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Abstract

Objectives: This study aims to clarify the role of prophylactic TXA
on blood loss and transfusion requirements in a subgroup of trauma
patients undergoing major orthopaedic surgery on a non-urgent ba-
sis.

Study design: This is a retrospective cohort study.
Setting: Tertiary University Hospital of Crete (2017-2018)

Patients/participants: Polytrauma patients who underwent de-
layed major orthopaedic surgery

Main outcome measurement: Significant haemorrhage occur-
rence in relation to TXA administration. In a subgroup of patients
Rotational Thromboelastometry (ROTEM) was used to reveal their
haemostatic profile prior to TXA administration.

Methods: Data from anaesthetic and ICU records were analyzed
regarding age, sex, body mass index, ASA physical status, Injury Sever-
ity Score, Caprini Score, intraoperative blood loss, number of packed
red blood cells units transfused, volume of crystalloids administered,
operation duration, preoperative and postoperative haemoglobin
values, and days from hospital admission to surgery. ROTEM analysis
in a subgroup of patients revealed their haemostatic profile prior to
TXA administration.

Results: Twenty five out of 46 patients received prophylactic TXA
treatment. After adjustment for confounding factors, the odds ratio
for the composite endpoint for prophylactic TXA (n=25) vs no TXA
(n=21) was 1.27 (95% confidence interval, Cl 0.39-4.16). Propensity
matched analysis confirmed the absence of a difference between
patients with and without TXA. In all patients analyzed with ROTEM
normal or hypercoagulable status was revealed.

Conclusions: In trauma patients undergoing major orthopaedic
surgery more than 12 hours after the initial injury, TXA has no effect
on blood loss and transfusion requirements.
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7 Introduction

Major haemorrhage during orthopaedic surgery is a cause of
perioperative morbidity and mortality [1]. Tranexamic Acid (TXA),
a lysine derivative, exerts its action by competitively occupying
the lysine binding site of plasminogen, thereby blocking interac-
tion with fibrin and subsequent clot breakdown [2]. TXA reduc-
es perioperative blood transfusion in elective and emergency
surgery [3,4], including elective orthopaedic procedures [5,6].

When considering administering TXA the main questions to
be answered are which patients will benefit, when is the best
time and whether blind or goal-directed administration should
be preferred.

Even though CRASH-2 trial showed a survival benefit after
traumatic haemorrhage, TXA’s efficacy in trauma was chal-
lenged by thereafter studies and Cole et al suggested TXA only
in severely injured, shocked trauma patients [7-9].

Trauma patients are prone to thrombotic events, with DVT
rates approaching 60%, supporting the reluctance to use TXA in
orthopaedic trauma patients [10]. However, it has been shown
that orthopaedic trauma patients have a 0.4%—7.5% increased
risk of fatal pulmonary embolism compared to patients un-
dergoing arthroplasty [11]. Furthermore, Cole et al found that
Venous Thromboembolism (VTE) was more common in more
severely shocked patients who received TXA, with a fourfold in-
crease in thromboembolic events in this group [9].

Another unresolved issue is the best time to administer TXA.
CRASH-2 showed reduced haemorrhage mortality when TXA
was administered within 3 hours of injury [7,8]. TXA increased
the risk of mortality when administered after 3 hours [7,8,12].
The time-dependent effectiveness of TXA in trauma patients
was recently confirmed in a cell-based model [13,14].

Whether blind or goal directed TXA administration is justi-
fied in trauma patients undergoing delayed surgery is another
unanswered question. The pathophysiology of Traumatic In-
duced Coagulopathy (TIC) is not yet elucidated. Dysregulated
fibrinolysis is one of many hemostatic abnormalities in the
bleeding trauma patient [15]. Patients with normal levels of fi-
brinolysis have the lowest mortality [16,17], while hyperfibri-
nolysis or fibrinolysis inhibition are associated with increased
mortality [17].

