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THE FREQUENT EMPLOYMENT during the
past decade of thoracolumbar sympathec-
tomy in the treatment of essential hyper-
tension has made surgeons and anesthetists
aware of the value of a dependable pressor
drug in addition to blood replacement dur-
ing and after operation. While it is true
that depressions of blood pressure during
the first stage of sympathectomy may be so
minor as to require no artificial support, the
fluctuations in pressure observed during the
second stage are often profound despite the
administration of whole blood during the
procedure. It is generally agreed by Amer-
ican surgeons that the maintenance of a
constant mean level somewhat above nor-
motensive levels during and for some hours
after this operation contributes significantly
to the safety of the patient and his smooth
recovery. Although it is uncertain whether
protection against myocardial infarction or
even cerebrovascular accident during the
period of surgical management can be as-
sured, the occurrence of postoperative vaso-
motor collapse and occasional severe psy-
chosis which may follow a period of hypo-
tension can be avoided. As serious a se-
quela to postoperative hypotension as trans-
verse myelitis is said to have occurred sev-
eral times in the experience even of out-
standing surgeons in this field. One cannot
over-emphasize the desirability of sustain-
ing arterial pressure above a mean of 80
mm. of mercury in order to maintain ade-
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quate renal, coronary and cerebral blood
flow as well as to protect certain other vital
functions, especially if a marked hypoten-
sion exists for a period greater than one
hour.

In any discussion of pressor drugs in the
surgical field it is important to emphasize
that no drugs should be used to supplant or
make unnecessary blood replacement. It
appears, however, that in extensive sympa-
thectomy, besides the factors of anesthesia
and blood loss, the sudden augmentation of
the vascular beds in the lower extremities
and splanchnic areas contributes to a period
of hypotension. Although the body can
compensate in time by physiologic mechan-

~isms such as the development of intrinsic

vascular tone in the denervated areas, the
intervening period of hypotension is one of
potential danger.

Some surgeons in their distrust of pres-
sor drugs rely on large quantities of whole
blood for such support, even after operative
blood loss has been replaced. Too often this
extravagant method has fallen short, how-
ever. In addition, we have observed a num-
ber of patients with hypotension on the
basis of bleeding peptic ulcer or traumatic
hemorrhage. In some of these, vigorous
and continued administration of blood has
failed to allow maintenance of a safe mean
blood pressure. The supplementary admin-
istration of nor-epinephrine in an infusion
has served to add the necessary increment.!

The desirable qualities of a pressor drug
to be employed during thoracolumbar sym-
pathectomy and other hypotensive states
are as follows:

1. Immediate action.
2. Short duration of action,
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. Ease of administration and control.

. Low toxicity.

. Elevation of both systolic and dias-
tolic pressures, without significant
change in cardiac output.

6. Absence of coronary constriction.

7. Action arising from and mediated by
normal physiologic mechanisms.
Some of the drugs employed at the
Presbyterian Hospital have been Neosyne-
phrine, Drinalfa and ephedrine. This paper
is concerned with the characteristics and
performance of a pressor agent called
variously, nor-epinephrine, noradrenalin
and levo-arterenol. It is now available for
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Fic. 1.—Chemical formulas for nor-epine-
phrine and epinephrine. (Reprinted from Am.
J. Med,, 5: 792, 1948.)

investigational use under the name “Levo-
phen” (Winthrop).

Nor-epinephrine is a primary amine
identical in chemical formula to epinephrine
except for the absence of a methyl group
on the N atom (Fig. 1).2 This drug was
first synthesized by Stolz? in 1904, and has
been found to be a normally occurring sub-
stance in the mammalian body. Nor-
epinephrine has been extracted from post-
ganglionic adrenergic nerves, the adrenal
medulla and from pheochromocytomas
of man.*6

It is now believed that this substance is
a possible precursor of epinephrine in vivo,
since methylation occurs readily in the
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body. Although both epinephrine and nor-
epinephrine are similar in structure and ex-
ist in the body, the action of the two drugs
are quite different in regard to the cardio-
vascular system of man (Table I). From ex-
tensive studies, including cardiac catheteri-
zation on a number of normal and hyper-
tensive patients receiving infusions contain-
ing epinephrine or nor-epinephrine, specific
data has been reported to show that this
difference in action is indeed significant
(Table II).” From these data it is apparent
that nor-epinephrine produces a slowing of
the pulse, a rise in systolic and diastolic
pressure, and a total increase of periph-
eral resistance without any significant effect
on cardiac output in marked contradistinc-
tion to the effect of epinephrine. The use of
pure samples of each drug as well as ali-
quot mixtures of the two consistently dem-
onstrated these differences in action.

