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The Continuing Search for a Succinylcholine
Replacement
THE introduction of succinylcholine into clinical prac-
tice in 1951 was a seminal development in the history of
anesthesia. Since that time, anesthesiologists have had
access to a neuromuscular blocking drug (muscle relax-
ant) with a very rapid onset and a duration of action of
approximately 10 min. The clinical utility of succinylcho-
line has been counterbalanced by its many undesirable
effects, ranging from the relatively benign (fascicula-
tions) to life-threatening events (hyperkalemia or malig-
nant hyperthermia).1 The adverse effects of succinylcho-
line are almost all related to its depolarizing mechanism
of action. Consequently, there has been a continual
search for a nondepolarizing muscle relaxant that can
replicate both the rapid onset and short duration of
succinylcholine. In this issue of the Journal, three arti-
cles report on preclinical and preliminary clinical inves-
tigations of such a drug, GW280430A.2–4

Structurally, GW280430A is an asymmetric mixed-tet-
rahydroisoquinolinium chlorofumarate.5 Of the drugs in
clinical practice, the one to which it bears the closest
structural resemblance is mivacurium. The exact mech-
anism underlying its short duration is not fully eluci-
dated; it appears to undergo rapid degradation in the
plasma by chemical (nonenzymatic) mechanisms.6

GW280430A has been studied in a variety of animal
species—cat, dog, and rhesus monkey—with promising
results for onset and duration and a good safety profile
with regard to histamine-releasing potential.3,4 In assess-
ing the possible clinical utility of this drug, its apparent
strengths must be weighed against its potential for ad-
verse effects.

In humans, the onset of GW280430A over the range of
1.8–4.0xED95 doses is 1.5–1.7 min and it has a very
narrow range (1.1–2.0 min).2 This narrow range of onset

times is remarkable for a nondepolarizing relaxant and
resembles more the tight distribution of onset time seen
with succinylcholine.7 However, this result may be an
artifact due to the small number and physiologic homo-
geneity of the volunteer subjects studied; it is unlikely to
represent the true distribution in patients. Regardless,
the onset, although perhaps not as rapid as that of
succinylcholine, may be sufficient to facilitate rapid-se-
quence intubation in most clinical situations.8 Of some
interest is that onset time did not diminish with doses
greater than 1.9xED95. This may again be due to the
small number of subjects, or it might be an example of
the diminishing return observed as onset times approach
the limit determined by circulation time and diffusion of
drug into the neuromuscular junction.

In addition to its rapid onset, GW280430A has a very
short duration of action. In a dose of 0.4 mg/kg
(2.2xED95), recovery to a train-of-four ratio of 0.9 took
only 14 min. This may be regarded as essentially com-
plete recovery for a nondepolarizing muscle relaxant.9,10

An equivalent degree of recovery for succinylcholine
would be represented by the single twitch recovering to
between 90% and 100% of predrug level. For a standard
intubating dose of 1.0 mg/kg, this time interval is be-
tween 8 and 12 min.7,11 It appears that in respect to its
duration of action, GW280430A resembles succinylcho-
line more closely than does any previous nondepolariz-
ing muscle relaxant. Of particular interest, pharmaco-
logic antagonism with edrophonium 0.5 mg/kg can
decrease significantly the already short recovery time of
GW280430A.2 The possibility exists, therefore, that
edrophonium-accelerated recovery from GW280430A
might have a time course that replicates that of
succinylcholine.

Increasing the dose of GW280430A does not seem to
carry a great penalty in respect to the increase in dura-
tion of action.2 The numbers in each dose group are too
small to make definitive conclusions, but, for example,
increasing the dose from 0.36 to 0.72 mg/kg increases
recovery time to a train-of-four ratio of 0.9, from 11.9 to
only 15.1 min. The other notable aspect of the drug is a
lack of cumulative effect. The recovery slopes, as repre-
sented by the 5–95% or 25–75% intervals, are unaffected
by the dose or duration of administration.2 In summary,
the time course of action of GW280430A more closely
resembles succinylcholine than does any other nonde-
polarizing muscle relaxant to date.

In addition to its positive characteristics, there are
some potential problems with GW280430A.2 The struc-
tural group to which GW280430A belongs has the pro-
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pensity to release histamine,12 and GW280430A appears
to share this. In doses of 3xED95 and above, histamine
release with consequent hypotension, tachycardia, and
flushing were noted. What does this mean for the clinical
potential of the drug? In all likelihood, clinicians would
accept a low risk of histamine-related effects if the drug
could truly replace succinylcholine. It appears however,
that histamine release may be an actual clinical problem.

