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Background: Acetylcholinesterase inhibitors (e.g., pyridostigmine bromide) are used for 
neuromuscular blockade (NMB) reversal in patients undergoing surgery under general 
anesthesia (GA). Concurrent use of anticholinergic agents (e.g., glycopyrrolate) decreases 
cholinergic side effects but can impede bowel movements. Sugammadex has no choliner-
gic effects; its use modifies recovery of gastrointestinal (GI) motility following laparoscopic 
cholecystectomy compared to pyridostigmine/glycopyrrolate. This study evaluated the 
contribution of sugammadex to the recovery of GI motility compared with pyridostigmine 
and glycopyrrolate. 
Methods: We conducted a prospective study of patients who underwent laparoscopic cho-
lecystectomy. Patients were randomly allocated to the experimental group (sugammadex, 
Group S) or control group (pyridostigmine-glycopyrrolate, Group P). After anesthesia 
(propofol and rocuronium, and 2% sevoflurane), recovery was induced by injection of 
sugammadex or a pyridostigmine-glycopyrrolate mixture. As a primary outcome, patients 
recorded the time of their first passage of flatus (‘gas-out time’) and defecation. The sec-
ondary outcome was stool types. 
Results: One-hundred and two patients participated (Group S [n = 49], Group P [n = 53]). 
Mean time from injection of NMB reversal agents to gas-out time was 15.03 (6.36–20.25) 
h in Group S and 20.85 (16.34–25.86) h in Group P (P = 0.001). Inter-group differences 
were significant. Time until the first defecation as well as types of stools was not signifi-
cantly different. 
Conclusions: Sugammadex after laparoscopic cholecystectomy under GA resulted in an 
earlier first postoperative passage of flatus compared with the use of a mixture of pyr-
idostigmine and glycopyrrolate. These findings suggest that the use of sugammadex has 
positive effects on the recovery of GI motility. 

Keywords: Cholinergic antagonists; Defecation; Flatulence; Gastrointestinal motility; Gly-
copyrrolate; Pyridostigmine bromide; Sugammadex.

Introduction 

The use of acetylcholinesterases (e.g., rocuronium bromide) is essential in achieving 
neuromuscular blockade (NMB) for surgery under general anesthesia (GA), which re-
quires a deep NMB [1]. For NMB reversal following the use of acetylcholinesterase, ace-
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tylcholinesterase inhibitors (AChEIs)(e.g., neostigmine and pyr-
idostigmine) are used as reversal agents. In addition, anticholiner-
gic agents such as atropine and glycopyrrolate have been used to 
reduce the resulting cholinergic side effects, which include brady-
cardia and increased secretions [2,3]. 

Regarding bowel movements, AChEIs increase motility, where-
as anticholinergic agents decrease it. Recovery to normal bowel 
movements and prevention of postoperative ileus are important 
for early recovery after surgery. One study reported that neostig-
mine, an AChEI, decreases postoperative ileus (a type of bowel 
obstruction) [4]. However, research comparing the effects of 
drugs with opposing effects on bowel movements has yet to be 
conducted. 

Sugammadex, a recently introduced reversal agent, has no cho-
linergic side effects, and thus, it does not require the use of anti-
cholinergic agents [3]. A number of studies have confirmed that 
the use of sugammadex for recovery from anesthesia leads to few-
er respiratory complications and less residual NMB compared 
with the conventionally used AChEIs and anticholinergic agents, 
and that it contributes to enhanced recovery after surgery (ERAS®) 
[5,6]. ERAS® addresses the prevention of postoperative ileus as an 
important issue, for which investigations have been conducted to 
evaluate various preventive mechanisms, including gum chewing, 
early enteral nutrition, and laparoscopic surgery. In this context, 
few studies have been conducted to investigate the effects of 
sugammadex on bowel movements [7–10]. Moreover, only a 
small number of studies have compared the recovery of intestinal 
movement in groups administered AChEIs and anticholinergic 
agents and those administered sugammadex, although the studies 
were conducted retrospectively [11]. This study, therefore, aimed 
to evaluate the contribution of sugammadex as a reversal agent to 
the recovery of gastrointestinal (GI) motility in patients undergo-
ing laparoscopic cholecystectomy compared to the contribution 
of the combination of pyridostigmine and glycopyrrolate. 

