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The Ambiguous Role of Hemostatic Matrix in Total Knee Arthroplasty:
A Randomized Controlled Trial
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Abstract
Background: Blood loss which is one of the major complications following major surgeries and leads to significant
morbidity and substantially increases the need for blood transfusions. Use of hemostatic agent’s intraoperatively is one of
the widely used techniques to reduce blood loss. The use of hemostatic agents to reduce blood loss has been widely
studied with mixed results. The aim of this study was to evaluate whether the use of Floseal®, a hemostatic most
commonly used in our hospital as an adjuvant to conventional hemostasis reduces blood loss and reduces the
requirement of transfusions postoperatively in patients undergoing total knee arthroplasty (TKA).
Materials and Methods: This study was a prospective randomized controlled trial conducted on 67 female patients
operated between January 2012 and January 2013 with the primary endpoint being blood loss as estimated by a decrease
in hemoglobin (Hb) on days 0, 1, and 4 postoperatively. The number of transfusions required postoperatively was also
assessed. The patients were divided into two groups: Group A and Group B. Group A consisted of 35 patients in whom
the hemostatic was not used. Group B consisted of 32 patients in whom 5ml of hemostatic matrix Floseal®. All the
statistical analyses were performed using GraphPad Prism 7.0.
Results: Sixty-seven patients participated in the study, and the data of all the patients were analyzed. The demographic
data and the mean percentage decrease of Hb from pre-operative values were analyzed which did not show any statistical
difference. The odds ratio and relative risk were less than one and were not statistically significant.
Conclusion: The use of a hemostatic agent does not necessarily decrease the need for blood transfusions
postoperatively, and the role of hemostatic agents in TKA for reducing blood loss remains uncertain.
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Introduction
Blood loss is one of the major complications following
major surgeries which lead to significant morbidity and
substantially increases the need for blood transfusions.
The recent years have seen several advances in surgical
techniques including minimally invasive surgeries to
reduce blood loss. Use of hemostat ic agents
intraoperatively is one of the widely used techniques to
reduce blood loss. Hemostatic agents have a wide variety
of mechanisms for hemostasis. These include Fibrin
sealants, Gelatin sponge
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Cyanoacrylate adhesives, oxidized regenerated cellulose,
and microfibrillar collagen [1]. The use of hemostatic
agents to reduce blood loss has been widely studied but
with mixed results. A randomized control trial done in
196 patients by Kim et al. concluded that the role of
hemostatic agents for reducing blood loss in total knee
arthroplasty (TKA) remains unclear [2]. However, a
meta-analysis by Wang et al. indicated that hemostatic
agents reduced total blood loss after TKA [3], none of
these studies were done in India. Considering the
conflicting reports regarding the use of hemostatic agents
to reduce blood loss in major surgeries, we planned to
study the role of a hemostatic agent in reducing blood loss
and the number of blood transfusions postoperatively in
patients undergoing TKA at Lakeshore Hospital and
Research Center, Kochi. The aim of this study was to
evaluate whether the use of Floseal®, a hemostatic most
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Figure 1: Participant flow in the study.

commonly used in our hospital as an adjuvant to
conventional hemostasis reduced blood loss and the
requirement of transfusions postoperatively in patients
undergoing TKA.
Material and Methods
This study was a prospective randomized controlled trial
conducted on 67 female patients operated between
January 2017 and January 2018 with the primary endpoint
being blood loss as estimated by a decrease in hemoglobin
(Hb) on days 0, 1, and 4 postoperatively. The number of
transfusions postoperatively was also assessed. The study
was conducted on the principles of Declaration of Helsinki
after taking approval from the Institutional Ethics
Committee. All procedures were performed using the
same standard surgical procedure by the same senior
surgeon. Patients who were willing to give informed
consent were included in the study. The other inclusion
criteria were: Eligible patients for unilateral or bilateral
TKA for osteoarthritis and Hb >10 g/dL. Patients in
whom complex reconstructions were required and with

inflammatory arthritis, heart disease, peripheral arterial
disease, cerebrovascular disease, allergies to bovine
products, history of bleeding disorders, patients with
uncontrolled hypertension, and/or diabetes were
excluded from the study. In addition patients with the
previous history of deep vein thrombosis (DVT), active
malignancy and allergy to aspirin or enoxaparin were also
excluded. Presence of any other ailment in the opinion of
the investigator that would affect the recovery was also
excluded from the study. The patients were divided into
two groups: Groups A and B. Group A consisted of 35
patients in whom the hemostatic was not used. Group B
consisted of 32 patients in whom 5 ml of hemostatic matrix
Floseal® was used intraoperatively. The data were collected
on day 0 (day of the surgery), day 1, and day 4. The criteria
for transfusion were Hb <9 g/dL. In addition, daily
measurements were made in patients in whom Hb was
below 9 g/dL on day 0 or day 1. Tourniquet was used in
both the groups; however, there was a difference in the
time of release between the two groups. In Group A, the
tourniquet was released after wound closure and
application of a compression bandage. In Group B, the
tourniquet was released before closure of wound. This was
done as the hemostatic matrix required blood to form clots
and the excess had to be washed off. Several studies have
shown no difference in blood loss related to the time of the
release of tourniquet [4, 5]. Both groups received two
doses of Tranexamic acid 500 mg, one before the surgery
and another after the release of tourniquet. DVT
prophylaxis protocol was similar in both groups with
patients receiving 0.4 ml Enoxaparin subcutaneously from
day 0 to day 4. DVT pumps were also used in both groups
round the clock except dur ing physiotherapy.
Physiotherapy protocols were similar in both the groups.

