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Abstract

Purpose Tranexamic acid (TXA) reduces red blood cell

transfusion in various orthopedic surgeries, yet the degree

of practice variation in its use among anesthesiologists and

surgeons has not been described. To target future

knowledge transfer and implementation strategies, and to

better understand determinants of variability in

prophylactic TXA use, our primary objective was to

evaluate the influence of surgical team members on the

variability of prophylactic TXA administration.

Methods This was a retrospective cohort study of all adult

patients undergoing primary total hip arthroplasty (THA),

hip fracture surgery, and spine fusion ± vertebrectomy at

two Canadian hospitals between January 2014 and

December 2016. We used Canadian Classification of

Health Interventions procedure codes within the
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Discharge Abstract Database which we linked to the

Ottawa Data Warehouse. We described the percentage of

patients that received TXA by individual surgery, the

specifics of TXA dosing, and estimated the effect of

anesthesiologists and surgeons on prophylactic TXA

using multivariable mixed-effects logistic regression

analyses.

Results In the 3,900 patients studied, TXA was most

commonly used in primary THA (85%; n = 1,344/1,582),

with lower use in hip fracture (23%; n = 342/1,506) and

spine fusion surgery (23%; n = 186/812). The median

[interquartile range] total TXA dose was 1,000

[1,000–1,000] mg, given as a bolus in 92% of cases.

Anesthesiologists and surgeons added significant

variability to the odds of receiving TXA in hip fracture

surgery and spine fusion, but not primary THA. Most of the

variability in TXA use was attributed to patient and other

factors.

Conclusion We confirmed the routine use of TXA in

primary THA, while observing lower utilization with more

variability in hip fracture and spine fusion surgery. Further

study is warranted to understand variations in use and the

barriers to TXA implementation in a broader population of

orthopedic surgical patients at high risk for transfusion.

Résumé

Objectif L’acide tranexamique (ATX) réduit la

transfusion d’érythrocytes dans diverses chirurgies

orthopédiques. Cependant, les variations de pratique

quant à son utilisation parmi les anesthésiologistes et les

chirurgiens n’ont pas été décrites. Afin de cibler les

stratégies futures de transfert des connaissances et de mise

en œuvre, et pour mieux comprendre les déterminants de la

variabilité dans l’utilisation prophylactique d’ATX, notre

objectif principal était d’évaluer l’influence des membres

de l’équipe chirurgicale sur la variabilité de

l’administration prophylactique d’ATX.

Méthode Il s’agissait d’une étude de cohorte rétrospective

de tous les patients adultes subissant une arthroplastie

totale primaire de la hanche (ATH), une chirurgie de

fracture de la hanche et une fusion intervertébrale ±

vertébrectomie dans deux hôpitaux canadiens entre janvier

2014 et décembre 2016. Nous avons utilisé les codes de

procédure de la Classification canadienne des

interventions en santé dans la Base de données sur les

congés des patients, que nous avons liée à la banque de

données d’Ottawa. Nous avons décrit le pourcentage de

patients qui ont reçu de l’ATX par chirurgie individuelle,

les détails du dosage de l’ATX, et avons estimé l’effet des

anesthésiologistes et des chirurgiens sur l’ATX

prophylactique en réalisant des analyses de régression

logistique multivariées à effets mixtes.

Résultats Parmi les 3900 patients étudiés, l’ATX était le

plus fréquemment utilisé lors d’une ATH primaire (85 %;

n = 1344/1582), avec une utilisation plus faible lors de

chirurgie de fracture de la hanche (23 %; n = 342/1506) et

de chirurgie de fusion intervertébrale (23 %; n = 186/812).

La dose totale médiane [écart interquartile] d’ATX était de

1000 mg [1000 à 1000], administrés dans 92 % des cas

sous forme de bolus. Les anesthésiologistes et les

chirurgiens ont ajouté une variabilité significative aux

probabilités de recevoir de l’ATX lors d’une chirurgie de

fracture de la hanche et de fusion, mais pas lors d’ATH

primaire. La majeure partie de la variabilité dans

l’utilisation d’ATX était attribuable aux facteurs liés au

patient et à d’autres facteurs.

