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Afath A

(approximately 0.2 mg./kg. body
weight; range of total dose, 4 to 30 mg.) was
given by intravenous infusion to two groups of
p (1) 5 normotensive,
and (2) 7 hypotensive under spinal anesthesia.
In the nonanesthetized group, the criterion for
dosage of methoxamine was elevation and main-
tenance of arterial blood pressure 25 per cent
(%10 per cent) above the resting level. In the
hypotensive group, administration of vasopressor
was guided by the clevation of arterial blood
pressure to the presspinal control level. In the

ive group, cardiac output and the heart
rate were both significantly reduced, with variable
changes in stroke volume. The vasopressor effect
was associsted with an clevated total peripheral
resistance.  In the hypotensive spinal group
methoxamine caused variable changes in the car-
diac output: increase or decrease in cardiac output
depended on changes in stroke volume. The
heart rate was generally reduced below the spinal
level. The vasopressor effect was apparently due
to the elevated total peripheral resistance and, in
some instances, to an increased cardiac output.
This increase in cardiac output depended mainly
on inercased stroke volume. These findings sug-
gest that meth ine in clinical d is not a
myocardial depressant but a vasopressor capable
of incrensing the venous return to the heart which
responds with increased stroke output,

jent thetized;

MeTnoxaMiNE,®  B-Hydroxy-8-(2, 5-dimeth-
oxyphenyl) isopropylamine HCl, a potent
sympathomimetic agent, exerts a primary in-
fluence upon the peripheral vascular bed caus-
ing an elevation of the systemic vascular re-
sistance,» 2 Some difference of opinion exists

concerning its effect upon the heart. Several
investigators reported that methoxamine was
a cardiac depressant.3-¢ Others found that it
exerted no depressive influence upon myo-
cardial contractile force.”

The value of methoxamine in the treatment
of certain forms of hypotension has been ques-
tioned because of the reported reduction of
cardiac output, decrease in rate of venous re-
turn and a possible negative inotropic effect
upon the heart.*: 8

This study was designed to determine the
significance of the predominant peripheral ac-
tion of methoxamine in relation to the other
hemodynamic changes, particularly the cardiac
output, in patients with induced hypotension
due to spinal anesthesia as compared with the
changes in nonanesthetized subjects. During
spinal anesthesia methoxamine is usually ad-
ministered as a single dose to elevate the ar-
terial blood pressure because it is considered
to be a long-acting agent. The evaluation of
the hemodynamic effects of methoxamine in
this study was thus based upon the response
to a single dose which elevated and maintained
the arterial blood pressure at a desired level.

Methods

Twelve patients from 23 to 70 years of age,
without apparent cardiac or pulmonary dis-
ease, were studied prior to operation. Each
patient was placed in a comfortable supine
position on an operating table after 12 hours
of fasting without premedication. The follow-

Received from the Department of Anesthesiol-
ogy, Tufts University School of Medicine and
Pratt Clinic-New England Center Hospital, Bos-
ton, Massachusetts, AcceEted for publication Au-
gust 27, 1964. This work was supported by Re-
search Grant H-1711 from the National Heart
Institute, United States Public Health Service.

¢ Supplied as Vasoxyl by the Burroughs Well-
come & Co., (U.S.A.) Inc, Tuckahoe, New York.

21

ing ements and calculations were made:
heart rate, systemic arterial bleod pressure,
cardiac output, stroke volume, total peripheral
resistance and left ventricular work. Cardiac
output was determined by an indicator dilu-
tion technique using indocyanine green dye.®
10,11 The dye was injected into an antecubital
vein and blood was simultaneously withdrawn
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by a constant flow system (0.9 ml./second)
from a brachial artery through the cuvette of
a Colson densitometer (Model 103-1R). The
methods for recording arterial blood pressure,
lead 2 of the electrocardiogram and for cal-
culating total peripheral resistance and left
ventricular work have been previously de-
scribed.12.13, 14

Control measurements were made after a
spinal catheter and venous and indwelling ar-
terial needles were inserted, and the patient
had been quiet for at least 30 minutes. After
control observations, methoxamine was ad-
ministered to two groups: (1) 5 normoten-
sive nonanesthetized subjects and (2) 7
subjects during the hypotensive state of spinal
anesthesia.

