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Effect of pneumoperitoneum on the recovery from intense
neuromuscular blockade by rocuronium in healthy patients
undergoing laparoscopic surgery

Hong Soon Kim, Dong Chul Lee, Mi Geum Lee, Woon Rak Son, and Yong Beom Kim

Department of Anesthesiology and Pain Medicine, Gachon University of Medicine and Science, Incheon, Korea

Background: This study investigated the effect of pneumoperitoneum on the recovery from intense neuromuscular
blockade by rocuronium in healthy patients undergoing laparoscopic abdominal surgery.

Methods: Thirty adult patients undergoing laparoscopic abdominal surgery were studied. Anesthesia was induced with
1.5 mg/kg of propofol, 12 ug/kg of alfentanil and 0.6 mg/kg of rocuronium and maintained with 2 vol% of sevoflurane
and 0.05-0.2 pg/kg/min remifentanil. The neuromuscular relaxation was monitored by Train-of-Four (TOF) and post-
tetanic count (PTC). Additional rocuronium of 0.2 mg/kg was administered for deep neuromuscular blockade at 30 min
after pneumoperitoneum. Before (PPpre) and 30 min after pneumoperitoneum (PPpost), PTC was measured at 6 min
intervals. The relationship between PTC and the time interval to reappearance of T1 response was observed.

Results: The mean * SD of the intervals between the detection of 4 counts of the PTC and the first response to TOF stim-
ulation was 13.0 £ 1.1 min and 16.4 £ 6.3 min PPpre and PPpost, respectively (P = 0.20). There were significant negative
relationships between PTC observed and the time interval to reappearance of T1 response (adjusted R* = 0.869, P < 0.001
for PPpre data, and adjusted R” = 0.561, P < 0.001 for PPpost data). Comparing the difference of regression equation be-
tween PPpre and PPpost data using a parallelism test, there was no statistically significant difference (P = 0.193).
Conclusions: This study showed that PP with intra-abdominal pressure at the level of 13-14 mmHg did not affect the
recovery from intense neuromuscular blockade by rocuronium in healthy patients undergoing laparoscopic abdominal
surgery. (Korean J Anesthesiol 2014; 67: 20-25)
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Introduction

Laparoscopic procedures have replaced a variety of open
intra-abdominal surgeries, because it is a relatively non-invasive
procedure with fast recovery and less pain [1]. However, lapa-
roscopy requires a formation of the working area within the
peritoneal cavity, and this is commonly achieved by carbon
dioxide (CO,) pneumoperitoneum (PP), which raises concerns
regarding the physiologic adverse effects [2,3]. An increased
intra-abdominal pressure by CO, inflation may cause significant
changes in the hepatic function and blood flow [4,5].

Neuromuscular block is necessary for optimizing surgical
field during pneumoperitoneum [6] and preventing abdominal
compartment syndrome [7]. Post tetanic count (PTC) is a reli-
able method for evaluating the recovery from an intense neuro-
muscular blockade, because post tetanic twitch response appears
earlier than that of the train-of-four (TOF) response during
recovery from a neuromuscular blockade [8]. A close correla-
tion has been shown between PTC and TOF recovery from an
intense neuromuscular blockade by rocuonium [9]. Rocuroni-
um bromide is a widely used non-depolarizing neuromuscular
blocking agent, because of its rapid onset and intermediate
duration of action. Although its elimination pathway remains
unclear, some hepatic elimination of compound in humans
might be expected. In patients with decreased hepatic function,
rocuronium pharmacodynamic and pharmacokinetic alterations
have been reported [10-12]. In addition, Wang et al. [13] report-
ed that the effect of rocurnium was prolonged in patients with
obstructive jaundice, and cautioned that monitoring postopera-
tive residual neuromuscular blockade should be needed in these
patients. To date, no report has been issued regarding the effects
of PP on the relationship between PTC and recovery from an in-
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tense neuromuscular blockade. Thus, this study investigated the
effect of pneumoperitoneum on this relationship in patients un-
dergoing laparoscopic abdominal surgery. We hypothesized that
a transient decrease in the hepatic and renal functions induced
by pressure effect of pneumoperitoneum might result in delayed
recovery from intense neuromuscular blockade by rocuronium.

