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1968.-Responses of the chloralose-anesthetized dog’s left 
ventricle to rapidly infused lactic acid were examined under 
conditions of constant heart rate, aortic pressure, and flow. 
Significant depressions in ventricular contractility were ap- 
parent at pH 7.1 and pH 6.8, but the depressions were pre- 
ceded by transient positive inotropic changes. Dogs pretreated 
with propranolol showed no positive effects, and their final 
decreases in left ventricular function were more severe. Dogs 
pretreated with reserpine or pentolinium retained the biphasic 
response. THAM infusions returned pH to control levels and 
increased contractility in all dogs. In additional reserpinized 
dogs, acidosis was found to reduce the inotropic response of the 
heart to constant infusions of norepinephrine. The results 
suggest that acute lactic acidosis affects ventricular function 
through I) direct depression, 2) catecholamine release, and 
3) reduction of ventricular responsiveness to catecholamines. 
Demonstration that inotropic changes may be interpreted as 
positive, negative, or no change, depending on sympatho- 
adrenal function and on time of observation may provide a 
basis for reconciliation of previous conflicting reports on the 
inotropic effect of acidosis. 

adrenal release of catecholamines; ventricular responsiveness 
to catecholamines; beta adrenergic blockade; ganglionic block- 
ade; inotropic effects; ventricular contractility; peripheral re- 
sistance; heart rate; THAM 

A CIDOSIS has long been thought to depress cardiac per- 
formance (1, 5, 9, 11, 12, 19-2 1, 24) and, in addition, to 
reduce myocardial responsiveness to catecholamines ( 1, 
5, 25). Some recent reports, however, have questioned 
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these concepts and have suggested that acidosis decreases 
neither ventricular function (7, 8, 10, 22) nor reactivity 
to norepinephrine (7, 8). The questions raised by these 
studies hold important implications for therapy of such 
conditions as cardiogenic shock with lactic acidosis, in 
which, traditionally, prime emphasis has been placed on 
the need for correction of the acidosis before improved 
cardiac function and responsiveness to sympathomiinetic 
drugs can be achieved. The present study was designed 
to examine the role of acute lactic acidosis in influencing 
ventricular function by determining the direct myocar- 
dial response to acidosis and the effects of acidosis 
mediated through changes in sympathoadrenal function. 

METHODS 

*Mongrel dogs (13-22 kg) were anesthetized with 
alpha-chloralose (50- 100 mg/kg) dissolved in poly- 
ethylene glycol. Ventilation with 100 % O2 was controlled 
by a Harvard respirator, and the chest was opened 
through a midline sternotomy. The preparation used for 
controlling hemodynamic conditions is shown in Fig. 1. 
After heparinization (300 U/kg), brachiocephalic, left 
subclavian, and upper intercostal arteries were ligated 
and the descending aorta cannulated. The left ventricle 
pumped into a blood-primed extracorporeal circuit, 
from which blood was returned to the descending aorta 
and carotid arteries. The extracorporeal system included 
a bottle of adjustable height which held aortic pressure 
constant, a reservoir into which chemicals could be added, 
a rotor pump (Med-Science) which returned a constant 
flow to the dog, and a heat-exchange unit which main- 
tained a constant blood temperature. An electrode was 
sutured to the right atrium and connected to a Grass 
impulse generator (model S4) for control of heart rate. 
A Statham electromagnetic flow probe situated in the 
extracorporeal circuit measured cardiac output (minus 
coronary flow). Pressures were recorded from 3 Statham 
P23Db strain gauge transducers attached to wide-bore 
cannulae which were placed into the left ventricular 
cavity through the apical dimple, into the arch of the 
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LEFT VENTRICULAR PERFORMANCE AND ACIDOSIS 

FIG. 1. Diagram of dog preparation. PCB: pressure control 
bottle; Res: reservoir; HE: heat exchange unit; CCA: common 
carotid artery; TrC: tracheal cannula; Tr: pressure transducers; 
EMF : electromagnetic flow probe; PEl: pacing electrode; RA: 
right atrium; RV: right ventricle; LV: left ventricle. 

aorta through a carotid artery, and into the tubing carry- 
ing blood from the extracorporeal pump to the body. 
An R-C electronic circuit continuously differentiated the 
signal from a Dallons-Telco catheter-tip manometer in 
the left ventricular cavity. An Electronics for Medicine 
cardiotachometer measured heart rate. Pressures, flow, 
heart rate, and the differentiated left ventricular pressure 
(dp,‘dt) were recorded on a Sanborn direct-writing 
oscillograph at 5-mm/set paper speed and intermittently, 
during brief periods of imposed apnea, on an Electronics 
for Medicine photographic recorder at 100 mm/set. 
From the recordings calculations of stroke work, stroke 
power, mean rate of ejection, and the maximal rate of 
left ventricular pressure rise (max dp/dt) were made and 
compared to left ventricular end-diastolic pressure for 
assessment of left ventricular function (13). Changes in 
total peripheral resistance were estimated from changes in 
perfusion pressure recorded in the inflow tubing at a 
constant flow. 

