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Simple Summary: Tranexamic acid can be an effective and safe way to reduce perioperative bleeding
following an endoprosthetic reconstruction of a lower limb after a bone tumor resection. Tranexamic
acid does not result in a complete shutdown of the fibrinolysis, supporting its safe use without
increasing the risk of thromboembolic complications.

Abstract: Background: An endoprosthetic reconstruction in musculoskeletal oncology patients is
associated with significant blood loss. The purpose of this study is to evaluate the safety and efficacy
of tranexamic acid (TXA) for these patients and to assess any changes in their hemostatic profile
using rotational thromboelastometry (ROTEM). Methods: A retrospective observational study was
performed including 61 patients with primary or metastatic bone tumors who underwent surgery.
Group A (n = 30) received both intravenous and local TXA whereas Group B (n = 31) was the control
group. The primary outcomes were perioperative blood loss and blood unit transfusions and the
secondary outcomes included the incidence of thromboembolic complications and a change in blood
coagulability as reflected by ROTEM parameters. Results: The median difference in blood loss
between the two groups was 548.5 mL, indicating a 29.2% reduction in the 72 h blood loss following
TXA administration (p < 0.001). TXA also led to a reduced transfusion of 1 red blood cell (RBC)
unit per patient (p < 0.001). The two groups had similar rates of thromboembolic complications
(p = 0.99). The antifibrinolytic properties of TXA were confirmed by the significantly higher INTEM,
FIBTEM and EXTEM LI60 (p < 0.001, p = 0.005 and p < 0.001, respectively) values in the TXA group.
Conclusion: Tranexamic acid was associated with a significant reduction in perioperative blood loss
and transfusion requirements without a complete shutdown of the fibrinolysis. Larger studies are
warranted to assess the frequency of these outcomes in musculoskeletal oncology patients.

Keywords: endoprosthetic reconstruction; musculoskeletal oncology; tranexamic acid; rotational
thromboelastometry; blood loss; hemostasis
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1. Introduction

Extensive surgical resections and reconstructions for primary or metastatic bone
tumors are associated with considerable blood loss and increased requirements for a blood
transfusion [1–3]. Blood loss is associated with a high mortality risk, a high reoperation
rate, an increased overall length of stay and increased hospital costs especially among
anemic cancer patients [4]. Moreover, a blood transfusion is not without risks as it is
related to several adverse events such as infection and a hemolytic transfusion reaction;
therefore, several measures have been implemented in the orthopedic surgical setting to
reduce perioperative blood loss [2,5].

Tranexamic acid (TXA) is a synthetic analog of lysine that prevents fibrinolysis by
blocking the lysine binding sites on plasminogen and it has been extensively used over
the past decade in orthopedic surgeries to decrease perioperative blood loss and the
transfusion rate [6–13]. Moreover, TXA has been shown to decrease the inflammatory
response resulting in less postoperative pain, less postoperative swelling and higher patient
satisfaction scores [14,15]. TXA can also decrease the overall healthcare cost due to shorter
hospital stays and fewer transfusions [15,16]. Although there is a long-standing concern
about TXA-induced hypercoagulability that may increase the risk for postoperative venous
thromboembolism (VTE), there are multiple studies even in high-risk patients supporting
its safe use [5,16–20].

Rotational thromboelastometry (ROTEM) is a laboratory viscoelastic method that
assesses clot dynamics from the clot formation to the clot breakdown and fibrinolysis. There
are two main differences between conventional coagulation tests such as prothrombin
time (PT) and viscoelastic tests: viscoelastic tests are performed on whole blood specimens
whereas conventional tests are performed on plasma specimens. Second viscoelastic tests
provide a dynamic analysis from the clot formation to the clot lysis whereas conventional
tests evaluate only the initial steps of the coagulation mechanism until thrombin generation.
Therefore, a ROTEM analysis could be used to monitor changes in blood coagulability such
as hypofibrinolysis in those patients who receive TXA [21]. Several different ROTEM tests
have been developed, focusing on different components of coagulation. An EXTEM assay
evaluates the extrinsic pathway of coagulation using thromboplastin whereas an INTEM
assay evaluates the intrinsic pathway using a contact activator. A FIBTEM assay assesses
the fibrinogen activity through the activation of the extrinsic pathway but in the presence
of a platelet function inhibitor.

