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Abstract

BACKGROUND

Invasive functional evaluation by fractional flow reserve (FFR) is considered as a
gold standard for the evaluation of intermediate coronary stenosis. However, in
patients with diabetes due to accelerated progression of atherosclerosis the
outcome may be worse even in the presence of negative functional testing.

CASE SUMMARY

We present a case of 55-year-old male diabetic patient who was admitted for chest
pain. Diagnostic coronary angiography disclosed 2 intermediate stenoses of the
obtuse marginal branch with no evidence of restenosis on previously implanted
stent. Patient undergone invasive functional testing of intermediate lesion with
preserved FFR (0.88), low coronary flow reserve (1.2) and very high index of mi-
crovascular resistance (84). Due to discrepancy in invasive functional parameters,
intravascular imaging with optical coherence tomography showed fibrotic
stenoses without signs of thin-sup fibroatheroma. Because of the preserved FFR
and no signs of vulnerable plaque, the interventional procedure was deferred and
the patient continued with optimal medications.

CONCLUSION

Combined functional and anatomic imaging of intermediate coronary stenosis in
diabetic patients represent comprehensive contemporary decision pathway in the
management of the patients.
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Core Tip: We present a case of the diabetic patient with moderate-to-severe coronary stenosis with preserved fractional flow
reserve, low coronary flow reserve, high index of microvascular resistance and intravascular optical coherence tomography
image demonstrating fibrotic plaque without signs of thin-cup fibroatheroma. Combined functional and anatomic imaging of
intermediate coronary stenosis represent comprehensive contemporary decision pathway in the management of the patients.
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INTRODUCTION

Fractional flow reserve (FFR) is considered as a functional gold standard for the evaluation of coronary stenosis, and the
decision for management of intermediate coronary stenosis should be based on functional evaluation[1]. Still, there are
some clinical conditions, such as patients with diabetes mellitus (DM) where the value of FFR is still not so well validated
and defined. In fact, the previous data have shown that the outcome of deferred lesions according to negative FFR is
worse in patients with DM in comparison to non-diabetic patients[2]. In addition, COMBINE optical coherence tomo-
graphy (OCT) FFR trial has demonstrated additional value of intravascular OCT imaging in stratification of diabetic
patients with the negative FFR[3].

CASE PRESENTATION

Chief complaints

We present a case of 55-year-old male diabetic patient who was admitted to our clinic for chest pain syndrome. His chest
pain appeared occasionally during last 2 wk and had rather atypical presentation both at rest and after exertion. It was
not accompanied by any other symptoms like dyspnea, fatigue or nausea. Due to recent appearance of chest pain of
uncertain origin as well as previous implanted stent in left main coronary artery, the patient was referred directly to
invasive coronary angiography without non/invasive functional testing.

History of present illness

Three years ago, he suffered from non-ST segment elevation myocardial infarction due to critical lesion of the ostial
circumflex (Cx) artery which was treated with implantation of one drug-eluting stent (DES) with crossover from left main
to Cx coronary artery (Figure 1). Following DES implantation from left main to Cx, 2 intermediate stenoses of the
proximal part of the long second obtuse marginal branch (Figure 1A, orange arrows) were observed that were estimated
to be not significant without a need for further intervention. Four years ago, he also had percutaneous coronary
intervention with one DES implantation in the right coronary artery (RCA). Since the last coronary event, the patient has
been free of any symptom, he was feeling physically and emotionally fit. His medications included aspirin, beta-blockers,
and rosuvastatin.

History of past illness
Patient has been obese (102 kg), and has elevated HbAlc levels with no regular anti-diabetic therapy.

Personal and family history
Patient denies smoking, doesn’t have hypertension, and denies alcohol abuse. He has elevated cholesterol levels treated
with statins.

Physical examination

On physical examination there was no remarkable finding. His blood pressure was 130/80 mmHg. His heart sounds were
normal, without significant murmurs. His lung fields were clear, and there were no signs of heart failure. His ECG was
normal with sinus rhythm, heart rate of 62/min, without conduction and rhythm disturbances as well as ST-T changes.
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Figure 1 Angiographic images of left coronary artery before (A) and after (B) intervention. White arrow shows stenosis in the ostial part of
circumflex artery stenosis, and two orange arrows depicts 2 tandem stenoses in the obtuse marginal branch. Coronary angiography after stenting from left main to
circumflex coronary artery.

Laboratory examinations
The laboratory values showed normal blood count, elevated low density lipoprotein (LDL)-cholesterol of 2.3 mmol/L,
HbAlc was 6.1%, and the renal function was preserved with estimated glomerular filtration rate of 75 mL/min/1.73m

Imaging examinations

His cardiac ultrasound was normal with preserved ejection fraction, there were no wall motion abnormalities, the heart
chambers were of normal dimensions as well as function and appearance of the valves. Coronary angiography showed
no signs of restenosis in the left main to Cx stent, mild ostial stenosis/pinching of left anterior descending artery was
unchanged to previous procedure, and 2 moderate-to-severe stenoses in the ostio-proximal part of the second obtuse
marginal seem slightly tighter (Figure 2A) than 3 years ago. RCA was without signs of stenosis or restenosis. As there was
no non-invasive functional testing for evaluation of myocardial ischemia, the decision was made to perform immediately
invasive physiologic evaluation of the Cx obtuse marginal artery using Coroventis platform (Coroventis CoroFow
Cardiovascular system, Abbot) and pressure wire (PressureWire X, Abbot) for the invasive functional assessment with
FFR during hyperemia with i.v. adenosine, resting full-cycle ratio (RFR), coronary flow reserve (CFR) by thermodilution
and index of microvascular resistance (IMR) for the assessment of microvascular dysfunction. FFR was preserved with a
value of 0.88, RFR was also preserved with a value of 0.90 but CFR was very low (1.2) with a very high IMR of 84 (Figure
2B). As there was a discrepancy in functional parameters (FFR preserved, CFR low) pointing out to microvascular
dysfunction, OCT imaging (DragonFly OpStar imaging catheter, Abbot) was also applied to evaluate the more detailed
anatomical characteristics of the lesion. OCT imaging confirmed the significant fibrotic tandem stenoses but without signs
of thin-cup fibroatheroma (Figure 3, co-registration of angiographic and OCT imaging, Ultreon 1.0 software for OCT
intravascular imaging, Abbot) or plaque vulnerability.