A group of seven dogs was studied in which cardiac 
innervation was normal. The carotid arteries were 
surgically denervated in this group in order to eliminate 
any reflex changes in cardiac performance from the de- 
crease in peripheral resistance known to occur during 
systemic acidosis (7, 25); aortic baroreceptors were not 
affected by resistance changes, since they were exposed 
only to the constantly controlled aortic pressure. A 
second group of five dogs received intramuscular reserpine 
(.33 mg/kg) 24 hr before the experiment and intra- 
venous propranolol (.05-. 10 mg/kg per min) just before 
and throughout the experiment; bilateral midcervical 
vagotomy was also performed in these dogs. In a third 
group of three dogs ganglionic blockade was accom- 
plished by treatment with pentolinium (.67 mg/kg 
intravenously) 30 min before the experiment began. 

In all three groups of dogs a single protocol was fol- 
lowed. After stabilization of the system, and while heart 
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rate, aortic pressure, and flow were held constant, control 
tracings were made and control pH determined. In 
order to produce consecutive pH changes from control 
levels to 7.1-7.2, 6.8-6.9, 7.1-7.2, and 7.35-7.45, addi- 
tions to the extracorporeal reservoir of isotonic solutions 
of I- or dl-lactic acid (Mann Research Laboratories 
and J. T. Baker) and THAM (2-amino-2-(hydroxy- 
methyl)- 1,3-propanediol, Eastman Organic Chemicals) 
were made in the following order: I) lactic acid 275 mg/ 
kg, 2) lactic acid 350 mg/kg, 3) THAM 475 mg/kg, and 
4) THAM 375 mg/kg. The doses were given over 30-set 
periods at intervals of 6 min. Recordings for hemody- 
namic measurements were made between 5.5 and 6 min 
after each dose, at which time pH and circulatory con- 
ditions were stable. In some dogs pH was lowered and 
raised a second time while heart rate was not paced. A 
Beckman Expandomatic recorder continuously moni- 
tored the pH of the arterial blood in the outflow tubing 
just distal to the aorta. Arterial pH samples were also 
measured periodically on a Beckman gas analyzer 
(model 160) for calibration. In some experiments 
arterial blood was measured for Z-lactic acid by enzy- 
matic determination (Calbiochem kits), for potassium by 
flame photometry (Instrumentation Laboratories), and 
for Pcoz (Beckman gas analyzer, model 160), and CO, 
content (Van Slyke). 

Three additional dogs were prepared for study after 
being given doses of reserpine (.5 mg/kg at 42 and 18 hr 
before experimentation) and after bilateral vagotomy. 
In these animals, data for construction of ventricular 
function curves were obtained at constant heart rate and 
aortic pressure during each of six conditions: I) control 
pH, 2) control pH withconstant intravenous norepineph- 
rine infusion (.67 pg/kg per min as the bitartrate), 3) 
acid pH lo-20 min after lactic acid administration, 4) 
acid pH with constant intravenous norepinephrine infu- 
sion (.67 pg/kg per min), 5) control pH lo-20 min after 
correction with THAM, 6) control pH after THAM 
with constant norepinephrine infusion (.67 pg/kg per 
min). At each condition, blood flow from the extra- 
corporeal pump was increased periodically to give step- 
wise rises in left ventricular end-diastolic pressure. A 
complete set of three or more measurements was ob- 
tained within a 5-min period under each condition, and 
recordings were made l-l.5 min after each change of 
flow. During norepinephrine infusion, initial recordings 
were made 1.5 min after infusion was begun, by which 
time hemodynamic conditions had stabilized. After 

each infusion, subsequent procedures were delayed until 
norepinephrine effects were no longer present (usually 
7-10 min). 

