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Coronary Artery Disease

Aortic Arch Calcification Associated with
Cardiovascular Events and Death among Patients
with Acute Coronary Syndrome
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Background: To date, it remains unsettled whether aortic arch calcification (AAC) has prognostic value in patients
with acute coronary syndrome.

Methods: From January 1 to December 31, 2013, a total of 225 patients with acute coronary syndrome (mean age
72 + 26 years, 75% male) were enrolled in this study. Patients admitted to the coronary care unit of a tertiary
referral medical center under the preliminary diagnosis of acute coronary syndrome were retrospectively
investigated. The primary endpoint was composite of long-term major adverse cardiovascular events. The secondary
endpoints were 30-day and long-term all-cause mortality.

Results: Of the 225 patients enrolled in this study, 143 had detectable AAC. Those who had AAC were older, with
higher Killip classification and thrombolysis in myocardial infarction (TIMI) score with a lower probability of
single vessel disease. Acute coronary syndrome patients with AAC had significantly higher 30-day mortality
(17.3% vs. 7.1%, log-rank p = 0.02). During a mean follow-up period of 165 + 140 days (maximum 492 days), the
calcification group had significantly increased cardiovascular deaths (27.6% vs. 11.2%, log-rank p = 0.002),
all-cause mortality (28.3% vs. 11.2%, log-rank p = 0.001) and composite endpoint of major adverse cardiovascular
events (39.4% vs. 24.6%, log-rank p = 0.01). After adjusting for age, gender, diabetes mellitus and hypertension,
AAC was an independent risk factor for primary and secondary endpoints among patients with acute coronary
syndrome.

Conclusions: AAC provided valuable prognostic information on clinical outcomes in patients with acute coronary
syndrome. However, different treatment strategies would be warranted for optimal risk reduction in such a

population.
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INTRODUCTION

Acute coronary syndrome (ACS), including ST-seg-
ment elevation myocardial infarction (STEMI), non-ST-
segment elevation myocardial infarction (NSTEMI) and
unstable angina (UA), is an urgent condition that places
patients in critical circumstances, necessitating diagnos-
tic coronary angiography and mostly mandating coro-
nary intervention, either percutaneously or surgically.
Due to the elevated frequency of cardiac events in such
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a population, risk stratification in ACS patients in regards
to clinical outcomes was of notable importance. Predic-
tive factors such as diabetes mellitus® for long term out-
comes of ACS patients had been widely surveyed.

Aortic arch calcification (AAC) can easily be detected
by chest x-ray examination, and was first advocated foruse
in risk stratification of cardiac events among middle-aged
patient populations in the 1990s.>* Subsequent study had
reported that thoracic aortic calcification was also linked
with a higher incidence of coronary heart disease.”

Coronary calcification was a good predictor of coro-
nary event,” and aortic calcification was shown to be re-
lated to coronary artery calcium score.® Thus, it made
sense that aortic calcification might be a good predictor
of coronary event. In certain patient populations, such
as those under hemodialysis,” peritoneal dialysis® and
those who had undergone renal transplantation,’ aortic
calcification also served as an independent risk factor
for cardiovascular events and mortality. Progression of
aortic calcification predicted unfavorable outcomes for
patients undergoing peritoneal dialysis.'® Also, vascular
calcification was independently associated with intra-
dialysis hypotension and increased cardiac events in pa-
tients with regular hemodialysis."" Even in patients with
rheumatoid arthritis, aortic calcification correlated with
enhanced cardiovascular risk."

The relationship between aortic calcification and
hard outcomes suggests that chest x-ray examination
may be a good candidate for risk stratification for ACS
patients due to its widespread availability, ready feasibil-
ity and easy interpretability. Furthermore, AAC is more
reliably detected than aorta in the thoracic or abdomi-
nal portion in chest x-ray examination, which were often
obscured by other intra-thoracic and intra-abdominal
organs. The connection between AAC and clinical out-
comes in ACS patients was not fully investigated. Our
study aimed to examine the epidemiology, coronary
characteristics as well as clinical outcomes of ACS pa-
tients with AAC and clarify whether AAC plays a prog-
nostic role in ACS patients.