One of the principal uses for a drug such as GW280430A
is to facilitate rapid tracheal intubation. The onset of
GW280430A is slightly slower than that of succinylcholine,
so clinicians will tend to increase doses to promote good
conditions for tracheal intubation. This phenomenon has
been documented with mivacurium,13,14 rocuronium,13

and cisatracurium,15 in which doses in the range of
2.5–5.0xED95 are used to speed onset of paralysis prior
to tracheal intubation. This experience suggests that
clinicians push doses of muscle relaxants upward to
improve conditions for tracheal intubation. It is likely
that should GW280430A enter clinical use, doses of
3xED95 or greater would be administered. In this dose
range, it seems that significant histamine release with
consequent adverse effects would occur.

The recent experience with rapacuronium is relevant
to consideration of GW280430A and its clinical poten-
tial.16 To summarize, rapacuronium is a steroidal muscle
relaxant with a rapid onset and short duration.17 In
clinical trials, there was an incidence of bronchospasm
of approximately 9%.18 This was not thought to be of
sufficient clinical importance to prevent the general re-
lease of the drug. Under the realities of widespread
clinical use, there occurred several cases of life-threaten-
ing bronchospasm with rapacuronium, particularly in
children.16 As a result, 19 months after its release rapa-
curonium was withdrawn by the manufacturer. Is there
evidence of such a potential problem with GW280430A?
The answer, unfortunately, is yes. GW280430A clearly
can stimulate release of histamine. In the study of Bel-
mont et al., clinically significant histamine release oc-
curred in one of four subjects who received 0.54 mg/kg
(3.0xED95) and in three of four volunteers receiving
0.72 mg/kg (4xED95). These doses might conceivably be
used clinically.2

What can we conclude from these articles? They dem-
onstrate that developing a nondepolarizing replacement
for succinylcholine is a realistic possibility. GW280430A
has a time course of action very close to that of succi-
nylcholine. There is, however, a large question mark

over its histamine-releasing potential. GW280340A may
never be released into clinical practice, but it is quite
conceivable that a drug closely related to it will be.

James E. Caldwell, M.B.Ch.B. Department of Anesthesia and Perio-
perative Care, University of California, San Francisco, San Francisco,
California. caldwell@anesthesia. ucsf. edu

References

1. Savarese JJ, Caldwell JE, Lien CA, Miller RD: Pharmacology of muscle
relaxants and their antagonists, Anesthesia, 5th edition. Edited by Miller RD. New
York, Churchill Livingstone, 2000, pp 412–90

2. Belmont MR, Lien CA, Tjan J, Bradley E, Stein B, Patel SS, Savarese JJ: Clinical
pharmacology of GW280430A in humans. ANESTHESIOLOGY 2004; 100:768–73

3. Heerdt PM, Kang R, The’ A, Hashim M, Mook RJ Jr, Savarese JJ: Cardiopul-
monary effects of the novel neuromuscular blocking drug GW280430A (AV430A)
in dogs. ANESTHESIOLOGY 2004; 100:846–51

4. Savarese JJ, Belmont MR, Hashim MA, Mook RA Jr, Boros EE, Samano V,
Patel SS, Feldman PL, Schultz J-AI, McNulty M, Spitzer T, Cohn DL, Morgan P,
Wastila WB: Preclinical pharmacology of GW280430A (AV430A) in the rhesus
monkey and in the cat: A comparison with mivacurium. ANESTHESIOLOGY 2004;
100:835–45

5. Boros EE, Samano V, Ray JA, Thompson JB, Jung DK, Kaldor I, Koble CS,
Martin MT, Styles VL, Mook RA Jr, Feldman PL, Savarese JJ, Belmont MR, Bigham
EC, Boswell GE, Hashim MA, Patel SS, Wisowaty JC, Bowers GD, Moseley CL,
Walsh JS, Reese MJ, Rutkowske RD, Sefler AM, Spitzer TD: Neuromuscular
blocking activity and therapeutic potential of mixed-tetrahydroisoquinolinium
halofumarates and halosuccinates in rhesus monkeys. J Med Chem 2003; 46:
2502–15

6. McNulty M, Brown A, Johnson T, Spitzer TD, Savarese J: The ultra-short
acting nondepolarizing relaxant GW280430A undergoes rapid degradation by
chemical mechanisms. ANESTHESIOLOGY 2000; 93:A-1037

7. Wright PM, Caldwell JE, Miller RD: Onset and duration of rocuronium and
succinylcholine at the adductor pollicis and laryngeal adductor muscles in anes-
thetized humans. ANESTHESIOLOGY 1994; 81:1110–5

