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Changes in Pulmonary Venous and
Transmitral Flow Velocity Patterns Af-
ter Cardioversion of Atrial Fibrillation
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Abstract

The time course of recovery of left atrial mechanical function after electrocardioversion of atrial fibril-
lation was examined in 25 patients with atrial fibrillation by recording pulmonary venous and transmitral
flow velocities and interatrial septal motion during atrial systole within a day (165 hours) and ten days
after cardioversion of atrial fibrillation by transesophageal and transthoracic Doppler and M-mode
echocardiography. There were 6 patients with hypertension, 4 with ischemic heart disease, 2 with alco-
holic heart, 5 with dilated cardiomyopathy, and 8 without underlying heart disease. The peak velocities of
the atrial systolic waves of the transmitral and pulmonary venous flow velocities (A and PVA, respec-
tively) and first systolic wave (PVS:) of pulmonary venous flow, durations of both atrial systolic waves,
and amplitude of interatrial septal motion during atrial systole increased significantly ten days after
cardioversion compared with those measured within a day of cardioversion in all patients except the 5
patients with dilated cardiomyopathy. Peak velocity of the second systolic wave (PVS:) of pulmonary
venous flow increased, and that of the early diastolic and diastolic waves (E and PVD, respectively) of
transmitral and pulmonary venous flow decreased ten days after cardioversion compared with those
within a day of cardioversion. These results suggested that active atrial systolic (A and PVA) and relaxant
(PVS)) parameters obtained from transmitral and pulmonary venous flow velocities are good indicators of
left atrial mechanical function after cardioversion of atrial fibrillation.

Key Words
blood flow (pulmonary venous flow, transmitral flow), echocardiography (transesopha-
geal), atrial function (left), defibrillation (counter shock)
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Fig.1 Measurement methods of various parameters from transmitral and pulmonary venous flow velocities, and interatrial

septal motion

TMF=transmitral flow velocity pattern by transthoracic pulsed Doppler echocardiography; E=peak velocity of
early diastolic wave of transmitral flow; A =peak velocity of atrial systolic wave of transmitral flow; A-d=
duration of atrial systolic wave of transmitral flow; PVF=pulmonary venous flow velocity pattern by
transesophageal pulsed Doppler echocardiography; PVA =peak velocity of atrial systolic backward wave of pul-
monary venous flow; PVSi=peak velocity of first systolic forward wave of pulmonary venous flow; PVS:=
peak velocity of second systolic forward wave of pulmonary venous flow; PVD=peak velocity of diastolic for-
ward wave of pulmonary venous flow; PVA-d=duration of atrial systolic backward wave of pulmonary venous
flow; IAS=interatrial septal motion obtained by transesophageal M-mode echocardiography; I1ASa=amplitude
of interatrial septal motion during atrial systole; ECG=electrocardiogram; PCG=phonocardiogram; LA =left
atrium; RA=right atrium

BREREMM IS L TE K OEIFLSFE LN TV B9,
KHFZETIE, BRWBEBLIUEREENSVZ - Fy T/
F—Er AW LEmMLEEER 2 &L, Zheh
DIE L LEMBIBRMBENRIR DL BB & UHLRE
B & DRIEMEIZOWTRET L 72,

HEREFE

L ¥ =B

LEHME) % ERH KRS L 2 72 25 B CEXER S5
175 5 226, 3B 2R HE Lz, E8E
BOWRIE, mMmEe6fl, EmitCEE 4B, T
I-VELERE 2 B, HLRELOGERAE S B, B L UE
BOREBEAES VWM CEHMEI 8 HITH 5.

LEMBNFIE 2 & BrAlE) T TOHMIZTFY 32 B 3-
168 H) T& 1, £FIIZ disopyramide (300 mg/day) % K&
MENER 2 S 10 HEE THRS Lz, 28, RELL
BEESBIDH b, BRHMEhE 7 BI.OCEMAENCELA 1
BldHEET R SBRAL L 7.

