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Abstract

The management of major bleeding in patients treated with direct oral anticoagulants (DOAC:sS) is still not well established.
START-Events, a branch of the START registry (Survey on anTicoagulated pAtients RegisTer) (NCT02219984), aims to
describe the actual management of bleeding or recurrent thrombotic events in routine clinical practice. We here present
the results of the management of bleeding patients. The START-Event registry is a prospective, observational, multicenter,
international study. Baseline characteristics (demographic, clinical, risk factors) of patients, laboratory data at admission and
during follow-up, site of bleeding, therapeutic strategies, and outcomes at the time of hospital discharge and after 6 months
were recorded on a web-based case report form. Between January 2015 and December 2016, 117 patients with major bleed-
ing events were enrolled. Non-valvular atrial fibrillation (NVAF) was the indication for treatment in 84% (62% males); 53
patients had intracranial bleeding (13 fatal), 42 had gastrointestinal bleeding (1 fatal), and 22 had bleeding in other sites.
Therapeutic interventions for the management of bleeding were performed in 71% of patients. Therapeutic strategies with/
without surgery or invasive procedures included: fluid replacement or red blood cells transfusion, prothrombin complex
concentrates (3 or 4 factors), antifibrinolytic drugs, and the administration of idarucizumab. Creatinine, blood cell count, and
PT/aPTT were the most frequent tests requested, while specific DOAC measurements were performed in 23% of patients.
Mortality during hospitalization was 11.9%, at 6-month follow-up 15.5%. Our data confirm a high heterogeneity in the
management of bleeding complications in patients treated with DOACs.
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Introduction

In the past few years, direct oral anticoagulants (DOACs)
have been introduced in clinical practice for the prevention
of stroke and systemic embolism in patients with non-val-
vular atrial fibrillation (NAVF), and for the prevention and
treatment of venous thromboembolism (VTE) [1].
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At present, available drugs include dabigatran, a selective
anti-factor ITa molecule and three direct factor Xa inhibitors:
apixaban, edoxaban, and rivaroxaban. In phase III clinical
studies, all these agents have shown non-inferiority or supe-
riority compared with vitamin K antagonists (VKA) in terms
of efficacy and safety [2—-6].

Due to their pharmacological characteristics (i.e., rapid
onset of action, short half-life, predictable anticoagulant effect
in standard conditions, low food/drug interactions without any
important need for restrictions, metabolism, and elimination),
the DOAC:s allow fixed dose administration, and do not require
laboratory monitoring [7, 8].

However, the measurement of the activity of the DOACs
provides clinically useful information in a number of special
conditions such as in the case of bleeding or thromboembolic
complications while on treatment to evaluate a correlation
between events and over/under treatment, and to address spe-
cific treatment approaches [9—13].

Major bleeding during anticoagulant treatment remains a
crucial issue, with estimated incidences ranging from 2 to 3%
in clinical trials [6] to up to 4% in observational post-marketing
studies [14]. Yet, the optimal management of bleeding compli-
cations on DOAC:S therapy is still poorly defined given that the
limited evidence to support different therapeutic approaches.
Reversal agents are still under investigation, and currently
only idarucizumab [15], the specific antidote for dabigatran, is
available in the market. Andexanet alfa, the reversal agent for
direct and indirect factor Xa inhibitors, is still under investiga-
tion [16, 17], whereas more preliminary data are available for
ciraparantag, a universal antidote [18]. Similarly, the efficacy
and safety of the administration of procoagulant factors, which
are suggested by international guidelines [8, 11] for patients
on direct Factor Xa inhibitors, is uncertain [19].

START-SSC Events, a branch of the START registry (Sur-
vey on anTicoagulated pAtients RegisTer) (NCT02219984)
[20] promoted through the Scientific and Standardization
Committee (SSC) Control of Anticoagulation of the Inter-
national Society of Thrombosis and Haemostasis, aims to
describe the actual management of bleeding or recurrent
thrombotic events in patients treated with the DOACs in rou-
tine clinical practice. In this study, we describe the manage-
ment of major bleeding with respect to therapeutic strategies
(medical therapies, surgery, or interventional procedures),
laboratory testing, and other supportive measures, and we
describe the adherence to currently available guidelines and
recommendations in clinical practice.

