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Combination of Topical Use of a Thrombin-Based
Hemostatic Matrix and Tranexamic Acid does not have
a Synergic Effect on Reducing Postoperative Blood
Loss in Minimally Invasive Total Knee Arthroplasty. A
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Gung Memorial Hospital and Chang Gung University, Background: There is limited information regarding the blood-conservation
College of Medicine, Taiwan effect of combined topical Tranexamic Acid (TXA) and Thrombin-Based
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Hospital and Chang Gung University, College of reduce blood loss during TKA.

Medicine, Taiwan Materials and Methods: Sixty-nine patients (69 knees) who underwent

Received: May 25, 2021; Accepted: June 22, 2021; primary TKA were randomly assigned into a TXA group (n=34), who received
Published: June 29, 2021 intra-articular administration of 3g of TXA in 60mL saline, and a TXA + TBHM
group (n=35), who received intra-articular TBHM and TXA (3g) in 60mL saline
after TKA. The primary outcomes were Total Blood Loss (TBL) and postoperative
Hemoglobin (Hb) level. Secondary outcomes included the transfusion rate and
the incidence of Venous Thromboembolism (VTE).

Results: The mean TBL in the TXA + TBHM group was 678 + 203 mL ,
which was similar to that in the TXA only group at 733 + 217 mL (p=0.276). There
were no differences in the postoperative Hb level between the two groups. The
transfusion rate was similar in the TXA + TBHM group and the TXA only group
(2.9% versus 0%, p=0.242). No patients in either group developed VTE within
3 months.

Conclusions: Our prospective randomized controlled study did not show a
synergic blood-conservation effect of combined use of topical TBHM and TXA
in patients undergoing TKA. Further investigation with a larger sample size may
be required.
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Introduction Theoretically, topical application during TKA will be safer in terms of
thromboembolic risk than systemic administration. In a prospective
randomized study, Wong et al. reported a lower Total Blood Loss

procedure for end-stage arthritis of the knee; however, this procedure (TBL) with the use of 3g of TXA topically than with a placebo (1167mL
is associated with substantial blood loss [1-3] and thromboembolic versus 1610mL, p<0.017) in standard TKA patients [21]. Low-

complications [4-6]. Increased postoperative bleeding around the
knee may result in increased pain, hematoma, a decreased range
of motion, wound infection and anemia [7-10]. Anemia carries a
potential risk in patients receiving major surgery who have a history of
cardiopulmonary disease [11-13]. Furthermore, chemoprophylaxis to
decrease the risk of venous thromboembolism (VTE) after TKA may
enhance postoperative bleeding [14,15]. Therefore, a sophisticated
modality is required to minimize postoperative bleeding in
conjunction with decreasing the incidence of VTE in TKA patients.

Total Knee Arthroplasty (TKA) is a common and effective

molecular-weight heparin was administered routinely in this study
for thromboprophylaxis. However, for aged patients with or without
cardiopulmonary disease, a postoperative blood loss of one liter or
more remains a concern with regards to a higher risk of postoperative
complications than in patients with a lower postoperative blood loss.
A Thrombin-Based Hemostatic Agent (TBHM), is a combination
of a bovine-derived gelatin matrix, functioning as an adhesive and
sealant, and a chemical component, human-derived thrombin. By
blending these components, the mixture may act as a hemostasis and

Tranexamic Acid (TXA), an inhibitor of fibrinolysis, was reported sealing agent and reduce bleeding in the surgical field [22]. TBHM
to be effective for blood conservation after TKA when administered ~ has been reported to be effective in reducing blood loss in many
intravenously or topically to the knee joint during surgery [16-20].  operations, including thyroid [23], cardiac [22] and spine surgery
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[24]; however, its blood-conservation effect in primary TKA is still
controversial [25-28]. Recently, we reported equal efficacies of TXA
when applied systemically and topically in the knee joint in terms
of blood conservation in TKA patients (mean blood loss 921 mL
+ 252 mL versus 795 mL * 231 mL, p=0.197) [29]. We considered
that application of a combination of topical TXA and TBHM to the
knee joint might result in a synergetic effect in terms of reduction of
postoperative blood loss after TKA. If this is true, the primary TKA
procedure will be made safer with fewer complications in elderly
patients. Therefore, this study to determine whether a single TXA
injection intra-articularily or a combination of TXA and TBHM given
intra-articularily is more effective in reducing blood loss in minimally-
invasive TKA patients; and whether postoperative complications are
reduced with the addition of TBHM during surgery.

