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Case-Why Do I Have Chest Pain?

 A 42-year-old women with no cardiac risk factors comes in
for a consultationfor a consultation

 Chest pain for 2.5 years—substernal, occasionally goes into
left shoulder and neck—can come on with exertion, but
also at rest—simply tries to relax until it goes awayalso at rest—simply tries to relax until it goes away

 Has put on 15 pounds because she stopped exercising
because of her symptoms and is constantly tiredbecause of her symptoms and is constantly tired

 Saw another cardiologist ~1 year ago--did a holter, echo,
and nuclear perfusion scan—all were normal

 Several ER visits, all unrevealing—stopped going to ER

 Occasionally tearful—physical exam unremarkable Occasionally tearful—physical exam unremarkable



Is her chest pain angina?

 Is her chest pain typical, atypical, or non-cardiac?

Diamond AG. J Am Coll Cardiol 1983;1:574-575



(Unfortunately) Common Evaluation

of Angina, Particularly in Women

Complains of angina-like symptoms

GERD—Given a PPI

Asthma—Given an inhalerAsthma—Given an inhaler

Stress testStress test

Positive Negative

Crazy—Given XanaxAngiogram Crazy—Given XanaxAngiogram

Positive Negative

Definitely Crazy—Referred to psych
Obstructive CAD—stent

Definitely Crazy—Referred to psych



Angina is very common

 An estimated 10 million Americans have angina An estimated 10 million Americans have angina

 At least 20% of patients clinically referred for
coronary angiography will have no significantcoronary angiography will have no significant
obstructive CAD on angiography

Women>>men (across all presentations) Women>>men (across all presentations)

 These patients are “reassured” that their chest These patients are “reassured” that their chest
pain is non-cardiac

Bugiardini et al. JAMA 2005;293:477-484
Daly et al. Circulation 2006;113:490-498



Pathophysiology of Non-obstructive CAD

 Women presenting with symptoms suggestive of angina,
but having normal appearing coronaries on angiography

− Frequently (>50%) had evidence of endothelial dysfunction

− Frequently (~60%) had evidence of microvascular dysfunction

NOT A BENIGN PATHOLOGY
• Associated with long-term CV

events and death

WISE Study (Women’s Ischemic
Syndrome Evaluation)

events and death
• Ongoing angina and functional

disability
• Repeat testing, hospitalization,

and economic burden
−Sponsored by AHA/NHLBI

−Four-center project, ~1000 women
(mean age 59±12 years) enrolled.
Women were presenting with suspected

and economic burden

von Mering et al. Circulation 2004;109:722-725
Reis et al. J Am Coll Cardiol 1999;33:1469-1475
Johnson et al. Circulation 2004;109:2993-2999 Women were presenting with suspected

ischemia and were referred for elective
coronary angiography.

Johnson et al. Circulation 2004;109:2993-2999
Pepine et al. JACC 2010;55:2825-32
Gulati et al. Arch Intern Med 2009;169:843-850
Shaw et al. Circulation 2006;114:894-904





How Do We Evaluate These Patients?

 Four measure of coronary vascular autoregulation

− Endothelial-dependent macrovascular function (Ach, QCA)− Endothelial-dependent macrovascular function (Ach, QCA)

− Endothelial-independent macrovascular function (nitro, QCA)

− Endothelial-dependent microvascular function (Ach, CFR, CBF)

− Endothelial-independent microvascular function (Adenosine, CFR, IMR)− Endothelial-independent microvascular function (Adenosine, CFR, IMR)

 Limitations

− Drugs are not purely endothelial dependent/independent

− Cut-offs vary (QCA, CFR/IMR)

− Different devices used (Doppler wire, pressure wire, chest pain/EKG)− Different devices used (Doppler wire, pressure wire, chest pain/EKG)

− Often only one vessel studied

− IVUS often not used (knowing what it looks like inside is important!)

− We don’t know what normal is (lack of controls)− We don’t know what normal is (lack of controls)

− Focus on women



Stress testing not typically helpful in patients

with angina in the absence of obstructive CAD

 Conventional stress testing is inadequate Conventional stress testing is inadequate
in identifying occult coronary abnormalities
(endothelial and microvascular
dysfunction) in patients with angina in thedysfunction) in patients with angina in the
absence of obstructive CAD

 Cannot reassure a patient based on a Cannot reassure a patient based on a
stress test

Cassar et al. Circ Cardiovasc Interv. 2009;2(3):237-44



Vascular Function Testing

All patients undergoAll patients undergo

−Coronary angiogram−Coronary angiogram

−Endothelial function testing

−Microvascular testing−Microvascular testing

−FFR

− IVUS− IVUS



General set-up

 Hold vasoactive drugs at least 24 hours before Hold vasoactive drugs at least 24 hours before
testing

