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Abstract

Background: The empirical use of tranexamic acid (TXA) for bleeding remains controversial because of the distinct
fibrinolytic phenotypes observed after injury. This study sought to assess the efficacy of postoperative TXA in patients
presenting with different fibrinolytic phenotypes after total knee arthroplasty (TKA).

Methods: This retrospective study included 270 patients who underwent primary TKA. The patients were divided
into two groups: Group A, received no postoperative TXA, and Group B, received postoperative TXA; they were further
categorized into four subgroups based on postoperative fibrinolytic phenotypes (non-fibrinolytic shutdown [NFSD]
and fibrinolytic shutdown [FSD]). Fibrinolytic phenotypes were determined using percentage of clot lysis 30 min after
maximum strength (LY30) level measured on postoperative day 1 (POD1). Data on perioperative hidden blood loss
(HBL), decrease in the hemoglobin level (AHb), allogeneic blood transfusion (ABT) rate, fibrin degradation product
(FDP) level, D-dimer (D-D) level, prothrombin time (PT), and activated partial thromboplastin time (APTT) as well as
clinical baseline data were collected and compared.

Results: No differences in baseline clinical data were noted. Among patients presenting with NFSD, those in Group

B had significantly lower HBL and AHb on POD1 and POD3 than those in Group A. Among patients presenting with
FSD, perioperative HBL and AHb were similar between the two groups. No differences were observed in perioperative
ABT rate, FDP level, D-D level, PT, and APTT.

Conclusions: Patients exhibit various fibrinolytic phenotypes after TKA. Postoperative antifibrinolytic strategies may
be beneficial for patients presenting with NFSD, but not for those presenting with FSD. The LY30 level may guide
targeted TXA administration after TKA. However, well-designed prospective randomized controlled trials are needed
to obtain more robust data.
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effectively reduces HBL after TKA and is thus rec-
ommended for use as a routine antifibrinolytic agent
in all TKA surgeries [3]. Robust data from several
large-scale multicenter randomized controlled trials
(RCTs) have indicated that the timing is crucial and
TXA should be administered soon after the onset of
bleeding [4—6]. Moreover, TXA should be empirically
used in all cases of bleeding to reduce blood loss and
decrease mortality [4].

Nevertheless, recent evidence from the cases of trau-
matic and acute bleeding warns against the univer-
sal use of TXA after injury [7]. A previous study has
demonstrated various fibrinolytic phenotypes after
injury and suggested that clinicians should not focus
on the timing alone when considering TXA adminis-
tration [8]. Approximately 46% of patients reportedly
present with pathologically downregulated fibrinolysis
after injury, which is known as fibrinolytic shutdown
(FSD) [9]. Functioning as an antifibrinolytic agent,
TXA inhibits the activity of the fibrinolytic system,
stabilizes the formed clots that seal the broken vessels,
and effectively reduces blood loss secondary to hyper-
fibrinolysis. Therefore, researchers argue that TXA
may be administered with caution in bleeding patients
presenting with FSD, as there was nothing to inhibit in
fact, and this phenotype has been associated with an
increased risk of venous thromboembolism (VTE) and
postinjury mortality [10, 11].

As mentioned earlier, TXA administration after
TKA has been demonstrated to be beneficial for the
patients [2]. However, the aforementioned recent evi-
dence poses some important questions: (1) Do patients
exhibit similar but different fibrinolytic phenotypes
after TKA? and (2) do all patients with different
fibrinolytic phenotypes benefit from antifibrinolytic
therapy after TKA? Therefore, this study aimed to
evaluate the efficacy of TXA in patients presenting
with distinct fibrinolytic phenotypes after TKA.

Table 1 The inclusion and exclusion criteria
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Methods

Study design

This is a retrospective study. All patients consecutively
admitted to our center between September 2016 and
November 2019 for TKA were screened for eligibility.
All eligible patients received 1.5 g of intravenous TXA
30 min before incision and 1 g of topical TXA before
wound closure during TKA. Patients who received no
postoperative TXA constituted Group A, whereas those
who received postoperative TXA (1 g of intravenous
TXA at 3, 12, 24, 48, and 72 h after surgery) constituted
Group B. The two groups were further divided into a
total of four subgroups based on postoperative fibrino-
lytic phenotypes (non-FSD [NESD] or FSD): (1) NFSD,
percentage of clot lysis 30 min after maximum strength
(LY30)>0.8% on postoperative day 1 (POD1), and (2)
FSD, LY30<0.8% on POD1.

