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Perivascular fat attenuation index i

measured by coronary computed tomography
angiography as a tool for assessment
of ischaemia-causing lesions: a case report
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Abstract

Background It can be difficult to diagnose coronary artery disease in patients with acute coronary syndrome if coro-
nary angiography does not identify stenosis. Coronary inflammation, which can contribute to the pathogenesis of
coronary artery disease and acute coronary syndrome, can be quantified using the perivascular fat attenuation index.
Furthermore, the perivascular fat attenuation index is a marker for all-cause mortality, cardiac-related mortality and
impaired global coronary flow reserve.

Case presentation Here we report a case of a patient presenting with symptoms of acute coronary syndrome. The
patient had hypokinesis of the lateral-posterior wall of the left ventricle, decreased myocardial perfusion in the pos-
terior wall myocardium and elevated myocardial troponin-T and creatine phosphokinase levels. However, coronary
computed tomography angiography did not identify arterial stenosis. The patient did have an increased perivascular
fat attenuation index, indicating coronary inflammation. Moreover, the fat attenuation index was higher around the
left circumflex artery than around the right coronary artery or left anterior descending artery. Intravascular ultrasonog-
raphy identified an intramural haematoma, leading to a diagnosis of type 3 spontaneous coronary artery dissection in
the left circumflex artery.

Conclusions Perivascular fat attenuation index may be a useful tool to help identify and localise disease-causing
lesions, and to direct further testing to confirm a diagnosis of spontaneous coronary artery dissection in acute coro-
nary syndrome patients without significant arterial stenosis.
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Background

The diagnosis of coronary artery disease (CAD) is often
difficult to make in patients with symptoms of acute
coronary syndrome (ACS) if coronary angiography does
not show severe stenosis of the coronary arteries. In such
cases, measurement of the perivascular fat attenuation
index (FAI) may help identify coronary inflammation and
direct further diagnostic testing to identify CAD.

Epicardial adipose tissue, including the perivascular fat
around coronary arteries, can secrete pro-inflammatory
adipokines [1, 2]. Inflammation is known to contribute
to the pathogenesis of CAD and ACS [1]. Furthermore,
inflamed cardiac vessels can also release cytokines that
alter the function and appearance of perivascular fat [3].

Perivascular FAI is a validated non-invasive marker for
coronary inflammation [3, 4]. It is calculated by using
standardised computed tomography angiography (CTA)
images to assess changes in perivascular fat around the
right coronary artery (RCA), left anterior descending
artery (LAD) and left circumflex artery (LCX) [3, 4]. A
perivascular FAI higher than—70.1 Hounsfield units
(HU) can predict all-cause mortality and cardiac-related
mortality after adjustment for age, sex and other risk fac-
tors [4]. Moreover, perivascular FAI is associated with
impaired global coronary flow reserve in patients with
stable coronary artery disease [5] and has been reported
in patients with spontaneous coronary artery dissec-
tion (SCAD) [6] and vasospastic angina [7]. Therefore,
perivascular FAI may help identify at-risk patients who
present with ACS but without significant coronary artery
stenosis.

Here, we present a case of a patient with signs of ACS
but with no significant coronary artery stenosis. We used
CCTA images to identify increased perivascular FAI and
intravascular ultrasonography to diagnose SCAD in the
LCX of this patient.

Case presentation

A 49-year-old woman with the clinical characteristics of
ACS was referred to our hospital. She had a 4-day his-
tory of chest pain. A 12-lead electrocardiogram (ECG)
showed negative T waves in leads II, III and aVF. Tran-
sthoracic echocardiography (TTE) showed hypokine-
sis of the lateral-posterior wall of the left ventricle. The
patient’s myocardial troponin-T and creatine phosphoki-
nase (CPK) isoenzyme levels were elevated (1800 ng/mL
and 229 U/L, respectively). Coronary computed tomog-
raphy angiography (CCTA) images showed decreased
myocardial perfusion in the posterior wall myocar-
dium; however, they did not show significant coronary
artery stenosis. Therefore, we measured the perivascular
FAI for all three coronary arteries to quantify coronary
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inflammation. Using a previously described and validated
method?, we traced a 3-mm width of the coronary adven-
titia along the total length of the three main coronary
arteries in the CCTA images. Our measurements differed
from those of the original report because we traced the
proximal 40-mm segments of all three major epicardial
coronary vessels. The total length of the coronary artery
was approximately 155 mm for all three branches. We
defined perivascular fat as adipose tissue surrounding
the vessel wall within a distance equal to the diameter
of the vessel [4]. As previously reported [3], we identi-
fied perivascular FAI using the attenuation histogram of
perivascular fat, within the range —30 to—190 HU, as
measured by CCTA (Fig. 1A).