The aim of this retrospective study was to investigate wheth-
er the prophylactic TXA administration in trauma patients un-
dergoing orthopaedic surgery after 12 hours from initial injury
was associated with less blood loss and transfusion rates. The
impact of Rotational Thromboelastometry (ROTEM) in clarifying
the hemostatic profile of patients and its contribution on the
decision about TXA administration was also studied.

Materials and methods
Design and study population

A retrospective cohort study among trauma patients who
underwent non-emergency major orthopaedic surgery (>12
hours from admission) was performed. The study was ap-
proved by the Ethical Committee and the institutional review
board of the University Hospital of Heraklion (Approval number,

304/9/24-7-2019). Because of the retrospective design of the
study, the need to obtain informed consent was waived by the
ethics committee.

Data were collected from medical notes of trauma patients
admitted to the University Hospital of Heraklion during one-
year period (January 1st, 2017, to January 1st, 2018). Trauma
patients >18 years old who underwent major orthopaedic sur-
gery >12 hours from admission to the Emergency Department
(ED) were included in the study. Data from anaesthetic charts
and intensive care unit records were analyzed regarding age,
sex, weight, height, Body Mass Index (BMI), ASA physical status,
Injury Severity Score (ISS), Caprini Score, intraoperative blood
loss, number of packed red blood cells (pRBC) units transfused,
volume of crystalloids administered, duration of operation, pre-
operative and postoperative Haemoglobin (Hb) values and days
from hospital admission to surgery. Blood loss was measured
by weighing gauzes and the use of a collector bag and suction
system in the operating theatre. The design of the study did not
allow information on possible side effects of TXA treatment.

Surgery was defined as “Urgent” if the patient’s vital signs
were stable, but the surgical problem could deteriorate signifi-
cantly if left untreated for >24 hours. Otherwise, the surgical
problem was considered non-critical, and the patient was ad-
mitted and scheduled for surgery within the following 15 days.
Patients with severe trauma were transferred to ICU after be-
ing resuscitated in the ED for stabilization before surgery. Major
orthopaedic surgery included pelvic reconstruction for pelvic
and acetabular fractures, spine reconstruction for fractures and
dislocations and operations for hip and femoral fractures [18].

Since there is no universal definition of critical intraopera-
tive haemorrhage, haemorrhage was defined as “significant”
when >2 pRBCs were transfused in a 2-hour period. The risk of
venous thromboembolism was assessed using the Caprini risk
score and the American College of Surgeons (ACS) National Sur-
gical Quality Improvement Program (NSQIP) Surgical Risk score
[19,20]. The effect of tranexamic acid was compared between
patients who received TXA early prior to surgical incision (TXA
group) and patients who did not receive TXA (control group).

The primary outcomes were intraoperative blood loss and
amount of transfused blood units (pRBCs). The following pa-
rameters were pre-defined as possible confounders of the as-
sociation of tranexamic acid administration and primary out-
comes: patient’s age, weight, height, BMI, ASA physical status,
Injury Severity Score, preoperative Hb value, volume of fluids
administered and duration of operation.

In a subgroup of patients rotational thromboelastometry
(ROTEM, delta device; Tem Innovations GmbH, Munich, Germa-
ny) was used to define the hemostatic profile of the patient and
guide the decision for tranexamic acid administration. Unlike
conventional, plasma-based tests, viscoelastic assays quantify
whole-blood clot formation and degradation and can identify
hypercoagulability as well as fibrinolysis shutdown [21,22].

Extrinsic, fibrin based and intrinsic thromboelastometry
(EXTEM, FIBTEM, INTEM) was performed on a blood sample
to assess clot function. Parameters measured included clot-
ting time (CT; the time from the start of the test to initial clot
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formation; normal range, 42-74 seconds), alpha angle (a; the
slope of the tracing, which represents the rate of clot forma-
tion; normal range, 63-81 degrees), and maximum clot firmness
(MCF; the greatest amplitude of the tracing, which illustrates
clot strength; normal range, 49-71 mm). MCF in EXTEM reflects
platelet-fibrin interactions, a component involved in both clot
formation and degradation, and has been shown to correlate
with hypercoagulability in trauma and other surgical popula-
tions [21]. Patients were classified as hypocoagulable (MCF<49
mm), normocoagulable (MCF 49-71 mm), or hypercoagulable
(MCF>71 mm). Maximum clot firmness greater than 71 mm has
been associated with thromboembolic events in another series
[22].

