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ARTICLE INFO ABSTRACT

Keywords: Background: Women with suspected ischemia and no obstructive coronary artery disease (INOCA) are often
Refractory angina challenging to manage. We aimed to understand mechanisms and treatable pathways of refractory angina.

INOCA Methods: The Women’s Ischemia Syndrome Evaluation — Coronary Vascular Dysfunction (NCT00832702)
(SJII?/I?{I recruited women between 2008 and 2015. In a pre-defined subgroup (n = 198) with repeat cardiac magnetic

resonance imaging (CMRI) at 1-year, we investigated severity of angina (Seattle Angina Questionnaire-7) in
relation to risk factors, baseline invasive coronary function testing, and CMRI parameters. Refractory angina was
defined as SAQ-7 score < 75 at baseline and < 10-point improvement at 1-year.

Results: Women with refractory angina (n = 60, 30 %), compared to those without, had lower incomes, and
higher proportion of hypertension and nitrate use at 1-year (p < 0.05). They also had significantly lower baseline
coronary blood flow (CBF) response to acetylcholine (p < 0.01). Myocardial perfusion reserve index was not
different at baseline or follow-up. At 1-year, changes in SAQ domain scores significantly differed between groups,
with persistent lack of improvement in physical limitation, disease perception, angina stability, and angina
frequency (p < 0.05) in the refractory group. In an age-adjusted regression model, hypertension (OR 4.48; 95 %
CI 1.23-16.25; p = 0.02) and abnormal CBF (OR 3.34; 95 % CI 1.04-10.72; p = 0.04) were associated with
refractory angina.

Conclusions: Refractory angina is common in women with INOCA. Hypertension and endothelial-dependent
microvascular dysfunction are independently associated with a 4- and 3-fold increase in refractory angina at
1-year, respectively. These findings may identify potential treatment targets to reduce angina burden in INOCA.

1. Background

Ischemia with no obstructive coronary artery disease (INOCA) is a
challenging clinical condition that predominately affects women [1]. As
much as 70 % of women presenting for invasive coronary angiography
have normal or non-obstructive coronary arteries (<50 % diameter
stenosis), with many often being told they have non-cardiac symptoms
[2]. Notably, INOCA is increasingly described in men, whereby up to 50

% of men undergoing clinically indicated coronary angiography have
normal or non-obstructive coronary disease, and are less likely to be
treated [3].

Despite having no significant epicardial obstructive coronary artery
disease (CAD), INOCA patients often continue to have a high burden of
symptoms that contribute to reduced quality of life and increased use of
health care resources from repeated evaluations and hospitalizations
[4]. Refractory anginal symptoms are associated with long-term anxiety,
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depression, and impaired physical functioning [5]. Furthermore, in the
multicenter cohort study of the original Women’s Ischemia Syndrome
Evaluation (WISE)(NCT00000554), women with INOCA and persistent
chest pain at 1-year follow-up had double the rates of major adverse
cardiovascular events (MACE), including non-fatal myocardial in-
farctions (MI), strokes, congestive heart failure, and cardiovascular
death, compared to those without persistent chest pain [6].

Currently, treatment options for patients with refractory angina
include beta and alpha-beta blockers, vasodilators, such as nitrates or
calcium channel blockers (CCB), ranolazine, and novel therapeutics that
include ivabradine, enhanced external counter-pulsation (EECP), or
spinal cord stimulation [1,7]. The efficacy of these therapies for treat-
ment pathways have been incompletely evaluated and the pathophysi-
ology contributing to persistent symptoms in women with INOCA
remains poorly understood [8,9]. Therefore, we sought to phenotype
those with refractory angina to understand potential treatable pathway
mechanisms.

2. Methods
2.1. Study population

The recruitment of participants for the National Heart, Lung, and
Blood Institute-sponsored WISE-CVD study (NCT00832702) occurred
between 2008 and 2015 and included eligible women older than 18
years with symptoms and/or signs of suspected myocardial ischemia
undergoing clinically-indicated coronary angiography. Details of the
study design and complete methodology has been described elsewhere
[10]. Briefly, major exclusion criteria included pregnancy, contraindi-
cations to cardiac magnetic resonance imaging (CMRI) or invasive cor-
onary function testing (CFT), significant structural heart disease
(cardiomyopathy, valvular, or congenital heart disease), recent MI,
language barrier to questionnaire testing, or comorbidities that would
compromise follow-up. Women with recent or planned coronary an-
gioplasty or coronary artery bypass grafting were also excluded. Insti-
tutional review board approval was obtained at each individual
participating site (Cedars-Sinai Medical Center, Los Angeles; and Uni-
versity of Florida, Gainesville).