 6F guide, heparin/angiomax 6F guide, heparin/angiomax

 Femoral preferred (unfortunately)

 Do endothelial testing first because adenosine is a
vasodilatorvasodilator



Endothelial Dysfunction—Our Methods

 We slowly inject 20 μg acetylcholine directly into 
the left coronary arterythe left coronary artery

 Unless there is significant bradycardia or severe
vasoconstriction, up to 200 μg acetylcholine isvasoconstriction, up to 200 μg acetylcholine is
subsequently administered

 After each injection, coronary angiography is
performed and QCA is performed offline

 Define endothelial dysfunction as a decrease
in the epicardial coronary artery diameter by
>20% compared with baseline>20% compared with baseline



Endothelial Dysfunction-Normal



Endothelial Dysfunction



Endothelial Dysfunction vs.

Prinzmetal’s (vasospasm)

Endothelial Dysfunction Prinzmetal’s (vasospasm)Endothelial Dysfunction

 Common

Prinzmetal’s (vasospasm)

 Rare

 Symptoms generally related
to exercise or emotional
stress

 Symptoms often unrelated to
exercise or emotional stress,
often occur in the early
morning hours

stress

 Responsive to nitrates, but
not usually CCB

often occur in the early
morning hours

 Responsive to CCB in
addition to nitratesaddition to nitrates



Microvascular Dysfunction—Our Methods

 Place a coronary pressure-temperature sensor coronary wire Place a coronary pressure-temperature sensor coronary wire

 Calculate resting mean transit time by injecting 3mL of
room-temperature saline down the coronary artery 3x

 Administer 140 mcg/kg/min IV adenosine to induce maximal
hyperemia

 Calculate hyperemic mean transit time by same method

 Determine CFR and IMR

 Defined microvascular dysfunction as an IMR ≥25



IMR

 IMR is based on Ohm’s law (ΔP/F=R) IMR is based on Ohm’s law (ΔP/F=R)

 P=Pd-0

 F=1/Tm

 Pd/1/Tm=R

 Pd x Tm=R Pd x Tm=R



Microvascular Dysfunction

IMR: 63 x 0.52 = 32.8IMR: 63 x 0.52 = 32.8
CFR: 1.30/0.52 = 2.5



IVUS

Angiography + physiology doesn’t
always tell the whole storyalways tell the whole story



 68 yo man with
hypertension and
tobacco historytobacco history

 Typical angina

 2 negative stress 2 negative stress
echocardiograms



FFR in LAD





 49 yo woman with 49 yo woman with
progressive exertional angina

 No ischemia on stress testing



Myocardial Bridging on IVUS

 Echo-lucent half moon sign
(halo)felt to be(halo)felt to be
pathognomonic, although
not 100% sensitive

 ≥10% systolic compression

Lin, Tremmel et al. J Am Heart Assoc 2013;2:e000097



Myocardial bridging

 Present in ~1/3 of population
by autopsy (<5% byby autopsy (<5% by
angiography), mostly LAD

 Occurs in almost 60% of
patients with chest pain andpatients with chest pain and
non-obstructive CAD

 Often associated with Often associated with
endothelial dysfunction

 Symptoms typically do not
develop before the third decadedevelop before the third decade

 Challenge in distinguishing
hemodynamically significant vs.
incidentalincidental



Compressive effects not limited to

diastole

 Compression extends into early-systole resulting in
a delayed relaxation in diastolea delayed relaxation in diastole

 Characteristic diastolic flow pattern with increased
diastolic velocities (“fingertip”)diastolic velocities (“fingertip”)

Costello et al. Cathet Cardiovasc Interv 2008;71:590-593
Ge et al. Circulation 1994;89:1725-32



Assessing the hemodynamic

significance of a myocardial bridge

 MBs are dynamic rather than fixed

 FFR with adenosine (a vasodilator) is sufficient for a
fixed stenosis, but not for a dynamic stenosis which
requires inotropy and chronotropy (dobutamine)requires inotropy and chronotropy (dobutamine)

 For a fixed stenosis, systole and diastole are equally
affected, so mean FFR (the ratio of the mean pressure
distal to the stenosis (Pd) and the mean pressure at thedistal to the stenosis (Pd) and the mean pressure at the
aorta (Pa)) is sufficient

 With an MB, the main pressure drop is in diastole (and With an MB, the main pressure drop is in diastole (and
there can actually be an overshoot in systole), so mean
FFR is insufficient—need dFFR (ratio of Pd/Pa in diastole)

Escaned et al. J Am Coll Cardiol 2003;42:226-33
Hakeem et al. Catheter Cardiovasc Interv. 2010;75(2):229-36



dFFR and Doppler at rest



dFFR with Dobutamine Stress



Majority have occult coronary

abnormalities

Lee, Tremmel et al. Circulation 2015;131:1054-106



Cross-over of abnormalities

Lee, Tremmel et al. Circulation 2015;131:1054-106



Treatment

 Cornerstone of treatment is lifestyle modification—
diet, exercise, weight loss, stress reductiondiet, exercise, weight loss, stress reduction

 Symptomatic relief

− Endothelial Dysfunction: Nitrates, CCB?, Nebivolol?

