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Abstract
The presence of both atrial fibrillation (AF) and heart failure (HF) increases the risk of an ischemic cerebrovascular event (CVE)
by roughly fivefold. The HATCH score is a score used to predict new-onset AF. Although there are some differences, it contains
risk factors similar to the CHA2DS2-VASc score. Our study aimed to investigate the relationship between the HATCH score
and ischemic CVE. This retrospective study obtained data from 1719 HF patients between 2015 and 2022. About 673 patients
with AF were included in the study. In the univariate and multivariate Cox regressions, we found that CHA2DS2-VASc and
HATCH scores were independent predictors of ischemic CVE (p= 0.001 and<p= 0.001, respectively). The ROC analysis,
AUC for the CHA2DS2-VASc score was 0.884 (95% CI 0.828-0.940, <p= 0.001). For the HATCH score, the AUC was
0.978 (95% CI 0.966-0.991, <p= 0.001). The HATCH score can be an independent predictor of the development of ischemic
CVE in HF patients with AF.
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Introduction
Heart failure (HF) and atrial fibrillation (AF) are common car-
diovascular diseases in daily life. Both diseases have similar
risk factors that can be modified, such as atherosclerosis, hyper-
tension (HT), diabetes mellitus (DM), and myocardial ischemia,
and non-modifiable, such as age and gender. Although they are
two separate diseases, they can often coexist and aggravate the
clinical situation.1 Undoubtedly, ischemic cerebrovascular
event (CVE) is one of the negative consequences of the coexis-
tence of two diseases.2 Ischemic CVE is a common cause of
death and disability in adults.3 Research has concluded that
the presence of both AF and HF raises the risk of ischemic
CVE by a factor of approximately five.4 Patients who recover
from ischemic CVE are more likely to experience ischemic
stroke again.5 Even if patients experience a transient ischemic
attack (TIA) or minor ischemic stroke, they may experience
recurrent ischemic CVE, increasing the likelihood of poor out-
comes.6 Oral anticoagulants (OACs) have been identified as the
main treatment strategy for preventing ischemic complications,
including CVE, in AF patients. OACs reduced the risk of stroke

by 64% and the mortality rate by 26.1%, although they slightly
increased the risk of bleeding.7 Different scoring systems have
been developed for ischemic and cardiovascular complications
resulting from AF.8 The CHA2DS2-VASc score identifies
patients at high risk of ischemic complications in AF and pre-
scribes OACs to protect them from ischemic complications.9

OACs are generally recommended for those with risk factors
for ischemic stroke with a CHA2DS2-VASc score of 2 or
higher.10 The HATCH score is a predictor of new AF and
was used to assess the probability of permanent AF.11 The
HATCH score is a score that includes parameters for HT,
age, TIA or ischemic CVE, chronic obstructive pulmonary
disease (COPD), and HF. While the predictive role of the
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CHA2DS2-VASc score in adverse ischemic events has been
proven,12 it is not yet clear on the ischemic CVE predictive
role of the HATCH score, which includes similar risk factors
as the CHA2DS2-VASc score. Our study aimed to examine
the relationship between HATCH and CHA2DS2-VASc
scores and ischemic CVE.

Materials and Methods

Study Design and Patient Selection
This study reviewed the retrospective records of 1719 HF
patients who applied to Erzurum Regional Training and
Research Hospital between 2015 and 2022. Data on 673
patients with both HF and AF were obtained. Patients under
18 years of age, with liver cirrhosis, heart transplant history,
acute coronary syndromes, and malignancy were excluded
from the study. The CHA2DS2-VASc score and the HATCH
score were calculated for the patients. This study was performed
in accordance with the Declaration of Helsinki and with the
approval of the local ethics committee. Previous medical
history, drug use history, clinical and demographic characteris-
tics, and hematological and biochemical parameters of the
patients were recorded in electronic medical records.

Definitions
Computed tomography and/or Magnetic resonance imaging
data were used to diagnose ischemic CVE.13 A history of cor-
onary artery disease (CAD) was defined as patients with inva-
sive or non-invasive imaging studies showing evidence of
coronary artery disease. HT was defined as systolic blood pres-
sure > 140 mmHg and/or diastolic blood pressure > 90 mmHg
or an antihypertensive medication.14 The definition of DM
was determined according to American Diabetes Association
guidelines.15

Risk Scores
The HATCH score was obtained by assigning one point each
for patients over 75 years of age, HT, and COPD, and two
points each for Previous ischemic CVE or TIA and HF.11

The CHA2DS2-VASc score was calculated by giving one
point each for age 65–74, HT, DM, HF, CAD, female gender,
and vascular disease including peripheral arterial disease, and
two points each for a previous ischemic CVE or TIA, age 75
and over.9

Statistics
Data were analyzed using the SPSS 22.0 version (IBM,
Armonk, NY, USA). Continuous variables were expressed as
mean± standard deviation or median (interquartile range), and
categorical variables were expressed as percentages.
Continuous variables fit the normal distribution and were deter-
mined using the “Kolmogorov–Smirnov” test. Continuous

variables were compared using “Student’s t-test” and “Mann–
Whitney U test” as appropriate. Categorical variables were
compared using the “chi-square” test. The Cox regression
model was performed to find independent predictors of ische-
mic CVE, and scores that were significant in univariate analysis
were included in the regression model. The receiver operating
characteristics (ROC) curve analysis was performed to deter-
mine scoring systems’ sensitivity and specificity values in pre-
dicting ischemic CVE. Variables were considered statistically
significant when the P value was < .05.

