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Anatomy, School of Traditional Chinese Medicine, Beijing University of Chinese Medicine, Beijing, China

Significance: Since the advent of Optical Coherence Tomography (OCT) two
decades ago, there has been substantial advancement in our understanding of
intravascular biology. Identifying culprit lesion pathology through OCT could
precipitate a paradigm shift in the treatment of patients with Acute Coronary
Syndrome. Given the technical prowess of OCT in the realm of cardiology,
bibliometric analysis can reveal trends and research focal points in the
application of OCT for cardiovascular diseases. Concurrently, meta-analyses
provide a more comprehensive evidentiary base, supporting the clinical
efficacy of OCT-guided Percutaneous Coronary Intervention (PCI).

Design: This study employs a dual approach of Bibliometric and Meta-analysis.
Methods: Relevant literature from 2003 to 2023 was extracted from the Web of
Science Core Collection (WoSCC) and analyzed using VOSviewer, CiteSpace,
and R for publication patterns, countries, institutions, authors, and research
hotspots. The study compares OCT-guided and coronary angiography-guided
PCl in treating adult coronary artery disease through randomized controlled
trials (RCTs) and observational studies. The study has been reported in the line
with PRISMA and AMSTAR Guidelines.

Results: Adhering to inclusion and exclusion criteria, 310 publications were
incorporated, demonstrating a continual rise in annual output. Chinese
researchers contributed the most studies, while American research wielded
greater influence. Analysis of trends indicated that research on OCT and
angiography-quided PCl has become a focal topic in recent cohort studies
and RCTs. In 11 RCTs (n=5,277), OCT-guided PCl was not significantly
associated with a reduction in the risk of Major Adverse Cardiac Events (MACE)
(Odds ratio 0.84, 95% Cl 0.65-1.10), cardiac death (0.61, 0.36-1.02), all-cause
death (0.7, 0.49-1.02), myocardial infarction (Ml) (0.88, 0.69-1.13), target
lesion revascularization (TLR) (0.94, 0.7-1.27), target vessel revascularization
(TVR) (1.04, 0.76-1.43), or stent thrombosis (0.72, 0.38-1.38). However, in 7
observational studies (n=4,514), OCT-guided PCl was associated with a
reduced risk of MACE (0.66, 0.48-0.91) and TLR (0.39, 0.22-0.68).
Conclusion: Our comprehensive review of OCT in cardiovascular disease
literature from 2004 to 2023, encompassing country and institutional origins,
authors, and publishing journals, suggests that OCT-guided PCl does not
demonstrate significant clinical benefits in RCTs. Nevertheless, pooled results
from observational studies indicate a reduction in MACE and TLR.
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1 Introduction

Recent evidence suggests that MACE in chronic ischemic heart
disease correlates more with the overall atherosclerotic burden than
with specific flow-limiting luminal lesions (1-6). Traditional
link CAD
atherosclerotic

models simplistically complications to severe

(7-10).
However, this perspective is increasingly recognized as overly

obstructions from narrow plaques
reductionist. Longitudinal studies on the natural progression of
individual coronary plaques have revealed that even those lesions
high-risk
maintain stability over several years, seldom progressing to
instability or resulting in MACE (11-16). The limitations of

angiography in direct PCI, including inaccurate assessments of

perceived as and potentially ischemia-inducing

lesion morphology and the underlying mechanisms of STEMI, as

well as suboptimal recognition of post-stent outcomes,
underscore the necessity for a more holistic understanding of
atherosclerosis within the entire arterial system (17).

OCT provides the highest resolution (1-15 pm) among current
intravascular imaging technologies, enabling detailed exploration
of microscopic vascular structures (18). In cardiovascular clinical
of OCT encompasses: (1)
OCT provides detailed

information about plaque size, type, and composition, aiding in

applications, the significance

Comprehensive plaque assessment:

understanding the total burden of atherosclerosis, not merely
localized stenosis (19); (2) Vulnerable plaque identification: OCT
can provide detailed views of potentially hazardous plaques by
analyzing tissue characteristics, such as the size of the lipid core
and the thickness of the fibrous cap (20); (3) Enhanced risk
stratification: The detailed plaque and vascular information
provided by OCT can help more accurately assess the risk of
cardiovascular events, thus improving the accuracy of risk
stratification (21);
techniques: By offering direct observation of vessel walls and

(4) Complementing traditional imaging
plaques, OCT supplements the limitations of traditional imaging
methods, providing a more comprehensive cardiovascular health
assessment (22). Thus, OCT is not only a potent diagnostic tool
but also adds a new dimension to the risk assessment and
management of cardiovascular diseases. Its application highlights
a deeper and more nuanced understanding of cardiac diseases,
contributing to the refinement of existing risk stratification
methods for greater precision.

We analyzed trends and applications of OCT in cardiovascular
treatment over the past two decades using bibliometric techniques
(23, 24). Our meta-analysis indicates OCT as a prominent focus in
recent PCI trials. Previous studies comparing OCT-guided with
angiography-guided PCI treatment in Meta-analyses have
encountered several issues. Firstly, they did not include all
significant related studies. Secondly, these meta-analyses did not
separate observational studies from RCTSs, a methodological rigor
essential for enhancing the credibility of results. Therefore,
we conducted a stringent Meta-analysis, differentiating RCT's
from observational studies, aiming to provide more accurate
and reliable evidence to guide clinical practice and future

research directions.
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2 Methods
2.1 Data sources and search strategy

The Web of Science, esteemed for its extensive interdisciplinary
coverage, comprehensive citation indexing, and rich analytical
metrics, serves as an exemplary database for bibliometric analysis.
This resource enables researchers to identify hotspots and trends
within their respective fields. Our study utilized data retrieved from
the WoSCC database concerning OCT and cardiovascular diseases
for bibliometric analysis. To mitigate data variability due to
updates, search activities, data extraction, and downloading were
conducted on the same day. The types of literature studied were
confined to articles and reviews. The search strategy, specific
outcomes, and search terms are detailed in Figure 1 (refer to
Supplementary eMethods S1). Overall, 2,758 literature sources were
analyzed, with 310 articles ultimately included and downloaded in
text format (complete records and referenced citations).

