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Abstract
Aims: The association of frailty with coronary plaque phenotype among older patients with non-ST-eleva-
tion acute coronary syndrome (NSTEACS) is not known. The aim of this study was to evaluate the associa-
tion of frailty with coronary plaque phenotype among older patients with NSTEACS.

Methods and results: Older patients with NSTEACS who underwent invasive angiography were 
recruited. Frailty was measured using the Fried frailty score. Following angiography, patients underwent 
greyscale and virtual histology intravascular ultrasound (VH-IVUS) imaging. Of the 90 patients, 26 (28.9%) 
were robust, 49 (54.4%) patients were pre-frail, and 15 (16.7%) were frail. Mean age was 80.9±3.8 years; 
59 (65.6%) were male. Compared to robust patients, the pre-frail group had a significantly greater presence 
of high-risk lesions including VH thin-cap fibroatheroma (TCFA, p=0.011), minimum lumen area (MLA) 
≤4 mm2 (p=0.016), TCFA+MLA ≤4 mm2 (p=0.005), TCFA+plaque burden (PB) ≥70% (p=0.005) and 
TCFA+PB ≥70%+MLA ≤4 mm2 (p=0.003). By age- and sex-adjusted logistic regression analysis, frailty 
was found to be strongly and independently associated with the presence of TCFA (odds ratio [OR] 2.81, 
95% confidence interval [CI]:1.06-7.48, p=0.039).

Conclusions: This is the first study to report the relationship between frailty phenotype and coronary 
plaque morphology among frail older NSTEACS patients. ClinicalTrials.gov Identifier: NCT01933581
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Abbreviations
BARC Bleeding Academic Research Consortium
IHD ischaemic heart disease
MACE major adverse cardiovascular events
MI myocardial infarction
NSTEACS non-ST-elevation acute coronary syndrome
PCI percutaneous coronary intervention
TCFA thin-cap fibroatheroma
VH-IVUS virtual histology intravascular ultrasound

Introduction
Our population is rapidly ageing. Twenty-five to 50% of patients 
with cardiovascular disease can be identified as frail1,2. The prog-
nostic impact of frailty following non-ST-elevation acute coro-
nary syndrome (NSTEACS) has been demonstrated in many 
previous studies3-9. However, this high-risk older patient cohort 
is underrepresented in clinical trials10. Recent trials evaluating 
an early invasive strategy in the elderly with NSTEACS have 
lacked statistical power to detect any mortality benefit; frailty 
was not assessed nor was high-risk plaque phenotype by intra-
vascular imaging11-13. Thus, older, frail patients are less likely 
to receive advanced care including invasive angiography and 
guideline-directed medical treatment due to uncertainty concern-
ing the risks and benefits14,15.

The main cause of heart disease mortality is rupture of a thin-
cap fibroatheroma (TCFA), also known as vulnerable plaque. 
Coronary artery plaque burden and morphology among older 
patients and their association with frailty have not been studied. 
Previous studies investigating plaque composition (using intravas-
cular ultrasound [IVUS]) and adverse cardiovascular outcomes all 
evaluated a much younger patient population16-18. Therefore, the 
aim of this study was to evaluate the association of frailty with 
coronary plaque phenotype among older patients with NSTEACS. 
Whether frailty was independently associated with high-risk 
plaques was also evaluated.

Methods
STUDY DESIGN
The current study is a subgroup invasive imaging (virtual histo-
logy intravascular ultrasound [VH-IVUS] study) analysis of the 
study to Improve Cardiovascular Outcomes in high-risk patieNts 
with acute coronary syndrome (ICON1). The ICON1 study was 
carried out in accordance with the Declaration of Helsinki.

Ethical approval was gained from the National Research Ethics 
Service (12/NE/01600). Written, informed consent was obtained 
from all participants prior to enrolment into the study. ICON1 was 
registered with the United Kingdom Clinical Research Network 
(UKCRN; ID 12742) and ClinicalTrials.gov (NCT01933581). The 
ICON1 study protocol has been published previously19.

The ICON1 study was designed as a multicentre prospective 
observational study of patients aged ≥75 years undergoing inva-
sive management for NSTEACS. Patients referred to two ter-
tiary cardiac centres were recruited between November 2012 and 

December 2015. One-year follow-up was completed in December 
2016. The screening log data from this study have been published 
previously20. In total, 298 patients were enrolled in the ICON1 
study and the one-year clinical outcomes for the whole study have 
been published21. The current invasive imaging subgroup analysis 
included data from 90 patients.

The primary outcome measure for this VH-IVUS subgroup 
study is the prevalence of vulnerable plaque virtual histology thin-
cap fibroatheroma (VH-TCFA) in frail and non-frail patients. We 
hypothesise that frail patients have a greater presence of high-
risk lesions including VH-TCFA and that frailty is independently 
associated with high-risk plaques.

FRAILTY ASSESSMENT
Frailty status was assessed using the Fried frailty criteria derived 
from the Cardiovascular Health Study, which consists of subjective 
and objective assessment in five domains: weight loss, exhaustion, 
physical inactivity, weakness, and slow walking/getting up from 
chair2. Each criterion provides a score of one point, and the sum is 
used to define frailty status, a score of 0 being robust, a score of 1 
or 2 being pre-frail, and a score ≥3 being frail.

VIRTUAL HISTOLOGY INTRAVASCULAR ULTRASOUND 
(VH-IVUS) STUDY
Following diagnostic coronary angiography, patients underwent 
VH-IVUS imaging of all three coronary arteries prior to per-
cutaneous coronary intervention (PCI), where this was feasible 
and not contraindicated. A 20 MHz, phased array Eagle Eye® 
Platinum catheter was mounted on an R-100 pullback device 
and connected to either an integrated s5i system or a mobile s5 
tower (all Philips Volcano, San Diego, CA, USA). Image acqui-
sition was performed at a pullback speed of 0.5 mm/s and was 
ECG-gated. The maximum feasible length of all three coronary 
arteries was imaged. The data were anonymised and transferred 
to DVD for off-line data analysis. The operator was blinded to 
these data.

