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Efficacy of Intra-Articular Injection of Thrombin-Based
Hemostatic Agent in the Control of Bleeding after
Primary Total Knee Arthroplasty
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Purpose: To evaluate the hemostatic effect of intraarticular injection of a thrombin-based hemostatic agent in total knee arthroplasty (TKA).
Materials and Methods: We performed a prospective randomized controlled trial on the use of a thrombin-based hemostatic agent in patients
undergoing unilateral TKA. A total of 100 TKA patients were enrolled, with 50 patients randomized into the study group and the other 50 patients
into the controlled group. Drain output, hemoglobin level, total red blood cell loss for 24 hours after surgery, transfusion rates, and complications
were assessed.

Results: Postoperative drain output was 525 mL in the study group and 667 mL in the control group (p=0.01). Nine patients in the study group
and eighteen in the control group received blood transfusion (p=0.043). But, there was no significant difference between two groups in terms of
hemoglobin level change and total red blood cell loss (p>0.05).

Conclusions: The thrombin-based hemostatic agent demonstrated efficacy in reducing drain output and blood transfusion rates. Thus, we believe

the use of a thrombin-based hemostatic agent should be considered as an option in orthopedic surgery that involves massive bleeding.
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Introduction

Total knee arthroplasty (TKA) is the gold standard treatment
for advanced osteoarthritis refractory to nonoperative manage-
ment; however, the procedure involves approximately 2,000 mL
of perioperative blood loss, which often results in complications
and necessitates transfusion'”. Allogeneic blood transfusion car-
ries the risk of viral infection, fever, and immunosuppression.
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Thus, research has been pursued for minimal blood loss with
use of various hemostatic agents, such as fibrin and tranexamic
acid*'”. Floseal (Baxter, Deerfield, IL, USA), a thrombin-based
hemostatic agent, is composed of two independent hemostasis-
promoting agents, bovine-derived gelatin matrix component
and human-derived thrombin. A high concentration of human
thrombin accelerates blood clotting by converting fibrogen to
fibrin, and gelatin matrix swells upon contact with moisture,
producing a tamponade effect to control blood loss. It has been
employed in a wide range of medical fields including orthopedic
surgery, neurosurgery, otolaryngology, and obstetrics and gyne-
cology; thus, it is expected to be useful in TKA that involves sub-
stantial blood loss'".

In this study, we investigated the impact of intraarticular injec-
tion of the thrombin-based hemostatic agent on blood loss fol-
lowing TKA.

Materials and Methods

This study was conducted under Institutional Review Board
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Table 1. Demographic Data

Variable Group I Group IT p-value
No. of patients 50 50
Age (yr) 68.8+7.70 69.0+6.66 0.895
Sex (male:female) 4:46 8:42 0.211
Body mass index (kg/m”) 2641+4.30  24.81%+3.07 0.063
CR:PS type 22:28 26:24

Values are presented as meantstandard deviation or number.
CR: cruciate retraining, PS: posterior cruciate substituting.

approval. A total of 100 patients who underwent unilateral TKA
under the diagnosis of degenerative osteoarthritis at our institu-
tion between December 2011 and June 2013 were included in this
study. The patients were randomly assigned to either the experi-
mental group with use of the thrombin-based hemostatic agent
(group I, n=50) or the control group without the agent (group II,
n=>50) (Table 1). The implants of choice were either PFC Sigma
(DePuy Orthopaedics Inc., Warsaw, IN, USA) or Scorpio NRG
(Stryker, Allendale, NJ, USA). Ten patients in each group had
been on anticoagulant therapy due to cardiovascular diseases or
cerebrovascular diseases, which was discontinued at least 5 days
prior to surgery and was re-instituted on the 5th postoperative
day if there was no sign of blood loss. Patients who could not
tolerate discontinuation of the anticoagulant therapy, underwent
bilateral TKA, or had bleeding disorders were excluded from the
study.

With the patient placed in the supine position, the surgery was
performed through a midline incision. A tourniquet was applied
prior to skin incision at 350 mmHg and released upon comple-
tion of skin closure. Femoral resection was done using an intra-
medullary alignment guide and tibial resection was carried out
using an extramedullary alignment guide. Bone cement was used
for fixation in the femur and tibia. The patella was resurfaced in
2 knees in group I and in 5 knees in group II after intraoperative
confirmation of advanced arthritis in the patellofemoral joint.
In group I, after femoral and tibial component placement, 5 mL
thrombin-based hemostatic agent was applied to the medial,
lateral, and posterior compartments and the suprapatellar bursa
before liner insertion (Fig. 1). A drainage tube was placed in
all patients and drainage was started 1 hour after surgery. In all
patients, quadriceps femoris strengthening exercises and active
joint exercises were initiated from the 1st postoperative day. Am-
bulation was encouraged when quadriceps femoris strengthening
exercises could be accomplished without difficulty.

