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GW280430A

To the Editor:—We appreciate the three articles in the April 2004 issue
of ANESTHESIOLOGY regarding GW280430A.1–3 Although remarkable ad-
vances in developing intermediate and short-acting muscle relaxants
were realized, anesthetists have not yet been provided with a sub-
stance comparable to succinylcholine in terms of its rapid onset and
ultrashort-acting pharmacodynamic profile.

However, this aim should not be lost. A survey in Germany4 revealed
that, despite its undesirable side effects, succinylcholine is still the
most used drug for both rapid sequence inductions5 and for elective
case induction.6 An overwhelming majority (76.6%) of respondents
answered that they would appreciate a nondepolarizing substitute for
succinylcholine if a similar pharmacodynamic profile was preserved.
Assuming that this is not an isolated German viewpoint, a substance
replacing succinylcholine would be highly desirable.

The developers and the researchers have a great responsibility when
introducing a new drug into clinical practice, particularly in neuromus-
cular blocking drugs.7 Dr. Caldwell addresses this issue in his editorial
when he compares the side effects of rapacuronium and GW280430A.8

Because we were involved in the clinical evaluation of rapacuro-
nium,9–11 we would like to comment on some relevant aspects of the
side effect profiles of both drugs and on the drug approval processes.
First, in clinically relevant concentrations, rapacuronium potentates
bronchoconstriction most probably by destabilization of the balance
between M2 and M3 muscarinic receptors.12 In contrast, GW280430A
seems to release histamine3 and therefore may possibly induce bron-
choconstriction. Second, although many antihistaminic drugs and pro-
phylactic strategies are available, an effective treatment to rebalance
the muscarinic effects of rapacuronium was and is still missing. Third,
because rapacuronium did not release histamine,13 because different
M2 versus M3 muscarinic effects of muscle relaxants were unknown at
that time, and because clinical symptoms of the pulmonary side effects
differed from those seen during typical bronchoconstriction,12 the
clearly described dose-dependent pulmonary side effects (from 10.7%
with 1.5 mg/kg rapacuronium to 18.5% with 2.5 mg/kg rapacuro-
nium)9,10 may have been questioned—unfortunately until patients
were badly harmed. Therefore, we agree with Dr. Caldwell that the
recent experience with rapacuronium must be considered during the
trials with GW280430A, e.g., by in addition investigating its effects on
M2 and M3 receptors. The fiasco with rapacuronium, however, must
not induce pessimism if new drugs and especially GW280430A may
have the potency to improve anesthesia practice.

GW280430A was, of course, not compared with rapacuronium, but
it was also not compared to succinylcholine.1–3 Regardless, the hope
that GW280430A will be a substitute for succinylcholine has been
advanced8 with this first presentation. Expectations that this new drug
will approximate the rapid onset of succinylcholine may in high doses,
high injection speeds, and, therefore, the risk for high incidences of
side effects. The presentations1–3 primarily suggest that GW280430A
may be an ultrashort-acting rather than a rapid-onset muscle relaxant.

Unfortunately, preclinical and clinical trials to approve new drugs

are expensive, and, in this context, the substance to be replaced is
already very cheap. Nevertheless, we (and many other anesthetists4–6)
would like to encourage the recent attempts to develop better muscle
relaxants (or reversal drugs, e.g., Org 2596914) to improve safety and
efficiency of neuromuscular treatment during anesthesia.

Goetz F. Geldner, D.E.A.A., M.D., Ph.D.,* Manfred Blobner,
M.D., Ph.D. * Klinik für Anästhesie und Intensivtherapie der Philipps-
Universität, Marburg, Germany. geldner@mailer.uni-marburg.de
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GW280430A: Pharmacodynamics and Potential Adverse Effects

To the Editor:—We read with interest Dr. Caldwell’s recent editorial1

accompanying the articles published on GW280430A.2–4 Although we
agree with his assessment of its potential advantages, we have several
concerns with respect to his comments regarding its adverse effects.

GW280430A is a potent, nondepolarizing neuromuscular blocking
agent with a fast onset of effect and a duration of action similar to that
of succinylcholine.2–4 When administered as a rapid intravenous bolus
to volunteers in doses greater than or equal to 2.8 times the ED95, it
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may cause histamine release and subsequent hemodynamic changes, a
decrease in blood pressure, and an increase in heart rate.2 As reported
by Belmont et al.,2 such changes were observed in 25% of volunteers
receiving a dose of 2.8 times the ED95 and 75% of volunteers receiving
a dose of 3.8 times the ED95. As is typical of cardiovascular effects due
to histamine release, these hemodynamic changes were all self-limited
and required no pharmacologic treatment. As anticipated, observed
symptoms of histamine release increased in frequency as the dose of
GW280430A was increased. No attempt was made to decrease hista-
mine release in that all doses were administered as a rapid intravenous
bolus (5 s) into a rapidly flowing intravenous line. To put this further
into perspective, as demonstrated in figure 1, the average maximal
heart rate and blood pressure changes after administration of
GW280430A are less than those observed after administration of mi-
vacurium, when mivacurium is injected slowly (over 15 s).5 Doses of
2.5 times the ED95 of GW280430A do not cause histamine release even
when administered over 5 s. Furthermore, because 90% suppression of
T1 occurs within 1.3 min after administration of 0.36 mg/kg
GW280430A, tracheal intubation may likely be accomplished in 60 s
with doses lower than those recommended for mivacurium.

We did not enroll volunteers with a history of cigarette smoking or

pulmonary disease. Bronchospasm or any other difficulty with ventila-
tion was not encountered over the course of the volunteer trial. This
problem has been encountered rarely in the thousands of patients who
have received mivacurium, which has a greater propensity to release
histamine than GW280430A.

The bronchospasm noted after administration of rapacuronium is
likely not due to histamine release. Bronchospasm has occurred in
patients receiving rapacuronium with no evidence of histamine re-
lease.6 The bronchospasm after administration of rapacuronium is
likely caused by its antagonism of the muscarinic M2 receptor.7 Non-
depolarizing neuromuscular blocking agents can interact with two of
the three muscarinic receptors that exist in the airways (M1, M2, and
M3). Their antagonism of the M3 receptor causes bronchodilation by
inhibiting vagally induced bronchoconstriction. Antagonism of the M2
receptors, which are located presynaptically at postganglionic para-
sympathetic nerve endings, results in an increased release of acetyl-
choline that subsequently binds to M3 receptors, causing bronchocon-
striction. The affinity of rapacuronium for the M2 receptor is 15 times
it affinity for the M3 receptor.7

As shown in experiments in cats,4 GW280430A is a very weak inhibitor
of muscarinic receptors in general, with nearly the same safety ratio for
this side effect as mivacurium. In cats, the muscarinic blocking dose
(ED50) of GW280430A is more than 25 times its ED95 for neuromuscular
block.4 A closer look at the data in the study of Heerdt et al.3 in dogs
shows a complete lack of effect of GW280430A on airway pressures in the
dog, even at doses of 50 times the ED95. Nevertheless, GW280430A will
have to be further tested for its relative affinity for the muscarinic recep-
tors of the airways, as will all other nondepolarizing relaxants that may be
introduced into clinical practice. Based on the data published to date,2–4

there is no reason to anticipate that GW280430A may even rarely cause
life-threatening bronchospasm.

Cynthia A. Lien, M.D.,* Matthew R. Belmont, M.D., Paul M.
Heerdt, M.D., Ph.D. * Weill Medical College of Cornell University,
New York, New York. calien@med.cornell.edu
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In Reply:—I am grateful to Drs. Geldner and Blobner and Dr. Lien et
al. for their responses to my editorial.1 I agree with Drs. Geldner and
Blobner that succinylcholine still has a significant clinical role, and that
anesthesia providers would like to see it replaced by a nondepolarizing
drug with a similar time course of action. I agree also that we should
not be pessimistic about prospects for new drugs, but history and

recent experience (the withdrawal of rapacuronium) amply demon-
strate that it is prudent to exercise caution when evaluating the clinical
potential of experimental drugs.

