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Abstract Objective: This study aims to evaluate mitral valve geometry in patients with chronic moderate and
severe mitral regurgitation(MR) of varying etiologies and pathophysiological mechanisms using real-time three-di-
mensional transesophageal echocardiography(RT-3D-TEE). Methods: A retrospective study was performed for 60
patients with moderate and severe degenerative mitral regurgitation(DMR group) , 20 patients with moderate and
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severe ventricular functional mitral regurgitation (V-FMR group), 20 patients with moderate and severe atrial
functional mitral regurgitation( A-FMR group), and 18 patients with no cardiac lesions, all examined using TTE
examination at Sichuan Provincial People’s Hospital between May 2021 and April 2024. The mitral valve geometry
parameters were obtained through offline analysis of QLAB 13.0 MVN software. The parameters measured in-
cluded anterior-posterior diameter( APd) , anterolateral posteriormedial diameter (ALPMd), annular area( AA),
annular circumference(AC) , annular height CAH) , non-planarity angle(NPA), aortic-mitral angle(fa-m), total
leaflet area(TLLA) , leaflet prolapse height(PH) . leaflet prolapse volume(PV), leaflet tenting height(TH) , leaflet
tenting volume(TV). PH, PV, TH, and TV were standardized by body surface area to obtain leaflet prolapse
height index(PH1) , leaflet prolapse volume index(PV1), leaflet tenting height index(THi) and leaflet tenting vol-
ume index( TVi). Computing annular height/ commissural width C(AH/CW), total leaflet area/ annular area
(TLA/AA). The differences in mitral valve geometry among the four groups were compared, and the efficacy of
mitral valve parameters in distinguishing moderate to severe MR of different etiologies and pathophysiological
mechanisms was analyzed. Results: Compared with the control group, APd, AC, AA, TLA, NPA, THi and
TVi were significantly increased in moderate and severe MR Group(P <C0. 05). In the DMR group, PHi and PVi
were significantly increased, and ALPMd was significantly increased in both the DMR group and A-FMR group.
while AH and AH/CW were decreased significantly (P <(0. 05). Compared with the V-FMR group, AH, AH/
CW, Opost, THi and TVi were significantly reduced, while PHi and PVi were significantly increased in the A-
FMR group(P<C0. 05). Multivariate logistic regression analysis indicated that PHi and PVi were effective in dis-
tinguishing moderate and severe DMR from FMR, with PHi(cut-off value was 0. 918 mm/m?*) having the largest
area under the ROC curve of 0. 829, with a sensitivity of 82. 0% and a specificity of 82.5%. Opost(cut-off value
29.5) was effective in distinguish moderate and severe V-FMR from A-FMR, with an area under the ROC curve
of 0. 837 with a sensitivity of 95% and a specificity of 75%. Conclusion: RT-3D-TEE effectively evaluates differ-
ence in mitral valve geometry among patients with chronic moderate and severe mitral regurgitation of different
causes and different etiologies and pathophysiological mechanisms. PHi and PVi are helpful for distinguishing

moderate and severe DMR and FMR, while Opost is useful for distinguishing between moderate and severe V-FMR

and A-FMR, thus providing imaging basis for clinic MR diagnosis and treatment planning.

Key words transesophageal echocardiography; real-time three dimension; mitral regurgitation; mitral valve
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M+ /2.0 5 F T # (left atrial up-down diameter,
LAUD) . £ 0 B 2 £ 18 (left atrial left-right di-
ameter, LALRd) . #5:0> b7 |2 F 4% (right atrial up-
down diameter, RAUDA) \ &0 5 2 5 4% (right at-
rial left-right diameter, RALRd) . 2333 A2 45
1% (mitral valve annular left-right diameter,
MV Alrd) 02 0 U T I 2 0 45 390 32 20 Dk o iy
[a] ML 37 3% & (aortic valve antegrade velocity, AV),
02 DY i o0 U1 T 00 i T 5K R0 AR Rk v 22 3 )
E U FET 7k M I A Jok v 22 3% ) A 0 TR T3
FE/A PR I A A A A O BE RN 2 [a) B ) RE
WA Z L EF IR e LGP IR I a 3B T 3414,
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RALRd. MV E/A.LVEF & # ## &, LVEDD, [B] VCW W R LG i 25 L, 4 48 RVAP,
LVESD i 2 % (P <<0.05); FE & MR 4 3 4 AV W ZES LG E X, WE 1,

a/\I,PMdﬁEﬂ:ﬁﬁﬁl‘*EV\”ﬂ'ﬁé,b/\Pd?ﬂ[@%ﬁﬁfﬁﬁ,c/\Cﬁl\%%ﬁﬁ,d/\/\%ﬁ%ﬁﬁﬁﬂ,eAH?JH%%E&NP/\?F%
T g PH R B2 55 5 s h TH 55 02 &5 B 51 Oant. T A 5 Opost: JF MM sk TV 5 AR AL 1. PV I i
ERH,

