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Abstract
Background—Women presenting with signs and symptoms of myocardial ischemia frequently
have no or non-obstructive coronary artery disease (CAD).
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Objective—To investigate associations between angiographic measures and longer-term clinical
outcomes among women with signs and symptoms of ischemia referred for coronary angiography.

Methods—Prospective cohort analysis of women referred for coronary angiography and enrolled
in the National Heart, Lung, and Blood Institute-sponsored Women’s Ischemia Syndrome
Evaluation (WISE). An angiographic severity score was prospectively developed, assigning points
for any stenosis weighted by stenosis severity, location and collaterals, and then tested for
prediction for adverse outcome in 917 women over a median 9.3 years.

Setting—Referral centers.

Patients—Women, with signs and/or symptoms of myocardial ischemia, referred for coronary
angiography were consecutively consented and enrolled in a prospective study.

Main Outcome Measures—First occurrence of cardiovascular death or non-fatal myocardial
infarction. Hospitalization for angina was a secondary outcome.

Results—Cardiovascular death or myocardial infarction at 10 years occurred in 6.7%, 12.8% and
25.9% of women with no, non-obstructive, and obstructive CAD (p<0.0001), respectively.
Cumulative 10-year cardiovascular death or MI rates showed progressive, near linear, increases
for each WISE CAD severity score range of 5, 5.1–10, 10.1–20, 20.1–50, and >50. The optimal
threshold in the WISE severity score classifications for predicting cardiovascular mortality was
>10 (e.g. 5.0–10 vs. 10.1–89), with both a sensitivity and specificity of 0.64 and an area under the
curve of 0.64 (p=0.02, 95% CI = 0.59, 0.68).

Conclusions—Among women with signs and symptoms of ischemia, non-obstructive CAD is
common, and associated with adverse outcomes over the longer-term. The new WISE
angiographic score appears to be useful for risk prediction in this population.

Keywords
angiography score; coronary disease; prognosis; women

Background
Patients presenting with ischemic chest pain or acute coronary syndromes (ACS) are
increasingly found at angiography to have no obstructive epicardial coronary artery disease
(CAD). These rates are as higher in women than men1–3, occur as often as 65%1–4, and
represent 14–17% in cases of biomarker positive ACS2, 4. Prior studies using simple visual
assessment of coronary angiograms revealing no obstructive stenosis have suggested
excellent near and longer-term survival5–9. Although these prior reports reported few deaths,
high rates of persistent symptoms were noted10–12. Many of these patients labeled as
“normal” have angiographically detectable but minimal, non-obstructive (<50% diameter
stenosis) CAD. However, without standardized core laboratory angiographic quantitative
assessment the proportion of patients in prior reports with evidently normal coronary arteries
versus those with detectable but non-obstructive CAD is unknown. Although typically
managed as if they were normal, it is not known whether or not lesion severity in such
subjects with detectable but non-obstructive CAD is associated with an adverse prognosis.

In order to determine whether no and non-obstructive CAD are associated with long-term
adverse outcomes in women, angiograms from women undergoing clinically indicated
coronary angiography were prospectively analyzed quantitatively by a core laboratory
masked to all clinical characteristics, for the presence, extent, and severity of CAD. An
angiographic score was prospectively developed in the WISE study and examined as a
predictor of adverse outcomes.
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Methods
Study

The study cohort consisted of 917 women presenting with symptoms and/or signs of
ischemic heart disease undergoing coronary angiography enrolled in the NHLBI-sponsored
Women’s Ischemia Syndrome Evaluation (WISE) and followed for adverse outcomes.
Exclusion criteria for WISE included any contra-indication to provocative stress testing,
thus enrolled subjects almost exclusively had stable symptoms including typical, atypical
and non-anginal chest pain. Myocardial ischemia was defined as an ischemic response on
any non-invasive tests the details of which are reported elsewhere13.

