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peripheral nerve stimulator applied to the patient prior
to induction of anesthesia (stimulation can be begun after
induction of anesthesia).

We do not believe the previous report from Sosis et
al.® seriously proves the priming principle to be noneffi-
cacious. Our interpretation of their results is that they
simply chose an inferior combination of priming dose,
priming interval, and intubating dose to test the tech-
nique.

Despite the priming principle, succinylcholine still has
the most rapid onset of neuromuscular blockade. We were
careful to point out that use of the priming principle “may
be the method of choice when succinylcholine is contrain-
dicated or undesirable.”! In these instances, the use of
the priming principle will shorten the onset of complete
neuromuscular blockade by more than a minute in most
patients compared with the use of a single, large dose of
nondepolarizing muscle relaxant. We feel that this fact
makes the use of the priming principle an important clin-
ical tool.

STEPHEN M. Rurp, M.D.
Assistant Professor

JOsE A. TABOADA, M.D.
Research Fellow
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Concentration versus Partial

To the Editor:—T1 wish to call attention to a possible mis-
interpretation of the recent article by Nakagawara et al.!
This article presents interesting findings for enflurane,
halothane, and isoflurane that have potential relevance
to immune defenses against infection and cancer.? How-
ever, the relevance of the findings may be limited because
the anesthetic partial pressures used in this study exceed
those applied in clinical practice. The three anesthetics
were equilibrated with a modified Hanks' solution “by
bubbling each vaporized anesthetic with a carrier gas of
air (4 1/min) at 4° C on a shaking plate.” The solution
temperature then was increased to 37° C.

This increase in temperature decreased the solubility
of the anesthetic and thereby increased the partial pres-
sure of anesthetic. The increase can be calculated from
the data supplied in figure 1 of the paper. That figure
indicates that 1% enflurane, halothane, and isoflurane (the

Anesthesiology
V 65, No 1, Jul 1986

RONALD D. MILLER, M.D.
Professor and Chairman

Department of Anesthesia
University of California School of Medicine
San Francisco, California 94143

REFERENCES

1. Taboada JA, Rupp SM, Miller RD: Refining the priming principle
for vecuronium during rapid-sequence induction of anesthesia.
ANESTHESIOLOGY 64:243-247, 1986

2. O’Hara DA, Fragen R], Shanks CA: The effects of age on the
dose-response curves for vecuronium in adults. ANESTHE-
SIOLOGY 63:542-544, 1985

3. Engbaek J, Howardy-Hansen P, Ording H, Viby-Mogensen J:
Precurarization with vecuronium and pancuronium in awake,
healthy volunteers: The influence of neuromuscular transmis-
sion and pulmonary function. Acta Anaesthesiol Scand 29:117-
120, 1985

4. Ali HH, Wilson RS, Savarese [], Kitz R}: The effect of tubocurarine
on indirectly elicited train-of-four muscle response and respi-
ratory measurements in humans, Br | Anaesth 47:570-574,
1975

5. Sosis M, Stiner AE, Marr AT: Does the priming principle work
(abstract)? ANESTHESIOLOGY 63:A340, 1985

(Accepled for publication March 13, 1986.)

Pressure: Which Is Important?

lowest concentrations used) produced 0.43, 0.45, and 0.37
mg of anesthetic per liter of electrolyte solution, respec-
tively. Each concentration can be converted to a partial
pressure (given as a percentage of one atmosphere) at
37° C by the following calculations: divide by the molec-
ular weight to give the moles; multiply by 22,400 ml/
mole to give the ml of anesthetic at standard conditions;
multiply by 310/273 to give the ml at 37° C; divide by
the electrolyte/gas partition coefficient® to give the
equivalent ml of anesthetic vapor per liter of air; and di-
vide by 10 to give the percentage of one atmosphere com-
posed by the anesthetic. These calculations indicate that
at 37° C the “1%"” concentrations actually were 8.0%
enflurane, 7.7% halothane, and 9.3% isoflurane. Such le-
thal concentrations had no effect on the generation of
superoxide. An effect on intracellular free calcium was
produced by these concentrations of halothane and en-
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flurane (but not isoflurane). Interpolation to lower, clin-
ically relevant concentrations suggests that enflurane and
halothane only minimally affect intracellular free calcium.
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In reply:—It has been known that oxygen radicals pro-
duced by phagocytes play a crucial role in the host-defense
mechanism. The inhibitory effects of volatile anesthetics
on the oxidative metabolism in human neutrophils were
reported by Welch et al.'® They have shown that the an-
esthetics inhibited oxidative metabolism of human neu-
trophils reversibly at clinically relevant concentrations.

Our intent was to study the mechanism of the inhibitory
effects of the anesthetics on the superoxide-releasing ac-
tivity of human neutrophils.® We used the relatively high
concentrations of the anesthetics to obtain distinct evi-
dence of the inhibitory effects of the anesthetics on the
superoxide release and Ca** mobilization. The concen-
trations we used were not lethal to the neutrophils as
shown by the trypan blue exclusion test, wherein more
than 90% of the cells were viable and that functional re-
covery of 65-85% was observed after removal of the an-
esthetics. This may be due to a short anesthetic exposure
time of only 10 min. In clinical usage, the volatile anes-
thetics might not so strongly affect oxidative metabolism
and the mobilization of Ca**, but we believe that the same
mechanism may work with a longer exposure time even
at lower anesthetic concentrations. Further study by using
a more sensitive method for determination of intracellular
free Ca®* concentration, such as aequorin,4 would be nec-
essary.
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In reply:—Dr. Eger suggests that the findings of Nak-
agawara ¢! al. are interesting, but may have limited clinical
relevance because of the very high partial pressures of
anesthetics required to achieve the reported effects. I have
always found “‘anesthetic concentrations” in vitro to be a
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controversial topic, perhaps due to the ambiguity of what
constitutes a clinically relevant anesthetic concentration
in an in vitro system.

The partition coefficient of Hanks’ buffer at 37° C for
halothane is ~0.82 and for whole blood at 37° C, 2.4. If
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