Patients and Methods

The sample size was calculated based upon the study of Suarez
et al., who conducted a prospective randomized trial to calculate the
perioperative blood loss after total knee arthroplasty [28]. Assuming a
mean difference in TBL of 225mL or greater between the two groups,
in order to obtain a substantial power of 0.90 and an alpha error of
0.05, 30 patients would be required in each group. In consideration
of an estimated 10% of patients who would be lost to follow-up, and
5% who would have incomplete data, 70 patients were enrolled in
this study.

Between September 2017 and September 2018, a consecutive series
of 125 patients who underwent unilateral primary minimally invasive
TKA were assessed in terms of their eligibility for inclusion for this
study. The inclusion criteria were patients who were between 50 and

75 years of age or older who had end-stage arthritis of the knee and
underwent unilateral primary minimally invasive TKA. The exclusion
criteria were as follows: patients with a history of ischemic heart
disease or stroke; risk of VTE not amenable to TXA administration;
preoperative hemoglobin level less than 11g/dL; history of infection
or intra-articular fracture of the affected knee; coagulopathy (platelets
<10%/mm?, Prothrombin Time (PT), Activated Partial Thrombin Time
(APTT), International Normalized Ration of PT (INR) >1.4); renal
function deficiency (glomerular filtration rate <30mL/min/1.73m?),
which is contraindicated for chemical VTE prophylaxis; lifelong
anticoagulant therapy; and allergies to TXA, TBHM or rivaroxaban.
All patients were instructed to withhold aspirin, antiplatelet agents
and anticoagulants for at least 7 days prior to surgery. We excluded
35 patients based on the exclusion criteria; in addition, eight patients
did not withhold antiplatelet drugs or anticoagulants 7 days before
surgery, and 12 other patients declined to participate in the study.
Therefore, 70 patients were enrolled in total. Patients were randomly
assigned into 2 groups, a TXA group and a TXA + TBHM group, by an
independent research assistant using a computer-generated method
and by operation date sequence. The clinical investigators were blind
to the randomization and allocation of all patients until the complete
data had been collected. One patient in the TXA group dropped out
of the study due to incomplete data; therefore, 34 patients in the TXA
group and 35 patients in the TBHM + TXA group had complete
data for analysis (Figure 1). The preoperative characteristics of the
patients, including age, gender, body mass index (BMI), preoperative
Hb level, Hct, PT, APTT, platelet count, and American Society of
Anesthesiologists (ASA) grade [30], were compared between the two
groups (Table 1).
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Figure 1: Flow diagram of all patients, TXA: Tranexamic Acid, TBHM: Thrombin-Based Hemostatic Matrix.
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Surgical technique

All total knee surgeries were performed or supervised by
the same senior orthopedic surgeon (JWW), who has extensive
experience of primary knee replacement, using a mini-mid vastus
approach according to Haas et al. [31] under general anesthesia. The
procedure was previously described as follows: “The skin incision
was made along the medial border of the mid-to-distal tubercle and
the vastus medialis oblique muscle was split approximately 2cm in
line with its fibers from the superior medial border of the patella”. A
pneumatic tourniquet was inflated to a pressure of 300mmHg before
the incision and deflated at the end of surgery after skin closure.
Routine hemostasis was achieved in all patients by electrocoagulation
of blood vessels during surgery. All TKAs were cemented using the
same prosthesis (NexGen, Legacy, Posterior-Stabilized Prosthesis;
Zimmer, Warsaw, IN, USA). Intra-medullary guidance was used for
femoral cutting and an extra-medullary guidance system was used for
tibial cutting. The femoral canal was routinely sealed with a bone plug
taken from the resected femoral condyle. Two intra-articular drainage
tubes were placed in the knee joint and connected to a vacuum bag,
and both drains were removed on the afternoon of postoperative day
(POD) 1. The volume of drained blood was recorded each day.