@ Springer

Methods
Patients

START-SSC Events is a prospective, observational, multi-
center, international registry that includes patients with acute
complications during treatment with DOACs. The study
was conducted in 15 centers among 7 different countries
(Belgium, Brazil, Germany, Italy, Switzerland, USA, and
Thailand). All participating centers are asked to report in the
registry all available clinical and laboratory data collected
in consecutive patients aged more than 18 years presenting
with major bleeding or thromboembolic complications. In
this article, we only report data on patients presenting with
major bleeding events.

The study protocol of START-SSC Event registry was
approved by the local ethics committees, and was conducted
in accordance with the Declaration of Helsinki. Written
informed consent was collected according to local practice.

Data collection

Baseline characteristics (age, gender, type of DOAC, clini-
cal indication), laboratory findings at admission and during
follow-up, site of bleeding, diagnostic procedures, therapeu-
tic strategies, and outcomes at the time of hospital discharge
and after 6 months were recorded on a web-based case report
form (CRF). Information was collected by the local inves-
tigators, and central monitoring of the quality of data was
performed at the coordinating center. Investigators were
contacted in case of missing values or discrepancies. The
6-month follow-up visits were performed at the participat-
ing clinics or by phone contact. Laboratory tests included:
blood cell count, liver enzymes (AST, ALT), renal function
(creatinine clearance calculated using the Cockcroft—Gault
formula), coagulation screening tests (PT and aPTT), and
specific DOAC measurements. DOACS levels, expressed as
drug concentration equivalent (ng/ml), were measured with
diluted thrombin time (dTT) or ecarin chromogenic assay
(ECA) calibrated for dabigatran and specific anti-factor X
activated (FXa) assays calibrated for apixaban, edoxaban,
and rivaroxaban [12, 21, 22]. All tests were performed
locally, and each investigator made decision on whether to
perform laboratory or not.

Major bleeding and outcomes

In this study, we adopted the criteria of the International
Society on Thrombosis and Haemostasis, which defines
major bleeding as fatal bleeding or symptomatic bleed-
ing in critical area or organ, or bleeding causing a fall of
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hemoglobin level of 20 g/L (1.24 mmol/L or 2 g/dL) or
more, or leading to transfusion of >2 units of whole blood
or red cells [23].

Study outcomes during follow-up include mortality and
disability. The Barthel index [24] was used to define disabil-
ity, and dependence in activities of daily living was assessed
by the local investigator at the time of hospital discharge and
after 6 months. Disability [evaluated for intracranial hemor-
rhage (ICH) patients only] was defined by a score < 100 of
Barthel index.

Guidelines

Routine strategies described in the study were compared
with the recommendations of international guidelines. We
referred to the guidelines published by European Heart
Rhythm Association (EHRA) in 2016 [11]. In brief, the
following procedures are recommended in case of major
bleeding events: stop DOACsS; provide patient stabilization
(assessment of vital signs, fluid resuscitation, mechanical
compression); identify the DOAC taken by the patient and
the time of the last dose intake; check for blood cell count,
renal and liver function, screening coagulation tests, or
specific DOAC measurements; add symptomatic treatment
(fluid replacement, blood transfusion); treat bleeding cause
if possible (e.g., in case of gastrointestinal bleeding); con-
sider possible surgical intervention or invasive procedures;
add oral charcoal if the DOAC was recently ingested; and
consider the use of a specific antidote or by pass hemostatic
agents [prothrombin complex concentrates (PCC), 4 factors
if available, or activated prothrombin complex concentrates
(aPCC), or rFVIIa].

Statistical analysis

Descriptive analysis was performed. Continuous vari-
ables are expressed as median and interquartile (IQR) or as
median and range. Categorical variables are expressed as
frequencies and percentages. The SPSS software for Win-
dows, version 22 (SPSS Inc, Chicago, IL), was used for data
processing.

