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culprit-only PCI is still under debate [2,3]. The interventionalist has 
to identify the culprit lesion responsible for symptoms. Contrast 
medium enhanced coronary angiography is the standard imaging 
technique for the evaluation of coronary vessels, but recognition of 
vulnerable plaques without significant reduction in luminal diameter 
is challenging and sometimes impossible.

Case Report
A 50-year-old man was admitted due to unstable angina. Recently 

a cardiac stress test indicated myocardial ischemia. In addition he 
reported symptoms of peripheral arterial occlusive disease and a prior 
nicotine abuse of 30 pack years, stopped 6 weeks ago. ECG (Figure 1), 
cardiac enzymes and echocardiography were normal at admission. 
An elevated C-reactive protein indicated an inflammatory response. 
He received aspirin, betablocker, adrenoceptor blocker, statin and 
clopidogrel. Coronary angiography at 15 hours after symptom onset 
revealed an occlusion of the right coronary artery (RCA) (Figure 2 A1), a 
75% stenosis of the first posterolateral branch (PLA1) and a 50% stenosis 
of the left anterior descending artery (LAD) (Figure 2 A2). The RCA was 
recanalized and five drug eluting stents (DES) were implanted due 
to the long distance of the lesion (Figure 2 A3). The ECG remained 
unchanged (Figure 3).

Two days later the patient complained about acute chest pain. The 
ECG showed ST-segment elevations in leads V5 and V6 (Figure 4). 
Repeated angiography ruled out an acute stent thrombosis (Figure 
2 B1) but now revealed a high grade stenosis of the PLA1 (Figure 2 
B2). One DES was implanted (Figure 2 B3), resulting in a complete 
resolution of the ST-segment elevations (Figure 5). This episode was 
not associated with a rise in cardiac enzymes.

The patient was discharged the next day and readmitted 48 
hours later with recurrent angina and ST-segment elevations in 
leads V1-V4 (Figure 6). Angiography showed good results in stented 
vessels (Figure 2 C1 and Figure 2 C2) and subtotal occlusion of the 
LAD. Coronary spasm of the LAD was ruled out by intracoronary 
administration of 0.2 mg of Nitroglycerin. One DES was implanted 
(Figure 2 C3), again instantly normalizing the ECG (Figure 7) in the 
absence of a troponin release. No further cardiac events occurred 
during the following year and the patient remained free of symptoms.

Discussion
In this case vulnerable plaques in PLA1 and LAD initially escaped 

Abstract
In patients with stable coronary artery disease percutaneous 
coronary intervention (PCI) effectively improves symptoms in the 
absence of any effect on prognosis. In contrast, in patients with 
acute coronary syndrome (ACS) PCI significantly reduces risk of 
acute myocardial infarction and death as compared to conservative, 
noninvasive strategy.

In ACS patients with multivessel disease the interventionalist has 
to identify the culprit lesion responsible for symptoms. Contrast 
medium enhanced coronary angiography is the standard imaging 
technique for the evaluation of coronary vessels. In the absence of 
high grade stenosis, this technique often fails to detect vulnerable 
plaques.

In a 50-year old man with multivessel disease presenting with ACS, 
a high grade stenosis of the right coronary artery was identified 
as culprit lesion and treated with stent implantation, whereas 
low grade stenosis of the left anterior descending artery (LAD) 
and the first posterolateral branch (PLA1) remained invasively 
untreated. Underlying vulnerable plaques were missed by coronary 
angiography and were responsible for two further coronary events 
with aborted myocardial infarctions on day two and four after initial 
evaluation.

An intravascular imaging of the PLA1 and LAD during the first 
catheter that helps to differentiate between stable and unstable 
coronary lesions might have been indicated to detect unstable 
plaques guiding further interventions. Thereby, two subsequent 
aborted myocardial infarctions could have been avoided.

Keywords
Acute coronary syndrome, Culprit lesion, Vulnerable plaque, 
Multivessel disease, Intravascular imaging

Introduction
In patients with stable coronary artery disease percutaneous 

coronary intervention (PCI) effectively improves symptoms in the 
absence of any effect on prognosis [1]. In contrast, in patients with 
acute coronary syndrome (ACS) PCI significantly reduces the risk of 
acute myocardial infarction and death as compared to conservative, 
noninvasive strategy.

