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Abstract
Background: Tranexamic acid (TXA) is efficiently used to control blood loss during total knee arthroplasty (TKA). The
role of intraarticular epinephrine needs further clarification. Limited data exist, concerning the combined use of intravenous and intraarticular TXA plus epinephrine in the intraoperative management of blood loss in patients undergoing
TKA.
Methods: This study aimed to evaluate the safety and efficacy of intravenous and intraarticular TXA plus epinephrine
in the intraoperative blood management in primary TKA. In this case-control study, 204 patients undergoing primary
cemented TKA were enrolled. One hundred two patients received one gr TXA intravenously and intraarticular injection
of a mixture containing 500 mg TXA and 0.6 mg epinephrine. They compared to a historical control group comprised of
102 patients that received the same drug combination without epinephrine. The two groups were comparable concerning
age, sex, the grade of osteoarthritis, and preoperative hemoglobin and hematocrit.
Results: The epinephrine group had significantly higher postoperative hemoglobin (11.70 vs 10.75, p <0.001) and hematocrit (35.70 vs 32.25, p <0.001) compared to the control group at the first postoperative day. The epinephrine group
received fewer transfusions, not reaching statistical significance (p =0.110), compared to the control group during hospitalization. The rate of complications was similar between the groups. The combined use of TXA and epinephrine was
positively associated with a smaller postoperative hemoglobin drop.
Conclusion: The combination of intravenous and intraarticular TXA plus epinephrine was safe and reduced the drop of
hemoglobin at the first postop day but not significantly the rate of transfusions, in patients undergoing primary TKA.
Future higher-level of evidence studies are needed to validate these results. HIPPOKRATIA 2018, 22(2): 86-90.
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Introduction
The expected hemoglobin drop after total knee arthroplasty (TKA) can range from 2.8 to 4.8 g/dl; the subsequent need for transfusion could be as high as 20 %1,2.
Trauma caused during TKA and the tourniquet mediated
hypoxia of the lower extremity promotes the release of tissue plasminogen activator from the vascular endothelium
that temporarily promotes fibrinolysis and local blood circulation3,4. Therefore, the post-deflation period with the
sudden vein expansion induces local hemorrhage3,4.
The reduction of blood loss and transfusions following TKA is crucial to achieving favorable outcomes5. Intra-operative blood-saving techniques have a pivotal role
in the blood management of patients undergoing TKA6.
Tranexamic acid (TXA) and epinephrine (EP) are currently used drugs to control blood loss7. TXA is a synthetic analog of the amino acid lysine. It can inhibit fibri-

nolysis by blocking the lysine binding site of plasminogen and plasminogen binding to fibrin3,8. It can be used
in different doses, routes, and timing for several types
of operations9. EP is a potent peripheral vasoconstrictor,
transported in the wound area through the action of α2
adrenoreceptors, that augments the platelet aggregation10.
It also promotes the release of several coagulation factors
through β-adrenergic activation10. The efficacy of diluted
EP in the management of blood loss in TKA has not been
fully clarified10,11.
The most effective method of intraoperative management of the blood loss in TKA remains controversial6.
The combined administration of TXA during TKA efficiently reduces blood loss and need for transfusion12-15.
The simultaneous intraarticular administration of EP and
TXA was proven to be safe16 and superior to TXA alone,
in blood conservation following TKA17-19. To the best of
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our knowledge, no published studies evaluate the safety
and efficacy of the combined use of intravenous and intraarticular TXA plus EP for patients undergoing TKA.
In the current study, patients undergoing primary cemented TKA were administered intravenous TXA preoperatively and intraarticular drug mixture containing TXA
and EP. We aimed to compare the hemoglobin drop at the
first postop day and the safety in terms of postoperative
complications, between two groups of TKA patients; the
first group received intravenous and intraarticular TXA
plus EP (EP group), and the control group received only
intravenous and intraarticular TXA.
Materials and Methods
This single-center case-control study took place in a
tertiary academic hospital unit. The study was approved
by the Institution’s Scientific Research Board and was
conducted according to the World Medical Association
Declaration of Helsinki of 1964 as revised in 1975 and
2000. All patients were informed about their participation
in the study and gave informed consent.
Inclusion/exclusion criteria
Patients scheduled for primary cemented unilateral
TKA for end-stage knee osteoarthritis (OA) with age >18
years were included in the study. The exclusion criteria
comprised revision and bilateral knee arthroplasty, uncemented or hybrid TKA, trauma, inflammatory arthritis,
history of a thromboembolic event, coagulation disease,
and hypersensitivity to the used drugs.
The standard care of blood conservation in our institu-

