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ABSTRACT
Introduction Tranexamic acid (TXA) has been shown to reduce blood loss and transfusion requirements in patients undergoing total hip arthroplasty (THA). Most studies have focused on TXA in THA performed using a posterior approach (PA) or lateral approach. The aim of this study was to analyse the efficacy of TXA in patients undergoing THA using the direct anterior approach (DAA). 

Patients and Methods Using our institutional database, a retrospective analysis was conducted on consecutive primary THA performed for osteoarthritis to determine transfusion rates in patients undergoing THA with the DAA with and without TXA.. 

Results  146 consecutive THA were performed using DAA: 83 (56.8%) patients had TXA and 63 (43.2%) did not have TXA. Among patients who had TXA, 1 patient required a blood transfusion compared to 7 patients among those who did not have TXA (1.2% vs 11.12%, p = 0.02). The relative risk of 0.11 (95% CI 0.01, 0.86) indicates an 89% reduction in the risk of requiring blood transfusion with TXA administration compared to no TXA.

Conclusion TXA is effective in reducing blood transfusion requirements for patients undergoing DAA THA. This is the first study to demonstrate a significant reduction in blood transfusion requirements when directly analysing TXA use in DAA THA.
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INTRODUCTION
There is strong evidence to support the use of tranexamic acid (TXA) in total hip arthroplasty (THA) to reduce perioperative blood loss and blood transfusion rates.1–7 TXA is an anti-fibrinolytic agent that inhibits plasminogen activation to reduce blood clot degradation.8 It has not been associated with increased rates of deep vein thrombosis or venous thromboembolism and has few contraindications for use (1,9–11)
There have been several randomised controlled trials that have compared TXA to placebo in THA and found significant reductions in blood loss and postoperative
blood transfusion requirements (2–4,7,12). Sukeik et al.1 found the use of TXA in THA has resulted in a 20% reduction in the proportion of patients requiring blood transfusion.

Allogenic blood transfusion post THA is costly, both from an economic and resource perspective. In Australia, the cost of a single unit of packed red blood cells is $AU401.13 Blood transfusion is also known to be associated with numerous adverse events including acute transfusion reactions, immunological reactions, transmission of infections, and transfusion-induced coagulopathy (14–16).

There is also evidence to suggest that patients who require blood transfusion post THA have greater morbidity, including higher rates of wound problems, respiratory infections, and increased length of hospital stay (LOS) (5,17–19).

THA can be performed through a variety of surgical approaches and in recent years the anterior approach has gained popularity. The anterior approach utilises intermuscular and inter-nervous planes,20,21 thereby avoiding dissection of muscle beds and possibly reducing local soft tissue trauma.22 Recent studies on blood loss and transfusion rates with regards to surgical approach for THA have not demonstrated consistent results (23).

At present, the vast majority of studies analysing the efficacy of TXA in THA have not independently evaluated the influence surgical approach has on its efficacy. In particular, there is little research looking into the efficacy of TXA in the direct anterior approach (DAA) to THA. The aim of our study, therefore, was to investigate the proportion of patients who had TXA compared to those who did not have TXA who required transfusion after DAA THA.

We hypothesised that intravenous TXA reduced transfusion requirements in patients undergoing DAA THA. Other measured outcomes included length of hospital stay
and reoperation for wound complications.

PATIENTS AND METHODS
Study Sample
Following ethics approval (University of Tasmania, H0016663), we performed a review of all consecutive primary THA operations performed at our institution between January 2011 and April 2017. TXA was variably used during this period before it became standard practice for all THA at our institution in 2017. 

Eligibility criteria for the study included patients undergoing primary unilateral THA for osteoarthritis. Revision THA, THA performed for indications other than osteoarthritis, and simultaneous bilateral THA were excluded. Cases performed via the posterior approach were excludedfrom the analysis. 

Data Collection
Data was extracted from our institution’s electronic medical record by standard form. Patient characteristics including age, gender, BMI, comorbidities, smoking status, the use of anticoagulant or anti-platelet medications and pre-operative haemoglobin were collected. At the time of operation, ASA score, operative side, operative diagnosis, surgical approach, and data pertaining to the use of TXA were recorded. Post-operative data included TXA administration, day one haemoglobin level, transfusion requirement and length of hospital stay. Documentation of return to the operating theatre for any reason within four weeks of the index operation was also recorded.

Administration of TXA
As the use of TXA was not standard protocol during the study period, surgeons administered it at their discretion. When administered, 1g of TXA was given intravenously at the start of the operation. Post-operative TXA was prescribed based on surgeon preference, and if used it was given in two further doses of 1g intravenously at both eight hours and 16 hours post commencement of surgery.