2.2. Data collection procedures

Standardized questionnaires were used to gather information about
baseline medical history, demographics, physical examination, and the
Duke Activity Status Inventory (DASI), where higher DASI scores to a
maximum 58.2 indicated higher functional class [11]. Hypertension was
defined as a systolic blood pressure > 140 mmHg, diastolic blood
pressure > 90 mmHg, or a self-reported history of hypertension. Re-
sponses to the Seattle Angina Questionnaire (SAQ) were collected at
baseline and 1-year follow-up visits. The SAQ and shortened version,
SAQ-7, are validated tools for assessment of angina [12,13]. The SAQ
measures five domains of quality of life in patients with CAD, including
physical limitation, angina stability, angina frequency, treatment satis-
faction, and disease perception; the SAQ-7 captures physical limitation,
angina frequency, and disease perception. Values are totaled from 0 to
100, with higher scores indicating better quality of life, and a change of
10 points in any of the domains is considered clinically relevant [14].
Previous validation studies have shown for clinical interpretation, the
SAQ summary score can be categorized into ranges of 0 to 24 (very poor
to poor health status), 25 to 49 (poor to fair), 50 to 74 (fair to good), and
75 to 100 (good to excellent), with a change of 10 points in any of the
subscales considered to be clinically important [12,14,15]. For this
study, refractory angina was defined as an SAQ-7 score < 75 at baseline
(indicating at least mild to moderate angina) and a change of <10 points
at 1-year follow-up, reflecting a lack of clinically important improve-
ment. This definition aligns with previously established SAQ score cat-
egorizations and thresholds for clinical relevance [14,16,17].
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2.3. CMRI protocol and analysis

In a pre-defined subgroup, 198 participants underwent both CMRI
scans at baseline and 1-year follow-up, as previously described [10].
Briefly, scans were performed in the supine position on a 1.5T MRI
(Magnetom Avanto, Siemens Healthcare, Erlangen, Germany) with ECG
gating, using a standardized protocol to assess left ventricular (LV)
morphology, function, and first-pass contrast-enhanced myocardial
perfusion imaging [10]. CMRI analysis using commercially available
software (CAASc MRV 3.3, Pie Medical Imaging B.V., The Netherlands)
provided measures of global myocardial perfusion reserve index (MPRI)
of short-axis images in the basal, mid, and distal slices [18]. MPRI
threshold of <1.84 identifies the presence of coronary microvascular
dysfunction (CMD), as demonstrated previously [18].

2.4. Invasive coronary function testing

In a pre-defined subgroup, participants underwent invasive coronary
angiography and CFT via the femoral approach to evaluate different
phenotypes of vascular function, as previously described [10]. Briefly, a
Doppler guidewire placed in the proximal left anterior descending cor-
onary artery and intracoronary injections of adenosine (18 and 36 pg)
was used to induced hyperemia. Coronary flow reserve (CFR) was
calculated with values <2.5 indicating non-endothelial dependent
microvascular dysfunction. Coronary blood flow (CBF) and coronary
artery diameter response to intracoronary infusions of acetylcholine (36
pg) was used to assess microvascular and macrovascular endothelial-
dependent function, respectively. Endothelial-dependent microvas-
cular dysfunction was defined as a blunted CBF of <50 % in response to
acetylcholine. Abnormal endothelial-dependent macrovascular coro-
nary function was defined as <0 % (no change or constriction of vessel)
in epicardial coronary artery diameter in response to a maximum dose of
acetylcholine. Coronary macrovascular non-endothelial function
(smooth muscle function) was tested using 200 pg of intracoronary
nitroglycerin, whereby coronary diameter response to <20 % dilation
was abnormal.

2.5. Statistical analysis

Reported values were summarized as mean (standard deviation
[SD]) for continuous variables or percentages for categorical variables.
Changes in collected parameters at 1-year are summarized as percent
change from baseline. Tests for categorical variables between those with
and without refractory angina were chi-squared tests. In circumstances
where variables had low counts, Fisher’s Exact test was used. For
continuous variables, t-tests were performed, unless the distributions
were non-normal, in which case Wilcoxon rank sum test was used. A
multivariable logistic regression model was made with the outcome of
refractory angina and explanatory variable of abnormal CBF response
(<50 %), adjusted for age, household income, history of hypertension,
DASI score, baseline nitrates use and MPRI. Unadjusted logistic regres-
sion was also used with abnormal CBF as the outcome and each SAQ
domain as explanatory variables. Significance level was defined as p <
0.05 for all tests.