tion was the intraoperative intravenous and intraarticular
administration of TXA till the end of 2016. The historical
control group was recruited from all patients undergoing
unilateral TKA by the chief surgeon during 2016 after
removing those that did not fulfill inclusion criteria. In
total, 102 out of 192 patients that were operated by the
surgeon during 2016, were eligible as controls. Thirty-six
were excluded due to revision, twenty-two due to inflammatory or posttraumatic arthritis, fourteen had a prior history of a thromboembolic event, and twenty received a
different implant. From April 2017 until May 2018, all
patients undergoing primary unilateral TKA received the
standard care plus intraarticular EP (EP group). For the
EP group, 127 patients were screened from April 2017 to
May 2018. Twenty-five patients were excluded; 12 patients for revision surgery, seven for inflammatory, and
six for posttraumatic arthritis. Recruitment stopped when
the groups reached an equal number of patients.
Two hundred and four patients were finally enrolled
in the study. The two groups were comparable for age,
sex, gender, body mass index, American Society of Anesthesiologists score, Kellgren and Lawrence grade of OA,
history, anticoagulation therapy, and level of preoperative
hemoglobin and hematocrit (Table 1).
Interventions
All patients received general anesthesia. A senior arthroplasty surgeon (E.T.) performed all knee arthroplasties
through a medial parapatellar approach. Cemented, posteriorly stabilized cobalt-chrome, metal-on-polyethylene
prostheses were used in all cases. Thigh tourniquet pressure

Table 1: The baseline characteristics, demographic and clinical data of the patients included in this case-control study regarding
the management of blood loss after cemented total knee arthroplasty.
Variables
Epinephrine Group
Control Group
p-value
Age (years)*
Female gender***

70.68 (8.82)
71 (69.61)

71.99 (6.48)
81 (79.41)

BMI (kg/m2)*

27.8 (3.90)

28.3 (3.40)

0.483 $

94/8

91/11

0.445 &

11 (10.78)
91 (89.22)

9 (8.82)
93 (91.18)

0.638 &

ASA grade (0-I/II-III)**
Kellgren & Lawrence grade***
Grade ≥ 2
Grade< 2

0.297 $
0.108 &

Comorbidities***
Not relevant
Hypertension
Diabetes Mellitus (Type 2)
Hypothyroidism
History of malignancy
Dyslipidemia
Anticoagulation therapy (Prophylactic
before surgery) (Yes)***
Hb (g/dl) *

25 (24.51)
62 (60.78)
21 (20.59)
18 (17.65)
14 (13.72)
30 (29.41)

20 (19.61)
70 (68.63)
28 (27.45)
13 (12.74)
9 (8.82)
39 (38.23)

17 (16.67)
13.29 (1.36)

18 (17.65)
13.22 (1.18)

0.825 &
0.721 @

Hct (%) *

40.78 (3.95)

40.03 (3.31)

0.127 @

0.398 &

The values are given as, *: the mean with the standard deviation in parentheses, **: raw numbers, ***: raw numbers with the percentages in
parentheses; Tests performed using @: independent sample t-test, $: Mann-Whitney test, &: Chi-square (x2) test; BMI: body mass index, ASA:
American Society of Anesthesiologists score, Hb: hemoglobin, Hct: hematocrit.
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was applied before skin incision until skin closure. A deep
drain was used routinely for the first postop day. All patients
were mobilized during the first 24 hours postoperatively.
They received anti-embolic stockings and were encouraged
to ambulate with partial weight bearing for 20 days postoperatively. All patients received rivaroxaban 10 mg (Xarelto;
Bayer, Germany), starting 6-8 hours postoperatively and administered once daily for a month. Transfusion was given
when hemoglobin levels fell below 9 g/dl.
The patients of the EP group received a single dose of
1 gr of TXA intravenously diluted in a volume of 1,000
ml of solution at the induction of anesthesia. Besides, they
received intraarticular injections with a mixture comprised
of 45 ml of natural solution 0.9 %, 0.6 mg EP and 500 mg
TXA. The patients of the control group received the same
drug combination without EP. The injections were applied
in equal doses in three phases. The initial dose was injected
subcutaneously and to the capsular adhesion to the tibia at
the beginning of surgery. The second dose was applied to
the posterior synovial membrane and capsule during the
femoral and tibial bone cuts. Before wound closure, the
last injection was applied subcutaneously, to the pes anserinus and the tibial attachment of the iliotibial band.
Outcomes
The primary outcomes were the mean difference between pre- and postoperative hemoglobin and hematocrit
level at the first postop day. All measurements were made
in the morning by venous sampling, using the same blood
analyzer. Secondary outcomes were the recorded complications (wound infection, wound hematoma, pulmonary
embolism, infection, deep vein thrombosis), and the rate
of transfusion during hospitalization between groups.
Demographics in the form of gender, age, body mass
index, and American Society of Anaesthesiologists score
were collected. Furthermore, the Kellgren and Lawrence
grade of OA, diagnosis, prophylactic anticoagulation
therapy for other reasons than surgery, comorbidities,
levels of preoperative and postoperative hemoglobin and
hematocrit at 24 hours, number of blood transfusions and
complications were also recorded.
Statistical analysis
The determination of the samples’ necessary size was
made according to the reported postoperative drop of hemoglobin following TKA in the previous studies1,2. The
fact that the postoperative drop of hemoglobin has been