The difference between the MCF and the lowest clot ampli-
tude after MCF is reached, is defined as maximum lysis (ML, %)
and is used to measure fibrinolysis [21]. In a recent study an
EXTEM ML value <3.5% had the best Youden index (J = 0.19) to
define fibrinolysis shutdown [23].

In this subgroup of patients with ROTEM analysed blood
samples, emphasis was given on assessing which patients were
hypercoagulable (MCF>71 mm) or had fibrinolysis inhibition
(ML <3.5%). The patient’s hemostatic profile integrated with an-
esthesiologist’s clinical judgement guided the decision for TXA
prophylactic administration.

Statistical analysis

Descriptive statistics were used to report patient character-
istics and outcomes. Logistic and linear regression models were
used to assess the relationship between outcomes and early
vs no tranexamic acid administration. The multivariate models
were adjusted for measured pre-defined confounders based on
observed differences between the comparison groups.

The discrete variables were expressed in terms of frequency
and % frequency while continuous ones with mean and stan-
dard deviation. The independent samples t-test was used to find
mean differences between two discrete groups. Chi-square test
(x?) was used to test the correlation of two discrete variables.
All analyses and graphical representation of the data were done
with Microsft Excel and IBM SPSS statistics 24.0 software. The
statistic acceptance threshold was set at a=0.05.

We observed that patients with a blood loss >900 ml were
more likely to be transfused and assuming that a decrease of
30% is significant, it was estimated that 15 patients per group
with a 5% confidence level and a 30% confidence level [1-B]
were required.

Results
Patient characteristics

This cohort study included 46 trauma patients who under-
went major orthopaedic surgery: spine reconstruction (n=25),
pelvic surgery (n=12) and hip or femoral fracture operations
(n=9). The study group comprised of 25 patients who received
a bolus of tranexamic acid prior to the surgical incision (TXA
group). There were no differences in demographic characteris-
tics among patients in control and TXA groups (Table 1). Most
patients (60.8%) were classified as ASA 3 or 4 status. More than
half of ASA 3 or 4 patients received TXA compared to only 38.8%
of ASA 1 or 2 patients.

No differences were noted between the 2 groups regarding
ISS score, pre-operative Hb, post-operative Hb, time delay from

admission to surgery, duration of operation, volume of crystal-
loids administered and Caprini score (Table 1). The most com-
mon co-injuries were pneumothorax, chest wall fractures and
lung contusions. Most patients (84.7%) had high venous throm-
boembolism risk (4-10%) as calculated by the ACS NSQIP Surgi-
cal Risk score, while 91% of patients and Caprini Score >5. Ap-
proximately one third of patients were operated after 12 hours
(36.95%), whereas a delay >10 days was observed in 23.91%.
Figure 1 shows the percentage of patients and the time delay
from initial ED admission to surgery.

Significant haemorrhage and patient characteristics

Significant haemorrhage was defined as the need to trans-
fuse 22 pRBCs over a period of 2 hours. Nineteen patients (41%)
had significant haemorrhage in the operating theatre. No as-
sociation with age, weight, height or BMI was observed (Table
2). The amount of blood loss was significantly higher in the
group with significant haemorrhage (1291 + 679.9 mls vs 426.7
+365.4 mls, p=0.001). No difference was noted on preoperative
Hb value between groups, whereas a slightly lower postopera-
tive Hb was observed in the group of patients with significant
haemorrhage requiring transfusion (Table 2). Significant haem-
orrhage was not associated with time delay from initial admis-
sion to surgery or duration of operation (Table 2). Patients with
significant haemorrhage had a higher Caprini score (18.7 + 4.3
vs 12.7 £ 5.6, p=0.001). Trauma severity, assessed by ISS score,
was not associated with the presence of significant haemor-
rhage (Table 2).

