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CT Imaging for Mitral Valve
Surgery and Intervention
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University of Ulsan College of Medicine, Seoul, Korea

The surgical technique of mitral valvuloplasty or transcatheter mitral valve (MV) replacement
has been developed recently. Surgeons and interventionists require detailed anatomical infor-
mation on the MV for the purpose of treatment planning. In this review, we discussed the ana-
tomic features of the MV on CT and the method of evaluating the MV for treatment planning, as
well as its preservation, for interventional procedures.

Index terms Mitral Valve; Computed Tomography, X-Ray; Diagnosis
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valvular fibrosa'S @4J3HH(1, 6). Aortomitral continuity= g4 2441 2] ¢ E4 291 47
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ing O & ¥ %QE}(Flg 1; Supplementary Video 1 in the online-only Data Supplement). CTl|
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SEmAs U STSE I3 BTSN =

ST HINMV Leaflet)
= 2712] H(leaflet), anterior mitral leaflet (°]5} AML)Z} posterior mitral leaflet (°]5}
PML)Z o] oA 9ltt. 7} Huhe 717} 3719] scallop (A1, A2, A3in AML; P1, P2, P3in PML)2.

Fig. 1. Saddle-shaped annulus.

The lateral trigone (blue dot), medial trigone (green dot), anterior horn (white line), and posterior horn (red
line) as seen on CT volume rendering (A) postero-superior view and (B) Left lateral view of a 49-year-old man
with mitral valve prolapse.

Ao = aorta, LCC = left coronary cusp, LV = left ventricle, NCC = noncoronary cusp, RA = right atrium, RV = right
ventricle

Saddle-shaped annulus

Left lateral view

Lateral

Fig. 2. Mitral annulus and fibrous tri-
gone.

The lateral (blue arrow) and medial
(green arrow) trigones define the bor-
der between the anterior circumference
(aortic peak) and posterior circumfer-
ence (posterior peak). The trigones
have a characteristic triangular shape
on the en-face view on CT imaging.
Mitral prolapse in a 49-year-old man
(same patient as Fig. 1).
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o] Fofx th(Fig. 3; Supplementary Video 3 in the online-only Data Supplement) (1, 9).
AMLY} PML2 37]9} ®eFo] thEd|, AML2 AE%EEJ E2i9] 1/3& Aokl tisutatat
AAL]o} 9lo B2 Gortic leaflet o]}l F-E0} PMLE 4 Rule| 529 2/35 x}A|5lal 2+
Az el Al AboQl HBof| o 9lo B 2 ‘mural leaflet’©]2ale -2t AMLY}F PML
o] Y= 4 (coaptation line)2 OFF 1214 Qe & 2SS Hol=t| ‘surgeon’s view©l|
A B 2HJ9bo] (left atrial appendage) Zof| anterolateral commissures”F 9Jx|5HL, A¥524
(interatrial septum) Zol| posteromedial commissure”} ¢1x|gtct. CTolA] AML, PML-2 B¢
A 2 4 Qo 57 o 9 %@% ‘surgeon’s view' 2 FF50] B 7t scallop® 25
FRo] 7H58HH9, 13). wWebA] SRuk €22 (MV prolapse)Al o¥ scallopel] €&0] A7]=4]
= CTZ H7P} 7Fs31eH0). #AFAISH uhglj,% =loj| 714312}

Thak st =2 (Subvalvular Apparatus)

Bulsl PEEL GEDI WEROR )20l Utk RS 19X B SR AR
(commissure)?t 7|54 0 &2 AatE]o] Qli= Ao weba] o8-S Eolct. A Y7FE(an-
terolateral) 72 W71 AZAReL AZE 0] Qlal, FSHE(posteromedial) 722 FHE:
AARel Adslo] Qlok. 7 f52-2 1~37 =] Zrh(muscle bundle)2 o] Fo1#] Qlct
(10). &8 11 41 2ofo] ml Q- Tkl leaflet tipo| Lt bodyell o Ut} CTollA S5
Y280l uls}o] 1 meyol e 3 Hol7) ujel] 1 Gehdl Holg Wrts17t ol f1e)
SlCH(Fig. 4) (14, 15).