Baseline Evaluations
Initial evaluation in addition to coronary angiography included collection of demographic,
medical history, symptom data, physical examination as well as blood sampling for lipids,
reproductive hormones, and inflammatory markers. The design and methodology are
described in detail elsewhere13.

Coronary Angiography Core Laboratory
All angiograms were quantitatively evaluated (WISE angiographic core laboratory) masked
to all clinical findings including symptoms and results of non-invasive testing. All coronary
segments with any visual abnormality (even luminal irregularities) were measured
quantitatively. Cine film (rare) was measured with electronic calipers and digital recordings
on CD-ROM (most) were analyzed using a computer based edge detection algorithm
described previously14. An angiographic severity score was prospectively developed which
assigned points according to the category of severity of percent diameter stenosis (0–19, 20–
49, 50–69, 70–89, 90–98, and 99–100) adjusted for the presence of partial or complete
collaterals. Scores were weighted by lesion location with more proximal lesions receiving a
higher weighting factor. Individual lesion point totals were then added together to yield a
final score14 (Appendix). A severity score of 5 was assigned to those women with no CAD.
A severity score ≥ 50 represents severe, diffuse 3-vessel obstructive CAD14.

Definitions
“No CAD” was defined as normal appearing coronary arteries and when measured, no
diameter stenosis ≧20% diameter narrowing in any epicardial coronary artery because in our
experience: 1) any luminal irregularity when measured quantitatively will yield at least a
20% diameter reduction versus a completely normal reference; 2) it is common to obtain a
0–19% diameter reduction when measuring normal segments as a result of vessel tapering.
Non-obstructive CAD was defined as at least 1 diameter stenosis ≧20 but <50%. Obstructive
(single, double or triple vessel) CAD was defined as at least 1 diameter stenosis ≧50%.

Follow-up Procedures
Each patient gave informed consent and all centers had IRB approval for the inclusion of
patients in this targeted cohort study as well as for collection of follow-up data.

Outcome data used in this report were collected in two consecutive collection phases.
During the first phase, patients were contacted at 6 weeks, and at 1-year intervals following
enrollment. During telephone contact, a scripted interview was completed by an experienced
nurse or physician at the respective center: each patient or family member was queried for
occurrence of major adverse cardiac events or hospitalizations. In the event of death, a death
certificate and/or physician narrative was obtained. During the second phase, for those who
were alive at last contact and had not withdrawn consent, this was later followed by a
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National Death Index search. All deaths were adjudicated as cardiovascular (CV) or non-CV
by a committee of senior WISE investigators blinded to angiographic findings. Major
adverse events included cardiovascular mortality and non-fatal myocardial infarction. A
secondary outcome was hospitalization for angina.

Statistical analysis
Continuous variables were expressed as means ± standard deviation. The primary measure
of interest for the prognosis analysis was time to first occurrence of either death or non-fatal
myocardial infarction. Cox proportional hazards (PH) modeling was used to test associations
between angiographic findings and adverse outcomes. Because of the skewed distribution of
the CAD severity score it was log transformed for this analysis. Multivariate modeling was
conducted in subsequent steps: a) unadjusted associations; b) adjusting for age; c) adding to
the models known cardiac risk factors that were also strong predictors in this cohort,
including diabetes, ever smoking, and hypertension. From the PH model, the relative risk
ratio and 95% confidence intervals were calculated. Unadjusted Kaplan-Meier survival
curves were also calculated. Receiver operator characteristics (ROC) analysis was used to
estimate the optimal threshold among the WISE angiographic severity score classes for
predicting cardiovascular mortality as well as estimating sensitivity and specificity. All tests
were two-sided, and a p-value <0.05 was considered statistically significant. Data were
analyzed using SAS version 9.3 (Cary, N.C).

