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Background: The efficacy of tranexamic acid (TXA) in reducing blood loss and transfusion requirements in total hip and
knee arthroplasty has been well established in small controlled clinical trials and meta-analyses. The purpose of the
current study was to determine the risks and benefits of TXA use in routine orthopaedic surgical practice on the basis of
data from a large, statewide arthroplasty registry.

Methods: From April 18, 2013, to September 30, 2014, there were 23,236 primary total knee arthroplasty cases and
11,489 primary total hip arthroplasty cases completed and registered in the Michigan Arthroplasty Registry Collaborative
Quality Initiative (MARCQI). We evaluated the association between TXA use and hemoglobin drop, transfusion, length of
stay (LOS), venous thromboembolism (VTE), readmission, and cardiovascular events by fitting mixed-effects generalized
linear and mixed-effects Cox models. We used inverse probability of treatment weighting to enhance causal inference.

Results: For total hip arthroplasty, TXA usewas associatedwith a smaller drop in hemoglobin (mean difference=20.65 g/dL;
95% confidence interval [CI] = 20.60 to 20.71 g/dL), decreased odds of blood transfusion (odds ratio [OR] = 0.72;
95% CI = 0.60 to 0.86), and decreased readmissions (OR = 0.77; 95% CI = 0.64 to 0.93) compared with no TXA use. There
was no effect on VTE (hazard ratio [HR] = 0.91; 95%CI = 0.62 to 1.33), LOS (incident rate ratio [IRR] = 1.00; 95%CI = 0.97 to
1.03), or cardiovascular events (OR = 0.85; 95% CI = 0.47 to 1.52). For total knee arthroplasty, TXA was associated with a
smaller drop in hemoglobin (mean difference=20.68 g/dL; 95%CI=20.64 to20.71 g/dL) and one-fourth the odds of blood
transfusion (OR = 0.26; 95% CI = 0.21 to 0.31). There was an association with decreased risk of VTE within 90 days after
surgery (HR = 0.56; 95% CI = 0.42 to 0.73), slightly decreased LOS (IRR = 0.93; 95% CI = 0.92 to 0.95), and no association
with readmissions (OR = 0.90; 95% CI = 0.79 to 1.04) or cardiovascular events (OR = 1.12; 95% CI = 0.74 to 1.71).

Conclusions: In routine orthopaedic surgery practice, TXA use was associated with decreased blood loss and transfu-
sion risk for both total knee and total hip arthroplasty, without evidence of increased risk of complications. TXA use was
also associated with reduced risk of readmission among total hip arthroplasty patients and reduced risk of VTE among
total knee arthroplasty patients, and did not have an adverse effect on cardiovascular complications in either group.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.

B
lood transfusion can be accompanied by rare, life-
threatening complications, including acute and delayed
hemolytic reactions, acute lung injury, and disease

transmission1. Several observational studies have raised con-
cerns over the association of blood transfusion with poorer
outcomes after surgery, including longer length of stay (LOS),
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higher hospital costs, and increased infections and mortality2-10.
In a meta-analysis of randomized trials comparing liberal and
conservative transfusion strategies, the conservative strategy
(fewer transfusions) was associated with a decreased risk of
serious infections (risk ratio [RR] = 0.83; 95% confidence in-
terval [CI] = 0.69 to 0.99), including within the subgroup of
patients undergoing orthopaedic surgery (RR = 0.72; 95% CI =
0.53 to 0.97)11. Blood transfusion is also expensive. Estimates
for the cost of obtaining, storing, testing, and administering
1 unit of blood range from $700 to $1,130 (U.S.)12,13. Despite
clinical trials showing the safety and effectiveness of restrictive
transfusion practices, a reduction of unnecessary transfusions
in elective joint arthroplasty has not yet been demonstrated. An
analysis of data from the Nationwide Inpatient Sample showed
an increase in the percentage of patients receiving allogeneic
blood transfusions from 2000 to 2009 (total hip arthroplasty:
11% to 19%, p < 0.001; and total knee arthroplasty: 8% to 12%,
p < 0.001)14.

