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B Thirty per cent of patients presenting with proximal femo-
ral fractures are receiving anticoagulant treatment for vari-
ous other medical reasons. This pharmacological effect
may necessitate reversal prior to surgical intervention to
avoid interference with anaesthesia or excessive peri/post-
operative bleeding. Consequently, delay to surgery usu-
ally occurs.

B Platelet inhibitors (aspirin, clopidogrel) either alone or
combined do not need to be discontinued to allow acute
hip surgery. Platelet transfusions can be useful but are
rarely needed.

B Vitamin K antagonists (VKA, e.g. warfarin) should be
reversed in a timely fashion and according to established
readily accessible departmental protocols. Intravenous
vitamin K on admission facilitates reliable reversal, and
platelet complex concentrate (PCC) should be reserved
for extreme scenarios.

B Direct oral anticoagulants (DOAC) must be discontin-
ued prior to hip fracture surgery but the length of time
depends on renal function ranging traditionally from two
to four days.

B Recent evidence suggests that early surgery (within 48
hours) can be safe. No bridging therapy is generally rec-
ommended.

B There is an urgent need for development of new com-
monly available antidotes for every DOAC as well as high-
level evidence exploring DOAC effects in the acute hip
fracture surgical setting.
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Introduction

Each year over 300,000 people over 65 years old sustain a
hip fracture in the USA.' In 2017, 67,000 people older
than 60 years old presented with neck of femur fracture

(NOF) in the United Kingdom.? The expected incidence in
2050 of proximal femoral fractures is 7 million. This
increase comes as a result of an aging population, with
associated frailty and osteoporosis. Another aspect of
aging is that these patients suffer from multiple co-mor-
bidities, hence they are usually being treated with antico-
agulants for cardiovascular or cerebrovascular diseases. As
a matter of fact one-third of patients presenting with prox-
imal femoral fractures are being anticoagulated at the
same time.? This can have serious implications for the
time to surgery as the anticoagulant effect of these drugs
may have to be reversed to allow neuraxial anaesthesia
or to prevent excessive peri-operative bleeding. Time to
surgery is well known to correlate directly with hip frac-
ture patient morbidity and mortality.# Delay of more than
48 hrs to surgery has been found to be related to systemic
problems (chest infections, decubitus ulcers, pulmonary
oedema, impaired mobility-functional results) leading
to prolonged length of stay, morbidity and mortality.
Recently it was shown that delay to surgery of more than
24 hrs is a risk factor for wound infection.é Therefore, in
England, National Health Service (NHS) Trusts are incen-
tivized by a ‘best practice’ tariff (extra financial benefit of
£1335 per patientintroduced in 2010) for hip fracture sur-
gery (HFS) in the first 36 hrs from admission. Despite this,
time to surgery varies greatly between countries and in
hospitals in the UK and, in 2017, only 70% of NOFs were
operated on in the first 36 hrs. Taking into consideration
that in 2020 this cut-off will be 24 hrs rather than 36 hrs
it is more than evident that the number of outliers will
dramatically increase. Delay to surgery cannot always be
attributed solely to anticoagulants, as other causes (thea-
tre space availability, optimizing of other co-morbidities)
can be responsible, but it is established that earlier surgery
promises better patient functionality and survival. Patients
with proximal femoral fractures commonly take oral plate-
let inhibitors (aspirin, clopidogrel, ticagrelor, prasugrel)
or oral vitamin K antagonists (warfarin, acenocoumarol,
phenprocoumon) or newer oral anticoagulants (dabi-
gatran, rivaroxaban, apixaban, edoxaban). In this instruc-
tional lecture we will try to outline the key points of each
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drug and their impact on time to surgery. We will also
explore current practice, highlight best up-to-date recom-
mendations and elucidate future directions.

