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Summary

The lack of antidotes for the factor Xa-inhibitor direct-oral-anticoagulants (DOACs) means
that management of bleeding will consist largely of existing supportive therapies. This study
aimed to: a) examine the relative frequency of DOAC-related major bleeding in relation to
DOACs prescriptions over study period; b) describe the presentation and haematological
management of DOAC-related major bleeding; and c¢) evaluate the association between use of
prothrombin-complex-concentrate (PCC) and in-hospital mortality. Over a three-year period,
32 UK hospitals submitted data on haematological management of DOAC-related bleeding.
Results: Data consisted of 421 episodes (67%, 21%, 11% and 1% on rivaroxaban, apixaban,
dabigatran and edoxaban respectively) of major bleeding on DOACs. The proportion of major
bleeds on DOACs and DOAC prescriptions increased throughout the study. Overall, 44% and
37% of patients presented with gastrointestinal bleeding and intracranial-haemorrhage (ICH)
respectively. Drug concentrations were seldom measured. Compared to no PCC, there was a
borderline evidence that receiving low dose PCC (<25 IU/Kg) was associated with better outcomes in
terms of mortality (subdistribution hazard ratio [SDHR]: 0.15; 95%CI: 0.02-1.19; p=0.07): but
this was not the case for higher doses. Conclusion: DOAC concentrations are seldom

measured. There was no evidence of benefit for PCC on in-hospital mortality.
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Introduction

It is estimated that 1.2% of the UK population are on oral anticoagulant agents (OACs)(NICE 2012).
Increasing evidence on their effectiveness, coupled with an ageing population, is predicted to bring
about a rise in OAC use. For many years warfarin (a vitamin K antagonist) has been the mainstay of
OAC treatment; however, from 2012 onward several direct OACs (DOACs) were progressively
introduced into clinical practice in the UK for stroke prevention in atrial fibrillation and the treatment
and secondary prevention of venous thromboembolism (VTE). These included dabigatran etexilate (a

direct thrombin inhibitor), rivaroxaban, apixaban and edoxaban (direct factor Xa inhibitors).

The development of major bleeding, particularly intracranial haemorrhage (ICH), is the most serious
adverse effect of OACs, leading to significant morbidity and mortality (Chai-Adisaksopha, et a/ 2014,
Green, et al 2018). Unlike warfarin, whose anticoagulant effect can be rapidly and completely reversed
by 4-factor prothrombin complex concentrate (PCC), the lack of an antidote for the DOACs in the event
of major bleeding or need for urgent surgery raised concerns for clinicians when they were introduced
into clinical practice. Since there is little evidence to guide the management of major bleeding on
DOAC:S, clinicians will use supportive measures, such as transfusion of blood components and/or
administration of other haemostatic agents, as well as surgical/radiological intervention. In the absence
of specific antidotes, studies in healthy volunteers have shown that PCC partially reverses the depressed
endogenous thrombin potential induced by DOACs (Eerenberg, et al 2011, Marlu, et al 2012), and
therefore its use is recommended by national and international guidelines (Keeling, et al 2016,

Tomaselli, et al 2017).

Between 2015 and 2016 a monoclonal antibody antidote for dabigatran (idarucizumab) received
regulatory approval in USA and Europe for treatment of major bleeding (2015). An antidote to the
factor Xa inhibitors (andexanet alfa) has been licensed in the USA but not yet in Europe. However, the
studies of idarucizumab and andexanet alfa did not include a placebo arm (Connolly, et a/ 2016, Pollack,
et al 2017). Since the availability and/or utility of the antidotes is uncertain and they are likely to be
costly it is important to establish the outcomes of DOAC-related major bleeding events in the pre-

antidote era, so as to better evaluate their cost effectiveness for the future.