Conclusion Nous avons confirmé l’utilisation de routine

de l’ATX dans l’ATH primaire, tout en observant une

utilisation moins répandue et plus variable lors de

chirurgie de fracture de la hanche et de fusion
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intervertébrale. Une étude plus approfondie est nécessaire

pour comprendre les variations d’utilisation et les

obstacles à la mise en œuvre de l’ATX dans une

population plus étendue de patients de chirurgie

orthopédique à haut risque de transfusion.

Keywords tranexamic acid � orthopedic surgery �
blood conservation � retrospective cohort study

Red blood cell (RBC) transfusion rates among orthopedic

surgeries vary widely, with lower rates among hip

arthroplasty and higher rates in hip fracture and complex

spine surgery.1-4 Strategies to mitigate perioperative RBC

transfusion include preoperative correction of anemia,

variation in surgical technique, intraoperative blood

salvage, restrictive transfusion thresholds, and

medications such as tranexamic acid (TXA).5-7

Tranexamic acid is an inexpensive and widely available

medication that reversibly blocks lysine binding sites on

plasminogen inhibiting plasmin formation and consequent

fibrinolysis.8 Tranexamic acid has been shown to

consistently reduce RBC transfusion in cardiac surgery,

hip and knee arthroplasty, and trauma, where it is now

incorporated into standard of care.5,9-12 Recent evidence

syntheses suggest that TXA is effective in reducing

transfusion in hip fracture surgery13-15 and spine

surgery.16,17 In a recent meta-analysis evaluating a

broader surgical population at high risk for RBC

transfusion, TXA reduced the percentage of patients

receiving transfused RBCs as well as the volume of

transfused RBCs compared with placebo or usual care.18

Despite guidelines supporting the utilization of TXA to

reduce transfusion in surgeries at increased risk for

bleeding, real-world TXA use in orthopedic surgery has

not been well described nor has the degree of practice

variation in its use between anesthesiologists and

surgeons.6 We studied how TXA use varies across

orthopedic surgeries, and the influence of surgical team

members on this variability. Understanding these

determinants of practice variability will help inform and

target future knowledge transfer and implementation

strategies.

Methods

Study design, setting, and population

We completed a retrospective cohort study of all adult

patients (C 18 yr of age) undergoing primary total hip

arthroplasty (THA), hip fracture surgery, and spine fusion

± vertebrectomy at two hospitals in Ottawa, Ontario

(Ottawa Hospital, Civic and General Campuses) between 1

January 2014 and 31 December 2016. These hospitals are

tertiary care centres providing health services to

approximately 1 million people. A formal policy or

institutional guideline specific to TXA administration did

not exist during the study period, nor was TXA stocked in

the operating rooms. These orthopedic surgeries were

chosen because they are high frequency surgeries (n[150

per year) with higher rates of RBC transfusion ([5%) and

TXA utilization ([ 10%) within the cohort.19 To prevent

misclassification of surgery-specific rates of TXA

utilization, we excluded patients with more than one

surgery during their hospitalization. If a patient was re-

admitted for another surgery during the study period

(2014–2016), we evaluated only their initial hospital

admission (Fig. 1).

Data sources

We obtained patient demographics, clinical, and

administrative hospitalization data from the Discharge

Abstract Database (DAD). The DAD uses standard

International Classification of Diseases (ICD) coding for

diagnoses and comorbidities, and Canadian Classification

of Health Interventions (CCI) coding for surgical

procedures. The DAD undergoes a continual process of

data quality assurance and data validation.20 Transfusion,

laboratory, and TXA data were obtained from the Ottawa

Hospital Data Warehouse, which is a repository of clinical,

laboratory, and health services information collected from

the hospital’s information systems from both study

institutions. Within the Ottawa Hospital Data Warehouse,

TXA data were sourced from the Surgical Information

Management System, a perioperative medical record which

represents the medicolegal record for all surgical cases and

is the gold standard for perioperative medication

administration.
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Study variables