Materials and Methods

After an approval from the Institutional Review Board, we
obtained written informed consents from all patients. Thirty
patients, aged 18-65 years with American Society of Anesthe-
siologists physical status I or II and undergoing laparoscopic
abdominal surgery, were studied prospectively. Patients with
known neuromuscular disorder, hepatic and renal diseases, past
history of using drugs that might alter neuromuscular transmis-
sion or metabolism of rocuronium, and/or body mass index
of < 18 kg/m’ or > 25 kg/m”, were excluded. Patients in whom
TOF measurements were made when peripheral body tempera-
ture was below 32°C were excluded from the study. The study
protocol was summarized in Fig. 1. One hour before surgery,
2-3 mg of midazolam and 0.2 mg of glycopyrrolate were ad-
ministered intramuscularly as premedication. On arrival to the
operating room, patients were monitored with standard anes-
thetic monitors, including electrocardiogram, pulse oxymeter,
and non-invasive arterial pressure. Conventional inhalation an-
esthesia with 2 vol% of maintaining end-tidal concentration of
sevoflurane was performed with inducing dose of; 1.5 mg/kg of
propofol, 12 ug/kg of alfentanil, and 0.6 mg/kg of rocuronium.
Adjuvant analgesics during surgery were made with 0.05-0.20
pg/kg/min remifentanil intravenously. After tracheal intubation,
the lungs were ventilated with a tidal volume of 7-10 ml/kg and
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Fig. 1. Schematic sample of time course in this study. Trace recording of stabilization period before anesthesia induction and that of data obtained
after end of study are truncated. S: the time at which intubating dose of rocuronium is administered. PPpre: the time during obtaining data before
pneumoperitoneum. T1: indicates the time at which the first response of train of four (TOF) stimulation is reappeared. RB: the point at which the
boost dose of rocuronium is administered. PP: indicates the time of initiation of pneumoperitoneum. PPpost: indicates the time during obtaining data
for PPpost (data obtained from 30 minutes after pneumoperitoneum). E: indicates the point of study termination (point at which reappearance of the
first response of TOF again). Study time course was scheduled to finish before deflation of peritoneal cavity had made in the middle of surgery.
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respiratory rate of 8-12 breaths/min to maintain an end-tidal
carbon dioxide concentration (ETCO,) of 30-35 mmHg at a
60% inspired oxygen with air. The tidal volume and respiratory
rate was reset to maintain an ETCO, between 35-40 mmHg
after pneumoperitoneum. The intraabdominal pressure was kept
at a level of 13-14 mmHg. When a TOF ratio was more than
0.7 after the end of the operation, a reversal of neuromuscular
blockade was achieved. After the patient was brought to the post
anesthetic care unit (PACU), a residual neuromuscular block-
ade was monitored for about 1 hour with random time interval.
To prevent the patient’s inconvenience, we usually checked the
clinical signs, such as hand grip for 5 second or leg raising for 5
second as the residual neuromuscular blockade monitoring. If
these result was uncertain or ambiguous, objective neuromus-
cular monitor (TOF-watch SX®, Organon Ltd, Dublin, Ireland)
was applied and check TOF ratio with uncalibrated manner
repeatedly until this ratio was shown more than 0.8. When the
patient was able to accomplish all of these test and other criteria
for discharge from PACU was met, the patient was brought to
the casual ward.

The neuromuscular relaxation was monitored with a TOF-
watch $X® (Organon Ltd, Dublin, Ireland) through a trans-
ducer, which is attached to the volar surface of the thumb. For
preload tension of the thumb, hand adapter for acceleration
transducer (Organon Ltd, Dublin, Ireland) was applied through-
out the investigation. The stimulation electrodes were placed
over the ulnar nerve to give continuous supramaximal stimu-
lation. The distance between electrodes was about 5 cm. The
skin temperature was measured at thenar eminence using the
temperature sensor of TOF-watch SX®. After losing conscious-
ness, standard zero-calibration of neuromuscular monitoring
was achieved (built-in calibration mode, CAL2, in the TOF-
watch SX®). When all twitch responses of the TOF stimulation
(2 Hz every 15 sec, 200 psec duration) was faded and vanished
after rocuronium injection, before pneumoperitoneum (PPpre),
PTC was serially measured at 5 minute intervals. These cycles
were repeated until the first reaction (T1) to TOF stimulation
was detected (Fig. 1). At 30 minutes after pneumoperitoneum
(PPpost), additional rocuronium of 0.2 mg/kg was administered
for a deep neuromuscular blockade, followed by performing the
same measurement and collected data for PPpost. During these
cycles, the TOF mode was reinstituted with 15-second interval.

The sample size was calculated based on a previous study [14].
To detect the 20% mean difference between PPpre and PPpost
in the interval between appearance of PTC and first response of
TOF stimulation during sevoflurane anesthesia at a significant
level of 5% and a probability power of 80%; this study required
at least 26 patients per group. The sample size was increased to
30 patients per group, assuming a possible dropout rate of 15%.
SPSS 13.0 (SPSS Inc., Chicago, IL, USA) was used for statistical
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analyses. Data are expressed as the mean + SD (ranges) or num-
ber of patients. The distribution of all measure and calculated
data are tested by Kolmogorov-Smirnov tests. Student’s t-test
and regression were used to compare data. Significance was de-
fined as P < 0.05. The relationship between post-tetanic count
(PTC) and the time to the first response to TOF before (PPpre)
and 30 min after pneumoperitoneum (PPpost) was plotted with
exponential fitted curves.