The level of the arterial bloed pressure
served as a guide for the total dosage of
methoxamine to be administered. Thus, the
total amount of methexamine varied from pa-
tient to patient. The directional change of the
arterial blood pressure revealing the degree of
the vasopressor effect was maintained at a
constant level for all subjects studied: (1) 23
per cent (10 per cent) above the control
levels for the nonanesthetized group of pa-
tients; and (2) the correction of the hypoten-
sion with a return of the blood pressure to the
pre-spinal level for the anesthetized patients.

Methoxamine was administered in 0.03 per
cent solution in normal saline, and infused at
the rate of 5-10 ml. per minute. The begin-
ning of the infusion of methoxamine was desig-
nated as the “zero time.” Hemodynamic de-
terminations were made periodically following
termination of the infusion. The total dosage
of methoxamine ranged from 4 to 30 mg.
(average: 0.2 mg./kg. body weight).

Nonanesthetized Subjects. Immediately after
the control observations, methoxamine was in-
fused to elevate the arterial blood pressure
95 per cent (* 10 per cent) above the resting
level. The elevation of the blood pressure
served as a criterion for the dosage admin-
istered.

Spinal Anesthesia. The catheter spinal an-
esthesia technique was described in detail in
a previous publication.’* Pontocaine (0.3
per cent solution in 10 per cent dextrose) was
given in divided doses until the mean arterial
blood pressure fell to 25 per cent (= 10 per
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Jone ey
cent) below the resting “normotensive” level
The total dosage of pontacaine varied from ¢
to 15 mg. The sensory level of anesthesia to
pin prick was tested periodically and ranged
from third to tenth thoracic level throughout
the experiment.  When the hemodynamic re-
sponse to spinal anesthesia was stabilized, as
indicated by no further changes in arterial
blood pressure and heart rate, measurements
of cardirc output and other parameters were
repeated during this “hypotensive” initial
level.'*  Methoxamine was then administered
in the same manner as in the nonanesthetized
subject to restore the arterial blood pressure to
its pre-spinal “normotensive” initinl level
After the stable state was obtained, as indi-
cated by no further fluctuation of arterial blood
pressure, the infusion was stopped.

P values were obtained by means of the t
test. The sign test s was used to determine
the significance of the directional changes in
cardiac output following administration of
methoxamine to the nonanesthetized subjects.

Results

Pertinent hemodynamic data are summarized
in table 1 (nonanesthetized subjects) and
table 2 (anesthetized subjects).

NONANESTHETIZED SUBJECTS

Cardiac Index. Administration of methoxa-
mine to 5 nonanesthetized subjects resulied
in a decrease of cardinc index in 17 of 18
measurements. The mean value of the car-
diac index during the resting period was
3.01 % 0.54 liters/minute/m.? within the nor-
mal variability, The decrease of cardiac
index following the administration of meth-
oxamine ranged from 0.18 to 0.84 liter/min
ute/m.2. The mean percentage change was
—15.8 per cent. However, in one instance
the cardiac index (subject E. P.) was in-
creased (4 0.3 liter/minute/m.?) (table 1).
The values for cardiac indices in repeated de-
terminations within 10 minutes in 3 sub-
jects varied by 4.2 per cent from the mean
values. Changes in cardiac index in 17 of 18
observations were greater than 4.2 per cent
and, therefore, were considered significant.
Furthermore, analysis of the directional changes
in cardiac index by means of a sign test 5 re-
vealed that there were 17 cases of reduction
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in cardiac index and one increase; the hy-
pothesis that methoxamine does not cause a
significant directional change in cardiac out-
put is therefore untenable (P < 0.001).

Heart Rate. The mean heart rate among
the five nonanesthetized subjects during the
resting period was 80 = 4 beats/minute. Ad-
ministration of methoxamine resulted in a re-
duction of heart rate in all instances. Pro-
duction of bradycardia was statistically sig-
nificant (P < 0.01), ranging from — 8 to — 42
beats/minute, the effect lasting more than an
hour (table 1).

