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Abstract

Background

Hip fractures are a common problem and corrective surgery is recommended within 24hrs. However, most peri-
operative direct oral anticoagulant (DOAC) guidelines suggest a washout period of 48 hours before major surgery.

There is limited data on utility of drug levels.

Objective
To investigate the effect of DOAC therapy on time to surgery and patient outcomes, and to explore the impact of

different pre-operative protocols on surgical delay.

Methods

A multi-centre, retrospective analysis of all adult patients that presented with acute hip fracture at three tertiary
hospitals in Perth, Western Australia was performed. Data was collated from the West Australian hip fracture
registry and electronic records. Time to theatre, DOAC levels, bleeding and transfusion rates were compared

between sites.

Results

Of 1240 hip fracture patients 145 (11.8%) were on anticoagulation, with more patients taking a DOAC than
warfarin. The time to surgery was significantly longer for those on a DOAC compared to those on warfarin (P =
0.003). There was no difference in bleeding, transfusion requirement or 30-day mortality in patients taking a
DOAC compared to those on warfarin. 58 patients (70.7%) had a DOAC level prior to surgery. Of 25 patients
who had a level performed within 12 hours of presentation 13 (52%) had result of <50ng/mL. Outcomes were

similar between sites.

Conclusion
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People on DOAC treatment had a significant delay before corrective surgery compared to those on warfarin. The
frequent finding of early DOAC levels <50ng/mL suggests this delay may be unnecessary in a significant

proportion of patients.
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1. Introduction

With the aging population an increasing number of patients are being treated for hip fractures. Approximately
20,000 people across Australia fracture their hip each year. Consequently, hip fractures represent a substantial

burden to individuals, their family and the health care system.

Fractures of the proximal femur are associated with approximately 5-10% mortality within the first 30 days .
Time to surgery is of particular importance in terms of both early and late mortality 1. Early surgery (<24 hours)
is associated with a reduction in 30-day mortality. Shorter time to surgery allows for earlier mobilisation and
prevents associated complications including sepsis and venous thromboembolism #. The current Australian hip
fracture clinical care standard recommends surgery within 48 hours of presentation, which was achieved in 76%
of patients Australia wide in 2018 5. The reason given for delay >48 hours was ‘issues with anticoagulation’ in
17% of cases, making this a significant modifiable reason. Western Australia was the second-best performing

state in time to surgery with median of 24 and average of 31 hours after presentation 6.

The introduction of the direct acting oral anticoagulants (DOACS) rivaroxaban, apixaban and dabigatran onto the
Australian national formulary in 2013 has shifted anticoagulant prescribing practices. Warfarin is prescribed less
frequently, and the use of these novel agents is increasing 7. In contrast to the vitamin K antagonists where
standardised drug levels exist, there is a lack of consensus on the role of DOAC levels in the peri-operative setting.
Reported guidelines incorporate a bleeding assessment utilising knowledge of time of last dose, drug dosage, renal
function, expected clearance and planned surgical procedure &1°. Minimal data exists on the utility of DOAC
levels in this setting. Operative correction of femur fractures is rarely life threatening and as therefore emergency

antidote therapy is not recommended.

In the absence of international consensus guidelines, the three tertiary hospitals in Western Australia
independently developed peri-operative protocols for the management of hip fracture patients on anticoagulation.
Hospital A recommends drug levels and proceeds to theatre if the DOAC level is <50ng/mL, regardless of agent.
Hospital B performs a bleeding assessment utilising DOAC dose, time of last dose and projected clearance based

on renal function, and does not recommend DOAC levels. Hospital C utilises both bleeding assessment (as
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detailed above) and DOAC level. A baseline DOAC level < 30ng/mL was considered safe for surgery, with a
recommendation to repeat the DOAC level before proceeding if this was incongruent with the expected result.
Otherwise the DOAC level along with renal function was used to guide projected clearance and plan surgical

timing.

We set out to investigate the effect of DOAC therapy on time to surgery and patient outcomes, and to explore the

impact of different protocols on surgical delay.

2. Methods

2.1. Study Design and Participants

A multi-centre, retrospective analysis of chart and laboratory data for all adult patients that presented with an
acute hip fracture at the three tertiary hospitals in Perth, Western Australia between 1% January 2017 and 31%
December 2017 was performed. Patients who did not undergo operative management were excluded. Ethics

approval for the multi-site analysis was provided through the Western Australian Department of Health process.