2.2 Data analysis and visualization

In this study, the bibliometrix package in R (version 4.3.2) was
utilized to analyze major countries, active authors and institutions,
contributing journals, and keyword trends (25). Additionally,
CiteSpace (version 6.1), a Java-based freeware developed by Chen
(26), was employed for clustering and burst analysis of keywords.
Collectively, these two software programs facilitated visual
analyses, offering deep insights into the advancements in OCT
research within the cardiovascular field and uncovering research
frontiers using extensive data.

2.3 Meta-analysis

This work has been reported in line with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) and AMSTAR (Assessing the methodological quality of
systematic reviews) Guidelines (27, 28). A systematic review and
meta-analysis were conducted on data from 11 RCTs and 7
observational studies. These 18 cohorts were identified through
searches of electronic databases including PubMed, Cochrane
Library, Embase, and Web of Science, employing a combination
of text and MeSH headings in the search strategy (refer to
Supplementary eMethods S2 and eTableS1). For this study,
primary outcomes of interest were MACE, Cardiac death, and
All-cause death, with secondary endpoints including Myocardial
Infarction (MI), TVR, TLR, and stent thrombosis. All details
regarding the search strategy, data extraction, and study selection
are presented in the Supplementary (eMethods S3-S5).

2.4 Statistical analysis

The outcomes of interest were dichotomous variables, and rates
of events with the total sample size were extracted for analysis. The
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FIGURE 1
Document selection and flow chart of the research framework

Mantel-Haenszel method’s random-effects model was employed to
calculate Odds Ratio (OR) and their 95% Confidence Intervals
(CI). For inter-study variance, Restricted Maximum Likelihood
(REML) was used. An OR estimate and its corresponding 95%
CI not including the vertical line at 1 (p-value<0.05) was
considered statistically significant. The extent of heterogeneity
was approximated using the I* test, with 0%-40% indicating
negligible, 30%-60% moderate, 50%-90% substantial, and 75%-
100% considerable heterogeneity. Given the limited number of
studies included, a funnel plot for pre-specified publication bias
analysis was deemed inappropriate.

2.5 Cardiovascular clinical research and
patients involvement

Following the completion of our initial manuscript, we
consulted a patient with cardiovascular disease and a frontline
both of whom suggested
acceptance or implementation of PCI for coronary artery disease.
The feedback received indicated that the certainty of the evidence

cardiovascular clinical scholar,
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presented in our study was highly useful for evaluating the
efficacy of OCT-guided vs. angiography-guided PCI in the
treatment of acute coronary syndrome (ACS).

3 Results
3.1 Bibliometric results

3.1.1 Annual growth trends in publications

From 2003 to 2023, a total of 2,758 papers were retrieved from
the WoSCC database. After eliminating duplicates and other types
of literature, 310 articles were ultimately included for analysis,
comprising 246 articles and 64 reviews. Figure 2A displays the
annual statistics of publications in this field, revealing a trend in
three distinct phases: (1) From 2004 to 2012, the annual
publication count did not exceed 10 papers; (2) From 2013 to
2019, the number of annual publications remained relatively
stable; (3) A notable increase in publication volume was observed
from 2020 to 2023, with a significant spike exceeding 40 papers
in 2022. By fitting the data to construct a publication trend,
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FIGURE 2
Annual publications, and fitting curves. (A) Cumulative (in orange-red) and annual (in blue) number of publications from 2004 to 2023. (B) The trend
curve fitted according to the number of publications, depicted using polynomial fitting in Microsoft Excel 2019.

results indicate a high correlation between the annual number of
publications and the years (y=0.0541x A2 +0.8396x — 1.0807,
RA2=0.8841) (Figure 2B). The publication trend suggests that by
2024, over 400 articles on this topic are projected to be
published, signifying an increasing scholarly focus on this
field over time.

In this field, the top 10 countries accounted for over 80% of the
total publication output compared to all other countries combined.
Statistically, the five countries and regions with the most published
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articles were China (77 articles), the United States (68 articles),
Germany, Japan, and Italy (Table 1). In terms of the growth rate
in the number of publications (Figure 3A), the United States
consistently maintained a high output, slightly outperforming
China, while Germany, Italy, and Japan showed relatively stable
production levels. Moreover, among the top 20 countries for
corresponding authors, those with the highest proportions of
multiple countries publication (MCP) relative to their total
publication output were Canada, the United States, Italy, the
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United Kingdom, and China. Although the U.S. had the most
MCPs (23 articles), it did not rank first in MCP ratio. While
China had the highest total number of articles, it had fewer
publications in collaboration with other countries (22 articles),
thus a lower MCP Ratio (Table 1). Among the limited
international collaborations from China, those with the United
States were the most frequent (Figure 3B).

These articles were authored by 659 institutions, among which
21 institutions published at least 5 articles each. The top 10
institutions alone authored 176 articles, accounting for 56.8% of
the total (Figure 3C). The institutions with the highest number
of publications included Harvard University, Harvard Medical
School, Harbin Medical University, Icahn School of Medicine,
Massachusetts National of

General Hospital, University

TABLE 1 Corresponding author’s countries.

77 55 22

10.3389/fcvm.2024.1414205

Singapore, University College London, Case Western Reserve
University, and Columbia University, all with over 10 articles
each. Chinese institutions such as Harbin Medical University,
Tongji University, and Capital Medical University each produced
more than 8 articles. As depicted in Figure 3D, institutional
collaboration was more extensive than inter-country cooperation,
with Harvard University and Harbin Medical University
engaging in significant collaborations with numerous universities
and research centers in China, as well as institutions in the UK,
the US, and other countries.

