessment included
assigning a judgment of “yes,” “no,” or “unclear” for each
domain to designate a low, high, or unclear risk of bias,
respectively. If one or no domains were deemed
“unclear” or “no”, the study was classified as having a
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low risk of bias. If two or three domains were deemed
“unclear” or “no,” the study was classified as having a
moderate risk of bias, whereas the study was classified as
having a high bias risk if four or more domains were
deemed “unclear” or “no” [18]. Quality assessment and
investigation of publication bias were carried out using
Review Manager 5 (RevMan 5.2.3, Cochrane Collabor-
ation, Oxford, UK).

Follow-up retrospective cohort study protocol
Patient data
The retrospective case-control study was carried out in
the People’s Hospital of Xiashan Ecological and Economic
Development Zone. The data of TKA patients collected
prospectively from December 2015 to December 2019
were reviewed. According to different surgical treatment
measures, patients were divided into eight groups (i.v.
TXA, topical TXA, iv.-combined topical TXA, oral TXA,
Placebo + tourniquet, i.v. TXA + tourniquets, Topical
TXA + tourniquet, and i.v.-combined topical TXA + tour-
niquet). For each group, 32 cases (61 males and 95
females; ranging in age from 45 to 75 years with a mean
age of 66.01 + 4.98) years) meeting the inclusion criteria
were randomly selected for follow-up analysis to compare
their total blood loss, risk of blood transfusion, changed
hemoglobin values, and postoperative complications.
Inclusion criteria in the retrospective study: (1) pa-
tients were over 45 years old when undergoing surgery;
(2) patients had osteoarthritis; (3) patients received TKA
for the first time; (4) and patients were treated with
TXA or tourniquet. Exclusion criteria: (1) patients had
previously received knee surgery; (2) patients with a
history of DVT and PE; (3) patients with osteoporosis;
(4) patients with severe anemia, coagulation dysfunction,
and peripheral vascular diseases (Hb <60 g/L). This study
was approved by the internal review committee for
orthopaedic research as an observational human study.
All study data and information collected from patient
files are confidential and are subject to the Declaration
of Helsinki.

Operative method

All operations were performed by the same orthopedic
operation group under similar anesthesia and operation
protocols. No drainage tube was placed during the oper-
ation. In the first group, patients received an i.v. injec-
tion of 1.0g TXA 10min before incision and without
tourniquet during the operation (i.v. TXA group). In the
second group, after the closure of the joint capsule,
patients were injected into the joint with 1g/20 mL
normal saline TXA once without tourniquet during the
operation (Topical TXA group). In the third group,
patients were intravenously injected with 1.0g TXA at
10 min before surgical incision and 1g/20 mL normal
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saline TXA was injected into the joint after closure of
the joint capsule, and without tourniquet during the
operation (i.v.-combined topical TXA group). In the
fourth group, 2g (4 tablets, 500 mg each) TXA was
administered orally 2 h before the operation, and 1 g was
repeated 6h and 12h after the operation, respectively,
without tourniquet during the operation (Oral TXA
group). In the fifth group, patients were intravenously
injected with 10 mg/kg placebo before and 3 h after the
release of the tourniquet, without treatment with TXA.
Tourniquet was used throughout the operation. The
tourniquet was released after the incision was sutured
and pressure bandaged (placebo + tourniquet group). In
the sixth group, patients were intravenously injected
with 1.0g TXA 10min before incision, in conjunction
with the tourniquet used throughout the operation. The
tourniquet was released after the incision was sutured
and pressure bandaged (i.v. TXA + tourniquets group).
In the seventh group, after the closure of the joint cap-
sule, patients were injected with 1 g/20 mL normal saline
TXA once in the joint with tourniquet used throughout
the operation. The tourniquet was released after the in-
cision was sutured and pressure bandaged (Topical TXA
+ tourniquet group). In the eighth group, patients were
intravenously injected with 1.0 g TXA was 10 min before
incision and 1g/20 mL normal saline TXA was injected
into the joint after closure of the joint capsule with tourni-
quet used throughout the operation. The tourniquet was
released after the incision was sutured and pressure ban-
daged (i.v.-combined topical TXA + tourniquet group).

Outcome measure

Total blood loss, the number of patients transfused, and
hemoglobin (HB) 24 hs before and after operation were
the main results, while DVT, PE, and operation time
were the secondary results.

Statistical analysis

Revman 5 software (version 5.3, Cochrane Collaboration,
Oxford, UK) was used for evaluation and statistical ana-
lysis. The continuous data were calculated by weighted
mean difference (WMDs) and 95% confidence interval
(CI), while the binary classification data were calculated
by risk ratio (OR) and 95% confidence interval (CI). Chi-
square test and I* test were used to test heterogeneity. If
x> > 0.1 or I* < 50%, then a fixed consequence model
was used, and otherwise, a random effect model was
used. The R 3.2.1 software was used to draw a network
diagram.