2. /5 &
£ EMEIFIZ 150-200 T (joule) TERMIBRAME) %

BEAT L7z, BRAEEDED 24 ReR LA 0 L E MBS, R
Btk 24 BERLLPY (P39 165 Bef) B X UTRMIBI# 10
HOZREICEREE - BEE/VR - FyTI—FL
ME—= FLTa-EZET L. BRE7 7o—7F
KXY BEFOMREREEEFLI -V 70%, F
TAREET 70— FIC & ) e R ARERAR LR R T &
CEARTFHEICBT 5 0EPREES 258k L, DT
DFEFEE L EHII L 72 (Fig. 1).
1. ABUE S ML 5T I T
1) IEREHIIEE (peak velocity of an early diastolic
wave : E)
2) LB UNHEHRAE B (peak velocity of an atrial systolic
wave : A)
3) E& ADL (AE)
2. iR L 5 I T
1) DEPHERASE 1| DG4S (peak velocity of first
systolic forward wave of pulmonary venous
flow : PVS))
2) LENELISE 2 ORI S (peak velocity of sec-
ond systolic forward wave of pulmonary venous
flow : PVS)
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3) YLREARG IS (peak velocity of a diastolic for-
ward wave of pulmonary venous flow : PVD)

4) LEINEIARR I S (peak velocity of an atrial
systolic backward wave of pulmonary venous
flow : PVA)

3. BB OB X U ERIR L5 2 I O %L BB IR
I OFHFEE (BOBD A-d,PVAd) BLUER LD
#0 (d-sum)

4. LEIEERAOGEPRREEB)IRIE (amplitude of
interatrial septal motion during atrial systole : IASA)

5. IEBEfE (left atrial dimension : LAD)

6. KRHMBIRICEBITSD A PVA BLU PVS 0%fL
B BRMBITR 10 B D ZfED & BB 24 BRI LI O
FEOEYBRMBEIZ I0HORETHRLMEL, h
FNOELEL LTEH L.

Bon-&Fy7FS5—BLUME—-FLTI-K
1%, 5cmisec DIEED EETA M) vy 7 - Fv—» -
La—¥—-Ti&HL, ThENOFHAEILES S g
DFEHfEE .

et FHRET I TP ELEERETERL, 2HA
DT paired Student’s t-test, 3 FFH D BT 5#S
# (ANOVA) % v, p<0.05s 2 FEZDH ) LHEL
7.

B, SEAOHEICHVAEEEER, 7TosR
SSD870 (5 MHz fZ RE Al F) & & URZ R SSH160A-
HG (2.5 MHz RHEESRALT) TH 5.

5 S

1. RRAEEDATDEIEFO & & U RHER AR M AE KT

L EOFEBIIIE L RO RBRICE Y, EIRFOM
TREER TR LB IR A b Y, T RiEHR I
TR T OB IR R R 3 L VL EIUREAS |
DIFPEE (PVS) A3 b g, IRFERIHRR MR (C) 27k
LIGOEED M o (A

2. FEMBNATHRICE I3 UDIABSLUM E— FiEE
(Table 1)

LB R O.LCERIL, BRMBR 24 BERELA, B
Bk 10 HICHRTENEFNRAEEIIKRK (BOBD p<
0.01) THo7-%%, BRAEIERD 2 REABICAEERIAL
N o7z, BMENIE 10 H OKEERZE (LAD) (X, KR
BiRT, FRAEhE 24 BELDANICHRTEELZEY (B0
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Table 1 Comparisons of heart rate, left atrial dimension, and ampli-
tude of interatrial septal motion during atrial systole before,
within a day, and 10 days after cardioversion of atrial

fibrillation
HR (bpm) LAD (cm) IASA (mm)
Before 84+17%2 4.0%+0.7 —
Within a day 7010 4.0%0.6 2.610.7
10 days after 69+14 3.8+0.6*' 4411.0%

Values are expressed as mean =+ standard deviation (SD).

*1p<0.05, *2p<0.01 vs others.

