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Abstract
Purpose To synthesise the evidence on the impact of pre-operative direct oral anticoagulants (DOACs) on health outcomes 
for patients who sustain a hip fracture.
Method A rapid systematic review of three databases (MEDLINE, Embase and Scopus) for English-language articles 
from January 2000 to August 2021 was conducted. Abstracts and full text were screened by two reviewers and articles were 
critically appraised. Data synthesis was undertaken to summarise health outcomes examined for DOAC users versus a no 
anticoagulant group. Key information was extracted for study type, country and time frame, population and sample size, type 
of DOACs, comparator population(s), key definitions, health outcome(s), and summary study findings.
Results There were 21 articles identified. Of the 18 studies that examined time to surgery, 12 (57.1%) found DOAC users 
had a longer time to surgery than individuals not using anticoagulants. Five (83.3%) of six studies identified that DOAC 
users had a lower proportion of surgery conducted within 48 h Four (40.0%) of ten studies reporting hospital length of stay 
(LOS) identified a higher LOS for DOAC users. Where reported, DOAC users did not have increased mortality, blood loss, 
transfusion rates, complication rates of stroke, re-operation or readmissions compared to individuals not using anticoagulants.
Conclusions The effect of DOAC use on hip fracture patient health was mixed, although patients on DOACs had a longer 
time to surgery. The review highlights the need for consistent measurement of health outcomes in patients with a hip fracture 
to determine the most appropriate management of patients with a hip fracture taking DOACs.
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Introduction

Sustaining a hip fracture is a serious injury for older adults 
aged ≥ 65 years, as the injury typically requires surgery, 
can result in ongoing mobility issues, reduced health-
related quality of life (HRQoL) or death [1–4]. Much of 
the evidence indicates that hip fracture surgery should be 

performed within 1 or 2 days after hospital admission to 
achieve the best health outcomes, and reduce hospital length 
of stay (LOS), the likelihood of complications, and mortality 
[5–8]. However, many older adults with a hip fracture have 
underlying chronic comorbid conditions, such as thrombo-
embolic disease or atrial fibrillation, that are managed with 
antithrombotic medication [9]. Traditionally, the use of vita-
min K antagonist (VKA) anticoagulants, such as warfarin, 
has necessitated reversal of their effects pre-operatively to 
reduce the patient’s international normalized ratio (INR) 
which may lead to delayed surgical intervention [10, 11].

Unlike VKAs, the use of direct oral anticoagulants 
(DOACs), including factor Xa inhibitors (i.e., apixaban, 
rivaroxaban, edoxaban) and a direct thrombin inhibitor (i.e., 
dabigatran), has the benefit of predictable pharmacokinetics 
without the need for regular monitoring [10]. However, the 
use of DOACs has resulted in acknowledged variations in 
practice in relation to health utilisation outcomes, such as 
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time to surgery, after a hip fracture [10, 12]. While national 
clinical guidelines recommend hip fracture surgery within 
48 hof hospital admission [13–15], there are few consistent 
guidelines around the pre-fracture use of DOACs and hip 
fracture surgery.

It is unclear whether the timing of surgical intervention 
for hip fracture patients prescribed DOACs adversely affects 
patient or health utilisation outcomes, such as blood loss or 
hospital LOS, respectively. Any delay to surgery needs to be 
balanced against potential increased risk of patient compli-
cations such as delirium, infection or thromboembolism. The 
HIP ATTACK study demonstrated that operating within 6 h 
of presentation with a hip fracture had no detrimental effect 
and was associated with a lower risk of delirium, urinary 
tract infection, and moderate to severe pain scores on days 
4–7 compared to standard care [16]. Early surgery in HIP 
ATTACK led to faster mobilisation, a shorter hospital LOS 
and no difference in mortality compared to usual care [16].

