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CLINICAL STUDIES 

EFFECTS OF VASODILATORS ON PULMONARY VENOUS AND 

MITRAL FLOW VELOCITY PATTERNS IN PATIENTS 

WITH CONGESTIVE HEART FAILURE 

JUNG-Myu GLEE, M.D.*, TOHRU MASUYAMA, M.D., REIKO NAGANO, M.D. 

KAZUHIRO YAMAMOTO, M.D., KAZUNORI NARIYAMA, M.D�� 

Ju TANOUCHI, M.D., MASATSUGU HOR l, M.D. 

AND TAK OBU KAMADA, M.D. 

To characterize abnormalities in pulmonary venous flow velocity patterns and 
to explore the changes in these patterns following short-term (3 to 14 days) 
administration of vasodilators, pulmonary venous and mitral flow velocity pat­
terns were serially studied at congestive heart failure and after vasodilator ad­
ministration in 18 patients. Peak mitral early diastolic filling velocity (E) and 
the ratio of E to peak filling velocity at atrial contraction (EI A) consistently de­
creased after vasodilator administration by 30 ± 4 cmls and 0.74 ± 0.13 (mean ± 
SD), respectively. Peak pulmonary venous diastolic forward flow velocity also 
decreased by 29±4 cm/s. However, changes in peak pulmonary venous systolic 
forward flow velocity (S, cm/s) did not correlate with changes in E, the EI A 
ratio, or 0 (peak pulmonary venous diastolic forward flow velocity). Thus, 
when patients were divided into two groups on the basis of changes in S, indices 
of left ventricular systolic performance, such as end-systolic dimension and frac­
tional shortening, improved more in the group which showed an increase in S 
after vasodilator administration than in the group which showed a decrease in S 
( - 7 ± 6 vs -1±4mm, p<0.05; 8± 6 vs -1±4%, p<0.05). 
Although the mitral flow velocity pattern changed uniformly with vasodilator 
administration in patients with mild to moderate congestive heart failure, the 
changes in pulmonary venous flow velocity patterns were not uniform among 
patients. Pulmonary venous flow velocity patterns appear to reflect changes in 
left ventricular systolic performance in addition to those in left ventricular 
diastolic performance. (Jpn eire} 1993; 57: 935-946) 

V
ASODILAT!O therapy is one of the most 

i mportant and popular treatments for 
congestive heart fai lure ! -3 Admin i stration 
of  vasodi lators produces non-homogeneous 
a lterat ions i n  hemodynamics and left ven-
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tricular ( LV) function, and pulsed Doppler 
measurements of  m itra l flow ve loci ty pat­
terns appear to be useful in assessi ng the 
benefic ia l  effects of vasod i l ators on LV func­
tion� Recentl y ,  we and other groups sug­
gested that an analys is  of pulmon ary venous 
flow velocity patterns may provide add itiona l  
and com plementary i n formation  for i nter­
preti ng m itral flow velocity patterns? H 

Therefore, the objectives of the present 
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tudy were to characterize the abnorma l i t ies 
i n  pu lmonary venous flow veloci ty patterns 
i n  pat ien ts wi th congest ive heart fai lure and 
to explore the changes i n  pulmonary venous 
flow velocity patterns a soc iated w i th vasod i ­
l ator admi n ist rat ion . Many phy io logica l 
and pathologica l factors affect m i t ra l  flow 
veloci ty  and, probably, pul monary venous 
flow veloci ty pattern ?,I() Thus, in  con t rast 
to previou studies� 1,12 the presen t  study was 
focused exclusively on ser ia l  change of Dop­
pler echocard iographic parameter  in pa­
t i ents wi th congest ive heart fa i lure before 
and after  vasodi la tor adm in is trat ion . Thu , 
each pat ient  'erved as hi ' or her own con­
trol . 

M ETHO DS 

Study population 
The study populat ion consisted of 18 pa­

t ien ts w i th conge t ive heart fa i lure who met 
the fol lowing cri t e ria: ( 1 )  Adequate Doppler 
echocardiographic recordi ngs of pul monary 
venous flow veloc i ty  and m i t ra l  flow ve l oci ty 
pat terns (3  cases excluded for this reason ), 
( 2 )  symptomat i c  ( New York Heart A socia­
t ion funct ional  cl ass I I I  or IV) congest ive 
heart fa i lure with pulmon ary congest ion on 
chest x-rays, ( 3 )  s inu ' rhythm with a heart 
rate o f  100 bpm or Jcs , (4) no ev idence of  
moderate to severe mi tra l  regurgi ta t ion as  
a'sessed by co lor Dopp ler flow i m aging, (5 )  
no va lvu lar  or  congen i ta l  heart d i  eases, and 
(6)  no asynergic LV wa l l  mot ion . The ub­
jects con i,ted of 1 2  men and 6 women who 
ranged in age from 40 to 77 years ( mean 63 ) .  

t io logy of congest ive heart fa i lure was 
hypert rophic heart d i  ea e in 9 pat i ents, 
hypert n ive heart d isea 'e i n  5 pat i en ts, 
coronary arte ry d i sease in .3 pat ients, and 
d i la ted cardiomyopathy i n  I pat ien t .  Two 
pat ient ' had m i ld m i t ra l  regurgi tat ion a 
a' 'ec 'ed b co lor Doppler  flow i m agi ng at  
congest ive heart fa i lure . The ame degree of  
m i t ra l  regurgitat ion wa observed i n  the 
'ccond u l tra ound tudy .  

