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Abstract

Weassessed the effect of alcohol, before and after autonomic
blockade, on left ventricular (LV) performance in conscious
dogs. 10 animals were instrumented to determine LV volume
from ultrasonic LV internal dimensions and measure LV pres-
sure with a micromanometer. The animals were studied in the
conscious state after full recovery from the operation. Blood
alcohol was undetectable before and 67±14 mg/dl (mean±SD)
at 20 min after alcohol administration. In response to alcohol,
the LV systolic pressure was reduced slightly, the left ventricu-
lar end-diastolic pressure increased slightly. The maximum
time derivative of LV pressure (dP/dt.) and stroke volume
were decreased. The end-systolic volume (VEs), as well as ef-
fective arterial elastance, were significantly increased. There
was no significant change in heart rate. Variably loaded pres-
sure-volume loops were generated by acute caval occlusion be-
fore, immediately, and 20 min after the intravenous infusion of
alcohol (0.2 g/kg). Three measures of LV performance were
derived from these variably loaded pressure-volume loops: the
end-systolic pressure-volume relation; the stroke work-end-di-
astolic volume relation; and maximum dP/dt- VEDrelation. The
slopes of all three relations were significantly decreased in
response to alcohol, and all three relations were shifted toward
the right, indicating a depression of LV contractile perfor-
mance. Similar, but greater depressions of LV performance
with alcohol were observed following autonomic blockade. LV
performance was restored by infusing dobutamine.

Weconclude that mildly intoxicating levels of alcohol
(blood concentration < 100 mg/dl) are capable of producing
LV contractile depression in conscious animals, which is more
marked after autonomic blockade. This suggests that patients
with impaired LV function should avoid even small amounts of
alcohol. (J. Clin. Invest. 1990. 85:1858-1865.) alcohol * LV
function * pressure-volume relation

Introduction

Although the myocardial toxicity of chronic, excessive alcohol
consumption is well established (1-5), the acute cardiac effects
of occasional social drinking have not been clearly established.
Acute, modest alcohol intake has been variably reported to
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improve (6, 7), to have no direct effect (8-1 1), or to impair
(12-15) left ventricular (LV) performance. Since conventional
measures of LV performance are influenced not only by con-
tractile state, but also loading conditions, these conflicting re-
sults may be due to the confounding influence of changes in
both preload and afterload by alcohol. The influence of load-
ing conditions can be minimized by evaluating LV perfor-
mance in the pressure-volume plane (16). Such pressure-vol-
ume analysis has not been used to assess the effect of alcohol
on LV performance.

Some investigators have proposed that a direct myocardial
depression due to alcohol may be offset by sympathetic stimu-
lation (17-21). Because of the confounding effects of anesthe-
sia, artificial respiration, and the stress of an acute surgical
procedure, this hypothesis cannot be evaluated in anesthetized
experimental preparations. The role of the autonomic nervous
system in modulating alcohol's effect on LV performance has
not been evaluated using load-independent measures of LV
performance in conscious animals.

This study was undertaken to assess whether a moderate
amount of alcohol produces a depression of LV contractile
performance in normal, conscious animals using load-insensi-
tive measures of LV performance derived from variably
loaded pressure-volume loops. In addition, we used LV pres-
sure-volume analysis to evaluate the role of the autonomic
nervous system in modulating alcohol's influence on LV per-
formance.

Methods

Instrumentation. 10 healthy, adult mongrel dogs (weight 23-30 kg)
were instrumented as we have previously described (22-25) under
halothane anesthesia (1-2%) induced with rompun (1 mg/lb) and so-
dium thiopental (6 mg/kg). A sterile, left lateral thoracotomy was
performed under general anesthesia with halothane (1-2%). The peri-
cardium was widely opened. Micromanometer pressure transducers
(Konigsberg Instruments, Inc., Pasadena, CA) and polyvinyl catheters
for transducer calibration (id. 1.1 mm) were inserted into the LV
through an apical stab wound and via the left atrial appendage into the
left atrium. Three pairs of ultrasonic crystals (5 MHz) were implanted
in the endocardium of the LV to measure the anterior-posterior (AP),
septal-lateral (SL), and base-apex (long axis, LA) dimensions. All wires
and tubing were tunneled subcutaneously and exteriorized through the
posterior neck.

