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®2 HEShSEDIRECORE

ERBIRER

HREBIRER

RAO 30°, RAO 15° - CA 20°, RAO 30° - CR 30°, LAO 60°, LAO 50° - CR 30°

RAO 30°. RAO 30° - CA 30°, LAO60°, LAO50° - CR30°

RAQ ! right anterior oblique, LAO ! left anterior oblique, CA : caudal, CR : cranial
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NI A 5 > Ml Z ABA & HiAT L 2= 5EH)
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B3 R4 DARHNBRICRESR 3%, =)

14 REBOTBHIREL ¢, ERIIREMBIC 0% OHE, KT segment 6 I 90% DFABIEHEH
RHSN. MERICTRH4EDO—ZT L~ R BTSN TVS (). EEZHE - PROGEELD
M KO segment 11 D 9B EOPE @) IKHBEEH - TEODHEMHFED SN, Li-
TA-D1-LAD (b) KU RITA-LCX (¢} ® CABG ZEMEfTL 7.

LITA ! leftinternal thoracic artery, RITA | rightinternal thoracic artery, D1 ¢ first diagonal branch, LAD *
left anterior descending artery, CABG ! coronary artery bypass grafting, LCX ! left circumflex artery ‘

PEEBLTWS. @ERGROBEE 5 &
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EHNFORBRE 5B LET HEMH 1 AL
EEELTnEY,

c. Q=L —&—DiE
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LV— s —DO#iGE A5 E, FPERIE, BRY
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BPATHICEWNERErEREL SR, T
BEREYKRE WS- A COPKRPERE L #
2B, —f, O—FTL—F -l THREL AL
WHAIZIE CABG 25 &5 (R3).
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DEIENBEOWIOT, 79 ZEVERET
HbH ELICEELHHENLBECHTS
PCI DREICIE, #H#i2d X 595 IABP (intra
aortic balloon pumping) <% PCPS (percutane-
ous cardiopulmonary support) DG S EE S
REEEZD.
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Standard method for ultrasound imaging of coronary artery in children

Shigeto Fuse,' Tohru Kobayashi,” Yoshio Arakaki,’ Shunichi Ogawa,* Hitoshi Katoh,® Nacko Sakamoto,® Kenji Hamaoka’
and Tsutomu Saji®

Departments of Pediatrics of '"NTT East Japan Sapporo Hospital, Sapporo, *Gunma University School of Medicine,
Maebashi, *Kurashiki Central Hospital, Kurashiki, *Nippon Medical School, *Department of Cardiovascular Medicine,
National Center for Child Health and Development, *Departinent of Social Medicine, National Research Institute for Child
Health and Development, *The First Department of Pediatrics, Toko University Omori Medical Center, Tokyo and
"Children’s Research Hospital, Kyoto Prefectural University of Medicine, Kyoto, Japan

Abstract  The Child Coronary Arterial Diameter Reference Study Group of the Japan Kawasaki Disease Society recommends
ultrasound imaging as the standard method for measuring the diameter of the coronary artery in children. The patient
is examined in a supine or right decubitns position by using a sector probe (25 MHz). The coronary arterial diameter
measured at the minimum gain setting is the distance between the internal echo edge and the internal echo edge. The
diameter is measured during the early diastolic phase at the end of the T wave, The left main coronary artery and the
proximal right coronary artery are approached from the precordial short axis at the level of the aortic valve. The
proximal and mid-right coronary arteries are observed on the atrioventricular groove, anterior to the tricuspid valve
ring. The right coronary artery of the acute margin of the heart runs along the right side of the trcuspid valve ring.
The distal right coronary artery is observed on the posterior atroventricular groove, and the posterior descending
branch of the right coronary artery is observed on the posterior interventricular groove. The right coronary artery is
also well observed from the right sternal border in the right decubitus position. Proximal and mid-anterior descending
arteries are observed on the anterior interventricular groove, The proximal left circumflex coronary artery is observed
in the atrioventricular groove, anterior to the mitral valve ring.