Hemoglobin level was measured daily from the preoperative day
to the 3rd postoperative day. The drain output was measured on
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Fig. 1. Application of a thrombin-based hemostatic agent after implant
insertion.

the day of surgery and 1st postoperative day, and the tube was re-
moved on the 2nd postoperative day. The total red blood cell loss
within 24 postoperative hours was calculated using preoperative
circulating blood volume and postoperative hematocrit change
taking into account that hemodynamic changes are caused by
intraoperative/postoperative blood loss. The following equation
suggested by Gross'” in 1983 was used for the calculation of total
red blood cell loss: total red blood cell loss=preoperative circu-
lating blood volumex([preoperative hematocrit—postoperative
hematocrit]/mean hematocrit)".

The preoperative circulating blood volume was calculated using
the method of Nadler et al."’ as follows: preoperative circulating
blood volume=k1xheight (m)+k2xweight (kg)+k3 (K is a con-
stant, k1=0.3669, k2=0.03219, k3=0.6041 for male and 0.3561,
0.03308, 0.1833 for female, respectively).

Packed red blood cell transfusion was performed if a hemoglo-
bin level was below 8.5 g/dL for 3 postoperative days. The pre-
transfusion hemoglobin values were included in the statistical
analysis, but post-transfusion levels were excluded. The intraop-
erative blood loss was not included in the statistical analysis due
to the difficulty of objective measurement caused by the tourni-
quet use. At 1 week after surgery, vascular sonography was per-
formed to identify the presence of deep venous thrombosis, and
the surgical site was examined to assess the occurrence of wound
infection or bleeding.

Statistical analysis was done using SPSS ver. 18.0 (SPSS Inc.,
Chicago, IL, USA). Patient characteristics, such as gender and
surgical site, were compared using chi-square test. Pre- and
postoperative changes were compared using t-test. The level of
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significance for all tests was set at p<0.05.

Results

1. Patient Characteristics

In group I, there were 4 males and 46 females, and their mean
age was 68.8 years. In group II, there were 8 males and 42 fe-
males, and their mean age was 69.0 years. There was no statisti-
cally significant intergroup difference with regard to the age,
gender, implant type, and body mass index (p>0.05).

2. Postoperative Blood Loss (Drain Output)

The mean postoperative drain output was 525 mL (393 mL on
the day of surgery+132 mL on the 1st postoperative day) in group
I and 667 mL (513 mL on the day of surgery+154 mL on the 1st
postoperative day) in group II. Thus, the postoperative blood loss
volume was 22% less in group I than group II, showing statistical
significance (p=0.01) (Table 2).

3. Hemoglobin Level Change

Pre-transfusion hemoglobin levels were included in statisti-
cal analysis and the post-transfusion levels were not analyzed.
In group I, the mean change in hemoglobin level between the
preoperative period and the 3rd postoperative day was 2.88 g/
dL: the value was 12.13 g/dL preoperatively, 10.18 g/dL on the 1st
postoperative day, 9.45 g/dL on the 2nd postoperative day, and
9.25 g/dL on the third postoperative day. In group II, the mean
hemoglobin level change was 3.00 g/dL during the same period:
the value was 12.00 g/dL preoperatively, 9.95 g/dL on the 1st
postoperative day, 9.17 g/dL on the 2nd postoperative day, and
9.00 g/dL on the 3rd postoperative day. Although 0.12 g/dL less
change was noted in group I, the difference was not statistically
significant between the groups (p>0.05) (Table 3).

4. Allogeneic Blood Transfusion

In group I, allogeneic blood transfusion was performed in a
total of 9 patients (3 on the 1st postoperative day, 4 on the 2nd
postoperative day, and 2 on the 3rd postoperative day). In group

Table 2. Postoperative Blood Loss

Group I (mL) Group II (mL) p-value
Operative day 393+191 513+279 0.015
POD1 132+64 154+101 0.200
Total 5254228 6671303 0.010

Values are presented as mean+tstandard deviation.
POD: postoperative day.

I1, a total of 18 patients received transfusion (5 on the Ist post-
operative day, 10 on the 2nd postoperative day, 3 and on the 3rd
postoperative day). The blood transfusion rate was significantly
different between the groups (p=0.043) (Table 4).

5. Total Red Blood Cell Loss within 24 Hours after Surgery

The total red blood cell loss within the first 24 hours after sur-
gery was measured as an average of 593 mL (range, 13 to 1,478
mL) in group I and 609 mL (range, 101 to 1,494 mL) in group IL
The 16 mL of difference between the groups did not reach statis-
tical significance (p=0.655).