Tranexamic acid (TXA) is an antithrombolytic agent
that inhibits the activation of plasminogen to plasmin. Recent
meta-analyses of high-quality randomized controlled trials
and several reviews of large cohorts have shown that TXA is
effective in reducing blood loss and transfusion rates in total
hip arthroplasty and total knee arthroplasty, with no evidence
of increased risk of thrombogenic events15-25. However, a few
reports have raised concerns about the risk of vascular com-
plications, including venous thromboembolism (VTE), myo-
cardial infarction, and stroke26-28. Because these complications
are relatively rare in modern elective total joint replacement,
they are difficult to study in clinical trials that may not be
adequately powered to detect small but clinically important
increased risk. In addition, the results of clinical trials and
meta-analyses may not be completely generalizable to routine
clinical practice.

We sought to determine the real-world effectiveness and
safety of TXA across a broad spectrum of hospitals and pro-
viders through the use of a common total joint registry. To
assess effectiveness, we asked whether the use of TXA is asso-
ciated with a smaller drop in hemoglobin and a lower risk of
transfusion of at least 1 unit of blood compared with cases in
which TXA was not used. To evaluate safety, we compared the
risk of VTE and readmission within 90 days of surgery; myo-
cardial infarction, stroke, or transient ischemic attack within
7 days of surgery; and hospital LOS between patients receiving
TXA and those not receiving it.

Materials and Methods
Study Design and Data Source

This was a retrospective cohort study of cases enrolled in the Michigan
Arthroplasty Registry Collaborative Quality Initiative (MARCQI), a state-

wide collaborative begun in 2011 to improve the quality of care for patients
undergoing elective hip and knee arthroplasty. By the date of this study,
MARCQI had 43 participating hospitals and 296 surgeons. At each par-
ticipating institution, clinical, administrative, and medical-device data are
collected on 100% of total hip and total knee arthroplasty cases. A proba-
bility sample of the data is audited annually. Additional administrative data
are captured by linking MARCQI cases to a statewide database of hospital

admissions, the Michigan Inpatient Database (MIDB). Further details re-
garding the collaborative data collection and management were previously
reported

29
.

We studied all registry cases of primary elective total hip and knee
arthroplasty performed from April 18, 2013, when TXAuse was added as a data
element, to September 30, 2014.We also required that registry cases be matched
to the MIDB so that subsequent hospitalizations could be identified. We ex-
cluded cases from 4 hospitals in which no TXA was used and cases for which
no information regarding TXA use was recorded (Fig. 1).

Statistical Methods
Study Variables
The treatment variable of interest was perioperative use of TXA, including
topical or intravenous routes. The outcome variables of interest were the
drop in hemoglobin (measured as the difference between the preoperative
hemoglobin level and the postoperative hemoglobin nadir), transfusion,
LOS, readmission and VTE within 90 days of surgery, and the composite
cardiovascular outcome of myocardial infarction, stroke, or transient ischemic
attack within 7 days of surgery. The identification of at least 1 cardiovascular-
complication diagnosis from the index encounter or a present-on-admission
diagnosis from the matched readmission encounter was used to create the
composite cardiovascular disease outcome using primary and secondary
International Classification of Diseases, Ninth Revision (ICD-9) diagnostic
codes from the MIDB. All other outcomes were routinely collected by
MARCQI.

We controlled for numerous patient, surgical, and hospital-level vari-
ables that might have confounded the relationship between TXA and the
outcomes of interest. Chart abstractionwas used to obtain patient age, sex, race,
and body mass index (BMI); preoperative values of hemoglobin, platelets, and
creatinine; smoking history; preoperative treatment with antiplatelet agents
and anticoagulants; American Society of Anesthesiologists (ASA) status; marital
status; type of insurance; surgical approach; anesthesia type (general or other);
bilateral cases; and type of VTE prophylaxis (aspirin or other chemoprophy-
laxis). VTE chemoprophylaxis was defined as treatment with an anticoagulant
such as a low-molecular-weight heparin, vitamin K antagonist, factor Xa in-
hibitor, or direct thrombin inhibitor. Aspirin therapy was recorded separately
(Tables I and II). Elixhauser comorbidity diagnoses

