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Abstract

Aims—Using intravascular ultrasound (IVVUS), we sought to characterize coronary morphology
in women with chest pain without major epicardial obstructive coronary artery disease (CAD). We
have previously observed an unexpectedly high rate of adverse outcomes among women with
chest pain and normal or insignificant obstructive CAD. Information about the presence and
characteristics of coronary atherosclerosis in these women could provide insight into the
mechanisms related to increased risk, as well as improved diagnosis, prevention, and treatment.

Methods—Women (n=100) with suspected ischemia without obstructive CAD (>50% stenosis)
underwent 1\VUS of a left coronary segment with measurements by a core lab masked to clinical
and angiographic findings.

Results—Angiograhic core lab analysis found 69.6% of patients had no (<20%) and 30.4% had
minimal (20-<50%) CAD. IVUS segmental images were interpretable by the core lab in 92
women, with 19 (21%) having no atherosclerosis (intimal-medial thickness <0.5 mm). In the
remaining 73 women (79%), percent atheroma volume was 27+8% and mean maximum plaque
thickness was 0.53+0.22 mm. Thirty-eight women with atherosclerosis (53%) had >30% of
interrogated vessel involved. The average vessel involvement was 40%, and the maximum plaque
thickness was 1.27 mm. The number of risk factors strongly correlated with percent atheroma
volume (r=0.53, p<0.0001) and percent vessel involvement (r=0.51, p<0.0001), with the strongest
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independent predictor of both being age. Remodeling was assessed in 59/73 women (81%), and
73% had evidence of positive remodeling.

Conclusions—In symptomatic women without significant luminal obstructive CAD, we
observed a very high prevalence of atherosclerosis with positive remodeling and preserved lumen
size. These findings may help explain increased risk and emphasize need for improved diagnostic
and treatment options for women with concealed CAD.
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Introduction

Methods
Subjects

Coronary artery disease (CAD) continues to be the single leading cause of morbidity and
mortality among women in the United States.! The Women’s Ischemia Syndrome
Evaluation (WISE) is a National Heart, Lung and Blood Institute—sponsored study with the
goal of improving the understanding of ischemic heart disease in women. The WISE was
further designed to extend our understanding of the pathophysiologic mechanisms
underlying ischemic heart disease in women and assess the role of new diagnostic
modalities.?

We have previously emphasized that in patients undergoing coronary angiography for acute
coronary syndromes, noncritical or non—flow-limiting disease is more often seen in women
than in men.1 WISE and other studies have confirmed that many women referred for
coronary angiography with signs and symptoms of suspected chronic stable ischemic heart
disease do not have significant CAD by angiography. Approximately half of these women
will have normal coronary angiograms, and the remainder will have only insignificant
luminal irregularities (<50% stenosis).3 Despite prior reports suggesting a benign prognosis,
we and others have observed that women experiencing chest pain in the absence of
obstructive CAD are at increased risk of adverse events.~8 WISE has shown that many
women in this cohort have myocardial ischemia® and either coronary endothelial
dysfunction? or microvascular dysfunction,1: 12 or both, which further predicts adverse
events in follow-up. The mechanisms responsible for the apparent dissociation between lack
of angiographic findings and increased risk of adverse events are not completely understood.
Previous studies have suggested that patients (usually men) with normal coronary
angiograms frequently have evidence of atherosclerosis by intravascular ultrasound (IVUS)
imaging.13: 14 Whether the coronary arteries of women presenting with chest pain are truly
normal, as is the general perception, or indeed have angiographically concealed disease is
unclear. The presence, degree, and pattern of atherosclerotic plaque are unknown in such
women, as is the presence or absence of remodeling. The aims of this exploratory analysis
were to assess the presence and extent of atherosclerosis in a sample of women with
ischemic symptoms in the absence of angiographically defined obstructive epicardial
coronary artery lesions and to determine the relationship of atherosclerosis to risk conditions
and possible remodeling by using IVUS imaging. This information could yield important
new insights for the diagnosis, prevention, and treatment of ischemic heart disease in
women.

