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Circulatory Effects of Peridural Block:

IV. Comparison of the Effecls of Epinephrine and Phenylephrine

Michael Stanton-Hicks, M.B., BS., FFARCS.* Peter U. Berges, M.D.,”
John J. Bonica, M.D.7

The effects of lidocaine-cpinephrine and those
of lidocaine—phenylephrine on cardiovascular and
respiratory variables following peridural block to a
minimum level of T3 were compared in ten human
volunteers. Epinephrine in a dose of 3 pg/ml was

idered ipotent as a trictor to 30
ug/ml of phenylephrine. In this concentration
epinephrine was more cffective in limiting vascular
uptake of lidocaine from the peridural space, as
determined by serial blood lidocaine levels. The
beta-adrenergic r with epinephrine was
marked, in contrast to the decrease in stroke vol-
ume, reduction in cardiac output and rise in cen-
tral venous pressure seen with phenylephrine. This
negative intotropic effect contrasts with previous
reports which attribute the reduction in cardiac
output to a reflex decrease in cardiac rate. Limb
blood flow manifested the greatest differences: leg
blood flow increased 219 per cent when epineph-
rine was used, versus 137 per cent with phenyl-
ephrine; arm blood flow increased 119 per cent
after epinephrine, in contrast to a decrease during
the entire period after phenylephrine. Key words:
Peridural block; Circulatory cffects: Vasoconstrie-
tors; Lidocaine; Epinephrine; Phenylephrine. )

Ix PREVIOUS STUDIES, our group has shown that
epinephrine incorporated in the local anes-
thetic solution to prolong peridural block has
systemic circulatory effects.  In addition to
producing local vasoconstriction of the peri-
dural vessels, the drug apparently is absorbed
into the circulation at a rate sufficient to pro-
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duce beta-adrenergic stimulation, namely an in-
crease in cardiac output and a decrease in total
peripheral resistance. Mean arterial pressure
falls. While the local effect is beneficial be-
cause slower absorption of the drug decreases
the risk of systemic toxicity and increases dura-
tion, in some patients the beta-adrenergic ef-
fects of epinephrine may be undesirable. This
report describes the results of a study done to
determine whether phenylephrine substituted
for epinephrine might retain the benefit of local
vasoconstriction without producing cardiovas-
cular changes.

Methods

Ten healthy male volunteers, 21 to 42 years
of age, were studied. Prior to the study each
subject was examined and informed consent
obtained. The method of study and the tech-
niques of measurement were the same as those
detailed in previous reports.»*3  Each subject
in the study served as his own control. After
a 30-minute rest period, control measurements
of mean arterial pressure (MAP), central ve-
nous pressures (CVP), heart rate (HR), blood
lidocaine level, cardiac output (CO). blood
gases, and arm and leg blood flows were made.
Also, total peripheral resistance (TPR), stroke
volume (SV), left ventricular stroke work
(LVSW), and left ventricular minute work
(LVMY) were calculated, and the electrocar-
diogram was monitored continuously through-
out the study.

After control measurements, 18 to 22 ml of
local anesthetic solution were injected at a rate
of 0.5 ml/sec into a catheter placed in the lum-
bar peridural space. The solution consisted of
2 per cent lidocaine with either epinephrine.
1:200,000, or phenylephrine, 1:20,000, concen-
trations considered equipotent.t The dose was
related to the height and age of the subject
and was intended to produce analgesia to T5.%
Levels of analgesia and hypalgesia were evalu-
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Ist Injection of lidocaine with:
e&—=» epinephrine
o—o phenylephrine

2nd Injection of lidocaine with:
A—a epinephrine
s—a phenylephrine
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Fic. 1.

