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and head lift? This patient may not even have had a fourth response
in the OR. Three patients in group 4 had recorded TOF ratios of 0.1,
0.4, and 0.43, yet none had signs of residual paralysis. We suspect too
that these ratios were much lower in the OR or induced by an over-
zealous reversal. In addition, 35 patients (more than 43%) arrived at
the RR with recorded TOF ratios < 0.7, suggesting either inaccurate
assessment in the OR, faulty monitoring techniques, additional un-
warranted reversal given in the OR or the RR, or the inadvertent
peripheral cooling to 23° C.

In summary, we do not find any basis or data to support the mis-
leading conclusion that perioperative manual evaluation of the response
to TOF stimulation influenced neither the dose of the relaxant nor
the frequency of postoperative residual paralysis, which clearly con-
tradicts an earlier report by the senior author, Dr. Viby-Mogensen.*
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In Reply:—We appreciate the interest of Dr. Ali and Dr. Shorten in
our work. Not unexpectedly they have difficulty accepting the results
of our study. So had we initiallyl As would appear from our paper, we
were surprised by our findings. After hours of checking all our re-
cordings and data and hours of discussion, we finally had to accept
that the data were correct.

Considering our more than 10 yr of experience in monitoring neu-
romuscular blockade, we do not think that our results are caused by
“faulty monitoring techniques.” There is no doubt though that the
low peripheral temperatures in some patients may have influenced the
measured train-of-four (TOF) ratios. We have, over the last few years,
many times seen significant fade in a TOF response at low peripheral
temperatures in the absence of neuromuscular block. Also, Eriksson
et al.! have recently shown that in the absence of a neuromuscular
blocking agent, a linear relationship exists between peripheral skin
temperature and the TOF response. For instance, at a peripheral skin
temperature of 27° G, i.e,, 4° C above the 23° C claimed by Dr. Ali
and Dr. Shorten not to influence TOF ratio, a mean (+2 standard
deviations) decrease in TOF ratio and twitch height of 0.10 (+0.10)
and 20% (+10%), respectively, were found. The great impact of pe-
ripheral temperature on the TOF ratio also is illustrated from obser-

vations in two patients (included in our study but not described in
detail) in which TOF ratios were recorded simultaneously from both
arms. Differences in temperature between arms of only 2.8 and 3.3°
C resulted in differences in TOF ratios of 0.39 and 0.36, respectively.
1t is of course unfortunate that the peripheral temperature in some of
our patients was so low—a fact that led us to consider not to publish
the results. However, the study involved the actual situation seen in
everyday work in many operating theaters; the study was performed
at a time when we did not know as much as we know today about the
influence of peripheral temperature on monitoring (in fact, it was the
current study that prompted our studies of this problem); and patients
with low peripheral temperatures were evenly distributed among the
four groups of patients, and there was no statistically significant dif-
ferences in peripheral (or central) temperatures among the groups. It
is therefore unlikely that peripheral cooling influenced the main con-
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clusion: no clinical effect could be documented of perioperative manual
evaluation of the response to TOF nerve stimulation.

Dr. Ali and Dr. Shorten ask whether it could be that some patients’
neuromuscular blocks were overreversed at arrival in the recovery
room. We do not think so. Only 6 of the 17 patients given supple-
mentary doses of neostigmine (3 monitored and 3 not monitored with
a nerve stimulator) showed signs of residual neuromuscular blockade
evaluated clinically, and only 4 patients received more than 0.06
mg-kg™!. In every case when a supplementary dose of neostigmine
was given, the neuromuscular transmission actually improved, indi-
cating insufficient reversal.

Also, Dr. Ali and Dr. Shorten ask, how can a TOF ratio of 0.06 (or
for that matter 0.1 or 0.2) be missed in the operating room? We won-
dered too! However, considering that even at a normal peripheral
temperature, it may not be possible to feel fade at a TOF ratio of 0.4,
the low peripheral temperature at reversal may at least partly explain
why some apparently low TOF ratios were missed by the anesthetist.
Further, in the patient with a TOF ratio of 0.06, peripheral skin tem-
perature decreased from 30.5° C at the end of anesthesia to 23.9° C
in the recovery room. TOF ratio in this patient may therefore have
been higher in the operating room. The decline of TOF ratios during
transportation from the operating room to the recovery room has been
described by Mitterschiffthaler et al.?

