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Abstract

Aims Ischaemic coronary artery disease (CAD) remains the leading cause of mortality globally due to sudden death and heart
failure (HF). Invasive coronary angiography (CAG) is the gold standard for evaluating the presence and severity of CAD. Our
objective was to assess temporal trends in CAG utilization, patient characteristics, and prognosis in HF patients undergoing
CAG at a national level.
Methods and results We used data from the Swedish Coronary Angiography and Angioplasty Registry. Data on all patients
undergoing CAG for HF indication in Sweden between 2000 and 2018 were collected and analysed. Long-term survival was es-
timated with multivariable Cox proportional hazards regression adjusted for differences in patient characteristics. In total,
22 457 patients (73%men) withmean age 64.2 ± 11.3 years were included in the study. The patients were increasingly older with
more comorbidities over time. The number of CAG specifically for HF indication increased by 5.5% per calendar year (P< 0.001).
No such increase was seen for indications angina pectoris and ST-elevation myocardial infarction. A normal CAG or
non-obstructive CADwas reported in 63.2% (HF-NCAD), and 36.8% had>50% diameter stenosis in one ormore coronary arteries
(HF-CAD). The median follow-up time was 3.6 years in HF-CAD and 5 years in HF-NCAD. Age and sex-adjusted survival improved
linearly by 1.3% per calendar year in all patients. Compared with HF-NCAD, long-term mortality was higher in HF-CAD patients.
The risk of death increased with the increasing severity of CAD. Compared with HF-NCAD, the risk estimate in patients with a
single-vessel disease was higher [hazard ratio (HR) 1.3; 95% confidence interval (CI) 1.20–1.41; P< 0.001], a multivessel disease
without the involvement of left main coronary artery (HR 1.72; 95% CI 1.58–1.88; P< 0.001), andwith left main disease (HR 2.02;
95% CI 1.88–2.18; P< 0.001). The number of HF patients undergoing revascularization with percutaneous coronary intervention
(PCI) or coronary artery bypass grafting (CABG) increased by 7.5% (P< 0.001) per calendar year. The majority (53.4%) of HF-CAD
patients were treated medically, while a minority (46.6%) were referred for revascularization with PCI or CABG. Compared
with patients treated with PCI, the proportion of patients treated medically or with CABG decreased substantially (P < 0.001).
Conclusions Over 18 years, the number of patients with HF undergoing CAG has increased substantially. Expanded utilization
of CAG increased the number of HF patients treated with percutaneous coronary intervention and coronary artery bypass
surgery. Long-term survival improved in all HF patients despite a steady increase of elderly patients with comorbidities.
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Introduction

Ischaemic coronary artery disease (CAD) remains the leading
cause of mortality globally due to sudden death and heart
failure (HF).1,2 Despite improved pharmacological and
device-based therapy, patients with HF due to CAD (HF-CAD)
have a worse prognosis than HF patients without CAD
(HF-NCAD).3–5 Invasive coronary angiography (CAG) is the
‘gold standard’ for assessing the presence and severity of
CAD.6 During the last two decades, there have been variable
recommendations regarding the utilization of CAG for the
diagnosis of HF. Indeed, in the first European Society of
Cardiology guidelines from 1995 to 2001, CAG was required
to exclude CAD when a diagnosis of idiopathic cardiomyopa-
thy is considered.7,8 The recommendation about CAG shifted
to a more restrictive use of CAG since 2005.9,10

One clear indication for CAG in HF is to ascertain the
aetiology of HF and consequently the eligibility for revascular-
ization because revascularization in HF-CAD patients provides
superior clinical outcomes compared with medical therapy
alone. The current guidelines recommend coronary revascu-
larization on top of optimal medical treatment in patients
with reduced systolic left ventricular ejection fraction and
CAD.11 The evidence from randomized controlled trials
regarding revascularization is limited only to coronary artery
bypass grafting (CABG), which has shown superior long-term
outcomes compared with medical treatment.12

Our aim was to evaluate the temporal trends in patient
characteristics, utilization of CAG, and outcomes in HF pa-
tients undergoing CAG over 18 years. We used data from
the Swedish Coronary Angiography and Angioplasty Registry
(SCAAR), which covers the entire Swedish population.