Materials and Methods 

This study was conducted with the approval of the Institutional 
Review Board (IRB) of Daegu Fatima Hospital (IRB approval 
number: DFH18MRIO366) and this study was registered at 
https://cris.nih.go.kr (KCT0004330). We explained to the patients 
the purpose of this prospective study and obtained their written 
consent before commencing the study. 

We explained the method of anesthesia to the patients sched-
uled for laparoscopic cholecystectomy under GA as well as to 
their guardians. They were also informed concerning the use of 
NMB agents and the need for NMB reversal agents. We then ex-

plained to them the merits and demerits of the two types of rever-
sal agents and obtained their consent to the randomized alloca-
tion of a drug. 

Patient characteristics 

We selected patients between ages 20 and 70 years who were 
scheduled for GA-induced laparoscopic cholecystectomy and had 
American Society of Anesthesiologists (ASA) physical status I or II. 

Exclusion criteria 

We excluded patients requiring emergency care due to their in-
ability to control nothing by mouth (NPO) fasting time, and those 
diagnosed with diabetes, ulcerative colitis, or Crohn’s disease, all 
of which can affect patient GI motility. Patients with renal dys-
function were also excluded [12,13].  

Intervention  

Fig. 1 shows the flow diagram of this study. 
The study participants were allocated randomly to the experi-

mental group, Group S (sugammadex), and the control group, 
Group P (pyridostigmine). Preoperatively, both groups fasted 
from midnight on the day of surgery and then consumed two 
cans of oral carbohydrate solutions (NONPO® 400 ml, Daesang 
Life Science, Korea) 4 h prior to surgery [8,9,14]. As premedica-
tion, midazolam 2 mg (IM) and famotidine 20 mg (IV) were ad-
ministered 30 min before surgery. Upon arrival at the operation 
room, the patients were subjected to the induction of GA using 
propofol 2 mg/kg and rocuronium 0.6 mg/kg, both intravenously, 
while train-of-four (TOF) monitoring was in progress. Intubation 
proceeded with the confirmation of a TOF ratio of 0. To maintain 
GA, we used FiO2 0.5 and 2% sevoflurane (inhalational anesthet-
ic) and injected a mixture of remifentanil 2 mg and normal saline 
50 ml via infusion pump. For intraoperative fluid management, 
we avoided calcium ions, which can induce constipation. Instead, 
we used crystalloids (plasma solution A) intravenously at rates of 
4 cc/kg/h for the first 10 kg, 2 cc/kg/h for the second 10 kg, and 1 
cc/kg/h for every kg above 20 kg according to the 4-2-1 rule, and 
additional 1 cc/kg/h according to perioperative fluid management 
guidelines [15,16]. 

Following completion of surgery, administration of sevoflurane 
was stopped for recovery from GA. For NMB reversal, when a 
TOF of 2 or above was observed, we intravenously injected the 
patients with one of the two NMB reversal agents, i.e., sugamma-
dex 2 mg/kg (Group S) or pyridostigmine 0.2 mg/kg and glycopy-
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rrolate 0.008 mg/kg (Group P), and we recorded the time of injec-
tions. When the patients’ TOF ratio was confirmed to have reached 
a minimum of 90%, we proceeded with extubation and transport-
ed the patients to the post-anesthesia care unit (PACU). Upon ar-
rival in the PACU, palonosetron 0.075 mg was administered intra-
venously to prevent postoperative nausea and vomiting (PONV). 

For pain control, we intravenously administered a mixture of 
propacetamol 2 g and normal saline 100 ml; in addition, as pa-
tient-controlled analgesia, instructions were provided for admin-
istration of normal saline 100 ml mixed with ketorolac trometh-
amine 240 mg. When patients complained of continued postoper-
ative pain, with numerical rating scale of 6 or above, we provided 
additional pain control through intravenous administration of 
fentanyl 1 μg/kg (maximum of two injections). The amount of in-
traoperative remifentanil used was computed based on the 
amount of mixed fluid used recorded immediately after surgery. 