MATERIALS AND METHODS

Study population
Patients admitted to the coronary care unit of Tai-
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pei Veterans General Hospital under the impression of
acute coronary syndrome, including STEMI, NSTEMI
and UA, were recruited retrospectively between Janu-
ary 1 and December 31, 2013. The definitions of STEMI,
NSTEMI and UA followed the American college of car-
diology foundation/American heart association (ACCF/
AHA) guidelines."®!* The data collection, processing,
analysis and interpretation were approved by the com-
mittee of the Institutional Review Board of Taipei Vet-
erans General Hospital (IRB number 2014-11-003AC).
The underlying systemic disorders, anginal symptoms,
electrocardiography, chest plain film, laboratory inves-
tigations, coronary artery angiography, course of hospi-
talization, in-hospital events and discharge follow-up
(if available) of each patient were thoroughly scruti-
nized. The image interpretation, including electrocardi-
ography, chest plain film, coronary artery angiography,
wqs separately performed twice by two experienced
cardiologists blinded to clinical conditions. If a discrep-
ancy existed between the two cardiologists involving
the same patient, a third experienced cardiologist would
join reviewing examinations.

Chest plain film preparation and interpretation

Every study patient received posterior-anterior chest
roentgenography plain film (KXO-50R/DST-100A, TO-
SHIBA, Japan) or portable x-ray examination (FCR-MB
201, FUII, Japan), following the manufacturer’s instruc-
tions. Chest x-ray plain films giving rise to suspicion of
aortic dissection were excluded from enrollment. The
degree of AAC was divided into 4 levels from AAC grade
0 to grade 3, defined as follows: grade 0, no visible calci-
fication; grade 1, small spots of calcification or a single
thin area of calcification; grade 2, one or more areas of
thick calcification; grade 3, circular calcification of the
aortic knob (Figure 1)." Patients with AAC grades 1 to 3
were assigned to the calcification group, while those
without detectable calcification (grade 0) were assigned
to the non-calcification group.

Clinical outcomes

The primary outcome was the composite endpoint
of long-term major adverse cardiovascular events (MACE)
comprising non-fatal myocardial infarction (Ml), non-fa-
tal stroke and cardiovascular death, the definition of
which followed the universal agreement of consensus."®
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Figure 1. Grades of aortic arch calcification (AAC). Chest x-ray illustra-
tion of AAC (A) grade 0, (B) grade 1, (C) grade 2, and (D) grade 3.

The secondary outcomes were 30-day and long-term
all-cause mortality.

Statistical analysis

Numerical and nominal variables were expressed as
mean * standard deviation (SD) and frequency percent-
age, respectively. Analysis of variance (ANOVA) and
paired Student’s t-test were used for parametric evalua-
tion procedures. Kolmogorov-Smirnov and Shapiro-Wilk
tests were used for determination of skewness and
kurtosis. The categorical data between the 2 groups
were compared with chi-square test and Yates’ correla-
tion or Fisher’s exact test, as appropriate. All-cause mor-
tality and major adverse cardiovascular events were an-
alyzed with Kaplan-Meier analysis using the log-rank
test. The hazard ratio of mortality and major adverse
cardiovascular events were evaluated by Cox regression
models with adjustment for age, gender, type 2 diabetes
mellitus and hypertension. Statistical analyses were per-
formed with the SPSS system 21.0 (SPSS Inc., Chicago,
IL, USA). A p-value < 0.05 was considered statistically
significant.

RESULTS

A total of 225 patients were enrolled (75% male, 72
+ 26 years of age) with 34.7% STEMI, 58.7% NSTEMI and
6.6% UA. Among the 225 ACS patients, 127 [46 (20%)
AAC grade 1, 57 (25%) AAC grade 2 and 24 (11%) AAC

grade 3)] had AAC and 98 (44%) (AAC grade 0) did not.
The distributions of STEMI, NSTEMI and UA in both
groups were not statistically different, though the
non-calcification group had numerically higher STEMI
and lower NSTEMI.

