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Temporal Trends in Angina, Myocardial 
Perfusion, and Left Ventricular Remodeling 
in Women With No Obstructive Coronary 
Artery Disease Over 1- Year Follow- Up: 
Results From WISE- CVD
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BACKGROUND: Women with ischemia and no obstructive coronary artery disease are increasingly recognized and found to be 
at risk for major adverse cardiovascular events.

METHODS AND RESULTS: In 214 women with suspected ischemia and no obstructive coronary artery disease who completed 
baseline and 1- year follow- up vasodilatory stress cardiac magnetic resonance imaging, we investigated temporal trends in 
angina (Seattle Angina Questionnaire [SAQ]), myocardial perfusion reserve index, blood pressure, and left ventricular (LV) 
remodeling and function from baseline to 1- year follow- up and explored associations between these different parameters. 
We observed concordant positive trends in 4/5 SAQ domains, SAQ- 7, myocardial perfusion reserve index, blood pressure, 
LV mass, and LV mass- to- volume ratio. There was no association between SAQ- 7 improvement and myocardial perfusion 
reserve index improvement over 1- year follow- up (P=0.1). Higher indexed LV end- diastolic volume and time to peak filling rate 
at baseline were associated with increased odds of clinically relevant SAQ- 7 improvement (odds ratio [OR], 1.05; 95% CI, 
1.0–1.1; and OR, 2.40; 95% CI, 1.1–5.0, respectively). Hypertension was associated with decreased odds of SAQ- 7 improve-
ment (OR, 0.41; 95% CI, 0.19–0.91).

CONCLUSIONS: In women with ischemia and no obstructive coronary artery disease clinically treated with cardiac medications 
over 1 year, we observed concurrent temporal trends toward improvement in SAQ, myocardial perfusion reserve index, blood 
pressure, LV mass, and LV mass- to volume ratio. We showed that abnormalities in LV morphology and diastolic function at 
baseline were predictive of clinically significant improvement in angina at follow- up, whereas history of hypertension was as-
sociated with lower odds. Future studies are needed to assess the mechanisms and treatments responsible for the improve-
ments we observed.
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Individuals presenting with signs and symptoms of 
myocardial ischemia and found to have no obstruc-
tive coronary artery disease on invasive coronary 

angiography, referred to as INOCA, are increasingly 
recognized.1–4 INOCA is more common in women, with 
close to two thirds of women undergoing coronary 
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angiography for suspected ischemic heart disease 
found to have no obstructive coronary artery dis-
ease.5,6 Despite the absence of obstructive coronary 
artery disease, INOCA is associated with increased 
risk of major adverse cardiac events.7–9 In the WISE 
(Women’s Ischemic Syndrome Evaluation) study, 
women with INOCA had elevated rates of repeat an-
giography triggered by symptom burden and were 4 

times more likely than men to be readmitted within 
180 days with acute coronary syndrome/angina.7,8

Studies have evaluated progression of angina in 
women with INOCA and showed that persistence 
of chest pain at 1- year follow- up is associated with 
increased risk of major adverse cardiovascular 
events.10–12 However, the progression of myocardial 
perfusion and left ventricular (LV) morphology and 
function over time in women with INOCA is not well de-
scribed. Similarly, how changes in anginal symptoms, 
myocardial perfusion, and LV morphology and function 
are related over time in women with INOCA is poorly 
understood.

In the WISE- CVD (Women’s Ischemia Syndrome 
Evaluation–Coronary Vascular Dysfunction) prospec-
tive study, we investigated temporal trends from base-
line to 1- year follow- up in angina, myocardial perfusion, 
and LV remodeling and function in women with signs 
and symptoms suggestive of INOCA and the relation-
ship between these changes.

METHODS
Study Design
Women were enrolled in the National Heart, Lung, 
and Blood Institute–sponsored WISE- CVD study 
(NCT00832702) after invasive coronary angiogra-
phy ordered by the treating physician for signs and/
or symptoms of ischemia demonstrated no obstruc-
tive coronary artery disease (defined as <50% di-
ameter stenosis in epicardial arteries) as previously 
described.13 Exclusion criteria included acute myo-
cardial infarction within 30 days, planned percutane-
ous intervention or coronary bypass surgery, primary 
valvular disease, cardiogenic shock or intra- aortic 
balloon pump, New York Heart Association Class 
III or IV heart failure, ejection fraction <40%, hyper-
trophic cardiomyopathy, severe renal or liver dis-
ease, pregnancy, life expectancy <6  months, and 
contraindications to angiography (hypersensitivity to 
contrast, active bleeding, bleeding diathesis, renal 
dysfunction). Institutional review boards at Cedars- 
Sinai Medical Center, Los Angeles and University 
of Florida, Gainesville approved the project, and all 
participants provided written informed consent. The 
data that support the findings of this study are avail-
able from the corresponding author upon reasonable 
request.

