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Outcomes of 1.3 million
patients undergoing
percutaneous coronary
intervention according to the
presence of cancer and atrial
fibrillation: a retrospective
study

Aim To evaluate outcomes after percutaneous coronary
intervention (PCl) in patients with cancer and atrial fibril-
lation (AF).

Methods Data of all adult discharges undergoing PCl be-
tween October 2015 and December 2018 were obtained
from the National Inpatient Sample (NIS) database. Adjust-
ed odds ratios (aOR) of adverse complications were calcu-
lated using binominal logistic regression.

Results 1387320 patients were detected, out of which
15.4% had AF but no cancer, 1.9% had cancer but no AF,
and 0.6% had both cancer and AF. Compared with cancer
patients without AF, those with AF had a greater aOR of
mortality (@OR 1.20, 95%Cl| 1.08-1.33), major adverse car-
diac and cerebrovascular events (MACCE) (@OR 1.18, 95%Cl
1.07-1.29), and bleeding (aOR 1.23, 95%Cl 1.08-1.39). How-
ever, the risk of ischemic stroke was similar between the
two groups. Patients with solid cancer and AF had a higher
aOR for all outcomes, including mortality (aOR 1.28, 95%Cl
1.09-1.50), MACCE (@OR 1.37, 95%CI 1.19-1.57), ischemic
stroke (@OR 1.48, 95%Cl 1.10-1.99), and bleeding (aOR 1.66,
95%Cl 1.39-1.98) compared with the solid cancer group
without AF. In patients with hematological cancer, AF was
associated only with significantly increased risk of mortali-
ty (@OR 1.40,95%Cl 1.16-1.70) and MACCE (aOR 1.26, 95%Cl
1.06-1.49).

Conclusions The presence of AF in solid cancer patients
increases the risk of mortality, MACCE, stroke, and major
bleeding, while in the setting of hematological cancer it is
only associated with a higher risk of mortality and MACCE.

This is an open access article distributed under the terms of the Creative Commons Attribution
License (CC BY-NC-ND 4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited. @;()TeTe']
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Cardiovascular disease (CVD) and cancer represent the two
leading causes of death worldwide (1,2). Among the 19
million patients who died due to CVD in the US between
1999 and 2019, 13.6% were diagnosed with concomitant
cancer (3). Many patients with concomitant coronary ar-
tery disease (CAD) and cancer undergo percutaneous cor-
onary intervention (PCl), representing a high-risk popula-
tion. Among~6.5 million patients undergoing PCl, 5.8%
had previous cancer diagnoses, and 1.8% had current can-
cer diagnoses, with prostate, breast, colon, and lung cancer
being the most prevalent (4). In addition, a meta-analysis
reported that patients with concomitant cancer undergo-
ing PCl had higher one-year mortality than non-cancer pa-
tients (5).

Atrial fibrillation (AF) is prevalent in cancer patients, who
have around 50% increased risk of AF compared with
non-cancer patients (6). Patients with AF have a higher
mortality risk when undergoing PCl than those without
AF (7). In addition, cancer patients with AF could have
an increased risk of thrombotic events and major bleed-
ing compared with their non-cancer counterparts (8,9).
However, there is limited data regarding PCl outcomes
among patients with concomitant cancer and AF. Previ-
ous studies explored the clinical outcomes of PCl among
patients with cancer only, with AF only, or outcomes of
AF and cancer only. Therefore, this study aimed to de-
termine the outcomes of PCl in patients with AF in non-
cancer and cancer groups. Given that patients with can-
cer represent a heterogeneous cohort with varying
outcomes of PCl depending on the type of cancer (4), we
sought to further analyze outcomes based on cancer type.

PATIENTS AND METHODS
Data source

The National Inpatient Sample (NIS) is the largest publicly
available all-payer inpatient care database, which collects
anonymized data on more than seven million hospital dis-
charges in the United States (US) each year. It is developed
by the Healthcare Cost and Utilization Project (HCUP) and
sponsored by the Agency for Healthcare Research and
Quality. The NIS covers a 20-percent stratified sample of all
US community hospitals, which approximates about 97%
of the US population (10). The analyses in this study are
exempt from institutional or ethics committee review as
all data are publicly available, de-identified, and ano-
nymized.
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Study design and population

Data of all adult (=18 years) hospitalized patients who un-
derwent at least one PCl between October 2015 and De-
cember 2018 were obtained from the NIS database and
analyzed.The study sample was stratified by the cancer sta-
tus and AF presence into four groups: non-cancer patients
without AF, non-cancer patients with AF, cancer patients
without AF, and cancer patients with AF. Cancer patients
were further stratified by the cancer type into solid can-
cer (colorectal, lung, breast, and prostate cancer), hemato-
logical cancer, and other cancer groups. We identified pa-
tients' characteristics, study groups, and clinical outcomes
using the International Classification of Diseases, 10th re-
vision and Clinical Classification Software codes (Supple-
mental Table 1). We excluded patients with missing data
for the following variables: age, sex, length of stay, primary
expected payer, mortality status, elective admission, total
charges, and weekend admission (n=19745 [1.4%]). Sup-
plemental Figure 1 shows the study protocol including the
steps of selecting the study sample.

Study outcomes

The primary outcome was in-hospital all-cause mortal-
ity. Secondary outcomes included in-hospital major ad-
verse cardiovascular and cerebrovascular events (MACCE),
acute ischemic stroke, and major bleeding. MACCE was
defined as a composite of all-cause mortality, acute isch-
emic stroke, or transient ischemic attack, and re-infarction.
Major bleeding was defined as intracranial or gastrointes-
tinal hemorrhage. CHA DS VASc risk score was composed
of the following components: congestive heart failure, ar-
terial hypertension, age cut-offs (65-75 and >75 years), di-
abetes mellitus, previous stroke, vascular disease, and sex
category (11).

Statistical analysis

Categorical data are presented as percentages (numbers),
and continuous data are presented as medians (inter-
quartile ranges). The x* test was used to compare categori-
cal variables, whereas the Kruskal-Wallis and Mann-Whitney
tests were used to compare continuous variables where
appropriate. Adjusted odds ratios (@OR) and 95% confi-
dence intervals (Cl) of clinical outcomes were obtained us-
ing binominal multivariable logistic regression analysis. The
analysis was adjusted for the following variables: age, sex,
hospital bed size, hospital location/teaching status, hospi-
tal region, weekend admission, primary expected payer,


http://neuron.mefst.hr/docs/CMJ/issues/2024/65/5/istanbuly_Supplementary_Table_1.pdf
http://neuron.mefst.hr/docs/CMJ/issues/2024/65/5/istanbuly_Supplementary_Table_1.pdf
http://neuron.mefst.hr/docs/CMJ/issues/2024/65/5/istanbuli_supplementary_figure_1.pdf
http://neuron.mefst.hr/docs/CMJ/issues/2024/65/5/istanbuli_supplementary_figure_1.pdf

Istanbuly et al: Qutcomes of patients with cancer and atrial fibrillation undergoing PCA CM l'

TABLE 1. Patient characteristics according to cancer and atrial fibrillation diagnosis*