The node-splitting method was used to evaluate the
consistency between direct and indirect evidence, and
the consistency or inconsistency model was selected
based on the results. If the result of node segmentation
showed p > 0.05, the consistency model was selected
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[19]. To assist in the interpretation of OR/WMDs, we
calculated the probability of each intervention being the
most effective treatment method following a Bayesian
approach using probability values summarized as the
surface under the cumulative ranking curve (SUCRA)
[20, 21]. All computations were done using R (V.3.2.1)
package gemtc (V.0.6), along with the Markov Chain
Monte Carlo engine Open BUGS (V.3.4.0). All experi-
mental data were processed and analyzed using the
Statistic Package for Social Science (SPSS) 21.0 statistical
software (IBM Corp. Armonk, NY, USA). Measurement
data are presented as mean + standard deviation. Com-
parisons among multiple groups were analyzed using
one-way analysis of variance (ANOVA), followed by
Tukey’s post hoc test. Enumeration data were analyzed
by a chi-squared test. A value of p < 0.05 was considered
to be statistically significant.

Results

The baseline characteristics of the included studies

In this study, there were 1498 related literature, 148
repetitive literature, 215 letters or reviews, and 108 non-
human research literature. A total of 142 non-English
literature were excluded. After the evaluation of the
remaining 885 literature, 446 non-randomized controlled
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studies, 408 non-TKA literature, and 16 incomplete litera-
ture were excluded. Finally, 14 randomized controlled stud-
ies met the inclusion criteria used for this meta-analysis [5,
8, 22—34] (Fig. S1). A total of 1338 patients with osteoarth-
ritis or rheumatoid arthritis and other diseases who had
undergone corresponding operations, among whom the lar-
gest group had received iv. injection of TXA drugs com-
bined with a tourniquet (Fig. 1). The study was published
from 1996 to 2018. Among them, 8 studies were from the
European and American population, 6 from the Asian
population, and 4 out of 14 studies were three armed stud-
ies and 10 were two armed studies. The baseline character-
istics of the included literature are shown in Table 1, the
Cochrane system bias evaluation is shown in Fig. 2, and the
funnel plot is shown in Fig. 3.th=tlb=

Meta-analysis results

As shown in Table 2, in order to compare the
hemostasis effect of 9 treatment measures on TKA, we
made a direct matching comparison and found that in
terms of blood loss, compared with the placebo group,
the total blood loss of i.v. TXA group and topical TXA
group was relatively less (WMD = -277.34, 95%CI =
-431.85 to -122.83, WMD = -307.78, 95%CI = -460.92
to —154.64, respectively). Compared with the iv. TXA
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group, the total blood loss of i.v.-combined topical TXA
group reduced (WMD = -218.13, 95% CI = -282.59-
153.68). Compared with iv.-combined topical group,
there was higher total blood loss in the placebo + tourni-
quet group and i.v.-combined topical TXA + tourniquet
group (WMD = 956.60, 95%CI = 829.31-1083.89,
(WMD = 106.80, 95%CI = 13.04—200.56, respectively).
Compared with the placebo + tourniquet group, the
total blood loss in the i.v. TXA + tourniquet group, the
topical TXA + tourniquet group and the i.v.-combined
topical TXA + tourniquet group was relatively less
(WMD = -156.09, 95%CI = -179.41 to -132.78, WMD
= -79.20, 95%CI = -106.34 to —52.05, WMD = -849.80,
95%CI = -987.51 to -712.09, respectively). In terms of
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sion risk (OR = 0.09, 95%CI = 0.04—-0.17, OR = 0.19,
Fig. 2 Cochrane system bias evaluation of included literature 95%CI = 0.10-0.37, OR = 0.05, 95%CI = 0.00—0.88, re-

spectively). In terms of the change value of hemoglobin,
compared with the placebo group, the reduction value of
hemoglobin in the i.v.-combined topical TXA group was
relatively low (WMD = 1.17, 95% CI = 0.54—1.80, WMD
= 1.42, 95% CI = 0.78-2.06, respectively), compared with
the iv.-combined topical TXA group, the reduction
value of hemoglobin in the iv.-combined topical TXA
group was relatively low (WMD = 0.67, 95% CI = 0.48—
0.86). Compared with the iv.-combined topical TXA
group, there was more reduction of the hemoglobin
value in the placebo + tourniquet group and the iv.-
combined topical TXA + tourniquet group (WMD =
-1.61, 95%CI = -1.90 to -1.32, WMD = -0.20, 95%CI =
-0.38 to -0.02, respectively). Compared with the placebo
+ tourniquet group, there was less reduction in the
hemoglobin value in the iv. TXA + tourniquet group,
topical TXA + tourniquet group, and the i.v.-combined
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Table 2 Estimated OR/WMD and 95% Cl from pairwise meta-analysis in terms of Blood loss, Transfusion risk, Change of Hb, DVT and
PE