Results
Patient characteristics

Between January 1, 2015 and December 31, 2016, 117
patients with major bleeding on DOACs were enrolled in
the study: 32 patients were on apixaban (63 and 37% taking
5 or 2.5 mg twice-daily, respectively), 32 on dabigatran (75
and 25% taking 150 or 110 mg twice daily, respectively), 51
on rivaroxaban (61 and 39% taking 20 or 15 mg once-daily,

respectively), and two on edoxaban (both taking 60 mg
once-daily). The patient baseline characteristics, sites of
major bleeding and outcomes are summarized in Table 1.
NVAF was the main clinical indication (84%). Overall, 42%
of patients who experienced major bleeding complications
were on low-dose NOAC treatment, 11% were treated con-
comitantly with antiplatelet drugs, and 30% were previously
shifted from AVK to DOACs. Time of last dose intake was
available in 49% of patients and varied from 4 to 12 h.

Bleeding characteristics

Bleeding events occurred during the first 90 days of DOAC
treatment in 45% of patients. The site of bleeding was intrac-
ranial in 53 patients (13 were fatal and one of them occurred
in a patient treated concomitantly with ticagrelor and rivar-
oxaban), gastrointestinal in 42 (1 fatal), and 22 patients
had major bleeding in other sites (Table 1). Of all bleeding
events, 94 (80.4%) were spontaneous while 23 (19.6%) were
post-traumatic. Within post-traumatic complications, we
observed: 14/53 ICH (12 subdural, 1 lobar, and 1 deep), 2/42
gastrointestinal ,and 7/7 muscular hematoma. In Table 2, the
cases in whom it was possible to calculate whether the drug
administered was under- or over-dosed are shown.

Bleeding management

The therapeutic strategies used for bleeding management are
reported in Table 3. In summary: among the 117 patients,
no therapeutic intervention was adopted in 34 (29%), while
the other 83 patients (71%), received one or more than one
of the therapies listed in Table 3. Idarucizumab 5gr/IV was
administered in 3 out of 51 patients treated with dabigatran
(5.8%): two with ICH and one with retroperitoneal hemor-
rhage. Management strategies for bleeding were considered
to be adherent with what suggested by current international
guidelines (10) in nearly 70% of them (see Table 3).

Laboratory findings

Table 4 shows the available data regarding the median levels
(and range) measured before and after intervention (when
available). Specific DOAC measurements, expressed as
drug concentration equivalent (ng/mL), were available in
only 23% of cases pre-treatment and 10% post-treatment. In
only one patient with post-traumatic subdural ICH, plasma
concentration of dabigatran was measured before (188 ng/
mL) and after (3 ng/mL) the administration of idarucizumab.
The available individual results of specific drug measure-
ments performed before and after intervention are shown
in Table 5.

@ Springer
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Table 1 Main clinical
characteristics and outcomes of

included patients

Table 2 Patients with underdosed or over-dosed drug in relation to
age, gender, and creatinine level (only for patients with all data avail-

Patients All 117 NVAF VTE
Indication to anticoagulation, n (%) 99 (84) 18 (16)
Males, n (%) 73 (62) 60 13
Median age (IQR), years 79 (74,85) 80(75,86) 65 (70,77)
History of previous bleeding, n (%) 10 (8.5) 5(5) 5(38%)
Anticoagulant drugs, n (%)
Apixaban 32 (27.4) 29 3
Dabigatran 32 (27.4) 32
Rivaroxaban 51 (43.5) 37 14
Edoxaban 2 (1.7) 1 1
Major bleeding, n (%) 117 99 18
Spontaneous 94 (80.3) 76(76.7) 18(100)
Intracranial 53 (45.3) 47 (47.4) 6 (33.3)
Gastrointestinal 42 (35.9) 32(32.3) 10 (18.5)
(Intra)muscular hematoma 7(6.1) 6 (6.0) 1(5.5)
Retroperitoneal 4(33.4) 4(4.0) 0
Hematuria 3 (2.5 3(3.0) 0
Retinal (intraocular) bleeding (loss of vision) 2(1.7) 2(2.0) 0
Pericardial 2(1.7) 1(1.0) 0
Metrorrhagia 1(0.9) 1(1.0) 0
Other 4(2.5) 3(3.0) 1(5.5)
Outcome at hospital discharge, n (%) 117
Complete resolution 87/117 (74) 72(71.7) 15(83)
Disability (for ICH) 16/53 (30) 15(30) 1
Death 14/117 (11.9) 12 (12) 2(11.1)
Outcome at 6 months, 1 (%) 1022
Complete resolution 86/102 (84.3) 71(84.0) 15
Disability (for ICH) 11/40 (27.5) 10 (25) 1
Death 4/102 (3.9) 4(4.6) 0

