PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 145,

112-116 (1974)

Myocardial Depression During Diplococcus pneumoniae Infection

in Monkeys' (37759)

J. H. BoucHERr, D. E. HiLmas, C. T. Liu, W. P. Czajkowskr, AND R. O. SPERTZEL

U. S. Army Medical Research Institute of Infectious Diseases,
Fort Detrick, Frederick, Maryland 21701

Decreased cardiac output was found to be
one of the cardiovascular disturbances in
some patients with acute pneumococcal pneu-
monia (1, 2). The primary mechanism for
the low cardiac output was thought to be due
to a depression of myocardial activity. A
search of the literature dealing with the rela-
tionship between Diplococcus pneumoniae in-
fection and cardiac contractility in animal
models revealed that no work has been done.

In this study, we applied muscle mechanics
principles (3-5) to evaluate one of the de-
terminants of cardiac output, myocardial con-
tractility, in a conscious monkey model ex-
perimentally infected with D. pneumoniae or-
ganisms. Within 16 hr postinfection, cardiac
contractility decreased significantly but grad-
ually returned to normal or slightly above
normal levels throughout the experimental
period. Tachycardia and a febrile response
were demonstrated coincident with myocardi-
al depression.

Method. Six healthy, mature rhesus mon-
keys (Macaca mulatta) weighing 4-5 kg,
were used. A high-fidelity micromanometer
(Model P-15, Konigsberg Instruments, Inc.,
Pasadena, CA) was surgically implanted into
the left ventricle of each monkey, as de-
scribed elsewhere (6). Monkeys were allowed

1In conducting the research described in this re-
port, the investigators adhered to the “Guide for
Laboratory Animal Facilities and Care,” as promul-
gated by the committee on the Guide for Laboratory
Animal Facilities and Care of the Institute of
Laboratory Animal Resources, National Academy of
Sciences—National Research Council. The facilities are
fully accredited by the American Association of
Accreditation of Laboratory Animal Care.
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to convalesce for 2 weeks after surgery and
become adapted to metabolic chair restraint
and laboratory environment before initiating
the study. All monkeys were housed in a
room separate from the recording systems
and investigators to minimize emotional dis-
turbances during data-recording periods. Im-
planted micromanometers were connected to
recording equipment by wire circuitry. In
addition to the left ventricular pressure
(LVP), a corresponding first derivative
(dP/dt) was obtained by passing the pres-
sure signal through an active, noninverting
differentiator (Model 620 analog computer,
Biotronex Laboratory, Inc., Silver Spring,
MD). The midpoint during diastole, on the
LVP recording, was selected as the estimated
zero pressure reference because the sealed
manometer could no longer be referenced to
atmosphere after implantation into the left
ventricle. Recorder paper speed was 200 mm
per sec.

Two indices of cardiac contractility that
reflect changes in myocardial inotropism were
determined by the developed pressure meth-
od (3). These included estimation of the
maximum velocity of contractile element
shortening (Vynax) (7) and the velocity of
icontractile element shortening (V) at the
peak rate of pressure rise (peak dP/dt) in
ithe left ventricle (8). V.. was calculated at
5-msec intervals during the isovolumic con-
traction period as:

V. — dp/dt

“7 32 - DIP

where DIP — developed isovolumic LVP,
‘according to the method of Mason (3). A
pressure-velocity curve relating V. to the
corresponding DIP was constructed to deter-
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mine V,,,s. By least-squares linear regression,
the descending portion of the pressure-
velocity curve was extrapolated to zero pres-
sure to obtain Vy,y in muscle lengths (ML)
per sec.

