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Total knee arthroplasty (TKA) is a successful surgical treat-
ment for severe end-stage knee diseases. However, hyper-

fibrinolysis due to surgical trauma causes blood loss thatmay
require transfusion and can prolong postoperative recovery.1

Administration of tranexamic acid (TXA), a lysine analogue
that acts as a competitive inhibitor of plasmin(-ogen), can
block the fibrinolytic response, significantly reducing blood
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Abstract The optimal regimes of tranexamic acid (TXA) and dexamethasone (DXM) in total knee
arthroplasty (TKA) are still uncertain. The aim of this study was to assess the efficacy
and safety of a prolonged course of intravenous TXA and DXM involving a high initial
dose in TKA. Patients who underwent primary TKA at our center were randomized to
receive one of four regimes: control (group A), prolonged course of TXA (B), prolonged
course of DXM (C), or the combination of a prolonged course of TXA and DXM (D). The
four groups were compared in primary outcomes (fibrinolytic and inflammatory
markers, knee function, postoperative pain levels, and consumption of opioids)
and secondary outcomes (blood loss, maximal drop in hemoglobin, coagulation,
fasting blood glucose, and complications). A total of 162 patients were enrolled. On
postoperative days 2 and 3, fibrinolytic markers were lower in groups B and D than in
groups A and C; inflammatory markers were lower in groups C and D than in groups A
and B. Inflammatory markers were lower in group B than in group A on postoperative
day 3. Postoperative pain levels and oxycodone consumption were lower, and knee
function was better in groups C and D. The four groups did not differ in any of
the secondary outcomes. A prolonged course of intravenous TXA and DXM involving
high initial doses can effectively inhibit postoperative fibrinolytic and inflammatory
responses, reduce pain, and improve knee function after TKA.
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loss and the need for transfusion.2 However, the optimal
TXA regime is still uncertain. Postoperative hidden blood
loss (HBL) can last for 3 days after TKA, and administering
TXA 3-day postoperatively can reduce total blood loss (TBL)
aswell asmitigatehemoglobin drop, inflammatory response,
and fibrinolysis.3 However, most current guidelines recom-
mend using TXA only within 24hours after TKA.4 The
potential benefits of prolonged TXA administration with
a high initial dose should therefore be assessed rigorously
in TKA.

Excessive inflammation caused by surgical stress can cause
many adverse experiences and outcomes to patients including
postoperativenauseaandvomiting (PONV), pain, and fatigueas
well asmoreseriousadverseeventssuchasanginapectoris and
gastrointestinal bleeding.5 Satisfactory control of postopera-
tive inflammation is crucial for promoting recovery. Dexa-
methasone (DXM), a long-acting glucocorticoid with a
powerful anti-inflammatory effect, has been widely used to
inhibit postoperative inflammatory response in TKA. A single,
low dose of DXM (5–10mg) can reduce PONV incidence and
pain at 24hours but not 48hours after TKA.6 Single-dose DXM
has a half-life around 36 to 55hours, and its effect is obvious
within 24 to 48hours after TKA,7 yet previous published work
showed that the inflammatory markers C-reaction protein
(CRP) and interleukin-6 (IL-6) can remain elevated as long as
72oreven96hoursafter TKA.8Thus, single-doseDXMdoesnot
control inflammationor pain adequatelyat 48or72hours after
surgery.7 These considerations highlight the need to assess the
efficacy of prolonged DXM administration in TKA.9

The combined use of TXA and DXM may help reduce
inflammation and relieve pain in TKA.10 A previous study
showed that a high initial TXA dose (60mg/kg) followed by
five TXA doses within 24hour postoperatively combined
with 20mg DXM during anesthesia induction intravenously
was effective for reducing blood loss, inhibiting fibrinolytic
and inflammatory responses.11 However, the control of pain
as well as fibrinolytic and inflammatory responses was
unsatisfactory at 24hours after surgery.

Hence, the present randomized controlled study was
conducted to assess (1) whether a prolonged TXA course
involving a high initial dose can inhibit fibrinolysis and
inflammation more than the “control” treatment that was
previously examined,11 without altering the incidence of
venous thromboembolism (VTE) or other serious complica-
tions; (2) whether a prolonged DXM course involving a high
initial dose can reduce postoperative inflammation, pain and
opioid usemore than the control treatment; and (3) whether
the combination of the prolonged course of TXA and DXM
can inhibit fibrinolysis and inflammation more effectively in
TKA, without increasing the risk of complications.