Non-cancer group Cancer group
Characteristics without AF (82.1%)  with AF (15.4%) P-value without AF (1.9%)  with AF (0.6%) P-value
Number of hospitalizations 1139230 213595 26245 8250
Age (years), median (IQR) 63 (55,72) 73 (65, 81) <0.001 70 (63,77) 76 (69, 82) <0.001
Female sex, % 331 335 <0.001 314 26.2 <0.001
Race, % <0.001 <0.001
White 749 83.5 80.7 853
Black 10.6 64 99 52
Hispanic 7.8 54 5.1 3.8
Other 6.6 4.8 42 5.7
Elective admission, % 9.5 11.2 <0.001 11.6 12.8 0.002
Weekend admission, % 239 22.7 <0.001 226 21.7 0.077
Primary expected payer, % <0.001 <0.001
Medicare 49.0 75.0 70.6 82.2
Medicaid 10.3 4.8 6.3 24
private insurance 319 15.8 194 13.0
self-pay 53 20 14 0.7
no charge 0.5 0.2 0.2 0.1
other 31 2.2 2.2 1.7
Median household income <0.001 <0.001
(percentile), %
0-25th 30.2 284 27.8 24.6
26th-50th 277 279 264 270
51st-75th 238 24.2 24.4 257
76th-100th 183 19.5 214 22.7
CHA DS VASc risk score, 32,4 4(3,5) <0.001 43,5) 4(3,5) <0.001
median (IQR)
Cardiogenic shock, % 4.7 10.2 <0.001 6.2 11.0 <0.001
Cardiac arrest, % 26 4.6 <0.001 30 5.2 <0.001
Ventricular tachycardia, % 6.7 11.5 <0.001 8.2 1.2 <0.001
Ventricular fibrillation, % 34 57 <0.001 3.7 45 0.002
Pericardial effusion, % 0.5 1.3 <0.001 1.2 2.1 <0.001
Comorbidities, %
Dyslipidemia 723 70.0 <0.001 67.6 62.8 <0.001
Thrombocytopenia 26 58 <0.001 76 103 <0.001
Coagulopathy 35 7.8 <0.001 9.6 13.8 <0.001
Anemias 11.7 219 <0.001 269 355 <0.001
Smoking 23 1.2 <0.001 15 1.2 0.010
Valvular disease 7.2 14.7 <0.001 10.1 15.2 <0.001
Chronic pulmonary disease 179 25.8 <0.001 26.5 299 <0.001
Chronic renal failure 16.7 309 <0.001 25.1 336 <0.001
Dementia 2.0 43 <0.001 26 39 <0.001
Homelessness 0.2 0.1 <0.001 0.1 0.1 0.816
Liver disease 1.8 24 <0.001 2.8 2.6 0.355
Metastatic disease / / 209 20.8 0.889
Bed size of hospital, % <0.001 <0.001
small 13.7 13.2 12.0 13.8
medium 29.1 29.0 284 276
large 57.2 57.8 59.6 58.7

www.cmj.hr

407



408

RESEARCH ARTICLE Croat Med J. 2024;65:405-16

TABLE 1. Continued. Patient characteristics according to cancer and atrial fibrillation diagnosis*

Non-cancer group Cancer group

Characteristics without AF (82.1%) with AF (15.4%) P-value without AF (1.9%)  with AF (0.6%) P-value
Hospital Region, % <0.001 <0.001
Northeast 191 18.6 21.0 199

Midwest 253 27.2 25.8 29.5

South 421 409 39.8 36.8

West 134 134 134 13.8

Location/teaching status of <0.001 0.198
hospital, %

rural 59 5.6 5.0 5.2

urban non-teaching 233 226 21.5 20.6

urban teaching 70.8 71.8 736 74.2

*Abbreviations: AF - atrial fibrillation; IQR - interquartile range; CHA2DS2VASc risk score - risk score composed of the following components: con-
gestive heart failure, arterial hypertension, age cut-offs (65-75 and >75 years), diabetes mellitus, previous stroke, vascular disease, and sex category.

TABLE 2. Comparison of unadjusted in-hospital clinical outcomes according to cancer and atrial fibrillation diagnosis*

Non-cancer group Cancer group

Characteristics without AF (82.1%)  with AF (15.4%) P-value without AF (1.9%) with AF (0.6%) P-value
All-cause mortality, % 23 52 <0.001 46 75 <0.001
MACCE, % 36 73 <0.001 64 9.5 <0.001
Acute ischemic stroke, % 09 1.8 <0.001 1.5 1.8 0.190
Major bleeding, % 13 28 <0.001 3.0 5.0 <0.001
Length of stay (days), median (IQR) 22,4 4Q2,7) <0.001 3(2,6) 53,9 <0.001
Total charges (USD), 80044 98296 <0.001 90648 110461 <0.001
median (IQR) (56651, 119637) (65466, 159168) (61332,142118) (71499, 180892)

*Abbreviations: AF - atrial fibrillation; IQR - interquartile range; MACCE — major adverse cardiovascular and cerebrovascular events (composite of
all-cause mortality, ischemic stroke and reinfarction); USD - United States Dollar.

dyslipidemia, smoking, dementia, thrombocytopenia, hy- both cancer and AF (Table 1). Solid cancer was the most
pertension, diabetes, anemia, chronic renal failure, chronic common type of cancer, amounting to 40% of total can-
lung disease, coagulopathy, liver disease, previous cerebro- cer patients (prostate: 14.4%; lung: 13.5%; colorectal: 6.7%;
vascular accident, previous myocardial infarction, previous breast: 5.4%), followed by hematological cancer (30.9%)

PCl, and previous coronary artery bypass graft (CABG). The and other cancer (29.1%) (Supplemental Figure 2).
following variables were removed from the multivariable

modelin the CHA DS VASc sensitivity analysis due to being Baseline characteristics
part of the CHA DS VASc risk score: hypertension, diabetes,
previous cerebrovascular accident, previous myocardial in- In the non-cancer group, patients with AF were more likely
farction, previous PCl, and previous CABG. We considered to be older and have a higher CHA DS VASc risk score com-
a P value less than 0.05 statistically significant. All analyses pared with patients without AF. They also had a significant-
were weighted and performed with SPSS 25 software (IBM ly higher prevalence of cardiogenic shock, cardiac arrest,
Corp., Armonk, NY, USA). ventricular tachycardia (VT) and fibrillation (VF), pericar-
dial effusion, thrombocytopenia, coagulopathy, anemia,
RESULTS chronic lung disease, chronic renal failure, and valvular
disease. However, patients without AF were more likely to
Out of 1387320 included patients, 2.5% had a cancer di- have dyslipidemia and to be smokers (Table 1).
agnosis and 16.0% had an AF diagnosis. Furthermore,
82.1% had neither cancer nor AF; 15.4% had AF but no In the cancer group, both patients with and without AF
cancer; 1.9% had cancer but no AF; and 0.6% had had similar CHA DS VASc risk score. Cancer patients with

www.cmj.hr
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AF more frequently had the other aforementioned co-
morbidities, except for dyslipidemia and smoking, which
were higher in patients without AF (Table 1). In all study
groups, most patients had a moderate-high CHA DS VASc
risk score (non-cancer group without AF: 89%; non-cancer
group with AF: 97%; cancer group without AF: 95%; cancer
group with AF: 97%) (Supplemental Figure 3).