The purpose of this study is to evaluate the impact of TXA on perioperative blood
loss, transfusion requirements and the venous thromboembolism rate following a tu-
mor resection and an endoprosthetic reconstruction in musculoskeletal oncology patients.
Moreover, it will evaluate the pattern of hemostatic alternations in these patients using a
ROTEM analysis.

2. Materials and Methods
2.1. Study Design

This was a retrospective observational study performed at the Department of Orthope-
dic Surgery at Attiko General University Hospital from June 2019–June 2020. The inclusion
criteria were patients with primary or metastatic bone tumors who underwent a resection
and an endoprosthetic reconstruction of the proximal femur, distal femur and proximal
tibia. Patients with congenital or acquired coagulopathy, severe renal or liver insufficiency,
previous thromboembolic complications and who received perioperative plasma products
were excluded. The study was approved by the Institutional Review Board of the hospital
(Ref. Number: 2020/535). Patients were divided into two groups, with or without the
administration of TXA, based on the surgeon’s preference. All procedures were performed
by two surgeons (V.A.K. and P.J.P.). The control group patients did not receive TXA. For
the patients in the TXA group, no tourniquet control was applied and a bolus intravenous
dose of TXA (1.5 g per 90 kg patient) was administered after the induction of the anesthesia.
A second dose (1.5 g per 90 kg patient) was locally delivered, after skin closure, through
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the draining tubes. The draining tubes were connected to negative pressure bottles. The
draining tubes remained closed for 2 h after the local administration of TXA. The draining
tubes were removed between the third and fifth postop day in all patients of both study
groups. The method of TXA application was consistent in all patients in the TXA group.

Postoperatively, all patients received low molecular weight heparin (LMWH) for
thromboprophylaxis as many of these patients had received preop chemotherapy. A red
blood cell (RBC) transfusion was indicated for hemoglobin levels <8 gr/dL or if there were
signs of hemodynamic instability/anemia. The collected data included demographics,
tumor characteristics, surgical parameters such as resection length and laboratory results.
All patients had a minimum of 2-week, 6-week and 12-week follow-up appointments. The
primary outcome of the study was the efficacy of TXA as evaluated by a reduction in
perioperative blood loss. Secondary outcomes included the safety of TXA based on the
incidence of thromboembolic complications and changes in the coagulation profile of these
patients due to TXA as reflected by the ROTEM parameters.

2.2. Efficacy and Safety

Perioperative blood loss was determined based on: (i) a drop in hemoglobin levels in
the first 72 h, (ii) the number of transfused red blood cell (RBC) units and (iii) 72 h total
blood loss as calculated by the Hemoglobin Balance method, which is a reliable and accurate
method of calculating bleeding taking into account various parameters [22]. Regarding
safety, patients were monitored for the development of VTE events (pulmonary embolism
and deep vein thrombosis) for 3 months following surgery. Pulmonary embolisms and deep
vein thromboses were diagnosed with a CT angiography and venous Triplex, respectively,
in symptomatic patients.

2.3. Hemostatic Profile

Conventional laboratory assays such as a platelet (PLT) count, prothrombin time (PT)
and activated partial thromboplastin time (APTT) were recorded. A ROTEM analysis was
also performed for these high-risk procedures as part of an investigation protocol for the
coagulation profile of high-risk patients in our hospital. Blood samples were collected for
each patient at two perioperative times: preoperatively and postoperatively on the day of
surgery. For the ROTEM analysis, a citrated whole blood sample was analyzed in a ROTEM
analyzer (ROTEM delta, Tem Innovations GmbH, Munich, Germany) within 90 min of the
blood draw as formerly described [23]. The ROTEM analysis included EXTEM, INTEM
and FIBTEM assays. The following ROTEM parameters were measured: clotting time (CT,
seconds), the time from the start of the analysis until a clot formation of 2 mm in amplitude
was reached, clot formation time (CFT, seconds), the time from CT (amplitude of 2 mm)
until a clot firmness of 20 mm was reached, amplitude (recorded at 10 min (A10, mm)),
maximum clot firmness (MCF, mm), the percentage of lysis representing the maximum
fibrinolysis and the lysis index at 60 min (LI60, %), which is the percentage of the remaining
clot stability in relation to the MCF following the 60 min observation period after CT that
indicates the speed of fibrinolysis.