Before proceeding, I must make an apology for and clarify confusing
language in my editorial. The text as written, “Is there evidence of such
a potential problem with GW280403A?,” is clearly open to misinter-

Fig. 1. The mean maximal heart rate (HR) and blood pressure
changes after bolus administration of GW280430A2 and miva-
curium.5 Decreases in mean arterial pressure (MAP) and in-
creases in HR occur at doses of 2.5 times the ED95 of mivacu-
rium. An average increase in HR of 7% occurs with
administration of 2.8 times the ED95 of GW280430A, and an
average increase of 14% occurs after administration of 3.8 times
the ED95 of GW280430A. Decreases in MAP occurred at a dose of
3.8 times the ED95. The average maximal decrease at this dose of
GW280430A was 18%. At all doses, GW280430A was adminis-
tered as a bolus (5 s) into a rapidly flowing intravenous line. In
the study of mivacurium,5 the neuromuscular blocking agent
was injected three times more slowly (15 s).
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pretation. I did not intend to suggest that GW280403A produced
bronchospasm; there is no evidence for that. Rather, my intent was to
emphasize that any adverse effect observed during clinical trials may
assume far greater significance when the drug goes into general use.
The experience with rapacuronium was a dramatic illustration of this
point. In the case of GW280403A, the adverse effects raising concern
are its propensity to release histamine and to produce hypotension.2

I differ with Dr. Lien et al. in the interpretation of the significance of
the adverse hemodynamic effects of GW280403A. For example, take
their statement “As is typical of cardiovascular effects due to histamine
release, these hemodynamic changes were all self-limited and required
no pharmacologic treatment.” I do not believe that the word typical
can be used to characterize histamine-related effects. These effects can
vary from trivial, localized, cutaneous flushing to life-threatening car-
diovascular collapse. The fact that in a small sample of healthy young
volunteers, who can increase heat rate to compensate for histamine-
mediated vasodilatation, a blood pressure decrease of nearly 40% was
observed is a matter for concern.2 The obvious question is how
severely might this degree of histamine release manifest in patients
with much less cardiovascular reserve.

In addition, the fact that the blood pressure changes required no
pharmacologic treatment in this limited subject population cannot be
used to predict safety in the general population of patients. The
subjects studied were all healthy young volunteers in whom a period
of hypotension might be tolerable. Allowing the persistence of hypo-
tension without treatment would not be an option for many patients
undergoing anesthesia.

Will the doses of GW280403A causing histamine release and hypo-
tension overlap with the doses that might be used in clinical practice?
Dr. Lien et al. suggest not by speculating that GW280403A in dose of
0.36 mg/kg (2 � ED95) will provide good intubating conditions in 60 s.
Because the onset time of 0.36 mg/kg GW280403A ranged up to 2 min
in this small, healthy, and homogeneous group of subjects, it is difficult
to believe that intubation within 60 s could be reliably achieved in the
general patient population with this dose. It is likely that larger doses
will be required to facilitate rapid tracheal intubation. As I described in
my editorial, there is ample evidence that clinicians tend to increase

doses of neuromuscular blocking drugs to achieve better and faster
intubating conditions.3–5 Therefore, it is feasible that clinicians might
use GW280403A in the dose range 3–4 � ED95, and the work by Dr.
Lien et al. shows that at these doses, histamine release and hypoten-
sion can occur.2

Finally, it is not justified to infer the cardiovascular safety of
GW280403A by using 15-yr-old historic comparisons with mivacu-
rium.6 There is no way to ensure the comparability of the study
procedures or subjects. The weakness of this comparison is further
compounded by the use of “average maximal changes” as the variables
for comparison. This averaging masks larger changes in individual
subjects, and it is these that have the most clinical significance.

In summary, I do not believe that bronchospasm is a significant
clinical issue with GW280403A, but histamine release and hypotension
most assuredly are.

James E. Caldwell, M.B.Ch.B., University of California, San Francisco,
California. caldwell@anesthesia.ucsf.edu
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In Reply:—The three reports by our group in the April (2004) issue
of ANESTHESIOLOGY

1–3 on the new ultrashort-acting nondepolarizing re-
laxant GW280430A (AV430A) have evoked invited commentary by
Caldwell4 and observations by Geldner and Blobner. Both anticipation
and caution were expressed by these commentators regarding the
possible future clinical performance of AV430A.

To add to the discussion, I would offer a rather optimistic viewpoint
based on additional data in preparation for publication. I am certainly
biased because of my closeness to the development of AV430A. Nev-
ertheless, I do believe that future results will strengthen the candidacy
of AV430A as a replacement for succinylcholine or as an excellent
alternative.

AV430A is a representative of the new class of nondepolarizing
relaxants, which we have called asymmetrical mixed-onium chlorofu-
marates.5 These compounds are inactivated by two entirely chemical
(nonenzymatic) mechanisms both in vivo and in vitro: cysteine ad-
duction and pH-sensitive hydrolysis.1,5,6 The cysteine adduction reac-
tion is notably manipulatable.5,6 In AV430A, both reactions are fast
(combined T1/2� approximately 1–2 min) such that the duration of
block is ultrashort, similar in duration to or even shorter than succi-
nylcholine in cats, dogs, and three different primate species.1,3

Notable characteristics of this series include high potency, easy
antagonism by anticholinesterases, and rapid antagonism by cysteine
(see last paragraph). AV430A is particularly nonvagolytic,1 an impor-
tant contrast vis-à-vis rapacuronium, and does not block sympathetic
ganglia.1 AV430A is approximately four times weaker than mivacurium
with respect to release of histamine in the rhesus monkey.1 These
autonomic data suggest that the only possible side effect of AV430A
that might appear in the clinical dose range is a rather mild tendency
to cause minor symptoms and signs suggestive of slight degrees of
histamine release, exemplified by facial erythema, brief decrease in
blood pressure, and increase in heart rate.

AV430A and its related series were first studied in 1997. Despite en-
couraging results in human volunteers,2 the development process has
been delayed. First, a corporate decision by Glaxo Wellcome (Research
Triangle Park, NC) to discontinue the development of products for the
field of anesthesia, and then the merger of Glaxo Wellcome and Smith
Kline, halted the project for 4 yr until the AV430A series was acquired by
Avera Pharmaceuticals (San Diego, CA) in 2002. In 2003, a second study
of a new formulation of AV430A in volunteers was completed and re-
ported in 2004. The kinetic and safety data are encouraging.7,8

The failure of rapacuronium and its removal from the market, as a
result of the side effect of bronchospasm, will place greater scrutiny on
the possible airway effects of all new relaxants. An ultrashort-acting
agent such as AV430A, which will no doubt be given for tracheal
intubation, will bear the greatest scrutiny. Bronchospasm after rapacu-
ronium, although noted in clinical trials, was far more serious in

Dr. Savarese has been a consultant to Glaxo Wellcome, Research Triangle
Park, North Carolina, and is one of the inventors and patent holders of
GW280430A and related compounds on behalf of Cornell University, New York,
New York.
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clinical practice with rapacuronium than foreseen before its release.
This is the crux of the problem: Minimal effects of AV430A on the
airway must be shown to provide convincing data regarding the safety
of AV430A. Caldwell4 and Geldner and Blobner both allude to this.

Following is a discussion of some of the data regarding AV430A that
are already published, which suggest that AV430A should be safe as far
as airway effects are concerned. Minimal airway effects have already
been found in dogs in doses up to 50 � ED95.3 The nonvagolytic
properties of AV430A found in cats1 mean that it is unlikely to have any
blocking effects on M2 or M3 receptors in the human airway. This
indicates minimal possibility of bronchospasm on this basis, in contrast
with the severe responses noted after rapacuronium. Jooste et al.10

have shown that mivacurium has minimal interactions with M2 and M3
receptors9 where the actions of rapacuronium are clearly demonstra-
ble. Because mivacurium, which is a predecessor of AV430A, has
approximately the same large safety ratio (� 25) as does AV430A
regarding lack of interaction with muscarinic receptors in cats,1 the
imbalanced blocking property on muscarinic receptors in the human
airway, which is the likely mechanism of rapacuronium-induced bron-
chospasm,10 is a most unlikely clinical scenario in the case of AV430A.