Unadjusted outcomes

In both non-cancer and cancer groups, patients with AF
compared with patients without AF had a significantly
higher proportion of deaths (5.2% vs 2.3% in the non-can-
cer group, and 7.5% vs 4.6% in the cancer group, P<0.001
for both), MACCE (7.3% vs 3.6% in the non-cancer group,
and 9.5% vs 6.4% in the cancer group, P<0.001 for both),
and major bleeding (2.8% vs 1.3% in the non-cancer group,

and 5.0% vs 3.0% in the cancer group, P<0.001 for both).
In the non-cancer group, acute ischemic stroke was sig-
nificantly more common in patients with AF (1.8% vs 0.9%,
P<0.001). In the cancer group, this outcome was not sig-
nificantly associated with AF presence (Table 2 and Sup-
plemental Figure 4).

Adjusted outcomes

In multivariable logistic regression analysis, non-cancer pa-
tients with AF were more likely to develop in-hospital mor-
tality, MACCE, acute ischemic stroke, and major bleeding
compared with non-cancer patients without AF (@OR 1.53,
95% Cl 1.49-1.57;a0R 1.48,95% Cl 1.45-1.51;a0R 1.57,95%
Cl 1.51-1.63; and aOR 1.38, 95% Cl 1.34-1.43, respectively,
P<0.001 for all). Cancer patients with AF were consistent-
ly more likely to develop all-cause mortality, MACCE, and

TABLE 3. Comparison of adjusted” in-hospital clinical outcomes according to cancer and atrial fibrillation diagnosis*

Clinical Non-cancer group with AF* Cancer group with AF¥ Cancer group with AF®
outcomes aOR (95% Cl) P-value aOR (95% Cl) P-value aOR (95% Cl) P-value
All-cause mortality 1.53(1.49,1.57) <0.001 1.20(1.08, 1.33) 0.001 1.08 (0.99, 1.18) 0.096
MACCE 148 (145, 1.51) <0.001 1.18 (1.07, 1.29) 0.001 1.04 (0.97,1.13) 0.289
Acute ischemic stroke 1.57 (1.51, 1.63) <0.001 0.95 (0.78, 1.15) 0.604 0.85(0.72,1.00)  0.055
Major bleeding 1.38(1.34, 1.43) <0.001 1.23(1.08, 1.39) 0.001 1.23(1.11,1.37)  <0.001

*Abbreviations: AF - atrial fibrillation; aOR - adjusted odds ratios; Cl - confidence interval; MACCE — major adverse cardiovascular and cerebrovascu-
lar events (composite of all-cause mortality, ischemic stroke, and reinfarction).

Reference group is non-cancer group without AF.
*Reference group is cancer group without AF.
SReference group is non-cancer group with AF.
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fiMultivariable analysis — adjustment was done for the following variables: bed size of hospital, region of hospital, location/teaching status of hos-

pital, age, sex, weekend admission, primary expected payer, smoking status, previous myocardial infarction, previous coronary artery bypass graft
surgery, previous percutaneous coronary intervention, previous cerebrovascular accident, dementia, dyslipidaemia, thrombocytopenia, and other
comorbidities (anemias, chronic pulmonary disease, coagulopathy, diabetes mellitus, hypertension, liver disease, chronic renal failure).

TABLE 4. Comparison of unadjusted in-hospital clinical outcomes according to cancer and atrial fibrillation diagnosis, by cancer type*

Cancer group

Non-cancer group solid cancer hematologic cancer other cancer

without AF with AF without AF  with AF  without AF  with AF  without AF  with AF
(82.1%) (15.4%) (0.7%) (0.2%) (0.6%) (0.2%) (0.6%) (0.2%) P-value

Characteristics

Number of hospitalizations 1139230 213595 10345 3435 8235 2430 7665 2385
All-cause mortality, % 23 5.2 4.8 77 39 7.8 5.1 6.7 <0.001
MACCE, % 3.6 73 6.3 10.2 58 99 71 8.2 <0.001
Acute ischemic stroke, % 09 1.8 12 2.0 1.8 19 1.8 1.3 <0.001
Major bleeding, % 1.3 2.8 33 6.6 2.2 33 3.6 44 <0.001
Length of stay (days) 22,4 4(2,7) 3(2,6) 53,9 326 53,9 3(12,7) 6(3,10) <0.001
median (IQR)

Total charges (USD), 80044 98296 89333 109658 88395 113991 95150 109690 <0.001
median (IQR) (56651, (65466, (61332, (70293, (60461, (71519, (62599, (72870,

119637)  159168) 141395) 173910) 138445) 178535) 148970)  202298)

*Abbreviations: AF - atrial fibrillation; IQR - interquartile range; MACCE - major adverse cardiovascular and cerebrovascular events (composite of
all-cause mortality, ischemic stroke, and reinfarction); USD - Unites States Dollar.
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major bleeding (@OR 1.20, 95% Cl 1.08-1.33; aOR 1.18, 95%
Cl 1.07-1.29; and aOR 1.23, 95% Cl 1.08-1.39, respectively)
compared with cancer patients without AF, but there was
no difference in acute ischemic stroke (P=0.604). Com-
pared with the non-cancer group with AF, cancer patients
with AF only had significantly increased risk of major bleed-
ing (@OR 1.23,95% Cl 1.11-1.37) (Table 3 and Figure 1).

Sensitivity analyses

Compared with cancer patients without AF, patients with
AF, regardless of cancer type, had a higher proportion of

Croat Med J. 2024;65:405-16

any of the investigated outcomes, except for acute isch-
emic stroke, which was more common in the “other cancer”
group without AF (Table 4 and Supplemental Figure 5). Af-
ter multivariable adjustment, solid cancer patients with AF
had a higher aOR of all outcomes, including mortality (@OR
1.28,95% Cl 1.09-1.50), MACCE (@OR 1.37,95% Cl 1.19-1.57),
acute ischemic stroke (aOR 1.48,95% Cl 1.10-1.99), and ma-
jor bleeding (aOR 1.66, 95% Cl 1.39-1.98) compared with
the solid cancer group without AF. Furthermore, in patients
with hematological cancer, the presence of AF was asso-
ciated with increased all-cause mortality (@OR 1.40, 95%
Cl1.16-1.70) and MACCE (aOR 1.26, 95% Cl 1.06-1.49) but

aOR (95% CI)
Non-cancer group with AFt ——
z
= i
E Cancer group with AF} —_—
:
Cancer group with AF§ e
Non-cancer group with AF{ ——
Q :
(é) Cancer group with AF} N —]
Cancer group with AF§ EN
E Non-cancer group with AFt
£
2 H Cancer group with AF} —_—
@
E 2
< Cancer group with AF§ —e—nx—
%ﬂ Non-cancer group with AF} ——i
-]
3
= Cancer group with AF; —_—
Bt
=)
K3
= Cancer group with AF§ —_—
0.7 0.9 1.1 1.3 1.5 1.7

FIGURE 1. Comparison of in-hospital clinical outcomes (adjusted outcomes). Multivariable analysis — adjustment was done for

the following variables: bed size of hospital, region of hospital, location/teaching status of hospital, age, sex, weekend admission,
primary expected payer, smoking status, previous myocardial infarction, previous coronary artery bypass graft surgery, previous
percutaneous coronary intervention, previous cerebrovascular accident, dementia, dyslipidemia, thrombocytopenia, and other
comorbidities (anemias, chronic pulmonary disease, coagulopathy, diabetes mellitus, hypertension, liver disease, chronic renal fail-
ure). 'Reference group is non-cancer group without AF; *reference group is cancer group without AF; Sreference group is non-cancer
group with AF. Abbreviations: AF — atrial fibrillation; aOR - adjusted odds ratios; Cl - confidence interval; MACCE — major adverse
cardiovascular and cerebrovascular events (composite of all-cause mortality, ischemic stroke, and reinfarction).
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not with acute ischemic stroke and major bleeding (Table
5 and Figure 2). Unadjusted rates of clinical outcomes were
further determined after stratification by exact subtype of
solid cancer (Supplemental Table 2). In particular, AF pres-
ence was associated with increased risk of stroke in pa-
tients with colorectal, breast, and prostate cancers, where-
as the risk of stroke was similar in lung cancer patients with
and without AF (Supplemental Table 3).