Stroke Volume Index. 'The mean stroke
volume index among the 5 nonanesthetized
subjects prior to and after the administration
of methoxamine was 37.7+ 1.8 and 374

TasLe 1. Hemodynamic Data Before and

CARDIAC OUTPUT 23
1.2 ml/beat/m.?, respectively. The average
change in stroke volume index was not sig-
nificant (P> 0.5) (table 1). '

Mean Arterial Blood Pressure. Mean ar-
terial blood pressure was 102 + 6.2 mm. of
mercury in the nonanesthetized subjects. Fol-
lowing the administration of methoxamine, the
mean arterial blood pressure was always in-
creased (range: + 3 to 4 39 mm. of mercury)
(table 1). The increases in the arterial blood
pressure were significant (P <0.01) at any
time interval within one hour after the ad-
ministration of the drug and were related to
the increase of total peripheral resistance in
all subjects.

Total Peripheral Resistance. The mean
total peripheral resistance in nonanesthetized

After Administration of Mecthoxamine in

Nonanesthetized Subjects

. Age Time Cardine | jieart Rate Stroke Mean Art. T.P.R. Left Vent.
Patient \ ! e | vol. Tnd P dynes-se | “Wark
e yre) in) ) fnin gy | Geate/mind | b cat/ma)| (o, i) ( e ) (kg.-m./min.)

M. M. A —14 2,61 72 36 118 2.29 6.57
+7 215 57 38 142 3.34 6.51

+51 2,43 G649 35 125 2.61 6.32

E P 52 —32 2.52 76 33 90 1.78 4.01
+5 2.82 G4 44 103 1.82 6.28

+15 2,00 72 28 90 2.25 3.89

+32 2.28 68 34 90 1.97 444

N. M. 39 —-10 3.34 93 36 112 1.53 8.84
40 2.51 G9 36 130 237 7.70

+21 2.55 66 39 125 2,24 7.51

+43 2.54 78 33 115 207 6.89

+57 242 72 34 125 2,22 714

J. 0. 35 -7 2.80 68 41 88 1.61 5.19
—4 277 70 40 83 1.53 1.85

+13 1.98 63 31 105 2,72 437

+22 2.57 63 41 122 243 6.61

+39 2,12 5 39 88 213 3.92

+44 1.93 62 31 95 2.52 3.86

M. N. 40 -8 3.70 88 ER 103 137 8.37
+12 3.08 7 44 135 2,20 8.

+25 3.38 86 30 120 1.78 8.71

+42 3.4 86 10 17 173 8.55

+55 342 81 41 18 171 8.65

+64 3.70 78 47 17 1.59 9.30
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TaeLe 2. Hemodynamic Data Before and After the
During Spinal Anesthesia

Anesthesiol
Jan.-Feb. 1965

Administration of Methoxamine

]
3 i i b Art. T.P.R. Left Vi
Patient Age Time Gorine | Heart Rate vopke Nean Art. | ome e, 1t Ven,
at {ym.) {min.) w /nl:i‘n.c/’:n.’) (beats/min.) (ml.ofl‘)e:lt‘ /?:‘e) (,,,r,‘,::! ‘}I; :) ( :: O . ) (kg.-m‘.’;:(nin.)