30
were obtained from the

MIDB registry. We also controlled for the hospital’s frequency of screening
for VTE, calculated as the total number of venous ultrasound examinations

Fig. 1

Summary of registry cases of primary elective hip and knee arthroplasty

that were available for study. IV = intravenous.
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TABLE I Hip Arthroplasty: Variables by TXA Administration*

TXA, N = 5,864 No TXA, N = 5,625

Variable N Value N Value

Age (yr) 5,864 65.0 (11.2) 5,625 65.7 (11.2)

BMI (kg/m2) 5,849 30.2 (6.1) 5,610 30.8 (6.5)

Preop. hemoglobin (g/dL) 5,791 13.7 (1.4) 5,512 13.6 (1.4)

Preop. platelets (· 109/L) 5,784 248.3 (66.5) 5,486 245.9 (65.4)

Preop. creatinine (mg/dL) 5,530 0.9 (0.4) 5,067 0.9 (0.5)

Comorbidity

Congestive heart failure 5,864 143 (2.4) 5,625 190 (3.4)

Valvular disease 5,864 203 (3.5) 5,625 229 (4.1)

Pulmonary circulation disease 5,864 33 (0.6) 5,625 61 (1.1)

Peripheral vascular disease 5,864 154 (2.6) 5,625 170 (3.0)

Paralysis 5,864 13 (0.2) 5,625 14 (0.3)

Other neurologic disorder 5,864 209 (3.6) 5,625 223 (4.0)

Chronic pulmonary disease 5,864 777 (13.3) 5,625 871 (15.5)

Diabetes without chronic complications 5,864 764 (13.0) 5,625 837 (14.9)

Diabetes with chronic complications 5,864 70 (1.2) 5,625 86 (1.5)

Hypothyroidism 5,864 913 (15.6) 5,625 914 (16.3)

Renal failure 5,864 303 (5.2) 5,625 317 (5.6)

Liver disease 5,864 56 (1.0) 5,625 52 (0.9)

Peptic ulcer disease 5,864 0 (0.0) 5,625 1 (0.0)

Acquired immune deficiency syndrome 5,864 1 (0.0) 5,625 2 (0.0)

Lymphoma 5,864 17 (0.3) 5,625 18 (0.3)

Metastatic cancer 5,864 7 (0.1) 5,625 6 (0.1)

Solid tumor with or without metastasis 5,864 20 (0.3) 5,625 29 (0.5)

History of VTE 5,852 245 (4.2) 5,615 479 (8.5)

History of bleeding disorder 5,859 59 (1.0) 5,618 65 (1.2)

On antiplatelet agent before admission 5,864 2,205 (37.6) 5,625 2,264 (40.3)

On anticoagulant before admission 5,864 268 (4.6) 5,625 405 (7.2)

Male sex 5,863 2,581 (44.0) 5,615 2,517 (44.8)

ASA status 5,860 5,623

I 174 (3.0) 145 (2.6)

II 3,425 (58.5) 2,977 (52.9)

III 2,194 (37.4) 2,403 (42.7)

IV 67 (1.1) 98 (1.7)

Smoking status 5,847 5,505

Never 2,950 (50.5) 2,524 (45.9)

Former 2,199 (37.6) 2,256 (41.0)

Current 698 (11.9) 725 (13.2)

African-American 5,599 422 (7.5) 5,426 441 (8.1)

Married or partnered 5,863 3,905 (66.6) 5,614 3,555 (63.3)

Insurance 5,860 5,621

Commercial 2,218 (37.9) 2,062 (36.7)

Medicare and other federal 3,053 (52.1) 3,127 (55.6)

Medicaid and other state/local 165 (2.8) 145 (2.6)

Self-pay 424 (7.2) 287 (5.1)

General anesthesia 5,864 2,520 (43.0) 5,625 2,559 (45.5)

continued
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performed postoperatively divided by the number of cases performed at the
hospital

31
.