− Microvascular Dysfunction: Carvedilol, ACE inhibitors/ARBs, Ranexa

− Myocardial Bridging: Nebivolol, NDP CCB, surgical unroofing

 Beneficial to endothelium

− Statins Follow-up appointments
− Aspirin

Follow-up appointments
may also help reduce
hospital readmissions

Dod et al. Am J Cardiol 2010;105:362-367
Pauly et al. Am Heart J 2011;162:678-84
Kharbanda et al. Circulation 2002;105:2600-2604



Conclusions

 Angina in the absence of obstructive CAD is common

 Reassurance doesn’t make these patients feel better, nor
does it improve their prognosis

 Consider testing for an occult vascular abnormality

− Endothelial Dysfunction

− Microvascular Dysfunction− Microvascular Dysfunction

− Diffuse plaque

− Myocardial bridge

− Heightened nocioception− Heightened nocioception

 Can help guide therapy, reduce symptoms, decrease repeat
visits/tests/hospitalizations/costs, and hopefully improve
prognosisprognosis



Patient Population

 Initial study looked at the overall cohort (n=139)

 Sex differences studies had up to 181 subjects (n=137
(76%) women and 44 (24%) men)

 Excluded patients with

− ≥50% stenosis on coronary angiography

− acute coronary syndrome− acute coronary syndrome

− prior heart transplantation

− prior percutaneous coronary intervention or coronary artery bypass
graftinggrafting

− renal insufficiency (creatinine>1.5 mg/dL)

− abnormal ejection fraction (<55%)

− presence of another likely explanation of angina such as pulmonary− presence of another likely explanation of angina such as pulmonary
hypertension, hypertrophic cardiomyopathy, or valvular heart disease



Patient Population

 All patients had stable angina, with 61.8% having typical All patients had stable angina, with 61.8% having typical
symptoms and the remainder having atypical symptoms

− Typical angina (64.3% women vs. 54.5% men, p=0.3)

 Stress testing:

− 72.9% had had an abnormal stress test

− 23.2% had had at least 1 normal stress test, but were still
referred for coronary angiography because of persistent and
concerning symptoms

− Six patients were referred directly to angiography without− Six patients were referred directly to angiography without
stress testing



SAQ before and after surgical

unroofing

Boyd, Tremmel, et al. Ann Thorac Surg 2016 (avail online)



Sex Differences in Atheroma Burden

and Vascular Function Abnormalities

Han et al. Eur Heart J 2008;29:1359-1369



CFR and IMR

 There is more data regarding CFR than IMR

 CFR assumes a normal epicardial vessel, whereas measures CFR assumes a normal epicardial vessel, whereas measures
of IMR are independent of the epicardial vessel

 CFR is variable and affected by hemodynamic conditions CFR is variable and affected by hemodynamic conditions
(such as heart rate, blood pressure, and contractility),
predominately because of the reliance on resting flow

IMR uses only hyperemic flow, which is less variable IMR uses only hyperemic flow, which is less variable

 CFRflow compared with CFRthermo has been shown to
underestimate the true coronary flowunderestimate the true coronary flow

 Cut-offs somewhat variable

− CFR<2.0 to 2.5, IMR>20 to 25− CFR<2.0 to 2.5, IMR>20 to 25

Ng et al. Circulation 2006;113:2054-2061
Fearon et al. Circulation 2003;108;2198-2200



Sex Differences—

Microvascular Dysfunction

 No sex difference in microvascular dysfunction,
but CFR lower in women than menbut CFR lower in women than men



Women have a shorter resting

mean transit time

 On multivariable
Shorter mean transit time=higher
resting coronary flow  On multivariable

analysis, female sex
was independently
associated with both

resting coronary flow

associated with both
a lower CFR and
shorter resting mean
transit time

 Sex was not an
independent
predictor of IMR orpredictor of IMR or
hyperemic mean
transit time

Kobayashi, Tremmel, et al. JACC Cardiovasc Interv 2015;8:1433-1441