Data collection. All studies were performed after full recovery from
instrumentation (7-10 d after the original surgery) with the dogs lying
on their right sides in a sling. The LV catheter was connected to a

pressure transducer (P23Db; Statham Instruments, Oxnard, CA) and
calibrated with a mercury manometer. The signal from the microma-
nometer was adjusted to match that of the catheter. The transit time of
5 MHzsound between the crystal pairs was determined and converted
to distance assuming a constant velocity of sound in blood of 1.55
m/ms.

The analogue signals were recorded on an eight channel oscillo-
graph (MT8500; Astro-Med, West Warwick, RI), digitized with an
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on-line analogue-to-digital converter (Data Translation Devices,
Marlboro, MA) at 200 Hz, and stored on a floppy disk memory system
utilizing a computer system (PC's Limited, Austin, TX). Each data
acquisition lasted for 12 s, spanning several respiratory cycles.

Effect ofalcohol. Data were initially recorded with the animals lying
quietly on their sides without medication to obtain baseline values.
Three sets of variably loaded pressure-volume loops were generated by
sudden, transient occlusions of the cavae. This caused a progressive fall
in LV end-systolic pressure, volume, and dP/dt,,, over a 12-s record-
ing period (Fig. 1). Immediately after the recording period, the caval
occlusion was released and hemodynamic parameters were allowed to
restabilize. After all parameters returned to their baseline level, 0.2
g/kg body wt alcohol was injected intravenously over 1 min. Both new
steady-state recordings and three sets of variably loaded pressure-vol-
ume loops were generated immediately, as well as 20 min after the
alcohol infusion.

Interaction of alcohol with autonomic nervous system. To assess the
interactions of alcohol with autonomic reflexes, the protocol was re-
peated after administering hexamethonium (5 mg/kg i.v.) and atropine
(0.1 mg/kg i.v.) on the following day. The adequacy of the autonomic
blockade was confirmed in each animal by a lack of an increase in
heart rate after arterial pressure was reduced by > 30 mmHgby caval
occlusion.

Effect of dobutamine after alcohol. A third protocol was performed
in three additional animals. After autonomic blockade was produced
with hexamethonium and atropine, data were collected before and
again after infusing alcohol (as described above). Then dobutamine
(5±1 tg/kg per min) was infused and data were collected.

Blood ethyl alcohol determination. Blood samples (5 ml) were
taken from a different vein than that used for alcohol infusion before,
immediately after, and 20 min after alcohol infusion and analyzed by
an enzymatic assay (26).

Data analysis. The stored digitized data were analyzed by com-
puter algorithm. Baseline hemodynamic values in each dog were ob-
tained by averaging the data obtained during the 12-s steady state,
nonintervention recording periods. End-systole was defined as the
upper left-hand corner of the LV pressure-volume loop defined using
the iterative technique described by Kono et al. (27). End-diastole was
defined as the relative minima following the "a" wave of the high-fidel-
ity LV pressure tracing. End-ejection was defined as peak negative
dP/dt. The LV volume was calculated as a modified general ellipsoid
using the equation: VLv = (Pi/6)DApDsLDLA, where DAP = the ante-
rior-posterior LV dimension, DsL = the septal-lateral LV dimension,
and DA= the long axis LV dimension. Wehave previously evaluated
this method of volume calculation (22-24, 28-30) and it is similar to
that used and validated by others (31), except that we determined
endocardial dimensions directly, making the subtraction of LV wall
thickness or volume unnecessary. This method of volume calculation
gives a consistent measure of LV volume (r > 0.97, SEE< 2 ml) despite
changes in LV loading conditions, chamber configuration and inotro-

pic state. LV stroke work (SW) was calculated by point-by-point inte-
gration of the LV pressure-volume loop for each beat as described by
Glower et al. (32). The time-derivative of LV pressure (dP/dt) was
calculated using the 5-point LaGrange method (33). The time constant
of relaxation (T) was calculated by fitting LV pressure during isovolu-
mic relaxation to an exponential function with an asymptote (PB):
P = Poe-'T + PB, where t = time after dP/dti,, Po, PB, and Tare con-
stants determined by the data. The arterial elastance was calculated as
PE/SV (34).