After the patients were moved to their rooms, we intravenously 
administered tramadol PRN up to three times when pain intensi-
ty of 5 or above was indicated on the visual analogue scale. The 
patients maintained their NPO fasting throughout the day of the 
surgery. 

Outcome 

The patients were instructed to consume carbohydrate drink 
(NONPO® 400 ml, Daesang Life Science, Korea) on the morning 
of postoperative day (POD) 1 and to start with soft foods in the 
afternoon. To evaluate the patients’ bowel movement recovery, 
following intake of food, they were instructed to record the time 
of their first passage of flatus (‘gas out’) in their rooms and the 
time of the first defecation to the minute. As a primary outcome, 
data on the time elapsed between the injection of NMB reversal 
agents and the first gas-out and defecation were collected and 
compared. As a secondary outcome, the presence of any adverse 
effect (such as nausea, vomiting, and dry mouth), as well as the 
types of stools additionally based on the Bristol stool scale (Fig. 2), 
were recorded for comparison. 

Randomization 

We employed simple randomization with a closed envelope 
technique for the allocation of the reversal agents. Two sealed en-
velopes were prepared, each containing a mark for Group S or 
Group P. Regarding patient assignments, neither the patients nor 

Fig. 1. Study flow diagram.

Enrolled (n = 106)

Excluded (n = 3)
·The use of sugammadex additionally after 

the use of the reversal agent as insuffcient 
reversal of neuromuscular relaxation

Excluded (n = 1)
·Changed operation plan from laparoscopic 

surgery to open surgery

Analyzed (n = 49)
·Completed study and data

Pyridostigmine/glycoprrolate
group (n = 56)
·Neuromuscular relaxation

reversed with: 
pyridostigmine 0.2 mg/kg 
+ glycopyrrolate 0.008 mg/kg

Sugammadex group (n = 50)
·Neuromuscular relaxation

reversed with: 
sugammadex 2 mg/kg

Analyzed (n = 53)
·Completed study and data

Randomization
<closed envelope technique>
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we were allowed to select or check the envelopes. Third parties 
with no involvement in the study selected the envelopes and then 
delivered them to other individuals (‘fourth parties’), who did not 
participate in the observation of the test results. The fourth parties 
were those who opened and checked the envelope contents. Ac-
cording to the allocations revealed, each drug (sugammadex vs. 
pyridostigmine and glycopyrrolate) was prepared to be adminis-
tered as a reversal agent using 5 cc syringes and normal saline. 
Prepared in equal amounts, both agents were delivered back to 
the third parties and then administered randomly to the patients. 
The drug allocation chart was maintained by the fourth parties 
until the completion of data collection. It was not until delivery of 
the analyzed and compared results from the data from the fourth 
parties that we gained access to the details of the randomization. 
The patients and third parties were also denied access to the in-
formation up to that point. 

Sample size 

Power analysis was conducted using G*Power 3.1.9.4. Sample 
size of the previous study was based on the gas-out time in the 
general surgery ward [18]. Likewise, estimates of effective sizes 
were made using our previous record of cholecystectomy patients 
in the general surgery ward. An effect size of 0.527 was calculated 
using a mean gas-out time of 17 h with a standard deviation (SD) 
of 7.4 h in the sugammadex group and 20.6 h with a SD of 6.2 h in 
pyridostigmine group. A sample size of 48 patients per group was 
found to provide 80% power to detect the effect size with a set α 
of 0.05 for a two-sided design. A potential drop-out rate of 10% 

was taken into account. Finally, the study included a total 106 pa-
tients who underwent laparoscopic cholecystectomy. 

Statistical analysis 

We used Student’s t-test to analyze the height, weight, and age 
of the patients, the amount of remifentanil administered intraop-
eratively, and the amount of fentanyl administered in the PACU. 
Sex and ASA physical status classification (ASA scores) of the pa-
tients were examined with Fisher’s exact test. The Mann-Whitney 
U test was used for the analysis of gas-out and defecation times 
and Fisher’s exact test for stool type and analysis of data on ad-
verse effects. 