In order to test the stability of the experimental prep- 
aration, 10 dogs (6 with carotid denervation; 4 with 
vagotomy, reserpinization, and propranolol) were stud- 
ied under the same preparation and basic protocol as the 
15 dogs which received lactic acid and THAM, except 
that equivalent volumes of normal saline were added to 
the reservoir over a 24-min period. Results showed maxi- 
mal changes in end-diastolic pressure of fl cm H,O; 
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FIG. 2. Effect of lactic acid 
infusion. AP : aortic pressure; 
LVP: left ventricular pressure; 
LVDP: LVP amplified to empha- 
size the diastolic portion of the 
tracing; LV dp/dt: first deriva- 
tive of left ventricular pressure; 
pH: recording from Beckman 
Expandomatic monitoring unit 
in outflow tubing distal to des- 
cending aorta (redrawn to a 
time scale corresponding to 
pressure measurements). At 
points A and B on the slow trac- 
ings, the corresponding fast 
tracings were recorded. Brief 
elimination of respiratory vari- 
ations in the hemodynamic 
tracings was accomplished by 
turning off the artificial venti- 
lator; this was followed by 
transient deflections in the pH 
curve. pH values of 7.44 and 7.16 
at points A and B corresponded 
to lactic acid levels of 23 and 148 
mg/lOO ml, respectively. Heart 
rate and cardiac output were 
constant. Lactic acid addition 
occurred during the time marked 
by the black bar. 

in stroke work of +2%, and in mean rate of ejection, 
stroke power, and the maximal rate of left ventricular 
pressure rise of - 1 to +5 % of control. No differences in 
stability of the two types of control preparations were 
seen. 

RESULTS 

Eject of lactic acidosis on left ventricular function, heart rate, 
and per$heral resistance. A typical response to an initial 
dose of lactic acid is shown in Fig. 2. With mean aortic 
pressure, heart rate, and cardiac output constant, end- 

diastolic pressure initially fell slightly while maximal 
dp/dt rose. After several seconds this positive inotropic 
change was reversed, and end-diastolic pressure rose 
while maximal dp/dt fell. Conditions then remained 
stable at a level indicating a depression in left ventricular 
function (an increase of end-diastolic pressure from 6 to 
8 cm HzO; decreases in stroke work from 8.2 to 8.1 g- 
m, in stroke power from 71.3 to 62.3 g-m/set, in mean 
rate of ejection from 52.2 to 46.2 ml/set, and in maximal 
dp/dt from 3240 to 2610 mm Hg/sec. A biphasic re- 
sponse pattern similar to that shown in Fig. 2-an initial 
improvement in left ventricular performance followed by 
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LEFT VENTRICULAR PERFORMANCE AND ACIDOSIS 1355 

a secondary decline-occurred in all seven dogs follow- 
ing lactic acid infusions. It was seen after both the first 
and the second infusions. In all instances, despite the 
temporary positive inotropic changes, the final, stable 
conditions at decreased pH indicated depressed left 
ventricular function, compared to control conditions. 
Results obtained 6 min after each acid infusion, when 
hemodynamic conditions were stable, are given as mean 
values for the seven dogs in Table 1. 

Correction of acidosis with THAM infusions improved 
left ventricular function. Return to control pH usually 
did not return all hemodynamic variables completely to 
original control values, however. Figure 3 summarizes 
the changes in end-diastolic pressure, stroke work, and 
max dp/dt that were seen following THAM infusions, as 
well as those following lactic acid. 

Also shown in Fig. 3 are results obtained in dogs with 
vagotomy, reserpine, and beta adrenergic receptor 
blockade. As can be seen from the figure, depression of 
left ventricular function was more marked in these dogs 
than in those with intact adrenal and cardiac neuronal 
responses. Also, the transient positive inotropic effect 
which occurred in the normally responsive dogs was 
never seen in those with beta adrenergic blockade. 

Dogs with only ganglionic blockade reacted like 
normally innervated dogs; that is, biphasic inotropic re- 
sponses were always observed. Similarly, dogs which 
received reserpine but not propranolol displayed biphasic - 
responses after acid infusions. Differences in arterial 
potassium levels could not account for the differences 
observed in the various dog preparations, since in none 
of them were significant variations in serum potassium 

60 

L 

observed either during positive or negative inotropic 
changes. 

