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The safety and efficacy of nonvitamin K antagonist oral anti-
coagulants (NOACs) seen in the respective pivotal randomized
trials on stroke prevention in atrial fibrillation (AF)1 have been
broadly confirmed by numerous observational cohort- or
registry-based reports.2–4 In addition to the convenient practi-
cal aspects favouringNOACsover vitaminKantagonists (e.g., no
need for continuous laboratorymonitoring, limited drug–drug
and food interactions, fixed-dose regimen), the availability of
specific antidote(s) to reverse their anticoagulant effect has
been conditioned for amorewidespread and possibly safer use
of NOACs.5,6 Several antidotes/reversal agents for NOACs have
been recently developed.7 Idarucizumab, a specific reversal
agent for dabigatran, has been the first to receive approval for
clinical use in many countries.

The efficacyand safety of idarucizumab for reversing dabiga-
tran anticoagulant effect has been tested in the Reversal Effects
of Idarucizumab on Active Dabigatran (RE-VERSE AD) phase III
study.8 In thismulticentre, prospective, single-cohort study, 503
patients receiving dabigatran were enrolled to receive idaruci-
zumab 5 g in two consecutive intravenous boluses. The primary
efficacy endpoint was maximum percentage of dabigatran
anticoagulant effect reversal within 4 hours of the second idar-
ucizumab intravenousbolus. Thepatientsweredivided into two
groups: those with an uncontrollable or life-threatening major
bleeding were enrolled in group A and those needing surgery or
another invasive procedure requiring normal haemostasis were
enrolled ingroupB. The twogroupsweresimilar regardingmost
baseline characteristics; diluted thrombin time and ecarin
clotting time were prolonged in more than 90% of patients at
study entry but normalized rapidly after the first idarucizumab
infusion, with 100% reversal within 4 hours after infusion. The
reversal was sustained up to 24 hours. Among patients in group
A for which the assessment of bleeding cessation could have
been performed, 68% had bleeding cessation within 24hours.
For the patients in group B, peri-procedural haemostasis was
considerednormal in93%patients. In the follow-upobservation,
30-day mortality rates were similar between the two groups

(13.5 and 12.6% for groups A and B, respectively). Thrombotic
events occurred in 4.8% of the entire cohort.

Until recently, only small case series about idarucizumab
use have been reported,9–11 and a larger study of a cohort
from 20 hospitals in the Netherlands analysed 88 patients
(53 with severe bleeding and 35 requiring urgent surgical
intervention).12 Effective haemostasis was achieved in two-
thirds of bleeding patients and was associated with lower
mortality risk. Clinical outcomes were considered similar to
those observed in the RE-VERSE AD trial, regarding recurrent
bleeding, thromboembolism and a high mortality rate.

In this issue of the journal, Fanikos et al report results of
the RE-VECTO study, a global post-approval, European regu-
latory authorities requested international surveillance pro-
gram, involving hospital pharmacies in countries where
idarucizumab was dispensed from August 2016 to
June 2018.13 So far, this is the largest report on idarucizumab
use, including 359 patients from 61 sites in Asia, European
Union and North America. The study attempted to charac-
terize the utilization of idarucizumab in ‘real-world’ clinical
practice worldwide, including insight into the clinical pro-
files of patients receiving the antidote and reasons for its use.

Generally, post-marketing observational studies provide in-
sight into the use of medications in real-world settings, includ-
ing different patient populations with variable comorbidity,
different clinical circumstances and various practices or health
care organizations. In the RE-VECTO study, idarucizumab was
used because of bleeding in 207patients (58%) or an emergency
surgery/urgentprocedure in129patients(36%), andtheauthors
concluded that the real-world usage patterns of idarucizumab
globally matched those in the clinical trial setting, with only a
fewoff-label uses. Thesefindingswould have been reassuring if
the study had not had several limitations, thus providing only a
limited information on real-world idarucizumab use.