3.1.2 Author analysis

Figure 4A, created using VOSviewer software, visualizes the
in OCT research within the
cardiovascular field. The minimum criterion for an author’s

author collaboration network

inclusion was set at 10 publications, encompassing nearly 2000
contributing authors. Among the top 10 most productive

1 China 0.286 authors, Professor Mehran Roxana possessed the highest
2 Usa 68 i 2 0338 m-INDEX; Professor Yu Bo boasted the greatest G-index; and
3 German 20 15 5 0.25 . . . .
Y Professor Virmani Renu held the highest h-index and total
4 Japan 20 20 0 0 L. TC) (Fi AA-B
igur -B).
5 Ttaly 18 12 6 0.333 citations (TC) (Figures )
P Canada 2 P 6 05 Figure 4C presents the network map of co-cited authors, where
7 United Kingdom 10 7 3 03 higher weightage of a co-cited author corresponds to larger labels
8 Spain 9 7 2 0.222 and circles in the visualization. In the field of OCT research,
9 France 8 6 2 025 prominent figures like Professor Yu Bo from China, and
10 Korea 7 4 3 0429 Professor Maehara Akiko and Professor Virmani Renu from the
MCP, multiple countries publication; SCP, single countries publication. United States, hold signiﬁcant influence and citation weight.
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FIGURE 3

Analysis of countries/regions engaged in OCT research. (A) Top 5 countries with the largest number of publications over time; (B) country cooperation
network; (C) top 18 institutions by number of publications; (D) institutional collaboration-network.
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Among the authors with the highest publication volumes, Professor
Yu Bo is the only one from China, while the others are
predominantly from the United States. Many of these authors
have collaborated on publications in journals such as the “New
“TJACC Cardiovascular
Imaging” (29, 30). This indicates close collaboration among
authors within this field.

England Journal of Medicine” and

3.1.3 Analysis of journals

According to our analysis, 179 journals published papers related
to OCT and cardiovascular diseases. The top 5 most productive
journals — “International Journal of Cardiology”, “Frontiers in
Cardiovascular Medicine”, “Catheterization and Cardiovascular

» o«

Interventions”, “Revista Espanola de Cardiologia”, and “Scientific
showed notable publication numbers and growth

trends, as depicted in Figure 5A. Figure 5B illustrates the journal’s

Reports” —

thematic distribution through a dual-map overlay, with citing
journals positioned on the left and cited journals on the right of
the map. The labels represent journals covering specific themes,
and colored lines trace the reference pathways. Two distinct
citation pathways are evident. Two green citation paths indicate
that studies from medical/clinical/surgical journals are often cited
by those in molecular physiology/medical/clinical journals.

3.1.4 Citation analysis
The results of the citation analysis are presented in Figure 6
and Table 2. Among the top 10 most cited articles, 6 are clinical

Frontiers in Cardiovascular Medicine

trial studies, with one published in “The Lancet" (37), three in
“Circulation” (31, 35, 36), and other high-impact journals. Three
reviews discussed the application of OCT technology in detecting
The 2005
Ik-Kyung Jang, “in
Characterization of Coronary Atherosclerotic Plaque by Use of

atherosclerosis in clinical practice. randomized

controlled trial by Professor vivo

Optical Coherence Tomography,” ranks first with 694 citations.

3.1.5 Co-occurrence analysis

In the study of the structure of scientific knowledge, keyword
co-occurrence analysis is an effective bibliometric method to
grasp current hotspots. We analyzed the co-occurrence of
keywords in the field and the top 50 keywords (Figure 7A),
centering around OCT. Figure 7B employs a log-likelihood ratio
analysis to generate eight clusters, including: coronary artery
disease, deep learning, coronary stenosis, heart transplantation,
plaque rupture, OCT, heart
cardiovascular diseases. Burst analysis of keywords was also

congenital disease, and
conducted, revealing overall trends in OCT research in the
cardiovascular field, encompassing topics like bare metal stents,
acute myocardial infarction, intravascular ultrasound, aortic valve
implantation, artery disease, elevation myocardial infarction,
coronary disease, and coronary artery disease (Figure 7C).

3.1.6 Changes in trends of research in the
recent years

The thematic word analysis method was employed to explore
the core issues in OCT research within the cardiovascular field.

frontiersin.org
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Figure 8A indicates that well-developed themes focus on
atherosclerotic diseases, blood pressure, stent implantation, and
plaque characteristics. The impact of surgery, post-operative care,
and survival on disease treatment and prognosis are also
noteworthy. Emerging research in areas such as molecular
biology and cell biology is also beginning to emerge. Researchers
are focusing on the roles and potential molecular mechanisms of
“inflammation, oxidative stress, mitochondria, cytokines, and
metabolism” in disease development.

Moreover, using multidimensional scaling, we categorized the
most frequently occurring keywords and generated a conceptual
structure map, resulting in three clusters (Figure 8B). Current
research continues to focus on clinical manifestations, diagnosis,
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interventions, and prognosis of diseases like “coronary stenosis,
acute myocardial infarction, atherosclerosis” (red cluster), as well as
exploring pathogenic mechanisms and intervention methods related
to diseases, such as “interventional methods, post-stent thrombosis
formation, and potential impacts of PCI” (blue-green cluster).
Additionally, we visualized the temporal trends of keywords
(Figure 8C). In the past five years, new trends in the field include
coherence tomographic vascular scanning technology, coronary
heart disease, microvascular lesions, vascular pressure, retinal
arteriolar abnormalities, atherosclerotic risk, as well as the etiology,
pathomechanisms, and clinical outcomes of cardiovascular
diseases, all of which are worthy areas for continued exploration.