Eligibility criteria

We applied strict inclusion and exclusion criteria to
control the potential heterogeneity among the patients.
Table 1 presents the specific inclusion and exclusion
criteria.

Surgical procedure

Under general anesthesia, all patients underwent TKA
performed by the same surgical team comprising three
senior orthopedists. All TKA surgeries were performed
following the paramedian approach with patients in the
supine position. Pneumatic tourniquet with a set pres-
sure of 30 mmHg was routinely applied throughout the
duration of surgery.

Postoperative management

The indication for perioperative allogeneic blood
transfusion (ABT) at our center is follows: (1) hemo-
globin level<70 g/L, with or without anemia symp-
toms, or (2) 70 g/L<hemoglobin level<100 g/L, with

Inclusion criteria

Exclusion criteria

1. Receiving unilateral primary TKA due to end-stage knee diseases

2. Receiving pre- and intraoperative TXA or pre-, intra-, and postoperative TXA

3. Preoperative hemoglobin level >90 g/L

1. UKA

2. Bilateral TKA

3. Tumor-related TKA

4. Revision TKA

5. Combined with significant hepatic or renal dysfunction
6. Combined with coagulation dysfunction preoperatively
7. Combined with knee infection preoperatively

TKA total knee arthroplasty, TXA tranexamic acid, UKA unilateral knee arthroplasty
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anemia symptoms. As thromboprophylaxis, 4000 IU of
low molecular weight heparin or 10 mg of rivaroxaban
was administered daily after surgery. Patient-controlled
analgesia and nerve block combined with selective
cyclooxygenase-2 inhibitors (ie., celecoxib and etori-
coxib) were used for postoperative pain management.
As postoperative infection prophylaxis, 1.5 g of cefuro-
xime sodium was administered twice daily from POD1 to
POD3.

Outcome assessments

The primary outcomes of this study included HBL and
decrease in the hemoglobin level (AHb). The former was
calculated using formulas reported by Gross and Nadler
[12, 13]. The latter was calculated using perioperatively
monitored hemoglobin levels. Moreover, the fibrin deg-
radation product (FDP) level, D-dimer (D-D), prothrom-
bin time (PT), and activated partial thromboplastin time
(APTT) were determined as secondary outcomes. Dur-
ing their hospital stay, the aforementioned parameters of
the patients were routinely evaluated on POD1, POD3,
PODS5, and POD7 at the Department of Clinical Labo-
ratory of our medical center. In addition, data on other
clinical characteristics such as sex, age, body mass index
(BMI), and surgery duration were also collected and
compared.

Thromboelastography

Thromboelastography (TEG) includes seven parameters:
(1) reaction time (R), period to 2 mm amplitude, repre-
senting enzymatic reaction function; (2) kinetics (K),
period from 2 to 20 mm amplitude, representing clot
kinetics; (3) alpha angle (a-angle), slope between R and
K, representing fibrinogen level; (4) maximum amplitude
(MA), representing maximum platelet function; (5) per-
centage of clot lysis 30 min after MA (LY30), represent-
ing fibrinolytic activity; (6) estimated percent lysis within
30 min after MA, representing fibrinolytic activity; and
(7) comprehensive coagulation index, representing a lin-
ear combination of R, K, a-angle, and MA values. TEG
was performed using TEG® Hemostasis Analyzer, Model
5000 (Haemonetics Corporation, Braintree, MA, USA).

Sample size calculation

Sample size was determined using the PASS (version 11;
NCSS, LLC. Kaysville, UT, USA) software. According to
a previously published study [2], the maximum AHb was
15.79 g/L after administration of a dosage of 1.5 g intra-
venous TXA 30 min before skin incision, 1 g of intra-
articular TXA before wound closure, and 1 g of TXA at 3,
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12, 24, 48, and 72 h after surgery. To detect a difference of
4 g/L in the maximum AHb, with a power of 0.90 and sig-
nificance level of 0.05, 46 patients were needed per arm.