Included studies Comparisons Pairwise meta-analysis
WMD(95%Cl) P Py

The total blood loss
(PMID:29544472;PMID:29257010,PMID:27267228,PMID:27194493,PMID:26507526,PMID:27259391;,PMID:27222617;PMID:26894222,PMID:12697586;PMID:
11476309,PMID:10673876; PMID:8636182)

1 study IV vs. control —-277.34 (-431.85-122.83) NA NA

1 study Topical vs. control —307.78 (—460.92-154.64) NA NA

1 study Topical vs. IV —3044 (-163.81-102.93) NA NA

2 studies IV + topical vs. IV —218.13 (-282.59-153.68) 46.8% 0.17
1 study Oral vs. topical —83.60 (=203.84-36.64) NA NA

1 study T VS. IV + topical 956.60 (829.31-1083.89) NA NA

6 studies V+Tvs. T —-156.09 (-179.41-132.78) 98.1% <0.01
2 studies Topical+T vs. T —79.20 (—106.34-52.05) 87.6% <0.01
3 studies Topica+T vs. IV+ T 10.90 (—=7.95-29.72) 62.5% 0.07
1 study IV + topical+T vs. IV + topical 106.80 (13.04-200.56) NA NA

1 study IV + topical+T vs. T —849.80(—987.51-712.09) NA NA

Transfusion risk
(PMID:29544472;PMID:29257010,PMID:27267228,PMID:26507526,PMID:27222617,PMID:24816760;,PMID:26894222:PMID:24768543,PMID:12697586;PMID:
11476309,PMID:10673876)

1 study IV vs. control 0.23 (0.08-0.74) NA NA
1 study Topical vs. control 0.35 (0.13-1.00) NA NA
1 study Topical vs. IV 148 (043-5.14) NA NA
1 study IV + topical vs. IV 0.24 (0.03-2.23) NA NA
1 study Oral vs. topical 0.73 (0.16-3.38) NA NA
1 study T VS. IV + topical 20.20 (1.13-360.28) NA NA
5 studies V+Tvs. T 0.09 (0.04-0.17) 0% 0.77
3 studies Topical+T vs. T 0.19 (0.10-0.37) 46.2% 0.16
3 studies Topica+T vs. IV+ T 0.99 (0.34-2.85) 0% 0.76
1 study IV + Topical+T vs. T 0.05 (0.00-0.88) NA NA

The change of Hb
(PMID:29544472;PMID:29257010;,PMID:27267228,PMID:27194493;PMID:26507526,PMID:27259391,PMID:27222617,PMID:26894222,PMID:24768543;PMID:
11476309)

1 study IV vs. control 1.17 (0.54-1.80) NA NA

1 study Topical vs. control 1.42 (0.78-2.06) NA NA

1 study Topical vs. IV 0.25 (-0.32-0.82) NA NA
2 studies IV + topical vs. IV 0.67 (0.48-0.86) 0% 081

1 study Oral vs. topical 0.20 (-0.13-0.53) NA NA

1 study T VS. IV + topical -1.61 (-1.90-1.32) NA NA

3 studies V+Tvs. T 2.50 (2.09-2.90) 94.8% <0.01
2 studies Topical+T vs. T 1.42 (0.84-2.00) 54% 030
4 studies Topical+T vs. IV + T 0.57 (0.31-0.84) 92.0% <0.01
1 study IV + topical+T vs. IV + topical —-0.20 (—0.38-0.02) NA NA

1 study IV + topical+T vs. T 1.41 (1.11-1.71) NA NA
DVT

(PMID:29257010;PMID:27194493;PMID:26507526;PMID:27259391,PMID:24816760,PMID:26894222;PMID:24768543;PMID:12697586;,PMID:10673876; PMID:
8636182)

1 study IV + topical vs. IV 033 (0.01-835) NA NA
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Table 2 Estimated OR/WMD and 95% Cl from pairwise meta-analysis in terms of Blood loss, Transfusion risk, Change of Hb, DVT and

PE (Continued)

Included studies Comparisons Pairwise meta-analysis

WMD(95%Cl) P Py
3 studies IV +TvsT 0.80 (0.24-2.63) 0% 0.50
1 study Topical+T vs. IV + T 0.55 (0.05-6.21) NA NA
PE
(PMID:29257010,PMID:27194493,PMID:26507526;PMID:27259391;PMID:24816760,PMID:26894222;,PMID:10673876;PMID:8636182)
1 study IV + topical vs. IV 0.33 (0.01-8.35) NA NA
2 studies V+Tvs. T 0.22 (0.24-2.14) 0% 0.83
1 study Topical+T vs. IV + T 0.55 (0.05-6.21) NA NA

Notes: WMD weighted mean difference, 95%Cl 95% confidence intervals, Hb hemoglobin, DVT deep vein thrombosis, PE pulmonary embolism, Control = placebo;
IV=IV TXA; topical = topical TXA; IV + topical = IV-combined topical TXA; Oral = oral TXA; T = placebo+tourniquets; IV + T = IV TXA + tourniquets; Topical+T =

topical TXA + tourniquets; IV + topical+T = IV-combined topical TXA + tourniquets

topical TXA + tourniquet group (WMD = 1.41, 95%CI =
1.11-1.71, respectively). Compared with the iv. TXA +
tourniquet group, the hemoglobin reduction in the top-
ical TXA + tourniquet group was relatively low (WMD
= 0.57, 95%CI = 0.31-0.84) (Table 2).