Inverse Probability of Treatment Weighting (IPTW) Analysis
There is the potential for serious bias by indication in observational studies of
therapeutic interventions. In our case, the relationship between the motivation
for TXA use and subsequent bleeding-related outcomes might have con-
founded any relationship between the actual effect of the drug and the out-
comes of interest. In order to minimize the effect of differences between
patients who did and did not receive TXA and to enhance causal inference, we
created a series of IPT weights. IPTW has been shown to effectively balance
identifiable risk factors between treatment groups

32
. The IPT weight was the

inverse of the propensity score for patients receiving TXA, and the inverse of
1 minus the propensity score for patients not receiving TXA. The propensity
score was the probability of receiving TXA treatment based on patient and
hospital-related variables. Stabilized weights were used

33
. The adequacy of this

approach for addressing confounding was checked by comparing standardized
differences between patients receiving versus not receiving TXA in the weighted
and unweighted samples

34
.

Because of the hierarchical nature of the data, we addressed hospital-
level clustering (covariance) in the propensity score model and surgeon-level
clustering in the outcome model

35
. The propensity model predicting TXA use

was fitted with a mixed-effects logistic regression model with a random effect
for hospital. A different propensity model was fitted to derive weights for the
VTE outcome analysis, because this analysis excluded patients using antico-
agulants before admission. Also, a hospital-level variable reflecting the fre-
quency of VTE screening was added.

All outcomemodels weremixed-effectsmodels with a random effect for
surgeon, weighted using IPTW, and included the following surgical-level var-
iables as covariates: general anesthesia, surgical approach, bilateral surgery, and
type of VTE prophylaxis used. A linear model was fitted for the drop in he-
moglobin. Logistic models were used for transfusion, readmission, and cardio-
vascular events. A negative binomial model was fitted for LOS. For VTE, a Cox
proportional hazard model, with treatment with aspirin and/or anticoagulant
agent included as a time-dependent covariate, was used. In the transfusion

analysis, we included a covariate for the calendar time period (6-month intervals)
in which the surgery was performed to account for quality-improvement initia-
tives during the study period that might have affected transfusion practices. The
effect estimate in the LOS analysis was expressed as an incident rate ratio (IRR),
comparing LOS in the TXA group with LOS in the no-TXA group. SAS software
(version 9.4; SAS Institute) was used for all data analyses.

Power Analysis
A power analysis was performed using PASS 13 software (NCSS). TXAwas used
in approximately 51% of the hip cases and 48% of the knee cases. Cardiovas-
cular events within 7 days of surgery occurred in approximately 0.8% of the hip
cases and 0.6% of the knee cases in which TXA was not administered. With
11,489 hip cases and 23,236 knee cases, and an r2 of approximately 0.03 for the
association of the other surgical-level variables and the use of TXA, this study
had 80% power to show a significant adverse cardiovascular effect of TXA if the
true odds ratios (ORs) were at least 1.69 and 1.55 for total hip arthroplasty and
total knee arthroplasty, respectively. Using the same logic, and given that the
incidence of VTE within 90 days among patients not given TXA in this registry
is approximately 0.8% in hip arthroplasty and 1.8% in knee arthroplasty, this
study would have a power of 80% to show a significant adverse VTE effect if the
true ORs were at least 1.58 and 1.30, respectively.

Results

The frequencies of baseline patient and surgical-level vari-
ables for hip and knee arthroplasty are shown in Tables I

and II, respectively. Standardized differences before and after
sample weighting with IPTWare shown in Table III. The closer
the standardized differences are to 0, the less impact the risk
factors have on the outcomes, making the calculated TXA effect
less confounded. It has been suggested that a difference of <0.1
provides acceptable risk adjustment between groups36. Simi-
larly, good risk adjustment or balance was achieved for the
VTE data set.