2.4. Statistical Analysis

The statistical analysis included descriptive statistics of patients for baseline demo-
graphics, surgical parameters, parameters regarding perioperative blood loss and labo-
ratory results. Data were presented as means ± standard deviations (SD), medians and
interquartile ranges (IQR) or percentages when appropriate. These variables were com-
pared between the two study groups using the non-parametric Wilcoxon rank sum test
and the chi-squared test when appropriate. Moreover, the correlation between the ROTEM
parameters and perioperative blood loss was evaluated by the non-parametric Spearman’s
rank test. A Spearman’s rho of <0.20 indicated a very weak correlation, 0.21 to 0.40 a weak
correlation, 0.41 to 0.60 a moderate correlation, 0.61 to 0.80 a strong correlation and >0.81 a
very strong correlation. A multivariable linear regression analysis adjusted for age, gender,
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body mass index (BMI), resection type (proximal femur vs. distal femur vs. proximal
tibia) and resection length was performed in order to assess whether the administration of
TXA was significantly associated with changes in perioperative blood loss, the number of
transfusions per patient and hypofibrinolysis as evaluated by the ROTEM values. STATA
version 15.0 (Stata Corp., College Station, TX, USA) software was used for the statistical
analysis. For all tests, a p-value lower than 0.05 indicated a statistical significance.

3. Results

A total of 71 patients were initially reviewed. Four patients did not meet the inclusion
criteria and were excluded from the study because of previous VTE events or coagulopathy.
A total of 67 were included, 34 in the control group and 33 in the TXA group. One
patient who was lost to follow-up and two patients who received fresh frozen plasma
were excluded from the control group. One patient who died in the TXA group and
two patients who received fresh frozen plasma were also excluded from the TXA group.
The final analyzed cohort of patients consisted of 61 patients comprising 30 patients in
the TXA group and 31 patients in the control group. The median age of patients in the
TXA group was 60 (interquartile range (IQR), 39–67) and the median age of patients in
the control group was 39 (IQR, 28–56; p = 0.058). The most common diagnosis was a
metastatic carcinoma (33.3%) in the TXA group whereas it was an osteosarcoma in the
control group (48.3%). The tumor was located in the proximal femur in 12 (40%) patients of
the TXA group vs. 11 (35.4%) patients of the control group, in the distal femur in 15 (50%)
patients of the TXA group vs. 17 patients of the control group and in the proximal tibia
in 3 (10%) patients of the TXA group vs. 3 (9.6%) patients of the control group. The two
groups did not significantly differ regarding the preoperative diagnosis or the location of
the tumor (p > 0.05; Table 1). The median resection length in the TXA group was 16 cm
(IQR, 15–18 cm) and in the control group it was 17.0 cm (IQR, 15–18 cm; p = 0.81). The
demographics and clinical parameters of the study population are summarized in Table S1
and Table 1. The median preoperative Hb was 11.2 g/dL (IQR, 10.5–12.2 g/dL) in the TXA
group and 11.7 g/dL (IQR, 10.8–12.0 g/dL) in the control group (p = 0.79). The median
preoperative PLT counts in the TXA group and the control group were 266.0 × 103/mL
(IQR, 229–326 × 103/mL) and 284.5 × 103/mL (IQR, 212–357 × 103/mL), respectively
(p = 0.62) and the median preoperative PT was 11.5 s (IQR, 10.8–13.2 s) in the TXA group
and 11.8 s (IQR, 11.1–12.6 s) in the control group (p = 0.83). The conventional preoperative
laboratory values are presented in the Supplementary Table.

Table 1. Tumor characteristics and surgical parameters of the study population.

