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Safety of expedited-surgery protocols 
in anticoagulant-treated patients with hip 
fracture: a systematic review and meta-analysis

Background: Perioperative management of patients with hip fracture patients 
receiving oral anticoagulants requires navigating the risks associated with surgical 
delay and perioperative hemostasis. The aim of this systematic review and meta-
analysis was to evaluate the effect of expedited-surgery protocols on time to surgery 
and perioperative outcomes in anticoagulant-treated patients with hip fracture.

Methods: We searched MEDLINE, Embase and CENTRAL from inception to 
May 5, 2020, to identify English-language studies reporting outcomes after expedited 
hip fracture surgery in patients receiving vitamin K antagonists (VKAs) or direct oral 
anticoagulants (DOACs) before hospital admission. We performed a meta-analysis 
using Mantel–Haenszel weighting for dichotomous variables and inverse variance 
weighting for continuous variables.

Results: Among the 4253 citations identified, 14 studies were included. In the 6 stud-
ies eligible for meta-analysis, compared to hip fracture surgery before implementation 
of a VKA-reversal protocol, surgery after implementation of such a protocol was asso-
ciated with a significant reduction in time to surgery (mean difference 45.31 h, 95% 
confidence interval [CI] 15.81  h to 74.80  h). Expedited surgery (within 48  h) in 
patients who received DOACs preoperatively was not associated with increased sur-
gical duration (mean difference –7.29 min, 95% CI –22.5 min to 7.95 min) or 30-day 
mortality (odds ratio [OR] 1.30, 95% CI 0.49 to 3.89) compared to patients who did 
not receive anticoagulants (control patients). However, expedited surgery in DOAC-
treated patients was associated with an increased blood transfusion risk compared to 
control patients (OR 0.58, 95% CI 0.36 to 0.96).

Conclusion: Implementing a VKA-reversal protocol for patients with hip fracture is 
effective in decreasing time to surgery, without an increased bleeding risk. Perform-
ing hip fracture surgery within 48 hours in DOAC-treated patients is also safe, with a 
small increase in blood transfusion risk.

Contexte  : La prise en charge périopératoire de patients sous anticoagulothérapie 
ayant subi une fracture de la hanche nécessite la gestion des risques associés aux délais 
chirurgicaux et à l’hémostase périopératoire. La présente revue systématique et méta-
analyse a pour objectif d’évaluer les effets de protocoles chirurgicaux accélérés sur le 
délai d’accès à la chirurgie et les issues périopératoires chez ces patients.

Méthodes : Nous avons interrogé les bases MEDLINE, Embase et CENTRAL de 
leur création au 5 mai 2020 pour recenser les études publiées en anglais qui traitaient 
des issues d’opérations accélérées pour une fracture de la hanche chez des patients 
sous antivitamine K (AVK) ou anticoagulants oraux directs (AOD) avant leur hospi-
tali sation. La méta-analyse a été effectuée au moyen de la méthode de Mantel–
Haenszel pour les variables dichotomiques et de la pondération par l’inverse de la 
variance pour les variables continues.

Résultats : À partir des 4253 citations recensées, 14 études ont été retenues. Dans les 
6 études répondant aux critères de la méta-analyse, l’opération pour une fracture de la 
hanche après mise en œuvre d’un protocole de désanticoagulation pour l’AVK a été 
associée à une réduction significative de l’intervalle préchirurgical (différence 
moyenne 45,31 h, intervalle de confiance [IC] de 95 % 15,81 h à 74,80 h), compara-
tivement à la même intervention avant la mise en place du protocole. La chirurgie 
accélérée (dans les 48 h) chez les patients sous AOD avant l’opération n’a pas été asso-
ciée à un allongement de la durée de l’intervention (différence moyenne –7,29 min, 
IC de 95 % –22,5 min à 7,95 min) ni à une augmentation de la mortalité dans les 
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E ach year, 340 000 people are admitted with acute hip 
fracture in the United States, accruing an estimated 
US$9.8 billion in health care costs.1 Although oral 

anticoagulants (OACs), including vitamin K antagonists 
(VKAs) and direct oral anticoagulants (DOACs), are highly 
effective in preventing and treating thromboembolic condi-
tions,2 OAC use is most prevalent among adults more than 
65 years of age, a vulnerable population with a lifetime risk 
of having an osteoporotic hip fracture greater than 20%.3 
The prevalence of patients with hip fracture receiving 
VKAs and DOACs has been reported to be 10.3% and 
9.1%, respectively.4,5 With the rising trend in OAC uptake, 
specifically DOACs, with expanding indications for primary 
and secondary thromboprophylaxis,6 the impact of OACs at 
the time of hip fracture will become increasingly relevant.