ANALYSIS OF IVUS DATA
VH-IVUS data analysis was performed in the Newcastle 
Angiography/IVUS/optical coherence tomography (OCT) core 
laboratory using the Medis QIVUS software, versions 2.2 and 
3.0 (Medis medical imaging systems, Leiden, the Netherlands). 
Contours were drawn manually around the external elastic mem-
brane (EEM) and lumen of the vessel for each greyscale IVUS 
frame, excluding any ring-down artefact or previously stented seg-
ments. Quantitative IVUS measurements included cross-sectional 
areas of EEM, lumen, plaque and media area (cross-sectional area 
of the EEM minus that of the lumen), plaque burden (PB: plaque 
and media cross-sectional area divided by EEM cross-sectional 
area), minimum lumen area (MLA) and diameter, percent steno-
sis, and absolute volume and percentage of total plaque volume 
reported for each plaque component (fibrous tissue [FT], fibro-
fatty tissue [FF], necrotic core [NC], dense calcium [DC]). Percent 
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atheroma volume was calculated as the proportion of the entire 
vessel wall occupied by atherosclerotic plaque throughout the seg-
ment of interest:

Percent atheroma volume =

 

(EEM
volume

 – Lumen
volume

)

EEM
volume  

×100

Analyses were performed on VH-IVUS data to determine 
the lesion type (a lesion was defined as having more than three 
consecutive slices with ≥40% plaque burden) and a frame-by-
frame analysis was then performed to classify the lesion subtype 
(Supplementary Figure 1) according to definitions from a con-
sensus document22. Percentage plaque phenotype was calculated 
as: the (number of frames containing plaque phenotype / total 
number of frames of the vessel) x 100. Lesion-specific data and 
whole-patient data are presented separately. When a patient had 
multiple lesions, mean values were taken for calculation of % 
lesion types.

The composite major adverse cardiovascular events (MACE) 
was defined as: all-cause death, myocardial infarction (MI), 
stroke, unplanned repeat revascularisation, bleeding, and all-cause 
re-hospitalisation at one year. Only the event occurring first was 
counted. Significant bleeding was defined as per the Bleeding 
Academic Research Consortium (BARC) criteria23. All one-year 
outcomes were ascertained at the follow-up appointment.

STATISTICAL ANALYSIS
Assuming that (a) one third of participants would be classified as 
robust, (b) based on prior studies17,22 high-risk lesions (e.g., TCFA) 
would be present in 30% of the robust patients, and (c) the com-
bined pre-frail and frail phenotypes would be associated with an 
approximate relative risk (RR) of 2, a sample size of at least n=93 
was required to achieve a power of 80%, with a type I error (α) 
of 0.0524. At the time of the design of the study, we had planned 
to recruit 100 of the total 300 patients in the ICON1 study into 
the invasive imaging study, given the fact that we had anticipated 
that it would not be feasible to perform three-vessel imaging in all 
recruited patients.

Continuous variables are presented in the form of mean (stand-
ard deviation [SD]) or median (interquartile range [IQR]); discrete 
variables are presented as absolute numbers (percentage). Tests of 
normality were performed for all variables. The Student’s t-test or 
one-way ANOVA was performed for the comparison of normally 
distributed, continuous variables; the Mann-Whitney U test was 
used for non-normally distributed variables for independent sam-
ples. The chi-square test (χ2) or Fisher’s exact test was used for 
comparison of discrete variables. The association of relevant risk 
factors (age, sex, history of hypertension, diabetes, and frailty) 
with plaque phenotype was examined by logistic regression mod-
els in unadjusted models. Age- and sex-adjusted models were 
also used to examine the relationship between frailty and plaque 
phenotype.

This substudy was not powered to evaluate clinical outcomes 
and was thus performed as an exploratory analysis only. The 

Kaplan-Meier (KM) method was used to estimate composite end-
point-free survival curves; the log-rank test was used to ascertain 
equality of event-free survival curves among groups. The pro-
portional hazard assumption was tested. A Cox regression model 
was used to obtain the hazard ratio (HR). A two-tailed p-value 
<0.05 was used as the threshold for statistical significance. SPSS, 
Version 23.0 (IBM Corp., Armonk, NY, USA) software was used 
for all statistical analyses.

Results
STUDY RECRUITMENT AND BASELINE CHARACTERISTICS
Ninety patients (age 80.9±3.8 years, 59 [65.6%] male) were 
included in the VH-IVUS substudy (Figure 1). The reasons for 
exclusion are shown in Supplementary Figure 2.

Patients assessed 
for eligibility

(n=629)

Eligible to participate 
in ICON-1
(n=457)

Unable to provide informed consent: n=59/457, 12.9%
– Lack of capacity n=45
– Severe visual impairment n=7
– Language issues n=4
– Severe hearing impairment n=2
– Illiteracy n=1

Declined to participate: n=79/457, 17.3%
– Did not wish to participate n=79

Excluded from analysis n=2/300, 0.7%
– Late non-ACS diagnosis n=2

No IVUS procedure performed: n=198/298, 69.8%
VH imaging using 
Revolution catheter: n=10

Not recruited: n=19/319, 6.0% 
– Non-ACS diagnosis n=18
– Other (withdrawal of consent) n=1

Provided written, 
informed consent

(n=319)

Recruited to ICON-1
(n=300)

Completed 
30-day/1-year follow-up

(n=298)

IVUS subgroup analysis
(n=90)
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Figure 1. Flow diagram of ICON1 screening, recruitment, and 
invasive subgroup analysis. ACS: acute coronary syndrome; 
IVUS: intravascular ultrasound; VH: virtual histology
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BASELINE CHARACTERISTICS OF VH-IVUS SUBGROUPS
The baseline and procedural characteristics of the study patients 
are displayed in Table 1 and Table 2. Twenty-six (28.9%) partici-
pants were robust, 49 (54.4%) were pre-frail, and 15 (16.7%) were 
frail. Frail patients were older (p=0.017), with higher GRACE 2.0 
scores (p=0.026). The VH-IVUS data are displayed in Table 3, 
Table 4, Supplementary Table 1 and Supplementary Table 2. The 
total length of the coronary artery imaged per patient was 97.7 
(IQR 82.3) mm, and the median number of IVUS frames ana-
lysed per patient was 212 (IQR 182) frames. The pre-frail group 
was associated with the smallest MLA in culprit lesions (p=0.019, 
robust vs. pre-frail; p=0.001, pre-frail vs. frail).

PRIMARY OUTCOME MEASURE
Overall, combining culprit and non-culprit lesions, VH-TCFA 
(defined as thin-cap fibroatheroma and calcified thin-cap fibroath-
eroma combined) was present in 58 (64.4%) patients. There was 
a significant difference in the occurrence of VH-TCFA between 
robust and pre-frail patients (46.2% in robust vs. 75.5% in pre-
frail vs. 60% in frail, p=0.011 for robust vs. pre-frail) (Table 4). 

Importantly, frailty phenotype (defined as Fried frail and pre-
frail combined) was independently associated with the presence 
of high-risk plaque phenotypes in age- and sex-adjusted logistic 
regression analyses (Supplementary Table 3): TCFA (odds ratio 
[OR] 2.81, 95% confidence interval [CI]: 1.06-7.48; p=0.039).