Previously we have described the bleeding characteristics and outcomes of major haemorrhage
associated with all available OACs (warfarin and DOACs:) in a general UK population, and identified
the risk factors associated with mortality which were ICH, advanced age, spontaneous bleeding, liver
failure and cancer (Green, ef al 2018). In this study we further analyzed the DOAC subgroup by: a)
comparing the relative share of DOAC-related major bleeding reported to this study against general

OAC prescription patterns across England during the same time period; b) describing the coagulation



abnormalities and haematological management of major bleeding on DOACs; and c) assessing the

association between PCC and patients’ outcomes (time to death).

Methods

Details of study approvals, case definition, identification and validation have been described previously
(ORANGE study) (Green, et al 2018). In summary, over a 3-year period (October 2013 to August 2016)
data on hospital admissions for major bleeding on OAC were obtained from 32 UK hospitals using
patients’ hospital case notes. Data comprised information on co-morbidities, bleeding sites,
haematological laboratory results, management of bleeding and first outcome up to 30 days (death,
discharge or continued hospitalization). Patients were not approached by the research teams and their

management was not altered for the purpose of this study.

Bleeding sites were categorized into intracranial (intracerebral, subarachnoid and subdural bleeding),
upper and lower gastrointestinal and “Other” (visceral, genitourinary, musculoskeletal and everywhere
else); patients with multiple sites of bleeding would be assigned to a single category according to the
above-stated order. Patients’ laboratory results corresponding to two time-points were obtained: (T1) at
clinical diagnosis of bleeding following admission and prior to treatment by hemostatic agents (such as
PCC) or blood transfusion, and up to 1 day after admission; and (T2) as soon as possible after any
administration of haemostatic agents or blood transfusion, and within 2 days from admission for
bleeding. If no intervention was given, the earliest available result within 2 days from admission was
collected. Tests included haemoglobin, platelet count, prothrombin time (PT), activated partial
thromboplastin time (APTT), thrombin time (TT) and Clauss fibrinogen, as well as specific drug
concentrations in plasma derived from assays such as dilute thrombin time (Hemoclot), ecarin clotting

time (ECT) and anti-Xa activity.

Information on transfusion of any blood components (i.e. red blood cells [RBC], fresh frozen plasma
[FFP], platelets and cryoprecipitate) for the management of bleeding was collected for up to 1 day after
admission for bleeding. PCC administration was analyzed based on the patient’s weight and it has been
categorized into None, Low (<251U/kg), Medium (26- 491U/kg) and High (>501U/kg). Administration
of other haemostatic agents, including recombinant activated factor VII (rFVIla), factor eight inhibitor
bypassing activity (FEIBA), fibrinogen concentrate (FgC), tranexamic acid and vitamin K, was also

recorded.

NHS England clinical commissioning groups (CCGs) prescribing data for warfarin and DOACs
(rivaroxaban, dabigatran, apixaban and edoxaban) were analysed for eight quarterly periods over two

years (July 2014 to June 2016). The prescribing data provided the total quantity (in mg) of each OAC



prescribed every quarter (number of items x drug content per item); the number of patients prescribed
that drug during that time interval was estimated by dividing the total quantity prescribed by the Defined
Daily Dose (DDD) of the OAC. The DDD is the assumed average maintenance dose per day for a drug
used for its main indication in adults (available at https://www.whocc.no/atc_ddd_index/). The number
of major bleeds on OAC for each period was obtained directly from this study’s records. DDD for the
four DOACs were combined and analyzed as a proportion of total OAC prescriptions (DOAC plus

vitamin K antagonists).