Patients in the calcification group were older, with a
higher percentage having underlying hypertension, pe-
ripheral artery disease and calcium-channel blocker use.
The body characteristics of the calcification group in-
cluded lower body weight, body mass index and waist
circumference. Regarding lipid profiles, patients with de-
tectable AAC had significantly lower serum levels of to-
tal cholesterol and triglycerides as compared to those
without AAC. There were significantly elevated baseline
serum creatinine and uric acid levels in the calcification
group. The baseline characteristics of all patients and
their regular medication use before each index ACS
visitare shown in Table 1.

Compared with the non-calcification group, patients
in the calcification group had significantly higher TIMI
score, Killip classification and more left main coronary
artery disease. The composition of ACS type, peak level
of cardiac enzymes and left ventricular ejection fraction
did not differ significantly between groups (Table 2).

During the mean follow-up of 165 + 140 days (maxi-
mally 492 days), there were 47 all-cause deaths, 46 car-
diovascular deaths, 37 non-fatal M| and 5 non-fatal
strokes. There was no statistical difference between calci-
fication and non-calcification groups in non-fatal Ml
(15.0% vs. 18.4%, log-rank, p = 0.47) and non-fatal
strokes (3% vs. 1%, log-rank p = 0.28). The calcification
group had significantly higher 30-day mortality (17.3% vs.
7.1%, log-rank p = 0.02, Figure 2A). ACS patients with AAC
had significantly higher incidence of cardiovascular death
(27.6% vs. 11.2%, log-rank p = 0.002, Figure 2B) and
all-cause death (28.3% vs. 11.2%, log-rank, p = 0.001, Fig-
ure 2C) as compared to those without AAC. As regarding
the long-term composite endpoint of non-fatal Ml, non-
fatal stroke and cardiovascular death, the calcification
group had a significantly higher risk as compared to the
non-calcification group (39.4% vs. 24.6%, log-rank, p =
0.01, Figure 2D).

Subgroup analysis focusing on primary endpoints
demonstrated clinical outcomes in favor of patients
without AAC, as compared with those with AAC, in every
aspect of grouping, especially in those with hyperten-
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Table 1. Baseline characteristics of all patients and between groups

All patients (n = 225) AAC (+) (n=127) AAC () (n=98) p-value
Age (years) 72 £26 81+29 61+14 <0.001
Male 169 (75) 90 (71) 77 (79) 0.17
Weight (kg) 66+ 14 62+11 72+14 <0.001
BMI (kg/mz) 246+4.4 23.7+3.9 26.3+4.7 <0.001
Waist (cm) 90+11 87+11 95+10 0.002
SBP (mmHg) 134 £ 32 131+ 34 138 +29 0.08
DBP (mmHg) 76 + 19 72+19 81+17 <0.001
HR (1/min) 85+ 21 85+22 85+19 0.87
Active smoker 47 (21) 24 (19) 23 (24) 0.64
Hypertension 153 (68) 94 (74) 58 (60) 0.03
Diabetes 99 (44) 59 (47) 39 (40) 0.32
Prior Ml 38 (17) 19 (15) 18 (19) 0.41
Prior PTCA 47 (21) 26 (21) 19 (20) 0.77
Prior CHF 20(9) 14 (11) 6 (6) 0.19
Prior PAOD 13 (6) 11 (9) 2(2) 0.03
BUN (mg/dl) 33+24 37 +24 27 £23 0.004
Cr (mg/dl) 20+2.1 24+23 1.6+1.7 0.004
Uric acid (mg/dl) 72425 7.6+2.9 65+ 1.6 0.01
Total cholesterol (mg/dl) 153+ 39 148 + 40 160 + 37 0.02
HDL (mg/dl) 37 +12 37+14 3749 0.72
LDL (mg/dl) 96 + 35 92+35 101 + 37 0.11
TG (mg/dl) 123+70 110+ 60 139+ 77 0.003
Fasting blood glucose (mg/dl) 152 £ 66 153+ 73 151 +56 0.86
Medications
Aspirin 63 (28) 33 (26) 29 (30) 0.51
Clopidogrel 36 (16) 20 (16) 16 (17) 0.83
ACEI 29 (13) 16 (13) 11 (12) 0.73
ARB 52(23) 32 (25) 21(21) 0.53
BB 52(23) 24 (19) 27 (28) 0.13
CCB 45 (20) 35 (28) 10 (11) 0.002
Nitrates 36 (16) 23(18) 12 (13) 0.32
Statin 47(21) 21(17) 26 (27) 0.08

Data are represented as mean + standard deviation or n (%).