B 1 Qlab 13.0 MVN 45473k #5 DMR ZRBILAEHNSHTER
Figure 1 Qlab 13. 0 MVN software analyzed and obtained a schematic diagram of the geometrical parameters of the DMR

mitral valve

F1 4BEKRERABEK TTE ERSHILE

Table 1 The clinical baseline data and basic parameters of TTE X+S,M(P,;.Ps)
=] X R (18 i) DMR (60 fi)) V-FMR(20 fi) A-FMR (20 f4i]) F/Z P
iR/ % 53.42+11. 94 70. 28748, 94V 65. 1549, 7902 72,8077, 08V 18.675 <C0.001
By i /cm 163.74+7.63 158. 43+9. 26 162.60+5. 52 159.45+9. 34 2.548 0.059
A kg 62.11+8.27 55.90410. 57 59.10+8. 42 54.40410. 47 2.685 0. 050
BMI/(kg/m?) 23.19+2. 93 22.1342. 90 22.2742.35 21.2842. 80 1.530 0.211
BSA/m? 1.6440.13 1.53+0.18 1.5940.13 1.5240. 18 1.315 0.192
LAAPd/mm 33.3248.42 48.51+11. 46V 47,7548, 750 55.00412. 71029 14,096 <0.001
LALRd/mm 34.114+12. 12 50.77412. 00" 45. 30411, 08" 55.90417. 4109 11.066 <<0.001
LAUDd/mm 48.95+11.76 64.84413. 140 59. 45414, 59V 70. 00413, 97D% 9.624 <C0.001
LVEDd/mm 44,0546, 92 49.34710. 55V 61.6549. 120 49, 45410, 18D% 11.777  <<0.001
LVESd/mm 35.6346. 86 38.9748. 80 53,4049, 7302 41,1049, 41% 16.674 <<0.001
RALRd/mm 32,2645, 83 40.07210. 27V 40,1048, 61 46,5011, 05029 7.179  <€0.001
RAUDd/mm 44, 00(38.00,47.00)  49.00(43.00,57.00)" 52.5,00(49. 25,58.75)" 59, 00(53.00,67.50)V2 25,360 <<0.001
RVAPd/mm 25.2643.59 25.3842. 20 22,0543, 46 23.8044. 36 0.287  0.835
AV/(m/s) 1.2040. 26 1.3040. 40 1.2740.37 1.1540. 38 0.958  0.415
MV E/(m/s) 0. 82(0. 68,0. 86) 1.47(1.03,1.80)V 1.12€0.98,1.46)02 1.17(1.01,1.53) 36.597 <<0.001
MV A/(m/s) 0.61€0.56,0.69) 0.770.62,1.03) 0.75(0. 62,0. 83) 0.56(0.44,0.80)% 15.773 0.001
MV E/A 1.36(1.20,1.51) 1.79(1.41,2.35)" 1.73(1.27,1. 99V 2.15(1.68,2.86)1’D% 17.861 <0.001
MV e’ average .
Jm/s 0.1140.03 0.09+0. 03V 0.07+0. 0202 0.104+0. 049 7.114  <C0.001
MV a average / . )
(/o 0. 08(0. 06,0.08) 0. 08(0. 06,0.08) 0.050. 04,0, 07) 0.05(0.03,0.05)P2 29,309 <C0.001
MV E/e’ 6.92(5.93,9.06) 16.87(12.38,22. 11D 17.42(13.13,20.30)"  14.43(11.01,16.61)V2 38,492 <C0.001
MVAlrd /mm 28.00(26. 00,31.00) 32.00(29.00,37.000" 34.00(32.50,36.500"  36.50(32.50,39.50)V2 23.986 <<0.001
VCW/cm 0.5940.19 0.6620.16 0.57+0.17 1.360  0.261
EROA/cm? 0.6240.33 0.5140.33 0.414+0. 232 3.981  0.022
RVol/mL 88. 82437, 42 76.15445. 99 61.85430. 602 3.666  0.029
LVEF/% 0.61+0.07 0.61+0.11 0.36-0.1212 0.5140.1402% 26,836 <C0.001

BMI A #4840 ; BSA AKX L s MV E 47 5K 53 28 /0 18] ML E W MV A & 5K B0 3] — 2SR R [A] L3 A 1§ ; MV e’ average: 23k
PR BE A (B8] B e W MH s MV a average : -2 SRS PR 000 BE A1 %55 (8] BS a W2 {8 ; VCW 45 7 8156 s EROA A RS i D T AL R Vol : I i 427,
5B e # . P<C0. 0555 DMR @ H%: .2 P<<0. 05; 5 V-FMR # H 4, P<<0. 05,
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2.2 DMR.V-FMR.,A-FMR 5%} B4 — 23 L
fu 25 ¥4 2 0% LY

S5XI AL, P EE MR 4 APd.AC,AA,
TLANPA . THi,.TVi # I EH K. 2% H 5%
Y (P<0.05),DMR 4, A-FMR 4 AH,AH/
CW & /N, ALPMd & Z1# K ., V-FMR 4 5 %}