Statistical Analysis

Variables were summarized with frequencies/proportions, means/standard deviations or median/
interquartile ranges, as appropriate. Comparisons between groups were made using Fisher's exact test,
T-tests, ANOVA or non-parametric equivalents; all tests were two-sided at 5% level of significance.
The effect of PCC dose on times to death was investigated using multivariable competing-risk models
developed by Fine and Gray (Fine and Gray 1999) to estimate adjusted subdistribution hazard ratios
(SDHR) and calculate the cumulative incidence of death. Hospital discharge was treated as a competing
event since discharged patients are precluded from being able to experience a death outcome in hospital
and more importantly the assumption of non-informative censoring (i.e. they have the same future risk
of death as patients remaining in hospital) required by traditional survival analysis does not hold (an
important premise is that patients were only discharged after they had been successfully treated for
major bleeding). For comparison, standard Cox proportional hazards models were also used to estimate
cause-specific hazard ratios (CSHR); these quantify the association between risk factors and death in a
hypothetical world where competing events do not exist. Patients remaining hospitalized at 30 days,
transferred to another hospital or lost to follow-up were censored on their last date known alive. Half a
day of follow-up was added to those who died on the same day as admission for bleeding, so that all
cases could be included in the analysis. Adjusted analysis using multivariable models included factors
of a priori interest (type of DOAC, administration of PCC and tranexamic acid). Univariable analysis
was used to select other variables judged to be predictive of the outcome, such as bleeding site
(intracranial or not), red cell and plasma transfusion (as proxies for bleeding severity), co-morbidities
(age, cancer, liver or renal disease, diabetes, previous stroke, congestive heart failure and ischaemic
heart disease) and development of any severe complication (intensive treatment unit (ITU) admission,
put on ventilator or acute respiratory distress syndrome (ARDS)). The proportional hazards assumption
was tested for each covariate through fitting an interaction with time variable. All analyses were

performed using STATA version 14 (StataCorp LP, USA).

Results



A total of 421 DOAC-related major bleeding episodes were reported, with 283 (67%), 89 (21%), 46
(11%) and 3 (0.7%) being associated with rivaroxaban, apixaban, dabigatran and edoxaban,
respectively. Aggregating across all NHS CCGs in England, whose catchment makes up 84% of the
adult population (>20 years) in the UK (Office for National Statistics licensed under the Open
Government Licence - Population Estimates for UK, England and Wales, Scotland and Northern
Ireland: Mid-2016), the proportion of orally anticoagulated patients on a DOAC each quarter
increased almost linearly between July 2014 and June 2016 (Figure 1). The proportion of DOAC
major bleeds reported to ORANGE study showed a similar, albeit non-linear, increase within the

same period but remained for the most part under the level of DOAC prescriptions.

Figure 1. Percentage of DOACs (NHS CCGs) and DOAC major bleeding events (ORANGE)
against all OAC prescriptions/bleeds, by quarter
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The characteristics of patients on DOACs at admission for major bleeding have been described
previously (Green, et al 2018). In summary, the median (IQR) age was 83 (75-88) years, with no
significant differences between DOACs. There were proportionally more atrial fibrillation patients on
dabigatran and apixaban compared with rivaroxaban (partially reflecting the earlier licensing of
rivaroxaban compared to the other DOACs for VTE treatment in the UK), and there was a greater
prevalence of chronic kidney disease and a history of stroke amongst rivaroxaban and dabigatran
patients respectively, compared to other DOACs. Overall 155 (37%), 186 (44%) and 80 (19%) patients
presented with intracranial haemorrhage (ICH), gastro-intestinal bleeding (GI) and Other (non-ICH or
GI bleed) respectively (Table 1). GI bleeding made up the majority of bleeds on both dabigatran and

rivaroxaban, whilst almost half of apixaban bleeds were ICH.