AAC, aortic arch calcification; ACEI, angiotensinogen-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, beta-
adrenergic blocker; BMI, body mass index; BUN, blood urea nitrogen; CCB, calcium channel blocker; CHF, congestive heart failure;
Cr, creatinine; DBP, diastolic blood pressure; HDL, high density lipoprotein; HR, heart rate; LDL, low density lipoprotein; Ml,
myocardial infarction; PAOD, peripheral arterial obstructive disease; PTCA, percutaneous coronary angioplasty; SBP, systolic blood

pressure; TG, triglyceride.

sion, without diabetes mellitus, and male (Figure 3).
All-cause mortality rate during follow-up escalated
dramatically with the AAC grade, though the survival
differences did not reach statistical significance be-
tween grade 0 and 1, and between grade 2 and 3 (Figure
4A). Thirty-six (28.3%) mortalities occurred among the
AAC (+) group and 11 (11.2%) among AAC (-) group.
Among AAC (+) mortalities, 35 (97.2%) were cardiovas-
cular-related deaths, including fatal Ml, heart failure and
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sudden cardiac death. The only one non-CV death (2.8%)
was cancer-related, which occurred on the 27th day of
index ACS episode. All 11 AAC () mortalities were car-
diovascular-related death. Overall, the major adverse
cardiovascular event rate significantly escalated with
AAC grade (Figure 4B) (p for trend < 0.001).

In multivariate analysis, the presence of AAC was asso-
ciated with a statistically elevated risk of long-term MACE,
all-cause mortality, cardiovascular death and 30-day mor-
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Table 2. Clinical and angiographic characteristics between patients with or without AAC

All patients (n = 225) AAC (+) (n=127) AAC (-) (n=98) p-value

ACS type

STEMI 78 (35) 40 (32) 38 (39) 0.26

NSTEMI 132 (59) 80 (63) 52 (53) 0.13

UA 15 (7) 7 (5) 8(8) 0.43
TIMI scores 42+23 49+24 3.3+1.7 <0.001
Peak

CK (U/L) 1094 + 1883 986 + 1996 1235+ 1727 0.33

CK-MB (U/L) 70.9 +88.7 62.6 +80.2 81.9+98.1 0.12

Troponin-I (ng/ml) 34.9+100.1 2441453 48.9+143.2 0.12
CAD

SVD 42 (19) 19 (15) 23 (24) 0.03

DVD 54 (24) 33(26) 21(22) 0.96

TVD 115 (51) 66 (52) 49 (50) 0.50

Insignificant 9 (4) 8(6) 1(1) 0.11

Normal CAG 5(2) 2(1) 2(2) 0.42
LM disease 27 (12) 20 (16) 6(7) 0.04
LVEF 44+ 16 43+ 17 45+ 15 0.66
Killip class 21+1.1 24+1.1 1.7t1.0 <0.001
Revascularization 190 (84) 105 (83) 85 (87) 0.46

Data are represented as mean + standard deviation or n (%).

AAC, aortic arch calcification; CAD, coronary artery disease; CAG, coronary artery angiography; CK, creatine kinase; DVD, double
vessel disease; LM, left main; LVEF, left ventricular ejection fraction; NSTEMI, non-ST elevation myocardial infarction; STEMI, ST
elevation myocardial infarction; SVD, single vessel disease; TIMI, thrombolysis in myocardial infarction; TVD, triple vessel disease;

UA, unstable angina.
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Figure 2. Outcomes analysis according to presence of AAC. Kaplan-

Meier analysis of (A) 30-day mortality, (B) cardiovascular mortality, (C)
overall survival, and (D) major adverse cardiovascular events (MACE)
between those with and without AAC.

tality. After adjustment for age, gender, type 2 diabetes
mellitus and hypertension, the presence of AAC still con-
ferred a statistically significant increase of risks (Table 3).

