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Background and aims: Available data suggest that the use of IVUS for guidance of percutaneous coronary
interventions (PCIs) improves the prognosis of patients undergoing complex interventions. We aimed to
examine how the utilization of intravascular ultrasound (IVUS) affects patient survival irrespective of
procedure complexity.
Methods: The present analysis is based on the longitudinal ECAD registry of consecutive patients un-
dergoing coronary angiography between 2004 and 2019. The incidence of death due to any cause was
evaluated during a mean follow-up of 3.4 years. Cox regression analysis was used to determine the
association of IVUS utilization with incident mortality.
Results: Overall, data from 30,814 coronary angiography exams (mean age 64.9 ± 12.5 years, 70.3% male)
were included, among which 4991 procedures (16.2%) were guided by IVUS. Utilization of IVUS was
associated with a 35% reduction in mortality, independent of traditional risk factors (0.64(0.58e0.71),
p < 0.0001). The effect of IVUS on mortality was equally present in patients undergoing IVUS-guided
coronary interventions (0.75[0.67e0.84], p < 0.0001) as well as purely diagnostic coronary angiog-
raphy exams (0.62[0.56e0.72], p < 0.0001). In patients without coronary intervention, IVUS utilization
led to a higher frequency of aspirin (82.6% vs. 61.9% for IVUS vs. no IVUS, p < 0.0001) and statin therapy
(74.9% vs. 62.5%, p < 0.0001).
Conclusions: In a large longitudinal registry cohort of patients undergoing invasive coronary angiog-
raphy, IVUS utilization was associated with lower long-term mortality. The beneficial role of IVUS uti-
lization on survival was equally present for coronary interventions and diagnostic coronary angiograms.
Our results support the use of intravascular imaging for decision making in interventional cardiology.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The use of intravascular ultrasound (IVUS) for guidance of
percutaneous coronary interventions (PCIs) impacts the interven-
tional strategy by providing important information on the target
lesion and reference vessel characteristics in patients undergoing
complex coronary procedures [1,2]. This leads to a reduction in
cardiovascular mortality by lowering the rate of repeat revascu-
larization, in-stent thrombosis, and recurrent myocardial infarction
and Vascular Medicine, West
r. 55, 45147, Essen, Germany.
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in IVUS-controlled PCI [3e7]. While available randomized
controlled trials and observational registries have focused on short-
term cardiovascular or composite endpoints, the ability of IVUS to
improve overall long-term survival is less well documented [8].

In addition to its value in interventional therapy, randomized
controlled trials document that IVUS enables quantification of
nonstenotic coronary plaque burden that can effectively be reduced
by intensified risk factor modification, associating with reduced
atherosclerotic cardiovascular disease risk [9,10]. However, for pa-
tients with nonobstructive coronary artery disease (CAD), the as-
sociation of the assessment of coronary plaque burden via IVUS
with survival remains unknown. Therefore, we aimed to examine
how the utilization of IVUS affects patient survival in a longitudinal
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Abbreviations

BMI body mass index
CAD coronary artery disease
IVUS intravascular ultrasound
HDL high-density lipoprotein
LDL low-density lipoprotein
NSTEMI non-ST segment elevation myocardial infarction
PCI percutaneous coronary intervention
STEMI ST-Elevation myocardial infarction
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registry of patients undergoing invasive coronary angiography.
Specifically, we stratified our analysis by patients with and without
PCI as part of the procedure to assess whether the information on
overall plaque burden in addition to degree of stenosis alone im-
proves outcome.
Methods