The perioperative management of OAC-treated 
patients with hip fracture requires navigating the delicate 
competing risks associated with surgical delay and peri-
operative hemostasis. On one hand, a delay to hip fracture 
surgery has consistently been shown to increase postopera-
tive morbidity and all-cause mortality.7,8 On the other 
hand, there is concern that a residual degree of anticoagu-
lant effect exists within the first 24–48 hours after DOAC 
intake that may impair perioperative hemostasis.9

Although effective VKA-reversal agents, including vita-
min K, fresh frozen plasma and prothrombin complex con-
centrates (PCCs), are readily available,10 an antidote for 
DOACs did not exist until recently, with the advent of ida-
rucizumab and andexanet alfa for the reversal of direct 
thrombin and factor Xa inhibitors, respectively.11 However, 
these novel antidotes are expensive: reversal of factor Xa 
inhibition with andexanet alfa is associated with a 3.9-fold 
higher cost per patient compared to conventional reversal 
agents such as PCCs.12 Furthermore, not reversing oral 
anticoagulation before hip fracture surgery may be safe and 
expedite time to surgery. Meinig and colleagues13 found 
that blood transfusion rates were similar between patients 
in whom oral anticoagulation was not reversed and those 
who had anticoagulant reversal before hip fracture surgery. 
Nonetheless, the impact of rapid OAC reversal proto-
cols13–15 and expediting hip fracture surgery (within 48 h of 
admission) on outcomes in anticoagulant-treated patients 
with hip fracture has not been systematically evaluated.

Given the uncertainty in the current literature on the 
impact of OAC reversal and expedited surgery on clinical 
outcomes in anticoagulant-treated patients with hip frac-
ture, we performed a systematic review and meta-analysis 
to evaluate the effect of expedited surgical protocols on 
time to surgery, perioperative outcomes and thromboem-
bolic complications in this population.

Methods

We performed this systematic review using a predeter-
mined study protocol registered with the International 
Prospective register of systematic reviews (PROSPERO) 
(CRD42020155306). The review is reported in accordance 
with the Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) guidelines.

Search strategy and study selection

In collaboration with a medical librarian, we performed 
a systematic literature search of Embase, MEDLINE and 
the  Cochrane Central Register of Controlled Trials 
(CENTRAL) from inception to May 5, 2020 (Appendix 1, 
available at canjsurg.ca/lookup/doi/10.1503/cjs.010021/
tab-related-content). We retrieved grey literature by 
accessing ClinicalTrials.gov and ClinicalStudyResults.org, 
contacting study authors for unavailable articles, and for-
ward and backward searching of references from publica-
tions included in the review. We compiled the studies 
using Covidence and deleted duplicates. Two authors 
(Y.X., D.Y.) screened titles and abstracts independently 
based on predetermined inclusion and exclusion criteria, 
and performed full-text review of retained articles. Con-
flicts were resolved by a consensus decision between the 
2 reviewers or with a third author (P.S.), if required.

Inclusion and exclusion criteria

Study eligibility included randomized controlled trials, 
 prospective/retrospective cohort studies, cross-sectional stud-
ies and case–control studies, including meeting abstracts. 
Studies were included if they focused on patients with hip 
fracture receiving a VKA (warfarin, phenprocoumon or 

30 jours (rapport de cotes [RC] 1,30, IC de 95 % 0,49 à 3,89), comparativement aux 
patients qui ne recevaient pas d’anticoagulothérapie (groupe témoin). Cependant, la 
chirurgie accélérée chez les patients sous AOD a été associée à un risque accru de 
besoin de transfusion sanguine, comparativement au groupe témoin (RC 0,58, IC de 
95 % 0,36 à 0,96).

Conclusion  : La mise en place d’un protocole de désanticoagulation pour l’AVK 
chez les patients ayant subi une fracture de la hanche réduit efficacement l’intervalle 
préchirurgical sans augmentation du risque de saignement. Il est également sécuritaire 
d’effectuer une opération pour une fracture de la hanche dans les 48 heures chez les 
patients sous AOD, quoique l’intervention soit associée à un risque légèrement accru 
de transfusion sanguine.
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acenocoumarol) or DOAC (dabigatran, rivaroxaban, apixa-
ban or edoxaban) at the time of hip fracture who were 
treated after a predetermined anticoagulant-reversal proto-
col or underwent expedited surgery within 48 hours with-
out anticoagulant reversal. Case reports, reviews, letters to 
the editor, commentaries, and studies or abstracts not avail-
able in English were excluded.

Data extraction and quality assessment

Data were extracted by 2  authors (Y.X., D.Y.) working 
independently. A standardized data extraction form was 
used to record author, publication date, study design, 
number of patients, patient demographic characteristics, 
anticoagulant-reversal protocol and outcomes of interest. 
The primary outcome was time to surgery. Secondary out-
comes included length of stay, postoperative venous throm-
boembolism (VTE), postoperative red blood cell transfu-
sion and change in hemoglobin level, surgical duration and 
30-day mortality. Postoperative VTE included symptom-
atic deep vein thrombosis and pulmonary embolism. 
Asymptomatic deep vein thrombosis detected with screen-
ing ultrasonography was excluded. Risk of bias was assessed 
and classified as low, high or unclear with the use of com-
ponents of the Newcastle–Ottawa Scale,16 which was used 
in a prior meta-analysis involving anticoagulant therapy.17

Data synthesis and analysis

We performed a meta-analysis for all comparative studies 
that reported on 3 or more studies by pooling the results 
using Review Manager 5.3 (Cochrane Collaboration). Con-
tinuous data were reported as means and standard deviations 
(SDs), and dichotomous outcomes as number of events or 
odds ratios (ORs). We performed statistical analysis by com-
paring mean differences of 2 or more studies when results 
were collected with the use of similar measures. For con-
tinuous data reported as median and interquartile range, we 
approximated the sample mean and SD using an established 
estimation method for performing meta-analysis.18 If the SD 
value was not specified or given, we imputed from compar-
able studies, as per Cochrane manual guidelines.19 Studies 
that did not include enough data for a sample mean and SD 
were not included in the meta-analysis.