Sample size and statistical analysis
Considering non-inferiority of use of Floseal over
conventional hemostatics at a power of 80, assuming a
common standard deviation of three between the groups,
the calculated sample size was 58. However, we recruited
67 patients. The random allocation of participants to the
two groups was done using a computer-generated list of
random numbers. Data analysis was performed using the
Student’s t-test for comparing demographics data, the Chisquare test for assessing odds ratio and relative risk. Yates
Figure 2: Mean percentage decrease in hemoglobin on days 0, 1, and 4
correction was used wherever necessary. P < 0.05 or less

for unilateral and bilateral total knee arthroplasty.
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Table 1: Demographic and Hb values (expressed as mean ± SD for age
and Hb, Hb measured as g/dL)
P
Unilateral TKA
Group A
Group B
n
22
23
Age in years
62.59±7.47
64.74±8.30
NS
Pre-operative Hb
12.36±1.15
12.06±1.33
NS
Hb on day 0
11.73±1.44
11.22±1.09
NS
Hb on day 1
10.68±1.22
10.53±0.92
NS
Hb on day 4
9.51±1.09
9.36±8.30
NS
Bilateral TKA
n
13
9
Age in years
59.15±9.23
61.11±8.34
NS
Pre-operative Hb
12.38±1.13
12.38±1.69
NS
Hb on day 0
10.95±1.11
10.76±1.89
NS
Hb on day 1
9.88±1.15
10.06±1.05
NS
Hb on day 4
8.69±0.60
9.11±0.40
NS
NS: Not Significant. TKA: Total knee arthroplasty, SD: Standard deviation,
Hb: Hemoglobin

was considered statistically significant. All the statistical
analyses were performed using GraphPad Prism 7.0.
Results
Sixty-seven patients participated in the study, and the
data of all the patients were analyzed. The patients were
divided into two groups: Groups A and B. Groups A and
B were further subdivided for analysis into unilateral
TKA and bilateral TKA as the blood loss differs in
unilateral and bilateral TKA procedure. All the patients
who gave consent were randomized, and the data of all
the patients were analyzed as shown in Table 1 and Fig.
1. The demographic data of the patients were analyzed
along with the Hb preoperatively, on day 0, day 1, and
day 4 for unilateral and bilateral TKA for both the
groups as mentioned in Table 1. There was no statistical
difference observed between both the groups. The
mean percentage decrease of Hb from pre-operative
values was also analyzed in unilateral and bilateral TKA
on days 0, 1, and 4 between both the groups as shown in
Fig. 2. In unilateral TKA, the mean percentage decrease
of Hb was higher in Group B when compared to Group
A on day 0 and was lesser on days 1 and 4. Similar results
Table 2: Odds ratio tabulated for Groups A and B
???

Odds ratio (95% Relative risk
CI)
(95% CI)

P

Group A versus Group B in unilateral TKA

0.3922
(0.1171–1.49)

0.5079
(0.1838–1.313)

NS

Group A versus Group B in bilateral TKA

1.75
(0.3471–9.192)

1.167
(0.731–2.267)

NS

Group A versus Group B in all patients

0.812
0.8988
(0.4498–3.0263) (0.5624–1.431)

NS

NS: Not significant, CI: Confidence interval

were observed in bilateral TKA as well. However, there
were no statistical differences observed between any of
the groups. The number of patients receiving a blood
transfusion in both the groups did not differ much. A
total of 13 patients received transfusion in Group A, of
which four patients underwent unilateral TKA, and
nine underwent bilateral TKA. In both, the cases only
one patient received transfusion more than once. In
Group B, 15 patients received transfusion of which nine
patients underwent unilateral TKA, and six underwent
bilateral TKA. In group B; however, three patients
received transfusion more than once in either case. The
odds ratio was calculated and was not found to be
clinically significant as shown in Table 2. However, we
observed that Floseal® was well tolerated and no allergic
reactions were seen. The length of hospital stay was also
not affected.
Discussion
Blood loss in major surgeries remains a problem, and
several methods have been tried to reduce the allogenic
blood transfusion rate. These include autologous blood
transfusion [6], use of tranexamic acid [7, 8]
intravenous administration of dextran [9], aprotinin
[10], aminocaproic acid [11], and use of hemostatics.
Different forms of hemostatics have been studied for
reducing blood transfusion rates in neurosurgical
procedures [12], gynecological surgeries [13], and
TKA [14]. In this study, we used 5ml of Floseal® as an
adjuvant to regular hemostatic practices and compared
the blood loss with patients in whom we did not use
Floseal®. Floseal® did not affect the blood loss on day 0 in
both unilateral and bilateral TKA. Whereas, it was
observed that there was the minimal clinical difference
in blood loss on days 1 and 4 when compared between
unilateral and bilateral TKA in both the groups.
However, this difference did not have statistical
significance. This study showed no significant
advantage of using 5 ml of Floseal® in reducing
autologous blood transfusion in TKA as well. It can be
observed from Table 2 that the odds ratio and relative
risk are <1, which indicates that the use of Floseal® does
not have an effect on transfusion rates postoperatively.
Moreover, they are not statistically significant. The use
of Floseal®, adds a 5% increase to the total cost of surgery
in our hospital. Cost of transfusing one pint of blood
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when compared to this only increases the cost to the
patient by 0.5%. There is no difference in length of stay in
between the two groups. In a country where a significant
percentage of the population does not come under
insurance coverage, this is a significant addition the cost.
Few surgeons have found a significant difference in using
other hemostatic matrices. Bloomfield et al. showed a
significant reduction in transfusion requirements using
bovine thrombin/collagen and autologous platelet

transfusion [15]. The limitations of this study are that we
included only female patients and we used only 5 ml of
Floseal® for hemostasis.
Conclusion
The use of 5 ml of Floseal® does not necessarily decrease
the need for blood transfusions postoperatively, and the
role of hemostatic agents in TKA for reducing blood loss
remains uncertain.
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