As part of the previously published WISE protocol,2 women referred to the cardiac
catheterization laboratory for clinically-suspected ischemia were screened for eligibility.
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The WISE protocol was approved by the local institutional review board at each
participating center, and all women provided written informed consent. Briefly, women
were eligible if they were at least 18 years old and were undergoing a clinically indicated
coronary angiogram as part of their standard medical care. Major exclusion criteria included
a recent acute coronary syndrome, prior revascularization, pregnancy, a comorbidity
compromising one-year follow-up, New York Heart Association class IV congestive heart
failure, significant valvular or congenital heart disease, and a significant language barrier.

Patients have been enrolled in the main WISE protocols in three phases. The IVUS substudy
was approved by institutional review board at the University of Florida and overlapped the
first and second phases of main study enrollment. During the IVUS substudy participants in
the main study were offered enrollment and provided additional informed consent. Patients
in the substudy were eligible to complete the IVUS examination if no evidence (<20%
diameter stenosis) or minimal evidence (>20% but <50% diameter stenosis) of CAD was
found by angiography. Angiograms were assessed by the WISE Coronary Angiographic
Core Laboratory at Brown University using quantitative and qualitative methods as
described elsewhere.1®

IVUS and Assessment of Atherosclerosis

The IVUS interrogated the left anterior descending (preferred sample site) or circumflex
coronary artery if the left anterior descending was technically inaccessible. Following
administration of intravenous heparin and intracoronary nitroglycerin, a 30 MHz,2.6 Fr
(0.87 mm) single element beveled IVUS transducer rotating at 1800 rpm (Ultracross;Boston
Scientific Scimed Inc, Maple Grove, MN) was advancedinto the vessel over a guidewire,
and the transducer was positioned distally. An automated pullback device progressively
withdrew the transducer at a speed of 0.5 mm/sec. During pullback, images were obtained at
a rate of 30 frames/sec and recorded on videotape. Recordings were masked to clinical and
angiographic data and forwarded to the IVUS Core Lab at the Cleveland Clinic Foundation
for image quality screening and interpretation.

IVUS measurements were performed in accordance with current standards.16 Briefly, using
the National Institutes of Health Image (version 1.62; National Institutes of Health public
domain software, Bethesda, MD), the operator performeda calibration by measuring 1-mm
grid marks encoded in the image. Manual planimetry was used to trace the leading edges of
the luminal and external elastic membrane (EEM) borders.

Definitions and Calculations

For each woman, we measured vessel volume (the EEM), lumen volume, atheroma volume
(the difference between vessel and lumen volume), percent atheroma volume, percent vessel
involvement (percentage of segments analyzed that contain atherosclerosis), and
atherosclerosis (defined as plaque thickness >0.5mm). Normal reference points with plaque
thickness <0.5mm that were adjacent to areas of atherosclerosis were used to determine
vessel tapering and calculate an expected vessel cross-sectional area (CSA) for each 1-mm
diseased segment. For each segment with atherosclerosis, CSA >1.05 times the expected
CSA defined positive remodeling, a CSA <0.95 times the expected CSA defined negative
remodeling and a CSA within the range of 0.95 to 1.05 times the expected CSA defined no
remodeling.

Coronary artery remodeling was characterized by the relationship between arterial
dimensions and size of atherosclerotic plaque focusing on actual lumen diameter and
compensatory enlargement of the external elastic lamina. Positive remodeling refers to
relative preservation of lumen in relation to plaque size. The vessel volumes and lumen
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volumes were calculated as the sum of their respective CSAs across all segments evaluated.
Similarly, total atheroma volume was calculated as the sum of the differences between the
EEM and lumen areas also across all segments analyzed. Percent atheroma volume was
calculated as atheroma volume/vessel volume times 100. For each segment, presence of
atherosclerosis was defined as a maximum plague thickness > 0.5 mm by I\VVUS. Percent
vessel involvement was defined as the number of CSAs meeting criteria for atherosclerosis
divided by the total number of CSAs analyzed.

Using the standard WISE demographic data forms completed at baseline, the number of risk
factors was derived, incorporating clinical characteristics of age (<45 years=0, 46-55
years=1, > 56 years=2), diabetes (no=0, yes=1), family history of CAD (no=0, yes=1),
hypertension (no=0, yes=1), dyslipidemia (no=0, yes=1), absence of oral contraceptive use
(no=1, yes=0), and hormone replacement therapy use (no=0, yes=1). These risk factors
(range 0-8) were then compared with atheroma volume and vessel involvement indices.
Correlation coefficients were calculated for percent atheroma volume and the individual
relationships to the number of risk factors and age.