Study cohort

The present analysis is based on a retrospective registry of
consecutive patients undergoing invasive coronary angiography at
the West German Heart and Vascular Center, Essen, between 2004
and 2019 (the Essen Coronary Artery Disease [ECAD]-registry). Data
from 40,461 coronary procedures are included in the ECAD registry
(dataset as of July 2019). Data from 6483 examinations were
excluded due to missing follow-up information. In addition, data-
sets of exams of 3117 noncoronary interventions were excluded.
Finally, information on IVUS wasmissing for 47 procedures, leading
to an overall dataset of 30,814 examinations (Online Fig. 1). The
local ethics committee (19-8956-BO) approved the present anal-
ysis. The ECAD registry consists of a heterogeneous cohort of pa-
tients with various indications for coronary angiography
examinations. The distribution of primary discharge diagnoses is
provided in Online Table 1.
Fig. 1. Kaplan-Meier Survival Estimates for the survival probability stratified by IVUS
utilization for the overall cohort (A), for patients with IVUS-guided coronary inter-
vention (B) and for patients with IVUS as part of diagnostic coronary angiograms (C)$
IVUS ¼ intravascular ultrasound.
Clinical characteristics and covariate assessment

Information on traditional cardiovascular risk factors from the
same hospital stay was drawn from the hospital information sys-
tem and merged into the database. Laboratory variables were
assessed using standardized enzymatic methods (low- and high-
density lipoprotein cholesterol, lipoprotein(a)) and automatically
imported. Diabetes was defined as HbA1c � 6.5%. Self-reported
information on current smoking status and family history of pre-
mature CAD was classified as present, absent, or unknown. Primary
discharge diagnoses were obtained from the hospital information
system according to the International Statistical Classification of
Disease (ICD 10). Primary diagnosis of CAD was defined as ICD
codes from I20.0 to I25.9. Acute coronary syndrome was defined as
ICD codes I20.0 to 24.9, whereas ICD codes I25.0 to 25.9 were
defined as chronic coronary syndrome. Medication information
was drawn from discharge letters and was limited to 18,633 cases.
Antihypertensive therapy was defined as medication with
angiotensin-converting enzyme inhibitors, angiotensin II receptor
blockers, calcium channel blockers, diuretics, beta blockers, and/or
alpha blockers. Nonstatin lipid-lowering therapy was defined as
medication with fibrate, ezetimibe, niacin, bile acid sequestrates,
and/or PCSK-9 inhibitors.
11



Table 1
Baseline characteristics.

Overall (n ¼ 30,814) Angiography with IVUS (n ¼ 4991) Angiography without IVUS (n ¼ 25,823) p-value (IVUS vs. no IVUS)

Demographics
Age, years 64.9 ± 12.5 64.4 ± 11.3 65.0 ± 12.7 0.0005
Male 21,665 (70.3) 3810 (76.3) 17,855 (69.1) <0.0001
Cardiovascular risk factors
Diabetes mellitus 2964 (9.6) 548 (11.0) 2416 (9.4) 0.001
Family CAD history 4592 (14.9) 811 (16.3) 3781 (14.6) <0.0001
Current smoker 3465 (11.2) 537 (10.8) 2928 (11.3) <0.0001
Systolic blood pressure 136.4 ± 22.5 137.0 ± 20.9 136.3 ± 22.8 0.2
Laboratory measurements
LDL, mg/dl 106.9 ± 39.3 103.2 ± 38.1 107.8 ± 39.5 <0.0001
HDL, mg/dl 48.7 ± 16.3 47.9 ± 14.9 48.9 ± 16.5 0.0007
LP(a), mg/dl 33.3 ± 40.3 33.2 ± 39.0 33.4 ± 40.7 0.85
BNPa, pg/mL 94.9 (36.0; 272.5) 56.8 (24.9; 129.5) 122.1 (45.5; 350.2) <0.0001
NTproBNPa, pg/mL 526.5 (141.0; 245.0) 238 (90; 907) 594 (150; 2628) <0.0001

Clinical presentation N ¼ 23,001 N ¼ 4083 N ¼ 18,917

Coronary artery disease 13,114 (57.0) 3116 (76.3) 9997 (52.9) <0.0001
Chronic coronary syndrome 7065 (30.7) 1921 (47.0) 5144 (27.2)
Unstable angina 3604 (15.7) 791 (19.4) 2813 (14.9)
NSTEMI 1725 (7.5) 275 (6.7) 1450 (7.7)
STEMI 719 (3.13) 129 (3.2) 590 (3.1)