In ACS patients with multivessel disease the benefit of a complete 
coronary revascularization approach compared to the strategy of a 
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Figure 1: Electrocardiogram before percutaneous coronary intervention, July 27.

         

Figure 2 A1: Right coronary artery, July 27.
Figure 2 A2: Left coronary artery, July 27.
Figure 2 A3: Right coronary artery after percutaneous coronary intervention, July 27.
Figure 2 A ECG II: Electrocardiogram lead II, July 27.
Figure 2 A ECG V2: Electrocardiogram lead V2, July 27.
Figure 2 B1: Right coronary artery, July 29.
Figure 2 B2: Left coronary artery, July 29.
Figure 2 B3: Left coronary artery after percutaneous coronary intervention, July 29.
Figure 2 B ECG V5: Electrocardiogram lead V5, July 29.
Figure 2 B ECG V6: Electrocardiogram lead V6, July 29.
Figure 2 C1: Right coronary artery, July 31.
Figure 2 C2: Left coronary artery, July 31.
Figure 2 C3: Left coronary artery after percutaneous coronary intervention, July 31.
Figure 2 C ECG V2: Electrocardiogram lead V2, July 31.
Figure 2 C ECG V3: Electrocardiogram lead V3, July 31.
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from recognition in coronary angiography since they were invisible. 
In the following days these plaques caused two distinct severe and life 
threatening cardiac events despite optimal medical treatment.

Even though q-waves were absent in the inferior leads of the 
ECG, the angiogram did not show relevant collateral blood flow to 
the occluded RCA and the recanalization of the RCA with a 0.014-
inch angioplasty guidewire succeeded without major difficulty the 
occlusion of the RCA might have been chronic and therefore, the 
judgement of the interventionalist that the occluded RCA represents 
the culprit lesion might have been wrong. The unstable plaques 
of LAD and PLA1 resulted only in low grade coronary stenosis 

responsible for the insensitivity of coronary angiography. However, 
there are diagnostic tools available that help us to understand the 
coronary situation in multivessel disease and ACS and support 
clinical decision making.

In stable coronary artery disease additional evaluation of 
coronary lesions by fractional flow reserve (FFR) can identify their 
hemodynamic relevance. FFR-guided coronary intervention of those 
lesions that cause myocardial ischemia is associated with improved 
prognosis in the long term, driven by a reduction in the need of 
urgent revascularization [4]. However, in our case FFR of the stenotic 
lesions of LAD and PLA1- even if angiographically mild - might 

         

Figure 3: Electrocardiogram after percutaneous coronary intervention, July 27.

         

Figure 4: Electrocardiogram before percutaneous coronary intervention, July 29.

         

Figure 5: Electrocardiogram after percutaneous coronary intervention, July 29.
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With 10-20 µm the image resolution is much higher with 
optical coherence tomography (OCT) allowing estimation of cap 
thickness. Additionally, in a comparison of both methods in patients 
with acute myocardial infarction the incidence of plaque rupture, 
fibrous cap erosion and intracoronary thrombus observed by OCT 
was significantly higher compared to IVUS [12]. On the other hand 
this technique is limited by its penetration of less than 2 mm and its 
inability to detect a large and deep lipid core, a pathologic feature of 
plaque prone to rupture.

