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Abstract

Objective Due to the low prevalence of obstructive
coronary artery disease (CAD) in women, stress testing
has a relatively low predictive value for this. Additionally,
conventional cardiovascular risk scores underestimate
risk in women. This study sought to evaluate the role of
atherosclerosis assessment using carotid ultrasound (CU)
in women attending for stress echocardiography (SE).
Methods This was a prospective study in which
consecutive women with recent-onset suspected angina,
who were referred for clinically indicated SE, underwent
CU.
Results 415 women (mean age 61±10 years, 29%
diabetes mellitus, mean body mass index 28) attending
for SE underwent CU. 47 women (11%) had inducible
wall motion abnormalities, and carotid disease (CD) was
present in 46% (carotid plaque in 41%, carotid intima-
media thickness >75th percentile in 15%). Women with
CD were older (65 vs 58 years, p<0.001), and more likely
to have diabetes (41% vs 21%, p=0.001), hypertension
(67% vs 36%, p<0.01) and a higher pretest probability of
CAD (59% vs 41%, p<0.001). 40% of women classified as
low Framingham risk were found to have evidence of CD.
The positive predictive value of SE for flow-limiting
CAD was 51%, but with the presence of carotid plaque,
this was 71% (p<0.01). Carotid plaque (p=0.004) and
ischaemia (p=0.01) were the only independent predictors
of >70% angiographic stenosis. In women with ischaemia
on SE and no carotid plaque, the negative predictive value
for flow-limiting disease was 88%.
During a follow-up of 1058±234 days, there were
15 events (defined as all-cause mortality, non-fatal
myocardial infarction, heart failure admissions and late
coronary revascularisation). Age (HR 1.07 (1.00–1.15),
p=0.04), carotid plaque burden (HR 1.65 (1.36–2.00),
p<0.001) and ischaemic burden (HR 1.41 (1.18–1.68),
p<0.001) were associated with outcome. There was a
stepwise increase in events/year from 0.3% when there
were no ischaemia and atherosclerosis, 1.1% when
there was atherosclerosis and no ischaemia, 2.2% when
there was ischaemia and no atherosclerosis and 10%
when there were both ischaemia and atherosclerosis
(p<0.001).
Conclusion CU significantly improves the accuracy of
SE alone for identifying flow-limiting disease on coronary
angiography, and improves risk stratification in women

Key questions
What is already known about this subject?
►► The incremental diagnostic and prognostic value of

carotid ultrasound (CU) to stress echocardiography
(SE) in a general population has been previously
described.

What does this study add?
►► In view of the burden of cardiovascular disease in

women and the need to improve outcomes, as well
as the high false-positive rate with stress testing,
a separate study in women was vital. In this study,
40% of women had subclinical atherosclerosis, who
would have been discharged with no lifestyle or
pharmacological intervention. Additionally, in women with inducible ischaemia on SE and no plaque
on CU, the negative predictive value for flow-limiting
coronary artery disease (CAD) was 88%, suggesting
that such patients should be referred for CT coronary angiography rather than invasive coronary
angiography. The risk stratification with these complementary techniques was excellent with the event
rate ranging from 0.3%/year (when both CU and SE
were normal) to 10%/year (when both CU and SE
were abnormal).

How might this impact on clinical practice?
►► We would encourage the practice of assessing for

carotid plaque, especially in women with a positive
SE, in view of the high negative predictive value for
obstructive CAD, where plaque is absent. In the absence of carotid plaque non-invasive angiography is
recommended. Where plaque is identified, aggressive lifestyle modification and pharmacological intervention should be encouraged.
attending for SE, as well identifying a subset of women
who may benefit from primary preventative measures.