A l l  ubjects gave the i r  i nformed con e n t  
to the Dopp ler echocard iographic ,tud ie  . 
The fi rst Doppler  echocardiographic tudy 
was periormed at  congest ive heart fa i lure , 
and the second � tudy was performed 5 to 20 
days la te r. Between the t 0 Doppler echo­
card iographic stud ie ', 1 0  pat ient  rece i cd  40 
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to 80 mg of iso orb ide d i n i trate ora l ly per 
day and 8 pat ien ts  rece ived 40 to 60 mg of  
n i fedip ine  ora l l y  per day .  A t  the econd 
Doppler echocard iographic study, pulmo­
nary congest ion was not  ob e rved on any 
chest x-ray. Pr ior to each Doppler echocar­
d iograph ic  study, al l subjects were exami  ned 
using conven t iona l  two-d imensional  and M­
mode echocardiography to a sess the cham­
ber  s ize , wa l l  thickn ess and wa l l  mot ion . 
The echocardiographic parameters were 
measured using  s tandard methods from para­
sterna l  v iews!3 

Doppler echocardiograph ic recordings 
Pulsed Doppler echocardiographic record­

i ngs were obta i ned w i th a duplex Doppler 
echocardiograph ( Toshiba SSH- 1 60A ) and a 
2.5 MHz t ransducer array . A wa l l  fi l ter  wa 
set as low as possi b le , but i t  wa not  a l ways 
possib le  to opt i m ize veloci ty  peaks in the re­
cordings . Recordings were made with the 
subject i n  the left l atera l  pos i t ion dur ing 
quie t  respi rat i on . Veloci ty  recordi ngs were 
made at  a paper speed of  1 00 m m/sec w i th 
s imul t aneous record ing of the e lectrocardio­
gram and phonocard iogram .  The phonocar­
d iogram was recorded us i ng a l ow pass fi l ter  
w i th a con tact m icrophone appl ied to  the 
precord ium where the aort i c  componen t  of  
the secon d heart sound was l oudest . This  
component  was  confi rmed as the v ibrat ion 
which coi nc ided w i th the aort i c  closi ng  c l i ck  
recorded by Dopple r  echocard iography. 

Pul mon ary venou flow was exami ned 
from the apical  four-cham ber  v iew.  In the 
color Doppler  mod e ,  left a t r ia l  fi l l i ng from 
the pulmon ary ve i n  can be recogn i zed as red 
s igna ls  a long the i n teratri a l  eptum i n  the up­
per part of the left a t rium . The pulsed Dop­
pler  ample  volume wa set just at the or ifi ce 
of the r ight pul monary ve i n, which appears 
at the bot tom of these flame- l i ke red signa l s .  
Fo l lowi ng the pulmonary venous flow ex­
aminat ion, m i t ra l  flow veloc i ty pat terns were 
obta ined from the apical  four-chamber v iew 
w i th the ample volume careful ly  placed be­
tween the t ips of the m i tra l  leaflet where 
the max ima l  flow veloci ty in early d i a  to le  
wa obta ined . 

Analysis of data 
Flo e l oc i t  record i ngs were ana lyzed us-

i ng a digi t iz i ng pad (GRAPHTEC, Tokyo, 

Pulmonary Venous Flow in Heart Failure 

:-0.55- 0 
s 

CHF(+) 

-SOem/s 
-0.55 -

I' 

� 
I, , • 

----SOcmls 

- 50em/s I 

--_.-._-- - - - .. -.--------.---._-_ ... ----.-----------------._- ........ 

� 
CHF(-) 51M 

937 

Fig. l . Pulmonary venous flow velocity pattern (top panels) and mitral flow velocity pat­
terns (bottom panels) at congestive heart failure ( C H F)(left panels) and after 
vasodilator administration (right panels) in a 51-year-old male patient with dilated 
cardiomyopathy . Administration of va 'odilator produced symptomatic improve­
ment and disappearance of pulmonary congestion in the chest x-ray films. The 
mitral flow velocity pattern at congestive heart failure 'howed p 'eudonormaliza­
tion with short i ovolumic relaxation time, high peak early diastolic filling velocity 
(E) and low filling velocity at atrial contraction (A) . In association with vasodila­
tor administration, the pattern showed marked changes , including a decrease in E 
and increase in A. The pulmonary venous flow velocity pattern at congestive 
heart failure showed high peak systolic forward flow velocity (S) and high peak 
diastolic forward flow velocity (D). Both S and 0 decreased following vasodilator 
administration in this patient. Left ventricular systolic performance at congestive 
heart failure was considered normal even at congestive heart failure becau e frac­
tional shortening of the left ventricular inner diameter was 26% at congcstive 
heart failurc. 

Japan ) i n terfaced w i th a computer ystem 
(NEC PC-9800, Tokyo , Japan )  to measure 
t i m e  i n terva ls, veloc i t i es and velocity inte­
gra ls.  The pul monary venou flow veloci ty 
profi les were t raced a long the ins tantaneou 
highest velocity spectra by hand to deter­
m i n e  peak forward flow ve loc i t ies  dur ing sys­
to le  ( S )  and d iastole ( D ) ,  peak reverse flow 
ve loci ty at  at ria l  contract ion ( A-pv ) ,  and 
flow veloci ty  i n tegral of the systo l i c  forward 
flow wave, the d iasto l i c  forward flow wave 
and the d iasto l ic  reverse flow wave . S and  D 
were defined a the highest veloci t ie duri ng 

y to le  and d iasto le, respect i ve ly .  A-pv was 
defi ned a the highest  velocity dur ing the 
a t r ia l  con t ract ion phase . An  i ncrease i n  
d i a  tol ic  forward flow ve loci ty began before 

y to l i c  forward flow veloci ty had decreased 
to the zero ba c l i ne . Therefore, the flow 

veloc i ty  in tegral of the systo l ic  forward flow 
wave was defi n ed as the area under the 
t raced veloci ty  profi le from the onset of the 
forward flow to the onset of the d i asto l ic for­
ward flow wave ( nadi r ), and the flow ve loc­
ity i n t egral of the d i asto l i c  forward flow 
wave was defined as the area from the onset 
of the d iastol ic forward flow wave to the end 
of the forward flow. 