Mean time-segment diagram of peridural block using lidocaine, 2 per cent, with

epinephrine, 1:200,000, and lidocaine, 2 per cent phenylephrine, 1:20,000, during the first and

second injections.
by diminished sensibility to pain, while those
ence was i Iy two der

ated cvery five minutes by firm pin prick until
the block disappeared. A decrease in the level
of analgesia of two dermatomes was defined as
the end of “therapeutic block,” whereas the
total disappearance of hypalgesia was consid-
ered the end of “residual block.” * Both de-
grees of sensory blockade were recorded on a
mean time-segment diagram.®  Motor block
was assessed by the method described by
Bromage,” and when asymmetry in the quality
of motor block existed, the average of the
values for both legs was used. Following in-
jection, serial measurements of the cardiores-
piratory values were made at 5 and 15 minutes
and every 30 minutes thereafter until analgesia
of the skin had disappeared. When no re-
sidual block was evident, the subject was given
a second 30-minute rest period and new control
measurements were obtained. A second peri-
dural injection containing the same amount of
lidocaine but utilizing the other vasoconstrictor
was performed. In successive subjects, the

For clarity, the arcas shown indicate the extent of “hypalzesia” as defined

indicating “analgesia” are omitted. The differ-

order of epinephrine and phenylephrine was
reversed.

Circulatory measurements were converted to
mean per cent changes from mean control
values. Blood chemistry measurements were
made for all subjects, the results being ex-
pressed as means of the absolute values. An-
alysis of the data was performed on an in-
dividual basis, i.e., using each subject as his
own control. Because the experimental design
was such that in all cases the second injection
might be influenced by the first, it was deemed
necessary to do two analyses of the blood lido-
caine levels, one eliminating drug and one
climinating order. The significance of these
changes was determined by Student’s t test for
paired data.

Results

The doses of lidocaine ranged from 360 to
440 mg, with a mean for the group of 400 mg,
which represented 4.4 to 5.4 mg/kg with a
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mean of 4.9 mg/kg. After the first injection,
analgesia to within one segment of T3 was
achieved in eight subjects, but it extended to
T2 in the other two. The two vasoconstrictors
differed in their effects on duration of block,
cardiovascular response, and blood levels of
lidocaine.

LateNcy axp DuraTiON

The onset, or latency, of analgesia and the
durations of therapeutic and residual block are
shown in figure 1. The latencies, estents and
durations of therapeutic block were similar
with the two solutions. However, there was a
significantly greater duration of residual block
with lidocaine—epinephrine than with lido-
caine-phenylephrine. There was also a sig-
nificant difference between degrees of motor
block, that following epinephrine being more
intense. These differences bore no relationship
to the orders in which the respective vasocon-
strictors were used.

After the second injection there were differ-
ences between the latencies and extents of anal-
gesia produced by the two vasoconstrictors.
Analgesia to T5 was achieved in 10 minutes
with lidocaine-epinephrine, but took 35 min-
utes with lidocaine-phenylephrine. Moreover,
in all subjects in whom phenylephrine was used
for the second injection, the uppermost level of
analgesia was one or two demmatomes below
the level reached with the first injection. This
was not the case with epinephrine.

An attempt was made to quantify the sen-
sory block by determining the mean areas of
the time-segment diagram (see fig. 1). Using
this technique, the areas encompassed by the
lidocaine-phenylephrine in both the first and
second injections are approximately 7 per cent
less than those obtained with lidocaine-epi-
nephrine in each case. This may imply that in
the chosen dose of 50 pg/ml, phenylephrine is
not equipotent to epinephrine, 5 pg/ml. Also,
“tachyphylaxis,” as expressed by the reduction
in areas of the second injection, was approx-
imately 6 per cent greater following previous
phenylephrine.
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CircrLATORY EFFECTS

The circulatory effects and limb blood-flow
changes, together with their standard errors, are
summarized in figure 2. The beta-adrenergic
response of the circulation to epinephrine is
well demonstrated by the significant decreases
in MAP and TPR and the concurrent increases
in CO, CR, and SV, which were most pro-
nounced during the first 30 minutes after
injection.

Peridural injection with lidocaine-phenyl-
ephrine was associated with significant in-
creases in CVP and TPR and a concomitant
decrease in CO, with MAP remaining normal.
The decrease in CO was primarily due to a
significant decrease in SV. As with the lido-
caine—epinephrine solution, the maximum
changes occurred during the first 30 minutes.

Limb blood flow data show very important
differences between epinephrine and phenyl-
ephrine solutions. Leg blood flow was in-
creased 219 per cent with epinephrine and 157
per cent with phenylephrine. Both of these
changes from control values are statistically
significant, but the difference between the ef-
fects of the two solutions was not. \Vithin 15
minutes of injection, arm blood flow increased
a maximum of 119 per cent with epinephrine
but decreased 12 per cent with phenylephrine.
The latter drug was associated with a subse-
quent progressive further reduction to a max-
imum of 44 per cent at 2% hours, when the
level of sympathetic blockade had receded to
about the ninth thoracic segment.