We obtained patient demographics including age, sex,

baseline comorbidities, most responsible diagnosis, and

preoperative hemoglobin. Baseline comorbidities were

evaluated using the Charlson comorbidity index.21 For

the preoperative hemoglobin, we obtained the value drawn

closest to the start of surgery, within the preceding four

weeks. Surgical information, including type of procedure,

date/time, surgical urgency (i.e., elective, urgent/

emergent), and surgical team members (anesthesiologist,

surgeon), was obtained from the DAD using standardized

CCI procedure codes.22,23 The most responsible

anesthesiologist was the anesthesiologist who started the

surgical case. CCI procedure codes and ICD-10 diagnosis

codes were used to define the orthopedic surgeries

(eAppendix 1, Electronic Supplementary Material

[ESM]).19 Total hip arthroplasty for osteoarthritis was

evaluated separately, whereas THA for hip fracture was

included in the hip fracture surgery group. Hip fracture

surgery comprised THA (for hip fracture), hip

hemiarthroplasty, and hip open reduction internal fixation

(ORIF). To reflect transfusions attributable to perioperative

bleeding, surgery-specific transfusion rates were defined

based on RBC transfusions from the start of the surgery to

seven days postoperative or hospital discharge, whichever

occurred first. Prophylactic TXA administration was

defined as intravenous TXA initiated within one hour

before or after the start of surgery, with the intent to

exclude cases where TXA was administered in response to

surgical bleeding. Only prophylactic intravenous TXA use

is considered in this paper.

Descriptive analysis of prophylactic TXA use

We described the percentage of patients who received

intraoperative TXA by individual surgery, as well as

specifics of TXA dosing (mg�kg-1�hr-1 and mg�hr-1) and

administration. Baseline characteristics were summarized

as means (standard deviation [SD]), medians [interquartile

range (IQR)], or frequency (percent). We analyzed group

differences in categorical or continuous data using Chi

square and t tests. P values \ 0.05 were considered

significant. Sample sizes were not calculated as the primary

intent of this analysis was descriptive, and the cohort was

derived by convenience sampling. A data analysis and

statistical plan was written and filed with our institutional

review board before data were accessed.

Statistical analysis: evaluating the impact of surgical

team members on variability of TXA administration

To estimate the effect of anesthesiologists and surgeons on

prophylactic TXA utilization, we performed separate

multivariable mixed-effects logistic regression analyses

for primary THA, hip fracture surgery, and spinal fusion ±

vertebrectomy. Our exposure of interest was the

anesthesiologist and surgeon; the outcome was the

administration of TXA. To account for patient and

surgical risk, we adjusted for patient age, sex,

comorbidities, preoperative hemoglobin, surgical urgency,

hospital, and year. Patient age and preoperative

hemoglobin were modelled using restricted cubic splines

with five knots to allow for possible non-linear

associations.24,25 For hip fracture surgery, the model was

adjusted for the specific surgery subtypes, including THA

(in patients with a diagnosis of hip fracture), hip

Fig. 1 Flow diagram. Derivation of orthopedic cohort. *RBC

transfusion rate based on retrospective cohort study evaluating non-

cardiac surgeries at five Canadian academic institutions.20 RBC = red

blood cell; TXA = tranexamic acid
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hemiarthroplasty, and hip ORIF. Models were restricted to

patients with data available for all covariates.

The exposures of interest, the anesthesiologist and

surgeon, were included as random effects.26 The specific

anesthesiologists and surgeons were considered randomly

chosen exemplars from a hypothetical and infinite

population of such practitioners. Rather than having a

separate coefficient representing the association of TXA

use with each specific individual (fixed effects), our mixed-

effects model computes the spread, separately, across the

hypothetical population of anesthesiologists and surgeons.

Thus, the variance components express how widely TXA

use ranges across anesthesiologists and across surgeons. To

assess which of the two groups of practitioners account for

more variation in TXA use, their variance components can

be directly compared in magnitude.

