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Stop invasive coronary angiography as the
gold standard for the diagnosis of stable

angina!

“...invasive coronary angiography carries nonnegligible risks, has

limited accuracy in demonstrating the functional importance of

a coronary artery stenosis and its place as gold standard for the
diagnosis of coronary artery disease is changing.”
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An accurate diagnosis is of great importance
for appropriate treatment and estimation of
prognosis in patients with ischemic heart
disease. The current gold standard for the
diagnosis of stable coronary artery disease
(CAD) is invasive coronary angiography (1.
Although its invasive nature carries a non-
negligible risk and adds significant costs [2],
an immediate invasive strategy is even rec-
ommended for risk stratification in symp-
tomatic patients at high risk, in patients with
typical angina and a reduced left ventricular
ejection fraction (<50%) and in patients who
are candidates for other cardiac surgery 1.
In addition, according to the 2013 European
Society of Cardiology (ESC) guidelines on
stable CAD, invasive coronary angiography
can also be considered for patients who are
not able to exercise or who have nondiag-
nostic stress-testing results. Importantly,
although patients without objective evidence
of ischemia historically are believed to have a
benign prognosis, coronary revascularization
is recommended for patients with any ste-
nosis >50% with limiting angina or angina
equivalent that is unresponsive to optimal
medical treatment [1].

Unnecessary invasive coronary
angiography

Several large registries have shown that
the majority of patients, who have invasive
coronary angiography, have no obstruc-

tive CAD [3.4]. This accounts for nearly
two-thirds of women with stable angina
pectoris and a third of men. In the Swed-
isch Coronary Angiography and Angio-
plasty (SCAAR r)egistry, it was shown in
patients with stable angina that almost 80%
of women and 40% of men below 60 years
of age had (near) normal findings at coro-
nary angiography [s]. Moreover, a quarter
of all patients undergoing coronary angi-
ography have no symptoms at all [6]. To
limit the number of patients without visible
obstructive CAD prior noninvasive testing
is recommended [1]. However, up to 50% of
patients undergoing elective coronary angi-
ography has no preprocedural risk stratifi-
cation with any type of stress testing [7].
Among patients who had prior noninvasive
tests before invasive coronary angiography,
results of noninvasive tests predict obstruc-
tive CAD; but these tests have minimal
incremental value beyond clinical factors
for predicting obstructive disease [4]. Patient
characteristics are key factors that affect
the efficacy of stress testing in symptom-
atic patients. Before percutaneous coronary
interventions (PCI), older patients and
those with comorbidities are less likely to
undergo prior stress testing. Although older
age increases the probability of obstructive
CAD, the presence of functional ischemia is
crucial in determining whether the revascu-
larization is appropriate [4].
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Limited accuracy of invasive coronary
angiography

The agreement between anatomical coronary artery
disease and functional coronary artery disease is
poor [8]. In aging populations, even in patients with-
out anginal complaints, the number of intermediate
stenoses as seen by invasive coronary angiography
increase. Invasive coronary angiography, however,
is not able to assess the hemodynamic relevance of
coronary stenoses [8,9]. Instead, coronary angiogra-
phy may either overestimate or underestimate the
functional severity of a stenosis [10,11]. An incorrect
indication for coronary angiography can, therefore,
even lead to an inappropriate PCI [¢]. Furthermore,
a wide interobserver variability with poor agreement
between observers regarding the diameter stenosis has
been demonstrated [12]. Physician and system factors
are important predictors of the diagnosis obstructive
CAD. Angiograms performed by interventional car-
diologists as opposed to invasive cardiologists have
been shown to be more likely to demonstrate obstruc-
tive CAD, as were angiograms performed at hospi-
tals with PCI capability 13]. Similarly, quantitative
coronary angiography has failed to accurately predict
the functional significance of coronary lesions [9]. In
a subanalysis of the Fractional Flow Reserve Versus
Angiography for Multivessel Evaluation study, only
14% of patients with angiographic three-vessel CAD
had concordant three-vessel functional CAD as
determined by invasive fractional flow reserve (FFR)
measurements [14]. Clinical and lesion-specific fac-
tors associated with angiographic overestimation of
hemodynamic lesion severity include advanced age,
nonleft anterior descending artery location, absence
of plaque rupture, short lesion length and greater
minimal lumen diameter [15]. Conversely, factors
associated with angiographic underestimation are
younger age, left anterior descending artery location,
the presence of plaque rupture and a smaller minimal
lumen area [15]. Remarkably, even if there are no dif-
ferences in angiographic diameter stenosis or lesion
length, FFR is higher in women [16]. This may also
result in a higher frequency of visual overestimation
of coronary lesions in women, with the risk of unnec-
essary procedures.

Invasive coronary angiography in females

In women, angiography has lower positive predictive
value of obstructive CAD in the epicardial arteries and
is less effective to demonstrate the causes of the com-
plaints [16). In a multicenter study in Canada, it was
shown that important predictors of a normal angiog-
raphy are the absence of traditional risk factors, female
gender and the presence of atypical symptoms [17].

Despite the lower rate of severe stenoses in women, the
number of intermediate stenoses is higher in women
as compared with men [18]. Although the prognosis of
nonobstructive CAD in symptomatic women has his-
torically been interpreted as benign, more recent data
have shown that this confers an increased risk of major
adverse cardiovascular events (MACE) and all-cause
mortality [18,19]. In symptomatic middle-aged women at
intermediate risk, ischemic heart disease is often caused
by a combination of nonobstructive CAD with outward
remodeling and functional impairment due to coro-
nary microvascular dysfunction [2021]. In aging women,
endothelial function deteriorates faster after menopause
with a relative larger role for inflammation compared
with similarly aged men [22). In 2014, the American
Heart Association (AHA) launched evidence-based
gender-specific guidelines for noninvasive testing that
promote selective functional and anatomic testing with
noninvasive imaging techniques in women at intermedi-
ate risk [23]. These are helpful to avoid the still too large
number of unnecessary and inconclusive angiograms in
this patient population.

Complications of invasive coronary
angiography

In experienced hands, the risk of invasive coronary
angiography is low, but complications do occur: these
include access site bleeding, deterioration of renal func-
tion, (cerebral) embolism and allergic reactions [2]. In
addition, there is exposure to radiation that accumu-
lates with other diagnostic procedures (e.g., mammo-
grams) during lifetime. Although the risk of bleeding
is less after a radial than femoral approach, there is an
increased risk of closure of the radial artery especially
after repeated procedures. Furthermore, women under-
going coronary angiography and PCI have a higher risk
of femoral vascular access site complications compared
with men. Radial access is an effective method to reduce
these complications; however, crossover rate to femoral
access is higher in women [24].

Conclusion

In conclusion, invasive coronary angiography carries
nonnegligible risks, has limited accuracy in demon-
strating the functional importance of a coronary artery
stenosis and its place as gold standard for the diagnosis
of CAD is changing. Even a simple calcium score can
exclude or demonstrate the presence of coronary artery
disease with a high evidence-based prognostic signifi-
cance. In high-risk patients or in patients with already
proven CAD, functional tests, either invasive or non-
invasive, are important to demonstrate ischemia, par-
ticularly if coronary revascularization is considered.
Particularly in females, invasive coronary angiography
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is of limited value, since coronary lesions are more
frequently overestimated and the importance of both
intermediate stenosis and microvascular disease is
undetermined by invasive angiography.

Future perspective

The clinical value of invasive coronary angiography
without the possibility of additional functional testing
is losing clinical relevance. Fractional flow reserve
measurement is more frequently required to guide
appropriate coronary revascularization. More research
should be performed on the clinical importance of
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