TABLE I (continued)

TXA, N = 5,864 No TXA, N = 5,625

Variable N Value N Value

Surgical approach 5,827 5,599

Anterior 1,426 (24.5) 565 (10.1)

Anterolateral 1,213 (20.8) 1,917 (34.2)

Posterior 3,129 (53.7) 3,085 (55.1)

Transtrochanteric 59 (1.0) 32 (0.6)

VTE prophylaxis 5,864 5,625

Aspirin only 1,316 (22.4) 1,108 (19.7)

Anticoagulant only 2,187 (37.3) 2,584 (45.9)

Both 2,341 (39.9) 1,908 (33.9)

Neither 20 (0.3) 25 (0.4)

Time period 5,864 5,625

Apr. 18, 2013-Oct. 17, 2013 1,043 (17.8) 1,959 (34.8)

Oct. 18, 2013-Apr. 17, 2014 2,146 (36.6) 2,092 (37.2)

Apr. 18, 2014-Sept. 30, 2014 2,675 (45.6) 1,574 (28.0)

*The values for age, BMI, and preoperative hemoglobin, platelets, and creatinine are given as the mean and the standard deviation. All other
values are given as the number of patients, with the percentage of the group in parentheses.
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TABLE II Knee Arthroplasty: Variables by TXA Administration*

TXA, N = 11,143 No TXA, N = 12,093

Variable N Value N Value

Age (yr) 11,143 66.0 (9.6) 12,093 66.1 (9.9)

BMI (kg/m2) 11,091 33.1 (7.0) 12,047 33.3 (7.1)

Preop. hemoglobin (g/dL) 10,976 13.6 (1.4) 11,848 13.6 (1.4)

Preop. platelets (· 109/L) 10,714 245.5 (66.0) 11,802 243.4 (65.0)

Preop. creatinine (mg/dL) 10,401 0.9 (0.3) 10,714 0.9 (0.4)

Comorbidity

Congestive heart failure 11,143 233 (2.1) 12,092 402 (3.3)

Valvular disease 11,143 411 (3.7) 12,092 435 (3.6)

Pulmonary circulation disease 11,143 79 (0.7) 12,092 141 (1.2)

Peripheral vascular disease 11,143 227 (2.0) 12,092 347 (2.9)

Paralysis 11,143 18 (0.2) 12,092 29 (0.2)

Other neurologic disorder 11,143 518 (4.7) 12,092 563 (4.7)

Chronic pulmonary disease 11,143 1,660 (14.9) 12,092 2,101 (17.4)

Diabetes without chronic complications 11,143 2,217 (19.9) 12,092 2,470 (20.4)

Diabetes with chronic complications 11,143 201 (1.8) 12,092 221 (1.8)

Hypothyroidism 11,143 2,140 (19.2) 12,092 2,281 (18.9)

Renal failure 11,143 560 (5.0) 12,092 674 (5.6)

Liver disease 11,143 115 (1.0) 12,092 112 (0.9)

Peptic ulcer disease 11,143 5 (0.0) 12,092 6 (0.1)

Acquired immune deficiency syndrome 11,143 3 (0.0) 12,092 1 (0.0)

Lymphoma 11,143 27 (0.2) 12,092 39 (0.3)

Metastatic cancer 11,143 4 (0.0) 12,092 4 (0.0)

Solid tumor with or without metastasis 11,143 40 (0.4) 12,092 48 (0.4)

History of VTE 11,130 591 (5.3) 12,075 1,110 (9.2)

History of bleeding disorder 11,133 110 (1.0) 12,082 172 (1.4)

On antiplatelet agent before admission 11,143 4,742 (42.6) 12,093 5,227 (43.2)

On anticoagulants before admission 11,143 541 (4.9) 12,093 899 (7.4)

Male sex 11,143 4,065 (36.5) 12,063 4,554 (37.8)

ASA status 11,126 12,083

I 179 (1.6) 191 (1.6)

II 6,086 (54.7) 6,018 (49.8)

III 4,760 (42.8) 5,684 (47.0)

IV 101 (0.9) 190 (1.6)

Smoking status 11,057 11,783

Never 5,870 (53.1) 5,817 (49.4)

Former 4,276 (38.7) 4,790 (40.7)

Current 911 (8.2) 1,176 (10.0)