Statistical analysis

Excel (Microsoft Corporation, WA, USA) was used to
collect and manage the study data, and SPSS version 24.0
(IBM Corporation, Armonk, NY, USA) was used to per-
form data analyses. The quantitative data were presented
as mean=standard deviation, whereas the qualitative
data were presented as frequencies with percentages.
Independent ¢ test was used to detect the differences
in normally distributed numerical values, whereas the
Mann-Whitney U test was used to detect the differences
in non-normally distributed numerical values. For quali-
tative parameters, Pearson’s Chi-square or Fisher’s exact
test was used. Statistical significance was set at a p value
of<0.05.

Results

Participant flow and baseline characteristics

Figure 1 shows a flowchart of this study. A total of 311
patients who underwent TKA during the study period
and received the specified antifibrinolytic therapy were
screened for enrollment; among them, 270 were eligi-
ble for study inclusion. Table 2 presents clinical baseline
data and surgery-related characteristics. The two studied
groups were comparable with respect to sex, age, BMI,
major diagnosis, surgical site, or other clinical baseline
data.

Primary outcomes
Among patients presenting with NFSD after TKA, those
in Group B had significantly lower HBL than those in

Screenfg1p1atients Excluded (n=41)
(n=311) + UKA (n=25)

* Revision TKA (n=7)

« Bilateral TKA (n=5)

*  Tumor-related TKA (n=2)

« Coagulation dysfunction (n=1)

v

v

« Preoperative Hb level < 90 g/L (n=1)
Group A Group B
(n=112) (n=158)
Pre-OP and Pre-OP and
intra-OP TXA intra-OP TXA
No
post-OP TXA Post-OP TXA

%

Collected for analysis
(n=270)

Fig. 1 The flowchart of study enrolment. Pre-OP preoperative,
Intra-OP intraoperative, TXA tranexamic acid, Post-OP postoperative,
UKA unilateral knee arthroplasty, TKA total knee arthroplasty, Ho
hemoglobin
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Table 2 Clinical and surgery-related baseline data between study groups
Group A (n=112) Group B (n=158) p

Female, n (%) 93 (83.04%) 129 (81.65%) 04768+
Age £ 5D (year) 68.78£7.60 67.23£872 0.132*
Height£SD (m) 1.56£0.06 157+£0.06 0.185%
Weight £ 5D (kg) 63.644+9.50 61844953 0.143*
BMI = SD (kg/m?) 26.0543.88 25124383 0.074"
Major diagnosis

KOA, n (%) 103 (91.96%) 140 (88.61%) O.365+

KRA, n (%) 9 (8.04%) 18 (11.39%) O.365+
Left TKA, n (%) 55 (49.11%) 80 (50.63%) O.805+
ABT, n (%) 3 (2.68%) 6 (3.80%) 07401
Intraoperative blood loss 4= SD (mL) 654144731 58.24459.89 0.295*
Operation time £ SD (min) 942742138 92.194+24.70 0473*
LOS£SD (day) 11474+334 12224390 0.191*
Post-OP LOS £ SD (day) 6.174+2.69 6.89+3.29 0.101*

SD standard deviation, BMI body mass index, KOA knee osteoarthritis, KRA knee rheumatoid arthritis, TKA total knee arthroplasty, ABT allogeneic blood transfusion,

LOS length of stay, Post-OP postoperative
*Independent-samples t test

+ Chi-square test

* Mann-Whitney U test

Group A on POD1 and POD3 (p=0.016 and p=0.021,
respectively). Similarly, patients in Group B had signifi-
cantly lower AHb than those in Group A on POD1 and
POD3 (p=0.036, p=0.014). However, no difference
in HBL and AHb was detected between the two groups
among patients who presented with FSD after TKA. Fig-
ure 2 shows the postoperative trends in HBL and AHb
between the study groups, and Table 3 summarizes the
exact values.

Secondary outcomes

Table 4 presents the exact values of the following param-
eters: FDP level, D-D level, PT, and APTT. Although
enrolled patients appeared to present with different
fibrinolytic phenotypes, no significant differences in the
aforementioned coagulation and fibrinolysis parameters
were observed between the study groups.