What about histamine release? Both Caldwell4 and Geldner and
Blobner express concern about this, but in the rhesus monkey, the
safety ratio of AV430A for this side effect is approximately four times
greater than that of mivacurium.1 This results in the following com-
parison in humans: mivacurium, at 2.5–3 � ED95 (0.20–0.25 mg/kg),
causes greater symptomatology of histamine release when injected
over 15 s11 than does AV430A when injected over only 5 s at 3–4 �
ED95 (0.5 mg/kg).2 Since the original study in human volunteers by
Belmont et al.2 in 1998, AV430A has been reformulated. This reformu-
lation has further improved the safety ratio for histamine release to
approximately 4 � ED95 in humans.7 As a reminder, this “safety ratio”
is defined as the dose required to cause an average decrease in blood
pressure of 10%, divided by the ED95 for neuromuscular blockade: ED
Hist/ED95.1

Both Caldwell4 and Geldner and Blobner caution that anesthesiolo-
gists might increase dosage to cause faster onset and thereby increase
the possibility of histamine release by AV430A. We have already com-
pared the onset and duration of AV430A in the human larynx and the
thumb vis-a-vis succinylcholine, rapacuronium, rocuronium, mivacu-
rium, and cisatracurium. The data are not yet published but suggest
that the onset of AV430A is as fast as that of succinylcholine and faster
than those of the others. So why administer AV430A at a dosage higher
than 0.4–0.5 mg/kg? Onset of block after AV430A does not get any
faster at dosages higher than this and is probably circulation limited, as
pointed out by Caldwell.4 The onset is fast in all species—dogs, cats,
monkeys, and humans.1–3 Consequently, Geldner and Blobner, who
believe that “GW280430A may be an ultrashort-acting rather than a
rapid-onset muscle relaxant” are most likely incorrect. AV430A is
clearly ultrashort and very rapid in onset in all studies.1–3 figure 1

shows a mechanomyograph recording of the response to AV430A (0.4
mg/kg) in the adductor pollicis in a healthy human volunteer during
nitrous oxide–oxygen–fentanyl–propofol anesthesia. The pattern of
block seen in figure 1 was noted in every volunteer subject of the more
than 100 humans treated so far. The dose of 0.4 mg/kg is approxi-
mately 3 � ED95.7

Doses up to 5 � ED95 caused minimal side effects.7 A 5-s bolus dose
of AV430A (0.4 mg/kg) was given at the arrow. Two control train-of-
four (TOF) responses are followed by the elicited twitch in the thumb
at 0.15 Hz. Twitch is abolished within approximately 80 s. Recovery
begins at approximately �6 min (time scale at top). The time scale
changes at and after this point. At �8 min, TOF shows appearance of
T4, and T1 is at approximately 25% of control. At �10 min, TOF is 45%
and T1 is 75% of control. At �12 min, TOF is 85% and T1 is 95% of
control. At �13.5 min, TOF is 95% of control (control TOF is at the far
left). The time from 5% T1 to a TOF of 90% is 6 min. Heart rate (upper
record) and blood pressure (lower record) show no change.

Time and experience will tell, as clinical studies in patients are
undertaken, whether early data from volunteers accurately predict the
performance of AV430A in practice. The dosage recommended to
achieve certain clinical endpoints, e.g., intubation of the trachea within
60 s, among others, must be defined by these future studies.

In volunteer studies thus far, at dosages as high as 0.8–0.9 mg/kg
(approximately 6 � ED95 or 2 � intubating dosage) where AV430A is
given as a rapid (5 s) bolus, the manifestations of histamine release
after AV430A are rather mild (facial flushing and brief decrease in
blood pressure, not requiring treatment).7 There has been no bron-
chospasm. This suggests that clinicians could give these very large
dosages safely, particularly by injecting them a little more slowly (such
as over 15 s). The side effect of histamine release as caused by AV430A,
because it is four times weaker than it is in mivacurium,1 may consti-
tute a minor concern in future clinical practice. Time again will tell.
Only after a couple of years of experience in thousands of administra-
tions will the pattern be fully defined.

Nevertheless, we can be reassured by this data. If, as Kopman et al.12

have suggested, a dose of 2.0 or 2.5 � ED95 of AV430A is enough for
good to excellent intubating conditions within 60 s (this dose would
be in the range 0.3 � 0.05 mg/kg), there may very well be minimal side
effects.

The chemical pathways of inactivation of AV430A are, in my opin-
ion, its most promising feature. The chemical breakdown will ensure
no prolonged neuromuscular blockade. Problems with atypical
pseudocholinesterase will not be at issue. Cysteine, given intrave-
nously as a “reversal drug” or “rescue agent,” will rapidly inactivate
AV430A. Complete recovery from 100% twitch inhibition can be in-
duced in monkeys with exogenous cysteine within 1–2 min.13 In the
future, anesthesiologists may have the choice of spontaneous recovery
(12–14 min) from AV430A via endogenous cysteine or induced recov-
ery by giving additional cysteine, e.g., in case of an airway emergency.

Fig. 1. A recording of evoked twitch (at 0.15 Hz) and train-of-four (2 Hz for 2 s every 10 s) of the adductor pollicis in an anesthetized
human volunteer. AV430A (0.4 mg/kg) was given intravenously at the arrow. Time scale (minutes) at top. Note change of time scale
and change of evoked response from single twitch to train-of-four at minute 7. Onset of block is 80 s. Recovery to train-of-four of
95% is 13.5 min.
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Cysteine, given within 2–3 min after injection of AV430A, should
abolish complete paralysis within 1–2 min.13 The latter treatment with
cysteine may shorten the total duration of action in humans to an
estimated 5 min to return of full neuromuscular function such as
cough, normal vital capacity, and head lift.

John J. Savarese, M.D., Weill Medical College of Cornell
University/New York Presbyterian Hospital, New York, New York.
jjsavare@med.cornell.edu
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The Right Thing in the Right Place: Lumbar Plexus Block in Children

To the Editor:—I read with interest the article “Lumbar Plexus in
Children” by Lukas Kirchmair et al.1 published in the August 2004
issue of ANESTHESIOLOGY. The authors have nicely shown that sonogra-
phy of the lumbar plexus in children is feasible, they have clarified the
anatomical understanding, and they have given additional information
on the depth of the lumbar plexus in pediatric patients.

In addition, they applied their technique to five children scheduled
to undergo inguinal hernia repair and concluded that all lumbar plexus
blocks provided effective anesthesia and analgesia of the inguinal
region during surgery and for postoperative pain relief. Although I am
unable to check the clinical effects in these five individual patients, I
have considerable doubt that lumbar plexus block is a suitable anes-
thetic technique for inguinal hernia repair and would not recommend
it for the following reasons:

First, the iliohypogastric nerve arises from the roots T12 and L1, and
the ilioinguinal nerve arises from L1. These two nerves are usually not
densely blocked by injections made at an L4–L5 level. Even the geni-
tofemoral nerve, arising from L1 and L2, is often missed.

Second, a successful lumbar plexus block is followed by a profound
motor blockade of all knee extensor and most hip adductor muscles.
This is clearly an undesirable side effect after inguinal hernia repair.
Avoiding this by using a small volume and a low concentration of the

local anesthetic does not seem to be a valuable strategy, especially
when nerves far away from the injection site must be blocked.

Third, clinically, in awake adolescents, using the posterior lumbar
plexus block with an injection at the L4–L5 level in combination with
a sciatic nerve block, incisions coming high up, close to the inguinal
ligament, are often troublesome. The ilioinguinal and genitofemoral
nerves are often not sufficiently blocked.

In summary, lumbar plexus block can be used in children. However,
its use should be restricted to indications where this technique is
clearly effective, e.g., for lower limb procedures involving parts of the
hip or extensive knee surgery, and where no other less invasive
alternative exists.

Martin Jöhr, M.D., Kantonsspital, Luzern, Switzerland.
joehrmartin@bluewin.ch
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In Reply:—We thank Dr. Jöhr for his comments on our article
published in the August 2004 issue of ANESTHESIOLOGY.1 He pointed out
important anatomical features regarding lumbar plexus anatomy that
might raise concerns about the indications of ultrasound-guided pos-
terior lumbar plexus blocks in our series of pediatric patients.

The lumbar plexus is derived from the ventral rami of the roots
L1–L5. The latter and its branches are arranged in a potential space
within the substance of the psoas major muscle, the so-called psoas
compartment. The iliohypogastric, ilioinguinal, and genitofemoral
nerves are the most cranial branches and provide innervation of the

inguinal region. They arise from the ventral rami of the roots T12–L1,
L1, and L1–L2, respectively. Therefore, a posterior lumbar plexus
block by means of an approach at the level L4–L5 would probably
result in an incomplete or missing block of these nerves, as mentioned
by Dr. Jöhr.

In adults, the iliohypogastric and ilioinguinal nerves approximately
exit the psoas major muscle at L1–L2,2 and the genitofemoral nerve
usually exits at L4.2 Nevertheless, the detailed topographic anatomy
and arrangement of these nerves within the psoas major muscle in
children is unknown.
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In the current cases, the local anesthetic solution must have reached
the cranial parts of the lumbar plexus because sufficient anesthesia and
analgesia of the inguinal region was observed in all five patients.
Recent investigations of ultrasound-guided posterior lumbar plexus
block in pediatric patients revealed a greater extent of anesthesia and
analgesia compared with adults.

It was not the aim of our study to investigate posterior lumbar plexus
block for inguinal hernia repair in children, and we agree with Dr. Jöhr
that it should not be the first choice for this surgical procedure.
However, in our opinion, it might be a useful alternative and still
represents a peripheral nerve block.