Results
A total of 673 patients with HF and AF who applied to our hos-
pital between 2015 and 2022 were included in the study. The
mean age of the patients was 72.66± 10.24, and 43.2% (291
patients) were male. The mean follow-up period was 75.33±
20.06 months. HT, DM, CAD, and COPD were 86.8% (584
patients), 19% (128 patients), 56.5% (380 patients), and
28.1% (189), respectively. A previous history of ischemic
CVE was found in 3.7% (25 patients). The mean ejection frac-
tion (EF) was 48± 13.12%. In the general population studied,
the mean CHA2DS2-VASc score was 4± 1.2, and the
HATCH score was 3± 0.9. The CHA2DS2-VASc and
HATCH score distributions of the patients are shown in
Figure 1. While 70% (471 patients) of the patients were using
direct oral anticoagulants, 21.5% (145 patients) were using ace-
tylsalicylic acid, and 10.7% (72 patients) were using clopidog-
rel. In our study, ischemic CVE occurred in 5.8% (39 patients)
during follow-up. In patients with ischemic CVE, the
CHA2DS2-VASc score was 6.09± 1.33; the HATCH score
was 5.27± 0.66 (<p= 0.001 and <p= 0.001, respectively).
The baseline characteristics of the patients are given in Table 1.

In the univariate and multivariate Cox regression analysis,
we found that the CHA2DS2-VASc and HATCH scores were
independent predictors of ischemic CVE (p= 0.001 and< p=
0.001, respectively). Details are given in Table 2.

ROC analysis was used to evaluate the discrimination of ische-
mic CVE prediction ability of the CHA2DS2-VASc and the
HATCH scores. The HATCH score showed the highest area
under the curve (AUC) value to predict ischemic CVE. The
ROC analysis, AUC for the CHA2DS2-VASc score was 0.884
(95% CI 0.828-0.940, <p= 0.001), the cut-off value was 5, and
sensitivity and specificity were 76.9%, 84.1%. For the HATCH
score, AUC was 0.978 (95% CI 0.966-0.991, <p= 0.001), the
cut-off value was 4, and sensitivity and specificity were 92.3%,
87.9%. ROC analysis results are detailed in Figure 2.

Discussion
Our study determined that the HATCH score could be a good
predictor of the development of ischemic CVE in HF patients
with AF. Although previous studies have emphasized the
power of this score in detecting the development and recurrence
of AF, our study pointed to its potential power in predicting the
development of ischemic CVE.
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Many scores have been used to predict the development of
ischemic CVE in patients with AF. One of the most widely
used is the CHA2DS2-VASc score.8 The CHA2DS2-VASc
score has been used for years to assess thromboembolic risk,
including ischemic CVE, in patients with AF.16 Some studies
have even highlighted the power of the score in predicting mor-
tality in cardiovascular diseases.17,18

The HATCH score was initially studied as a predictor of AF
development.19 In a later study, it was associated with an
increased frequency of hospitalization and higher mortality in
patients with acute HF.20 The risk factors in both scores are
similar. While DM was a risk factor in the CHA2DS2-VASc
score, it was defined as a risk factor for COPD in the
HATCH score. These two risk factors are the main features
that distinguish the two scores from each other. At the same
time, two points are given to HF in the HATCH score.

HF is a common cause of ischemic CVE.21 The main mech-
anisms of HF causing ischemic CVE are AF and left ventricular
thrombus due to hypokinesia in the left ventricular myocar-
dium.22 Chaotic atrial constrictions caused by AF likely
trigger atrial thrombus. In addition, hypercoagulation, increased

Figure 1. Distribution of scores in the general population.

Table 1. Baseline Demographic Parameters of all Cohort.