To characterize the relative contributions of

anesthesiologists, surgeons, and patient-level factors on

variation in TXA administration, we used the random

intercepts to calculate the variance partition coefficient

(VPC) and the median odds ratio (OR) for the receipt of

TXA.27 The VPC characterizes the proportion of variation

attributable to the anesthesiologists, surgeons, patient

factors, and other factors, and was calculated using the

linear threshold model method. We used modified Wald

P values to test if the variance was significantly different

from zero.28 The median OR is a standardized measure of

the variability in the odds of TXA use among surgeons or

anesthesiologists. It represents the median amount by

which the odds of TXA administration would change given

two different anesthesiologists (or surgeons), one with a

higher probability of TXA use, and one with a lower

probability of TXA use. For example, a median OR of 1.75

suggests that the odds of TXA use is increased 1.75-fold

(75% increase) when comparing two anesthesiologists on

the same surgical case (same patient, same surgeon).

Similarly, a median OR of 1.15 for anesthesiologists would

mean that changing the anesthesiologist would typically

result in a 15% increase in the odds of receiving TXA

(same patient, same surgeon).

To more clearly illustrate how widely TXA use varies

by anesthesiologist and surgeon, we plotted practitioner-

specific estimated rates of TXA use for a hypothetical but

typical patient, whose fixed effects covariate values were

set to the mean or mode (for continuous or categorical

variables) over the surgery-specific population. To examine

anesthesiologists, we set the surgeon to the surgeon with

the median predicted likelihood of TXA use; for surgeons,

we used the median anesthesiologist. We then plotted these

predicted likelihoods using a box-and-whisker plot.

Sensitivity analyses

As missing data were primarily limited to preoperative

hemoglobin, the logistic regression models were performed

using both single and multiple imputation for missing

preoperative hemoglobin values. We performed single

imputations assuming the missing hemoglobin values were:

(a) the population mean, and (b) normal (120 g�L-1 for

females, and 140 g�L-1 for males). To increase the

generalizability of our findings, we conducted a separate

logistic regression analysis that included all orthopedic and

spine surgeries with TXA administration[ 10%.

We conducted all analyses using SAS/STAT software

(SAS version 9.4 for Windows; SAS Institute Inc., Cary,

NC, USA). Multilevel models were specified and analyzed

using the SAS command PROC GLIMMIX (SAS version

9.4 for Windows; SAS Institute Inc., Cary, NC, USA).

Results

Baseline characteristics

In two hospitals, we identified 3,900 patients undergoing

primary THA, hip fracture surgery, or spine fusion ±

vertebrectomy. Surgical urgency varied by surgery type;

most THAs (98%) and spine fusion ± vertebrectomies

(74%) were elective, whereas all hip fracture surgeries

were urgent/emergent. The mean (SD) patient age was 68

(16) yr and 55% of patients were female. Preoperative

hemoglobin values were available in 89% of the cohort;

other study variables had near complete ([ 99%) capture.

Baseline demographics classified by surgery type are

included in Table 1.

Overall, there were 121 anesthesiologists and 45

surgeons. Most physicians worked exclusively at one

hospital (72% of anesthesiologists; 67% of surgeons).

Among the primary THAs, there were 105

anesthesiologists and 16 surgeons. Among the hip

fracture surgeries, there were 107 anesthesiologists and

37 surgeons. Among the spine fusion ± vertebrectomies,

there were 72 anesthesiologists and 14 surgeons.

Description of prophylactic TXA use

The overall rate of prophylactic TXA administration was

48% (n = 1,872/3,900). Prophylactic TXA was

administered preoperatively in 2% of patients (n =

44/1,872), with a mean (SD) administration time of 10

(12) min prior to surgery start. Tranexamic acid was

administered intraoperatively in 98% of patients (n =

1,828/1,872), with a mean (SD) administration time of 28

(14) min after surgery start. Tranexamic acid was
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administered as an isolated bolus in 92% (n = 1,714/1,872),

as an infusion in 2% (n = 31/1,872), and as a combined

bolus and infusion in 7% (n = 127/1,872) of cases. Overall,

the median [IQR] cumulative TXA dose was 1,000

[1,000–1,000] mg. Tranexamic acid use was most

common in primary THA (n = 1,344/1,582; 85%), with

lower utilization in hip fracture surgery (n = 342/1,506;

23%) and spine fusion ± vertebrectomy (n=186/812; 23%)

(Table 1). Surgery-specific patient demographics are

included in eAppendix 2 (ESM).