The m i tra l  flow veloci t y  profi l e  were 
traced a long the i nstan taneous highest ve loc­
ity spectra by hand  to determine  peak ear ly  
d iasto l ic fi l l i ng ve loci t y  ( ) ,  peak fi l l ing 
ve loci t y  at  a tr ia l  con t ract ion ( A ) ,  and the 
flow ve locity in tegra ls  of the ear ly d iasto l ic  
fi l l i ng wave and the fi l l i ng wave at  a t ri a l  con­
tract ion . was defined as the highest ve loc­
ity duri ng the early d iastol ic  fi l l i ng period . A 
was def ined as the highest ve loci t y  duri ng 
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Fig . 2 .  Pulmonary venous flow velocity patterns (top panels) and mitral flow velocity pat­
terns (bottom panels) at congestive heart failure (CH F)(left panels) and after 
vasodilator administration (right panels) in a 5 7-year-old male patient with hyper­
trophic heart disease . Administration of vasodilator produced symptomatic im­
provement , disappearance of pulmonary congestion in the chest x-ray films and 
an increase in the fractional shortening from 7 to 22%. The mitral flow velocity 
pattern at congestive heart failure showed pseudonormalization with short isovol­
umic relaxation time, high peak early diastolic filling velocity (E) and low filling 
velocity at atrial contraction (A) . In association with va 'odilator administration, 
the pattern showed marked changes , including a decrease in E and an increase in 
A .  The changes in the mitral flow velocity pattern are similar to tho e ob 'erved 
in ig . 1. The pulmonary venous flow velocity patterns at conge tive heart failure 
showed low peak systolic forward flow velocity (S) and high peak diastolic for­
ward flow velocity ( D) .  D decreased following vasodilator administration in this 
casco I n  contrast to the patient in Fig . I ,  S increased after vasodilator administra­
tion . Two peaks are noticeable during systole in pulmonary venou flow velocity 
patterns at both conge ·tive heart failure and after vasodilator administration . 
Both of the sy tolic peak' decreased after vasodilator administration. This is the 
only case in which the first component f the systolic wave was higher than the 
second component . 

the atli a l  contract ion period . The flow 
ve locity integra l  of the ear ly d iastol ic  fi lli ng 
wave wa the area  und r the traced m itral 
tlow ve locity profi le dur ing the early d i asto­
l i c  fi l l i ng period, and the flow ve locity i nte­
gra l of the fi l l ing wave at atri a l  contraction 
wa the area duri ng the atr ia l  contraction 
per iod . The average va lue of 5 to 7 con­
secutive card iac cycle were u ed for quan­
titati ve ana l  s i s .  

subsets were a e sed u i ng ana lysis of  
var iance and Scheffe's test .  Statistica l  s ig­
n i ficance of the changes i n  the vari ables was 
assessed using ana lys is of var iance and 
Scheffe' test for repeated measures . Chi­
square ana lys is  was used to assess the non ­
parametric data between subsets . S imple 
l east-squares l i near  regression ana lysi s was 
used to assess the corre lation between two 
var iables.  

Statistical anafy i 
Re ult' are e pres ed a' mean value 

± SO . D i ffe rence' in the var iabl  between 

RESULTS 

Changes in Doppler echocardiograph ic pa-

j.lf/(l/lCSC Cirml,l/iolljoIlYll,11 Vol.57. O{{ohcr 1993 
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TA B L E  I O V E R A L L  C H A  GES IN EC H OCA R D I OG R AP HIC P A R A M ET E R S  ASSO IATED 

WITH V A S ODI L ATO R A D MINISTR ATIO 

Status before after 

HR (bpm) 71 ±17 67 13 

SBP (mmHg) 173±33 138_18* 

DBP (mmHg) 98±19 81 ± 12* 

Pulmonary venous flow velocity pattern 

S (cmls) 53±23 48±1.J 

D (cmls) 64±17 38±9' 

SID 0.88±0.39 1.30 0.33* 

A-pv (cmls) 25±9 19±5* 

FVI-S (cm) 12.0±.f.9 /l. 8 i../. 6 

FVI-D (cm) /l.9±3.9 10.0+ 3.6 

FVI-SID ].O2±O.34 1 . .f1 ±O.82 

FVI-A-pv (cm) 2.] ±].3 1.3+0 . .J* 

Mitral flow velocity pattern 

IVRT (msec) 59±16 98±26" 

E (cmls) 77±17 .f8± I.J* 

A (cmls) 52±17 63+21 

EIA 1.58±0.50 O.85±0.41* 

Deceleration time (msec) 170±85 ]81 ±55 

FV1-E (cm) 9.2±2.4 7.1 ±2.1* 

FV1-A (em) 4.3±1.9 5.3±1.6 

FV1-EIA 2.44±0.88 1.44±0.55* 

FVI-M (em) 13.5 ±3.6 12.4±2.3 

M-mode echoeardiographic parameters 

LVDd (mm) 54±10 52±8 

LVDs (mm) 41 ±12 38±9 

FS (%) 26±11 28±9 

LAD (mm) 40±6 35±5* 

Values are expressed as the mean±SD. *p<O.O] versus daw before treatment. Abbreviations: A =peak fill­
ing velocity at atrial contraction; A-pv=peak reverse pulmonary venous flow velocity at atrial contraction; 
D=peak forward pulmonary venous flow velocity during diastole; DBP=diastolic blood pressure; E=peak 
early diastolic filling velocity; EIA = the ratio of peak early diastolic filling velocity to peak Jilling velocity at 
atrial contraction; FS=fractional shortening of the left ventricular inner diameter; FV1-A =flow velocity integ­
ral oj diastolic filling at atrial contraction; FV1-A-pv=f/ow velocity integral of reverse pulmonary venous flow 
wave at atrial contraction; FVI-D=flow velocity integral of forward pulmonary venous flow wave during di­
astole; FV1-E=flow velocity integral of early diastolic filling; FVI-EIA =the ratio ill flow velocity integral oj 
early diastolic filling La flow velocity integral of diastolic filling at atrial contraction,' FV1-M = mitral flow lIeloe­
ity illtegral over diastole,' FVI-S=flow velocity inlegral of forward pulmonary venous flow wave during sys­
tole; FV1-SID=the ratio of flow velocity integral of forward pulmonary venous flow wave during systole 10 
thaI during diastole; IVRT=isovolumic relaxation time; LAD=leJt atrial dimension; LVDd -left ventricular 
end -diastolic dimension; S=peak forward pulmonary venous flow velocity during systole; SBP=systolic 
blood pressure; SID=the ratio of peak forward pulmonary venous flow velocity during .\ystole to that during 
diastole. 