2.2. Study Population
Patients were identified using the Australia and New Zealand Hip Fracture registry database. This is a clinician
led, web-based database capturing all patients who present with hip fracture. It is used for audits on acute care
and secondary fracture prevention. From this database, all patients who experienced a hip fracture and were treated
in the three tertiary hospitals within Western Australia between 1% January 2017 to 31t December 2017 were

identified.

2.3. Variables
Patient demographics (age, gender), time to theatre (from first presentation at any hospital), and 30-day mortality
data were obtained. Baseline anticoagulant and antiplatelet use, and pre- and post-operative haemoglobin levels

were obtained from hospital health information systems.
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Where patients were taking a DOAC drug levels were recorded (when performed). Results were then grouped
into those who had levels < 30 ng/mL, those who had levels >30 and < 50 ng/mL and those who had levels > 50

ng/mL. These cut off values were based upon pharmacokinetic data of peak, trough and elimination half-lives *.

The time to theatre was calculated from time of first presentation to any hospital (regardless of location and ability
to perform correctional surgery) to the time of operation. To objectively quantify bleeding across the different
groups the change in haemoglobin (Hb)(g/L) was used. This was defined as the difference between the maximum
recorded Hb level up to 48 hours pre-operatively to the minimum level recorded within 72 hours post-operatively.
Peri-operative packed red blood cell (PRBC) transfusion requirements were defined across the same time interval,
with these data obtained from the Australian Red Cross Blood service. To avoid skewed data from large bleeds
requiring multiple units of PRBCs, the number of patients with a fracture requiring a transfusion was analysed in

preference to the total number of PRBC units.

2.4. Statistical Analysis
All analyses were done in samples stratified by hospital site, anticoagulant status and category (DOAC versus
warfarin) and antiplatelet use. Mean and standard deviation, median and inter-quartile ranges and percentages of
baseline demographic were tabulated. Parametric data was compared using ANOVA and Tukey HSD analysis.
Non-parametric data was analysed using Kruskal-Wallis test and Mann-Whitney U with Bonferroni adjustment
where applicable. Each variable was compared among the three cohorts. For all tests a P value <0.05 was

considered significant except when Bonferroni adjustment was applied (see text).

2.5. Role of the funding source
All funding was in kind support. There was no external funding source for this study. All authors had access to
the raw data. The corresponding author had full access to all the data in the study and had final responsibility for

the decision to submit for publication.

3. Results

3.1. Patient demographics
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A total of 1240 patients presented to the three sites during the study period. Fourteen patients were excluded from
the analyses as they did not undergo operative surgical correction, resulting in a final study cohort of 1226 patients.
The median age was 84 years and the majority (71.9%) were female (Table 1). A total of 145 patients (11.8%)
were on some form of anticoagulation at time of presentation to hospital, with more patients taking a DOAC than
warfarin (82 [6.7%] versus 63 [5.1%]). Apixaban was the most commonly prescribed DOAC. Antiplatelet use
was more common than anticoagulant use, with 366 patients (29.8%) using some form of anti-platelet agent.
Thirteen patients (1.1%) of patients were on dual therapy, and 714 patients (58.2%) were not on any
anticoagulation or antiplatelet agent. The baseline demographics were not comparable between the three sites (see

table 1).

3.2. Time to surgery
631 (51.5%) of patients underwent operative correction within 24 hours. The time to surgery was longer for those
on anticoagulation compared to those not on anticoagulation, with those on a DOAC also having a significantly
longer time to theatre than those on warfarin (difference in median 16 hours, P = 0.003). Analysis by site identified
a significant difference overall in time to theatre for patients on different anticoagulation agents; post-hoc analysis
revealed that this was accounted for by differences in patients taking DOACs to those on warfarin at site A. Whilst
time to theatre for warfarin users compared to those not on anticoagulation was significantly different (P = 0.001)
the median times were similar (27.9 hrs Vs 23.1 hrs) and likely not clinically relevant. There was no significant
difference in time to theatre for patients on an antiplatelet agent compared to those not on any anticoagulant or

antiplatelet treatment (P = 0.616) (see table 2).