The thematic word analysis method was employed to explore the
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in OCT research within the cardiovascular field.

indicates

core issues
Figure 8A
atherosclerotic diseases, blood pressure, stent implantation, and

that well-developed themes focus on
plaque characteristics. The impact of surgery, post-operative care,
and survival on disease treatment and prognosis are also
noteworthy. Emerging research in areas such as molecular biology
and cell biology is also beginning to emerge. Researchers are
focusing on the roles and potential molecular mechanisms of
“inflammation, oxidative stress, mitochondria, cytokines, and
metabolism” in disease development.

Moreover, using multidimensional scaling, we categorized the
most frequently occurring keywords and generated a conceptual
structure map, resulting in three clusters (Figure 8B). Current
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research continues to focus on clinical manifestations, diagnosis,
interventions, and prognosis of diseases like “coronary stenosis,
acute myocardial infarction, atherosclerosis” (red cluster), as well as
exploring pathogenic mechanisms and intervention methods related
to diseases, such as “interventional methods, post-stent thrombosis
formation, and potential impacts of PCI” (blue-green cluster).

Additionally, we visualized the temporal trends of keywords
(Figure 8C). In the past five years, new trends in the field include
coherence tomographic vascular scanning technology, coronary
heart disease, microvascular lesions, vascular pressure, retinal
arteriolar abnormalities, atherosclerotic risk, as well as the etiology,
pathomechanisms, and clinical outcomes of cardiovascular diseases,
all of which are worthy areas for continued exploration.

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1414205
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

10.3389/fcvm.2024.1414205

Lian et al.

“Xapur
Surepowra [eL1a)Ie PUR SSAUIIY) 210 D101 ‘ssauxdIYy) anberd samydnr
D MEIH |  JO UONBUIqUIOD © s JdUjel Jnq uole ssawydry) des 1aqy jo ymsax | anbed jo ysur o) Sunen[eas 1oy s1030ej [edTULYPIWOI JUIFIOUWS
8F 109 | 800T 6L1 -[o1syq [ ury | e se parspisuod aq jou pmoys Aiqeisur anberd jey) syensuowap I :xapur Surpppowar [erd)re 2AnIsod pue SSIUNIY) 2100 SJOIIN (0%) uokeyQ senboe( 01
‘UOTJRZIId)ORIBYD INSST) 13))9q
pue SudueyUd ISEIIUOD 0] PIsN 3q UL SJUIWAINSLAUT JUIDYJI0D
uonenua)je pue Surd)jedsydeq JO UOIRUIUIOD JBY} SMOYS OS[e
nq ‘samjedj [DHO aaneyfenb Luew jo surduio oy surerdxs A[uo jou AyderSouroy
)] "saLId)Ie ATBUO0I0D WO paurelqo safew! 1D JO UONBZLIADLIRYD 25uU219Y0d eorido Ul S)UIYIP05 uonenuUE pue Jura)edsydeq
=29 109 | 800T 061 1dO paworg [ aNSST) A} AIIPUN JBY) SINSST [LJUIWBPUNJ Y[} SISSIIPPE ] joq Sunmseaw Aq sanbeyd sisors[dsorayje jo uoneZLIAIIRIRYD) (6€) nx Suefuayp 6
‘suonjesridde Surresurdus ansst) aafeA derpred 10y Surppowar anssn safuayreyD pue
8¢ MY | 900T 91T Sug paworg uuy | 2jen[ead o3 pasn aq ued AyderSowo) aouazoyod [eondo sarenfeas 3y | ‘ssaxSoird ‘saydeorddy ‘sydeouo) :FurreourSuyg onssiy, oATeA JIBIH (8€) UOS[PURIA UdIRY 8
[eL1) UBW-UI-]SI ‘PISTUWIOPUBI-UOU DIJUI[NUL
‘erse[doau Areuoiod aA10adso1d ® Jo synsar yuow 9 ([-FATOSOII) SUOISI|
P sjuaned ur (Hg SINVEMA) Juds [elow d[qeqrosqe Sunnpa-3nip | £1a)1e 100100 0A0U-3p YIIM sjuanied UT ploJjeds [elaw J[qeqlosqe
6891 109 | 910C 65T 10ueT | UoneIaUIZ-puodds Mau € Jo dduewIopdd pue L1ofes oy sajen[eAd I] Sunnye-3nip uonersuad-puoses ayy jo duewoprdd pue L1oyeg (£€) apney [PeyPIA L
PPOIN L1931y
‘uonejueidwr SAg 1oye s1eaf § AIeU010D) 2UDIOJ © UI SP[OJFeIS Ie[NdSeA d[qeqiosaiorg Sunnig
pue ‘¢ 7 pue sfep g7 Je pue Ia)je A[PJeIpatutul [9pou A19)1e AI1eU0I0D | -SNUI[OIdAY Jo uonejue[duw] 12y SIedX § PUB ¢ ‘T Pue YJUON
8LE 1049 | 010T 59T uonemdI) | auriod ay) ur £3o103sty Surpuodsariod yim sSutpuy 1HO syodar i | 1 e £3oj0istg pue AyderSowo], sduarsyo)) reondQ Areuorooenuy (9¢€) ewnUQ NQOUTYsox 9
'SIS0U2)§ A1)y ATRUO0I0OD) 0AON JDO UM (T JO JUIWIIRAL],
10J plojjess IemnaseA Sunnig-Sni sNWIOIAY 9[qeqIosaIorg
B JO UONBISUID) PUOIS I} J& PAYOO[ SAPNIS [edTUTd ) sIs0ud)g A1911y
J0 auQ “dn-mofjoy jo uonep 11oys e YPm syuaned jo Joqunu [rews | A1eU0I0) oaou ap Jo JuIUEIL], 10] PloJFeds Temose Sunnyg-Sniq
8¢ 1049 | 010C €6T UONENII) | B UO UONBAIISQO [UIWIS & SIPIA0Id [eL1) SUBWNY-UI-)SIY SIY], ST )] | SNWI[OIAY J[QBqIO0SAIONG B JO UONBIIUIL) PUOIAS ) JO UOHEN[eAT (5¢) sAnirdg M Youeq S
JUSTUSSISSY NSTY 2SeAsI( A12)1y AIeuoio)
‘pazirewrtuns st axnydnx anbepd onorspsorayye 10J UIpINg SLISI(] JJOIAOSOIAYY 0} SUOISIT [ENPIAIPU] UO
0FC | MIAdY | STOT 10¢ [orpIe) [0 Wy [ JO 25105 Teanjeu Ay} jo stsaylodAy pajeoeynmu ay) siroddns iy | snoog e woig Suruontsuer], : anbeyq sqersumA oy Jo AN YL | (F€) Yopez-qeqly urunry 4
100 2onoeId [edTuI[d UT SISOII[ISOIAYIE MAU Juswssasse Surdewrn remoseaenur 10§ suonesrdur
€66 | MAAdY | STOT €1¢ { 1B Ing | JO UOND2)2p Y} PareIIdE] SBY DO JO Uondnponur ay) souredxs iy pue s3urpuy o1307011edoIsTY JO MITATIAO :STSOIS[ISOIIYIBOIN (£€) ensi0 pndrumng ¢
AS3o101pIe) JO 'SJU2AS ATBUO0IOD nde sanbe[d S[qeIAUN A JO UOIIII(] IAISLAUTUON
a8aqj0p uweotdury | jo yysur ySiy je syusned ur sanberd yons Amuapr 0y Surdjey ‘sanberd pue aarseauy oy 10 sSurpurg oy jo suonesrdwy pue aseasiq
0¥C 109 | €10C 8G¢ ay) jo [ewanof S[qeIdUNA JO SonsLIOeIRYD [edrSojoydiowolsty ayy sauyap IJ ATeU0I0D) TJ0OIAPSOIYIY JO sonsLajoeIey)) drdojoyredoisty (z¢) emreN yeSe( 4
‘suoneudsald [esTurp JuaIdpIp Ym sjusned ur AydexSowo], 2uarsyo) [eondQ jo
8LE 104 | S00z 769 uonemox) | ASojoydrow anbeyd oaza uz payrejop areduroo 0y Apnys isxyy oy st STy, | asn) £q anbeq onorssoIAYY A1eU0I0D) JO UONRZIINIRIRYD) 0AlA Ul (1¢) Suef Suny-y1 1