Dr. Jöhr also had concerns about the strategy of applying small
volumes in the current setting. Nevertheless, one of the proven ben-
efits of ultrasound-guided techniques is the decreased need of local
anesthetics3 compared with traditional approaches.

Lukas Kirchmair, M.D.,* Birgit Enna, M.D., Peter Marhofer,
M.D., Stephan Kapral, M.D. * Community Hospital Hall in Tyrol,
Hall in Tyrol, Austria. l.kirchmair@chello.at
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Of Mice and Men: Should We Extrapolate Rodent Experimental
Data to the Care of Human Neonates?

To the Editor:—Over the years, Dr. Olney et al.1 have enlightened the
scientific community with their research on the N-methyl-D-aspartate
receptor and its role in human disease. Recently, Dr. Olney’s group has
examined the effects of commonly used anesthetics and anticonvul-
sants on the developing brain. In several high-profile scientific journals,
they reported that the administration of these drugs, including ket-
amine, ethanol, phencyclidine, nitrous oxide, isoflurane, propofol,
barbiturates, diazepam, and other anticonvulsants all increase apopto-
tic neurodegeneration in developing rat brain.2–5 We and others have
replicated some of the studies with ketamine, and there is no doubt
regarding the scientific validity of their findings.6,7

The direct applicability of these experimental findings to the clinical
practice of pediatric anesthesia and critical care, however, should be
questioned. Likewise, the implication that all types of anesthetic and
sedative agents may have similar potentially deleterious effects on
neuronal development in neonates is premature and inappropriate.
Multiple lines of evidence cast doubt on the clinical relevance of these
experimental paradigms, as recently reviewed in our Special Article
published in the August 2004 issue of ANESTHESIOLOGY.8 Dr. Olney et al.9

eloquently provided a counterpoint editorial in the same issue of
ANESTHESIOLOGY, which mainly questioned our assertion that repeated
large doses of ketamine were responsible for mediating the neurode-
generative changes noted in neonatal rat brains. Similar doses and
durations of administration, particularly in the absence of surgical
stimulation, are never used in pediatric anesthesia.

Recent data from the Neurotoxicology division at the National Cen-
ter for Toxicological Research (Jefferson, Arkansas) further confirm
our findings that the single- or smaller-dose regimens of ketamine do
not increase neuronal apoptosis in the brains of 7-day-old (P7) rat
pups.7 Scallet et al.7 examined the effect of various dosing regimens on
the different assays for neuroapoptosis in P7 rat pup brains. They
reported no differences in the appearance of apoptotic neurons in rat
pups receiving saline, seven doses of ketamine (10 mg/kg) over 9 h,
and a single dose of ketamine (20 mg/kg), whereas rat pups receiving
higher doses, seven doses of ketamine (20 mg/kg) over 9 h, had
significant increases in neuronal apoptosis. Scallet et al. found that the
magnitude and pattern of neuronal changes were similar to those
reported earlier.2,6 Unlike Olney et al., these investigators also mea-
sured blood concentrations of ketamine to show that the repeated
low-dose (10 mg/kg) and single-dose regimens resulted in the blood
concentrations achieved in clinical practice, whereas the repeated
high-dose regimen (20 mg/kg) resulted in sevenfold higher ketamine
concentrations. Furthermore, Scallet et al. verified the presence of
neurodegeneration with several histochemical methods, including cu-

pric silver and Fluoro-Jade-B staining for nonspecific neurodegenera-
tion, 4',6-diamido-2-phenylindole for nuclear DNA, and caspase-3 im-
munohistochemistry as a marker for neuronal apoptosis. These
findings confirmed that ketamine doses and duration both play impor-
tant roles in ketamine-induced neurodegeneration.2,6,7

In their editorial, Olney et al.9 disagree with our concern that
neurodegenerative changes after repeated high doses of ketamine may
result from hypoxic/ischemic damage because of the hemodynamic
effects of high-dose ketamine. “It is excitotoxic, and ultrastructurally
does not resemble apoptosis,” they state. The neuronal cell death that
occurs soon after exposure to hypoxia/ischemia does result from
excitotoxicity, but rat brains were not sampled at this time period in
the studies by Olney et al.2,4 A voluminous literature shows a delayed
neuronal cell death after hypoxia/ischemia that results from neuronal
apoptosis in the immature rat brain and also occurs at the same time
periods (4–24 h) as those sampled by Olney et al.10–13 Excitotoxicity
cannot account for hypoxia-induced injury in immature neurons but
may explain the effects of hypoxia on more mature neurons,14 and
even the excitotoxic damage of immature neurons leads to apoptosis at
6–24 h,15 at the time periods studied by Olney et al.2,4

In their editorial, Olney et al.9 state that arterial blood gases showed
oxygen saturations of 97–99% (contained in the legend for their fig. 2).
To our knowledge, the complete data from arterial blood gases ob-
tained at 0, 15, 30, 60, 120, 180, or 240 min in neonatal rats given
high-dose ketamine have not been reported in the literature and cannot
guarantee the absence of significant hypoxia occurring between these
sampling times. In contrast, pediatric anesthesiologists routinely and
continuously monitor oxygenation (oximetry), ventilation (capnogra-
phy), and other hemodynamic variables during neonatal anesthesia and
respond to these monitors within seconds after noting a clinically
important change.

Similarly, our concern for nutritional deprivation was also dismissed
by Olney et al.9 because of the lack of “a robust pattern of neuroapop-
tosis” in the controls from their experiments, stating that “all animals
are sacrificed 4 to 8 h later for histologic evaluation of the brains.”
Their experiments, however, showed that rat pups were killed at 4, 8,
12, 16, 24, or 48 h after ketamine and that apoptosis was most
prominent in the brains sampled at 12, 16, and 24 h.2 If newborn rat
pups were exposed to nutritional deprivation for these periods of time,
increasing patterns of neuronal apoptosis would be expected.16,17

Last, we must restate our concern that neonatal rats or humans
exposed to anesthetic agents in the presence versus the absence of
surgically induced pain or stress would manifest drastically different
effects and that the observations that the neuronal effects of all anes-
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thetic agents and ketamine in particular are dose dependent.8 At the
Society for Neuroscience annual meeting on November 8–12, 2003
(New Orleans, Louisiana), Olney et al. reported that a single sedating
dose of ketamine increases neurodegeneration, but this finding was
noted from neonatal mice, highlighting the importance of species-
dependent variations in the response to pharmacologic agents.18,19

We agree with Drs. Olney and Todd that human clinical studies are
needed to truly examine the potential neurotoxic effect of anesthetic
drugs in the developing human brain.9,19,20 Given the ethical and
societal constraints, randomized controlled trials mirroring the exper-
imental designs used in rodent models are not possible. We examined
children at 4 and 8 yr after the surgical repair of congenital heart
defects as neonates using a standardized anesthetic regimen including
high-dose barbiturates and opiates.21–23 Despite the known neurologic
sequelae of cardiopulmonary bypass and deep hypothermic circulatory
arrest,24 their performance IQ scores were not significantly different
from the population norms (fig. 1). Certainly their neurologic outcome
was no worse than that of peer groups with similar congenital heart
defects repaired later in life and exposed to anesthetic agents after
the “vulnerable” neonatal and infant periods of brain development
at issue in the study of Newburger et al.25 The longer operative
repair (and anesthetic exposure) was postponed after infancy in this
study population, the greater the cognitive impairment was. These
findings suggest that even under extreme conditions encountered in
the conduct of pediatric anesthesia, neonatal exposure to anes-
thetic agents does not necessarily confer substantial neurologic
deficits and is, at worst, only one factor among many potentially
influencing brain development.

Regardless of this interpretation of such data, the controversy initi-
ated by the studies of Olney and others should provoke clinical inves-
tigators to examine the long-term neurocognitive effects of prolonged
exposure to anesthetic drugs in pediatric patients, to help sort out the
differences between mice and men. Further knowledge in these areas
is required before changes in clinical practices in neonatal and pedi-
atric anesthesia can be recommended; such changes may not be

necessary or may even be deleterious to long-term neurologic out-
come. We are all indebted to Olney et al. for their contribution in
raising these issues.

