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The Effects of Acute and Chronic Hydrocortisone Treatment on
Neuromuscular Blockade in the Anesthetized Cat

N. N. Durant, Ph.D.,* J. R. Briscoe, Ph.D.,t R. L. Katz, M.D.}

It is fairly widespread clinical practice to administer large doses
of corticosteroids to patients in cases of shock; doses of hydrocor-
tisone as high as 50 mg+ kg™ given intravenously have been proposed
and used. Hydrocortisone, when administered in this way during
surgery, has been implicated in interactions with neuromuscular
blocking agents. In order to determine the type and mechanism of
this interaction, the authors undertook further investigation. The
effects of hydrocortisone were studied in two ways. Firstly, a constant
50% depression of the indirectly elicited twitch tension of the tibialis—
anterior muscle was established in cats, using a constant intravenous
infusion of either pancuronium (1.0 % 0.2 pg-kg™ +min™") or suc-
cinylcholine (3.6 * 0.8 pg+ kg™ min™'), The effects of intravenous
hydrocortisone then were studied on this block. Secondly, cats
chronically were treated with 2 mg+ kg™ of intramuscular hydro-
cortisone three times a week for 1 month, and then dose-response
curves were constructed for pancuronium or succinylcholine, Acute
administration of intravenous hydrocortisone (1-15 mg - kg™') alone
had no affect on the twitch tension of either the tibialis-anterior
or soleus muscles, however, the corticosteroid (7 and 15 mg-kg"')
did significantly (P < 0.05) enhance the 50% depression of the in-
directly elicited twitch tension of the tibialis~anterior muscle pro-
duced by the constant intravenous infusion of pancuronium. The
soleus muscle was affected similarly (n = 6). Under the same con-
ditions, with a constant infusion of succinylcholine, hydrocortisone
had no effect on the blockade of the tibialis—anterior muscle or the
soleus muscle (n = 6). The chronic treatment of male cats with
hydrocortisone had no effect on the sensitivity to pancuronium
(n = 6) of both the tibialis—anterior and soleus muscles. However,
this treatment did produce a significant (P < 0.05) change in sen-
sitivity to succinylcholine (n = 6) on the tibialis-anterior muscle
but not on the soleus muscle. Two of the 12 cats chronically treated
with hydrocortisone exhibited histologic evidence of myopathy. It
is concluded that hydrocortisone can enhance the neuromuscular
blocking effect of pancuronium and that chronic hydrocortisone
treatment can modify the response to succinylcholine. In either
case, monitoring of neuromuscular transmission during anesthesia
is suggested when a patient is receiving either high-dose acute or
chronic hydrocortisone therapy. (Key words: Hormones: cortico-
steroids. Neuromuscular relaxants: pancuronium; succinylcholine.)

IT HAS BEEN RECOGNIZED for a long time that anesthe-
siologists need to be concerned with the role of corti-
costeroids in anesthetic practice’3; indeed the anesthetic

* Assistant Professor, Department of Anesthesiology.

1 Post-Doctoral Fellow, Department of Anesthesiology and Jerry
Lewis Neuromuscular Research Center.

¥ Professor and Chairman, Department of Anesthesiology.

Received from the Department of Anesthesiology, UCLA Medical
Center, Los Angeles, California 90024. Accepted for publication Jan-
uary 17, 1984, Supported in part by NIH grant GM 08235-01. Pre-
liminary results were presented at the Annual Meeting of the American
Society of Anesthesiology, Las Vegas, Nevada, October 1982,

Address reprint requests to Dr. Durant: Department of Anesthe-
siology, UCLA School of Medicine, Center for the Health Sciences,
Los Angeles, California 90024.

144

itself may affect the functioning of the adrenal glands
and/or the levels of circulating steroids.? Patients suf-
fering from myocardial infarction or septic shock have
been treated with doses of intravenous hydrocortisone
as high as 50 mg-kg™'.*® Recently, Symreng et al.® re-
ported the beneficial effects of treating surgical patients
who do not respond to the corticotropin stimulation test
with a total dose of 25 mg hydrocortisone at the time of
intubation. Thus, there is a likelihood of some patients
who present for surgery having been treated with hy-
drocortisone. These clinical reports and others that in-
dicate reversal of pancuronium-induced paralysis in pa-
tients receiving long-term steroidal therapy’~® suggested
experiments designed to elicit evidence of such interaction
between hydrocortisone and two commonly used neu-
romuscular blocking agents, pancuronium and succinyl-
choline, on the indirectly elicited muscle twitch tension.

