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Right Ventricular Strain Derived from *N-ammonia PET and Myocardial Ischemia
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Abstract
Objective: 1t is important to assess myocardial motion for not only left ventricle but also right ventricle. We developed a
feature-tracking (FT) algorithm for use with electrocardiography-gated high-resolution “N-ammonia positron emission
tomography (PET) imaging. Previously, we reported that the left ventricular strain value derived from PET-FT analysis
can detect a decrease of ischemic myocardium motion. Further, the PET-derived left ventricular longitudinal strain (LS)
value was validated referred to cardiac magnetic resonance. In the present research, we applied right ventricular (RV)
strain analysis based on the FT algorithm to high-resolution *N-ammonia PET images, and investigated the association
between myocardial ischemia and RV myocardial motion.
Methods: Ninety-three patients with coronary artery stenosis > 50%, diagnosed by coronary computed tomography
angiography, and 10 controls were retrospectively analyzed. RV-LS in the free wall was measured by a FT technique on
the resting and stressed “N-ammonia PET images of horizontal long-axis slices. The patients were sub-grouped according
to summed stress score (SSS) values: SSS>12 as severe ischemia [n=13], 4<SSS=<12 as moderate ischemia [n=29], and SSS<4
as normal [n=51]. Stress and resting RV-LS were compared in each of the four groups. Multiple comparisons of RV-LS
among the four groups were performed in the stress and resting state.
Results: Decreased absolute RV-LS values at stress in the groups of severe and moderate ischemia were observed with
respect to those in the groups of normal and control. Increased absolute RV-LS values at stress state in patients with
normal and control were observed with respect to those at resting state.
Conclusion: We measured RV myocardial LS using FT in high-resolution cine imaging of “N-ammonia PET. The results of
this study suggest that PET-derived RV-LS is useful for detecting reduced RV myocardial motion due to ischemia in the
patients with coronary artery disease.

Key words:'®N-ammonia PET, Feature-tracking, High-resolution cine imaging, Myocardial ischemia,
Right ventricular strain
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WY 2 F 7T 7 A0 O R 7 MR I 2 RS
AR ZEEZEETH ) . BIEEBREERICZBITS
B RMOZBRIC BT TV FRAY v F— R
LZronTwa W Fre, B E TIREBIIR
DX BTG U TR IO OEB ST 352 &
R, FLEOEEEOM T IZBIE L THLHREE b EE
ENBZENWMEENTVD P, Lds T L
BT OEDEEEZF T { . AOEOESE
AAET A2 2L Y EETH D, PN-7 VBT E s
B H T & 5 positron emission tomography (PET)
WX By v F 7T 7 141&, itk single photon
emission tomography (SPECT) IZX A0y v F 7
774 L0 HEFIEMRCHN GO R L 22
M RERED B VIR DE DO N5 ETIE Z ORI E % |
FELE OB RMOBRIEH LW b H 2 s
SHICZ OHAMER L, SPECT CIEHEETH - 7-
PET W{IZ X 2 G 0EOH M2 ERIZL 72, Db
T T F T2, cardiac magnetic resonance (CMR)
THW LN T A feature-tracking (FT) 70T X
LAZEED KA VA VT FE R MEICHE L. S X
SERERMEICSHLCE&2Z Y, E5121k CMR-
FT 7%, BogiEz —unELEd, H505
T4 T YIVERIZEG G T & 5 RLEEA TH %
EWVHFEIZHEH L, L PET 4 A =T ¥ 7 ~\DIk
bt L C&7. INS0MmETIE, PET-FT fi##r
TEONTIEOLED A LA EDSERIL U O E B
REOR T 2L TE 2 2 LR, wEIIRERBIZBIT S
R AT DU ML T R RE AT L 7246 Tid PET BifR
PHEHI LR EZEA R LA UPMET LT3
ZeERRLE Y, Fo, PET-FT ATIC & 2 A S Kl
A b LA MEHFE—EE D CMRFET 2545 iz
ERMA LA L —FT B AL 7
o iZhbivbiud, GREEIIRDZEG DL % R8T S
C LI E Ly AEOH R IMAE B T3 20 EE5) 23
ETFLTWD LW RFHEL TR Lzds> TANIZE
TIE FT 7V I ZLCHEDSLSHLEDA N LA ¥
[T % B fR% "N- 7 v £ =7 PET Mg H L.
SO RN & A 2 0 E B & OB & 4 L 72,
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ARG F ERR S B & TR O f L 87
BLREEROKRD ) 2 TEBINIHRAMEHETH
5o HEHMOEEINRIFZ D L  ISEBIIRFZE S T PN-
7 v EZT PET BN TEAT S N7z 263 4EED ) B,
50 % DA EOEBIIRZE & BBl S 72 95 b Al
ZOHMPEFTH-7293% (FH68%) xR e
L7zo MSAEFNITHEREREZ ZE TN T o
7o BB, EEIRE EMEOFERDO L VWEE T
IEAEZ502 10 i L TR BREE S L7z (P41 53%)
X5 summed stress score (SSS) 124 - T, SSS>12
DEEBIMAE, 4<SSS<12 O FERERE, SSS<4 D IEH
ez,
22°N-7 v E=ZT7PETA A=V 7