Discussion

Fibrinolysis is an essential physiological process that
maintains hemostatic balance and prevents thrombosis
[14]. This process is activated concurrently with coagu-
lation after injury and facilitates the removal of mature
fibrin, thereby playing a role in hemostasis to prevent
the extension of clots beyond the damaged areas [14].
Pathologically upregulated fibrinolysis, known as hyper-
fibrinolysis, contributes to insufficient clotting and
reduced hemostasis [14]. Hyperfibrinolysis after injury
is reportedly associated with increased blood loss, which

occurs mainly during the first few hours after injury [15].
During the last decade, several large-scale multicenter
RCTs consistently suggested the timely use of antifibrino-
lytic agents such as TXA soon after the onset of bleeding
considering its excellent efficacy in reducing blood loss
and decreasing bleeding-related mortality [4, 6]. Cur-
rently, TXA is widely recommended as a routine hemo-
static agent for all bleeding patients.

Recent evidence from traumatic and bleeding patients,
however, has cast doubt on the reasonability of the uni-
versal administration of TXA after injury. The fibrinolytic
system is not always upregulated after injury but shows
a biphasic response (activated or shutdown) [16]. FSD
is the most common fibrinolytic phenotype noted after
injury, the incidence rate of which has been reported to
approximately 59% [17, 18]. Moreover, 70% of patients
presenting with FSD could maintain this phenotype for
up to 120 h after injury [18]. Owing to the deficiency in
fibrinolysis, this phenotype fails to promptly dissolve
the excessive clots; it was found to be associated with an
increased risk of VTE [11]. Therefore, researchers sug-
gest careful administration of TXA in patients present-
ing with FSD, for there was nothing to inhibit and may
increase VTE risk instead [19].

Existing evidence suggests that the surgical injury asso-
ciated with TKA significantly activates the fibrinolytic
system [20]. Monitoring of the dynamic changes in the
D-D level revealed that postoperative hyperfibrinolysis
peaks within 24 h after surgery [21]. Thus, sequential
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Fig. 2 Postoperative trends of hidden blood loss and decline of hemoglobin level. a In patients presented with non-fibrinolytic shutdown,
postoperative hidden blood loss between Group A and Group B; b in patients presented with non-fibrinolytic shutdown, postoperative decline of
hemoglobin level between Group A and Group B; ¢ in patients presented with fibrinolytic shutdown, postoperative hidden blood loss between
Group A and Group B; d in patients presented with fibrinolytic shutdown, postoperative decline of hemoglobin level between Group A and Group
B. NFSD non-fibrinolytic shutdown, FSD fibrinolytic shutdown, HBL hidden blood loss, POD postoperative day, AHb decline of hemoglobin level; *p

value <0.05
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administration of TXA within 72 h after TKA may effec-
tively inhibit fibrinolysis activity and reduce HBL [2].
However, recent evidence regarding postinjury fibrinol-
ysis reminds us that the D-D level may fail to act as an
accurate parameter for fibrinolytic activity in real time or
guide TXA administration.

The fibrinolytic system may be activated in the ini-
tial stages after trauma but eventually progress toward
a state of shutdown by the time blood is drawn [16, 22].
Given the prolonged residence of D-D in the circulation,

assessing the hyperfibrinolysis state on the basis of its
level may not be accurate [23]. Notably, TEG, as a com-
prehensive test comprising both coagulation and fibrinol-
ysis parameters, can evaluate the real-time coagulation
and fibrinolytic activities [24]. The seeming paradoxi-
cal phenomenon of the elevated D-D levels in injured
patients and low fibrinolysis activity measured using
TEG is speculated as occult fibrinolysis [22]. Results
obtained in the present study demonstrated the existence
of occult fibrinolysis in patients who underwent TKA.
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Table 3 The post-operative HBL and AHb
Outcomes NFSD (n=95) FSD (n=175)
Group A (n=49) Group B (n=46) p Group A (n=63) Group B (n=112) p
HBL % SD (mL)
POD1 354.02 4246.50 25155424443 0.016*§ 341.844284.76 246.08 £336.03 0.164"
POD3 699.30+254.39 592.57 +265.40 0.021*§ 651.63+293.24 571.394422.19 0.799*
POD5 605.87+375.22 553.56+33834 0.512* 522.614270.32 504.23+£39451 0.423*
POD7 426.594+402.03 40034132794 0.844* 413.04 426740 386.00£473.98 0.395*%
AHb £SD (g/L)
POD1 11.26£9.24 8.1049.76 0.036*§ 10.33£9.78 7.044+887 0.089*
POD3 2462+10.62 20.12+12.18 0.014*8 2041+£10.63 18.64+£13.53 0.482*
POD5 21.27+11.05 19.00£14.73 0911* 17.72+£10.88 16.00£12.17 0.808*
pPOD7 174241179 16.07 £14.15 0.926* 12.824+10.56 11.89+1333 0.539*