rameters associated with vasodilator admin is­
tration 

Fig .  1 and 2 show representati ve tracings 
of pul monary venous flow and m itral f low 
ve loc ity patterns at congestive heart fa i lure 
and after vasod i l ator adm in istration . In pul ­
monary venou flow veloci ty patterns ,  higher 
than  normal  0 was observed at congestive 
heart fai lure� However ,  S at congestive 

jap,l//CSC Cimlimioll JOllrnal Vol.57. O(}oiJc:,. 1993 

heart fa i lure varied great ly .  A fter vasod i l a­
tor admin i  tration, 0 consistent ly  decrea ed, 
but S increa ed in  8 patients and decreased 
1 0  patient . A b iphasi c ysto l ic wave i n  the 
pul monary venous flow ve locity pattern was 
observed in  3 patients at conge tive heart 
fa i lure and i n  4 patients after vasod i lator 
adm i n i  tration . The second com ponent of  
the systo l ic wave wa higher than the fi rst 
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TA B LE J] C H A G E S  1 E C H OC A R DIOG RAPHIC PA R A M ETE R S  IN P ATIE TS I N  WI-10M S 

C R E A S E D  A N D  D EC RE A S E D  FO LL O W l  G V A SO DILATO R A D MI N lSTRATl ON 

Croup Increase in S Decrease in S 

Number 8 10 

flR (bpm) -2±8 -8±13 

SBP (mmHg) -3?±35 -34±36 

DB? (mmHg) -2?±22 -9±i3 

Pulmonary venous flow velocity pattern 

S (emfs) 16±8 -23±i3* 

D (cmfs) -28±1? -25 ± 16 

SfD 0.?9±0.21 0.11 ±0.38* 

A-pi' (cmfs) -4±4 -?±8 

FVI-S (cm) -+.4±1.9 -3.9±6.0* 

FVI-D (cm) 0.08±5. ? -3.?±3.6 

FVI-SID 0.68±J .OJ 0.16±0.82 

FVI -I\-pl' (cm) -O.5±0.5 -1.0±1.-I 

Mitral flow velocity pal/ern 

IVRT (msec) 5J±28 31 ±14 

E (c/11fs) -36±16 -24±10 

A (emfs) 2J±26 3±12 

EfA -1.05±0.51 -0.4?±0.30* 

Deceleration time (msee) 33±47 -6±71 

FVI-£ (cm) -2.2±2.2 -2.1±1.6 

FVI-A (cm) 2.2±2.2 0.2±1.? 

FVI-EfA -1.-+2±0.94 -0.65±O.99 

FV/-M (em) 0.O-l±2.8 -1.9±2.3 

M-lIlode eehocardiographie parameters 

LVDd (mll7) --I±5 -2±6 

LVDs (mm) -7±6 -l±-I* 

FS(("c) 8±6 -1±4* 

LA D (111m) -?±-I -3±3* 

Vallie' are expressed as the mean±SD. *p<O.Ol verslls patients in whom S increased after vasodilator admin­
istration. Abbrcl'iations: A =peak filling lielocity at atrial contraction; A-pl'=peak rel'erse pulmonary venous 
flow I'eloeity at atrial contraction; D=peak forward pulmonary venous flow velocity during diastole; 
DBP=diastolic blood pressure; E=peak early diastolic filling velocity; ElA =the ratio of peak early diastolic 
filling I'elocity 10 peak filling I'elocity at atrial contraction; FS=fractional shortening of the left ventricuLar inner 
diameter; FVI-A =flow I'elocity integral of diastolic filling at atrial contraclion; FVI-A-pv=flow velocity integ­
ral of reverse pulmonOl), I'enous flow wal'e at atrial contraction; FVI-D=flow I'eloeity integral of forward pul­
monary l'cnOIlS flow 1\'{II'e dllring diastole; FV1-E=flolV I'eloeity illtegral of early diastolic filling; FVI-£fA =the 
ratio of flow I'eloeity integral of early diastolic filling to flow velocity integral of diastolic filling at atrial contrac­
tion; FVI-M=mitral flow I'elocity integral OI'er diastole; FVI-S=flow I'elocity integral of forward pulmonary 
l'enOIlS flow li'm'e during YSlOle; FVI-SfD=thc ratio of flow I'elocity integral of forward pulmonary venous 
]1011' wal'e dllring systole to that during diastole; IVRT=isol'olumic relaxation time; LAD=left atrial dimen­
sion; LV Dd-Ieft I'entrieular end-diastolic dimension; '=peak forward pulmonary venous flow l'eLocity during 
systole; SBP=systolie blood pressure; SfD=the ratio of peak forward pulmonary venous flow velocity during 
systole to that during dia toll'. 

component i n  a l l  but 1 patient ( Fig . 2 ) .  Mi­
tra l  f low ve locity pattern at  congest ive heart 
fa i l  ure showed p 'eudonorma l ization w ith 
short or norma l  i sovol u mic  re l axat ion t imes ,  
high or  normal  E and low A.  After va od i ­
l ator admi n i  trat ion, the patterns howed 
marked changes ,  i nc lud ing a decrease in E 
and a l ight i n crease i n  A . 