8. Kopman AF, Klewicka MM, Neuman GG: Reexamined: The recommended
endotracheal intubating dose for nondepolarizing neuromuscular blockers of
rapid onset. Anesth Analg 2001; 93:954–9

9. Kopman AF, Yee PS, Neuman GG: Relationship of the train-of-four fade ratio
to clinical signs and symptoms of residual paralysis in awake volunteers. ANES-
THESIOLOGY 1997; 86:765–71

10. Eriksson LI, Sundman E, Olsson R, Nilsson L, Witt H, Ekberg O, Kuylen-
stierna R: Functional assessment of the pharynx at rest and during swallowing in
partially paralyzed humans: Simultaneous videomanometry and mechanomyogra-
phy of awake human volunteers. ANESTHESIOLOGY 1997; 87:1035–43

11. Dhonneur G, Kirov K, Slavov V, Duvaldestin P: Effects of an intubating
dose of succinylcholine and rocuronium on the larynx and diaphragm: An
electromyographic study in humans. ANESTHESIOLOGY 1999; 90:951–5

12. Savarese JJ, Wastila WB: The future of the benzylisoquinolinium relaxants.
Acta Anaesthesiol Scand Suppl 1995; 106:91–3

13. Pino RM, Ali HH, Denman WT, Barrett PS, Schwartz A: A comparison of the
intubation conditions between mivacurium and rocuronium during balanced
anesthesia. ANESTHESIOLOGY 1998; 88:673–8

14. Motamed C, Donati F: Intubating conditions and blockade after mivacu-
rium, rocuronium and their combination in young and elderly adults. Can J
Anaesth 2000; 47:225–31

15. Doenicke AW, Czeslick E, Moss J, Hoernecke R: Onset time, endotracheal
intubating conditions, and plasma histamine after cisatracurium and vecuronium
administration. Anesth Analg 1998; 87:434–8

16. Rajchert DM, Pasquariello CA, Watcha MF, Schreiner MS: Rapacuronium
and the risk of bronchospasm in pediatric patients. Anesth Analg 2002; 94:
488–93

17. Kahwaji R, Bevan DR, Bikhazi G, Shanks CA, Fragen RJ, Dyck JB, Angst MS,
Matteo R: Dose-ranging study in younger adult and elderly patients of ORG 9487,
a new, rapid-onset, short-duration muscle relaxant. Anesth Analg 1997; 84:
1011–8

18. Moore EW, Hunter JM: The new neuromuscular blocking agents: Do they
offer any advantages? Br J Anaesth 2001; 87:912–25

764 EDITORIAL VIEWS

Anesthesiology, V 100, No 4, Apr 2004

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/100/4/765/354998/0000542-200404000-00003.pdf by guest on 09 April 2024



Anesthesiology 2004; 100:765–7 © 2004 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Did Experimenter Bias Conceal the Efficacy of Spinal
Opioids in Previous Studies with the Spinal Nerve
Ligation Model of Neuropathic Pain?
THE current issue of ANESTHESIOLOGY contains a report of
a laboratory study1 that addresses the question, “Is it
appropriate to treat neuropathic pain with spinal opi-
oids?” This editorial examines the data that address this
question, and the possibility that the differences be-
tween laboratory studies reporting positive and negative
effects may be attributed, at least in part, to experi-
menter bias. We recognize that efficacy with opioids,
and perhaps other analgesics, may be lost over time with
chronic treatment, and that the results of opioids may
also differ according to patient population, laboratory
model, and route of administration. Therefore, we focus
this discussion on whether spinal delivery of opioids has
analgesic effects, regardless of the duration of action, in
the commonly used spinal nerve ligation model of neu-
ropathic pain.2

Initial clinical reports of chronic intrathecal morphine
treatment, published 20 yr ago, showed both acute and
sustained efficacy in patients with chronic pain, includ-
ing neuropathic pain, although dose escalation occurred
with time.3,4 At the same time, others reported little or
no analgesic effects of spinal morphine in neuropathic
pain patients.5 Later reports suggested that spinal opi-
oids produce partial pain relief in neuropathic pain pa-
tients,6,7 and other studies reported that intrathecal opi-
oids produce substantial or good analgesic effects in
patients with neuropathic pain, even after long-term
administration.8,9 Thus, the clinical literature regarding
efficacy of spinal opioids for neuropathic pain has
evolved from initial good efficacy, to poor efficacy, and,
more recently, back to good efficacy in many patients.