Results
Coronary Angiography and Clinical Characteristics

A total of 917 women had angiograms acceptable for core lab analysis and follow-up data.
Outcome information was collected for 883 of the women, at a median of 6.0 years (first
phase). The National Death Index search resulted in outcome information on a total of 917
women and extended follow-up for mortality only, to a median of 9.3 years (median
interquartile range 8.6–10 years)(second phase). The no, non-obstructive, and obstructive
CAD distribution and WISE angiographic scores are depicted in Table 1. Baseline clinical
characteristics, subgrouped by extent of CAD category are summarized in Table 2.

Adverse Events
At 10 years, 161 (18%) women had died of which 103 (64%) were cardiovascular deaths,
and 30 (3%) women had nonfatal myocardial infarctions (MIs). Because 11 of the 30
women with nonfatal MIs subsequently died later, there were a total of 122 women with
either nonfatal MI or cardiovascular death.

The overall rate of cardiovascular death or nonfatal myocardial infarction, at 10 years,
doubled when comparing women with no CAD (6.7%) to women with non-obstructive
(12.8%) and doubled again (25.9%) for women with obstructive CAD (p<0.01 none versus
minimal and p<0.0001 for none versus obstructive). At 10 years, cardiovascular death rates
also showed this approximate rate doubling when comparing women with no (7.1%),
minimal (13.6%) and obstructive (30.3%) CAD respectively (Figure 1).

Cumulative 10-year cardiovascular death or MI rates showed progressive, near linear,
increases from 6.9%, 14.1%, 20.1%, 24.6% to 37.9% for each WISE CAD severity score
range of 5, 5.1–10, 10.1–20, 20.1–50, and >50 respectively (p<0.001 for 5.1–10 versus 5,
and p<0.0001 for all of the other categories versus 5). This pattern was again seen when
cardiovascular death rates were compared in isolation to angiographic severity score at 10
years of follow-up (Figure 2). By ROC analysis, the optimal threshold in the WISE severity
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score classifications for predicting cardiovascular mortality was >9 with both a sensitivity
and specificity of 0.64 and an area under the curve of 0.71 (p<0.0001, 95% CI = 0.66, 0.76).

Recurrent symptoms occurred frequently, as more than a quarter (28%) of the women were
re-hospitalized with chest pain over the initial phase follow-up observation period (median
6.0 years). Five-year re-hospitalization for worsening or refractory chest pain occurred in
15.9%, 22.3% and 33.3% for those women with no, non-obstructive and obstructive CAD
(p<0.0001). By the WISE angiographic severity score, 5-year chest pain re-hospitalization
rates demonstrated a significant overall relationship of increasing score corresponding to
increased rates, however the observation was inconsistent when comparing individual score
groupings directly (Figure 3).

Therapy During Follow-up
The likelihood of receiving a statin at 1-year follow-up ranged from 12% to 33% to 53%
(p=<0.0001) for women with no, non-obstructive and obstructive CAD respectively. Similar
trends were noted for receiving Aspirin (41%, 61%, 74% respectively, p=0.003), a beta
blocker (24%, 44%, 56% respectively, p<0.0001) and ACE inhibitor (17%, 27%, 35%
respectively, p< 0.0001). Repeat coronary angiography was performed in 9%, 19%, and
34% (p=0.0002) for women with no, non-obstructive and obstructive CAD respectively.
Similar trends were noted for PCI (0%, 12%, 27% respectively, p<0.0001) and CABG (0%,
3%, 16% respectively, p=0.0004). All listed medications and both percutaneous and surgical
revascularization were significantly more likely to be utilized among women with both
obstructive and non-obstructive versus those with no CAD.

Discussion
The current study represents a prospective, contemporary large cohort of women presenting
with signs and symptoms of ischemia for coronary angiography with quantitative coronary
angiographic analysis by core laboratory and long-term follow-up. Several observations are
worthy of emphasis. First, almost two-thirds (62%) of the women did not have a significant,
obstructive stenosis (≧50% diameter reduction), a rate similar to that recently reported in
very large retrospective study identifying a non-obstructive rate of 65% among women with
angina3. Prior studies have described coronary angiographic findings in women referred for
coronary angiography, and have also noted a lower prevalence of obstructive CAD when
compared with men1–4.