In the non-cancer group with AF, the findings were al-
most consistent with the overall cohort irrespective of
the CHA DS VASc risk score. Notably, the presence of
AF in patients who had a low CHA DS VASc risk score
was associated with a greater aOR of all-cause mortality
(aOR 4.88,95% Cl 2.21-10.79) and MACCE (aOR 3.49, 95%
Cl 1.73-7.05) compared with the same patients without
AF (Table 6). Furthermore, in cancer patients who had a

TABLE 5. Comparison of adjusted** in-hospital clinical outcomes in cancer patients with atrial fibrillation stratified by cancer type*

Cancer group with AF

Non-cancer group with AF"  solid cancer with AF*  hematological cancer with AFS  other cancer with AF?

Clinical outcomes aOR(95% Cl)  P-value aOR (95% Cl)

All-cause mortality 1.53(149,1.57)  <0.001 1.28 (1 09,1 50)
MACCE 148 (145, 1.51) <0.001 1.37(1.1 57)
Acute ischemic stroke 1.57 (1.51, 1.63) <0.001 1.48(1.10,1.99)

Major bleeding 1.38 (134, 1.43) <0.001 1.66 (1,39, 1,98)

<0.001 1.00 (0.76, 1.31

P-value aOR (95% ClI) P-value aOR (95% Cl) P-value

0.002 140 (1.16, 1.70) 0.001 092 (0.75,1.12) 0404

(
<0.001 1.26 (1.06, 1.49) 0.007 0.87(0.73,1.04) 0.119
(

0.010 0.82(0.59, 1.15) 0.256 0.60 (0.40,0.89) 0.01
) 0.999 0.89(0.70,1.13)  0.346

*Abbreviations: AF — atrial fibrillation; aOR - adjusted odds ratios; Cl - confidence interval; MACCE — major adverse cardiovascular and cerebrovascu-
lar events (composite of all-cause mortality, ischemic stroke and reinfarction);

*Reference group is non-cancer group without AF.
*Reference group is solid cancer group without AF.
SReference group is hematological cancer group without AF.
Reference group is other cancer group without AF.

**Multivariable analysis - adjustment was done for the following variables: bed size of hospital, region of hospital, location/teaching status of hos-
pital, age, sex, weekend admission, primary expected payer, smoking status, previous myocardial infarction, previous coronary artery bypass graft
surgery, previous percutaneous coronary intervention, previous cerebrovascular accident, dementia, dyslipidaemia, thrombocytopenia, and other
comorbidities (anemias, chronic pulmonary disease, coagulopathy, diabetes mellitus, hypertension, liver disease, chronic renal failure).

TABLE 6. Comparison of adjusted** in-hospital clinical outcomes in non-cancer patients according to atrial fibrillation diagnosis, by
thromboembolic risk (CHA,DS VASc score)*

Non-cancer group with AF*

Clinical outcomes CHA,DS VASc risk score aOR (95% Cl) P-value
All-cause mortality Low risk* 4.88(2.21,10.79) <0.001
Low-moderate risk® 2.20(1.90, 2.55) <0.001
Moderate-high risk® 1.53 (1.50, 1.57) <0.001
MACCE Low risk? 3.49(1.73,7.05) <0.001
Low-moderate risk® 1.99 (1.75, 2.27) <0.001
Moderate-high risk® 148 (145, 1.57) <0.001
Acute ischemic stroke Low risk* n/a n/a

Low-moderate risk® 1.53 (1.15, 2.03) 0.003
Moderate-high risk® 1.59 (1.52, 1.65) <0.001
Major bleeding Low risk* 2.36 (0.86,6.48) 0.095
Low-moderate risk® 198 (1.61, 2.45) <0.001
Moderate-high risk® 1.38(1.34, 1.43) <0.001

Abbreviations: n/a - unable to be evaluated due to low number of events; AF - atrial fibrillation; aOR - adjusted odds ratios; CHA,DS VASc - risk
score composed of the following components: congestive heart failure, arterial hypertension, age cut-offs (65-75 and =75 years), diabetes mellitus,
previous stroke, vascular disease and sex category; Cl - confidence interval; MACCE - major adverse cardiovascular and cerebrovascular events
(composite of all-cause mortality, ischemic stroke, and reinfarction).

Reference group is non-cancer group without AF.

*CHA,DS,VASc=0in men; CHA DS VASc=1in women.

*CHA,DS,VASc=1in men; CHA DS VASc=2 in women.

“CHA,DS,VASc =2 in men; CHA DS VASc >3 in women.

**Multivariable analysis — adjustment was done for the following variables: bed size of hospital, region of hospital, location/teaching status of hos-
pital, age, sex, weekend admission, primary expected payer, smoking status, dementia, dyslipidaemia, thrombocytopenia, and other comorbidities
(anemias, chronic pulmonary disease, coagulopathy, liver disease, chronic renal failure).
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moderate-high CHA DS VASc risk score, AF was associ-
ated with increased risk of all-cause mortality (aOR 1.25,
95% CI 1.12-1.39), MACCE (aOR 1.22, 95% CI 1.11-1.34),
and major bleeding (aOR 1.32, 95% ClI 1.16-1.50) (Supple-
mental Table 4).

When evaluating outcomes by PCl indication, we found
that 425535 patients had ST elevation myocardial infarc-
tion, 570625 patients had non-ST-elevation myocardial
infarction-acute coronary syndrome, and 391 160 patients
had chronic coronary syndrome. Additionally, in cancer
patients with AF compared with cancer patients without
AF, irrespective of the PCl indication, aORs of mortality and
MACCE were increased, whereas acute ischemic stroke risk
was similar (Supplemental Table 5).