Platelet inhibitors

Aspirin is traditionally used for prevention of cardiovascu-
lar events. It irreversibly inhibits cycloxygenase-1 (COX-1)
resulting in reduced production of thromboxane A2
(TXA2) thus preventing platelet aggregation and clot for-
mation. Dipyridamole and cilostazol are phosphodiester-
ase inhibitors which prevent adenosine platelet re-uptake,
blocking platelet aggregation. Recent evidence showed
that patients receiving aspirin, dipyridamole, or both,
who have hip fractures may safely undergo urgent sur-
gery without delay.” In cases with unexpected or serious
bleeding, the antiplatelet effect can be reversed with
transfusion of two units of platelets 2 hrs after the last
dose of aspirin. Neuraxial anaesthesia during aspirin treat-
ment has been proven safe.8

Clopidogrel has a more potent antiplatelet profile. It is
a thienopyridine which irreversibly binds to the platelet
receptor P2Y12 inhibiting Adenosine diphosphate (ADP)-
dependent signalling pathways involved in platelet con-
gregation. Due to this mechanism traditionally a washout
period of 5-7 days had been advised in order to regain
platelet function.® This recommendation applies espe-
cially in elective surgery.’® Zhang et al supported the view
that continuing clopidogrel during HFS resulted in more
intra-operative transfusions, increased intensive care unit
(ICU) admissions, higher length of stay and lower one-
year survival rate.’” This finding was negated by a recent
review and systematic analysis which demonstrated that
stopping clopidogrel induces cardiovascular or cerebro-
vascular complications without avoiding bleeding.’> A
systematic review demonstrated that early surgery in
patients under clopidogrel is safe with marginal increase
in transfusions.’® In another study, length of stay or ICU
admissions were not any different from operated hip frac-
ture patients not on clopidogrel, hence no need for clopi-
dogrel cessation was postulated.' This increasing amount
of evidence is supported by another study which, apart
from showing the safety of peri-operative continuation of
clopidogrel, revealed that patients undergoing dual anti-
platelet treatment (DAT) — clopidogrel plus aspirin — need
higher amounts of transfusions.!> Patients on a dual anti-
platelet regimen usually have severe cardiovascular dis-
ease with stents and therefore the American College of
Chest Physicians (ACCP) and the American College of Car-
diology (ACC) suggest that if one drug needs to be
stopped this should be clopidogrel and in the extreme
cases when this is medically risky, a short bridging therapy
with parenteral glycoprotein llb/llla inhibitors (abciximab,
eptifibatide, tirofiban) can be applied.’® Despite these
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recommendations there is evidence that continuation of
dual antiplatelet treatment is safe, taking into account a
greater peri-operative blood loss.’” Noteworthy, for neu-
raxial anaesthesia, in the case of clopidogrel or newer anti-
platelet drugs prasugrel and ticagrelor, five to seven days
of drug cessation are needed prior to HFS in order to avoid
spinal hematomata.’® Prasugrel and ticagrelor share the
same mechanism of action with clopidogrel. However,
both have stronger antiplatelet activity than clopidogrel.
Ticagrelor is a reversible platelet ADP inhibitor which acts
faster than clopidogrel. Platelet infusions are ineffective
with both of these drugs. Interestingly, there are no stud-
ies investigating these drugs in relation to acute hip frac-
ture surgery.

Vitamin K antagonists (VKA)

Warfarin is the main vitamin K antagonist (VKA), acting by
inhibiting the liver carboxylation of glutamic acid residues
in the N-terminal regions of the vitamin K dependent clot-
ting factors (ll, VII, IX, and X). The inhibition of these fac-
tors prevents the formation or propagation of clots. Apart
from warfarin, acenocoumarol and phenprocoumon are
also used (mainly in Germany). They are most commonly
prescribed for atrial fibrillation (83%), thrombosis (DVT/
PE, 18%), mechanical heart valve (5%) as well as by 7% of
cases for multiple indications.’ The prevalence of warfa-
rin medication in hip fracture patients is estimated to be
between 5-10.3%.20.21

VKA anticoagulant action is monitored by prothrom-
bin-INR (international normalized ratio) measurements.
An INR equal to or less than 1.5 is a pre-requisite for sur-
gery especially for regional anesthesia.?? Therefore, rever-
sal of anticoagulant effects of VKAs is obviated prior to hip
fracture surgery. This can lead to substantial delays in the
operating theatres. It was estimated that warfarinized
patients are only 20% likely to be operated on within the
first 48 hrs.?! This delay, apart from implications for mor-
bidity/mortality rate, also carries negative financial conse-
quences for hospitals: in one study, it was estimated that
£80,000 of financial loss occurred from failing to achieve
the ‘best practice’ tariff (BPT) due to warfarin.?3

