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Doppler Echocardiographic Demonstration of the Differential
Effects of Right Ventricular Pressure and Volume Overlead on Left

Ventricular Geometry and Filling
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To compare the ¢ffects of isolated right veniricular pressure and
volume overioad on leit veatricular dlastoiic geometry and filling,
llpdkniswnhpri-nyp-hmryhypmmhl 11 patients
with severe tri cuspid valve resectie
ndllm-ﬂmhje:tswmstudiedwkimol‘bopplerecho—
cardiographie mL!iqlus RigM ventricular systolic overload in
primary pel yb resuited in substantial eftwayd
ventricwlar suptal shift that was most marked at end-systole and
early dinsiole and decreased substantially by end-dixstole. Righ:
ventricular dlastolic averload after tricuspld vaive resection re-
Sulted in maximal leftward ventricular septal shift a4 end-disstole
spariag end-systole and early Giastole, The early diastotic diviar-
tiom of kit ventricular peometry associated with right ventricular
pressure overload resvited In profongation of isovolumetric relax-

ation of the left vestricle (129 + 39 ms) and 3 reduction in early
diastolic filling compared with values in normul subjects,

Late diastolic distorsiom of ey veniricular geomeiry assacisted
with right ventvicular volusae overlosd had 5o inflvence on the
duration of left laxation (52 = 32 ms)
but caused & reduction in e atrial systalic cobitribution (o late
digstolic Az of the left veniricle compared with values in
morma! subjects, In patients with right vemtricuiar pressure
averlond, 52 % 16% of befl veriricular Sling occurred in early
disstole corapared with 78 = 11% in patients wilh right ventric-
elar volume gverioed (@ < 0.001). The differential effects of
systolic and distolic right veniriculer averlond on the patiern of
It vemricular filling appear (o br reisted io the timing of
Feftward ventricular septal

it
{1 Am Coll Cardio] 1992.19:24-90)

Acute and chyonic alterations in right vemtricular loading
influence left ventricular function because Lhe 1wo ventricles
pump in series and because they are anatomically arranged
m parallel sharing the commen verlncular septum. Previous
(I-6) have d d in right ventricular
volume overioad that the right ventricle fills ai the expense
of the left ventricie as ihe two chambers compete for space
Wwithin extracardinc constraints 1o cardiac £xpansion, Under
1h=se conditions. the normally circular left vemricular short-
Ueomiies dclormed because of end-diastolic
lefiward displacemam of the ventricuiar septum imo the left
ventricle. These changes also oceur in nermal persons in
whom nght ventricular filling is augmented by the Mueller
mancuver (7.8). Systolic overload of the right ventricle
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results in end-systolic leftward displacement of the ventric-
ular septum as the Jeft to right transventricular sepial sys-
tolic pressure differential decreases or hecomes reversed
(3.9=12). Although reversal of ventricular septal cus alure is
most marked ar cnd-systole, the deformation of left ventric-
ufar geometry perzists throsghout diastole with a verisble
degree of resioration toward mormal by end-diastale. These
changes are reversibie. as demorstrated by echocardio-
graphic studies of ventricular septal carvature afier hemo-
dynantic ion of acuie pal y embolism (13, 14) or
after thromboendarterectemy for pulmonary hypemension
due to chronic thromboembolic pulmonary disease (15-17).
Accordingly, we undertook this study ta directly compare
tive effects of right ventricular pressure and volume overload
or. jeft vemiricular fifling and diastolic geomerry.

Methods

Study group. All patients gave infurmed consent for the
study protocol, which had the prict approval of the Univer-
sity of lHlinois Institutional Review Board. Eleven patients
(mean age 33 * 10 ycars) with pnexplained puinicary
kyperiension underwent a comprehenswr: evaluation o ex-
clude dary cause. of y hyp {18) and
had no evidence for pnmary myocardial, valvular or goro-
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nary arery disease, Each palient underwent righi heart
catheterization simultansously with the Doppler echocardiu
graphic study. Mean pulmonary artery pressure was 53 =
14 mm Hg, mean right atrial pressure was 5 * 5 mm Hg and
mean pulmonary capillary wedge pressure was 8 =
2 mm Hg. Patients were selecred for the presence of ae
greater than mild tricuspid regusgilation as asscssed by
pulsed Doppler mapping.