Key words  children, coronary artery, echocardiography, Kawasaki disease, ultrasound.

Measurement of the diameter of the coronary arteries to evaluate
coronary artery lesions in the acute phase of Kawasaki disease is
of utmost importance in the accurate diagnosis and treatment of
the disease.

In order to evaluate coronary artery lesions, the assessment of
coronary artery diamcter by ultrasound examination is widely
performed due to its non-invasive nature and ease, but in many
instances, this exarnination is performed by empirical and non-
standardized methods. Moreover, observation and measurement
of the coronary artery diameter is not necessarily easy.

The American Society of Echocardiography and the Japanese
Circulation Society have formulated detailed guidelines for the
indication of echocardipgraphy in Kawasaki disease; however,
no descriptive guidelines have been set forth for coronary
artery observation and measurement methods.'? There is no
standard method followed; coronary astery ulirasound imaging
is performed on the basis of experience and ingenuity of an
institution. '
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We recommend the following method for coronary artery
echocardiography to standardize coronary artery observation and
to measure coronary artery diameter in children.

Procedure

Patient posture

Usually, the patient is examined in a supine or sitting position.
This posture needs to be modified to the right or left decubitus
position when the echo window is narrow in the lung nltrasonic
attenuation. The right decubitus position is especially useful to
observe the right coronary artery. Furthermore, in infants, the use
of toys or videos is recommended to keep them at rest during
echocardiography. If the patients are not at rest, examination is
done under sedation.

Probe, depth of focus, and zoom®

We used a sector probe of 25 MHz frequency to ensure accurate
measurement of the coronary artery diameter. The focus depth
should be set to the coronary artery and the frame rate should be
increased to raise time resolution. The coronary artery is
observed at the center of the monitor screen, and zoomed in 2-4
times before the measurement.
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feasurement of coronary artery diameter

Evaluation of the coronary artery involves the assessment of the
internal vessel diameter in the long axis view (longitudinal
image). The measurement of lumen diameter of the common
carotid artery is defined as the distance between the leading
edge of the echo from the near wall intima—lumen echo and the
leading edge of the echo from the far wall intima-lumen
interface.**

In coronary artery measurement, the leading edge of the near-
side coronary arterial wall is vague; the distance from the trailing
edge of the near wall to the leading edge of the far wall is
measured as the coronary artery diameter.

One should measure the coronary arterial inner diameter of
the echo edge on 4 monitor screen in suitable ultrasound settings
as follows (Fig. 1).

Ulirasound settings

Low gain, low dynamic range, and near probe distance in ultra-
sound settings are important factors in measurement of arterial
lumen diameter.”

Typically, during the observation of the coronary artery, gain
and dynamic range are set slightly higher to reduce oversight.

However, during the measurement of coronary artery diam-
eter, the value of gain can be lowered as much as possible to
minimize the trailing echo from the intima-lumen interface
(minimal gain setting).*"

Directions for measurement of coronary
arterial diameter

In order to receive stronger echoes from the coronary arterial
wall, echo beam direction should be made at a right angle to the
arterial wall where possible.’ Furthermore, for the general axial
resolution to be better than the lateral resolution, the measure-
ment is done in the direction of the ultrasound beam (good
resolution direction).

™ trailing edge

Early diastolic measurement

Coronary blood flow peak in early diastole is influenced by heart
rate, but this peak is coincident after tens of milliseconds from the
end of the T wave on ECG."? When the coronary artery diameter
becomes largest because of intravascular pressure, the ultrasound
is reported at the end of the T wave."

In early diastole, ultrasonic attenuation is less and the heart is
close to the chest wall. In other words, we can observe the
coronary artery at a shori distance.