NFSD non-fibrinolytic shutdown, FSD fibrinolytic shutdown, HBL hidden blood loss, SD standard deviation, POD postoperative day, AHb decline of hemoglobin level

*Independent-samples t test
* Mann-Whitney U test
S Statistically different

Furthermore, we found that the fibrinolytic phenotypes
after TKA were similar to those after trauma, with FSD
accounting for majority of the cases (64.81%). Moreo-
ver, although the levels of FDP and D-D were compara-
ble between the two groups, postoperative TXA exerted
fairly different effects in patients presenting with differ-
ent postoperative fibrinolytic phenotypes. Patients pre-
senting with NFSD exhibited significantly lower HBL
and AHb after postoperative antifibrinolytic therapy,
whereas those presenting with FSD did not. This may be
explained by the fact that TXA could only improve the
fibrin clot strength of patients with NFSD but failed to
strengthen that of those with FSD [22]. Our study also
showed that the D-D level failed to distinguish patients
presenting with FSD or guide targeted therapeutic inter-
vention. Instead, our findings showed that LY30 can be a
promising parameter that provides a practicable method
for the timely identification of patients who truly require
postoperative TXA after TKA. Therefore, given the lack
of evidence supporting the administration of antifibrino-
lytic agents such as TXA in the absence of a target to
inhibit, we do not recommend administering TXA after
TKA in patients presenting with FSD.

The present study has several limitations. First, this
study was retrospective in nature. However, we applied
strict inclusion and exclusion criteria to minimize

potential bias. Second, we failed to determine dynamic
changes in the LY30 level postoperatively because of the
retrospective study design. Third, HBL was calculated
using widely used formulas based on hematocrit levels,
which can be easily influenced by perioperative rehy-
dration strategies. However, the enrolled patients were
admitted consecutively and received the same periop-
erative rehydration protocols. Thus, this should have lit-
tle effect on the comparisons between groups. Finally,
although previous studies have shown increased VTE
risk after TXA administration in patients presenting with
FSD, we could not obtain sufficient follow-up data to fur-
ther assess this potential risk.

Conclusions

The results obtained from this single-center retrospective
study report the following findings: (1) patients exhibit
various fibrinolytic phenotypes after TKA, (2) postopera-
tive antifibrinolytic therapy after TKA appears to reduce
blood loss in patients presenting with NFSD but not in
those presenting with FSD, and (3) the LY30 level may be
a promising parameter for distinguishing various fibrino-
lytic phenotypes after TKA and improving the accuracy
postoperative TXA administration. However, prospec-
tive RCTs are warranted to draw a more robust and clear
conclusion.
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Table 4 The peri-operative values of FDP, D-D, PT, and APTT

