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ABsTrRAcCT The hemodynamic and phasic ascending
aortic flow changes induced by acetylstrophanthidin and
glucagon were studied in closed-chest sedated dogs with
aortic regurgitation. While the positive inotropic effect
of both agents was reflected in an increase in peak rate
of rise of left ventricular pressure, acetylstrophanthidin
increased aortic regurgitation, while glucagon decreased
it. With the former, left ventricular end-diastolic pres-
sure rose from 20%x6 to 27+6 mm Hg (P <0.005),
but fell from 18+4 to 11+3 mm Hg (P <0.001) with
glucagon. Acetylstrophanthidin increased systemic vas-
cular resistance, aortic diastolic pressure, and diastolic
regurgitant flow rate, and, heart rate and the duration
of regurgitation per beat and per minute being un-
changed, regurgitant flow per beat increased 32%+159
(P <0.001). Glucagon decreased regurgitant flow per
beat 27+149, (P <0.001) because of abbreviation of
diastole associated with tachycardia, and because of re-
duction in regurgitant flow rate. Despite tachycardia, the
duration of regurgitation per minute was unchanged,
and the small fall in regurgitant blood flow per minute
was not significant, but this pertained in the face of
479, increase in effective cardiac output (P < 0.001).
In contrast, acetylstrophanthidin increased regurgitant
flow per minute 28+149, (P <0.001) without change
in effective cardiac output. The increase in cardiac con-
tractility, tachycardia, and systemic vasodilatation in-
duced by glucagon preferentially enhanced forward blood
flow, which led to reduction in left ventricular volume
overload, while it increased cardiac output. Contrarily,
acetylstrophanthidin increased aortic regurgitation and,
despite its inotropic effect, increased left ventricular vol-
ume overload without an increase in cardiac output.
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INTRODUCTION

The successful use of digitalis glycosides in the treat-
ment of low output cardiac failure is mainly attributed to
the positive inotropic effect of digitalis glycosides and
the accompanying increase in cardiac output and reduc-
tion of elevated ventricular diastolic pressure (1, 2).
Under some circumstances, however, the glycosides do
not exert an obviously beneficial effect on the circula-
tion, e.g., acetylstrophanthidin in experimental myocardial
infarction (3). Similarly, clinical observation and hemo-
dynamic measurements have indicated that digitalis
preparations are often of little value in clinical acute
myocardial infarction (4). Pre-existing circulatory fail-
ure has even been observed to be occasionally aggravated
by digoxin in hypertensive and ischemic heart disease
(5) and by ouabain in cardiogenic shock (6).

In aortic regurgitation, Corrigan asserted in 1832,
“patients under its [digitalis’] exhibition are always
worse” (7). While Corrigan attributed his observation
of a harmful effect of digitalis in patients with aortic re-
gurgitation to induced bradycardia, Stewart later pos-
tulated that, due to their vasoconstrictor effect, digitalis
glycosides would increase aortic regurgitation (8). That
digitalis increases systemic vascular resistance in
animals (9, 10) and in man (11, 12) is now well docu-
mented, although the response may be attenuated or
reversed in the presence of cardiac failure (10, 12, 13).

The effects of digitalis glycosides on aortic regurgita-
tion are, then, of great interest, especially since we have
recently demonstrated an increase in aortic regurgita-
tion with the positive inotropic and pressor agent, nore-
pinephrine (14), and in view of the widespread use of
the cardiac glycosides. The present study represents one
approach to this question. The short-acting cardiac gly-
coside, acetylstrophanthidin, was administered to sedated
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closed-chest dogs in which aortic regurgitation had
been recently induced and a flow transducer implanted
on the ascending aorta. Since acetylstrophanthidin was
found to increase aortic regurgitation with resultant
effects on the circulation, the hemodynamic effects of the
glycoside in normal animals were also studied for com-
parison. Further comparison was made with the effects
of glucagon on aortic regurgitation. Glucagon was se-
lected because of its known positive chronotropic and
vasodepressor, as well as inotropic, properties, and be-
cause it has been extensively examined for use in the
treatment of severe heart disease without documentation
of its effect on aortic regurgitation.

