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BACKGROUND AND PURPOSE: Clinical trials on stroke prevention in patients with atrial fibrillation have consistently shown 
clinical benefit from either warfarin or non–vitamin K antagonist oral anticoagulants (NOACs). NOAC-treated patients have 
consistently reported to be at lower risk for intracerebral hemorrhage (ICH) than warfarin-treated patients. The aims of 
this prospective, multicenter, multinational, unmatched, case-control study were (1) to investigate for risk factors that could 
predict ICH occurring in patients with atrial fibrillation during NOAC treatment and (2) to evaluate the role of CHA2DS2-VASc 
and HAS-BLED scores in the same setting.

METHODS: Cases were consecutive patients with atrial fibrillation who had ICH during NOAC treatment. Controls were 
consecutive patients with atrial fibrillation who did not have ICH during NOAC treatment. As within the CHA2DS2-VASc and 
HAS-BLED scores there are some risk factors in common, several multivariable logistic regression models were performed 
to identify independent prespecified predictors for ICH events.
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RESULTS: Four hundred nineteen cases (mean age, 78.8±8.1 years) and 1526 controls (mean age, 76.0±10.3 years) were 
included in the study. From the different models performed, independent predictors of ICH were increasing age, concomitant 
use of antiplatelet agents, active malignancy, high risk of fall, hyperlipidemia, low clearance of creatinine, peripheral artery 
disease, and white matter changes. Low doses of NOACs (given according to label or not) and congestive heart failure were 
inversely associated with the risk of ICH. HAS-BLED and CHA2DS2-VASc scores performed poorly in predicting ICH with 
areas under the curves of  0.496 (95% CI, 0.468–0.525) and 0.530 (95% CI, 0.500–0.560), respectively.

CONCLUSIONS: Several risk factors were associated to ICH in patients treated with NOACs for stroke prevention but not HAS-
BLED and CHA2DS2-VASc scores.

GRAPHIC ABSTRACT: An online graphic abstract is available for this article.

Key Words: atrial fibrillation ◼ cerebral hemorrhage ◼ logistic models ◼ risk factors ◼ white matter

Clinical trials on stroke prevention in patients with 
atrial fibrillation (AF) have consistently shown bene-
fits from either warfarin or non–vitamin K antagonist 

oral anticoagulants (NOACs). However, these patients 
are known to experience anticoagulation-related intrace-
rebral hemorrhage (ICH).

The aims of this prospective, multicenter, international 
study were (1) to investigate for risk factors that could pre-
dict ICH occurring in AF patients during NOAC treatment in 
a large multinational cohort of patients across Europe and 
North America and (2) to evaluate the role of CHA2DS2-
VASc and HAS-BLED scores in the same setting.

METHODS
The data that support the findings of this study are available 
from the corresponding author on reasonable request.

This was a multicenter unmatched case-control study per-
formed between June 2018 and February 2020. Consecutive 
patients with AF who experienced an acute nontraumatic ICH 
while on treatment with NOACs (dabigatran, apixaban, rivaroxa-
ban, or edoxaban) for stroke prevention were included in the 
study, as well as those patients who had died due to the index 
event. ICH was classified as deep, when located in the basal 
ganglia, thalamus, pons, or the cerebellum, and lobar, when 
located in the brain cortex. Patients with subdural hematoma, 
epidural hematoma, isolated intraventricular hemorrhage, or 
subarachnoid hemorrhage were not included in the study.

Patients with ICH, identified as cases, were enrolled from 44 
Stroke Units across Europe, United States, and Canada. Controls 
were patients with AF who had been taking NOACs for stroke 
prevention for >1 month and did not experience ICH events while 
on anticoagulant therapy. Controls were consecutive in- and 

outpatients attending 4 European anticoagulant therapy ser-
vices (Torino [268 patients], Perugia [1023 patients], Varese [15 
patients], and Kyiv [54 patients]) and 10 Stroke Unit follow-up ser-
vices (Larissa, Ioannina, Athens, La Spezia, Pisa, Pavia, Frosinone, 
Foligno, Brescia, and Rome Tor Vergata [166 patients]).

To verify compliance, the patients and family members were 
asked how the prescribed anticoagulant was taken.

The duration of therapy for controls was calculated from the 
first visit, when the anticoagulant therapy was initiated, and risk 
factors were collected up to the last visit performed over the 
study time period.

The study was approved by the pertinent institutional review 
boards, if required. Informed consent was obtained whenever 
necessary.

Risk Factors
For cases at the time of ICH and controls at baseline updated 
during the follow-up visits, data on known stroke risk factors 
were collected (Data Supplement).

Statistical Analysis
The aim of the unmatched analyses was to identify predictors 
of ICH events. Univariate tests (χ2 test or Fisher exact test 
with Yates correction when appropriate) were used to compare 
patients with ICH events (cases) with controls, regarding risk 
factors for cerebrovascular disease.