A laboratory model of neuropathic pain in rats in
which ligation of low lumbar spinal nerves results in
reduced withdrawal threshold to tactile stimulation of
the paw, akin to mechanical allodynia in patients with
neuropathic pain, was first described over a decade ago.2

Initial studies using this model showed it to be sympa-
thetic-dependent, with hypersensitivity resolving after
chemical or surgical sympathectomy.10 Several laborato-
ries, including ours, showed that the spinal nerve liga-

tion model was also resistant to treatment with intrathe-
cal morphine.11–13 These were considered important
validation studies because neuropathic pain was at that
time thought to frequently be sympathetic-dependent
and, as noted above, resistant to treatment with intrathe-
cal morphine.

Neuropathic pain is now considered to be only infre-
quently sympathetic-dependent and often responds to
spinal opioids, and these changes in understanding of
clinical neuropathic pain have been mirrored by changes
in results obtained in this spinal nerve ligation model.
For example, the current authors more recently noted
that the effect of sympathectomy was smaller than orig-
inally described and more variable, depending on rat
strain,14 and we15 and others16 failed to observe an effect
of sympathectomy on hypersensitivity using this model.
In addition, the current report1 demonstrates full effi-
cacy of intrathecal morphine to reduce hypersensitivity
to mechanical stimulation in rats with spinal nerve liga-
tion or spared nerve injury, another model of neuro-
pathic pain. The dose of intrathecal morphine found to
be effective was small, and, as noted by the authors, was
similar to that needed to treat nonneuropathic acute and
chronic pain in these species.

It is somewhat reassuring that the data from the spinal
nerve ligation model now seem to be consistent with the
growing consensus that neuropathic pain is not very
sympathetic-dependent and that spinal opioids are often
effective in patients with neuropathic pain. However,
these findings also raise the concern that the results
obtained in studies with the spinal nerve ligation model
of neuropathic pain may be affected by the expectations
of the experimenters at the time the studies are con-
ducted. In fact, Zhao et al.1 were careful to use blinding
procedures to prevent experimenter bias from affecting
their results, and they suggest that experimenter bias
could account for the negative results of earlier studies.
Results of studies conducted in our laboratory support
this suggestion. We previously reported that intrathecal
morphine was ineffective after spinal nerve ligation,12

but in a recent, rigorously blinded replication of our
initial nonblinded study, we detected analgesic effects of
intrathecal opioids (unpublished data) at doses similar to
those reported by Zhao et al.1

In addition to the differences in blinding procedures,
many other factors could also contribute to the differ-
ences between the results of these studies. For example,
even seasonal changes in the source of the protein in-
cluded in commercial rodent chow—with no change in
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the total protein or calorie content—can significantly
affect the results of studies with these laboratory pain
models.17 It is possible that such subtle differences in
diet or some other unidentified and uncontrolled factor
could also contribute to the differences in the results
between these studies, so it is not appropriate to con-
clude that all of the differences in the results of the
studies with the spinal nerve ligation model discussed
above can be attributed to experimenter bias in the
nonblinded studies.

However, experimenter bias is a real phenomenon
that has been clearly demonstrated in clinical research.
For example, in a clinical trial for multiple sclerosis,
patient evaluations performed by nonblinded clinicians
detected statistically significant therapeutic effects, but
patient evaluations performed in the same study by
blinded clinicians revealed that the treatment did not
produce beneficial effects.18 Apparent therapeutic ef-
fects are often observed in initial, small, nonblinded
clinical trials, but not in larger, blinded trials. For exam-
ple, in a series of clinical studies conducted to test the
therapeutic potential of a monoclonal antibody for rheu-
matoid arthritis, all of the initial, small, nonblinded trials
reported therapeutic effects of the antibody.8 Subse-
quently, three large, blinded experiments, some of them
conducted by the same investigators who had con-
ducted some of the initial nonblinded studies, all failed
to detect any beneficial effect of the treatment.19

This scenario is so common in clinical trials that it is
not considered at all surprising. In these cases, the ben-
eficial results of the treatment reported in the non-
blinded trials are typically attributed to experimenter
bias. For this reason, decisions about whether clinical
treatments are truly effective are often based only on the
most well controlled studies. For example, systemic opi-
oids are now considered one of the first-line treatments
for neuropathic pain, but that decision was based on
only five recent studies, all of which were large, random-
ized, double-blind, placebo-controlled clinical trials (for
review see Dworkin et al.20). Clearly, there is a need for
strict controls to prevent experimenter bias, which we
recognize when testing the potential efficacy of treat-
ments in humans.

