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Fig. 1. Isobolographic representation of the interaction of mor-
phine and clonidine combined in a 1:1 proportion, at 60% level of
response. The axes indicate the mean doses (=SEM) of morphine
(abscissae) and clonidine (ordinates) that individually produced
60% of maximal response. The diagonal line connects equi-effec-
tive doses of each drug alone, and the point to the right shows
the doses of the combination (+SEM) that produced the same
level of effect. The results demonstrate that the combination is
antagonistic.
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the figures, the small magnitude of the bars (SEM) and the differ-
ent scales used in ordinates and abscissae made graphic represen-
tation sometimes difficult; it is also possible that when drawing
the isoboles, a few millimeters were misplaced. However, in table
3 we included the statistical evaluation of the results, which was
obtained by comparing the doses that produced the expected
effects (additivity) and the actual doses that produced the ob-
served effects (experimental data). A P value < 0.05 was consid-
ered statistically significant.

We sincerely regret the errors, and appreciate the considerate
comments of Drs Asai and Mapleson.

Margarita M. Puig, M.D., Ph.D

Professor and Chair

Department of Anesthesiology Hospital del Mar
Paseo Maritimo 25

Barcelona 08003

Spain

Electronic mail: 86822@IMAS.IMIM.ES
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Visual Disturbance and Residual Paralysis

To the Editor:—It is with more than passing interest that I read
the article on residual paralysis in volunteers by Kopman et al.' and
the accompanied editorial by Brull.” The major significant finding
was that visual changes (and subjective symptoms) persisted long
after recovery of other functions. The authors are to be congratulated
for observing and reporting this obviously common, yet always over-
looked, phenomenon. As noted by Kopman et al., we performed a
similar study examining the correlation between respiratory function
and electromyography in volunteers during atracurium infusion.” Our
primary objective was to examine respiratory function and other
clinical tests (hand-grip, head-lift, and so on) but not visual symptoms;
therefore, we did not record them systematically nor did we report
them. As one of the participants in the study, I remember I had to
delay going home because I continued to have diplopia 60 min after
the end of the study when all other musculoskeletal functions were
normal. Moreover, I attempted to correct the diplopia by self-adminis-
tering 2.5 mg of neostigmine and 1.2 mg of atropine intravenously,
which produced severe abdominal pain, but no improvement in my
diplopia. It was not until another 60 min had elapsed before T could
drive home. As far as I know, the persistence of diplopia after reversal
with anticholinesterase has neither been reported nor studied.

On a rhetorical note, why is the persistence of diplopia surprising?
And is it important or necessary to have complete recovery of the
eye functions before we discharge patients home?
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We know that 3 mg of tubocurare (*‘precurarization’ dose) would
produce visual disturbance virtually in all patients, with preservation
of respiratory and muscular functions in the majority of them. Is it
surprising then that the visual disturbance persists after recovery of
other muscle functions? The authors are correct in contending that
train-of-four (TOF) during the onset of neuromuscular blockade can-
not be equated to TOF during offset, but this does not detract from
the previous observation because the visual symptoms occur not
during the onset of muscular blockade but with a “‘nonparalyzing
precurarization dose.”

As for the importance of visual symptoms, because we advise pa-
tients not to drive or otherwise engage in activities that require men-
tal and intellectual capacity for 24 h and because the major complica-
tion of residual muscle paralysis is compromised respiratory function,
why should we not be satisfied with complete recovery of respiratory
function only? I would suggest that we warn the ambulatory patients
about the persistent visual disturbances and not interpret this as
“residual weakness.”

Arthur M. Lam, M.D., F.R.C.P.C.
Department of Anesthesiology

Box 359724

Harborview Medical Center

Seattle, Washington 98104-2499
Electronic mail: artlam@u.washington.edu
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In Reply:— Dr. Lam’s inability to antagonize residual diplopia with
neostigmine after atracurium administration is fascinating because
we have had a similar experience. Before the 10 cases that we re-
ported,' we did a pilot study using rocuronium as the test drug. One
individual (a man aged 26 years and weighing 70 kg) complained of
pronounced visual disturbances despite a measured train-of-four
(TOF) fade ratio of 0.93 at the end of the study. At this time, the
subject was given 0.4 mg of atropine and 5.0 mg of edrophonium
intravenously. The TOF ratio promptly returned to a value of 1.00,
but the subject reported that if anything his vision got worse. Blurred
vision persisted for an additional 60 min.

This observation, if it can be reproduced, raises several questions.
What is the effect (if any) of intravenous atropine, glycopyrrolate,
neostigmine, and edrophonium alone or in combination on visual
acuity and extraocular muscle function? Is it advisable to attempt to
reverse diplopia if that is the sole residual effect of an administered
relaxant? Is it even possible to do so? Certainly this is an area deserv-
ing of further investigation.

The question of whether persistent visual disturbances after the
use of nondepolarizing relaxants represents “‘residual weakness” or
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In Reply:— Thank you for the opportunity to comment on Dr. Lam’s
correspondence and very interesting observations. Dr. Lam correctly
identified that subjective symptoms of visual changes such as diplopia
are “‘obviously common, yet always overlooked, . More impor-
tantly, he reports that his own symptoms of diplopia (after participa-
tion as a volunteer in an electromyographic study') persisted for 60
min after self-administering anticholinesterase reversal.

Although his questions were rhetorical, I would nevertheless like
to respond: the persistence of diplopia®® was surprising because in
some cases it was evident for up to 90 min after the train-of-four
(TOF) ratio had returned to a value of 1.0. This persistence was
evident after administration of a drug (mivacurium) that has a sponta-
neous recovery index of 7-8 min. This is as surprising as Dr. Lam’s
finding that atracurium-induced diplopia was not improved by anti-
cholinesterase reversal. As to whether “it is important or necessary
to have complete recovery of eye functions before we discharge
patients home,” it is perhaps not imperative to do so if patients
received an ultra-short-acting muscle relaxant. Would we feel as
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something else is probably best left to semanticists. I would not
dismiss the importance of these symptoms as lightly as Dr. Lam. The
issue is not simply our comfort with the extent of neuromuscular
recovery. Should not patient satisfaction enter into the equation as
well?

Aaron F. Kopman, M.D.

Pamela S. Yee, B.A.

George G. Neuman, M.D.

Department of Anesthesiology

Saint Vincent’'s Hospital and Medical Center
153 West 11th Street

New York, New York 10011
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comfortable discharging our patients after administration of one of
the older (and cheaper), long-acting relaxants, as we are increasingly
being “‘encouraged’ to do?

Finally, as to whether we warn ambulatory patients about *‘persis-
tent visual disturbances,” and not interpret them as ‘“‘residual weak-
ness,” it is really a matter of semantics. I doubt that the patients’
subjective symptoms would be dramatically improved by our warn-
ing, regardless of what we call these symptoms. In the present era
of expanding ambulatory surgery, when emphasis is placed on rapid
recovery, quick discharge, and patient satisfaction scores, even ‘‘per-
sistent visual disturbances™” may be perceived by our patients (and
managed care organizations) as undesirable.

Sorin J. Brull, M.D.

Department of Anesthesiology

Yale University School of Medicine

333 Cedar Street

New Haven, Connecticut 06520-
8051
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