Other cardiac diagnosis 5803 (25.2) 386 (9.5) 5417 (28.6)
Noncardiac 4084 (17.8) 581 (14.2) 3503 (18.5)

Medication N ¼ 18,633 N ¼ 2488 N ¼ 16,145

Statin 12,933 (70.4) 2042 (83.0) 10,891 (68.4) <0.0001
Nonstatin cholesterol-lowering therapy 636 (4.5) 91 (5.7) 545 (4.4) 0.01
Antihypertensive therapy 17,468 (93.8) 2391 (96.1) 15,077 (93.4) <0.0001
Aspirin 12,848 (73.3) 2144 (85.1) 10,703 (65.4) <0.0001
P2Y12 inhibitors 8214 (43.3) 1613 (64.1) 6601 (40.1) <0.0001
Oral anticoagulation 3987 (21.4) 360 (14.4) 3627 (22.4) <0.0001

Values of continuous variables are reported as mean ± SD if normally distributed, and median (interquartile range) if not normally distributed. Categorical variables are
reported as n (%).
BNP ¼ brain natriuretic peptide; CAD ¼ coronary artery disease; IVUS ¼ intravascular ultrasound; HDL-C ¼ high-density lipoprotein cholesterol; LDL-C ¼ low-density li-
poprotein cholesterol; LP(a) ¼ Lipoprotein(a); NSTEMI ¼ Non-ST-Elevation Myocardial Infarction; STEMI ¼ ST-Elevation Myocardial Infarction.

a BNP values available in 2330 patients, NT-proBNP values available in 5694 patients.
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Endpoint definition

All-cause mortality was defined as the primary endpoint vari-
able. Information on survival status was assessed from all available
hospital records (including partner healthcare facilities) as well as
insurance information. Any ambulatory or inpatient presentation to
the West German Heart and Vascular Center, the University Hos-
pital Essen or any partner healthcare facility after the coronary
examwas used for confirmation of survival status. Patients without
confirmed death but no recurrent presentation to the healthcare
provider were considered lost to follow-up and excluded from the
present analysis.
Statistical analysis

The baseline characteristics are presented as the
mean ± standard deviation for continuous variables and as fre-
quency and percentages for categorical variables. Two-sided t-tests
were used for normally distributed continuous variables, and chi-
square tests were used for categorical variables for comparison of
procedures with and without IVUS utilization. The incidence of
death from any cause during follow-upwas recorded. Kaplan-Meier
analysis was used to depict the survival probability, stratified by
group of patients with and without IVUS utilization as part of the
coronary angiography examination. Differences between the
groups were evaluated using the log rank test. Subgroup analysis
was performed in groups with and without PCI as part of the cor-
onary angiography exam. Cox regression analysis was used to
determine the association of IVUS utilization with incident
12
mortality. Adjustment sets were defined as follows: (1) unadjusted;
(2) age- and sex-adjusted; and (3) ancillary adjustment for low-
density lipoprotein (LDL-) cholesterol, systolic blood pressure,
diabetes, family history of premature CAD, present smoking status,
discharge diagnosis (coronary artery disease, other cardiovascular
diagnosis, non-cardiovascular diagnosis), and experience of the
interventional cardiologists (<vs. � 1000 coronary angiography
examinations); (4) model 3 þ medication use (statin, aspirin,
P2Y12-inhibitors, antihypertensive medication) and left main ste-
nosis. Again, subgroup analysis was performed for patients with
andwithout PCI and complemented by subgroup analyses stratified
by chronic vs. acute coronary syndrome. Sensitivity analysis was
performed, excluding patients with a primary discharge diagnosis
of heart failure. Missing data on LDL-cholesterol and systolic blood
pressure for the Cox regression analysis were imputed using
multivariable multiple imputation by fully conditional specification
with ten datasets [11]. The frequency of medical therapy with
aspirin, statins, and nonstatin lipid-lowering agents after coronary
angiography as well as discharge diagnosis of CAD was assessed in
the group of patients without PCI and compared between groups
with and without utilization of IVUS. The chi-square test was used
to determine the difference between the groups. All analyses were
performed using SAS software (version 9.4, SAS Institute Inc.). A p-
value <0.05 indicated statistical significance.
Results