Approaches for VKA reversal as reflected by INR correc-
tion are: discontinuation of the coagulant with or without
oral/intravenous vitamin K administration, adding pro-
thrombin complex concentrate (PCC) or giving fresh fro-
zen plasma (FPP).24# Warfarin has a half-life of 35 hrs,
whereas different clotting factors share different half-lives
(the shortest is factor VIl with 6 hrs and longest is factor Il
with 60hrs). Taking into consideration these variable half-
lives and adding the variability of the presenting INR one
can realize that solely discontinuing warfarin cannot give
a predictable timeframe of INR target reversal. Therefore,
simply stopping warfarin can take up to five days to
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achieve an acceptable coagulation state.?*> This ‘wait and
see’ approach is not considered acceptable nowadays
with the proven benefits of early surgery.

The risk of thrombo-embolic recurrence after coagula-
tion withdrawal is considered low (up to 0.3%). Supple-
mentation of vitamin K (Phytonadione) replenishes the
body’s vitamin K storage and re-activates prothrombin
factors leading to INR correction. Both oral and intrave-
nous (IV) routes of vitamin K administration have been
proved effective in warfarin reversal; however, the IV route
seems to be more predictable and quicker due to increased
bio-availability.2¢ Testing INR in the first 6 hrs after vitamin
K supplementation is based on the six-hour half-life of fac-
tor VII. However, other authors have suggested INR meas-
urements every 12 hrs.23 There is no consensus regarding
the optimal dose, route and timeframe of vitamin K
administration. Adverse reactions to vitamin K administra-
tion are estimated at around 2% and include allergic reac-
tions, acute thrombosis or warfarin resistance. Intravenous
administration of T mg vitamin K upon admission reduced
the average time to surgery from 73 hrs to 38 hrs and
increased the proportion of patients operated on within
48 hrs from 30% to 80%.27 Other studies suggest higher
doses (3 mg) of IV vitamin K for rapid and successful INR
reversal.?® These higher doses, though offering stronger
INR correction potential, can theoretically increase warfa-
rin resistance, making re-instatement of anticoagulant
treatment more difficult post-operatively.?°

Intravenous vitamin K has been found to result not
only in decreased delay to surgery but also in a very low
complication rate3? and shorter length of stay.3' When the
oral route for vitamin K administration is sought, 5 mg
initially can be a reasonable dose with an additional oral
dose of 1-2 mg in 24 hrs if the perceived INR target is not
achieved, as is a usual practice in many British hospitals.
However, time to theatre can be widely variable and we
do not consider it as effective as the intravenous route.3?
We must highlight that operated warfarinized hip fracture
patients after INR correction in another study did not need
more transfusions compared with non-anticoagulated
patients, a finding which lends support to the idea that
these patients can even be operated on with a higher INR
than 1.5.33

The British Committee for Standards in Haematology
(BCSH) advises that warfarin can be re-started on the first
post-operative day provided adequate haemostasis has
been achieved in theatre.3* However, this can be deemed
as subjective even for a highly experience surgeon, there-
fore, variations exist leading to warfarin re-initiation even
72 hrs post-operatively. As warfarin is a slow-acting drug,
we believe that re-starting it between 24-36 hrs post-
operatively will not prolong the length of stay and that is
also safe. Bridging with low molecular weight heparin is a
standard routine after warfarin discontinuation and takes

place pre and post surgery. The British Society of Haema-
tology advises risk stratification of patients regarding
thrombosis risk and highlighting especially high-risk
patients (metallic heart valves, DVT/PE, stroke, ischaemia)
< 3 months.33

Prothrombin complex concentrates (PCC) can also be
used when urgent (< 6 hrs) warfarin reversal is needed.
They comprise high (x 25) concentrations of inactive clot-
ting factors (ll, VII, 1X, X) as well as protein C and S. Two
different commercial formulations exist named Beriplex
and Octaplex. They reverse INR in 30 minutes and their
action lasts up to 6 hrs. Both have been proved efficient in
reversing the warfarin effect in significant bleeding.?¢ A
three-factor PCC (3-PCC) also exists; however, a recent
study has showed that 4-PCC is more effective in restoring
INR.3” Co-administration of oral 5 mg vitamin K is advised
because it prevents rebound INR increases after 6 hrs.38
Moreover, administration of PCC with fresh-frozen plasma
(FFP) has been correlated with increased 30-day mortal-
ity.3° Beriplex costs 600 euros and in some studies is con-
sidered a cost-effective saving, producing £1250 per
patient.#0 Currently, the sole clear indication is for young
warfarinized patients with intracapsular hip fracture,
where prompt (< 6 hr) fixation is indicated to avoid avas-
cular necrosis.*!

