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Summary

To determine appropriate surgical management of secondary tricuspid regurgitation (TR), we
attempted to quantify TR volume by using two-dimensional color Doppler echocardiography (2-DD)
and continuous wave Doppler echocardiography (CW). Thirty patients with TR associated with ac-
quired valvular disease were selected for the study. ‘

1. The new quantitative method: TR was observed from two right-angled cross-sections in 2-
DD (one; the parasternal long-axis view of the right ventricular inflow tract, and another; the apical
four-chamber view or short-axis view at the level of the aortic valve). The width of the regurgitant jet
(a and b) was measured at the position just below the tricuspid valve, and the cross-sectional area (S)
of TR was calculated as an ellipse where the major and minor axes were a and b (z/4-ab). The CW is
recorded from the center of the regurgitant jet. The regurgitant volume of one unit area (Vp) was
calculated by integrating a parabolic flow velocity signal during ejection phase (2/3.vt, where v=peak
velocity, t=regurgitant time). Assuming that the fluid figure of TR flow is oval, the regurgitant volume
per one beat (Vo) was calculated by the formula: 1/3.S.Vp==/18.abvt.

2. Thirty patients were classified into three groups according to Vyg: Group 1, <10 cc (n=12);
Group 2, 10-20 cc (n=12); and Group 3, =220 cc (n=6). Compared with pulsed Doppler echocardio-
graphy and right ventriculography, our classification was much more practical. Namely, in Group 1,
the Vyp decreased postoperatively with no surgical intervention for the tricuspid valve; in Group 2, 11
underwent tricuspid annuloplasty (TAP) while one received no surgical intervention, and all showed
a decrease (less than 10 cc) in the Vg, in Group 3, five underwent TAP while one patient received
tricuspid valve replacement (TVR), and three of the five showed 10-20 cc postoperative V.

3. There was a significant correlation between the preoperative Vyg and tricuspid annular dia-
meter (TAD) at end-diastole, right atrial mean pressure and right ventricular end-diastolic pressure.
In three patients of Group 3 with the residual postoperative Vg of 10-20 cc, preoperative right ventric-

MEREESER FHH Department of Surgery, Division II, Kobe. Univer-
A i R X AEET 7-5-2 (F650) sity School of Medicine, Kusunoki-Cho 7-5-2, Chuo-
Ku, Kobe 650

Received for publication March 5, 1988; accepted March 12, 1988 (Ref. No. 35-K12)

— 1069 —



2, KH, PR

ular systolic pressure and pulmonary capillary pressure were lower; and the preoperative systolic
pressure gradient across the tricuspid valve was <20 mmHg and the TAD was >50 mm. The TVR
patient belonged to this category.

We concluded that no surgical intervention is required in patients with the preoperative Vyz=10 cc
(TR I°). TAP is considered necessary and adequate for patients with the Vz=10-20 cc (TR II°), and
TVR should be performed in patients with the V4 =20 cc (TR III°), when the RVsp-RAv is less than

or equal to 20 mmHg and the TAD is more than or equal to 50 mm.
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Fig. 1. Measurement of cross-sectional area (S) of tricuspid regurgitant flow by two-dimen-

sional color Doppler echocardiography.

The width of a regurgitant jet (a and b) at the position immediately below the tricuspid valve is
measured from the parasternal long-axis view of the right ventricular inflow tract (left) and the apical
four-chamber view (right). S is calculated as an ellipse, where the major and minor axes are a and b

(z/4-ab).
RA =right atrium; RV =right ventricle.
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Fig. 2. Measurement of tricuépid regurgitant volume of (Vp) by continuous wave Doppler

echocardiography (CW).

CW is recorded from the center of the regurgitant jet. The Vp is calculated by integrating a para-
bolic flow velocity signal during the ejection phase (Vp=2/3.vt).

v=peak velocity; t=duration of regurgitation.

guificc CW 2EHL, HBohmiEEkY
PR E LTHESTHE, TOWMT BT HE
PR Y 7o b OMHER (V) & 2/3-vt (v=peak
velocity, t=regurgitant time) ¢ LTHEHEh 5
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e A E-AEEEZ RVsp-RAv; LITAZE-
AEERZE, RAv=FFE V &E), MEREAE
(PC) #kwi. hbOWEMER T TABE®
REHHRFC L Y MTERORE LR TO b
DTHY, VE2HAKK X ZAEEREERLL

Table 1. Calculation of tricuspid regurgitant
volume (Vgg)

T

1) S—T-ab

) Vv —f‘ ©dt = 2oyt
p=J v =3

3) Vog = %-S-Vp = l%-abvt

Assuming that the fluid figure of TR flow is oval,
tricuspid regurgitant volume per one beat (Vpg) is
calculated by 3).