6. Complications

Vascular sonography performed 1 week after surgery revealed
the presence of deep venous thrombosis in 7 patients in group
I (femoral vein thrombosis in 2, popliteal vein thrombosis in 2,
and peroneal vein thrombosis in 3) and in 9 patients in group
IT (popliteal vein thrombosis in 2 and peroneal vein thrombosis
in 7), showing no statistically significant difference between the
groups (p>0.05). All of the patients diagnosed with deep venous
thrombosis received anticoagulant treatment in consultation with
vascular surgery. Other complications, such as local/deep infec-
tion and wound bleeding were not observed during the follow-

up.
Discussion

Allogeneic blood transfusion is often necessary in surgery that
involves substantial blood loss. Unfortunately, it has been associ-
ated with some adverse outcomes: disease transmission, such as
AIDS and hepatitis, alloantibody responses, and graft-versus-host
reactions"”. Thus, efforts have been made to reduce intraopera-

Table 3. Initial & Postoperative Hemoglobin Level

Group I (g/dL) Group II (g/dL) p-value

Preoperative 12.13+1.40 12.00+1.34 0.651
POD 1 10.18+1.35 9.95+1.35 0.455
POD 2 9.45+1.03 9.17+1.19 0.221
POD3 9.25+0.96 9.00+1.12 0.345
Values are presented as meantstandard deviation.
POD: postoperative day.
Table 4. Number of Blood Transfusion

Group I Group II p-value
Total 9 18 0.043




tive blood loss using hypotensive anesthesia and administration

13519 "and the latter has been the focus of

of hemostatic agents
recent research.

Considering that hemodynamic changes after TKA result from
coagulation and fibrinolysis, studies have suggested that intrave-
nous administration of dextran, tranexamic acid, amnocaproic
acid, and aprotinin would be effective in reducing perioperative
blood loss" .

Besides intravenous injection, direct application of hemostatic
agents on the operative site has been addressed in many studies.

Marmor et al.'”

coated the operative site with fibrinogen con-
centrate to induce fibrin clot formation, which resulted in 16%
reduction in the total blood loss and 76% reduction in the intra-
operative blood loss. In the study, they suggested that fibrinogen
concentrates would be more beneficial for reducing inapparent
blood loss than postoperative blood loss. Song and Park™ com-
pared the hemoglobin level, hematocrit value, and the frequency
of autotransfusion between 40 TKA patients with fibrin glue that
contains fibrinogen and 31 TKA patients without fibrin glue and
reported that fibrin glue was remarkably effective for bleeding
control.

In our study, we used Floseal, a hemostatic agent composed of
bovine collagen granules and human thrombin, which has an
increased presence in orthopedic surgery, neurosurgery, thoracic
surgery, and obstetrics and gynecology. Kim et al.”” investigated
the efficacy of the thrombin-based hemostatic matrix after uni-
lateral TKA. The 24-hour drain output was not significantly dif-
ferent between the Floseal group (n=97) and the control group
(n=97; 711 mL vs. 701 mL). The knee range of motion and
visual analog scale score were not significantly different between
the groups. However, a statistically significant intergroup dif-
ference was noted in the hemoglobin level change: notably less
changes were observed between the preoperative values and the
first and second postoperative day values in the Floseal group™”.
In our study, the total drain output and transfusion rates were
significantly low in the Floseal group, whereas the hemoglobin
level change and 24-hour red blood cell loss showed no signifi-
cant difference between the groups. Kim et al.”” reported that
there was a significant relation between tourniquet pressure and
subcutaneous bleeding after TKA: the amount of subcutaneous
bleeding after TKA significantly increased when the surgery was
performed under a tourniquet pressure of 320 mmHg than 250
mmHg. In our study, TKA was performed under a relatively high
tourniquet pressure of 350 mmHg, thus we could have underesti-
mated insensible blood loss caused by tourniquet application. In
addition, blood transfusion was performed in patients with <8.5
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g/dL hemoglobin level without taking consideration into symp-
toms, blood pressure, and heart rate. Other limitations of this
study include that 1) the hemoglobin level changes were relatively
insignificant by excluding from the analysis the vales obtained
from the 4th postoperative day and after transfusion, 2) and the
potential risk of complications, such as infection, could not be as-
sessed due to the lack of long-term follow-up.

Conclusions

The use of a thrombin-based hemostatic agent resulted in 22%
decrease in drain output and significant reduction in the need for
blood transfusion after TKA. The hemoglobin level change and
24-hour red blood cell loss were more notable in the hemostatic
agent group (n=50) than in the control group (n=50), but the dif-
ference was not statistically significant. Therefore, we believe that
thrombin-based hemostatic agents would be effective for reduc-
ing blood loss in orthopedic surgery, such as TKA that involves
the risk of massive blood loss.
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