Results 

A total of 106 patients were initially enrolled in the study. Of 
these, three patients were excluded owing to insufficient NMB re-
versal following administration of the reversal agent (experimental 
drug). In case of insufficient reversal, additional administration of 
sugammadex 2 mg/kg was performed. Another patient was exclud-
ed, as his surgery was changed intraoperatively from laparoscopic 
cholecystectomy to open surgery. As a result, 102 patients partici-
pated in the study (49 in Group S and 53 in Group P). The baseline 
characteristics of the patients were homogeneous (Table 1). Al-
though the female participants in Group S outnumbered their 
male counterparts, the difference was not statistically significant. 
The two groups did not exhibit any significant differences in op-
eration times, anesthesia times, amount of remifentanil adminis-

Fig. 2. Bristol stool chart. Adapted from Cabot Health, Bristol Stool Chart (Available from http://cdn.intechopen.com/pdfs-wm/46082.pdf) [17].

Type 1

Type 2

Type 3

Type 4

Type 5

Type 6

Type 7

Separate hard lumps

Lumpy and sausage like

A sauage shape with cracks in the surface

Like a smooth, soft sausage or snake

Soft blobs with dear-cut edges

Liquid consistency with no solid pieces

Very constipated

Slightly constipated

Normal

Normal

Lacking fibre

Inflammation

Inflammation

BRISTOL STOOL CHART
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tered intraoperatively, or amount of fentanyl administered in the 
PACU (Table 1). 

As a primary outcome, the time that elapsed between injection 
of the NMB reversal agent and the first gas-out was compared be-
tween the groups. Group S took 15.03 (6.36–20.25) h, and Group 
P took 20.85(16.34–25.86) h (P =  0.001) (Table 2). The sugam-
madex group took less time, and the difference was statistically 
significant. 

Since cholecystectomy patients are usually discharged between 

POD 2 and POD 5, some of the study participants left the hospital 
before their first defecation time was recorded. We were able to 
check the defecation records of 28 of 49 patients in Group S and 
28 of 53 patients in Group P. We found no significant difference 
between the groups (P =  0.694) (Table 2).  

Group P took 47.26 (38.72–68.54) h, and Group S took 38 
(25.07–64.74) h to achieve their first defecation (P = 0.087). De-
spite the shorter duration associated with Group S, the difference 
was not statistically significant (Table 2). Our analysis of stool types 

Table 1. Patient Characteristics and Perioperative Data

Variable Group S (n =  49) Group P (n =  53) P value
Sex 0.160
  M 16 (33%) 25 (47%)
  F 33 (67%) 29 (53%)
Age (yr) 51.2 ±  12.9 46.8 ±  13.9 0.095
ASA 1.000
  I 4 (8%) 4 (7%)
  II 45 (92%) 49 (93%)
Height (cm) 162.5 ±  8.6 164.3 ±  9.2 0.318
Weight (kg) 67.0 ±  15.3 68.2 ±  12.0 0.659
Diagnosis 0.467
  Chronic cholecystitis 20 (41%) 19 (36%)
  Gall bladder polyp 3 (6%) 8 (15%)
  Gall bladder empyema 4 (8%) 6 (11%)
Operation time (min) 35.9 ±  14.4 36.3 ±  14.7 0.867
Anesthesia time (min) 57.1 ±  15.6 58.8 ±  15.1 0.579
Intraoperative remifentanil (ml) 7.6 ±  3.4 7.5 ±  3.2 0.937
PACU fentanyl (μg) 93.5 ±  28.9 84.7 ±  30.2 0.138
Values are presented as number (%) or mean ± SD. Group S: sugammadex group, Group P: pyridostigmine group. Student’s t-tests were 
performed, with values presented as mean ± SD. Chi-squared and Fisher’s exact tests were performed for sex and diagnosis, with values presented 
as number (%). ASA: American Society of Anesthesiologists physical status classification.