The results of the five outcome indicators, including
total blood loss, risk of blood transfusion, hemoglobin
change, DVT, and PE were analyzed by the method of

node segmentation. It was found that the direct evidence
and indirect evidence of all outcome indicators were
consistent, and the consistency model should be used
(all p > 0.05) (Fig. 4).

The results of the meta-analysis showed that in com-
parison to the placebo + tourniquet group, the total
blood loss decreased in iv.-combined topical TXA
group, iv. TXA + tourniquet group, topical TXA +

The total blood loss

Study  P-value Mean Difference (95% Crl)
Topical+Tvs T
direct -1.7e+02 (-6.4e+02, 2.5e+02)
indirect 0.11375 _— -7.8e+02 (-1.5e+03, -1.1e+02)
network —O0— -4.2e+02 (-8.4e+02, —-29.)

| 1

-2000 0 300

The change of Hb
Study  P-value Mean Difference (95% Crl)
Topical+Tvs T
direct 1.1(-1.4,3.4)
indirect 0.07625 —o0—— 5.0(0.93,9.3)
network 2.2(-0.14,4.4)

1 1

-2 0 10
DVT

Study  p-value Odds Ratio (95% Crl)
IV+Tvs T
direct q 0.69 (0.11, 3.5)
indirect 0.4325 ————O0——— 2.3e+06 (3.5e-10, 3.7e+24)
network ] 0.71(0.12, 3.4)
Topical+Tvs T
direct o 2.1(0.090, 92.)
indirect 0.68 —_—0 0.0010 (2.1e-23, 1.3e+14)
network o 1.8 (0.090, 62.)
Topical+T vs IV+T
direct —_—O— 2.1e-06 (1.8e-22, 2.3e+05)
indirect 0.31125 P 3.6 (0.11, 1.9e+02)
network P 2.6 (0.095, 1.5e+02)

r 1

2e-23 1 4.00000000000001e+24

Fig. 4 Node cutting diagram of the influence of different intervention methods on hemostasis in TKA

Transfusion risk

Study  P-value Odds Ratio (95% Crl)
IV+#T vs T

direct 0.068 (0.012, 0.20)
indirect 0.09875 3.6e-11 (1.1e-39, 0.24)
network 0.072 (0.018, 0.18)
Topical+Tvs T

direct 0.17 (0.024, 0.83)
indirect 0.08875 4.0e+09 (0.039, 3.7e+29)
network 0.16 (0.042, 0.44)
Topical+T vs IV+T

direct 1.2(0.16, 21.)

indirect 0.245 9. (0.25, 1.4e+03)
network 2.2(0.60,9.1)

r 1 1
1e-39 1 3.99999999999999e+29
PE

Study P-value Odds Ratio (95% Crl)
IV+Tvs T

direct —0— 5.6e-07 (6.6e-17, 0.20)
indirect 0.7125 —_—O— 0.0011 (2.6e-21, 3.6e+11)
network —0— 2.5e-05 (7.7e-17, 0.33)
Topical+Tvs T

direct —_—0— 9.7e-09 (7.3e-32, 2.4e+05)
indirect 0.9425 ————— 00— 1.2e-08 (3.0e-33, 0.22)
network —0— 1.0e-05 (5.4e-17, 0.30)
Topical+T vs IV+T

direct 4 0.44 (0.0091, 12.)

indirect 0.5075 —O—— 1.9e+06 (9.1e-15, 4.9e+25)
network < 0.59 (0.010, 16.)

[ 1
3e-33 1 4.99999999999999e+25




Zhang et al. Journal of Orthopaedic Surgery and Research

tourniquet group, combined iv. plus topical TXA +
tourniquet group. Thus, the hemostasis effect was rela-
tively good in these four groups. Compared with the pla-
cebo + tourniquets group, the risk for blood transfusion
was lower in the iv. TXA + tourniquet group, the top-
ical TXA + tourniquet group, and the i.v.-combined top-
ical TXA + tourniquet group. Compared with iv. TXA
+ tourniquet and topical TXA + tourniquet groups,
blood transfusion risk was reduced in the i.v.-combined
topical TXA + tourniquets group (OR = 0.00, 95%CI =
0.00-0.31; OR = 0.00, 95%CI = 0.00-0.10, respectively).
Compared with the placebo + tourniquet group, the iv.
TXA + tourniquet group had a relatively low
hemoglobin reduction (WMD = 2.15, 95%CI = 0.17-
4.06). Compared with the placebo + tourniquet group,
the incidence of PE was lower in the iv. TXA +

(2020) 15:530
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tourniquet group and the topical TXA + tourniquet
group (OR = 0.00, 95%CI = 0.00-0.21). However, in
terms of DVT incidence, there was no significant differ-
ence in the effect of each intervention in TKA (Figs. 5, 6,
7, 8 and Table 3).