Patients in the TXA group received an intra-articular injection
of 3g (30mL) TXA (Transamin 100mg/mL; China Chemical and
Pharmaceutical Co, Taiwan) in 60mL saline via the drain after wound
closure. Patients in the TXA + TBHM group received 5mL Floseal’
(Baxter, Deerfield, IL, USA) intra-articularly, which was applied to
the exposed bone surfaces after femoral and tibial cutting and soft
tissue release, as well as the bleeding points of the soft tissue and the
pinhole of the tibial condyle after cementing the implant and before
insertion of the tibial polyethylene liner. Manual compression of the
TBHM for 2 minutes on the bone surface or soft tissue using wet
gauze was performed routinely. Intra-articular injection of 3g TXA
in 60mL saline was then administered via the drain after wound
closure. The drain tubes were routinely clamped for one hour after
surgery then released for open drainage. Partial compressions of
the vacuum bag were performed postoperatively for 12 hours in all
patients, followed by full compression. Intravenous prophylactic
antibiotic therapy consisting of 1g Cefazolin preoperatively followed
by 1g every 8 hours for 3 doses postoperatively was administered
routinely in all patients. Standard VTE prophylaxis was prescribed
in all patients by oral intake of rivaroxaban (Xarelto, Bayer Shering
Pharma AG, Wuppertal, Germany) 10mg once daily starting on POD
1 for 14 doses. No other modalities such as compression devices of
the leg or foot pumps were used.

The primary outcomes measured were the calculated Total Blood
Loss (TBL) and the Hb level on POD 1, 2 and 3. The blood volume
was assumed to have normalized on the third postoperative day. TBL
was calculated according to the method of Nadler et al. [32]. As the
maximum postoperative, drop in Hb level adjusted for weight and
height of the patient. The formula can be summarized as Total Blood
Loss (TBL) = Total blood volume X (maximum reduction in Hb level/
mean Hb level) + volume transfused.

The secondary outcomes measured were the rate of postoperative
blood transfusion and the rate of complications, including Deep-Vein
Thrombosis (DVT), Pulmonary Embolism (PE), wound infections,

hematoma, and superficial skin necrosis, in addition to length of
hospital stay. The trigger for allogeneic transfusion of red blood cells
was set at a Hb level of <8g/dL in the general population or a Hb level
of <9¢g/dL in patients with cardiopulmonary disease. The number and
rate of blood transfusions were recorded in all patients.

All patients were followed-up at the orthopedic clinic 2, 6 and 12
weeks after surgery. All wound complications, including hematoma,
infection, superficial skin necrosis and blisters, as well as leg edema,
were recorded. DVT was suspected if the circumference of the
operated limb 15cm above or below the knee level had increased
by >3cm as compared with the opposite limb, associated with calf
tenderness and tightness [33]. Ascending venography of the limb was
performed where necessary using the Ribinov and Poulin technique
[34]. Computed Tomography (CT) of the chest was performed if PE
was suspected.

Statistical analysis

The Mann-Whitney U test was used to determine differences
between the two groups in the distribution of demographic and
preoperative clinical data. Descriptive data (including gender and
ASA grade) were compared between the two groups using the chi-
square test or Fisher’s exact test. Intention-to-treat analysis was
performed in patients who underwent the planned surgery, had taken
the study drugs, and had undergone venographic examination to
assess thromboembolism.

The independent t-test was used to determine differences in the
TBL and transfusion rate between the TXA group and the TXA +
TBHM group. The Mann-Whitney U test was used to determine
differences in the length of hospital stay, postoperative Hb drop
and blood loss via drainage between the two groups. Descriptive
data including safety outcomes, wound complications, and blood
transfusion rate in the TXA and the TXA + TBHM group were
compared using the chi-square test or Fisher’s exact test. All statistical
analyses were performed using the Statistical Package for Social
Sciences (SPSS) (version 22; SPSS Inc., Chicago, IL, USA).

Ethics, registration, data sharing plan, funding, and
potential conflicts of interest

This study conducted a prospective randomized controlled
trial to answer the aforementioned questions, which was registered
at ClinicalTrials.gov (number NCT03328832). The protocol was
approved by our institutional review board (201601271A0C501,
approved on 2017/09/28) and supported by Chang Gung Memorial
Hospital (CMRPG8F1691). Written informed consent was obtained
from all participants before surgery.

Results

The preoperative characteristics of the patients, including age,
gender, BMI, preoperative Hb level, Hct, PT, APTT, platelet count
and ASA grade, were all similar in the two groups (Table 1).