Heart rate, when uncontrolled, changed in response 
to acute acidosis in a similar manner as did contractility. 
In dogs with normal cardiac innervation and beta 
adrenergic reactivity, initial rises in rate appeared first 
and were followed by relative bradycardia (Fig. 4A); in 
propranolol-treated dogs the rate slowed initially and 
never rose above control levels (Fig. 4-B). In one of 
five normally innervated dogs in which heart rate 
changes were tested, a triphasic response-an initial de- 
pression followed by tachycardia and finally bradycardia 

TABLE 1. Effects of two successive infusions of lactic acid 
on left ventricular end-diastolic pressure (ED P> , stroke 
work (SW), duration of ejection (DE), stroke 
power (SP), mean rate of ejection (MRE), and 
maximal rate of pressure rise (max dp/dt) 

pH 7.41 4.4 
zt.03 zt.8 

pH 7.10 6.3 
h.02 zt .6* 

pH 6.82 7.4 
A.02 s+.4* 

EDP, 
cm Hz0 SW, g-m 

6.8 
*.4 

6.7 
*.4t 

6.5 
*.5t 

DE, set SP, g-m/ MRE, ml/ 
set set 

.109 
zt.003 

.114 
zt.004 

.114 
rt.005 

63.2 
rt4.6 

59.2 
&3.8t 

57.1 
rt4.2* 

48.7 
zt3.3 
46.2 

zt2.7 
46.0 

*3.5t 

Values are means & SE for a group of 7 dogs with controlled 
heart rate, aortic pressure, and flow. Evaluation of statistical 
significance of the changes observed was performed using the 
Student t test for paired observations, with each dog serving as 
its own control. * P < 0.01. t P < 0.05. 

4004 
=t193 

3482 
rt243 t 

3139 
&268* 

Addition of Lactic Acid Addition of THAM 

6* 80 7.00 7.20 740 

PH 

FIG. 3. Effect of lowering and 
raising pH on 7 “normal” dogs 
and on 5 dogs with vagotomy, 
reserpine, and propranolol. Max 
dp/dt : maximal rate of left 
ventricular pressure rise; SW : 
left ventricular stroke work; 
LVEDP: left ventricular end- 
diastolic pressure. Values are 
given relative to original control 
measurements for each dog. 
Vertical lines represent * 1 
SEM. The 2 groups of dogs showed 
statistically different values (P < 
0.05) for LVEDP and SW at the 
lowest pH. LVEDPs were differ- 
ent at the 0.10 level of confidence 
at pH 7.1. 
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FIG. 4. Effects of acute lactic acidosis on dogs with spontaneous 
heart rate (HR). Aortic pressure and flow controlled. Symbols as 
in Fig. 2. Panel A: dog with normal cardiac innervation, point 
A-pH 7.36, point B-pH 6.77, point C-pH 7.45. The unusual 
deflections in the tracing just before THAM infusion represent the 
development of episodes of pulsus alternans. Only the strong beat 
was registered on the heart rate tracing, falsely giving the im- 
pression of periods of extreme bradycardia. Panel B: dog with 
vagotomy, reserpine, and propranolol, point A-pH 7.40, point 
B-pH 6.78. The dog died before post-THAM pH levels returned 
to normal. Panel C: dog with normal cardiac innervation showing 
triphasic heart rate response; point A-pH 7.28, point B-pH 
6.84, point C-pH 7.16. 

-was observed (Fig. 4C). Dogs with ganglionic blockade 
showed heart rate changes similar to those seen in 
“normal” dogs (Fig. 5). All dogs maintained normal 
rhythm throughout the pH changes, except for occasional 
premature ventricular contractions (shown as transient 
vertical deflections on the heart rate records in Figs. 4 
and 5) and a terminal arrhythmia in the beta blocked 
dog (Fig. 4B). 

Peripheral resistance tended to decrease with acidosis 
and increase with return to control pH in all groups 
(Fig. 4). Wide variations in response from dog to dog 
were observed, however, particularly with the return to 
normal pH. 

Effects of lactic acidosis on left ventricular response to infused 

norepinephrine. The effects of norepinephrine infusions on 
ventricular function at normal and acidotic pH values in 
three reserpinized dogs are represented in Fig. 6. With 
the doses used, norepinephrine caused a shift in ventricu- 
lar function curves up and to the left at all pH values 

tested, whether stroke work or time-dependent indices of 
ventricular function were plotted on the ordinate. Little 
if any difference in the degree of shift could be observed 
when stroke work was related to end-diastolic pressure. 
When max dp/dt, an index of rate of performance, was 
observed, however, there appeared to be a diminution 
in the response to norepinephrine at acid pH in all three 
dogs. Raising the pH with THAM caused a return of 
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_I I / 

FIG. 5. Effects of lactic acid and THAM ad- 
ministration on dog with ganglionic blockade. 
Symbols as in Fig. 2; point A-pH 7.13, point B-pH 
6.88, point C-pH 7.16. 

norepinephrine responsiveness to control levels (Fig. 
6A). 