reported to range between 2.8 and 4.8 g/dl1,2 was taken
into consideration. Besides, no Minimal Clinical Important Difference concerning the reduction of the hemoglobin postoperatively had previously been published. The
statistical analysis showed that with sufficient power of
0.8 and α value of 0.05, in order to see a hemoglobin
difference of 0.5 g/dl between the groups, at least 64 patients had to be enrolled in each group.
The normality of the data distribution was tested according to the Kolmogorov-Smirnov and Shapiro-Wilk
tests. All statistical tests were two-tailed. The alpha level
was set at 0.05. Standard statistical methods were used
for descriptive statistics. Continuous variables normally
distributed were compared using a two-sided independent sample t-test. Variables not normally distributed
were evaluated with the Mann-Whitney U-test and categorical data using Chi-squared or Fisher’s test. A multivariate linear regression analysis was performed to investigate variables affecting the mean difference between
preoperative and postoperative hemoglobin. Statistical
analysis was performed using R studio (version 1.0.136;
2009-2016 R Studio, Inc.) and R (version 3.3.2).
Results
The EP group demonstrated statistically significant
higher postoperative hemoglobin (11.70 vs 10.75, p
<0.001) and hematocrit (35.70 vs 32.25, p <0.001) compared to the control group at the first postop day. The difference between the preoperative and postoperative hemoglobin (1.59 vs 2.47, p <0.001) and hematocrit (4.45
vs 7.30, p <0.001) was also significantly smaller, favoring the EP group. The EP group received fewer transfusions, but not reaching statistical significance (p =0.110)
(Table 2). There were 12 complications recorded in the
EP and ten in the control group. The complication rate did
not differ significantly between groups (11.7 % vs 9.8 %,
p =0.652) (Table 3).
Multivariate linear regression analysis revealed that
application of intraarticular EP was negatively associated
(adjusted βepin = -0.93, p <0.001), whereas anticoagulation therapy before the TKA was positively associated
(adjusted βanticoag =0.43, p =0.0162), with the drop of hemoglobin and hematocrit at the first postoperative day.
Discussion
The present study demonstrated that the application
of intravenous and intraarticular TXA combined with

Table 2: Comparison of the mean postoperative hemoglobin (Hb), hematocrit (Hct), the difference between pre- and postoperative Hb and Hct at the first postoperative day and transfusions during hospitalization between the groups.
Outcome
Epinephrine group
Control group
p-value
Postoperative Hb (g/dl)*
11.70 (1.33)
10.75 (1.21)
<0.001 @
Postoperative Hct (%)*
35.70 (4.88)
32.25 (4.53)
<0.001 $
Difference between pre- and postoperative Hb (g/dl)*
Difference between pre- and postoperative Hct (g/dl)*
Transfusions**

1.59 (0.78)
4.45 (3.18)

2.47 (0.79)
7.30 (3.47)

<0.001 @
<0.001 $

32 (31.3)

43 (42.5)

0.110 &

The values are given as, *: the mean with the standard deviation in parentheses, **: raw numbers with the percentages in parentheses; Tests
performed using @: independent sample t-test, $: Mann-Whitney test, &: Chi-square (x2) test; Hb: hemoglobin, Hct: hematocrit.
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Table 3: Postoperative complications recorded for the two groups included in this case-control study.
Epinephrine group
Control group
No. of complications*
Type of complications
Wound infection
Deep vein thrombosis
An increase in blood creatine level
Hematoma
Dizziness
Hypotension
Wound discharge

12 (11.76)

10 (9.80)

1
1
1
2
3
3
1

1
2
1
1
2
2
1

p-value
0.652 &

*: The values are given as raw numbers with the percentages in parentheses; &: Tests performed using Chi-square (x2) test.