Introduction
Ischaemic heart disease (IHD) is the
leading cause of death in women of all ages,
accounting for one-third of all female deaths
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Methods
This was a prospective study in which consecutive women
with recent-onset suspected angina who were referred
for clinically indicated SE, underwent CU. The principal exclusion criteria included known CAD (including
previous coronary revascularisation, previous MI and
known >70% coronary stenosis), the presence of a resting
wall motion abnormality, significant valvular disease,
cardiomyopathy, known carotid disease (CD) and prior
carotid artery intervention. Clinical data including chest
pain character, cardiovascular risk factors, medication
and examination findings were gathered. Diabetes was
noted if the diagnosis was given in primary care, or if levels
of HbA1c were elevated. Hypertension was noted if the
diagnosis was given in primary care, or if the patient was
on antihypertensive agents. Hypercholesterolaemia was
noted if the patient was already on statin therapy or the
total cholesterol level was above the reference range. SE
data were available for clinical decision-making but not
the CU result, because the latter was analysed 4 months
later by a separate reader who did not read the SE, and
was blinded to the SE result. Patients with a normal stress
echocardiogram were not followed up, and patients with
an abnormal result were referred for diagnostic angiography.
Stress echocardiography
All SE studies were performed using either treadmill
exercise or pharmacological (dobutamine-
atropine)
stress as described previously.9 As per protocol heart rate-
lowering medications were withheld for 48 hours prior
to testing. Exercise stress was the preferred modality,
and in patients unsuitable for exercise, dobutamine was
infused in 3 min dose increments, starting from 10 mcg/
kg/min and increasing to 20, 30 and 40 mcg/kg/min.
Parasternal long-axis, short-axis and apical four-chamber,
two-chamber and three-chamber images were obtained
at rest and peak stress (iE33 Philips Medical Systems,
Eindhoven, the Netherlands). In patients in whom the
endocardial borders of ≥2 contiguous segments were
not visualised, the ultrasound contrast agent SonoVue
(Bracco, Milan, Italy) was given by intravenous bolus
injection (0.3 mL) and flushed with saline. The final SE
result was based on the interpretation of the expert cardiologist (RS). The SEs were reported as normal (normal
wall thickening at rest and stress) or ischaemic (inducible
wall thickening abnormality ≥1 segment at peak stress).
CU protocol
B-
mode and colour Doppler CU were performed as
described previously.10 The proximal, mid and distal
common carotid artery (CCA), bifurcation of the CCA
and proximal portion of the internal and external carotid
arteries were systematically interrogated in the long-axis
and short-axis views. Plaque was defined as per the Mannheim consensus as a focal structure encroaching into the
arterial lumen by >0.5 mm, a distinct area of intima-media
thickness (IMT) >50% greater than the adjacent wall or
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globally.1 Coronary artery disease (CAD) mortality rates
have increased in younger women aged 35–44 years.2
Resource consumption patterns in women are characterised by more frequent angina diagnosis, more clinic visits
and hospitalisations, higher myocardial infarction (MI)
mortality and higher heart failure rates as compared with
men.3
There are several challenges for the clinician for the
assessment of IHD in women: (1) the significant prevalence of non-obstructive CAD in women despite the
presence of myocardial ischaemia; (2) the low prevalence of obstructive CAD reduces the positive predictive
value (PPV) of functional testing; (3) cardiovascular
risk assessment scores underestimate risk; (4) the poor
outcomes necessitate accurate risk stratification and
early intervention in high-risk groups; (5) the need to
avoid ionising radiation where possible, particularly in
younger women.
Stress echocardiography (SE) has excellent clinical
utility in diverse populations and its lack of ionising radiation potentially makes it a suitable technique in women.4
However, the high prevalence of non-obstructive CAD
results in a higher ‘false-positive’ rate for inducible wall
motion abnormalities in women, which may result in
unnecessary referral for invasive coronary angiography.5
Furthermore, the absence of myocardial ischaemia does
not exclude non-obstructive CAD, which has been shown
to compromise prognosis.6 Carotid ultrasound (CU) has
been shown be an excellent technique for the detection
of atherosclerosis and has been shown to be an independent predictor of obstructive CAD as detected by
coronary angiography.7 We have previously reported on
the role of CU in a general population undergoing SE.8
However, due to the burden of cardiovascular disease in
women and the need to improve outcomes, the unique
pathophysiological mechanisms for ischaemia as well as
the high false-positive rate with stress testing, a separate
study in women is fundamental.
Thus, the primary hypothesis to be tested was that
the performance of CU in addition to SE would reduce
false-
positive SE results for the prediction of CAD,
and thus perform as a superior gatekeeper to invasive testing to SE alone. Furthermore, the absence of
carotid atherosclerosis and myocardial ischaemia will
confer a considerably lower risk status in symptomatic
women with suspected angina. We also postulated that
since myocardial ischaemia in women may occur in the
absence of flow-limiting CAD or even in the absence
of atherosclerosis, due to abnormal coronary reactivity
or microvascular dysfunction, SE will identify high-risk
patients.
Thus, the aim of this study was to prospectively assess
the role of atherosclerosis imaging with CU in combination with ischaemia assessment with SE, in stable symptomatic women with no history of cardiovascular disease
attending for SE.