Classic studies published more than 40 yr ago demon-
strated that experimenter bias could also affect the re-
sults of laboratory studies. For example, in a condition-
ing study, planaria were given a 3-s light cue followed by
a 1-s shock. Observers recorded whether the planaria
made contractions or head turns during the light cue,
which were the dependent measures used to determine
if the planaria were learning to associate the light with
the shock. Increasing numbers of contractions and head
turns in response to the light would be evidence of
classic conditioning. Observers who had been told to
expect rapid conditioning recorded significantly in-
creased numbers of anticipatory movements, compared

with observers who had been told to expect little or no
evidence of conditioning.21 In a learning study in rats,
experimenters trained rats to run to the dark arm of a
T-maze for a food reward. Rats were given 10 trials each
day for 5 days. Experimenters who were told to expect
their rats to demonstrate the task quickly did in fact
record faster acquisition and better performance in their
rats than experimenters who had been told to expect
that their rats would be poor learners.22 In another
learning study, rats were trained to perform a series of
tasks for a food reward in an operant or “Skinner” box.
If the experimenter had been told that the rats had been
bred for good performance in these tasks, better perfor-
mance was recorded for the rats than if the experi-
menter had been told that the rats had been bred for
poor performance in these tasks.23 Anyone who has
conducted tail flick or formalin testing in rodents recog-
nizes that the expectations of the investigator can affect
the results of laboratory pain tests as well. In the case of
paw withdrawal in the relatively unrestrained animal,
which often raises the paw to walk, groom itself, or
make postural adjustments (e.g., in the Hargreave or von
Frey test), the influence of investigator bias can be even
greater.

Experimenter bias is not limited to the time when the
behavioral observations are recorded; it can also affect
nonbehavioral measurements. For example, standard
laboratory procedures used to count blood cells were
shown to require a degree of consistency that was not
possible, given the equipment and procedures used, yet
laboratory results typically conformed to these unrealis-
tic requirements for consistency; this could only have
occurred as a result of the bias of laboratory techni-
cians.24 In addition to affecting initial measurements,
experimenter bias can also play a role in the way the data
are managed and analyzed. Experimenters can include or
exclude data based in part on experimenter expecta-
tions, and they can perform additional analyses, analyz-
ing the data as raw scores or differences from baselines,
and dividing subjects into any number of subgroups
based on a range of different criteria.25–27 All of these
procedures serve to drastically inflate the probability of
detecting an expected effect by increasing the probabil-
ity of producing a false-positive result.

We suggest that experimenter bias should receive
more attention in laboratory research, and that blinding
procedures to guard against experimenter bias should be
a more common practice in laboratory investigations.
Blinding procedures should be used when recording any
measurements, not just in behavioral testing, and all
decisions about inclusion/exclusion of data should be
made before the blind is broken. We would also caution
that some discussion or plan should be considered as to
how the data will be analyzed before studies are com-
pleted, to reduce the risk that the rate of false-positive
results will be inflated through the use of numerous
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unplanned analyses. Furthermore, we propose that the
precise procedures used to prevent experimenter bias
should be an essential component of the methods de-
scribed in laboratory publications. Investigators should
explicitly report the details of the procedures they used.
A general statement that “the experimenter was blinded”
is not sufficient. Finally, we also support the suggestion
that laboratory studies should be evaluated in the same
way that clinical trials are, with more emphasis on the
difference between blinded and nonblinded studies and
more weight given to studies that have carefully con-
trolled for potential bias.28

In summary, recent blinded experiments detected
clear analgesic effects of spinal opioids in the spinal
nerve ligation model. Previous, nonblinded experiments
(one of them from our own laboratory) reported that
spinal opioids were not effective for neuropathic pain,
which was the expected result at that time. The differ-
ences in the results between these studies may have
been attributed to experimenter bias in the earlier non-
blinded experiments, a suggestion that is supported by
the results of carefully blinded experiments conducted
recently in our own laboratory. Experimenter bias is a
well-recognized phenomenon in clinical trials, and al-
though it does not receive as much attention in labora-
tory research, there should be no doubt that laboratory
studies are just as vulnerable to experimenter bias as
clinical studies. Thus, the very narrow focus of this
editorial, on studies of spinal opioids in the spinal nerve
ligation model of neuropathic pain, leads to consider-
ation of a much more general issue—experimenter bias
in laboratory research—and the suggestion that the use
of rigorous blinding procedures may be just as important
in laboratory experiments as they are in clinical trials.

James C. Eisenach, M.D.* Mark D. Lindner, Ph.D.† * Department
of Anesthesiology and the Center for the Study of Pharmacological
Plasticity in the Presence of Pain, Wake Forest University School of
Medicine, Winston-Salem, North Carolina. † Pharmaceutical Research
Institute, Bristol-Myers Squibb, Wallingford, Connecticut. eisenach@
wfubmc.edu
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