The isometric twitch tension of the cat tibialis-anterior
muscle reduced to 50% of control by a neuromuscular
blocking agent was chosen as being particularly sensitive
for revealing an interaction with hydrocortisone, since it
has been demonstrated that a 50% reduction in twitch
tension represents approximately a 90% receptor occu-
pancy.'® To overcome the problems related to the dif-
ferent sensitivities of fast and slow muscles to muscle re-
laxants, the responses of both muscle types were studied.
The tibialis—anterior is a fast-contracting white muscle,
while the soleus is a slow-contracting red muscle. An in-
teraction between hydrocortisone and muscle relaxants
would be relevant and important to practicing anesthetists.
Some of the initial findings of this study have been pre-
sented previously.'!

Methods

Healthy, adult cats of either sex weighing 3-5 kg were
anesthetized with a mixture of a-chlorolose (Aldrich), 80
mg-kg™', and pentobarbital sodium (Med-tech), 5
mg-kg™', dissolved in polyethylene glycol and adminis-
tered intraperitoneally. A tracheostomy was performed
on the animals, and they were ventilated artificially at a
rate and tidal volume sufficient to keep blood—-gas values
within normal physiologic limits. Blood pressure was re-
corded from the cannulated carotid artery via a Beckman®
pressure transducer (type 4-327-0121). The tendon and
belly of the tibialis-anterior and soleus muscles were dis-
sected from surrounding tissues and each attached to a
Grass® FT 10C force displacement transducer. Supra-

20z ludy 01 uo 3sanb Aq jpd°90000-00080%86 1-Z¥S0000/7L9.29/¥v1/2/19/3Ppd-81o1n1e/ABO|0ISOUISBUE/WOD JIEUYDISA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiology
V 61, No 2, Aug 1984

maximal stimuli (4-14V, duration 0.2 ms at 0.1 Hz) were
applied to the cut sciatic nerve via a fluid-filled (2% car-
boxymethylcellulose in normal saline) stainless steel, bi-
polar electrode from a Grass® S 88 stimulator and SIU5
isolation unit. Esophageal temperature was maintained
at 36-38° C. All recordings were made on a Beckman®
R612 dynograph.

Hydrocortisone sodium succinate, pancuronium bro-
mide and succinylcholine chloride were administered via
the cannulated jugular vein, except that in the chronic
experiments, hydrocortisone was administered intra-
muscularly. When dilutions of drugs were required, they
were made in normal saline, except hydrocortisone, which
was dissolved in the supplied diluent.

ACUTE EXPERIMENTS

Cats prepared in the manner described above were
infused intravenously with either pancuronium or suc-
cinylcholine at a rate and concentration sufficient to sus-
tain a 50% reduction in twitch tension of the indirectly
stimulated tibialis—anterior muscle. Cumulative doses of
hydrocortisone (1-15 mg - kg™") then were administered
intravenously and the effect on the partially paralyzed
muscles noted. In control experiments, equivolume
amounts of the supplied hydrocortisone diluent were ad-
ministered with no effect. At least four cats each were
used in control and experimental groups, respectively.
Results are presented as the mean = standard error of
the mean. Statistical comparisons were made using the
Wilcoxon t test for paired data, and P < 0.05 was regarded
as significant.