Table 1. Description of Bleed Sites by direct oral anticoagulants”
Dabigatran  Rivaroxaban Apixaban Edoxaban Overall
N=46 N =283 N=89 N=3 N=421

n (%)

Intracranial 14 (30.4) 97 (34.3) 43  (48.3) 1 (33.3) 155 (36.8)
Intracerebral 10 (21.7) 59 (20.8) 24 (27.0) 1 (33.3) 94 (22.3)
Subarachnoid 1 (2.2) 10 (3.5 8 (9.0 0 (0.0 19 (4.5)
Subdural 3 (6.5) 28 (9.9) 11 (12.4) 0 (0.0) 42 (10.0)

Gastrointestinal (GI) 27 (58.7) 127 (44.9) 31 (34.8) 1 (33.3) 186 (44.2)
Upper GI 12 (26.1) 75 (26.5) 19 (21.3) 1 (33.3) 107 (25.4)
Lower GI 15 (32.6) 52 (18.4) 12 (13.5) 0 (0.0 79 (18.8)

Other* 5 (10.9) 59 (20.8) 15 (16.9) 1 (33.3) 80 (19.0)
Visceral 1 (2.2) 14 (4.9) 4 (4.5) 0 (0.0 19 (4.5)
Genitourinary 1 (22 13 (4.6) 0 (0.0) 1 (33.3) 15 (3.6)
Musculoskeletal 1 (2.2) 26 (9.2) 6 (6.7) 0 (0.0 33 (7.8)
Miscellaneous 2 (4.3) 6 (2.1 5 (5.6) 0 (0.0) 13 (3.1)

# Patients reported to have more than one bleeding site were assigned to the clinically most severe, in
descending order of priority as above.

*Explanation of Other

Visceral Haemoptysis; Pericardium; Retroperitoneal; Abdomen; Chest/Thoracic

Genitourinary ~ Haematuria/Urethral; Vaginal

Musculoskeletal Epistaxis or mucosal; Cutaneous or soft tissue; Intra-articular; Oral/Pharyngeal

Miscellaneous  Surgical site; Intraocular; Puncture site; Unknown; Other not covered above

(cases with more than 1 of the above classified in descending order of priority)



Laboratory results

There was considerable variation in the completeness of test results available at T1 and T2. Overall,
96% of patients had haemoglobin and platelet count measured at T1, and just over 65% had these tests
at T2. The coagulation assays on the other hand were done on fewer patients: at T1 65%, 82% and 50%
had PT, APTT and fibrinogen measured respectively, and at T2 the test rates decreased to 37%, 46%
and 26% respectively. The greater percentage of missing results at T2 can be partly explained by the
fact that about 10% of patients died within two days. Drug concentrations were seldom measured; this
was particularly lacking for post-intervention monitoring. The hemoclot test was performed in 1 out of
46 dabigatran patients at T1 but not at T2; ecarin clotting time was never done. Rivaroxaban anti-Xa
assay was performed in 23 (8%) patients at T1 (median [IQR]: 111 [41-360] ng/mL) and 11 (4%) at T2
(65 [34-163] ng/mL). Apixaban anti-Xa assay was performed in 10 (11%) patients at T1 (median [IQR]:
231 [133-262] ng/mL) and only 2 (1%) at T2 (103 [102-104] ng/mL).

There was no difference in haemoglobin, platelet count and fibrinogen levels at both T1 and T2 between
DOACSs. The median PT was more prolonged for dabigatran and rivaroxaban (at both time points) than
apixaban, while APTT (at both time points) was more prolonged with dabigatran than other DOACs
(Figure 2). Analysis of a subgroup with results at both T1 and T2 showed the median PT (n=146) and
APTT (n=180) were ~4 seconds higher at T1 than T2 across all DOACs; the differences were
statistically significant (p<0.001 for both).



Figure 2. Laboratory results at admission (T1) and post-intervention (T2), by direct oral
anticoagulant
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Haematological management of bleeding and outcome

Transfusion of blood components and/or haemostatic agents was given to 301 (72%) patients within 24
hours of bleeding. Overall 41%, 38% and 28% of patients received any blood component, PCC and

tranexamic acid, respectively (Table 3).