Surgical delays to allow medical optimisation of patients 
taking pre-fracture anticoagulation treatment aim to reduce 
intra- and post-operative blood loss [17] and may be neces-
sary to deliver safe regional anaesthesia [18]. As the use 
of DOACs is increasing among older adults [19], and with 
the number of hip fractures worldwide estimated to rise to 
6.26 million by 2050 [20], whether there is evidence of a 
detrimental effect on health outcomes of older adults tak-
ing DOACs pre-operatively needs to be collated and syn-
thesised. The aim of this systematic rapid review is to syn-
thesise the current evidence on the impact of pre-operative 
DOACs on patient health outcomes for patients who sustain 
a hip fracture. This will inform future research, audit and 
guideline development.

Methods

This rapid systematic review synthesises the evidence on the 
impact of pre-operative DOACs on the health outcomes of 
older adults who underwent hip fracture surgery. The review 
records the type of DOACs examined, whether any com-
parator population(s) were included, the type of primary and 
secondary health outcomes examined, and summarises the 
findings of each study.

Definitions

Research articles were included in the rapid review if they 
examined health outcomes of patients who underwent hip 
fracture surgery. Articles were included if the population 
in the studies was primarily aged ≥ 60 years, was admitted 
to hospital after a hip fracture (e.g. intracapsular, trochan-
teric or subtrochanteric), and underwent surgery for the hip 

fracture (e.g. intramedullary nail or hip screw, hemiarthro-
plasty, total hip replacement).

The research articles included had to evaluate the impact 
of pre-operative DOACs (i.e., rivaroxaban, apixaban, dabi-
gatran, edoxaban) on patient health outcomes. Compara-
tor populations could include patients not taking DOACs, 
patients taking VKAs (e.g., warfarin) or patients taking 
oral platelet inhibitors (PAIs) (e.g., aspirin, clopidogrel, 
ticagrelor).

Patient health outcomes included those relating to health-
care utilisation, such as time to surgery, mortality, hospital 
LOS, intensive care unit (ICU) LOS, blood loss, need for 
a blood transfusion, or post-operative complications (e.g., 
infection, bleeding, pulmonary embolism, deep vein throm-
bosis). For the purposes of this rapid review, measures of 
health outcomes related to life post-discharge, such as men-
tal health, HRQoL, or ability to perform activities of daily 
living (ADLs), were excluded.

Data sources and eligibility criteria

A systematic search was conducted using three databases: 
MEDLINE, Embase, and Scopus. The search strategy was 
developed with a university librarian and included the fol-
lowing search terms: (anticoagulant* OR ‘oral anticoagu-
lant’ OR ‘DOAC*’ OR Rivaroxaban OR Apixaban OR Dab-
igatran OR Edoxaban) AND ABS (‘hip fracture’ OR ‘hip 
surgery’) AND (postoperative* OR mortality OR ‘time to 
surgery’ OR ‘length of stay’ OR ‘complication*’ OR bleed* 
OR ‘blood loss’ OR embolism OR thrombosis OR ‘intensive 
care*’) (see Appendix 1 for full search strategy).

Articles were excluded if patients did not have surgery 
after their hip fracture, patients were not taking DOACs 
pre-operatively (other than comparator populations), if 
the article was a systematic review, other type of review, 
a single case report, a study protocol, or if there was insuf-
ficient detail regarding the health outcome(s) examined. 
Results were limited to English-language articles that were 
published in peer-review journals from 1 January 2000 to 
31 August 2021. Snowballing of article reference lists and 
review of co-author repositories was conducted to identify 
any potential articles not previously identified.

Abstract screening

The full citation information including title and abstract 
of each article identified during the database searches was 
imported into Endnote X20 and duplicates removed. The 
abstracts were independently assessed for inclusion by two 
reviewers (SJ, NH), who met regularly to discuss any uncer-
tainties. If the abstract did not report that the research evalu-
ated the impact of pre-operative DOACs on patient health 
outcomes after hip fracture surgery it was excluded. Both 
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reviewers (SJ, NH) screened 15.0% of the articles and the 
interrater percent agreement was 82.9%. Any disagreements 
on abstract inclusion were discussed with a third reviewer 
(RM) and consensus achieved.

