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EDITORIAL  I

New drugs, old settings – the advances continue

In this issue of the journal, a group of experts in
neuromuscular pharmacology report the use of a novel
neuromuscular reversal agent in a clinical setting in
which complete or near-complete muscular relaxation
is crucial for facilitating ideal surgical conditions:
thoracic surgery [1]. In order to place the authors’
findings in appropriate clinical context, a few words
about the unique pharmacology of this “wonder drug”
may be in order.

Sugammadex (SGX) is a relatively new, and cer-
tainly unique, neuromuscular reversal agent that
antagonizes nondepolarizing neuromuscular block by
an entirely new mechanism: encapsulation of the
neuromuscular blocking agent (NMBA), thus rendering
it unable to bind to the alpha-subunit recognition site of
the postsynaptic receptor. The unique mode of action
of SGX is a direct result of at least two chemical and
physical properties: It is a cyclic compound (“cyclo”)
made up of dextrose units (“dextrins”) joined by glyco-
syl bonds that form a “cyclodextrin”. At least three
members of this chemical exist, made up of 6, 7 or 8
cyclic oligosaccharides, called alpha (α-), beta (β-), and
gamma (γ-) cyclodextrins, respectively. Because of
its physical structure and the hydrophobic cavity and
hydrophilic exterior, SGX (which is a γ-cyclodextrin)
has a cylindrical shape with a cavity diameter of
approximately 7.5-8.3 Å [2]. The diameter of the cavity
is further enlarged by adding 8 side chains (carboxyl
thio ether groups) to the cyclodextrin. The resulting 11
Å cavity is then able to perfectly encapsulate the four

hydrophobic steroidal rings of rocuronium, which has
a molecular width of 7.5 Å [3]. The tight physical fit,
in addition to the hydrophobic steroidal rings of
rocuronium that are accommodated within the
hydrophobic SGX cavity, render this complex extremely
stable and resistant to de-complexation (dissociation).
In fact, the strength of this SGX-rocuronium complex
is so strong, that only one in 25 million complexes
dissociate. Although originally developed as an antidote
for rocuronium-induced neuromuscular blockade, SGX
appears to have similar efficacy in reversing the effects
of vecuronium and even pancuronium (rocuronium <
vecuronium << pancuronium). The reversal of vecuro-
nium and pancuronium by SGX should be expected,
despite their different molecular diameters, which do
not exactly “fit” the SGX cavity; equivalent doses of
rocuronium, vecuronium, and pancuronium (for
instance, a dose necessary to produce 95% twitch
depression, or ED95), are 0.300 mg/kg, 0.05 mg/kg,
and 0.06 mg/kg, respectively. For equivalent admi-
nistered doses, 5-6 times more molecules of rocuronium
are administered than molecules of vecuronium or
pancuronium. Therefore, despite the lesser affinity of
SGX for vecuronium and pancuronium, fewer
molecules need to be encapsulated to achieve reversal,
such that the effectiveness of SGX is similar for the
three steroidal nondepolarizing drugs.

In their well-conducted study, the authors affirmed
that the response to SGX differed in the group with a
train-of-four (TOF) ratio < 20% (at the time of SGX
administration) from the group in which the TOF ratio
was > 20%. This is not surprising, considering the
unique mode of action for SGX. The encapsulation of
NMBA molecule by SGX (“complexation” or encap-
sulation) occurs at a molecular ratio of 1:1, as the
authors point out – meaning that each one molecule of

“We hear only those questions for which we are in a position to find answers.”
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rocuronium is irreversibly bound by one molecule of
SGX. All patients in whom the TOF ratio was greater
than zero (i.e., had a shallow neuromuscular block)
received a fixed dose of SGX, 2 mg/kg, which implies
that the same relative dose (or number of free, unbound
SGX molecules) were available to bind the rocuronium
molecules in the plasma. Since the depth of neuro-
muscular block is directly reflective of the plasma
concentration of free rocuronium molecules, it would
be expected that the reversal efficiency of SGX would
be greater when the plasma concentration of rocu-
ronium is lower (i.e., at a shallower block). These
findings underscore the robust design of the study and
add validity to the methodology. It should also be
pointed out, however, that the TOF = 0.20 is an
arbitrary threshold – when the fourth twitch (T4) is
only 20% of the first twitch (T1), the accuracy of any
objective monitor, including the TOF Watch SX, is
questionable. It is likely, therefore, that at least some
of the patients actually had a deeper level of block
than that measured, particularly in the mediastinoscopy
group, whose standard deviation (21.3%) was actually
greater than the TOF mean of 16.7%.

This study is also important because it establishes
two patient safety clinical outcomes: first, its use in
this thoracic surgery patient population is seminal,
because such patients are exquisitely sensitive to most
drugs that interfere with oxygenation and ventilation
(including NMBAs). It is important to note that the
pharmacodynamics of SGX are affected minimally in
thoracic surgery patients. Second, it establishes that
the new agent SGX is associated with few, if any, of
the well-known side effects of the traditional neuromus-
cular reversal agents (neostigmine and edrophonium)
in this particularly vulnerable patient population. The
findings underscore the utility of SGX in this patient
population, and expand the horizon of clinical use of
this unique agent.

The authors also make a particularly pertinent point
in their discussion of shivering and hypothermia. They
astutely point out that it would be wise to question,
“whether administration of sugammadex for rapid
reversal of neuromuscular block is appropriate in mildly
hypothermic patients.” We know that antagonism with
neostigmine takes significantly longer than SGX
reversal; we also know that reversal of neuromuscular
block is more complete with SGX than that effected
by neostigmine, because of the neostigmine’s ceiling
of efficacy, particularly when reversing a deeper block;
and we also know that shivering appears to be more
common after SGX reversal than after neostigmine-

induced antagonism. The question is not whether SGX
“causes” more shivering than neostigmine, the question
should be whether the patients who received neostig-
mine have significant residual neuromuscular block that
“prevents” them from shivering. Thus, until we have
more data, it is possible that early shivering facilitated
by SGX is actually beneficial: shivering is a protective
mechanism by which the body tries to deal with the
hypothalamic “reset” induced by general anesthesia
and with the vasodilation and mild hypothermia, by
increasing muscle contractions and generating intrinsic
heat. This raises the question whether shivering allowed
by SGX may actually be another benefit associated
with its use, rather than an unwanted “side-effect”
that some may ascribe to this agent. On the other hand,
it should also be pointed out that shivering and increases
heat production may be detrimental in patients who
have limited oxygen-carrying capacity, and whose
increased oxygen consumption from shivering may
induce myocardial ischemia.

In the final analysis, only time and more clinical
studies will solve this riddle. Until then, we can certainly
say that the study by Vegh et al. is an important first
step. It is rightly said that “high quality” studies are those
that generate more questions than provide answers.
This study certainly qualifies for this description, since
it not only asks more questions, but it asks more clini-
cally relevant ones than it answers. The authors are to
be congratulated for undertaking it.
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