PET %7 — %13 LSO #thi#F (40 x 40 X 200 mm
crystals) #&#? Biograph mCT (Siemens Healthcare,
Erlangen, Germany) * MW T3 WKL) A ME— T
I S 7z F 3. 55 # IE H @ computed
tomography A ¥ ¥ > (120 kV, 20 mAs, and 3-mm
slice collimation) 3% ffi & L, “N-7 € =7 (185
MBq, 5 mCi) % ##lktx5-% 3 CISOEMEY O %E
B PET A % ¥ ~ (16 frames/cardiac cycle) 7»SEJi
SNt F0R, 77/ v yEMWAl (012 mg/kg/
min) 735 N3 FKICEN- 7 ¥ E =T (555
MBq, 15 mCi) ZEMm#&%45 L. L EXFE Y o & ik
PET A ¥ ¥ y AEMI NIz, WESNIZEFET— 5
X syngo.via (Siemens Healthcare, Erlangen,
Germany) %M\ C. TrueX+TOF (ultraHD-PET).
iteration 2. subset 21. H[{§4 4 X 200 mm. 7 — %
WA X6 ¥ )Ld Gaussian filter D54 TR
SNz, 61T, B SNODERKEIE S, O
oK £ @ (HLA) Wi (pixel size of the cine
images was 3.2 X 3.2 mm, with a 3.0-mm slice
thickness) @ uptake 10-100% ('L —Z% —)l gamma
=13) TSN THITIZHV N,
23 FHLEEENA N LA VIR

FTRTOMWGALEE L, MATLAB2020a (version 9.8;
Mathworks Inc., Natick, MA, USA) Z%HW T, %k
BB L ORATEE O PET BI{RI26 L THEE SN,
PET WG X 2HERMA ML A VDO FT o7
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End-diastole

B 1

End-systole

Mid-diastole

Template matching based feature-tracking in cine imaging of positron emission tomography.

The points of endocardium are tracked with template matching for a cardiac cycle (yellow and blue squares). The template image
centered on each point at end-diastole was tracked (magenta square).
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CZT, Ltiddsr 7L —allBIALHERE, Ly iX
PIRRINZ BT 5 0HNERTH 5o izl 104116
T L= LAIZBITBEANA b LA Ml AT E O
FE#iA LA > (RVLLS) & LTEHLA. RVLSIE
BOMEEIDY . MxHEA R VI &0 EE K &
AN T EOHEE AN S W L ZIRT .
2.4 REHENT