A total of 374 women completed baseline cardiac 
magnetic resonance imaging (CMRI) and a prespec-
ified subgroup of 214 completed both baseline and 
1- year follow- up CMRI (Figure  1). A Seattle Angina 
Questionnaire (SAQ) was collected at baseline intake 
and follow- up visit. The SAQ and short form SAQ- 7 are 
validated tools for assessment of angina in women and 

CLINICAL PERSPECTIVE

What Is New?
• Women with ischemia and no obstructive coro-

nary artery disease clinically treated with car-
diac medications over 1 year have concurrent 
temporal trends toward improvement in angina, 
myocardial perfusion, and cardiac morphology 
and diastolic function.

• Abnormalities in left ventricular morphology and 
diastolic function at baseline were predictive of 
clinically significant improvement in angina at 
follow-up.

• History of hypertension was associated with 
lower odds of clinically significant improvement 
in angina at follow-up.

What Are the Clinical Implications?
• Our findings suggest that in women with is-

chemia and no obstructive coronary artery dis-
ease, symptoms may be a good surrogate for 
those with more severe disease.

• Our findings support the use of noninvasive 
advanced cardiovascular imaging to follow 
changes in myocardial perfusion and cardiac 
remodeling in future ischemia and no obstruc-
tive coronary artery disease trials.
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men.14–16 The SAQ summary score, 5 SAQ subscales 
(physical limitation, angina stability, angina frequency, 
treatment satisfaction, disease perception) and SAQ- 7 
(physical limitation, angina frequency, disease percep-
tion) are scored from 0 to 100, where a higher score in-
dicates better quality of life, and a change of 10 points 
is considered clinically relevant.15 Optimal medical ther-
apy and therapeutic lifestyle changes were deployed 
by treating physicians.

CMRI and CMRI Analysis
Women underwent CMRI at baseline and 1- year fol-
low- up. CMRI was performed in the supine position on 
a 1.5 T CMRI (Magnetom Avanto, Siemens Healthcare, 
Erlangen, Germany) with ECG gating at baseline and 
1- year follow- up. A highly standardized protocol was 
used for the assessment of LV morphology and func-
tion, pharmacologic stress first- pass myocardial perfu-
sion imaging, and delayed contrast enhancement, as 
previously described.13,17,18 Rest and pharmacologic 
stress first- pass myocardial perfusion imaging was 
performed with adenosine or regadenoson as stress 

agent and gadolinium- based contrast. First- pass per-
fusion images were obtained in basal, mid, and distal 
short- axis image planes.

CMRI analysis was performed using commer-
cially available software (CAAS MRV 3.3, Pie Medical 
Imaging B.V., The Netherlands) to assess myocardial 
perfusion reserve index (MPRI), LV mass, LV volumes, 
LV early peak filling rate, and time to peak filling rate 
by manually tracing the epicardial and endocardial 
borders of the short- axis cine images as previously 
described.13,17,18

Statistical Analysis
Continuous variables were summarized using means 
and standard deviations and percentages for categori-
cal variables. Change in SAQ subscales, SAQ- 7, rest 
and pharmacologic stress hemodynamic parameters, 
and CMRI variables (including MPRI and LV morphol-
ogy and function parameters) from baseline to 1- year fol-
low- up were tested using paired t tests. In women with 
nonmissing data for SAQ- 7 and MPRI at both baseline 
and follow- up (n=181), the chi- squared test was used 

Figure 1. WISE- CVD flowchart.
CMRI indicates cardiac magnetic resonance imaging; CSMC, Cedars-Sinai Medical Center; UF, University of Florida; and WISE- CVD, 
Women’s Ischemia Syndrome Evaluation–Coronary Vascular Dysfunction.
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to assess the association between clinically significant 
SAQ- 7 improvement (defined as ≥10- point improvement 
in SAQ- 7) and MPRI improvement (defined as >0 im-
provement in MPRI) over 1- year follow- up. To examine 
the relationship between baseline, 1- year follow- up and 
change in SAQ subscales and SAQ- 7 in subjects with 
persistently low MPRI (defined as MPRI <1.84 at both 
baseline and follow- up CMRI) compared with those 
without, Wilcoxon rank- sum tests were used because 
SAQ subscales were not normally distributed.