F.lcv'ﬂ paucms {mean age 3% = & years) with severe
i lting from: iricuspid valvul ¥
for iso?: aled tricuspid valve infective endocardilis prowded a
group of patients with scvere right veutricular voiume over-
load to compare with the patiemvs with right ventricular
pressure overload due to primary pulmenary hypertension.
Noue of these paticnts had cvidence of cardiae disease
befors tricuspid valve endocarditis and subsequent tri-
cuspid valvuiecromy. All had a markedly elevated ceatral
venous pressire testimated from the vertical height of
the meniscus of the internal jugular venous pulsations,
assuming that Lhe siernal angle was 5 cm above the center
of the right atrium) of 14 = 4 mm Hg. which was
nificantly increased compared with that in the patients with
primary pulmonary hypertension {p < 0.001). None of these
patients with severe tricuspid regurgitation had evidence of
pulmonary hypenenmn bzcause in ezch panem e peak
velocity of tri d by continuous
wave Doppler echocarmogmphy was <2.0 m/s (right ven-
tricular to right atrial peak systolic presswe differential
=16 mm Hg. hence right ventricular systofic pressure <30 =
4 mm Hg).

Eleven normual subjects {mean age 32 = 8 years) without
myocardial or valvular disease by pulsed Doppler and two-
dimansionat echocardiography served as comrol subjects. A
report (6} describing the paiems with tricuspid valvulec-
omy and ihe nnrmal ubgectslm, been publl:hed previously .
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3} mid-diastole: stop frame image of the left ventricle at the end
of the first half of diastole (determined hy counting forward
from the end-systolic frame one half of the total number of
frames encompassing diasicle), The boundaries of the left
ventricular endocardium were definsd hy the internal interface
ul the (el ventricular endocasdmm with the blood pool. To
assess lefl ventricular cavity shape, the short-gxis keft ventric-
ular cross-sectional images proximal and distal to the mitrl
chordal leve! were examined 10 aseertain that the cavity profile
at the chordal lavel was representative of keft ventricular shape
at ail levels in ¢ach individval,

Srandard apical two- and four-chamber images of the feft
vertricle and airium were abtained with the sector apex
aligned 1o the feft ventricular inflaw tract and angled so that
maximal lefi veniricular and atrial cavity areas were ob-
sined. Left atrial cavity area was measused from the two
orthogonal apical images by tracing the internal interface
between the left atrial walt and the blood pool (transecting
pulmonary veins al their orifices and using the plane of the
mitral anulus te define the boundary between the left ven-
tricle and left atrium). The long axis of the left atrium in each
view was defined as the distance from the mid-point of the
mitral orifice to the superior margin of the left atrial cavity.
These measurements were ablained at end-sysiole at the
ume oi maximal left atriai cavity sice.

Pulsed Doppler eciocardiograpliic exsmimation. Transmi-
tral inflow was recorded by positioning the transducer at the
apical window to obtain a standard four-chamber view of the
heart with clear visualization of the ventricutar apex, mitral
valve and ieft atrium. The polsed Doppler cursor was
positioned paralicl to the lefi ventricular fong axis, running
from the ventricular apex to the midpoint of the mitral
orifice and the sample velume was positioned at the level of
the mitral anwlus. Left ventricular outfiow was recorded
from 1he same apical window by angling the transducer

Subjects
were examined while they werc m sinus chythm, breathing
qunetly in the left iateral recumbent position. Two-dimensional

from dard lefi | and apical

windows and pulsed Doppler ultrasousd recordings wete per-
formed with use of a Diasonics CV 400 sector scanner (Bia-
sonics) interfaced with a 3.5 MHz mechamcal transduczr,
Parasternal short-axis two-d hocardiographic im-
ages of the left ventricular cavity at the mitral leaflet, mitral
chordal and papitlary muscle levels were obtained by angling
the transducer finm base to apex. Orthogonality of these
imaging planes to the left i long axis was dby
adjusting transducer anpulation so that the medial and |ateral
aspects of the milia! commissures were symmetric at the
mitral Icaflet level. Stop frame images from the mitral chordal
level of the left ventricle were sefected for analysis as follows:
1) end-systole: stop frame demonstrating the smailest left
ventricular cavity area just hefore the openirg mofios of the
mlt!a! chordal and leaflet ups. 2} end-diastole: stop frame
ing the imat left icular cavity area just

before the closing motion of the mitral chordal and [eaflet tips;