Croat Med J. 2024;65:405-16

DISCUSSION

In this retrospective nationwide study, we revealed out-
comes of PCl patients according to the presence and type
of cancer and AF diagnosis in a cohort of 1.3 million pa-
tients. Among cancer patients undergoing PCl, those with
concomitant AF had a greater risk of mortality, MACCE, and
major bleeding compared with cancer patients without AF,
while the risk of stroke was similar between the two groups.
In addition, compared with the non-cancer group with AF,
patients with cancer and AF demonstrated a significantly
increased risk of major bleeding. Notably, PCl outcomes in
cancer patients with AF differed significantly according to
type (solid and hematologic) and subtype of cancer (lung,
prostate, breast, colorectal, and other cancer). Solid tumor

aOR (95% CI)

Solid cancer with AF}

Hematological cancer with AF}

Mortality

Other cancer with AF§

Solid cancer with AF}

Hematological cancer with AF}

MACCE

Other cancer with AF§

Solid cancer with AF}

ic stroke

Hematological cancer with AF}

Acute isch

Solid cancer with AF}

qe

Hematological cancer with AF}

Major bl

Other cancer with AF§

04 0.6

Other cancer with AF§ ————-—

0.8 1 1.2 14 16 18 2 2.2

FIGURE 2. Comparison of in-hospital clinical outcomes (adjusted outcomes) by cancer type. Multivariable analysis — adjustment was
done for the following variables: bed size of hospital, region of hospital, location/teaching status of hospital, age, sex, weekend admis-
sion, primary expected payer, smoking status, previous myocardial infarction, previous coronary artery bypass graft surgery, previous
percutaneous coronary intervention, previous cerebrovascular accident, dementia, dyslipidemia, thrombocytopenia, and other
comorbidities (anemias, chronic pulmonary disease, coagulopathy, diabetes mellitus, hypertension, liver disease, chronic renal failure).
Reference group is solid cancer group without AF; *Reference group is hematological cancer group without AF; SReference group is
other cancer group without AF. Abbreviations: AF — atrial fibrillation; aOR - adjusted odds ratios; Cl - confidence interval; MACCE — ma-
jor adverse cardiovascular and cerebrovascular events (composite of all-cause mortality, ischemic stroke and reinfarction).
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patients with AF following PCl had a significantly higher
risk of all-cause mortality, MACCE, acute ischemic stroke,
and major bleeding, compared with solid tumor patients
without AF. Patients with hematological cancer and AF had
increased all-cause mortality and MACCE, while there was
no difference in acute ischemic stroke and major bleeding
compared with hematologic cancer without AF.

There are several shared etiopathologies between CAD,
AF, and cancer. At an epidemiologic level, they share sev-
eral risk factors including smoking, diabetes mellitus, obe-
sity, and metabolic syndrome (12-14). Patients with cancer
have a higher incidence and prevalence of AF compared
with the general population, with one Danish population-
based study reporting an incidence of AF of 17.4 per 1000
person-years in patients with cancer compared with 3.7
per 1000 person-years in patients without cancer (15).
Additionally, cancer therapies are associated with the
development of both AF and CAD. AF can occur in the
post-operative setting after cancer resection (especially
lung cancer) (16), as a result of chemotherapeutic agents
[platinum-based chemotherapy (17), tyrosine kinase in-
hibitors (18)], or as a complication of cancer treatment
such as neutropenia and infection (19). Likewise, chemo-
therapy, immunotherapy, and radiation for cancer accel-
erate atherosclerosis and may precipitate acute myocar-
dial infarction (20). At a cellular level, inflammation plays
a key role in the pathophysiology of cancer, AF, and CAD
(21,22). Inflammatory markers such as high-sensitivity C-
reactive protein and interleukin (IL)-6 are associated with
both CAD and AF (23,24). Likewise, several inflammatory
markers (such as IL-1 and IL-6) have been shown to be as-
sociated with the development and progression of cancer
and have therefore also become targets for cancer treat-
ment (25,26).

Numerous challenges are associated with performing PCl
in patients with cancer and AF, which ultimately may im-
pact clinical outcomes. Our current study shows that pa-
tients with cancer and AF undergoing PCl are older and
have more comorbidities, such as chronic renal failure and
pulmonary disease. They also tend to have more valvular
heart disease and present more often with cardiogenic
shock, ventricular tachycardia, and cardiac arrest. Addition-
ally, they have a greater prevalence of anemia and throm-
bocytopenia. The Academic Research Consortium for High
Bleeding Risk has identified active malignancy, anemia,
and thrombocytopenia as independent major risk factors
for bleeding at the time of PCl (27). Numerous previous
studies have shown that cancer patients undergoing PCl

are atincreased risk of bleeding (28,29), and in-hospital (28)
and long-term mortality (29,30).

Furthermore, patients with AF undergoing PCl often re-
quire triple therapy (dual antiplatelet plus oral anticoag-
ulant) at least for the short-term, which further increases
their risk of bleeding (31). Higher bleeding risk in patients
with AF was also observed in our study, particularly in pa-
tients with colorectal cancer and AF, with observed in-hos-
pital major bleeding rates of 11.9%. The high risk of major
bleeding in patients with cancer and comorbid AF under-
going PCl would support the use of bleeding-avoidance
strategies such as a radial first approach (32), use of direct
oral anticoagulants (DOACs) instead of warfarin, or dual
therapy (DOAC and single antiplatelet) for only 6 months
as per guideline recommendations (33). Additionally, can-
cer patients undergoing PCl have also shown to be at a
heightened risk for stent thrombosis (34) and repeat target
vessel revascularization (35). Interruption of antiplatelet
agents or oral anticoagulants for cancer surgery, biopsy, or
chemotherapy-induced thrombocytopenia is also a con-
cern for bleeding and thrombotic complications (36,37).

One of the major strengths of our study is that it highlights
the differences in PCl outcomes according to the presence
of both AF and cancer, whereas numerous previous stud-
ies explored the clinical outcomes of PCl among patients
with cancer only or with AF only or outcomes of AF and
cancer only (5,38-40). Additionally, we analyzed data from
1.3 million patients, which represents a larger sample than
those used in the previous studies. We also stratified our
analysis by type of cancer, whether solid or hematologi-
cal, and further stratified the solid cancer group into lung,
prostate, breast, and colon cancer.

In our study, cancer patients with AF did not have a sig-
nificantly increased risk of acute ischemic stroke compared
with cancer patients without AF. Indeed, in unadjusted
analysis, acute ischemic stroke was significantly more com-
mon in patients with AF in the non-cancer cohort, but in
the cancer group this outcome was not significantly asso-
ciated with AF presence. Also, when looking at the adjust-
ed rates, no significant differences were observed. There
are several potential explanations. First, this finding em-
phasizes the complex interaction between various patient-
related factors and ischemic stroke occurrence. Second,
the NIS does not capture data on medications, including
anticoagulants, that may decrease the stroke risk and in-
crease bleeding risk in patients with AF. Third, this study
encompassed only in-hospital outcomes, including
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stroke, so it does not correspond to overall or long-term
stroke rates, which may be different. Moreover, we revealed
important differences when stratifying the analysis by can-
cer type. Patients with solid cancer and AF had a higher risk
of ischemic stroke than solid cancer patients without AF.
However, interestingly, patients with hematological cancer
and AF had a similar risk of stroke to hematological cancer
patients without AF. Hematological cancer per se increas-
es major bleeding and stroke risk substantially (41), so the
addition of AF did not considerably further increase this
risk. Furthermore, clonal hematopoiesis of indeterminate
potential (CHIP), a pre-malignant state of hematologic ma-
lignancy, is fairly common in the elderly population. These
patients have an increased cardiovascular risk and have a
higher occurrence of AF than non-CHIP patients (42), simi-
lar to patients with fully established myeloproliferative dis-
eases (43). There is probably a substantial proportion of
CHIP patients in the non-cancer cohorts, which may po-
tentially confound the analysis. It is difficult to interpret the
results regarding the decreased risk of ischemic stroke in
the “other cancer” group with AF compared with non-AF
patients due to the heterogeneous cancers included and
lacking data on cancer stage and treatments administered.
However, it might be that the majority of patients with
‘other cancer” had a minimally increased baseline stroke
risk but when diagnosed with AF, they were treated ag-
gressively, which lowered the risk of stroke consequently.
AF patients with solid tumor had significantly higher risk
of all-cause mortality, MACCE, acute ischemic stroke, and
major bleeding following PCl. Among the different types
of solid tumors, patients with lung cancer with AF had the
highest absolute risk of all-cause mortality and MACCE,
while patients with colorectal and prostate cancer with AF
had the highest risk of bleeding following PCl. These find-
ings are consistent with our previous work, which demon-
strated that patients with lung cancer undergoing PCl had
the highest risk of in-hospital mortality, while those with
colon cancer had the highest risk of bleeding (4). This once
again underscores the fact that not all cancer patients can
be grouped into one cohort, but they actually represent a
heterogeneous group with varying outcomes and the risk
of bleeding (44).