Approach to coronary arteries

Rough and brief coronary artery observation methods have been
reported in the “Report of the Subcommittee on Standardization
of Diagnostic Criteria and Reporting of Coronary Artery Lesions
in Kawasaki Disease”" and in the American Heart Association
(AHA) Scientific Statements.' We suggest that epicardial coro-
nary arteries should be observed in patients with Kawasaki
disease. As the coronary arteries run along the interventricular or
atrioventricular groove, we should image the anatomical position
of the grooves. In Kawasaki disease, coronary aneurysms tend to
form at the branches;'® the branching arteries should be observed
carefully for more detailed study. The coronary arterial segment
is defined as the segment of the coronary artery until and includ-
ing the branching.”

Segment number of coronary arteries

Segment numbers of ultrasonically observable coronary arteries
are based on the AHA angiographic segment classification.'

#1 Right coronary artery (RCA) proximal

#2 Right coronary artery (RCA) mid

#3 Right coronary artery (RCA) distal

#4 Right coronary artery, posterior descending (PD) branch
(4PD)

#5 Left main (LM} coronary ariery

#6 Left anterior descending (LAD) artery proximal
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#7 Left anterior descending (LAD) artery mid

#9 First diagonal branch (DI)
#10 Second diagonal branch (D2)
#11 Left circumflex coronary (LCX) artery proximal
#12 Obtuse marginal (OM) branch

Precordial short axis view ai the base of the
heart (Fig. 2}

The third intercostal space at the left sternal border, LM (#5) and
RCA proximal (#1), are observed in the precordial short-axis
view. LM is seen arising from the left coronary cusp at approxi-
mately the 4-o’clock position. The ostium of RCA proximal
arises at approximately the 10-o’clock position.’

The misidentification of LM for sinus Valsalva, which is close
to the LM orifice, should be avoided.

Proximal and mid-right coronary artery (Fig. 3)

RCA proximal (#1) and RCA mid (#2) are observed in the atrio-
ventricular groove from the third intercostal space at the left or
right stemal border, The conus branch from near the wall of the
RCA proximal is observed in the left caudal direction. The sinug
node branch is sometimes observed from the far wall and the

opposite side of the conus branch. The right ventricular branch -
arises at the border of the RCA proximal and RCA mid. RCA -

proximal and RCA mid in the atrioventricular groove are easy to
observe when one notices the anterior ring of the tricuspid valve,

Acute margin of the heart (Fig. 4)

A transition point of the right coronary artery from RCA mid to

RCA distal is in the acute margin of the heart. RCA in the acute
margin is observed on the right side of the ring of the tricuspid
valve, and the right edge of the echo beam forms the apical
four-chamber or apical short-axis view.

Distaf right coronary artery (Fig. 5)

RCA distal (#3) runs in the atrioventricular groove at the pos-
terior side of the tricuspid valve ring, which is observed from

the third or fourth intercostal space at the left sternal border. The

posterior plane of the heart contacts with the upper edge of the
liver; RCA distal is easy to observe on the upper side of the liver
in ultrasound scanning. The coronary vein can be distinguished
from the coronary artery because the coronary vein wall is
thinner than the coronary artery wall.

Posterior descending right coronary artery (Fig. 6)

Posterior descending branch (#4PD) of the right coronary artery
is observed on the left caudal side of the RCA distal in the
posterior interventricular groove or in the right ventricular pos-
terior wall, The #4PD is observed via ultrasound scanning from
the posterior wall to the apex of the heart.

Observations made in right decubitus position and from
- right sternal border (Fig. 7) '

If the sternum Limits the echo window, and the right coronary
artery does not look good, then the right coronary artery can be

© 2010 The Authors
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Fig. 2 (a) Precordial short-axis view at the base of the heart. Left
main (LM) coronary artery (#5) and right coronary artery (RCA)
proximal (#1) are observed in the precordial short-axis view. (b)
Proximal RCA image. (c) Left main coronary artery image.

observed in the right decubitus patient position and from the
second or third intercostal space and the right sternal border
approach.