Evaluation of variability in prophylactic TXA

administration by surgical team members

In our multivariable mixed-effects logistic regression

models, anesthesiologists and surgeons added significant

variability to the odds of receiving TXA in hip fracture

surgery and spine fusion ± vertebrectomy, but not THA

(eAppendices 3–6 [ESM]). In THA where TXA use is high,

the variability of TXA use among anesthesiologists and

surgeons was low. Conversely, in hip fracture surgery and

spine fusion ± vertebrectomy where TXA use is lower, the

variability in TXA use among anesthesiologists and

surgeons was higher.

Among patients undergoing THA, most of the variation

could be attributed to patient and other factors (VPC 92%),

with some to anesthesiologists (6%), and less to surgeons

(2%) (Fig. 2). The median OR for TXA administration was

1.6 among anesthesiologists and 1.3 among surgeons

(Fig. 3). This means that for a given patient, their median

odds of receiving TXA would differ by 1.6-fold depending

on the anesthesiologist they receive care from, and by

approximately 1.3-fold depending on the surgeon who

performs their surgery. Among patients undergoing hip

fracture surgery, 12% of the variation in TXA use was

attributable to the anesthesiologist, 10% to the surgeon, and

78% to patient and other factors. The median OR for TXA

administration was 2.0 among anesthesiologists and 1.8

among surgeons performing hip fracture surgery. Lastly,

among patients undergoing spinal fusion ± vertebrectomy,

19% of the variation in TXA use was attributable to the

anesthesiologist, 13% to the surgeon, and 68% to patient-

specific factors. The median OR for TXA use was 2.5

among anesthesiologists and 2.1 among surgeons

performing spinal fusion ± vertebrectomy.

Practitioner-specific estimated rates of TXA use for a

hypothetical but typical patient undergoing each of the

three surgeries are included in Fig. 4. For a typical THA

patient, the likelihood of TXA use varied by

anesthesiologist with a median [IQR] predicted

probability of 0.84 [0.82–0.85], and by surgeon with a

median [IQR] predicted probability of 0.85 [0.84–0.85]

(Fig. 4). For a typical hip fracture surgery patient, the

likelihood of TXA use varied by anesthesiologist with a

median [IQR] predicted probability of 0.30 [0.26-0.37],

and by surgeon with a median [IQR] predicted probability

of 0.30 [0.27–0.36]. Lastly, for a typical spine fusion

patient, the likelihood of TXA use varied by

anesthesiologist with a median [IQR] predicted

probability of 0.16 [0.13–0.24], whereas the likelihood of

TXA use varied by surgeon with a median [IQR] predicted

probability of 0.14 [0.12–0.20].

The variability among surgical team members was

consistent when the models were run with imputation of

preoperative hemoglobin, and when the impact of

anesthesiologist and surgeon were evaluated in a broader

population of orthopedic and spine surgeries. As a post-hoc

sensitivity analysis, model estimates did not appreciably

Table 1 Description of baseline demographics categorized by surgery type

Surgery Surgery

subgroup

Surgical volume (No.

surgeries/ year)

Urgency (%

elective)

Age, mean

(SD) years

Sex (%

female)

Charlson CI,

mean (SD)

Pre-op Hb

(g�L-1)

%

transfused

%

TXA

use

Total hip

arthroplasty

528 98 62 (13) 47 0.2 (1.0) 136 (15) 3 85

Hip fracture

surgery

Total hip

arthroplasty

72 0 78 (12) 65 0.8 (1.3) 122 (15) 14 45

Hip hemi-

arthroplasty

160 0 83 (9) 69 0.8 (1.3) 122 (16) 14 29

Hip ORIF 269 1 80 (14) 70 0.8 (1.4) 116 (18) 31 13

Spine fusion ±

vertebrectomy

271 74 59 (15) 45 0.5 (1.4) 135 (17) 14 23

CI = comorbidity index; Hb = hemoglobin; ORIF = open reduction internal fixation; SD = standard deviation; pre-op = preoperative; TXA =

tranexamic acid
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change when we excluded care providers who worked at

both the General and Civic campuses.