The only alterations in acid-base balance
and blood gases were seen with epinephrine,
which caused pH to decrease from 7.392 to
7.365 and base excess from —2.0 to —3.0 at
60 minutes. Although statistically significant,
these figures are of dubious importance. Like
subjects in previous studies, some of the volun-
teers hyperventilated, but the mean Pagg, for
the entire group showed only a non-significant
change.

Broop LipocalNE LEVEL

The mean blood lidocaine levels obtained

in the ten subjects are shown graphically, to-

Fic. 2.

Circulatory tesponses to peridural analgesia. Each point represents the mean

percentage change from control in all ten subjects. Statistical significances of these in respect

to the mean control values are indicated alongside the graphed

means, while significant

differences between lidocaine, 2 per cent, with epinephrine, 1:200,000, and lidocaine, 2 per
cent, with phenylephrine are shown at the bottom of each graph, thus: (LE) ¢s. (LP).
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Fic. 3. Mean blood lidocaine levels, a com-
parison of the effects of epinephrine and phenyl-
ephrine on blood lidocaine levels, expressed as
ug/ml. Each bar represents the standard error of
the mean (SEM).

gether with their standard errors, in figure 3.
Table 1 is included to show how the sequence
of administration influenced the effect each
vasoconstrictor had on blood lidocaine levels.
Both phenylephrine and epinephrine differed
significantly in their effects on blood lidocaine
levels in the 5-, 13-, and 30-minute samples.

Discussion

This study confirms that the fall in MAP
seen with high peridural block achieved with
a local anesthetic solution containing epineph-
rine is the result of a combined effect of sym-
pathetic blockade and the beta-adrenergic
stimulating action of epinephrine on vascular
beds? These effects are emphasized by the
changes in limb blood flow. Through its beta-
adrenergic stimulating action, epinephrine en-
hances the vasodilating effect of sympathetic
blockade, reported in an earlier paper,® and,
what is more important, the compensatory
vasoconstriction in the upper limb resulting
from the hypotension usually seen with peri-
dural block to T5 is markedly impaired.* In
contrast, phenylephrine, which has only an
alpha-adrenergic stimulating action, counter-
acts the vascular effects of sympathetic block
and thus maintains normal blood pressure.
Moreover, phenvlephrine does not have the
myocardial stimulating action of epinephrine.
For these reasons, phenylephrine might be con-
sidered preferable to epinephrine for addition
to Jocal anesthetic solutions administered to the
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rare patient who has severe tachycardia from
untreated hyperthyroidism. Also, phenyleph-
rine would seem to be a better vasoconstrictor
than epinephrine to add to local anesthetic
solutions given to patients in whom beta-ad-
renergic stimulation of the cardiovascular sys-
tem might be harmful. Phenylephrine as a
vasoconstrictor in Jocal anesthetic solutions
might also be more suitable for patients receiv-
ing inhalation agents which sensitize the heart
to epinephrine. Because it does not have a
myometrial inhibiting effect characteristic of
epinephrine,’ phenylephrine may also be more
desirable for peridural analgesia in labor and
delivery by cesarian section. In a concentra-
tion of 1:20,000, the amounts needed for lum-
bar peridural analgesia are probably not suffi-
cient to cause myometrial stimulation.

The observed effects of phenylephrine on
cardiac output and central venous pressure are
not in accord with data previously published.
In the other three reports on the hemodynamic
effects of phenylephrine in man, the decrease
in cardiac output was due wholly to reflex
slowing of the heart rate, and no-one has re-
ported a negative inotropic effect. In contrast,
each of our volunteers showed a direct nega-
tive inotropic effect, indicated by the decrease
in stroke volume and increase in CVP. Our
data do not provide an explanation for this
discrepancy or for the mechanism of the nega-
tve inotropic action.

Epinephrine may also be preferable to
phenylephrine for those patients whose circula-
tion is severelv compromised by acute hypo-
volemia. This suggestion is based on the pres-
ent results and data from a previous study,?
which indicated that the cardiac depression
from absorbed lidocaine was aggravated in hy-
povolemic subjects. In these cases, the hypo-
tension occurring with peridural block using
lidocaine—epinephrine was only half to a third
that seen with lidocaine alone. Although the
first line of defense is blood-volume replace-
ment, if for any reason a peridural block is
used, then epinephrine should be added to
the local anesthetic solution, not only to re-
duce its rate of absorption, but also to stim-
ulate the myocardium.