Coronary artery disease

Coronary angiography
Standard techniques were used for performing coronary angiography. Images were analysed using a visual
quantitative scoring system, with significant CAD defined
as >70% luminal diameter narrowing in one or more
epicardial coronary arteries or their major branches,
since this degree of narrowing is clinically significant.
Assessment of clinical risk
Framingham Risk Scores (FRS) were calculated with
low, intermediate and high risks defined as <10%,
10%–20% and >20% 10-
year risk of a coronary event,
respectively. The pretest probability (PTP) of CAD was
calculated based on the UK National Institute for Health
and Care Excellence with women being characterised
into low (<10%), intermediate (10%–90%) and high
(>90%) PTP of CAD.13
Ascertainment of events
Data on outcomes were collected by means of a postal
questionnaire at 6, 12 and 24 months after the index
test, and at the conclusion of the study. The study was
concluded after 48 months. Patients gave written consent
to be approached for follow-
up as part of the study
protocol. Patients who did not respond to the postal
questionnaire were contacted via telephone. Hospital
medical records were also reviewed. Mortality was determined using a national mortality database; a copy of the
death certificate was obtained for all deceased patients.
Primary outcome measures were combined major
adverse events (MAE), defined as all-cause mortality, non-
fatal myocardial infarction (NFMI), heart failure admissions and late coronary revascularisation, with patients
censored at the time of event or at the last follow-up.
NFMI was defined by the standard criteria of ischaemic
chest pain associated with an elevation of cardiac enzymes
with or without electrocardiographic changes. Late revascularisation was defined as any revascularisation procedure occurring after 6 months. For patients with multiple
events, only the first event was considered.
Statistics
Categorical variables were expressed as percentages and
continuous variables as mean±SD. Cox regression analysis was performed to assess the prognostic impact of clinical variables, SE parameters and CU parameters on the
time to an MAE. Plaque was tested as both a categorical
(present vs absent) and a continuous variable as carotid
plaque burden (CPB), based on the number of plaques
identified, in separate models. Inducible ischaemia was
also tested as a categorical (present vs absent) and a
Gurunathan S, et al. Open Heart 2020;7:e001188. doi:10.1136/openhrt-2019-001188

Table 1 Baseline characteristics of study population
Patient characteristics
Age
BMI

n (%)
61 (10)
28 (5)

Cardiac risk factors
 Hypertension

208 (50)

 High cholesterol

226 (54)

 Diabetes mellitus

121 (29)

 Smoking
 Family history

74 (18)
184 (44)

PTP
 Low (<10)
 Intermediate (10–90)
 High (>90)

58 (14)
328 (79)
29 (7)

FRS
 Low
 Intermediate
 High

208 (50)
6 (2)
201 (48)

Drugs
 Aspirin
 Statin
 BB
 ACEI/ARB
 CCB

92 (22)
143 (34)
37 (9)
125 (30)
83 (20)

ACEI, ACE inhibitor; ARB, angiotensin receptor blocker; BB, beta
blocker; BMI, body mass index; CCB, calcium channel blocker;
FRS, Framingham Risk Score; PTP, pretest probability.

continuous variable as ischaemic burden, based on the
number of ischaemic segments. Patients without an event
were censored at the time of last follow-up. Kaplan-Meier
survival curves were constructed showing the time to
an event and were compared by the log-rank score test.
For all tests, a value of p<0.05 was considered statistically
significant. All statistical analyses were performed with
SPSS V.26.0 (IBM).
Results
A total of 415 women with a mean age of 61±10 years
and no history of cardiovascular disease were recruited.
The baseline characteristics are shown in table 1. There
was a high prevalence of vascular risk factors—29% had
diabetes mellitus (DM), 50% had hypertension and 54%
had hypercholesterolaemia. Despite this, 50% of women
were classified as low Framingham risk. The prevalence
of women with intermediate PTP was 79%.
In total, 47 women (11%) had evidence of inducible
myocardial ischaemia. Two hundred and forty-one (58%)
women underwent exercise SE with the remaining being
dobutamine. There were no major complications during
SE.
3
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>1.5 mm in thickness.11 IMT measurements were taken at
the far wall of the distal CCA at end diastole using a semiautomated edge detection algorithm (Philips Healthcare, Eindhoven, Holland) and the mean value obtained
of an average of three readings. CD was defined as the
presence of carotid plaque (CP), or carotid intima-media
thickness (CIMT) >75th age and sex-specific percentile.12
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CD