Overall, patient data from 30,814 coronary angiography exams
(mean age 64.9 ± 12.5 years, 70.3% male) were included in our
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analysis. Of those, PCI was performed as part of the exam in 10,995
procedures (35.7%), while 19,819 exams (64.3%) were performed
without the need for coronary intervention. Overall, 4991 proced-
ures (16.2%) were guided by IVUS (3018 with PCI, 1973 without PCI)
(Online Fig.1). In contrast, 7977 PCIs were performedwithout IVUS.
Patients undergoing IVUS were slightly younger, were more
frequently male, had lower LDL-, HDL-cholesterol and BNP/NT-
proBNP levels, and had a higher frequency of diabetes and family
history of premature CAD than patients not receiving IVUS as part
of coronary angiography (Table 1).
IVUS and mortality

During a mean follow-up of 3.4 ± 3.6 years (range 0.1e15.5
years), 5316 deaths (17.3%) occurred. Mortality was significantly
lower following IVUS-guided coronary procedures than following
procedures without IVUS (13.9% vs. 17.9% for IVUS-guided vs. non-
IVUS-guided examinations, respectively, p < 0.0001, Fig. 1A).
Kaplan-Meier analysis confirmed the improved survival of IVUS-
guided examinations for both procedures including coronary in-
terventions and purely diagnostic coronary angiography examina-
tions (Fig. 1B and C). In Cox unadjusted regression analysis,
utilization of IVUS was associated with a 36% reduction in mortality
in the overall cohort (Table 2). Effect sizes remained stable upon
adjustment for age and sex, with ancillary control for traditional
risk factors and further adjustment for medication and left main
stenosis.

Fig. 2 describes the fully adjusted multivariable model of the
relationship between IVUS utilization and all-cause mortality
stratified according to subgroups of various patient characteristics.
Effect sizes were more pronounced in younger patients, non-
smokers, and patients without diabetes. In addition, there was
the trend towards a stronger association for procedures that were
performed by experienced interventional cardiologist, however,
without reaching statistical significance in interaction. Utilization
of IVUS was significantly associated with all-cause mortality, irre-
spective of sex, LDL-C, HDL-C, BNP/NT-proBNP-levels, systolic blood
pressure, and discharge diagnosis.

For procedures with IVUS-guided PCI, a 29% reduction in all-
cause mortality was observed in unadjusted Cox regression anal-
ysis. Again, a significant negative association was observed when
adjusting for risk factors. Likewise, for purely diagnostic coronary
angiography examinations, utilization of IVUS was associated with
improved prognosis independent of age, sex, and traditional risk
factors (Table 2). Furthermore, we evaluated the influence of IVUS
utilization on long-term survival, stratifying by indication of coro-
nary angiography exam (chronic vs. acute coronary syndrome)
showing that the beneficial effect of IVUS was present in chronic
coronary syndrome and in acute coronary syndrome patients
Table 2
Cox regression analysis for the association of IVUS utilization with all-cause mortality.

IVUS IVUS with i

Hazard ratio (95% CI) p-value Hazard rati

Unadjusted 0.64 (0.59, 0.70) <0.0001 0.71 (0.63,
Model 1 0.64 (0.59, 0.70) <0.0001 0.72 (0.64,
Model 2 0.64 (0.58, 0.71) <0.0001 0.71 (0.62,
Model 3 0.57 (0.50, 0.65) <0.0001 0.68 (0.57,