intraarticular EP was efficient to reduce the acute postoperative hematocrit and hemoglobin drop at the first
postop day in patients undergoing cemented TKA. This
drug combination was also found safe with a low rate of
complications.
Various pre-, intra- and postoperative techniques have
been used to control blood loss following TKA; however,
the best is still missing. The use of TXA is an established
method to control blood loss in several procedures, based
on its antifibrinolytic action5. Although there were many
concerns, especially for thromboembolic side effects, the
application of TXA was proved safe and effective. Newer
published data demonstrated that TXA is safe even for
high-risk patients5. Although different modes of application of TXA have been proposed, there is no universally
accepted method5. Both intravenous and intraarticular
use of TXA is well-established routes of administration4,12,20-22. A recent meta-analysis demonstrated that the
combined intraarticular and intravenous administration
of TXA were more efficient than intravenous TXA and
control group to reduce blood loss, need for transfusion,
and drop of hemoglobin in primary TKA23. The combined TXA administration was associated with less drop
of hemoglobin compared to the local application of TXA;
however, the combined TXA and local TXA groups were
proven equally effective concerning the blood loss and
need for transfusion23. There was no significant difference between the groups as far as complications, namely
deep vein thrombosis, pulmonary embolism, and infection were concerned23.
EP is a potent peripheral vasoconstrictor causing aggregation of platelets and release of coagulation factors16.
The effectiveness of the EP to reduce blood loss following TKA is not fully elucidated19. A recent meta-analysis
showed that EP was efficient to reduce the postoperative
bleeding volume but not the postoperative hemoglobin
drop and transfusion rate19. EP should be applied intraoperatively before the tourniquet is released to maximize its
efficacy10. The intraarticular EP could also reduce hemorrhage by delaying the absorption and prolonging the
action of TXA and reducing the risk of toxicity through
several mechanisms10. A current meta-analysis16 showed
that the combined intraarticular TXA plus EP in patients

undergoing total joint arthroplasty was significantly more
effective than TXA alone in reducing blood loss, transfusion rates, and hemoglobin drift. The incidence of postoperative hematoma and deep vein thrombosis was also
similar between the groups16.
No previous studies have evaluated the efficacy of
combined intravenous and intraarticular administration
of TXA and intraarticular EP in TKA patients. Based on
the previous favorable results of studies with combined
intraarticular and intravenous TXA21 or combined intraarticular TXA and EP16 we evaluated the effectiveness and
safety of combined intravenous and intraarticular TXA
with intraarticular EP. This drug combination significantly reduced the postoperative hematocrit and hemoglobin
at the first postop day compared to the control group. Although the EP group received fewer transfusions compared to the control group, this did not reach statistical
significance. The optimal dosage and timing for TXA and
EP administration are not determined in the literature16;
the volume of locally injected TXA and EP ranges from
1-3 g and 0.25-0.33 mg, respectively. We administrated 1
g of intravenous TXA just before the incision and 500 mg
TXA and 0.6mg of EP locally intraoperatively. Another
drug combination might have different results.
Besides, no difference was found in the complication
rate between the two groups. EP has been associated with
complications such as pulmonary edema, delayed wound
healing, hematoma, and edge necrosis10. The use of TXA
has been related to deep vein thrombosis or pulmonary
embolism24. In the current study, the additional use of EP
did not increase the rate of complications. There was an
equal number of wound infections, slightly higher cases
of deep vein thromboses for the control group, and hematomas for the EP group (Table 3). Gao et al did not
report any serious complications using intraarticular EP
and TXA in TKA patents17. A recent meta-analysis also
showed that EP was efficient to reduce the postoperative
bleeding volume in total joint arthroplasties without increasing the risk of deep vein thrombosis19.
The present study has some limitations. First of all,
the control group was retrospectively formed. The determination of the necessary sample size, however, strengthens reported results. Also, the postoperative blood test
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was performed in less than 24 postoperative hours. This
may not be accurate as the “true” postop hemoglobin is
usually checked at 48 hrs. The main reason for this choice
was the belief that the drugs’ effectiveness could not be
prolonged after 24 hours. TXA inhibits fibrinolysis for
up to 17 hours by blocking the lysine binding site of plasminogen and plasminogen binding to fibrin4,10,19. As a result, no relation to the change in hemoglobin level could
be further validated. Another concern is that the used
threshold for transfusion was quite low (<9 mg/dl), and
this might have skewed the results. Current guidelines
in most European countries suggest that transfusions are
indicated when hemoglobin is below 8 g/dl; however,
this was the existing policy of our department during the
study period.
Conclusion
This study is presenting the efficacy of the combined
use of intravenous and intraarticular TXA plus EP to
diminish the drop in the postoperative hemoglobin and
hematocrit at the first postoperative day in patients undergoing TKA. Transfusions were fewer for the EP group,
without reaching significance between the groups. This
drug combination was found safe, with a low rate of complications. Results are promising; however, they are not
considered as definite to recommend the intraarticular
use of EP. Future high-level of evidence studies are certainly needed to validate reported results.
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