3. Results
3.1. Baseline measurements

Table 1 shows the baseline demographics and clinical characteristics
of the 198 women with suspected INOCA. Overall, there was high
prevalence of refractory angina in this population, with one-third of the
women reported having refractory angina. The breakdown by race and
ethnicity between White/non-Hispanics and Non-White of the cohorts
are shown, which did not differ by the presence of refractory angina (p
= 0.1258). Compared to those without refractory angina, women with
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Table 1
Baseline demographics and clinical characteristics of participants with re-
fractory and non-refractory angina (n = 198).

Clinical Characteristic Refractory Angina ~ Non-Refractory P-Value
(n = 60) Angina (n = 138)

Age (years) 53.5 (10.4) 54.9 (10.4) 0.39

Hypertension (%) 49 33 0.04
Baseline systolic blood 132.4 (19.3) 129.2 (21.0) 0.32
pressure

Baseline diastolic blood 68.9 (10.9) 63.2 (13.7) 0.001
pressure
Dyslipidemia (%) 22 18 0.51
Diabetes (%) 9 12 0.62
Smoking history (%) 39 44 0.64
Postmenopausal 75 70 0.49
BMI 29.7 (7.3) 28.2 (6.9) 0.09
DASI score 4.8 (4.1) 8.0 (5.1) <0.0001
Income <$50,000 (%) 42 26 0.02
$50,000 < Income 32 27
<$99,000
$100,000 < Income 25 47

Race and Ethnicity 0.60
White/non-Hispanic 42 (70.0) 102 (74)
Non-White 18 (30) 36 (26)

Values are mean (SD) or (%).

refractory angina were significantly more hypertensive, had lower in-
comes, lower DASI scores, and had greater nitrate use at one year (42 %
vs 26 %). There was no significant difference in baseline medications
(including calcium channel blockers, beta blockers, nitrates, ranolazine,
ace inhibitors (ACE—I) or angiotensin receptor blockers (ARB), statins,
or low dose aspirin), and the proportion of women on two or more
antianginal medications after one year remained similar.

Fig. 1 shows the baseline results of the pre-defined subgroup of
women who underwent CFT. Women with refractory angina more often
had microvascular endothelial dysfunction, of which 74 % (20 of 27)
had an increase in CBF <50 % in response to ACh, compared to 42 % (34
of 82) of those with non-refractory angina (p < 0.01). There were no
significant differences in the proportion of women with non-endothelial
dependent microvascular dysfunction (29 % [9/31] vs 35 % [32/92]);
abnormal macrovascular endothelial coronary function (49 % [16/33]
vs 47 % [42/89]), or abnormal coronary macrovascular non-endothelial
function (70 % [23/33] vs 64 % [58/90]). Further, while the majority of
these women with refractory angina had more abnormal CFT pathways,
there was no significant association between the number of abnormal
CFT pathways and refractory angina.

3.2. Interval change in SAQ and CMRI measurements

The absolute change from baseline to 1-year follow-up in SAQ sub-
scale scores are shown in Fig. 2 and overall demonstrated change in each
of the SAQ domains for women with refractory angina compared to
those with non-refractory angina were significant for all, but angina
stability. Women with non-refractory angina demonstrated the greatest
improvement in subscales of disease perception (18.6 + 24 change),
followed by angina frequency (13.3 + 24.6 change), and physical lim-
itation (9.7 + 23 change).

There was no significant difference in the baseline or 1-year follow-
up CMRI parameters in those with refractory vs without refractory
angina, including no significant difference in LV ejection fraction [65.9
% (9.0) vs 68.0 % (6.8); p = 0.15], LV end-diastolic volume [120.8 ml
(23.5) vs 122.7 ml (25.3); p = 0.87]; LV end-systolic volume [41.8 ml
(16.5) vs 39.7 ml (13.4); p = 0.62]; LV mass [94.1 g (17.5) vs 92.0 g
(16.3); p = 0.33]; or MPRI [1.7 ml (0.5) vs 1.9 ml (0.5); p = 0.16] (data
not shown).
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3.3. Predictors of refractory angina

In a multivariable logistic regression modelling, the presence of hy-
pertension (odds ratio [OR] 4.48; 95 % confidence interval (CI)
1.23-16.25; p = 0.02) and abnormal CBF response (OR 3.34; 95 % CI
1.04-10.72; p = 0.04) were significantly associated with refractory
angina (Fig. 3). A model with an interaction to test whether the com-
bination of hypertension and abnormal CBF response was different from
one factor alone did not show a significant difference in the odds ratio
for refractory angina (p = 0.4121).