Outcomes NFSD (n=95) FSD (n=175)
Group A (n=49) Group B (n=46) p Group A (n=63) Group B (n=112) p
FDP £ SD (ug/mL)
Pre-OP 3384538 220+3.18 0.290* 291+464 2274435 0.436*
POD1 19.13+£17.82 153241168 0.314* 21.86+£2587 16.70+£10.61 0.209*
POD3 6.82+2.72 6.57+4.72 0.796* 7294491 7.17+4.58 0.889*
POD5 11.53+6.58 8414334 0.139% 11.74£6.02 10.98+4.53 0.597*
POD7 13.994+5.70 1241+£397 0.422% 13.69+4.34 13.60+£5.92 0.963*
D-D+£SD (mg/L)
Pre-OP 1.21£2.08 0.70+0.86 0.218* 1.08+1.77 0.84+£1.65 0.462*
POD1 8.16+7.73 573+£3.99 0.125% 640+3.79 6.14+555 0.777*
POD3 2544269 2224113 0.554* 2824282 247+1.89 0.474*
POD5 4.82+4.03 323+1.86 0.213* 4904345 431+£194 0.465*
POD7 561+185 5174265 0.593" 5081364 502+137 0.953*
PT£SD (s)
Pre-OP 13.34+0.78 13251067 0.594* 13.24+0.69 13.10£0.81 0.322*%
POD1 13.80+1.12 13.98+0.80 0.406* 13.98+£1.63 13.89+0.77 0.650*
POD3 13.69+0.88 13.794+0.84 0.631* 1347£191 13.72+£1.02 0.301*
POD5 13.56+1.01 13.51+0.83 0.875% 13.22+0.98 13.35+0.86 0.565%
pPOD7 13.52+0.51 13.55+062 0.876* 12.76£1.93 12.89+0.72 0.810*
APTT£SD (s)
Pre-OP 35384+4.29 37.76+£9.94 0.228* 354043.78 3585+3.59 0.496*
POD1 36.114+3.07 36.63+4.05 0.558* 35494383 35424322 0.902*
POD3 38574436 39.76 +6.85 0416* 38411464 38.524+4.96 0.903*
POD5 37934842 39.214+4.50 0.494* 385944381 37834548 0.570*
POD7 35144459 3782+4.14 0.108* 37.80+4.23 36.71+5.57 0.546*

NFSD non-fibrinolytic shutdown, FSD fibrinolytic shutdown, FDP fibrin degradation product, SD standard deviation, Pre-OP preoperative, POD postoperative day, D-D
D-dimer, PT prothrombin time, APTT activated partial thromboplastin time

" Independent-samples t test
T Mann-Whitney U test

Abbreviations Funding

TKA: Total knee arthroplasty; HBL: Hidden blood loss; TXA: Tranexamic acid; The authors declare that no funds, grants, or other support were received dur-
RCT: Randomized controlled trial; FSD: Fibrinolytic shutdown; VTE: Venous ing the preparation of this manuscript.

thromboembolism; NFSD: Non-fibrinolytic shutdown; LY30: Percentage of clot

lysis 30 min after maximum strength; POD: Postoperative day; ABT: Allogeneic Availability of data and materials

blood transfusion; AHb: Decline of hemoglobin level; FDP: Fibrin degradation The data will be available from the corresponding author upon reasonable
product; D-D: D-dimer; PT: Prothrombin time; APTT: Activated partial throm- request.

boplastin time; BMI: Body mass index; TEG: Thromboelastography.
Acknowledgements Declarations
We gratefully acknowledge the nursing staff from the orthopedic ward of
the First Affiliated Hospital of Chongging Medical University and the patients
for their efforts and supports during the study period. We thank Liwen Bianji
(Edanz) (www.liwenbianji.cn) for editing the English text of a draft of this
manuscript. Jiacheng Liu wants to thank Jianying Zhong and Bin Liu for their
love and encouragement over the years.

Ethical approval and consent to participate

This retrospective cohort study had been approved by the ethics committee
of the First Affiliated Hospital of Chongging Medical University (2019-015)
before the data analysis. There was no need for informed consent in this
retrospective study.

Consent for publication
Not applicable.

Authors’ contributions

JLand YL were involved in conceptualization; JL, XW, and HW helped in

data curation; JL contributed to formal analysis; XW and HW were involved

in investigation; WH helped in methodology and project administration; YL
contributed to supervision; XW and Han Wang helped in validation; Jiacheng
Liu was involved in writing and original draft; XW, HW, YL, and WH contrib-
uted to writing, review and editing. All authors read and approved the final
manuscript.

Competing interests
The authors have no relevant financial or non-financial interests to disclose.


http://www.liwenbianji.cn

Liu et al. Journal of Orthopaedic Surgery and Research (2022) 17:59

Author details

'Department of Orthopedics, Orthopedic Laboratory of Chongqing Medical
University, The First Affiliated Hospital of Chongging Medical University,
Chongging 400016, China. 2Department of Orthopedics, Zhangzhou Affili-
ated Hospital of Fujian Medical University, Zhangzhou 363000, Fujian, China.
3Department of Orthopedic Surgery, Peking Union Medical College Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing 100730, China.