All monkeys were given 1-4 X 108 viru-
lent, Type I, D. pneumoniae microorganisms
suspended in 1 ml of sterile saline diluent,
administered intravenously (iv) as a single
injection. Bacteremia was verified from daily
blood cultures. A thermistor probe implanted
deeply into the longissimus dorsi muscle per-
mitted continuous recording of body temper-
ature. Since each monkey served as its own
control, control data were collected at 2- to
6-hr intervals for 1-5 days prior to infection.
After inoculation of pneumococcal organisms,
data were obtained at 2-hr intervals up to
postinoculation Day 5 and four times daily
through postinoculation Day 8. The contrac-
tility values for each time period was the
mean of five consecutively analyzed wave-
forms.

For statistical analyses, temperature, heart
rate, Vmax, and V. at peak dP/dt were
graphed for each monkey and partitioned in-
to two 12-hr segments. Each segment was
denoted as day and night (0800-2000 hr and
2000-0800 hr, respectively) and the area un-
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der the curve was calculated. The area under
the curve for each 12-hr interval after infec-
tion was subtracted from each monkey’s own
control period values for comparison. A
Student’s ¢ test statistic and the 95% confi-
dence level were employed for significance.
Results. The responses of one monkey dur-
ing acute pneumococcal infection are shown
in Fig. 1. Beginning about 6 hr after infec-
tion, both Vyax and V. at peak dP/dt were
significantly lower (P < 0.05) than control
values for a duration of 14-16 hr and then
intermittently through Day 7 postinfection.
Detectable bacteremia persisted for 6 days,
which is longer than usual for this model.
Hyperthermia and tachycardia occurred dur-
ing the acute phase of D. preumoniae infec-
tion. Similar responses occurred in four other
monkeys. However, the sixth monkey in our
study failed to have an altered contractility

“response in spite of a 3-day bacteremia;

therefore, data from this unresponsive mon-
key were excluded from the combined analy-
ses.

When the data of the five responsive mon-
keys were pooled (Fig. 2), the findings indi-
cated that myocardial contractility was sig-
nificantly reduced from control values (P <
0.05) between 12 and 36 hr postinfection.
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Fic. 1. Graphed data of one monkey’s response before and after D. preumoniae infection. The
stippled horizontal bar through each variable is the standard error of the mean. The solid circles
on each of the contractility indices (Vum.x and V.. at peak dP/dt) response line represent a sig-
nificant change from control values (P < ,05). ML = muscle lengths.
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F1c. 2. Effects of D. pneumoniae infection on
body temperature, heart rate, and myocardial con-
tractility indices (Vmax and Ve, at peak dP/dt) of
five monkeys. The difference between the control
and infected areas under the curve of the plotted
graph was calculated for each variable at 12-hr
intervals. SE bars represent those time periods which
were significantly different from control values
(P < .05). ML = muscle lengths.

Although myocardial depression occurred ear-
ly during the acute phase of the infection,
reduction of cardiac contractility was greatest
during the second 12-hr time interval. Dur-
ing the 4th and 5th days postinfection, a
trend toward augmented cardiac contractility
was found. Statistically, it was not signifi-
cant. Body temperature was elevated during
the period of myocardial depression (Fig. 2).
Peak fever occurred at varying times,
reaching 105°F in some individual monkeys,
but greater than 103.5°F in all cases. Heart
rate was generally increased throughout the
experimental period. There was no correla-
tion between heart rate and cardiac contrac-
tility (Fig. 2). Estimated left ventricular
end-diastolic pressure (LVEDP) was less
than 8 mmHg throughout the study in all
monkeys.

Discussion. This is the first report known
to us whereby the muscle mechanics principle
was applied to study cardiac function in a
conscious, infected primate. The conscious
monkey, conditioned to chair restraint,
affords the advantages of a subhuman pri-
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mate model with cardiovascular responses
more analogous to man than the classic anes-
thetized dog or monkey models (9). When
physiological monitoring devices are im-
planted for chronic studies, this model elimi-
nates undesirable variables due to the effects
of anesthesia and the stress of surgically in-
duced trauma.