As shown in Table 4, the cumulative ranking probabil-
ity SUCRA value of different interventions on
hemostasis in TKA, in terms of total blood loss, blood
transfusion risk, and hemoglobin change, the cumulative
sorting probability of placebo + tourniquet group was
higher than that of the other eight groups (94.22%,
100%, 80.26%, respectively), suggesting that the
hemostasis effect in the placebo + tourniquet group is
relatively poor in TKA. The total blood loss (26.56%)
and the risk of blood transfusion (24.33%) in the iv.-
combined topical TXA group were lower than in the

Mean Difference (95% Crl)
Compared with Control
\% —O01— -2.8e+02 (-9.9e+02, 4.4e+02)
Topical —O01— -3.1e+02 (-1.0e+03, 4.0e+02)
IV+Topical —_—O—1 -5.6e+02 (-1.4e+03, 3.0e+02)
Oral —_—O— -3.9e+02 (-1.4e+03, 6.0e+02)
T —_—t— 4.0e+02 (-7.3e+02, 1.5e+03)
IV+T —_— g -85. (-1.2e+03, 1.1e+03)
Topical+T —_— -13. (-1.2e+03, 1.2e+03)
IV+Topical+T — s — -4.5e+02 (-1.6e+03, 6.6e+02)
T 1
-2000 0 2000
Mean Difference (95% Crl)
Compared with Topical
Control —-0— 3.1e+02 (-4.0e+02, 1.0e+03)
v —— 28. (-6.8e+02, 7.3e+02)
IV+Topical —O0— -2.5e+02 (-1.1e+03, 6.2e+02)
Oral —_—g— -84. (-7.8e+02, 6.2e+02)
T —1—0—— 7.1e+02 (-4.2e+02, 1.8e+03)
IV+T —_—t0— 2.2e+02 (-9.4e+02, 1.4e+03)
Topical+T —_—t— 3.0e+02 (-9.1e+02, 1.5e+03)
IV+Topical+T —O— -1.5e+02 (-1.3e+03, 9.5e+02)
[ 1
-2000 0 2000
Mean Difference (95% Crl)
Compared with Oral
Control —0— 3.9e+02 (-6.0e+02, 1.4e+03)
\% —p— 1.1e+02 (-8.8e+02, 1.1e+03)
Topical —_ 84. (—-6.2e+02, 7.8e+02)
IV+Topical —Oo— —-1.7e+02 (-1.3e+03, 9.3e+02)
T —1—0— 7.9e+02 (-5.5e+02, 2.1e+03)
IV+T —to— 3.1e+02 (-1.1e+03, 1.6e+03)
Topical+T —t0— 3.8e+02 (-1.0e+03, 1.7e+03)
IV+Topical+T —q— -63. (-1.4e+03, 1.2e+03)
) 1
-2000 0 3000
Mean Difference (95% Crl)
Compared with IV+T
Control —_— 85. (-1.1e+03, 1.2e+03)
\% —Oor— -1.9e+02 (-1.1e+03, 7.3e+02)
Topical —Or— -2.2e+02 (-1.4e+03, 9.4e+02)
IV+Topical —_—O—1 -4.8e+02 (-1.2e+03, 2.8e+02)
Oral —_— -3.1e+02 (-1.6e+03, 1.1e+03)
T -o- 4.8e+02 (2.0e+02, 7.7e+02)
Topical+T —— 72. (-3.1e+02, 4.5e+02)
IV+Topical+T —O0—1— -3.7e+02 (-1.1e+03, 4.0e+02)
T 1
-2000 0 2000
Fig. 5 Forest map of the effect of total blood loss on hemostasis in TKA

The total blood loss

Mean Difference (95% Crl)