T RCOMFHNT 1L GraphPad Prism (version 8.1.2
Mac, GraphPad Software, La Jolla, CA) % w3
S, BEAEIZ0B E L, $XTOT—FD
IEHE 1 Shapiro-Wilk #7212 & - THERR S 7z,
FERBIAE, WHEEEBIMEE, IEHEE, BLUOHEEOA
# KB @ RV-LS % one-way analysis of
WX L7z,

fir EE & T

variance & Tukey post hoc analysis

FEHICIBWT, BTEEB L U0%
Lol 72,

B D RV-LS %
paired t-test 2
3. &R

T1ICHREZEOBKE R L P"N-7 v E=7 PET
BAEICL VBSOS NN T X —F % R$, EIEREIMEE,

FEER, BIOEFEHIIZENLZN134., 29%. B
LUBLA4TH Y. HGEBEINRAY 90% LU Eoofkze & 2l
ENEFIII3HTH o7,

BEERIMAE, WPEERERMAE, EERE. B XU
2B B BB X 0% EHEO RV-LS OB 2R 2 12
Y. EIERIMHER L OHEERMFEO, BWEFED
RV-LS O i, IEHFES I OREELD K2
720 F 7o, HEEER MO LEREO RV-LS OffixiiEix
ML QKD o7z, IEERHB L OWREEIZBWT
BTRE D RV-LS OFRHE 1 2R 2 LT L 72,
4. EZR

RHFFET, OO A BRI X o THE{GIENT 2552
i C & 72200 72013 95 il 3 B (3% HEBE) Td o7z,
SOz EiE BN-7 v E = 7 PET i & & feature-
tracking T OFWBMELRL TWAHEE R 5, £
7. PET-FT 2L 5 X ML A VT OBITEHNSB L O
fENTE B OFEMEIL CMRFT L RSIZENRSL Z LB
HEsnTEh 7 PETFTICL %A M LA Vfiht
DECERIRISHEAMIEFETE %,

BT IZ BT B EAER L O PSR I #E O RV-LS
OFEFHEIE, IEHHEB L OO RVLS £ ) 31K
TLTWee 720 ABIFEOEAE B L OS5 IR IMAR
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& 1 Baseline patient characteristics and °N-ammonia PET measurements

Characteristics SSS>12 4<SSS<12 SSS<4 Control
Number 13 29 51 10
Age [year] 69 = 12 68 = 11 67 £ 10 41 £ 15
Male/Female 9/4 21/8 31/20 6/4
Cardiovascular risk factor

Hypertension 8 20 39 0
Dyslipidemia 7 24 36 0
Diabetes mellitus 8 18 17 0
Smoking 6 13 24 0
Positive family history 3 8 11 0
Clinical history of CAD

History of myocardial infarction 2 8 0
Previous PCI 5 0
Previous CABG 0
Ammonia PET measurements

SSS 20+ 6 7=*3 1+1 2=*3
SRS 6+ 6 2=*3 0=1 1+1
SDS 14 =38 5=*3 0=1 1+2
Stress MBF [mL/g/min] 151 * 041 194 = 051 230 = 067 243 = 1.00
Resting MBF [mL/g/min] 1.03 += 0.21 094 = 0.25 099 = 0.26 1.06 + 0.28
Global-MFR 15 = 05 21 =05 24 =08 22 =06
Resting LVEDV [mL] 102 = 35 88 = 23 85 = 29 71 = 15
Resting LVESV [mL] 42 £ 28 31 19 27 £ 21 175
Resting LVEF [%] 62 = 15 67 = 13 73 = 10 76 =5

Unless otherwise indicated, data are presented as the mean &£ standard deviation.

CAD: coronary artery disease, PCI:

percutaneous coronary intervention, CABG: coronary artery bypass grafting, PET: positron emission tomography, SSS:
summed stress score, SRS: summed rest score, SDS: summed difference score, MBF: myocardial blood flow, MFR:
myocardial flow reserve, LV: left ventricular, EDV: end-diastolic volume, ESV: end-systole volume, EF: ejection fraction.
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2 Systolic longitudinal strain values according to ischemic severity.
Right ventricular free-wall longitudinal strain values in patients with SSS>12 as severe (purple/dark purple), with
4<SSS<12 as moderate (pink/dark pink), with SSS<4 as normal (red/dark red), and control (green/dark green).
**P<0.01, *P<0.05. RV: right ventricular, SSS: summed stress score.
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I T E 2720, BEERERORH 2/, Hil
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myocardial flow reserve (MFR) D& WEETH 5,
ARWFFE T SSS 12260 < BIMERERE & RV-LS & DB
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D DB OREBIRE B O I & AR A - LA
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