HR=heart rate; LAD=left atrial dimension; before=before
electrocardioversion of atrial fibrillation; within a day = within a day
(165 hrs) of electrocardioversion of atrial fibrillation; 10 days after
=ten days after electrocardioversion of atrial fibrillation. Other abbre-
viation as in Fig. 1.

Table 2 Comparisons of Doppler variables from transmitral flow ve-
locities before, within a day, and 10 days after cardioversion
of atrial fibrillation

E (cm/sec) A (cm/sec) A-d (msec) A/E
Before 68+13 — — —
Withinaday 64%16 24+ 9 10016 0.38+0.21
10 days after 57 14*'  44+17%2  134£28%2 (.7710.34*2

*1p<0.05, *2p<0.01 vs others.
A/E=ratio of peak velocity of the atrial systolic wave to the early dias-
tolic wave of transmitral flow. Other abbreviations as in Fig. 1.

B p<0.05) 2R L7z, BRHEE)IE 24 B LIAIC BT
% LB 0.0 HRREBHRIE (ASA) 13, BRMfIEIE
10 BIZHRTEEIL/N @<001) Tho7:.

Fig. 2 (39057 1% O MBI B 0 Br Al Eh % 10 BERI B L U°
PrAlB) % 10 HOLEHRESOELEZRY. KEHIT
R DB 0% &S (IASA) (&, BRHIENE 10 B
B CTIZIREFAY (1 mm) TH 555, 10 BEIZIZBHEL 2
RIBOMEK 4 mm) PERDHLN S,

3. B&MIEHHE OEIEFR O MR K (Table 2, Figs. 3,
4)

BrAfEh % 24 BRI LN O.LE IR S (A), €OF
W (A-d) B LU AE 1, BRAIENH 10 BICHART
BEIN@BOBD p<0.01) THY, —F, WEEH
H&E (BE) I3EEITK 9p<0.05) ThHo7-.

Fig. 4 (392 M4E.C B AN O BBy £ 4408+ O L
MBEROELEZRT. BRHMBIE 8 M (A: 38cm/
sec, E: 75 cmy/sec) (ZHART, BHEIZ 10 HD A (62
cm/sec) ($HEE, E (50 cm/sec) idiE L, MMITEKEE
DEHRBEOER*FD 5.
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10 hours after cardioversion 10 days after cardioversion
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Fig. 2

)\

Interatrial septal motion 10 hrs and 10 days after cardioversion in a patient with lone atrial fibrillation

Arrows indicate interatrial septal motion during atrial systole.
Abbreviations as in Fig. 1.

A PVA PVS:
(cm/sec) (cm/sec) (cm/sec)
70 1 e 50 1
60 - 30
40 -
50 4 .
40 20 301
301 | 20 -
235
204 10
127
84 10 +
10 1 .
0 . T 1 L 1 —0¢ T 1
within 10 days within 10 days within 10 days
1 day after 1 day after 1 day after

Fig. 3

Comparisons of the peak velocities of atrial systolic waves of transmitral and pulmonary venous flow, and first
systolic wave of pulmonary venous flow

AF=atrial fibrillation; DCM =dilated cardiomyopathy. Other abbreviations as in Fig. 1.

4. F&MENEDIHEFARM MR (Table 3, Figs.3,5) MiEEFOEIL2RT. BRASI% 8 BRI (PVA:

BrBh % 24 BERILLN © PVA, PVA-d, PVS: BX U 7cm/sec, PVS:: 20 cm/sec, PVS:: 60 cm/sec, PVD : 55
PVS: i3, BRMIBITE 10 BICHARTERZENEEITNEB  cmfsec) ICHANT, BB 10 H D PVA (22 cm/sec) B
DBDp<0.01) THY, —F, WLERMEEES PVD) X U PVS: (46 cm/sec) 3385 L, PVD (48 cm/sec) (3%
BEEICK p<0.05) THol:. BEMICH .