The mean TBL in the TXA + TBHM group was 678 + 203 mL (203-
1150 mL), which was similar to that in the TXA group at 733+217 mL
(406-1246 mL, p=0.276). There were no differences in the Hb level on
POD 1 (12.46 * 1.56 g/dL versus 12.12 + 1.01 g/dL), POD 2 (11.59 +
1.51 g/dL versus 11.20 + 0.82 g/dL) or POD 3 (11.12g/dL versus 10.79
+0.92 g/dL) between the TXA + TBHM group and the TXA group,
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Table 1: Details of the patients.

Characteristics Floseal + TXA (N=35) TXA (N=34) P value
Age (yrs) (SD; range) 69.26 (5.88; 59-79) 67.47 (4.00; 60-74) 0.144
BMI (kg/m?) 28.69(3.77; 20.1-34.8) 27.44(4.44; 13.3-37.4) 0.211
BMI (kg/m?) >30 13/35(37.1%) 7/34(20.6%) 0.13
Women (%) 24/35(68.6%) 29/34 (85.3%) 0.1
ASA-1 0/35(0.0%) 0/35(0.0%) 0.947
ASA-2 27/35(77.1%) 26/34(76.5%)
ASA-3 8/35(22.9%) 8/34(23.5%)
PT 10.44(0.60; 10-12) 10.21(0.43; 9-11) 0.072
APTT 28.59(1.96; 24.7-31.9) 27.65(2.73; 22.1-33.2) 0.106
Preoperative - Hb (g/dI) 13.79(1.39; 11.1-18.5) 13.39(0.85; 11.4-15.0) 0.167
Preoperative - Hct (%) 41.17(3.46; 35.2-53.1) 40.28(2.25; 34.8-43.7) 0.213
Platelet Count (10000/L) 250.34(80.13; 100-455) 248.59(52.31; 175-394) 0.914

Continuous data are presented as mean (standard deviation range). TXA: Tranexamic Acid; SD: Standard Deviation, BMI: Body Mass Index, ASA: American Society

of Anesthesiologists, PT: Prothrombin Time, APTT: Activated Partial Thromboplastin Time.

Table 2: Blood loss and transfusion requirement.

Characteristics Floseal + TXA (N=35) TXA (N=34) P value
Wound length in extension (cm) 8.39(0.90; 6.5-10) 8.20(0.91; 7.0-10.5) 0.375
Postoperative Hb level day 1 (g/dl) 12.46(1.56; 9.9-17.0) 12.12(1.01; 9.3-14.3) 0.287
Postoperative Hb level day 2 (g/dl) 11.59(1.51; 9.5-15) 11.20(0.82; 9.0-13.0) 0.188
Postoperative Hb level day 3 (g/dl) 11.12(1.43; 9.1-15) 10.79(0.92; 8.6-12.8) 0.265
Postoperative drainage volume(mL) 239(112; 50-530) 263(94; 70-520) 0.342
Blood transfusion (number/total number) (%) 1/35 (2.9%) 0/34(0.0%) 1
Total blood loss (mL) 678(203; 238-1150) 733(217; 406-1246) 0.276
Length of hospital stay (days) 4.09(3-5) 4.12(3-5) 0.758
Continuous data are presented as mean (standard deviation range). TXA: Tranexamic Acid; Hb: Haemoglobin.
Table 3: Incidence of events for efficacy analysis.
Characteristics Floseal + TXA (N=35) TXA (N=34) P value
Up to POD 14
Ecchymosis 17/35(48.6%) 15/34(44.1%) 0.711
Hematoma 0/35(0%) 1/34(2.9%) 0.493
Superficial Skin Necrosis 0/35(0%) 2/34(5.9%) 0.239
Wound Infection 0/35(0%) 0/34(0%) 1
Any deep-vein thrombosis 0/35(0%) 0/34(0%) 1
Up to 3 months
Pulmonary Embolism 0/35(0%) 0/34(0%) 1
Any Deep-Vein Thrombosis 0/35(0%) 0/34(0%) 1
Return to OR Because of Wound Complication 0/35(0%) 0/34(0%) 1
Death 0/35(0%) 0/34(0%) 1

Abbreviations: POD: Postoperative Day; TXA: Tranexamic Acid.

respectively (Table 2). The postoperative drainage volume was also
similar in the two groups (239 + 112 mL versus 263 + 94 mL, p=0.342).
One patient in the TXA + TBHM group had a transfusion of one unit
of red blood cells on POD 1 owing to symptomatic anemia; however,
the transfusion rate did not differ between the two groups (2.9%
versus 0%, p=0.242). The wound length in full extension and length
of hospital stay were similar in the two groups (Table 2), as were
the wound complications up to two weeks after surgery, including

ecchymosis, swelling due to hematoma, wound-healing problems and
infection (Table 3). No patient in either group developed DVT or PE
within the 3-month follow-up period, and there were no deaths due
to any cause in the two groups. No patient in either group needed to
return to the operating theatre due to wound complications (Table 3).

