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Duration of vecuronium-induced neuromuscular block can be
predicted by change of skin temperature over the thenar muscles
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Introduction

The mechanical response of peripheral muscles, such
as that of the adductor pollicis muscle evoked by
ulnar nerve stimulation, is often monitored to assess the
effect of neuromuscular blocking agents during general
anesthesia. The temperature of the muscle should be
maintained constant for an accurate evaluation of
neuromuscular function, because a certain decrease in
muscle temperature markedly augments neuromuscular
block [1], and in addition it weakens muscle twitch ten-
sion without the use of a neuromuscular blocking agent
[2–4]. Peripheral temperature often decreases with only
minor changes in core temperature during many routine
surgical procedures; therefore it should ideally be
observed and kept constant throughout the neuromus-
cular monitoring. However, an invasive needle probe or
intramuscularly implanted thermistor is required to
measure muscle temperature, a method that is not well
suited to the usual clinical settings. The previous study
reported by Haler et al. [5] showed a linear correlation
between changes in skin temperature and those in
muscle temperature during peripheral hypothermia
produced by active cooling of the lower extremity. We
therefore anticipated that the same correlation of skin
temperature with muscle temperature should be found
in anesthetized patients. The purpose of this study is
to evaluate whether the peripheral skin temperature
on the monitored muscle, as an alternative to muscle
temperature, would change without active cooling or
warming during routine open abdominal surgery and
could promptly estimate change in the duration of
vecuronium-induced neuromuscular block.

Materials and methods

After obtaining hospital ethics committee approval
and informed consent, we studied 15 patients of both
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Purpose. The purpose of this study was to clarify the rela-
tionship between skin temperature over the thenar muscles
and the duration of action of vecuronium measured ac-
celeromyographically at the thumb in anesthetized patients.
Methods. In 15 patients undergoing elective open abdominal
surgery under propofol, fentanyl, and nitrous oxide anesthe-
sia, train-of-four (TOF) stimuli were delivered over the ulnar
nerve at 2 Hz every 15 s, and the degree of neuromuscular
block was measured acceleromyographically at the thumb.
Each patient received an intubating dose of vecuronium
0.1 mg·kg�1, followed by maintenance doses of 0.02mg·kg�1

administered repeatedly whenever the first twitch of TOF
responses had recovered to 25% of control. The interval
between maintenance doses was defined as the clinical dura-
tion (DUR25). The median values of skin temperature (ST)
over the ipsilateral thenar muscles and esophageal tempera-
ture (ET) were recorded during the action of the first and all
subsequent maintenance doses. The relationships between
change in temperature and change in DUR25 were analyzed.
Results. Whereas ET showed only minor changes (median,
�0.3°C), ST fluctuated markedly between �0.9° and �6.3°C
(median, �1.4°C). Increase and decrease were also seen in a
series of DUR25s, as expected from the changes in ST. The
median values of DUR25 produced by the first and last main-
tenance vecuronium doses were 21.5 and 32.3 min, respec-
tively. A negative linear correlation was found between the
change in DUR25 and that in ST, demonstrating that DUR25
increased by 20% of baseline with each 1°C decrease in ST.
Conclusion. Our results show that peripheral ST decreases
considerably during open abdominal surgery without reduc-
tion in core temperature, and the decrease contributes to the
potentiation of neuromuscular block in the periphery during
propofol, fentanyl, and nitrous oxide anesthesia.
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sexes (11 men and 4 women), ASA physical status I
or II, aged 30 to 65 years (mean, 53.5 � 10.9 years),
who were undergoing elective open abdominal surgery.
All patients were free from neuromuscular, hepatic, re-
nal, or endocrine disease or metabolic abnormalities,
and were not taking drugs that might interfere with
neuromuscular transmission. The patients were pre-
medicated with pethidine 50mg and atropine 0.5 mg i.m.
approximately 45min before the induction of anesthe-
sia. On arrival at the operating room, monitors as
appropriate for routine anesthetic care (electrocardio-
gram, noninvasive blood pressure, and pulse oximetry)
were applied. An intravenous infusion line was kept
in the right forearm, and acetated Ringer’s solution
was administered at an infusion rate of 8–10ml·kg�1·h�1.
Anesthesia was induced with fentanyl 2–4µg·kg�1

and propofol 2–2.5mg·kg�1 i.v. while the patient
received 100% oxygen through an anesthesia face
mask, and was maintained by continuous infusion of
propofol 4–10mg·kg�1·h�1, intermittent administration
of fentanyl as required, and inhalation of nitrous oxide
67% in oxygen. Ventilation was adjusted to keep the
end-tidal carbon dioxide within the range of 35–
38mmHg using a Capnomac Ultima (Datex, Helsinki,
Finland).