ly 1o recxwd a fourchamber view of the heant
including the left vemiricular outflow fract. The pulsed
Doppler cursor was aligned paralle! to the outflow tract
along a line running from the left ventricular apex to the
midpoint of the aortic orifice with the sample volume posi-
ticned just below the aortic valve. Optimal alignment of the
Doppter beam was judged to have been attained when (6,9)
1) a relatively pure audio signal 1one was appreciated, 2) &
reprocuciblz display of the flow velocity envelepe with
minimal {<0.5 kHz) speciral broadening could be recorded,
and 3 maximz! peak flow velocities were measured. No
correction was attempted for the angle between the Doppler
cursor and the apparent direction of blood flow, and in all
instances that angle was cstimated to be <20°. In no instance
did the recorded Doppler fiequency shifts exceed the
Nyquist limit for the range gaic utilized. The pulsed Doppler
spectra were recorded with a simultaneous lead 11 efectro-
casdiogram {ECG) by a strip ckart recorder scroiling at
50 mms.

Measureraents and calcolations. Left ventricular geome-
try and veniricular septal displacement were quantified by
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measuring the eccemiricity index of the short-axis prafile of
the left venrricolar cavity (a1 the mitral chordal fevel) at
end-systole. mid-diastale and end-diastole (19). The ventsic-
ular septum was defined as tha! arc of the left veatricuice

i delimited by the h of the sight
ventricular free walls. A chord connecting the anterior ard
posterios boundaries of the ventricular septum along the Jeft
ventricular endocardial surface was constructed. The dis-
tancz along the perpendicular bisector to that chord from the

lar septai endocardium to left icular free wall
endocardium defined the minor-axis diameter (D,). The
1 | mi is di ) ing the dis

between anterior and posterior left ventricular endocardial
surfaces, was measured and Do/D, (= lefl ventricular cavity
eceentricity index} was calculated. For an ideal circular left
ventricular cavily, the eccentricity index would be 1 but with
progressive flattening and leftward shift of tha ventricular
sepium the eccentricity index would by >1.

Left atrial volume was derived from measurements of lefl
atrial cavity area (A) and long-axis dimension L) measured
in two orthogonal planes sharing a commen long-axis {apical
two-chamber plane {2) and apical four-chbambier plane (4])
with use of the arca-length formula for a prolate cllipsoid
(18.19):

A X Ag
Volume — 0,849 ———,

L

where Ly, is the smaller of L, and L,. Maxiral left atrial
wolume normalized for bady surface area was derived from left
atrial stop frame images corresponding approximately 1o ven-
tricular end-systole. All ect 1i hi

were performed with a video screen digitizer inteifaced to a
computenized graphics analyzer (Nova MicroSonics Data Vue
System, MicroSonics).

Doppler specive of left venricaiar outflow and mitral
inflow were analyzed by digmizing the portion of the Doppler
flow velocily spectrum with greatest intensity defining the
instantanzous modal flow velocily profiles from which all
subsequemt measurements were derived. The time interval
from the onset of the GRS coriplex of the ECG 1o the end of
the systolic left ventricular flow velocity profile (QA) and the
time interval from the onset of the QRS caomplex w the
beginaing of the diastolic transmitral Aow velocily prufile
{QM) were measured from separate tracings with maiched
cycle lznpths. The time interval from aortic valve closure
ta mitral valve opening (isovolumetii¢ eelaxation period)
was calculated as QM-QA (6.9). The duration of the
diastolic filling period was measured as the time interval
from the beginning to the end of the transmitrad flow velogity
profile.

Peak mitral flow velocitiez in early diastole (Vi) and late
diastole (V,) were measured from the midpoint of the
Doppler spectral envelope at the fimes of maximal Doppler
shift during the earlv ranid §lling phase and arrfal systolic
phase of let ventricular diastcle. Stroke distance (S} was
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measured by numeric integration of the aren under the
transmitra! low velocity profile. Assuming that the effective
hemodymzmic cress-sevtional area at the mitral anvius
(CSA) is constant throughout diastole, peak Left ventricular
filling rate in early diastole [PFR{F)] expressed in stroke
volumes:s was computed as (20):
VexCSA Vg
PFR ) SDxCSA SD’

Simitarly, peak filling rate in late diastole {PFR{A)] was

d as V,/SD. To titate vhe relative contsibutions
of the early (rapid) filling phasc and the latc (atrial systolic)
filling phase of diastole 10 total left ventricular filling, the
transmitral flow velocily integral for each of these two
periods was determined by numeric integration (6.9).
The fractional flow velocity integrals for the carly and
arrial filling phases of diastole were derived by dividing the
respective flow velocity integrals for these two phases by
stroke distance. All Deppler echocardiographic measure-
ments were performed by digitizing hard copy with a Hitachi
Tablet Digitizer (HDG-1118, Hitachi America) interfaced to
an IBM AT microprocessor (International Business Ma-
chings) with use of a digitizing utility, YISHNU (Viseal
Numerics).