Right decubitus position moves the position of the heart to the
right; right coronary artery can be observed from the right sternal



Fig.3 (a) Proximal and mid-right coronary artery (RCA). RCA
proximal (#1) and RCA oxid (#2) are observed in the atrioventricular
groove. The conus branch (CB) and sinus node branch (SN) are
observed. The right ventricular branch (RVB) arises at the border of
#1 and #2. (b) CB image; and (¢) proximal and mid-RCA image.

border. RCA proximal arising from right aortic cusp is observed
al a sagittal scanning plane. The conus branch is observed from
the cranial side of the RCA proximal and the sinus node branch
is sometimes observed from the caudal side. The probe rotates

Ultrasound imaging of coronary attery 879

clockwise while facing the atrioventricular groove and the long
segment of RCA proximal and RCA mid can be observed in the
wide range in one section. While observing the RCA mid, the
probe rotates countes-clockwise sagittal and lower to the third or

Fig.4 (a) Acute margin of the heart. A transition point of the right
- coronary artery from right coronary artery mid (#2) to right coronary
artery distal (#3) is in the acute margin of the heart. It i observed on
the right side of the ring of the tricuspid valve. (b,c} Right coronary
artery image at acute margin of the heart. AM, acute margin, Ao,
aorta; RA, right atrium; RV, right ventricle.
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Fig. 5 (a) Distal right coronary artery (RCA). RCA distal (#3) runs
in the atrioventricular groove at the posierior side of the tricuspid
valve ring. (b) Distal right coronary artery image. RA, right atrium;
RV, right ventricle,

fourth intercostal space; RCA of the acute margin of the heart can
be observed vertically, outside the tricuspid valve ring.

Left anterior descending artery (Fig. 8)

After observing the left main coronary artery from the third
intercostal space, the probe is tumed cranial while facing the
anterior interventricular groove, so that LAD proximal (#6) and
LAD mid (#7) are observed. First diagonal branch (#9) and
second diagonal branch (#10) arise from the lefi side of the LAD;
the septal branch arising at a right angle from the right dorsal side
of the LAD is observed. LAD proximal ranges between LCX and
the septal branch LAD mid ranges between septal branch and
second diagonal branch.®

Left circumflex coronary artery, proximal (Fig. 9)

After observing the left main coronary artery from the third
intercostal space, the probe rotates clockwise slightly while
facing the atrioventricular groove, anterior to the mitral valve

© 2010 The Authors
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ring, the LCX proximal'(#ll) and obtuse marginal branch (#12)
are observed.

One should pay attention not be confused between the first
diagonal branch from LAD and the obtuse marginal branch
from LCX, because they run close and parallel with each
other.
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Fig. 6 () Posterior descending right coronary artery (RCA). Pos-
terior descending branch (#4PD) of the RCA is observed in the
posterior interventricular groove or in the right ventricular posterior
wall. {b) Posterior descending branch image. LV, left ventricle; PD.
posterior descending branch; RV, right ventricle.



Fig. 7 (a) Right coronary artery (RCA) from right stemal border in
right decubitus position. {b) Conus branch (CN) and sinus riode
branch (SN) image from right sternal border: () mid-right coronary
artery image from right sternal border. RA, right atrium; RV, right
ventricle; RVB, right ventricular branch.
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Fig. 8 (a) Left anterior descending artery. Left anterior descending
artery proximal (#6) and left anterior descending artery mid (#7) are
observed in the anterior interventricular groove. First diagonal
branch (#9: D1) and second diagonal branch (#10:D2) arisé from left
side of left anterior descending artery; septal branch arising from
right dorsal side is observed. (b) Left proximal and mid anterior
descending artery images; (¢) left coronary artery and branches
image. OM, obtuse marginal branch.
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Fig.9 (a) Left circumflex coronary artery (LCX) proximal. LCX
proximal (#11), and obtuse marginal branch (#12:0M) are observed
in the atrioventricular groove anterior to the mitral valve ring. (b)
LCX image. LM, left main coronary artery.
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