Table 3: Haematological management of bleeding by DOACs, number (%)
Dabigatran  Rivaroxaban Apixaban Edoxaban Overall
N=46 N =283 N =89 N=3 N =421
Received any intervention 31 (67) 193 (68) 75 (84) 2 (67) 301 (72)
PCC 11 (24) 104 (37) 45 (51) 2 (67) 162 (38)
Tranexamic Acid 12 (26) 73 (26) 29 (33) 2 (67) 116 (28)
Vitamin K 9 (20) 41 (14) 14 (16) 0 64 (15)
FEIBA 3 (6) 1 (<1) 1 () 0 5(1)
Any blood transfusion 22 (48) 117 (41) 32 (36) 1 (33) 172 (41)
Red Blood Cells 16 (35) 112 (40) 29 (33) 1 (33) 158 (38)
Fresh Frozen Plasma 511 18 (6) 8 (9) 0 31 (7)
Platelets 5 (11) 8 (3) 5 (6) 0 18 (4)
Cryoprecipitate 2.4 3.(D 2.(2) 0 7(2)

DOAC: direct oral anticoagulant agents; PCC: prothrombin complex concentrate; FEIBA: factor eight inhibitor
bypassing activity.

In the final 8 months of the study, 7 patients on dabigatran received idarucizumab for dabigatran reversal
and 5 apixaban patients were given andexanet alfa as part of a clinical trial. PCC was more commonly
administered to patients with ICH (50%) than those with non-ICH bleeds (32%). Overall, rivaroxaban
and apixaban patients were more likely to be given PCC than dabigatran patients. Analysis of 108 (67%)
patients who received PCC with weight recorded showed considerable variation in weight for selected
fixed PCC doses (Figure 3); the median (IQR) dosing regimen was 35 (25-49) [U/kg with 25 and 50

1U/kg being the most common.

In total five (1.2%) and three (0.7%) patients developed a venous and arterial thromboembolic event
respectively during their hospital stay but there was no evidence that thromboembolic events were
associated with PCC administration (p=0.49). Of 413 (98%) patients who were followed-up until
discharge, death or 30 days (whichever occurred first), 88 (21.3%; 95% CI: 17.5 — 25.6%) had died in
hospital within 30 days, with no significant differences between the DOACs (p=0.66). Amongst
discharged patients, the median (IQR) stay in hospital was 6 (3-11) days (data not shown); this was not
different between DOACs (p=0.24).

10



Figure 3: Distribution of total Prothrombin Complex Concentrate (PCC) dose for patients who
received PCC within one day of admission for major bleeding and whose weight was
known (n=108).
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Analysis of reversal strategies and time to death

Overall 20% and 4.5% of ICH and non-ICH patients died within 2 days of admission respectively. Time
to death was right-skewed with a median (IQR) of 3 (1-9) days; 54% and 40% of deaths in the ICH and
non-ICH groups respectively occurred within two days after admission. Analysis of 367 patients with
known PCC dose regimens showed that compared with not receiving PCC, getting <25 1U/kg, 26—
491U/kg and >501U/kg of PCC were not significantly predictive of the cumulative risk of death;
however there is arguably borderline evidence of the low dose regimen being associated with better
outcomes. The presence of ICH and history of previous stroke increased the cumulative incidence of
death by 3.35 times (95%CI: 1.72-6.52; p<0.001) and 2.13 times (95%CI: 1.24-3.65; p=0.006)
respectively (Table 4), whilst the type of DOAC, administration of tranexamic acid and total red
cell+plasma transfusion (as proxy for blood loss) were not found to be associated with risk of death.
There was no evidence that the proportional hazards assumption was violated for any of the risk factors
in the model. Lastly, the SDHRs were in general slightly greater than the corresponding cause-specific

hazard ratios (CSHRs) for all risk factors, but did not differ materially in terms of significance.
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Table 4: Multivariable Analysis for Time to Death: Subdistribution-Hazard Ratio (SDHR) estimated
using Competing-risks methods (Fine & Gray)