3.3. Change in haemoglobin
In line with documented literature patients on dual anticoagulation and antiplatelet agents had a significantly larger
drop in haemoglobin compared to the remainder of the cohort (P = 0.015, Table 3)'*. Evaluation by individual
site identified that the only site with differences between the patient groups was site A. There was no difference
in change in haemoglobin in DOAC users compared to warfarin users in the total cohort, nor at any of the three

individual sites, despite the different peri-operative DOAC protocols.

3.4. Transfusion requirements
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Despite the higher incidence of bleeding in those on dual antiplatelet and anticoagulant therapy it did not translate
into increased transfusion requirement. Comparing all patients on a DOAC to all patients on warfarin, there was
no difference in the proportion of patients transfused (table 4). Despite the different peri-operative DOAC

protocols across the three sites, no difference in transfusion requirement was identified.

3.5. Preoperative DOAC Levels
Thirty-four patients (94%) on a DOAC at site A had a pre-operative level taken, with the majority of levels being
taken within 24 hours of presentation. The rates of DOAC levels were lower at site B (37%) and C (76.2%), in
keeping with different peri-operative DOAC protocols. Thirteen patients (22.4% of those who had a DOAC level
and 52% of those who had level within 12 hours)) had a level < 50ng/mL within 12 hours of presentation and 24
patients (41.3% of those who had a DOAC level) had a level < 50ng/mL within 24 hours of presentation. 20
patients (34.4% of those who had a DOAC level) had a level > 50 ng/mL in first 24 hours. The mean time to level

< 50 ng/mL was 24.3 hours (SD 14.3 hours) (see table 5).

4. Discussion

The results of this study provide valuable insight into the perioperative management of anticoagulation in hip
fracture patients. Our study confirms that anticoagulation contributes to surgical delay, as reported by previous
literature 124, Within our cohort, 11.8% were on some form of anticoagulation at time of presentation, which is
in line with previously documented data 2. Regardless of the site and site-specific peri-operative protocol, time
to theatre for patients receiving anticoagulation with a DOAC or warfarin was significantly longer than for patients

not using these agents.

Despite recommendations that hip fracture patients should be operated on early, only 51.5% of all patients in our
study achieved operation within 24 hours. One reason for this is the specific geographical and technical barriers
in Western Australia. This large state spans a total area of 2.5 million km?, with many of the rural, outreach
hospitals not being adequately staffed to perform corrective surgery °. Hospital B is the registered state trauma
centre and services areas > 2.5hrs commercial flight away versus Hospital A and C which service areas generally

accessible within 1hr flight time and have lower numbers of inter-hospital referrals 8. Other factors contributing
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to the delays may have included out of hours presentation, high demands for hospital beds and theatre lists, and

patient prioritisation 5.

We identified similar times to theatre for those on warfarin to those not on anticoagulation at two of the three sites
in our study. This is achievable as warfarin can be effectively reversed with vitamin K and prothrombin
concentrates as per standardised protocols 5. The minor difference between warfarin users and those not on
anticoagulation is likely accounted for by the time taken to access antidote therapy, time for Vitamin K effect and
laboratory delays for repeat coagulation profiles post antidote administration. Despite all three sites having
warfarin reversal protocols the time to surgery for patients on warfarin at site B was considerably higher than their
comparator subgroups at site A and C. This likely results from differences in patient catchment zones and baseline

demographics.

The delay, cost, interlaboratory variability and difficulty with accessing and interpreting DOAC drug levels are
all cited as barriers to their widespread clinical use. However, access to testing was not a limitation in our study.
All Western Australian tertiary hospitals have DOAC drug level testing available on site 24 hours a day, within
an average time of 90 minutes from specimen receipt in the hospital laboratory, at a cost of $50 AUD. Given the
cost of surgical delay and prolonged inpatient stay, this additional testing cost is relatively minor and could reduce
hospital expenditure overall. We recognise, however, that this may be a barrier to incorporation at alternative

sites.