Model 1: Adjusted for age, sex.
Model 2: Adjusted for age, sex, low-density lipoprotein (LDL)-cholesterol, systolic blood pr
status, and discharge diagnosis, and experience of the interventional cardiologists.
Model 3: Adjusted for age, sex, LDL-cholesterol, systolic blood pressure, diabetes, family hi
antihypertensive medication use, left main stenosis, discharge diagnosis, and experience
CAD ¼ coronary artery disease; CI ¼ confidence interval; IVUS ¼ intravascular ultrasoun
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(Table 3, p-value for interaction: 0,43).
Again, for both entities, associations of IVUS utilization with

mortality were independent of traditional cardiovascular risk fac-
tors. Sensitivity analysis, excluding patients with heart failure
manifestation, confirmed the risk factor-independent association of
IVUS utilization with mortality (Online Table 2). Likewise, we per-
formed sensitivity analysis, excluding patients with left main dis-
ease (n ¼ 63), which did not alter the results (Online Table 2).

IVUS utilization and risk factor modification in nonobstructive CAD

To further evaluate how the utilization of IVUS may have
impacted the prognosis in patients without the need for PCI, we
evaluated the differences in discharge diagnosis as well as aspirin
and lipid-lowering therapy in this group. Patients undergoing IVUS
as part of diagnostic coronary angiography more frequently
received medical therapy with aspirin (82.6% vs. 61.9% for IVUS vs.
no IVUS, p < 0.0001), statins (74.9% vs. 62.5%, p < 0.0001), and
nonstatin lipid-lowering drugs (5.7% vs. 3.9%, p ¼ 0.04). Likewise,
patients with IVUS examinations were approximately 1.5-foldmore
likely to be diagnosed with CAD (61.5% vs. 39.6%, p < 0.0001, Fig. 3).
Overall, the frequency of IVUS-utilization decreased over time,
going in hand with a lower rate of statin and aspirin therapy, and a
higher mortality rate (Online Fig. 2).

Discussion

In the present large longitudinal observational registry on
consecutive patients undergoing coronary angiography, we
demonstrated that the utilization of IVUS was associated with
improved long-term survival. The beneficial effect of IVUS utiliza-
tion onpatient outcomewas equally present in diagnostic aswell as
therapeutic procedures. In patients with nonobstructive CAD,
intracoronary imaging via IVUS was followed by a more frequent
utilization of secondary prevention therapy. Therefore, our results
support the hypothesis that detailed assessment of coronary
anatomy and overall coronary plaque burden via IVUS leads to
improved patient prognosis for diagnostic and therapeutic coro-
nary procedures.

IVUS-guided PCI

The pivotal role of IVUS during PCI, particularly in complex le-
sions, is well documented in the literature. Utilization of IVUS leads
to implantation of larger stents, more frequent adjunct poststent
balloon dilation, and greater postprocedural minimum lumen
diameter [7,12,13]. Numerous clinical studies have evaluated the
impact of IVUS imaging on PCI and coronary and cardiovascular
outcomes [13e25]. While the follow-up in the existing literature
ntervention IVUS without intervention

o (95% CI) p-value Hazard ratio (95% CI) p-value

0.80) <0.0001 0.64 (0.57, 0.72) <0.0001
0.80) <0.0001 0.65 (0.58, 0.73) <0.0001
0.81) <0.0001 0.62 (0.53, 0.71) <0.0001
0.82) <0.0001 0.53 (0.43, 0.64) <0.0001

essure, diabetes, family history of premature coronary artery disease (CAD), smoking

story of premature CAD, smoking status, statin use, aspirin use, P2Y12-inhibitors use,
of the interventional cardiologists.
d; LDL ¼ low-density lipoprotein.



Fig. 2. Association of IVUS utilization and all-cause mortality stratified according to subgroups of various patient characteristics.
BNP ¼ brain natriuretic peptide; BP ¼ blood pressure; CA ¼ coronary angiography; CAD ¼ coronary artery disease; CV ¼ cardiovascular; HDL-C ¼ high-density lipoprotein
cholesterol; IC ¼ interventional cardiologist; IVUS ¼ intravascular ultrasound; LDL-C ¼ low-density lipoprotein cholesterol.

Table 3
Cox regression analysis for the association of IVUS utilization with all-cause mor-
tality for patients with chronic vs. acute coronary syndrome.