Covariate SDHR 95%CI p-value
No PCC 1

Low (25 1U/kg) 0.15 0.02 1.19 0.073

Medium (26 — 49 [U/kg) 1.21 0.63 2.34 0.571

High (>50 IU/kg ) 2.02 0.89 4.56 0.092
Tranexamic Acid 0.90 0.49 1.68 0.746
ICH 3.35 1.72  6.52 <0.001
Red Cell/Plasma received (unit) 0.97 0.81 1.17 0.755
Previous stroke 2.13 1.24 3.65 0.006
ITU/ARDS/Ventilation 3.16 1.74 572 <0.001

Estimates adjusted for all other variables in the model
PCC: prothrombin complex concentrate; ICH: intracranial haemorrhage; ITU: intensive care unit;
ARDS: acute respiratory distress syndrome

Discussion

This UK multicentre, observational study of practice has reported on the haematological management
and outcome of patients who developed major bleeding associated with DOACs. Key findings are: there
were no significant differences between DOACSs in terms of mortality rates, or the duration of
hospitalization for surviving patients; there is a general lack of post-intervention coagulation
monitoring, and drug concentrations were rarely measured; PCC was the most frequently prescribed

treatment, although evidence of effectiveness for this indication remains uncertain.

The prescription data showed that the use of DOACS has risen steadily over time relative to warfarin,
and the corresponding increase in the proportion of DOAC-related major bleeding is an indication that
our study sample is representative of the wider population. Previous studies that have reported on the
real-world outcomes of major bleeding associated with DOACs have grouped these agents into a single
entity (Becattini, ef al 2017, Lamberts, et al 2017, Xu, et al 2017). In this study we saw variations in
the distribution of bleeding sites across DOACs, with GI bleeding constituting a greater percentage of
dabigatran major bleeds, whilst proportionally more apixaban bleeds were ICH. It is important to
emphasize that a greater proportion of GI bleeding in dabigatran patients compared with apixaban
patients does not imply that the risk of GI bleeding is higher with dabigatran than apixaban; i.e. the
observed differences in bleeding sites between the different DOACs are relative rather than absolute.
Nonetheless, the question of why the odds of a GI bleed would be higher on dabigatran compared to

apixaban — if one were to develop bleeding — is an important one which warrants further research.
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Haematological management of patients who develop major bleeding (with or without OAC) requires
that coagulation assays be performed for guiding treatment (Hunt, et al 2015, Keeling, ef a/ 2011). This
study found that specific laboratory assays for measuring drug concentrations were seldom performed.
Our findings are similar to the study by Schulman and colleagues that reported a lower rate of drug-
specific tests (being performed in these patients (Schulman, et a/ 2018). Considering that administration
of blood components and other haemostatic agents is not wholly without risks, making these assays
available in all laboratories is important not least to assess the need for and monitor the effect of the
new targeted reversal agents which are likely to be partly guided by drug-specific coagulation assays

(Weitz and Eikelboom 2016).

PCC was the most frequently prescribed treatment (~40%), and patients who had ICH were more likely
to receive it. Compared with other studies (Becattini, et al 2017, Xu, et al 2017), the rate of PCC use in
our study was higher, and this is likely due to its availability in most UK hospitals for the treatment of
warfarin-related major bleeding, as well as the higher ICH rates in our study; the latter also accounts
for the difference in mortality between our studies and others (Becattini, et al 2017, Lamberts, et al
2017, Xu, et al 2017). One uncertainty centres on how PCC should be dosed for the management of
DOAC-related bleeding. Previous studies into PCC dosing for DOAC reversal have either involved
randomized controlled trials in healthy (non-bleeding) volunteers (Barco, et al 2016, Eerenberg, et al
2011) or observational studies without controls (Majeed, et al 2017, Schulman, et a/ 2018). Our study
found that both 25 IU/kg and 50 1U/kg were the most common regimens in our study, which suggests
that some clinicians may have relied on approximate adjustments for weight. However, weight-adjusted
dosing for PCC in DOAC-related bleeding is likely to have been borrowed from experience with
warfarin reversal, rather than direct evidence.