There are several limitations to our study that are inher-
ent to the data set. First, since we used electronic health
care data, miscoding could be present. Therefore, there
is a possibility of potential error, although ICD-10 codes
have been validated previously (45,46). In addition, the
NIS lacks information about patients with high-risk
coronary anatomy, left ventricular function, VT/VF
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pre-PCl, cancer stage, treatment, and management plans
where the chosen antiplatelet and anticoagulant thera-
pies could impact the outcomes in the study subgroups.
We also could not discern the risk of mortality according
to specific cause (cardiac/non-cardiac) as the NIS does not
report a specific cause of death. Moreover, we could only
investigate adverse events that occurred in hospital as the
NIS does not include long-term outcomes.

In conclusion, patients with cancer and AF undergoing PCl
have worse outcomes, including mortality, MACCE, and
major bleeding compared with cancer patients without
AF. However, clinical outcomes and bleeding risk vary sig-
nificantly based on type of cancer. These findings suggest
that among cancer patients with AF, the indication for PCl,
and duration and choice of anti-platelet and oral antico-
agulants should be carefully considered and tailored to the
individual patient based on their bleeding and thrombotic
risk. A shared decision-making with the involvement of the
interventional cardiologist, oncologist, and the patient and
family is recommended.

Funding None.
Ethical approval Not required.

Declaration of authorship SI, AM, MAM conceived and designed the study;
SI, AM, MAM acquired the data; all authors analyzed and interpreted the
data; SI, AM, MAM drafted the manuscript; all authors critically reviewed the
manuscript for important intellectual content; all authors gave approval of
the version to be submitted; all authors agree to be accountable for all as-
pects of the work.

Competing interests All authors have completed the Unified Competing

Interest form at www.icmje.org/coi_disclosure.pdf (available on request

from the corresponding author) and declare: no support from any organi-

zation for the submitted work; no financial relationships with any organiza-

tions that might have an interest in the submitted work in the previous 3

years; no other relationships or activities that could appear to have influ-

enced the submitted work.

References

1 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal
A. Global cancer statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA
Cancer J Clin. 2021;71:209-49. Medline:33538338 doi:10.3322/
caac.21660

2 Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E,
Baddour LM, et al. Global burden of cardiovascular diseases and
risk factors, 1990-2019: Update From the GBD 2019 Study. J Am
Coll Cardiol. 2020;76:2982-3021. Medline:33309175 doi:10.1016/j.
jacc.2020.11.010

3 Kobo O, Khattak S, Lopez-Mattei J, Van Spall HGC, Graham M,
Cheng RK, et al. Trends in cardiovascular mortality of cancer
patients in the US over two decades 1999-2019. Int J Clin Pract.
2021;75:e14841. Medline:34514707 doi:10.1111/ijcp.14841

4 Potts JE, lliescu CA, Lopez Mattei JC, Martinez SC, Holmvang L,


www.icmje.org/coi_disclosure.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33538338&dopt=Abstract
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33309175&dopt=Abstract
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/j.jacc.2020.11.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34514707&dopt=Abstract
https://doi.org/10.1111/ijcp.14841

Istanbuly et al: Outcomes of patients with cancer and atrial fibrillation undergoing PCA

10

1Al

12

13

14

15

Ludman P, et al. Percutaneous coronary intervention in cancer
patients: a report of the prevalence and outcomes in the

United States. Eur Heart J. 2019;40:1790-800. Med|ine:30500952
doi:10.1093/eurheartj/ehy769

Quintana RA, Monlezun DJ, Davogustto G, Saenz HR, Lozano-

Ruiz F, Sueta D, et al. Outcomes following percutaneous coronary
intervention in patients with cancer. Int J Cardiol. 2020;300:106-12.
Medline:31611091 doi:10.1016/j.ijcard.2019.09.016

Yuan M, Zhang Z, Tse G, Feng X, Korantzopoulos P, Letsas KP, et al.
Association of cancer and the risk of developing atrial fibrillation:
a systematic review and meta-analysis. Cardiol Res Pract.
2019;2019:8985273. Medline:31110819 doi:10.1155/2019/8985273
Shanmugasundaram M, Paul T, Hashemzadeh M, Movahed

MR. Outcomes of percutaneous coronary intervention in atrial
fibrillation patients presenting with acute myocardial infarction:
analysis of nationwide inpatient sample database. Cardiovasc
Revasc Med. 2020;21:851-4. Medline:31839480 doi:10.1016/j.
carrev.2019.12.011

Vedovati MC, Giustozzi M, Verdecchia P, Pierpaoli L, Conti S, Verso
M, et al. Patients with cancer and atrial fibrillation treated with
doacs: A prospective cohort study. Int J Cardiol. 2018;269:152-7.
Medline:30077526 doi:10.1016/j.ijcard.2018.07.138

Melloni C, Shrader P, Carver J, Piccini JP, Thomas L, Fonarow GC, et
al. Management and outcomes of patients with atrial fibrillation
and a history of cancer: the ORBIT-AF registry. Eur Heart J Qual
Care Clin Outcomes. 2017;3:192-7. Medline:28838088 doi:10.1093/
ehjgcco/qcx004

HCUP National Inpatient Sample (NIS). Healthcare Cost and
Utilization Project (HCUP). 2012. Agency for Healthcare Research
and Quality R, MD. Available from: www.hcup-us.ahrg.gov/
nisoverview.jsp. Accessed: September 13, 2024.