NVAF non-valvular atrial fibrillation, VTE venous thromboembolism, /QR interquartile, /CH intracranial

hemorrhage

#One patient with complete resolution at hospital discharge was lost at follow-up

able)
NVAF=99 VTE=18
Underdosed drugs
Apixaban 6/10 173
Dabigatran 13/22 -
Rivaroxaban 6/24 -
Edoxaban - -
Over-dosed drugs
Apixaban - -
Dabigatran 4/22 -
Rivaroxaban 6/24 -
Edoxaban - -

@ Springer

Outcomes at hospital discharge and at 6 months

Outcomes are summarized in Table 1. During hospitaliza-
tion, 14 bleedings had a fatal outcome [11.9% of the total
population: 13 ICH and 1 gastrointestinal (GI) bleeding],
which occurred within 3 days after the acute event. At hospi-
tal discharge, 74% of all patients had complete resolution of
signs of bleeding. When we consider ICH patients only, we
observed complete resolution of symptoms in 24/53 patients
(45.2%) and residual disability in 16/53 (30%).

At 6 months, among the 102 patients discharged, the com-
plete resolution of symptoms was recorded in 85% of them.
Four patients (two ICH, one GI, and one retroperitoneal
bleeding) died because of later thrombotic complication. In
particular, we registered three acute myocardial infarctions
(AMI): one in a patient with ICH treated with prophylactic
dose of LMWH, who developed pneumonia, one with ret-
roperitoneal bleeding treated with low-dose dabigatran, and
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Table 3 Bleeding management ICHn53 GIn42  Othern22 Totaln.ll7 Death Death
and death at hospital dls.charge 1-3 days 6 mo.
and at follow-up, according type w14 nd
of intervention and drug
No treatment 7 (%) 19 (36) 12 (28.6) 3(13.6) 34 (29.1) 5(@35.7) 1
Apixaban 9 4 1 - 4 -
Dabigatran 2 3 1 - 1 -
Rivaroxaban 7 5 1 - - 1
Edoxaban 1 - - - -
Symptomatic treatment® 0 17 (40.5) 941.2) 26 (22.2) - 2
Apixaban - 2 4 - - 1
Dabigatran - 6 4 - - 2
Rivaroxaban - 8 1 - - -
Edoxaban - 1 - - -
Antifibrinolytics 4(7.5) 0 0 434 3(21.5) 0
Apixaban 1 - - - -
Dabigatran 3 - - - -
Rivaroxaban - - - 2 -
Antidote (idarucizumab) 2 (3.8) 1(4.5) 3(2.6)
PCC® 21(39.6) 4(9.5) 2(9.0) 27 (23.0) 5@357 0
Apixaban 5 5 1 -
Dabigatran 3 2 2 7 3 -
Rivaroxaban 13 2 15 3 -
Surgery + PCC 4(7.5) 0 14.5) 54.3) 1(7.1) 0
Apixaban 1 - - - -
Dabigatran 2 - 1 - - -
Rivaroxaban 1 - - - 1 -

ICH intracranial hemorrhage

*Includes fluid replacement +red blood transfusion

bProthrombin complex concentrates + antifibrinolytics, vitamin K, oral charcoal

the third in a patient with GI bleeding and femoral fracture
who suffered an AMI during treatment with low-dose apixa-
ban. In addition, there was one sudden death in a patient
with ICH who did not restart anticoagulation. The overall
mortality of the entire cohort was 15.5%.

During follow-up, after the temporary interruption of
DOAC:S, 38 patients (37% of survivors) restarted antico-
agulation with the same drug, four patients (3.9%) shifted
to another DOAC, two (2%) did not restart anticoagulation,
and among the remaining patients 35 (35%) were treated
with prophylactic doses of low molecular weight heparin,
whereas 22 received VKA (22%). Only one patient with
NVAF restarted antithrombotic therapy with low dose of
aspirin. In one patient with VTE, a vena cava filter was
implanted, and in another case, the anticoagulant treatment
was interrupted and intermittent pneumatic compression was
adopted. Overall, 2/99 (2%) of patients who restarted antico-
agulant therapy had recurrent bleeding, and 3/99 (3%) expe-
rienced thrombotic events; among those who did not restart
anticoagulant therapies, no one had recurrent bleeding
events and 1/2 (50%) had thrombotic events, respectively.