CHRONIC EXPERIMENTS

Male cats that had been in isolation for at least 30 days
prior to use were caged individually and injected with
hydrocortisone, 2 mg - kg™", intramuscularly on Mondays,
Wednesdays, and Fridays for a period of 30 days. The
animals then were anesthetized and surgically prepared
as in the acute experiments and recordings made of the
indirectly elicited twitch tension. Six cats were adminis-
tered a range of doses of iv pancuronium 2 h apart, and
six cats were given a range of doses of iv succinylcholine
30 min apart. In this manner, dose-response curves could
be constructed. Previous unpublished experiments in our
laboratory with these two muscle relaxants demonstrated
that these time intervals resulted in a neuromuscular block
that was not significantly different in either depth or time
course when the same dose was used repetitively. Bolus
doses rather than cumulative doses were used in the con-
struction of the dose—response curves in order to measure
the time course of the neuromuscular block. The max-
imum per cent change in twitch tension was measured
after each injection. Onset of neuromuscular block was
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taken as the time from injection to maximum effect, and
duration was taken as the time from injection to 90%
recovery. Muscle samples were taken from all the cats
chronically treated with hydrocortisone and subjected to
histologic examination with the use of hematoxylin and
eosin stain.

As controls, 10 cats not treated with hydrocortisone
were divided into two groups. Five cats were given a
range of doses of pancuronium and five succinylcholine.
Changes in twitch tension were measured and converted
to probit values and a comparison of control and exper-
imental groups made using Snedecor’s F-test for the slope
and intercept. P < 0.05 was regarded as significant.

Results

ACUTE EFFECTS OF HYDROCORTISONE

In a total of four control cats, hydrocortisone alone
in cumulative iv doses of 1-15 mg-kg™' had no effect
on twitch tension development of either the indirectly
stimulated tibialis—anterior or soleus muscles. This dose
range additionally had minimal or no effect on blood
pressure or heart rate, results that are consistent with
those of previous workers who reported no response to
a wide range of doses of glucocorticoids.'?~"*

When the twitch tension of the tibialis—anterior muscle
was reduced to 50% of control by an intravenous infusion
of pancuronium (1 £ 0.2 pg-kg™'-min™'), cumulative
administration of hydrocortisone (1-15 mg - kg™') further
reduced the twitch tension development in both the tib-
jalis—anterior and soleus muscles in a dose-dependent
manner (figs. 1 and 2). These reductions in twitch tension
were consistent and significant (P < 0.05) at doses of
hydrocortisone of 7 mg - kg™ and 15 mg - kg™' compared
with control for both muscles. Blood pressure and heart
rate were not affected significantly in the five cats treated
with pancuronium and hydrocortisone.

In the presence of a constant intravenous infusion of
succinylcholine (3.6 = 0.8 pg-kg™' - min™') to produce
50% reduction of the twitch tension of the muscle, hy-
drocortisone did not affect twitch tension of the tibialis—
anterior or soleus muscles (figs. 1 and 3). Blood pressure
and heart rate were not affected significantly in the five
cats treated with succinylcholine and hydrocortisone.

CHRONIC EFFECTS OF HYDROCORTISONE

Log-dose response (converted to probits) regression
lines were constructed for pancuronium and succinyl-
choline. The lines are shown in figures 44 and B for
pancuronium and in figures 4C and D for succinylcholine.
After pretreatment of six cats with hydrocortisone for
30 days (treatment discontinued at least 1 day before
experiment), the dose-response relationship for pancu-

20z ludy 01 uo 3sanb Aq jpd°90000-00080%86 1-Z¥S0000/7L9.29/¥v1/2/19/3Ppd-81o1n1e/ABO|0ISOUISBUE/WOD JIEUYDISA|IS ZESE//:d}}Y WOI) papeojumoq



146

Tibialis-
Anterior

Soleus

Tibialis-
Anterior

Soleus

DURANT, BRISCOE, AND KATZ

Pancuronium 0.534 ug.kg~'min~!

30
/

Anesthesiology
V 61, No 2, Aug 1984

Infusion

i o

‘,\‘lup]uu "
l il

AR s g

min
L
I

A S B

1 2 4 8
Hydrocortisone (mg/kg)

Succinylcholine 5.21 ug.kg~" min-!