Transfusion Protocol
A standard transfusion protocol was followed at our institution. This had the following indications for transfusion of packed red blood cells: haemoglobin less than 70g/dL; haemoglobin 70-100g/dL during surgery associated with major blood loss or symptoms of impaired oxygen transport.

Outcomes
The primary outcome was post-operative blood transfusion rate, determined as the percentage of patients within each analysis group who required one or more units of packed red blood cells (PRBC). The number of units of PRBC administered was also recorded. Other recorded outcomes included post-operative haemoglobin decrease compared to pre-operative values, length of hospital stay and reoperation for wound complications. Haemoglobin decrease was calculated by subtracting post-operative day 1 haemoglobin levels from pre-operative values, all of which were measured within three months pre-operatively. Length of hospital stay was measured as the number of days spent in hospital from operation (day 0) until discharge, with each night in hospital after the day of operation being recorded as one day. Reoperation was defined as return to the operating theatre within four weeks post-operatively for wound-related complications. Within each of the study groups, outcomes were analysed in cases performed without the use of TXA and compared to those performed with TXA.

Statistical Analysis
Stata 15.1 was used for data analysis (24). Means were investigated in the DAA without TXA compared to the DAA with TXA group using independent t-tests). Crosstabs were used to investigate proportions for categorical variables and chi-square tests were produced to test for significant differences across the two groups (or Fisher’s exact tests where appropriate). Post-operative outcomes were investigated among the TXA vs. no TXA groups. Tests were considered significant at p < 0.05 level. Relative risks with 95% confidence intervals were calculated for outcomes that were significantly different in those who had TXA compared to the without TXA group.


RESULTS
A total of 541 THA operations were performed within the study period. Following application of exclusion criteria, 205 posterior approach operations were excluded. The remaining 146 THA performed via the direct anterior approach were included in the analysis. These operations were performed by a total of five surgeons.

There were no significant differences in mean patient age, BMI, comorbidities or use of anticoagulants/anti-platelet agents between the with TXA and without TXA groups (Table 1). There were also no significant differences in mean pre-op haemoglobin between the groups. 

TXA was first used at our institution in August 2015. With no administration protocol, there was variability between surgeons first adopting TXA such that the use between this time and the end of the study period was intermittent. In operations where TXA was given, 56.8% also received post-operative TXA.

In the group without TXA, 7 of 63 patients (11.1%) required post-operative blood transfusion, compared to one of 83 (1.2%) when TXA was used (p= 0.02) (Table 2). The relative risk of requiring blood transfusion in those who had TXA was 0.11 (95% CI 0.01, 0.86).

There was a significantly greater reduction in mean haemoglobin level (pre-operative to one day post-operative) in those patients who did not have TXA (mean 37.9, SD 11.8) compared to those who did have TXA (mean 32.6, SD 11.4) (t(144)=2.74, p=0.007).There was no significant difference in hospital LOS when TXA was used compared to not used (3.9 vs 4.2 days, t(144)=1.03, p=0.31). 

Investigation of differences in the mean number of packed red blood cell (PRBC) units and mean day 1 haemoglobin within each group was not possible as only one patient in the TXA group required a transfusion. 

DISCUSSION
There is increasing evidence to suggest that TXA is effective in reducing blood transfusion rates in THA (1–7). Transfusion following THA is costly and may be a harbinger of increased morbidity and increased length of hospital stay (5,17–19).
The vast majority of studies analysing the efficacy of TXA in THA have involved operations performed by posterior or lateral surgical approaches. By contrast there is a paucity of evidence on the utility of TXA in the DAA. The aim of this study, therefore, was to investigate whether TXA reduced the rate of blood transfusion in patients undergoing DAA THA. Our study found that the use of TXA in DAA THA resulted in a significantly lower proportion of patients requiring transfusion. The relative risk of 0.11 indicates that patients who had TXA had an 89% reduced risk of
requiring blood transfusion compared to those who did not have TXA. In a randomised control trial, Fraval et al.(25) analysed 101 DAA THA in 50 patients that received TXA and 51 that did not. Although the authors demonstrated that blood transfusion rate was reduced in the TXA group, their finding was not statistically significant. Other studies have found the use of TXA in THA performed using other
approaches significantly reduces transfusion rates (2,4,5,26)

Our findings are in accordance with these studies. The transfusion rate of 1.2% when TXA was used is lower than that reported in other studies (2–4,27–29). Despite the small number of patients requiring a transfusion (7 in the without TXA group and 1 in the with TXA group), it is reassuring that there were no significant differences in the baseline characteristics of the with TXA versus without TXA groups. This provides reassurance that the main outcome (transfusion) was independently associated with TXA use. However, this requires further investigation
in a study with a large sample population in order to identify sufficient numbers of patients with the outcome of interest in each group, and to adjust for potential confounding variables.