Immediately after the induction of anesthesia, the left
ulnar nerve was stimulated at the wrist with square-
wave, automatically detected supramaximal stimuli of
0.2ms duration, delivered in a train-of-four (TOF)
mode at 2Hz every 15 s, and contraction of the ipsilat-
eral adductor pollicis muscle was measured using an
accelerometer (TOFguard, Organon Teknika NV,
Turnhout, Belgium). The skin temperature (ST) over
the ipsilateral thenar muscle was recorded every 15s
throughout the experiment using a surface probe at-

tached to the TOFguard. The monitoring arms were
exposed to the theatre temperature (24°–25°C). After
evoked responses had been stable for at least 10min, all
patients received vecuronium 0.1mg·kg�1 via a running
infusion. The patient’s trachea was intubated when the
maximum depression of the first twitch (T1) of the TOF
response had occurred. The esophageal temperature
(ET) was observed and recorded every 1 min as a
core temperature using Mon-a-Therm (Mallinckrodt,
Anesthesia Products, St. Louis, MO, USA). The
patient’s body was warmed with a heating mattress and
cotton.

Maintenance doses of vecuronium 0.02 mg·kg�1 were
administered whenever T1 recovered to 25% of control
until the end of the surgical procedure. As shown in Fig.
1, the clinical duration from the administration of the
first maintenance vecuronium dose to 25% recovery of
T1 (DUR251) was regarded as the baseline value and
compared with DUR252-x (x � total number of adminis-
trations of maintenance vecuronium) produced by the
second and all subsequent doses in order. Each median
value of ST and ET was calculated from the raw data
that had been recorded during the action of the first
maintenance vecuronium dose and was also regarded
as the baseline value (ST1 and ET1). Changes in
median ST2-x and ET2-x, recorded in the same periods
of DUR252-x, were observed throughout the study.
The correlation between the DUR ratio (DUR252-x/
DUR251) and delta ST (ST2-x minus ST1) or delta ET
(ET2-x minus ET1) was evaluated. Least-squares linear
regression analysis was applied to measure the correla-
tion. Data are presented as median (range). Statistical
analysis was performed by the Mann-Whitney U test. A
P value less than 0.05 was considered to indicate statis-
tical significance.

Fig. 1. Serial recording of acceleromyo-
graphic responses measured at the thumb
and skin temperature over the thenar
muscles
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vecuronium. The variation in DUR25 is likely to be in
inverse relation to that in ST.

Discussion

The present study found that the peripheral ST over the
thenar muscles decreased significantly with minor or no
decreases in core temperature in anesthetized patients,
and was a reliable and useful index for estimating the
degree of prolonged vecuronium-induced neuromuscu-
lar block.

It is well known that the effect of neuromuscular
blocking agents is potentiated by hypothermia [1,6–8].
Muscle temperature is generally thought to be one of
the very important factors influencing the extent of neu-
romuscular block during hypothermia [1–3]. However,
it is difficult to measure muscle temperature routinely in
clinical settings. We therefore observed the time course
of ST over the thenar muscles contracted by ulnar nerve
stimulation and evaluated the relationship between ST
and vecuronium-induced block in this study. The results
suggested that DUR25 produced by vecuronium was
extremely sensitive to changes in ST. On the basis of the
relationship observed between the DUR ratio and delta
ST (DUR ratio � �0.18 · delta ST � 1.07), it is esti-
mated that the duration of action of vecuronium in-
creases by 20% of the baseline with every 1°C decrease
in ST. We did not evaluate muscle temperature concur-
rently in the present study; however, variations in ST
were expected to reflect those in thenar muscle tem-
perature. This assumption is supported by the report of
Halar and colleagues [5]. They measured intramuscular
temperature in the lower extremity when ST was re-

Fig. 2. Relationship between duration (DUR) ratio and
delta skin temperature (ST). The regression line including
individual data points is presented (Y � �0.18X � 1.07, r �
0.829, n � 80, P � 0.01), and a significant correlation is shown
between variables

Fig. 3. Successive recording of DUR, ST, and esophageal
temperature (ET) in a patient receiving 19 doses of mainte-
nance vecuronium during long-lasting open abdominal
surgery

Results

The time from administration of the intubating dose of
0.1 mg·kg�1 vecuronium to 25% recovery of T1 was
45.8 min (33.0–75.0min). Subsequently, 3 to 19 doses
(median, 5 doses) of maintenance vecuronium were
administered during each surgical procedure. The me-
dian values of DUR25 produced by the first (DUR251)
and the last (DUR25x) maintenance dose were 21.5min
(13.8–44.8 min) and 32.3min (18.8–56.3 min), respec-
tively; a statistically significant difference was found
between the median values (P � 0.01). ST fluctuated
markedly between �0.9° and �6.3°C (median, �1.4°C),
and STx was significantly lower than ST1 [30.8°C (25.2°–
35.0°C) vs 32.1°C (30.5°–34.7°C), P � 0.01]. Figure 1
shows a serial recording of DUR25 and ST. In the ear-
lier part of the recording, both DUR25 and ST are kept
stable; however, DUR25 shows a gradual prolongation
associated with a marked decrease in ST in the later
part. There was a statistically significant correlation
between DUR ratio and delta ST (Y � �0.18X � 1.07,
Y; DUR ratio, X; delta ST, r � 0.829, n � 80, P � 0.01,
Fig. 2), although the minor changes in ET observed in
the study [ET1: 35.9°C (35.6°–37.2°C), ETx: 35.5°C
(34.4°–37.3°C)] did not influence DUR25 (Y � �0.01X
� 1.35, r � 0.018, n � 80, P � 0.05). Figure 3 shows a
considerable fluctuation in ST even when ET is kept
stable and normal in a patient receiving 19 doses of
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duced from the average (32.2°C) at ambient tempera-
ture to 30°, 28°, and 26°C by artificial surface cooling in
healthy subjects, and found a linear correlation between
ST and muscle temperature. Eriksson and colleagues [2]
also demonstrated a correlative decrease of tempera-
tures in hypothermic arms of patients receiving an
opioid-based nitrous oxide anesthesia. They reported
that over an ST range of 32.0°–27.0°C maintained by
progressive cooling of a forearm, muscle temperature
showed a range of 34.5 � 0.3 to 30.8 � 0.4°C, and a close
relationship [muscle temperature (°C) � 0.75·ST (°C) �
10.9] was found. The results indicate that ST is a reliable
index for the assessment of muscle temperature change.
In the usual clinical setting, ST can be easily observed as
an alternative to muscle temperature and can exactly
predict a certain fluctuation of vecuronium-induced
neuromuscular block.