Sulpicio G. Soriano, M.D.,* Kanwaljeet J. S. Anand, M.B.B.S.,
D.Phil., Cynthia R. Rovnaghi, M.S., Paul R. Hickey, M.D.
* Children’s Hospital Boston and Harvard Medical School, Boston,
Massachusetts. sulpicio.soriano@childrens.harvard.edu

References

1. Olney JW, Labruyere J, Wang G, Wozniak DF, Price MT, Sesma MA: NMDA
antagonist neurotoxicity: Mechanism and prevention. Science 1991; 254:1515–8

2. Ikonomidou C, Bosch F, Miksa M, Bittigau P, Vockler J, Dikranian K,
Tenkova TI, Stefovska V, Turski L, Olney JW: Blockade of NMDA receptors and
apoptotic neurodegeneration in the developing brain. Science 1999; 283:70–4

3. Ikonomidou C, Bittigau P, Ishimaru MJ, Wozniak DF, Koch C, Genz K, Price
MT, Stefovska V, Horster F, Tenkova T, Dikranian K, Olney JW: Ethanol-induced
apoptotic neurodegeneration and fetal alcohol syndrome. Science 2000; 287:
1056–60

4. Jevtovic-Todorovic V, Hartman RE, Izumi Y, Benshoff ND, Dikranian K,
Zorumski CF, Olney JW, Wozniak DF: Early exposure to common anesthetic
agents causes widespread neurodegeneration in the developing rat brain and
persistent learning deficits. J Neurosci 2003; 23:876–82

5. Bittigau P, Sifringer M, Genz K, Reith E, Pospischil D, Govindarajalu S,
Dzietko M, Pesditschek S, Mai I, Dikranian K, Olney JW, Ikonomidou C: Antiepi-
leptic drugs and apoptotic neurodegeneration in the developing brain. Proc Natl
Acad Sci U S A 2002; 99:15089–94

6. Hayashi H, Dikkes P, Soriano SG: Repeated administration of ketamine may
lead to neuronal degeneration in the developing rat brain. Paediatr Anaesth 2002;
12:770–4

7. Scallet AC, Schmued LC, Slikker W Jr, Grunberg N, Faustino PJ, Davis H,
Lester D, Pine PS, Sistare F, Hanig JP: Developmental neurotoxicity of ketamine:
Morphometric confirmation, exposure parameters, and multiple fluorescent la-
beling of apoptotic neurons. Toxicol Sci 2004; 81:364–70

8. Anand KJS, Soriano SG: Anesthetic agents and the immature brain: Are these
toxic or therapeutic agents? ANESTHESIOLOGY 2004; 101:527–30

9. Olney JW, Young C, Wozniak DF, Ikonomidou C, Jevtovic-Todorovic V:
Anesthesia-induced developmental neuroapoptosis: Does it happen in humans?
ANESTHESIOLOGY 2004; 101:530–3

10. Beilharz EJ, Williams CE, Dragunow M, Sirimanne ES, Gluckman PD:
Mechanisms of delayed cell death following hypoxic-ischemic injury in the
immature rat: Evidence for apoptosis during selective neuronal loss. Brain Res
Mol Brain Res 1995; 29:1–14

11. Benjelloun N, Joly LM, Palmier B, Plotkine M, Charriaut-Marlangue C:
Apoptotic mitochondrial pathway in neurones and astrocytes after neonatal
hypoxia-ischaemia in the rat brain. Neuropathol Appl Neurobiol 2003;
29:350–60

12. Turkyilmaz C, Turkyilmaz Z, Atalay Y, Soylemezoglu F, Celasun B: Magne-
sium pre-treatment reduces neuronal apoptosis in newborn rats in hypoxia-
ischemia. Brain Res 2002; 955:133–7

13. Zhu C, Qiu L, Wang X, Hallin U, Cande C, Kroemer G, Hagberg H,
Blomgren K: Involvement of apoptosis-inducing factor in neuronal death after
hypoxia-ischemia in the neonatal rat brain. J Neurochem 2003; 86:306–17

14. Chihab R, Bossenmeyer C, Oillet J, Daval JL: Lack of correlation between
the effects of transient exposure to glutamate and those of hypoxia/reoxygen-
ation in immature neurons in vitro. J Neurochem 1998; 71:1177–86

15. Lok J, Martin LJ: Rapid subcellular redistribution of Bax precedes caspase-3
and endonuclease activation during excitotoxic neuronal apoptosis in rat brain.
J Neurotrauma 2002; 19:815–28

16. Ferrand-Drake M, Zhu C, Gido G, Hansen AJ, Karlsson JO, Bahr A, Zamzami
N, Kroemer G, Chan PH, Wieloch T, Blomgren K: Cyclosporin A prevents calpain
activation despite increased intracellular calcium concentrations, as well as
translocation of apoptosis-inducing factor, cytochrome c and caspase-3 activation
in neurons exposed to transient hypoglycemia. J Neurochem 2003; 85:1431–42

17. Tkacs NC, Dunn-Meynell AA, Levin BE: Presumed apoptosis and reduced
arcuate nucleus neuropeptide Y and pro-opiomelanocortin mRNA in non-coma
hypoglycemia. Diabetes 2000; 49:820–6

18. Berde C, Cairns B: Developmental pharmacology across species: Promise
and problems. Anesth Analg 2000; 91:1–5

19. Haberny KA, Paule MG, Scallet AC, Sistare FD, Lester DS, Hanig JP, Slikker
W Jr: Ontogeny of the N-methyl-D-aspartate (NMDA) receptor system and sus-
ceptibility to neurotoxicity. Toxicol Sci 2002; 68:9–17

20. Todd MM: Anesthetic neurotoxicity: The collision between laboratory
neuroscience and clinical medicine. ANESTHESIOLOGY 2004; 101:533–4

21. Bellinger DC, Wypij D, Kuban KC, Rappaport LA, Hickey PR, Wernovsky
G, Jonas RA, Newburger JW: Developmental and neurological status of children
at 4 years of age after heart surgery with hypothermic circulatory arrest or
low-flow cardiopulmonary bypass. Circulation 1999; 100:526–32

22. Bellinger DC, Wypij D, duDuplessis AJ, Rappaport LA, Jonas RA, Wer-
novsky G, Newburger JW: Neurodevelopmental status at eight years in children

Fig. 1. Wechsler Preschool and Primary Scale of Intelligence
score measures at 4 and 8 yr after surgical repair of complex
congenital heart defects. Population norms are 100 � 10. There
were no significant differences between the study groups and
the population norms. Data compiled from Bellinger et al.21,22

and de Ferranti et al.23 WISC-III � Wechsler Intelligence Scale
for Children–III.

867CORRESPONDENCE

Anesthesiology, V 102, No 4, Apr 2005

D
ow

nloaded from
 http://pubs.asahq.org/anesthesiology/article-pdf/102/4/870/358221/0000542-200504000-00034.pdf by guest on 18 Septem

ber 2021



with dextro-transposition of the great arteries: The Boston Circulatory Arrest
Trial. J Thorac Cardiovasc Surg 2003; 126:1385–96

23. de Ferranti S, Gauvreau K, Hickey PR, Jonas RA, Wypij D, du PA, Bellinger
DC, Kuban K, Newburger JW, Laussen PC: Intraoperative hyperglycemia during
infant cardiac surgery is not associated with adverse neurodevelopmental out-
comes at 1, 4, and 8 years. ANESTHESIOLOGY 2004; 100:1345–52

24. du Plessis AJ, Bellinger DC, Gauvreau K, Plumb C, Newburger JW, Jonas

RA, Wessel DL: Neurologic outcome of choreoathetoid encephalopathy after
cardiac surgery. Pediatr Neurol 2002; 27:9–17

25. Newburger JW, Silbert AR, Buckley LP, Fyler DC: Cognitive function and
age at repair of transposition of the great arteries in children. N Engl J Med 1984;
310:1495–9

(Accepted for publication November 30, 2004.)

Anesthesiology 2005; 102:868–9 © 2005 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

In Reply:—In their letter to the editor, Soriano et al. state that in our
recent counterpoint editorial,1 we “mainly questioned [their] assertion
that repeated large doses of ketamine were responsible for mediating
the neurodegenerative changes noted in neonatal rat brains.” This is
not what we questioned; we know that repeated large doses of ket-
amine can cause extensive neuroapoptosis. What we mainly ques-
tioned was whether repeated large doses are necessary, or whether
neuroapoptosis can be triggered by a single low dose of ketamine. We
then presented evidence that a single subcutaneous dose of ketamine
(20, 30, or 40 mg/kg)—one that does not fully immobilize, anesthetize, or
abolish pain responses in infant mice—does trigger a significant increase
in the rate of neuroapoptosis. The scientifically appropriate response
would be for Soriano et al. to administer these single subanesthetic doses
of ketamine to infant mice and, using the same methods we used, to see
whether they could reproduce our findings. Instead, Soriano et al. imply
that it requires “repeated large doses” to trigger neuroapoptosis and argue
that ketamine is safe for pediatric anesthesia because such large “doses
and durations . . . are never used in pediatric anesthesia.”