We pooled random-effects models for unadjusted/
crude study estimates using Mantel–Haenszel weighting 
for dichotomous variable analysis and inverse variance 
weighting for continuous variable analysis. Data were 
reported as mean difference with 95% confidence intervals 
(CIs). When meta-analysis was not possible, we summar-
ized results using descriptive statistics. We assessed 
hetero geneity between studies using the I2 statistic, with 
values of 75% or greater indicating substantial heterogen-
eity. For all analyses, p values < 0.05 were considered sta-
tistically significant.

To approach our objectives, we included 2 predefined sets 
of analyses. In the first set of analyses, we compared differ-
ences in surgical outcomes before and after implementation 
of expedited-surgery protocols in anticoagulant-treated 
patients. In the second set of analyses, we included studies 
that compared surgical outcomes between VKA- and 
DOAC-treated patients who received an expedited-surgery 
protocol and patients who were not anticoagulant treated at 
the time of their hip fracture (control group).

Results

A total of 5188  records were identified through database 
searching (Figure 1). After duplicates were removed, 

Fig. 1. Flow diagram showing study selection. DOAC = direct 
oral anticoagulant; VKA = vitamin K antagonist. *Schermann 
and colleagues20 grouped patients into hemiarthroplasty and 
closed reduction internal fixation cohorts.

Records identified through database 
searching (MEDLINE, Embase, CENTRAL)

n = 5188

Titles and abstracts screened
n = 4253

Full-text articles assessed for eligibility
n = 99

Studies included in systematic review
n = 15

Studies included in meta-analysis

VKA before protocol v. after protocol
• Time to surgery  n = 6
• Blood transfusion  n = 3

DOAC v. control
• Blood transfusion  n = 5*
• 30-day mortality  n = 4*
• Surgical duration  n = 3*

Excluded: duplicate records 
removed  n = 935

Excluded  n = 84
• Wrong study design  n = 35
• Wrong population  n = 17
• Wrong intervention  n = 12
• Abstract of full study  n = 6
• Wrong outcomes  n = 4
• Not enough data  n = 5
• Nonclinical study  n = 2
• Language other than English  n = 2
• Same patients included in more 
   recent study  n = 1

Excluded: did not meet 
inclusion criteria  n = 4154
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4253  abstracts underwent title and abstract screening, of 
which 4154 were excluded because they did not meet the 
inclusion criteria. The remaining 99  studies underwent 
full-text review, and 14 were determined to be eligible and 
were included in the systematic review.14,15,20–31 The year of 
publication ranged from 2010 to 2019.

We divided the review into studies that included patients 
who received VKAs and those who received DOACs. 
Eleven  studies included VKA-treated patients (247 before 
VKA-reversal protocol, 516 after VKA-reversal protocol 
and 1023  control patients) (Table 1). Although no study 
assessed the efficacy of standardized DOAC-reversal proto-
cols by means of a pre-/postimplementation methodology, 

in 4  studies, DOAC-treated patients who underwent hip 
fracture surgery within 48 hours were compared to patients 
who did not receive anticoagulants (Table 2).

The weighted mean age of patients included before 
implementation of a VKA-reversal protocol, those included 
after implementation of a VKA-reversal protocol and con-
trol patients was 74.1  years, 75.0  years and 81.9  years, 
respectively (Table 1). The corresponding proportions of 
female patients were 63.6% (n = 96), 65.8% (n = 296) and 
73.0% (n = 346). In the studies that included patients who 
received DOACs and control patients, the weighted mean 
age was 86.1 years and 82.8 years, respectively (Table 2); 
67.3% (171) and 73.2% (1542), respectively, were female.

Table 1. Study characteristics and baseline demographic characteristics of patients with hip fracture who received a vitamin K 
antagonist before or after implementation of a vitamin K antagonist–reversal protocol, and of patients who did not receive an 
anticoagulant (control)

Study Study design Inclusion criteria Reversal protocol

No. of patients Age, mean ± SD (range), yr Female sex, no. of patients

Before 
protocol

After 
protocol Control

Before 
protocol

After 
protocol Control

Before 
protocol

After 
protocol Control

Schuetze et 
al.,29 2019

Retrospective 
cohort

Inter- or 
subtrochanteric 
hip fracture

Surgery within 
24 h; reversal not 
mentioned

— 25 146 — NR NR — NR NR

Mattisson et 
al.,15 2018

Retrospective 
case–control

Inter- or 
subtrochanteric 
hip fracture, 
> 60 yr of age

Surgery within 
24 h; vitamin K and 
PCCs until INR 
< 1.5

— 99 99 — 86.0 ± 
7.4

86.0 ± 
7.1

— 69 69

Moores et 
al.,26 2018

Retrospective 
case–control

Hip fracture Vitamin K on 
admission and 
every 6 h until INR 
< 1.7

46 48 — 80.5 ± 
7.6

81.2 ± 
8.0

— 33 32 —

Ng et al.,28 
2019

Case series Hip fracture, INR 
> 1.5

PCCs until INR 
≤ 1.4 

— 33 — — 81.0 ± 
7

— — 19 —

Diament et 
al.,21 2015

Prospective 
cohort study

Hip fracture Vitamin K on 
admission and 
every 12 h until 
INR ≤ 1.5

80 42 403 82.1 
(64–100)