There are no published data on the concen-
tration of phenylephrine producing the same
degree of vasoconstriction as the 1:200,000
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concentration usually recommended for epi-
nephrine. The concentration of 1:20,000 was
chosen on the recommendation of Bonica, made
two decades ago and based on older data on
dental anesthesia solutions. The shorter dura-
tion of block and lower blood lidocaine levels
suggest that phenylephrine in 1:20,000 con-
centration produces less Jocal vasoconstriction
of the peridural vessels than epinephrine 1:
200,000. Clinically, the degree of motor block
achieved with phenylephrine was less than that
achieved with epinephrine. Apparently the
systemic absorption of lidocaine was faster
when given with phenylephrine than when
combined with epinephrine. Consequently,
less drug was available in the peridural space
to diffuse to and into large motor fibers with
high minimum anesthetic concentration {Cy).?
Hence, less motor block and shorter sensory
blockade resulted with lidocaine-phenylephrine
than with lidocaine-epinephrine.

Our data show that following peridural in-
jection lidocaine remains in the vascular com-
partment for many hours. When the second
control measurements were made, an average
of 5 hours after the first injection, the range of
arterial blood levels of lidocaine was 0 to 0.59
pg/ml, with a mean of 0.33 yg/ml. There are
no other data on blood levels after such long
intervals of peridural injection, but on the basis
of other experimental data, a significant amount
of drug may have remained in neural tissue.
Animal studies by Akerman ct al. showed that
the amount of lidocaine in neural tissue was
four to five times that in blood 3, 10, 30, 60,
and 120 minutes after intramuscular injec-
tion.?® Because the actual blood levels and the
concentration-versus-time profiles of lidocaine
after peridural injection are similar to those
after intramuscular injection,!* some lidocaine
was probably present in neural tissue at the
time of the second injection. On this basis, the
amount remaining in neural tissue may have
been greater than would have obtained had
lidocaine without vasoconstrictor been injected.
Moreover, the residual amount of lidocaine in
the peridural space five hours after the first
injection was greater following lidocaine—epi-
nephrine than lidocaine~phenylephrine, sug-
gesting that epinephrine was more efficient as
a vasoconstrictor. Thus, the second injections
were presumably against different residual
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levels of lidocaine remaining from the first
block, a higher residual remaining after lido-
caine—epinephrine than lidocaine-phenyleph-
rine. Therefore, the injection of lidocaine—
phenylephrine, after lidocaine-epinephrine,
should have produced a more rapid, more in-
tense, more prolonged block. Curiously, the
opposite occurred, with lidocaine-epinephrine
showing the greater effect, for reasons that are
not readily apparent.

The authors wish to thank Mr. Charles E. Pearcy
and Mrs. Carol D. Wilkerson for their technical
assistance and Dr. E. A. Cornish for aid in the
statistical analysis.
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Infectious Diseases

CONTAMINATED WATER During a
nine-month period in 1971, 40 patients in St.
Thomas’s Hospital, London, acquired infection
with a previously undescribed organism, Pseu-
domonas thomasii. These patients belonged
to several medical and surgical groups. The
infections consisted principally of bacteremia
and pulmonarv or urinary-tract infections.
Careful medical detective work uncovered the
fact that the purified, distilled water manufac-
tured by the hospital pharmacy and stored in
tanks at 40 C was contaminated with this or-
ganism. This water was used throughout the

hospital, including as a coolant for autoclaved
fluids, for irrigation, and in the humidifiers of
mechanical ventilators. Replacing the puri-
fied, distilled water with sterile water from a
commercial source eliminated the acquired in-
fections with this organism. (Phillips, 1.,
Eykyn, S., and Laker, M.: Outbreak of Hos-
pital Infection Caused by Contaminated Auto-
claved Fluids. Lancet 1: 1238, 1972.) Asn-
stracTER's CoarmeNT: This report, coupled
with our recent experience in the United States
with contaminated commercially prepared in-
travenous fluid, must serve to remind us that
constant vigilance is necessary.
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