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a b s t r a c t

Background: The blood-conserving effect of intravenous (IV) tranexamic acid (TXA) is well-documented
for total hip arthroplasty (THA) and total knee arthroplasty (TKA). However, the risk of thromboembolic
(TE) events after routine use of TXA is unclear and the safety profile is debated. This retrospective study
investigates patient characteristics, occurrences, and predictors of TE events after routine administration
of IV TXA in THA and TKA.
Methods: Three thousand one hundred fifty-nine THA or TKA procedures performed from 2007-2013 at
our institution were included. IV TXA, 1 g, was administered preoperatively if not contraindicated.
Relevant patient characteristics and comorbidity information were extracted locally from the database.
Data on TE events occurring within 90 days postoperatively came from The Danish National Patient
Registry. Patient characteristics, comorbidities, and TE events were compared between TXA groups.
A logistic regression model was used to evaluate predictors of TE events.
Results: Of 3159 procedures, 2766 (87.6%) received TXA (TXAþ group) preoperatively, whereas 393 (12.4%)
did not (TXA� group). Mean age, distributions of gender, American Society of Anesthesiologists score,
anesthesia method, duration of surgery, diagnosis, and survival status were all statistically significant
different (P values <.05) between TXA groups. The studied comorbidities were all significantly different
(TXAþ vs TXA� group; P values �.002). We found 31 (1.0%) TE events out of 3159 procedures, with no
significant group difference in TE events (TXAþ: 27 out of 2766 ¼ 1.0%, TXA�: 4 out of 393¼ 1.0%, P value¼
.55 for any event). For the TXAþ group, 0.5% suffered from deep venous thrombosis, 0.3% from acute
myocardial infarction, and 0.2% from a pulmonary embolism. In the TXAþ group, higher age (odds ratio
[OR] ¼ 1.06, 95% confidence interval ¼ 1.02-1.11, P ¼ .005) and present cardiovascular disease (OR ¼ 4.78,
95% confidence interval ¼ 1.72-13.28, P ¼ .003) were associated with an increased risk of TE events.
Conclusion: The findings suggest that routine use of IV TXA for TKA and THA as safe with low occurrence
of TE events, although a large prospective trial should confirm this.
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The blood-conserving effect of tranexamic acid (TXA), an anti-
fibrinolytic drug [1], is well-documented for orthopedic arthro-
plasty surgery [2-4]. TXA is used to reduce bleeding in both elective
total hip and knee arthroplasties (THA and TKA), as well as for more
general purposes in trauma patients, with a more frequent appli-
cation over the last decade [5,6]. In recent meta-analyses of ran-
domized controlled trials (RCTs), the estimated calculated effect of
intravenous (IV) TXA on total blood loss was shown to be up to
around 600 mL for TKA [7-9]. For THA, the same favorable effect
was observed in meta-analyses, with a reduction in blood loss of
305 mL [10], and a reduction in postoperative blood transfusion
requirements of 20% for TXA vs placebo [4].
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A long-standing concern related to administration of IV TXA has
been a suggested increased risk of thromboembolic (TE) compli-
cations and of increased morbidity and mortality. This concern has
on regional levels prevented a more widespread routine use of IV
TXA in THA and TKA surgeries.

Large cohort studies researching the occurrence of TE compli-
cations after routine administration of IV TXA in THA and TKA
surgeries are warranted. The purpose of this descriptive study was
therefore to (1) study the occurrence of TE complications and
(2) investigate predictors of TE events in a modern optimized
perioperative treatment setup [11]. In this setup, a fast-track setup
with focus on pain relief, early mobilization, and reduced blood loss
leading to a reduction in TE complications and length of stay, high
rates of routine administration of IV TXA in THA and TKA surgeries
was applied. Before the analysis for aforementioned purposes
(1 and 2), we investigated the characteristics of patients receiving
IV TXA.

Materials and Methods

In this retrospective cohort study, we evaluated TE complica-
tions occurring up to 90 days postoperatively in relation to bolus
IV TXA administration in THA and TKA surgeries. Furthermore, we
evaluated associations between patient characteristics, comorbid-
ities, and TE events. A total of 3159 procedures in 2780 patients, of
elective primary and revision THA and TKA at our institution in
Denmark, from October 2007 to March 2013, were identified.
Hospitalization, including surgery, was performed in a fast-track
setup with focus on optimized logistics, early mobilization, and
evidence-based clinical features [11-13]. All patients were sched-
uled for mobilization on the day of surgery, usually within
2-4 hours postoperatively. For TKA patients, this was facilitated
by intraoperative local infiltration analgesia. In both THA and
TKA, physiotherapists guided mobilization 1-2 times daily until
discharge from hospital.