Discussion

In our cohort, TXA use was highest in primary THA, with

lower utilization in hip fracture surgery and spine fusion ±

vertebrectomy. Most of the variability was related to

patient and other factors. There was little variability in

TXA use among anesthesiologists and surgeons in primary

THA, with more substantial practice variability in the other

two surgeries.

The high utilization (85%) and low variability of TXA

use in THA reflects the substantial evidence supporting

TXA efficacy and cost-effectiveness in this surgery.9,29,30

As most of the variability in TXA use was related to patient

and other factors, this could appropriately reflect risk-

adapted clinical decision-making based on differing patient

characteristics. Overall, this suggests the supportive

recommendations for routine TXA use from multiple

American orthopedic society guidelines have been

effectively translated into clinical practice and

incorporated into standard of care.31

In hip fracture and spine fusion surgeries, lower

utilization and substantial variability in TXA use among

surgical team members could reflect explicit

anesthesiologist or surgeon preference for TXA

administration, variations in surgical technique between

surgeons, or the surgeon-specific case composition.

Recently, randomized data have been published

supporting the ability of TXA to reduce RBC transfusion

Fig. 2 The partition of

variability in TXA use among

patient specific factors, the

anesthesiologist, and surgeon

for a given patient undergoing

primary THA and spine fusion

± vertebrectomy. THA = total

hip arthroplasty; TXA =

tranexamic acid

Fig. 3 Median odds ratios (OR) of TXA administration for primary

THA, hip fracture surgery and spine fusion ± vertebrectomy. The

median OR is a standardized measure of the variability in the odds of

TXA use among surgeons or anesthesiologists. It represents the

median amount by which the odds of TXA administration would

change given two different anesthesiologists (or surgeons), one with a

higher probability of TXA use, and one with a lower probability of

TXA use. TXA = tranexamic acid
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in hip fracture13-15,32 and complex spine surgeries,18,33,34

although the certainty surrounding safety (i.e., thrombosis)

is less clear. The underreporting of thrombotic

complications and limited durations of follow-up in trials

may have underestimated the true incidence of

thromboembolic complications in an elderly population at

particularly increased risk.18 Future randomized trials

powered for important safety endpoints are needed prior

to routine adoption.

Strengths of our study include the use of high-fidelity

data sets that reliably capture patient demographics,

surgical information, and TXA administration across a

healthcare system that cares for more than 1 million

people. We have addressed a knowledge gap by describing

not only the rates of TXA use across different orthopedic

surgeries but also how the use varies across surgical team

members. To the best of our knowledge, this has never

been previously reported.

Limitations of this study include the incomplete

ascertainment of preoperative hemoglobin, which could

be related to perioperative guidelines that advocate for

reduced routine bloodwork prior to surgery.35 To further

understand the impact of this missing data, sensitivity

analyses were planned a priori and performed with various

imputation techniques, none of which significantly altered

the results. We evaluated variability in TXA use among

care providers from 2014 to 2016, which may not reflect

recent TXA utilization practices. We were unable to

evaluate the impact practitioner characteristics and

training, nor the potential impact of trainees on TXA

administration. Topical TXA was not explicitly captured,

although this reflects institutional practice as topical

administration was uncommonly used, if at all, during the

study period. Though representative of a large referral

population, our logistic regression models were limited to

two Ottawa hospitals; an expanded evaluation of TXA

utilization in additional centres could be beneficial.

In our cohort, prophylactic TXA was routinely used in

primary THA, with little variation in use by

anesthesiologists and surgeons. In hip fracture surgery

and spine fusion, the prophylactic use of TXA was lower

and more variable. Further study is warranted to understand

the determinants of TXA practice variation and barriers to

TXA implementation in a broader population of orthopedic

surgical patients at high risk for RBC transfusion.
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Fig. 4 Practitioner-specific

estimated rates of TXA use for a

hypothetical, but typical patient,

whose fixed effects covariate

values were set to the mean or

mode (for continuous or

categorical variables) over the

surgery-specific population. To

examine anesthesiologists, we

set the surgeon to the surgeon

with the median predicted

probability of TXA use; for

surgeons, we used the median

anesthesiologist. TXA =

tranexamic acid
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