As within the CHA2DS2-VASc and HAS-BLED scores there 
are some risk factors in common, several multivariable logistic 
regression models were performed to identify independent pre-
dictors for ICH events (Data Supplement).

Due to the low number of centers that included control 
patients with possible selection bias, sensitivity analyses were 
performed to test the robustness of the results obtained with 
the multivariable models, restricting the cohort to each single 
center enrolling >200 controls, independently from cases pro-
vided. The first sensitivity analysis compared cases with controls 
included from the Perugia center; the second sensitivity analysis 
compared cases with controls included from the Torino center.

Furthermore, receiver operating characteristic curves along 
with the Mann-Whitney U test were used to illustrate the per-
formance of HAS-BLED and CHA2DS2-VASc scores in pre-
dicting ICH.

Data were analyzed with the SPSS/PC Win package 25.0.

Nonstandard Abbreviations and Acronyms

AF atrial fibrillation
ICH intracerebral hemorrhage
NOAC  non–vitamin K antagonist oral 

anticoagulant
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Table. Characteristics of the Cases and Controls

 Cases (n=419) Controls (n=1526) P value

Age, y; mean 78.8±8.1 76.0±10.3 0.0001

Women 184 (43.9%) 690 (45.2%) 0.7

Weight, kg; mean 76.0±14.1 74.7±15.8 0.07

Duration of therapy, mo; mean 20.0±14.6 27.4±15.6 0.0001

Deep hemorrhage 277 (66.1%)   

Apixaban 151 (36.1%) 535 (35.1%) 0.7

Dabigatran 71 (16.9%) 332 (21.8%) 0.03

Edoxaban 32 (7.6%) 15 (0.9%) 0.0001

Rivaroxaban 165 (39.4%) 644 (42.2%) 0.2

Label low-dose NOACs 100 (23.9%) 447 (29.3%) 0.03

Nonlabel low dose 30 (7.2%) 134 (8.8%) 0.3

Nonlabel high dose 14 (3.3%) 18 (1.2%) 0.004

Creatinine clearance, mean 68.3±26.0 77.5±26.4 0.0001

CHA2DS2VASc score, median (IQR) 4.0 (2.0) 4.0 (2.0) 0.9

 0 0 28 (1.9%)  

 1 2 (0.5%) 74 (4.8%)

 2 30 (7.1%) 145 (9.5%)

 3 87 (20.8%) 242 (15.8%)

 4 111 (26.5%) 388 (25.4%)

 5 91 (21.7%) 285 (18.7%)

 6 57 (13.6%) 232 (15.2%)

 7 28 (6.7%) 102 (6.7%)

 8 13 (3.1%) 27 (1.8%)

 9 0 3 (0.2%)

HAS-BLED score, median (IQR) 3.0 (2.0) 3.0 (1.0) 0.7

 0 1 (0.2%) 66 (4.3%)  

 1 17 (4.0%) 189 (12.4%)

 2 165 (39.4%) 396 (26.0%)

 3 155 (37.0%) 429 (28.1%)

 4 66 (15.8%) 370 (24.2%)

 5 15 (3.6%) 68 (4.5%)

 6 0 8 (0.5%)

Hypertension 361 (86.2%) 1320 (86.5%) 0.9

Diabetes 98 (23.4%) 313 (20.5%) 0.2

Hyperlipidemia 201 (47.9%) 562 (36.8%) 0.0001

Statin therapy 167 (39.8%) 498 (32.6%) 0.006

Alcohol abuse 44 (10.5%) 187 (12.2%) 0.3

Current smoker 45 (10.7%) 117 (7.7%) 0.06

Congestive heart failure 78 (18.6%) 348 (22.8%) 0.08

History stroke/TIA 135 (32.2%) 504 (33.0%) 0.7

Myocardial infarction/angina pectoris 103 (24.6%) 337 (22.1%) 0.3

Peripheral artery disease 56 (13.4%) 97 (6.3%) 0.0001

Paroxysmal AF 190 (45.3%) 460 (30.1%) 0.0001

Concomitant antiplatelet therapy 54 (12.9%) 51 (3.3%) 0.0001

History of severe bleeding 42 (10.0%) 152 (10.0%) 1.0

Active malignancy 43 (10.3%) 84 (5.5%) 0.001

High risk of fall 105 (25.0%) 274 (17.9%) 0.002

White matter changes 271/407 (66.6%) 407/1254 (32.5%) 0.0001

Platelets per mL, mean 217 200±68 900 219 000±71 000 0.6

AF indicates atrial fibrillation; IQR, interquartile range; NOAC, non–vitamin K antagonist oral anticoagulant; and TIA, 
transient ischemic attack.
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Sample Size Calculation
For this unmatched case-control study, it was assumed that at 
least 5% of controls would have had the risk factor with the 
lower incidence. Due to the low prevalence of exposure to ICH 
among patients with AF during NOAC therapy in real world 
(0.5% per year), the increase in statistical power was obtained 
by using a ratio of controls/cases of 3:1.1,2 To detect a mini-
mum odds ratio of 2.0 with a power of 90% and an alpha risk 
of 5%, it was calculated that at least a total of 1776 patients 
(444 cases and 1332 controls) would have been needed, 
whereas with a power of 80%, it was calculated that at least 
a total of 1288 patients (322 cases and 966 controls) would 
have been needed.