Fresh-frozen plasma (FFP) is the liquid blood compo-
nent containing all the coagulation factors. It has tradi-
tionally been postulated as another VKA reversal; however,
it is considered less effective compared with PCC in restor-
ing normal INR with the added risk of volume overload
and higher thrombo-embolic events.#2 The literature now-
adays does not support its use in VKA reversal for proximal
femoral surgery.

Direct oral anticoagulants (DOACs)

This new category includes dabigatran (Pradaxa), rivar-
oxaban (Xarelto), apixaban (Eliquis) and edoxaban (Lixi-
ana) and was quite recently introduced in 2013 for
prevention of thrombo-embolism after elective total hip
or knee replacement. Their indications were extended to
treatment of venous thrombo-embolism (VTE) and pre-
vention of stroke in patients with non-valvular atrial fibril-
lation (AF). These drugs have been shown to be more
effective than warfarin in reducing the incidence of stroke
and systemic embolic events with the added benefit that
no monitoring is needed, the dose is fixed with rapid
onset and offset plus without dietary requirements or
drug-to-drug interactions. Therefore, these non-vitamin K
antagonist oral anticoagulants (NOACs) are now rapidly
gaining popularity over warfarin for AF and for treatment/
prophylaxis of VTE in orthopaedic surgery.43 Moreover,
they do not induce osteoporosis as is the case with long-
term VKAs.4 DOACs undergo renal clearance (80% for
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dabigatran, 50% for edoxaban, 35% for rivaroxaban, and
27% for apixaban) and thus can accumulate in patients
with declining renal function. The dose needs to be
adjusted in renal impairment.

Dabigatran is a direct factor lla (thrombin) inhibitor
with a half-life of 12—17 hrs and 1-3 hrs needed for peak
action. It is cleared mainly by the kidneys and is contra-
indicated in patients whose creatinine clearance is less
than 30 mL/min. Rivaroxaban, apixaban and edoxaban
are all direct factor Xa inhibitors. Rivaroxaban has a half-
life of 9—13 hrs and 1-3 hrs for peak action, apixaban a
half-life of 8—10 hrs and peaks in 1-3 hrs, and edoxaban
exhibits a half-life of 10—14 hrs with rapid absorption in
1-3 hrs. Routine monitoring of these drugs is not needed,
and validated tests do not exist. Thrombin time is sensitive
even with low blood levels of dabigatran but most impor-
tantly the existence of normal thrombin time excludes
clinically significant levels of this anticoagulant. Direct
thrombin time (dTT) and ecarin clotting time (ECT) are lin-
early correlated with dabigatran but are not widely availa-
ble. Specialized anti-XA laboratory tests elaborate clinically
relevant drug rivaroxaban or apixaban concentrations but
are expensive, not widely available and there is a lack of
adopted drug-specific standard curves.*> Therefore, in a
proximal femoral fracture case we cannot use any tests to
evaluate the level of coagulation and therefore, the reversal
plan can only be based on the name of the drug, timing of
the last dose as well as renal function.

A recent study has shown that DOAC treatment is
related to a significant delay to surgery (beyond 36 hrs).4¢
This problem is exacerbated by the confusion caused by
the lack of consensus on the appropriate drug-free inter-
val until hip fracture surgery. The British Society of Haema-
tology recommends a 48-hour DOAC-free period prior to
elective orthopaedic surgery in patients with normal renal
function.3® This can be extended up to four days in cases
of severe renal impairment. The International Society on
Thrombosis and Haemostasis (ISTH) base their empirical
suggestions on three half-lives and advise pre-operative
suspension of three days before elective surgery. Accord-
ing to the Association of Anaesthetists of Great Britain and
Ireland (AAGBI) neuraxial blockade should be avoided for
24-48 hrs after the last dose of apixaban and for 48 hrs for
rivaroxaban. Otherwise general anaesthesia should be
considered.?? Rivaroxaban and apixaban share shorter
half-lives than dabigatran and it has therefore been advised
that only 24 hrs delay should be adequate.*” All these rec-
ommendations were established for elective planned sur-
gery and not in an acute fractured hip setting where early
surgery is one of the top priorities.

