
Citation: Kan, C.-C.; Tsai, W.-C.;

Cheng, C.-C.; Jong, G.-P. The Best

Strategy for the Black Hole

Phenomenon between Intravascular

Ultrasound and Optical Coherence

Tomography. Diagnostics 2024, 14, 281.

https://doi.org/10.3390/

diagnostics14030281

Academic Editor: Witold Z.

Tomkowski

Received: 18 December 2023

Revised: 19 January 2024

Accepted: 24 January 2024

Published: 27 January 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

diagnostics

Interesting Images

The Best Strategy for the Black Hole Phenomenon between
Intravascular Ultrasound and Optical Coherence Tomography
Cheng-Cheng Kan 1,2, Wei-Che Tsai 2, Cheng-Chung Cheng 2 and Gwo-Ping Jong 3,4,*

1 Department of Internal Medicine, Taichung Armed Forces General Hospital, Taichung 41152, Taiwan;
engle31426@gmail.com

2 Division of Cardiology, Department of Internal Medicine, Tri-Service General Hospital, National Defense
Medical Center, Taipei 11490, Taiwan; wei_che7215@yahoo.com.tw (W.-C.T.);
zephyr0204@gmail.com (C.-C.C.)

3 Department of Internal Medicine, Chung Shan Medical University Hospital, Chung Shan Medical University,
Taichung 40201, Taiwan

4 Institute of Medicine, Chung Shan Medical University, Taichung 40201, Taiwan
* Correspondence: cgp8009@yahoo.com.tw; Tel.: +886-933-450449

Abstract: The black hole (BH) phenomenon is an intraluminal restenotic lesion. It was identified
by intravascular ultrasound (IVUS) and optical coherence tomography (OCT) after intracoronary
brachytherapy and drug-eluting stent implantation. Despite the similarity in the mode of action of
brachytherapy and drug-eluting stent implantation, the BH phenomenon appears to be uncommon
after drug-eluting stent implantation. Specifically, the BH phenomenon is better identified by OCT
than by IVUS. Herein, we present a case of in-stent restenosis with suspected BH phenomenon on
IVUS and confirmed by OCT.

Keywords: black hole phenomenon; in-stent restenosis; intravascular ultrasound; optical
coherence tomography

In-stent restenosis (ISR) is a common complication that can occur following the place-
ment of a coronary stent [1,2]. In recent years, the use of drug-eluting stents (DESs) has
reduced ISR and major adverse cardiac events [3,4]. However, ISR after DES implantation
still occurs [5,6]. The black hole (BH) phenomenon is when an intraluminal restenotic lesion
image is obtained by intravascular ultrasound (IVUS) and optical coherence tomography
(OCT) [7–12]. The development of ISR involves multiple factors, including biological, me-
chanical, and patient- and operator-related factors [13–15]. Intracoronary imaging is crucial
for determining the specific mechanism of ISR, enabling tailored treatment strategies based
on the identified cause. Therefore, we present a case of an ISR lesion with a suspected BH
phenomenon on IVUS confirmed by OCT.

A 72-year-old man presented to our outpatient department with incremental exertional
dyspnea and chest pain over the past 2 weeks. He had no history of cardiovascular risk fac-
tors, such as smoking and alcohol consumption, but had hypertension and type 2 diabetes
(T2D). Additionally, he had a history of ischemic heart disease (chronic coronary syn-
drome) and underwent his first percutaneous coronary intervention (PCI) on 21 June 2022,
which involved sirolimus-eluting stents (SESs) being placed at the proximal portion of
the left anterior descending (LAD) artery and the proximal to the middle portion of the
left circumflex artery. His ongoing medications included aspirin, clopidogrel, bisoprolol,
atorvastatin, ezetimibe, furosemide, and hypoglycemic agents (pioglitazone, glimepiride,
and dulaglutide).

During the cardiovascular outpatient department visit, his symptoms subsided, and
ECGs displayed sinus rhythms without significant ST/T wave changes for 9 months.
According to the history and positive findings of a treadmill exercise test, he was admitted
for coronary angiography. On admission, his laboratory data revealed poor diabetic control
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(hemoglobin A1C of 8.3%) and controlled hyperlipidemia (total cholesterol, 132 mg/dL;
triglycerides, 54 mg/dL; low-density lipoprotein, 55 mg/dL; and high-density lipoprotein,
59 mg/dL). Blood counts, serum electrolytes, and renal and liver function tests were within
normal limits.

Coronary angiography on 27 April 2023 revealed severe ISR of the proximal LAD
(Figure 1). A 60 MHz high-definition IVUS was performed, which revealed the homogenous
echolucent appearance of ISR of the SES (Figure 2A) and a suspected BH phenomenon.
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Figure 2. (A) Homogenous echolucent appearance of ISR of the sirolimus eluting stent. (B) A layered
pattern with a superficial high signal-intensity band adjacent to the luminal surface, and a signal-poor
region near the stent. (arrow: stent strut; arrow head: echolucent lesion in (A), and layered-pattern
lesion in (B)).

Given the significant constriction of the lumen area of the ISR lesion, obtaining a
high-quality OCT image without balloon predilatation was challenging. Hence, we chose
a 2.0 mm balloon to minimize the effect on the original lesion. OCT revealed a layered
pattern with a superficial high signal-intensity band adjacent to the luminal surface and a
signal-poor region near the stent (Figure 2B). According to the above imaging findings, the
patient was diagnosed with a BH phenomenon through OCT.