Only caval occlusions that produced a fall in LV systolic pressure of
at least 30 mmHgwere analyzed. Premature beats and the subsequent
beat were excluded from analysis. Beats occurring after the heart rate
had increased by more than 10% of initial value were also excluded.
The LV end-systolic pressure (PEs)-volume (VEs) data during the fall of
LV pressure produced by each caval occlusion was fit using the least
squares technique to: PEs = EEs(VEs- Vo), where EEs is the slope of the
linear PES VEs relation, representing the LV end-systolic elastance, and
VO is the intercept with the volume axis. The volume (V100) associated
with a PEs of 100 was calculated as: V100 = V0 + 100/EEs. The dP/
dtma-end-diastolic volume (VED) and SW-VEDrelations were quanti-
tated by fitting the data from the same beats from each caval occlusion
used to evaluate the PEm VEs relation to: dP/dtm13 = dE/dtmax(VED
-Vod/d) and SW= Msw( VED- Vosw). The slope of the dP/dtmaxVE
relation, dE/dtm., theoretically represents the maximum rate of
change of LV elastance (23, 24, 29). The position of the dP/dt.-VmED
and SW-VEDrelations were calculated by determining the VED asso-
ciated with a dP/dt of 2,000 mmHg/s and SWof 2,000 ml * mmHg:

V2,o0,dp/du = Vo,dp/du + 2,000/(dE/dtnw)

V2,0oosw = Vobsw + 2,000/Msw.

Weused the volumes associated with a PEs of 100 mmHg,dP/dt.
of 2,000 mmHg/s and SWof 2,000 ml -mmHg(VI0, V20. ,dP/(,
V2,0owsw), and not the volume axis intercepts, to quantitate the posi-
tions of the relations. The volume axis intercepts are subject to sub-
stantial errors since they require extrapolation outside of the range in
which the data are available (16, 35, 36).

Statistical analysis. The slopes, volume intercepts, and positions of
the relations (EEs, V0, Vl00, dE/dtu., V0,dp/dt, V2,joodp/di, Msw, V0osw,
and V2,0oosw) for each condition were evaluated as the mean values
determined from the three caval occlusions performed under each
condition. Results are summarized as the mean±SDand the level of
significance was P < 0.05. Multiple comparisons were performed by
analysis of variance. Intergroup comparisons were performed by
paired t test with an appropriate correction for the performance of
multiple comparison using the Bonferroni inequality (37).

Postmortem evaluation. At the conclusion of the studies, the ani-
mals were killed with an overdose of pentobarbital and the hearts were
examined to confirm the proper positioning of the instrumentation.

Table I. Effect of Alcohol on SteadyState Hemodynamics without Blockade

Heart rate PED PES VFD VeE dP/dt. dP/dt..i3 SV T E.

min' mmHg mmHg ml ml mmHg/s mmHg/s ml ms mmHg/ml

Control 111±6 10.2±1.3 131±4.1 38.7±4.3 18.6±4.6 2886±248 -2268±179 20.1±1.4 37.4±1.7 8.3±1.2
Alcohol

Immediate 113±7 16.7±3.1* 125±6.2 34.6±4.8* 24.1±4.1* 2577+237* -2258±144 16.5±1.9* 40.8±2.1* 10.8±1.1*
20 min 110±3 12.5±2.4* 120±4.9 37.9±5.2 23.9±3.8* 2657±251 -2138±232 14.1±1.9* 38.9±4.0 11.0±0.9*

PED, left ventricular end-diastolic pressure (mmHg); PEs, left ventricular end-systolic pressure (mmHg); VED, left ventricular end-diastolic vol-
ume (ml); VEE, left ventricular end-ejection volume (ml); dP/dt,,,,, maximum rate of change of left ventricular pressure (mmHg/s); dP/dt",,,
minimum rate of change of left ventricular pressure (mmHg/s); T, time constant of isovolumic LV pressure, E., effective arterial elastance.
* P < 0.05 vs. control.
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Table I. Effect of Alcohol on Steady-State Hemodynamics

Autonomically blocked group

Heart rate PM PESa E VEE dP/dt. dP/dtmi SV T E.

min-' mmHg mmHg ml ml mmHg/s mmHg/s ml ms mmHg/ml

Control 120±7 12.3±1.6 127±8.7 36.8±4.1 17.6±2.6 2,327±197 -2,033±280 19.2±1.2 36.8±1.9 9.1+1.0
Alcohol

Immediate 121±8 14.8±2.7* 122±6.3 37.5±3.9 26.6±3.6* 1,973±201* -1,930+286* 10.9±1.6 40.9±2.0* 11.0±0.9
20 min 121±8 14.3±3.4* 118±4.6 36.9±2.9 24.9±2.8* 2,046±153* -1,792+215* 12.0±1.1* 40.0±1.4* 10.6±1.2

* P < 0.05. Abbreviations as in Table I.