P. B. 70 C-11 2,45 69 35 140 274 7.29
S—1 113 54 19 56 R03 L75

M+3 142 57 25 203 6.97 6.35

M+19 218 52 42 160 3.58 7.73

M-187 235 63 37 125 2.57 6.51
J.C. 43 C-25 312 T 126 25 105 L56 7.60
S—13 134 100 19 85 2,03 3.83

S—8 1.82 84 22 67 L71 2.82

S-3 1.93 82 24 67 1.61 3.00

M40 2.50 70 36 115 2,14 6.68

MA4-12 221 706 20 100 210 5.14

M 432 237 706 31 110 215 6.06

MA-41 243 78 31 105 2.00 5.93

M+45 226 78 29 105 2.16 5.50

S. M. 43 C-77 2.04 72 28 102 2.96 3.79
S—11 1.36 66 21 73 3.18 181

M52 L77 56 32 103 3.44 333

MA+16 170 48 35 127 443 3.93

M+-23 2.09 46 45 120 3.40 4.56

M+428 L.98 56 35 122 3.65 4.40

M. B, 38 C—-26 3.27 56 59 7% 1.20 5.04
S—4 2.80 48 58 47 0.88 2,70

M+10 2.60 46 56 70 1.42 3.73

M+20 2.29 44 52 77 177 3.62

M40 241 52 46 78 L70 3.86

M+-59 1.04 52 37 75 2,04 2,98

I. P. 25 C-97 4.30 81 53 105 118 10.11
S—14 3.29 76 43 90 132 6.04

M4-7 3.46 86 40 116 1.62 8,98

MA+18 3.62 R} 45 115 1.53 9.34

MA27 2.87 74 39 115 1.93 7.39

M4-37 2.28 72 32 97 205 4.96

M. N. 42 c-23 1.88 G0 31 105 2. 4.87
S—4 2,28 68 34 65 1.24 3.66

M45 1.30 36 36 122 4,10 3.9

M+12 L78 18 37 100 245 440

M422 134 a0 27 08 3.19 3.24

M4-32 1.79 52 34 92 224 407

M+49 213 52 41 92 1.89 4.83
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Num!
Tasre 2. (Continued)
’ Age Time Cardine | jteart Rate Stroke Mean Art. T.P.R. Left Vent.
Patient o i Ind i Vol. I P; dynes-sec. 3
atien =) in) | Indec ) Geats/min) | Yol d ndex et ( sess ) PN
R.S. 41 C—47 415 93 45 95 1.18 8.25
S5-29 9% 34 82 1.29 5.63
S—10 87 38 90 1.40 6.26
S—1 84 37 90 1.50 5.83
M4-21 2,63 66 40 88 1.72
M437 2.81 78 36 02 1.69
M4-48 2.57 72 36 105 211
M58 3.00 75 40 100 1.72
M468 2.10 60 35 120 294
M+78 230 66 35 95 213
M4-86 2.94 72 41 100 1.76
MA4497 2.4 72 34 100 211

subjects was 1.6 = 0.1 absolute units. Follow-
ing administration of methoxamine, the total
peripheral resistance was increased in all in-
stances (range: + 0.1 to + 0.2 absolute units)
(table 1). These increases weve significant
(P<0.02).

Left Ventricular Work, In the nonanes-
thetized subjects, the mean left ventricular
work was 6.5 1.0 kg.-m./minute. Follow-
ing the administration of methoxamine, there
were variable changes in left ventricular work
(P>0.2) (range: + 2.0 to — 1.9 kg.-m./min-
ute) (table 1).

ANESTHETIZED SUBJECTS

Cardiac Index. In the hypotensive group,
after spinal anesthesia, the mean value of the
cardine index dropped from a control resting
value of 3.03 = 0,37 liters/minute/m.?, to 2.39
+0.81 liters/minute/m.? in all but one sub-
ject (P <0.05). In the seventh subject the
cardiac index was increased during spinal an-
esthesin with an accompanying increase in
heart rate (M. N. in table 2). Repeated de-
terminations of cardiac index were made in
2 patients during spinal anesthesia. In one
patient (J. C.) three cardiac index values de-
termined within 15 minutes ranged from 1.82
lo 1.94 liters/minute/m.* (pre-spinal control:
3.12); and in the other patient (R. 8.) three
cardiac output values obtained within 30 min-
utes varied from 3.10 to 3.33 liters/minute/m.?
(pre-spinal control: 4.15) (table 2). These

results indicate that the values of the cardiac
output were all lowered from the pre-spinal
control level and had become stabilized under
spinal anesthesia.

In 3 subjects with hypotension, the ad-
ministration of methoxamine resulted in a de-
crease in cardiac index (M. B., M. N. and
R. S.), that is, the cardiac index fell to a level
lower than that during the spinal anesthesia
prior to the administration of methoxamine.
In the other 3 patients the cardiac index
increased (P. B., ]. C. and S. M.). The re-
maining one patient (F. P.) showed some in-
crease in the cardiac index during the first
90-minute period following the administration
of methoxamine, but from 25 minutes on, the
cardiac index fell below the spinal level. Fig-
ure 1 demonstrates these variable changes in
cardiac index in all 7 patients in reference
to their initial, pre-spinal control values, re-
spectively.