The measurement of myocardial contractil-
ity, defined as an altered response in
myocardial function independent of changes
in myocardial fiber length, was based upon
the muscle mechanics principle relating left
intraventricular pressure to the velocity of
contractile element shortening. Two different
techniques, namely, the contractile force
principle (10) and V.. extrapolated from
pressure—velocity relations (7), are commonly
utilized for the assessment of ventricular
function in animal models. We selected the
latter method because it is a more appropri-
ate measure of myocardial contractility; con-
tractile force is dependent upon initial
myocardial fiber length (11), whereas V .y is
not (7). V. at peak dP/dt is also fiber-
length dependent (7), but was incorporated
into this study as a comparison to Vpay since
it could be computed easily from the V.
pressure-velocity relationship. An additional
advantage to the pressure-velocity technique
is the relative ease by which it can be quanti-
tated from a single systolic event (6).

LVEDP, which was estimated because the
sealed manometer could not be referenced to
atmosphere after implantation, was consistent
and within normal limits (12) for all mon-
keys for the duration of the study. The inabili-
ty to determine absolute LVEDP does not
affect the accuracy of V. or V. at peak
dP/dt since, by the developed pressure
method, LVEDP is considered zero pressure.

The pneumococcus organism was selected
for several reasons: (i) It is not known to
produce toxins; therefore, any changes in
myocardial contractility would be expected to
be influenced by the organism per se, the
infectious processes, or both. (ii) A decreased
cardiac output associated with pneumococ-
cal pneumonia has been reported in man (1,
2). (iii) The clinical response of the rhesus
monkey to 108 D. pmeuwmonige organisms,
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given iv, has been reported earlier from this
laboratory (13).

Emotional depression and anorexia have
been reported to occur within 12 hr and per-
sist for 1-3 days after experimental D. prexu-
moniae infection of monkeys (13). Peak
febrile response usually occurs within 24 hr,
with body temperature remaining elevated
for 2—5 days. Although no deaths occurred in
this study, an occasional death may result
from this infection. The clinical course of
pneumococcal infection in all six monkeys
was in general agreement with the findings
reported by Kastello et al. (13). D. prneumo-
nige bacteremia persists generally for no long-
er than 3 days when the organisms are given
iv. The prolonged bacteremia in one respon-
sive monkey (Fig. 1) may account for the
intermittent myocardial depression occurring
on Days 2-7 postinfection.

Although changes in V., and V,, at peak
dP/dt vary in degree and duration in indi-
vidual monkeys, they are sufficiently consis-
tent in five of the six monkeys studied to
show significant cardiac depression (Fig. 2).
It is evident that either V.. or V. at peak
dP/dt can be used for measuring myocardial
contractility changes during pneumococcus
infection. Since an increment in myocardial
temperature is known to augment intrinsic
imyocardial functions (14-17), and tachy-
cardia indicates increased sympathetic activ-
ity, one would expect contractility to parallel
changes in body temperature and heart rate.
It is unclear why myocardial contractility de-
creased during peak fever and tachycardia
after pneumococcal infection; however, we
feel that this paradox indicates an alteration in
the energetics of myocardial contraction. Qur
observation of myocardial depression in sub-
human primates also suggest that this may be
one mechanism for decreased cardiac output
associated with pneumococcal pneumonia re-
ported in man (1, 2). During Days 4 and 35
postinfection, a trend toward increased cardiac
contractility occurred. It is possible that this
trend resulted in part from tachycardia, de-
spite no significant correlation in our study.

Summary. This report describes the extent
to which 10® D. pneumoniae organisms, ad-
ministered iv, caused changes in heart rate,
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body temperature, and myocardial contractili-
ty in five of six conscious, chair-restrained
mature rhesus monkeys. Within 16 hr after
pneumococcal infection, hyperthermia, tachy-
cardia, and decreased cardiac contractil-
ity were observed. All parameters returned to
relatively normal levels 4 days postinfection.
It is unknown why myocardial depression
occurred coincident with febrile response and
tachycardia.
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