No CD

P value

190 (46)
65

222 (54)
58

<0.001

 Hypertension

128 (67)

81 (36)

<0.01

 High cholesterol

109 (58)

118 (53)

0.43

 Diabetes mellitus

77 (41)

46 (21)

0.001

 Smoker

38 (20)

37 (17)

0.48

 Family history

91 (48)

97 (44)

0.45

Statin

79 (42)

50 (22)

<0.001

PTP

59

41

<0.001

Inducible ischaemia (%)

31 (16)

16 (7)

0.006

BMI

28.8

28.2

0.22

79 (42)

125 (56)

0.004

4 (2)
107 (56)

3 (2)
94 (42)

0.84
0.006

n
Age
Cardiac risk factors (%)

FRS (%)
 Low
 Intermediate
 High

BMI, body mass index; FRS, Framingham Risk Score; PTP, pretest
probability.

Carotid disease
In total, 190 (46%) women had significant CD: CP was
present in 170 (41%) and increased CIMT in 62 women
(15%). CP was identified in the CCA, bifurcation of the
CCA and internal carotid artery in 68 (40%), 135 (79%)
and 42 (25%) women. CIMT was not measurable in three
patients: in one case due to the extent of plaque, and in
two cases due to poor image quality. Table 2 compares
the clinical characteristics of patients with and without
CD. Women with CD were older (65 vs 58 years, p<0.001),
and were more likely to have DM (41% vs 21%, p<0.001),
hypertension (67% vs 36%, p<0.01), a higher prevalence
of high PTP (59% vs 41%, p<0.001) of CAD and higher
cardiovascular risk (table 2) as estimated by the FRS.
SE and CU
All women with inducible ischaemia on SE underwent
invasive coronary angiography. Of the 47 women with
ischaemia, 24 had flow-
limiting disease on coronary
angiography, giving a PPV of 51%. The presence of CP
in addition to inducible ischaemia was present in 31
women, of which 22 (71%) had flow-limiting CAD. The
PPV was significantly higher compared with those with
only ischaemia (p<0.01). Of the remaining 16 patients
with ischaemia but without CP, only two women had
flow-limiting disease on angiography, giving a negative
predictive value of 88%. Fourteen women (30%) with
ischaemia had no evidence of CP or significant CAD. Of
the 24 patients with flow-limiting disease and ischaemia,
22 (92%) underwent revascularisation, with two managed
medically since intervention was technically challenging.
4

Figure 1 An example of a 59-year-old woman with
atypical chest pain and exertional dyspnoea. On exercise
echocardiography she exercised for 5.0 metabolic
equivalents (METs) and developed left ventricular dilatation
at peak stress, with inducible wall motion abnormalities
seen in 9/16 wall segments (A–D). Carotid ultrasound (E) and
coronary angiography (F) were entirely normal.

Only three patients with negative SE underwent angiography within 6 months for ongoing chest pain symptoms, all of which were negative for flow-limiting CAD.
The mean burden of ischaemia was 4.8 segments and
the median was four segments. Ischaemic burden was
marginally greater in patients with flow-
limiting CAD
than in those without (5.2 vs 4.1 segments, p=0.04).
Figure 1 gives an example of a subject with a large burden
of ischaemia and normal CU, with subsequent coronary
angiography being normal.
On univariate analysis, age, hypertension, presence
of inducible ischaemia and CP predicted the presence
of flow-
limiting disease. On multivariate analysis, only
the presence of inducible ischaemia (p=0.01) and CP
(p=0.004) were independent predictors.
Reclassification
In the low and high FRS groups, the prevalence of CD
was 42% and 56%, respectively. Seventy-
nine (42%)
Gurunathan S, et al. Open Heart 2020;7:e001188. doi:10.1136/openhrt-2019-001188
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Table 2 Characteristics of patients according to the
presence or absence of carotid disease (CD)