Full‑text screening, data extraction and quality 
review

The full text of each article was assessed by two reviewers 
(SJ, NH), if the article was included in the abstract review 
stage. Any article that did not meet the inclusion criteria was 
excluded. For articles that met the inclusion criteria, key 
information was extracted from each article during the full-
text review by two reviewers (SJ, NH), including: authors 
and publication year; review objective/aim; study type, 
country and time frame examined, population and sample 
size, type of DOACs examined, comparator population(s), 
health outcome(s), and summary study findings. Data extrac-
tion results were independently appraised for accuracy by a 
third author (RM). The methodological quality of the arti-
cles was assessed by two reviewers (SJ, NH) and appraised 
by a third reviewer (RM) using the Critical Appraisal Skills 
Programme (CASP) cohort [21] or case–control [22] study 
checklists, where applicable. The quality of retrospective 
matched case-comparison studies was assessed with the 
case–control study checklist. Any clarifications regarding 
methodological quality were discussed between reviewers.

Data synthesis

The information on the included studies in the data extrac-
tion table was compared and a data synthesis was undertaken 
by one reviewer (RM) and appraised by two reviewers (HS 
and ST). The data synthesis involved identifying the most 
common health outcomes examined for DOAC users versus 
the no anticoagulant use comparator group. The findings 
for each health outcome were summarised as to whether 
DOAC users had a worse outcome than a no anticoagulant 
comparator population, where possible. The data extraction 
and data synthesis results were examined by two authors (HS 
and ST) and whether any recommendations could be made 
regarding the pre-operative use of DOACs and the timing of 
hip fracture surgery based on the existing research evidence 
was considered (Supplementary Table 1).

Results

A total of 318 articles were identified during the database 
searches. After removing duplicates, 233 articles remained. 
After abstract review, 34 full-text articles were examined, 
along with 11 articles from snowballing. A final 21 articles 
were included in the rapid review (Fig. 1).

Study type, country and comparator population

Around three-quarters (76.2%) were retrospective cohort 
studies, with five (23.8%) case–control/comparison 
designs. The number of patients taking DOACs in the stud-
ies ranged from 11 to 1063, with a median of 33 patients. 
Three (14.3%) studies each were conducted in Australia, the 
United Kingdom (UK), Israel, and the United States (US), 
two (9.5%) each in Canada, Germany and Norway, and 
one (4.8%) study each in Austria, Denmark and Italy. Ten 
(47.6%) studies used two comparison groups, seven (33.3%) 
used one comparison group, two (9.5%) studies used three 
comparison groups and two (9.5%) studies used four com-
parison groups. The comparison groups involved patients 
not taking any anticoagulants pre-surgery (n = 18 groups), 
patients taking VKAs (n = 14 groups), and patients taking 
PAIs (n = 7 groups).

Patient age and common health outcomes

The age inclusion criteria varied for patients, eight (38.1%) 
studies included patients aged ≥ 65 years, four (19.0%) 
studies included patients aged ≥ 60 years, one (4.8%) study 
included patients aged > 70  years, five (23.8%) studies 
did not specify their patient age inclusion criteria, but the 
mean age of patients in these studies was in the mid-80 s. 
Where indicated, the mean patient age ranged from 80.7 to 
85.0 years and median age ranged from 83.5 to 86.0 years 
(Table 1).

The most common health outcomes examined were 
time to surgery (100%), mortality (95.2%; n = 20), blood 
loss (76.2%; n = 16), post-operative complications (52.4%; 
n = 11) and hospital LOS (47.6%; n = 10). Type of anaesthe-
sia used during surgery was only recorded in five (23.8%) 
studies. Information regarding when DOAC use ceased prior 
to surgery was not often recorded (9.5%; n = 2).