Recently, Yonetsu, et al. performed a three vessel imaging study 
with OCT in 38 patients presenting in ACS. In 17 patients the culprit 
lesion was identified as a ruptured plaque, whereas in 21 patients the 
plaque found at the culprit site was non-ruptured with intact fibrous 
cap. Interestingly, patients with ACS caused by plaque rupture were 
found to have increased pancoronary vulnerability in non-culprit 
plaques indicating that plaque rupture causes a temporal biochemical 
milieu that may predispose to widespread plaque destabilization [13]. 
The same group found in a prospective cohort of ACS patients that 
those with plaque rupture or massive thrombus at the culprit lesion 
had a higher adverse cardiac event rate during a follow-up of 1.5 
years compared to patients with intact fibrous cap at the culprit site. 
Therefore, the presence of plaque rupture at the culprit lesion might 
identify a group of ACS patients at very high risk for future events with 
the need for aggressive systemic or local treatment [14]. However, 
prospective clinical studies that tested the impact of pre-procedural 
use of intravascular imaging on intervention strategy and clinical 
outcome are lacking. The Preventive Implantation of Bioreserbable 
Vascular Scaffold on Stenosis with Functionally Insignificant 
Vulnerable Plaque (PREVENT) trial, is planned to solve the dilemma 

have uncovered significantly severe stenosis causing a reduction in 
poststenotic perfusion pressure.

In contrast, intravascular ultrasound with virtual histology (VH-
IVUS) helps to differentiate between stable coronary lesions with 
higher amount of dense calcium and unstable lesions characterized by 
thin cap fibroatheroma (TCFA) and non-calcified or mixed deposits 
with higher amount of necrotic core. Especially the presence of plaque 
rupture and thrombus due to the contact of platelets with the highly 
thrombogenic necrotic core are associated with coronary events since 
thrombus formation leads to significant reduction of minimal lumen 
area and coronary obstruction [5]. Several studies demonstrated that 
the use of IVUS as additional diagnostic tool is feasible in patients 
presenting with ACS [6]. Kim, et al. reported a significantly reduced 
critical event free rate in coronary artery disease patients having 
IVUS-detected vulnerable plaques in non-target vessels [7]. This 
finding could be confirmed in the large PROSPECT study. About 50% 
of recurrent cardiovascular events in patients who initially presented 
with ACS were related to angiographically mild non-culprit lesions, 
most of them TCFA [8]. However, not every vulnerable plaque causes 
cardiovascular events and even ruptured plaques frequently remain 
asymptomatic [9]. IVUS imaging is limited by low special resolution 
and does not allow the direct measurement of fibrous cap thickness, 
which is < 65 mm in TCFA. Therefore, the surrogate of a confluent 
necrotic core of ≥ 10% in direct contact with the lumen and a plaque 
burden of ≥ 40% was used in most VH-IVUS studies to define TCFA 
[10]. Compared to the gold standard of histologic assessment VH-
IVUS was shown to have a diagnostic accuracy of 74-82% for the 
detection of TCFA [11].

         

Figure 6: Electrocardiogram before percutaneous coronary intervention, July 31.

         

Figure 7: Electrocardiogram after percutaneous coronary intervention, July 31.
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Intravascular ultrasound assessment of ulcerated ruptured plaques: a 
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of culprit lesion morphology in acute myocardial infarction: ability of optical 
coherence tomography compared with intravascular ultrasound and coronary 
angioscopy. J Am Coll Cardiol 50: 933-939.
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plaque vulnerability in patients with acute coronary syndrome and ruptured 
culprit plaque: a 3-vessel optical coherence tomography study. Am Heart J 
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morphologies and the clinical prognosis of acute coronary syndrome caused 
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regarding how to treat functionally insignificant vulnerable plaques. 
A total of 1600 patients will be randomized to either optimal medical 
therapy of functionally insignificant vulnerable plaques (FFR ≥ 0.08) 
or implantation of bioresorbable vascular scaffolds. In this trial IVUS, 
OCT and near-infrared spectroscopy are used for the classification 
of vulnerable plaque with two or more of the following criteria: (i) 
minimal lumen area of < 4 mm², (ii) plaque burden of > 70% by 
IVUS, (iii) large lipid-rich plaque on near-infrared spectroscopy, or 
(iv) TCFA defined by OCT or VH-IVUS. (NCT02316886).

This case clearly demonstrates that ACS is associated with 
pancoronary vulnerability and high risk for future events even in 
the short term. Intravascular imaging of the PLA and LAD during 
the first catheter might have been indicated to detect these unstable 
plaques. Image-guided further interventions in the PLA1 and LAD 
could have been avoided two aborted myocardial infarctions in three 
days.
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