IVUS utilization in Chronic
Coronary Syndrome

IVUS utilization in Acute
Coronary Syndrome

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

Unadjusted 0.69 (0.58, 0.81) <0.0001 0.78 (0.65, 0.94) 0.008
Model 1 0.70 (0.59, 0.82) <0.0001 0.81 (0.67, 0.96) 0.02
Model 2 0.74 (0.62, 0.88) 0.0005 0.80 (0.67, 0.96) 0.01
Model 3 0.69 (0.54, 0.88) 0.003 0.77 (0.59, 1.00) 0.05

Model 1: Adjusted for age, sex.
Model 2: Adjusted for age, sex, low-density lipoprotein (LDL)-cholesterol, systolic
blood pressure, diabetes, family history of premature coronary artery disease (CAD),
smoking status, and discharge diagnosis, and experience of the interventional car-
diologists.
Model 3: Adjusted for age, sex, LDL-cholesterol, systolic blood pressure, diabetes,
family history of premature CAD, smoking status, statin use, aspirin use, P2Y12-
inhibitors use, antihypertensive medication use, left main stenosis, discharge
diagnosis, and experience of the interventional cardiologists.
CAD ¼ coronary artery disease; CI ¼ confidence interval; IVUS ¼ intravascular ul-
trasound; LDL ¼ low-density lipoprotein.

Fig. 3. Frequency of medical therapy and discharge diagnosis of CAD in patients with
and without IVUS evaluation as part of diagnostic coronary angiography exams.
CAD ¼ coronary artery disease; IVUS ¼ intravascular ultrasound.
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extended to up to 10 years, most studies included patients with
specific inclusion criteria with respect to anatomically complex
coronary lesions. In contrast, our results are based on an all-comers
cohort of consecutive patients over a time period of 16 years. We
14
here confirm existing literature, reporting an improvement of
mortality in patients undergoing PCI when IVUS is used as part of
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the procedure. In contrast, data suggesting a benefit on all-cause
mortality are controversial [8]. A recent meta-analysis of random-
ized controlled trials confirmed that IVUS had a major impact on
PCI-related outcomes for PCI cohorts [26]. However, the authors
underlined the need for further efforts to promote this evidence-
based PCI strategy among the global interventional cardiology
community. These insights are in accordance with our findings of a
reducedmortality rate of patients undergoing IVUS-guided PCI. Our
data complement the existing literature by its long-term follow-up,
documenting that the beneficial effect of IVUS-guided PCI extends
to a follow-up of up to 15 years and was observed for all-cause
mortality rather than coronary endpoints only. Stratified by acute
vs. chronic coronary syndrome, we observed slightly higher effect
sizes for nonacute settings. This finding may be explained by the
greater impact of acute coronary syndromes on long-term survival,
leaving less room for improvement by secondary prevention
strategies.

While the ECAD registry reflects an overall heterogeneous
cohort of patients undergoing invasive coronary angiography at a
tertiary care university hospital, we observed strong and inde-
pendent improvement in survival for patients receiving intra-
coronary imaging. Together with the finding that the association of
IVUS with survival was similar for patients with CAD, other car-
diovascular disease, or non-cardiovascular disease as leading
diagnosis, his supports the hypothesis that intensive risk factor
modification, tailored to the patients atherosclerosis burden, im-
proves patient's outcome, irrespective of comorbidity.

IVUS for assessment of plaque burden

Assessment of atherosclerosis is increasingly performed via
electron beam or multi-detector computed tomography to develop
individualized treatment strategies [27,28]. A large-scale cohort
study found that only patients with underlying atherosclerosis as
detected by computed tomography were likely to benefit from
cardiovascular prevention strategies [29]. This finding follows the
idea that intensified risk factor modification should be applied to
those patients with the highest risk and greatest therapy-
associated benefit [30]. Likewise, for patients with diabetes,
computed tomography coronary angiography was found to
improve long-term prognosis [31]. For IVUS-guided assessment of
coronary artery plaque burden, extensive literature documents that
plaque burden can be affected by risk factor-modifying therapy,
ultimately improving patient prognosis [9,32e36]. Our analysis
supports these findings, as we found that IVUS-guided evaluation
of coronary plaque burden led to a higher frequency of detection of
CAD, was followed by higher utilization of prevention therapies,
and ultimately improved long-term prognosis. Our results there-
fore suggest that detection of coronary plaque burden via IVUS
compels treating physician towards a more aggressive medical
therapy regime.