METHODS

Mongrel dogs weighing 18.6-259 kg were anesthetized
with intravenous sodium pentobarbital (20-30 mg/kg)
and ventilated with nitrous oxide and oxygen (1:1). After
median sternotomy, the pericardium was opened longitudi-
nally and sutured to the left chest wall to facilitate later
percutaneous left ventricular puncture. Through an anterior
aortotomy a metal punch assembly was advanced to the
noncoronary cusp of the aortic valve (15). After piercing
the cusp, the trocar handle was simultaneously rotated and
retracted, thus producing a circular defect in the cusp by
the cutting action of the trocar head on the body of the
cannula. With inflow occlusion of less than 10-s duration,
the punch was removed and, over a nonocclusive vascular
clamp, the aortotomy was closed by using 5/0 cardio-
vascular silk. A closely fitting electromagnetic flow trans-
ducer (15-18-mm diam) was placed around the aorta and
packed with oxycellulose gauze, care being taken to avoid
aortic constriction. The flow transducer leads were im-
planted subcutaneously in the left axilla. Normal dogs
were similarly prepared, except for aortotomy and induction
of regurgitation.

Between 5 and 11 days after surgery, the animals were
sedated with intramuscular morphine (3 mg/kg), promazine
(L5 mg/kg), and promethazine (1.5 mg/kg). Lidocaine
0.5% was used as a local analgesic for catheter insertions.

Left ventricular pressure (LVP)' was obtained by using
a 10-cm stiff polyethylene cannula, which was inserted per-
cutaneously on a no. 19 spinal needle, attached directly to
a pressure transducer. Central aortic pressure (AP) was
measured through a catheter passed from a femoral artery,
and intrapleural pressure (IPP) through a self-retaining
Foley catheter. LVP and AP were measured with Statham
P23 Db transducers, and IPP with a Statham 23 AA trans-
ducer (Statham Instruments, Inc., Oxnard, Calif.). The
first time derivative of LVP (LV dp/dt) was obtained
with an R-C differentating circuit.

Phasic aortic flow recordings were obtained by con-
necting the flow probe terminals, previously implanted sub-
cutaneously, to a pulsed logic meter (Biotronex, Inc., Silver
Spring, Md.,, model BL-610-2A). Electronic zero was
checked after each flow recording, and in vivo absolute
aortic flow zero was obtained twice in each experiment

* Abbreviations used in this paper: AP, aortic pressure;
IPP, intrapleural pressure; LV dp/df, peak rate of rise
of left ventricular pressure; LVEDP, left ventricular end-
diastolic pressure; LVP, left ventricular pressure; RF,
regurgitant fraction; RV, regurgitant volume; TSV, total
volume ejected by the left ventricle per beat.
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by inducing circulatory arrest with the intraventricular
injection of acetylcholine. Spontaneous electrical and me-
chanical activity returned within 8 s on all occasions and
hemodynamic and flow parameters returned to preinjec-
tion values within 10 min of the injection. Cardiac output
was measured in duplicate by left ventricular injection,
and aortic sampling of indocyanine green dye by using a
Gilford densitometer (Gilford Instrument Laboratories, Inc.,
Oberlin, Ohio, model 103-IR) and Texas Instruments
recorder (Texas Instruments, Inc., Digital Systems Div.,
Houston, Tex., model PRR-IM-A25-Q). The standard
deviation of cardiac output determination by the method
of paired measurements was 0.2 liter/min (8% of measure-
ment). To calibrate the electromagnetic flow recording,
mean stroke volume, derived from the cardiac output
determination, was equated with the mean time integral
of the net forward flow in four representative cardiac cycles
recorded during inscription of the dye dilution curves. The
standard deviation of this calibration by the method of
paired measurements was 9% of the calibration factor.
Pressures, aortic flow, and electrocardiogram were recorded
on an eight channel direct writing recorder (Hewlett-Pack-
ard Co.,, Palo Alto, Calif., model 7718A).

