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Abstract

Introduction: We present the different roles of fractional flow reserve and optical coherence tomography in
guiding treatment in a patient with recurrent chest pain.

Case presentation: A 66-year-old Chinese woman presented to our department for the third time for her recurrent
chest pain. Her physical examination was unremarkable; her previous two angiography examinations indicated that
there was a stenosis of 50 to 70% in her proximal left anterior descending coronary artery. Optimal medical therapy
was applied, but her symptoms did not disappear. Coronary angiography was conducted again after admission,
accompanied by fractional flow reserve and optical coherence tomography. A lesion of 50 to 70% in her left
anterior descending coronary artery was detected in an angiogram as before; her fractional flow reserve measure
was a negative result of 0.88. However, a plaque rupture was found at the location of the lesion in the optical
coherence tomography imaging. A stent was implanted in her left anterior descending coronary artery; she made
no complaint of chest pain during follow-up of 1.5 years after her discharge.

Conclusions: Fractional flow reserve is considered the “gold standard” to detect ischemia-causing lesions and
provide hemodynamic information of a stenosis. However, lack of structural information of a stenosis limits the
application of fractional flow reserve and coronary pressure may lie sometimes. We should choose the best strategy
for patients according to different examinations and patients’ symptoms, never a single test.
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Introduction
Angina is the most common symptom for patients with
coronary artery disease (CAD) when the flow of oxygen-
rich blood to the heart muscle is reduced by atheroscler-
otic plaque [1]. Fractional flow reserve (FFR) is now con-
sidered the gold standard in determining severity of
myocardial ischemia. Current guidelines state that deci-
sion making about coronary revascularization should be
guided by myocardial ischemia [2], and revascularization
procedures performed in patients with documented
ischemia reduce total mortality through reduction of
ischemic burden [3, 4]. Optical coherence tomography
(OCT) is another commonly used intravascular examin-
ation in clinical practice, which uses near-infrared light
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to create images. By presenting a signal-rich layer near-
est the lumen, poor signal in middle layer, and rich sig-
nal surrounding the signal poor layer of the media,
respectively, three layers of the coronary artery wall can
be discriminated in most cases [5]. In addition, OCT is
helpful in identifying different types of coronary plaques,
such as fibrous, fibrocalcific, and lipid plaques, according
to their distinctive signals. Furthermore, OCT can detect
plaque rupture, erosion, intracoronary thrombus, thin-
cap fibroatheroma, and calcified nodule [6], which thus
is a promising imaging modality for guiding percutan-
eous coronary intervention (PCI) therapy, though not
many studies about OCT in guiding PCI and assessing
its impact on cardiovascular outcomes are available at
present.
Here we report a case with a negative FFR measurement

but positive OCT result, a stent implant was conducted
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Fig. 2 Coronary angiogram of the patient on her second admission.
The angiogram was achieved on a spider view (left anterior oblique
44°, caudal 22°). The white arrow indicates that there is an
intermediate lesion (50–70%) in proximal left anterior descending
coronary artery
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despite the negative FFR and follow-up revealed that the
patient benefitted from this strategy.

Case presentation
A 66-year-old Chinese woman presented to our depart-
ment for the third time for her recurrent chest pain. No
fever, cough, dysphagia, hemoptysis or shortness of breath
were reported. She denied history of hypertension, dia-
betes, hypercholesterolemia and cigarette smoking. Her
father had a heart attack at the age of 70 years. A physical
examination was unremarkable. An electrocardiogram re-
vealed non-specific T-wave changes, but laboratory ana-
lysis demonstrated elevated serum troponin (0.063ng/ml,
normal range: <0.014ng/ml) and creatine kinase MB
(CK-MB; 8.97ng/ml, normal range: <5ng/ml).
She had had two coronary angiography examinations

on 31 January 2012 and 17 January 2013, the results
showed that there was a 50 to 70% stenosis in her prox-
imal left anterior descending (LAD) coronary artery
(Figs. 1 and 2). A FFR examination was suggested during
her second angiography to testify whether there was a
lesion-induced myocardial ischemia but was declined. She
was discharged with optimal medical therapy: 100mg/day,
atorvastatin 20mg/day, metoprolol 50mg/day, and val-
sartan 80mg/day.
The angiography was conducted again after her third

