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Clinical reports have recently suggested that
l-norepinephrine is a valuable agent in the treat-
ment of shock (1-3). It has been found relatively
more effective in those cases in which there is no
major decrease in blood volume, such as in shock
due to drug sensitivity, myocardial infarction,
overwhelming infection and post-operative hypo-
tension unresponsive to transfusion. Also, some
cases of surgical or oligemic shock are reported in
which it has been used with success (4-6). The
rationale for the use of l-norepinephrine in shock
rests on the observation that its administration is
followed by restoration of blood pressure and gen-
eral clinical improvement. However, since there
is a body of surgical opinion which holds that pres-
sor drugs are contraindicated in the treatment of
hemorrhagic hypotension, the present series of ex-
periments was designed to define the circulatory
responses of the dog to l-norepinephrine during
graded hemorrhage. Cardiac output, arterial pres-
sure and total peripheral resistance were the para-
meters measured.

The effects of l-norepinephrine on the normal
human circulation are well known (7). The drug
elicts a bradycardia, an increase in systolic and
diastolic arterial pressures, an increase in total
peripheral resistance, a slight decrease or no
change in cardiac output, an increase in coronary
blood flow, a marked decrease in renal, cutaneous,
skeletal muscular and cerebral blood flows and no
change of estimated splanchnic blood flow (7).
From these circulatory responses, it is apparent
that coronary and hepatic blood flow are main-
tained or increased under the influence of 1-
norepinephrine, while flow in other vascular cir-

1 This work is not to be construed as necessarily re-
flecting the views of the Department of the Navy.

2LT MCUSNR. Present address: 31 Legare Street,
Charleston, S. C.

8 CDRMSCUSN.

cuits is decreased. Current experimental evidence
places the blame for the development of irrever-
sible surgical shock on failure of the liver and
heart. If l-norepinephrine given to the shocked
animal also produces relative increases of flow
through these two vulnerable, vital organs, therein
may lie a rationale for its use other than its vaso-
constrictor action.

METHODS

Eighteen fasting, mongrel dogs (mean weight 10.6 Kg.)
were anesthetized with morphine tartrate, 3 mg. per Kg.
intramuscularly, followed in 30 minutes by chloralose, 48
mg. per Kg., and urethane, 480 mg. per Kg. intravenously.
The right brachial artery, both femoral arteries, a fe-
moral vein and a jugular vein were exposed and cannu-
lated. Arterial pressure was measured with a capacitance
type electromanometer and recorded on a multi-channel
oscillograph. Mean arterial pressure was obtained by
electrical integration of the electromanometric output.
Oxygen was administered by intra-tracheal catheter.
Heparin was used as an anticoagulant. Cardiac output
was determined by the T-1824 Blue dye injection method.
based on the Stewart principle (8). The dye concentra-
tion curve was measured with a calibrated dye photom-
eter (9), the output of which was recorded on the oscillo-
graph. Surface area was calculated from the nomogram
of Cowgill and Drabkin (10). The base line for arterial
pressure was taken at the skin of the back of the dog.

Experimental hemorrhagic shock was produced by the
two-stage bleeding technique described by Wiggers (11).
After the animals had been anesthetized and all apparatus
was in satisfactory working order, two determinations of
cardiac output, pulse rate, central venous and arterial
pressures were made in close sequence. L-norepineph-
rine 4was then administered intravenously by a constant
infusion pump for ten minutes after which time the same
determinations were repeated. (This series of determina-
tions constitute the control period.) The l-norepinephrine
infusion was then discontinued. After arterial pressure
had returned to the base line level, bleeding was begun by
syringe at a rate of 50 ml. per min. and continued until
a pressure of 50 mm. Hg was reached. This level was
maintained for several minutes. Another set of deter-

4Levophed, 0.1 per cent, Winthrop-Stearns, New York
18, N. Y.
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TABLE I

Effect of l-norepinephrine on mean arterial pressure *

Hemorrhage first stage Hemorrhage second stage

Control Early Late Early Late Return

Experi- Body pre inf. pre inf. pre inf. pre inf. pre inf. pre inf. L-norepi.
ment surface inf. l-n'epi. inf. 1-n'epi. inf. 1-n'epi. inf. 1-n'epi. inf. 1-n'epi. inf. 1-n'epi. infusion