Methods

Study Design and Patients
The protocol of this randomized controlled trialwas approved
byour institutional reviewboard and registered in theChinese
Clinical Trial Registry (ChiCTR1900026092).Written informed
consent was obtained from each patient before enrollment.

Patients who underwent primary unilateral TKA for osteo-
arthritis between September 2019 and August 2020 were
screened for enrollment. Patients were excluded from
the study if their TKA was a revision or bilateral, if they were
younger than 18 years or older than 80 years, if they were
allergic to TXA or DXM, or if they were using anticoagulants,
had a history of myocardial infarction, angina, stroke, severe
renal or liver failure, deep vein thrombosis (DVT), pulmonary
embolism (PE), or inflammatory disease. Enrolled patients
were randomized by computer into one of four groups.

Group A (control group) received 60mg/kg TXA intrave-
nously at 5 to 10minutes before skin incision, followed by five
doses of 1 g TXA at 3, 6, 12, 18, and 24hours after the initial
dose. This group also received 20mg DXM intravenously
during induction of anesthesia. Group B received the same
treatment asgroupA, aswell as threedosesof1 gTXAat36, 48,
and 60hours after the initial dose. Group C received the same
treatment as group A, as well as 10mg DXM at 08:00 to
09:00hour on postoperative day (POD) 1 and 5mg DXM at
the same time on POD 2. Group D received all the treatments
given togroupsBandC.DXMwasgivenat08:00–09:00hour to
groups C to D, because giving the drug at the nadir of the
patient’s secretion of endogenous adrenocortical hormone
may inhibit adrenocortical function the next day.

Saline was given as placebo for DXM and TXA infusions in
this study. Patients, surgeons, data collectors, and analysts
remained blinded to patient allocation throughout the study,
whereas the attending physician was told of the allocation
after surgery.

Surgical Procedure
All surgical procedures were performed by a senior surgeon
while the patient was under general anesthesia. In all cases,
a standard midline skin incision, medial parapatellar
approach, and measured resection technique were used
with a cemented posterior-stabilized prosthesis. All proce-
dures were performed without a tourniquet, drainage or
autotransfusion system. Before the wound was closed,
200mg ropivacaine in 60mL normal saline was injected
into the periarticular space for all patients.

Postoperative Care
Patientswere routinelymanaged according to a standardized
clinical pathway. Enoxaparin (2000 IU) was injected subcu-
taneously at 6 to 8hours postoperatively, then once every
24 hours until discharge, and rivaroxaban (10mg) was fol-
lowed orally once daily at the same time of each day after
discharge, during 2 weeks. Diclofenac (50mg, q12h) was
given orally to all patients to relieve postoperative pain.
Oxycodone HCl sustained-release tablet (10mg) was admin-
istered if the patient reported pain�4 on a visual analog
scale (VAS; 0¼no pain, 1–3¼mild pain, 4–6¼moderate
pain, 7–10¼ severe pain); morphine (5mg) was injected
intramuscularly if patients reported pain�7 on the VAS. If
the patient developed severe nausea or vomiting, ondanse-
tron (4mg) was injected intravenously. All patients had the
same postoperatively mobilization plan. On the day of sur-
gery and first day after the surgery, only straightening
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exercisewas performed, and flexion began on the second day
after the surgery

Transfusion was performed if the patient’s condition met
the criteria established by the Chinese National Ministry of
Health2: (1) if hemoglobin level was<70 g/L; (2) or if hemo-
globin level was between 70 and 100 g/L and the patient
showed dizziness, palpitations, fatigue, or other obvious
symptoms of anemia. All patients were followed up for
3 months after surgery.

Outcomes
Data were recorded on patient demographics, preoperative
characteristics, and comorbidities. The primary outcomes
included fibrinolytic and inflammatory markers, knee func-
tion, postoperative pain levels, and consumption of opioids,
while the secondary outcomes included blood loss, maximal
drop in hemoglobin, coagulation, fasting blood glucose
(FBG), and complications.

The following variables were measured perioperatively:
levels of plasma fibrinolysis markers [fibrin(-ogen) degrada-
tion products (FDP) and D-dimer], levels of serum CRP and
IL-6, and levels of coagulation markers [prothrombin (PT),
activated partial thromboplastin time (APTT), fibrinogen,
and international normalized ratio (INR) and platelet count.

Pain level was evaluated using the above-mentioned VAS
before surgery, at 15:00 to 17:00 hour on POD 1 to 3, at 2 to
3 weeks, and at 3 months. Numbers of patients needing
analgesic rescue were recorded, as was the consumption of
opioids. Range of motion (ROM), defined as the sum of the
flexion and extension degrees, wasmeasured in the operated
knee before surgery, on POD 3, at 2 to 3 weeks and at
3 months.