SECONDARY ANALYSIS
Frail patients had the highest DC % to total plaque volume 
(p=0.02, pre-frail vs. frail; p=0.037, robust vs. frail), and the 
lowest NC/DC ratio (p=0.004, pre-frail vs. frail; p=0.014, robust 
vs. frail). In addition to TCFA, patients in the pre-frail group 
also had the highest proportion of other PROSPECT-defined 
high-risk plaque lesions: MLA ≤4 mm2 (38.5% vs. 67.3% vs. 
46.7%, p=0.016 for robust vs. pre-frail), TCFA+MLA ≤4 mm2 
(19.2% vs. 53.1% vs. 33.3%, p=0.005 for robust vs. pre-frail), 
TCFA+PB ≥70% (23.1% vs. 57.1% vs. 46.7%, p=0.005 for 
robust vs. pre-frail), TCFA+PB ≥70%+MLA ≤4 mm2 (15.4% 
vs. 51% vs. 33.3%, p=0.003 for robust vs. pre-frail), with signi-
ficant difference being found only between the robust and pre-
frail groups.

Table 1. Baseline characteristics stratified by Fried frailty status.

Total  
(n=90)

Robust  
(n=26)

Pre-frail  
(n=49)

Frail  
(n=15)

p-value

Demographics

Age, years (SD) 80.9 (3.8) 79.3 (3.0) 81.2 (4.0) 82.6 (3.8) 0.017

Male, n (%) 59 (65.6) 16 (61.5) 35 (71.4) 8 (53.3) 0.38

Clinical measures

BMI, kg/m2 (SD) 26.9 (4.2) 27.7 (3.9) 26.8 (4.2) 25.6 (4.7) 0.32

NYHA III or IV, n (%) 11 (12.4) 1 (4) 6 (12.2) 4 (26.7) 0.15

CCS III or IV, n (%) 10 (11.2) 2 (8) 6 (12.2) 2 (13.3) 0.86

MOCA, points (SD) 25 (3) 26 (3) 26 (3) 23.5 (5) 0.11

GRACE score, points (SD) 130.5 (18.2) 124.4 (14.0) 130.9 (19.2) 140.6 (18.5) 0.026

Medical history

Hypertension, n (%) 56 (62.2) 16 (61.5) 28 (57.1) 12 (80) 0.28

Diabetes, n (%) 19 (21.1) 3 (11.5) 10 (20.4) 6 (40) 0.11

Hyperlipidaemia, n (%) 45 (50) 13 (50) 25 (51) 7 (46.7) 1.0

Family history of IHD, n (%) 28 (31.8) 10 (41.7) 11 (22.4) 7 (46.7) 0.09

Renal impairment, n (%) 15 (16.7) 4 (15.4) 8 (16.3) 3 (20) 0.86

Previous MI, n (%) 17 (18.9) 6 (23.1) 7 (14.3) 4 (26.7) 0.41

Previous angina, n (%) 28 (31.1) 4 (15.4) 18 (36.7) 6 (40) 0.11

CCF, n (%) 5 (5.6) 1 (3.8) 3 (6.1) 1 (6.7) 1.0

PVD, n (%) 6 (6.7) 0 (0) 4 (8.2) 2 (13.3) 0.19

Previous TIA/stroke, n (%) 13 (14.4) 1 (3.8) 8 (16.3) 4 (26.7) 0.10

COPD, n (%) 15 (16.7) 2 (7.7) 10 (20.4) 3 (20.0) 0.34

Smoking status

Smoking history, n (%) 52 (57.8) 14 (53.8) 28 (57.1) 10 (66.7) 0.72

BMI: body mass index; BP: blood pressure; CCF: congestive cardiac failure; CCS: Canadian Cardiovascular Society angina score; COPD: chronic 
obstructive pulmonary disease; GRACE: Global Registry of Acute Coronary Events; IHD: ischaemic heart disease; IQR: interquartile range; 
MI: myocardial infarction; MOCA: Montreal Cognitive Assessment; NYHA: New York Heart Association class; PVD: peripheral vascular disease; 
SD: standard deviation; TIA: transient ischaemic attack
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Table 2. Procedural and management details stratified by frailty status.

Total  
(n=90)

Robust  
(n=26)

Pre-frail  
(n=49)

Frail  
(n=15)

p-value

NSTEMI, n (%) 72 (80) 22 (84.6) 38 (77.6) 12 (80) 0.77

Time from admission to CA, days (IQR) 5 (4) 5 (3) 5 (3) 5 (4) 1.0

Length of hospital stay, days (IQR) 6 (4) 6 (3) 6 (3) 7 (5) 0.88

Medical management only, n (%) 4 (4.4) 1 (3.8) 3 (6.1) 0 (0) 1.0

Single-vessel PCI, n (%) 58 (64.4) 17 (65.4) 30 (61.2) 11 (73.3) 0.69

Multivessel PCI, n (%) 28 (31.1) 8 (30.8) 16 (32.7) 4 (26.7) 0.95

Left main stem disease, n (%) 4 (4.4) 1 (3.8) 2 (4.1) 1 (6.7) 0.81

LAD disease, n (%) 54 (60) 16 (61.5) 29 (59.2) 9 (60) 0.98

LCx disease, n (%) 25 (27.8) 7 (26.9) 14 (28.6) 4 (26.7) 1.0

RCA disease, n (%) 36 (40) 11 (42.3) 18 (36.7) 7 (46.7) 0.76

Number of stents, median (IQR) 1 (1) 2 (2) 1 (1) 1 (2) 0.27

Radial access, n (%) 82 (91.1) 24 (92.3) 47 (95.9) 11 (73.3) 0.047

Contrast volume, mL (SD) 188 (71) 192 (74) 184 (71) 197 (72) 0.94

Radiation dose, cGycm2 (IQR) 6,059 (5,774) 6,063 (5,758) 6,020 (5,695) 6,098 (6,204) 1.0

Periprocedural complications*, n (%) 6 (6.7) 3 (11.5) 2 (4.1) 1 (6.7) 0.38

* Periprocedural complications: 1 pseudoaneurysm, 1 ventricular fibrillation arrest, 1 left anterior descending artery distal stent dissection which was 
stented, 1 distal edge dissection, 1 bleeding from right radial puncture site, and 1 loss of side branch which was stented. CA: coronary angiography; 
IQR: interquartile range; LAD: left anterior descending; LCx: left circumflex; NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous 
coronary intervention; RCA: right coronary artery; SD: standard deviation

Table 3. Lesion classification before percutaneous coronary intervention.

Lesion type*
Total  

(n=278)
Robust  
(n=72)

Pre-frail  
(n=159)

Frail  
(n=47)

Intimal medial thickening 6 (2.2%) 1 (1.4%) 5 (3.1%) 0 (0%)

Fibrotic plaque 7 (2.5%) 1 (1.4%) 6 (3.8%) 0 (0%)

Pathological intimal thickening 14 (5%) 2 (2.8%) 8 (5.0%) 4 (8.5%)

Fibrocalcific plaque 1 (0.3%) 1 (1.4%) 0 (0%) 0 (0%)

Fibroatheroma 35 (12.6%) 15 (20.8%) 15 (9.4%) 5 (10.6%)

Calcified fibroatheroma 118 (42.4%) 32 (44.4%) 63 (39.6%) 23 (48.9%)

Thin-cap fibroatheroma 14 (5%) 2 (2.8%) 12 (7.5%) 0 (0%)

Calcified thin-cap fibroatheroma 83 (29.9%) 18 (25%) 50 (31.4%) 15 (31.9%)

*Lesion classification – 278 lesions in 90 patients.