Results

The blood alcohol concentration was undetectable before ad-
ministering alcohol, and 125±24.6 mg/dl immediately after
alcohol. 20 min after alcohol infusion, the blood level was

67±14 mg/dl.
The steady-state hemodynamic data before and after alco-

hol infusion are summarized in Tables I and II. In the animals
with intact autonomic nervous systems, there was no signifi-
cant change in heart rate or PEs in response to alcohol. Both
the LV end-diastolic pressure and time constant of isovolumic
LV pressure decay were increased immediately after alcohol,
while VED was reduced. At 20 min after alcohol, LV end-dia-
stolic pressure was elevated without any significant change in
VED or the time constant. Similar results were obtained after
autonomic blockade, except that the time constant of relax-
ation was consistently increased after alcohol.

With intact reflexes, dP/dtmax was significantly decreased
immediately after infusing alcohol, but was not significantly
different from control after 20 min. The stroke volume was

significantly smaller and VEE larger after alcohol. The arterial
elastance was increased with alcohol. After autonomic block-
ade, dP/dtmax and SV were uniformly decreased and VEE in-
creased, but the arterial elastance was unchanged.

A representative analogue recording during a control caval
occlusion is shown in Fig. 1. During caval occlusion PEs fell by
52±1 1 mmHgover 17±3 beats. These data were used to gener-
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Figure 1. Analogue recording during bicaval occlusion. Bicaval oc-

clusion caused a progressive fall in LV end-systolic pressure, volume,
and dP/dt over the 12-s recording period. PLV = LV pressure

(mmHg), dP/dt rate of change of PLV (mmHg), DAP = anterior-pos-
terior LV diameter (mm) DSL = septal-lacteral diameter (mm), DA
= long axis diameter (mm).

ate a series of variably loaded pressure-volume loops (Fig. 2).
From these loops were derived the PEs VEs, dP/dftma VED, and
SW-VED relations (Figs. 3-5). The slopes of all three relations,
EEs, dE/dtmax, Mswwere significantly (P < 0.05) decreased by
alcohol (Figs. 3-5, Tables III and IV). Furthermore, all three
relations were shifted toward the right, manifested by a signifi-
cant increase in Vo00, V2,oodp/,, and V2,000sw. These changes
were apparent both immediately after alcohol and at 20 min.
Similar, but more marked changes in the relations with alcohol
occurred after autonomic blockade. Figs. 6 and 7 and Tables
III and IV demonstrate these hemodynamic effects of alcohol
in the LV pressure-volume plane.

The infusion of the dobutamine reversed the depression of
LV performance produced by alcohol (Fig. 8, Table V). All
three relations were shifted to the right with a decreased slope
in response to alcohol. After dobutamine, all three relations
were shifted toward the left with an increase in slope, restoring
the relations to their control position and slope.

Discussion

Weinvestigated the acute effect of alcohol on LV contractile
performance in conscious animals. The dose of alcohol used
was modest, producing a steady-state blood alcohol concen-
tration < 100 mg/dl, below the usual legal definition of intoxi-
cation. Weassessed LV contractile performance using variably
loaded pressure-volume loops, which helps avoid the poten-
tially confounding effects of changes in loading conditions on
conventional measures of LV performance used in previous
studies. All three measures of LV performance that can be
derived from the pressure-volume loops (the PEs- VES, SW
VED, and dP/dtm,- VEDrelations) were shifted to the right with
a decrease in slope (Figs. 3-5). This indicates that in conscious
animals, even modest blood levels of alcohol produce a sub-
stantial depression of LV contractile performance.

The depression of LV performance was apparent with in-
tact reflexes, but was more marked after complete autonomic
blockade. In addition, alcohol's depression of LV contractile
performance could be completely reversed by the infusion of a
catecholamine, dobutamine. Thus, it appears that autonomi-
cally mediated cardiac stimulation partly offset the direct
myocardial depression of alcohol. This effect may be due to
central sympathetic stimulation, stimulation of the adrenal
medulla or other effects (17-20, 38-40).

Our finding of a depression of LV contractile performance
by alcohol in conscious animals is consistent with observations
of isolated cardiac muscle (17, 41, 42). Although some pre-
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vious studies of anesthetized animals (12, 18, 43), conscious
animals (15) and patients (44-46) have suggested that alcohol
depresses LV contractile performance, other studies (1 1-18,
47) have found little or no depression of cardiac performance
with alcohol. These conflicting and inconsistent results may

Figure 2. Variably loaded LV pres-
sure-volume loops produced by bi-
caval occlusion during control and
alcohol infusion in a conscious dog.
The end-systolic pressure-volume
relation is defined by the upper-
lefthand corner of these loops.

have resulted from the confounding influence of alcohol pro-
duced changes in loading conditions on conventional mea-
sures of LV performance, and variable effects of autonomic
reflexes.