Statistical methods. The data were analyzed by one-way
analysis of variance and, where appropriale, comparisens
were tested with the Student’s paired or unpaired 1 test.
Two-tailed probability ;p) values <0.05 were considered
statistically significant. Data are reported as mean values *
18D.

Results
Left Ventricular Diastolic Geometry

Normal subjects. For the 1} contiol subjects, the left
ventricular cavity retained a nearly circular short-axis profile
throughout the cardiac cycle. Consequently, the left ventric-
uvlar eccentricity index varied minimally from unity (the
value for = gircle) at end-systole (I = 0.05), mid-diasiole
(1.03 £ 0.09 and end-diastole (1,03 £ 0.1} (p = NS for ail
comparisons).

Right ventricular pressure overlvad. For the 11 patients
with primary puimonary hyperteasion, left ventricular short-
axis geometry was severely distorted by a marked lefiward
shift of the ventricular septum toward the center of the lefi
ventncle. This resulted in flattening or reversal of the
ventriculer septal curvature (endocardial susface of the
ventricular seplum convex (o the center of the lefl vealric-
ular cavity) that was most pronosnced in early diastale and
returned toward normal in taze diastole (Fig. 1). The average
eccentricity index al end-systole was 1.64 = .48, reflectng
this marked distortion of keft ventrivular geomelry just
before the onset of left ventricular flling. This distortion
decreased throughout the first half of diastole, resuling ina
significant reduction of the left ventricular eccentricity index
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Figure 1. Stop t -ame two-dimensional echocardiographic
images {spper panefi of the left ventricle in shorl-axis
cFoss seglion at the fevel of the mitral chordae tendineae
wilh diagrams below from a paticnt with grimary pulmo-
rary hypertension. Whereas the left ventricular {LV)
cavily maintainy a circular profile throughout the cardiac
¢ycle in normal subjects, in this paticnt with right ventric-
ular (RV) pressure overload there is leftward ventr eular
septal (VS) shift prd reversal of semal curvarure taat is
maximal @ end-systole but persisis well into lnlddldslcle
By end-diastole there is I, though i

restoration of veatricular septal curvature.

End Systole

to 1.32 = 0.22 {p < 0.03 compared with the mdex at
end-systole) by niid-diastole. but reflecting persistently ab-
normal leftward shift of the ventricular septum. At end-
iastole, average left vpmncular eccemncny index (1.33 =
0.33) ined b d (by P with mid-
diastole) for the group as a whole. However. in 4 of the 11
patients near mormal eccentricity indexes ranging from
1.02 to 1.09 were attained by cad-diastole.

Right ventricular volume overload. For the 11 patients

LOUIE ET AL. 1)
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Mid Diastole End Diastole

Icfiward ventricular septal shift at end-systole, resulting in
eccentricity indexes ranging from 1.16 1o 1.21, The average
end-systolic eccentricity index for all {1 patients with severe
tricvspid rcgurg!ta(wn was 1.07 = 0.09. During the course of
diastole, ve leftward shift of the icular septum
was noted in cach of the 11 patients resulting in flattening of
the ventricular septum but not reversal of ventricular septal
curvature. The left ventricular eccentricity index incransed
o L3 % 0.23 (p < 1,02 comparsd with end-systole) at

with severe Irlcuspld aﬁer id lcaﬂct
vesectica, the temyp of i was
diffevent (Fig. 2). The end-syslollc left ventricular cavity
short-axis profile was essentially circular in 8 of the 1L
paticnts with eccentricity indexes ranging from 0.95 to 1.09.
The remaining three patients exhibited mild degrees of