Heart rate and other hemodynamic parameters varied
with the respiratory cycle (16). The value assigned to each
parameter is, therefore, its mean over a representative
respiratory cycle. Transmural left ventricular end-diastolic
pressure (LVEDP) was obtained by subtracting IPP
from the measured end-diastolic pressure. Regurgitant frac-
tion (RF) was calculated by dividing the regurgitant vol-
ume (RV) by the total volume ejected from the left
ventricle per beat (TSV): RF =RV/TSV. The measure-
ment designated as early diastolic regurgitant flow rate
was made an arbitrary 60 ms after the onset of regurgita-
tion as seen on the recording of flow. That which was
designated as late diastolic flow rate was measured 20 ms
before regurgitation ceased. The regurgitant period (or
duration of diastole in normal dogs) was measured be-
tween the points of intersection of the flow trace with
the zero flow line and is expressed in millisec/beat and
sec/min.

Glucagon solution for intravenous injection was prepared
immediately before use by dissolving 1 mg glucagon USP
in 10 ml of the diluent provided. Six animals received
40 pg/kg body weight and two received 20 ug/kg over 1
min through a femoral vein catheter. Recordings were made
at the end of injection and 2, 3, 5, and 10 min later.

Acetylstrophanthidin, 20 ug/kg, prepared in solution
with normal saline, was infused over 2 min into eight
animals with aortic regurgitation and into seven normals.
Four of the animals with aortic regurgitation had received
glucagon 20 min before, after which hemodynamic param-
eters had returned to their control values. Recordings were
made before and at the end of injection and 2, 3, 5, and 10
min later. The hemodynamic effects of acetylstrophanthidin
are also rapid in onset, being maximum within 5 min.

The significance of changes induced by the interventions
were evaluated by using Student’s paired ¢ test, and the
differences between group means with Student’s # test.
That is, the mean percentage change in each parameter
induced by intervention and the variability of that change
were obtained from the changes induced in individual
animals. The mean percentage changes detailed in the
tables do not, therefore, necessarily coincide exactly with
the changes that would be obtained from using the pooled
mean values of the parameters before and after interven-
tion. Similarly, the figures for regurgitant fraction and
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TaBLE I
Hemodynamic Changes Induced by Acetylstrophanthidin

Peak Aortic pressure Systemic
Heart systolic - Cardiac vascular
rate LVEDP LVdP/d¢ flow rate Systolic Diastolic Mean index resistance
beats/min mm Hg mm Hg/s ml/s mm Hg ml/kg/min  dyncm s~
Aortic regurgitation (z = 8)
Control 103 20.2 3,955 446|| 132]f 57§ 82| 108 2,853
Acetylstrophanthidin* 99 26.6 5,122 473 162 69 100 105 3,673
% change} —-248 +36+21 +30+6 +11+3 +24412 +23+12 +23+10 —4+17 +31426
Significance of
change, P NS <0.005 <0.001 <0.001 <0.001 <0.001 <0.001 . NS <0.02
Normal (n = 7) )
Control 104 6.7 3,451 261 125 78 93 105 3,737
Acetylstrophanthidin* 98 7.0 4,483 292 145 88 107 107 4,431
% change} —7x16 +1417 +29410 +1447 +16+7 41345 +154+12 —1+11 +17+19
Significance of
change, P NS NS <0.001 <0.005 <0.001 <0.001

<0.02 NS NS

* Measurements made at time of maximal effect of acetylstrophanthidin.

1 Values are mean=1 SD. Variability of other mean values and data from individual animals are available from authors on request.
§ || ¥ Values significantly different from normal group: § (P < 0.001); || (P < 0.05); § (P < 0.005).

other derived variables quoted in the tables are not pre-
cisely the same as those which would be obtained from
using pooled mean data also supplied in the tables.