Secondly, 10-year adverse outcome rates (cardiovascular death or MI rate) in the women
with non-obstructive CAD were almost double (12.8% versus 6.7%) than that observed in
women with angiographically normal coronary arteries. These results extend our prior WISE
findings that women with signs and symptoms of ischemia but no obstructive CAD have a
twofold elevated major adverse event rate compared to asymptomatic community control
women. These results are in contrast to prior smaller series which have suggested that
women without significant stenosis have an excellent prognosis5–11, 15. These prior studies
used visual interpretation of the angiogram and did not include or stratify between women
with normal versus non-obstructive coronary disease. Thus, our finding of adverse outcomes
in the non-obstructive groups may be due to prior reports including a higher percentage of
women with truly normal coronary arteries and possible non-cardiac chest pain.

Third, in this clinically stable population of women referred for coronary angiography,
adverse outcomes were directly related to the WISE angiographic severity score with 10 -
year cardiovascular death or MI rate ranging from 6 to over 30% for women with scores of 5
through ≧50, respectively. By ROC analysis, a threshold in severity score was identified
with modest sensitivity and specificity to predict adverse cardiovascular outcome. It is
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evident however, from the very smooth shape of the curve that the “severity-response
relationship” is continuous (higher score = worse outcome). Combining individual lesion
point totals into one final severity score is consistent with the concept of “global” coronary
vulnerability related to components of the atherosclerosis process (e.g. inflammation,
endothelial dysfunction, etc.)16. Specifically, each individual lesion, no matter how minimal,
has the potential to contribute to an individuals’ risk for adverse outcome. Therefore, as a
measure of global atherosclerosis burden our WISE severity score appears to provide
important additional prognostic information when compared with traditional, single,
“culprit” lesion based characterizations of extent of CAD (none, minimal, single, double and
triple vessel disease).

Our observation that the relationship between WISE angiographic score and cardiovascular
death/MI, was attenuated with addition of known cardiovascular risk covariates suggests
that the risk associated with non-obstructive CAD is at least partially related to
atherosclerosis. Our prior work demonstrating elevated cardiovascular events, including
non-fatal stroke, among WISE women with normal and non-obstructive coronary
angiography vs. reference asymptomatic women underscores this concept17.

Whether or not non-obstructive CAD, per se, is responsible for the ischemic symptoms and/
or abnormal non-invasive test results leading to the coronary angiogram is unclear. Most
importantly however, finding no “culprit” stenosis often leads to these women with non-
obstructive coronary disease being labeled as “normal” and not targeted for aggressive risk
factor modification for their CAD18. In WISE, there was increased medical therapy
utilization when compared with women with no CAD however, women with non-
obstructive CAD remained significantly less likely versus women with obstructive CAD to
be treated during follow-up with aspirin, beta blockers and statins. Future trials should
prospectively test this. The pathophysiology of the signs and symptoms of ischemia among
women without obstructive CAD is unknown, although prior studies have suggested
possible mechanisms9, 19–21. These include endothelial and microvascular coronary
dysfunction as well as sex differences in plaque morphology22. Microvascular coronary
dysfunction, as assessed by coronary flow reserve, has been shown to be associated with an
increased risk for major adverse outcomes in women23. In support of this concept, we noted
even in our women with angiographically normal coronary arteries, that 5% had a history of
prior MI and 43% had ischemia identified in a non-invasive test. It is interesting to note that
1% of these same women had a prior PTCA. Whether this was performed for coronary
vasospasm or for obstructive CAD which then appeared normal on the subsequent
angiogram analyzed by the core laboratory at WISE entry, is unclear.