CT= o|2¢tMve| Hot

CTE o]&3to] MVE H7I5H7] 9JallAlE A% & (electrocardiogram; ©]5} ECG)el 571st

Fig. 3. Mitral leaflet anatomy. The LAA and LCx (arrows) are located near the lateral commissure of the MV. A 70-year-old man with atrial fibril-
lation and functional mitral regurgitation.

A. The surgeon’s view can be generated using a slab of the mitral annular plane (yellow box on the 3-chamber view).

B. The MV appears open on the diastolic image.

C. The MV appears closed on the systolic image.

A =anterior scallop, Ao = aorta, LA = left atrium, LAA = left atrial appendage, LCx = left circumflex coronary artery, MV = mitral valve, P = poste-
rior scallop

Diastole
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Fig. 4. Papillary muscle visualization on CT and echocardiography.

A-C. Volume rendering (A) and short-axis CT images (B) showing the anterolateral (letter A) and posteromedial (letter P) papillary muscles. The
base of the papillary muscle, accessory papillary muscle (asterisks), and the prominent trabeculation (arrows) around the papillary muscles
are better seen on CT, compared with transthoracic echocardiography (C).

A= anterior scallop, LA = left atrium, P = posterior scallop

(ECG gating)7} Z 35}tt. ARt =5 1125 single source CTE.CH= dual source CT7} T
Felott. Aol %79k o]27| & BE & 4= Q= retrospective ECG gating e ©]-8-5t0] J4¢
S Ao HAAERS Z0]7] 9J3l ECG pulsingS AFHEEH 4= Qlct S 11 &E 91|15 Hrlshe=
o] oA CTY] =& H7IeE o] Q] g dtoll A= ECG pulsing2] R-R interval= 30~80%
2 ARSI, SR gE0] o] 7 F Hol= Aol #7]= R-R interval 30%3ATHO). 3
’$& #%Y Foll= R-R interval 5% 22 10% S92 F/dS AH7/d5HA 25 10 or 20 phases/
beats®] multiphase CT ¥/3= @& 4 Ut F/d2] A7/dS flsir= E o 9Ja4E|o] o]
gash 2 A% CT Oé" A EQloj= tjF-E multiphase CT 9% —E—*—.% A HstEE At
Agof 2 7= ok SR J77F dojuh= Qe s flsiA = 571 F/dol B LSt

3, MV annulus®] 37]% Z517] flsliAl= ol9719] @ide] BRstER Ysh= F4of gk
o] Y= AElshH Hrt. CTollA TMVRE] Al& H 71 I8l 54 7HsSh A| %52 Table 19
gej=lo] At

Morphological Characterization of Mitral Regurgitation

MVol Bo] ARS w @Rt S = FRle] JEjd 542 14z A 2395 °]
-85to] sttt CT= multiplanar reconstruction 2-2 volume rendering®h 22 G4 2+
d 71 Bl MVe] S Hof & 4= QITH9, 13, 16, 17). 5=uk &&-2 hatol FEj&Ql o4t
o] AN s AFE Fshs tiE2]Ql A2kl prolapse scallopd] #1212k H91E 32H
_%%ﬁrﬂ AR Y2 CToM = BoF 4 JITHO). °] & ffsliM= traah 22 97 A4
A7F F 8 51cKFig. 5; Supplementary Video 4 in the online-only Data Supplement). 1) MV
coaptation hneoﬂ 22191 /S THEH MV prolapse?] $1x17F AML QIA] PML QIA] & 715
S}, 2) MV coaptation lineol] ® 3t J/d= THE™H MV prolapse®| #1%]7} anterolateral com-

missure®l] 772 - posteromedial commissure©l] 7}7H2A] & 4= Qltt. 3) Surgeon’s
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Table 1. CT Evaluation Parameters for Planning Transcatheter MV Therapy

Anatomic Structure Detail
Mitral annular calcification
Area
Perimeter

Mitral annulus Intercommisural distance

Septal-lateral distance

Trigone-trigone distance

Fluoroscopic angulation (Intercommisural view, compromise view, en-face view)
Leaflet thickness

Prolapse/flail segments (A1-A3 and P1-P3)

Leaflet tethering

Leaflet calcification

MV leaflets

Presence of bifid or accessory papillary muscle
Subvalvular apparatus  Presence of direct muscular insertions

Interpapillary distance

LV size (diameter, volume)

LV long-axis length

Neo-LVOT area

LV .
Aortomitral angle
LV ejection fraction
Apical location in relation to midline and intercostal space
Others Cardiac or extracardiac incidental findings (thrombus, congenital anomaly)