A 2nd significant difference between the groups was in change in mean haemoglobin, with a reduction of 37.9 in the without TXA group compared to a reduction of 32.6 in the with TXA group. This reduction in haemoglobin in the
TXA group is higher than values reported in other studies (2,3,29,30).

Our study also found that there was no significant difference in mean LOS when TXA was used. Other studies have suggested that the use of TXA can reduce hospital LOS.31,32 The impact of TXA use on hospital LOS requires further exploration in a prospective randomised controlled trial. We found no significant differences in rates of patients returning to theatre for wound-related complications between groups, however these events occurred in low numbers making it difficult to draw valid
conclusions.

There are several limitations to our study. Its retrospective design makes it difficult to control for confounding factors and also makes it subject to selection bias. The DAA group that did not receive TXA, for example, had a significantly greater proportion of males and consequently higher mean preoperative haemoglobin levels, which may
have introduced bias when transfusion is considered postoperatively.

The timing of administration of TXA prior to skin incision was also not recorded which may have influenced results. It is also possible that hospital practices may have changed over time influencing the outcomes of more recent cases when TXA was commonly used. Finally, although larger than many other studies in this area, our
study sample size is relatively small and larger studies are equired to validate our findings.
CONCLUSION
We have provided evidence to support the use of TXA to reduce blood transfusion requirements in DAA THA. This s the 1st study to demonstrate a significant reduction in blood transfusion requirements when directly analysing intravenous TXA use in the anterior approach to THA. Further study with a prospective, randomised design that includes a large number of patients is required to validate this observation.
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TABLES
Table 1: Patient demographic characteristics and details
	Characteristic
	DAA without TXA (n=63)
	DAA with TXA (n=83)
	p-value

	
	n (%) or mean (SD)
	n (%) or mean (SD)
	

	Age (mean years)
	64.5 (12.4)
	68.0 (9.3)
	0.07

	Gender (%)
M
F
	
37 (58.7)
26 (41.3)
	
39 (47.0)
44 (53.0) 
	
0.16

	BMI (mean)
	28.9 (5.2)
	30.7 (6.1)
	0.07

	Comorbidities (%)
Diabetes
IHD
COAD
Malignancy
	
12 (19.0)
7 (11.1)
9 (14.3)
4 (6.3)
	
10 (12.0)
13 (15.7)
16 (19.3)
12 (14.5)
	
0.24
0.43
0.43
0.12

	Smokers (%)
	14 (22.2)
	24 (28.9)
	0.36

	ASA (%)
1
2
3
4
	
4 (6.3)
32 (50.8)
26 (41.3)
1 (1.6)
	
3 (3.6)
45 (54.2)
435 (42.2)
0 (0)
	

0.63

	Anticoagulants/antiplatelet (%)†
Nil
Anti-platelet
Warfarin
NOAC
	
47 (74.6)
13 (20.6)
4 (6.3)
0 (0)
	
64 (77.1)
17 (20.5)
1 (1.2)
1 (1.2) 
	
0.73
0.98
0.17
1.00

	Surgical side (%)
R
L
	
34 (54.0)
29 (46.0)
	
46 (55.4)
37 (44.6)
	

0.26

	Pre-op Hb (mean)
	144.5 (14.5)
	140.8 (13.8)
	0.13

	Post-op TXA used (%)
	-
	83 (56.8)
	-


† note:  one patient was receiving treatment with more than one type of anticoagulant/antiplatelet


Table 2: Outcome measures
	Outcome
	Anterior without TXA (n=63)
	Anterior with TXA (n=83)
	p-value

	
	n (%) or mean (SD)
	n (%) or mean (SD)
	

	Hb change (mean)
	37.9 (11.8)
	32.6 (11.4)
	0.007

	Return to theatre
	1 (1.6)
	1 (1.2)
	1.00

	LOS (mean days)
	4.2 (2.1)
	3.9 (1.9)
	0.31

	Transfusion
	7 (11.1)
	1 (1.2)
	0.02

	No. units PRBC (total)
	1.4 (0.5)
	1.0 (0.0)
	*

	Day one Hb of those transfused (mean)
	86.4 (17.2)
	84.0 (0.0)
	*


*unable to calculate due to ≤2 patients in one sub-group
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