Time to surgery

Time to surgery (either exact or within < 48  h was not 
defined in six (30.0%) studies. Of the 18 studies that exam-
ined exact time to surgery, 12 (57.1%) identified that DOAC 
users had a longer time to surgery, 5 (23.8%) found no dif-
ference in time to surgery, and 1 (4.8%) study identified a 
longer time to surgery for closed reduction internal fixation, 
but not for hemiarthroplasty compared to patients not using 
anticoagulants prior to surgery. Five (83.3%) of six stud-
ies identified that DOAC users had a lower proportion of 
surgeries conducted within 48 h compared to patients not 
using anticoagulants.
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Blood loss and transfusions

Blood loss definitions varied and none of the nine studies 
that reported blood loss found a difference in blood loss 
between patients using DOACs versus no anticoagulants. 
Only 2 (18.2%) of the 11 studies that reported on the propor-
tion of transfusions between DOACs compared to patients 
not using anticoagulants found a higher proportion of blood 
transfusions for patients using DOACs.

Post‑operative complications and hospital LOS

No difference was found in post-operative complication rates 
for the eight studies that reported on complications and no 
difference was found for the three studies that reported on 
the incidence of stroke between DOAC users and patients 
not using anticoagulants. One (50.0%) of two studies that 
reported on wound ooze (defined as clinically identified ooze 
with or without bleeding) found a higher proportion of ooze 
for DOAC users versus patients not using anticoagulants. 
One (14.3%) of the seven studies that reported on re-oper-
ations/readmissions identified a higher proportion of read-
missions for DOAC users, compared to patients not using 
anticoagulants. Four (40.0%) of the ten studies that reported 
on hospital LOS identified a higher LOS for DOAC users.

Mortality

Seven (87.5%) of 8 studies that reported in-hospital mortal-
ity, 12 (92.3%) of 13 studies that reported 30-day mortality, 
and 6 (85.7%) of 7 studies that reported mortality at 1-year 
identified no difference in mortality rates for DOAC users 
compared to patients not using anticoagulants. One (14.3%) 
study identified a higher 1-year mortality for DOAC users 
for closed reduction internal fixation, but not for hemiarthro-
plasty compared to patients not using anticoagulants.

Quality assessment

Methodological quality assessment measures for articles 
varied and few studies (38.1%; n = 8) received all ‘Yes’ rat-
ings (Tables 2 and 3).

CASP Appraisal Checklist questions

1. Did the study address a clearly 
focussed issue?

6b. Was the follow-up of subjects 
long enough?

2. Was the cohort recruited in an 
acceptable way?

7. What are the results of this 
study?

3. Was the exposure accurately 
measured to minimise bias?

8. How precise are the results?

Records identified from*: 
Databases (n=318) 

Records removed before 
screening: 

Duplicate records removed  
(n =85) 

Records screened 
(n=233) 

Records excluded 
(n =195) 

Records sought for retrieval 
(n=34) 

Records not retrieved 
(n= 0)  

Records assessed for eligibility 
(n=34) 

Records excluded: 
Reason 1 (n=7) DOACS 
administered post-surgery. 
Reason 2 (n =6) DOACs not able 
to be distinguished from other 
anticoagulants. 
Reason 3 (n =2) Hip surgery not 
able to be distinguished from knee 
or other fracture surgery. 
Reason 4 (n=2) non-English 
article. 
Reason 5 (n=1) no DOACs. 
Reason 6 (n=1) Review article. 

Records identified from: 
Citation searching (n=9) 
Co-author repositories (n=2) 

Records assessed for eligibility 
(n=11) 

Records excluded (n=5) 
Reason 1 (n =3) DOACs not 
able to be distinguished from 
other anticoagulants. 
Reason 2 (n =2) review 
article. 

Studies included in review 
(n=19) 
Records of included studies 
(n=21) 

Identification of studies via databases and registers Identification of studies via other methods
Id
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Records sought for retrieval 
(n=11) 
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Fig. 1  PRISMA flow diagram
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4. Was the outcome accurately 
measured to minimise bias?

9. Do you believe the results?

5a. Have the authors identified 
all important confounding 
factors?

10. Can the results be applied to 
the local population?

5b. Have they taken into account 
the confounding factors in the 
design and/or analysis?

11. Do the results of this study fit 
with other available evidence?

6a. Was the follow-up of the 
subjects complete enough?