Olesen JB, Lip GY, Hansen ML, Hansen PR, Tolstrup JS, Lindhardsen
J, et al. Validation of risk stratification schemes for predicting
stroke and thromboembolism in patients with atrial fibrillation:
nationwide cohort study. BMJ. 2011;342:d124. Medline:21282258
doi:10.1136/bmj.d124

Freisling H, Viallon V, Lennon H, Bagnardi V, Ricci C, Butterworth
AS, et al. Lifestyle factors and risk of multimorbidity of cancer and
cardiometabolic diseases: a multinational cohort study. BMC Med.
2020;18:5. Medline:31918762 doi:10.1186/512916-019-1474-7
Avgerinos Kl, Spyrou N, Mantzoros CS, Dalamaga M. Obesity and
cancer risk: Emerging biological mechanisms and perspectives.
Metabolism. 2019;92:121-35. Medline:30445141 doi:10.1016/j.
metabol.2018.11.001

Mechanick JI, Farkouh ME, Newman JD, Garvey WT.
Cardiometabolic-based chronic disease, adiposity and dysglycemia
drivers: JACC state-of-the-art review. J Am Coll Cardiol.
2020;75:525-38. Medline:32029136 doi:10.1016/j.jacc.2019.11.044
Jakobsen CB, Lamberts M, Carlson N, Lock-Hansen M, Torp-

Pedersen C, Gislason GH, et al. Incidence of atrial fibrillation

18

20

21

22

23

24

25

26

27

CM)

in different major cancer subtypes: A nationwide population-
based 12 year follow-up study. BMC Cancer. 2019;19:1105.
Medline:31726997 doi:10.1186/512885-019-6314-9

Cardinale D, Sandri MT, Colombo A, Salvatici M, Tedeschi |,
Bacchiani G, et al. Prevention of atrial fibrillation in high-risk
patients undergoing lung cancer surgery: The PRESAGE trial.

Ann Surg. 2016;264:244-51. Medline:26764872 doi:10.1097/
SLA.0000000000001626

van der Hooft CS, Heeringa J, van Herpen G, Kors JA, Kingma JH,
Stricker BH. Drug-induced atrial fibrillation. J Am Coll Cardiol.
2004;44:2117-24. Medline:15582307 doi:10.1016/j.jacc.2004.08.053
Ganatra S, Sharma A, Shah S, Chaudhry GM, Martin DT, Neilan

TG, et al. Ibrutinib-associated atrial fibrillation. JACC Clin
Electrophysiol. 2018;4:1491-500. Medline:30573111 doi:10.1016/j.
jacep.2018.06.004

Walkey AJ, Greiner MA, Heckbert SR, Jensen PN, Piccini JP,

Sinner MF, et al. Atrial fibrillation among Medicare beneficiaries
hospitalized with sepsis: Incidence and risk factors. Am Heart
J.2013;165:949-955.3. Med|ine:23708166 doi:10.1016/j.
ahj.2013.03.020

Zamorano JL, Lancellotti P, Rodriguez Mufioz D, Aboyans V,
Asteggiano R, Galderisi M, et al. 2016 ESC position paper on
cancer treatments and cardiovascular toxicity developed under
the auspices of the ESC Committee for Practice Guidelines: The
task force for cancer treatments and cardiovascular toxicity of the
European Society of Cardiology (ESC). Eur Heart J. 2016;37:2768-
801. Medline:27567406 doi:10.1093/eurheartj/ehw211

Coussens LM, Werb Z. Inflammation and cancer. Nature.
2002;420:860-7. Medline:12490959 doi:10.1038/nature01322

Hu YF, Chen YJ, Lin YJ, Chen SA. Inflammation and the
pathogenesis of atrial fibrillation. Nat Rev Cardiol. 2015;12:230-43.
Medline:25622848 doi:10.1038/nrcardio.2015.2

Conen D, Ridker PM, Everett BM, Tedrow UB, Rose L, Cook NR, et al.
A multimarker approach to assess the influence of inflammation
on the incidence of atrial fibrillation in women. Eur Heart J.
2010;31:1730-6. Medline:20501475 doi:10.1093/eurheartj/ehq146
Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH.
Inflammation, aspirin, and the risk of cardiovascular disease

in apparently healthy men. N Engl J Med. 1997;336:973-9.
Medline:9077376 doi:10.1056/NEJM199704033361401

Kumari N, Dwarakanath BS, Das A, Bhatt AN. Role of interleukin-6
in cancer progression and therapeutic resistance. Tumour Biol.
2016;37:11553-72. Medline:27260630 doi:10.1007/513277-016-
5098-7

Mantovani A, Barajon |, Garlanda C. II-1 and il-1 regulatory
pathways in cancer progression and therapy. Immunol Rev.
2018;281:57-61. Medline:29247996 doi:10.1111/imr.12614

Urban P, Mehran R, Colleran R, Angiolillo DJ, Byrne RA, Capodanno
D, et al. Defining high bleeding risk in patients undergoing

percutaneous coronary intervention. Circulation. 2019;140:240-61.

www.cmj.hr

415


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30500952&dopt=Abstract
https://doi.org/10.1093/eurheartj/ehy769
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31611091&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31611091&dopt=Abstract
https://doi.org/10.1016/j.ijcard.2019.09.016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31110819&dopt=Abstract
https://doi.org/10.1155/2019/8985273
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31839480&dopt=Abstract
https://doi.org/10.1016/j.carrev.2019.12.011
https://doi.org/10.1016/j.carrev.2019.12.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30077526&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30077526&dopt=Abstract
https://doi.org/10.1016/j.ijcard.2018.07.138
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28838088&dopt=Abstract
https://doi.org/10.1093/ehjqcco/qcx004
https://doi.org/10.1093/ehjqcco/qcx004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21282258&dopt=Abstract
https://doi.org/10.1136/bmj.d124
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31918762&dopt=Abstract
https://doi.org/10.1186/s12916-019-1474-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30445141&dopt=Abstract
https://doi.org/10.1016/j.metabol.2018.11.001
https://doi.org/10.1016/j.metabol.2018.11.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32029136&dopt=Abstract
https://doi.org/10.1016/j.jacc.2019.11.044
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31726997&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31726997&dopt=Abstract
https://doi.org/10.1186/s12885-019-6314-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26764872&dopt=Abstract
https://doi.org/10.1097/SLA.0000000000001626
https://doi.org/10.1097/SLA.0000000000001626
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15582307&dopt=Abstract
https://doi.org/10.1016/j.jacc.2004.08.053
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30573111&dopt=Abstract
https://doi.org/10.1016/j.jacep.2018.06.004
https://doi.org/10.1016/j.jacep.2018.06.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23708166&dopt=Abstract
https://doi.org/10.1016/j.ahj.2013.03.020
https://doi.org/10.1016/j.ahj.2013.03.020
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27567406&dopt=Abstract
https://doi.org/10.1093/eurheartj/ehw211
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12490959&dopt=Abstract
https://doi.org/10.1038/nature01322
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25622848&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25622848&dopt=Abstract
https://doi.org/10.1038/nrcardio.2015.2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20501475&dopt=Abstract
https://doi.org/10.1093/eurheartj/ehq146
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9077376&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9077376&dopt=Abstract
https://doi.org/10.1056/NEJM199704033361401
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27260630&dopt=Abstract
https://doi.org/10.1007/s13277-016-5098-7
https://doi.org/10.1007/s13277-016-5098-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29247996&dopt=Abstract
https://doi.org/10.1111/imr.12614
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31116032&dopt=Abstract

416 RESEARCH ARTICLE

28

29

30

31

32

33

34

35

36

Medline:31116032 doi:10.1161/CIRCULATIONAHA.119.040167
Potts J, Mohamed MO, Lopez Mattei JC, lliescu CA, Konopleva