Received: 18 December 2021 Accepted: 21 January 2022
Published online: 29 January 2022

References

1. Carr AJ,Robertsson O, Graves S, Price AJ, Arden NK, Judge A, Beard DJ.
Knee replacement. Lancet. 2012;379(9823):1331-40.

2. Wu X-D, Tian M, He Y, Chen Y, Tao Y-Z, Shao L, Luo C, Xiao P-C, Zhu Z-L,

Liu J-C, Huang W, Qiu G-X. Efficacy of a three-day prolonged-course of
multiple-dose versus a single-dose of tranexamic acid in total hip and
knee arthroplasty. Ann Transl Med. 2020;8(6):307.

3. LeiY, Xie J, Xu B, Xie X, Huang Q, Pei F. The efficacy and safety of
multiple-dose intravenous tranexamic acid on blood loss follow-
ing total knee arthroplasty: a randomized controlled trial. Int Orthop.
2017;41(10):2053-9.

4. Shakur H, Roberts |, Bautista R, Caballero J, Coats T, Dewan Y, El-Sayed H,
Gogichaishvili T, Gupta S, Herrera J, Hunt B, Iribhogbe P, Izurieta M, Khamis
H, Komolafe E, Marrero MA, Mejia-Mantilla J, Miranda J, Morales C, Olaomi
O, Olidashi F, Perel P, Peto R, Ramana PV, Ravi RR, Yutthakasemsunt S.
Effects of tranexamic acid on death, vascular occlusive events, and blood
transfusion in trauma patients with significant haemorrhage (CRASH-2): a
randomised, placebo-controlled trial. Lancet. 2010,376(9734):23-32.

5. Gayet-Ageron A, Prieto-Merino D, Ker K, Shakur H, Ageron FX, Rob-
erts |. Effect of treatment delay on the effectiveness and safety of
antifibrinolytics in acute severe haemorrhage: a meta-analysis of
individual patient-level data from 40 138 bleeding patients. Lancet.
2018;391(10116):125-32.

6.  WOMAN Trial Collaborators. Effect of early tranexamic acid administra-
tion on mortality, hysterectomy, and other morbidities in women with
post-partum haemorrhage (WOMAN): an international, randomised,
double-blind, placebo-controlled trial. Lancet. 2017;389(10084):2105-16.

7. Ramirez RJ, Spinella PC, Bochicchio GV. Tranexamic acid update in trauma.
Crit Care Clin. 2017;33(1):85-99.

8. Moore HB, Moore EE, Neal MD, Sheppard FR, Kornblith LZ, Draxler DF,
Walsh M, Medcalf RL, Cohen MJ, Cotton BA, Thomas SG, Leeper CM,
Gaines BA, Sauaia A. Fibrinolysis shutdown in trauma: historical review
and clinical implications. Anesth Anal. 2019;129(3):762-73.

9. Moore HB, Moore EE, Liras IN, Gonzalez E, Harvin JA, Holcomb JB, Sauaia
A, Cotton BA. Acute fibrinolysis shutdown after injury occurs frequently
and increases mortality: a multicenter evaluation of 2,540 severely injured
patients. J Am Coll Surg. 2016;222(4):347-55.

10. Meizoso JP, Karcutskie CA, Ray JJ, Namias N, Schulman Cl, Proctor KG.
Persistent fibrinolysis shutdown is associated with increased mortality in
severely injured trauma patients. J Am Coll Surg. 2017,224(4):575-82.

11. Gall LS, Vulliamy P, Gillespie S, Jones TF, Pierre RSJ, Breukers SE, Gaarder
C, Juffermans NP, Maegele M, Stensballe J, Johansson PI, Davenport
RA, Brohi K. The STO0A10 pathway mediates an occult hyperfibrinolytic
subtype in trauma patients. Ann Surg. 2019;269(6):1184-91.