RESULTS
During the study period, 419 consecutive patients on 
NOACs were admitted for ICH (cases). The cases were 
compared with a control group of 1526 subjects (Table). 
Cases resulted having ICH after an average of 20 
months from the initiation of therapy. The characteristics 
of the patients with deep or lobar ICH are described in 
Table I in the Data Supplement.

The results of the multivariable analyses and the 
odds ratio for each variable included using the different 
models are reported in Tables II through IV in the Data 
Supplement. Patients treated with low doses (given 
according to label or not) had a lower risk of ICH, as 
did patients with congestive heart failure. Age, concomi-
tant use of antiplatelet agents, white matter changes, 
hyperlipidemia, peripheral artery disease, history of 
active malignancy, high risk of fall, and low clearance of 
creatinine were associated with ICH. HAS-BLED (odds 
ratio, 1.00 [95% CI, 0.90–1.11]) and CHA2DS2-VASc 
(odds ratio, 1.02 [95% CI, 0.93–1.11]) scores were not 
associated with ICH.

The sensitivity analyses confirmed that increasing age, 
hyperlipidemia, concomitant use of antiplatelets, high risk 
of fall, white matter changes, and low clearance of creati-
nine were independently associated with ICH (Tables V 
through VII in the Data Supplement).

Areas under the curves of the two scores cross over 
95% CI: C statistics for HAS-BLED and CHA2DS2-VASc 
scores were 0.496 (95% CI, 0.468–0.525) and 0.530 
(95% CI, 0.500–0.560), respectively. Also, utilizing the 
Mann-Whitney U test, the two scores were not associ-
ated with ICH (P=0.8 for HAS-BLED and P=0.06 for 
CHA2DS2-VASc).

DISCUSSION
This unmatched case-control study showed that the 
HAS-BLED and CHA2DS2-VASc scores performed 
poorly in predicting ICH, which suggests against the use 
of these risk scores when assessing the indication for 
anticoagulation with NOACs.

Our study had the following limitations1: it was obser-
vational, and neither individual NOACs nor their doses 
were randomized2; other pharmacological treatments 
besides NOACs except antiplatelets were not inves-
tigated. In fact, this limitation might be considered a 
serious shortcoming, in that it might hinder the interpre-
tation of these data. Interactions between NOACs and 
other drugs are reported to be much lower than that of 
warfarin. Specifically, all currently available NOACs are 
substrates of the P-glycoprotein transporter; one-third 
of rivaroxaban is metabolized by the liver via CYP3A4/
CYP3A5- and CYP2J2-dependent pathways; and apix-
aban, which has predominant nonrenal clearance, is 
eliminated via the CYP3A4-, CYP1A2-, and CYP2J2-
dependent pathways. Therefore, it is plausible that drug 
interactions may have interfered with the anticoagulant 
effect3; we excluded patients who could not guarantee 
adherence to the prescribed treatment regimen. As this 
information was provided by the patients themselves or 
the caregiver, a laboratory assessment of the anticoag-
ulant status during the event might have been informa-
tive.3,4 Cases were collected from a number of Stroke 
Units in Europe, United States, and Canada. Unfortu-
nately, not all participating Stroke Units had an associ-
ated anticoagulant unit where the controls could have 
been collected. For this reason, we collected control 
data from 14 centers, all except one, associated to a 
Stroke Unit and tested the results in a sensitivity analy-
sis including data from large centers only. Regarding 
this, although potentially limited by the sample size, sen-
sitivity analyses confirmed factors associated with ICH 
that emerged from multivariate analyses, consequently 
supporting the robustness of the results. Although we 
attempted to control by size the included patients, there 
may still be important differences in regard to follow-up 
frequency and collection of the data that could at least 
partially explain the findings.

The strengths of our study include its large sample 
size and its prospective design. Additionally, our analy-
ses reflect real-life experiences and thus may provide 
valuable information that could significantly reduce the 
incidence of ICH in patients with AF and stroke during 
NOAC therapy.

CONCLUSIONS
In patients with AF treated with NOACs, age, concomi-
tant use of antiplatelet agents, the presence of an active 
malignancy, high risk of fall, hyperlipidemia, low clear-
ance of creatinine, peripheral artery disease, and white 
matter changes on neuroimaging were associated with 
increased risk of ICH. Low doses of NOACs (given 
according to label or not) and congestive heart failure 
were inversely associated with the risk of ICH. The HAS-
BLED and CHA2DS2-VASc scores performed poorly in 
predicting ICH.
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