Thrombosis prophylaxis consisted of low-molecular-weight
heparin (enoxaparin 40 mg subcutaneously) starting 6e8 hours
after surgery and continued once daily ending at time of discharge,
under the condition of full mobilization, which is shown to be
associated with a very low risk of TE complications [14]. No other
extended prophylaxis was given and no mechanical devices were
used, as focus was on early mobilization. From January 2010,
Table 1
Patient Characteristics.

Name Subgroup

Number of procedures, n (%)
Age (y), mean (SD)
Gender, count (%) Women

Men
BMI (kg/m2), mean (SD)
ASA score, count (%) ASA 1

ASA 2
ASA 3
ASA 4

Anesthesia method, count (%) General
Spinal/regional

Duration of surgery (min), median (IQR)
Procedure, count (%) Hip arthroplasty

Knee arthroplasty
Type of surgery, count (%) Primary

Revision or others (nothers ¼ 75)
Coding of diagnosis, count (%) Primary or secondary osteoarth

Others
Survival status 90 d postoperatively, count (%) Alive

Dead

ASA, American Society of Anesthesiologists; IQR, interquartile range; SD, standard devia
patients received oral thrombosis prophylaxis given as rivaroxaban
(10 mg) tablets once daily until discharge [15].

The diagnosing process of TE events followed the Danish stan-
dard in the department; deep venous thrombosis (DVT) diagnosis
required ultrasound confirmation, acute myocardial infarction
(AMI) diagnosis required raised blood troponin levels as well as a
significant diagnostic electrocardiogram and the pulmonary
embolism (PE) diagnosis required spiral computed tomography or
ventilation-perfusion scans. Clinically suspected TE events were
either confirmed or discarded and no preoperative or postoperative
routine screening was performed.

A preoperative bolus of IV TXA was standard treatment
(TXAþ group). For each procedure, the surgeon and the attending
anesthesiologist decided whether to administer TXA. In 393 pro-
cedures, TXA administration was abstained based on absolute
contraindication or a clinical interpretation of the relative contra-
indications (TXA� group). Absolute contraindications were
patients with active intravascular clotting (ie, DVT, PE, arterial
thrombosis or cerebral thrombosis) within the last 3 months or
subarachnoid hemorrhage within the last 3 months, severe kidney
failure, hypersensitivity to TXA, history of convulsions or dissemi-
nated intravascular coagulation. Relative contraindications were
previous TE disease, family history of TE disease or active bleeding
in the upper urinary tract. For the TXAþ group, IV TXA was
administrated approximately 10-15 minutes before skin incision as
a bolus of 1 g IV.

For all procedures, 1.5 g of IV cefuroxime was given preopera-
tively as antibiotic prophylaxis. From January 2010, all TKA pro-
cedures were conducted without use of a tourniquet. Before
January 1, 2010, a tourniquet was used on all patients indepen-
dently of TXA administration.

A standard posterolateral approach was used in all THA sur-
geries, whereas a midline skin incision with a medial parapatellar
approach was used in all TKA surgeries.

Relevant patient characteristics and intraoperative information
were extracted from the local interdisciplinary operation database,
including anesthesia assessment (age, gender, body mass index
(BMI) and American Society of Anesthesiologists (ASA) score),
anesthesia methods, duration of surgery, type of surgery, primary
diagnosis (indication for surgery), and survival status 90 days post-
operatively (Table 1). Information about comorbidities was initially
registered by the anesthetist before we drew it from the local
Total TXA� TXAþ P Value

3159 393 (12.4) 2766 (87.6)
70 (11) 75 (11) 69 (11) <.001

1870 (59) 203 (52) 1667 (60) .001
1289 (41) 190 (48) 1099 (40)

28 (6) 28 (6) 28 (6) .552
808 (26) 22 (6) 786 (28) <.001

1988 (63) 256 (65) 1732 (63)
361 (11) 114 (29) 247 (9)