Among the 22 patients who restarted anticoagulation with
VKA, 13 (58%) had previously suffered GI bleeding and 2
(9%) ICH. Among the 42 patients who restarted anticoagula-
tion with the DOACS, 14 (33%) had suffered GI bleeding and
11 (26%) ICH. No patients who resumed anticoagulation with
VKA suffered major bleeding recurrence during 6 months of
follow-up, whereas a recurrent major bleeding occurred in two
patients who received DOACsSs (one was subsequently shifted
to LMWH at prophylactic regimen, the other to VKA).

Among the 42 patients with GI bleeding, cancer was diag-
nosed in 3 (7%, all colorectal cancer) who were previously
asymptomatic. One patient with diagnosis of GI cancer, who
had complete resolution of bleeding at hospital discharge,
was lost to follow-up.

Discussion
The DOACSs have been shown to be safe and effective

drugs for the treatment of venous thromboembolism and
stroke prevention in NVAF when compared to vitamin K

@ Springer
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Table 4 Results of available laboratory measurements before and
after acute treatments

Table 5 Results of available individual specific laboratory measure-
ments obtained before and after acute treatments

Assay, no. of patients (%) Before intervention Post intervention

Median (range) Median (range)

PT INR, 94/117(80) 1.12 (0.85-3.1) NA

aPTT ratio, 95/117 (81) 1.47 (0.85-3.19) 1.4 (0.7-3.0)
Hemoglobin 108/117 (92) 12.3 (6.3-14) NA
Platelet count 104/117 (89) 228 (85-502) NA
Creatinine clearance 89/117  59.5 (44-80) NA
(76)
Dabigatran dTT (ng/ml) 269 (132-398) 13.3 (2.3-20.0)
5/32% 3/32%
Dabigatran ECA (ng/ml) 699 NA
1/32%
Apixaban aXa activity (ng/ 161 (99-571) 70.6 (2-139)
ml) 8/32° 5/32°
Rivaroxaban aXa activity 134 (24-369) 23 (0-71)
13/51% 6/51*

PT prothrombin time, aPTT activated partial thromboplastin time,
DTT diluted thrombin time, ECA ecarin clotting time, INR interna-
tional normalized ratio, NA not available

*Number of specific NOAC measurements related to the number of
patients treated with the same drug

antagonists. However, as for all anticoagulant drugs, major
spontaneous or post-traumatic bleedings may occur dur-
ing DOAC treatment. Due to the increasing prevalence of
patients who are treated with DOACsS in the general popu-
lation, major bleedings will become a relatively frequent
event in the emergency departments with an urgent need
for improving diagnostic and therapeutic tools, and spe-
cific strategies related to the site of bleeding, type of drugs,
anticoagulant levels, necessity of surgical, or interventional
procedures [11, 25].

Since patients are admitted to emergency departments
after variable hours from the last DOAC dose intake and
may present with several comorbidities, anticoagulant
activity may not be exclusively predictable on the basis of
the drug half-life and the evaluation of renal function, also
because of the high inter—intra plasma level variability [26].

This study aims to describe how clinicians manage, at
present, major bleeding complications in patients treated
with DOAC:s. In the study, 117 patients with major bleed-
ings are included, prevalently ICH and GI (45.3 and 35.9%,
respectively) occurring in elderly NAVF or VTE patients.
Most deaths in ICH patients (13/14; 92.8%) occur within the
first 72 h from hospital admission. ICH-related mortality is
26.4%, similar to what is recently reported in the literature
[27]. As shown in previous studies [27-29], ICH mortality
in DOACs seems lower than in AVK, but, in any case, it
concerns nearly one-fourth of total ICH in DOAC-treated
patients.