M.2 mm. Hg mm. Hg mm. Hg mm. Hg mm. Hg mm. Hg js/Kg./min.
1 .51 89 91 52 54 61 58 36 52 37 48 - - .42
2 .41 89 99 54 79 61 73 40 58 47 59 - .65
3 .45 116 124 47 55 47 53 35 58 35 46 - - .45
4 .53 84 94 56 87 56 70 27 78 34 22 - -
5 .47 90 93 48 56 42 51 24 .38 16 12 - - .51
6 .51 89 99 65 89 36 28 32- 51 - - 77 74 .24
7 .62 102 101 52 66 48 49 42 62 36 37 70 72 .47
8 .59 72 87 51 67 53 61 45 51 39 66 114 129 .47
9 .57 97 95 44 69 55 64 30 72 33 61 - .55

10 .55 81 100 53 70 46 64 27 36 - - .50
11 .57 67 97 54 75 50 73 39 60 31 29 - 1.06
12 .61 98 110 50 70 43 46 29 43 29 37 119 125 1.03
13 .63 77 104 41 82 38 75 38 65 37 74 105 124 1.10
14 .64 70 89 53 76 49 63 32 41 28 25 104 106 1.00
15 .70 84 94 48 79 45 58 31 51 19 20 96 134 .84
16 .65 84 120 58 81 37 58 27 25 25 24 - .98
17 .39 - 40 65 45 49 32 40 29 34 77 89 1.06
18 .43 69 79 46 87 67 86 31 45 34 29 89 99 1.07

M 86 98 51 73 49 60 33 51 32 40 95 106 .75
S.D. 12.55 10.45 5.99 10.63 8.60 12.69 5.56 13.05 6.72 18.30 16.40 22.80

t 2.98 7.00 2.78 4.90 1.59 .96
p .0015 .0000 .0024 .0000 .055 .17

* All figures are the means of two determinations.

TABLE II

Efect of l-norepinephrine on cardiac output *

Hemorrhage first stage Hemorrhage second stage

Control Early Late Early Late Return

Experi- pre inf. pre inf. pre inf. pre inf. pre inf. pre inf.
ment inf. 1-n'epi. inf. l-n'epi. inf. l-n'epi. inf. 1-n'epi. inf. 1-n'epi. inf. 1-n'epi.

ml./M.2/min. ml./M.2/min. ml./M.2/min. ml./M.2/min. ml./M.2/min. ml./M.2/min.
1 2261 1669 888 1050 1110 1440 372 480 378 404
2 1914 1710 972 1500 822 1038 630 678 618 702 -
3 1490 2615 798 1350 720 1038 450 972 552 858
4 1920 1991 858 1242 792 1301 558 1031 678 438 -
5 2051 2345 372 420 342 582 270 438 240 282 -
6 2430 2831 510 738 198 222 198 390 - 752 612
7 1595 2150 960 1271 828 990 648 960 540 480 2190 2290
8 1380 1500 858 1068 1029 1092 708 912 528 732 1631 1691
9 1781 1680 552 822 738 858 450 750 342 612

10 1980 2560 882 1151 822 1271 792 942
11 2021 1860 1217 1721 1880 1680 570 702 404 390 -
12 4140 4554 1068 1721 1152 1481 540 792 432 660 1961 1320
13 2261 1638 900 1320 900 1350 582 738 570 738 1519 1301
14 3370t 6600t 1050 1451 1490 2310 930 1145 404 586 1961 1680
15 1638 1780 1098 1700 942 1410 972 1580 672 708 3960 2940
16 1841 1511 786 1271 792 1211 492 552 420 318
17 - 492 696 414 498 324 404 192 210 930 972
18 1212 942 204 510 390 390 132 168 114 138 522 462

M 1994 2088 804 1170 852 1120 534 756 438 516 1716 1475
S.D. 662 821 271 412 406 482 230 334 165 212 1025 790

t .35 3.14 1.75 2.26 .75 .51
p .36 .0008 .040 .012 .22 .30

* All figures are the means of two determinations.
t Not included in statistical analysis.
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minations was then made before and during the 1-norepi-
nephrine infusion which was given at the same rate and
for the same time as during the control period (early first
stage of hemorrhage). Arterial pressure was held at 50
mm. Hg for 75 minutes and measurements were made
before and during the l-norepinephrine infusion as above
(late first stage of hemorrhage). The animals were next
bled at 50 ml. per min. to a pressure of 30 mm. Hg.
Measurements were again made before and during 1-nor-

epinephrine as described above (early second stage of
hemorrhage). Pressure was maintained at 30 mm. Hg
for 75 minutes and the sequence of determinations was

then repeated (late second stage of hemorrhage). All
blood was next reinfused intravenously, blood pressure al-
lowed time to stabilize, and the determinations made once

again before and during the l-norepinephrine infusion
(return period). In all experiments, the l-norepinephrine
infusion was maintained at the same rate from beginning
to end of the experiment regardless of the condition of
the animal. No blood was administered to the animals
during the determinations. The blood withdrawn for
cardiac output determinations was replaced immediately
after each pair of determinations had been completed.5