FINAL DIAGNOSIS

The diagnosis was that the patient had non-flow limiting coronary stenoses without signs of vulnerable plaque by OCT,
and with significantly deteriorated microvascular function according to low coronary CFR and high IMR, which might be
clinically defined as microvascular disease producing angina or chest pain syndrome.

TREATMENT

As the patient had negative or normal FFR value with no intravascular imaging signs of vulnerable plaque, the revascu-
larization was deferred and the patient was recommended to continue with aspirin and to increase dosage of lipid
lowering therapy and add ezetimibe to optimize LDL-cholesterol levels. In addition, due to microvascular dysfunction, as
demonstrated with very low CFR and very high IMR, diltiazem and ranolazine were added to his therapy. Gluformine
was also added to control diabetes.
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Figure 2 Invasive functional parameters of the obtuse marginal stenoses. A: Coronary stenoses in obtuse marginal branch are shown in orange
arrows; B: Corresponding fractional flow reserve, coronary flow reserve, and index of microvascular resistance values.
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Figure 3 Co-registration images of angiography (left) and optical coherence tomography cross-section imaging (right).

OUTCOME AND FOLLOW-UP

His six-month follow-up was uneventful with very rare atypical chest pain episodes.

DISCUSSION

The optimal diagnostic strategy in patients with diabetes remains controversial and challenging. The previous studies
have shown low event rates in asymptomatic patients but also disparities (different cardiovascular risk groups, different
non-invasive and invasive testing) in the management and screening of those patients[4]. According to the latest
European Society of Cardiology guidelines[5], functional stress testing and computed tomography angiography may be
considered and indicated in patients with diabetes as well. On the other hand, earlier studies with stress echocardio-
graphy have demonstrated that significantly more patients with diabetes have ischemia on stress testing, and that the
prognosis in patients without ischemia is still worse in diabatic than non-diabatic patients[6]. In addition, noninvasively
measured (2D echocardiography) CFR provides independent prognostic information in diabetic and non-diabetic
patients and negative dipyridamole stress echocardiography - an abnormal CFR is associated with almost twice worse
prognoses in diabetic in comparison to non-diabetic patients[7]. Finally, Murthy et al[8] have demonstrated that abnormal
CFR by positron emission tomography is independent predictor of cardiac mortality in patients with diabetes and
without known coronary artery disease.

Regarding invasive functional testing, Kennedy et al[2] has shown that deferred revascularization in 250 patients
according to FFR have been connected with worse outcome in patients with diabetes in comparison to non-diabetic
patients, in terms of significant more revascularizations (16% vs 6%) in the mean follow-up time of 40 months. Although
earlier studies[9,10] have not shown significant differences in the outcome between diabetic and non-diabetic patients
according to FFR values this issue remains controversial. Therefore, COMBINE OCT FFR[3] investigated the impact of
OCT-detected thin-cap fibroatheroma (TCFA) on clinical outcomes of patients with diabetes patients with FFR negative
lesions. The study[3] revealed that among 550 enrolled diabetic patients with > 1 FFR-negative lesions, TCFA-positive
patients represented 25% of this population and were associated with a five-fold higher rate of MACE despite the absence
of ischemia as demonstrated by negative FFR > 0.80. This discrepancy between the impact of vulnerable plaque and
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ischemia on future adverse events may explain worse outcome in diabetic patients with negative FFR. On the other hand,
diabetic patients with negative FFR and without TCFA remained to have very low event rate of 3.1% over mean follow-
up of 18 months[3]. Still the question remains on the outcome of vulnerable plaques due to the low hard event rates and
limited positive predictive value[11]. Regarding therapeutic options, serial intravascular imaging has demonstrated that
lipid lowering therapy led to regression of coronary plaque volume and increase in fibroatheroma cup thickness propor-
tional to decrease in cholesterol levels[12].

Our patient presented with anatomically significant but functionally non-significant coronary lesion without signs of
plaque vulnerability as shown by thick-cap fibroatheroma, but with significant disturbance of coronary microcirculation
as shown by low CFR and very high IMR. The microcirculatory dysfunction may be present in diabetic patients and the
cause of positive functional testing and chest pain[13]. In fact, the traditional risk factors may all contribute to coronary
microvascular dysfunction and structural remodeling of the microcirculation. In the WISE study[14], chest pain, diabetes,
smoking, CAD severity were all independent predictors of hard cardiovascular events. The evaluation of microcircu-
latory dysfunction has gained a lot of interest in the last years and specific algorithms have been developed to interrogate
this clinical condition[15]. Optimal therapy for microcirculatory dysfunction has not been established yet but calcium
channel blockers, nebivolol, ranolazine, trimetazidine, ACE inhibitors have been associated with beneficial effects in
microvascular angina[15].

CONCLUSION

The invasive functional evaluation combined with intravascular imaging have complementary diagnostic and prognostic
role and therefore a contemporary evaluation of coronary stenosis, particularly in diabetic patients whenever possible
and available should include both functional and intravascular imaging data for the best patient management and
decision making.
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