The prolonged DUR25 accompanying lowered ST is
probably caused by the impairment of neuromuscular
transmission. It has been reported that a progressive
and statistically significant decrease in mechanical
twitch tension of the adductor pollicis muscle and TOF
ratio without the use of neuromuscular blocking drugs is
seen when ST is peripherally cooled below 32.0°C [2].
Peripheral hypothermia reduces nerve conduction
velocity [5], mobilization and release of presynaptic
acetylcholine [9], and muscular twitch tension [10,11].
These mechanisms may contribute to the prolongation
of DUR25 during peripheral hypothermia.

Simultaneous measurement of ST and ET in this
study revealed that the peripheral temperature fre-
quently decreased with minor or no changes in core
temperature during long-lasting open abdominal
surgery. During induction of anesthesia, blood flow into
the adductor pollicis muscle was demonstrated to
increase up to 10 times the baseline value [12]. The
peripheral temperature, which is initially increased by
the increased circulation, tends to decrease gradually
when the patient’s body is exposed to lower ambient
room temperature. In this situation, peripheral vaso-
constriction may occur to maintain a stable core
temperature. A pharamacokinetic factor, the reduction
in the amount of vecuronium eliminated from the neu-
romuscular junction caused by the decrease in blood
flow, may also contribute to the prolongation of the
action of vecuronium [13]. We anticipate that the
change in peripheral temperature may be dependent on
the type of surgical procedure and the duration of sur-
gery, and that marked reduction in the temperature will
be observed particularly in long-lasting open abdominal
surgery because of the large area of the internal organs
exposed to the ambient temperature. Further inve-
stigations specifically comparing recovery from neuro-
muscular block in various surgical situations may be
warranted.

Figures 1 and 3 show the marked increase in DUR25
associated with decreased ST. We have to consider the
possibility that vecuronium and its metabolites may ac-
cumulate following repetitive administration and con-
tribute to the prolonged DUR25 during long-lasting
surgery. Eriksson et al. [14] reported that in 15 patients,
DUR25 after 10 supplementary doses of 0.02mg·kg�1

vecuronium administered at every 25% recovery of T1

showed minor or no variations (2nd dose, 22.4 �
5.1min; 6th dose, 22.8 � 5.9 min; 10th dose, 23.4 �
6.9min) under neuroleptanesthesia. There is another
report that showed no accumulation even after 71
supplementary doses of 0.02–0.04 mg·kg�1 vecuronium
and 22h of neuroleptanesthesia [15]. Figure 3 shows
that marked increases and decreases were observed in a
series of DUR25s during a long-lasting surgery, and that
in the latter part of this case the temporarily prolonged
DUR25 tended to recover to the baseline. It is therefore
suggested that accumulation of vecuronium is unlikely
to contribute to our results.

The anesthetics used in this study, such as propofol,
fentanyl, and nitrous oxide, have only a minor inhibi-
tory effect on neuromuscular transmission [16], whereas
it is well known that potent volatile anesthetics potenti-
ate the action of neuromuscular blocking drugs [16–18]
and that the degree of potentiation is dependent on the
time of exposure to the anesthetics [17,18]. If we use
sevoflurane to maintain general anesthesia in the study
protocol, there is a possibility that DUR25 would be
prolonged time-dependently without any changes in
ET and ST. However, previous studies [17,18] indicate
that 30min of exposure to sevoflurane anesthesia is
sufficient to achieve a stable potentiating effect
on vecuronium. Therefore, sevoflurane has probably
minor or no influence on the variations in DUR25s
produced by repeated administration of vecuronium
after 30min of inhalation.

We conclude that ST on the thenar muscles decreases
considerably in patients undergoing open abdominal
surgery under propofol, fentanyl, and nitrous oxide an-
esthesia, even when the core temperature is kept nor-
mal. Under these conditions, the peripheral muscles are
becoming more sensitive to neuromuscular blocking
drugs than the central muscles. Therefore, the periph-
eral temperature should be monitored and maintained
actively for a reliable evaluation of neuromuscular
blockade.
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