Patient’s blood volume was calculated using the Nadler
Eq,12 while TBL was evaluated using the Gross Eq.13 Intra-
operative blood loss (IBL) was determined by adding the
weight of blood-soaked gauzes and compresses to the vol-
ume aspirated from the surgical field, then subtracting the
dry weight of the gauzes and compresses as well as the
volume used to wash the surgical field during the proce-
dure.14 HBL was calculated as the difference between TBL
and IBL.15

FBG was recorded in the morning during hospitalization.
DVTwas identified based on clinical symptoms and Doppler
ultrasonography, which was conducted before surgery, on
the day of discharge, as well as at 2 to 3 weeks and 3 months
postoperatively.

Data Treatment and Statistical Analysis
Sample size was estimated using an online sample size
calculator (http://powerandsamplesize.com/) and data
from previous published study.11 We chose one of the
primary outcomes, CRP, to estimate the sample size due to
it can reflect the effect of TXA and DXM simultaneously;
moreover, its level is strongly associated with postoperative
pain, knee function, and patient satisfaction.16 These calcu-
lations determined that at least 33 patients were required in
each group to detect CRP reduction of 15mg/L on POD 3with
a power of 0.80 at a significance level of 0.05. Assuming a 20%

dropout rate, we aimed to recruit at least 40 in each study
arm.

Measurements under the manufacturer-specified limit of
detection were re-expressed as the “lower limit/2.”17 For
example, FDP levels below 2.5mg/L were re-expressed as
1.25mg/L; IL-6 levels below 1.5 pg/mL were expressed as
0.75 pg/mL.

Quantitative data were reported as mean� standard
deviation, while qualitative data were reported as frequen-
cies or ratios. Differences among groups were assessed for
significance using one-way analysis of variance in the case of
quantitative variables or the chi-squared test in the case of
qualitative variables. All data were analyzed using SPSS 21
(IBM, Armonk, NY) and a significance definition of p<0.05.
Graphs were generated using GraphPad Prism 8.30 (Graph-
Pad Software, San Diego, CA).

Results

A total of 187 patients who underwent primary unilateral
TKA for osteoarthritis between September 2019 and August
2020 were screened for enrollment. After excluding 15
patients who met any of the exclusion criteria and another
4 who declined to participate, we included 162 patients in
the final analysis (►Supplementary Fig. S1, available in the
online version only). The four treatment groups did not differ
significantly in demographics, comorbidities, or surgical
parameters (►Table 1).

Fibrinolysis, Coagulation, and Platelet Count
FDP and D-dimer levels did not differ significantly across the
four groups on POD1 or 15. On POD 2 and 3, FDP andD-dimer
levels were significantly lower in groups B and D than in
groups A and C (►Fig. 1). Mean values for PT, APTT, INR,
fibrinogen, and platelet count were within the normal range
during the perioperative period and did not differ signifi-
cantly across the four groups (►Supplementary Figs. S2 and
S3, available in the online version only).

Inflammatory Markers
CRP and IL-6 levels did not differ significantly among the four
groups before surgery or on POD 1 or 15. On POD 2, levels of
bothmarkerswere significantly lower in groups C andD than
in groups A and B. On POD 3, CRP levels were significantly
higher in group A than in the other groups; and CRP was
significantly higher in group B than in group D; IL-6 levelwas
significantly lower in groups C and D than in groups A and B.
Marker levelswere lower in group B than in groupA (►Fig. 2).

Pain Level and Analgesic Rescue
The four groups did not differ significantly in VAS scores for
dynamic or rest pain before surgery or on POD15 (►Fig. 3). In
fact, rest pain levels did not differ significantly among the
groups throughout the perioperative period. In contrast, on
POD 1 to 3, groups C and D reported significantly lower
dynamic pain than the other groups.

Consistent with the observed differences in dynamic pain,
groups A and B contained higher proportions of patients
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requiringanalgesic rescuewithoxycodoneandtheyconsumed
moreof thedrug thangroupsCandDonPOD1andthroughout
the hospital stay. However, no such differenceswere observed
on the day of surgery or on POD 2 or 3 (►Table 2). The four
groups did not differ significantly in the number of patients
requiring morphine or in the amount of morphine consumed
on the day of surgery, on POD 1 to 3 or throughout the rest of
postoperative hospitalization (►Supplementary Table S1

available in the online version only).