DISCUSSION 

Numerous studies using a variety of animal prepara- 
tions have suggested that acute acidosis depresses ventricu- 
lar function (1, 5, 9, 11, 12, 19-21, 24). Both respira- 
tory and metabolic acidosis have been found to cause 
similar changes, and it has been generally agreed that 
intracellular pH is the most important determinant of the 
decreases in performance (19, 24). On the other hand, 
studies tending to refute the concept that the hydrogen 
ion depresses ventricular function have appeared re- 
cently (7, 8, 10, 22), and it has been held that with heart 
rate and blood pressure held constant, metabolic acidosis 
(pH 6.8) does not decrease ventricular contractility (7). 

The results of our study agree with the majority of 
past reports that acute acidosis has a definite negative 
inotropic effect on the left ventricle: under stable, con- 
trolled hemodynamic conditions a rise in end-diastolic 
pressure was accompanied by decreases in stroke work, 
stroke power, mean rate of ejection, and maximal d@/dt. 
The depressed contractility was present at pH 7.1 and 
was even more marked at pH 6.8. When the heart was 
not paced artificially, acidosis caused a decrease in 
heart rate as well, as has been noted by others (1, 9, 12, 
20, 24). Both heart rate and left ventricular contractility 
returned toward control levels with correction of the 
acidosis. Correcting the acidosis in some cases caused 
abrupt reversal of severe cardiac failure with pulsus 
alternans (Fig. 4A). 

That complete return to control levels of function did 
not occur (Fig. 3) suggests perhaps that either THAM 
or lactic acid or both may have slight negative inotropic 
effects on the heart apart from their effects through pH. 
Or, perhaps some sort of irreversible damage was done 
to the ventricle during the period of severe acidosis and 
depressed function. 

The negative inotropic effect of acute lactic acidosis 
was undoubtedly alleviated in part by neural and adrenal 
medullary responses. When such compensatory activity 
was eliminated by vagotomy and beta adrenergic block- 
ade, the decrease in left ventricular function was much 
more marked. In three of four beta-blocked dogs in 
which the pH was lowered in one step to 6.8, irreversible 
failure and death ensued; no such instances occurred in 
dogs with “intact” sympathoadrenal systems. 

In addition to lessening the myocardial depression 
caused by acute acidosis, adrenergic activity caused 
temporary positive inotropic effects which transiently 
overrode the direct effects of acidosis. In no dog did 
ventricular function ever stabilize at an improved level 
after infusions were completed; all dogs with intact 
neural and adrenal control mechanisms, however, did 
display positive responses briefly. The positive effect 
was not blocked in any case by ganglionic blockade with 
pentolinium (in doses shown earlier to be sufficient to 
block any response to transient complete cerebral 
ischemia). Thus, reflex or central nervous system stimula- 
tion by acidosis probably was not necessary for the 
positive response, although cerebral acidosis may have 
played a contributory role (6). Similarly, heavy re- 
serpinization did not eliminate the transient positive 
effect, suggesting that direct release by acidosis of cardiac 
norepinephrine stores, although probably occurring in 
unreserpinized dogs (22), was not essential for the bi- 
phasic pattern. Beta receptor blockade with propranolol, 
however, did completely block the positive changes, indi- 
cating that such changes did not represent an effect of 
acidosis directly on the myocardium and suggesting that 
release of adrenal medullary hormones by the acute 
acidosis was an important factor in the changes. 

That systemic acidosis causes release of catecholamines 
from nerve endings and adrenal medulla is well estab- 
lished (14, 15, 26). Relevant to our findings with pento- 
linium treatment, it is interesting that adrenal catechol- 
amine release in response to acute metabolic acidosis has 
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FIG. 6. Ventricular function curves from 3 dogs (labeled A, 
R, and C) relating left ventricular end-diastolic pressure to stroke 
work and to max dp/dt before and during lactic acidosis, with 
and without norepinephrine infusion. Closed figures : control data 
at each pH; open figures: results during norepinephrine infusion. 
Results after correction of acidosis by THAM (square symbols) 
are also shown for dog A. 

been shown to be present after ganglionic blockade (14), 
adrenal denervation (26), or complete isolation of the 
gland (17). This suggests that a direct effect on rnedullary 
cells is responsible in part for the adrenergic stimulation 
seen with acidosis. 