In addition, age-adjusted logistic regression modelling demonstrated
that a lack of improvement or change in the SAQ domain of physical
limitation predicted abnormal CBF response (OR 0.93, 95 % CI
0.88-0.98, p = 0.006). There were no significant associations between
abnormal CBF response and remaining domains of the SAQ, including
angina stability, angina frequency, treatment satisfaction, or disease
perception.

4. Discussion

In this multicenter study involving women with INOCA we found a
significant burden of disease, with one-third of participants continuing
to exhibit refractory angina at 1-year follow-up. Women with refractory
angina had significantly lower functional status, lower incomes, higher
proportion of hypertension, and greater nitrate use at 1-year. The ma-
jority of individuals with refractory angina have more abnormal CFT
pathways. Importantly compared to women with non-refractory symp-
toms, baseline CBF response to ACh provocation was lower in women
with refractory angina, with nearly 75 % demonstrating evidence of
abnormality. Hypertension and blunted CBF response of <50 % to ACh
independently predicted a ~ 4-fold increased risk for refractory angina
at 1-year follow-up. These findings suggest mechanistic roles for hy-
pertension and endothelial-dependent microvascular dysfunction and
identify potential treatment targets to reduce angina burden in INOCA.

Additionally, using SAQ-7, we demonstrate a lack of improvement in
the subdomain of physical limitation was associated with the presence of
endothelial-dependent microvascular dysfunction (abnormal CBF) at 1-
year follow-up. Furthermore, while the changes between baseline and 1-
year were significantly different between those with refractory and non-
refractory angina in the remaining SAQ subdomains, these were not
associated with abnormal baseline CBF measurements. SAQ subdomain
use may be useful to evaluate persistent symptoms in this population,
which often remains challenging in the clinical setting.

4.1. Underlying pathophysiology of INOCA

INOCA is a broad term that emphasizes the significance of coronary
syndromes beyond obstructive epicardial CAD, with multiple incom-
pletely understood mechanisms. We and others have described that
coronary vasomotor dysfunction is common in patients with INOCA,
with over three quarters having microvascular and/or vasospastic
angina [1,19,20]. Clinically, INOCA is difficult to diagnose, as there are
no convenient modalities that can assess the coronary microvasculature.
When compared to the reference standard of invasive CFT, traditional
non-invasive stress tests have only 41 % sensitivity and 57 % specificity
to predict coronary vasomotor dysfunction [21]. This is likely due to
limitations in the different non-invasive imaging modalities, as well as
complex disease pathways that can contribute to coronary vasomotor
dysfunction, including non-endothelial dependent micro/macrovascular
dysfunction, endothelial-dependent micro/macrovascular dysfunction,
and micro/macrovascular coronary vasospasm [22-24].

In recent years, CMRI techniques have been successfully used to
evaluate physiological surrogates of the microvasculature with contrast-
enhanced first-pass myocardial perfusion imaging [18]. Using adenosine
to induce hyperemia, semi-quantitative measurements of the MPRI have
been validated to evaluate the vasodilating capacity of small vessels
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Fig. 1. Baseline measurements of the pre-defined subgroup of women who underwent coronary function testing (n = 198), comparing those with refractory angina vs
without (non-refractory angina). CFR: coronary flow reserve; CBF: coronary blood flow; ACH: Acetylcholine; NTG: nitroglycerine.

[18]. We have previously demonstrated in symptomatic subjects with no
obstructive CAD, but evidence of coronary microvascular dysfunction,
that changes in angina, as measured by SAQ-7, correlated with changes
in MPRI, indicating that symptoms are related to ischemia in this pop-
ulation [25].

In our current study, between women with refractory angina and
those without, as well as between baseline and 1-year follow-up scans,
there was no significant difference in MPRI. This may be due to the use
of adenosine as a pharmacological stress agent, which predominately
evaluates only the pathway of non-endothelial dependent vascular
relaxation through direct stimulation of smooth muscle cells [10].