2 (0) 1 (0) 1 (0)
201 (6) 38 (10) 163 (6) .008

2958 (94) 355 (90) 2603 (94)
58 (46-76) 60 (48-76) 58 (45-76) .025

1546 (49) 174 (44) 1372 (50) .054
1613 (51) 219 (56) 1394 (50)
2870 (91) 354 (90) 2516 (91) .634
289 (9) 39 (10) 250 (9)

ritis 2759 (87) 325 (83) 2434 (88) .004
400 (13) 68 (17) 332 (12)

3137 (99) 386 (98) 2751 (99) .014
22 (1) 7 (2) 15 (1)

tion; TXA, tranexamic acid.
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database, organized it in categories and subsequently divided it into
conventional subgroups (Table 2). The cardiovascular disease cate-
gory was divided into no disease, ischemic heart disease, TE disease,
cerebrovascular events, or a combination of the aforementioned.
Hypertension was divided into treatment with 1-2 types of medi-
cation, 3 or more types of medication, others, and a less-defined
group termed “well treated”. Diabetes mellitus (DM) was divided
into no disease, diet-treated DM, noneinsulin-dependent DM or
insulin-dependent DM. The renal disease category was divided into
no disease, functional disease, or cancer-related disease. Finally, the
neurological disease category was divided into no disease, stroke,
transient ischemic attack, or subarachnoid hemorrhage (Table 2).

All patients in Denmark are registered in The Danish National
Patient Registry, when admitted for an operation or for any other
type of admission at a public hospital in Denmark. Postoperative
TE events within 90 days of surgery were extracted from
this registry. For this study, we divided TE events into DVT, PE,
AMI, or any TE event (Table 3). Disease coding was based on the
10th revision of the International Classification of Diseases
(ICD-10 coding).

The study was approved by the Danish Data Protection Agency
(number of approval: 2007-58-0015).

Statistics

Patient characteristics, comorbidities, and TE events are displayed
as mean (standard deviation), median (interquartile range) or count
(%). Data were tested for normality using q-q plots and histograms.
Comparisons of continuous data in the TXAþ and TXA� groups
were made using Student t test for normally distributed data and
Wilcoxon rank sum test for nonenormally-distributed data.
Chi-squared test (Fisher exact test was used for factors with 5 or less
events) was used for categorical data.

Risk factors for DVT, AMI, or PE events within 90 days after
surgery were analyzed with multivariate logistic regression models
in the TXAþ group. Themodel includedmen vswomen, ASA 3&4 vs
ASA 1&2, knee vs hip procedure, age of patient, duration of surgery,
BMI, spinal and/or regional vs general anesthesia method, surgery
being primary vs revision or others (nothers ¼ 75 ¼ removal of THA
or TKA components), cardiovascular disease vs no cardiovascular
disease, DM vs no DM, and tourniquet use vs no tourniquet use.
Table 2
Comorbidity.

Level Name Subgroup

Number of patients
Cardiovascular disease count (%) No disease

Ischemic heart disease
Thromboembolic disease
Cerebrovascular events
Combination

Hypertension count (%) 1-2 mode treatment
�3 mode treatment
Others
Well treated

DM count (%) No disease
Diet-treated DM
Noneinsulin-dependent DM
Insulin-dependent DM

Renal disease count (%) No disease
Functional
Cancer

Neurological disease count (%) No disease
Stroke
Transient ischemic attack
Subarachnoid hemorrhage

DM, diabetes mellitus; TXA, tranexamic acid.
The fit of the model was evaluated by the Hosmer-Lemeshow
goodness-of-fit test. All analyses were done in R 3.0.2 software
[16] and the Hosmer-Lemeshow goodness-of-fit test was done
using Hosmer test from the ResourceSelection package [17].

Results

Demographics

Of the 3159 procedures, 2766 (87.6%) received TXA (TXAþ) and
393 (12.4%) did not (TXA�) before THA or TKA. Mean age, distri-
butions of gender, ASA score, anesthesia method, duration of sur-
gery, diagnosis (indication of surgery), and survival status were all
statistically significant different (P values <.05) between the two
TXA groups, whereas no statistically significant difference was
observed for BMI (Table 1).