A=anterior scallop, LV = left ventricle, LVOT = left ventricular outflow, MV = mitral valve, P = posterior scallop

views THEH 32 250} FARSE G2 THE 4> 1AL MV prolapse®] 491 B2k
Ig 4= Qlt}. CTE ©]-85F MV prolapse®] f-7# ofuj2t 9] S vfefet 4= Qlom 45 4
= X RFO T SIS W T H ot 25upet 2 2po|7} YIRATH(13). =3 MV prolapse ©]
Qoj] £ruk oFo %CLO] g 4 9= infective endocarditis®] H7}oll= -85 TH18). Sup-
n the online-only Data Supplement)°l| A= mitral regurgitation ©F|

71 aopsigict.

rﬁ ok

plementary Video 5
4 A= MV CT

b g

Annular Sizing
CT= TAVR Al&ollA aortic annulusE S74sh= € o= #42] Fetor 2019\ €3hd
ACTele] o] &7} el A (expert consensus document)ollA] &= 22 ¥ (gold standard)
O AFE I UrH(12). TAVRE] Al& 7 CT AHE-Q] A vlo2, H|E Z7]0]7]& SR,
TMVR 97504 % CT= annulus®] 3715 W7sh=d] 'd2] AR AL QIHk(1). CTollA S22
dejs oh3e] 27HA] Wi o2 ke 4 QITH2, 3). 1) WM o) 3xbelAQl 220l St
HejE Ay uebr O & a12)o] BAPAZ oY 217 52 ok W (Saddle-shaped annu-
lus), 2) SEHa12]e] QHE-S fibrous trigones oA L& 0 &2 Zhaba] 22 & Q1 Skl
2]9] Y-S e & annulus 3715 715 W4 (D-shaped annulus). A= annulus?] Al
J 7082 S A2 & MV annulus?] 32+ /42 A8 & AlLtsiof stz &
e A EQ]o)7} & 2str}(of], 3-mensio Structural Heart, Pie Medical Imaging BV, Maas-
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Fig. 5. Localization of a MV prolapse on CT.

A. The anterior or posterior leaflet can be defined on the sagittal view of the mitral annular plane.

B. Medial, middle, or lateral scallop prolapse can be defined on the coronal view of the mitral annular
plane. The LAA and LCx can be used as anatomical landmarks for the lateral commissure.

A = anterior scallop, Ao = aorta, CS = coronary sinus, LAA = left atrial appendage, LCx = left circumflex coro-
nary artery, MV = mitral valve, P = posterior scallop

0 Mitral plane & sagittal view

e Mitral plane & coronal view

tricht, the Netherlands). 22| 7-9+= U<l 3D fIAAE[0]4dE o]-&5to] H7HE 4= o
L} CTellA fibrous trigone} posterior mitral annulusE: sHte] 4 ol ool 517 wj&
o 7 Ad 71l S5 = art et Blanke 5(6)2 9 F 7HA 34 WS vlagt A
15 Ha1stedet. o] 17tof] 2J5kA D-shaped annulus 27 71710] Saddle-shaped annulus %
R} Hlawsto] & o SR o] Befo] FReHIA A7) AT 1 A} o]gA e 2= D-
shaped annulus 7]*§°] LVOT clearance°ll B 2|5ttt /d& o2 A-8517] 412 "2
Fig. 1CollA1e} ZFo] fibrous trigone®} posterior mitral annulusE shke] F4 To 2 -2
< 2D 7|8} D-shaped annulus 371E B7}ok= Aol tH(Fig. 6). oFA|RH SR 2] S S7oh=

n
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Fig. 5. Localization of a MV prolapse on CT.

C. The surgeon’s view can depict the extent of the prolapsed scallop (green arrows) intuitively, using the
volume rendering technique. A 40-year-old man with an Al scallop prolapse.