Compared with IV
Control —t0— 2.8e+02 (-4.4e+02, 9.9e+02)
Topical —_—— -28. (-7.3e+02, 6.8e+02)
IV+Topical —O1 -2.8e+02 (-7.9e+02, 2.2e+02)
Oral -1.1e+02 (-1.1e+03, 8.8e+02)
T -+—o0— 6.7e+02 (-2.1e+02, 1.5e+03)
IV+T to—— 1.9e+02 (-7.3e+02, 1.1e+03)
Topical+T —to0— 2.6e+02 (-6.9e+02, 1.2e+03)
IV+Topical+T —O— -1.8e+02 (-1.0e+03, 6.7e+02)
T 1
-2000 0 2000
Mean Difference (95% Crl)
Compared with IV+Topical
Control —1—0— 5.6e+02 (-3.0e+02, 1.4e+03)
\Y —1o0— 2.8e+02 (-2.2e+02, 7.9e+02)
Topical —_—t 00— 2.5e+02 (-6.2e+02, 1.1e+03)
Oral O 1.7e+02 (-9.3e+02, 1.3e+03)
T —O0— 9.6e+02 (2.6e+02, 1.7e+03)
IV+T —1—o— 4.8e+02 (-2.8e+02, 1.2e+03)
Topical+T —1—O0— 5.5e+02 (-2.7e+02, 1.4e+03)
IV+Topical+T —j0— 1.1e+02 (-5.9e+02, 8.1e+02)
1
-1000 0 2000
Mean Difference (95% Crl)
Compared with T
Control O —-4.0e+02 (-1.5e+03, 7.3e+02)
\% —O0— -6.7e+02 (-1.5e+03, 2.1e+02)
Topical —O0—7—  -7.1e+02 (-1.8e+03, 4.2e+02)
IV+Topical —_—O0— -9.6e+02 (-1.7e+03, -2.6e+02)
Oral ——O0—1— -7.9e+02 (-2.1e+03, 5.5e+02)
IV+T —o— -4.8e+02 (-7.7e+02, -2.0e+02)
Topical+T —o— -4.1e+02 (-8.2e+02, -6.3)
IV+Topical+T —O0— -8.5e+02 (-1.6e+03, -1.4e+02)
T 1
-3000 0 800
Mean Difference (95% Crl)
Compared with Topical+T
Control p— 13. (-1.2e+03, 1.2e+03)
\% —Oo— -2.6e+02 (-1.2e+03, 6.9e+02)
Topical —_— O -3.0e+02 (-1.5e+03, 9.1e+02)
IV+Topical —_—O—1 -5.5e+02 (-1.4e+03, 2.7e+02)
Oral R o -3.8e+02 (-1.7e+03, 1.0e+03)
T —o— 4.1e+02 (6.3, 8.2e+02)
IV+T —qa— -72. (-4.5e+02, 3.1e+02)
IV+Topical+T —O0—1— -4.4e+02 (-1.2e+03, 3.7e+02)
T 1
-2000 0 2000
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Odds Ratio (95% Crl)
Compared with Control

v g 0.22 (0.022, 2.0)

Topical q 0.34 (0.036, 3.0)

IV+Topical q 0.037 (0.00047, 1.4)

Oral g 0.24 (0.0085, 6.4)

T —o—— 2.5¢+13 (1.3, 5.6e+31)
IV+T —o—— 2.0e+12 (0.096, 4.6e+30)
Topical+T —0—— 4.2e+12(0.19, 1.1e+31)
IV+Topical+T —————o0— 3.5e-09 (4.56-45, 1.0e+23)

[ 1
3.99999999999997e-45 1 6.00000000000001e+31

Odds Ratio (95% Crl)
Compared with Topical

Control D 2.9(0.33, 28.)

v q 0.64 (0.064, 6.4)

IV+Topical q 0.11(0.0013, 4.2)

Oral ] 0.70 (0.055, 8.3)

T —o—— 7.6e+13 (3.9, 1.5e+32)
IV+T —O—— 5.7e+12(0.27, 1.2e+31)
Topical+T —O—— 1.3e+13 (0.56, 2.7e+31)
IV+Topical+T —O0— 1.0e-08 (1.4e-44, 3.2e+23)

[ 1
9.99999999999994e-45 1 1.99999999999999e+32

Odds Ratio (95% Crl)
Compared with Oral

Control D 4.2 (0.16, 1.2e+02)

v q 0.92(0.032, 28.)
Topical (] 1.4 (0.12,18.)
IV+Topical q 0.15 (0.0010, 13.)

T —0—— 1.4e+14 (4., 2.3e+32)
IV+T —O0—— 1.0e+13(0.27, 1.8e+31)
Topical+T —O0—— 2.3e+13(0.59, 4.0e+31)

_ o

IV+Topical+T 1.7e-08 (1.6e-44, 6.1e+23)

[ 1
9.99999999999994e-45 1 3.00000000000001e+32

Odds Ratio (95% Crl)

Compared with IV+T

Control —o0— 5.1e-13 (2.2e-31, 10.)
v —oO0—— 9.7e-14(5.2e-32,1.9)
Topical —oO0— 1.7e-13(8.3e-32,3.7)
IV+Topical —o0——| 1.7e-14 (1.0e-32, 0.22)
Oral ——O0—— 9.8e-14(5.6e-32, 3.7)
T P 14.(5.2,50.)
Topical+T D 2.1(0.58,9.7)
IV+Topical+T O 2.2e-16 (2.1e-61, 0.11)

I 1
1.99999999999998e-61 160
Fig. 6 Forest map of the effect of transfusion risk on hemostasis in TKA