Besides its effects on ventricular function through 
direct action and through release of sympathetic amines, 
acidosis has been thought to influence the heart by de- 
pressing its responsiveness to catecholamines. Evidence 
that it does indeed depress vascular reactivity (2, 3, 18, 
25) and metabolic effects (15, 16) of catecholamines is 
well established, but opinion is divided on whether the 
inotropic effects are reduced by acidosis (1, 5, 7, 8, 25). 

WILDENTHAL, MIERZWIAK, MYERS, AND MITCHELL 

As pointed out by others (18, 23), an apparent depres- 
sion in reactivity to norepinephrine might be observed if 
endogenous release of catecholamine by acidosis caused 
a partial ccsaturation” of receptor sites before exogenous 
administration was begun. To offset this possibility in 
part, reserpinized dogs were used in our study. This ap- 
proach is not ideal. It has the advantage of depleting 
cardiac norepinephrine stores almost completely, but has 
the disadvantages of failing to deplete adrenal stores 
completely and of causing an unphysiological hyper- 
sensitivity to catecholamines. Nevertheless, since the 
reserpine-induced hypersensitivity may be presumed to 
remain unchanged throughout an experiment, it was 
our view that use of reserpinized dogs offered a slight 
advantage in approaching the problem of norepinephrine 
responsiveness. 

Our results are not comprehensive, in that no attempt 
to determine dose-response characteristics for either 
norepinephrine or lactic acid was made. They do show, 
however, that in dogs with controlled hemodynamic 
conditions a reversible loss of myocardial inotropic re- 
activity to exogenous norepinephrine can be observed 
during severe lactic acidosis. At the doses of norepineph- 
rine used, total or even near-total inhibition of ventricular 
responsiveness to norepinephrine was not achieved 
following acid infusions. In fact, observations of very 
sensitive, time-dependent indices of contractility were 
necessary before changes in responsiveness could be seen 
consistently at low pH levels. 

The data presented in this study are compatible with 
the view that acute acidosis affects ventricular function 
in at least three ways: I) by depressing directly left 
ventricular contractility, 2) by causing release of catechol- 
amines, a major part of which are from the adrenal 
glands, and 3) by depressing the ventricular responsive- 
ness to catecholamines. Of note is the finding that under 
the conditions of this study, the over-all inotropic (and 
heart rate) effect of these three interrelated actions could 
be, at any moment, an increase, a decrease, or no change, 
depending on the time of evaluation. The characteristic 
biphasic response may provide a basis for reconciliation 
of previous, conflicting reports, representative of which 
are those of Ng, Levy, and Zieske (19), who observed 
only a negative inotropic response to acidosis, and of 
Downing, Talner, and Gardner (7, 8) who could detect 
no significant depression of ventricular function. Ng and 
co-workers eliminated the influence of the adrenal gland 
and central nervous system by using an isolated heart 
preparation. Downing et al. sought to eliminate the ef- 
fects of the autonomic nervous system by occluding 
cerebral circulation. This method should, indeed, elim- 
inate reflex and central nervous system stimulatory 
effects, but would have no effect on direct release of 
catecholamines by circulating acid. Downing’s cat and 
lamb preparations, then, would correspond most closely 
with our dogs which received pentolinium in which 
marked positive effects were always seen transiently and 
were always followed, after pH and hemodynamic con- 
ditions had stabilized, by a significant decrease in con- 
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LEFT VENTRICULAR PERFORMANCE AND ACIDOSIS 

trac tili ty. In the study of Downing and co-workers, 
infusion of acid was slower and more prolonged than in 
ours. In our view it is possible that continuous release of 
catecholamines was occurring during their experiments 
and that this could explain their failure to observe myo- 
cardial depression with acidosis. It is also possible that 
the rate of development of acidosis determines whether 
or not direct myocardial depression occurs. 

The observation by Downing’s group of no decrease 
in rnyocardial responsiveness to exogenous catechola- 
mines is more difficult to explain. It is possible that there 
is none at the levels of norepinephrine they used; or 
perhaps a slight effect might have been detected if an 
index of contractility utilizing end-diastolic pressure and 
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rate of pressure rise had been calculated, since it has 
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more sensitive evaluation of cardiac inotropism (4, 13). 
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In conclusion, our data support the concept that acute 
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dence for the rationale behind the clinical use of al- 
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