5 Cardiac output determinations were made in pairs and
the data presented in the tables are the means of each
pair. Statistical analysis of the difference between all

RESULTS

Data from eighteen experiments are presented
in Tables I, II, and III. Figure 1 is a typical re-

cording of the T-1824 dye concentration curves,
right auricular, and femoral arterial pressures ob-
tained from an animal in the early first stage of
hemorrhage before and during the infusion of
l-norepinephrine. In ten experiments, an aver-

age l-norepinephrine infusion of 0.47 p. per Kg. per
min. was given and in eight 1.02 ,u per Kg. per min.
No significant difference is apparent when these
two groups are treated separately.

In the control period l-norepinephrine produced
the expected increase in mean arterial pressure
(t = 2.98, p = .0015). However, the response of
cardiac output to the drug during this period
varied. At times it increased, sometimes it de-

paired samples at all stages of hemorrhage gives the fol-
lowing results: mean of the first determination 645 ml. per

min.; S.D. + 512. Mean of the second determination 630
ml. per min.; S.D. 548. The difference between the
means is not significant (t = .276, p = .40).

TABLE III

Effect of l-norepinephrine on total peripheral resistance *

Hemorrhage first stage Hemorrhage second stage

Control Early Late Early Late Return

Experi- pre inf. pre inf. pre inf. pre inf. pre inf. pre inf.
ment inf. 1-n'epi. inf. 1-n'epi. inf. 1-n'epi. inf. 1-n'epi. inf. 1-n'epi. inf. 1-n'epi.

PRUt PRU PRU PRU PRU PRU
1 .0393 .0545 .0585 .0513 .0550 .0403 .0968 .1083 .0979 .1193 - -
2 .0458 .0578 .0555 .0527 .0741 .0703 .0635 .0855 .0760 .0840
3 .0778 .0474 .0588 .0407 .0653 .0510 .0778 .0598 .0635 .0537
4 .0438 .0472 .0652 .0700 .0707 .0537 .0483 .0755 .0502 .0502
5 .0438 .0397 .1290 .1333 .1228 .0877 .0890 .0868 .0667 .0425 -
6 .0367 .0350 .1375 .1207 .1817 .1260 .1617 .1308 - - .1010 .1208
7 .0640 .0470 .0535 .0518 .0580 .0495 .0648 .0647 .0667 .0772 .0321 .0315
8 .0522 .0580 .0595 .0627 .0510 .0558 .0635 .0560 .0738 .0902 .0699 .0763
9 .0545 .0565 .0797 .0837 .0745 .0746 .0668 .0960 .0965 .0997 -

10 .0409 .0391 .0600 .0607 .0560 .0503 .0340 .0381 --
11 .0332 .0521 .0443 .0435 .0267 .0433 .0683 .0855 .0770 .0743 - -
12 .0236 .0242 .0469 .0407 .0373 .0310 .0537 .0543 .0672 .0560 .0607 .0947
13 .0340 .0634 .0455 .0621 .0423 .0555 .0653 .0867 .0648 .1003 .0691 .0951
14 .0208t .0135t .0505 .0523 .0329 .0273 .0344 .0358 .0692 .0425 .0530 .0635
15 .0513 .0527 .0437 .0465 .0478 .0412 .0318 .0324 .0283 .0283 .0241 .0455
16 .0455 .0793 .0736 .0637 .0467 .0478 .0548 .0453 .0595 .0755 -
17 .0813 .0933 .1087 .0983 .0988 .0990 .1510 .1618 .0831 .0915
18 .0570 .0835 .2217 .1700 .1720 .2200 .2348 .2678 .2983 .2102 .1701 .2141

M .0467 .0523 .0752 .0722 .0725 .0680 .0782 .0838 .0879 .0854 .0737 .0925
S.D. .0193 .0150 .0434 .0350 .0443 .0448 .0492 .0532 .0622 .0471 .0434 .0532

t .88 .22 .36 .32 .20 .77
p .20 .42 .36 .38 .42 .24

* All figures are the means of two determinations.

t PRU=
1 mm. Hg
1 ml./min.