Discussion

The results of our prospective randomized controlled trial showed
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that the postoperative blood loss (678 + 203 mL versus 733 mL + 217
mL, p=0.276) and blood transfusion rate (2.9% versus 0%, p=0.242)
were similar in the combined TBHM and topical TXA group and
the topical TXA only group. These results showed that there was
no synergic effect of adding a hemostatic agent to topical TXA after
TKA. The blood-conservation effect of topical application of TXA
after conventional TKA was demonstrated in clinical trials [17,19,21]
and confirmed in a meta-analysis [20]. With regards to minimally-
invasive TKA and routine use of postoperative chemoprophylaxis
with rivaroxaban, a factor Xa inhibitor, our previous clinical trial
showed a TBL of 795 + 231 mL in the topical TXA group [29]. In
the current study, the TBL in the TXA only group was 733 + 217 mL,
which was similar to the previous study. The TBL in the combined
TBHM and TXA group was 678 + 203 mL, which was slightly
lower than the TBL of 733 + 217 mL in the TXA group; however,
the difference did not reach statistical significance. The blood-
conservation effects of hemostatic agents such as TBHM and Quixil,
and their efficacy and safety, have been reported in general surgery
[23], neurosurgery [35] and spine surgery [24]; however, controversy
exists when applied to hip and knee replacement surgery. Some
studies have demonstrated that topical use of TBHM can reduce the
Hb drop and TBL in primary TKA [7,25,28], while recent studies
have reported contradictory results[27,36,37]. One of the reasons for
the differing results may be that the fibrin glue compound used in
studies in Europe was Quixil (Omrix, Biopharmaceuticals, Belgium),
which is composed of dry precipitated fibrinogen, human thrombin
and TXA. We considered that fibrin glue containing a dose of TXA
(425mg to 525mg) would act as a topical TXA dose, which is effective
in reducing blood loss after TKA [38,39]. If TXA is not added to the
hemostatic agent, the blood-conservation effect will not be as obvious
as that of Quixil. Another reason for the non-apparent effect on blood
loss of topical TBHM in TKA may be the use of a tourniquet. During
the TKA procedure, deflation of the tourniquet may cause a cascade
of bleeding from bone cuts and soft-tissue release, which accounts for
60% of TBL after TKA [16]. The reported fibrin sealing of the blood
vessels on the bone cuts or soft-tissue stripping may not be effective,
or may be minimally-effective, during the bleeding cascade. Our
study showed a small trend of a lower blood loss in the TBHM + TXA
group as compared with the TXA only group (678 + 203 mL versus
733 £217 mL, p=0.242). A larger number of patients in each arm may
be necessary to show a difference in TBL. There were some limitations
of the study. First, the sample size of each group was small; however,
in many prospective randomized controlled trials in which the
difference in postoperative blood loss after TKA between groups was
being assessed, 30 patients in each group has been adequate[16,18].
Second, the dose of TBHM used in the study was lower (5mL) than
the 10mL used in other studies [9,25]; however, because the TBHM
used in the study was an adjunctive agent for fibrin sealing of the
bleeding surfaces of the bone cuts, we found that the dose of TBHM
used was sufficient to cover all the bone surfaces after TKA. Third,
there was no control group in the study, the reason for which was
that topical use of 3g TXA during TKA has been demonstrated to
be effective in reducing postoperative blood loss in many clinical
trials, as well as a meta-analysis [17,19-21], and we considered that
inclusion of a control group administered saline instead of TXA was
unnecessary, as it may have been detrimental to some patients with
cardiopulmonary disease.

Conclusions

Our prospective randomized controlled study did not show a
synergic blood-conservation effect of combined use of topical TBHM
and TXA in patients undergoing minimally invasive TKA. Further
investigation with a larger sample size is required.
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