Transfusion risk
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Compared with T
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Oral —©O0—— 7.1e-15 (4.4e-33, 0.25)
IV+T g 0.072 (0.020, 0.19)
Topical+T Q 0.16 (0.042, 0.49)
IV+Topical+T O 1.5e-17 (1.5e-62, 0.0075)
r
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Odds Ratio (95% Crl)
Compared with Topical+T
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Topical ——O0—— 7.9e-14 (3.8e-32,1.8)
IV+Topical ——oO0——| 7.6e-15(4.8e-33,0.11)
Oral —O0—— 4.4e-14(2.5e-32,1.7)
T P 6.4 (2.0, 24.)
IV+T ¢ 0.47(0.10,1.7)
IV+Topical+T O 9.8e-17 (1.1e-61, 0.050)

r 1
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other eight groups, indicating a superior hemostasis ef-
fect. The cumulative sorting probability of hemoglobin
reduction (37.46%) in the topical TXA + tourniquets
group was lower than that in the other eight groups

Retrospective analysis of clinical research results

As shown in Table 5, different treatment methods of
TXA and tourniquet were significantly related to the
total blood loss of TKA, the number of people who
needed a blood transfusion, and the change of
hemoglobin before and after the operation (all p < 0.05),
there was no significant correlation with gender, age,
knee joint activity, operation time, and postoperative

complications (all p > 0.05). Among them, the indexes of
i.v.-combined topical TXA group were better than the
other seven groups.

Discussion

TKA is a complex surgery that often brings life-
transforming improvements in function, but peri-
operative complications still arise, notably in rela-
tion to excessive intra- and post-operative blood
loss [12]. There is general acceptance that the appli-
cation of tourniquet reduces intraoperative blood
loss after TKA [8]. Moreover, various dosing regi-
mens used for TXA have proven effective, including
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The change of Hb

Fig. 7 Forest map of the effect of change value of hemoglobin on hemostasis in TKA
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intra-articular (IA) and oral forms, likewise i.v. TXA
alone or in conjunction with topical TXA. However,
there is meager scientific evidence for the benefits of
combining i.v. and topical TXA in the course of TKA
[35]. Therefore, we conducted a network meta-
analysis to assess hemostatic effects of nine variant
treatment methods following TKA in this study.
Based on the network analysis and direct and indirect
comparisons, the results of our retrospective clinical
study indicated that i.v.-combined topical TXA was
superior to the other eight variants with respect to

low total blood loss and low risk of need for blood
transfusion.

Initially, pairwise meta-analysis revealed that com-
pared with the iv. TXA, placebo + tourniquet, and i.v.-
combined topical TXA + tourniquet groups, the iv.-
combined topical TXA group displayed less total blood
loss and less reduction in hemoglobin value. Compared
with the placebo and placebo + tourniquet, i.v. TXA
groups, the topical TXA, the i.v.-combined topical TXA,
iv. TXA + tourniquet, topical TXA + tourniquet, and
i.v.-combined topical TXA + tourniquet groups revealed
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Fig. 8 Forest map of the effect of PE on hemostasis in TKA
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decreased blood transfusion risk and hemoglobin reduc-
tion value. Tourniquet application in TKA brings bene-
fits of reduced intraoperative blood loss and operation
time, but without significantly decreasing the need for
blood transfusion or the rate of DVT in TKA [7]. How-
ever, using a tourniquet brings a certain risk of muscle
damage, severe thigh pain, delayed rehabilitation, re-
duced patient satisfaction, and even paralysis due to
nerve damage. Thus, some have speculated that TKA
without tourniquet can avoid those adverse effects while
promoting postoperative recovery [6]. Moreover, recent
RCTs have proved that the routine use of TXA in TKA
reduces blood loss and transfusion rates [36]. A prior
study has evaluated the risks and benefits of tourniquet
use compared with iv. and topical administration of
TXA in the setting of primary TKA, which revealed that
i.v. and topical TXA without a tourniquet had less hid-
den blood loss, a lower incidence of postoperative knee
swelling, less postoperative knee pain, lower levels of in-
flammatory biomarkers, and better early knee function
along with greater ratings of patient satisfaction com-
pared with those treated with a tourniquet [22]. Santias
et al. have demonstrated that topical administration of
TXA without tourniquet reduces blood loss and im-
proves postoperative blood chemistries in patients re-
ceiving TKA without increasing the risk of
thromboembolic complications [15]. In a study of 640
patients treated with either iv. or topical TXA, greater

blood loss was seen in the patients who received topical
TXA, whereas i.v. administration achieved an immediate
and desirable effect, especially in the absence of a tourni-
quet [13].