African-American 10,763 1,024 (9.5) 11,698 1,086 (9.3)

Married or partnered 11,138 7,599 (68.2) 12,062 8,069 (66.9)

Insurance 11,138 12,085

Commercial 3,690 (33.1) 4,387 (36.3)

Medicare and other federal 6,199 (55.7) 6,840 (56.6)

Medicaid and other state/local 323 (2.9) 251 (2.1)

Self-pay 926 (8.3) 607 (5.0)

General anesthesia 11,143 3,089 (27.7) 12,093 4,502 (37.2)

continued

1650

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 98-A d NUMBER 19 d OCTOBER 5, 2016
THE MICHIGAN EXPER IENCE WITH SAFETY AND EFFECT IVENESS

OF TXA USE IN HIP AND KNEE ARTHROPLASTY



The results of the adjusted outcome analyses are sum-
marized in Figure 2. In primary elective hip arthroplasty, the
use of TXA was associated with a smaller drop in hemoglo-
bin (mean difference = 20.65 g/dL; 95% CI = 20.60 to
20.71 g/dL; p < 0.0001) and decreased odds of transfusion
(OR = 0.72; 95% CI = 0.60 to 0.86; p = 0.0004). At the same
time, there was no evidence of increased relative LOS (IRR =

1.00; 95% CI = 0.97 to 1.03; p = 0.9825), risk of VTE within
90 days of surgery (hazard ratio [HR] = 0.91; 95% CI = 0.62
to 1.33; p = 0.5586), or risk of composite cardiovascular
outcomes by 7 days after surgery (OR = 0.85; 95% CI = 0.47
to 1.52; p = 0.5761). Use of TXA was associated with de-
creased odds of readmission (OR = 0.77; 95% CI = 0.64 to
0.93; p = 0.0080).

TABLE II (continued)

TXA, N = 11,143 No TXA, N = 12,093

Variable N Value N Value

Surgical approach 11,066 12,026

Medial parapatellar 9,074 (82.0) 9,757 (81.1)

Lateral parapatellar 33 (0.2) 37 (0.3)

Midvastus 1,748 (15.8) 1,704 (14.2)

Subvastus 174 (1.6) 509 (4.2)

Other 37 (0.3) 19 (0.2)

VTE prophylaxis 11,143 12,093

Aspirin only 2,283 (20.5) 2,299 (19.0)

Anticoagulant only 4,392 (39.4) 5,600 (46.3)

Both 4,430 (39.8) 4,140 (34.2)

Neither 38 (0.3) 54 (0.5)

Time period 11,143 12,093

Apr. 18, 2013-Oct. 17, 2013 1,854 (16.6) 4,548 (37.6)

Oct. 18, 2013-Apr. 17, 2014 4,197 (37.7) 4,383 (36.2)

Apr. 18, 2014-Sept. 30, 2014 5,092 (45.7) 3,162 (26.2)

*The values for age, BMI, and preoperative hemoglobin, platelets, and creatinine are given as the mean and the standard deviation. All other
values are given as the number of patients, with the percentage of the group in parentheses.

Fig. 2

Adjusted outcomes of perioperative use of TXA in primary elective hip or knee arthroplasty. CL = confidence limit.
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In primary elective knee arthroplasty, perioperative TXA
use was associated with a smaller drop in hemoglobin (mean
difference = 20.68 g/dL; 95% CI = 20.64 to 20.71 g/dL; p <
0.0001) and decreased odds of transfusion (OR = 0.26; 95%
CI = 0.21 to 0.31; p < 0.0001). This beneficial outcome asso-
ciated with TXA was accompanied by a slightly decreased rel-
ative LOS (IRR = 0.93; 95% CI = 0.92 to 0.95; p < 0.0001) and
decreased risk of VTE within 90 days after surgery (HR = 0.56;
95% CI = 0.42 to 0.73; p < 0.0001). We found no evidence of
increased odds of readmission (OR = 0.90; 95% CI = 0.79 to
1.04; p = 0.1511) or cardiovascular outcomes (OR = 1.12; 95%
CI = 0.74 to 1.71; p = 0.5715).