Tranexamic acid administration and primary outcome

The dose of TXA ranged from 1 to 2 g and was administered
as a bolus prior to surgical incision. Significant haemorrhage did
not differ between TXA and control groups (p=0.685, Figure 2).
Furthermore, no significant statistical difference was observed
in blood loss among patients, as the mean total blood loss was
926.5 ml £ 697.8 mlin the TXA group and 615ml+£627.2ml in the
control group (p=0.182). Transfusion was required in 56.5% of
all patients. Most of the transfused patients (38.4%) underwent
spine surgery, followed by pelvic reconstruction surgery (34.6%)
and hip-femoral surgery (26.9%). Most transfused patients
(76.92%) required > 2 pRBCs while the amount of pRBCs trans-
fused ranged from 1 to 10 (average number 3 units of pRBCs).

Use of rotational thromboelastometry (ROTEM) in a sub-
group of patients

In 14 out of the 46 patients, ROTEM was used to demon-
strate the coagulation phenotype and guide the decision for
TXA administration. ROTEM revealed either hypercoagulable
state or normal coagulation and TXA was not administered in
any of these patients. Eight patients (57%) were hypercoagu-
lable, as defined by Maximum Clot Firmness (MCF) >71 mm in
EXTEM [21], while six patients (42.85%) had a normal coagula-
tion temogram (Table 3). The temograms (EXTEM, FIBTEM, IN-
TEM) of a patient operated within 24 hours are presented in
Figure 3, revealing a hypercoagulable state. Despite the high
hemorrhagic risk of the procedure, TXA was not administered
prophylactically.

None of the 14 patients had hyperfibrinolysis as defined by
Maximal Lysis (ML) >15% 60 min after clot formation. 50% of
the patients analyzed with ROTEM demonstrated a phenotype
of fibrinolysis inhibition (shutdown) as defined by EXTEM ML<
3.5% [23]. ASA physical status 3 or 4 was associated with fibri-
nolysis shut down (p=0.03).

www.jcimcr.org

Page 3



No demographic parameter was associated with hyperco-
agulability according to EXTEM MCF (Table 3). In patients with
hypercoagulability the mean delay time from initial ED admis-
sion to surgery was 5 days (5.1 + 4.9 days).
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Figure 1: Percentage (%) of patients and time of surgery from initial
\admission to Emergency Department (ED). /

4 N

16 u Control

1
14 TXA Group

Number of patients

NO YES

Significant Hemorrhage

Figure 2: Significant haemorrhage in TXA and Control groups
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Figure 3: Temograms of a patient who underwent cervical spine
fixation within 24 hours from ED admission. EXTEM MCF > 71mm
(A) suggested hypercoagulability of the patient. Tranexamic acid
was not administered prophylactically, and no blood loos was no-
ticed intraoperatively.

(A): EXTEM temogram, for assessment of the extrinsic pathway.
Maximum Clot Firmness (MCF) is the greatest vertical amplitude of
the trace, reflecting the absolute strength of the fibrin and platelet
clot (Reference values: 50-72mm).

(B): INTEM temogram, for assessment of the intrinsic pathway.
MCF value >72 mm is noted, indicating formation of a strong clot.
(C): FIBTEM temogram shows isolated fibrinogen contribution to
clot firmness. Maximum Clot Firmness of 33 mm is above refer-
\ence values (9-25 mm), indicating high levels of fibrinogen. )

<Table 1: Patients’ characteristics in the control and study (TXA) group.