Methods

Database and study population

Established in 1992, the SCAAR registry provides a web-based
platform dedicated to data collection from all CAG, and per-
cutaneous coronary interventions (PCI) performed at all coro-
nary catheterization laboratories (n = 31) in Sweden (https://
www.ucr.uu.se/swedeheart/). Each catheterization procedure
is described with ~50 angiographic and 200 PCI demographic
and procedure-related variables. The registry is sponsored by
the Swedish Health Authorities and provides almost complete
procedure coverage in Sweden. The SCAAR database is
continuously merged with The Swedish Tax Agency by the
Swedish National Board of Health and Welfare to obtain in-
formation about the patients’ vital status. More detailed in-
formation about SCAAR’s organization has been published
elsewhere.13–15 The study design was complied with the
Declaration of Helsinki, and the study approval was obtained

from the Institutional Review Board at the University of
Gothenburg (Dnr. 759-13, date of approval 2014-05-06). We
included all adults (age ≥ 18) who underwent CAG in whom
the primary indication was HF between 1 January 2000 and
31 March 2018. Only Swedish residents with a unique
personal identification number were included. The patients
who underwent CAG due to any other indications than explic-
itly HF were excluded. To compare the temporal trends in
CAG utilization during the same period for relevant indica-
tions other than HF, we compared the HF CAG data with
ST-elevation myocardial infarction and stable angina. Patients
with ST-elevation myocardial infarction and stable angina
were not included in any analyses other than descriptive
frequencies per calendar year.

Definitions and outcomes

In this study, HF was defined as a clinical diagnosis determined
by physicians who referred patients to CAG and the Interna-
tional Classification of Diseases codes. HF-CAD was defined
as HF and the presence of lumen narrowing ≥ 50% in one or
more coronary arteries. HF-NCAD was defined as HF with
normal or non-obstructive lumen narrowing. Patients were
considered to have diabetes, hypertension, hyperlipidaemia,
previous myocardial infarction, or previous stroke according
to the International Classification of Diseases codes.13

Standardized definitions were used for procedure-related in-
formation. The outcome was all-cause mortality. Vital status
and date of death were obtained from the Swedish National
Population Registry until 15 March 2018. Because the use of
unique identification numbers is mandatory in Sweden, the
death registry in Sweden has virtually complete follow-up
within 30 days.

Statistical analysis

Missing data were imputed using the multiple imputation
chain-equation method16 with five data sets. Calendar year,
an indicator of missingness, and an event indicator were
included as regular variables. Continuous variables were
imputed by ordinary least-squares multiple regression, binary
variables by logistic regression, and categorical variables by
multinomial logistic regression. The imputation procedure
and subsequent analyses were done according to Rubin’s
protocol17 under the assumption that missing data are
missing at random.

Continuous variables were presented as a mean and
standard deviation, and categorical variables as frequencies.
The normal distribution of variables was assessed by
inspecting the distribution of values on histograms and the
Shapiro–Wilk test. Between-group differences of continuous
variables were tested by linear regression. Differences in
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categorical variables were tested by logistic regression.
All-cause mortality was based on Kaplan–Meier estimates in
time-to-first-event analyses. Unadjusted differences in sur-
vival were compared with the log-rank test. Between-group
differences in time to all-cause mortality were assessed using
a Cox proportional hazards model adjusted for variables pre-
sented in Table 1 and calendar year. Patients reportedmultiple
times in the registry were included at the time of first CAG. The
proportionality of hazards assumption was evaluated by in-
cluding treatment–time interaction in the Cox proportional
hazards models. Treating hospitals were included in themodel
as a random effect variable to account for clustering of pa-
tients. Effect modification between HF and clinically relevant
patient subgroups was evaluated by having interaction terms
in the regression. Goodness-of-fit was assessed with the
Groennesby and Borgan test for the Cox proportional
hazards models. Multicollinearity between the variables was
evaluated by calculating the variance inflation factor.

We evaluated the relative importance of all variables from
Table 1 for long-term survival. Relative variable importance

was calculated using a random forest method as imple-
mented in the R package party.18 The random forest is a
highly efficient machine-learning method that handles a large
number of observations and predictors and allows for
complex modelling of interactions and non-linear functions.