83.3 
(72–95)

81.7 
(61–100)

NR 25 NR

Ahmed et 
al.,23 2014

Retrospective 
cohort

Hip fracture Vitamin K on 
admission, repeat 
if INR > 1.5 after 
24 h

27 40 — 81.0 ± 
5.9

81.8 ± 
8.9

— 14 26 —

Buecking et 
al.,24 2014

    PCCs* Prospective 
cohort

Proximal femur 
fracture, > 60 yr 
of age

Pre: vitamin K on 
admission and 
every 12 h until 
INR < 1.5 
Post: vitamin K + 
PCCs

50 12 — 81.0 ± 
7.0

81.0 ± 
6.0

— 30 8 —

Vitamin K 
± PCCs

Prospective 
cohort

Proximal femur 
fracture, > 60 yr 
of age

Vitamin K on 
admission and 
every 12 h until 
INR < 1.5; PCCs to 
accelerate reversal

— 62 340 — 81.0 ± 
7.0

81.0 ± 
8.0

— 38 255

Tal et al.,30 
2013

Retrospective 
cohort

Hip fracture Vitamin K on 
admission

10 11 35 82.2 ± 
5.2

81.9 ± 
8.9

80.1 ± 
6.5

6 10 22

Ashouri et 
al.,22 2011

Retrospective 
cohort

Femoral neck 
fracture

Vitamin K or FFP 
on admission

16 41 — NR NR — NR NR —

Vitale et al.,31 
2011

Retrospective 
cohort

Hip fracture, INR 
> 1.5

Vitamin K or FFP 
on admission

23 70 — 78.7 ± 
10.5

81.9 ± 
8.9

— 14 44 —

Bhatia et 
al.,25 2010

Retrospective 
cohort

Femoral neck 
fracture, INR 
> 1.5

Vitamin K on 
admission

45 45 — 71.3 74.1 — 29 33 —

Weighted 
total, no. (%)

— — — 247 516 1023 74.1 75.0 81.9 96 (63.6) 296 (65.8) 346 (73.0)

FFP = fresh frozen plasma; INR = International Normalized Ratio; NR = not recorded; PCC = prothrombin complex concentrate; SD = standard deviation. 
*Not included in total calculations as it was a subgroup analysis.
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Study quality

Of the 14  included studies, 13 were retrospective stud-
ies,14,15,20–23, 25–31 and 2 were prospective cohort studies.21,24 
The quality of the included studies was variable: 5 studies 
received a score of 6,14,22,23,25,28 5 studies received a score of 
7, 20,21,24,29,30 and 4 studies received a score of 815,26,27,31 
(maxi mum possible score 9). The majority of studies were 
deficient in adjusting key demographic characteristics such 
as age, sex and marital status (Appendix 1, Supplemental 
Table S1).

Time to surgery with expedited-surgery protocols

The mean time to surgery for VKA-treated patients with-
out an established VKA-reversal protocol, those with a 
VKA-reversal protocol and control patients was 
71.4  hours, 35.5  hours and 19.6  hours, respectively 
(Table 3). In the 6 studies eligible for meta-analysis, com-
pared to hip fracture surgery before implementation of a 
VKA-reversal protocol, surgery after implementation of 
such a protocol was associated with a significant reduction 
in time to surgery (mean difference 45.31  h, 95% CI 
15.81 h to 74.80 h) (Figure 2).

No studies involving DOAC-treated patients compared 
time to surgery before and after an expedited-surgery pro-
tocol. In the 3 studies in which the authors reported mean 
time to surgery for DOAC-treated patients who had expe-
dited surgery and compared them to control patients, the 
mean time to surgery was 29.3  hours and 30.2  hours, 
respectively (Table 4).

Blood loss and transfusion

The rate of blood transfusion was compared between patients 
who followed a VKA-reversal protocol and control patients in 
3  studies. We did not identify an increase in transfusion 
requirements among VKA-treated patients who underwent 
expedited surgery compared to control patients (OR 1.08, 
95% CI 0.53 to 2.20) (Figure 3). In contrast, the rate of blood 
transfusion was significantly higher for DOAC-treated 
patients who underwent surgery within 48 hours than for 
control patients (OR 0.58, 95% CI 0.36 to 0.96) (Figure 4).

Surgical duration

Mattisson and colleagues15 compared surgical duration 
between patients with a VKA-reversal protocol and control 
patients, and found no significant difference (65  min v. 
64 min; p = 0.8). Similarly, in the 2 studies comparing sur-
gical duration between DOAC-treated patients who 
underwent surgery within 48 hours and control patients, 
there was no significant difference in the mean duration of 
surgery between the 2 groups (mean difference –7.29 min, 
95% CI –22.5 min to 7.95 min) (Figure 5).14,20

Length of acute hospital stay

In 8  studies, the length of acute hospital stay before a 
VKA-reversal protocol (n = 179), after a VKA-reversal pro-
tocol (n = 376) and control patients (n = 877) was recorded. 
The length of stay was 19.2 days, 15.3 days and 9.8 days, 
respectively.