Parametters Total
(n = 61)

TXA Group
(n = 30)

Control Group
(n = 31) p-Value

Primary diagnosis
Osteosarcoma 24 (39.3) 9 (30) 15 (48.3) 0.14
Metastatic carcinoma 18 (29.5) 10 (33.3) 8 (25.8) 0.57
Multiple myeloma 4 (6.5) 3 (10) 1 (3.2) 0.28
Chondrosarcoma 13 (21.3) 8 (26.7) 5 (16.7) 0.31

Type of resection
Proximal femur 23 (37.7) 12 (40.0) 11 (35.4) 0.71
Distal femur 32 (52.4) 15 (50.0) 17 (54.8) 0.7
Proximal tibia 6 (9.8) 3 (10.0) 3 (9.6) 0.96

Resection length (cm) 16.5 (15.0–18.0) 16.0 (15.0–18.0) 17.0 (15.0–18.0) 0.81
Data are presented as medians and interquartile ranges (IQR) or as absolute values (percentages) when appropriate.
The non-parametric Wilcoxon rank sum test and the chi-squared test were used for the comparison between the
two groups.
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The median blood loss in the first 72 h for the TXA group was 1324.5 mL (IQR,
1104–1511 mL) vs. 1873 mL (IQR, 1711–2153 mL) in the control group (p < 0.001). Therefore,
the median difference in blood loss between the two groups was 548.5 mL, indicating a
29.2% reduction in the 72 h blood loss following TXA administration. The median number
of transfused RBC units was 2 (IQR, 1–2) per patient in the TXA group and 3 (IQR, 2–3)
per patient in the control group (p < 0.001), showing a median reduction of 1 RBC unit per
patient with TXA use. Moreover, 24 patients in the TXA group (80.0%) required transfusions
compared with all 31 patients in the control group (100.0%), resulting in a 20.0% reduction
in the transfusion incidence with TXA administration (p = 0.009). The postoperative drop
in Hb concentration was higher (p < 0.001) in the control group (median: 3.8 g/dL; IQR,
2.7–4.5 g/dL) compared with the TXA group (median: 2.4 g/dL; IQR, 2.1–2.9 g/dL).
Table 2 presents the parameters of perioperative blood loss in both groups. Moreover, the
multivariable linear regression analysis (adjusted for gender, age, BMI, type of resection
and resection length) further confirmed that the use of TXA resulted in significantly lower
perioperative blood loss (p < 0.001), a lower number of transfusions per patient (p = 0.002)
and a lower postoperative drop in Hb concentration (p = 0.013; Table 3). There was one
patient in the control group with a pulmonary embolism during the follow-up and there
were no thromboembolic complications in the TXA group (p = 0.99).

Table 2. Blood loss parameters for the two study groups.

Variables TXA Group (n = 30) Control Group (n = 31) p-Value

Total blood loss (mL) 1324.5 (1104.0–1511.0) 1873.0 (1711.0–2153.0) <0.001
PFR 1404.5 (1292.5–1565.5) 2112.0 (1898.0–2523.0) <0.001
DFR 1242.0 (1036.0–1486.0) 1834.0 (1703.0–1945.0) <0.001
PTR 1209.0 (1167.0–1321.0) 1436.0 (718.0–1901.0) 0.51

Average number of transfusions 2.0 (1.0–2.0) 3 (2.0–3.0) <0.001

Transfusion incidence 24 (80) 31 (100) 0.009

Hb drop (g/dL) 2.4 (2.1–2.9) 3.8 (2.7–4.5) <0.001
Abbreviations: PFR, proximal femoral replacement; DFR, distal femoral replacement; PTR, proximal tibial
replacement; RBC, red blood cell; Hb, hemoglobin. Data are presented as medians and interquartile ranges (IQR).
The non-parametric Wilcoxon rank sum test was used for the comparison between the two groups.

Table 3. Results of a multivariable regression analysis for the evaluation of the effect of TXA on blood
loss parameters adjusted for age, gender, BMI, resection length and type of resection (proximal femur,
distal femur, proximal tibia).

Variables
Use of TXA

Coefficient 95% CI p-Value

Perioperative blood loss (mL) −717.5 −956.6–−478.5 <0.001
RBC units transfused per patient −1.03 −1.64–−0.41 0.002
Hb drop (g/dL) −1.01 −1.78–−0.23 0.013

Abbreviations: RBC, red blood cell; Hb, hemoglobin; CI, confidence interval.