$ Not included in statistical analysis.
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FIG. 1. THE EFFECT OF INTRAVENOUSL-NOREPINEPHRINE ON CARDIAC OUTPUT, RIGHT AURICULAR PRESSURE, AND
ARTERIAL PRESSUREIN THE EARLY FIRST STAGE OF HEMORRHAGE(EXPT. No. 9) PRIOR TO THE DEVELOPMENTOF
IRRVERSIBILITY

Note the decrease in area under the T-1824 dye curve, which is indicative of an increase in cardiac output, during
the infusion of l-norepinephrine. The apparent increase of right auricular pressure is due to shifting of the base line
which is set at 9 mm. Hg. The rise of arterial pressure is pronounced (32 mm. Hg).

creased and sometimes it showed no change. This

inconsistent response of cardiac output to 1-norepi-

nephrine was reflected in the total peripheral re-

sistance which also showed a wide variation. In

short, no consistent hemodynamic pattern could

be discerned during the control period other than

the increase of mean arterial pressure.

Significant increases of cardiac output occurred

during l-norepinephrine infusion, during the early

first stage of hemorrhage (t = 3.14, p = .001),

during the late first stage of hemorrhage (t = 1.75,

p = .040) and during the early second stage of

hemorrhage (t = 2.26, p = .012). During the

latter three stages, l-norepinephrine caused an in-

crease in cardiac output during 49 of 51 determina-

tions. There was no significant change of cardiac

output during the late second stage of hemorrhage

(t = .75, p= .22) or during the return period

(t = .51, p =.30).

L-norepinephrine also elicited significant in-

creases in mean arterial pressure during the first

stage of hemorrhage and the early second stage

of hemorrhage. This rise of pressure was due to

increases in both systolic and diastolic pr'essures.
.As in the case of cardiac output, there was no sig-

nificant change in pressure due to the drug in the
late second stage of hemorrhage or in the return
period. In those instances in which the infusion
of l-norepinephrine was accompanied by a decrease
of arterial pressure, the animals were in the "take-
up" period of hemorrhagic shock and arterial
pressure was already failing prior to the infusion.

Although the mean total peripheral vascular
resistance during the l-norepinephrine infusion
rose in all periods observed (Table III), in no in-
stance is the rise statistically significant.

During experiments 1 to 9, right atrial pressure
was measured. In the control period 1-norepineph-
rine caused a rise of mean right atrial pressure
(2.8 mm. Hg to 4.1 mim. Hg), which is not sig-
nificant (p = .12). There was no change of mean
auricular pressure during the remaining stages
of the experiment.

DISCUSSION

The increase in mean arterial pressure observed
in response to l-norepinephrine during the control
period has been widely reported (7). Other ob-
servers have also noted the variation of response
of cardiac output to the drug (7, 12). In the
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presently reported series of experiments the effect
on cardiac output during the control period was

not uniform, varying from a 28 per cent decrease
to a 75 per cent increase. However, in most ex-

periments there was little change of resting cardiac
output.

Brewster, Isaacs, and Waino-Andersen (12)
and Zanetti and Opdyke (13) have demonstrated
that the response of both central and peripheral
circulations to pressure amines is influenced to a

great extent by the vasomotor status of the periph-
eral vascular bed prior to administration of the
drug. Thus, comparison of data obtained from an-

esthetized dogs with that from alert human beings
is not entirely justified. Others (14) have also
stressed that the response of the circulation to dif-
ferent anesthetics may vary greatly. Brewster,
Isaacs, and Wain0-Andersen (12) found that
l-norepinephrine may effect a marked increase of
cardiac output in the anesthetized dog. These
facts probably account for the variations in re-

sponse of cardiac output and peripheral resistance
seen during the control periods of the present ex-

periments.
The increase in cardiac output produced by the

infusion of l-norepinephrine during the early stages
of hemorrhagic shock was due to an increased
stroke volume, since no tachycardia was observed.
Two possible explanations for such an increased
stroke volume may be offered: first, a direct cen-

tral circulatory effect due to the direction stimula-
tion of the myocardium by 1-norepinephrine; sec-

ond, an increase of venous return due to a periph-
eral circulatory effect of the drug. No effort has
been made to assess the possible role of direct
myocardial stimulation.