The distribution of comorbidities within TXA� and TXAþ
groups is presented in Table 2. Distributions of cardiovascular dis-
ease, hypertension, DM, renal disease, and neurological disease
were all statistically significant different when comparing TXA�
and TXAþ groups (P values �.002).

Purpose 1: Thromboembolic Events

Table 3 shows TE events occurring within 90 days post-
operatively arranged by TXA and tourniquet use. No DVTs were
diagnosed in the TXA� group (0.0%); however, 14 (0.5%) procedures
were followed by a DVT in the TXAþ group. AMI was diagnosed
after 1 (0.3%) procedure in the TXA� group and after 8 (0.3%)
procedures in the TXAþ group. PE appeared after 3 (0.8%) and 5
(0.2%) procedures in the TXA� and TXAþ, respectively. No patients
had more than one TE complication. We found 31 (1.0%) TE events
overall in 3159 procedures, with no significant group difference
(TXAþ ¼ 1.0%, TXA� ¼ 1.0%, P valueany event ¼ .55 and
P valuecombined distribution ¼ .081).

Purpose 2: Predictors of Thromboembolic Events

When tested for the TXAþ group in the multivariate logistic
regression model, higher age (odds ratio ¼ 1.06, 95% confidence
interval [CI] ¼ 1.02-1.11, P ¼ .005) and presence of cardiovascular
Total TXA� TXAþ P Value

3159 393 2766
2910 (92) 276 (70) 2636 (95) <.001
203 (6) 101 (26) 102 (4)
27 (1) 9 (2) 18 (1)
17 (1) 7 (2) 10 (0)
2 (0) 2 (1) 0 (0)

2508 (79) 291 (74) 2217 (80) .001
225 (7) 44 (11) 181 (7)
405 (13) 52 (14) 353 (13)
21 (1) 6 (2) 15 (1)

2826 (89) 330 (84) 2496 (90) .002
34 (1) 7 (2) 27 (1)

229 (7) 45 (11) 184 (7)
70 (2) 11 (3) 59 (2)

3127 (99) 379 (96) 2748 (99) <.001
28 (1) 13 (3) 15 (1)
4 (0) 1 (0) 3 (0)

3039 (96) 338 (86) 2701 (98) <.001
98 (3) 43 (11) 55 (2)
21 (1) 12 (3) 9 (0)
1 (0) 0 (0) 1 (0)



Table 3
Thromboembolic Events.

Complications 90 d
Postoperatively, Absolute
Patient Numbers (n)

TXA� (393 Patients), Overall TXAþ (2766 Patients) P Values

No Tourniquet
(n ¼ 150)

With Tourniquet
(n ¼ 243)

No Tourniquet
(n ¼ 948)

With Tourniquet
(n ¼ 1818)

Individual/Any
Event

Combined

DVT (%) 0 (0.0%) 14 (0.5%) .17 .081
0 (0.0%) 0 (0.0%) 3 (0.3%) 11 (0.6%)

AMI (%) 1 (0.3%) 8 (0.3%) 1.00
0 (0.0%) 1 (0.4%) 5 (0.5%) 3 (0.2%)

PE (%) 3 (0.8%) 5 (0.2%) .07
0 (0.0%) 3 (1.2%) 1 (0.1%) 4 (0.2%)

Any TE event 4 (1.0%) 27 (1.0%) .55
0 (0.0%) 4 (1.6%) 9 (0.9%) 18 (1.0%)

AMI, acute myocardial infarction; DVT, deep venous thrombosis; PE, pulmonary embolism; TE, thromboembolic; TXA, tranexamic acid.
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disease (odds ratio ¼ 4.78, 95% CI ¼ 1.72-13.28, P ¼ .003) showed a
statistically significant increased risk for TE events (Table 4).
Tourniquet use was not a significant predictor (odds ratio ¼ 1.15,
95% CI ¼ 0.49-2.71, P ¼ .753).
Discussion

In this retrospective study of 3159 THA and TKA procedures, the
use of IV TXAwas not associated with a significant change in the TE
complication rate 90 days postoperatively. Further, in our regres-
sion model, only higher age and presence of cardiovascular disease
showed a significant associationwith TE events in the TXAþ group.