All statistical analyses were performed using Stata soft-
ware (Version 16.1, StataCorp, College Station, Texas, USA)
and R (Version 4.1.0, R Core Team, 2020). Figures were
produced using the R package ggplot2. All reported P values
are two-sided and are not adjusted for multiple testing.

Results

Patient characteristics

In total, 22 457 patients, 16 393 (73%) men and 6064 (27%)
women, were included in the study. The mean age was
64.2 ± 11.3 years, and one-third were <60 years old. We

Table 1 Patient characteristics stratified by time period

2000–2004 2005–2008 2009–2011 2012–2014 2015–2018 P valuea

n = 2950 n = 4806 n = 4167 n = 4899 n = 6381

Age [mean (SD)] 59 (11) 62 (11) 63 (11) 64 (11) 65 (11) <0.001
Age category (%)

<59 46.3 37.7 32.7 29.4 26.4 <0.001
60–69 33.3 34.8 36.1 34.2 30.6
70–79 18.1 24.3 26.3 29.7 34.6
≥80 2.3 3.3 4.9 7.1 8.4

Male sex (%) 74 74 74 73 72 0.317
BMI, mean (SD) NA 27.6 (5.4) 28.1 (7.2) 28 (6.7) 28.1 (5.9) 0.007
Severity of CAD (%) <0.001

Normal/non-obstructive 65.7 63.1 59.0 60.7 61.1
SVD 13.1 13.9 15.9 14.5 14.6
MVD 7.9 8.5 9.4 9.4 9.7
LM 13.2 14.4 15.7 15.3 14.7

Diabetes, (%) 20.6 19.1 23.0 23.6 22.5 <0.001
Hypertension (%) 39.5 44.6 51.1 60.4 65.0 <0.001
Previous MI (%) 12.3 13.6 15.1 14.7 13.2 <0.001
Previous PCI (%) 4.2 5.3 7.2 8.0 9.7 <0.001
Previous CABG (%) 4.9 5.6 6.2 7.2 5.5
eGFR (mL/min/1.73 m2)

≥60 99.9. 84.6 83.0 79.7 77.8 <0.001
<60 0.1 15.4 17.0 20.3 22.2

Smoking (%) <0.001
Never smoker 36.3 45.3 42.0 40.1 41.9
Past smoker 45.5 38.5 39.6 42.9 42.5
Current smoker 18.2 16.2 18.4 17.0 15.6

Smokeless tobacco (%) <0.001
Never user NA NA 87.9 85.0 84.5
Past user NA NA 4.9 6.2 5.9
Current user NA NA 7.2 8.8 9.6

ASA (%) 2.9 82.0 83.0 82.9 76.8 <0.001
Statins (%) 48.7 38.9 40.3 42.6 43.2 <0.001
Amount of contrast (mL) 80 (60) 87 (54) 75 (48) 78 (55) 78 (56) <0.001
Radiation time (s)

Mean (SD) 350 (393) 317 (363) 315 (356) 383 (516) 425 (581) <0.001

ASA, acetylsalicylic acid; BMI, body mass index; CABG, coronary artery bypass grafting; CAD, coronary disease; eGFR, estimated glomerular
filtration rate (Cockcroft–Gault); LM, disease in left main artery; MVD, multivessel disease (stenosis> 50% in more than one vessel without
left main disease); MI, myocardial infarction; NA, not available; SVD, single-vessel diseases (stenosis > 50% in one coronary artery).
aCompared with period 2000–2004.
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found that patient characteristics changed substantially over
the 18-year study period (Table 1). Patients who underwent
CAG during 2015–2018 were older; had higher body mass in-
dex; were more likely to have diabetes, hypertension, renal
failure, previous myocardial infarction, and previous
revascularization (PCI/CABG); and on statin treatment but
were less likely to be smokers and to receive treatment with
acetylsalicylic acid than patients investigated between 2000
and 2004. We found that the severity of CAD increased over
the study period, with more patients having MVD and signif-
icant lesions in the left main coronary artery. Sex distribution
did not change over the study period, with ~70% being male.
Between 2000 and 2018, the number of catheterization lab-
oratories in Sweden increased from 22 to 31. Demographic
data of HF patients with (HF-CAD) or without CAD (HF-NCAD)
are presented in Table 2. HF-CAD patients were older and
were more likely to be male, smokers, have diabetes,
hypertension, previous myocardial infarction, and were more
likely to be treated previously with PCI (P < 0.01). Similarly,