An interesting investigation by Golden-
berg and co-workers® revealed by chroma-
tography that varying but significant
amounts of nor-epinephrine are present in
standard commercial samples of extracted
epinephrine as well as in human pheochro-
mocytomas. The actual content of nor-
epinephrine in the adrenal medulla appears
to vary under different physiologic condi-
tions. This substance is a transmitter of
sympathetic nervous impulses and appears
to be identical with sympathin E. The effect
on the heart and metabolism is much less
pronounced in man than that of epineph-
rine. It is important here to indicate that
the difference in action of the two drugs
varies according to the tissue studied and
more important, according to the species
of mammal studied. This variability made
it difficult for some of the earlier investi-
gators to recognize from work done on
dogs and lower animals the true cardiovas-
cular effects observed in man. A study in
dogs of the effect of nor-epinephrine on
blood flow in the coronary arteries by Dr.
Rene Wegria revealed a significant and
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prolonged increase to follow administration
of a single small injection of nor-epin-

ephrine.8
METHOD OF STUDY

It should be emphasized here that single
injections of nor-epinephrine should never
be used in the attempted control of arterial
pressure. The duration of such administra-
tion lasts but a very few minutes and the
resultant marked elevation of pressure
which follows the single administration re-
sults only in a sharp spike of no distinct
benefit. Indeed, we have observed the
same thing to occur with single intermittent
doses of neosynephrine, as will be demon-
strated later.

THE USE OF NOR-EPINEPHRINE AS A PRESSOR DRUG

age which was found to be most useful dur-
ing operation and appeared to produce a
pressor effect of about the same magnitude.
In the operating room the use of 2 mg. per
liter permits greater control and flexibility
of action.

Nor-epinephrine has been employed in
a continuous infusion during 36 stages of
thoracolumbar sympathectomy. These were
performed in an unselected group of 21
patients. Nineteen of the operations were
second stage sympathectomies. The sex in-
cidence of this group was about equal, with
all but one patient being in the fourth to
sixth decade of life. The majority of the
group had resection of the sympathetic
chain as high as T-5 to T-7 with L-2 as the

TasLE L

Changes of Certain Cardiovascular Functions During
the Infusion of Epinephrine and Nor-Epinephrine *

Systemie Total Mean
Blood Pressure Periph- Pulmo-
- A ~  eral nary
Cardiac  Sys- Dias- Re- Pulse Pres-
Substance Output tolic tolic Mean sistance Rate sure
. Epinephrine +++ +++ (%) + —_— +  ++
Nor-Epinephrine + +++  ++  ++ +4++ - ++

* @ is no change or slight. increase; + is po change or slight decrease.
Table I is reprinted from the Journal of the American Medical Association, 140: 776, 1949.

The most suitable method of administra-
tion, consequently, is in a continuous infu-
sion of normal saline or dextrose in water.
The dosage can be adjusted instantly by
regulating the number of drops per minute,
and can similarly be controlled by the anes-
thetist during operation. We have found a
dosage of from 2 to 4 mg. of nor-epineph-
rine in one liter of solution to be very
suitable. It was found in titration experi-
ments on normal and hypertensive unanes-
thetized resting patients of average weight,
that a dose of from 0.1 to 0.3 micrograms
per kilogram per minute resulted in an av-
erage rise of systolic pressure of from 22 to
40 mm. of mercury.” This is the same dos-

lower limit; in addition, all had complete
splanchnicectomy.