RESULTS

All animals with aortic regurgitation had collapsing
pulses and precordial diastolic murmurs. None had
edema or significant pleural or pericardial fluid or ad-
hesions. The normal animals and those with regurgita-
tion were comparable with respect to body weight and
left ventricular weight per kilogram body weight. Heart
rate and systemic blood flow, i.e. cardiac output, were
similar, but aortic diastolic and mean pressures were
significantly lower in the animals with regurgitation, and

aortic systolic pressure and LVEDP were significantly
higher (Table I).

The changes induced by acetylstrophanthidin are
presented in Tables I and II and those induced by gluca-
gon in Tables III and IV. Mean values of the measured
parameters before and at the time of peak effect of
the interventions are tabulated, along with mean per-
centage changes, the variability of the changes, and the
significance of the changes induced. Mean changes were
compiled for all eight animals receiving glucagon, since
the changes in the two receiving 20 ng/kg were not dif-
ferent from those in the six given 40 ug/kg. No temporal
dissociation of the various effects produced by either
intervention could be discerned, which is particularly

TaBLE II
Flow Changes with Acetylstrophanthidin

Regurgitant flow rate
Total Effective —_—
stroke Total LV stroke Early Late
Regurgitant period volume output RV RV volume RF diastole  diastole
ms/beat s/min ml/beat liters/min mi/beat liters/min ml/beat ml/s
Aortic regurgitation (n = 8)
Control 401 40.1 56§ 5.79 33 3.47 23 0.54 105 59
Acetylstrophanthidin* 431 41.8 64 6.44 41 4.20 23 0.60 130 68
% changet +8+12 +4+10 +14+8 +11+7 +32415 +28+14 —1+16 +14+12 +28+14 21430
Significance of
change, P NS NS <0.005 <0.005 <0.001 <0.001 NS <0.02 <0.001 NS
Normal (n = 7)
Control . 403 41.3 22 2.18 22
Acetylstrophanthidin 476 43.5 23 2.20 23
% changet +16+21 +6+4 +8+9 —1311 +8+9
Significance of
<0.01 NS NS NS

change, P NS

* Measurements made at time of maximal effect of acetylstrophanthidin.

1 Values are mean=1 SD. Variability of other mean values and data from individual animals are available from the authors on request.
§ |l Values significantly different from normal group; § (P < 0.05); || (P < 0.01).
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TaBLe III
Hemodynamic Changes Induced by Glucagon

Peak Aortic pressure Systemic
systolic Cardiac vascular
Heart rate - LVEDP LV dP/dt flow rate Systolic Diastolic Mean index resistance
beats/min mm Hg mm Hg/s ml/s mm Hg ml/kg/min’ dyncm s
Control 102 18.4 4,565 478 138 58 85 120 3,036
Glucagon* 131 11.4 6,556 531 134 51 79 179 1,948
% changet +29+13 —38+14 +43+11 +12+6 —3+5 —12+10 —-7+7 +47+13 —36+9
Significance .
of change, P <0.001 <0.001 <0.001 <0.001 NS <0.02 <0.02 <0.001 <0.001

Aortic regurgitatant (» = 8).
* Measurements made at time of maximal effect of glucagon.

1 Values are mean=1 SD. Variability of other mean values and data from individual animals are available from authors on request.

relevant to acetylstrophanthidin, since the vasopressor
effect of other glycosides having a slower onset of action
has been considered to preceed their positive inotropic
effect (5, 9, 11, 17). Since all effects of both interven-
tions were maximum within 10 min, the period of ob-
servation was not extended further. Fig. 1 shows typical
recordings from an animal with aortic regurgitation
given acetylstrophanthidin, and Fig. 2, those from a nor-
mal animal; Fig. 3 illustrates the response to glucagon.
Both acetylstrophanthidin and glucagon increased
peak rate of rise of left ventricular pressure (LV dp/dt)
consistent with their known positive inotropic effect.
Acetylstrophanthidin increased systemic vascular re-
sistance by 31%*26% (P <0.02) in animals with re-
gurgitation, cardiac output, i.e., systemic blood flow and
heart rate being unchanged (Table I). Glucagon de-
creased systemic vascular resistance 36%99% (P <
0.001), while heart rate was increased 29+13% (P <
0.001), and cardiac output was increased 47*139%
(P <0.001). (Table III). While acetylstrophanthidin
increased aortic regurgitation, glucagon decreased it.
Acetylstrophanthidin increased regurgitant volume per
beat 32+159 (P <0.001), a process entirely attributable
to increase in regurgitant flow rate, most marked in early
diastole (Table II). Glucagon reduced RV per beat