Considering that DOACs are given at a fixed dose, one might justify the appropriateness of giving a
fixed rather than weight-adjusted PCC dose for DOAC reversal; pharmacokinetic studies of DOAC
prescriptions in healthy volunteers showed the area under the curve is unaffected by body weight for
rivaroxaban (Kubitza, ef a/ 2007) and apixaban (Upreti, et al 2013). Cohort studies of fixed-dose PCC
(2,000 1U, equivalent to 25 IU/kg in a 80kg patient) have found that it was “effective” in ~70% of
patients with ICH on rivaroxaban and apixaban; however, these studies lacked a control group needed
to evaluate the effect attributable to PCC (Majeed, ef a/ 2017, Schulman, et a/ 2018). Further, in these
studies the measure of effectiveness was in part subjective as it relied on the treating local physician
applying the ISTH (International Society of Thrombosis and Haemostasis Scientific) assessment
criteria. Of note the median time from the last dose of rivaroxaban or apixaban to treatment with PCC
was > 12 hours in both studies and was therefore different from the 3 hours after rivaroxaban ingestion

used in the “dose-finding” study of PCC in healthy volunteers (Barco, ef a/ 2016).
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Our analysis showed that after adjusting for bleeding site, bleeding severity and other potential
confounders, there was no statistically significant association between PCC and risk of death. One
possible explanation is that PCC was usually administered as a last resort for the management of
bleeding in rapidly deteriorating patients, and therefore often too late to have any effect. We did not
collect the timing from the onset of bleeding to administration of PCC, which is a limitation of the
study. It is also interesting to find arguably borderline evidence of a dose-response relationship, and
particularly that PCC in low doses seem to be associated with better outcomes, but this was not the case
with higher dose; whether this is a true effect or reverse causality can only be determined by further
research. Due to drug-specific assays not being performed to estimate the amount of DOAC onboard at
the time of PCC administration and weight not necessarily being up to date, there remains scope for
residual confounding. We should also state the caveat that cases who received PCC but did not have
weight recorded were excluded from the analysis, but the findings were nonetheless based on 8§7% of

the sample and therefore likely to be relatively robust.

Notwithstanding the advent and licensing of new specific antidotes for reversal of DOAC activity, we
believe that their relative high costs and limited availability, particularly for FXa inhibitor reversal
agents, is likely to result in the continued prescription of PCC for the management of DOAC-related
bleeding for some time to come. Our findings have provided the impetus and underscore the need for
interventional studies to evaluate the clinical efficacy of PCC in the treatment of DOAC-related
bleeding through investigating: first, if PCC should be given for management of DOAC-related
bleeding; and second, if PCC should be given as a fixed dose or weight-adjusted regimen, and the

appropriate dose required to reverse anticoagulation activity.

A key strength of our study is that cases have been prospectively identified in parallel with hospital
admissions for major bleeding on DOACs and data have been collected directly from clinical notes,
thus ensuring a high degree of fidelity with events and minimizing loss of detail associated with coding
in administrative databases. Second, by circumventing patient consent the study avoided introducing
selection bias and all eligible cases were included. Third, with multiple hospitals across the UK
reporting to the study, our results are generalizable and allow for a deeper insight into current practices
across a wide geographical area. In addition to limitations previously mentioned above, we did not
establish clinicians’ reasons for using PCC or if they were guided by weight in dosing. Further, we do
not know why drug concentrations were not being measured - e.g. was it due to the assays not being
available, or they were not requested due to lack of knowledge, or because clinicians did not think the
results will help with management of bleeding? Nonetheless, our study remains the first and largest to
report on the association between PCC use and mortality in patients who develop major bleeding on

DOAC:S, and it has highlighted that the use of PCC in DOAC-related major bleeding should be guided

14



by a richer knowledge base, particularly since it will likely remain part of the management strategy for

the future.
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