The primary anesthetic agent was ether-
oxygen in 30 of the operations, with Pento-
thal and nitrous oxide-oxygen employed in
six. Induction was carried out with nitrous
oxide-oxygen, Pentothal or cyclopropane.
The latter anesthetic has not been used as
the primary agent during operation because
of the desire to avoid any possible type of
cardiac arrhythmia or dysfunction ob-
served®!! experimentally in dogs and cats
under cyclopropane anesthesia and given
single large intravenous doses of epineph-
rine and nor-epinephrine. However, since
nor-epinephrine has a weaker effect on the
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heart in man than epinephrine and is used
clinically by infusion in small doses, it may
be that this fear is more theoretical than
real. Further experiments on animals are
being carried out with the help of Dr. E. M.
Papper to study the effects of increasing
doses of various pressor drugs administered
by continuous infusion during the admin-
istration of cyclopropane and other anes-
thetic agents.

Whole blood transfusions were given
during 30 of the 36 operations; it was not
considered necessary in four first stage, and
two second stage procedures. Ideally, ad-
ministration of blood should be started
early in the operation, especially in second
stages. In most instances a separate infu-
sion of plain normal saline or dextrose solu-
tion was begun at time of induction of
anesthesia, allowing an immediate shift to
a solution prepared with nor-epinephrine,
should the blood pressure level require fur-
ther support. It has thus been possible to
control the level of arterial pressure care-
fully and to insure a stable cardiovascular
status for the patient.

RESULTS

The average dose employed in the first
stage operations was 2.27 mg. with a range
of 0.6 to 7.0 mg. being used. The average
dosage employed in the second stage oper-
ations was 2.77 mg. with a range of 0.5 to
8.0 mg. The differential in dosage per stage
per patient is not indicated adequately by
these figures, as frequently two to three
times the dosage employed during the first
stage were needed in the second stage. The
duration of the operation appeared to have
no significant influence on the amount of
drug required at any one time.

Since these patients were all severely
hypertensive it was important to maintain
their pressure after operation slightly above
normotensive levels. At the end of opera-
tion, the nor-epinephrine infusion was
stopped or interrupted in order to deter-

THE USE OF NOR-EPINEPHRINE AS A PRESSOR DRUG

mine whether the blood pressure would sta-
bilize at a satisfactory level. In only two
patients following the first stage, was it nec-
essary to continue the nor-epinephrine infu-
sion postoperatively for seven to 24 hours
respectively to maintain a pressure of
140/90 mm. of mercury. In eleven patients
nor-epinephrine infusion was continued in
the postoperative period following the sec-
ond stage operation for from 11 to 96 hours,
with an average of about 40 hours. These
patients received whole blood as well. Stop-
ping the nor-epinephrine during the early
part of the postoperative period led to a
dramatic fall in pressure to hypotensive
levels. Later, when no significant change
occurred from slowing the infusion, the ad-
ministration of nor-epinephrine  was
stopped. Blood pressure was well con-
trolled in all instances during and following
operation, except one.

This failure was due to the sudden
death of a severely hypertensive 32-year-
old male near the completion of a second
stage operation. Despite anesthetic diffi-
culties, especially during the induction
phase, pressure had been well maintained
by whole blood and a slow administration
of nor-epinephrine when he had an irre-
versible cardiac arrest. Cardiac massage,
intracardiac procaine-epinephrine and in-
tra-arterial transfusion were employed to
no avail. No autopsy was performed, so we
cannot be certain of the cause of death.

A minor complication followed displace-
ment of an infusion needle from an ankle
vein of a patient who required prolonged
postoperative infusion of 4 mg. nor-epin-
ephrine per liter in dextrose and water. A
small ulcer of the skin developed near the
area of extravasation. Since it is assumed
that the nor-epinephrine might have con-
tributed to this ulceration, one must guard
against extravasation when employing large
doses.

DISCUSSION
It was of interest to us to attempt an
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evaluation of this agent with the other
pressor drugs employed during and follow-
ing thoracolumbar sympathectomies. A re-
view of 81 consecutive cases in which 156
operations were performed revealed the
following facts. Of 81 first stage procedures,
40 per cent, or 33 operations, were per-
formed without a pressor drug being used.
Blood was given in 12 of these cases and
albumin in one, however. Neosynephrine
was used in 25 cases, nor-epinephrine in 17,
ephedrine in three, Drinalfa in one, and a
combination of agents in two. Of 75 sec-
ond stage procedures, only 5 per cent, or
four operations, were performed without a
pressor drug being used. Neosynephrine
was used in 42 cases, nor-epinephrine in
19, ephedrine in four, Drinalfa in four and
a combination of agents in two.