Table 4. Primary outcome measure: plaque characteristics – at patient level (i.e., combining culprit and non-culprit lesions).

Variables
Total 

(n=90)
Robust 
(n=26)

Pre-frail 
(n=49)

Frail 
(n=15)

p-values

Robust vs. 
Pre-frail

Pre-frail 
vs. Frail

Robust vs. 
Frail

Presence of TCFA, n (%)* 58 (64.4) 12 (46.2) 37 (75.5) 9 (60) 0.011 0.33 0.39

MLA ≤4 mm2, n (%) 50 (55.6) 10 (38.5) 33 (67.3) 7 (46.7) 0.016 0.15 0.61

PB ≥70%, n (%) 55 (61.1) 14 (53.8) 33 (67.3) 8 (53.3) 0.25 0.32 0.98

TCFA+MLA ≤4 mm2, n (%) 36 (40) 5 (19.2) 26 (53.1) 5 (33.3) 0.005 0.18 0.45

TCFA+PB ≥70%, n (%) 41 (45.6) 6 (23.1) 28 (57.1) 7 (46.7) 0.005 0.48 0.17

TCFA+PB ≥70%+MLA ≤4 mm2, n (%) 34 (37.8) 4 (15.4) 25 (51) 5 (33.3) 0.003 0.23 0.25

* A sample size of at least n=93 was required to achieve power of 80%, with type I error (α) of 0.05 to detect difference in TCFA between frailty groups 
as pre-defined in study protocol. MLA: minimum lumen area; PB: plaque burden; TCFA: thin-cap fibroatheroma
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Further analysis was undertaken by analysing the combined pre-
frail and frail group vs. the robust group (frail vs. non-frail). The 
combined pre-frail and frail group had a significantly higher pre-
valence of PB ≥70% (p=0.03), and % atheroma volume (p=0.02) 
in the non-culprit artery. The frail group (pre-frail+frail) also had 
a greater presence of high-risk lesions: TCFA (p=0.02), MLA 
≤4 mm2 (p=0.04), TCFA+MLA ≤4 mm2 (p=0.01), TCFA+PB 
≥70% (p=0.006), and TCFA+PB ≥70%+MLA ≤4 mm2 (p=0.005).

Importantly, frailty phenotype (defined as Fried frail and pre-
frail combined) was also independently associated with the pres-
ence of other high-risk plaque phenotypes on logistic regression 
analyses (Supplementary Table 3): MLA ≤4 mm2 (OR 3.07, 95% 
CI: 1.15-8.2), the presence of TCFA+MLA ≤4 mm2 (OR 4.07, 95% 
CI: 1.34-12.42), TCFA+PB ≥70% (OR 3.79, 95% CI: 1.32-10.91), 
and the presence of all three combined (TCFA+PB ≥70%+MLA 
≤4 mm2; OR 4.89, 95% CI: 1.48-16.13).

EXPLORATORY CLINICAL OUTCOMES DATA
Eighty-nine patients completed one-year follow up. Frail patients 
had a higher MACE rate (p=0.04) driven by a higher rate of 
all-cause rehospitalisation (p=0.013) (Supplementary Table 4). 
Twenty-eight rehospitalisation episodes occurred in 25 patients, 
comprising admissions due to: cardiovascular (10; 35.7%), gastro-
enterological (5; 17.9%), neoplastic (3; 10.7%), renal (2; 7.1%), 
pulmonary (1; 3.6%), neurological (1; 3.6%), and other (6; 21.4%) 
causes.

At one year, the pre-frail/frail phenotype was associated with 
higher MACE (p=0.04) by KM survival analysis (Supplementary 
Figure 3A, Supplementary Figure 3B). Although there was an 
indication of violation of the proportionality assumption from KM 
curves, the Cox regression model provided a reasonably well-fit-
ted survival curve to the observed survival curve (Supplementary 
Figure 4) and was therefore used to identify predictors of a MACE 
endpoint. Relative to frail patients, robust patients had less chance 
(HR 0.37, p=0.03) of reaching MACE. Additional analysis was 
also performed, demonstrating a non-significant difference in 
survival curves in individual and combined plaque phenotypes 
(Supplementary Figure 5).

Discussion
The present study demonstrated for the first time that, in older 
patients undergoing invasive management of NSTEACS, high-
risk coronary artery lesion phenotypes were more common in frail 
and pre-frail compared to robust older patients. Frailty is strongly 
and independently associated with PROSPECT-defined high-risk 
plaque phenotypes.

Several previous studies have examined coronary artery plaque 
phenotypes by VH-IVUS and their relationship with clinical out-
come, including the Providing Regional Observations to Study 
Predictors of Events in the Coronary tree (PROSPECT) study18, 
the Virtual Histology in Vulnerable Atherosclerosis (VIVA) 
study16, and the European Collaborative Project on Inflammation 
and Vascular Wall Remodeling in Atherosclerosis - Intravascular 

Ultrasound (ATHEROREMO-IVUS) study17. These previous three 
main VH-IVUS clinical outcomes registries evaluated a much 
younger patient population (PROSPECT: median age 58.1 years; 
VIVA: median age 63.1 years; ATHEROREMO-IVUS: mean age 
61.6 years); frailty phenotype was not examined. Our study is 
the first report of an association between VH-IVUS-based plaque 
classification and patient frailty phenotype in this growing high-
risk older patient population. Overall, the presence of vulnerable 
plaque was shown to be high (64.4% at patient level in ICON1; 
50.2% in PROSPECT; and 41.7% in ATHEROREMO-IVUS).

A number of important differences between our study (ICON1) 
and previously reported studies may explain the higher prevalence 
of high-risk coronary lesion phenotypes. Firstly, the ICON1 study 
included a much older, high-risk population which may be assoc-
iated with a higher prevalence of high-risk plaques. Secondly, our 
study contained high-risk NSTEACS patients, whereas VIVA and 
ATHEROREMO-IVUS contained both stable angina and ACS 
patients. Thirdly, the VH-TCFA definitions varied among stud-
ies. The VIVA and ATHEROREMO-IVUS studies both required 
confluent necrotic core >10% of plaque cross-sectional area to 
be in contact with the vessel lumen for three consecutive frames; 
the PROSPECT study required confluent necrotic core of >10% 
plaque area to be in contact with the lumen for a ≥30º arc for 
three consecutive frames. In ICON1, we used the definition set 
by the published consensus document which updated and uni-
fied VH-IVUS imaging analysis and plaque definitions after the 
PROSPECT, VIVA, and ATHEROREMO-IVUS studies were 
conducted, where confluent necrotic core >10% of plaque area 
was required to be in contact with the lumen for a >36º arc for 
three consecutive frames. This may have reduced the propor-
tion of lesions being reported by VH-IVUS; thus, the “actual” 
VH-TCFA prevalence may be even higher in this high-risk older 
patient group. Fourthly, we obtained IVUS images prior to PCI 
including both culprit and non-culprit lesions, whereas only non-
culprit lesions were analysed in PROSPECT as IVUS images 
were obtained after PCI. Furthermore, the In-Vision Gold console 
(Philips Volcano) was used in PROSPECT instead of the s5 for 
the VH algorithm used in our study; the amount of necrotic core 
detected may therefore differ.