admission. A lesion of 50 to 70% in her LAD was de-
tected in an angiogram (Fig. 3) as in previous results. In
addition to angiography, FFR was also measured with a
coronary guidewire (PressureWire Aeris, St. Jude Medical)
during intravenous adenosine-induced hyperemia to
Fig. 1 Coronary angiogram of the patient on her first admission.
The angiogram was achieved on a spider view (left anterior
oblique 45°, caudal 20°). The white arrow indicates that there is an
intermediate lesion (50–70%) in proximal left anterior descending
coronary artery
assess the hemodynamic severity of each indicated
stenosis. The FFR measured was 0.88 (Fig. 4), indicat-
ing that there was no significant myocardial ischemia
induced by the LAD lesion. OCT imaging was then
performed at a pullback speed (20mm/second) just
under contrast flushing with a C7 Dragonfly catheter
Fig. 3 Coronary angiogram of the patient on her third admission.
The angiogram was achieved on a spider view (left anterior
oblique 47°, caudal 30°). The white arrow indicates that there is an
intermediate lesion (50–70%) in proximal left anterior descending
coronary artery



Fig. 4 Fractional flow reserve measurement for left anterior descending coronary artery of the patient. The fractional flow reserve of left anterior
descending coronary artery measurement was 0.88, indicating that no significant myocardial ischemia was induced by the lesion in left anterior
descending coronary artery
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(St. Jude Medical), which characterized the lesion as an
eccentric lipid plaque with a rupture (Fig. 5), the min-
imal luminal area was 4.9mm2. A stent was implanted
in her LAD; she made no complaint of chest pain dur-
ing follow-up for 1.5 years after her discharge.

Conclusions
FFR is now widely accepted as the “gold standard” to de-
tect ischemia-causing lesions and provide hemodynamic
Fig. 5 Optical coherence tomography imaging for the intermediate
lesion in left anterior descending coronary artery. Optical coherence
tomography imaging revealed a rupture (yellow arrow) in the
intermediate stenosis on left anterior descending coronary artery
information of a stenosis. The prospective multicenter
Fractional Flow Reserve versus Angiography for Multives-
sel Evaluation (FAME) trial revealed that FFR guidance in
lesions with FFR ≤0.8 was associated with a 28% lower
rate of major adverse clinical events compared to the
previous gold standard non-FFR-guided angiography pro-
cedure [7]. Building upon these results, FAME II docu-
mented a significant reduction in downstream major
adverse clinical events for those who underwent coronary
revascularization for FFR-positive lesions versus optimal
medical therapy [3]. The totality of data published thus far
support ischemia, and FFR-guided revascularization in
particular, over angiography guided revascularization.
However, lack of structural information of a stenosis limits
the application of FFR and coronary pressure may lie
sometimes. As recently as 15 years ago, doctors thought
that heart attacks occurred when plaques gradually built
up until the arteries were too narrow to allow blood to
flow to the heart. The majority of people who have a heart
attack never have angina or other symptoms, however.
Doctors now know that the majority of heart attacks
occur when the artery is only slightly narrowed with cul-
prit plaques that rupture. In addition, some plaques are
less likely than others to rupture; these plaques are called
vulnerable plaques. Several characteristics of vulnerable
plaques have been identified by histology, including a large
lipid pool, thin fibrous caps (<65μm), and activated mac-
rophages [8, 9]. OCT can detect the vulnerable plaques or
the ruptured ones because of its high resolution, which
can add to functional examinations such as FFR, and thus
have an impact on decisions regarding culprit lesion inter-
vention. However, in a recent meta-analysis, D’Ascenzo
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et al. [10] found that OCT only had moderate diagnostic
accuracy for detection of hemodynamically significant
lesions defined by FFR, and the sensitivity and specifi-
city of minimal luminal area (MLA) or of minimal lu-
minal diameter (MLD) defined in OCT were inadequate
to confidently guide revascularization. In intermediate le-
sions, although OCT has potential benefit as an adjunct
examination in which the anatomy and composition of
plaques of uncertain severity or morphology are evaluated,
no recommendation should be given about OCT dimen-
sion and need for revascularization without a functional
assessment such as FFR.
In this case, we presented a patient with an intermedi-

ate stenosis on coronary angiography and an FFR meas-
urement that identified the lesion as a non-culprit one;
however, OCT imaging detected a rupture of the plaque,
which may be the reason for the angina she experienced
and a potential factor leading to a heart attack. In this
patient, optimal medical therapy had been administrated,
but her symptoms and rupture continued to exist, which
placed her at a high risk of rupturing again. We could
have chosen a strategy of sequential medical treatment
and clinical follow-up, but we conducted PCI instead for
safety and compliance. In summary, we should choose
the best strategy for patients according to different ex-
aminations and patients’ symptoms, never a single test.
An examination which can combine the structural and
functional assessments for coronary stenoses is strongly
needed in the future.