Table 2. Study characteristics and baseline demographic characteristics of patients with hip fracture who received a direct oral 
anticoagulant before or after implementation of a vitamin K antagonist–reversal protocol, and of patients who did not receive an 
anticoagulant (control) 

Study Study design Inclusion criteria Reversal protocol

No. of patients
Age, mean ± SD (range), 

yr 
Female sex, no. of 

patients

Control DOAC Control DOAC Control DOAC

Schermann et al.,20 
2019

    CRIF Retrospective 
cohort

Proximal hip 
fracture

24–36 h delay: 
rivaroxaban, apixaban; 
12–24 h delay: 
dabigatran

977 60 82.7 ± 8 86.1 ± 5.7 762 44

    HA Retrospective 
cohort

Proximal hip 
fracture

24–36 h delay: 
rivaroxaban, apixaban; 
12–24 h delay: 
dabigatran

489 29 82.8 ± 7.6 86.2 ± 7.1 335 16

Schuetze et al.,29 
2019

Retrospective 
cohort

Inter- or 
subtrochanteric 
hip fracture

Surgery within 24 h of 
admission, no reversal

146 52 NR NR NR NR

Franklin et al.,14 
2018

Retrospective 
cohort

Hip fracture, 
60–89 yr of age

Surgery within 48 h of 
admission, no reversal

76 19 NR NR 32 8

Mullins et al.,27 2018 Retrospective 
cohort

Hip fracture No time delay to 
surgery, no reversal

62 63 85 
(66–100)

NR NR 47

Weighted total, no. 
(%)

NA NA NA 1750 223 82.8 86.1 1542 (73.2) 171 (67.3)

CRIF = closed reduction internal fixation; DOAC = direct oral anticoagulant; HA = hemiarthroplasty; NA = not available; NR = not recorded; SD = standard deviation.
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Table 3. Perioperative surgical outcomes for patients who received or did not receive a vitamin K antagonist

Study

Admission INR, 
mean ± SD (range)

Time to surgery, mean ± SD 
(range), h

Length of stay, mean ± SD 
(range), d

Deep vein thrombosis, 
no. of patients

Pulmonary embolism, 
no. of patients 

Postoperative venous 
thromboembolism, 

no. of patients

Before 
protocol

After 
protocol

Before 
protocol

After 
protocol Control

Before 
protocol

After 
protocol Control

Before 
protocol

After 
protocol Control

Before 
protocol

After 
protocol Control

Before 
protocol

After 
protocol Control

Schuetze 
et al.,29 
2019

— NR — 10.0 
(4.3–23.8)

8.2 
(1.2–23.9)

— NR NR — NR NR — NR NR — NR NR

Mattisson 
et al.,15 
2018

— 2.5 (0.6) — 16.0 (4.8) 14.0 (5.6) — 4.9 (2.6) 4.9 (2.6) — 0 0 — 0 0 — 0 0

Moores et 
al.,29 2019

2.6 (0.9) 2.5 (1.0) 70.4 
(61.9)

46.0 (38.0) — 17.3 
(14.2)

22.4 (39.7) — NR NR — NR NR — NR NR —

Ng et al.,28 
2019

— 3.1 (1.5) 32.5 (23.2) — — 11 (2–62)* — — 1 — — 0 — — 1 —

Diament et 
al.,21 2015

— 2.5 
(1.5–4.4)

53.7 
(1.7–

128.0)

37.6 
(14.7–
71.8)

28.4 
(5.0–286.4)

16.7 
(2.0–65.0)

15.8 
(8.0–44.0)

14.1 
(2.0–67.0)

— 0 — — 0 — — 0 —

Ahmed et 
al.,23 2014

3.4 (3.6) 3.3 (2.6) 74.7 
(43.7)

36.9 (12.6) — 24.4 
(14.8)

22.1 (14.1) — NR NR — NR NR — NR NR —

Buecking 
et al.,24 
2014

    PCCs† 2.0 (0.7) 2.3 (0.6) 28.0 
(15.0)

21.0 (10.0) — NR NR — 0 0 — 0 0 — 0 0 —

Vitamin 
K ± 
PCCs

— 2.1 (0.7) 27.0 (14.0) 16.0 (12.0) — 15.0 (6.0) 13.0 (6.0) — 0 1 — 0 2 — 0 3

Tal et al.,30 
2013

2.7 (0.7) 2.4 (0.7) 122.4 
(58.1)

63.4 (26.9) 16.6 (19.9) 13.2 (4.9) 9.4 (1.9) 7.3 (2.4) NR NR NR NR NR NR NR NR NR

Ashouri et 
al.,22 2011

NR NR 74.7 
(43.7)

36.9 (12.6) — 24.4 
(14.8)

22.1 (14.1) — NR NR — NR NR — NR NR —

Vitale et 
al.,31 2011

1.9 (0.7) 2.6 (1.1) 163.2 
(45.6)

67.2 (31.2) — NR NR — 0 2 — 0 1 — 0 3 —

Bhatia et 
al.,25 2010

2.9 
(1.5–6.5)

2.5 
(1.9–7.1)

91 38 — NR NR — NR NR — NR NR — NR NR —

Weighted 
total, no. 
(%)

2.6 2.6 71.4 35.5 19.6 19.2 15.3 11.5 0 (0.0) 3 (0.9) 1 (0.2) 0 (0.0) 1 (0.3) 2 (0.5) 0 (0.0) 4 (1.3) 3 (0.7)

INR = International Normalized Ratio; NR = not recorded; PCC = prothrombin complex concentrate; SD = standard deviation. 
*Reported as median and range (not included in weighted total calculation). 
†Not included in total calculations as it was a subgroup analysis.