No previous study has shown the association of frailty with coro-
nary artery plaque phenotype. For the first time, in our study we 
have shown that frailty was independently associated with high-risk 
plaque phenotype which is a novel finding that might explain the 
association of frail patients with adverse outcomes. Importantly in 
our study, radial access was achieved in 91.1% of cases. The Fried 
frailty assessment (slow walking/getting up from chair component) 
would not have been affected in the majority of patients. Frail older 
patients are often denied advanced care, including angiography 
and revascularisation, due to fear of futility and complications. 
The definitive benefit of coronary angiography and revascularisa-
tion among frail older patients (≥75 years of age) presenting with 
NSTEMI is currently being evaluated in the ongoing British Heart 
Foundation SENIOR-RITA trial (ClinicalTrials.gov NCT03052036).
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Study limitations
The ICON1 study recruited patients who have been referred to 
tertiary cardiac centres for coronary angiography, and it is thus 
possible that the oldest and frailest patients who were not offered 
invasive management were not included in our study. This current 
subgroup analysis study was also limited by the selective patient 
cohort, with particular coronary anatomy features suitable for 
VH-IVUS imaging and PCI, constraints from cardiac catheter lab-
oratory operators, other urgent cases waiting, and time and other 
constraints in the catheter laboratory (Supplementary Figure 2). 
Furthermore, the small sample size also restrains statistical power 
to determine association of plaque phenotype with clinical out-
comes. Nevertheless, for the first time our study has provided 
important insights into the coronary artery plaque phenotype in 
this older frail patient cohort. Moreover, we attempted to recruit 
very high-risk frail older patients involving a complex invasive 
study protocol. The study was successfully executed with impor-
tant unique findings in this patient cohort.

Conclusions
This is the first study to demonstrate differences in the coro-
nary plaque phenotype among frail older patients presenting with 
NSTEACS. Frailty is strongly and independently associated with 
high-risk plaque phenotypes including TCFA.

Impact on daily practice
Frail, older patients are at higher risk of poor outcomes fol-
lowing an acute coronary syndrome. In our study, frailty was 
strongly and independently associated with high-risk plaque 
phenotypes, which might contribute to adverse events in this 
group of patients. Older patients should be offered contempo-
rary treatments to improve their clinical outcomes.

Acknowledgements
Carmen Martin-Ruiz and Gabriele Saretzki, Institute for Ageing 
and Health, Newcastle University, for biomarker analysis support. 
Newcastle angiographic/IVUS/OCT core laboratory members: 
Vijay Kunadian, Hannah Sinclair, Kimberley Batanghari, Dhiluni 
Kandage, Jin Tee, Ross Fowkes, Victor Tsoi, Benjamin Beska, 
Rebecca Jordan, Amy Burrell, Shristy Subba, James Latimer. The 
cardiology research team at Freeman Hospital: Kathryn Proctor and 
Jennifer Adams-Hall for participant follow-up support. Professor 
Javed Ahmed, Professor Rajiv Das, Dr Alan Bagnall, Professor 
Ioakim Spyridopoulos, Professor Azfar Zaman, Dr Richard Edwards, 
Dr Mohaned Egred, Dr Ian Purcell, Freeman Hospital, Newcastle 
upon Tyne, UK; Dr Mark de Belder and Bev Atkinson, James Cook 
University Hospital, Middlesbrough, UK, for data collection support.

Funding
The research was supported/funded by the National Institute for 
Health Research (NIHR) Newcastle Biomedical Research Centre 
(BRC) based at Newcastle Hospitals NHS Foundation Trust 

and Newcastle University. The views expressed are those of the 
authors and not necessarily those of the NHS, the NIHR or the 
Department of Health. This study was also supported by unre-
stricted research support from Volcano Corporation, San Diego, 
USA. V. Kunadian has received research funding from NIHR BRC 
Newcastle, AstraZeneca (ISSBRIL0303), and the British Heart 
Foundation (CS/15/7/31679).

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Afilalo J. Frailty in Patients with Cardiovascular Disease: 
Why, When, and How to Measure. Curr Cardiovasc Risk Rep. 
2011;5:467-72.
 2. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, 
Gottdiener J, Seeman T, Tracy R, Kop WJ, Burke G, McBurnie MA; 
Cardiovascular Health Study Collaborative Research Group. Frailty 
in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med 
Sci. 2001;56:M146-56.
 3. Ekerstad N, Swahn E, Janzon M, Alfredsson J, Löfmark R, 
Lindenberger M, Andersson D, Carlsson P. Frailty is independently 
associated with 1-year mortality for elderly patients with non-ST-
segment elevation myocardial infarction. Eur J Prev Cardiol. 
2014;21:1216-24.
 4. Ekerstad N, Swahn E, Janzon M, Alfredsson J, Löfmark R, 
Lindenberger M, Andersson D, Carlsson P. Frailty is independently 
associated with short-term outcomes for elderly patients with non-
ST-segment elevation myocardial infarction. Circulation. 
2011;124:2397-404.
 5. Graham MM, Galbraith PD, O’Neill D, Rolfson DB, 
Dando C, Norris CM. Frailty and outcome in elderly patients with 
acute coronary syndrome. Can J Cardiol. 2013;29:1610-5.
 6. Kang L, Zhang SY, Zhu WL, Pang HY, Zhang L, Zhu ML, 
Liu XH, Liu YT. Is frailty associated with short-term outcomes for 
elderly patients with acute coronary syndrome? J Geriatr Cardiol. 
2015;12:662-7.
 7. Sanchis J, Bonanad C, Ruiz V, Fernández J, García-Blas S, 
Mainar L, Ventura S, Rodríguez-Borja E, Chorro FJ, 
Hermenegildo C, Bertomeu-González V, Núñez E, Núñez J. Frailty 
and other geriatric conditions for risk stratification of older patients 
with acute coronary syndrome. Am Heart J. 2014;168:784-91.
 8. White HD, Westerhout CM, Alexander KP, Roe MT, 
Winters KJ, Cyr DD, Fox KA, Prabhakaran D, Hochman JS, 
Armstrong PW, Ohman EM; TRILOGY ACS investigators. Frailty 
is associated with worse outcomes in non-ST-segment elevation 
acute coronary syndromes: Insights from the TaRgeted platelet 
Inhibition to cLarify the Optimal strateGy to medicallY manage 
Acute Coronary Syndromes (TRILOGY ACS) trial. Eur Heart J 
Acute Cardiovasc Care. 2016;5:231-42.
 9. Núñez J, Ruiz V, Bonanad C, Miñana G, García-Blas S, 
Valero E, Núñez E, Sanchis J. Percutaneous coronary intervention 
and recurrent hospitalizations in elderly patients with non 



