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Quantitation of right ventricular trabecular and septomarginal trabecula mass by cardiac magnetic resonance
in evaluating early impairment of right ventricular function in pulmonary hypertension patients
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[ Abstract ]| Objective To assess the value of right ventricular (RV) structural mass parameters measured by
cardiac magnetic resonance (CMR) in evaluating early impairment of RV function in pulmonary hypertension (PH) patients.
Methods Fifty PH patients diagnosed by right heart catheterization in Tianjin Medical University General Hospital
from Jan. 2015 to Jan. 2019 were retrospectively enrolled, including 17 patients in the preserved right ventricular ejection
fraction (RVEF) group (RVEF=45%) and 33 patients in the reduced RVEF group (RVEF<45%); in addition, 25 healthy

volunteers who underwent CMR in Tianjin Medical University General Hospital from Feb. 2014 to Jun. 2016 were included
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as healthy control group. The RV structural mass parameters such as right ventricular myocardial mass index (RVMMI),
right ventricular trabecular and papillary muscle mass index (RVTPMMI), and right ventricular septomarginal trabecula
mass index (RVSMTMI) were obtained by manually sketching on CMR cine images and calibrated by body surface area.
Correlation analysis was used to analyze the relationship between RV structural mass parameters and CMR routine cardiac
functional parameters and right heart catheterization parameters. The statistically significant parameters between the preserved
RVEF group and reduced RVEF group and between the preserved RVEF group and healthy control group were analyzed
using the receiver operating characteristic (ROC) curves, and the diagnostic value of these parameters in RV dysfunction or
impairment in PH patients was evaluated. Results The time used for measurement of RVMMI, RVTPMMI, and RVSMTMI
was 15 (14, 18), 20 (17, 22), and 2 (2, 3) min, respectively. RVMMI, RVTPMMI and RVSMTMI were positively correlated
with mean right atrial pressure (mRAP), mean pulmonary artery pressure (mPAP), pulmonary vascular resistance (PVR) and
right ventricular end-diastolic volume index (RVEDVI), but negatively correlated with oxygen saturation in mixed venous
blood (SvO,) and RVEF (all P<<0.01). RVEDVI, right ventricular end-systolic volume index (RVESVI), RVEF, RVMMI,
RVTPMMI and RVSMTMI in the reduced RVEF group were significantly higher than those in the preserved RVEF group
(P<<0.05); RVMMI, RVTPMMI and RVSMTMI in the preserved RVEF group were significantly higher than those in
the healthy control group (all P<<0.05). ROC curve analysis showed that RVMMI, RVTPMMI and RVSMTMI had good
diagnostic performance for RV dysfunction and early RV impairment in PH patients (area under curve values were 0.864 and
0.894, 0.829 and 0.864, 0.842 and 0.953, respectively). Conclusion RV structural mass parameters (RVMMI, RVTPMMI
and RVSMTMI) measured by CMR can reflect the early morphological changes of RV structures in PH patients, and have
good diagnostic value for the early impairment of RV function in PH patients. Additionally, RVSMTMI, as a simple and
intuitive index, has the potential for clinical application.

[ Key words ] pulmonary hypertension; magnetic resonance cine; right ventricular hypertrophy; myocardium;
septomarginal trabecula; trabecula; papillary muscle
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ARESEEIR R R, 2R A BUR 2D .
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FL 3k WL (trabecula and papillary muscle, TPM ) .

FaZk W ( septomarginal trabecula, SMT) 7£ IE %
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FRFBEMEORER . 00 . DRSS . CMR 2
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FHEER K2 D EREHZ 2%t (ZYY-IRB-
SOP-016 [F] -002-04) .

12 #&5753% A ZRAELRERE GE /A
1.5 T Twin-speed Infinity with Excite II #8578 f% 4R
FHSCREEMG, 8 Wi AP RFL R, 8] il 0
LT SRR T4 SR FH 4k ELAR A 0t sl st B [l
PR, R D E TR . R BKFK
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2~3min) . WHE 1.