27*149, (P <0.001) because of reduction in the re-
gurgitant period per beat associated with tachycardia and
also because of reduction in regurgitant flow rate
(Table IV). Regurgitant period per minute was un-
changed by either intervention, since, although glucagon
produced tachycardia, the duration of each systole was
reduced. Hence, although the tachycardia and abbrevia-
tion of diastole induced by glucagon contributed to the
reduction in RV per beat, it did not influence RV per
minute. The small mean fall in the latter, induced by
glucagon, was not significant. RV per minute did, how-
ever, remain constant or fall in response to glucagon in
seven of the eight animdls in the face of an invariable
large increase in both total left ventricular output per
minute and in effective forward flow, i.e., cardiac output.
Acetylstrophanthidin, on the other hand, produced a sig-
nificant increase in RV per minute, while cardiac output
was unaltered. RF increased, while it fell with glucagon.

With acetylstrophanthidin, effective stroke volume re-
mained constant, but increase in RV per beat necessitated
an increase in total stroke volume of 14*89, (P <
0.005). Alternatively, it can be said that acetylstrop-
hanthidin increased total stroke volume, but this increase
was entirely dissipated in greater RV. Conversely, the
decrease in RV per beat with glucagon meant that, al-

TaBLE IV
Flow Changes with Glucagon

Total

Regurgitant flow rate
Effective S —

stroke Total LV stroke Early Late
Regurgitant period volume output RV RV volume RF diastole diastole
ms/beat s/min mi/beat liters/min ml/beat liters/min ml/beat ml/s
Control 417 40.8 59 5.92 32 3.29 27 0.53 98 62
Glucagon* 328 41.5 53 6.86 23 2.97 30 0.42 78 52
% changet —21+6 +2+8 —10+8 +17+11 —27+14 —6421 +13+11 -20+13 —20415 —16+15
Significance
of change, P <0.001 NS <0.005 <0.005 <0.001 NS <0.02 <0.005 <0.01 <0.02
Aortic regurgitation (n = 8).
* Measurements made at time of maximal effect of glucagon.
t Values are mean=1 SD. Variability of other mean values and data from individual animals are available from authors on request.
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. FiGure 1 Recordings from an animal with aortic regurgitation in the control state (panel
A) and after acetylstrophanthidin (panel B) in comparable expiratory phases of respira-
tion. A Flow, ascending aortic blood flow; ECG, electrocardiogram. Although in this
particular animal the increases in early diastolic regurgitant. low rate (240 —> 265 ml/s), in
RV (73— 83 ml/beat), and in aortic pressure (135/75—>145/75 mm Hg) were somewhat less
than average, LVEDP increased 8 mm Hg. Paper speed 100 mm/s.

though total stroke volume fell 10+69, (P <0.005),
effective stroke volume rose 13+119, (P <0.02).
LVEDP in animals with aortic regurgitation was in-
creased from 209 mm Hg to 276 mm Hg (P <
0.005) by acetylstrophanthidin, but was lowered from
18+4 mm Hg to 113 mm Hg (P < 0.001) by glucagon.
The response of LVEDP in normal animals was also in
contrast, being unchanged by acetylstrophanthidin. The
latter difference presumably resulted because, although
the other circulatory effects were of similar magnitude
in animals with and without regurgitation, the left
ventricle received additional volume loading only, of
course, in those animals with aortic regurgitation.

1720 B. E. Hopkins and R. R. Taylor

In one animal, ouabain, 20 wg/kg, was administered
intravenously and Fig. 4 contrasts the effects of this
with the effects of glucagon, 40 wg/kg, given earlier.
While the recordings show that glucagon decreased
aortic regurgitant flow rate, aortic pressure, and LV-
EDP, ouabain increased all of these parameters.