e268

EuroIntervention 2
0
1
9

;1
5

:e
2

61-e
2

6
8

ST-segment acute coronary syndrome: The role of frailty. Int J 
Cardiol. 2017;228:456-8.
 10. Lee PY. Representation of elderly persons and women in pub-
lished randomized trials of acute coronary syndromes. JAMA. 
2001;286:708-13.
 11. Savonitto S, Cavallini C, Petronio AS, Murena E, 
Antonicelli R, Sacco A, Steffenino G, Bonechi F, Mossuti E, 
Manari A, Tolaro S, Toso A, Daniotti A, Piscione F, Morici N, 
Cesana BM, Jori MC, De Servi S; Italian Elderly ACS Trial 
Investigators. Early aggressive versus initially conservative treat-
ment in elderly patients with non-ST-segment elevation acute coro-
nary syndrome: a randomized controlled trial. JACC Cardiovasc 
Interv. 2012;5:906-16.
 12. Tegn N, Abdelnoor M, Aaberge L, Endresen K, Smith P, 
Aakhus S, Gjertsen E, Dahl-Hofseth O, Ranhoff AH, Gullestad L, 
Bendz B; After Eighty study investigators. Invasive versus conserva-
tive strategy in patients aged 80 years or older with non-ST-elevation 
myocardial infarction or unstable angina pectoris (After Eighty study): 
an open-label randomised controlled trial. Lancet. 2016;387:1057-65.
 13. Kolte D, Khera S, Palaniswamy C, Mujib M, Fonarow GC, 
Ahmed A, Jain D, Frishman WH, Aronow WS. Early invasive ver-
sus initial conservative treatment strategies in octogenarians with 
UA/NSTEMI. Am J Med. 2013;126:1076-83.
 14. Alexander KP, Newby LK, Cannon CP, Armstrong PW, 
Gibler WB, Rich MW, Van De Werf F, White HD, Weaver WD, 
Naylor MD, Gore JM, Krumholz HM, Ohman EM; American Heart 
Association Council on Clinical Cardiology; Society of Geriatric 
Cardiology. Acute coronary care in the elderly, part I. Non-ST-
segment-elevation acute coronary syndromes: a scientific statement 
for healthcare professionals from the American Heart Association 
Council on Clinical Cardiology: in collaboration with the Society 
of Geriatric Cardiology. Circulation. 2007;115:2549-69.
 15. Sinclair H, Kunadian V. Coronary revascularisation in older 
patients with non-ST elevation acute coronary syndromes. Heart. 
2016;102:416-24.
 16. Calvert PA, Obaid DR, O’Sullivan M, Shapiro LM, McNab D, 
Densem CG, Schofield PM, Braganza D, Clarke SC, Ray KK, 
West NEJ, Benett MR. Association between IVUS findings and 
adverse outcomes in patients with coronary artery disease: the 
VIVA (VH-IVUS in Vulnerable Atherosclerosis) Study. JACC 
Cardiovasc Imaging. 2011;4:894-901.
 17. Cheng JM, Garcia-Garcia HM, De Boer SPM, Kardys I, 
Heo JH, Akkerhuis KM, Oemrawsingh RM, Van Domburg RT, 
Ligthart J, Witberg KT, Regar E, Serruys PW, Van Geuns RJ, 
Boersma E. In vivo detection of high-risk coronary plaques by 
radiofrequency intravascular ultrasound and cardiovascular out-
come: results of the ATHEROREMO-IVUS study. Eur Heart J. 
2014;35:639-47.
 18. Stone GW, Maehara A, Lansky AJ, de Bruyne B, Cristea E, 
Mintz GS, Mehran R, McPherson J, Farhat N, Marso SP, Parise H, 
Templin B, White R, Zhang Z, Serruys PW; PROSPECT 
Investigators. A prospective natural-history study of coronary ath-
erosclerosis. N Engl J Med. 2011;364:226-35.

 19. Kunadian V, Neely RDG, Sinclair H, Batty JA, Veerasamy M, 
Ford GA, Qiu W. Study to Improve Cardiovascular Outcomes in 
high-risk older patieNts (ICON1) with acute coronary syndrome: 
study design and protocol of a prospective observational study. 
BMJ Open. 2016;6:e012091.
 20. Sinclair H, Batty JA, Qiu W, Kunadian V. Engaging older 
patients in cardiovascular research: observational analysis of the 
ICON-1 study. Open Heart. 2016;3:e000436.
 21. Batty J, Qiu W, Gu S, Sinclair H, Veerasamy M, Beska B, 
Neely D, Ford G, Kunadian V; ICON-1 Study Investigators. One-
year clinical outcomes in older patients with non-ST elevation 
acute coronary syndrome undergoing coronary angiography: An 
analysis of the ICON1 study. Int J Cardiol. 2019;274:45-51.
 22. García-García HM, Mintz GS, Lerman A, Vince G, Margolis P, 
van Es GA, Morel MA, Nair A, Virmani R, Burke AP, Stone GW, 
Serruys PW. Tissue characterisation using intravascular radio-
frequency data analysis: recommendations for acquisition, analysis, 
interpretation and reporting. EuroIntervention. 2009;5:177-89.
 23. Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, 
Eikelboom J, Kaul S, Wiviott SD, Menon V, Nikolsky E, 
Serebruany V, Valgimigli M, Vranckx P, Taggart D, Sabik JF, 
Cutlip DE, Krucoff MW, Ohman EM, Steg PG, White H. 
Standardized bleeding definitions for cardiovascular clinical trials: 
a consensus report from the Bleeding Academic Research 
Consortium. Circulation. 2011;123:2736-47.
 24. Hulley SB, Cummings SR, Browner WS, Grady DG, 
Newman TB. Designing clinical research. 4th ed. Philadelphia, PA, 
USA: Lippincott Williams & Wilkins; 2013.

Supplementary data
Supplementary Figure 1. Decision tree for lesion classification on 
VH-IVUS with image examples19,22.
Supplementary Figure 2. Study flow chart showing reasons for 
exclusion from VH-IVUS subgroup analysis, and characteristics 
of imaged arteries.
Supplementary Figure 3A and Supplementary Figure 3B. Kaplan-
Meier plots demonstrating time to first MACE.
Supplementary Figure 4. Cox regression model: predicted sur-
vival curve vs. observed survival curve.
Supplementary Figure 5. Kaplan-Meier plots demonstrating time 
to first MACE.
Supplementary Table 1. Plaque characteristics (lesion level).
Supplementary Table 2. Plaque characteristics – patient level 
(i.e., combining culprit and non-culprit lesions).
Supplementary Table 3. Clinical predictors of vulnerable plaque 
type.
Supplementary Table 4. One-year outcomes stratified by frailty 
status.