The preoperative ROTEM parameters were similar between the two groups, revealing
a similar baseline coagulation profile. Most of the postoperative ROTEM parameters were
also similar (Table 4).
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Table 4. Preoperative and postoperative ROTEM parameters of the two groups.

ROTEM Parameters Preoperative Postoperative

Control Group
(n = 31)

TXA Group
(n = 30) p-Value Control Group

(n = 31)
TXA Group

(n = 30) p-Value

INTEM CT (s) 179 (177–180) 177 (175.0–180.0) 0.07 175 (173.0–177.0) 173.5 (170.0–176.0) 0.13
INTEM CFT (s) 65.0 (63.0–70.0) 65.5 (64.0–67.0) 0.74 60 (57.0–63.0) 62 (61.0–63.0) 0.07
INTEM MCF (mm) 72 (69.0–75.0) 73 (72.0–75.0) 0.09 75 (73.0–76.0) 75 (73.0–77.0) 0.70
INTEM A10 (mm) 68.0 (66.0–70.0) 68 (66.0–70.0) 0.68 70.0 (69.0–72.0) 69.0 (68.0–70.0) 0.07
INTEM LI60 (%) 94 (92.0–96.0) 94 (93.0–96.0) 0.61 93 (93.0–94.0) 95 (95.0–97.0) <0.001
EXTEM CT (s) 64 (62.0–67.0) 65 (62.0–68.0) 0.19 63 (61.0–65.0) 64 (63.0–65.0) 0.62
EXTEM CFT (s) 50.0 (47.0–53.0) 51.0 (48.0–53.0) 0.83 49.0 (47.0–51.0) 50.0 (49.0–52.0) 0.12
EXTEM MCF (mm) 71.0 (67.0–74.0) 70.5 (68.0–74.0) 0.98 73.0 (71.0–74.0) 72 (71.0–73.0) 0.55
EXTEM A10 (mm) 63.0 (61.0–65.0) 65.0 (62.0–66.0) 0.08 65.0 (63.0–67.0) 68.0 (62.0–70.0) 0.10
EXTEM LI60 (%) 92.0 (92.0–94.0) 93 (92.0–95.0) 0.08 94.0 (93.0–95.0) 96.0 (95.0–97.0) <0.001
FIBTEM CT (s) 59.5 (57.5–62.5) 58.0 (55.5–60.5) 0.29 58.0 (57.0–59.0) 57.0 (56.0–58.0) 0.27
FIBTEM MCF (mm) 19 (17.0–21.0) 20 (18.0–21.0) 0.53 17.0 (16.0–19.0) 18 (16.0–20.0) 0.53
FIBTEM A10 (mm) 13.0 (10.0–15.0) 14.0 (13.0–15.0) 0.38 10.0 (8.0–11.0) 11.5 (10.0–12.0) 0.057
FIBTEM LI60 (%) 95.0 (91.5–96.5) 94.0 (94.0–95.0) 0.33 96.0 (95.0–97.0) 97.0 (96.0–97.0) 0.005

Abbreviations: CT, clotting time; CFT, clot formation time; A10, clot amplitude at 10 min; MCF, maximum clot firmness; LI60, lysis index
at 60 min. Data are presented as medians and interquartile ranges (IQR). The non-parametric Wilcoxon rank sum test was used for the
comparison between the two groups.

Certain postoperative ROTEM parameters significantly differed, indicating a lower
fibrinolysis activity for those patients who received TXA (Table 5). Specifically, LI60 was
significantly higher in the TXA group compared with the control group for the INTEM
(medians: 95% vs. 93%, p < 0.001), EXTEM (medians: 96% vs. 94%, p < 0.001) and FIBTEM
(medians: 97% vs. 96%, p = 0.005) assays (Figure 1). However, TXA use did not result in a
fibrinolysis shutdown, which has been defined as EXTEM LI60 values ≥98% [24–28].

Table 5. Altered postoperative ROTEM parameters between the two groups.