A study of the response of blood pres-
sure to administration of these drugs re-
vealed them all to be satisfactory agents,
with neosynephrine and nor-epinephrine
being best insofar as over-all cardiovascu-
lar effects were concerned. The mainte-
nance of a slow pulse rate and of a full
pulse pressure with elevation of the dias-
tolic pressure are outstanding features of
both agents. Investigation of the additional
effects on the cardiovascular system by neo-
synephrine have been reported and appear
to correspond to those of nor-epinephrine.!2

Analysis of cases in which intermittent
single dosage was employed showed that
neosynephrine and the other agents em-
ployed in this manner showed almost in-
variably a spiking type of blood pressure
record. The smooth chart obtained with
well-controlled continuous administration
certainly is more desirable than the fluctu-
ating chart seen frequently with the inter-
mittent single dosage (Figs. 2 and 3).
When the drugs were properly given as a
continuous infusion there appeared to be no
significant clinical difference between the
pressor effects of neosynephrine and nor-
epinephrine. The latter, however, is one of
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the naturally-occurring substances in the
body and might exert its effect through
more physiologic means.

The analysis presented here demon-
strated to us that there appears to be a
distinct place for suitable pressor drugs
during and following thoracolumbar sym-
pathectomy. It is most deplorable that too
little has been written of the dangers of
prolonged hypotension and of the other
complications of thoracolumbar sympathec-
tomy. Even the staunch advocates of this
procedure must agree that adequate post-
operative protection of these patients is
necessary for this operation to enjoy any
favor.

There are distinct times during admin-
istration of anesthesia and the performance
of the operation when a patient may have a
sudden drop in blood pressure. Among
these the actual induction, intubation of
the trachea, and placing of the patient in a
lateral decubitus position are the danger
points before the operation begins. It ap-
peared that the use of sodium Pentothal or
curare in this period produced hypoten-
sion more consistently. During the oper-
ative procedure, scraping the periosteum,
tearing the pleura and manipulation and
division of the splanchnic nerves and sym-
pathetic chain may cause rather profound
depressions of blood pressure. Since such
drops are not observed consistently at any
one single point, it is most important for
there to be a close rapport between the
surgeon and anesthetist during the opera-
tion. Smooth anesthetic management, ade-
quate blood replacement and the proper
use of pressor drugs appear to be desirable
safeguards in the surgical management of a
high-risk patient. The clinical use of nor-
epinephrine during and following 36 stages
of thoracolumbar sympathectomy has indi-
cated it to be a very satisfactory pressor
drug when employed in a continuous in-
fusion.
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SUMMARY

1. Proper use of a suitable pressor drug
during and following thoracolumbar sym-
pathectomy is urged to avoid the infre-
quent, but at times, serious sequelae of pro-
longed hypotension.

2. Such a drug, used as an adjunct to
adequate blood replacement, should have
ease of administration with rapid nontoxic
action on the cardio-vascular system. A sat-
isfactory agent should not constrict the
coronary arteries or increase cardiac output,
yet give a rise in both systolic and diastolic
pressures.

3. Nor-epinephrine (Arterenol), a sub-
stance related in chemical structure to
epinephrine, occurs naturally in the mam-
malian body as Sympathin E, and has an
effect on the cardiovascular system of man
quite different from epinephrine.

4. Employed during and following 36
stages of thoracolumbar sympathectomy in
a continuous intravenous infusion with a
dosage of from 0.1 to 0.3 micrograms per
kilogram body weight per minute, nor-
epinephrine exhibited all the actions of a
very satisfactory pressor drug.

5. Cyclopropane has been avoided be-
cause of the possibility of cardiac arrhyth-
mia occurring when used with nor-epineph-
rine. Experimental studies are being con-
tinued to clarify this further.

We wish to acknowledge the help and
advice proffered by Dr. Marcel Goldenberg
of the Department of Medicine.
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