Table 2. Comparison of Outcomes

Group S (n =  49) Group P (n =  53) P value
Gas-out time (h) 15.03 (16.34–25.86) 20.85 (6.36–20.25) 0.001
Defecation (yes/no) 28 (57%)/21 (43%) 28 (53%)/25 (47%) 0.694
Defecation time (h) 38 (25.07–64.74) 47.26 (38.72–68.54) 0.087
Stool type according to Bristol stool chart 0.746
  Type 1 1 2
  Type 2 3 1
  Type 3 2 6
  Type 4 9 7
  Type 5 4 4
  Type 6 7 6
  Type 7 2 2

Values are presented as median (interquartile range) or number (%). Group S: sugammadex group, Group P: pyridostigmine group. Statistical 
analyses were performed using the chi-squared and Fisher’s exact tests.

141https://doi.org/10.4097/kja.19360

Korean J Anesthesiol 2020;73(2):137-144



showed no significant differences between the groups (Table 2). 
Differences in the incidence of adverse effects, namely nausea and 
vomiting, were also not significant. Dry mouth, on the contrary, 
was experienced by five patients in Group S, whereas 17 patients 
in Group P reported experiencing the same. This difference was 
found to be significant (Table 3). 

Discussion 

The findings of this study showed that sugammadex, used as a 
reversal agent in postoperative patients who underwent surgery 
under GA, resulted in a quicker recovery of patients’ GI motility 
compared to a pyridostigmine-glycopyrrolate mixture. 

This result differs from previous studies. Sen et al. [18] were ex-
pected to improve bowel movements in patients undergoing thy-
roidectomy due to neostigmine. There was no difference in gas-
out times between the sugammadex and neostigmine groups be-
cause of increased gastric emptying due to the affinity of steroid 
hormones for sugammadex. However, our study was based on the 
hypothesis that glycopyrrolate would predominate in terms of the 
effect on bowel movement when glycopyrrolate and pyridostig-
mine are injected simultaneously. The opposite action of pyr-
idostigmine and glycopyrrolate may not be completely offset due 
to the difference in onset time and duration. Therefore, the use of 
sugammadex, which does not affect bowel movements, may have 
a positive effect on postoperative bowel movements compared to 
pyridostigmin/glycopyrrolate. 

This finding is based on patients’ reports of their first postoper-
ative passage of flatus. The finding can also be interpreted to rep-
resent a more natural postoperative recovery of GI motility, since 
the use of sugammadex does not affect patients’ bowel movements 
or peristalsis. However, we need to consider the conflicting effects 
on intestinal motility of the pyridostigmine-glycopyrrolate combi-
nation. In this regard, we may assume that the anticholinergic ef-
fects of glycopyrrolate on bowel movements can overcome the 
cholinergic side effects of pyridostigmine. One study has reported 
that neostigmine can promote GI motility in cases of postopera-
tive ileus [19]. 

Another study found that AChEIs such as neostigmine and 

pyridostigmine are effective for acute colonic pseudo-obstruction 
and not ileus induced by mechanical bowel obstruction [20]. Both 
these studies indicate that AChEIs can increase bowel motility. 
Additionally, we found a previous study reporting that the con-
current use of neostigmine and atropine increased GI motility; 
however, the study design did not compare the drug mixture with 
any other agents. Furthermore, that study only investigated the 
impact on bowel movements based on the timing of atropine ad-
ministration before neostigmine injection [21]. 

We acknowledge the slight differences between the published 
studies that we examined for our study. The duration of action as-
sociated with glycopyrrolate is 2–4 h, and that associated with 
pyridostigmine is longer than 2 h, which may lead to anticholin-
ergic effects on bowel movements [22]. A number of previous 
studies have confirmed that the use of sugammadex for the rever-
sal of NMB agents can lead to fewer incidents of respiratory com-
plications, residual neuromuscular block, and PONV compared 
with the use of AChEIs [5,6]. The relevant literature also lists the 
advantages of the drug in terms of recovery of the cardiovascular 
system, urinary system, and other systems [23,24]. 

