
he heart is frequently regardedas a simple pump,
with its right and left sides considered to be in a series
configuration but essentially independent ofeach other.
As a result, the forward stroke volume must be equal
for both sides if homeostasis is to maintain. Despite
this tendency to consider the right and left sides of the
heart as independent entities, it seems reasonable to
supposethat derangedmorphologyand function of one
cardiac chamber may indeed affect one or more of the
other chambers (1â€”4).

We have studied the correlations of right ventricular
and left ventricular ejection fractions (RVEF and
LVEF) and volume measurements in patients with left
sided regurgitant valvular disease (R+) and in patients
with coronary artery disease (CAD) and/or cardiomy
opathy but without regurgitant valvular disease (Râ€”)in
orderto define these interrelationshipsand to elucidate
their mechanisms.

METhODS

The patient population and experimental methods were
described in detail elsewhere(5). Briefly, the study group
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consistedof 20 patients in whom first-passradionucide an
giography was performed within 48 hr of cardiac catheteriza
tion.Ofthese, 13patients(R+) hadleft-sided(predominantly
mitral) regurgitantvalvulardisease,and 7 patients (R-) had
CAD and/or cardiomyopathybut did not have regurgitant
valvular disease.

During cardiaccatheterization,pulmonary artery pressure
(PAP) was measured. Right ventricular cardiac output was
determinedusing both the Fick principleand the indocyanine
green indicator dilution method, and standard angiocardi
ographicgeometricmethodswereusedto obtainleftventric
ular end-diastolic volume (EDY), end-systolic volume (ESV),
strokevolume(SV),and ejectionfraction(EF)to validatethe
first-pass techniques employed (5). These angiocardiographic
data were not used in this present paper.

Blood volume was determined using 5-10 @Ci(200-400
KBq) of iodine-125 (125!)albumin. First-pass radionucide
angiographywas performed in the LAO projection using an
Anger camera and a bolus injection of 8â€”10mCi (300â€”400
MBq)oftechnetium-99m- (@Tc) albumin. First-passRVEF
and LVEFwerecalculatedon a beat-by-beatbasisusing25
frames per second images. The first-pass data were reformatted
into two-frames-per-second images and used to calculate
chamber cardiac output by the Stewart-Hamilton method.
The radionucide cardiacoutput data were combined with the
first-pass EF data to calculate RV and LV SV, EDV, and ESV.
Lung data were taken to be representativeofRV performance
(5). Left ventricularSV was correctedfor regurgitationand
bolussmearingeffect(5).

Standardlinearregressiontechniqueswereusedto compare
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First-pass rad@cardiographyand biplane angiocardiography were performed on 13 patients
withIeft-s@edregurgitantvalvulardisease (R+) and 7 patientswithoutregurgitationbutwith
coronary artery disease and/or cardiomyopathy (Aâ€”).Right and left ventricularvolumes and
ejection fractions were calculated and compared. In the Râ€”group, corresponding nght and
leftventricularvolumes and ejectionfractionscorrelatedhighlywftheach other(r= 0.86â€”
0.89, p@ 0.01). Ejection fractions in the R+ group correlated (r = 0.64, p < 0.05) only
because stroke volume correlation was very high (r = 0.93), with end-diastolic and end
systolic volumes showing no significantcorrelation. Right ventricularejection fraction (RVEF)
decreased significantly with increasing mean pulmonary artery pressure (PAP) in both Râ€”and
R+ groups. The correlation of RVEF and LVEFin the Râ€”group appears to be multifactotial in
origin,consisting of effects of increased PAP, the mechanical interference of an enlarged left
ventricleon the right ventricle, and direct biventricularischemic effects. In the R+ group, the
correlationappears to be due to onlyincreasedPAPand its sequelae.
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TABLE1Correlation
of Right Ventricularand LeftVentricularEjection

Fraction and Volumes in 7 PatientsWithoutRegurgitant
Valvular Disease(Râ€”)Linear

Correlationregression
equationcoefficientRVEF

= 0.86[LVEF] + 4%0.86@'RVSV
= 0.79[LVSV}+ 8 ml0.87@RVEDV
= 0.72[LVEDV]+ 38ml0.89â€•RVESV
= 0.77 [LVESV]+ 18 ml0.87â€•..

p < 0.01

20

data (6). The correlation coefficients were considered to be
statistically significant ifthe p value was <0.05 (6).