DISCUSSION

The effect of digitalis glycosides and glucagon on aortic
regurgitation has not been previously documented, al-
though their general hemodynamic effects are well
known (1-6, 9-13, 18-33). Both agents increased LV
dp/dt in a manner consistent with their direct positive



IPP
mm Hg

AP
mm Hg

A FLOW 200
ml/s 100

ECE

F1GURE 2 Recordings from a normal dog in the control state (panel A) and after acetyl-
strophanthidin administration (panel B) at comparable phases of respiration. Contrast the
unchanged LVEDP with the response in an animal with aortic regurgitation shown in

Fig. 1. Abbreviations as in Fig. 1.

inotropic effects, although this does not exclude that
elevation of LVEDP may have contributed to the in-
crease in LV dp/dt produced by acetylstrophanthidin in
animals with regurgitation. The agents’ other cardio-
vascular effects, the increase in systemic vascular re-
sistance induced by acetylstrophanthidin and the decrease
in vascular resistance and tachycardia induced by glu-
cagon, produced contrasting effects upon aortic regurgi-
" tation

Regurgitant blood flow measured in this study ob-
viously includes diastolic coronary blood flow. Pre-
dictably, coronary blood flow increases in response to
glucagon (31-33), so that any error in the measurement
of regurgitant flow would have tended to oppose the
observed changes, ie, the magnitude of the decrease

in aortic regurgitation induced by glucagon would have
been, if anything, underestimated. On the other hand,
digitalis-induced changes in contractility, LVEDP, and
ventricular volume, and in aortic pressure would also
increase myocardial oxygen requirements and tend to
increase coronary blood flow through the mechanism
of autoregulation (34). Direct coronary vasconstriction
(9) would tend to counter this, but if the autoregulatory
effect predominanted, the increase in aortic regurgita-
tion resulting from acetylstrophanthidin would have
been overestimated. This discussion is, however, rather
theoretical, since coronary blood flow is so small in re-
lation to aortic regurgitant flow that even major changes
in coronary flow would not introduce important errors

(14).

Digitalis and Glucagon in Aortic Regurgitation 1721
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Ficure 3 Recordings from an animal with aortic regurgitation in the control state (panel
A) and after glucagon (panel B) at comparable phases of respiration. Early diastolic
regurgitant flow rate in this animal fell from 110 to 60 ml/s, RV from 34 to 21 ml/beat
and, although total stroke volume increased from 23 to 28 ml, left ventricular end-diastolic
pressure (LVP-IPP) fell from 13 to 9 mm Hg. Abbreviations as in Fig. 1.

The increase in aortic regurgitation produced by
acetylstrophanthidin was entirely due to increase in re-
gurgitant flow rate and secondary to increase in aortic
pressure and aorto-ventricular diastolic pressure dif-
ference, and hence to the increase in systemic vascular
resistance (14, 35). The decrease in systemic vascular
resistance with glucagon was important in producing
the relative decrease in regurgitation, but the mechanism
is not as simple. Regurgitant flow rate did significantly
decrease, but not sufficiently to produce a consistent and
significant fall in RV per minute. Ettinger, Frank, and
Levinson (36) have suggested that decrease in systemic
vascular resistance, per se, may decrease aortic re-

1722 B. E. Hopkins and R. R. Taylor

gurgitation. Although it is not easy to understand how
this factor would operate directly, apart from its in-
fluence on aorto-ventricular pressure gradient, perhaps
in a dynamic flow situation changes in vascular imped-
ance could exert such a subtle effect. What is clear is
that the fall in vascular resistance induced by glucagon
preferentially enhanced forward blood flow and that
regurgitant flow per minute decreased or remained con-
stant in the face of a large increase in effective cardiac
output, the latter effect being due to the integrated
response associated with decrease in systemic vascular
resistance and increase in myocardial contractility and
tachycardia. ’
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FiGure 4 Recordings from an animal with aortic regurgitation during the intravenous
administration of glucagon 40, ug/kg, (panel A) and intravenous ouabain, 20 ug/kg, (panel
B). Arrows mark commencement of injections. Abbreviations as in Fig. 1. Paper speed
0.5 mm/s. Note different scales for LV dp/d¢ in the two panels.