12. Gross JB. Estimating allowable blood loss: corrected for dilution. Anesthe-
siology. 1983,58(3):277-80.

13. Nadler SB, Hidalgo JH, Bloch T. Prediction of blood volume in normal
human adults. Surgery. 1962,51(2):224-32.

14. Madurska MJ, Sachse KA, Jansen JO, Rasmussen TE, Morrison JJ. Fibrinoly-
sis in trauma: a review. Eur J Trauma Emerg Surg. 2018;44(1):35-44.

15. Holcomb JB, Tilley BC, Baraniuk S, Fox EE, Wade CE, Podbielski JM, del
Junco DJ, Brasel KJ, Bulger EM, Callcut RA, Cohen MJ, Cotton BA, Fabian
TC, Inaba K, Kerby JD, Muskat P, O'Keeffe T, Rizoli S, Robinson BR, Scalea
TM, Schreiber MA, Stein DM, Weinberg JA, Callum JL, Hess JR, Matijevic N,
Miller CN, Pittet JF, Hoyt DB, Pearson GD, Leroux B, van Belle G. Transfusion
of plasma, platelets, and red blood cells ina 1:1:1 vs a 1:1:2 ratio and

Page 8 of 8

mortality in patients with severe trauma: the PROPPR randomized clinical
trial. JAMA. 2015;313(5):471-82.

16. Chakrabarti R, Hocking ED, Fearnley GR. Reaction pattern to three
stresses—electroplexy, surgery, and myocardial infarction—of fibrinolysis
and plasma fibrinogen. J Clin Pathol. 1969;22(6):659-62.

17. Nelson JT, Coleman JR, Carmichael H, Mauffrey C, Vintimilla DR, Samuels
JM, Sauaia A, Moore EE. High rate of fibrinolytic shutdown and venous
thromboembolism in patients with severe pelvic fracture. J Surg Res.
2020,246:182-9.

18. Roberts DJ, Kalkwarf KJ, Moore HB, Cohen MJ, Fox EE, Wade CE, Cot-
ton BA. Time course and outcomes associated with transient versus
persistent fibrinolytic phenotypes after injury: a nested, prospective,
multicenter cohort study. J Trauma Acute Care Surg. 2019;86(2):206-13.

19. Medcalf RL, Keragala CB, Draxler DF. Fibrinolysis and the immune
response in trauma. Semin Thromb Hemost. 2020;46(2):176-82.

20. Emara WM, Moez KK, Elkhouly AH. Topical versus intravenous tranexamic
acid as a blood conservation intervention for reduction of post-operative
bleeding in hemiarthroplasty. Anesth Essays Res. 2014;8(1):48-53.

21. Blanié A, Bellamy L, Rhayem Y, Flaujac C, Samama CM, Fontenay M,
Rosencher N. Duration of postoperative fibrinolysis after total hip
or knee replacement: a laboratory follow-up study. Thromb Res.
2013;131(1):e6-11.

22. Moore HB, Moore EE, Chapman MP, Hansen KC, Cohen MJ, Pieracci FM,
Chandler J, Sauaia A. Does tranexamic acid improve clot strength in
severely injured patients who have elevated fibrin degradation products
and low fibrinolytic activity, measured by thrombelastography? J Am Coll
Surg. 2019;229(1):92-101.

23. Ruhl H, Berens C, Winterhagen A, Muller J, Oldenburg J, Potzsch B. Label-
free kinetic studies of hemostasis-related biomarkers including D-dimer
using autologous serum transfusion. PLoS ONE. 2015;10(12):e0145012.

24. Wu XD, Chen,Tian M, He Y, Tao YZ, Xu W, Cheng Q, Chen C, Liu W, Huang
W. Application of thrombelastography (TEG) for safety evaluation of
tranexamic acid in primary total joint arthroplasty. J Orthop Surg Res.
2019;14(1):214.

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

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Not all patients benefit from the postoperative antifibrinolytic treatment: clinical evidence against the universal use of tranexamic acid following total knee arthroplasty
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Eligibility criteria
	Surgical procedure
	Postoperative management
	Outcome assessments
	Thromboelastography
	Sample size calculation
	Statistical analysis

	Results
	Participant flow and baseline characteristics
	Primary outcomes
	Secondary outcomes

	Discussion
	Conclusions
	Acknowledgements
	References