In contrast to previous experimental investigations, we
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Figure 3. The end-systolic pressure (P)-volume (V) relation (PEs- V)
determined from the loops in Fig. 2.
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Figure 4. The maximum dP/dt,,,-end-diastolic volume relation (dP/
dtma,-VED) determined from the loops in Fig. 2.
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SW-Ved Relation lations are derived from variably loaded pressure-volume
loops, they potentially provide different information concern-
ing LV contractile performance (29, 35, 48). The PEs- VEs rela-
tion indicates the upper limit of LV contraction, while the
dP/dtmax VED relation describes the preloaded corrected maxi-
mumrate of pressure development. In contrast, the SW-VED

E] relation integrates data from the entire cardiac cycle to de-
scribe the external work performed by the LV; thus, it may be

A influenced by both the systolic and diastolic properties of the
Cal t LV. In addition, the SW-VEDrelation is the most reproducible,

and least influenced by altered arterial resistance, but the least
n A sensitive to changes in LV contractile state (47). Each of the

Control three relations responded similarly to alcohol with a rightward
A shift and a decrease in slope, indicating a depression of con-

A Alcohol tractile performance. Thus, when evaluated by each of these

A complementary methods, alcohol depressed LV performance.
° In addition to alcohol's effect on systolic performance, it

l

also impaired LV diastolic filling. LV end-diastolic pressure
was increased by alcohol under all conditions. 20 min after

0E~ alcohol infusion, during control and after autonomic block-
ade, this occurred without any increase in VED, indicating an
upward shift of the LV end-diastolic pressure-volume relation.
After autonomic blockade, there was also a slowing of relax-

30 40 50 60 70 ation. The alteration of the diastolic LV properties may have

Ved contributed to the depression of the LV SW-VEDrelation.
Several potential confounding influences must be taken

[he stroke work end-diastolic volume (SW-VED) relation, into account when evaluating the three relations that are de-
mthe loops in Figure 2. rived from LV P- Vloops in conscious animals. First, the accu-

racy of the method of volume measurement must be consid-
ered. We have previously determined that the use of three

I LV performance in the pressure-volume plane. ultrasonically measured LV internal dimensions provides a
asures were used: the PEs- VEs relation; the dP/dtma- consistent index of LV volume during caval occlusion despite
ion; and the SW-VED relation. Although all three re- changes in inotropic state or loading conditions. Second, Su-

Table III. Effect of Alcohol on the PES-VES, dP/dtmaX-VED, and SW-VEDRelations

Without autonomic blockade

PEs- VEs relation dP/dt,,- VED relation SW-VED relation

EES VO,ES VIOOES dE/dtm,. VodP/d V2000,dP/I Msw Vo.sw V2,000,SW

Control 14.7±2.2* 11.1±2.3 19.7±2.8 135.2±18.5 16.6±4.6 31.8±4.9 90.1±15.9 17.4±2.9 36.7±4.5
Alcohol

Immediate 10.6±1.7* 8.7±2.3 24.5±4.1* 97.5±16.6* 12.1±4.1 37.5±4.2* 78.7±9.2* 17.9±2.6 39.9±3.4
20 min 9.2±1.3* 7.3±2.4 24.9±3.9* 99.1±15.9* 8.3±3.4 38.1±6.3* 85.2±9* 16.3±2.1 41.9±3.7*

* P < 0.01 vs. control.

Table IV. Effect of Alcohol on the PES-VES, dP/dtmnax VED, and SW-VEDRelations

Autonomically blocked

PEs- VES relation dP/dt,,.- VED relation SW-VEDrelation

EEs VO,ES ElooEs dE/dt=,, VOdp/d, V2,000odP/I Msw Vo'sw V2=jrsw

Control 12.9±2.8 15.4±4 21.8±4.4 134.2±16.8 11.7±3.9 28.8±5.2 86.4±3.8 26.9±6.7 28±6.7
Alcohol

Immediate 8.8±2.4*$ 12.5±4.4* 29.4±5.87* 89.6±12.4*t 9.2±4.2* 36.8±7.4* 74.2±3.8* 24.9±5.2 29.2±5.5*
20 min 8.9±2.3*$ 13.3±4.3* 29.1±4.9* 115±20.1*$ 9.8±3.9* 34.7±5.8* 72.9±5.2*$ 19.6±4.7 48.5±5.4*

* P < 0.05 vs. control. $ P < 0.05, change specifically different from change without blockade group animals.