To bolster their claim that a single dose is ineffective, they cite a
recent report of Scallet et al.2 in which a single dose of ketamine at 20
mg/kg did not trigger apoptosis in infant rats, although repeated
20-mg/kg doses did. Because, in our single-dose experiments, 20
mg/kg was the threshold dose for triggering apoptosis, it is not sur-
prising or very meaningful that one laboratory would report a barely
significant effect and another would report a barely insignificant effect
at this dose. What is surprising is that instead of directly acknowledg-
ing and discussing the implications of our finding that a single dose of
ketamine at 20, 30, or 40 mg/kg does trigger apoptosis in a dose-
dependent manner, Soriano et al. continue to promote their original
position that ketamine is safe because, in their hands, a single dose as
high as 75 mg/kg does not trigger neuroapoptosis. It is difficult to
reconcile this position with their introductory statement that “there is
no doubt regarding the scientific validity” of our findings.

Soriano et al. suggest that we should have measured blood ketamine
concentrations in our mouse experiments. However, Soriano et al. did
not measure ketamine blood concentrations in their rodent experi-
ments, and anesthesiologists do not routinely measure, much less rely
on, ketamine blood concentrations to determine depth of anesthesia.
We reported that a single dose of ketamine, in the range of 20–40
mg/kg, that does not fully immobilize, anesthetize, or render an infant
mouse insentient to pain does trigger neuroapoptosis in the infant
mouse brain. This is a message that is not difficult to understand.
Presumably, we can all agree that regardless of ketamine blood con-
centrations, it would be unacceptable to perform surgery on an infant
mouse, or infant human, whose depth of anesthesia is such that the
infant is squirming around, flailing the extremities, and responding to
skin pinch by vigorous antalgic movements.

Soriano et al. continue to argue that the neuroapoptosis response to
anesthetic drugs is due to hypoxia/ischemia. How is this possible in
light of our demonstration1 that arterial oxygen saturation remains in
the 97–99% range over a 4-h period after a dose of ketamine that
triggers neuroapoptosis within this same time interval? Soriano et al.
postulate that the oxygen saturation fleetingly decreased to brain-
damaging levels during intervals between our sampling time points but
abruptly resumed normal levels at each time point (15, 30, 60, 120,
180, 240 min) just before we drew blood. We doubt that the reader-
ship of ANESTHESIOLOGY will be persuaded by this argument, especially

because we are talking about a subanesthetic dose of ketamine, a drug
that reputedly, even at anesthetic doses, does not compromise cardio-
respiratory function.

Even if severe hypoxia/ischemia did occur, it could not account for
the neuroapoptosis response to ketamine because 4–6 h after ket-
amine administration, an increase in apoptotic profiles is evident both
as a caspase-3 activation response and as ultrastructurally confirmed
apoptotic morphology. However, when one intentionally induces hyp-
oxia/ischemia and examines the developing brain 4–6 h later, there is
no increase in apoptotic profiles, either by caspase-3 activation or
ultrastructural criteria. It is illogical to argue that anesthesia-induced
apoptosis is caused by hypoxia/ischemia if one cannot demonstrate
that intentionally induced hypoxia/ischemia reproduces the anesthe-
sia-induced apoptosis phenomenon. What one does find in the brain
4–6 h after hypoxia/ischemia, as we have demonstrated previously,3

and also very recently,4 is excitotoxic neurodegeneration. (See Young
et al.4 for a detailed presentation of evidence directly addressing and
clarifying this issue.) Soriano et al. challenge our position by citing
works from other laboratories that they believe contradict our obser-
vations. We have examined the cited works, some of which are in
vitro studies, and find that these works either support our position or
are irrelevant to the issue in contention. We stand by our own obser-
vations, which are based on a three-decade-long direct investigation of
the specific issue in contention: in vivo excitotoxic versus apoptotic
neurodegeneration in the developing brain.3–10

Regarding the nutritional deprivation issue, we stated1 that in a
“typical” experiment, we expose infant rodents to a single dose of
saline or an apoptogenic anesthetic drug and, without returning the
pups to the maternal nest, kill them 4–8 h later. Because both the
control and experimental pups are exposed to the same degree of
maternal/nutritional deprivation during this 4- to 8-h period, nutritional
deprivation cannot explain the higher rate of neuroapoptosis in the
experimental pups. In an apparent effort to refute this interpretation,
Soriano et al. note that in one study we killed animals not only at 4 and
8 h but also at 12, 16, 24, and 48 h, and determined, using a staining
procedure that detects cumulative neuronal degeneration, that apopto-
sis became increasingly more prominent at 12, 16, and 24 h. We do not
understand how this reference to our earlier comprehensive evaluation
of the apoptotic response to large doses of MK80111 refutes our
current interpretations pertaining to “typical” experiments focusing on
the very early response to low subanesthetic doses of ketamine.

Soriano et al. point out that our most recent findings1 pertaining to
threshold conditions for inducing developmental neuroapoptosis were
conducted in mice and suggest that species differences between rats
and mice and between rodents and humans may be of paramount
importance. We have tested rats and mice and find no appreciable
differences between these species, but we agree that differences be-
tween rodents and primates may be very important. Of course, species
differences can go in either direction—humans may be less vulnerable
or they may be more vulnerable than rodents.

Soriano et al. conclude that only human studies can provide the final
answer. We do not contest the importance of human experiments, but
such experiments will require many years to complete and, because of
design limitations, may provide equivocal results that defy interpreta-
tion. Therefore, we recommend that the issue be addressed in nonhu-
man primate studies designed to test the sensitivity of the primate
brain to anesthesia-induced developmental neuroapoptosis. If the pri-
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mate brain proves sensitive, additional studies designed to evaluate the
neurobehavioral consequences of graded degrees and controlled pat-
terns of apoptotic neurodegeneration in the developing nonhuman
primate brain would be informative. Such studies would provide the
anesthesiology community with reliable information and guidance in
the conduct of much-needed human studies.

John W. Olney, M.D.,* Chainllie Young, M.D., Ph.D., David F.
Wozniak, Ph.D., Chrysanthy Ikonomidou, M.D., Ph.D., Vesna
Jevtovic-Todorovic, M.D., Ph.D. * Washington University School of
Medicine, St. Louis, Missouri. olneyj@wustl.edu
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Avoid Excessive Sedation during Cervical Injections

To the Editor:—I read with interest the article by Rathmell et al.1

regarding cervical transforaminal injection of steroids. An important
safety issue not addressed was the need to minimize complications by
avoiding excessive sedation. Hodges et al.2 reported two cases of nerve
injury after cervical epidural steroid injections, both performed in
heavily sedated patients using fluoroscopy. Excessive sedation may
result in the inability of the patient to experience and report pain and
paresthesias at the time of spinal cord or nerve root contact. In
addition, some recommend that cervical injections should only be
performed by experienced and well-trained practitioners.3

Noor M. Gajraj, M.D., F.R.C.A., U.T. Southwestern Medical
Center, Dallas, Texas. noorgajraj@aol.com
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A Safer and More Effective Intervention for Radiculopathic Pain

To the Editor:—We thank Dr. Rathmell et al. for emphasizing the
potential hazards of transforaminal injections.1 It is clear that these
injections should be performed by individuals who are fully trained in
advanced imaging and interventional techniques. Moreover, the prac-
titioner must be capable of managing any adverse sequelae.

Although the treatment of radiculopathic pain with the local injection of
corticosteroid is appreciated, we believe that the best treatment of radiculo-
pathic pain is by the application of pulsed radiofrequency current to the
involved dorsal root ganglion. In our extensive experience with pulsed radio-
frequency, we have found the results of treatment to be superior to those of
conventional corticosteroid injections in both effectiveness and duration.2,3

Furthermore, pulsed radiofrequency application exposes patients to less risk
for the following reasons: (1) Cannula placement can be performed based
solely on osseous anatomy and electrophysiologic stimulation results. There-
fore, no injection of any material is requisite. (2) The patient is exposed to no
systemic sequelae of medication or radiocontrast administration. (3) Unlike
injection therapies, pulsed radiofrequency can be repeated as indicated,
without fear of accumulating medicinal toxicity.

The only potential disadvantage to the use of pulsed radiofrequency
versus injection therapy is the requirement of a larger cannula (20–22 vs.
26 gauge) that could cause more tissue trauma. Regardless, the take-home
message is well elucidated by the authors. Spinal interventional tech-
niques should only be performed by practitioners who have demonstrated
expertise in neuraxial imaging for interventional treatment modalities.