The two patterns of hemodynamic response
are illustrated in figures 2 and 3 where the
hemodynamic changes are plotted against time
in two cases. Tigures 2A and 2B illustrate an
experiment (M. B.) where cardiac output was
further reduced from the hypotensive level, 14
per cent decrease from he pre-spinal control
value. In twenly minutes following the ad-
wministration of methoxamine there was an ad-
ditional 10 per cent reduction of cardiac out-
put and in sisty minutes there was a 20 per
cent further reduction (figures 2A and 2B;
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Limintm®
or Fic. 1. Linc graph
osl of 7 scparate experi.
ments,  Changes (tr.
angle) i the index val.
Acl, ues arc plotted against
time during the control,
—os} pre-spinal state, before
and after the administra.
—iob tion of methoxamine dur-
ing spinal  anesthesia,
—rsh The arrow above “meth.
. \ l(:xnmine" ifnd]icﬂ!csr the
-20F ~ e eginning of the infusio
~ b of the drug. "
”L Watosoning 0 2‘0 » 40 0 (]
Minutes.
PINAL M. B. in table 2). In contrast, Figures 3\
* . : i
% CHANGE Tmoxmmz w and 3B (P. B. in table 2) demonstrate a 5
ol e per cent reduction of the cardiac output dur-
. i ing spinal anesthesia, but a relurn of cardiac
“ / r:; — output to the normotensive range twenty min.
N // ’ utes after the administration of methoxamine.
/ fmg Heart Rate. Spinal anesthesia in 7 subjects
/’ P L caused a reduction of heart rate in 9 of 11
w \ L/ instances (table 2). In only one of 7 patients
O T RN N
\\J K - was there a definite increase in the heart rate,
-l Y co. all the other 6 patients had a reduced heart
rate during spinal anesthesia. The mean heart
mansEE o 6w ® . w e W rate before and during spinal anesthesia was
—y A 80 =9 and 69 = 7 beats/minute, respectively
AL (P> 01).
> v Following the administration of methoxs-

Fics. 2A and 2B. Hemodynamic changes of a
single experiment during spinal anesthesia, 2A
(above): The elevation of the arterial blood pres-
sure after methoxamine is due to the sustained in-
crease of the total peripheral resistance. 2B

below): The reduction of the cardiac output is
due to the initial decrease in the heart rate and
subsequent decrease of stroke volume, O time on
the vertical axis marks the beginning of the intra-
venous infusion of methoxamine. O, as related
1} indi the pre-spinal

to J4
level or control,

mine, there were 6 instances of increase in
heart rate (range: + 3 to + 9 beats/minute},
and all the remaining 27 instances showed a
further reduction of heart rate (range: —2 to
—32 beals/minute) (table 2). Only in 2
(P. B. and F. P.) (table 2) of 7 patients
was there a slight increase in heart rate: the
other 5 subjects all had further drop of heart
rate. This reduction in heart rate following
the administration of methoxamine during
spinal anesthesia is statistically significant (P
<0.05).

Stroke Volume Index. The mean stroke
volume index during spinal anesthesia dropped
from 36.6 = 6 ml./beat/m.* to 33,0 =6 ml/
beat/m.2,  Following the administration of
methoxamine there were variable changes in
the stroke volume index (range: — 21 to + 24
ml./beat/m.2). These changes were not sta-
tistically significant (P> 0.1). Figure 2B
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shows an instance of progressive reduction of
stroke volume following the administraticn of
methoxamine. This occurred in a patient (M.
B.) with a high stroke volume index (59 ml./
beat/m.?) at the pre-spinal level, and it was
not reduced during spinal anesthesia. In the
o other experiments (F. P. and R. S.}, the
stroke  volume index was relatively high
(SVI.=359, 53 and 45 ml./beat/m.2, re-
spectively) at the pre-spinal level. These 3
subjects had either a reduced or unaltered
stroke volume following the administration of
methoxamine,

This, however, only represents one pattemn

METHOXAMINE AND CARDIAC OUTPUT 27

of response to methoxamine and the opposite
pattern of response is illustrated by figure 3B
where the stroke volume index increased with
methoxamine (+ 20 per cent above the pre-
spinal, normotensive level and 4 70 per cent
above the spinal, hypotensive level). All 4
patients (P. B., S. M., J. C. and M. N.) with
such an increase in stroke volume demon-
strated relatively low stroke volumes at the
start (pre-spinal S.V.I. =35, 28, 25, and 31
ml./beat/m.2, respectively).

Mecan Arterial Blood Pressure. Among
7 subjects during spinal anesthesia, there
was a significant drop in mean arterial blood

SPINAL  METHOXAMINE LV.