JIEEY

(€202)
suonel)

[euinof

sjujod Aoy

loyine
dAIeIUSSAIdRY

juey

"suoneanqnd payd ysow T doy z 379Vl

frontiersin.org

09

Frontiers in Cardiovascular Medicine


https://doi.org/10.3389/fcvm.2024.1414205
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Lian et al. 10.3389/fcvm.2024.1414205
A i A B ooy ot C
AR TR oo e Keywords Year Strength Begin End 2004 -2023
incavasculigrasound bare metal stents 2009 452 2009 2014 R —
anglagraphy
acute myocardial infarction 2009 342 2009 2015 R ——
implaghation

intravascular ultrasound 2008 455 2011 2014

s aortic valve implantation 2011 3.84 2011 2015 A ——
P coronary R asesse N
oyl )/ N st gl fyeien oy semenmrannre gtery disease 2011 348 2011 2018 e —
J Ve RO S e elevation myocardial infarction 2012 32 2012 2017 S —
i!'!wus.wsmk

N coronary disease 005 422014 2017
B coronary artery disease 2009 376 2016 2018 P
oct 2017 417 2017 2020 AR
vulnerable plaque 2012 375 2019 2021 S
thin cap fibroatheroma 2012 3.53 2020 2021 ————ia

coronary heart disease 2007 632 2021 2023
optical coherence tomography angiography 2021 374 2021 2023 —

FIGURE 7
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3.2 Meta results

3.2.1 Description of included trials

Of 4,350 citations, we reviewed 1,385 after removal of
duplicates. We excluded an additional 1,367 studies on the basis
of the title and abstract level screening and a priori selection
criteria (Figure 9). Finally, we included 11 RCTs (n=5,277)
(29, 41-50), and 7 observational studies (n =4,514) (51-58).

During the quality assessment process, a thorough evaluation
of the methodological rigor of each study played a crucial role in
enhancing the credibility of the results. Our bias risk assessment
revealed that 36% (4 out of 11) of the trials raised some
concerns regarding the randomization process, and 43% (3 out
of 7) of the observational studies exhibited lower evidence quality
regarding outcomes (refer to Supplementary eFigure S1 and
eTable S2).

3.2.2 Patient-level baseline characteristics and
procedural data

The 11 articles included in this study collectively encompassed
5,277 patients with coronary artery lesions. Table 3 summarizes the
baseline characteristics. The median age ranged from 54.5 to 69
years, with 77.2% being male. Cardiovascular risk factor analysis

10.3389/fcvm.2024.1414205

indicated that 31.5% of the patients had diabetes, 63.1% had
dyslipidemia, and 69.0% had hypertension, with 31.7% being
current or former smokers. STEMI was the predominant type of
ACS, followed by NSTEMI and unstable angina. All patients
underwent invasive treatment. A total of 2,653 patients received
OCT-guided therapy, and 2,640 patients underwent angiography-
guided PCI. Stent implantation was the primary strategy for
vascular revascularization. The follow-up period ranged from 3
to 25 months. The characteristics of the observational studies are
available in Supplementary eTable S3.