The study was designed to have adequate power (0.80 or greater) to detect correlations of
0.30 or greater between IVUS measurements and continuous risk factors. For categorical
risk factors, there was adequate power to detect differences in mean I\VVUS values in the
range of 0.57 to 0.79 s.d. units, depending on the distribution of the risk factors. Summary
statistics and graphical methods were used to characterize the data. Pearson correlation
coefficients were used to examine the relationship between age, number of risk factors,
percent atheroma volume, and percent vessel involvement. Grouped comparisons were made
using two-sample t-tests. A p value <0.05 was considered statistically significant. As these
were considered exploratory analyses, no adjustments were made for multiple comparisons.

From August 7, 2000, to January 11, 2005, 154 women were consented for the IVUS
substudy and 100 were enrolled at the University of Florida, University of Pittsburgh, and
Rhode Island Hospital. Fifty-four patients (35%) had CAD leading to their exclusion. Of the
remaining 100 patients, 92 had IVUS images that were satisfactory for core lab analysis and
form the basis of this analysis. The primary reason for not being able to obtain a satisfactory
recording was that the left anterior descending and circumflex branches originated at acute
angles prohibiting guidewire placement, or the vessels were too small to safely manipulate
the IVUS transducer. Based on the angiographic core lab analysis there were 64 (69.6%)
patients without and 28 (30.4%) with minimal CAD. The mean age of these 92 women was
55 years, and pertinent clinical characteristics are summarized in Table 1. About one third
had histories of hypertension and dyslipidemia, and only 16% were diabetic. Most were
postmenopausal with 53% having used oral contraceptives and approximately half with a
history of hormone replacement therapy. More than half of patients had never smoked while
only 14% were current smokers.

The IVUS results of women with (plaque thickness > 0.5 mm) and without atherosclerosis
are summarized in Table 2. Over a sample pullback length (mean 36+16 mm), 19 women
(21%) had no atherosclerosis (eg, plaque thickness <0.5 mm by IVUS). For the remaining
73 women (79%), the percent atheroma volume was 27+8% and the mean maximum plaque
thickness was 0.53+0.22 mm. As expected, the atheroma volume was higher in women with
atherosclerosis than in women without atherosclerosis (3.5+1.5 vs. 1.9+1.2 mm3) despite
equal lumen volumes (mean 9.5 mm3). The average percent vessel involvement by IVUS
was 40%. There were 38/73 subjects (52%) who had > 30% atherosclerotic vessel
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involvement and 23 women (34%) who had >50% vessel involvement. The largest mean
maximum plaque thickness in any patient was 1.27mm. Examples of IVUS and coronary
angiography performed immediately before the IVUS exam from one patient are shown
(Figure 1).

Of the 73 women with IVUS-defined atherosclerosis, 5 women (7%) had atherosclerosis so
diffuse that remodeling could not be assessed because no reference points were available.
Nine other women could not be classified because they lacked one reference segment.
Remodeling was assessed in the remaining 59/73 women (81%), over 662 diseased coronary
segments. Remodeling was found to be positive in 223 segments (34%), negative in 177
segments (27%), and not present in 262 (40%) segments. Overall, 11 women (19%) had
lesions consistent with expected CSA (eg, no remodeling), 19 women (32%) had exclusively
positive remodeling, 5 women (8%) had only negative remodeling, and 24 women (41%)
had evidence of a combination of positive and negative remodeling. Thus, 43/59 women
(73%) demonstrated evidence of positive remodeling. The 14 patients who could not be
evaluated for remodeling were found to have a similar degree of atherosclerosis as defined
by percent atheroma volume and percent vessel involvement (Table 3).