Control group TXA group
n mean £ SD n mean + SD p (t-test)
Age (yr) 21 52.6+16.1 25 49.4 £20.2 0.564
Weight (kg) 20 829+16.9 24 78.4+23.6 0.482
Height (cm) 20 1.7+0.1 24 1.7+£0.1 0.320
BMI (kg/m?) 20 29355 24 26.2+5.4 0.064
Caprini Score 20 14.7+6.3 25 15456 0.695
Blood loss (mls) 10 1 615.0%£627.2 17 926.5+697.8 0.257
Pre-operative Hb (g/dl) 17 11.5+2.2 25 124+2.1 0.219
Post-operative Hb (g/dl) 14 9.6%1.0 19 10416 0.122
Days from ED admission to surgery 21 7.4%6.5 25 5.8%+4.2 0.325
ISS score 15 20.6+8.5 20 23.1+£10.2 0.446
Duration of operation (hours) 21 3.64 £ 1.96 25 4+1.62 0.508
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“/ Table 2: Patients with and without significant hemorrhage. As- \‘
\sociation with characteristics of the patient and the procedure.

Significant Haemorrhage
No Yes
n mean+tSD | n mean+SD | p (t-test)
Age 27 | 50.5+17.7 19| 51.4%19.7 0.872
Weight (Kg) 26 76.6+195 18 859#21.7 0.142
Height (cm) 26 1.7+01 18 1701 0.148
BMI (Kg/m2) 26 269%52 18 28.6%6.2 0.346
Caprini Score 27 12.7+56 | 18 18.7+43 <0.001
Blood loss 15 426.7+365.4 12 1291.7+679.9 <0.001
Preoperative Hb (g/dl) | 26 = 12.5x2.0 |16 11.4+23 0.110
Postoperative Hb (g/dl) | 21 = 10.5%1.3 |12 9.2+1.2 0.008
Significant Haemorrhage
No Yes
n mean+SD | n mean+SD | p (t-test)
Days after trauma 27 59+5.0 19 7.6+59 0.303
ISS score 19 21.1+85 |16 23.2+10.6 0.513
Duration of operation
(hours) 27 | 3.42+1.86 |18 447+15 0.053
Discussion

The present study examined the effectiveness of TXA in trau-
ma patients undergoing major orthopaedic surgery 12 hours af-
ter initial ED admission. Our findings showed that TXA did not
affect blood loss and transfusion requirements. In the subgroup
of patients assessed with ROTEM, fibrinolysis shutdown and hy-
percoagulability were the most prevalent phenotypes.

The present study has several limitations. First, it was a non-
randomized, retrospective, cohort, single-center study, so there
may have been selection and/or surveillance bias. Second, a ma-
jor consideration was the definition of significant intraoperative
haemorrhage. In the literature, massive haemorrhage is defined
either as blood loss exceeding Circulating Blood Volume (CBV)
within 24-hours, or blood loss of 50% of CBV within a 3-hour pe-
riod, or blood loss >150 ml/min, or blood loss that necessitates
plasma and platelet transfusion [25]. However, critical haemor-
rhage can occur even when these criteria are not met. Factors
other than volume or speed of blood loss can threaten surgical
patients, such as co-morbidities, preceding anemia and delay
of blood transfusion [26]. Therefore, haemorrhage severity was
assessed as means of transfusion intensity. Significant haemor-
rhage occurred when administration = 2 pRBCs within 2 hours of
operation was required.

A third challenge was detection of “occult” hyperfibrinolysis,
where pathologic active fibrinolysis at a local injury level fails
to extend into the circulation remaining undetectable by VHAs
[10]. Raza et al compared results from ROTEM with other fibri-
nolysis assay methods and found that the majority of patients
with ongoing fibrinolysis were not identified by ROTEM [26].
The literature supporting TXA-guided therapy based on hyperfi-
brinolysis measure by VHAs remains unclear [10]. In the future,

combination of VHAs with multichannel microfluidic ex vivo re-
capitulation studies will reflect more accurately the hemostatic
derangements in trauma [27].

Lastly, the retrospective nature of this study prevents in-
depth understanding of the incidence of venous thrombotic
events. Better knowledge of any association of TXA with VTE
requires a prospective study.

TXA has been widely advertised as saving lives after trau-
matic haemorrhage in CRASH-2, MATTERs, and PED-TRAX tri-
als [7,10,28,29]. CRASH-2 trial showed a survival benefit but
no reduction in blood loss and transfusion rates [7]. Thereafter
non-randomized controlled trials provided conflicting evidence
regarding the efficacy of TXA on a broad spectrum of trauma
patients who showed a benefit in CRASH-2 study [8,9,10,30].