No previous study has elaborated on a similarly large cohort of
arthroplasty procedures in a fast-track setup with IV TXA as stan-
dard treatment during the investigation period. As a result of
routine use, TXAwas administrated in 87.6% (n ¼ 2766) of the 3159
THA and TKA procedures.
Purpose 1

For the overall TE complication rate within 90 days post-
operatively, there was no significant difference between the two
TXA groups and the overall number of TE events was low. However,
direct comparison by parametric analysis might generate nonsolid
conclusions, because of selection bias with discrepancy between
the two TXA groups within demographics such as age, gender, ASA
score, anesthesia method, duration of surgery, and the investigated
comorbidities (Tables 1 and 2). To elaborate on occurrence of TE
events when treated with TXA, it is thus relevant to look at the
TXAþ group itself. This TXAþ group includes 87.6% (n ¼ 2766) of
the total procedures. The overall numbers of TE events were
low (1.0%) and correspond to complications found in other studies
[18-20], which gives a high external validity to our study.
Table 4
Predictors of Thromboembolic Events in the TXAþ Group.

Model Odds Ratio

Gender, men vs women 0.71
ASA score, ASA 3&4 vs ASA 1&2 1.86
Procedure, knee vs hip 0.76
Age 1.06
Duration of surgery 1.01
BMI 1.03
Anesthesia method, spinal/regional vs general 1.19
Type of surgery, primary vs revision or others 2.43
Cardiovascular disease, disease vs no disease 4.78
DM, disease vs no disease 0.74
Tourniquet vs no tourniquet 1.15

ASA, American Society of Anesthesiologists; BMI, body mass index; CI, confidence interv
* Significant P < .05.
Purpose 2

Furthermore, to elaborate on potential risks of TXA use in the
relatively healthier TXAþ group, we investigated predictors of TE
events by multivariate regression (Table 4). Higher age and pres-
ence of cardiovascular disease showed a significant association
with TE events. The model results for age showed an odds ratio of
1.06, with a narrow CI (1.02-1.11). This means a 6% increase in the
odds of TE event per increase in year of age in the TXAþ group.
These results might therefore suggest caution in routine use of TXA
for particularly old patients, although the clinical difference is
minor (only 6%) andwe have not defined an exact age-threshold for
increased TE event risk. This result is to be expected, as age has
previously been proven to increase the general risk of complica-
tions and length of stay in hospitals after arthroplasty [21].

In our setting, cardiovascular disease was found to be associated
with TE events in the TXA þ group (odds ratio ¼ 4.78, CI 1.72-
13.28), which showed a 378% increased odds of TE events with
present cardiovascular disease compared to no present cardiovas-
cular disease. This relationship between cardiovascular risk factors
leading to cardiovascular diseases and TE events has previously
been demonstrated in a meta-analysis including 63,552 patients in
a nonsurgical setting independently of TXA treatment [22]. This
may indicate that TXA itself is not the causal reason for the
observed association between cardiovascular disease and TE
events. However, a deterioration of the association because of TXA
or to the surgical procedure cannot be entirely excluded.

Large cohort studies focusing on safety aspects and providing
the necessary documentation of TE event risk after routine
administration of IV TXA in THA and TKA surgeries are lacking.
A large multicenter RCT study [6] regarding TXA's effects and
potential risks exists, although it only included nonelective trauma
patients. That study showed reduced all-cause mortality for the use
of IV TXAwithout an increase in fatal or nonfatal vascular occlusive
Lower Limit, 95% CI Upper Limit, 95% CI P Value

0.30 1.71 .447
0.65 5.28 .244
0.33 1.75 .518
1.02 1.11 .005*

0.99 1.02 .265
0.96 1.11 .356
0.16 9.19 .864
0.27 21.67 .427
1.72 13.28 .003*

0.21 2.64 .640
0.49 2.71 .753

al; DM, diabetes mellitus; TXA, tranexamic acid.



R.V. Madsen et al. / The Journal of Arthroplasty xxx (2016) 1e6 5
events, when compared to controls in a cohort of 20,127 patients. A
meta-analysis of the effect of TXA in TKA surgery also elaborated on
the safety issue and reported no overall increased risk of TE com-
plications [8]. A retrospective study including 102,718 patients
demonstrated more frequent use of TXA at participating hospitals
between 2006 and 2012 with no increased risk of TE complications,
although only 11% (12,903) of the patients were given TXA before
the THA or TKA by the end of the study in 2012 [23].