In its general guideline for AF, NICE advises that bridg-
ing anticoagulation is not generally necessary for planned
surgery due to the predictable decline in effect of drugs and
their rapid onset of action upon restarting after surgery.*8
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On the other hand, the British Society of Haematology
(BSH) recommends standard thromboprophylaxis with
Low Molecular Weight Heparin (LMWH) post-operatively
up to 48 hrs when DOACs are re-introduced.3®> The
American Society of Regional Anesthesia and Pain Medi-
cine (ASRA) recommends recommencing these drugs no
sooner than 6 hrs post a neuraxial procedure, but
removal of an indwelling epidural catheter and interven-
tional pain guidelines are suggested as reasons for wait-
ing for 24 hrs.4 Others recommend that the bridging
decision should weigh the thrombo-embolic vs. bleed-
ing risk and the withdrawal period of the drug and sug-
gest post-operative LMWH if patients are unable to take
oral drugs. Again the DOAC should restart as soon as
possible within 12 hrs of the last dose of LMWH.%0 In a
study of bridging dabigatran in elective procedures it
was found that bridging increased significantly the risk of
major bleeding compared to non-bridging, failing to
reduce the occurrence of thrombo-embolic events.>!
Therefore we do not recommend bridging as standard
practice in hip fracture surgery.

On the other hand, major bleeding has been reported
in 25% of patients under dabigatran undergoing major
orthopaedic surgery but it was safe to restart the drug in
0-2 days.>2 A recent study showed that patients undergo-
ing early surgery for extracapsular hip fracture under
DOAC had a 3.4-fold increased risk for intra-operative
blood transfusion.>3 In this study all patients had been
operated on within 24 hrs and quite interestingly the
patients operated on in the first 6 hrs avoided intra-
operative blood transfusion. There is growing evidence
supporting early hip fracture surgery (within 48 hrs) for
patients under DOACs,>#+3¢ although these studies con-
clude that bigger studies with robust evidence are needed
to ensure that early surgery is indeed safe.

As uncertainty exists regarding the best policy and the
timeframe for discontinuation or not of peri-operative
DOAC:s, the quest for reversal agents is essential. Idaruci-
zumab (Praxbind), a monoclonal antibody binding dabi-
gatran with 350 times greater affinity than thrombin, is
licensed as reversing agent for dabigatran.>” A dose of 5
mg can bind Pradaxa in minutes, completely reversing
the elevated dilute thrombin time and ecarin clotting
time in 88-98% of patients, with the added benefit not
being prothrombotic (unlike PCCs).58 Andexanet alpha
(Ondexxya) has been granted conditional approval by
European Medicines Agency as a reversal agent for rivar-
oxaban, apixaban and edoxaban.>®

Haemodialysis is an option for patients suffering from
renal impairment under dabigatran as it can remove over
60% of this drug.6® However, this is not very practical in
everyday practice and also does not apply to rivaroxaban
or apixaban due to their high protein binding. Activated
charcoal can be useful in drug overdose but is limited to
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administration within 2 hrs of last DOAC dose.5' PER977
(ciraparantag) has been named as a universal antidote to
all DOACs, heparin and fondaparinux, and is under devel-
opment. Itis a small synthetic molecule binding factor Xa,
thrombin inhibitors and heparin through strong interac-
tions. Tranexamic acid, an antifibrinolytic agent can also
be used as it is safe, inexpensive and has shown efficacy in
reducing blood loss. However, its application in DOACs
has not been studied.

Discussion

Anticoagulation interfering with surgical treatment of
proximal femoral fractures is emerging as a constantly
growing healthcare problem. The ideal approach to deal
with this matter is close collaboration of a multidiscipli-
nary team of orthopaedic surgeons, physicians, anaesthe-
tists and transfusion specialists. Currently, it has been
established that early surgery, preferably in less than 48
hrs, should be encouraged. The presence and type of any
anticoagulation has become a mandatory ‘box to be eval-
uated’ during admission of these patients.