Limitations
WISE centers may see a higher percentage of women referred for coronary angiography
without obstructive CAD due to a tertiary care referral bias. Thus, our prevalence of non-
obstructive CAD in women may be higher than observed rates in non-tertiary referral
centers. However, the observed prevalence and prognostic implications of non-obstructive
CAD are similar to a recent large study from Denmark3. Conversely, the WISE cohort of
women have moderate rates of aspirin, statin, ACE-I and ARB medication use that may
have minimized relationships between our coronary angiographic variables and outcomes
and therefore underestimated the observed relationships. Additionally, the 10-year
cumulative cardiovascular death or MI rates are an underestimate since data for MI were
only obtained during phase 1 follow-up which had a median duration of 6.0 years. Finally,
without a comparative male cohort, it is unknown if our findings would apply to men.
Unlike our women, more men undergoing coronary angiography are more frequently labeled
as having CAD, and therefore targeted for therapy to prevent atherosclerosis progression.
Future investigation should be directed at testing these concepts in men.
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Implications
Among the almost 2/3 of women undergoing coronary angiography without obstructive
CAD, many (40%) had visually discernable and angiographically measurable but non-
obstructive CAD. Thus, these findings suggest that as many as 1 in every 2.5 women with
non-obstructive CAD could be risk stratified by this angiographic risk indicator. The
documented risk rates in this population may represent an attractive new preventive target,
with event rates substantially higher than treatment targets in existing guidelines24, 25. Given
the 422,000–581,000 women referred for coronary angiography in 2007 in the US26, 27, with
an estimated $25 billion in hospital charges for women with angiographically non-
obstructive CAD, this is an issue of both relevance and cost27.

Conclusions
Non-obstructive CAD is common and associated with adverse cardiac outcomes in women
referred for coronary angiography for signs and symptoms of ischemia. A new WISE
angiographic severity score appears useful for risk prediction. These results suggest that
clinical trials designed to evaluate interventions in women with measurable, but non-
obstructive CAD should be considered. Further research is also needed to understand the
pathophysiologic mechanisms involved, and to assess the relevance of these findings to
men.
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Figure 1.
10-Year Freedom from CV Death by Coronary Artery Disease Category (CAD). N=917
(103 events)
(Min = minimal or non-obstructive CAD; obstr = obstructive CAD).
Event rates (%) estimated by Kaplan-Meier analysis
*p<0.05 **p<0.01 ***p<0.001 ****p<0.0001 (compared to No)
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Figure 2.
10-Year Freedom from CV Death by Angiographic Severity Score Category. N=917 (103
events)
Event rates (%) estimated by Kaplan-Meier analysis
*p<0.05 **p<0.01 ***p<0.001 ****p<0.0001 (compared to lowest severity [5])
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Figure 3.
5-Year Freedom from Hospitalization for Angina by Angiographic Severity Score Category.
N=883 (214 events)
Event rates (%) estimated by Kaplan-Meier analysis
*p<0.05 **p<0.01 ***p<0.001 ****p<0.0001 (compared to lowest severity [5])
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Table 1

Presence, Extent, and Severity of Angiographically-Defined Coronary Disease in Women with Suspected
Myocardial Ischemia

N=917

Extent of Coronary Disease

 No or <20% stenosis 37%

 Non-Obs (Minimal or Stenosis ≥20 <50%) 25%

 Obstructive or ≥50% stenosis 38%

Number of Vessels with ≥50% Stenosis

 0 62%

 1 Vessel 17%

 2 Vessel 11%

 3 Vessel 11%

By Coronary Artery

 Left Main Stenosis ≥50% 2%

 Left Anterior Descending ≥50% 27%

 Left Circumflex Stenosis ≥50% 18%

 Right Coronary Artery ≥50% 24%

WISE Severity Score* 14.8± 14.7

 Anterior (LAD) Severity Score 7.0± 8.3

 Inferior (RCA) Severity Score 4.5± 6.4

 Lateral (LCX) Severity Score 3.8± 5.6

*
Severity score measures were calculated as mean ± standard deviation. All other values are noted as percentages.
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