The values are obtained from an average of more
than 5 heart beats.

Abbreviations are the same as those in Figs. 1 and
2.
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Fig. 3. Comparisons of the methods evaluat-
ing TR:

In the conventional methods (pulsed Doppler
echocardiography: PDE, and right ventriculography:
RVG), the selection cf the management procedure
(TAP or No Repair) is difficult for TR II, III°
patients. The new method based on the Vg, however,
is suitable for selecting the appropriate procedure with
greater certainty. It is suggested that patients with the
preoperative Vo =10 cc are candidates for TAP.

TAP =tricuspid annuloplasty; No Repair=no sur-
gical intervention on the tricuspid valve; TVR =tricus-
pid valve replacement; TR =tricuspid regurgitation.

28cc, 23 cc) T Vor 12 10cc PLF L 30
ELzoe L, 3 #Ho TAP # (V=
30cc, 25¢cc, 25¢cc) T, % Vir i 10~20cc
i &¥Eork.
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(A) (©)
PDE op.findings RVG op.findings VTR op.findings
11’ moderate|
1n° mild n’ mild

| 1° none

none |

Fig. 4. Comparisons of the grading of TR by PDE (panel A), RVG (panel B) and Vry (panel

C) to the operative findings.

The new classification by the Vqp has a better coincidence with the operative findings as compared

with conventional methods (PDE and RVG).

Severe=strong and broad TR jet is palpable at a distance 2 cm or more from the tricuspid valve;
Moderate =intermediate grade between severe and mild; Mild=TR jet is not palpated 2 cm away
from the tricuspid valve; op. findings =operative findings.

surglcal
procedure

Vrr(pre-op) V1R (post-op)

Group 3 220cc

10~20cc|

Group 2

Group 1

Fig. 5. Changes in the V;; between the preop-
erative and postoperative periods (6 months).

In Group 1 (Vg <10 cc, n=12), the Vi decreases
postoperatively in all patients. In Group 2 (Vqgp=
10-20 cc, n=12), regurgitation decreases to less than
10 cc; in this group, 11 patients underwent TAP and
one had no surgical repair. In Group 3 (Vggp=>
20 cc, n=6), 5 patients underwent TAP, while one
received TVR; in 3 of the TAP patients, the post-
operative Vg remained between 10-20 cc.

Abbreviations: same as in Fig. 3.
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Fig. 6. Correlations between the preoperative V;; and various preoperative parameters.
There is a significant correlation between the Vo and TAD, RAm and RVEDP.
TAD =tricuspid annular diameter at end-diastole in two-dimensional echocardiograms; RAm=
mean right atrial pressure; RVEDP =right ventricular end-diastolic pressure.

Vir=32¢cc © TVR %47-7 143, #iaiseim
Z=56mm, H=E-FHEEKZE=18mmHg <,
TAP <34 Ve #5 10cc P Eict Y& o1z
#EH DER T - e

4. BEEOWATHROHES

SR (n=12) L2, 3 % (n=18) LB T,

iRt DEIRE WS & 3R L 72 (Fig. 9). &
1 BHTRAIROEREEEE, AELERYEC
BEOBLEZD b o705, NYHA B,
DHERLE, AZEIEHE, MBIREAE I#TEE
BieWE L. —F, £2,38T1I, ZhoikE
PHEIIMZ, HREFHESLHAZILERYE LI

— 1075 —



A, XH, P

I @ : post-op Vyg 10-20cc

NYHA CTR TAD RAmM
( greu:le:l 0 (%) ° (mm) g (mmHg)
(n=12) (n=18) 80 - 504
44 (1) 10 4
70 1 ‘ 45 4 °
J ot 3.
§ 60 § 40 o0
21 50 4 35 4 § 5 §
L L p<0.05 ] 40 L J L ]
ImeantS.D. 1 p<0.001 30 1 p<0.01 L p<0.01 1
0 T 1 0T T -1 o & T T [} — T
pre-op \kr Pre-op Vi <10cc =210cc <10cc =210cc <10cc =210cc
<10cc 210cc
(Group1) (Groups2,3)
RVEDP RVsp RVsp-RAvV PC
(mmHg) (mmHg) (mmHg) (mmHg)
d 50 4 401
10 4 oo
{ 40 4 § 304 } 207 %
§ ° ]
51 30+ 201 H 10+ °
e ° .
Lp<0.001d 20{ L nsd 10{ Lpnsd L nsd
0 T T 0T T 0o T 0 T T
<10cc 210cc <10cc  >10cc <10cc  210cc <10cc 210cc