The number of risk factors based on age, hypertension, diabetes, dyslipidemia, family
history of CAD, history of oral contraceptive use, and use of hormone replacement therapy
strongly correlated with mean percent atheroma volume (r=0.53, p<0.0001) and mean
percent vessel involvement (r=0.51, p<0.0001). Both of these measures of IVUS-based
atherosclerosis increased with a higher number of risk factors (Table 4). The strongest
independent correlate of atheroma volume was age (Pearson correlation 0.47, p<0.0001).
Figure 2 shows the relationship between percent atheroma volume and the number of risk
factors. A direct relationship was observed between increasing number of risk factors and
percent atheroma volume. The presence of an individual risk factor tended to increase the
percent atheroma volume and/or vessel involvement and was statistically significant for a
history of hypertension, dyslipidemia, a postmenopausal state, prior use of oral
contraception, and use of hormone replacement therapy (Table 5). In this cohort of women,
smoking was not a risk factor likely because too few currently smoked. This is also
demonstrated by the absence of a correlation between smoking status, percent atheroma
volume, and percent vessel involvement in these women (Table 5).

Discussion

In the United States, CAD remains the single leading cause of morbidity and mortality
among women. Although women clearly present with a much higher frequency of angina-
like chest pain than men, women with chest pain have a much lower prevalence of severe
epicardial stenosis by angiography# ® 17: 18 than men. Unfortunately, a lack of stenosis has
the potential to lead to the assumption that such women do not have coronary
atherosclerosis. As a consequence they may not be considered for prevention treatment
measures that may lower future event rates. Approximately 20% or more of women
presenting with acute coronary syndromes have normal or nonobstructive CAD by
angiography, yet these women have an increased risk of death or myocardial infarction at 30
days of follow-up.! We have previously reported an unexpectedly high incidence of cardiac
events in patients from WISE despite the absence of significant angiographic stenosis.3 7+ 8
In the current study, we found that most of those with suspected ischemia, but without
significant angiographic disease, have evidence of atherosclerosis by IVUS. While the
atherosclerosis appeared to be diffuse (the majority with = 30% vessel involvement), it was
only modest in terms of percent atheroma volume, mean maximal plaque thickness, and
percent vessel involvement. To put this finding in context, IVUS-defined atherosclerosis
was found in 51.7% of coronary arteries from presumably asymptomatic female heart
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transplant donors.1° The average age of those female donor coronary arteries studied was
33.4 years. In a large study of symptomatic CAD patients referred for coronary intervention,
the presence of atherosclerosis was detected by IVUS in 93.2% of patients in
angiographically normal coronary segments. This was a different population, however, in
which patients who had previously undergone a percutaneous intervention in another
coronary territory were found to have additional disease that was more extensive than the
disease found in the WISE patients.13 The incremental value of the current study is that it
was performed in a female specific population that did not involve presentation with an
acute coronary syndrome. To our knowledge, despite the small number of women, this has
not previously been reported.

Both the presence of coronary atherosclerosis as detected by IVUS in patients without
obstructive CAD and the limitations of angiography in detecting atherosclerosis have been
well described,13: 14 20 byt evaluation specifically related to women has not been
emphasized. This WISE substudy is the first report providing I\VUS information from a
sample cohort of women without significant angiographic disease. To our knowledge a
comparable study of men has not been published. Defining the presence, extent, and severity
of epicardial stenosis by coronary angiography is relatively simple and clinically attractive,
but atherosclerosis must be severe, and positive remodeling must be exhausted before a
raised lesion is detected as a flow-limiting stenosis on the lumenogram.29 Despite small
numbers, a majority of the women identified for this substudy had evidence of positive or
adaptive coronary remodeling, which may explain why plaque is underestimated by
angiography. A detailed morphometric study of ruptured plaques by Virmani and
colleagues?! indicates that women with sudden death more often have evidence of erosions
than rupture. If some of the plaques identified by IVUS represent the precursor lesions
responsible for rupture or erosion, our findings could explain, at least in part, the disparity
between the angiographic findings and subsequent events in WISE and other studies.