Fig. 2. Time from admission to surgery for patients with hip fracture included before implementation of a vitamin-K-antagonist–reversal 
protocol (preprotocol) compared to after implementation of the protocol (postprotocol). CI = confidence interval; IV = inverse variance 
weighting; SD = standard deviation.

Study or subgroup Mean SD Mean SDTotal Total Weight, % IV, random, 95% CI IV, random, 95% CI

Preprotocol Postprotocol Mean difference Mean difference

Ahmed et al.,23 2014 747 43.7 27 36.9 24.8 40 17.2 37.80 (19.61 to 55.99)
Bhatia et al.,25 2010 91 61.9 45 38 38 45 16.8 53.00 (31.78 to 74.22)
Buecking et al.,24 2014 28 15 50 21 10 12 18.2 7.00 (–0.02 to 14.02)
Moores et al.,26 2018 70.4 61.9 46 46 38 48 16.9 24.40 (3.53 to 45.27)
Tal et al.,30 2013 122.4 58.1 10 63.4 26.9 11 13.9 59.00 (19.64 to 98.36)
Vitale et al.,31 2011 163.2 45.6 23 67.2 31.2 70 17.0 96.00 (75.98 to 116.02)

Total (95% CI)  201 226      100.0 45.31 (15.81 to 74.80)
Heterogeneity: τ2 = 1228.82; χ2 = 84.48, df = 5 (p < 0.001); l2 = 94%
Test for overall effect: z = 3.01 (p = 0.003)

–100 –50 0 50 100
Favours preprotocol Favours postprotocol
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Table 4. Perioperative surgical outcomes for patients who received or did not receive a direct oral anticoagulant

Study

Time to surgery, mean ± SD 
(range), h

Surgical duration, mean 
± SD,* h

Change in 
postoperative 

hemoglobin level, 
mean ± SD 
(range), g/L

Change in 
postoperative 
hemoglobin 

level, mean, %
pRBC transfusion, 

no. of patients
30-day mortality, 
no. of patients

Control DOAC Control DOAC Control DOAC Control DOAC Control DOAC Control DOAC

Schermann et 
al.,20 2019

    CRIF 31.2 ± 22.2 40.2 ± 26.9 110.7 ± 48.9 — NR NR 24.0 22.6 77 5 43 4

    HA 36.3 ± 25.8 42.3 ± 27.3 126.2 ± 39.8 — NR NR 21.0 21.7 36 3 30 2

Schuetze et 
al.,29 2019

8.2 (1.3–23.9) 9.5 (2.3–24.0) NR NR NR NR NR NR 24 20 NR NR

Franklin et al.,14 
2018

21.4 ± 12.4 28.9 ± 11.8 93.5 ± 44.2 82.7 ± 37.9 30 ± 2.0 32 ± 1.4 NR NR 6 25 12 1

Mullins et al.,27 
2018

19 (3–44)* 19 (7–64)* NR NR 23 (1–47) 23 (0–49) NR NR 6 11 5 1

Weighted 
total, no. (%)

30.2† 29.3† 114.8 120.9 29.2 29.3 23.0 22.3 149 (8.6) 64 (29.1) 90 (5.6) 8 (4.7)

CRIF = closed reduction internal fixation; DOAC = direct oral anticoagulant; HA = hemiarthroplasty; NR = not recorded; pRBC = packed red blood cells; SD = standard deviation. 
*Reported as median and range. 
†Weighted mean does not include the study by Mullins and colleagues.27

Fig. 3. Blood transfusion rate for patients with hip fracture who received a vitamin K antagonist (VKA) compared to those who did 
not receive an anticoagulant (control). CI = confidence interval; MH = Mantel–Haenszel weighting; OR = odds ratio; SD = standard 
deviation.

Study or subgroup Events EventsTotal Total Weight, % MH, random, 95% CI MH, random, 95% CI
Control VKA OR OR

Buecking et al.,24 2014 193 340 38 62 38.3 0.83 (0.48 to 1.44)

Mattisson et al.,15 2018 72 99 56 99 37.0 2.05 (1.13 to 3.71)

Schuetze et al.,29 2019 24 146 6 25 24.7 0.62 (0.23 to 1.72)

Total (95% CI)  585 186 100.0 1.08 (0.53 to 2.20)

Total events 289  100   

Heterogeneity: τ2 = 0.26; χ2 = 6.35, df = 2 (p = 0.04); l 2 = 69%
Test for overall effect: z = 0.21 (p = 0.08)

0.05 0.2 1 5 20
Favours control Favours VKA

Fig. 4. Blood transfusion rate for patients with hip fracture who received a direct oral anticoagulant (DOAC) compared to those who did not 
receive an anticoagulant (control). CI = confidence interval; CRIF = closed reduction internal fixation; HA = hemiarthroplasty; MH = Mantel–
Haenszel weighting; OR = odds ratio.