RESULTS

Patients Without RegurgitantValvular Disease (Râ€”)
RVEF and LVEF correlated highly (r = 0.86, p

0.01; Fig. 1). Because of the limited number of patients
and the absence of cases with LVEF < 40% in our
series, we analyzed raw data presented but not analyzed
by Korr et al. (7). In their series of 54 patients, ranging
from normals to patients with severe CAD, RVEF and
LVEF again correlated (r = 0.77, p < 0.001; Fig. 2).
Our data and the data from Korr et al. agree well with
data from Steele et al. (8), who demonstrated a highly
significant correlation (p < 0.001) of RVEF and LVEF
in 96 men with CAD.

Correlations of radionucide RV and LV SV, EDV,
and ESV were all significant at the p@ 0.01 level and
are summarized in Table 1.

As expected, there is a good reciprocal relationship
between LVEF and LVEDV (r = â€”0.87,p@ 0.01;
Table 2). This indicates that in our group of patients
with LVEF over 40%, SV is well maintained. Since
none of our Râ€”patients exhibited LVEF < 40%, we
analyzed the data of Korr et al. (7). These data show
the fall in LVEF that accompanies decompensation,
chamber enlargement, and resultant increased PAP
(Fig. 3; p < 0.001). Both in our series and that of Korr
et al., RVEF fell as PAP increased; the fall in RVEF
was also associated with a rise in RVEDV (Table 2).

Patients With RegurgitantValvular Disease (R+)
In R+ patients, the correlation of RVEF with LVEF

was significant because the RVSV-LVSV correlation
was highly significant; EDV and ESV were not corre
lated in this group of patients with regurgitant valvular
disease (Table 3).
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FIGURE 2

@orreIationof LVEF and RVEF in normals and in patients
with varying degrees of coronary artery disease; data
presented but not analyzed in Ref. 7.

Regurgitant valvular disease causes increased
LVEDV and consequent decreased LVEF (Table 4);
there was no correlation of LVSV with LVEF. As
decompensation occurs and LVSV decreases, the mean
PAP increases (Table 4). Associated with the rise in
PAP was a decrease ofRVSV (Table 4); this rise in PAP
and decrease in RVSV leads to a decrease in RVEF
(Table 4).

DISCUSSION

Since the cardiovascularsystem is a closed loop and
since the two sides ofthe heart are in direct apposition,
it is reasonableto expect that disruptions in one portion
of the system will cause disruptions in other portions.
Thus, failureofthe left ventricle should ultimately lead
to malfunction ofthe right ventricle. Although the two
sides of the heart have been traditionally treated as
essentially independent pumps (9), in fact, both their
structure and function are interrelated in a complex
manner. We have investigatedthese interrelationships
in two distinct patient populations, namely patients
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FIGURE I
Correlation of LVEFand RVEF in patients with coronary
arterydisease and/or cardiomyopathybut withoutregur
gitant vatvulardisease.
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TABLE2Correlation
of Ejection Fraction, End DiastolicVolume,and

Pulmonary Artery Pressure in PatientsWIthOutRegurgitant
ValvularDisease(Aâ€”)Linear

Correlationregression
equationcoefficientLVEF

= â€”0.14[LVEDV] + 81 mlâ€”0.87â€•RVEF
= â€”1.2 [PAP] + 70%â€”0.77'RVEF
= â€”0.95[PAP] + 64% (Ref. 7)â€”0.82â€•RVEF
= â€”0.15[RVEDV]+ 77%â€”0.75'â€˜p'<0.05...

p <0.01.â€˜..

p < 0.001.

TABLE3Correlation
of RightVentricularand LeftVentricularEjection

FractionsandVolumesin13 PatientswithRegurgitant
Valvular Disease(R+)Linear

Correlationregression
equationcoefficientRVSV

= 0.73 [LVSV] â€”1 ml0.93â€•RVEF
= 0.65 [LVEF] + 12%0.64.RVEDV
= 0.17 [LVEDV]+ 153 ml 0.35NSRVESV
= 0.23 [LVESV]+ 83 ml 0.35NS@p<0.05....

p < 0.001.
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TABLE4Correlation
of Left Ventricularand RightVentricularEjection

Fractionsand Volumesand PulmonaryArteryPressures
in 13 PatientswithRegurgitantValvularDisease

(R+)Unear
Correlationregression

equationcoefficientLVEF

= â€”0.09[LVEDV]+ 63%â€”0.73â€•PAP
= â€”0.38[LVSV]+ 65mmHgâ€”0.84â€•RVSV
= â€”1.4 [PAP] + 110 mlâ€”0.83..RVEF
= â€”0.96[PAP] + 64%â€”0.76â€•RVEF
= 0.42 [RVSV] + 7.3%0.58'.

p <0.05.â€œp<O.Ol.â€˜..

p < 0.001.

tually leads to right ventricular malfunction by the PAP
mechanism. Patients studied sequentially as their CAD
worsenswouldshownormal RVEFand RVEDVearly,
increasing RVEDV in later stages, and frank failure of
the RV in the late stages. Our data and the data of
others (7-8) support this hypothesis (Figs. 1 and 2;
Tables 1 and 2).