12. Does the study have implica-
tions for practice?

CASP Appraisal Checklist questions

1. Did the study address a clearly 
focussed issue?

6b. Have the authors taken 
account of the potential con-
founding factors in the design 
and/or in their analysis?

2. Did the authors use an appro-
priate method to answer their 
question?

7. How large was the treatment 
effect?

3. Were the cases recruited in an 
acceptable way?

8. How precise was the estimate 
of the treatment effect?

4. Were the controls selected in 
an acceptable way?

9. Do you believe the results?

5. Was the exposure accurately 
measured to minimise bias?

10. Can the results be applied to 
the local population?

6a. Aside from the experimental 
intervention, were the groups 
treated equally?

11. Do the results of this study fit 
with other available evidence?

Discussion

This rapid review identified 21 studies that examined the 
impact of pre-operative DOAC use on hip fracture patients’ 
health outcomes. Overall, in these studies the effect of 
DOAC use on hip fracture patient health outcomes com-
pared to patients not taking any anticoagulants was mixed. 
Compared to patients not taking anticoagulants, in 57.1% 

Table 2  Quality assessment 
using the CASP Appraisal 
Checklist for cohort studies

Y—yes; N—no; C—cannot tell; NA— not applicable; CI—confidence intervals
The question “What were the results of this study?” has been presented in  Table  1  and is therefore not 
included in this Table 2

Authors and publication year Q1 Q2 Q3 Q4 Q5a Q5b Q6a Q6b Q8 Q9 Q10 Q11 Q12

Bruckbauer et al. 2019 [48] Y Y Y Y C C NA NA Y Y Y Y Y
Cafaro et al. 2019 [49] Y Y Y Y C C NA NA Y Y Y Y Y
Creeper et al. 2020 [50] Y Y Y Y C N Y Y Y Y Y Y Y
Daugaard et al. 2019 [47] Y Y Y Y Y Y Y Y Y Y Y Y Y
Frenkel Rutenberg et al. 2018 [51] Y Y Y Y C C Y Y Y Y Y Y Y
Hourston et al. 2020 [42] Y Y Y Y Y Y Y Y Y Y Y Y Y
King et al. 2020 [38] Y Y Y Y Y Y Y Y Y Y Y Y Y
Leer-Salvesen et al. 2020 [43] Y Y Y Y N N Y Y Y Y Y Y Y
Lott et al. 2019 [12] Y Y Y Y N N NA NA Y Y Y Y Y
Mahmood et al. 2021 [40] Y Y Y Y Y Y Y Y Y Y Y Y Y
Saliba et al. 2020 [44] Y Y Y Y Y Y Y Y Y Y Y Y Y
Scherman et al. 2019 [45] Y Y Y Y Y Y Y Y Y Y Y Y Y
Schuetze et a. 2019 [46] Y Y Y Y Y Y Y Y Y Y Y Y Y
Shani et al. 2021 [53] Y Y Y Y C C Y Y Y Y Y Y Y
Viktil et al. 2019 [55] Y Y Y Y C C NA NA N C Y Y Y

Table 3  Quality assessment 
using the CASP Appraisal 
Checklist for case–control 
and case-comparison matched 
studies

Y—yes; N—no; C—cannot tell; NA—not applicable; CI—confidence intervals

Authors and publication year Q1 Q2 Q3 Q4 Q5 Q6a Q6b Q7 Q8 Q9 Q10 Q11

Franklin et al. 2018 [37] Y Y Y C Y Y Y C Y Y Y Y
Gosch et al. 2020 [52] Y Y Y C Y Y C C C Y Y Y
Mullins et al. 2018 [26] Y Y Y C Y Y Y C Y Y Y Y
Rostagno et al. 2021 [41] Y Y Y Y Y Y C C C Y Y Y
Tarrant et al. 2020 [39] Y Y Y Y Y Y Y C Y Y Y Y
Tran et al. 2015 [54] Y Y Y Y Y Y C C C Y Y Y
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of studies DOAC users had a longer time to surgery, 40.0% 
had a longer hospital LOS, 18.2% had a higher proportion 
of blood transfusions, and 14.3% had a higher proportion 
of readmissions, where each of these outcomes was exam-
ined. No difference was identified in overall blood loss, post-
operative complication rates, stroke, or in-hospital, 30-day 
or 1-year mortality between DOAC users and patients not 
taking any anticoagulants in studies that examined these 
patient outcomes.