Study or subgroup Events EventsTotal Total Weight, % MH, random, 95% CI MH, random, 95% CI
Control DOAC OR OR

Franklin et al.,14 2018 25 64 6 16 15.9 1.07 (0.35 to 3.31)

Mullins et al.,27 2018 6 62 11 63 17.5 0.51 (0.17 to 1.47)

Schermann et al.,20 2019 CRIF 77 977 5 60 21.2 0.94 (0.37 to 2.42)

Schermann et al.,20 2019 HA 36 489 3 29 13.5 0.69 (0.20 to 2.39)

Schuetze et al.,29 2019 24 146 20 52 31.9 0.31 (0.15 to 0.64)

Total (95% CI) 1738 220   100.0 0.58 (0.36 to 0.96)

Total events 168 45
Heterogeneity: τ2 = 0.07; χ2 = 5.09, df = 4 (p = 0.3); l 2 = 21%
Test for overall effect: z = 2.14 (p = 0.03) 0.1 0.2 0.5 1 2 5 10

Favours control Favours DOAC
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Venous thromboembolism

Six studies reported on postoperative VTE in VKA-treated 
patients. In the 2  studies involving VKA-treated patients 
who did not follow an expedited-surgery protocol, there 
were no cases of VTE.22,29 In contrast, the overall rate of 
VTE among VKA-treated patients who underwent expe-
dited surgery (n  = 318) was 1.3% (n  = 4) (Table 3). The 
rate of VTE in control patients was 0.7% (n  = 3). Post-
operative VTE rates were not reported in any of the stud-
ies involving DOAC-treated patients.

Thirty-day mortality

Two studies reported on 30-day mortality in VKA-treated 
patients. Moores and colleagues26 found a 30-day mortality 
rate of 6.2% in patients who followed a VKA-reversal pro-
tocol (vitamin K every 6 h until the International Normal-
ized Ratio [INR] was < 1.7), compared to 15.2% among 
patients before implementation of a VKA-reversal proto-
col. Mattisson and colleagues15 reported that patients who 

underwent early warfarin reversal and surgery within 
24 hours did not show a higher 30-day mortality rate than 
control patients (9.1% v. 7.1%; p = 0.8).

In the 3 studies that reported on 30-day mortality rate 
in DOAC-treated patients,14,20,27 expedited surgery (within 
48 h) was not associated with an increase in 30-day mortal-
ity compared to control patients (OR 1.30, 95% CI 0.49 to 
3.89) (Figure 6).

discussion

In this meta-analysis involving 3821 patients with hip frac-
ture across 14 studies, we found that implementation of a 
VKA-reversal protocol significantly decreased the time to 
surgery among those treated with VKA. In addition, there 
was no significant difference in blood transfusion rates 
between patients who underwent VKA reversal and patient 
who did not receive anticoagulants. Among studies in 
which outcomes were compared between DOAC-treated 
patients and control patients, undergoing hip fracture sur-
gery within 48 hours of admission without DOAC reversal 

Fig. 5. Mean difference in duration of surgery (minutes) for patients with hip fracture who received a direct oral anticoagulant (DOAC) 
compared to those who did not receive an anticoagulant (control). CI = confidence interval; CRIF = closed reduction internal fixation; 
HA = hemiarthroplasty; IV = inverse variance weighting; SD = standard deviation.

Study or subgroup Mean TotalSD Mean SD Total Weight, % IV, random, 95% CI
Control DOAC Mean difference

IV, random, 95% CI
Mean difference

Franklin et al.,14 2018 93.5 44.2 76 82.7 37.9 19 28.3 10.80 (–8.93 to 30.53)
Schermann et al.,20 2019 CRIF 110.7 48.9 977 122 58 60 35.4 –11.30 (–26.29 to 3.69)
Schermann et al.,20 2019 HA 126.2 39.8 489 143.7 38.5 29 36.3 –17.50 (–31.95 to –3.05)

Total (95% CI) 1542 108      100.0 –7.29 (–22.53 to 7.95)

Heterogeneity: τ2 = 112.23; χ2 = 5.29, df = 2 (p = 0.07); l 2 = 62%
Test for overall effect: z = 0.94 (p = 0.4) 

–50 –25 0 25 50
Favours control Favours DOAC

Fig. 6. Thirty-day mortality rate for patients with hip fracture who received a direct oral anticoagulant (DOAC) compared to those who 
did not receive an anticoagulant (control). CI = confidence interval; CRIF = closed reduction internal fixation; HA = hemiarthroplasty; 
MH = Mantel–Haenszel weighting; OR = odds ratio; SD = standard deviation.

Study or subgroup Events Total Events Total Weight, % MH, random, 95% CI
Control DOAC OR

MH, random, 95% CI
OR

Franklin et al.,14 2018 12 76 1 19 16.7 3.38 (0.41 to 27.73)
Mullins et al.,27 2018 5 62 1 63 15.8 5.44 (0.62 to 47.96)
Schermann et al.,20 2019 CRIF 43 977 4 60 40.0 0.64 (0.22 to 1.86)
Schermann et al.,20 2019 HA 30 489 2 29 27.5 0.88 (0.20 to 3.89)

Total (95% CI)   1604  171  100.0 1.30 (0.49 to 3.43)

Total events: 90  8 

Heterogeneity: τ2 = 0.32; χ2 = 4.45, df = 3 (p = 0.2); l 2 = 33%
Test for overall effect: z = 0.52 (p = 0.6)

0.01 0.1 1 10 100
Favours control Favours DOAC
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was not associated with longer surgical duration or a 
higher 30-day mortality rate, despite a higher rate of peri-
operative blood transfusion in the former.