patients with more advanced CAD (i.e. MVD and LM) were
more likely to have traditional risk factors including
diabetes, hypertension, previous myocardial infarction,
and prior PCI than patients with less severe CAD (P < 0.01,
Table 2).

During the study period, there was a steady (linear)
annual increase in the number of coronary angiographies
for HF (Figure 1A), by 5.5% (P < 0.001), while no such in-
crease was seen for the indications of angina pectoris or
ST-elevation myocardial infarction (Figure 1CB–1). Similarly,
the number of HF patients undergoing revascularization
with PCI or CABG increased by 7.5% (P < 0.001) per calen-
dar year (Figure 1D). The majority (53.4%) of HF-CAD
patients were treated medically (including device therapy
according to the guidelines), while a minority (46.6%) were
referred for revascularization with PCI or CABG. Compared
with patients treated with PCI, the proportion of patients
treated medically or with CABG decreased substantially
(P < 0.001; Figure 1D).

Table 2 Patient characteristics stratified by coronary angiography findings

HF-NCAD HF-CAD SVD MVD LM P valuea

n = 13 838 n = 8619 n = 3252 n = 2052 n = 3315

Age, year [mean (SD)] 61 (11) 67 (10) 66 (9) 67 (9) 68 (9) <0.001
Age category (%) <0.001

<59 years 41.2 19.4 22.2 19.8 16.4
60–69 years 32.9 34.5 34.7 34.6 34.2
70–79 years 22.3 37.0 35.3 37.3 38.5
≥80 years 3.6 9.1 7.8 8.2 10.9

Male sex (%) 68.9 80.4. 77.0 81.4 83.2 <0.001
Diabetes (%) 14.8 32.0 25.2 33.3 38 <0001
BMI, kg/m2 (SD) 28.1 (5.9) 27.8 (6.9) 27.9 (8.2) 27.9 (6.8) 27.6 (5.2) 0.005
Hypertension (%) 50.1 64.9 61.5 65.5 67.9 <0.001

Missing 1.0 1.4 1.4 1.3 1.4
Previous MI (%) 0 35.3 26.4 37.7 42.7 <0.001

Missing 1.9 3.8 3.8 3.6 3.6
Previous PCI 1.6 16.9 16.4 19.9 15.4 <0001
Previous CABG 0.6 14.7 4.0 10.7 27.6 <0001
eGFR (mL/min/1.73 m2) <0001

≥60 mL/min (%) 87.5 76.3 79.6 76.5 72.8
<60 mL/min (%) 12.5 23.7 20.4 23.5 27.2

Smoking (%)
Never smoker 44.6 33.0 34.1 31.9 32.5
Past smoker 36.6 43.5 42.7 43.3 44.6 <0.001
Current smoker 14.4 18.0 18.2 19.0 17.2
Missing 4.4 5.4 5.0 5.8 5.7

Smokeless tobacco (%) <0.001
Never user 71.9 70.4 71.8 70.4 69.0
Past user 5.7 6.0 6.1 5.5 6.1
Current user 9.7 7.5 8.4 7.2 6.7
Missing 12.7 16.2 13.7 16.9 18.2

ASA (%) 15.7 64.2 65.6 67.2 59.5 <0001
Statins (%) 29.7 58.7 51.7 60.8 64.3 <0001

Missing 1.4 1.7 1.5 1.6 2.0
Amount of contrast [mL (SD)] 62 (31) 108 (70) 101 (62) 120 (80) 106 (66) <0.001
Radiation time [s (SD)] 242 (232) 570 (671) 518 (658) 673 (773) 557 (607) <0.001