ROTEM Parameters Control Group (n = 31) TXA Group (n = 30) p-Value

Postoperative INTEM LI60 (%) 93 (93.0–94.0) 95 (95.0–97.0) <0.001
Postoperative EXTEM LI60 (%) 94.0 (93.0–95.0) 96.0 (95.0–97.0) <0.001
Postoperative FIBTEM LI60 (%) 96.0 (95.0–97.0) 97.0 (96.0–97.0) 0.005

Abbreviations: LI60, lysis index at 60 min. Data are presented as medians and interquartile ranges (IQR). The
non-parametric Wilcoxon rank sum test was used for the comparison between the two groups.

The multivariable linear regression analysis (adjusted for gender, age, BMI, type of
resection and resection length; Table 6) further confirmed that TXA administration resulted
in a significantly higher INTEM LI60 (p = 0.001), EXTEM LI60 (p < 0.001) and FIBTEM
LI60 (p = 0.010). Perioperative blood loss was weakly correlated with lower INTEM
LI60 (rho = −0.38, p = 0.002) and lower FIBTEM LI60 (rho = −0.36, p = 0.003) values and
moderately correlated with a lower EXTEM LI60 (rho = −0.41, p = 0.001).

Table 6. Results of a multivariable regression analysis for the evaluation of the effect of TXA on the
ROTEM parameters adjusted for age, gender, BMI, resection length and type of resection (proximal
femur, distal femur, proximal tibia).

Variables Use of TXA

Coefficient 95% CI p-Value

INTEM LI60 (%) 2.26 0.98–3.55 0.001
FIBTEM LI60 (%) 0.90 0.22–1.58 0.010
EXTEM LI60 (%) 1.99 1.06–2.91 <0.001

Abbreviations: LI60, lysis index at 60 min; CI, confidence interval.
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4. Discussion

The application of TXA in the orthopedic surgical setting has gained ground over
the past years. This is the first study to evaluate the intravenous and local use of TXA
following a tumor resection and an endoprosthetic reconstruction and it is also the first
study to use a viscoelastic assay to assess the hemostatic profile of these patients in order
to provide a more detailed insight on the effect of TXA on the coagulation mechanism. Our
study showed that TXA significantly reduced perioperative blood loss by 29.2% in the first
72 h and also resulted in a 20% reduction in the transfusion rate. The antifibrinolytic effect
of TXA that resulted in blood loss reduction was depicted by the results of the ROTEM
analysis according to which the significantly higher LI60 values in TXA patients indicated
a marked reduction of the clot breakdown. Additionally, TXA did not result in a higher
rate of thromboembolic complications. A possible explanation for this can be also given
by the results of the ROTEM analysis. Although a lower fibrinolytic activity was evident
in TXA patients, these patients did not develop a fibrinolysis shutdown (based on the
ROTEM-determined definition), which has been associated with an increased risk for a
deep vein thrombosis in orthopedic surgery [29]. Moreover, patients who received TXA
were not in a higher prothrombotic state compared with the control group, as shown by
the similar A10 and MCF values between the two groups, which may further explain why
TXA was not associated with increased VTE events.

Although ample research has been conducted regarding the safety and efficacy of
perioperative TXA in patients undergoing a hip or knee arthroplasty, there is a lack of
evidence regarding its use in certain high-risk patients such as oncology patients. Nonethe-
less, despite the lack of literature to support its use in this cohort of patients, several
surgeons within the musculoskeletal oncology community use TXA for these high blood
loss procedures [1]. Whiting et al., in a cohort of 402 high-risk patients for thromboembolic
complications who underwent total joint replacements, found that the intravenous admin-
istration of TXA did not result in a significantly higher VTE rate [19]. In the largest study so
far, including high-risk patients for a postoperative venous thromboembolism, the safety
of TXA was evaluated in 8877 patients who underwent a hip or knee arthroplasty [18].
The authors of this study also found that high-risk patients who received TXA had no
statistically significant difference in the odds of developing VTE events compared with
those who did not receive TXA. Haase et al. investigated TXA use in 90 cancer patients who
underwent bone tumor resections and endoprosthetic reconstructions. However, there was
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no assessment of the coagulation profile in the patients included in this study [1]. Patients
who received TXA experienced a 36% reduction in the 72 h calculated mean blood loss; the
average blood transfusions decreased by 0.45 RBC units per patient in the TXA group and
the transfusion incidence decreased by 21.1%. It is noteworthy, however, that despite the
similar rates of blood loss reduction, our patients received both local and intravenous TXA
whereas patients in that study received only local intraarticular TXA. The similar rates of
blood loss reduction despite the different routes of TXA administration between the two
studies may be attributed to the fact that although Haase et al. conducted a larger study
with more patients, their results were not adjusted for confounding factors. Therefore,
larger randomized controlled studies are needed to evaluate the impact of the intravenous
use of TXA on blood loss reduction in these clinical settings.