An increase in venous return may be explained
by an increase in the effective circulating blood
volume. In the shocked animal, a significant por-
tion of the blood volume may lie stagnant in the
veins and venules not immediately available to the
general circulation. Thus, any agent causing
venoconstriction may make a greater amount of
blood available to the effective circulating volume.
L-norepinephrine is a venoconstrictor and con-

stricts the vessel of the spanchnic area as well as
those of the muscle and skin (7). Hence, in re-

sponse to the drug, the intravascular volume of
the venous bed may be reduced and more blood

made available to the effective circulation. These
two factors would, in turn, increase venous re-

turn and, therefore, cardiac output.
A preparation has recently been devised with

which changes of venous return and of available
circilating blood volume may be demonstrated
(15). Blood is diverted from the inferior and
superior venae cavae into a reservoir from which
blood is returned to the right heart. In this prep-

aration (in the dog) injections of 1-norepinephrine
caused an increase of venous return and eight per

cent sustained increment of blood in the reservoir.
During the irreversible stage of shock, in which

l-norepinephrine was not effective in increasing
cardiac output, venoconstriction was probably at
a minimum due to a complete loss of venous re-

sponsiveness. If l-norepinephrine does play a di-
rect role in stimulating the heart and effecting an

increase of cardiac output, it is perhaps due to an

increased coronary flow (16) and hence improved
myocardial metabolism.

The preparation employed results in 82 per cent
mortality after the end of the second stage of
hemorrhage, and death within six hours after the
reinfusion of the total volume shed (11). There-
fore, the failure to demonstrate significant increases
in cardiac output and arterial pressure during the
late two stages of shock can be attributed to the
condition of the animals at this time.

The increase of peripheral resistance occurring
after hemorrhage is a well-known phenomenon.
Remington and his associates have shown that
Dibenamine(D (Smith, Kline, and French), an

adrenergic blocking agent, increases the survival
rate of dogs in hemorrhagic shock presumably by
preventing vasoconstriction which they believe
may be a precipitating factor in irreversibility
(17). However, in their experiments the bleeding
volume was less than in the unmedicated animals.
From these experiments one might conclude that
vasoconstrictor agents such as 1-norepinephrine
are contraindicated in hemorrhagic hypotension.
From the results of the present experiments, it
would seem that such a conclusion may be er-
roneous, since l-norepinephrine effected no signifi-
cant increase in peripheral resistance in any of the
stages of hemorrhage.

Possible reasons for the lack of rise in periph-
eral resistance during the control are discussed
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above. In the earlier stages of hemorrhage, the
pressure rise effected by l-norepinephrine was ac-
companied by elevations of cardiac output. Late
in hemorrhage neither cardiac output nor pressure
increased.

The validity of the single dye injection method
for determining cardiac output during hemorrhage
in the dog is discussed by Hamilton and Reming-
ton (18). Others have compared this method
with the direct Fick technique over a wide range
of conditions and outputs in man (19).

The results of these experiments complement
clinical observations of the effect of 1-norepineph-
rine in oligemic shock. During the early stages
of hemorrhagic hypotension when blood volume
has not been critically depleted, and during severe
hemorrhage prior to the development of irreversi-
bility, the drug effected significant increases in
cardiac output and arterial pressure. Moreover,
during the experiments, the drug caused no ad-
verse effects. After near fatal exsanguination or
peripheral vascular failure, however, 1-norepineph-
rine was of little therapeutic value. The above
results would seem to justify the further clinical
investigation of the effects of l-norepinephrine in
the treatment of oligemic shock pending, or as
an adjunct to, whole blood transfusion. The tem-
porary relief afforded by the drug during hemor-
rhagic hypotension may have significant applica-
tions in the treatment of surgical cases provided it
is clearly realized that whole blood transfusion is
still the primary therapy of oligemic shock.

SUMMARYAND CONCLUSIONS

In experimental hemorrhagic hypotension in
dogs, 1-norepinephrine (0.75 u per min. per Kg.)
elicits significant increases of cardiac output and
arterial pressure. Later in hemorrhage and after
the development of irreversible shock, 1-norepi-
nephrine effects no significant change of arterial
pressure or cardiac output. During no stage of
hemorrhagic hypotension did the drug elicit an in-
crease of total peripheral resistance.
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