The advantages of using DOACs are that they are taken 
orally and are associated with fewer dietary and other medi-
cation interactions [10, 23]. DOACs have a fast therapeutic 
onset, lower complication and monitoring requirements, and 
are more cost-effective compared to VKAs, such as warfarin 
[10, 24]. A systematic review and meta-analysis that exam-
ined the effect of DOAC or VKA use on time to surgery and 
mortality for hip fracture patients found that time to surgery 
was 15.5 h longer for patients taking DOACs than patients 
not on anticoagulants, with no difference in time to surgery 
for patients taking DOACs versus VKAs, and that there 
was no difference in in-hospital mortality for patients tak-
ing DOACs compared to patients not on anticoagulants [25].

While this rapid review found that time to surgery was 
reported as longer for patients using DOACs pre-operatively, 
whether or not the surgery was conducted within 48 h was 
only examined by one-third of studies, with five of six stud-
ies identifying a lower proportion of surgery conducted 
within 48 h for patients taking DOACs versus no anticoagu-
lants. Prior research has largely indicated that better health 
outcomes after hip fracture surgery are associated with 
surgery that is conducted within 48 h of patient admission 
[5–8]. In one study, hip fracture surgery for DOAC users 
within 24 h of admission was not associated with increased 
blood loss, transfusion rates or 30-day mortality compared 
to matched patients not taking anticoagulants [26]. How-
ever, larger population-based studies are needed to further 
examine patient outcomes for DOAC users undergoing sur-
gery < 24 h after admission.

The current review found no difference in overall blood 
loss or post-operative complication rates, and only two 
studies consistently identified higher mortality rates for hip 
fracture patients taking DOACs versus no anticoagulants. 
Prior systematic reviews and meta-analyses of health out-
comes of DOACs users compared to patients taking VKAs 
not limited to trauma found that DOAC users had a reduced 
patient complication and mortality risk, and showed no dif-
ference in blood loss [27–30], except for dabigatran which 
was associated with a higher risk of gastrointestinal bleeding 
compared to VKAs [31]. That there was no difference found 
for patients taking DOACs versus no anticoagulants for mor-
tality, post-operative complications or blood loss may stem 
in part from a delayed time to surgery for patients taking 
DOACs as surgical teams aim to optimise these patients 

prior to surgery to achieve the best outcomes possible. Given 
a randomised controlled trial is unlikely to take place, and 
there are large clinical hip fracture registries in a number of 
countries which measure high-level outcomes in hip fracture 
patients, developing a consensus and monitoring approach 
for time to surgery for patients taking DOACs may guide 
practice in the future.

Published reviews and practical guidelines have indicated 
there is no consensus on an appropriate DOAC free period 
prior to acute hip fracture surgery [32–34]. The recom-
mended time to surgery in guidelines has ranged from 12 h 
after the last dose to up to 4 days, depending on half-life of 
the DOAC and patient renal function [32–35]. Most recom-
mendations on time to surgery for patients pre-operatively 
taking DOACs have been made for patients undergoing elec-
tive surgery [32], and there has been limited examination of 
DOACs and time to surgery in the acute care setting, such 
as for hip fracture.

This systematic rapid review has identified that the 
research evidence surrounding pre-operative DOAC use and 
time to surgery is mainly derived from retrospective cohort 
studies conducted at single facilities which describe cur-
rent varied practice. The review identified limited evidence 
to support the development of practical clinical guidelines 
on the management of hip fracture patients taking DOACs. 
These studies indicate that almost two-thirds of DOAC users 
are delayed to hip fracture surgery compared to patients not 
taking any anticoagulants. Whether a delay to surgery for hip 
fracture patients taking DOACs pre-operatively is justified 
needs further clarification from robust, large population-
based studies [32, 35], along with further pragmatic investi-
gation of the use of reversal agents for DOACs prior to acute 
hip fracture surgery [36].