Variables
CVE (+)
(n=39)

CVE (-)
(n=634) P value

Age 74.3±9.4 72.5±10.2 0.533
Gender (male,%) 18 (46.2) 273 (43.1) 0.705
HT (n,%) 37 (94.9) 547 (86.3) 0.124
DM (n,%) 11 (28.2) 117 (18.5) 0.132
CAD (n,%) 23 (59) 357 (56.3) 0.745
COPD (n,%) 15 (38.5) 174 (27.4) 0.138
Previous ischemic
stroke (n,%)

3 (7.6) 22 (3.4) 0.076

Mortality (n,%) 6 (15.4) 49 (7.7) 0.091
CHA2DS2-VASc
score

6.09±1.33 3.94±1.1 <0.001

HATCH score 5.27±0.66 3.09±0.76 <0.001
Glucose (mg/dL) 130 (100-191) 117 (97-160) 0.077
Creatinine (mg/dL) 1.15±0.59 1.08±0.5 0.561
Na (mEq/L) 139.6±4.1 139.6±3.7 0.949
K (mEq/L) 4.37±0.7 4.4±0.62 0.978
ALT (U/L) 21 (15.2-31.7) 21 (15-32) 0.690
Albumin (g/L) 39.6±6.1 41±4.6 0.205
CRP (mg/L) 13.5 (2.2-43.4) 8 (2.2-25.6) 0.245
Hgb (g/dL) 13 (11.5-15.4) 13.7

(12.2-15.2)
0.525

Wbc (103/µL) 8.65
(7.28-11.49)

8.02
(6.31-10.30)

0.109

Plt (103/µL) 238±73 243±81 0.992
Troponin I (ng/mL) 14.61

(0.22-60.65)
11.7

(2.5-40.82)
0.839

Abbreviations: CVE: Cerebrovascular events HT: Hypertension, DM: Diabetes
mellitus, CAD: Coronary artery disease, COPD: Chronic obstructive
pulmonary disease, Na: Sodium, K: Potassium, ALT: Alanine aminotransferase,
CRP: C-reactive protein, Hgb: Hemoglobin, WBC: White blood cell, PLT:
platelet count

Table 2. Cox Regression Analysis of Scores in Predicting the
Development of Ischemic CVE.

Variables
Univariate
OR, 95 CI% P value

Multivariate
OR, 95 CI% P value

CHA2DS2-VASc
score

3.161
(2.569-3.890)

<0.001 1.623
(1.235-2.132)

0.001

HATCH score 5.136
(3.921-6.728)

<0.001 3.722
(2.656-5.215)

<0.001
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platelet aggregation, and decreased fibrinolysis caused by the
renin-angiotensin-aldosterone system activated as a result of
increased sympathetic activity may contribute to this situa-
tion.23 When both AF and HF are present, the likelihood of
an ischemic CVE occurring increases by about five times.4 In
our study, we had participants with both HF and AF. The fact
that HF, a significant risk factor for ischemic CVE, received
two points in the HATCH score may have caused this score
to be a better predictor of ischemic CVE in our study.

In our study, DM and HT, both traditional stroke risk factors, did
not demonstrate statistical significance. While some studies found
that DM was a predictor of ischemic CVE in patients with
AF,24,25 one study found that DM without any risk factors other
than AF was not a predictor of ischemic CVE.26 In addition, in a
study involving a population of patients with atrial flutter, DM
could not be identified as a predictor of ischemic CVE.27 In terms
of HT, it is a risk factor for ischemic CVE, according to most
studies. However, some studies have found a significantly increased
risk of ischemic CVE in patients with AF who are not under control
or have blood pressure >160/90 mmHg.24,28 In our study, HT and

DMwere not found to be predictive of ischemic CVE, which can be
attributed to these circumstances. We could not obtain follow-up
blood pressure measurement data of the patients.

COPD, which is a risk factor in the HATCH score, is a progres-
sive disease and increases the risk of cardiac arrhythmia, especially
AF. COPD patients with AF face higher complication rates.29

Likewise, the presence of AF in COPD patients was found to be
associated with more frequent hospitalizations.11 COPD could
be a significant contributor to the risk of all-cause death, stroke,
extra-central nervous system embolism, and major bleeding in
individuals with AF.30 However, the evidence for an increased
risk of ischemic CVE and systemic embolism in COPD patients
with AF is unclear. It has been suggested that COPD can lead to
platelet and cerebral artery dysfunction by raising the systemic
inflammatory response via oxidative stress. In addition, the
study suggested that smoking, which is a traditional risk factor
for the development of COPD, increases the development of ische-
mic CVE because it increases the risk of cardiovascular disease.31

A few studies have suggested that COPD may increase ischemic
CVE in AF patients; however, other studies have not found an

Figure 2. ROC curve analysis.
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increased risk.32,33 In our study, COPD was not a predictor of
ischemic CVE in patients with AF and HF.

Conclusion
Our study showed that the HATCH score can be an independent
predictor of the development of ischemic CVE in HF patients
with AF. This scoring system, which includes easy-to-use and
easily accessible risk parameters, showed better sensitivity
and specificity than the CHA2DS2-VASc score in HF patients
with AF. For this reason, just as anticoagulant is started in HF
patients with AF and a high CHA2DS2-VASc score, anticoag-
ulant initiation may be considered in patients with a high
HATCH score. However, randomized prospective studies are
needed.

Limitations
Our study is retrospective-designed. The sample size of our
study was relatively small. Since our study was single-centered,
it may only partially reflect the general population. We think a
prospective study of this subject in the larger AF population
may yield more effective results.
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