Results

Thirty patients were initially enrolled, but one of these pa-
tients was excluded from the analysis due to subcutaneous
emphysema with severe hypercarbia during pneumoperito-
neum. Patient characteristics and peri-operative data are listed
in Table 1. There were no significant changes in aspartate trans-
aminase (AST), alanine transaminase (ALT), total bilirubin and
y-glutamyl transferase (y-GT) after the surgery compared with
preoperative data.

The mean + SD of the interval between the detection of four
counts of PTC and the first response to TOF stimulation was
13.0 £ 1.1 min and 16.4 + 6.3 min PPpre and PPpost, respec-
tively (P = 0.20). The number of PTC (independent variables)
observed at a given time and the time from then to return of
TOF stimulation (dependent variable) were tested for goodness
of fit to linear and nonlinear models. The best fits to the data
were obtained using the exponential model in PPpre and PPpost
data. There were significant negative relationships between PTC
observed and the time interval to reappearance of T1 response

Table 1. Patient Characteristics and Amount of Rocuronium Used

Variables Data
Gender (M/F) 16/13
Age (yr) 48.6 +8.5
BMI (kg/m?) 23.7+3.0
ASAT/IT 18/11
Penumoperitoneum time (min) 75 [40-130]
Type of laparoscopic surgery
Distal gastrectomy 13
Vaginal hysterectomy 8
Lower anterior resection 8
Serum enzyme level Preoperative Postoperative
AST (U/L) 22.6 +6.6 27.8+10.8
ALT (U/L) 22.7+10.2 25.8+15.4
T-bil (mg/dl) 0.7+0.3 09+04
y-GT (U/L) 254+16.3 26.9 + 143

Data are expressed as mean + SD or median [range] or number of patients.
BMI: body mass index, ASA: American Society of Anesthesiologists,
AST: aspartate transaminase, ALT: alanine transaminase, T-bil: total
bilirubin, y-GT: gamma glutamyl transferase (Normal upper limits of
AST, ALT, T-bil and y-GT in our institute labs are 40 U/L, 40 U/L, 1.2
mg/dl and 45 U/L respectively). There are no significant differences in
serum enzyme levels between preoperative and postoperative data.
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Fig. 2. The relationship between post-tetanic count (PTC) and the
time to the first response to TOF before (PPpre) and 30 min after
pneumoperitoneum (PPpost). Exponential fitted curves are shown.
Assuming that the regression equation is y=ae™, there is a strong
correlation with PTC and T1 reappearance time interval before
pneumoperitoneum (adjusted R* = 0.869, P < 0.001) and a weak
correlation after pneumoperitoneum (adjusted R* = 0.561, P < 0.001).
In a comparison of the differences of regression equation between
before and after pneumoperitoneum using parallelism test, there is no
significant difference (P = 0.193). PPpre: the time during obtaining data
before pneumoperitoneum. PPpost: indicates the time during obtaining
data for data obtained from 30 minutes after pneumoperitoneum.

(adjusted R* = 0.869, P < 0.001 for PPpre data, and adjusted R* =
0.561, P < 0.001 for PPpost data) (Fig. 2). In comparing a differ-
ence of the regression equation between PPpre and PPpost data
using parallelism test, there was no statistically significant differ-
ence (P =0.193).

Discussion

This study showed that pneumoperitoneum with intra-
abdominal pressure at the level of 13-14 mmHg did not affect
the overall recovery from an intense neuromuscular blockade
by rocuronium in healthy patients undergoing laparoscopic ab-
dominal surgery.

In previous animal studies, it was observed that rocuronium
may have been eliminated mainly via the liver. Three-fourth of
intravenous rocuronium was found in the bile and liver homog-
enate [15]. Magorian et al. [16] found that hepatic dysfunction
increased the volume of distribution of rocuronium, but did not
alter its clearance. A previous study of Schlachtrupp et al. [17]
reported that 15 mmHg of pneumoperitoneum during 24 h im-
paired the function and morphological changes in the liver and
elevated the serum ALT and alkaline phosphatase levels with
low grade liver necrosis. In the present study, since the median
pneumoperitoneum time was less than 75 min (range 40-130
min), we did not observe significant increments of hepatic pro-
files and changes in the recovery from an intense neuromuscular
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blockade. This result is consistent with a previous report which
represented a decrease in liver microvascular perfusion during
6 h of pneumoperitoneum, but showed compensatory improve-
ment of liver blood flow after desufflation; and they concluded
that prolonged pneumoperitoneum does not hamper the liver
function [18]. The range of pneumoperitoneum time was wide
from 40 minutes to 130 minutes. But during laparoscopic as-
sisted subtotal gastrectomy or anorectal surgery, pneumoperito-
neum was often released for manual manipulation or procedure
outside the peritoneal cavity. In this regard, we tried to end this
experiment before release of pneumoperitoneum. That’s why we
planned to obtained PPpost at the 30 minutes after initiation of
pneumoperitoneum.