Figere 2. Stap frame lwo-dimensional echocardio-
graphic images ¢upper panel) of the left ventsicle in
short-axis eross section at the levei of the mitral chordae
tendineae with diagrams below from a putient wha had
undarpane tricvenid yavuleetomy. In contrast 10 the
patient with right ventricular pressare overload 1Fig. 1),
this patfent with right vestricular (RV} volume ove:load
due ‘0 severe wicuspid regurgitaticn exhibits maximal
feftward ventricular septal (V5) shift hetween mid- and
cnd-diastole. Although the zbsoluf: degree of septal
distartion at end-diastele is similar in the pazient wih
right venrricular volume overload and the patient with
right ventricusar pressere overload (Fig. 1). the refavive
severity of lefl ventricular (LV) distortien is miost
marked it fate diastole for the patient with right ven-
ricular volure overload and in early diastole for the
palient with tight ventricular pressare oveilond.

End Systole

d-diastole and to 1.25 = 0.34 at end-diawole. All 11
patients with right ventricular volume overload had abnor-
mal end-diastalic b 1 jcular septal disph
whereas 4 of 11 patients with right ventricular pressure
everload had refatively normal left ventricular septal config-
uration at end-diastole.

Mid Diastole End Diastole
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RVPO

meters./sec

ECG

Left Atrial Volume

Maximal left atrial volume éat the end of vemricular
systole) was not significantly dilierent between the I pa-
tients with right ventricular pressure everload (14.5 =
5.6 cofin®) and the 11 patients with right ventricular volume
overload {14.6 * 5.9 cc/m?; p = NS). However, mazimai left
atrizd volume in the VI normal subjects was significantiy
greater then that measured in the two other patient groups,
averaging 258 * 7.3 ce/m® (p < 0.001 vs. each of the ather
patient groups).

Left Ventricilar Filling Patterns

Normal subjects, For the 11 control subjects. mean cardiac
cycle length was 856 + 183 ms, diastolic filling pericd was 459
#+ 174 ms and isovolumetric relaxation period was 70 = 25 ms.
Peak eary diastolic mitral flow velocity {Vg) was 52 + 10cmys,
corresponding io 3 peak carly filling rate (PFRg) of 6.7 = 2.0
stighe volmes!s. Peak tate disetplic aviveal flow velocity at the
time of atrial systole (V,) was 38 & 8 cnu's, corresponding toa
peak filling rate during atral sysivle (PFR,> 0f 4.9 = 1.6 stroke
volumes/s, The rtir of PFR J/PFRE was 9.72 £ 0.12.

Right venfricular pressure overload (Fig. 3). For the 11
patients with primary pulmonary hypertension. mean car-
diac cycle length was %66 = 100 ms and diastelic &lling
period was 334 £ 61 ms. The isuvolumetric relaxation period
was significantly prolonged compared with that of rormal
subiects {129 = 39 vs. 70 £ 25 ms; p < 0.001), Mean ¥ was
32 & 14 c's, correspending to a mean peak garly filling
rate (PFRL) of 4.9 + 0.8 stroke volumes/s. Mean V,, was

JACC ¥al. 19, No. |
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Figure 3. Pulsed Doppler transmitral flow veloc-
ity profiles from a patient with right ventricular
pressure overload (RVPO) due to primary pul-
monary hypertension {left panel) and a patient
with right ventricular volume overload (RVVC)
due o severe tricuspid regurgitation after tricus-
pid valvulectamy (right penel). The patient with
right vemiricular pressure overload has an ghaor-
mal pattern of left ventricular itling with marked
attenuation of the peax-¢ariy flling velosity (V)
and abrormal wugmeniation of the peak late
filling velocity atiributable to atrial systole (V).
The reciprocal patier of left ventricular Giling is
noted for the patient with right ventricular vol-
eme overload where peak early filling velocity
(Vg is accentuated and peak late filling veocity
{V,) is reduced. The areus urder the portions of
-1 the flow velocity profiles attributed to carly oid
late lefl ventricular filling are an index of the
relative filling contributions from these two por-
tions of diasicle. Thus, in right veniriculas pres-
sure overload cardy diastolic left ventricular
filling is impairsd with redistribution of fifling to
fate diastole and increased dependence on atfiai
systole. In right ventricular volume overioad.
Tate diastolic left ventricu:ar filling due to atrial
systole is reduced and early diastolic fifing is
relatively cnhanced.

s58s/818)8W

44 = |2 cm/s corresponding 10 a mean peak filling rate
during atrial systole (PFR,) of 7.9 = 4.4 stroke volumes/s.
The ratio of PFR J/PFR; was significantly increased over the
value for mormat subjects ¢1.62 * 097 v5.0.72 2 0.2 p <
0.005).