Fig. 5 | Fig. 4 & [FEGI O BRAMENE BT 2 IR

Journal of Cardiology 1995; 25: 317-324



LRSI % OMEIR & RIEROLEARE 321

Table3 Comparisons of Doppler variables from pulmonary venous and transmitral flow velocities before, within a day, and 10 days after
cardioversion of atrial fibrillation

PVA (cm/sec) PVSi(cm/sec)  PVS:2 (msec) PVD (cm/sec) PVA-d (msec) d-sum (msec)

Before — — 43120 48t 15 — —
Within a day 8.4+42 13+7 44+17 49+13 7732 170+39
10 days after 19.4+7.5%2 28+ 14%2 57+ 16*2 44+ 12%! 117 £40%2 2521 44%2

*1p<0.05, *2p<0.01 vs others.
d-sum=sum of the duration of both atrial systolic waves. Other abbreviations as in Fig. 1.

8 hours after cardioversion

10 days after cardioversion

Bl :
- J\-a i/\ A...

125 cm/sec

TN ~da o d A

M) LAl w LA

Fig.4 Transmitral flow velocities 8 hrs and 10 days after cardioversion in a patient with lone atrial fibrillation
SV =sample volume. Other abbreviations as in Fig. 1.

8 hours after cardioversion 10 days after cardioversion
- - i ) . A
25 cm/sec 25 cm/sec
. . Y . Y

PVS1

.KI“ A
0l ‘
- TN
EC ’

T

Fig. 5 Pulmonary venous flow velocities 8 hrs and 10 days after cardxoversnon in the same patient as in Fig. 4.
Abbreviations as in Fig. 1.
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5. HEREVDEREIC & 3 FRRMEEN R DREIEEOZEIL
(Fig. 3)

D LEMEIFNIC AT, HIEFOMRERLD A,
iR M E BT D PVA B X UTPVS: 1E, BHlEI% D
TALEDNBEEZIZ/N (BDBD p<0.01, p<0.01, p<0.05)
THY, 5 1PIERMEIRT7 BISOEABIRL .

% =

R LY, LEMBIBRMBIERICE T SERE DB
BRI BIEICEE SN TVAZ LML TE
D, “atrial stunning” & BHHE SN TV 59, ZD I VD
EEBREFMELE LT, YT T VREICLS
FER T 78, MEEEBIEI®, /SIVA - Ry 77 -0
EF O MR ER 5 VITAECEAMR Yy —
BEBHVWLONRTWS,

ABFFETIE, BIEFOPB L UMER LT RER O
WREEEHFKTH I LX), LEHEIOBRMENRTERIC
BB EEDOBMABEEDOELZRE L. EEDRE
BRI BT A EEAMEIE, FEIEFOZ LT
DEBENOFA BIEF O MR FE BT D L5 U )
& BRI (B A AR 00 5 53 98 T2 D U B WU 44 08
ICHEL TSNS, @E, EEFTOLENHER
FL L TEER»SEENOMBRAETS T 525, £
FWRKRKPEPVFZEHICERTHRET TR, EED
afterload mismatch (2 & 1), ZEE 2 & HiERIR~ O M D
WHATERA S NS, LA o T, BEREICBITAE
ERREDOFHEIZIX, BIEF OB & UNfEFIR ML 5T K T
B2 HLENERHREORIVERTH 2 L OHE
DS\ AT10111920)

LB HIENBRABE 2 (2 31T 5 IR O &k o
AFBEERT I LR TTICHRE SN TVE AN, 4
] DIRES T EAR MLTEE O PVA D FEEICRE T
B EMHERIN. SHICZORAD.LEIGERIC
B H.L0EPRESRIBD DLW L2 b, BRENE
BROREWEFINMERIIAFRIETLTWSEERDS
hs.

—%, MiEHR LR E T O PVS) A5 E D REB) YR
ERBLTWAZ L, TTREHERESNTVAD,
BRI IZEERDEAE L, EEANDOIMBRA
BRSO EENDRADAIIBESI NS, 4EO
HERTIX PVS PRRABIERICEREZRL, »OHEIE
F OB & O B IR ML G 95 772 0 g Lo BB U A I s & [

B, RHEBZ 0B CEELEEE R LI END,
BRMENE R OKEE (LREBRYIUERE ST TIZ R <, EEE)
BB RE D REESNTWVAE Z LA TR ENT.

