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The degree of muscle relaxation required for the abdominal surgery should
differ at different phase of operation. To test this hypothesis muscle relaxation
was assessed subjectively by the surgeon and the results were compared with
quantitative observations of the degree of response depression to train of four (t4)
stimulation at various stages of surgery. Maximum relaxation, with a t4 ratio of
less than 10%, was required immediately after the skin incision and during closure
of the abdominal wall, while the requirement was minimal during the major part
of surgery when the intra-abdominal procedures were performed. (Key words:
train of four ratio, neuromuscular block, surgery, operative instrument)

(Amaki Y, Haziri H, Sugimoto N et al.: The degree of muscle relaxation
requested by the surgens during upper abdominal surgery. J Anesth 4: 249··252,
1990)

The degree of muscle relaxation required
during abdominal surgery varies at different
stages of surgical procedures. In the present
study of upper abdominal surgery, the degree
of -muscle relaxation assessed subjectively
by the surgeon was compared with that
of muscle relaxation assessed quantitatively
utilizing train of four ratio (t4).

Methods

This study was conducted on 125 male
patients without neuromuscular disease, un-
dergoing partial gastrectomy requiring less
than 4 hr surgery and with the use of retrac-
tors during the operation. Patients ranged
in age from 18 to 60 years, and all were
within a normal obesity index. As premed-
ication, 0:5 mg atropine sulphate and 10
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mg diazepam was administered 1 hr before
entrance to the operating room. Anesthesia.
was induced with 1 mg·kg- 1 succinylcholine
and 5 mg.kg-- 1 thiobarbiturate. After tra-
cheal intubation, mechanical ventilation was
performed with a ventilator. Optimal ven-
tilation level was maintained by monitoring
arterial blood gases (PC02 35-40 mmHg, pH
7.35-7.45). During the operation, anesthesia
was maintained with 50% nitrous oxide, 50%
oxygen and 1-2% halothane. The neuromus-
cular block was induced with pancuronium
and the degree of blockade was assessed with
t4 response.
A nerve stimulator (MyoTest by Biome-

ter) was used to apply supramaximal stimu-
lation to the ulnar nerve at 0.3 msec width,
2 HZ and 10 second intervals. The mechan-
ical twitch response to this stimulation of
the adductor pollicis muscle was recorded
(PALM CORDER, Nihon Denki Sanei) to
obtain t4 ratio. Measurement was started
after the disappearance of the effect of the
succinylcholine, which was injected for intu-
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Please answer these questions at each of the fol-
lowing 3 stages by selecting the answer which is
the closest to the actual state of the patient OIl
that occasion: (1) beginning of peritoneal incision.
(2) ten minutes after the insertion of retractors for
laparotomy. (3) beginning of peritoneal suture at
closing of the laparotomy wound.
1. Abdominal wall is completely relaxed giving

rise to no difficul ties
2. Relaxation of the abdominal wall is incom-

plete, but operation is feasible.
3. Relaxation of abdominal wall is so incomplete

that operation is quite impossible.
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Fig. 1. Questionnaire given to the operating
surgeons
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Filil;o 2. The evaluation of muscle relaxation
(%), calculated from the replies (154 cases), in
different degree of block during the three stages.