ASA, acetylsalicylic acid; CABG, coronary artery bypass grafting; eGFR, estimated glomerular filtration rate (Cockcroft–Gault); HF-CAD,
heart failure with coronary artery disease (i.e. SVD +MVD + LM); HF-NCAD, heart failure with normal/non-obstructive coronary artery dis-
ease; LM, stenosis > 50% in left main coronary artery; MI, myocardial infarction, MVD, multivessel disease (stenosis > 50% in more than
one coronary artery without left main disease); Normal/non-obstructive, no stenosis > 50% in coronary arteries; PCI, percutaneous coro-
nary intervention; SVD, single-vessel diseases (stenosis > 50% in one coronary artery).
aCompared with HF-NCAD.
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Long-term survival

During the study period, age and sex-adjusted survival in HF
patients undergoing angiography increased by 1.3%
(P < 0.001) per the calendar year, both in patients with and
without CAD. Median follow-up time was 3.6 years (range
1 day to 18 years) in HF-CAD and 5 years (range 1 day to
18 years) in HF-NCAD patients. The median survival time in
HF with CAD was 7.8 [95% confidence interval (CI) 7.46–8.1]
and 16.8 (95% CI 7.46–8.1) in patients with HF-NCAD. One-
year mortality was 10.9% in HF-CAD vs. 3.6% in HF-NCAD,
while 5-year mortality was 15.3% in HF-NCAD and 35.0% in
HF-CAD (Figure 2). The probability of survival in patients with
HF and advanced CAD (MVD and LM) was lower than in those
with HF and single-vessel disease or normal/non-obstructive
CAD (Figure 3). Compared with HF patients without CAD, ad-
justed long-termmortality increased with augmented severity
of CAD [hazard ratio (HR) 1.30; 95% CI 1.20–1.41; P < 0.001]
in HF patients with single-vessel disease, in MVD (HR 1.72;
95% CI 1.58–1.88; P < 0.001) and in MVD with left main
CAD (HR 2.02; 95% CI 1.88–2.18; P < 0.001).

Subgroup analyses

We found effect modification between HF-CAD/HF-NCAD,
renal function, and time period. HF-NCAD patients with creat-

inine clearance ≥ 60 mL/min had a better prognosis than pa-
tients with HF-CAD (Table 3). The risk of death was higher in
HF patients with CAD during 2015–2018 compared with the
reference period (Figure 4). We found no interaction
between age, sex, diabetes, and type of HF (Figure 4).

The relative importance of individual predictors
of survival

The variable with the highest predictive value was the
time period of CAG followed by age, the severity of CAD,
and renal function. The combined variable importance of
these four variables was ~90% for all-cause mortality
(Figure 5).

Discussion

In this nationwide study based on 22 457 patients referred
for CAG due to HF between 2000 and 2018, the most impor-
tant findings are as follows: (i) the number of CAG performed
annually increased five times; (ii) survival increased consider-
ably in all patients with HF but more in HF-NCAD than HF-
CAD; (iii) during the study period, patients undergoing CAG
for HF were increasingly older and had more comorbidities

Figure 1 The number of coronary angiographies performed annually in Sweden between 2000 and 2018 for indications: (A) heart failure; (B) stable
angina; (C) ST-elevation myocardial infarction (STEMI). The rise in primary PCI until 2006 was due to the increasing number of catheterization labora-
tories in Sweden during the same period when PCI became the preferred reperfusion method for STEMI. (D) Initial treatment for heart failure after
angiography. CABG, coronary artery bypass grafting; OMT, optimal medical treatment including device therapy; PCI, percutaneous coronary
intervention.
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and more severe CAD; and (iv) the proportion of PCI-treated
patients increased substantially while the proportion of
patients only treated pharmacologically or with CABG de-
creased. To our knowledge, this is the first prospective study

reporting temporal trends in patient characteristics,
treatment strategies, and long-term survival in consecutive
patients undergoing CAG due to HF based on nationwide
data.

Figure 3 Kaplan–Meier estimates of mortality stratified by the presence and severity of coronary artery disease in patients with HF. Normal (normal/
non-obstructive CAD); SVD [single-vessel diseases (stenosis > 50% in one coronary artery)]; MVD [multivessel disease (stenosis > 50% in more than
one coronary artery without left main disease)]; LM [disease in a left main coronary artery (stenosis > 50% in left main coronary artery)].