Discussion

We found a significant reduction in the risk of transfusion
with the use of TXA in primary total hip and total knee

replacement surgery in the clinical practice setting. Hip and knee
patients were three-fourths and one-fourth as likely, respectively,
to receive transfusions if TXA was administered. Additionally,
TXAwas associated with a reduction in the drop in hemoglobin
by an average of 0.6 g/dL per case. These findings are consistent
with those of several randomized controlled clinical trials and
meta-analyses of the use of TXA in arthroplasty patients16,19-25.

However, clinical trials have inclusion and exclusion
criteria that may not represent all contemporary patients

TABLE III Unweighted and Weighted Standardized Differences Between Patients Treated and Not Treated with TXA

Hip Knee

Variable Unweighted Weighted Unweighted Weighted

Age 20.0672 20.0165 20.0061 0.0085

BMI 20.0981 0.0436 20.0183 20.0099

Preop. hemoglobin 0.0177 20.0495 0.0198 0.0053

Preop. platelets 0.0358 20.0306 0.0388 20.0032

Preop. creatinine 20.1018 20.0510 20.0401 20.0099

Congestive heart failure 20.0618 0.0660 20.0733 0.0017

Valvular disease 20.0342 20.0267 0.0068 0.0045

Pulmonary circulation disease 20.0498 0.0047 20.0489 0.0000

Peripheral vascular disease 20.0259 0.0026 20.0564 0.0100

Paralysis 20.0058 0.0134 20.0208 0.0144

Other neurologic disorder 20.0257 0.0023 20.0068 20.0022

Chronic pulmonary disease 20.0608 0.0120 20.0716 0.0030

Diabetes without chronic complications 20.0480 20.0153 20.0118 0.0091

Diabetes with chronic complications 20.0282 0.0703 0.0013 0.0059

Hypothyroidism 20.0316 0.0557 0.0036 0.0104

Renal failure 20.0121 0.0369 20.0263 0.0090

Liver disease 0.0036 20.0047 0.0110 0.0645

Peptic ulcer disease 0 0 20.0031 20.0047

Acquired immune deficiency syndrome 20.0016 20.0032 0.0141 20.0044

Lymphoma 0.0077 0.0110 20.0130 20.0105

Metastatic cancer 0.0012 0.0230 0.0009 20.0097

Solid tumor with or without metastasis 20.0219 20.0006 20.0003 20.0048

Sex 0.0160 20.0031 0.0324 0.0105

ASA status 0.1096 0.0481 0.1113 0.0212

Smoking 0.0948 0.0167 0.0880 0.0126

Married or partnered 0.0633 0.0086 0.0244 20.0098

Insurance 0.1070 0.0426 0.1580 0.0538

African-American 0.0031 0.0327 0.1580 0.0280

History of VTE 20.1856 0.0250 20.1544 0.0443

History of bleeding disorder 20.0161 20.0214 20.0423 0.0116

On antiplatelet agents before admission 20.0161 0.0392 20.0423 0.0365

On anticoagulants before admission 20.0718 0.0158 20.0230 0.0015
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undergoing total joint replacement in the United States. Rare
thrombogenic events such as myocardial infarction, transient
ischemic attack, or stroke are hard to detect in clinical trials
because of the relatively small number of cases. For example,
Sukeik et al. performed a meta-analysis of 11 randomized
controlled trials investigating the use of TXA in total hip ar-
throplasty 23; 10 of the studies had <50 cases and the other had
100, for a total of 505 cases. They reported that there was no
significant difference in deep-vein thrombosis (DVT) or pul-
monary embolism (PE) between TXA and no-TXA groups, but
they did not report on the absolute numbers of DVTs, and there
were only 3 cases with PE. Aguilera et al. randomized 150
patients to intravenous or topical administration of TXA or to
placebo15. Exclusion criteria were an allergy to TXA, a history of
coagulopathy or VTE events, previous bypass surgery, use of
anticoagulant or contraceptive treatment, and a cardiovascular
prosthesis. They did not attempt to identify thromboembolic
complications because they excluded cases “with possible TXA
related complications.” Our study was designed specifically to
have sufficient statistical power to test the relationship of TXA
and these untoward events. A study such as ours provides re-
assurance that the results of randomized controlled trials are
relevant and generalizable to the broader, unselected population.