Doppler echocard iographic resu lts before 
and after vasodi l ator adm i n i stration are 
summarized in Table I .  Mean heart rates i n  
the two u ltrasound  studies  d i d  not d i ffer s ig­
n i f icantl y .  Mean S d id not change after 
vasodi l ator admi n istrat ion , whereas 0 s ign i f­
icantl y decreased and the SID ratio s ign ifi­
cantly i ncreased after vasod i l ator adm i n i stra-

j(l/hlllCSl' Cirm/cllioll jOllrtla/ (/0/.57, Oao/J(T 1993 
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t ion ( p < O. O l , p < O . 01 ) .  A-pv and the flow 
velocity i ntegral of  the reverse pu lmonary 
venous flow wave at atr ia l  contract ion de­
creased after vasodi l ator adm i n istration 
( p < O .O l , p < O .O l ) . Changes i n  m i tral f low 
velocity patterns inc l uded lengthen i ng of the 
i ovolum ic  re l axat ion t ime ( p < O . O l ), de-

j,lJl,l//('S(' Cirw/arioll jOllnIa/ VO/.57, O{fo/ll'r 1993 
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Fig . 4 .  Absolute values of peak pulmonary 
venous forward flow velocity during sys­
tole (S) were compared with left ventricu­
lar end-systolic dimension ( L VDs, in the 
top panel) , left ventricular end-diastolic 
dimension (LVDd, in the middle panel), 
and fractional shortening (FS , in the bot­
tom panel) . Closed and open circles de­
note data obtained at congestive heart 
failure and following vasodilator adminis­
tration , respectively. 
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creases i n  and the E/A rat io  ( p < O.O l ,  
p < O . O l ), and a constant A .  

Subset study (Table I I )  
We d iv ided the patients i nto two subsets 

on the basis of changes in S: 8 patients 
howed an i ncrease in S ( Sine ) and the other 
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1 0  pat ien ts showed a decrea  e i n  S ( Succ ) . 
i nc con. i .  ted of 4 pat ients  with hypertrophic 

heart d isea e ,  2 pat ien t ' w i th  hyperten ive 
heart d isea e and 2 pat ients  w i t h  coronary 
artery di ease . Succ consisted of 5 pat ients  
w i th  hypertrophic heart  d i  ea  e ,  t h ree 
pat ient  wi t h h yperten .  i ve heart d i sea e, a 
pat ient  w i th  coronary artery d i  ease and a 
pa t ien t  w i th  d i l ated cardiomyopat hy .  There 
wa no si gn i ficant  d i fference bet ween t h e  
di  t r ibut ion of d i  eases i n  t he ubsets .  D ue 
to space l i m i ta t ions ,  t he  abso lu te  va lue of  
the  parameters measured before and after  
va. od i l ator  adm i n i  t rat ion are not reported 
here .  H owever,  complete I i  t of the  e value 
i .  avai l ab le i n  tabular form from the authors 
on reque  t .  Changes in SID a n d  EI A were 
s ign i fican t l y  larger in Sine pat ients  than in  
Slice pat ien t s .  Si m i lar ly , change i n  ecbocar­
d iognph ic  parameters of LV end-systo l ic 
d imen  ion , fract iona l  sborten ing  of the  LV 
inner  d i ameter and left a t r i a l  d imens ion were 
s ign i fican t ly l a rger in S i ne pat ients  than in  

dcc pat ien ts .  
I n add i t ion to the  su  bset t udy ,  cbanges in  
were com pared wi t h changes i n  echocar­

d iograph ic  parameters of LV fu nct ion ( Fig .  
3 ) . hange in  corre la ted s ign i fican t ly  wi t h 
change i n  fract ion a l . horten i ng and changes 
in  LV end-syst o l ic  d i mension , but not w i th  
LV end-d i asto l i c  d imension ( r =  .64 ,  p <  0 . 0 I ,  
n = I R ;  r = - . 54 , p < O .OS ,  n = l R ; r = - . 1 4 , 
p = N .  . ,  n = I H ) .  None of the  changes i n  the  
parameters of the  m i t ra l  flow ve l oc i ty  pat­
tern corre lated w i th  cbanges i n  fract iona l  
�horten ing or LV end- y tol i cldiasto l ic 
d imen  ion . Absol u te va lues of S before and 
after  va. od i l ator admin ist rat ion  a l  0 corre­
lated wi th  abso lu tc  va lues of  fract iona l  
shorten ing and LV nd-sy to l i c  d imen ion 
( r= .54 , p < O .O l , n = 36 ;  r = - . S( ) ,  p < O . O l , 
n = 36 in ig . 4 ) .  

0 1  U S l ON 

] n th i st udy ,  character i ,  t ic. o f  abnormal  
pu l monary enous flow veloci ty  pat tern  i n  
conge ' t i  e heart fai l u re were e tabl i hed  by 
ser ia l  Doppl er  echocard iographic  tud ie  be­
fore and after a 'od i l a tor admin i .  t ra t ion . 
Our  data i ndicate t hat 0 and A-pv un i formly 
i ncrease at  conge t ive heart fa i l ure ,  wh rea ' 

doe ' not . Vasod i la tor ad m i n i , t rat ion pr -
duced u n i form changes i n  parameter  of pu l -
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monary venous di asto l i e flow wave and m i­
t ra l  flow ve locity patterns i n  pat i en ts w i t h 
m i ld  to  moderate conge t ive heart  fai l u re .  
H owever ,  t h e  pu lmonary venous systo l i c  
f low wave changed in  var ious ways among 
t h e  pat i en t . The pu lmonary venou systo l i c  
flow wave appears to reflect  changes i n  LV 
systo l ic performance rat her than those in  LV 
diasto l ic performance . 

Mitral flow velocity patterns 1 I 1  congestive 
heart failure 

Va odi la tor adm i n i st ra t ion prod uced s ig­
n i ficant  changes in m i t ra l  flow veloc i ty  pat­
terns . I ovolu m ic relaxat ion t i me was pro­
longed , E and the E/A rat io decreased and 
dece lerat ion t ime  was  prolonged . Shorten­
i ng or norma l izat ion of i sovo lumic  re laxat ion 
t i m e ,  i ncreases i n  E and the  EIA rat io and 
shorten ing  of dece lerat ion t ime have been 
prev ious ly reported  i n  pat ien ts  w i th  conges­
tive heart fai l u re� · l I . 1 4 . 1 5  Thus , in terms of 
t h e  effects of congest ive heart fa i l u re on m i­
t ra l  flow veloc i ty  pattern s , our  re u l ts are 
cons isten t  w i th  previous ly descr ibed fi n dings .  