RHR 95%Cl p
Age >= 65(N=149
g ( ) 9 131 071242 0.391
Age < 65(N=76) 156 0.49-489 0.451
Male(N=169) e 191  1.11-3.30 0.020
Female(N=56)
181 059-555 0.302
HTN(+)(N=153)
251 124507 0.010
HTN(-)(N=72)
B P — 152 073-315 0.261
DM(+)(N=98)
OMO(No127 180 0.79-4.09 0.160
(-)(N=127) e 1.89  1.03-347 0.040
Overall(N=225) e 197 1.20-3.24 0014
0 1 2 s 4 5 6

Relative hazard ratio of maijor adverse cardiovascular events
Figure 3. Subgroup analysis of major adverse cardiovascular events
between groups. Square dot: AAC negative group (reference group). Cir-
cle dot: AAC positive group. Cl, confidence interval; DM, diabetes mellitus;
HTN, hypertension; RHR, relative hazard ratio to reference group.

DISCUSSION

The pathophysiology of vascular calcification is af-
fected by multiple factors, including aging, diabetes, re-
nal insufficiency and dyslipidemia.17 Vascular calcifica-
tion has been shown to be related to arterial stiffness™
and congestive heart failure,19 and is notorious for caus-
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All-cause mortality(%)

AAC grade0 grade1 grade2 grade3
A N=98 N=46 N=57 N=24
» |
1
60 - — 54.2
1 (n=13)

50 -
p for trend < 0.001

40
30.4

) 045 (n=14)

MACE(%)

20 A

AAC grade 0 grade 1
B N=98 N=46

grade 2
N=57 N=24

Figure 4. Outcomes analysis according to AAC grade. Survival and

MACE rate for each grade of AAC. * p < 0.05.

grade 3

Table 3. Multivariate analysis for hazard ratio of AAC

ing organ damage in ACS patients. Vessel calcification,
frequently noted in the elderly and those with other un-
derlying systemic diseases, is a chronically active pro-
cess in which vascular smooth muscle cells adopt osteo-
blastic phenotype and deposit calcified crystals.20 Diabe-
tes and hypertension have a synergistic effect on vascu-
lar calcification.”” Aortic calcification had been shown to
be strongly associated with oxidative stress,”” and it is
generally accepted that atherosclerosis is a systemic
inflammatory disease of the arterial wall, initiated by
endothelial damage.

Previous studies discussing the identification of AAC
in different patient populations reported different pre-
valence ranges between 30-63%.”92%%% |n our cohort,
AAC was present in 56% of all ACS patients, mostly with
AAC grade 2. ACS patients with AAC had similar distribu-
tions of STEMI, NSTEMI and UA as those without AAC,
though our ACS patients had a lower percentage of UA
as compared to other ACS cohorts.”’”?® The location of
Ml for ACS patients with AAC was mostly (> 60%) in the
anterior portion of the heart. Interestingly, we found
that ACS patients with AAC had significantly more left
main coronary artery disease as compared with those
without AAC. This observation may partially explain why
patients with AAC had higher TIMI score, higher Killip
classification and poorer clinical outcomes. Our observa-
tions were consistent with another study where patients
with detectable AAC were prone to have more compli-
cated coronary artery disease and higher TIMI scores.”
Levent and colleagues also reported that aortic knob
calcification on chest x-ray was an independent predic-
tor of complex coronary artery lesion for patients with
NSTEMI.*

Cumulative incidence estimates

Outcomes Unadjusted, HR* (95% Cl) Adjusted HR* (95% Cl)
AAC (+) AAC (-)
Mortality
30-day 17.3% 7.1% 2.61(1.11-6.11) 3.38 (1.31-8.72)
CV death 27.6% 11.2% 2.80(1.42-5.51) 2.94 (1.40-6.17)
Mortality” 28.3% 11.2% 2.88 (1.47-5.66) 3.10 (1.48-6.49)
MACE 39.4% 24.6% 1.97 (1.20-3.24) 2.20 (1.29-3.74)

AAC, aortic arch calcification; Cl, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular event.