We observed a reduction in surgical delay of more than 
36 hours among VKA-treated patients after implementation 
of a VKA-reversal protocol before surgery. Furthermore, 
patients who received nonprotocolized perioperative VKA 
management, an established risk factor for postdischarge 
VTE,32 had a longer hospital stay than those who followed a 
VKA-reversal protocol. In most studies in which VKA 
reversal was studied, vitamin K was used; concurrent PCCs 
were used in a limited number of studies. Notably, all 3 cases 
of postoperative VTE occurred with protocols that actively 
used PCCs or fresh frozen plasma.28,31 Based on the pharma-
codynamic profile of vitamin K in restoring coagulation fac-
tors,33 contemporary antithrombotic guidelines recommend 
parenteral vitamin K, without adjunctive plasma or PCCs, if 
surgical management can be delayed by 6–8 hours from the 
time of hospital admission.34 Nonetheless, INR reversal is 
among the most commonly cited barriers to timely surgery 
in VKA-treated patients with hip fracture.13,35,36 Our data 
support the implementation of preoperative VKA-reversal 
protocols using reversal agents including vitamin K or PCCs 
as an effective way of achieving consistent and appropriate 
warfarin reversal. In addition, timely internal medicine con-
sultation should be performed when a high risk of thrombo-
embolic complications is expected.35 Owing to the hetero-
gen eity of current VKA-reversal protocols in the literature, 
further research is required to determine the most cost-
effective method that allows for patients to receive timely 
hip fracture surgery while maintaining a low rate of peri-
operative bleeding and thrombotic complications.

Among DOAC-treated patients who underwent expe-
dited surgery (within 48 h), we observed an increased risk of 
perioperative transfusion compared to patients who did not 
receive anticoagulants. However, no difference in transfusion 
rates was observed among VKA-treated patients. This is 
related to the fact that VKA-reversal agents are readily avail-
able, and VKA in VKA-treated patients is reversed before 
hip fracture surgery. In contrast, expedited surgery in 
DOAC-treated patients does not always involve reversal. 
Schuetze and colleagues29 included only patients with inter- 
or subtrochanteric hip fractures, which were treated with 
cephalomedullary nail fixation rather than arthroplasty pro-
cedures.37 As cephalomedullary nail fixation is associated with 
higher surgical blood loss than arthroplasty,38 any underlying 
hemostatic impairment is likely amplified in this population. 
In a recent study by Lott and colleagues,39 no significant dif-
ferences in duration of surgery, estimated blood loss or trans-
fusion requirements were shown between DOAC-treated 
patients who underwent hip fracture surgery within 48 hours 
of presentation and those whose surgery was delayed more 
than 48 hours. Furthermore, among the included studies, 
rates of DOAC reversal were lower than rates of VKA rever-
sal, with most protocols calling for no reversal before surgery 

within 24 hours of hospital admission. Although this imbal-
ance in risk of transfusion did not translate to increased risk 
of 30-day mortality, the role of emerging DOAC-reversal 
agents may be relevant in maintaining perioperative hemo-
stasis and decreasing blood transfusion rates in DOAC-
treated patients undergoing hip fracture surgery.

Limitations

This study has several strengths. The comprehensive 
search strategy summarized the existing published litera-
ture on expedited-surgery protocols for both VKA- and 
DOAC-treated patients with hip fracture. Statistical het-
erogeneity was low to moderate for most outcomes 
assessed. For VKA-treated patients, reporting baseline 
INR allowed for interpretation of potential confounding 
on effect estimates. In addition, we selected studies in 
which the mean time to surgery among DOAC-treated 
patients was within 48 hours of admission, consistent with 
the American Academy of Orthopaedic Surgeons evidence-
based clinical practice guideline recommendations.40

There are limitations to our study. Patients’ comorbidity 
profiles varied across included studies. Owing to the het-
erogeneity of presentation of comorbidities between stud-
ies, we were unable to assess how potential differences in 
comorbidities may have contributed to the study outcomes. 
Most studies of VKA-treated patients did not include 
descriptions of postoperative thromboprophylaxis or how 
VKA was restarted after surgery, which may have affected 
postoperative VTE rates. Finally, the majority of included 
studies were retrospective, entailing a risk of selection bias 
toward including anticoagulant-treated patients who were 
medically fit for expedited surgery.

conclusion

Implementing a VKA-reversal protocol in patients with 
hip fracture is effective in decreasing the time to surgery 
without an associated increase in bleeding risk. Further-
more, performing hip fracture surgery within 48 hours of 
presentation in DOAC-treated patients is likely safe, as no 
differences in duration of surgery or 30-day mortality were 
observed between these patients and those who did not 
receive anticoagulants despite an increased rate of red 
blood cell transfusion among the former. Although rever-
sal agents may not be necessary for all patients receiving 
DOACs, those with inter- or subtrochanteric hip fractures 
receiving cephalomedullary nail fixation may benefit from 
DOAC reversal, in order to decrease transfusion risk. As 
evidenced by the significant decrease in time to surgery 
with reversal protocols in VKA-treated patients, there is an 
urgent priority to evaluate and establish expedited-surgery 
protocols for DOAC-treated patients with hip fracture, to 
decrease the morbidity and mortality associated with sur-
gical delay in this population.
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