Additionally, NMA combined with the retrospective
clinical study further validated that i.v.-combined top-
ical TXA provides a low total blood loss without in-
creasing blood transfusion risk. Additionally, this
combined treatment had the lowest SUCRA values in
terms of total blood loss (24.44%) and blood transfu-
sion risk (24.33%), whereas topical TXA + tourniquet
had the lowest SUCRA values in terms of hemoglobin
reduction value (37.46%), which also proved that i.v.-
combined topical TXA had the best hemostatic effects
of tourniquet + TXA in TKA. Similarly, a recent
study has displayed that, compared with either i.v.
TXA or topical administration TXA alone, the com-
bined administrated TXA can decrease the total blood
loss, and the difference is statistically significant,
whereas the pooled results indicated that combined
topical with i.v. TXA decreased the need for transfu-
sion [16]. Jain et al. have also concluded that com-
bined iv. with topical TXA provided better results
than did iv. alone with respect to mean calculated
total blood loss, blood transfusion rate, hemoglobin
drop, and the absence of significant effect on DVT
[25]. These findings support that i.v.-combined topical
TXA achieves better hemostatic effect following TKA.
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Table 4 Cumulative ranking probability of TKR main outcome indicators by different treatment measures (surface under the

cumulative ranking curves, SUCRA)

The total blood loss

Transfusion Change of Hb

Control 2(87.67%)
IV TXA 5(54.89%)
Topical TXA 3(58.00%)
IV+topical TXA 9(24.44%)
Oral TXA 6(50.22%)
Placebo+tourniquet 1(90.44%)
IV TXA+tourniquet 7(49.44%)
Topical TXA+tourniquet 4(56.33%)
IV+topical TXA+tourniquet 8(29.22%)

4(58.56%) 2(79.84%)
7(38.22%) 3(60.80%)
5(43.44%) 4(54.22%)
9(24.33%) 7(46.14%)
6(38.67%) 6(51.29%)
1(100.00%) 1(80.26%)
3(78.78%) 8(37.87%)
2(86.89%) 9(37.46%)
8(28.56%) 5(52.13%)

Hb hemoglobin

However, there was a limitation in this study. The dif-
ferences in the sample sizes of the nine variant interven-
tions and the number of studies included in the direct
matching comparison between various interventions
have some impact on the research results. In this study,
the hemostatic effect of TXA combined with a tourni-
quet on TKA was compared comprehensively from the
perspectives of NMA and clinical research, which re-
vealed important differences in the hemostatic outcomes

of the nine variant intervention  measures,

notwithstanding statistical issues related to sample sizes
in the literature.

Conclusion

In conclusion, i.v.-combined topical TXA contributes to
lower total blood loss and blood transfusion risk in TKA
patients. The iv.-combined topical TXA proved to be
superior to the other eight variant regiments, which calls
for its adoption as standard care in TKA.

Table 5 Baseline characteristics and intraoperative and postoperative outcomes

Group IVTXA  TopicalTXA IV-combined OralTXA Placebo + IV TXA + Topical TXA + IV-combined P value
topical TXA tourniquets tourniquets tourniquets topical \TXA
+ tourniquets
Number 30 30 30 30 30 30 30 30
Agely) 67.77 67.37 66.73 66.3 65.23 65.73 67.13 6543 0.532
+ 539 + 549 +6.15 +4.89 +6.28 + 599 + 556 + 478
Gender 16/14 20/10 21/9 15/15 18/12 16/14 22/8 21/9 0.39%4
(female/male)
BMI(kg/m2) 30.05 3043 30.72 3054 2949 29.62 3141 3133 0.307
+ 302 + 428 +293 +3.09 + 3387 + 337 + 362 + 411
Preop.ROM(°) 99.87 100.01 10345 101.53 102.08 99.37 100.88 10241 0.238
+ 833 + 783 + 535 + 628 + 0672 + 504 +6.98 + 773
Surgical 67.60 64.93 68.13 66.03 66.07 64.00 63.37 70.10 0.256
duration(min) +1239 +£1079 + 897 +12.17 +975 + 853 + 1218 +11.18
Total blood loss(mL) 126884  1164.27 653.79 781.26 1584.33 1049.12 1002.48 739.15 <0.001
+342.15 +£304.19 + 246.20 + 21379 435921 + 266.72 +316.29 + 22637
Transfusion 9 5 1 7 12 3 5 4 0.009*
Preop.Hb(g/dL) 13.87 1344 13.92 13.89 13.62 1341 13.99 1347 0.117
+ 0.66 + 123 +125 + 095 +1.02 +1.07 + 1.09 +0.72
24-h Hb(g/dL) 11.82 1149 12.09 12.74 10.37 1148 11.94 1211 <0.001*
+ 1.04 +1.30 + 140 + 0.94 +1.26 +1.35 + 131 + 095
Hb change 2.02 1.95 1.83 1.14 322 193 2.09 136 <0.001*
(g/dL) + 084 + 057 + 061 +0.39 + 1.06 +0.75 + 061 + 055
DVT 1 0 0 0 0 1 0 0 0.541
PE 0 0 0 0 0 0 1 0 0432

Notes: Preop.ROM preoperative range of motion, Preop.Hb preoperative hemoglobin. Measurement data are presented as mean + standard deviation. Comparisons
among multiple groups were analyzed using ANOVA, followed by Tukey’s post hoc test. Enumeration data were analyzed by chi-square test. *p < 0.05
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