* Hazard ratio of the outcomes between acute coronary syndrome patients with calcified and non-calcified aortic arch (reference

group). Adjusted for age, gender, type 2 diabetes mellitus and hypertension. # Maximum follow-up for 1.35 years.
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This article is the first study to elucidate the rela-
tionship between AAC and cardiovascular outcomes in
patients with ACS, and that the major adverse cardio-
vascular event rate escalates as each calcification grade
point increases. The survival difference between grade 0
and grade 1, and between grade 2 and grade 3, had not
reached statistical significance. A possible explanation
would be that tiny calcified spot in the aortic arch on
chest x-ray may hint a certain but small degree of de-
rangement on cardiovascular system, but may not be
sufficient for translating into survival difference.

Our study showed that the presence of AAC was an
independent risk factor for 30-day, cardiovascular, all-
cause mortality as well as a composite endpoint of
MACE. The poor prognosis for those with AAC was con-
sistent through all subgroups without conflicting results,
i.e.: all hazard ratio > 1 (and actually all > 1.3). These re-
sults suggest that valuable prognostic information about
clinical outcomes of ACS patients could be easily ob-
tained with just a simple routine chest x-ray examination
in the emergency room.

AAC had been reported to be common in the el-
derly,>*" in which overall survival was also influenced by
age itself. After adjustment for age, gender and status of
type 2 diabetes mellitus and hypertension, we found
that AAC demonstrated a consistent risk for 30-day as
well as all-cause mortality, cardiovascular death and
composite endpoint of MACE. Similar phenomena were
observed in another study focusing on elderly females.*

Witteman and colleagues first suggested that aortic
calcification was associated with a six-fold increased risk
of cardiovascular death in men 45 years of age, and in-
dependent of major cardiovascular death risk factors.’
Rodondi et al. reported that during a 16-year follow-up,
abdominal aortic calcification in older women was asso-
ciated with a 37% increase of all-cause mortality after
adjustment for age and cardiovascular risk factors.>”
These findings clearly demonstrated that the presence
of aortic calcification was associated with increased clin-
ical events, particularly cardiovascular mortality. In com-
parison, our study cohort had a significantly higher mor-
tality rate as compared with previous studies, owing to
the nature of ACS. From a maximum follow-up of nearly
1.5 years, ACS patients with AAC had a nearly 30% all-
cause mortality, while 10% of those were without AAC.
Importantly, more than 90% of mortality in ACS patients

with AAC was cardiovascular-related, implicating the
important correlation between ACS and cardiovascular
death.

Recent study has demonstrated that AAC repre-
sented generalized vascular stiffness and enhanced
brachial-ankle pulse wave velocity.*® Our study is the
first to show that AAC has a strong prognostic correla-
tion in ACS patients. AAC is easily and readily detectable
by routine chest x-ray examination, providing practical
prognostic information on clinical outcomes when ap-
plied to patients with ACS; it is reasonable to pay more
attention to these extremely high-risk ACS patients. Fur-
ther studies focusing on different treatment strategies
tailored for optimal risk reduction would be needed in
ACS patients with AAC.

Study limitations

The study was based on a retrospective observa-
tional ACS registry. The relatively small size of our co-
hort would be a concern, though the clinical outcomes
between the compared groups had statistical signifi-
cance. Further long-term and larger studies would be
needed to confirm our observations and clarify underly-
ing mechanisms.

CONCLUSIONS

In conclusion, AAC from chest x-ray examination in
patients with ACS provides valuable prognostic informa-
tion about future clinical outcomes. However, studies
with larger patient numbers would be needed to con-
firm this observation and delineate the detailed picture
of clinical outcomes in 4 AAC grade groups. Different
medical management principles for ACS patients with
AAC might also be needed and tested in subsequent
studies.
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