The application of viscoelastic methods to identify and monitor changes in the hemo-
static profile of patients receiving TXA has been evaluated in only a few studies and never
before in musculoskeletal oncology patients. Wu et al. evaluated the results of TXA using
thromboelastography (TEG) in 359 patients who underwent a total hip or a total knee
arthroplasty by comparing a multiple dose and a single dose of TXA [30]. Patients with
multiple doses had a significantly shorter R time and a TEG parameter similar to the
CT in the ROTEM method whereas all other TEG parameters and conventional coagula-
tion parameters were similar. The incidence of VTE events was also similar for the two
groups. The authors recommended multiple doses in clinical practice as they stated that
while multiple doses are related to an aggravated hypercoagulable state compared with
a single dose, they did not provoke thromboembolic complications when an appropriate
thromboprophylaxis was used. In another study, Xu et al. also used TEG to evaluate the
dynamic changes in blood coagulation of patients who underwent THA following TXA
administration [31]. The authors enrolled 207 patients and compared no use with the local
and intravenous administration of TXA. The local TXA administration did not affect the
TEG parameters whereas the intravenous TXA administration significantly affected the
TEG parameters, resulting in lower R and K times and in a higher maximum amplitude
(MA) and angle values indicating a hypercoagulable state. However, the rates of the VTE
events were similar among the three groups. Although the authors of this study found that
intravenous TXA promoted clot formation (a significant decrease in R and K times) and
increased clot strength (a significant increase in the α angle and MA), they did not mention
any effect on the fibrinolytic parameters although fibrinolysis is the main component of
hemostasis that TXA affects. As opposed to the results of this study, we showed that
although TXA affected fibrinolysis, clot formation and clot strength were not affected. Our
results are in line with the literature regarding the clinical safety of TXA use as the similar
risk for thromboembolic complications with or without TXA may be related to the fact that
TXA does not result in a prothrombotic state.

There are a few limitations of our study that are worth mentioning. First, the number of
participants in our study was relatively small; therefore, larger studies are needed to reach
definite conclusions regarding the efficacy and safety of TXA in musculoskeletal oncology
patients. However, due to the lack of relevant data in the literature, the results of our study
are valuable to surgeons within the musculoskeletal oncology community. Second, this was
a retrospective study and our patients were not randomly assigned into the two groups.
This has the risk of heterogeneity between the two study groups and certain covariates
such as resection length or BMI can confound the relationship between TXA use and blood
loss or between TXA use and the ROTEM parameters. However, the two groups had
similar preoperative demographics and laboratory values and, in addition, we performed
a regression analysis to adjust the evaluation of these relationships for several covariates.
Last, the measurement of TXA levels (or its metabolites) in blood and an evaluation of the
relationship between different TXA blood levels and the coagulation/hematological profile
of the patients was not performed. This would be valuable as it would allow us to define
the dose of TXA that results in an ideal risk–benefit equilibrium.
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5. Conclusions

In conclusion, the results of this pilot study indicate that the use of TXA in bone
tumor resections and an endoprosthetic reconstruction of proximal femur, distal femur
and proximal tibia is a safe and effective measure to reduce perioperative blood loss
and transfusion requirements. The antifibrinolytic mechanism of the action, which is
responsible for this reduction, was further confirmed by the ROTEM parameters. Most
important, the results of the ROTEM analysis showed that although TXA administration
resulted in a lower fibrinolytic activity, it did not lead to fibrinolysis shutdown and also the
clot firmness was not affected. The latter ROTEM results may explain why TXA did not
increase the risk for VTE events, supporting its safe use.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
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