Logistic models were used to determine the factors 
associated with 2 outcomes: clinically significant im-
provement in SAQ- 7 and improvement in MPRI. Variable 
selection in the logistic models was done using a com-
bination of stepwise variable selection procedures and 
best subset selection on the basis of the score statistic 
using a significance level of 0.05 for inclusion into the 
final model. The model for clinically significant SAQ- 7 
improvement included 170 subjects with nonmissing 
data for baseline SAQ- 7 score, history of hypertension, 
indexed LV end- diastolic volume and time to peak fill-
ing rate. The model for MPRI improvement included 199 
subjects and only baseline MPRI as an explanatory fac-
tor. A significance level of 0.05 was used for all tests. 
Analyses were ran using SAS version 9.4 (SAS Institute, 
Cary, NC).

RESULTS
Temporal Trends in Angina, Myocardial 
Perfusion, Hemodynamics, and LV 
Remodeling and Function From Baseline 
to 1- Year
Table  1 shows demographics and baseline clini-
cal characteristics of the 214 women with suspected 
INOCA included in the analysis. At 1- year follow- up 
we observed angina improvement in 4 of 5 SAQ sub-
scales, with greatest improvement in the SAQ quality 
of life, and SAQ- 7 (Table 2). We found that 89 (46%) 
women had clinically significant improvement in SAQ- 7 
over 1- year follow- up. We also observed improvement 
in rest and stress hemodynamics, MPRI, and meas-
ures of LV remodeling over a 1- year period (Table 3). 
Key findings are shown in Figure 2.

Relations Between Angina, Myocardial 
Perfusion, and LV Remodeling and 
Function
We did not find an association between clinically 
significant SAQ- 7 improvement and MPRI improve-
ment over 1- year follow- up (P=0.1). We found that 56 
(28%) women had persistently low MPRI at follow- up. 
Baseline SAQ quality of life and SAQ- 7 scores were 
lower in women with persistently low MPRI compared 

with women without (Table  4). One- year follow- up 
SAQ domains or SAQ- 7 scores were not different in 
women with persistently low MPRI compared with 
women without. Change in SAQ disease perception 
over 1 year was higher in women with persistently low 
MPRI compared with those without (19.1±19.9 versus 
10.4±24.4; P=0.01; results not present in table).

In the logistic model, we found lower odds of clini-
cally significant SAQ- 7 improvement associated with hy-
pertension history and higher SAQ- 7 at baseline (odds 
ratio [OR], 0.4; 95% CI, 0.2–0.9; and OR, 0.95; 95% CI, 

Table 1. Demographics and Baseline Clinical 
Characteristics (N=214)

Demographics and Clinical 
Characteristics N (%), Mean±SD

Age, y 54.6±10.4

Race/Ethnicity

White/Non- Hispanic 157 (73.4)

Black 14 (6.5)

Hispanic/Latin 20 (9.4)

Asian/Pacific Islander 10 (4.7)

Other 13 (6.1)

Hypertension 78 (39.4)

Dyslipidemia 32 (19.4)

Diabetes mellitus 22 (10.6)

Ever smoker 89 (41.8)

Current smoker 9 (4.2)

Postmenopausal 155 (72.4)

Family history of coronary disease 93 (47.5)

Body mass index, kg/m2 28.6±7.1

DASI score 8.69±5.66

Lipids

Total cholesterol 182.18±37.38

Triglycerides 120.09±81.75

HDL cholesterol 60.10±17.35

LDL cholesterol 98.16±32.79

Glucose 94.79±20.29

Creatinine 0.76±0.14

Angiographic findings

No CAD (<20% stenosis) 15 (8.9)

No obstructive CAD (20%–50% 
stenosis)

140 (83.3)

Medications

ACEI or ARB 49 (26)

Statins 86 (45)

β- Blockers 65 (35)

Calcium channel blockers 31 (17)

Nitrates 55 (29)

Ranolazine 12 (7)

ACEI indicates angiotensin- converting enzyme inhibitor; ARB, angiotensin 
receptor blocker; CAD, coronary artery disease; DASI, Duke Activity Status 
Index; HDL, high- density lipoprotein; and LDL, low- density lipoprotein.
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0.93–0.96, respectively). Increased odds of clinically rel-
evant SAQ- 7 improvement was associated with higher 
indexed LV end- diastolic volume and time to peak filling 
rate at baseline (OR, 1.1; 95% CI, 1.0–1.1; and OR, 2.4; 
95% CI, 1.1–5.0, respectively). The only variable associ-
ated with MPRI improvement was baseline MPRI (OR, 
12.6; 95% CI, 5.3–29.9).