Coronary artery disease

low-risk women were found to have CD. Conversely, 94
(42%) patients in the high-risk group had no evidence of
CD, 52 of which had DM.
Outcomes
Of the 415 patients, nine were lost to follow-up. The
remaining 406 patients were followed up for a mean
interval of 1058±234 days. In total, there were 15 events: 3
deaths, 2 admissions with heart failure, 8 admissions with
NFMI and 3 late vascularisations (one who later died).
The event rate in the cohort was 1.3% per year.
On univariate Cox regression analysis, age (HR
1.07 (1.00–1.15), p=0.04), CPB (HR 1.65 (1.36–2.00),
p<0.001) and ischaemic burden (HR 1.41 (1.18–1.68),
p<0.001) were associated with outcome. CIMT did not
predict outcome (p=0.55). Since the number of events
was modest, multivariate analysis was not performed.
Patients with an abnormal SE had significantly higher
event rate compared with normal SE. In patients with
normal SE, the event rate was 0.60% per year vs 4.8%
per year with myocardial ischaemia (p<0.001) (figure 2).
Among the 24 women with ischaemia and flow-limiting
CAD, seven had events (event rate 9.7%/year) and of
those 23 women without flow-limiting CAD, two (event
rate 2.9%/year) suffered an event.
Additionally, patients with CP had significantly higher
event rates compared with those with no CP. In patients
with no CP, the event rate was 0.40% per year vs 2.3% per
year in those with CP (p=0.001) (figure 3).
There was a stepwise increase in events/year from 0.3%
when there were no ischaemia and atherosclerosis versus
1.1% when there was atherosclerosis and no ischaemia
versus 2.2% when there was ischaemia and no atherosclerosis versus 10% when there were both ischaemia and
atherosclerosis (p<0.001). Figure 4 shows an example of
a woman with normal exercise SE and a large burden of
echolucent plaque on CU, who presented 3 weeks later
with a non-ST elevation MI.
Gurunathan S, et al. Open Heart 2020;7:e001188. doi:10.1136/openhrt-2019-001188

Figure 3 Kaplan-Meier survival curve demonstrating
freedom from events based on carotid ultrasound result
(carotid plaque vs no plaque). CP, carotid plaque.

Discussion
This is the first large prospective study in symptomatic
women with no history of cardiovascular disease and
suspected stable angina, evaluating both atherosclerosis
with CU and myocardial ischaemia with SE. Almost half
of women were found to have CD, with a much smaller
proportion having evidence of inducible myocardial
ischaemia. Inducible ischaemia was predictive of flow-
limiting CAD in only half of the patients with ischaemia,
but the presence of CP significantly improved the predictive value of SE to over 70%.
Crucially almost 90% of women with ischaemia on SE
and no evidence of plaque on CU had no evidence of
flow-limiting CAD. Both the presence of CP and the presence of inducible ischaemia were independent predictors
of flow-limiting CAD. Both CPB and ischaemic burden
predicted adverse events. However, the absence of both
myocardial ischaemia and atherosclerosis was associated
with the lowest event rate increasing approximately fourfold when atherosclerosis was seen even in the absence
of ischaemia, increasing a further twofold when there
was ischaemia but no atherosclerosis, and rising to nearly
fivefold when both ischaemia and atherosclerosis were
present.
Stress echocardiography
Almost 50% of SEs were ‘false positive’ for obstructive
CAD and 14 women (30%) had symptoms and objective
evidence of ischaemia, in the absence of atherosclerosis
or CAD, consistent with previous studies.14
Ischaemia in the absence of obstructive CAD has a high
prevalence in women, as also shown in our study, and
coronary microvascular disease (CMD) is a major contributor to this paradox.12 In the present study, the event rate
in women with myocardial ischaemia and non-obstructive
disease was substantial—almost 3% per year—which was
approximately 2.5 times the prevalent event rate in the
population. It is well recognised that myocardial ischaemia detected by SE is associated with subsequent IHD
5
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Figure 2 Kaplan-Meier survival curve demonstrating
freedom from events based on stress echocardiography
result (ischaemia vs no ischaemia). SE, stress
echocardiography.
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Figure 4 A 55-year-old woman presented with left-sided
chest pains. Exercise echocardiography was normal (A–D)
and carotid ultrasound (CU) demonstrated a large burden of
echolucent plaque in the carotid bulb (E). She presented 3
weeks later with a non-ST elevation myocardial infarction and
angiography (F) demonstrated a subtotal occlusion of the
proximal left anterior descending coronary artery (LAD) with
heavy thrombus burden (white arrow) which was stented.