Fig. 7. Comparisons of various preoperative parameters between patients with the pre-
operative Vi <10 cc (Group 1) and those with the V33 =10 cc (Groups 2, 3).

The values of NYHA, CTR, TAD, RAm and RVEDP are significantly higher in Groups 2 and 3
than those in Group 1. RVsp, RVsp-RAv and PC values showed no significant differences between
Group 1 and Groups 2 and 3; however, in 3 patients of Group 3 with the postoperative Vg of 10—

20 cc, these 3 values tend to be rather low.

NYHA =New York Heart Association functional classification; CTR =cardiothoracic ratio; RVsp=
right ventricular systolic pressure; RAv=v wave pressure of the right atrium; PC=pulmonary capil-

lary pressure.
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20cc Ll E-REIHOIFITE, TOLM
i, AREHES IO AEILERYE g%
EELIzbon, HBHREHEICL EE>TW.

z %=

BRUEFEE ST 5 TR 13, ZRHFOH
BHELERE LT3 0B THRL, 20
KREVNEE OFEAT, ARATIC X 5 =Rk
KHER LB ENEHTh 5. Zhiz+ T
ZL OREIC X > THBSNIEETH Y2,
AREFHZ B W T L ZRAPWTHE (Vrr) =R

REHLMRIENHEE LR L (Fig. 6).

TR OFESEAERE OBKIE, BERBTRYD B
TUKBHMAY, FBROLMREE»LRENTE
. BMH L LTRIAEERY, AREEEE
OO BRI TH 225, AEERETIY
7 —7 N DERFPIEBOREL, ERANEARED
AEAH, BIOHIMUERAEIC X 5 A\ BRI
ORIE, % 2 ABEEIE O ST TIROERIC
Y 2EBOREYYREDRD, WThLEEN
ik & LC@EYI TRV, JEBMA B L LT
FEELT 3 —REPEA S, TR OFHiis=
V2 ]\ 3 2 ]\ &lS'ﬂO);@,{’,I/;{ . l: v 7°§_-‘(£9,21,22)

— 1076 —



ZRFFASMAREIE D & BAFT
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(mm) O ® TR
LI
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304
of :
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Fig. 8. Comparison between the preoperative value of RVsp-RAv and that of TAD in each
of outlined cases.
In 3 patients with the postoperative Vgp 10-20 cc, RVsp-RAv value is less than or equal to
20 mmHg and TAD more than 50 mm. One TVR patient is included in this category.

® : post-op Vg 10-20ch

NYHA CTR RAm
(grade) (%) (mmHg)
(n=12) (n=18) 50 -
4 L 10 - .
pre-op 70 { °
2 §meantS.D‘ ° [
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2 post-op PP s 5 4 } :
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<10cc 210cc
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(mmHg) (mmHg) (mmHg)
50
10 o
e 40 o 204
[ ]
1 : : 301 . 10 H
L ns L D<°»°‘J 20;= L p<oA01-I L p<0.01J L pe0.001 J L p<0.001J
o T T 0 T T 0 T T
<10cc 210cc <10cc 210cc <10cc 210cc

Fig. 9. Postoperative changes in the various parameters.

The values of NYHA, CTR, RVsp and PC improve postoperatively in all groups. In Groups 2 and
3, RAm and RVEDP values also significantly decrease postoperatively; however, in 3 patients of Group
3 with the postoperative Vg of 10-20 cc, these two values and CTR are still high postoperatively.