Unfortunately, one should be made aware that there is
a striking absence of generally adopted guidelines by
international orthopaedic associations. In NICE hip frac-
ture management guidance (updated in 2017), there is
no reference to peri-operative handling of anticoagulants
in patients presenting with proximal femoral fractures.5?
In their latest (2014) evidence-based clinical guidance, the
American Academy of Orthopaedic Surgeons advice is
limited to aspirin and clopidogrel, reporting that there is
some evidence that peri-operative cessation of each or
both is not needed.%3 The British Orthopaedic Association,
despite having launched a ‘living document’ in 2014
regarding VTE prophylaxis in Orthopaedic surgery, has
not yet provided practical orthopaedic advice regarding
this complex problem.%4 Hence, all our guidance is taken
from non-orthopaedic associations or general health state
bodies. The European Heart Rhythm Association, in their
2018 practical guide on the use of NOACs in patients with
atrial fibrillation undergoing urgent surgical intervention,
recommend that hip fracture surgery should be deferred
until ideally 24 hrs after the last dose.®> They also advise
that the coagulation state should be assessed in the wait-
ing time with a full panel of coagulation assays (including
Prothrombin time (PT), activated partial thromboplastin
time (aPTT), anti-Factor Xa, or dTT/ecarin chromogenic
assay (ECA)). Of note, the same body for elective proce-
dures advises 48 hr pre-operative discontinuation of rivar-
oxaban/apixaban/edoxaban, whereas for dabigatran it is
48 hrs for Creatinine clearance (CrCl)> 50 mL/min and 72
hrs if CrCl < 30 mL/min. This means that they acknowl-
edge the different priorities that urgent surgery may be
associated with. Bridging therapy is not recommended, and

regular drugs can be re-started 24 hrs post-operatively. In
2018, the Australian Clinical Excellence Commission®é rec-
ommended reversal with an intravenous dose of 3 mg of
vitamin K upon admission and, if immediate reversal is
needed, Prothrombinex-VF along with vitamin K (dose of
PCC depending on the initial and target INR) or if Pro-
thrombinex-VF is not available, FFP at a dose of 10—-15 mL/
kg. In cases of DOACs they recommend Pradaxa cessation
for two days (CrCl > 80 mL/min), three days (CrCl=50-80
mL/min) or four days (CrCl 30—49 mL/min). For CrCl < 30
mL/min Pradaxa is contra-indicated. For Xarelto and Eli-
quis a two-day (CrCl > 50 mL/min) or three-day (CrCl
30-50 mL/min) drug holiday is needed. Recommence-
ment is advised two to three days post-operatively and
they generally advise against epidural anaesthesia. Regard-
ing antiplatelets, their advice is not clear whether it refers
to elective or urgent procedure and we can only extract
that they generally tend to maintain aspirin. The ASRA in
conjunction with the European Society of Anaesthesiol-
ogy (ESA) published their exhaustive guideline in 2018
regarding regional anaesthesia in patients receiving anti-
thrombotic or thrombolytic therapy.¢” Neuraxial block can
be performed in patients under rivaroxaban/apixaban/
edoxaban after three days on average and for dabigatran
this timeframe can extend to five days depending on renal
function. The first dose should be given only 6 hrs after
the neuraxial puncture or neuraxial catheter withdrawal.
They advise warfarin cessation five days prior the neuraxial
procedure because a normal INR does not guarantee full
restoration of all clotting factors and hence there is an
increased risk for spinal bleeding.

From all the above we can conclude that antiplatelets
do not seem to be a problem as in most cases it is safe for
them to be continued peri-operatively. Aspirin is no longer
a problem and even co-administration with clopidogrel
does not preclude early hip fracture surgery. Regarding
VKAs, prompt reversal with vitamin K should be encour-
aged as soon as an initial INR value is quickly obtained on
admission (this can be feasible with modern bed-side
portable devices). The first dose should be guided by this
result, but we think that an intravenous dose of 1 gr
should be adequate. Rechecking INR in 6 hrs should guide
further steps and if not less than 1.5 an additional dose of
IV 1 gr can be given and surgery to be expected in the
next 6 hrs. The oral route with 5 mg is another option but
we believe that the intravenous route gives better bio-
availability. Restarting VKA can take place in the first 24 hrs
parallel to bridging LMWH.