Clinical implications

Here, we provide evidence that utilization of IVUS as part of
invasive coronary angiography is associated with improved long-
term survival. We observed similar effect sizes as described in
available randomized controlled trials and meta-analyses [4,37].
However, compared to existing evidence, certain conditions of the
present cohort have to be taken into account: in the German
healthcare system, utilization of IVUS imaging as part of invasive
coronary angiography exams is of no extra cost to the patient. This
fact leads to an overall liberal utilization of IVUS with limited in-
fluence of socioeconomic status but higher usage according to
specific angiographic findings. Likewise, long-termmedical therapy
15
following the procedures is of no financial burden to the patients,
increasing the willingness of treating physicians to initiate and
maintain intensified medical risk factor modification. For IVUS-
guided PCI, our data confirm the findings in the existing litera-
ture, complementing the evidence with long-term follow-up and
all-cause mortality data. In nonobstructive CAD, we found that
patients undergoing IVUS evaluation more frequently received
aspirin, statins, and nonstatin lipid-lowering therapy, which may
explain the improved outcome in this group. This improvement is
most likely caused by the elevated awareness of the underlying
disease burden when using IVUS imaging. Therefore, our results
support the hypothesis that IVUS utilization as part of invasive
coronary angiography exams, providing detailed assessment of
coronary anatomy and overall coronary plaque burden, leads to
altered patient management and ultimately improves the patient's
prognosis. Therefore, intravascular imaging supports not only de-
cision making for interventional cardiology but also long-term
patient management in nonobstructive CAD.
Study limitations

Our results are based on a single-center experience. While the
database includes coronary angiography exams performed by 74
different interventional cardiologists, our results need to be
confirmed in cohorts from other centers and different heath care
systems. In addition, we cannot rule out that patients with diag-
nostic coronary angiography underwent later PCI at other centers,
which may have biased the difference between interventional and
noninterventional coronary angiography. However, given the large
database and the high frequency of patients returning to our center,
this effect may not have relevantly affected our results. While we
observed a relevantly increased frequency of secondary prevention
therapy applied to patients receiving IVUS evaluation, by study
design, we cannot establish causality according to IVUS findings but
can only descriptively assess differences between the groups.
Likewise, as the patients were not randomized to utilization of
IVUS, a selection bias of factors that were not accounted for in
adjusted regression analysis may have influenced the results.
However, the observed effect sizes were very stable and only
marginally altered by adjustment for established cardiovascular
risk factors and when stratifying by stable vs. acute setting as well
as when excluding patients with heart failure, supporting a causal
effect of IVUS utilization on long-term prognosis. As by the design
of the ECAD registry and the limited information included, wewere
not able to evaluate, how the amount of plaque burden has affected
our results. Further studies are needed to determine, whether or
not the observed effect applies to the complete spectrum of CAD.
Last, our analysis is based on a predominantly Caucasian popula-
tion; hence, generalization to other ethnic groups remains
uncertain.
Conclusions

In a large registry cohort of patients undergoing invasive coro-
nary angiography, utilization of IVUS was associated with a 36%
reduction in all-cause mortality during longitudinal follow-up. The
beneficial role of IVUS utilization on long-term survival was present
for coronary interventions and diagnostic coronary angiograms. For
nonobstructive CAD, utilization of IVUS was followed by an
increased frequency of intensified preventive therapy. Our results
suggest that the detailed assessment of coronary anatomy and
overall coronary plaque burden leads to altered procedural as well
as long-term patient management and ultimately improves the
patient's prognosis.
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