events, even in the absence of obstructive CAD on angiography.15 16
There is close association of cardiovascular risk factors
and atherosclerosis in the majority of patients with
CMD.17 Thus, aggressive management of comorbidities
is an important goal of treatment in CMD. This includes
smoking cessation, weight loss, adequate control of blood
pressure, diabetes and related metabolic abnormalities,
lipid management, improved nutrition and regular
exercise.17 A paired stress imaging study with interval
anti-ischaemic and preventative medications may prove
beneficial in women with ischaemia and non-obstructive
CAD, and is currently under investigation, as are alternative therapeutic strategies.18 19
Although women with a negative stress echocardiogram
did not undergo angiography, their event rate was very
low, suggesting a very low prevalence of prognostically
significant CAD. SE was therefore able to differentiate
6

CU and traditional risk markers
The FRS is used to determine an individual’s 10-year risk
of CAD, death or MI to guide therapeutic intervention
for both low-density lipoprotein cholesterol and hypertension.20 Patients at greatest risk should receive aggressive therapeutic and lifestyle recommendations. However,
the FRS classifies >90% of women as low risk.21
In this study, just over 40% of patients with low FRS had
CD and almost one-fifth of the study population would
have benefited from primary prevention therapy that
were deemed low risk. In the BioImage study,22 where the
mean age was 69 years and 57% were female, this proportion was 50%, and CPB improved the net reclassification index for events. In a cross-sectional study of 2447
non-diabetic women, 84% of those with significant coronary artery calcification (CAC) were classified with a low
FRS.23 These findings highlight the imprecision of FRS
estimates in women, the prevalent, undetected burden
of atherosclerosis in females and the clinical utility of
atherosclerosis imaging. Further studies should evaluate
whether therapeutic intervention improves outcomes.
As hypothesised, the presence of CP increased the PPV
of inducible ischaemia for predicting flow-limiting CAD.
Since non-obstructive atherosclerosis is a major cause of
ischaemia in women,24 it is not surprising that the PPV of
SE/CU was close to 70%. In a study of CU and CT angiography, the prevalence of CD in patients with and without
obstructive disease was 70% and 43%, respectively.7
CP presence (CPB) and ischaemia were strong independent predictors of outcome. Although atherosclerosis
precedes the development of obstructive CAD, which
manifests clinically as ischaemia, most acute coronary
syndromes occur secondary to plaque rupture in patients
with mild atherosclerosis.6 Conversely ischaemia may
occur in the absence of atherosclerosis and cause cardiac
events.24 The data on the synergistic benefit of atherosclerosis and myocardial ischaemia have been previously
confined to patients undergoing CT/single-photon emission CT (SPECT) or CT/positron emission tomography
(PET),25 but we have clearly shown that it is applicable to
cardiovascular ultrasound in the present setting.
Ultrasound as the technique of choice in symptomatic women
The diagnostic and prognostic value of combined SE and
CU has been previously demonstrated in a mixed cohort
of men and women with symptoms suggestive of stable
angina.8 10 This study extends the diagnostic and prognostic benefit to women.
The National Council for Radiation Protection and
Measurement has emphasised several key principles to
guide referral of women for non-invasive testing, which
include an emphasis on justification of use, dose reduction optimisation and an adequate knowledge base to
guide use.4 Only 12% of women underwent angiography
Gurunathan S, et al. Open Heart 2020;7:e001188. doi:10.1136/openhrt-2019-001188
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high-risk patients (event rate ~5%/year) from low-risk
patients (event rate ~0.5%/year) as expected, extending
its excellent risk stratification to women.