Figure 2 Kaplan–Meier estimates of mortality stratified by the presence (HF-CAD) or absence of coronary artery disease (HF-NCAD) in patients with
heart failure.
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Coronary artery disease is the most common cause of HF.
Accurate and timely identification of the cause of compro-
mised cardiac function is a fundamental goal of the diagnos-
tic process in HF.19 Information from CAG is essential to
distinguish left ventricular dysfunction primarily due to CAD
from HF caused by other reasons because the treatment
options are very different. When available, decision-making
rests heavily on CAG information, which links CAG with
short-term and long-term prognosis.20–22 The latest 2021
European Society of Cardiology guidelines for diagnosis and
treatment of acute and chronic HF recommends CAG as a
part of the diagnostic workup in HF patients with angina
pectoris despite pharmacological therapy, history of ventricu-
lar arrhythmias, or aborted cardiac death (Class I, level of
evidence B).23 Guidelines from the European Society of Cardi-
ology and the American College of Cardiology recommend

CAG when ischaemia is considered contributing to HF or in
patients with an intermediate-to-high pre-test probability of
CAD and positive non-invasive stress test (Class IIa, level of
evidence C).24,25 Because of the absence of solid evidence
for benefit and, consequently, varying recommendation
levels during the last decades, only a minority of eligible HF
patients undergo CAG.26,27 However, our data show a con-
stant and substantial growth in HF patients undergoing CAG
in Sweden. This development is likely due to the increased
number of catheterization laboratories generating improved
hospital access to procedures, decreasing costs, decreased
risk of complications, higher adherence to guidelines, and a
better understanding of the importance of myocardial ischae-
mia in the pathophysiology of HF,28 among other factors.
Nonetheless, under the assumption that CAG is not per-
formed in ~50% of patients with HF (unpublished data from
SCAAR and Swedish Heart Failure Registry), we estimate that
there are ~30 000 HF patients at present in Sweden in whom
advanced CAD is not diagnosed but who may benefit from
revascularization. This estimation is based on the known
prevalence of HF-CAD in Sweden29 and the frequency of
MVD or left main disease in HF-CAD from the present study.

Information about the location and severity of CAD is
pivotal for subsequent clinical decisions, including the choice
of revascularization method. However, whether HF patients
with complex CAD (i.e. MVD and LM) should be
revascularized with PCI rather than with CABG is controver-
sial. To date, no randomized clinical trial has demonstrated
the superiority of PCI over medical treatment in HF-CAD.
On the other hand, the STICH study established that CABG
is superior to medical therapy in patients with HF-CAD.12

Two large observational studies from Canada30 and
Sweden15 recently confirmed the results from the STICH trial.
According to the latest European Society of Cardiology guide-
lines on myocardial revascularization, treatment with both
PCI and CABG are recommended for patients with severe left
ventricular dysfunction and CAD suitable for intervention.
CABG is recommended as the first choice in patients with
MVD and acceptable surgical risk.11

While prognosis improved steadily for each calendar year
by 1.3% in all patients with HF during the last two decades,
this development has been more pronounced in HF-NCAD
than in HF-CAD.5 Our study is consistent with these findings
because we report that improvement in survival was attenu-
ated during the last 5 years in HF-CAD. The demographics of
HF patient undergoing CAG in Sweden changed substantially
in the direction of an older population with a higher comor-
bidity burden and more severe CAD. Change in patient
characteristics may at least partly explain the discrepancy in
outcome trends between HF-NCAD and HF-CAD. Another ex-
planation may be the increased prevalence of HF with
preserved ejection fraction, which associates less with CAD
and has a better prognosis than HF with reduced ejection
fraction.31 Our observation that CAD and severity of CAD

Table 3 Cox proportional hazard regression

HR 95% CI P value

Severity of CAD <0.000
Normal/non-obstructive 1 (reference)
SVD 1.36 1.26–1.47
MVD 1.75 1.61–1.90
LM 2.06 1.91–2.22

Age
<59 1 (reference)
60–69 1.80 1.68–1.93 <0.000
70–79 2.84 2.64–301 <0.000
≥80 4.25 3.82–4.74 <0.000