E 1 CMR EHIBHFIIEGEAOE TPM K SMT HAEREE
Fig1 Sketch diagram of right ventricular TPM and SMT on CMR short axis cine sequence images

A-C: Sketch diagram of TPM. The endocardium is outlined in red and the epicardium is outlined in green. The zone between the red

line and the green line is the total right ventricular, which compacts free wall with inclusion of TPM (A); the zone between the red line

and the green line represents the right ventricular, which compacts free wall without TPM (B); the zone between the red line and the

orange line represents the TPM (C). D-I: Sketch diagram of SMT. The SMT is outlined in blue. SMT arises from the interventricular

septum at the lower segment of the crista supraventricularis and terminates at the anterior wall of the apical right ventricular. We

identify the SMT next to the septum and draw the outline of each layer of SMT. CMR: Cardiac magnetic resonance; TPM: Trabecula

and papillary muscle; SMT: Septomarginal trabecula.
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A A S AR DESIRARBAER, fHibE
WA AR 0% i . RVEF, £.0
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2, BEBUDEMY, H Swan-Ganz 545 £ i ik 25
FITFAE X LB T HEAL OB 0% R EMD)
ik, DU AR L BN 7 2 Sk, AR WA 9 3 Tk
J& (systolic pulmonary arterial pressure, sPAP) . &}
skt sk ( diastolic pulmonary arterial pressure,
dPAP) . “F ¥ fifi 35 Bk & ( mean pulmonary artery
pressure, mPAP) . Jifili %) ( pulmonary vascular
resistance, PVR) . *F¥J4.0: 5 ( mean right atrial
pressure, mRAP ) FIE & &KL E A (oxygen
saturation in mixed venous blood, SvO,) .

1.5 it F a5 SPSS 22.0 B Xt £ ik
TGt ot . THREERE AT G IE S 4 By 2555
PhxEs R, P[] H AR P ST AR A ¢ 4G 56

3AIE] AR BRI R 200, Z2ELECRH
fe/h e 22 Tk THRE RS AT A IES AT
=¥ U R IV G G N 11V o 1 G o L 5 o 2

) FoR, WA L8R H Mann-Whitney U £
¥ 3 2R ] Hb %5 R JH Kruskal-Wallis H A5 %y, £ 8
He# R Bonferroni A8 1E 7% . T HECFERHAFIECFT E
PR, AL R R SR FH AL A G
Z % (intraclass correlation coefficient, ICC ) 4 #t
2 44 W3 0] S W% N RVMMI, RVTPMMI
RVSMTMI M 45 R 1) —EtE . 50 4 PH G &40
D BR Z 18] (4 AH S 53 B >R ] Pearson B Spearman
AR M. %) RVEF & B 41 55 RVEF 38 ik 41 i) %
RVEF {4 4 20 55 (et Ff X BR 2 1) 25 5 A e i T2 L)
CMR 24647 ROC 12 53HT, 43 HIPTH ik 2224
X PH B A0 E I feEtR sz it i Wi B,
BKUE (a) 4 0.05,

2 &% B

21 —REERFTHELECFELTLER AWK
KHEBATAm 1, g8 A 50 9] PH 5234 (£ 40 41,

7 80.0% ) , H RVEF {4841 17 %l . RVEF Jai 1%
2H 33 fil, AN ALEEEXTIR 25 4. RVEF R4S 5
1 (29.4% ) , RVEFJEARAL S 541 (152%) , i
FEXT IR AL 55 5 1) (20.0% ) , 3 £ 1] i 4 pi 22 57
TGt X (P=0.490) ; 3 2H [l {4 3 1w A1 22 57
WG 278 L[4 0 0 1.65 (1.56, 1.73) m’,

1.62 (1.49, 1.75) m*, 1.59 (1.65, 1.73) m’,

P=0.934] . RVEF £ 4. RVEF Js{R4 &4
(52 (38, 60) % . 53 (39, 61) % | ¥R Tl
XTHRAL [41 (26, 46) % |, ZRHESHITFEX
(P=0.010. 0.001) . A7 F% K £ 45 R 2w,

RVEEF Jif Ik 41 mPAP. sPAP. dPAP Y & F RVEF f#
BiZH (PYJ<0.01) . W1,

& 1 RVEF {#EB4A%0 RVEF B{X4E PH EEHNALSEREER

Tab 1 Right heart catheterization measurements of PH patients with preserved or reduced RVEF

Parameter Preserved RVEF group n=17 Reduced RVEF group n=33 Statistic P value
mPAP/mmHg, x +s 37.12+3.50 49.45+1.96 1=3.344 0.002
sPAP/mmHg, x s 63.35+6.24 82.09+3.68 1=2.755 0.008
dPAP/mmHg, xts 20.35£2.06 29.76+1.29 t=4.046 <0.001
mRAP/mmHg, M (Q,, Oy) 3.00 (2.16, 4.46) 5.00 (4.33, 7.06) Z=—1.901 0.057
SvO,/%, Xt 66.241+1.83 62.61+1.59 t=—1.409 0.165
PVR/WU, M (Q,, Q) 8.50 (6.89, 14.64) 14.17 (12.29, 17.12) 7Z=—1.946 0.052