AT 22 5 5 HA4y 3 41/ . DMR 41 PHi,
PVi B E# K. Z R A8 L (P<<0.05); 5
V-FMR # ¥, A-FMR 24 AH, AH/CW, Opost,
THi. TVi 825/, PHI.PVi B EW K, 25 6%
P12F 3 L (P <<0.05), Oant.0a-m.TLA/AA 4 4
I TgmIt#FE L., W& 2,

*x2 XIHBZA.DMR.V-FMR 5 A-FMR B -~ RiEEHSH LB

Table 2 Comparison of mitral valve structural parameters in control group, DMR, V-FMR and A-FMR group

XES,M(Py;,Pss)

RS R Xif HE2H (18 1)) DMR (60 i) V-EMR (20 i) A-FMR(20 i) F/Z{ P14
ALPMd/mm 32.8642.59 36.17+5.020 34.70£6.11 36.86+4.67" 3.076 0.030
APd/mm 27.7643.53 32.87+5.13P 32.08+5. 290 34.6145.96 6.663 <<0.001
AH/mm 6.99+1.81 5.46+1. 79V 6.57+1.82% 5.37+1. 6409 5.245 0.002
AC/mm 102. 80 112.70 115. 80 118. 30 16. 644 0. 001
(97.65,102. 80) (104.70,112. 700" (104.85,115.85)" (113.70,118. 35"
AA/mm? 789.56+123. 55 1011. 29+267. 90" 1028. 494295, 30" 1109. 414295, 13" 5.400 0.002
AH/CW/% 22.90%7.19 18.25+5. 62V 22.67+6.34% 17.02+5. 83D 5.838 <C0.001
NPA/® 113.37+12.58 133. 27421, 42V 132.30416. 06V 135.01£21. 20" 6.003 <C0.001
TLA/mm? 852.364145.06 1141.51+313.09" 1166. 06+349, 59" 1175. 74+309. 89" 5. 457 0.002
fant/° 19.4346.75 18.32+£8.94 20.95£6. 34 17.32+£8.67 0. 780 0.507
Opost/°® 27.70+11.04 30.40419. 62 45,6949, 5302 28.34+14.33% 5.655 0.001
fa-m/° 127.99410. 59 128.24413.23 135.574+12. 14V 127.68=+15. 14 1. 848 0.142
THi/(mm/m?) 2.57+1.25 4,23+2.23P 5.4341.68V% 3.2942.490% 6.561 <C0.001
TVi/(mL/m?) 0.65+0. 44 1.1141.05" 1.9241. 19V 0.97+0.73D% 8.643 <C0.001
PHi/(mm/m?) 0.48+0. 45 2.5241.79Y 0.372+0.28% 1.0741. 0729 19. 658 <<0.001
PVi/(mlL/m?) 0.02%+0. 05 0.25%+0.35" 0.00£0.01% 0.15+0.30% 5.754 0.001
TLA/AA/ % 135.99+17.06 142.65428. 98 151. 62444, 14 134.98+30.72 1. 240 0. 299

THi: M5 1 s B8 80 TV et S B W AR A8 80 PHI B 38 55 JE2 48 550 PV e i A 2 (A BURR B, 5 %0 R4 L%, P<<0. 055 5

DMR 4 %, 2 P<<0. 05; 5 V-FMR 4 lt%:,» P<<0. 05,

2.3 W HEF DMR,V-FMR,A-FMR # # ik
SO G K R

WA &R logistic 7114 43 #71 & 78 NPA. TVi,
PHi.PVi & B T IX 4> DMR 5 FMR (4> %]k g=
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%3 RHHEE MR BT logistic [E13 4 #7

Table 3 Binary logistic regression analysis to distinguish between moderate to severe MR

7 R LAPSE S Ak S

SR B OR (95%CI) P 8 OR (95%CI) P
DMR/FMR NPA 0.021 1.021(1.001~1.042) 0.039

TVi —0.645 0.524(0.325~0. 845) 0.008

PHi 1.140 3.126(1.860~5.253) <C0. 001 2.221 9.220(3.457~24.591) <C0.001

PVi 2.842 17.149(1.644~178.850) 0.018 —6.235  0.002(0.000~0.081) 0. 003
V-FMR/A-FMR  AH —0.541 0.582(3.383~0.885) 0.011

AH/CW —16.310 0.001¢0.000~0.031) 0.013

Opost  —0.112 0.757(0.531~0. 080) 0.001  —0.278 0.894(0.836~0.956) <C0.001

NPA 0.069 1.071(1.024~1.120) 0.003

THi —0.399  0.671(0.477~0.944) 0. 022

TVi —0.741 0.477(0.234~0.970) 0. 041

PHi 2.265 9.635(1.339~69.311)  0.024
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Figure 2 ROC curves for distinguishing between moderate
to severe DMR and FMR by PHi and PVi
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