Consent
Written informed consent was obtained from the patient
for publication of this case report and accompanying
images. A copy of the written consent is available for re-
view by the Editor-in-Chief of this journal.

Abbreviations
CAD: Coronary artery disease; FAME: Fractional Flow Reserve versus
Angiography for Multivessel Evaluation; FFR: Fractional flow reserve; LAD: Left
anterior descending; OCT: Optical coherence tomography; PCI: Percutaneous
coronary intervention.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
ND designed the consent and drafted the manuscript. STL participated in
the surgery of the patient. XKL analyzed the OCT data and helped revise the
paper. YWX and WML conceived of the study and analyzed the angiogram
and fractional flow reserve data, and participated in the design and
coordination of the manuscript. All authors read and approved the final
manuscript.

Author details
1Cardiology Department, Tenth People’s Hospital, Tongji University School of
Medicine, Shanghai, China. 2Cardiology Department, DongTai People’s
Hospital, DongTai, Jiangsu Province, China.

Received: 13 January 2015 Accepted: 3 August 2015
References
1. Chierchia S, Brunelli C, Simonetti I, Lazzari M, Maseri A. Sequence of events

in angina at rest: primary reduction in coronary flow. Circulation.
1980;61(4):759–68.

2. Patel MR, Dehmer GJ, Hirshfeld JW, Smith PK, Spertus JA. ACCF/SCAI/STS/
AATS/AHA/ASNC/HFSA/SCCT 2012 Appropriate use criteria for coronary
revascularization focused update: a report of the American College of
Cardiology Foundation Appropriate Use Criteria Task Force, Society for
Cardiovascular Angiography and Interventions, Society of Thoracic
Surgeons, American Association for Thoracic Surgery, American Heart
Association, American Society of Nuclear Cardiology, and the Society of
Cardiovascular Computed Tomography. J Am Coll Cardiol.
2012;59(9):857–81.

3. De Bruyne B, Fearon WF, Pijls NH, Barbato E, Tonino P, Piroth Z, et al.
Fractional flow reserve-guided PCI for stable coronary artery disease. N Engl
J Med. 2014;371(13):1208–17.

4. Pijls NH, Fearon WF, Tonino PA, Siebert U, Ikeno F, Bornschein B, et al.
Fractional flow reserve versus angiography for guiding percutaneous
coronary intervention in patients with multivessel coronary artery disease:
2-year follow-up of the FAME (Fractional Flow Reserve versus Angiography
for Multivessel Evaluation) study. J Am Coll Cardiol. 2010;56(3):177–84.

5. Tearney GJ, Jang IK, Bouma BE. Optical coherence tomography for imaging
the vulnerable plaque. J Biomed Opt. 2006;11(2):021002.

6. Low AF, Tearney GJ, Bouma BE, Jang IK. Technology Insight: optical
coherence tomography – current status and future development. Nat Clin
Pract Cardiovasc Med. 2006;3(3):154–62.

7. Tonino PA, De Bruyne B, Pijls NH, Siebert U, Ikeno F, van’t Veer M, et al.
Fractional flow reserve versus angiography for guiding percutaneous
coronary intervention. N Engl J Med. 2009;360:213–22.

8. Kern M, Meier B. Evaluation of the culprit plaque and the physiological
significance of coronary atherosclerotic narrowings. Circulation.
2001;103:3142–9.

9. MacNeill BD, Jang IK, Bouma BE, Iftimia N, Takano M, Yabushita H, et al.
Focal and multi-focal plaque macrophage distributions in patients with
acute and stable presentations of coronary artery disease. J Am Coll Cardiol.
2004;44(5):972–9.

10. D'Ascenzo F, Barbero U, Cerrato E, Lipinski MJ, Omedè P Montefusco A, et al.
Accuracy of intravascular ultrasound and optical coherence tomography in
identifying functionally significant coronary stenosis according to vessel
diameter: A meta-analysis of 2,581 patients and 2,807 lesions. Am Heart J.
2015;169(5):663–73.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Case presentation
	Conclusions

	Introduction
	Case presentation
	Conclusions
	Consent
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References