Previously, 5 relevant studies have touched on the topic of TXA
and safety aspects. One study [11] included a large cohort of
patients of which only a fraction received TXA, thus creating
selection bias. Furthermore, the authors of that study reported
varying IV TXA dosage ranging from <1000 mg to >3000 mg.
Another study, the CRASH-2 study [6], was a large placebo-RCT
testing TXA specifically in trauma patients; results regarding ben-
efits and TE risk might therefore differ from those in elective
arthroplasty patients. Studies in a meta-analysis [8] did not use a
fast-track setup and they used an intraoperative pneumatic tour-
niquet, which is known to affect both the bleeding kinetics and the
risk of thrombotic events [24]. In a systematic review and meta-
analysis [4], all studies included a relatively low number of
patients in the perspective of evaluating the TE event risk and the
primary outcome for the study itself was not TE events. A meta-
analysis of RCTs [10] had varying TXA dosage and mode of TE
event diagnosis, which makes direct comparison of the TXA effect
regarding TE events problematic.

Lastly, an interesting and highly relevant aspect to address is the
beneficial vs disadvantageous effect of IV TXA. The small number
of observed TE events in our study does not vary between TXA
groups. Furthermore, TXA's blood-conserving properties seem to
be advantageous, evenwhen considering the risk of causing anemia
in already vulnerable patients, if TXA is not used. The drug reduces
total blood loss in arthroplasties by up to around 600 mL in both
THA and TKA [7,8,10]. For patients suffering from cardiovascular
diseases, TXA does not seem to be the causal factor for TE events.
However, to minimize the amount of IV TXA for patients with
higher age or severe cardiovascular diseases, use of a low IV TXA
dose (ie, 10 mg/kg) and eg, topical TXA could be suggested to these
groups of patients [25,26].

Strengths and Limitations of Our Study

This study benefits from building on The Danish National Patient
Registry database, which has a unique data drawing mode for
multivariable data on individual patients. In addition, the high
frequency of use of a standardized TXA dose in a large study pop-
ulation with multivariate data strengthens the study. For all pro-
cedures in our study, we chose one of the different TXA dosage
regimens, as we used 1 g consequently throughout the study.

Our study also has limitations. First, the database data omit
detailed clinical information. Also, it was not possible to evaluate
the diagnosing process of TE events on an individual level; how-
ever, the diagnosis of TE events followed the Danish standard. No
routine screening of TE complications was performed. Only clini-
cally suspected TE events were included, whichmay underestimate
the total number of events. However, clinically undetected TE
events are likely evenly distributed between TXA groups, thus of
little if any clinical relevance. Since the final decision for the TXA
administration laid with surgeon and attending anesthesiologist,
our data does not allow us to dissect the process fully. The anes-
thesiologist also registered the comorbidity data used in this study.
We then retrospectively grouped the data based on this registra-
tion, making our study limited by the input to the database and
registry. The study does not include an ideal control group, eg, a
group of healthy, sex-matched, and age-matched individuals from
the background population. However, including such a group was
beyond the scope of the study, as we aimedmerely to investigate TE
events in a large group of arthroplasty patients. We assumed that
the investigated cohort, with the TXA-group as the control group,
was similar or close to that of surgical candidates in North America
and Europe. The study therefore holds a high level of external
validity in the judgment of high-rate use of TXA in routine
arthroplasty surgery.

Any bias introduced with the use of ICD-10 codes and possible
inaccuracy of data input is believed to be equally distributed
between treatment groups. Although we included many covariates
in our tables and multivariate model, other factors out of this
study's spectrum might influence the relationship between TE
events and use of TXA. The low incidence of TE events could be due
to under-reporting to the registry or due to our fast-track setup.
Lastly, the low TE event numbers could cause type 1 or type 2
errors.

Conclusion

Using a retrospective database analysis, we found that admin-
istration of TXA does not increase an already low risk of post-
operative TE complications within 90 days of THA and TKA
surgeries. Our analysis established an association between
perceived cardiovascular disease and the risk of developing TE
complications after TXA use. An association for higher age and risk
of TE complications after TXAusewas also found, although the odds
ratio was 1.06, making it challenging to draw conclusions. This
study has limitations, mainly inherent to observational analyses,
thus a large prospective trial is warranted to confirm our results.
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