Vasod i la tor admin is trat ion did not pro­
duce a s ign i fican t  change in mean fract iona l  
shorten ing  of the LV i nner d iameter .  LV 
end d ia  to l ic  d imension sl igh t ly  decreased 
and left atr ial  d imens ion sign i fican t l y  de­
creased after  vasodi l a tor admin i st rat ion . 
These find i ngs suggest t ha t  reduct ion of t h e  
L V  preload w a s  the  pri mary hemodynamic 
change in  our  pat ien ts .  Changes i n  the  m i ­
t ra l  flow veloci ty pat tern associ ated w i t h  
vasod i l ator  admi n is trat ion inc l uded de­
creases i n  E and the E/A rat io and  a sl igh t 
i nc rea e in A . Th ese resu l t s  i mp ly  t hat  char­
acter i  t ic changes i n  m i t ra l  flow veloci t y  pat­
tern  i n  conge t ive heart  fai l u re can be 
a t t r ibuted to the load depen dency of the m i­
t ra l  flow veloci ty  pat tern ! 4- I R  I n  other  
word , t he characte ri t i c  m i t ra l  f low ve l oc i ty  
pat terns i n  m i l d  to moderate congest ive 
heart fa i l ure rn a be l a rgely d ue to  abnorma l  
load ing cond i t i ons . I n  th i s  context , our  re-
u l t  a re con i · t en t  w i t h  t bose obta ined by 

Vanover che lde and hi col league ! 5  who 
found a c lose re la t ion between t he E/A rat i o  
and m e a n  pu lmonary capi l lary wedge pre -
u re in pat ien ts w i t h  conge t ive heart  fai l u re . 

The e ffect of va 'odi l ator on m i t ra l  f low 
velo i t  pattern h ave been previou Iy  stud­
i ed in  pat ien t  with ex t reme congest ive heart 
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fa i l u re� The fi ndi ngs of the  presen t  st u ly are 
i n  contrast to  t hose of the previou '  t udy-t 
which howed i nconsisten t  changes i n  E de­
spite u n i form decrea es i n  pu lmonary capi l ­
l ary wedge pressure . The di screpancy be­
tween the e two studies m ay be due to t he 
d i fference i n  the  severi ty  of congest ive heart 
fa i l u re of t he pat ien ts . I n  t he previou tud y ,  
constant  E desp i te  pre load red uct ion w a s  ex­
p la i ned by t he associ ated changes in  ex tra­
card i ac const ra i n ts .  Because al l of our pa­
t i en ts had on ly  m i ld  to moderate congest ive 
heart  fai l u re ,  t be  ex tracardiac constra ints  
were u n l ike ly  to be i ncreased even at  conges­
t ive heart fai l ure .  

PuLmonary venous flow veLocity patterns in 
congestive heart failure 

Pu lmona ry venous flow veloc i ty pat terns 
i n  pat ients  w i th  congest ive hea rt fa i l u re were 
obvious ly  d i fferent  from t hose in normal  
subjects . 0 was even h igher than our pre­
v ious ly reported norma l  va lue and the SID 
rat io  wa  even lower than  our  ear l ier  normal 
val ue� These fi nd i ngs suggest t h at an an a ly­
s is  of pu lmonary venous flow veloc i ty  pat­
terns i s  usefu l  for confi rm at ion of cl i n ica l ly  
suspected congest ive heart fai l u re even in 
pat ients  with pse udonormal ized m i tra l  flow 
ve loc i ty  pat tern . Vasod i la tor  adm i n i st rat i on 
produced s ign ificant  decreases i n  0 and  A­
pv and a s ign ificant  i ncrea e i n  the  SID rat i o .  
S i nce t h e  left a t ri u m  acts a s  a condu i t  i n  
d iastol e ,  pu lmon ary venous di astol ic  flow 
should l a rge ly  reflect m i tra l  flow ! 9  In  the  
presen t  se r ia l  u l t rasound s tud ies ,  a decrease 
in 0 was a soc ia ted w i th  a decrease in E .  

We previousl y suggested t h a t  A and  A-pv 
are affected by atr ia l  eject ion funct ion and 
b the ba l ance between the  impedance of t he 
left vent r ic le and  t hat  of the  pu lmonary 
venous system�) A l t hough A tended to  i n ­
crease afte r  vasod i l ator  admin i  ' t rat ion , A-pv 
s ign i fican t ly  decreased after  vasodi lator 
adm i n ist rat ion . This  apparent  paradox re­
garding the changes in  the flow caused by 
a tr ia l  contract ion can be expla i ned by t he 
fact  tha t  i mpedance of the  pu lmonary venous 
system i Ie pres u re-dependent  t han t hat 
of the left ventr ic le?( ) The i mpedance of t he 
left ven t ric le  may decrea e more wi th  va od i ­
l ator admin i strat ion than  doe the  imped­
ance of the pul monar venou st em . Wi th  
regard to the  e r i a l  change i n  A ,  the  effect 

9-U 

of a decrea e in a tr ia l  eject ion fu nct ion du  
to decreased pre load ( Fran k- ta rl i  ng pri nci­
ple of  the a t ri u m )  may have been 0 ercome 
by the a soc ia ted decrease in the i m pedance 
of the left ven t r ic le . 