Right vestriculer vohwme overlead (Fig. 3). For the 11
paticnts with severe tricuspid regurgitativn due to wricuspid
leafiet resection, mean cardiac Cycle length was 662 =
150 ms and diastolic filling period was 293 + 101 ms. The
tsovelumetric relaxation period (52 = 12 ms) was not signif-
icartly different fre.n the value for normal subjcets, but
sighificantly shorter than the isovolumetric relaxation period
measured in patients with right ventricular pressure overload
(p < 0.001), Mean V;; was 5§ + {B cm/s corresponding to 2
mean PFRg of 7.9 = 2.3 stroke volumes/s, Mean V , was 28
* 11 cm/s comresponding to a mean PFR, of 4.0 = L. stroke
volumes/s. The ratio of PFRA/PFR;; (0.54 = £.20) was
significantly decreased with respect to values for patients
with right ventricular pressure overload (p < 0.002) and
normal subjects (p < 0.02).

Compaiison of fractiona flow velocity integrals in the three
groups. The relative contributions to left veriricular filling
uof carly diastole and late Jiustole {predominantly reflecling
the comtribution of atrial systole) were assessed by compar-
ing the early and atrial fractional flow velocity integrals in
these three granps of subjects. Normal sobjects had a mzan
early fraclivnal flow velocity integral of 0.68 + (.09 and a
mean atriai fractiona) Gow velocity integral of0.32 = 0.09. In
contrast, pstients with right ventricular pressue overioad
had a refative shift of left ventricular filling to late diastole
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when compared with findings in normal subjects. Accord-
ingly, the mean early fractional flow velocity integral was
significantly decreased (0.52 £ 11.16. p < 0.01) and the mean
atrial fractional flow velocity integra) was proportionatzly
increased (0.48 = 0.16, p < 0.01) refutive ta values in rormal
subjects. The reverse pattern was seen in patients with right
vemtricular volume overload, who had a relative shifl of left
ventricular fiiling to early diastole 2on:aaved with findings in
normal subjects. Accordingly, the mean early fractional flow
velocity integral was increased (0.78 = 0.il, p < 0.04) and
the mean atrial fractional flow velocity integral was propor-
tionately decreased (0.22 = 0.11, p < 0.04) refative to values
in normal subjects, Thus. a significantly greater proporiion
of left ventricular filling occurred in early diastole in patients
with right ventricular diastolic overload corapared witn
patients with right ventricular systolic overload 19.78 = .11
vs. 0.52 = 0.16, p < 0.001).

Discussion

Ventricwisr interdeperdence in right ventricular pressuri:
and volume overload. During cardiopulmonary bypass the
unloaded human heart free of external constraints to filling
(open chest and pericardinm) a partially coll ]
underfilled state (21). Unaer these conditions, short-axis
cross-sectional profiles of the left ventricle reveal thai the
ventricular seplum i relatively flat, taking on a neutral
position between the two ventricles dictated by the un-
stressed configuration of the cardiac muscle fibirs that
constitute the ventricular septum and the contigucus ven-
tricular chambers. Under physiologic conditions systolic and
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shift induced by systotic loading of the nghl ventncle was
ciated with prol ion of left I

Tic relaxation and a redistribution of lefl ventricular fiting
from early 10 late diastole, wiiereas the late diasiolic leftward
veatricular sepial shift induced by diastolic loading of the
right veniricle redistribuled left ventricular filling from late
1 early diastole without influencing thz left ventricular
isovolumetric relaxation period.

Alternative mechanisms fo explaln the impact of right
ventricular foading on left ventricular fillig. Although these
observations suggest that the timing of interaction through
the ventricular septum influcnces the impact of right ventric-
ular loading on left ventricular Glling. there remains the
possibility that differences in left ventricular preload might
explain the differing patierns of left ventricular filling found
in this study. Reduction in right “entricular output in either
primary pulmonary hypertension :9,18) or severe tricuspid
regurgitation (16) could result in decreased left ventricular
preluad (as reflected in the significant reduction in left atrial
volume of the two patieri groups relative to values in normal
subjects). Also, interatrial interaction thyough the atrial
septum in patients with severe tricuspid regurgitation serves
to reduce teft atrial filling (6). However, it seems unlikely
that impaired left atrial filling and reduced left ventricular
preload alone can explain the differences in left ventricuiar
filling patterns scen in this study because maximal lefl atrial
volume, an index of left atrial filling, did not differ signifi-
cantly hetween the patients with primary pulmonary hyper-
tension and those who had uadergone Lricuspid vatve reses-
tion. .