3.2.3 MACE

Six trials (n=2,109) reported MACE (41, 43, 44, 46-48).
Compared with coronary angiography, OCT-guided PCI was
not associated with a significant reduction in MACE
(OR 0.84, 95% CI 0.65 to 1.10; p =0.515, I = 0%, non-relevant
heterogeneity, high certainty, see Figure 10A). However, the
observational studies, comprising 5 studies with 3,674 patients,
painted a different picture (51, 52, 54-56). In contrast to
coronary angiography, OCT-guided PCI showed a reduction
in the risk of MACE (OR 0.66, 95% CI 0.48-0.91; p =0.243,
I’=26.7%, non-relevant heterogeneity, moderate certainty,
see Figure 11A).

J ]
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FIGURE 9
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Flowchart of study selection. OCT, optical coherence tomography; PCI, percutaneous coronary intervention; ACS, acute coronary syndrome.
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1.98 (0.18, 21.59)
1.00 (0.07, 14.90)
1.04 (0.76, 1.43)

2,64 (0.11. 64.38)
0.38 (0.02, 9.13)
0.71 (0.34, 1.48)
0.92 (0.08, 14.43)
0.34 (0.01, 8.29)
0.72 (0.38, 1.38)

Weight

10.44
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73.88
9.07
0.95
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100.00

4323

40.72
10.79
1.44
100.00
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0.00
100.00
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0.00
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123
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1.42
1.42
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FIGURE 10

Forest plot comparing OCT guided with coronary angiography guided PCl in RCT studies. Data obtained from RCTs using fixed effect meta-analysis
and expressed as OR. (A) MACE; (B) cardiac death; (C) all-cause death; (D) myocardial infarction; (E) target lesion revascularization (F) target vessel
revascularization; (G) stent thrombosis. Cl, confidence interval; OCT, optical coherence tomography; PCI, Percutaneous coronary intervention.
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Odds %
Study Location OCT Angiography Subjectnumber Ratio (95% Cl) Weight
MACE I
D'Ascenzo 2017 Italy 28/197 28/197 394 L 3 1.00(0.61,1.63) 27.75
Di 2013 Italy 5/40 8/40 80 —— 0.67 (0.24, 1.89) 8.63
Jones 2018 United Kingdom 9/1134 23/1134 2268 -:-J 0.40 (0.18,0.85) 14.52
Khalifa 2021 Japan 13/260 15/130 390 0.46 (0.23,0.94) 16.21
Lannaccone 2016 Italy 31270 471270 540 L 0.69 (0.45, 1.06) 32.88
Subtotal (I-squared = 26.7%, p = 0.243) 0.66 (0.48, 0.91)  100.00
Cardiac death
Cortese 2022 Europe 1/100  4/100 200 0.26 (0.03,2.26) 13.78
D'Ascenzo 2017 Italy 71197 21197 394 3.41(0.72, 16.24) 21.56
Khalifa 2021 Japan 7/260  8/130 390 —— 0.45(0.17,1.22) 33.44
Sheth 2016 Canada 4214  16/428 642 —— 0.51(0.17,1.50) 31.21
Subtotal (I-squared = 48.1%, p = 0.123) <P 0.67 (0.26, 1.71) 100.00
All-cause death
Cortese 2022 Europe 2/100 /100 200 —_——-1 0.35(0.07, 1.68) 23.30
D'Ascenzo 2017  lItaly 7197 21197 394 T— 3.41(0.72, 16.24) 23.66
Di 2013 Italy 1/40 2/40 80 —_—— 0.51 (0.05, 5.43) 12.58
Lannaccone 2016 Italy 7/270 97270 540 —_- 0.78 (0.30,2.07)  40.46
Subtotal (I-squared = 33.5%, p = 0.211) 0.87 (0.35,2.18)  100.00
Myocardial infarction
Cortese 2022 Europe 2/100 4/100 200 0.51(0.10,2.72) 9.55
Di 2013 Italy 1/40 3/40 80 0.35(0.04,3.23) 5.64
Jones 2018 United Kingdom 2/1134 9/1134 2268 0.22 (0.05, 1.03) 11.24
Khalifa 2021 Japan 2/260  4/130 390 0.26 (0.05, 1.38) 9.45
Lannaccone 2016 Italy 181270 17/270 540 -~ 1.06 (0.56, 2.01)  42.61
Sheth 2016 Canada 5/214  11/428 642 - 0.91(0.32,2.59) 21.50
Subtotal (I-squared = 14.9%, p = 0.319) < 0.66 (0.38, 1.13) 100.00
Target lesion revascularization
Cortese 2022 Europe 6/100  9/100 200 - 0.69(0.25,1.86) 31.35
D'Ascenzo 2017 Italy 8/197 281197 394 - 0.31(0.15,0.67) 5278
Khalifa 2021 Japan 2/260 2/130 390 —_— 0.50 (0.07,3.54) 837
Lannaccone 2016 Italy 1270 91270 540 ——] 0.11 (0.01, 0.90) 7.50
Subtotal (I-squared = 1.6%, p = 0.384) <O 0.39 (0.22, 0.68) 100.00
Target vessel revascularization
Lannaccone 2016 Italy 1270 107270 540 ——— 0.10(0.01,0.80) 40.64
Sheth 2016 Canada 117214 24/428 642 -~ 0.92 (0.46, 1.85) 59.36
Subtotal (I-squared = 76.4%, p = 0.040) o 0.38 (0.04, 3.37) 100.00
Stent thrombosis
Cortese 2022 Europe 1/100  1/100 200 —_—— 1.00 (0.06, 15.77) 27.21
Lannaccone 2016 Italy 0/270 71270 540 —— 0.07 (0.00, 1.19) 26.18
Sheth 2016 Canada 4/214  5/428 642 —— 1.59(0.43,5.86) 46.60
Subtotal (I-squared = 56.4%, p = 0.101) D 0.61(0.09, 4.39) 100.00
NOTE: Weights are from random effects analysis
| |
.00393 1 255