First, there could be a significant selection bias. The RE-
VECTO surveillance program was designed to collect data on
drug use in a simple and effective way but, unfortunately, the
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methods of participating centres selection are unclear. Indeed,
only participating sites that prescribed idarucizumab and
actually entered data into the registry were included in the
study, whereas more than half of the registered hospitals did
not enter patients into the registry. Among them, an unknown
number of sites did use idarucizumab, but for some reasons
had no capacity to enter data into the registry during the
period of data collection. It is conceivable that sites realizing
that idarucizumab use might not have been optimal (particu-
larly the off-label use for NOACs other than dabigatran) were
lessmotivated to include theirunsatisfyingdata in the registry.
It is thus possible that the rates of off-label dosing (reportedly,
in 3.3% of cases only 2.5mg of idarucizumabwas used instead
of 2� 2.5mg) and off-label use (in 1.9% of cases idarucizumab
was used in patients not treated with dabigatran) have been
under-estimated. Also, the data entry was not monitored, and
a declarative nature of centre-reported data could have affect-
ed the overall quality of information.

Indeed, using different definitions which were not possi-
ble to evaluate in the RE-VECTO, van derWall et al found that
the use of idarucizumab was inappropriate in 28% of
patients, including a significant number of patients with
interventions that could have been delayed or those with
bleeding complications not considered uncontrollable.12

Patients in the RE-VECTO surveillance program were
rather poorly characterized regarding their baseline charac-
teristics. While the main findings in the RE-VECTO report
were broadly consistent to those observed in the RE-VERSE
AD, the patient clinical profile in the RE-VECTO program
might not be similar to that in the clinical trial, thus
compromising the generalizability of the RE-VECTO findings.
Also, the indication for dabigatran (i.e., the prevention of
stroke in AF or prevention/treatment of deep venous throm-
bosis/pulmonary embolism) was not available. Hence, it is
difficult to evaluate the applicability of the RE-VECTO results
in these different sub-groups of patients.

Interpreting clinical results for NOACs reversal agents is
difficult for several reasons. These products have been evalu-
ated in prospective multicentre open-label studies with no
comparativegroup.8,14,15Whereas theuseofplacebowouldbe
unethical, the efficacy of prothrombin complex concentrate in
the setting of active life-threatening bleeding or urgent sur-
gery/invasive procedure is uncertain. Hence, the primary
endpoint in these studies was a percentage of reversal of the
anticoagulant effect of a givenNOAC. Considering the complex
and highly variable clinical context, the clinical outcomes also
reflect the overall clinical management beyond a purely
haemostatic approach, whether considering bleeding control,
thrombotic events or all-cause mortality. In addition, reversal
is decided in an emergency context, where actual NOAC
plasma level is most often unknown, and in many patients
the NOAC anticoagulant effect might actually have expired at
the time of the reversal agent administration. Considering
thrombotic events, beyond the abrupt interruption of anti-
coagulation, there is also the risk related to immobilization,
inflammation, surgery and the overall context of intensive
care, which makes the identification of specific role of the
reversal agent in such events difficult.

Unfortunately, the RE-VECTO registry contains no follow-
updata on the ultimate patient outcomeat discharge. This and
otherpreviouslymentioned limitationsof theRE-VECTOstudy
report (i.e., a high possibility of selection bias, uncertain data
quality, possible ‘cherry picking’ effect and unknown gener-
alizability of the results) need to be accounted for when
appreciating the contribution of the Fanikos et al report to
theoverall bodyofevidence regarding theuseof idarucizumab
in clinical practice.

For now, the effects of NOACs reversal agents in clinical
practice remainsupportedbya lowlevelofevidence, andshould
be evaluated in more comprehensive, better designed studies.
Importantly, the use of reversal agents should be limited to
specific situations (►Fig. 1), after a careful consideration of

Fig. 1 Possible indications for the use of Idarucizumab in dabigatran-treated patients. AF, atrial fibrillation.
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various pharmacological and clinical issues, including alterna-
tive nonspecific haemostatic and supporting measures.16,17
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