Preserved RVEF group: RVEF =45%; Reduced RVEF group: RVEF<<45%. 1 mmHg=0.133 kPa. RVEF: Right ventricular

ejection fraction; PH: Pulmonary hypertension; mPAP: Mean pulmonary artery pressure; sPAP: Systolic pulmonary arterial pressure;

dPAP: Diastolic pulmonary arterial pressure; mRAP: Mean right atrial pressure; SvO,: Oxygen saturation in mixed venous blood;

PVR: Pulmonary vascular resistance; WU: Wood unit; M (Q,, O): Median (lower quartile, upper quartile).



557 I MHERE, A OO BEREIEIRAE A0 A/ N RA ) PRURE ST il sl ik e PR R A0 & DI REZ AR A 11

* 769 -

22 MEH A, WEH A RVMMI, RVTPMMI,
RVSMTMI ] & %4 R oy — o4 FlAILA0 )
15 1] 32 i # h RVEF & ¥ 21 . RVEF JfiR 4. g
XTI 435 R 4. 6. 5B, — ko i 45 R B
7N, WL H N AL 3 (8] RVMMI, RVTPMMI,
RVSMTMI il 5 25 e ) — Bk 4384, 1CC 430510
0.986 #10.925, 0.923 F10.865. 0.943 £ 0.899.

2.3 @ & RVMMI, RVTPMMI, RVSMTMI Ff A
BFE] A5 1 AR BRI RVMMI, RVTPMMI,
RVSMTMI 7 B[] 43504 15 (14, 18) . 20 (17,
22) . 2(2, 3) min,

2.4 AEMSH XFRVMMI, RVIPMMI, RVSMTMI
5855 AL CMR O I BE S B AT O R E R & 8
HATHI AT, 455 278 RVMMI, RVTPMMI,
RVSMTMI 5 mRAP, mPAP, PVR, #7.0Z&F kA
ZFFEEL (right ventricular end-diastolic volume index,
RVEDVI) ¥JRIEA, 5 SvO,. RVEF & i fH
x (PH¥<0.01) . W32,

2.5 f& B xr M A, RVEF 4% 9 40 & RVEF & 1k 41
CMR A ks 3 4104 CMR 25022 R A 5001
% X (P#<0.05) , RVEF {4 ¥ 41 RVMMI,
RVTPMMI, RVSMTMI ¥ F{aEEXT BRZ (P <
0.05) , 1M RVEF, RVEDVI. £7.0v& 4 AR W21
8 % (right ventricular end-systolic volume index,
RVESVI) | AH.OEAHEFFEE (right ventricular

stroke volume index, RVSVI) 5 {5 %] I8 2H A Lt
BTG R L (P¥>0.05) ; RVEF K
Zf RVEDVI, RVESVI, RVMMI, RVTPMMI,
RVSMTMI ¥ /& T RVEF & £ 21 il {52 % i 41
(P¥J<0.05) , RVEF {ik T RVEF { A 25 Il {i b
XHR4] (P¥<0.05) . WA 3.
*2 AULEREEHS RHC. CMR LINEESHI
XS
Tab2 Correlation analysis between right ventricular mass
indexes and cardiac functional parameters of RHC and CMR

/%

Parameter RVMMI RVIPMMI  RVSMTMI
mRAP 0.549™ 0.453" 0.486"
SvO, —0.559" —0.529" —0.617"
mPAP 0.538" 05317 0.538"
PVR 0.624" 0.636" 0.656"
RVEF —0.676" —0.619” —0.679"
RVEDVI 0.815" 0.761" 0.628"

“P<0.01. RHC: Right heart catheterization; CMR:
Cardiac magnetic resonance; RVMMI: Right ventricular
myocardial mass index; RVTPMMI: Right ventricular trabecula
and papillary muscle mass index; RVSMTMI: Right ventricular
septomarginal trabecula mass index; mRAP: Mean right atrial
pressure; SvO,: Oxygen saturation in mixed venous blood;
mPAP: Mean pulmonary artery pressure; PVR: Pulmonary
vascular resistance; RVEF: Right ventricular ejection fraction;

RVEDVI: Right ventricular end-diastolic volume index.