Coronary arterial remodeling is believed to be a focal process rather than a generalized
process.?2 This process results in outward displacement of the vessel wall in segments
developing plaque.23=25 In the early stages of atherosclerosis, smooth muscle and adventitial
thinning are associated with external elastic membrane expansion rather than plaque
encroaching in the lumen (positive remodeling).2! Later in its course, compensatory
enlargement is insufficient and the lumen begins to narrow. According to autopsy studies,
compensatory enlargement decreases when a plaque occupies >40% of the cross-sectional
area defined by the internal elastic lamina.2® Serial I\VUS studies, mostly in men, suggest
atheroma burden may not be the prime determinate of arterial enlargement.2” More recent
IVVUS studies show that compensatory enlargement continues to occur with much greater
atheroma burden than suggested previously.28 Positive coronary artery remodeling leads to
an angiographic underestimation of atheroma volume due to lumen preservation and has
previously been associated with adverse outcomes,2%=31 however these patients had severe
atherosclerosis unlike women in the current study. Positive remodeling as a compensatory
mechanism has been described in coronary arteries of the physically fit Masai of East Africa
who consume a diet rich in dairy and meat products.32 Given the relatively high
cardiovascular event rate in WISE patients experiencing chest pain without obstructive
CAD, it may be that positive remodeling is not purely compensatory or protective. In these
women, it may represent an early stage of disease. Persistent chest pain3 and abnormalities
in endothelial as well as smooth muscle function in this population of women have been

predictive not only of the development of CAD, but also of cardiovascular events in follow-
10,33
up.t%

Our IVUS finding of coronary atherosclerosis that is not recognized by coronary
angiography in the WISE women would suggest that atheroma burden and its characteristics
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contribute to their increased risk. Although such minimal luminal lesions do not directly
limit blood flow, observational studies suggest that this undetected atherosclerosis likely
represents an important substrate for future coronary events.34 3% These plaques are rich
sources for upregulation of angiotensin converting enzyme, degrading bradykinin and
producing angiotensin 11 locally.36 These substances have important local (epicardial) and
downstream (microvascular) actions that contribute to plaque development and matrix
degradation. Chronic reduction of nitric oxide release in experimental models has been
associated with microvascular remodeling (increased wall-to-lumen ratio and perivascular
fibrosis).3’

It has been previously demonstrated that approximately three quarters of women with chest
pain but without severe coronary stenoses have impaired coronary flow reserve indicating
microvascular dysfunction, and many have endothelial-mediated vasodilator dysfunction as
well. Our lab has previously published work from WISE showing endothelial dysfunction
with acetylcholine to be predictive of adverse events independent of angiographic CAD
severity 10, Additionally, we have observed that an abnormal coronary microvascular
response to adenosine also predicts major adverse events during follow-up among these
women.12 Both the mechanisms of vascular dysfunction and possible association of vascular
dysfunction with undetected coronary atherosclerosis in women with normal or minimally
abnormal angiograms remain to be further elucidated. It is logical to hypothesize that IVUS-
documented coronary atherosclerosis, evidence for positive remodeling, and vasomotor
dysfunction are likely mediated by atherosclerosis risk conditions and associated with an
increased incidence of adverse cardiovascular events. We need to better understand the basis
for these findings, develop improved diagnostic tools, and advance treatment options for this
patient population.

Study Limitations

WISE included only a relatively small cohort of women with signs and symptoms
suggestive of ischemia who were referred for clinically indicated coronary angiography,
possibly resulting in a referral bias. This may make it difficult to generalize conclusions to a
larger patient population. Additionally, while coronary 1VUS imaging depends on a rigorous
image-acquisition technique and was performed by experienced operators, the IVUS
evaluation was performed over a limited portion of only one vessel per patient. This single-
vessel sampling potentially underestimates the true prevalence and extent of atherosclerosis
in these women. The mean pullback length was slightly longer in the group with
atherosclerosis than in the group without atherosclerosis. This too may have led to an
underestimation of the true prevalence of disease. There were 14 patients of the 73 with
atherosclerosis whose remodeling status could not be defined due to lack of an adequate
reference segment. This could have resulted in bias and an underreporting of remodeling.
Lastly, the findings reported here are descriptive and do not include outcome data.

Conclusions and Clinical Implications

Women presenting with ischemic chest discomfort but without angiographic coronary artery
disease have atheroma that correlates with the number of risk factors. Our finding of mild-
to-moderate atherosclerosis by IVUS in about 80% of the WISE women suggests that
atheroma in these patients is underestimated by angiography and might contribute to
increased risk. In this small cohort, the majority of women had evidence of positive or
adaptive coronary remodeling. It is hypothesis-generating only but remodeling in these
women may represent an early marker of disease and a harbinger of future adverse events.
The relationship between the IVUS findings in women with minimal or no CAD by
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angiography and the increased events in WISE and other studies remains to be fully
understood.
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Figure 1.