The supplementary data are published online at: 
https://eurointervention.pcronline.com/
doi/10.4244/EIJ-D-18-00848
 



Supplementary data 
 
 

 

Supplementary Figure 1. Decision tree for lesion classification on virtual histology-intravascular ultrasound (VH-IVUS) with image examples 

[19,22].  

 



 

 

Supplementary Figure 2. Study flow chart showing reasons for exclusion from VH-IVUS subgroup analysis, and characteristics of imaged arteries. 

CABG: coronary artery bypass graft; Cx: left circumflex artery; IVUS: intravascular ultrasound; LAD: left anterior descending artery; LMS: left main stem; 

PCI: percutaneous coronary intervention; RCA: right coronary artery; VH: virtual histology 

 



 

Supplementary Figure 3A. Kaplan-Meier plot, demonstrating time to first MACE. Log-rank test for equality of survival distributions 

demonstrates a significant difference between the survival curves (X2=6.029, 2 degrees of freedom, p=0.049). 

MACE: major adverse cardiovascular events; MI: myocardial infarction 



 

 

Supplementary Figure 3B. Kaplan-Meier plot, demonstrating time to first MACE. Log-rank test for equality of survival distributions 

demonstrates a significant difference between the survival curves (X2=4.243, 1 degree of freedom, p=0.039). 

MACE: major adverse cardiovascular events; MI: myocardial infarction 



 

 

Supplementary Figure 4. Cox regression model: predicted survival curve vs. observed survival curve, indicating a well-fitted model using Cox proportional 

hazards model.  

 



 

 

Supplementary Figure 5. Kaplan-Meier plots demonstrating time to first MACE, showing non-significant difference between the survival curves in high-

risk lesion types. (A) TCFA to first MACE; (B) MLA ≤4 mm2 to first MACE; (C) PB ≥70% to first MACE; (D) TCFA and MLA ≤4 mm2 to first MACE; (E) 

TCFA and PB ≥70% to first MACE; (F) TCFA and MLA ≤4 mm2 and PB ≥70% to first MACE.  

MACE: major adverse cardiovascular events; MI: myocardial infarction; MLA: minimum lumen area; PB: plaque burden; TCFA: thin-cap fibroatheroma 

 



Supplementary Table 1. Plaque characteristics (lesion level). 

 
Variables Overall 

(n=90) 

Robust 

(n=26) 

Pre-frail 

(n=49) 

Frail 

(n=15) 
p-values 

Robust vs. 

Pre-frail 

Pre-frail vs. 

Frail 

Robust vs. 

Frail 

Culprit length, mm - 

mean (SD) 

49.1 (27.6) 47.0 (32.6) 55.0 (25.5) 36.3 (20.6) 0.28 0.014 0.26 

MLA, mm2 - median 

(IQR) 

3.9 (2.3) 4.3 (2.3) 3.3 (1.8) 4.8 (2.8) 0.019 0.001 0.21 

Worst stenosis, % - 

mean (SD)a 

70.8 (11.5) 68.3 (13.9) 73.1 (10.6) 68.5 (8.7) 0.13 0.14 0.96 

Culprit % FA, % - 

median (IQR) 

11.9 (19.8) 7.1 (18.3) 15.6 (22.0) 7.4 (15.8) 0.11 0.053 0.81 

Culprit % Ca-FA, % - 

median (IQR) 

23.9 (31.1) 19.8 (29.9) 24.0 (23.8) 53.5 (33.9) 0.15 0.026 0.004 

Culprit % TCFA, % - 

median (IQR) 

0 (4.2) 0 (1.7) 1.2 (5.9) 0 (1.5) 0.007 0.012 0.75 

Culprit % Ca-TCFA, 

% - median (IQR) 

5.3 (11.7) 2.2 (13.2) 5.8 (9.2) 7.9 (12.7) 0.24 0.85 0.52 

Culprit PB ≥70% - n 

(%) 

44 (54.3) 12 (50) 26 (61.9) 6 (40) 0.35 0.14 0.54 

Culprit % atheroma 

volume, % - mean 

(SD) 

49.1 (12.0) 46.0 (11.1) 50.9 (13.3) 49.3 (8.5) 0.12 0.64 0.34 

Non-culprit length, 

mm - median (IQR) 

69.6 (60.5) 59.1 (45.5) 75.1 (53.4) 67.6 (70.8) 0.13 0.57 0.83 

Non-culprit % FA, % 

- median (IQR) 

9.7 (17.1) 5.2 (18.1) 11.7 (15.7) 6.1 (7.7) 0.023 0.013 0.84 

Non-culprit % Ca-

FA, % - median 

(IQR) 

20.5 (27.6) 14.7 (41.0) 20.9 (27.3) 22.9 (34.0) 0.42 0.57 0.17 

Non-culprit % TCFA, 

% - median (IQR) 

0.9 (2.9) 0.6 (2.4) 1.5 (3.8) 0.3 (1.7) 0.06 0.031 0.72 



Non-culprit % Ca-

TCFA, % - median 

(IQR) 

3.9 (11.5) 1.8 (7.6) 4.1 (14.8) 4.9 (9.1) 0.053 0.59 0.054 

Non-culprit PB ≥70% 

- n (%) 

35 (44.9) 6 (26.1) 23 (54.8) 6 (46.2) 0.026 0.59 0.28 

Non-culprit % 

atheroma volume, % 

- mean (SD) 

42.5 (10.4) 38.4 (9.8) 44.9 (9.7) 42.2 (12.1) 0.012 0.41 0.31 

 
a: worst stenosis is the largest area stenosis of all lesions. 
 
Ca-FA: calcified fibroatheroma; Ca-TCFA: calcified thin-cap fibroatheroma; FA: fibroatheroma; IQR: interquartile range; MLA: minimum lumen area; PB: plaque burden; 

SD: standard deviation; TCFA: thin-cap fibroatheroma   



Supplementary Table 2. Plaque characteristics - patient level (i.e. combining culprit and non-culprit lesions). 

Variables Overall 

(n=90) 

Robust 

(n=26) 

Pre-frail 

(n=49) 

Frail 

(n=15) 
p-values 

Robust vs. 

Pre-frail 

Pre-frail vs. 

Frail 

Robust vs. 