As a second mechanism, ischemic or other cardio
myopathies may result in decreasedRV and LV per
formance due to mechanical interferencebetween the
two chambers (the Bemheim effect; 1). As the LV
enlarges, it displaces the septum to the right and inter
feres with RV contractile function. The RV would thus
enlarge to compensate for impaired contractility and
the increased EDV would lead to a decreased RVEF
(Figs. 1 and 2; Tables 1 and 2).

A third mechanism for correlated biventricular fail
ure is multivessel CAD, in which both ventricles are
ischemic simultaneously, In this instance, each ventricle
will dilate and ultimately fail because the ischemic
process affects both ventricles simultaneously.

In any event, the diminution in RVEF in this group
of patients is related to both the decrease in stroke
volume and the increase in end diastolic volume as the
disease progresses.

Patients with Regurgitant Valvular Disease (R+)
Early in its course, regurgitant valvular disease with

its attendant volume overload causes enlargement of

with CAD and patients with regurgitant valvular dis
ease.

Patients Without Regurgitant Valvular Disease (R-)
This group of patients had varying degrees of CAD

and/or cardiomyopathy, but with angiocardiographi
cally proven absence ofvalvular regurgitation. The data
we and others have obtained from this patient popula
tion allow us to propose three mechanisms by which
left ventricular and right ventricular performance dcc
rements may be related.

In CAD, the cause ofleft ventricular failure is ische
mia and necrosis, with increased PAP as an ultimate
consequence of ischemia. The ischemic myocardium
exhibits decreased contractility, requiring the ventricle
to dilate in order to maintain stroke volume. Eventu
ally, stroke volume becomes compromised as left yen
tricular contractility decreases with progressive disease.
The reduced forward stroke volume and/or the in
creased LVEDV causes reduced LVEF and results in
increased resistance to flow and subsequent increased
PAP (Fig. 3). In order to compensate for the increased
pressure and maintain forward stroke volume, the right
ventricle becomes dilated (increased EDV) and, as a
result, RVEF falls. Thus, left ventricular failure even
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FIGURE 3
Correlation of LVEFand mean pulmonary artery pressure
in patients with varying degrees of coronary artery disease;
data presented but not analyzedin Ref. 7.
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the left ventricle. This increasein LVEDV subsequently
leads to decreased LVEF(Table 4). Since stroke volume
is preserved in this early stage, there is no correlation
between LVEF and LVSV in the R+ group.

In later stages, as decompensation occurs, LVSV
decreasesand PAP increases (Table 4). The higherPAP
leads to decreased RVSV, since the forward stroke
volumes for both ventricles must be the same at equi
librium (Table 4). The concomitant decrease in both
RVSV and LVSV is very highly correlated (r = 0.93,
p < 0.00 1; Table 3). Decreased RVSV due to the higher
PAP results in decreased RVEF (Table 4). As a conse
quence,there isa correlationbetweenRVEFand LVEF
in regurgitantvalvular disease (Table 3).

Thus, the major mechanism of the interrelationship
of right and left ventricular function in regurgitant
valvular disease appears to be through pulmonary af
terload effects, as in chronic obstructive pulmonary
disease (10). Mechanical factors, which are important
in our CAD (Râ€”)patients, do not appear to be impor
tant in the R+ group, as shown by the failure of
correlation between right and left EDV and ESV (Table
3).

In contrast to the Râ€”group, the diminution of RVEF
in regurgitant valvular disease is predominantly due to
alterations in stroke volume alone.

CONCLUSIONS

In CAD, the correlation of RV and LV ejection
fractions and volumes appears to be multifactorial in
origin, consisting of the effects of increased PAP, me
chanical interference(Bernheimeffect),and, ischemic
effects.

The correlation of RVEF and LVEF in regurgitant

valvulardiseaseappears to be mediated predominantly
through increased PAP and its sequelae. The right
ventricular findings are similar to those seen in chronic
obstructive lung disease.
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