The lack of evidence to support a threshold at which major surgery can be considered safe remains a barrier to
more widespread utility of DOAC levels. The International Society of Thrombosis and Haemostasis (ISTH)
guidelines advise that DOAC levels > 50ng/mL are sufficiently high to warrant concerns about bleeding, whereas
levels < 30 ng/mL are not, when interpreted in consideration of time of last dose . Given a significant proportion
of patients had levels <50ng/mL at first testing, the expected clearance of these drugs to safe operative levels
should be significantly less than the 48-72 hours recommended ahead of major surgery. The ISTH guidelines do
not address bleeding risk at levels between 30 and 50ng/mL. We did not identify a difference in bleeding,
transfusion requirements or mortality for patients who proceeded to theatre with a level < 50 ng/mL, compared to
those with a level < 30 ng/mL, although numbers are small. Further studies are warranted to determine what

threshold is appropriate to define a safe level of anticoagulation for hip fracture surgery.
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The frequent finding of low DOAC drug levels soon after presentation should inform future perioperative practice
guidelines. Potential reasons for a low level at presentation include poor compliance, delay to presentation and
frequent use of low dose anticoagulation in this population. As long as these levels are in keeping with the drug
history and are performed on an assay with good performance, then extended surgical delay should be
unnecessary. Our results suggest that if DOAC levels were performed regularly on presentation, and if a threshold
of < 50ng/mL were accepted as safe for surgery, then a significant proportion of patients on DOAC therapy will

be able to undergo operative management within 24 hours of presentation.

There are a number of limitations to this study that must be considered when interpreting its findings, primarily
related to its retrospective design. We were unable to reliably assess the time of last DOAC dose or actual dose
taken, indication for anticoagulation as well as the potential for missed cases of anticoagulation and antiplatelet
use. Compounding variables such frailty and other comorbidities were also unknown. Our data did not provide
the opportunity to assess for other adverse outcomes associated with surgical delay. The limited cohort numbers
prohibit comparison of 30-day mortality between groups. To do so would have required more than 58,000 patients
(which based on current incidence rates equates to more than three years of Australian-wide national hip fracture

data). Our reported mortality data excludes patients who did not undergo surgical correction.

Nonetheless, the findings of our study raise some questions as to the need to universally prolong the time to hip
fracture surgery for DOAC users, and may inform further research in this area. Despite these drugs now being
widely accepted and utilised within the clinical arena, knowledge pertaining to specific perioperative management
and utility of targeted drug assays is limited. Whilst current guidelines focus on a pharmacokinetic approach this
is potentially flawed by patients having variable recall of drug, dosage and time of last administration, reluctance
to admit poor compliance and interpatient variability in pharmacodynamics. As we expand our knowledge of
calibrated DOAC assays and specific thresholds for bleeding and thrombosis, this approach is likely to change.
However, to do so reliably requires more data and specifically data on patients with a bleeding tendency, extremes

of body weight, renal and liver dysfunction, polypharmacy and malabsorption 6.

5. Conclusion

This article is protected by copyright. All rights reserved.



In conclusion this is the largest cohort of DOAC treated hip fracture patients to date with baseline DOAC drug
levels, objective bleeding and transfusion data. With increasing use of these agents in the hip fracture population
and limited data on the role and utility of DOAC drug levels in the perioperative setting, we feel this is an area
of need and propose that more baseline DOAC levels could reduce surgical delays. Specifically, collaborative

studies evaluating the mortality and safety of surgery at various assay thresholds are required
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Table 1: Baseline demographics of the cohort.

Hospital A

Hospital B

Hospital C

TOTAL

Number of presentations

532 (43%)

407 (33%)

301 (24%)

1240 (100%)

Number of fractures operated on (% per site) 527 (99%)

407 (100%)

292 (97%)

1226 (98.9%)

Age (median years, interquartile range) T

84 (77, 89)

83 (73, 89)

85 (77, 91)

84 (76, 89)

Sex (female) *

402 (76.3%)

272 (66.8%)

207 (70.9%)

881 (71.9%)

Anticoagulated

(% taking at site)

e Total § 64 (12%) 43 (10.6%) 38 (12.6%) 145 (11.8%)
0 Apixaban 19 (3.6%) 12 (2.9%) 13 (4.5%) 44 (3.6%)
o Dabigatran 5 (0.9%) 2 (0.5%) 1 (0.3%) 8 (0.7%)
o Edoxaban 0 (0.0%) 0 (0.0%) 1 (0.3%) 1 (0.1%)
o Rivaroxaban 10 (1.9%) 13 (3.2%) 6 (2.1%) 29 (2.4%)
o Warfarin 30 (5.7%) 16 (3.9%) 17 (5.8%) 63 (5.1%)