PuLmonary ven ous syslOlic IOrl'wlrd /lo w 
wave 

To c lar i fy the  factors wh ich regu la te  
changes in  , the pat ients  werc d iv ided in t  
two sub 'e t · on the  bas i s  of t hc changes i n  
S ,  and  param eter. of t hc  ubsets were 
compared . The resu l t s  of the subset st ud 
ind icated tha t  an  i ncrease in  S fo l lowing 
vasod i la tor  admi n ist ra t ion was associated 
wi th  i mprovements i n  the parameters of V 
sy to l ic performance , uch as L V  cnd-systo­
l ic d imen ion and fract iona l  ' horten i ng ,  
wh i le a decrease i n  S was  assoc iated wi t h l i t ­
t l e  or no changes i n  t h e  paramcters of V 
systo l i c  performance . There were n o  ' ign i fi ­
cant d i fference i n  any of the paramete r ' 
t ha t  reflect changes i n  left a t r ia l  pressure , 
uch as 0 ,  i sovo l umic  re laxa t ion  t i me and , 

suggest ing  tha t  t he decrease i n  l e ft a t r ia l  
pressure associ ated wi th  va. od i l ator adm i n is ­
trat ion wa ' comparab le  between the  subsets . 
Because LV systo l i c  performance and l e ft 
a t ri a l  pressure are i n dependent  key var iables 
i n  a sessi ng  the  hemodynamic  profi l e  of con ­
gest ive heart fa i l u re ,  measurements  of  t h e  
pul monary venous s y  · t o l i c  flow wave may 
provide i n format i on re l a ted to LV syst ol ic  
pe rformance rather  t han left a t ri a l  pressure .  
This  suggest ion  con t rasts wi th t h e  fi n d i ng 
that  measurement  of t he pu lmonary venou 
d ia  tol ic flow wave may provide i n format ion 
re lated excl us ivc l y  to l e ft a t r ia l  pre sure . 

The poss ib le  con tr ibut ion of V �ysto l ic  
performance to  S i s  upported by the  resu l ts 
of our corre la t ion � tud ies  ( Fig .  3 and  4 )  be­
cause bot h abso lu te  values of S and the i r  
changes corre l ated we l l  w i th  t he ab�o l ute  
va l ues and the change ' of tbe parameters o f  
L V  y to l i c  performance . The�e fi nd i ngs 
may be com parable  to the  recent  fi nd ing of  
N i  h i m ura and  h i �  col leagues� They  showed 
that ch ange i n  systo l ic  forward flow e loc i ty  
i n  the pu lmonary ve in  were d i rect ly propor­
t iona l  to  change ' i n  card i ac output . On the  
o ther  hand ,  our pre�en t  fi n d ing  apparen t ly  
con t radict� the  re�u l t s  of K uccherer  e t  a l 2 1 
who found a st ro n g  corre la t ion betwecn the  
�ysto l i c  fract ion of pu lmonary venou ' flow 
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and mean left atri a l  pres ure . The i r  st udy 
was performed usi ng ' ubject wi t h  normal 

V . ystol ic  funct ion , and thi  d i ffe rence in 
the study popula t ion may explain the di  -
cr pancy between K uecherer's s tudy and 
our� . 

Transthoracic versus (l'anse ophagea/ ap ­
proach 

I t  is curren t l y  bel ieved t hat  pu lmonary 
venou ' flow ve loci ty  patterns wh ich are 
obta in  d u ing t ranst horacic and trans­
esophageal approaches are pri mar i ly  d i ffer­
ent  in the fo l lowing two poi n ts�) ·7 .22 Fir t ,  
b iphasic systol ic  component  are consis te n t ly 
observed i n  t ranscsophageal Doppler echo­
card iographic  record ings wh i le a lone pea k  is 
observed in  systole i n  abou t 70% of the sub­
jects i n  t ranst horacic Dopp ler echocardio­
graphic record ings�) Thus , i t  was n ot c lear  in 
t h i s st udy whetber the  fi rst or second compo­
nent of the systol ic  wave con t ribu ted to t he 
resu l t ' of t h i s  st udy,  a l though we be l ieve tha t  
thc  second com ponent i more l i ke ly .  

ccond , i t  is d i fficu l t  to  obta i n  adequate re­
cord ings of t he pul monary venous reversa l 
flow wave at a tr ia l  cont ract ion  wi th  t h e  
t ransthoracic approach . Th us , we d id  not 
emphasize the change in  the rever a l  f low 
wave a l t hough N i sh imura and hi s col leagues 
suggested the value of an a lyzi ng th i s  wave� 

A t rans thoracic approach , i f  pos ' i b le , is no 
doubt bct tc r  than a t ransesopbageal  
approach bccause of i ts  non i n va iven ess . 
Howe c r ,  t h e  percen tage of tec h n ica l ly i n ­
adequate s tud ics us ing th i s  t ech n ique can 
reach as h igh as about 20%�) U l trasound 
eq ui pment has been  improv ing year by year ,  
and i t  shou ld  be m uch easier to obta in  
acceptable pu lmonary venous flow ve l oci ty 
reco rd ings in  mo 't pat ients  i n  the  ncar fu ­
t u rc .  Ot herwise , i n t ravenous u. e of a con­
trast med i um t h at pa se pul monarJ bed. 
should decrease t he n umber of  tech n ica l ly  
i nadequate st ud i es7,) ·24 

Limitatio/l of the rudr 
S vend l i �l i ta t ions  

'
of the · tudy  a rc noted . 

Fi rst , hemodynamic or pre. u r� dat a were 
not a a i lable in th i . , tudy . I t h ough t he e 
data ere n ot m a 'ured in t h i ' · t ud y ,  a l l  pa­
t i  nt · had ob iou pu lmonar  conge t ion  on 
the chest x-ray fi lm  at  congest i  e heart fa i l ­
ur � , wh ich  t ro n gl _  · ugge. ts h igh l e ft a tr ia l  
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pre sure . D i  appearance of  pu lmon ary con ­
gestion after  vasodi la tor  ad m i n ist ra t ion ind i ­
ca te  a decrea e i n  l eft a tr ia l  pressure . 
Fu rt hermore , t h e  hemodynamic  effect of  
the  vasodi l a tors we used are we l l  known . 
Thu , l ack of hemodynamic or pressure data 
does not i nva l idate  th is  s tudy which wa 
focused on se r ia l  changes in Doppler echo­
cardiographic parameters .  