% CHANGE *
120 F\
100)
80|
80
40
20
(1]
\ Y
des. 3A a;]ul 3B. He- -2 \},
modynamic changes in a :
single experiment during -40 ‘}s i
spinal anesthesia. Figure X,
3A (above) shows that ~60 i
the arterial blood pres- c"

sure increase following
methoxamine is due to
the increased total pe-

reTom 8,1 640t
PONTOCAIKE 6my, Ty
MCTHOXAMINE 126my

ripheral resistance  and

cardinc output.  Figure

3B (below) illustrates

that the increase in car- SPINAL
diac output is primarily « cuance

due to the increase in 60 T

stroke volume.
40

1 ]
20 40 60 80 100 120 140 160 180y

METHOXAMINE LV.

20 40 60 BO 100 120 (40 160 1(BO
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pressure from an average of 104 + 6.3 mm. to
63.8 =8 mm. of mercury (P <0.01). Meth-
oxamine administered during the hypotensive
period always caused an increase of the mean
arterial blood pressure (range of increase: 4- 7
to + 69 mm. of mercury). Such an increase in
arterial blood pressure was significant at any
time interval after the termination of adminis-
tration of the drug (P < 0.01).

Figure 2A illustrates this vasopressor effect
of methoxamine, The arterial blood pressure
was elevated to the pre-spinal, normotensive
level in 10-20 minutes following the adminis-
tration of methoxamine. Figure 3A shows a
temporary, transient overshoot of mean arterial
blood pressure followed by a prolonged normo-
tensive period of more than one hour.

Total Peripheral Resistance. Among the
7 subjects studied during spinal anesthesia,
there were five instances of increased total
peripheral resistance (range: + 0.1 to + 0.3
abs. units) and two with reduced total pe-
ripheral resistance (range: — 0.3 to — 1.2 abs.
units) (P> 0.5). Following the administra-
tion of methoxamine there was consistently an
increase of total peripheral resistance (in refer-
ence to the values during the spinal anesthesia
before the administration of the drug) in 32
of 33 instances (P <0.01) (table 2).

Figure 2A shows a marked progressive ele-
vation of total peripheral resistance lasting
more than one hour following the administra-
tion of methoxamine. Figure 3A illustrates a
striking increase in total peripheral resistance;
immediately following the administration of
methoxamine there was an increase in total
peripheral resistance of + 200 per cent in ref-
erence to the hypotensive level and over 100
per cent in relation to the resting, pre-spinal
level.

Left Ventricular Work. During spinal an-
esthesia there was always a reduction in left
ventricular work (mean reduction: 2.2 0.7
kg.-m./minute (P <0.01). Methoxamine gen-
crally increased left ventricular work (range:
+0.3 to 6.0 kg.-m./minute): in only 2 in-
stances was the left ventricular work reduced
(=04 and = 1.7 kg.-m./minute). These in-
creases in lelt ventricular work were significant
at 3 and 15 minute intervals (P <0.02 and
< 0.05, respectively).

Anesthesio}
Jan.~Feb, 13%

Discussion

The hemodynamic response to the adminis-
tration of methoxamine for the treatment of
hypotension in patients under spinal anesthesia
differed from the response observed in non-
anesthetized, normotensive subjects. Cardiac
output was significantly reduced and associ-
ated with a bradycardia following the admin-
istration of methoxamine to normotensive noa-
anesthetized subjects. These findings in the
normal subjects are in agreement with the re-
sults reported by others.® 3418 In contrast,
during spinal anesthesia, changes in cardiac
output were inconsistent and varied from pa-
tient to patient after administration of meth-
oxamine. Three of the 7 patients studied
had reduced cardiac output and the other
three showed an increase. These changes
were not statistically significant, In general,
two different patterns of hemodynamic re-
sponse can be recognized: one is a further
reduction of the cardiac output during spinal
anesthesia associated with reduced stroke vol-
ume. The other pattern is an increased cardiac
output due to an increased stroke volume,

The significant observation is that the cir-
culatory response to methoxamine in the non-
anesthetized normotensive subjects is unizue
and straight-forward in contrast to the variable
directional change of the cardiac output in the
hypotensive patients under spinal anesthesia,
Since the change in the cardiac output de-
pends on so many factors in the body, in the
hypotensive state the situation may be further
complicated by the fact that all the responses
of the cardiovascular tissues could be altered
and different from the normotensive state.
The following possibilities may account for the
difference in response during the hypotensive
state under spinal anesthesia.