D. Intraoperative findings before and after MV repair.

A= anterior scallop, Ao = aorta, LAA = left atrial appendage, MV = mitral valve, P = posterior scallop

MV repair with robot (da Vinci)
Al prolapse Sy e

% 12 a

-~

..““wllm '

Intraoperative finding (Before repair) Intraoperative finding ( )
Regurgitation through Al portion on ‘Saline test’ through A1

HPHE T Ak AojA| = A F= TMVRO] ARSE]= 71517} F-olofufol] wheba] A7 =] ofof 3t
< WAlsfof stk o5 S Tiara device (Neovasc)e D-shapeC @ FHS0]#] Q13 intercom-
missural distance®} projected annular perimeter”} %25ttt §FH CardiAQ-Edwards TMV
(Edwards Lifesciences)= the largest annular diameter”} 525}kl e 4] ITk(1).

Landing Zone Characterization

CT=TMVR Al& A] landing zonex}t ¢35t 523 JHEE = 4= U} 5] mitral annular
calcification (°]3}F MAC)= annulus?] 27| F71= o544 517] wi&of CTQF 21}t T Fof|A]
EA7FE 4= k1), CTollA FG4ke] window/widthS 2 9hmH 2R calcificationS 2 24)|7F
| 2] QAT ol AlSE 9= FEE AR o] gl= 4 UTh. MACo| theh A4 ol 7 2
oA S EA] o, S Alee] Bl 3Rl s obe A9 A v lrk
(1). ol & &1 MAC7F AlotiA srmataie] Ee9] 75% o)/d= Eeihs 4% TAVR ARES
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Fig. 6. Two-dimension based D-shaped mitral annulus evaluation method.

The intercommissural distance (yellow line), septal-lateral distance (orange line), and trigone-trigone dis-
tance (red line) can be measured on CT imaging as crossing the posterior mitral annulus and bilateral fibrous
trigones (blue dot, lateral trigone; green dot, medial trigone).

MV = mitral valve

MV annulus parameters
(D-shaped annulus)

Projected perimeter

Projected area

Intercommissural distance
Septal-lateral distance

Trigone-trigone distance e

LVOT Obstruction Assessment

TMVR A& ©]% LVOT obstruction2 tf-¢- A Z}5h 2285 op7|& 4= Qlom 2 Al AIE A
o]& dI&sh= Aol Fa5HH20, 21). CT= 5 Z=8E o]-&sto] 7]+ *J?J% A]%Eﬂ
o|dal 5o =M 7]7te] 4FY] & LVOTe] FENAQI HIstE 2 A 0= 2535& 4= ATk().
Tk Al& & LVOT obstruction®] 7170l ob2] b 5HA| o]alj=]2]= ZaljA] 7} °E‘?L7P %‘J‘loi
Hofolr},

Predicting Fluoroscopic Angulations

TAVR Al&o)A CTE o]&3F FA =] 9] Zx (fluoroscopic angulation)E oll&3sh= 212 Al
& Al Dot A F= So17Lh22), 771 ] A E2 2 4 ke Zlo] 23
TH23). TMVROIA = oF4] o|2{gt A=t7} gho] RI88w| 2| = QAR T TAVROJ A2} Bl &5k 2] =
QIsl| FAR] 2] 2t of|So] 2FAU HAMIN EZ-2 Sol == =32 & 4 U2 2= 7|
star QeH(1). E=SE Aleat o] Q& 4= 1= coronary sinust left circumflex coronary
tery] 91%]7} sto| B2 & A|A"Io] FAIEA]| FFo 2 Al& Fol| DA 4 Q= 91T
ATHD).

ar_
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AEHOR CT MVE BESHIA 117154 olg 25k Sgolut 34 Al&e) 2|2 7
5o] 42875 RSk SEoRA 4831 089 4 9k CTe] Q4 BAg ol obxle

HYElo] QA QAT MVe] A& 7o) 4 D}OJoHXll 9L TAVRS] Al 3 7
‘ai?ﬂ ol 85T gl HAS Tefat, MV X80 AZolE CTe| o] o] Sold Ao & oj=3t
Qlck. weba Mve) slmstolit ogakxie)7] o) chat oJakolstat 7gele] Azt o] %

Supplementary Video Legend
Video 1 shows the geometric relationship between the mitral annulus, aorta, and left atrium
Video 2 shows CT en-face view of the mitral trigones
Video 3 shows systolic and diastolic motion of the MV. Note the central coaptation defect of the MV.
Video 4 shows volume rendering CT image of MV prolapse and the intra-operative findings.
Video 5 shows CT demonstration of MV pathology.

Supplementary Materials
The online-only Data Supplement is available with this article at http://dx.doi.org/10.3348/
jksr.2020.81.2.290.
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