Second ,  e i t her  i sosorbide n i t rate o r  n i fed i­
pine wa used as a vasod i l ator  drug i n  our 
pat ien ts .  I t  i k nown that  these drugs have 
d i fferent act ions as vasodi l ator  d rugs because 
i 0 orb ide n i t rate d i l ates pr imari ly  ve in  
w h i le n i fed ip ine d i l ates primar i ly  arteries . 
Thu , t he hemodynamic  respon es to the  e 
drugs may very we l l  d i ffer .  A n  arteriod i l ator 
i more l i ke ly  to i mprove LV systo l ic  per­
formance than  a venod i l ator . A l though t he 
percen tages of pat ients  rece iv ing i sosorb ide 
n i t ra te  and n i fed ip ine were s im i l a r  i n  the S inc  
and Sdcc subsets , t he d i fference between t h e  
response of L V  ysto l i c  funct ion and , hence , 
of the pu lmonary venous flow veloci ty  pat­
tern among the pat ien ts may be a t  leas t  par­
t i a l l y  exp la ined by t he d i fferences i n  t he drug 
admin i  tered o 

Th i rd ,  1 4  of 1 8  pat ients  had hypertrophic  
and hypertens ive heart d isease , and 
measurements  at  congest ive heart fai l ure 
state were con si tent  w i t h  on ly  m i ld L V  sys­
to l ic dysfunct ion ( LV end d i asto l i c  i nner  
d iameter = 54 m m ;  mean fract iona l  shorten­
i n g = 26% ) .  On  the other han d ,  fract iona l  
shorten ing wa les t han  20% i n  6 pat i en t . 
These d ata  ind icate that  our  pat ient  popu la­
t ion was non-homogeneou with regard to 
the  pri m a ry pha e of ventr icu lar  d ysfunct ion , 
i . e . , sy to le or d iasto le . The percen tage of 
pat ients  with congest ive heart fai l ure due 
primar i ly  to d ia  to l ic  dysfu nct ion i h igher in 
t h i s  study than i usual ly een in c l in ical  
pract ice . 

Fourt h .  two pat ient .  wi t h  m i ld m i tral re­
gurgi ta t ion were i nc l uded in t h i  t udy .  
Some researchers h ave shown t h a t  pu lmo­
nar venous flow veloci ty  pat terns are on ly ,  
m i n ima l ly  affected by  m i ld  m i t ra l  regu rgi ta­
t ion . i f  pre en t , a l though th y are s ign i ficant ­
ly affected by severe m i t ra l  regurgi ta­
t ion?.'" 27 Becau e pat ients  w i th  moderate to 
evere m i t ra l  regurgi t at ion were not i nc luded 

in  our tud . i nc l us ion of two pat ien t  w i th  
m i l d  m i tra l  regurgi ta t ion i u n l i ke ly  to have 
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affected t h e  conc lu  i o n  o f  t h i s  t udy .  
However ,  the  pulmona ry venou systo l ic  
flow wave m ay decrease or even be absen t  or  
reversed i n  the  presence of severe m i tra l  re­
gurgi ta t ion . Thus ,  we hould be aware of 
t h i s  l i m i ta t ion when apply ing  our data to t he 
i n terpretat ion of pu lmonary venou flow 
ve loc i ty  record i ngs . 

Fi na l l y ,  most of our pat ien ts  showed a s ig­
n ifican t  decrease in heart  rate associated 
wi th  vasod i lator adm i n is t rat ion . A l t hough i t  
i s  bel ieved t h at changes i n  heart rate  of 1 0  
bpm or so are un l i ke ly  to s ign ifican t l y  affect 
pul monary venous flow veloc i ty  pat terns ,  t he 
effect s of heart rat c  on pu lmonary venous 
flow veloci ty patterns are t i l l  unknown . 

Clinical implications 
Based on the  fi nd ings of the  presen t  s tudy ,  

we can propose a s imple  non invasive method 
for assess ing  congest ive heart fa i l ure . H igh 
ysto l ic  and d iasto l i c  pu l monary venou for­

ward flow ve loci t ies in pat ien ts w i t h conges­
t ive heart fai l u re imp ly  l i t t l e  or no  deteriora­
t ion i n  LV sy  to l ic  perform ance . Low pu 1-
monary venous systo l ic  forward flow veloci ty 
w i th  h igh d ia tol ic forward flow velocity im­
pl ies  the  presen ce of LV Y to l ic  dysfunct ion . 
Low pu l monary venous d iasto l ic  forward 
flow velocity im pl ies the absence of conge -
t ive heart fai l ure . 

A l t hough t he va lues obta ined by a s ingle 
u l t rasound exami n at ion migh t be useful for 
confirmat ion of cl i n ical l y  suspected conges­
t ive heart fa i l u re and for the a essment of 
congest ive h eart fa i l u re ,  comparat ive t udies 
should fac i l i t ate  m ore re l i able and accurate 
asses ment of  congest i ve hear t  fai l ure . 
Furt hermore , mea urement of pu lmonary 
venous flow veloci ty  patterns obta ined wi th  
t ransthoracic Dopp ler echocardiography can 
be easi l y  repeated to observe the effects of 
t reatment . An i ncrea e in  t he pu lmonary 
venous systo l i c  forward wave wi th  a decrease 
in the  d i asto l ic forward wave in ser ia l  t udie 
suggests a decrease i n  LV pre load and a con­
comi tan t improvemen t in  LV Y · to l ic per­
formance . I f  bot h  the ysto l ic  and d iastol ic  
flow wave decrea  e in  ser ia l  s tudies ,  a s ig­
n i ficant i mp rovement  in LV sy to l ic  per­
formanc may not be associated with LV 
pre load red uct ion . Thu� ,  ana lys is  of �e r ia l  
pu lmonary venous flow veloci ty patterns wa� 
con idered to be part icu lar ly u 'du l i n  assess-

ing the cffect� of a 'od i l ators in  pat ients  i l h  
conge t ive heart fa i l ure .  
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