@ Springer

Patient, drug used, assay

Before intervention Post intervention

Dabigatran DTT (ng/ml)

1. 76.45 13.31

2. 188.63 (antidote)  2.28

3. 269 -

4. 497 -

5. 300 -

6. 72 72
Apixaban aXa activity (ng/ml)

1. 132.36* -

2. 143.46* -

3. 206.61* 139.20

4. 228.35% 128.97

5. 179.49° 70.61

6. 99.24 -

7. 131 20

8. 467 -
Rivaroxaban aXa activity (ng/ml)

1. 3422 -

2. 192.87 45.74

3. 122° -

4. 24° -

5. 61° -

6. 175 -

7. 146* 63

8. 62 -

9. 81 -

10. 369 71

#Patients in whom PCC4F were administered
Patients in whom PCC3F were administered

In this study, we observe that nearly 50% of the total
population received no treatment or symptomatic support
only. Among ICH patients, nearly 30% were solely man-
aged with interruption of DOAC administration and clinical
monitoring.

The high mortality and disability rates associated to ICH
bleeding strongly indicate a need for a rapid normalization
of hemostasis. An approach only based on the evaluation of
renal function and drug half-life may not guarantee a rapid
normalization of hemostasis. We observe that symptomatic
treatment is prevalently used in extra-cerebral bleedings,
whereas PCCs, antifibrinolytic agents, and antidotes are
mainly used in ICH bleedings. Fresh frozen plasma was
used as symptomatic treatment in 22.2% of patients, all of
them with extracranial bleedings, and three patients received
vitamin K, which is not useful to reverse a DOAC activity.

More than 30% of the included patients were not treated
in accordance with the international guidelines, mainly
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because they did not receive any specific treatment except
for clinical surveillance (see Table 3). The therapeutic
approaches among the study patients vary even when the
site and severity of bleeding were the same, suggesting the
absence of universally applied protocols.

During the 6-month follow-up, four deaths were observed
due to thrombotic complications and accounting for the 3.9%
of the total deaths. Bleeding case fatality rate is 11.9% and
death occurred in 15.4% of the total population.

Only toward the end of our observational study was idaru-
cizumab licensed in European countries. This explains why
only 3 out of 53 dabigatran-treated patients received the
reversal agent. We observe that only in one case, the anti-
dote was administered after DOAC-specific measurement,
opening the question about the risk of its overuse [30-32].

Clinicians requested laboratory tests, including blood
cell count and screening coagulation test, in nearly 80%
of patients, whereas specific DOAC measurements were
obtained in only 23% of them, indicating that bleeding
treatments were administered independently from objec-
tively defined hemostatic assessment. This observation
opens the question about the importance of laboratory test-
ing in emergency clinical conditions to address appropriate
treatments. As previously shown [21], global coagulation
tests such as PT and aPTT are not useful to quantify DOAC
activity, while specific tests (anti-Xa, dTT, ecarin test) are
available and easily adaptable on most commercial coagula-
tion platform. Despite the increasing consensus on the need
for DOAC measurement in specific clinical conditions, our
study shows a low rate of specific drug measurements in
emergency situations, highlighting an urgent need for their
implementation in each hospital.

In general, the approach to major bleeding in anticoagu-
lated patients should be based on two main cornerstones: (1)
symptomatic treatment of blood loss and treatment of the
anatomical cause of bleeding and (2) reversal of the hemo-
static impairment due to the anticoagulant drug, if present.
In this perspective, laboratory testing and specific drug
measurements should guide the management of patients.

Large phase III clinical studies [2—6] and post-market-
ing analysis [33, 34] indicate that major bleeding with the
DOAC:S is associated with a more favorable outcome than
with the vitamin K antagonists. Nevertheless, in the present
study, major bleeding during DOAC treatment accounts
for 15% of deaths and 24% of disability, suggesting that all
efforts should be done to improve the management of major
bleeding in DOAC-anticoagulated patients.

This study has several limitations. The most important is
the small number of patients with major bleeding included;
this makes it necessary to be very cautious in evaluating the
recorded results. Furthermore, the time span for inclusion
of cases was large and differences in patient management
during this interval time can be expected. Obviously, the

design of the study did not allow the collection of any data
on the prevalence of bleedings and on the effect of different
DOAC:S.

We believe this experience highlights the following
needs: (1) homogeneous and more structured guidelines;
(2) available reversal agents; (3) DOAC-specific measure-
ments, rapidly available in emergency; (4) specific training
on anticoagulation reversal for emergency department physi-
cians; and (5) available consultants expert on thrombosis and
haemostasis, who may ensure upgraded, homogeneous, and
probably more effective management of acute major bleed-
ing complications in anticoagulated patients.
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