Frail 

Total number of arteries 

imaged - median (IQR) 

2 (1) 2 (2) 2 (2) 3 (1) 0.58 0.14 0.39 

Total number of lesions -

median (IQR) 

3 (2) 2.5 (2) 3 (2) 3 (2) 0.31 0.91 0.35 

Total length, mm - median 

(IQR) 

97.7 (82.3) 88.8 (56.1) 105.7 (88.3) 97.3 (93.0) 0.39 0.37 0.96 

Total frame number - median 

(IQR) 

212 (182) 187 (145) 218 (204) 228 (206) 0.42 0.96 0.41 

FT % total plaque volume, % - 

mean (SD) 

52.7 (9.9) 52.7 (12.2) 54.2 (8.7) 47.9 (8.2) 0.54 0.015 0.18 

FF % total plaque volume, % - 

median (IQR) 

12.1 (8.9) 12.3 (9.5) 11.6 (8.5) 13.4 (10.6) 0.88 0.38 0.43 

NC % total plaque volume, % - 

median (IQR) 

20.0 (7.7) 21.3 (9.3) 19.9 (6.8) 19.5 (7.1) 0.88 0.57 0.75 

DC % total plaque volume, % - 

median (IQR) 

13.2 (8.0) 12.5 (7.5) 12.6 (8.4) 15.6 (11.3) 0.64 0.02 0.037 

Total NC/DC, ratio - median 

(IQR) 

1.5 (0.9) 1.7 (0.9) 1.5 (1.0) 1.2 (0.4) 0.92 0.004 0.014 

Total % IMT, % - median 

(IQR) 

0 (1.06) 0 (0) 0 (1.32) 0 (0.31) 0.035 0.22 0.61 

Total % FP, % - median (IQR) 0.8 (2.2) 0.4 (1.3) 1.1 (2.9) 0.35 (1.9) 0.044 0.22 0.76 

Total % PIT, % - median (IQR) 2.3 (6.3) 1.5 (6.8) 2.3 (8.1) 2.9 (5.0) 0.47 0.52 0.98 

Total % FC, % - median (IQR) 0 (0) 0 (0) 0 (0) 0 (0.5) 0.55 0.004 0.08 

Total % FA, % - median (IQR) 11.7 (12.8) 10.7 (10.6) 14.7 (14.7) 7.4 (7.3) 0.15 0.016 0.18 

Total % Ca-FA, % - median 

(IQR) 

22.7 (24.0) 18.6 (33.3) 22.2 (14.8) 26.6 (40.6) 0.44 0.19 0.058 

Total % TCFA, % - median 

(IQR) 

0.9 (3.3) 0.7 (2.5) 2.4 (4.4) 0.4 (1.8) 0.022 0.018 0.56 



Total % Ca-TCFA, % - median 

(IQR) 

5.1 (9.7) 3.9 (7) 5.2 (10.1) 5.7 (12.7) 0.09 0.36 0.058 

a: A sample size of at least n=93 was required to achieve power of 80%, with type I error (α) of 0.05 to detect difference in TCFA between frailty groups as pre-defined in study 

protocol. 

 

Ca-FA: calcified fibroatheroma; Ca-TCFA: calcified thin-cap fibroatheroma; DC: dense calcium; FA: fibroatheroma; FC: fibrocalcific plaque; FF: fibro-fatty; FP: fibrotic 

plaque; FT: fibrous tissue; IMT: intimal medial thickening; IQR: interquartile range; MLA: minimum lumen area; NC: necrotic core; PB: plaque burden; PIT: pathological 

intimal thickening; SD: standard deviation; TCFA: thin-cap fibroatheroma  

 

 

 

  



Supplementary Table 3. Clinical predictors of vulnerable plaque type.  

 

Variable TCFA MLA ≤4 mm2 PB ≥70% 

OR [95% CI] p-value OR [95% CI] p-value OR [95% CI] p-value 

 

 

Unadjusted 

Age (over 85 vs. under 85) 1.46 [0.42-5.09] 0.55 0.77 [0.25-2.40] 0.65 1.17 [0.36-3.84] 0.79 

Sex (male vs. female) 1.88 [0.76-4.6] 0.17 0.86 [0.36-2.06] 0.73 1.22 [0.5-2.95] 0.67 

Hypertension 0.98 [0.40-2.39] 0.97 0.67 [0.28-1.58] 0.36 0.52 [0.21-1.28] 0.15 

Diabetes 1.72 [0.56-5.31] 0.35 0.38 [0.13-1.08] 0.07 0.64 [0.23-1.78] 0.40 

Frailty  

(pre-frail+frail vs. robust) 

2.98 [1.16-7.66] 0.023 2.67 [1.04-6.82] 0.04 1.53 [0.61-3.85] 0.37 

Age- and sex-

adjusted model 

Frailty  

(pre-frail+frail vs. robust) 

2.81 [1.06-7.48] 0.039 3.07 [1.15-8.20] 0.025 1.49 [0.57-3.85] 0.41 

CI: confidence interval; MLA: minimum lumen area; OR: odds ratio; PB: plaque burden; TCFA: thin-cap fibroatheroma 

 



Supplementary Table 4. One-year outcomes, stratified by frailty status. 

 
1-year outcomes Total 

(n=89) 

Robust 

(n=26) 

Pre-frail 

(n=48) 

Frail 

(n=15) 

p-value 

(robust vs. pre-frail vs. frail) 

     MACE outcome, n (%) 40 (44.9) 7 (26.9) 23 (47.9) 10 (66.7) 0.04 

     Death, n (%) 3 (3.4) 0 (0) 2 (4.2) 1 (6.7) 0.43 

     Myocardial infarction, n (%) 7 (8.1) 1 (3.8) 4 (8.7) 2 (14.3) 0.42 

     Death/myocardial infarction, n (%) 9 (10.1) 1 (3.8) 5 (10.4) 3 (20) 0.21 

     Urgent revascularisation, n (%) 4 (4.7) 1 (3.8) 2 (4.3) 1 (7.1) 0.81 

     Stroke, n (%) 1 (1.2) 0 (0) 1 (2.2) 0 (0) 1 

     Significant bleeding, n (%) 12 (14) 4 (15.4) 8 (17.4) 0 (0) 0.30 

     All-cause re-hospitalisation, n (%) 25 (30.1) 4 (15.4) 13 (29.5) 8 (61.5) 0.013 

     CV-cause re-hospitalisation, n (%) 9 (10.8) 3 (11.5) 3 (6.8) 3 (23.1) 0.20 

     Stable angina, n (%) 10 (12.8) 2 (8) 5 (12.2) 3 (25) 0.34 

     Elective PCI, n (%) 5 (6.3) 3 (11.5) 1 (2.4) 1 (8.3) 0.23 

     CCF, n (%) 4 (5) 0 (0) 2 (4.8) 2 (16.7) 0.09 

     TIA, n (%) 1 (1.3) 1 (3.8) 0 (0) 0 (0) 0.48 

     Institutional care requirement, n (%) 1 (1.4) 0 (0) 1 (2.6) 0 (0) 1 

 

A full description of statistical methods is included in the main text.  

Note: the composite endpoint only counts the first event; some patients experienced multiple adverse outcomes. 

 

CCF: congestive cardiac failure; CV: cardiovascular; MACE: major adverse cardiovascular events (including death, myocardial infarction, urgent revascularisation, stroke, 

significant bleeding); PCI: percutaneous coronary intervention; TIA: transient ischaemic attack  

 



 