Mark L. Willis, M.D., Dan C. Martin, M.D.* * Medical College of
Georgia, Augusta, Georgia. damartin@mail.mcg.edu
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Richard B. Weiskopf, M.D., served as Handling Editor for this letter, the
following letter by Willis and Martin, and the reply by Rathmell et al.
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In Reply:—Critical to the safety of cervical transforaminal injection
of steroids is an understanding of the anatomy of the cervical interver-
tebral foramina and their contents, coupled with disciplined and ac-
curate imaging. We thank both Dr. Gajraj and Drs. Willis and Martin for
emphasizing that cervical transforaminal injection should be per-
formed by experienced and well-trained practitioners. Indeed, the
radiographic anatomy of the cervical spine is difficult to master. We
have all watched talented physicians-in-training get confused by small
changes in alignment on the x-ray image caused by positioning or
rotation of the neck and stray dangerously off-course during needle
placement. Image-guided injection in the cervical spine requires ad-
vanced and extended training under the guidance of an experienced
practitioner; as we have emphasized before, this is not something that
can be mastered through a weekend cadaver course.1

Even with the best technique in skilled hands, minimal changes in
needle direction and depth can lead the tip into contact with neural
structures. After the needle is in proper position, the volume of the
injectate itself can cause painful neural compression. We have empha-
sized the need to maintain an awake and responsive patient when
performing cervical epidural steroid injection via a translaminar route
as the only safe means to avoid injury,2 and we thank Dr. Gajraj for
raising this point because it is equally relevant to any type of neural
blockade.

As for Drs. Willis and Martin’s advocating pulsed radiofrequency
treatment of the dorsal root ganglion as a superior technique for
treating cervical radicular pain, we point out that there is little evi-
dence to support their assertion. Small, randomized trials of conven-
tional radiofrequency treatment (i.e., resulting in a thermal lesion) of
the dorsal root ganglion for the treatment of cervical radicular pain
suggest time-limited efficacy.3,4 Results from similar trials in patients
with lumbosacral radicular pain have been less promising: An initial
large observational study suggested significant pain reduction,5 but a
subsequent randomized trial by the same investigators showed no
benefit over placebo.6 Pulsed radiofrequency treatment has evolved
from the notion that the pain relief that ensues after radiofrequency
treatment does not result from actual tissue destruction caused by
conventional thermal lesions; rather, it is brought about by the large

voltage fluctuations in the area of treatment that induce long-term
changes in the dorsal horn of the spinal cord.7 The appeal of pulsed
radiofrequency treatment is immediately clear: a simple treatment that
imparts long-term pain relief without tissue destruction. However, we
do not have even a single randomized trial that compares the efficacy
of pulsed radiofrequency to any type of control treatment or to con-
ventional radiofrequency treatment. We hope that the evidence will
soon appear to support the unbridled zeal of practitioners for this new
treatment. We urge those like Drs. Willis and Martin who have exten-
sive experience with these techniques to conduct the randomized
trials we need to demonstrate the effectiveness (or lack thereof) of
pulsed radiofrequency treatment.

James Rathmell, M.D.,* Charles Aprill, M.D., Nikolai Bogduk,
M.D., Ph.D., D.Sc. * University of Vermont, Burlington, Vermont.
james.rathmell@vtmednet.org
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Endotracheal Tube Damage during Head and Neck Surgeries as a
Result of Harmonic Scalpel® Use

To the Editor:—The Harmonic Scalpel® (Ethicon, Somerville, NJ) and
laser are precise cutting and coagulating surgical devices. These de-
vices are widely used worldwide for endoscopic and open surgical
procedures. We describe our experience with the Harmonic Scalpel®

during the anesthetic management of head and neck oncosurgery.
A 58-yr-old male with postradiation recurrence of tongue and soft

palate carcinoma was scheduled for wide excision and functional neck
dissection with the Harmonic Scalpel® under general anesthesia. After
induction of general anesthetic, direct laryngoscopy was performed
and an 8 mm cuffed endotracheal tube (ETT) was introduced nasotra-
cheally under vision. Maintenance of anesthetic was achieved with
opioids, muscle relaxants, and positive pressure ventilation with 66%
nitrous oxide, 34% oxygen, and 0.8% halothane delivered by anesthesia
ventilator. The patient remained stable and was closely monitored
while the surgeons proceeded with dissection using the Harmonic
Scalpel®. While the soft palate lesion was being dissected, the venti-

lator suddenly emitted the low airway pressure alarm and stopped
functioning. The surgical team also noticed bubbling of blood inside
the oral cavity. Damage to the ETT was suspected and the head end of
the operating table was immediately lowered to prevent aspiration of
blood that had pooled in the oropharynx. The fraction of inspired
oxygen was increased to 60% and manual ventilation was attempted
after thorough suctioning of the oral cavity. However, this was unsuc-
cessful due to the leak (fig. 1), and a fresh ETT of the same size was
introduced with the aid of a tube exchanger. The patient was reversed
at the end of surgery and the ETT was retained overnight. The post-
operative period was uneventful.

The blade of the Harmonic Scalpel® vibrates at 55,000 Hz. It cuts and
coagulates tissue at temperatures much lower than either lasers or
traditional electrocautery. As a result, the risk of airway fires should be
reduced. However, as shown here, it is clear that the Harmonic Scal-
pel®—like a laser—can cause accidental damage to the ETT when used
in the pharynx.

The existing literature abounds with techniques to protect the air-Support was provided solely from institutional and/or departmental sources.
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way and the ETT from lasers and to manage fires when they occur.1–6

Substitution of the Harmonic Scalpel® can eliminate the risk of fire
(and does not dictate the use of lower concentrations of oxygen), but
ETT damage may still occur.

Mallika Balakrishnan, M.D.,* Renju Kuriakose, M.D. * Regional
Cancer Centre, Trivandrum, Kerala, India. mallikarcc@yahoo.co.in
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Interference between Extraneal® Peritoneal Dialysis and the
Accu-Chek® Blood Glucose Monitor

To the Editor:—I wish to report a little-known and potentially danger-
ous mechanism of interference between Extraneal® (Baxter Healthcare
Corporation, Deerfield, IL) peritoneal dialysis solution and the Accu-
Chek® (Roche Diagnostics, Basel, Switzerland) blood glucose test strip
monitor. Extraneal® is being integrated into continuous ambulatory
peritoneal dialysis regimens because of its increased ultrafiltration and
its extralong dwell (time a solution resides in the abdomen). Unfortu-
nately, this new solution interferes with most modern capillary glucose
strip–based measuring devices, including the Accu-Chek® brand. The
test strip devices can dangerously overestimate the true blood glucose,
potentially leading to erroneous treatment and hypoglycemia. A full
year before the Food and Drug Administration approved Extraneal® in
the United States in December 2002, a case series in a British diabetes
journal highlighted this concern.1 Several patients in that report expe-
rienced symptomatic hypoglycemia although their glucose strip ma-
chine reported a normal or even increased blood sugar. This year, a
case report published in Diabetes Care, the journal of the American
Diabetes Association, described a patient on Extraneal® who fell into a
hypoglycemic coma secondary to this interference in capillary blood
glucose measurement.2 As anesthesiologists, we must be aware of this
potentially lethal monitoring malfunction, especially because during
anesthesia, there may be no other clinical warnings of hypoglycemia.

The mechanism behind this interference is quite interesting.3 Ico-
dextrin, a starch-derived, water-soluble glucose polymer, is the osmot-
ically active colloid in the Extraneal® formulation. Up to 40% of
indwelling icodextrin is systemically absorbed and then metabolized

by �-amylase into several oligosaccharides, including maltose, malto-
triose, and maltotetrose. Although the serum metabolite concentration
peaks at the end of the long dwell (approximately 12 h after infusion
into the peritoneum), metabolites remain in the circulation for a full 7
days after the last dwell. Many handheld blood glucose monitors use a
glucose dehydrogenase–based method to determine glucose concen-
tration, and both maltose and maltriose interfere with this test, leading
to a falsely increased reported value. In contrast, laboratory-based
blood glucose–quantifying machines typically use the glucose oxi-
dase–based method, which does not interfere with icodextrin metab-
olites, thus providing an accurate measurement. In conclusion, before
relying on handheld glucose monitors, we must be sure that the
specific monitor is compatible with icodextrin-based peritoneal
dialysis.