®3 3AFiXE CMR ODBEIEESEHSEMLLER

Tab 3 Comparison of CMR cardiac functional and structural parameters among 3 groups

Healthy control group Preserved RVEF group Reduced RVEF group

Parameter n=25 n=17 =33 Statistic P value
RVEF/%, xts 58.16£0.86 52.38+1.47 31.944+1.27" F=142.843 <0.001
RVEDVI/(mL*m ), x+s 61.60£2.51 60.97£2.78 92.91+5.22% F=19.111 <<0.001
RVESVI/(mL*m %), X=*s 25.40+1.30 27.631+1.28 63.25+4.20" F=45.247 <0.001
RVSVI/(mL+m %), x*s 36.29+1.51 33.37£2.11 29.66+1.82° F=3.764 0.028
RVMMI/(g*m %), M (Q,, Q) 17.30 (14.55, 18.45)  30.30 (21.30, 34.15)"  42.00 (35.25, 57.75)*A H=51.690 <<0.001
RVTPMMI/(g*m %), M (Q,, Q,)  4.00 (3.20, 4.85) 8.50 (7.35,10.85)" 13.50 (10.70, 19.05)*A H=47.144 <<0.001
RVSMTMI/(gem ), M (Q,, O,)  0.80 (0.65, 1.05) 1.20 (0.85, 1.85)" 2.60 (1.85, 3.40)° H=43.940 <0.001

Preserved RVEF group: RVEF=45%; Reduced RVEF group: RVEF<<45%. "P<C0.05 vs healthy control group; “P<<0.05 vs
preserved RVEF group. CMR: Cardiac magnetic resonance; RVEF: Right ventricular ejection fraction; RVEDVI: Right ventricular

end-diastolic volume index; RVESVI: Right ventricular end-systolic volume index; RVSVI: Right ventricular stroke volume index;

RVMMI: Right ventricular myocardial mass index; RVTPMMI: Right ventricular trabecula and papillary muscle mass index;

RVSMTMI: Right ventricular septomarginal trabecula mass index; M (Q,, O,): Median (lower quartile, upper quartile).

2.6 CMR A #F 4 PH & & & & £ 25 48 & 5,
FIA - EH LRGN K RVEF (R 415
RVEF Jfi {41 17] 22 74 Gt 1124 5 X #4700 % CMR

ZHOL W A U % D BERE RS N R A O = T RE A2
B9 R RE HE 1T ROC #2670 #r, 45 SR n & 2 7w,
RVMMI. RVTPMMI. RVSMTMI. RVEDVI,
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A K 0.765. 0.765. 0.824. 0.941. 1.000, 4§ &
FE 4y 9 N 0.848. 0.818. 0.727. 0.697. 0.818.

1.0 -
0.8 /‘ED
z
z 00
£ RVEDVI
5 04 — RVESVI
—— RVSMTMI
0.2 — RVTPMMI
— RVMMI
0L L L L L VA
02 04 06 08 1.0
1 —specificity

RVMMI, RVTPMMI, RVSMTMI ¥J %} RVEF {4 #4
I PH B H 1A4 O E DI REZ 400 R A2 ik BE,
AUC {43515 0.894, 0.864. 0.953, Hxfd:ifi F{l
S H1°M 20.40 g/m®. 6.75 g/m’. 0.85 g/m’, R A
3924 0,920, 0.920, 1.000, 55 EE5514 0.824
0.824., 0.765,

1.0 l 7 ‘
— '
0.8L
-
z 0er
3 04 J /" — RVSMTMI
o —— RVTPMMI
02 .7 —— RVMMI
0 < 1 1 ! ! , B
02 04 06 08 1.0
1 —specificity

B2 CMR 2#i¥/ PH BEAOEINEERER (A) 7 RVEF REBE PH BEALENREFIR (B) A ROC Bhik
Fig2 ROC curves of CMR parameters to evaluate right ventricular dysfunction in PH patients (A) and right

ventricular function impairment in PH patients with preserved RVEF (B)

CMR: Cardiac magnetic resonance; PH: Pulmonary hypertension; RVEF: Right ventricular ejection fraction; ROC: Receiver operating

characteristic; RVEDVI: Right ventricular end-diastolic volume index; RVESVI: Right ventricular end-systolic volume index;

RVSMTMI: Right ventricular septomarginal trabecula mass index; RVTPMMI: Right ventricular trabecula and papillary muscle mass

index; RVMMI: Right ventricular myocardial mass index.
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Vogel-Claussen %5 ' 7E — 541 %} 49 5] PH 3%
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