We showed a significantly decreased risk of VTEwithin 90
days of total knee arthroplasty associated with TXA, and we did
not find an increase in VTE events in total hip arthroplasty. This
is consistent with the findings of 1 study involving a large ad-
ministrative database and 2 meta-analyses in which no increased
risks of DVTor PE were identified37-39. Our finding of the asso-
ciation of TXA with a significantly decreased risk of VTE in
total knee arthroplasty is preliminary and may be due to resid-
ual confounding not accounted for in the propensity model. As
demonstrated in Table II, patients with more comorbidities may

not be treated with TXA as often and may be at higher risk for
VTE at baseline, biasing the results. Alternately, a possible
physiologic explanation for this observation might be that de-
creased bleeding in and around the knee leads to decreased
swelling and less venous obstruction. The key clinical point is
that TXA was not associated with an increased risk.

We found no association between TXA and an increased
risk of myocardial infarction, stroke, or transient ischemic at-
tack in either hip or knee arthroplasty. In a meta-analysis of
surgery trials, Ker et al. also found no difference in myocardial
infarction or stroke events associated with the use of TXA38. In
our study, 58 (0.5%) of the hip cases and 108 (0.5%) of the knee
cases experienced cardiovascular events within 7 days of sur-
gery. Because the outcomes are rare, the CIs around our esti-
mates are wide enough to allow for a 50% to 70% increase in
cardiovascular outcomes associated with treatment. We also
found a decreased risk of readmission among the hip patients
treated with TXA, along with strong evidence of no increase in
LOS. Those outcomes were not investigated in other large
studies, to our knowledge.

The current study had several limitations. We did not as-
sess the effect of intravenous versus topical administration or
TXA dosage on outcomes. We focused on the potential impact of
TXA use on thrombogenic events and readmissions but did not
explore relationships with all adverse events associated with total
joint replacement. Patients were not randomly assigned to
treatment, and bias by indication is a possibility. We also found
that surgeons changed practice over time: the percentage of
surgeons using TXA in <10% of their cases went from 76% in the
first 3 months to 30% in the last 3 months of this study, while the
percentage of surgeons using it in >90% of their cases went from
12% to 41% (Fig. 3). The change in TXA utilization at the sur-
geon level creates the potential for patient selection bias, resulting

Fig. 3

Percentage of surgeons by levels of TXA usage over time.
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in an exaggerated benefit attributable to TXA. Our strategies to
delineate the TXA effect more clearly given this potential selec-
tion bias were to balance patient-level variables using IPTW
based on the patients’ propensity to receive TXA given their
characteristics and to account for the potential correlation of
outcomes among patients cared for in the same hospital or by the
same surgeon.Wewere reassured because wewere able to achieve
excellent balance on covariates, indicating that we were able to
adequately control for identified confounders.

Even with these efforts, there could still be other un-
identified confounders responsible for the apparent lack of
thrombogenic events with TXA use. For example, a surgeon
may choose to withhold TXA from patients with cardiovas-
cular risk factors that we did not measure, which in turn could
obscure a true underlying increased risk of myocardial in-
farction or stroke. Although some level of uncertainty re-
mains, techniques exist to estimate how strong the impact of
such unmeasured confounders would need to be to overturn
our conclusions40. Given reasonable assumptions about the
differential prevalence of the unmeasured confounder, this
seems unlikely. For example, a confounder would have to have
an RR of close to 6 to reverse our conclusions about cardio-
vascular outcomes.

In summary, our registry-based study adds to the evidence
that the use of TXA in primary total hip and knee arthroplasty
patients is a safe and effective adjunct to reduce blood loss and
the need for transfusion. Additionally, TXA was associated
with reduced readmissions among total hip arthroplasty

patients and reduced risk of VTE among total knee arthro-
plasty patients. n
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