Systolic and diastolic loading of the right ventricle could
result in different intrinsic morphologic responses in the

dlas!ohc loading of the leﬁ ventricle exceeds that of the right
fe and the lar septums b with

respect to the center of the lefl ventricular cavity, r¢sulling
in a relatively circular short-axis cross-sectional left ventric-
ular profile (21,22). As demonstrated in the current study.
isolated right ventricolar volume overload results in diastafic
loading of the right ventricle, with the most marked geomet-
ric distortion of the ventm.ular seplum at end-diastole when
the right icle 1s imally distended. Tims late dizstoiic
deformation of feft ventricular geometry results in a reduc-
tion in late diastolic feft venirienlar flling during atrial
systole compared with findings in normal subjects. In con-
trast, systolic overload of the right veatricle resulted in the
most severe geametsic distortion of the left ventricle at
end-systole. This resulted in maximal lefiward displacement
of the ventricular septum, flattening or reversal of ventricu-
lar septal curvature and compression of the left ventricle at
end-systole. Leftward ventricular septal shift presemt at
end-systole persisted into early diastole, with restoration of
more normal left ventricular geometry by end-diastole.
Thus, whereas diastofic overload of the right ventricie
resulted in disproportionate late diastolic distortion of the
Ieft ventricie, syst2lic overioad of the right ventricle resulted
" in disproportionate early diastolic disturtion of et ventric-
ular geometry. The early diastolic leftward icular septal

myocardium of the shared ventricular sepium that could
partially account for the obsetved differences in left ventric-
ular filling. However, the acute normalization of lefi ventric-
ular filling patterns after relief of right ventricular pressure
overtoad hy pul, v thromboend: (16,17) sug-
gests that restoration of left ventricutar geometry, and not
regression of right ventricular hypertrophy, is responsible
for the normaiization of ealy left ventricular filling. Simi-
larly, tricuspid valvalectomy results in acufe induction of
tricuspid regurgitation and right ventricular volume over-
luad. Qur previous observations in patients who have under-
gone tricuspid valvuleclomy suggest that acute distortion of
left ventricufar geometry, and not intrinsic myocardlal Te-

sponses to di ic igading. accsiints for the red in
late di lic left filing pared with values in
normal subjects (6).

. Analysis of jcutar sep-
tal motion can be d into two displ.

ment of the septum due to anterior systolic translation of the
entire heart and intrinsic septal geometric changes relative to
afloating frame of reference, the cenier of the left ventricular
cavity. Although translational motion of the heart is minimal
m pauenls with right ventricular pressure overload, it is a

5 of veniricular septal motion relative to
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an extermal frame of reference in patients with right ventric-
ular volume overluad (3). Similarly. the “*abnormal septal
motion" after zardiac surgery measured relative to a fixed

| frame of ref is due to translation and rotation
of the untethered cardiac structures rather than to intrinsic
distortion of septal geometry and can be eliminated by
employing an intwina! (inating frame of reference (23). Ac-
cordingly, in this study we measurad the leit ventricolas
eccentricity index, which zmploys an internal floating rame
of reference {19) and thus eliminates the extraneous efects
of cardiac translation and rotation s¢en in right ventricular
votume overload (1.%) and in the posicardiac surgery siate
(23), permitting analy sis of the intrinsic effect of right ven-
tricular loading on septal gometry.

Conclusions. Righl ventricular systolic overload distorts
early diastolic left ventricular geometry, delays Jeft ventric-
ular isovolumetric relaxation and impedes the rapid filling
phase of lefl veritricular Rlling, In contrast, right ventricular
diastolic overload results in late diastolic distortion of the
left ventricle as the two chambers campets for filling within

iac and intrath ic constraints. ing in re-
duced late diastolic left veniricular filling. Diastolic ventric-
ular interdependence by means of geomelric interaction
through the common ventricular seplum appeurs to be the
primary determinant of ilicse aiterations in patterns of lefl
ventricular filling,
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