We found significantly higher FAI around the LCX
(median value of —57 HU) than around the LAD and
RCA (median FAIs—73 HU and —74 HU, respectively,
Fig. 1B). Coronary angiography identified moderate ste-
nosis in the distal segment of the LCX (Fig. 2). Intra-
vascular ultrasonography was used to evaluate lesion
morphology and identified an intramural haematoma in
the LCX, consistent with type 3 SCAD (Fig. 2). Table 1
shows a timeline of the patient’s course.

Discussion and Conclusions

Coronary angiography does not identify coronary artery
stenosis in a subset of patients presenting with ACS
symptoms. In the case presented in this report, we per-
formed CCTA to identify the cause of the patient’s chest
pain, and although we found decreased myocardial per-
fusion in the posterior wall myocardium, we did not
find significant stenosis in the coronary arteries. How-
ever, the patient’s decreased myocardial perfusion and
elevated myocardial troponin-T and CPK levels indi-
cated that myocardial ischaemia was the likely cause of
the chest pain. Therefore, we evaluated perivascular FAI
to quantify coronary inflammation. The patient’s ele-
vated perivascular FAI around the LCX suggested that
an adverse event had occurred in the coronary arteries,
most likely in the LCX, so we performed intravascu-
lar ultrasonography, leading to a definitive diagnosis of
SCAD.

SCAD is defined as separation of arterial wall layers,
creating a false lumen without prior trauma or athero-
sclerosis [6]. SCAD is implicated in up to 35% of cases
of myocardial infarction in women under 50 years of age
[8]. In cases of SCAD, intramural haematoma rather than
atherosclerotic plaque can obstruct coronary blood flow
[9]. We found an intramural haematoma in the LCX of
our patient. These results suggest that SCAD was the
cause of myocardial ischaemia and chest pain in this
patient.
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Fig. 1 Perivascular FAl analysis of the RCA, LAD and LCX. A Colour map indicating CT results—red indicates a higher CT number, and yellow
indicates a lower CT number. B. FAl analysis. Histograms of voxel CT attenuations within the volume of interest. The median CT attenuation range
was: — 190 to — 30 HU. FA|, fat attenuation index; RCA, right coronary artery; LAD, left anterior descending artery; LCX, left circumflex artery; CT,

computed tomography

Increased perivascular FAI is a risk factor for all-cause
and cardiac-related mortality. The Cardiovascular RISk
Prediction using Computed Tomography (CRISP-CT)
study mapped perivascular fat attenuation in the proximal
RCA, the LAD and the LCX in two cohorts of patients
from Germany and the US [4]. High perivascular FAI
around all three arteries predicted all-cause mortality [4].
However, only high perivascular FAI around the proxi-
mal RCA and LAD predicted cardiac-related mortality
[4]. The study identified a cutoff of —70 HU or higher as
optimal for predicting cardiac and all-cause mortality [4].
Perivascular FAI is also higher in patients with vasospastic
angina than in those with non-vasospastic angina [7].

In contrast, the link between inflammation, perivas-
cular FAI and SCAD remains unclear. Perivascular fat
attenuation has been reported in two SCAD patients
[6]. Conversely, a larger study of 11 SCAD patients and
27 controls found no difference in epicardial fat or in
perivascular fat attenuation between the two patient
groups [10].

Here, we present a case of an ACS patient who did
not show significant coronary arterial stenosis, but who
did have a higher FAI in the LCX than that in the RCA
or LAD. The high FAI helped us to direct further imag-
ing to the LCX and to diagnose SCAD in this vessel.
The data presented in this report is from a single case
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Fig. 2 SCAD lesion imaged at four levels in the LCX. The red lines A, B, C, D in the left panel correspond with the images in the right panel. We
diagnosed an intramural haematoma with observed heterogeneity on IVUS. SCAD, spontaneous coronary artery dissection; LCX, left circumflex

artery; IVUS, intravascular ultrasonography

Table 1 Patient Timeline

Main complaint: chest pain of 4 days’ duration

ECG: negative T wave in leads Il, Il and aVF
TTE: hypokinesis at the lateral-posterior wall of the left ventricle
Laboratory data: troponin-T: 1.800 ng/mL; CPK: 229 U/L

CCT: no significant coronary artery stenosis but significantly higher FAI
score in the LCX vs the LAD and RCA

Cardiac catheterisation: moderate stenosis in the distal segment of the
LCX

IVUS: coronary dissection in the LCX

Clinical course: Uneventful with a conservative medical management
strategy

ECG Electrocardiogram, TTE Transthoracic echocardiography, CPK Creatine
phosphokinase, CCT Cardiac computed tomography, FA/ Fat attenuation index,
LCX Left circumflex artery, LAD Left anterior descending artery, RCA Right
coronary artery, IVUS Intravascular ultrasonography

and, therefore, further studies are required to confirm
these findings.