30min
-d L

Infusion

A R

1 2 4 8
Hydrocortisone(mg/kg)

R T
i [

L

)

f

e 1)

FIG. 1. Typical recording of twitch tension of tibialis-anterior and soleus muscles. The twitch tension of the tibialis-anterior muscle is reduced
to 50% by constant intravenous infusion of pancuronium and succinylcholine. Bolus doses of intravenous hydrocortisone were administered at
the arrows, and the total dose was calculated cumulatively. Full spontancous recovery occurred when the infusion was discontinued.
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FiG. 2. Change in twitch tension (as percentage of control) of the tibialis-anterior and soleus muscles in response to hydrocortisone alone
(@), constant intravenous infusion of pancuronium (), and cumulative doses of hydrocortisone superimposed on the partial pancuronium
blockade (W). The asterisks (*) indicate a significant (P < 0.05) difference from the response to hydrocortisone alone. The vertical bars indicate
the standard error of the mean of six observations.
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F1G. 8. Change in twitch tension (as percentage of control) of the tibialis—anterior and soleus muscles in response to hydrocortisone alone
(®), constant intravenous inrusion of succinylcholine (A), and to cumulative doses of hydrocortisone superimposed on the partial succinylcholine
blockade (A). The vertical bars indicate the standard error of the mean of six observations.

ronium was not affected significantly. In six cats pretreated
with hydrocortisone, the dose-response relationship for
succinylcholine was found to be significantly different
from the control group for the tibialis—anterior muscle
(P < 0.05) but not for the soleus muscle. The responses
of the soleus muscle were not significantly different from
control. The time course of effect of both pancuronium
and succinylcholine was not affected significantly by the
chronic treatment with hydrocortisone, and these results
are shown in table 1.

Histologic samples from two of the hydrocortisone-
treated animals revealed muscle myopathy of the tibialis—
anterior muscle characterized as shrinkage and darker
staining of some muscle fibers; this finding may account
for the observed alteration in sensitivity of the tibialis-
anterior muscle to succinylcholine.

Discussion

The present study clearly shows that in the anesthetized
cat, while acute iv hydrocortisone alone has no effect on
indirectly elicited twitch tension, it markedly does enhance
the neuromuscular blockade produced by an infusion of
pancuronium at doses of hydrocortisone greater than 3
mg-kg™'.

Our expectation in undertaking the present experi-
ments was confirmation of a facilitatory action of hydro-
cortisone at the myoneural junction.''*-?7 A large number
of laboratory studies and clinical reports’~® suggest that
corticosteroids and, in particular the glucocorticoids, exert
a facilitatory effect. It has been suggested that this facil-
itatory action is manifest via mechanisms ranging from
an action on adrenocorticotrophic hormone (ACTH) to

an effect on the release of acetylcholine at the neuro-
muscular junction. Torda and Wolff'? showed that, of
several pituitary hormones, only ACTH could substitute
for the pituitary gland in restoring muscle action potentials
to normal in hypophysectomized rats. In this regard, cor-
tisone was partially successful, and it was concluded that
ACTH is the factor released by the pituitary gland, which
is responsible for maintaining acetylcholine synthesis at
an optimum level. Further, Torda and Wolff'” found
that ACTH and cortisone enhance production of ace-
tylcholine in mouse-brain homogenate. A number of
studies have shown that glucocorticoids increase motor
nerve excitability,?*?* spontaneous release of transmit-
ter,2* and choline transport.?!

In the design of our acute experiments, the neuro-
muscular blocking agent under study was infused iv to
maintain a 50% reduction in the twitch tension of the
tibialis—anterior muscle, thus corresponding to approx-
imately 90% receptor occlusion.'® The administration of
hydrocortisone under these conditions might be expected
to have resulted in at least a partial reversal of the pan-
curonium-induced neuromuscular block, if indeed the
corticosteroid exerted a facilitatory effect mediated via
cholinergic action at the myoneural junction. Instead,
our results showed hydrocortisone to potentiate the pan-
curonium-induced neuromuscular block. Conversely, it
would be expected that if hydrocortisone acted via a pre-
junctional facilitatory mechanism to increase release of
acetylcholine, that it would have had at least an additive
effect with succinylcholine on the tibialis-anterior muscle,
which exhibits depolarizing neuromuscular block in re-
sponse to succinylcholine.?®
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F1G. 4. Log dose—response curves for untreated (---, O) and chronically hydrocortisone treated ( , @) cats for pancuronium (4 and B)
or succinylcholine (C and D), fitted by regression analysis. The percentage twitch depression is converted to probit values. Only the change of
the succinylcholine dose-response curve on the tibialis—anterior muscle was statistically significant (P < 0.05) using Snedecor’s F-test.
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TABLE 1. Mean and Standard Error of the Mean for Onset and Duration of One of the Doses of Pancuronium and
Succinylcholine Neuromuscular Block on the Tibialis—Anterior and Soleus Muscles with and without 30 Days
of Hydrocortisone Treatment, 2 mg-kg™ Three Times a Week