In this study, the average interval between the detection of
four counts of PTC and the reappearance of T1 before pneu-
moperitoneum was 13.0 minutes. Conventionally, deep neuro-
muscular block state for sufficient blockade of diaphragmatic
movement is considered as the point of PTC of less than 5
counts which is checked at the adductor policis muscle [19]. We
decided to use the point at the detection of 4 PTC as a reference
point. As a result, there was no significant difference in this time
between the before and after pneumoperitoneum . Additionally,
we observed a strong correlation with PTC and T1 reappearance
time interval before pneumoperitoneum (adjusted R* = 0.869)
and a weak correlation after PP (adjusted R’ =0.561). Consider-
ing the fact that there was no significance in the recovery from
an intense neuromuscular block between continuous infusion
and single bolus administration of rocuronium [20], a possible
explanation for the decrement in correlation coeflicient between
before and after PP is the effects of variable intra-abdominal
pressure and position. A previous animal study reported that
changes in the intra-peritoneal pressure and position significantly
influence the hepatic blood flow [21]. They demonstrated that
both, the portal and hepatic arterial blood flow were reduced in
relation to an increased intra-abdominal pressure and head-up
position rather than the systemic hemodynamic parameters [21].
But this reduction of blood flow often occurred when the in-
traabdominal pressure is more than 20 mmHg. We tried to limit
the intra-abdominal pressure at a level of 13-14 mmHg, and
considering the fact that there was no significant change in se-
rum enzyme level which is related to the liver function (Table 1),
it may reasonable to explain that our results may not be caused
by the irreversible decrease in liver function. During surgical
manipulation, set point of intraabdominal pressure could not
be fixed. Transient elevation of intraabdominal pressure up to
the upper limit alarm set point. Also, laparoscopic low anterior
resection and gynecologic surgery both require the involvement
of Trendelenburg position, while laparoscopic stomach surgery
needs the reverse Trendelenburg position. Considering all of
these facts, we thought that our results may be by the mechani-
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cal effect of pneumoperitoneum on intraabdominal organ and
not by the irreversible impairment of liver function. Nowadays,
intraabdominal pressure for induced pneumoperitoneum often
is set as low as 7-8 mmHg because it guarantees advantage in
postoperative complication such as overall postoperative pain,
preservation of pulmonary function, or at least there are no dif-
ferences postoperative outcome [22,23]. But this low pressure
method has some drawbacks. One of these is the lack of sur-
geons experience [23]. Though there were no differences in the
intraoperative or postoperative complication, the surgeon often
experiences difficulty in obtaining optimal sight or dissection
space and these drawbacks is more severe when using suction.
Inexperienced surgeon asks to increase intraabdominal pressure
up to the conventional setting of more than 12 mmHg.

The present study has several limitations that warrant consid-
eration. First, we only tested representative hepatic profile, such
as AST, ALT, y-GT and total bilirubin. Although these labora-
tory findings could reflect the hepatic parenchymal changes or
obstruction, they could not indicate the hepatic clearance or
metabolism of certain drugs, and could not measure the direct
changes of hepatic blood flow. Second, sevoflurane significantly
potentiate the effect of neuromuscular blocking agent and its
monitoring [24]. Because the effect of pneumoperitoneum on
respiratory function, we could not completely excluded the in-
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fluence of inhalation agent even though we fixed the end-tidal
concentration of sevoflurane. But sevoflurane is least potent on
the effect of neuromuscular blockade and there was no effect
of anesthetic agents on recovery profile [25]. And this effect of
inhalation agent on muscle takes more than 30 minute to af-
fect the muscle strength [26]. So we choose this conventional
inhalation agent for our study. To be free from this argument,
further study with total intravenous anesthesia might be needed.
Third, we excluded the operations that required hepato-biliary
manipulation because we wanted to eliminate the possibility of
other mechanical factors except the pure pneumoperitoneum ef-
fects. Jeong et al. [27] reported that hepatic manipulation during
surgical procedure is the main cause of changes in the hepatic
function rather than CO, pneumoperitoneum. Thus, our results
could apply to limited laparoscopic procedures.

In conclusion, we conclude that pneumoperitoneum with
intra-abdominal pressure at the level of 13-14 mmHg did not af-
fect the overall recovery from an intense neuromuscular block-
ade by rocuronium in healthy patients undergoing laparoscopic
abdominal surgery. However, because individual recovery pat-
tern at pneumoperitoneum is relatively inconsistent comparing
with that of the normal (PPpre) state, we also conclude that the
close neuromuscular monitoring should especially be manda-
tory during pneumoperitoneum.
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