This rapid review has also shown there is a need for con-
sistency in the type of health outcomes examined post-hip 
fracture surgery to determine the effect of DOACs on patient 
outcomes. This includes providing clear definitions for each 
health outcome examined, particularly for the measurement 
of blood loss, noting the hours prior to surgery that DOAC 
use ceased, the type of anaesthesia used during surgery, and 
the specific type of post-operative complications examined. 
In six (33.3%) studies in this review [26, 37–41], a matched 
comparison group was used or data were matched post hoc, 
but matching criteria were not consistent across studies, nor 
were consistent comparator groups used. Where matching 
was not used, only six (40.0%) studies specified and adjusted 
for potential covariates [42–47], indicating potential limi-
tations of sample size to conduct regression analyses. In 
ten (47.6%) studies, there were less than 50 patients taking 
DOACs.

With the ageing population and the growth of chronic 
diseases, the use of DOACs in older hip fracture patients is 
likely to increase [9]. Further pragmatic research is needed 
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to examine the impact of pre-operative DOAC use on hip 
fracture patient health outcomes, including examining 
patient experience measures along with patient-reported out-
come measures, particularly regarding HRQoL and ADLs.

The strengths of this rapid review were that it followed 
the PRISMA guidelines, it used a comprehensive keyword 
search strategy involving three databases, a university medi-
cal librarian assisted with the development of the keyword 
search terms, and multiple reviewers were involved in the 
data extraction phase with high interrater reliability. Any 
clarifications or disagreements were discussed between 
reviewers and consensus was obtained. However, there were 
some limitations of the review. Studies published in non-
English languages were excluded, which may result in lan-
guage bias. The rapid review did not examine clinical trials 
registries, so any trials currently underway were excluded. 
Three studies included patients aged < 65 years; however the 
mean patient age in these studies was in the 80 s, warranting 
their inclusion.

Conclusions

This review found limited evidence to support guidelines 
on the management of hip fracture patients taking DOACs. 
The effect of DOAC use on hip fracture patient health out-
comes compared to patients not taking any anticoagulants 
was mixed, although patients on DOACs had a longer time 
to surgery. It highlights the need for robust, population-
based studies and the consistent examination of hip fracture 
surgery health outcomes to determine the most appropriate 
management of patients with a hip fracture taking a DOAC.

Appendix 1: Search strategy for each 
database

Medline

“Exp Anticoagulants/” OR “Administration, Oral/” OR “Hip 
Fractures/su [Surgery]” OR “1 and 3” AND “limit 4 to "all 
aged (65 and over)" AND limit 5 to (“middle aged (45 plus 
years)” OR “all aged (65 and over)”) AND “limit 6 to (Eng-
lish language and (clinical trial, all” OR “randomized con-
trolled trial” OR “systematic review”)).

Embase

“Exp hip fracture” OR “exp anticoagulant agent/” OR “1 and 
2” OR “exp postoperative period/” OR “3 and 4” OR “(sur-
gery or surgical).tw.” OR “1 and 6” OR “2 and 7” OR “4 
and 8” AND “limit 9 to (English language and (clinical trial 

or randomized controlled trial))” AND “limit 12 to (English 
language and yr = “2011–2022”)”.

Scopus

(TITLE-ABS-KEY (anticoagulant* OR “oral anticoagu-
lant” ORr “DOAC*” OR Rivaroxaban OR Apixaban OR 
Dabigatran OR Edoxaban) AND ABS (“hip fracture” OR 
“hip surgery”) AND ABS (postoperative* OR mortality OR 
“time to surgery” OR “length of stay” OR “complication*” 
OR bleed* OR “blood loss” OR embolism OR thrombosis 
OR “intensive care*”)) AND (LIMIT-TO (LANGUAGE, 
“English”)).
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