The effect of tachycardia, per se, on aortic regurgita-
tion is complex. Abbreviation of diastole and of regurgi-
tant period per beat regularly decreases RV per beat
(16, 37-39), an effect seen with glucagon. RV per
minute may or may not decrease with tachycardia, be-
cause of accompanying increase in aortic pressure and
because shortening of systole may be associated with a
negligible decrease in the total duration of diastole per
minute (16, 38, 39). The duration of the regurgitant
period per minute was unchanged by glucagon, and
hence tachycardia, per se, did not affect regurgitation

Digitalis and Glucagon in Aortic Regurgitation

per minute at all. These factors did not play any role in
the increase in regurgitation induced by acetylstrophan-
thidin, but if sinus bradycardia had occurred, as has
been observed to follow digitalis administration in the
presence of cardiac failure (10) and during anesthesia
(9), it may, if anything, have increased regurgitation
further. ‘

In normal animals, acetylstrophanthidin did not change
LVEDP, presumably because the increase in left ven-
tricular contractility was just balanced by the increase
in aortic pressure and afterload, stroke volume being
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constant. In contrast, LVEDP was increased in animals
with aortic regurgitation because, in addition to the
above factors being operative, regurgitation was in-
creased, necessitating greater total stroke volume to
maintain a constant effective stroke volume, i.e., the
volume load on the left ventricle was increased by acetyl-
strophanthidin in the presence of aortic regurgitation,
but was unchanged in the normal animal. In further
contrast, glucagon reduced the volume load per beat
on the left ventricle in the presence of aortic regurgita-
tion; regurgitant flow per beat was reduced, decreasing
total stroke volume while, at the same time, allowing an
increase in effective stroke volume. Diminution of vol-
ume load and increase in myocardial contractility led to
a fall in LVEDP.

While the results of these experiments in animals with
relatively acute aortic regurgitation are not directly ap-
plicable to the usual clinical situation, they raise some
interesting questions. Digitalis preparations have occa-
sionally been found to aggravate cardiac failure in pa-
tients with myocardial infarction (4, 6) or hypertensive
cardiovascular disease (5), presumably because of their
vasopressor effect and perhaps particularly because this
effect may preceed the inotropic effect (6, 9, 11, 17).
Although the vasopressor response to the glycosides may
be attenuated or reversed in the presence of cardiac
failure, at least in some circumstances, (10, 12, 13) the
effects of digitalis in patients with aortic regurgitation
of various clinical types clearly require further defini-
tion. For example, concerning the prophylactic use of
digitalis in patients with aortic regurgitation, the present
experiments indicate that aortic regurgitation could be
aggravated if the vasopressor response was to be sus-
tained in the nonfailing circulation. Similarly, in the
patient with severe acute aortic regurgitation associated
with ruptured aortic cusp, in which situation elevation of
LVEDP and pulmonary venous pressure may be more a
function of overwhelming volume load than of myo-
cardial failure (15), the place of digitalis glycosides
may be open to doubt. While variable and often dis-
appointing results have been obtained with glucagon
therapy in patients with severe chronic heart disease

(20-25), perhaps because of failure to stimulate the .

enzyme, adenyl cyclase, in the presence of cardiac failure
(26), reports of its use in acute myocardial infarction
are generally more optomistic (27-30). In view of
these points, the effects observed with glucagon sug-
gest that it and other agents with similar hemodynamic
effects, such as isoproterenol, could be useful in the
emergency management of acute severe aortic regurgita-
tion. The present study does not claim to answer these
questions, but rather, in demonstrating, analyzing, and
contrasting the effects of acute digitalisation and gluca-
gon administration on aortic regurgitation in an animal
model, serves to propose them.
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