The finding of more than 40% of the patients arriving in the recovery
room with a TOF ratio of less than 0.70 is of no surprise to us. Similar
results have been published by Bevan et al.® and Viby-Mogensen et al.*
In these two studies no notice was taken of the peripheral temperature.

The protocol used was intended to closely simulate every day clinical
work, as it is practiced in Scandinavia, when a nerve stimulator is and
is not in use (groups 1 and 2 and groups 3 and 4, respectively). The
anesthetists were told to “do it as well as possible,” whether or not
they had access to a nerve stimulator. Under these circumstances, we
could not document an effect of perioperative manual evaluation of

the response to TOF.

There must be some misunderstanding that our conclusion *‘clearly
contradicts an earlier report by the senior author, Dr. Viby-Mogen-
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sen.”* Our study on residual paralysis in the recovery room from 1979
did not include any patients monitored with a nerve stimulator.

It is very difficult to document an effect of any monitoring device,
and our study design may not have been ideal. However, as advocates
for the use of monitoring devices, it is not enough that we claim benefit
for the patients or ourselves from the use of these devices. We do have
an obligation to try to prove or disprove that we are correct in our
assumptions. Our study was an attempt to evaluate the effectiveness—
as opposed to the efficacy—of tactile evaluation of the TOF response
in daily clinical work. Other studies in this direction are in progress.
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Transesophageal Echocardiography in Dogs

To the Editorr—We read with interest the recent editorial by Van-
denberg and Kerber! concerning the use of transesophageal echocar-
diography (TEE) for intraoperative monitoring of left ventricular
function. The authors state that “experimental animal studies of isch-
emia and infarction have not been performed with TEE" because *the
canine left ventricle does not image well by TEE.” We wish to call
attention to the fact that high-quality TEE images of the left ventricle
can be obtained in the dog. The use of a canine mode! offers an excellent
opportunity to study TEE under conditions of aitered hemodynamics
or graded myocardial ischemia and thereby address some of the un-
resolved questions discussed by Dr. Vandenberg and Dr. Kerber.

Long-axis views of the left ventricle can easily be obtained in the
dog in the same manner as they are in humans, i.e., by positioning the
transducer behind the left atrium and angling it in a caudad direction
(toward the cardiac apex). The difficulty comes when attempting to
obtain short-axis, midpapillary views analogous to those reported in
the human investigations of ischemia. This is because the dog has an
accessory lobe of the right lung interposed between the esophagus and
the inferior wall of the left ventricle,? blocking acoustic transmission
from the esophagus. We have reported a method to obtain short-axis
views in the dog—by performing a right thoracotomy or median ster-
notomy, retracting the accessory lobe with an umbilical tape, excising
the pleural attachments to the posterior pericardium, and filling the
resulting space with an acoustical transmission medium (e.g., saline).®
We have obtained excellent images® and other derived data** from
dogs in this manner. From a review of the literature, we also found
that other quadrupeds, many sea mammals, and primates (other than
the great apes) have similar anatomy to the dog in this regard.?

* Martin RW, Graham MM, Kao R, Bashein G: Measurement of
left ventricular ejection fraction and volumes with three-dimensional
reconstructed transesophageal ultrasound scans: comparison to radio-
nuclide and thermal dilution measurements. J Cardiothorac Anesth 3:
260-268, 1989.

Short-axis imaging in dogs may actually offer advantages over human
imaging. First, the wedge shape of the accessory lobe causes the apex
of the dog’s heart to angle away from the esophagus. This tends to
make the dog's epicardial outline appear entirely within the sector of
the ultrasonic scan, unlike in humans, in whom part of the epicardium
often lies outside the visible sector.® Having the full epicardial outline
available would make it easier to assess wall thickening in conjunction
with wall motion analysis. In addition, it has been our impression that
the cardiac apex is more readily visualized in dogs than it is in humans.

The belief that short-axis TEE imaging of the dog’s left ventricle is
difficult appears to be widely held, inasmuch as we have been unable
to find any publications (other than our own) in a Medline search on
the subject. We hope that these observations will encourage other in-
vestigators to consider using TEE in the animal laboratory.
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