Nir Hoftman, M.D., UCLA Medical Center, Los Angeles, California.
nhoftman@mednet.ucla.edu
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Fig. 1. Polyvinyl chloride endotracheal tube damaged by the
Harmonic Scalpel® during surgery on the soft palate.
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Nitroglycerin to Facilitate Insertion of a Labor Epidural

To the Editor:—Placement of a labor epidural or combined spinal–
epidural in advanced labor is technically challenging. Regular painful
contractions often make it difficult for the parturient to remain still
during epidural placement, and this may increase the chance of an
accidental dural tap or nerve injury. Decreasing the intensity and
frequency of uterine contractions during neuraxial placement in this
setting may be advantageous. Previous reports show that nitroglycerin
produces rapid effective uterine relaxation.1–5 Nitroglycerin to facili-
tate the placement of a labor epidural has not previously been re-
ported. This case describes the use of nitroglycerin in the setting of
advanced labor to facilitate the placement of a labor epidural.

A 35-yr-old, healthy, 90-kg, gravida 3, para 2 parturient admitted to
labor and delivery in advanced labor requested an epidural for pain
relief. She had two previous uncomplicated normal vaginal deliveries
without the use of a labor epidural. A recent cervical examination
showed her cervix to be dilated 8 cm, with the fetal head at �1 station.
She was moving and uncooperative during contractions, which oc-
curred every 45–60 s. She had not responded to 100 �g intravenous
fentanyl given 5 min previously. With difficulty, we managed to posi-
tion her in a sitting position to administer the epidural. After a sterile
preparation of her back with a 10% povidone-iodine solution and 1%
lidocaine skin infiltration, we attempted to insert the epidural catheter
using a 17-gauge Tuohy needle. However, she kept moving and was
uncooperative during and between uterine contractions. After inform-
ing the obstetrician and the patient that we were going to administer
medication to help ease the painful contractions, we administered
three sprays (400 �g per spray dose) of sublingual nitroglycerin (Ni-
trolingual® Pumpspray; First Horizon Pharmaceutical Corporation, Al-
pharetta, GA). This produced a temporary decrease in her uterine
contractions (reduction in peak uterine pressures and an increased
between-contraction interval as measured by external tocodynamom-
eter) and resulted in some transient pain relief. It was then possible to
perform the combined spinal–epidural during the interval between
contractions. The patient experienced no hypotension or cardiovascu-
lar disturbances after administration of the nitroglycerin and resumed
her normal uterine contraction pattern within a few minutes. The
patient was delivered of a healthy baby vaginally 2 h later, with 1- and
5-min Apgar scores of 8 and 9, respectively.

Reducing contraction pain during placement of a labor epidural is
potentially beneficial. However, the risks of uterine tocolysis must be
balanced with the potential benefit of safer epidural placement and
labor analgesia. Although there have been no studies demonstrating
increased dural puncture or neural damage after epidural placement in
an uncooperative and moving parturient, most clinical anesthesiolo-
gists believe that a relation must exist. Decreasing the intensity and
frequency of uterine contractions during neuraxial placement in this
setting should be potentially advantageous. Remifentanil has been
described in this setting to improve analgesia and facilitate the inser-
tion of a labor epidural.6 However, potent narcotics have potential
adverse effects, in particular maternal apnea, dysphoria, and emesis.
Nitroglycerin is a safe, effective uterine tocolytic commonly used in
labor, with a rapid onset and brief half-life.2,7 Nitroglycerin has mini-
mal, short-lived cardiovascular effects compared with �-adrenergic
tocolytics. Although the safety of nitroglycerin during obstetric emer-

gencies seems high, with no adverse maternal or neonatal outcomes,2

maternal hypotension and hemodynamics changes are possible, espe-
cially if high doses are given.8 No more than three metered sprays are
recommended within a 15-min period.9

A number of studies and case reports describe the use of nitroglyc-
erin in achieving rapid uterine relaxation.2,3,5 Nitroglycerin has been
used as a tocolytic to reduce uterine hyperactivity,10 assist reduction of
an inverted uterus,11 facilitate intrapartum external cephalic version,12

and manage preterm labor contractions.13 Nitroglycerin can be admin-
istered via a number of routes (intravenous, sublingual, or ointment);
however, bioavailability is highly variable between subjects because of
a pronounced first-pass metabolism. After sublingual administration,
bioavailability is approximately 38%.14

Nitroglycerin may be useful in a setting where advanced labor and
parturient movement during uterine contractions makes the place-
ment of an epidural difficult and potentially dangerous. It exposes the
mother and fetus to minimal risk and, in selected patients, may offer
potential benefits justifying its use in this setting. However, physicians
should remember that this is “off-label” use of nitroglycerin.9 Both the
risks and the benefits must be considered, and the patient and her
obstetrician must be consulted before uterine tocolytics are adminis-
tered in this setting.

Brendan Carvalho, M.B.B.Ch., F.R.C.A., Stanford University
School of Medicine, Stanford, California. bcarvalho@stanford.edu
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Transpharyngeal Ultrasonography for Cannulation of the Internal
Jugular Vein

To the Editor:—Complications due to internal jugular vein (IJV) can-
nulation are infrequent and rarely life threatening. However, inadver-
tent carotid artery puncture can lead to serious problems in patients
who have atheromas or bleeding disorders or who are undergoing full
anticoagulation therapy, as for cardiopulmonary bypass. An external
vascular ultrasound technique, using a vascular probe positioned on
the neck, has previously been described as an aid for IJV cannulation.1

We have found useful in our practice an alternative method, using a
transesophageal probe.

During the past year, we selected 50 cardiac patients for whom
jugular vein cannulation could present a risk. Patients who required
monitoring with a transesophageal probe and who had carotid artery
disease, previous carotid artery surgery, and difficult anatomy, such as
unclear landmarks or no palpable venous pulse, were selected. The
mean age of the patients was 72.3 � 8.8 yr (median, 74 yr).

Transesophageal echocardiographic monitoring is performed with
use of a multiplane transducer and a Sonos 5500 imaging system
(Hewlett Packard, Andover, MA). Induction of anesthesia and tracheal
intubation are performed before insertion of the echo probe. A small
towel is placed under the patient’s shoulders. The head is then ex-
tended and turned slightly to the side opposite the cannulation, and
the patient’s arms are placed by his or her sides. The patient is
positioned in a 25° head-down position. The ultrasound monitor is
placed in front of the operator.

The transesophageal echo probe is inserted 12–20 cm from the
teeth. The tip is directed along the pharyngeal lateral wall, which is
why we call this method transpharyngeal. The probe is then rotated
laterally 15–20° until the cervical vascular bundle is seen. The view is
a mirror image of that obtained from conventional vascular ultrasonog-
raphy (fig. 1).

A needle covered with a plastic hood is used to search the skin

surface of the neck for the best site of cutaneous insertion to find the
IJV, which is not pulsating and does not compress. The ultrasound
probe is kept stable on a trolley. The operating field, the operator, and
the devices are then prepared as usual under sterile conditions.

The skin puncture site is that nearest the IJV, and the puncturing
needle is directed away from the carotid artery. The needle is inserted
at a 60° angle to the neck axis and directed to the middle of the vein
while it is observed on the monitor. Insertion of the needle through the
vein may be seen directly, or it may be seen indirectly as movement of
the vein wall (fig. 1). Aspiration of blood in the syringe confirms the
proper needle position. As the probe is left in place, no adjustment is
needed to maintain the correct view.

The IJV puncture was successful in 100% of the patients studied. No
carotid punctures or other immediate complications occurred.

Conventional ultrasound-guided cannulation of the IJV significantly im-
proves the success rate, decreases the access time, and reduces the
complication rate of cannulation.2–4 Meta-analyses and a systematic re-
view of control data from literature5–7 were performed and suggested an
advantage of ultrasonography in complicated cases and when access
problems were anticipated.1,8 At our institution, the widespread use of
transesophageal echocardiography, with its ability to provide a view of the
vascular bundle of the neck, offers the anesthesiologist a simple way to aid
in central venous cannulation, without any additive cost.

Potential advantages of transpharyngeal ultrasonography in compar-
ison with conventional ultrasonography in intubated patients under-
going transesophageal echocardiographic monitoring are as follows:
Direct compression on the IJV by the external probe is not needed;
other professionals do not need to be involved in the procedure; the
operator’s hands are free; and the ultrasound probe, still working in
the patient, can be used for other purposes.

Further studies are needed to assess the reliability of this procedure
for IJV cannulation, to determine its proper indications, and to com-
pare this technique with other methods.Support was provided solely from institutional and/or departmental sources.

Fig. 1. Transpharyngeal, short-axis view
of the neck vessels. The direction of the
needle is away from the carotid artery
(CA), and the tip of the needle is inside
the internal jugular vein (IJV).
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