D EDEHRIER, WThofldFal &b IlHED
HVnIEHEZRLAED OO, IRELLHES L R
EOMICIZOREEICHL P REERFALN. 2
Dz i, WRBOHEORBPICOAZEZES LTI
EREW, $»5VRIBEDLHRESLEHGNOATIE
BLLEBICORATWAARELERET AR LR
b,

—7%, BN 10 BIC BT 5 RiER MLt & ik o
PVS: i3, [LEMEIRE & BBk 24 R LADOZENRS
WCHRTEHEELZEEEZRLE. ZOFRR2S, LEM
BIEE L BRHIEIE R IS B W TIIERE DREBIMIUED 5 \»
R E ISR T, REWLIRT 2D LEEDMH
BEICOIEEDALNSL Z EHFREI N,

IR OMEEEFD E 3L U PVD i, BB
DEBE &L ICFNFNRECHEEER L. LER
FEHOKT L7-BRMghERIC B TE, LEIUEHIC
B ZEZRAMTABIT 5720, +5%EEMK
BEMRFL IO LT NEREDL>S, SHERAHTO
IS DMBHRADEMARONLbDEEZ LN
7-.

B, EENHREFREED 5 VWIIEZENERFEOLE
EERME A%, BB 3B X OERIR M5 2 ik T L
BIGERE S € ORGksE & M BEEEsH 5 L0
HENALNEOD, UL, Ih50HETHTHR
DBEBLHOHFRENEREFFELZVE V) REICE
DVTWS., L7zAoT, SEOKED?S bHL R
LIS, EIEROB X ORI ML 5T KT O WL
K AW TEB-EZME L L TOMmITE)EEF
EIT)EWVICIE, EEIVTF5A TV ADATEL,
“atrial stunning” & OB LHREDHFEL bER
WKANRTBLLENH S LBbhi:

AAEDOEER

EFEIZBWTR, LEAEBOBEBRETFO-OH2
|2 disopyramide 2% 5 ST B Y, KERDOLEREE
BT H2EBIIODVWTIILUREESNDERETHS.
Ik bb, disopyramide D dOEBEENIEHICLD,
BIEFOH 5 \VISERIR MR E T E TOLEE X
FATREHIIBETE 2V, & TRHAELY —EH
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NORIFEBRE T T %R L, EE» DHi#R~NDO%RA
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£:3 #9

BREEBIVEREN Y 77— 013 —-NEL B CLEMEIF OBIERO S X OEIR M
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MzExtgid OEMEI 2 ESMICKRMEI L 27225 61TH 0, ZORNRIIBME 6 F, BldO
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Bl CRRAEAT 24 BRI LA, BRMAEITE 24 BER LA, BRAIEDTZ 10 B ISR AE - BREE/ LR -

Fy 77— ME-FLZI-RELHETL, BIEFOB L UOMBROERE, £EET
I—7 I ABICLERRES LG

BIEFO - MEEIR MR T O LB PHIRS (BOBD A, PVA) B L UFEN TN ORFGE
B (BDBD A-d,PVA-d), IR ILFREFOIMEEE 1 DR (PVS) B X CLEIEL 0L
B mEsiRIE I, FRMSh% 24 BERIDIA TIXBRMIEN % 10 BICHRREB I TH o7z, & B,
PARELOERAE TR O.LEMBIFNICHART, BRMBIRICEBITS A, PVA B LU PVS OHEEH
FEUE» o7z, —F, BMlENE 10 B TIIBRME)TA 24 BERI LA HE,  FiEAR M 53  F
IUHEEASE 2 OIS (PVS) A EICK, MIEFOMIEEEROILRELRAES (B) & M &R M5 %
B OIRAE R (PVD) 3 ZhENEEIINTH o 72,
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