A DES was implanted and subsequently post dilated using a noncompliant balloon.
After PCI, the lumen surface appeared smooth, with no evidence of tissue prolapse or
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residual intraluminal thrombus, with a well-deployed stent. Thrombolysis in myocardial
infarction III distal blood flow was achieved using angiography.

Following the placement of a coronary stent, ISR can commonly emerge as a com-
plication [1,2]. Despite advances in technology, the occurrence rate of ISR has remained
relatively consistent, affecting approximately 10% of patients after DES implantation [5,6].

The cause of ISR is multifactorial and can be attributed to various biological, me-
chanical, and procedural factors [13–15]. The mechanical factors primarily include stent
expansion or fracture, whereas the biological factors involve localized inflammation leading
to excessive neointimal growth and late neoatherosclerosis.

Previous epidemiological studies have revealed T2D as an important risk factor for
developing ISR in patients following DES implantation [16,17]. Another study showed that
the presence of T2D with elevated hemoglobin A1C levels is associated with ISR develop-
ment in patients with DES [18]. The findings from this case highlight an increased ISR risk
in patients with T2D and high hemoglobin A1C levels. Therefore, maintaining satisfactory
sugar control in these patients may help prevent ISR following DES implantation.

The “BH” phenomenon, which has been characterized as an intraluminal restenotic
lesion with a homogeneous black appearance (echolucent) on IVUS, was initially observed
in patients following brachytherapy [7]. This phenomenon has also been identified in
patients who have received SES implants [8].

DES improved BMS limitations but raised concerns about complications such as
late restenosis and thrombosis. Late DES thrombosis is marked by delayed healing with
impaired reendothelialization and persistent fibrin deposition. The exact cause of late
restenosis remains unclear but may involve a delayed healing response to stent polymers
and drugs.

Although the BH phenomenon is unusual in DES restenosis, establishing a universal
mechanism is challenging. Tissue analysis of the BH revealed a primarily hypocellular
matrix with areas rich in proteoglycans, possibly due to delayed vascular wound healing
following SES implantation. The echolucent appearance was likely attributed to this
hypocellular matrix and its high water content [9,10].

OCT revealed a layered structure with an inner layer with high signal intensity and
outer layers with low signal intensity. The low OCT signal intensity was a result of
restenotic tissue rich in proteoglycan and poor in collagen matrix or fibrin-rich thrombus
formation. Although various restenotic tissues can exhibit low OCT signal intensity, the
consistent border and structure in this case suggest that the BH phenomenon in OCT may
have been due to the lack of organized mature connective tissue elements in the restenotic
tissue [11,12].

Assessments by IVUS or OCT before DES restenosis treatment can help identify
restenotic tissue characteristics and guide the development of an optimal strategy to
prevent recurrent ISR. However, OCT is superior to IVUS for the diagnosis of the BH
phenomenon after DES implantation.

We conclude that a BH phenomenon can occur after SES implantation. The described
case suggests the superiority of OCT over IVUS rather than further research being necessary.
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17. Jakubiak, G.K.; Pawlas, N.; Cieślar, G.; Stanek, A. Pathogenesis and Clinical Significance of In-Stent Restenosis in Patients with

Diabetes. Int. J. Environ. Res. Public Health 2021, 18, 11970. [CrossRef] [PubMed]
18. Yi, M.; Tang, W.H.; Xu, S.; Ke, X.; Liu, Q. Investigation into the risk factors related to in-stent restenosis in elderly patients with

coronary heart disease and type 2 diabetes within 2 years after the first drug-eluting stent implantation. Front. Cardiovasc. Med.
2022, 9, 837330. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s11886-021-01582-4
https://www.ncbi.nlm.nih.gov/pubmed/34599432
https://www.ncbi.nlm.nih.gov/pubmed/36911551
https://doi.org/10.1016/j.hlc.2016.04.001
https://www.ncbi.nlm.nih.gov/pubmed/27180214
https://doi.org/10.23736/S2724-5683.20.05372-4
https://www.ncbi.nlm.nih.gov/pubmed/32975393
https://www.ncbi.nlm.nih.gov/pubmed/27274167
https://doi.org/10.1097/HCO.0000000000001073
https://www.ncbi.nlm.nih.gov/pubmed/37477129
https://doi.org/10.1161/01.CIR.103.5.778
https://www.ncbi.nlm.nih.gov/pubmed/11156893
https://doi.org/10.1136/hrt.2003.011023
https://www.ncbi.nlm.nih.gov/pubmed/15367508
https://doi.org/10.1253/circj.CJ-08-0354
https://www.ncbi.nlm.nih.gov/pubmed/19179779
https://doi.org/10.1007/s00380-014-0528-1
https://www.ncbi.nlm.nih.gov/pubmed/24906987
https://doi.org/10.4244/EIJV7I12A232
https://www.ncbi.nlm.nih.gov/pubmed/22522560
https://doi.org/10.4244/EIJV7I12A215
https://www.ncbi.nlm.nih.gov/pubmed/22522547
https://www.ncbi.nlm.nih.gov/pubmed/33235423
https://doi.org/10.1007/s12928-020-00734-7
https://www.ncbi.nlm.nih.gov/pubmed/33222019
https://doi.org/10.3390/biom12030430
https://www.ncbi.nlm.nih.gov/pubmed/35327622
https://doi.org/10.1186/s12872-016-0445-6
https://www.ncbi.nlm.nih.gov/pubmed/28061808
https://doi.org/10.3390/ijerph182211970
https://www.ncbi.nlm.nih.gov/pubmed/34831726
https://doi.org/10.3389/fcvm.2022.837330
https://www.ncbi.nlm.nih.gov/pubmed/35669469

	References