Although the absolute differences in blood pressure between groups
were modest—driven primarily by diastolic BP—hypertension was
significantly more prevalent among women with refractory angina and
remained independently associated with persistent symptoms in multi-
variable analysis. This finding is consistent with prior studies in patients
with angina and no obstructive coronary artery disease (ANOCA), which
have reported a higher prevalence of hypertension in those with

vasomotor dysfunction compared to those without (39 % vs. 7 %, p =
0.02) [26], suggesting a potential mechanistic role for elevated blood
pressure. We have also previously shown that coronary microvascular
function improves with ACE-I therapy in women with INOCA, and that
this is associated with a reduction in anginal symptoms [27]. Addi-
tionally, many commonly prescribed antianginal therapies—such as
beta-blockers, calcium channel blockers, and nitrates—have blood
pressure-lowering effects, supporting the relevance of hemodynamic
modulation in symptom management.

Despite these associations, we acknowledge that the blood pressure
differences observed in our cohort were small, with wide standard de-
viations that limit the ability to draw definitive conclusions about
clinical impact. The management of refractory angina in INOCA is
inherently complex and likely involves multiple, overlapping mecha-
nisms beyond blood pressure control alone. To further investigate

therapeutic strategies in INOCA, the ongoing WARRIOR trial
(NCT03417388) is evaluating whether intensive medical ther-
apy—including statins, aspirin, and an ACE-inhibitor or
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ARB—compared to usual care, can reduce major adverse cardiovascular
events in women with this condition [28,29].

Finally, the most striking result of our study is that the majority of
women with refractory angina had evidence of endothelial-dependent
microvascular dysfunction, which may represent an underlying vaso-
spastic mechanism. This aligns with growing recognition that a sub-
stantial proportion of patients with ANOCA have epicardial or
microvascular spasm, for which endothelial dysfunction may be a key
pathophysiological driver. In a prospective study of 111 patients with
ANOCA who underwent invasive coronary function testing, coronary
vasomotor dysfunction was identified in 86 % of participants, with the
vast majority (97 %) having either epicardial or microvascular spasm,
while isolated impaired microvascular dilatation to adenosine was rare,
occurring in only 3 % of cases [26]. These findings may explain why
there was a specific relationship between refractory angina and
endothelial-dependent microvascular dysfunction in our study popula-
tion, and not the other pathways.

The pathogenesis of coronary vasospasm, while not fully elucidated,
is thought to be due to an interplay between endothelial-dependent
dysfunction and vascular smooth muscle cell hyperreactivity [30]. In
healthy endothelium, acetylcholine stimulates the release of nitric
oxide, mediating vascular smooth muscle relaxation and increased
blood flow. However, at high doses or in patients with endothelial-
dependent dysfunction, acetylcholine directly stimulates vascular
smooth muscle cell, causing vasoconstriction that can precipitate
epicardial and/or microvascular spasm [30]. Studies have shown that
women with suspected INOCA have elevated rates of repeat angiog-
raphy triggered by refractory symptoms, and were four times more
likely than men to be readmitted within 180 days with acute coronary
syndrome/angina [1]. This further suggests that coronary vasospasm
may be the predominant endotype for women with refractory angina,
despite having normal findings on routine diagnostic investigations, as
vasospasm is both a recognized etiology for INOCA and its acute coun-
terpart, myocardial infarction with no obstructive coronary arteries
(MINOCA) [31,32]. Although vasospasm was not formally tested in our
cohort, we address this limitation and acknowledge that further studies
are needed to confirm this mechanistic pathway.

4.2. Limitations

At the time of this study, high dose acetylcholine provocation for
coronary vasospasm was not used as part of the CFT protocol. Therefore,
we cannot the confirm the presence of coronary vasospasm in this
cohort. Additionally, the relatively small sample size likely limited the
statistical power to find a significant difference in MPRI between women
with refractory angina and those without. Clinically, however, there are
mixed endotypes for INOCA, with patients shown to have abnormalities
in both endothelial and non-endothelial dependent pathways [19].
Larger sample sizes would allow for deeper phenotyping of patients with
refractory angina.

Furthermore, while our multivariable regression analysis identified
statistically significant predictors of refractory angina, the wide confi-
dence intervals observed for these associations reflect a level of uncer-
tainty in the effect size estimates. This may be due to the sample size
constraints in the subgroup analyses. As such, our findings should be
considered hypothesis-generating and warrant confirmation in larger,
prospective studies.

5. Conclusions

There is a relatively high burden of refractory angina in a large
proportion of women with suspected INOCA at 1-year follow-up.
Women with refractory angina are more likely to have abnormal coro-
nary blood flow response to acetylcholine provocation, suggesting a
mechanistic role for endothelial-dependent microvascular dysfunction
as a treatment target. Ongoing research is needed to test the hypothesis
that statin and ACE-I/ARB treatment can improve quality of life through
reduction of refractory angina, as well as reduce major adverse cardiac
events.
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