DISCUSSION
To our knowledge, this is the first prospective cohort of 
women with INOCA with repeated advanced cardiac 
imaging demonstrating concordant trends in angina, 
myocardial perfusion, and LV remodeling and func-
tion over 1- year follow- up. Although we did not find a 

Table 2. Seattle Angina Questionnaire at Baseline and 1- Year Follow- Up (N=214)

SAQ Baseline SAQ Scores
1- y Follow- Up SAQ 

Scores
Change SAQ Baseline to 1- y 

Follow- Up
P Value for 
Change*

SAQ subscales

Angina limitation 67.4±24.6 71.6±23.3 5.6±22.6 <0.001†

Angina stability 48.8±27.3 52.9±22.0 3.4±35.4 0.2

Angina frequency 62.6±26.6 70.5±23.8 8.0±24.7 <0.001†

Treatment satisfaction 71.3±24.7 77.4±21.0 6.0±25.1 0.001†

Disease perception 50.1±23.9 63.1±24.4 13.2±24.0 <0.001†

SAQ summary score 59.9±17.9 67.1±16.3 7.2±16.8 <0.001†

SAQ- 7 60.4±22.3 69.1±20.8 9.2±18.7 <0.001†

SAQ indicates Seattle Angina Questionnaire.
*Paired t tests.
†Significant P value change from baseline to 1 year.

Table 3. Stress Cardiac Magnetic Resonance Imaging Hemodynamics, Myocardial Perfusion, and Cardiac Morphology 
and Function Variables at Baseline and 1- Year Follow- Up (N=214)

CMRI Variables Baseline 1- y Follow- Up
Change Baseline to 1- y 

Follow- Up P Value for Change*

Rest and pharmacologic stress hemodynamics

Rest heart rate, bpm 68.3±10.4 67.9±11.1 −0.5±10.9 0.5

Peak stress heart rate, bpm 98.2±17.2 97.9±15.2 −0.3±14.4 0.8

Rest SBP, mm Hg 130.3±20.4 128.1±17.6 −2.2±20.4 0.1

Peak stress SBP, mm Hg 133.3±24.5 128.3±20.5 −5.1±22.7 0.002†

Rest DBP, mm Hg 64.9±13.4 61.8±11.7 −3.3±14.9 0.002†

Peak stress DBP, mm Hg 62.4±14.2 61.3±15.1 −1.5±16.4 0.2

MPRI

Mean MPRI 1.8±0.5 2.0±0.5 0.2±0.6 <0.001†

Mean MPRI/rest pressure 
product

1.6±0.5 1.7±0.6 0.1±0.7 0.005†

Subendocardial MPRI 1.6±0.4 1.8±0.5 0.2±0.5 <0.001†

Subepicardial MPRI 1.9±0.5 2.1±0.6 0.2±0.7 0.002†

LV morphology and function

LV ejection fraction, % 67.4±7.5 67.8±6.5 0.3±5.7 0.5

LV end- diastolic volume, mL 122.7±24.9 122.5±23.6 0.8±15.1 0.5

LV end- systolic volume, mL 40.5±14.3 39.6±12.8 −0.5±8.9 0.5

LV stroke volume, mL 81.9±16.8 82.6±15.9 1.3±13.3 0.2

PFR, mL/s 355.5±98.7 347.4±88.2 −5.0±79.0 0.4

PFR/LV end- diastolic volume, s 2.9±0.6 2.9±0.6 −0.1±0.6 0.3

Time to peak filling rate, ms 197.7±63.9 190.4±71.0 −7.4±87.4 0.3

LV mass, g 92.7±16.4 91.1±16.7 −1.5±6.6 0.003†

LV mass index 50.7±6.4 49.9±6.7 −0.8±3.6 0.002†

LV mass- volume ratio, g/mL 0.8±0.2 0.8±0.2 −0.02±0.1 0.018†

DBP indicates diastolic blood pressure; LV, left ventricular; MPRI, myocardial perfusion reserve index; PFR, peak filling rate; and SBP, systolic blood pressure.
*Paired t tests.
†Significant P value change from baseline to 1 year.
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relationship between angina and myocardial perfusion 
improvement, we found that women with persistently 
low myocardial perfusion had worse physical limita-
tion, angina frequency, and quality of life at baseline. 
We also showed that abnormalities in LV morphology 
and diastolic function at baseline were predictive of 
clinically significant improvement in angina at follow-
 up, whereas history of hypertension was associated 
with lower odds.