— 1077 —



A, KH,

X VEERMICRERE I ICR-. LAL,
av b 7R METRABBEEF 2RI ROND
zr® Rz Fy7r5—gkTiz TR o R
RGN E > THRIC /NS b Z L922 R L
ORED S, Zh b bIEIFEELE & Ui ek
55D TiEehotz. LL, #5—Fy 75—
EREREINBICE-T, ZhbOMEIIZEMR
rEh, EF#EIZ, LrLfEdc TR of[ER
SEMARIRE L 2 Y, ZOBWIEES IRER AL

L2, |, 20X )ik homLEL &
biz, BELICL2RYOEET TR BB L
Bz ERHBALY, whis TR PKEHHRO
b BT EORED TR 20X iE
HIALE BSULEER D2 ¥ 0, TERERHIERERY
HlhoT&E k.

TR oEg&AFEE, &< aFRFRES?,
BIECREMAREY L RI ¥k vfTbhTn
3%, WTFhLERBRE L ISVEL, HRIC
TFRBRVWEVWOIRERDY, —fRICERT 5T
BFE->TWAW. ZhiZkH L, RADERELL
ERBERIRy 7’ —za -2 FHALEZLOTH
Y, ERBETULALEEITLS EVIFIREERE
LTWw3. FERMNICH, AERBIEBEAZR
FET IR 3 BAEHEY 2 Y OFFHE BT
FEM#M I s LIEELLLDTH Y, HFHks
FREECH A 55, BARITARS 52, FES
TR ORI TOFHBTH HUE, +oFHECH %
55bDEELTVWS. ¥, Fix TR off
REFEMSER L LCHEB Licey, EROMRE
LY MEEE R TEAZRED R WS, ERoERE
EBRHRB 1O DFMTH 5 DI L, KEZH
STEICHEN T 32 HENFETH Y, Z0EZIK
EVLDEEZTWS. SLICHEBREE»OR
Th, FEICLY, ROFEEFES ALV -
Fy 77 —§ETR+DCEBIL 2 h -7 TAP
PMEEF, 1EFESREKM L (Fig. 3) = &
X, A2 TAP jEfro¥EE, o <THERHTH
BZLETRTLOLELLNS.

AEIC X VRO Vir 20T —F 1 BRE

B o OHIHEE Lt Lzt 25, Vi i3 RAm,
RVEDP ¢ EiaBEIE 25 L (Fig. 6), Vip 8
TR oEEE*RHEEL L TLERHTHBZ &
BEST LR £, ARF»L, e
Bl Ver=10cc #=RFIHBHNEBEMZ 3 >
BEr0BRIEZLD, ZhziBEr7T—71
REFR»SATH, #8i Ver<10cc DiEFIT
BHETAOHRES LR REE T, TR L ELRZD
BEEOLTHBREZLBILTWo 2. Zhicst
L, #isl Ver=10cc DJEFI, T 0ALPE
DAL ER L, ZRACHRBLE L N 7
FhEERBIc BREr RETPLE L H
fz. To5 5, #ifHl 10 cc=Var <20 cc DIERFT
2 TAP i2 X v 261t Ve & 10cc LLTIH
YL, ALDREOKRELRE ThokZ b,
TAP PBREhpo+4k hRETHE LEXLN
fo. L2 L, #f@ Ver=20cc DEFIIZIE, 4
D Vip BLO ALAED #B »6HT, TAP
TREARATHREFMPBELTWS EEZLR
(Figs. 5, 9), zh b &HBIT 2HEIHEEL LT,
ERAFRR LINEHAE - FEERENFHT
bt (Fig. 8). +2b b, #igh Vie=20cc,
SREFHEZ50mm, H=E - AFE 2 <20 mmHg
ofEF| <k Kay ghic X 5 TAP TilEL R+
AT, LVBEWIHBRDREE oI, T
L5 TVR 2@BRTRETHBLELDNI
ZZCHEbkD AR, TR oEEECEET
SNEHEE - FEEBRZEOBER T 5. — &
i, TR ZZELRIRE OHEICHE S fifie fLEE <
st LIS R 0 BAWRBIER 2 R L &hTns
20 TR 2@k s L, 4z TR g&ic
L2 EERBEARPET L THEBENET 23k
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Table 2. Selection of the surgical management
for secondary TR according to regur-
gitant volume Vg

new classification management

TRI° (Vm<i0cc)

No Repair

| TRU®(10s Vm<20€c)’

Rvsp-RAv ¢ 20mmHg
TAD > 50mm

TRI® (Vm 2 20cc)

Abbreviations : see Figs. 1. and 2.

<k NYHA #ESEEmHcsE L, i Vi
2K 10~20cc izt ¥F - IERITBVTHLZ D
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