FIGURE 11

Forest plot comparing OCT guided with coronary angiography guided PCI for all-cause death. Data obtained from RCTs using fixed effect meta-

analysis and expressed as OR. Cl, confidence interval; OCT, optical coherence tomography; PCI, percutaneous coronary intervention

3.2.4 Cardiac death

Five trials (n=4,104) reported cardiac death (29, 41, 43-45).
Compared with coronary angiography, OCT-guided PCI was not
associated with a significant reduction in cardiac death (OR 0.61,
95% CI 0.36-1.02; p=0.893, P =0%, non-relevant heterogeneity,
high certainty, see Figure 10B). Observational studies (51-53, 57),
which included 4 studies with 1,626 patients, also demonstrated
that OCT-guided PCI was not significantly associated with a
reduction in the risk of cardiac death when compared to coronary
angiography (OR 0.67, 95% CI 0.27-1.71; p=0. 123, I’ =48.1%,
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indicating moderate heterogeneity and moderate certainty, as
shown in Figure 11B).

3.2.5 All-cause death

Four trials (n = 4,223) reported all-cause death (29, 42, 44, 47).
Compared with coronary angiography, OCT-guided PCI was
not associated with a significant reduction in all-cause death
(OR 0.7, 95% CI 0.49-1.02; p=0.550, IP=0%, non-relevant
heterogeneity, high certainty, see Figure 10C). Observational
studies (52, 54, 55, 57), which included 4 studies with 1,214
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patients, also demonstrated that OCT-guided PCI was not
significantly associated with a reduction in the risk of all-cause
death when compared to coronary angiography (OR 0.87, 95%
CI 0.35-2.18; p=0. 211, P =33.5%,
heterogeneity and moderate certainty, as shown in Figure 11C).

indicating moderate

3.2.6 MI

Six trials (n=4,747) reported MI (29, 41, 42, 44, 47, 49).
Compared with coronary angiography, OCT-guided PCI was not
associated with a significant reduction in MI (OR 0.88, 95% CI
0.69 to 1.13; p=0.823, I? = 0%, non-relevant heterogeneity, high
certainty, see Figure 10D). Observational studies (51, 53-57),
which included 6 studies with 4,120 patients, also demonstrated
that OCT-guided PCI was not significantly associated with a
reduction in the risk of MI when compared to coronary
angiography (OR 0.66, 95% CI 0.38-1.13; p=0. 319, I’ = 14.9%,
indicating low heterogeneity and moderate certainty, as shown
in Figure 11D).

3.2.7 TLR

Seven trials (n=4,646) reported TLR (29, 41, 44, 47-50).
Compared with coronary angiography, OCT-guided PCI was not
associated with a significant reduction in TLR (OR 0.94, 95% CI
0.7-1.27; p=0.856, I=0%, non-relevant heterogeneity, high
10E).
observational studies, which included 4 studies with 1,524

certainty, see Figure However, the results from the
patients, showed differing outcomes (51, 52, 54, 57). In contrast
to coronary angiography, OCT-guided PCI showed a reduction in
the risk of TLR (OR 0.39, 95% CI 0.22-0.68; p = 0.384, P= 1.6%,

non-relevant heterogeneity, high certainty, see Figure 11E).

3.2.8 TVR

Four trials (n=3,060) reported TVR (29, 42, 47, 50).
Compared with coronary angiography, OCT-guided PCI was not
associated with a significant reduction in TVR (OR 1.04, 95% CI
0.76-1.43; p=0.857, I’=0%, non-relevant heterogeneity, high
certainty, see Figure 10F). Observational studies (53, 54), which
included 2 studies with 1,182 patients, also demonstrated that
OCT-guided PCI was not significantly associated with a
reduction in the risk of TVR when compared to coronary
angiography (OR 0.38, 95% CI 0.04-3.37; p=0. 04, 12:76.4%,
indicating high heterogeneity and low certainty, as shown
in Figure 11F).

3.2.9 Stent thrombosis

Five trials (n = 1,886) reported stent thrombosis (43, 44, 46, 48,
49). Compared with coronary angiography, OCT-guided PCI was
not associated with a significant reduction in stent thrombosis
(OR 0.72, 95% CI 0.38-1.38; p=0.906, I>=0%, non-relevant
heterogeneity, high certainty, see Figure 10G). Observational
studies (53, 54, 57), which included 3 studies with 1,382 patients,
also demonstrated that OCT-guided PCI was not significantly
associated with a reduction in the risk of stent thrombosis when
compared to coronary angiography (OR 0.61, 95% CI 0.09-4.39;
p=0. 101, I>=56.4%, indicating moderate heterogeneity and
moderate certainty, as shown in Figure 11G).
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4 Discussion

OCT, with its high-resolution imaging (10-20 um), accurately
identifies vascular features like thrombi, lipids, and calcium
deposits (59-63). In this study, we analyzed 2,758 articles related
to OCT and cardiovascular diseases from the WoSCC. In-depth
analyses were conducted on these articles by country, institution,
journal, author, and keywords using Bibliometrix R software and
CiteSpace.  This the
knowledge structure, research hotspots, and emerging trends in

comprehensive  exploration revealed
the field, laying the groundwork for future strategies in disease
prevention and treatment. Our study found that OCT, as a
guiding tool for PCI, has become a focal point in recent cohorts
and randomized trials, which was further confirmed in our
subsequent meta-analysis. After including 11 RCTs and 7
observational studies, we concluded that OCT-guided PCI did
not demonstrate significant association with better clinical
outcomes. Although the point estimate and the upper bound of
the confidence interval hinted at a possible reduction in MACE,
cardiac death, all-cause death, MI, TLR, or stent thrombosis with
OCT guided PCI, this did not reach statistical significance.
However, the meta-analysis of observational studies showed a
significant reduction in MACE and TLR.