We expected improvements in myocardial perfu-
sion to lead to improvements in angina as reported in 
prior pharmacologic PROBE (Prospective Randomized 
Open Blinded End- Point) trials19–22; however, in our 
study we did not find a direct correlation between im-
provement in myocardial perfusion and angina. Angina 
in women with INOCA can result from multiple coro-
nary abnormalities, including coronary microvascular 
dysfunction, endothelial dysfunction, macrovascular 
dysfunction, myocardial bridging, and spasm.17,23,24 In a 
prior trial, the correlation between angina improvement 

and CMRI myocardial perfusion reserve was reported 
in the subset of women with coronary microvascular 
dysfunction diagnosed invasively through low coro-
nary flow reserve.21,22 We hypothesize that in our co-
hort of women with INOCA, angina improvement was 
multifactorial and not driven only by improvement in 
myocardial perfusion. Furthermore, we observed that 
women with persistently low myocardial perfusion had 
worse physical limitation, angina frequency, and qual-
ity of life assessed through SAQ- 7 at baseline. These 
results suggest that in women with INOCA, symptoms 
at time of diagnosis may be a good surrogate for those 
with more severe disease.

We also found that abnormalities in LV morphol-
ogy and diastolic function at baseline, higher LV end- 
diastolic volume and time to peak filling rate, were 
predictive of clinically significant improvement in an-
gina at follow- up. These findings support the interre-
lationship between angina and LV morphology and 
function in women with INOCA. In women with INOCA, 

Figure 2. Change in angina, myocardial perfusion, stress hemodynamics, and LV morphology over 1 year (N=214).
LV indicates left ventricular; MPRI, myocardial perfusion reserve index; SAQ, Seattle Angina Questionnaire; and SBP, systolic blood 
pressure.
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impaired myocardial blood flow can result in myocar-
dial ischemia that over time leads to LV dysfunction and 
increase in LV diastolic pressure.18,25,26 Cannon et al27 
showed that patients with angina and abnormal va-
sodilator reserve have abnormalities in LV function. In 
addition, our study shows that history of hypertension 
was associated with lower odds of angina improve-
ment. Hypertension is associated with remodeling of 
coronary arteries and leads to arteriolar constriction 
and reduced coronary flow reserve, which develops 
over time and may not be reversed in 1 year’s time.28,29

Studies on the natural history of INOCA are lack-
ing.30 We observe concordant trends in angina, myo-
cardial perfusion, LV morphology, and blood pressure 
improvement in women with signs and symptoms 
of INOCA clinically treated with cardiac medications 
over 1 year. Our findings are consistent with prior 
pharmacologic PROBE trials, which showed im-
provement in angina and myocardial perfusion over 
shorter follow- up.19–22 Although our lack of random-
ized placebo- controlled clinical trial design limited our 
ability to determine the role of cardiac medications, we 
hypothesize that the improvement observed may be 
in part attributable to changes in cardiac medications 
by the treating physicians over a 1- year period. These 
changes require further exploration in future studies as 
prognostic indicators for long- term outcomes as we 
have seen with persistent angina in prior studies.10–12

Our study has strengths and limitations. Strengths 
include a large sample size of nearly 200 women 
and use of validated measures and core laborato-
ries. Because of the observational nature of our study 
and the absence of control subjects, our findings of 

concordant improvement in angina, myocardial perfu-
sion, and LV remodeling may be attributable to regres-
sion to the mean, although our blinded core laboratory 
readings somewhat moderate this. Improvement in 
myocardial perfusion may also be related to scan vari-
ability, as we previously demonstrated there is a 20% 
coefficient of variation for MPRI between scans.31 We 
were unable to assess the relationship between car-
diac medications, angina, and myocardial perfusion 
because of treatment bias, relatively small sample size 
for each cardiac medication drug class, simultaneous 
use of multiple cardiac medications, collection of data 
on medication use at only 2 time points, and the lack 
of randomized placebo- control design.

CONCLUSIONS
Women with INOCA represent a diagnostic and ther-
apeutic challenge. In women with INOCA clinically 
treated with cardiac medication over 1 year, we ob-
served concurrent temporal trends toward improve-
ment in angina, myocardial perfusion, LV morphology 
and function, and blood pressure. Although we did 
not find a relationship between angina and myocardial 
perfusion improvement, our findings suggest that in 
women with INOCA, symptoms may be a good sur-
rogate for those with more severe disease. Our study 
supports the use of noninvasive advanced cardiovas-
cular imaging to follow changes in myocardial perfusion 
and LV remodeling in future INOCA trials. We showed 
that abnormalities in LV morphology and diastolic func-
tion at baseline were predictive of clinically significant 
improvement in angina at follow- up, whereas history 
of hypertension was associated with lower odds. 
Future studies are needed to assess the mechanisms 
and treatments responsible for the improvements we 
observed.
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