Traumatic Induced Coagulopathy (TIC) is now regarded a
complex endogenous response to tissue injury and hypoper-
fusion. The underlying mechanisms include from early critical
deficits of fibrinogen and other clotting factors to endotheliopa-
thy and excessive fibrinolysis [31-34]. The balance between clot
formation and degradation, that normally serves to stop haem-
orrhage while preventing microvascular thrombosis, is disrupt-
ed. As the balance is restored, patients can shift in a continuum
between hypo- and hyper-coagulable states over time. Further-
more, in orthopaedic surgery it has been shown that endotheli-
al cells synthesize and release plasminogen activator inhibitor-1
(PAI-1) in response to an unknown plasma mediator [10].

While the discussion around TXA primarily focuses on hy-
perfibrinolysis, in fact, the predominant pattern seen with vis-
coelastic hemostatic assays (VHAs) in severely injured trauma
patients is fibrinolysis shutdown [17]. It must be noted that
acquired fibrinolysis resistance between 4 and 12 hours after
injury is not associated with increased morbidity and represents
a physiologic response to injury and recovery from hemorrhagic
shock [10]. The transition to pathologic acquired fibrinolysis
resistance becomes evident at 24 hours after injury, presum-
ably due to persistently elevated PAI-1. TXA administration at
that point prolongs fibrinolysis shutdown, which is a risk factor
for delayed mortality [10]. Furthermore, TXA’s role in patients
with physiological fibrinolysis remains unclear [10]. For all these
reasons, exogenous inhibition of fibrinolysis in severe trauma
requires careful selection of patients since inappropriate admin-
istration may adversely affect survival [10,15]. In our study, 50%
of patients analyzed with ROTEM had fibrinolysis shut down and
TXA was not administered.

Data from the subgroup analyses of CRASH-2 patients
showed that the TXA’s effect depends significantly on the time
interval between injury and initiation of treatment [8]. Accumu-
lating data on the time dependency of TXA’s effect are reflected
on the recently published European guidelines, where it is rec-
ommended that TXA should be administered to trauma patients
bleeding or at risk of significant haemorrhage as soon as pos-
sible and within 3 h after injury (Grade 1A) [34].

There are no data to support TXA’s administration in trauma
patients beyond 3h from injury, as its effect on bleeding, im-
munity and inflammation is not clear [35]. In order to examine
TXA's effect beyond 3 hours, true orthopaedic emergencies that
require immediate surgery such as acute compartment syn-
dromes and fractures or dislocations associated with vascular
injury were excluded from our study.
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In our study, most patients were characterized by an in-
creased VTE risk. The transition from hypo- to hyper-coagulabil-
ity after physiologic stress was first recognized in 1914, but the
timing of this change remains poorly understood [36,37]. Only
a few studies have explained the dynamic nature of coagulation
status as patients progress through their hospital course, and
they have focused on trends in hypercoagulability [37-39].

In a recent study, serial TEMs were used to characterize the
transition from hypo- to hyper-coagulability and determine the
time to resolution of TIC [21]. It was shown that TIC largely re-
solves within 24 hours, after which hypercoagulability becomes
increasingly more prevalent [21]. The proportion of hypercoag-
ulable patients increased after 24 hours escalating significantly
to 53% at 120 hours. By using the same criteria to define normal
and hyper-coagulability, we found a non-significant difference
towards hypercoagulability when the delay time from injury to
operation increased (5.1+4.9 days in hypercoagulable vs 1+0
days in normal coagulation patients, p=0.06).

Controversy exists on safety of TXA in patients at higher VTE
risk, since most studies are either underpowered or exclude
high-risk patients.

Conclusion

In conclusion, the findings of the present study demonstrate
that the use of TXA in trauma patients undergoing delayed
major orthopaedic surgery does not affect significant haemor-
rhage or transfusion rates.
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