1862 C-P. Cheng, Z. Shihabi, and W. C. Little



100 / 3

Epessure-volume planelControl e p
2 80 /

60.
> 40

20 /

0
10 20 30 40

LV Volume (ml)

Figure 6. The group (mean±SEM) steady-state left ventricular end-
diastolic and end-systolic pressures and volumes before and 20 min
after alcohol infusion in the dogs without blockade are shown on the
pressure-volume plane along with the end-systolic pressure-volume
relations. Note that the end-systolic volume increased and stroke vol-
ume decreased despite a decrease in end-systolic pressure.

nagawa et al. have demonstrated that a reduction in coronary
perfusion pressure can alter the Pws VEs relation (49). To help
avoid this problem, we did not use data points in which PES
was less than 40 mmHg.Third, acute reduction of aortic pres-
sure by caval occlusion may activate baroreceptors and cause a
reflex increase in inotropic state. This effect becomes apparent
after 10 s (50). Weminimized this problem by collecting data
for only 12 s and excluding data points if the heart rate in-
creased by more than 10% over the initial rate, indicating re-
flex activation. Further, data were also collected after auto-
nomic blockade. Fourth, the PEs- VEs relation can be shifted by
factors external to the LV including changes in the arterial
circulation and right ventricular volume (16, 35). However,
these effects may have less influence on the dP/dtmx- VEDand
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Figure 7. The effect of alcohol following autonomic blockade is
shown in the same format as Fig. 4.
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hol (b), and after alcohol and dobutamine (c). The PFS- VEs relation is
depressed by alcohol (rightward shift, decreased slope) and is restored
to control by the infusion of dobutamine.
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Table V. Effect of Dobutamine and Alcohol on the PES-VES, dP/dt,,a,-VED, and SW-VEDRelations

PES VEs relation dP/dt.-VED relation SW-VE relation

EES VO.ES VIOO ES dE/dtm Voodp, V2,WAP0,dA Msw VOSW V2000.sw

Control 8.4±1.7 20.9±2.8 33.3±5.0 76.9±20.7 13.1±2.8 50.6±9.1 80.8±15.1 30.4±5.4 51.8±8.0
Alcohol 5.3± 1.0* 17.0±4.1 * 36.6±7.1 * 43.7±15.3* 4.57±2.0 54.7±20.3* 73.1±13.0* 30.6±5.8 58.6±9.9*
Alcohol and

dobutamine 8.2±2.2 19.8±2.8 32.7±5.7 65.1±29.7 9.6±6.6 43.6±13.2 88.3±24.2 30.0±4.4 52.9±9.75

* P < 0.05 vs. control.

SW-VEDrelations (35). Finally, the PEs-VEs relation may be
curvalinear when evaluated over a wide range (16, 35, 36). In
our study, the relation was determined in similar ranges both
before and after alcohol administration; thus, possible curva-
linearity should not have affected our result. Furthermore, the
depression of LV performance was also apparent as a right-
ward shift of the PEs- VEs relation and similar responses of both
the dP/dtm.- VEDand SW-VED relations.

Weadministered alcohol intravenously in this study. Thus,
we obtained a higher immediate blood level than that of oral
ingestion of a similar amount of alcohol. However, the blood
level at 20 min is comparable to that achieved by oral ingestion
of a similar amount of alcohol. It has been demonstrated that
the manner in which the ethanol was infused (continuous or
intermitted) had no influence on the ultimate response (43).
Thus, the blood level at 20 min is comparable to that achieved
by oral injection.

The depression of LV contractile performance apparent in
conscious animals with alcohol may result from an inhibition
of electromechanical coupling at the level of actin-myosin in-
teraction. Such an inhibition has been demonstrated in both
skeletal muscle (51) and myocardium (52, 53). This may result
from a depletion of the calcium stores in the sarcoplasmic
reticulum (52, 53). The slowed relaxation we observed may be
due to altered reuptake of calcium by the sarcoplasmic reticu-
lum (52, 53).

In conclusion, we found that even mildly intoxicating
levels of alcohol are capable of producing direct myocardial
depression in conscious animals. This myocardial depression
appears to be partially offset by the autonomically mediated
effects. Our findings suggest that patients with impaired LV
function should avoid even small amounts of alcohol.
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