4.1 Advantages and limitations of
bibliometric analysis

The United States led in the publication output related to OCT
and cardiovascular diseases, also exhibiting the highest proportion
of international collaboration. Moreover, China’s publication
numbers are rapidly growing, likely influenced by recent expert
consensus from Chinese cardiology societies emphasizing the
importance of OCT in PCI (64). Among the top 10 institutions
with the highest publication output, 7 were from the USA, while
the remaining were from other countries (China, Singapore, and
the UK). Professor Yu Bo from China was the most prolific
among the top 10 corresponding authors, followed by authors
from the USA. Professor Mehran Roxana held the highest
m-INDEX, Professor Yu Bo the largest G-index, and Professor
the highest total
Additionally, among the top 10 most cited papers, one was
published in “The Lancet" (37), and three in “Circulation” and
other high-impact journals (31, 35, 36). Professor Ik-Kyung Jang’s

Virmani Renu h-index and citations.

2005 paper “in vivo Characterization of Coronary Atherosclerotic
Plaque by Use of Optical Coherence Tomography” ranked highest
in citations (31).

Thematic word trend analysis over the past 20 years in the
cardiovascular field has centered on eight key terms: coronary
heart
transplantation, plaque rupture, OCT, congenital heart disease,

artery disease, deep learning, coronary stenosis,
and cardiovascular diseases. Burst analysis of keywords indicated
that studies on OCT and angiography-guided PCI have become
hot topics in recent cohorts and randomized trials. Well-
developed themes focus on atherosclerotic diseases, blood

pressure, stent implantation, and plaque characteristics. The
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field’s attention to the treatment and prognosis of diseases such as
“coronary stenosis, acute myocardial infarction, atherosclerosis”
post-operation and for survival is also noteworthy.

However, this study has limitations. The primary data for the
bibliometric analysis was sourced from the WoSCC. Although
the WoSCC includes over 11,000 authoritative and high-impact
international academic journals with extensive coverage and
powerful analysis features, its singular source may lead to
potential article omissions from other databases. Additionally,
researchers manually removed papers deemed irrelevant to the
study objectives, which might introduce selection bias. Despite
these limitations, our study comprehensively analyzes the current
state and progress of OCT in cardiovascular research, aiding in
identifying future research directions.

4.2 Advantages and limitations of
meta-analysis

OCT has shown significant technical advantages in the
application of cardiovascular diseases (30, 65). Compared to
OCT provides

three-dimensional

traditional coronary angiography, higher-

resolution  spatial images, critical in
accurately assessing plaque composition and morphology.
Importantly, OCT optimizes angioplasty of bifurcation lesions,
avoiding the common issues of perspective shortening and
image overlap in traditional angiography (66). These technical
strengths theoretically endow OCT with significant clinical
application potential. However, in actual clinical practice, these
theoretical advantages of OCT have not entirely translated into
clinical benefits. Our meta-analysis of RCTs revealed that OCT-
guided PCI did not exhibit significant clinical benefits in
MACE, Cardiac death, All-cause death, MI, TLR, TVR, and
Stent thrombosis, compared to angiography-guided PCI.
Although studies suggest that OCT-guided PCI can achieve a
larger minimum lumen diameter (MLD) (53), its use also leads
to longer procedural times and higher contrast agent dosages
(67), increasing perioperative risks such as early mortality,
emergency coronary artery bypass grafting, cancer, and
contrast-induced nephropathy (68, 69). These risks might
overshadow the clinical benefits of OCT. However, the meta-
analysis of observational studies indicated a significant
reduction in MACE and TLR with OCT-guided PCI, aligning

with previous research (67, 70).

4.2.1 Limitations

When interpreting the results of our meta-analysis, its
inherent limitations must be considered. Firstly, the included
trials varied in participant populations, outcome definitions,
and follow-up periods, potentially affecting comparability and
generalizability. Secondly, pre-planned overall and subgroup
analyses were conducted at the study level, not at the individual
patient level, precluding precise assessment of the specific
impact of stent size pre and post PCI guided by OCT on
cardiovascular outcomes. Lastly, variations in intravascular
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imaging guidance standards among different trials could also
influence the results.

4.3 Comparisons with other studies

Although many meta-analyses have studied intravascular
imaging-guided PCI, a systematic review of 24 meta-analyses
showed that only 9 focused specifically on RCTs (71). Given
the of
observational we conducted

introduction in

(71),

analyses of evidence from RCTs and observational studies for

potential confounding factors

studies separate meta-
OCT-guided PCI. This approach differs from previous meta-
analyses, showing OCT’s significant advantages are more
pronounced in observational studies (67, 70), consistent with
previous high-quality RCTs (29, 49, 53).

Our results, compared with the study led by Niels R. Holm,
showed differences in MACE outcomes (44). The fundamental
reason is that calculating OR values directly using incidence
rates might differ from results reported in that study, as Cox
regression analysis incorporates specific time points of events,
often overlooked in simple calculations (44, 72). Additionally,
the Cox typically
potentially influencing outcomes, such as patient age, gender,

model considers multiple covariates
and medical history (73). This might be one reason our study
did not
Furthermore, with a median follow-up time of only 1-2 years
the

differences between the two interventions would require longer

show a significant clinical advantage of OCT.

in studies included, detecting statistically significant

follow-up and higher event rates.

5 Conclusion

In summary, this study primarily employed bibliometric
analysis to examine literature published over the past twenty
years on OCT and cardiovascular diseases. It identified specific
countries, institutions, authors, and journals that have made
significant contributions to this field during this period. It was
found that OCT as a guiding tool for PCI has become a hot
topic in recent cohorts and randomized trials, prompting
subsequent meta-analyses. However, OCT-guided PCI did not
demonstrate significant clinical benefits, with only the meta-
analysis of observational studies suggesting a reduction in MACE
and TLR.
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