Blood Loss, Transfusion, and Postoperative Length of
Stay
The four groups did not differ significantly in TBL, IBL, HBL,
maximal hemoglobin drop, or postoperative length of stay
(►Supplementary Table S2, available in the online version
only). None of the patients required transfusion.

Functional Assessment and FBG
While flexion function and ROM of the operated knee were
similar among the four groups before surgery and on POD 90,
these outcomes were significantly greater in groups C and D
on POD 3 and 15 (►Fig. 4). In all four groups, FBG was
significantly higher on POD 1 than before surgery. However,
the four groups showed no significant differences in FBG
before surgery or on POD 1–3 (►Supplementary Fig. S4,
available in the online version only).

PONV, Anti-Emetic Use, VTE, and Complications
The four groups did not differ significantly in PONV incidence
or ondansetron consumption on the day of surgery, POD 1 to
3 or anytime during postoperative hospitalization
(►Supplementary Table S3, available in the online version
only). Similarly, the four groups did not differ significantly in

Fig. 2 Levels of C-reactive protein (CRP) and interleukin-6 (IL-6) in the four groups. Pre-op, preoperative day; POD, postoperative day. �p < 0.05.

Fig. 3 Levels of pain on a visual analog scale (VAS) in the four groups. Pre-op, preoperative day; POD, postoperative day. �p < 0.05.

Fig. 1 Levels of fibrin degradation products (FDP) and D-dimer in the four groups. Pre-op: preoperative day; POD, postoperative day. �p < 0.05.
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incidence of intermuscular vein thrombosis or VTE before
surgery or on POD 3, 15, or 90 (►Supplementary Table S4,
available in the online version only). One patient in group A
and one in group B were diagnosed with a DVTon POD 15 on
an outpatient basis. Both patients showed DVT in the poste-
rior tibial vein without obvious clinical manifestations. No
severe complications were observed during hospitalization
or follow-up, which included no PE, seizures, superficial
or periprosthetic joint infection, myocardial and cerebral
infarction, acute gastrointestinal hemorrhage, unplanned
readmission, or mortality.

Discussion

Although many studies have confirmed the safety and
efficacy of TXA and DXM in TKA, optimal regimes are still
controversial.18,19 In addition, few studies have examined
their simultaneous use, which is an interesting question
because the two drugs overlap in some of their bioactivities,
for example, both have anti-inflammatory effects. The
present study was, therefore, conducted that suggests that

a prolonged course of TXA and DXM combination
therapy involving initially high doses can inhibit post-TKA
fibrinolytic and inflammatory responses, relieve postopera-
tive pain, and improve knee function to a greater extent than
the combination regime that was previously examined.11

One study20 reported that fibrinolysis peaked at 6hours
after TKA and persisted until �18hour, but other work
suggests that the fibrinolytic markers FDP and D-dimer
can remain elevated even until POD 3.21,22 HBL can also
persist until POD 3, which may be associated with hyper-
fibrinolysis and functional exercise of the operated knee at
an early stage.23 Therefore, we examined whether prolong-
ing the use of TXA to 60hour postoperatively might provide
additional benefit. We found that a high initial TXA dose
followed by five additional low doses within 24 hours after
surgery led to similar TBL as a 3-day TXA course, even though
the prolonged course inhibited fibrinolysis through POD 3.
Given that another study found that a 3-day low-dose TXA
course led to lower TBL and smaller maximal hemoglobin
drop than a single preoperative TXA dose,3 we hypothesize
that a high initial TXA dose followed by five additional low

Table 2 Use of oxycodone in the four groups

Variable Group A (n¼ 41) Group B (n¼ 40) Group C (n¼41) Group D (n¼40) p-Value

Total

n (%) 8 (19.51) 7 (17.50) 2 (4.88) 1 (12.50) 0.018a

Dosage (mg) 130 110 20 10 0.011a

Operative day

n (%) 1 (2.44) 1 (2.50) 1 (2.44) 0 0.632

Dosage (mg) 10 20 10 0 0.563

Postoperative day 1

n (%) 7 (17.07) 6 (15.00) 1 (2.44) 1 (2.50) 0.019a

Dosage (mg) 100 90 10 10 0.037a

Postoperative day 2

n (%) 1 (2.44) 0 0 0 0.429

Dosage (mg) 20 0 0 0 0.402

Postoperative day 3

n (%) 0 0 0 0 �
Dosage (mg) 0 0 0 0 �

ap< 0.05.

Fig. 4 Flexion function and range of motion (ROM) in the four groups. Pre-op, preoperative day; POD, postoperative day. �p < 0.05.
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doses within 24hours after TKA can effectively control blood
loss.