Coronary artery disease

Clinical implication
This study has confirmed our hypotheses for the role of
CU in women attending for SE. The number of false-
positive tests was almost halved, over one-third of women

required secondary prevention not indicated by the FRS
and patients with no CP or ischaemia had a very low event
rate. Conversely women with CP or ischaemia had intermediate to high event rates.
We have suggested a multimodality algorithm for
women with suspected CAD to minimise ionising radiation (figure 5). Women with ischaemia and CP should
undergo invasive coronary angiography as the probability
of flow-limiting CAD is above 70%. On the other hand,
in women with ischaemia and no evidence of carotid
atherosclerosis the prevalence of flow-
limiting CAD is
low, around 10%, and these patients may proceed to
relatively low-
risk Computerised tomography coronary
angiography (CCTA). Women with no evidence of ischaemia but presence of carotid atherosclerosis may be
given primary preventative therapy in view of fourfold
increase in event rates compared with those patients
without atherosclerosis and ischaemia. The latter group
only needs reassurance as their prognosis is excellent.
In persistently symptomatic women with ischaemia and
non-obstructive CAD, the assessment of coronary flow
reserve (CFR) invasively or non-
invasively (depending
on the angiogram type) may be indicated to identify
CMD, and guide potential therapeutic strategies, and
prognosis. CMD can be defined as impaired CFR in the
absence of obstructive CAD, reflecting downstream vasomotor dysfunction. Non-invasive techniques to identify
CMD include PET, Doppler echocardiography, myocardial contrast echocardiography and cardiac magnetic
resonance.
Limitations
Since the follow-up was relatively short, the number of
events was relatively low. Our study was carried out in

Figure 5 A suggested multimodality algorithm in women with suspected coronary artery disease (CAD). Women with
ischaemia and carotid plaque (CP) should undergo invasive coronary angiography since the probability of flow-limiting disease
(FLD) is 70%. In contrast, women with ischaemia and no CP may undergo CT coronary angiography since the prevalence of
FLD is only around 10%. Where FLD is not demonstrated, assessment of coronary flow reserve (CFR) should be performed
invasively or non-invasively using myocardial contrast echocardiography (MCE), Doppler echocardiography, cardiac magnetic
resonance (CMR) or positron emission tomography (PET). Women with no ischaemia and CP may benefit from aggressive
risk factor modification and lifestyle measures. Where there is no ischaemia or CP, women can be safely discharged
since the prognosis is excellent. CU, carotid ultrasound; LDL, low-density lipoprotein; PTP, pretest probability; SE, stress
echocardiography.
Gurunathan S, et al. Open Heart 2020;7:e001188. doi:10.1136/openhrt-2019-001188
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here, despite securing a low event rate of 1.3%/year.
The low event rates in women with no ischaemia and no
CP make it difficult to justify subjecting women to more
expensive tests, which require exposure to ionising radiation (such as SPECT/PET, CT/invasive angiography).
Echocardiography also has the advantages of being able
to detect non-
coronary cardiac conditions in women
contributing to exercise intolerance such as diastolic
dysfunction, elevated pulmonary pressures and the subtle
detection of abnormal myocardial mechanics through
deformation imaging at rest and stress. 3D imaging
among other things allows tomographic assessment of
the left ventricle.
Both CD and coronary artery calcium score are imaging
biomarkers of subclinical atherosclerosis, and are both
comparable for predicting events in older populations.22
However, there are concerns in younger patients and
women who may have non-
calcified high-
risk plaque
which have not yet developed calcification. In a study of
asymptomatic women, 55% of patients with a CAC of 0
had CD,26 and in a younger, mixed gender cohort this
was 47%.27
Since CU is likely to be more cost-effective and lacks
radiation, it may be more suitable for longitudinal lifelong surveillance if no plaque burden is identified at
baseline and may be a first-line test in younger individuals and in women in whom plaque calcification may not
have developed, although this needs to be evaluated in
further studies.

Open Heart

Conclusion
Besides identifying atherosclerosis in a large proportion
of low-risk women, CU significantly improved the PPV
of inducible wall motion abnormalities on SE. Women
with no evidence of inducible ischaemia or atherosclerosis had very low event rates, making this combination
imaging an excellent screening test in women. Because
women are a relatively low-risk population, low-risk efficacious procedures like SE and CU should be the first-line
test in symptomatic women with suspected CAD, in high-
volume centres.
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