Anti-platelets (% at site)

e Total 172 (32.3%) 131 (32.2%) 63 (21.6%) 366 (29.8%)
0 Aspirin 121 (23.0%) 86 (21.1%) 41 (14.0%) 248 (20.2%)
o Clopidogrel 32 (6.1%) 21 (5.2%) 12 (4.1%) 65 (5.3%)
0 Dual antiplatelet 19 (3.6%) 24 (5.9%) 10 (3.4%) 53 (4.3%)
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Number of patients on dual anticoagulation and
6 (1.1%) 6 (1.5%) 1(0.3%)
antiplatelet agents

13 (1%)

Number of patients not on any anticoagulation or
297 (56.3%) 227 (55.8%) 190 (65.1%)

antiplatelet agent

714 (58.2%)

T A Kruskal Wallis test identified a significant difference in median age between the three sites (y2=11.0, df=2, P=0.004)
* Chi square analysis identified a significant difference in percentage of females at each site (x?=10.3, df=2, P=0.006)

8 Chi square analysis identified a significant difference in percentage of patients anticoagulated at each site (y2=18.0, df=8, P=0.02)
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Table 2: Time to theatre (hours)

Hospital A

Hospital B

Hospital C

TOTAL

Number (%) of patients operated on within 24hrs of presentation

272 (51.6%)

144 (35.4%)

215 (73.6%)

631 (51.5%)

Number (%) of patients operated on within 48hrs of presentation

485 (92.0%)

315 (77.4%)

274 (93.8%)

1074 (87.6%)

Time to surgery (median, interquartile range)*
e Overall
e Anticoagulant subgroups
o DOAC
o Warfarin
o0 Antiplatelets
0 Dual anticoagulation and antiplatelet

0 No anticoagulation or antiplatelet

24.0 (18.0, 34.0)

42.0 (36.0, 47.0)
26.0 (20.0, 39.0)
22.5 (16.0, 31.0)
28.5 (23.0, 46.0)

24.0 (18.0, 30.0)

29.9 (21.3, 45.9)

55.7 (26.4, 70.2)
48.0 (27.8, 72.2)
26.5 (20.9, 43.6)
29.7 (18.0, 42.3)

29.9 (21.3, 45.6)

19.5 (14.6, 24.5)

43.9 (24.9, 50.0)
25.8 (22.5, 37.8)
17.9 (13.6, 22.8)
215 (21.5, 21.5)

18.5 (14.3, 22.5)

24.0 (18.0, 38.9)

43.9 (31.0, 53.0)
27.9 (22.0, 45.0)
23.1(17.4, 35.9)
26.0 (21.2, 42.3)

23.1(17.3, 36.0)

defined above.
o Chi-square
o df

o0 P value (* indicates statistical significance)

Kruskal-Wallis analysis of time to theatre Vs anticoagulant subgroups

41.77

<0.01*

15.421

4

<0.004*

35.687

4

<0.001*

69

4

<0.001*

comparing time to theatre for DOAC users to those on warfarin

Mann-Whitney U post hoc comparison with Bonferroni adjustment
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0 Mann-Whitney U
0 Zscore

o P value (* indicates statistical significance, p <0.025)

216.000

-3.158

0.002*

161.5

0.197

0.844

126.0

-1.728

0.084

1516.5

-2.985

0.003*
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Table 3: Change in haemoglobin (g/L)

Hospital A Hospital B Hospital C TOTAL
Change in haemoglobin (g/L) from maximum level pre-operatively to
minimum level within 72 hours of surgery (Mean, standard deviation)
e Overall 25.0 (12.9) 25.1 (14.4) 24.7 (13.5) 25.0 (13.5)
e Anticoagulant subgroups
o DOAC 24,5 (12.4) 20.6 (13.6) 21.2 (12.4) 22.4 (12.7)
o  Warfarin 23.0 (13.6) 23.4 (14.4) 22.1(13.2) 22.8 (13.4)
o0 Antiplatelets 27.3(13.8) 26.1 (14.6) 25.9 (11.9) 26.7 (13.7)
o Dual anticoagulation and antiplatelet 32.2(10.9) 27.7(16.4) 37.0 30.5(13.1)
o No anticoagulation or antiplatelet 23.8 (12.3) 25.1(14.4) 24.9 (14.1) 24.5 (13.5)
One-way ANOVA comparing change in haemoglobin (g/L) between
anticoagulation subgroups defined above.
o Fvalue 2.573 0.781 0.841 0.389
o df 4 4 4 4
o P value (* indicates statistical significance) 0.037* 0.538 0.500 0.015*
Change in Haemoglobin of DOAC users Vs warfarin users
(independent sample t test)
o tscore 0.745 -0.623 0.428 0.288
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o df