The pressor effect of methoxamine is be-
lieved to be primarily due to its stimulating
effect upon the alpha-adrenergic receptors in
the peripheral vascular bed.'? It is reported
that methoxamine does not evoke the libera-
tion of the catecholamines from the storage
portion in the cardiovascular tissues!s'*
However, it has heen shown that during hypo-
tensive cpisodes, the circulatory and the stor-
age portion of catecholamines are increased.”
Recent investigation in this laboratory has not
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found substantial increase in the plasma cate-
cholamine during spinal anesthesia.* The
sensitivity of the smooth muscle of the blood
vessels or the alpha-adrenergic receptors to
methoxamine might well be altered during
the hypotensive state of spinal anesthesia,
thereby producing circulatory effects different
from those during the normotensive state.

Another possibility is the venoconstrictive
effect of methoxamine, which has been shown
to increase the peripheral venous pressure,
although it has little effect upon venous tone
in the forearm.?? During the hypotensive
state of spinal anesthesia, veins may react dif-
ferently from the normotensive state. The
hypotension during spinal anesthesia is be-
lieved to be due to the reduction of total pe-
ripheral resistance in addition to the decrease
in cardiac output as a result of pooling of
blood in the peripheral vascular bed. The
result of this study shows that in this hypo-
tensive state methoxamine is able to increase
the venous return to the heart, hence, increas-
ing the stroke output.

1t must be realized that the cardiac output
does not necessarily reflect the actual status of
the contractile mechanism.?®2¢ Changes in
cardiac output depend upon many factors,
including the magnitude of venous return,
heart rate, effective ventricular filling pres-
sure in addition to the inotropic state of the
myocardium and peripheral vascular resist-
ance. The direction of the changes in these
factors may increase, decrease or show mno
change of the cardiac output in the presence
of an altered cardiac performance. The re-
duction of cardiac output as demonstrated by
the present study in the nonanesthetized sub-
jects and in the hypotensive subjects (3 out
of 7) does not implicate any deleterious effects
of methoxamine upon the heart.

There is sufficient evidence to support the
contention that methoxamine in therapeutic
dosage exerts no depressive effect upon the
myocardium.” 2% 20 Recently, by applying a
miniature square-wave electromagunetic flow-
meter to the intact coronary artery of a dog,
methoxamine has been shown by Marston,
Barefoot and Spencer * to increase the coro-
nary blood flow. Duke et al.®® recently re-
ported some increase of stroke volume during

METHOXAMINE AND CARDIAC OUTPUT 20

and after the intravenous infusion of methoxa-
mine to a series of normal subjects. There
was no significant change in the cardiac out-
put with bradycardia. There was no evidence
of ventricular failure, in the face of increased
systemic vascular resistance. They believed
the increase of the stroke volume was due to
lengthened diastolic filling period, increased
filling pressure and elevated “central” blood
volume, and the effects of the drug appeared
to be dose dependent. Their findings, we be-
lieve, would support the concept that meth-
oxamine, within the range of clinical dosages,
exerts no deleterious effect upon the heart and
that the myocardial response to the increase
of the venous return is adequate.

Summary

The hemodynamic effects of methoxamine
were studied in 12 human subjects divided
into two series: (1) normotensive, nonanes-
thetized and (2) hypotensive under spinal
anesthesia.

Invariably, methoxamine reduced the car-
diac output and heart rate in nonanesthetized
subjects. Changes in the stroke volume, how-
ever, were variable. The vasopressor effect
was associated with the elevated total pe-
ripheral resistance.

Changes in cardiac output varied from pa-
tient to patient following the administration of
methoxamine during the hypotensive state
under spinal anesthesia. The changes in the
stroke volume paralleled the changes in cardiac
output, and, in most instances, the heart rate
was reduced. The vasopressor effect was gen-
erally due to the elevated total peripheral re-
sistance although in certain cases there was
also an increase in cardiac output. The in-
crease in stroke output is presumably due to
the augmented venous return to the heart in-
dicating an adequate myocardial response.

The authors acknowledge the assistance and
advice of Robert Burke, Ph.D. and Hugo Muench,
M.D., Ph.D,, for the statistical analysis of the data.
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