Female sex 0.86 0.81–0.91 <0.000
Diabetes 1.38 1.30–1.46 <0.000
Hypertension 1.03 0.97–1.08 0.352
Hyperlipidaemia 0.99 0.93–1.05 0.789
History of smoking

Never smoker 1 (reference)
Previous 1.04 0.99–1.10 0.894
Current 1.38 1.24–1.43 <0.000

Previous MI 1.15 1.07–1.25 <0.000
Previous PCI 1.00 0.92–1.09 0.904
Previous CABG 1.16 1.07–1.28 0.001
eGFR (mL/min/1.73 m2) 0.99 0.99–0.99 <0.000

<60 1 (reference)
≥60 1.66 1.07–1.28 0.001

BMI
<18 1.28 1.03–1.59 0.028
18–25 1 (reference)
26–30 0.93 0.88–0.98 0.019
>30 0.96 0.91–1.03 0.364

Time period
2000–2004 1 (reference)
2005–2008 0.85 0.79–0.92 <0.000
2009–2011 0.88 0.81–0.95 0.002
2012–2014 0.88 0.81–0.96 0.006
2015–2018 0.73 0.66–0.83 <0.000

BMI, body mass index; CABG, coronary artery bypass grafting; CAD,
coronary artery disease; CI, confidence interval; eGFR, estimated
glomerular filtration rate (Cockcroft–Gault); HF, heart failure; HR,
hazard ratio, LM, disease in left main artery; MI, myocardial infarc-
tion; MVD, multivessel disease (stenosis > 50% in more than one
vessel without left main disease); Normal/non-obstructive, no
stenosis > 50% in coronary arteries; PCI, percutaneous coronary in-
tervention; SVD, single-vessel diseases (stenosis > 50% in one of
the coronary arteries).
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were critical prognostic factors for all-cause mortality is
supported by previous studies.3,32,33 Studies using computed
tomography angiography have also reported that the
presence and extent of CAD increase the risk of death and
adverse cardiac events.34,35 However, none of these studies
have specifically examined patients with HF. At present,
~80% of HF-CAD undergoing CAG in Sweden (including pa-
tients with MVD and LM) are revascularized with PCI. The
most likely explanation for PCI predominance is the growing
number of HF patients with a high risk of CABG-related
complications paralleled with better access to catheterization
laboratory facilities, improved PCI operators’ skills, advance-
ment in PCI technology, and patient’s preference for PCI.
On the other hand, the predominant and accelerated utiliza-
tion of PCI for revascularisation in HF-CAD could explain the
attenuated survival benefit during the latest years.

Study limitations

There are several limitations to this study that need to be
addressed. Patients with HF referred to CAG in this study

may not be representative of the general HF population.
We acknowledge that the observational design of our study
carries an inherent risk for residual confounding. However,
we have used appropriate statistical adjustment to reduce
bias in risk estimates. Events in the SCAAR registry are
not adjudicated. However, regular external monitoring and
data validation are performed and have ascertained high
data accuracy.14 Our data did not allow differentiation
between cardiac and non-cardiac death. Nevertheless,
all-cause death is an important clinical outcome and is not
subject to complex adjudication issues. Administrative data-
bases reliably capture vital status in Sweden, and nearly
100% of all deaths are registered within the first month.
We did not have data about left ventricular function or
medications before or after the CAG. We could not discern
new-onset HF from chronic HF nor between HF with re-
duced ejection fraction from HF with preserved ejection
fraction. Invasive CAG quantifies CAD based on the mea-
surement of the vessel lumen does not provide information
about the vessel wall. We were not able to compare pa-
tients with normal coronary angiograms with those having
non-obstructive CAD.

Figure 4 Forest plot depicting the interaction between the type of heart failure (HF-CAD vs. HF-NCAD) and age, sex, diabetes, renal function, and time
period.
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Conclusions

The number of patients with HF undergoing CAG has
increased substantially over the last two decades in
Sweden. Expanded utilization of CAG increases the number
of revascularized HF-CAD patients. Long-term survival
increased considerably despite higher age and increased co-
morbidity burden.
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