Left coronary angiogram and left anterior descending IVUS images from a 65-year-old
woman with diabetes, hypertension, dyslipidemia, and hormone replacement therapy use.
Note plaque in proximal left anterior descending with maintenance of lumen area.
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Figure 2.
The relationship between the number of risk factors and percent atheroma volume.
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Table 1

Characteristics of Study Participants

Variable

Mean tStandard Deviation (range)

Age (years) (n=92)
Body Mass Index (n=88)

55.1+9.6 (31.1-75.8)
32.2+8.8 (19.0-58.7)

Variable Percent
Hypertension (n=91) 35.2%
Diabetes (n=92) 16.3%
Dyslipidemia (n=92) 42.4%
Family with CAD (n=92) 44.6%
Postmenopausal (n=77) 81.8%
Oral contraceptive use (n=90) 53.3%
Hormone replacement therapy (n=91) 48.4%
Statin use (n=24) 33.0%
Smoking: (n=91)

Never 56.0%
Former 29.7%
Current 14.3%
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Percent Atheroma Volume and Vessel Involvement in Patients with and without Remodeling Compared with

Those Not Evaluated

Group n % Atheroma Volume mean (SD) % Vessel Involvement mean (SD)
Atherosclerosis, no remodeling 11 22.1(10.0) 24.8 (28.3)
Only positive remodeling 19 23.2(5.3) 22.4 (13.6)
Only negative remodeling 5 29.5(5.3) 39.2 (16.3)
Both positive and negative remodeling 24 30.8(7.2) 51.0 (23.2)
Diffuse Disease not evaluated 14 29.3(10.0) 58.0 (41.0)

SD indicates standard deviation.
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Table 4

Association of the Number of Risk Factors and Mean Percent Atheroma Volume and Mean Percent Vessel

Involvement

Risk Factors N

Mean % Atheroma Volume

Mean % Vessel Involvement

0-1 13
2 9

3 22
4 18
5 16
6-7 14

15.6
17.9
23.9
26.6
31.0
30.4

7.6

23.6
22.4
33.6
46.4
55.8

Risk factors: Age group: < 45 years = 0; 46-55 = 1; > 56 = 2; Diabetes: no = 0, yes = 1; Family history CAD: no = 0, yes = 1; Hypertension: no =
0, yes = 1; Dyslipidemia: no = 0, yes = 1; BCP use: no = 1, yes = 0; HRT use: no =0, yes = 1.

CAD indicates coronary artery disease; BCP, birth control pills; HRT, hormone replacement therapy.
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Table 5

The Relationship Between the Presence of Risk Factors, Percent Atheroma Volume and Vessel Involvement

Risk Factor % Atheroma Volume % Vessel Involvement

Mean (SD) P-value  Mean (SD) P-value

History of hypertension

No 23.0 (9.0) 0.0036  27.9(29.2) 0.07
Yes 28.7 (8.1) 40.1(32.7)

History of diabetes
No 24.6 (9.0) 0.58 29.4 (29.3) 0.08
Yes 26.1 (10.0) 44.6 (36.6)

History of dyslipidemia
No 22.7(8.6) 0.0072  23.8(25.1) 0.0052
Yes 27.8(9.1) 42.8 (34.8)

Family history of coronary disease
No 23.7(9.1) 0.18 26.5 (28.2) 0.07
Yes 26.3 (9.0) 38.5(32.9)

Postmenopausal
No 16.1 (5.8) <0001 11.4(18.3) 0.0004
Yes 26.5 (8.9) 35.9 (31.0)

BCP use ever
No 26.8 (9.1) 0.05 36.9 (31.3) 0.011
Yes 23.1(8.8) 26.7 (28.7)

HRT use ever
No 22.3(7.9) 0.0044  25.9 (29.5) 0.045
Yes 27.7(9.6) 38.9(31.2)

Cigarette smoking
Never 24.7 (8.6) 0.83 31.6 (29.5) 0.94
Past 25.7 (9.8) 33.8(33.5)
Current  24.0 (10.4) 30.3 (33.6)

Correlation coefficient estimate  P-value  Correlation coefficient estimate  P-value

Age 0.47 <.0001 0.36 0.0004
BMI 0.11 0.29 0.10 0.34

SD indicates standard deviation; BCP, birth control pills; HRT, hormone replacement therapy.
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