Aseptic inflammation caused by surgical trauma is a
defensive response that allows the body to adapt quickly to
stress, promote tissue regeneration and wound healing, and
clear pathogens.5 However, excessive inflammation caused
by osteotomy and soft tissue incision during TKA can trigger
postoperative PONV, pain, and fatigue.24 Indeed, levels of the
inflammatory markers CRP and IL-6 are related to postoper-
ative pain, knee function, and patient satisfaction.16,25 Sev-
eral studies have demonstrated the ability of a low dose of
DXM on its own to relieve postoperative pain for up to
24 hours.6,26 One study found that 16mg DXM administered
preoperatively could halve CRP on POD 3, but this still meant
high levels of 90mg/L on POD 3 and 70mg/L on POD 5.27 In
the present study, a prolonged course of TXA and DXM
combination therapy involving initially high doses signifi-
cantly decreased CRP to (47.83�25.07) mg/L and IL-6 to
(16.67�4.75) mg/L on POD3. These results suggest that TXA
can supplement the powerful anti-inflammatory effects of
DXM to further decrease the inflammatory response on POD
3. TXA can decrease inflammation by inhibiting fibrinolysis,
which creates plasmin that stimulates inflammatory cells
and activates the complement system.28 Better control of
inflammation in group D is reflected in the smaller propor-
tion of patients requiring oxycodone, lower consumption of
oxycodone, and better knee function.

Given its strong inhibition of fibrinolysis, TXA has the
potential to affect normal coagulation. This is a particular
concern when the drug is repeatedly administered at high
doses. However, none of our treatment regimens significant-
ly affected coagulation function. Previous study11 revealed
that a high initial dose followed by five doses of TXA had no
obvious effect on coagulation in TKA, consistent with other
studies.29 In addition, plasmin can cause platelet dysfunction
by inducing the degradation of platelet glycoprotein and
activating the complement pathway.30,31 DXM can prevent
activated macrophages from inhibiting platelet aggrega-
tion.32 Interestingly, a prolonged course of TXA can inhibit
plasma activation, thereby protecting platelet function.33

By inducing hepatic gluconeogenesis and increasing in-
sulin resistance, DXM has the potential to raise blood glucose
levels, which leads some clinicians to worry about increased
risk of wound complications and infection.34,35 We found
that administering 20mg DXM intravenously during anes-
thesia induction slightly increased FBG on POD 1 but not on
later days. Administering two low doses of DXM on POD 1 to
2 did not significantly increase FBG on POD 2 to 3. Our results
are consistent with previous work suggesting that DXM is
less likely than the surgical trauma itself to trigger postoper-
ative hyperglycemia.36,37

In addition to the differences in inflammatory and fibri-
nolytic markers, we found that the prolonged use of TXA and
DXM can significantly relieve early postoperative pain, re-
duce use of the opioid analgesic, oxycodone, and improve
early knee function. That is particularly important to reduce
the incidence of postoperative chronic pain,38 decrease
opioid dependence, improve patient experience, increase

patient satisfaction and the safety of the operation.39 Hence,
although the knee function, pain level, and rate of compli-
cations did not differ at 3 months postoperatively, we
supposed that patients could benefit from the prolonged
use of TXA and DXM.

Our results should be interpretedwith caution given some
limitations. First, the limited sample means that larger
studies involving longer follow-up are needed to draw
definitive conclusions about the safety of a prolonged course
of TXA andDXM combination therapy involving initially high
doses. Second, future studies should examine whether TXA
and DXM delay wound healing, since both fibrinolysis and
inflammatory processes are inhibited and they play an
important role in wound healing.40,41 Third, the
optimal degree of postoperative fibrinolysis and inflamma-
tory response should be further explored. Finally, no patients
at high risk for developing DVT/PE were included, only
general anesthesia was used and this may not apply to those
patients undergoing regional anesthesia, and the study was
not powered for detection of adverse events such as DVT/PE.

Conclusions

Our study suggests that the combined use of a prolonged
course of TXA and DXM can inhibit postoperativefibrinolytic
and inflammatory response, relieve postoperative pain, and
improve knee function after TKA within the first few post-
operative days. No differences in complications, pain, or ROM
were demonstrated at 90 days postoperatively. Further in-
vestigation is necessary to elucidate the long-term effect of
prolonged TXA and DXM usage following TKA, and whether
or not the early differences in serummarkers, ROM, and pain
relief play a role in long-term success of TKA surgery.
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