M, Rashid M, et al. Percutaneous coronary intervention

and in-hospital outcomes in patients with leukemia: a

nationwide analysis. Catheter Cardiovasc Interv. 2020;96:53-63.
Medline:31410970 doi:10.1002/ccd.28432

lannaccone M, D’Ascenzo F, Vadala P, Wilton SB, Noussan P,
Colombo F, et al. Prevalence and outcome of patients with

cancer and acute coronary syndrome undergoing percutaneous
coronary intervention: a BleeMACS substudy. Eur Heart J

Acute Cardiovasc Care. 2018;7:631-8. Med|ine:28593789
doi:10.1177/2048872617706501

Landes U, Kornowski R, Bental T, Assali A, Vaknin-Assa H, Lev

E, et al. Long-term outcomes after percutaneous coronary
interventions in cancer survivors. Coron Artery Dis. 2017;28:5-10.
Medline:27622995 doi:10.1097/MCA.0000000000000429
Angiolillo DJ, Bhatt DL, Cannon CP, Eikelboom JW, Gibson CM,
Goodman SG, et al. Antithrombotic therapy in patients with

atrial fibrillation treated with oral anticoagulation undergoing
percutaneous coronary intervention: a north american
perspective: 2021 update. Circulation. 2021;143:583-96.
Medline:33555916 doi:10.1161/CIRCULATIONAHA.120.050438
Mamas MA, Nolan J, de Belder MA, Zaman A, Kinnaird T, Curzen N,
et al. Changes in arterial access site and association with mortality
in the united kingdom: observations from a national percutaneous
coronary intervention database. Circulation. 2016;133:1655-67.
Medline:26969759 doi:10.1161/CIRCULATIONAHA.115.018083
Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL,
et al. 2020 esc guidelines for the management of acute coronary
syndromes in patients presenting without persistent st-segment
elevation. Eur Heart J. 2020;42:1289-367. Medline:32860058
doi:10.1093/eurheartj/ehaa575

van Werkum JW, Heestermans AA, Zomer AC, Kelder JC, Suttorp
MJ, Rensing BJ, et al. Predictors of coronary stent thrombosis: the
dutch stent thrombosis registry. J Am Coll Cardiol. 2009;53:1399-
409. Medline:19371823 doi:10.1016/j.jacc.2008.12.055

Tabata N, Sueta D, Yamamoto E, Takashio S, Arima Y, Araki S,

et al. Outcome of current and history of cancer on the risk

of cardiovascular events following percutaneous coronary
intervention. Eur Heart J Qual Care Clin Outcomes. 2018;4:290-300.
Medline:29211884 doi:10.1093/ehjgcco/qcx047

Shaw JR, Douketis J, Le Gal G, Carrier M. Periprocedural
interruption of anticoagulation in patients with cancer-associated
venous thromboembolism. J Thromb Haemost. 2019;17:1171-8.
Medline:31038838 doi:10.1111/jth.14468

www.cmj.hr

37

38

39

40

41

42

43

a4

45

46

Croat Med J. 2024;65:405-16

Zecchin M, Severgnini M, Fiorencis A, Allocca G, Malavasi VL, Vitali-
Serdoz L, et al. Incidence and management of antithrombotic
therapy-related bleeding events in a real-world population of
atrial fibrillation patients treated with direct oral anticoagulants. J
Cardiovasc Med (Hagerstown). 2021;22:89-95.

Steffel J, Verhamme P, Potpara TS, Albaladejo P, Antz M, Desteghe
L, et al. The 2018 European Heart Rhythm Association Practical
Guide on the use of non-vitamin K antagonist oral anticoagulants
in patients with atrial fibrillation. Eur Heart J. 2018;39:1330-93.
Medline:29562325 doi:10.1093/eurheartj/ehy136

Greenberg JW, Lancaster TS, Schuessler RB, Melby SJ.
Postoperative atrial fibrillation following cardiac surgery: a
persistent complication. Eur J Cardiothorac Surg. 2017;52:665-72.
Medline:28369234 doi:10.1093/ejcts/ezx039

Soliman EZ, Safford MM, Muntner P, Khodneva Y, Dawood FZ,
Zakai NA, et al. Atrial fibrillation and the risk of myocardial
infarction. JAMA Intern Med. 2014;174:107-14. Medline:24190540
doi:10.1001/jamainternmed.2013.11912

Holmes DR Jr, Reddy VY, Buchbinder M, Stein K, Dubois R. The
assessment of the watchman device in patients unsuitable for
oral anticoagulation (ASAP-TOO) trial. Am Heart J. 2017;189:68-74.
Medline:28625383 doi:10.1016/j.ahj.2017.03.007

Lopes RD, Al-Khatib SM, Wallentin L, Yang H, Ansell J, Bahit MC,

et al. Efficacy and safety of apixaban compared with warfarin
according to patient risk of stroke and bleeding in atrial fibrillation:
a secondary analysis of a randomized clinical trial. JAMA Cardiol.
2017;2:558-66.

Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al.
Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N
EnglJ Med. 2011;365:883-91. Medline:21830957 doi:10.1056/
NEJMoa1009638

Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM,
Hanna M, et al. Apixaban versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2011;365:981-92. Medline:21870978
doi:10.1056/NEJMoa1107039

Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J,
Parekh A, et al. Dabigatran versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2009;361:1139-51. Medline: 19717844
doi:10.1056/NEJM0a0905561

Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et
al. 2016 ESC guidelines for the management of atrial fibrillation
developed in collaboration with EACTS. Eur Heart J. 2016;37:2893-
962. Medline:27567408 doi:10.1093/eurheartj/ehw210


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31116032&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31116032&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31116032&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31116032&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31116032&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31116032&dopt=Abstract
https://doi.org/10.1161/CIRCULATIONAHA.119.040167
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31410970&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31410970&dopt=Abstract
https://doi.org/10.1002/ccd.28432
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28593789&dopt=Abstract
https://doi.org/10.1177/2048872617706501
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27622995&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27622995&dopt=Abstract
https://doi.org/10.1097/MCA.0000000000000429
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33555916&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33555916&dopt=Abstract
https://doi.org/10.1161/CIRCULATIONAHA.120.050438
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26969759&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26969759&dopt=Abstract
https://doi.org/10.1161/CIRCULATIONAHA.115.018083
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32860058&dopt=Abstract
https://doi.org/10.1093/eurheartj/ehaa575
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19371823&dopt=Abstract
https://doi.org/10.1016/j.jacc.2008.12.055
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29211884&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29211884&dopt=Abstract
https://doi.org/10.1093/ehjqcco/qcx047
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31038838&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31038838&dopt=Abstract
https://doi.org/10.1111/jth.14468
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29562325&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29562325&dopt=Abstract
https://doi.org/10.1093/eurheartj/ehy136
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28369234&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28369234&dopt=Abstract
https://doi.org/10.1093/ejcts/ezx039
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24190540&dopt=Abstract
https://doi.org/10.1001/jamainternmed.2013.11912
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28625383&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28625383&dopt=Abstract
https://doi.org/10.1016/j.ahj.2017.03.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21830957&dopt=Abstract
https://doi.org/10.1056/NEJMoa1009638
https://doi.org/10.1056/NEJMoa1009638
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21870978&dopt=Abstract
https://doi.org/10.1056/NEJMoa1107039
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19717844&dopt=Abstract
https://doi.org/10.1056/NEJMoa0905561
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27567408&dopt=Abstract
https://doi.org/10.1093/eurheartj/ehw210