This case shows that using CCTA to measure perivas-
cular FATI in the coronary arteries may be a useful tool to
direct further testing and confirm a diagnosis of SCAD in
ACS patients, even if no obvious atherosclerotic lesion is
found in the coronary arteries.

Abbreviations

ACS Acute coronary syndrome

CAD Coronary artery disease

CCTA Coronary computed tomography angiography

CPK Creatine phosphokinase

CRISP-CT  Cardiovascular RISk prediction using computed tomography
CTA Computed tomography angiography

ECG Electrocardiogram

FAI Fat attenuation index

HU Hounsfield units

LAD Left anterior descending artery

LCX Left circumflex artery

RCA Right coronary artery

SCAD Spontaneous coronary artery dissection
TTE Transthoracic echocardiogram

Acknowledgements
We thank Leah Cannon, PhD, from Edanz (https://jp.edanz.com/ac) for editing
a draft of this manuscript.

Authors’ contributions

SO designed the study. JM acquired and analysed the data. HM and KH
significantly contributed to case analysis and interpretation. AN and YH
supervised the conduct of the study. All authors approved the final version to
be published.

Funding
No public or private funding was received in support of this study.

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate
Our hospital does not have a specific institutional review board. We obtained
written informed consent from the patient.

Consent for publication
Written informed consent was obtained from the patient.

Competing interests

The authors declare they have no competing interests.

Received: 4 July 2022 Accepted: 9 March 2023
Published online: 18 March 2023


https://jp.edanz.com/ac

Okamoto et al. BMC Cardiovascular Disorders

(2023) 23:140

References

1.

Konwerski M, Gasecka A, Opolski G, Grabowski M, Mazurek T. Role of
epicardial adipose tissue in cardiovascular diseases: a review. Biology.
2022;11(3):355.

Lin A, Dey D, Wong DTL, Nerlekar N. Perivascular adipose tissue and
coronary atherosclerosis: from biology to imaging phenotyping. Curr
Atheroscler Rep. 2019;21(12):47.

Antonopoulos AS, Sanna F, Sabharwal N, Thomas S, Oikonomou EK,
Herdman L, et al. Detecting human coronary inflammation by imaging
perivascular fat. Sci Transl Med. 2017,9(398):eaal2658.

Oikonomou EK, Marwan M, Desai MY, Mancio J, Alashi A, Hutt Centero E,
et al. Non-invasive detection of coronary inflammation using computed
tomography and prediction of residual cardiovascular risk (the CRISP

CT study): a post-hoc analysis of prospective outcome data. Lancet.
2018;392:929-39.

Kanaji Y, Sugiyama T, Hoshino M, Misawa T, Nagamine T, Yasui Y, et al. The
impact of pericoronary adipose tissue attenuation on global coronary
flow reserve in patients with stable coronary artery disease. J Am Coll
Cardiol. 2021;77(18 Supplement 1):1433.

Hedgire S, Baliyan V, Zucker EJ, Bittner DO, Staziaki PV, Takx RAP, et al.
Perivascular Epicardial Fat Stranding at Coronary CT Angiography: A
Marker of Acute Plague Rupture and Spontaneous Coronary Artery Dis-
section. Radiology. 2018;287(3):808-15

Ueno H, Hoshino M, Sugiyama T, Kanaji Y, Nogami K, Horie T, et al. Peri-
coronary Adipose Tissue Inflammation on Coronary CT in Patients with
Vasospastic Angina. JACC Cardiovasc Imaging. 2021;14(2):511-2.
Nakashima T, Noguchi T, Haruta S, Yamamoto Y, Oshima S, Nakao K, et al.
Prognostic impact of spontaneous coronary artery dissection in young
female patients with acute myocardial infarction: A report from the
angina pectoris-myocardial infarction multicenter investigators in Japan.
Int J Cardiol. 2016;207:341-8.

Tweet MS, Akhtar NJ, Hayes SN, Best PJM, Gulati R, Araoz PA. Sponta-
neous coronary artery dissection: Acute findings on coronary com-
puted tomography angiography. Eur Heart J Acute Cardiovasc Care.
2019;8(5):467-75.

Yuvaraj J, Lin A, Nerlekar N, et al. Is spontaneous coronary artery dissec-
tion (SCAD) related to vascular inflammation and epicardial fat? -insights
from computed tomography coronary angiography. Cardiovasc Diagn
Ther. 2020;10(2):239-41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 5 of 5

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Perivascular fat attenuation index measured by coronary computed tomography angiography as a tool for assessment of ischaemia-causing lesions: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and Conclusions
	Acknowledgements
	References