In hip fracture patients taking new oral direct antico-
agulants, timing of the last dose, name of the agent and,
foremost, the renal function will guide the timing-to-
surgery plan. The problem is that all recommendations
cover mainly elective procedures where the patient can
wait and where the risks associated with the physiological
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Table 1. Summary of recommendations regarding peri-operative anticoagulants in proximal femoral fractures (enclosed in brackets is the relevant

supporting reference)

Anticoagulation effect Duration of pre- Bridging Re-instatement
monitoring operative drug cessation
(hours)
Antiplatelets (aspirin, clopidogrel, N/A717 N/A83 N/A7.17,63 N/A717,63

ticagrelor, prasugrel)

Level of evidence of referenced studies:

Ref. No. 7: Level lll
Ref. No. 17: Level lll
Ref. No. 63: Level V
VKA

Level of evidence of referenced studies:

Ref. No. 22: Level V
Ref. No. 27: Level lll
Ref. No. 33: Level Il
Ref. No. 34: Level V
Ref. No. 35: Level Il
Dabigatran

Level of evidence of referenced studies:

Ref. No. 45: Level Il

Ref. No. 50: Level Ill

Ref. Nos. 53-56: Level llI

Ref. No. 63: Level V

Ref. No. 65: Level V

Ref. No. 68: Level Il
Rivaroxaban/Apixaban/Edoxaban

Level of evidence of referenced studies:

INR < 1.5 (or slightly
higher)?233

DOAC plasma
concentrations, dTT, ECT,
negative TT4563,68

DOAC plasma
concentrations, anti-Xa

Upon admission +IV 1T mg
vit. K (re-check INR in 6
hours), then +1 mg?”

24-48 hours (in
moderate to severe

renal impairment/expect
transfusions)33-56.65

24-48 hours (in
moderate to severe renal

Pre + post-op with LMWH
(risk stratification)35

N/A6S

N/ASS

24-36 hours post-op3*

24 hours post-op>°

24 hours post-op>°

Ref. No. 45: Level llI assays*563.68
Ref. No. 47: Level V

Ref. No. 50: Level Il

Ref. Nos. 54-56: Level llI

Ref. No. 63: Level V

Ref. No. 65: Level V

Ref. No. 68 Level Il

impairment)#7,54-56,65

Note. N/A, not applicable; VKA, vitamin K antagonist; INR, international normalized ratio; LMWH, Low Molecular Weight Heparin, ; DOAC, direct oral anticoagu-

lants; dTT, direct thrombin time; ECT, ecarin clotting time; TT, Thrombin time .

state of a fracture do not necessitate prompt surgery. In
this respect, it was generally agreed that three to five half-
lives (depending on renal function) of DOAC cessation
should eliminate their anticoagulation effect hence the
general two-to-three-day recommended duration. A DOAC
plasma concentration lower than 30 ng/mL precludes
anticoagulation effect and is recommended in urgent sur-
gery, however, it is not practically feasible and available.58
Taking into account the recent studies showing that early
hip fracture surgery under NOAC:s is feasible and safe, we
can lower this timeframe from 48 hrs to 24 hrs, extending
to 48 hrs in the presence of disturbed renal function and
marginal higher transfusions to be expected in dabigatran.
Anticoagulation can be restarted 24 hrs post-operatively
without bridging, offering also an option for orthopaedic
VTE prophylaxis. A summary of up-to-date recommenda-
tions can be found in Table 1.

Assessing the extensive literature, we can highlight that
there are no studies investigating the various anticoagu-
lants and correlating them with different types of proximal
femoral fractures. Therefore, we do not know whether a
type of fracture behaves better with a specific anticoagu-
lant. The domain of proximal femoral fracture surgery and
anticoagulants is huge and there are many questions to be

704

answered. In fact, as we expect more and more patients to
present with DOACs in the next years, it seems that this
healthcare problem will increase. Therefore, large studies
with high-quality evidence regarding all effects of these
drugs in the acute fracture hip setting are urgently required.
The development of accessible specific reversal agents
which bind these drugs and do not risk a hyperthrombotic
state should be seen as a public health necessity. This
patient population is frail and pharmacologically vulnera-
ble, hence modern solutions are needed. Consequently,
we believe that this specific domain will be of great con-
cern and interest to both clinicians and researchers in the
years to come.
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