Onset (min) Duration (min)
“Tibialis Soleus “Tibialis Soleus

Pancuronium 12 pg kg™ 4.9 £ 0.9 (6)* 5.3 £ 0.9 (6) 11.0+ 1.1 4) 11.1 = 2.3 (6)
Pancuronium after hydrocortisone

treatment 5.5 + 0.7 (5) 6.0 = 0.6 (5) 12.8 = 1.7 (4) 17.6 * 4.5 (5)
Succinylcholine 30 ug-kg" 1.4 = 0.07 (6) 1.6 + 0.4 (6) 5.5 + 0.7 (5) 5.6 = 0.9 (3)
Succinylcholine after hydrocortisone

treatment 1.2 + 0.3 (5) 1.8 £ 0.7 (5) 5.8 = 1.4 (5) 7.3 £ 1.6 (5)

No statistically significant difference was noted between the untreated
and hydrocortisone treated animals in these variables using the Mann-

The observation that in the acute experiments the
twitch tension returned to the prehydrocortisone level
following drug administration suggests that the enhance-
ment of the neuromuscular block produced by pancu-
ronium spontaneously reverses when the muscle relaxant
is no longer present, however, the neuromuscular margin
of safety may well remain reduced for some time. It is
possible that it was the existence of a postjunctional action
of hydrocortisone that might have obscured a facilitatory
effect, if it indeed took place at all.

The chronic experiments with hydrocortisone suggest
that the long-term effects of the drug are different from
the acute effects. The altered sensitivity to succinylcholine
on the tibialis—anterior muscle may have been due in part
to the muscle myopathy that was observed in two of the
12 cats that were tested. It therefore seems likely that
hydrocortisone-induced myopathy may be one of the rea-
sons for the change in sensitivity to succinylcholine ob-
served in our chronic study.

While our results are not consistent with a facilitatory
action of hydrocortisone, not all of the available literature
is in unequivocal support of such an action of the glu-
cocorticoids. Sprouse et al.'® report that in the adrenal-
ectomized rat, the motor nerve terminal excitability is
restored by the mineralocorticoids aldosterone and de-
soxycorticosterone but not affected by the glucocorticoid,
corticosterone. Several other studies report a postjunc-
tional depressant action of glucocorticoids,'****! and
Wilson et al.?® suggest that the glucocorticoid, prednisone,
has two sites of action, one of which is clearly presynaptic
and facilitatory and the other postsynaptic and inhibitory.
Which action predominates is determined by local drug
concentration and is influenced by the duration of the
drug treatment.

Our results indicate that it is a depressant action of
hydrocortisone that appears to be important within the
therapeutic dose range. Whether, in the acute studies it
is an action of hydrocortisone on the postjunctional re-
ceptors remains to be clarified. Thus, in contrast to some

Whitney U-test,
* Number of observations is indicated in parentheses.

previous workers, in both the acute and chronic studies
we found no evidence of a facilitatory action of hydro-
cortisone.

It is concluded that during acute treatment with hy-
drocortisone, enhancement of the neuromuscular block
produced may occur, particularly with large doses of the
corticosteroid. It also is concluded that chronic treatment
with hydrocortisone may cause modification of the re-
sponse to muscle relaxants. Overall, our results illustrate
that hydrocortisone can and does affect the response to
muscle relaxants and that special regard should be paid
to monitoring neuromuscular transmission in patients who
are receiving high doses of hydrocortisone prior to or
during anesthesia in which a muscle relaxant is used.

The authors acknowledge the technical assistance of N. Nguyen of

the Department of Anesthesiology and D. Ellison of the Department
of Pathology for the histologic work.
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