2 blocks, necessitating the use of degree 3
block. In contrast, almost 60% of the replies
were satisfaction with degree 1 and 2 blocks
in phase 2. In phase 3, the proportion of
reply of dissatisfaction again increased with
degree 1 and 2 blocks, again necessitating
the use of degree 3 blocks. Table 1 sum-
marizes the repeies, indicating satisfactory
or almost satisfactory results. In degree 3
blocks, more than 90% of replies were satis-
faction with the degree of muscle relaxation
all the way from phase 1 to 3, while in degree
1 and 2 blocks, surgeons were replies were
satisfaction only during phase 2.
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bation. Muscle relaxation was evaluated by
5 surgeons, each with more than 10 years
of experience. Prior to the operation a ques-
tionnaire (fig. 1) was completed, and consent
was also obtained for oral questioning during
the operation. Continuous recording of the
t4 ratio was conducted from the beginning
to the end of anesthesia. Laparotomy was
divided into three phases: phase 1, from skin
incision to the end of peritoneal incision:
phase 2, from the insertion of the retractor
to extraction of the retractor at the end of
the intraperitoneal manipulation: and phase
3, from peritoneal suture to the end of skin
suture. In each phase, muscle relaxation was
evaluated by the surgeons. Questions (fig.
l) were asked orally at three times during
operation. All the answers to the questions
were collected after operation and classed
into three grade (answer 1: poor, answer 2:
good, answer 3: excellent). The degree of
neuromuscular blockade was classed into 3
grades: degree 1, t4 ratio more than 40%;
degree 2, t4 ratio of 10-40%; and degree 3,
t4 ratio less than 10%. These three grades
resulted from the stepwise administration of
pancuroniurn. The degree of blockade was
measured at each stage in 30 patients.

Results

Interview results at each stage (fig. 2)
showed that the proportion of reply of dissat-
isfaction with the degree of muscle relaxation
was high in phase 1 with degree 1 and
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Table 1. The "excellent" and "good" replies (%) in the dif-
ferent degree of block during the three phases
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The first phase
(N=50)

The second phase The third phase
(N=50) (N=50)

T4 ~ 40
20 90* 38

Degree 1

40 >T4 >10 10 90* 26
Degree 2

T4;;;;; 10
93 91 99

Degree 3
.......... _-----
"Chi-square analysis compared "excellent" or "good" answers be-

tween the second phase and the first phase, the third phase. Results
significantly different.

Discussion

To quantitatively evaluate muscle relax-
ation, mechanical twitch response of the ad-
ductor pollicis muscle in respons to ulnar
nerve stimulation, was monitored. Many re-
ports, including several on the optimal dose
of muscle relaxant during operation, have
utilized this method1.2.
This report based on collection of subjec-

tive information from surgeons, so selection
of the patient with respect to age, sex,
constitution and the use of intraperitoneal
retractors during the operation, as well as of
the surgeons themselves, strictly carried out.
Present study indicated that the most

pronounced muscle relaxation is required on
the time of peritoneal incision and peri-
toneal suturing, while the degree of required
relaxation was unexpectedly the least dur-
ing phase 2. The surgeons evaluation of the
rigidity of the muscle includes not only de-
gree of relaxation of the abdominal muscles,
but also extrusion of the intestine from the
wound caused by gas and food in the intesti-
nal lumen, and by intestinal movement.
In phase 1 immediately after the induc-

tion of anesthesia the possibility of gastric
dilatation 'due to accidental entrance of gas
into the stomach through the mask should
also be considered.
Depth of anesthesia and intestinal move-

ment is also related": Marshall et al." re-
ported on a decrease of movement of the
stomach, ileum and jejunum in response

to halothane administration. Schurizek et
aL5 reported that general anesthesia with
halothane reduced gastrointestinal motility,
in relation to the inhalated concentration
of halothane. Immediately after induction of
anesthesia, the depth of anesthesia is still
insufficient, and movement of the intestine
is still active. These factors may contribute
to the dissatisfaction of the surgeons, with
degree 1 and 2 block during phase 1.
The different observations between phase

1, phase 3 and phase 2 probably depends on
the insertion and removal of retractors. Re-
tractors prevent the tension of the abdominal
wall muscle being transmitted to the opera-
tive field, probably the main reason for the
lower need for muscle relaxation in phase 2.
The intention of this report is by no

means to emphasize maintenance of anesthe-
sia with mild block: maintenance with too
shallow block has been reported to cause
muscle interruption":". It is our intention to
emphasize that in addition to the quanti-
tative information obtained by monitoring
neuromuscular transmission, subjective infor-
mation from the surgeons themselves should
also be taken into consideration, and the
level of muscle relaxation should be main-
tained reasonably.
(Received May. 31, 1989, accepted for publi-

cation Mar. 15, 1990)
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