o Pvalue

62 38

0.459 0.537

35

0.671

139

0.774
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Table 4: Transfusion Requirements

Hospital A

Hospital B

Hospital C

TOTAL

Number of patients transfused packed red blood cell units 2 days pre-
operatively to 3 days post-operatively (% per anticoagulant subgroup

defined above per site)

94 (17.8%)

102 (25.1%)

84 (28.8%)

280 (22.8%)

e Total 4 (11.8%) 4 (14.8%) 7 (33.3%) 15 (18.3%)
o DOAC 5 (16.7%) 5 (31.25%) 5 (29.4%) 15 (23.8%)
o Warfarin 41 (23.4%) 48 (36.6%) 23 (36.5%) 112 (30.6%)
o Antiplatelets 2 (33.3%) 1 (16.7%) 0 (0.0%) 3(23.1%)
o Dual anticoagulation and antiplatelet 42 (14.1%) 44 (19.3%) 49 (25.8%) 135 (18.9%)
0 No anticoagulation or antiplatelet

Kruskal-Wallis analysis of number of patients requiring PRBC

transfusion by anticoagulant subgroup analysis
o Chi-square 9.608 19.901 4.174 25.083
o df 4 4 3 4
o P value (* indicates statistical significance) 0.048* 0.001* 0.383 <0..001*

Kruskal-Wallis analysis of number of patients requiring PRBC

transfusion in DOAC Vs warfarin users
o Chi-square 0.917 0.089 0.955 0.397
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o df

o Pvalue

1.000 0.137

1.00

0.425
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Table 5: Pre-operative DOAC levels

Hospital A Hospital B Hospital C TOTAL
Number of Patients on a DOAC (% of cohort) 34 (6.5%) 27 (6.6%) 21 (7.2%) 82 (6.7%)
Number of patients who had a DOAC level prior to surgery
0 Total (% of total) 32 (94%) 10 (37%) 16 (76.2%) 58 (70.7%)
Of those who had a level:
0 Within 12 hours of presentation (% of total) 15 (46.8%) 4 (40%) 6 (37.5%) 25 (43%)
0 Within 24 hours of presentation (% of total) 29 (90.6%) 6 (60%) 11 (68.5%) 46 (79.3%)
Number of patients with DOAC level < 30 ng/mL within 12 hours of
2 (13.3%) 3 (75%) 1 (16.7%) 6 (24%)
presentation (% of patients who had a level in first 12 hours)
Number of patients with DOAC level > 30 ng/mL and < 50 ng/mL
within 12 hours of presentation (% of patients who had a level in first 5 (33.3%) 1 (25%) 1 (16.7%) 7 (28%)
12 hours)
Number of patients with DOAC level > 50 ng/mL within 12 hours of
8 (53.3%) 0 (0%) 4 (66.6%) 12 (48%)
presentation (% of patients who had a level in first 12 hours)
Number of patients with DOAC level < 30 ng/mL within 24 hours of
10 (34.5%) 5 (83.3%) 3(27.3%) 18 (39.1%)

presentation (% of patients who had a level in first 24 hours)
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Number of patients with DOAC level > 30 ng/mL and < 50 ng/mL

within 24 hours of presentation (% of patients who had a level in first 5 (17.2%) 1 (16.7%) 2 (18.2%) 8 (17.3%)
24 hours)
Number of patients with DOAC level > 50 ng/mL within 24 hours of

14 (48.3%) 0 (0%) 6 (54.5%) 20 (43.5%)
presentation (% of patients who had a level in first 24 hours)
Mean time to level <50 ng/mL in hours (std dev) 24 (15.2) 21 (15.3) 26.9 (12.2) 24.3 (14.3)
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