Based on the above findings, we may expect that sugammadex 
will have positive effects on the recovery of GI motility when used 
as an NMB reversal agent for patients who underwent surgery 
under GA and can help to decrease postoperative ileus. For pre-
vention of postoperative ileus, a variety of approaches have been 
explored: gum chewing to induce a stimulatory effect; early mobi-
lization that can reduce insulin resistance and have stimulatory 
effects; laparoscopic surgery that minimizes tissue trauma and 
bowel handling to reduce inflammatory reactions; use of non-ste-
roidal anti-inflammatory drugs to reduce inflammatory reactions 
and opioid sparing; and early enteral nutrition and other similar 
regimens. Still, further benefits may be obtained with the use of 
comprehensive, multi-faceted approaches [10]. The use of sugam-
madex can be one such approach. Sugammadex is believed to en-
able faster postoperative nutrition and decrease GI complications 
such as constipation and postoperative ileus. These effects lead to 
reduced length of stay (LOS), which in turn contributes to ERAS® 
[25]. 

Notably, we did not find any significant inter-group differences 

Table 3. Incidence of Adverse Effects

Adverse effect Group S (n =  49) Group P (n =  53) P value
Nausea 8 (16%) 8 (15%) 1.000
Vomiting 4 (8%) 3 (6%) 0.708
Dry mouth 5 (8%) 17 (32%) 0.008
Values are presented as number (%). Group S: sugammadex group, Group P: pyridostigmine group. Statistical analyses were performed using the 
chi-squared and Fisher’s exact tests.
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in terms of time elapsed until the first defecation reported by the 
patients. This is considered to be the limitation of our study due 
to the small number of samples. We attribute this lack of signifi-
cant differences to the data loss caused by a relatively shorter LOS 
associated with laparoscopic cholecystectomy; a large number of 
patients left the hospital without reporting the first postoperative 
defecation within the LOS. This lost data resulted in a smaller sam-
ple size (n =  56) (Table 2). With a longer LOS and/or post-dis-
charge phone interviews, we might have secured sufficient data on 
defecation times, which may have yielded statistically significant 
results. Inclusion of a larger sample of patients who remain com-
mitted to study participation until the time of their first postoper-
ative defecation might have led to a significant difference in the 
types of stools. 

Neostigmine (AChEIs) is known to increase the incidence of 
nausea and vomiting. However, its concurrent use with atropine or 
glycopyrrolate does not increase this incidence [26]. Controversial 
findings have been reported indicating that AChEIs can increase 
the risks of nausea and vomiting [27]. As indicated in the above re-
search findings, differences in the incidence of nausea and vomit-
ing were not statistically significant. Considering that the primary 
outcome of the study was not PONV, other risk factors (e.g., sex, 
smoking, and history of PONV) that could have been induced 
were not controlled by the study design. Hence, we see some diffi-
culty in acknowledging the accuracy of the findings. Glycopyrro-
late is associated with potent inhibition of salivary gland and respi-
ratory secretions [28]. A significant difference in terms of dry 
mouth incidence was found in the pyridostigmine group. 

The type of surgery targeted may also be a limitation of this 
study. Laparoscopic cholecystectomy, the focus of our study, in-
volves less handling of the bowel and has fewer effects on bowel 
movements. Future studies should investigate other types of pro-
cedures, such as gastrointestinal surgery and colorectal surgery, 
which directly influence bowel movements due to the bowel han-
dling and anastomosis involved. Using these surgical procedures, 
clearer outcomes may emerge in the recovery of GI motility in pa-
tients who undergo surgery under GA and are administered with 
the two reversal agents [29,30]. 

Furthermore, measuring gastrointestinal transit time by using a 
scintigraphic method with radioisotopes attached to drugs will 
likely enable a more accurate comparison of sugammadex against 
conventional reversal agents. 

In conclusion, for patients undergoing laparoscopic cholecystec-
tomy surgery under GA, the use of sugammadex as an NMB re-
versal agent resulted in an earlier first postoperative passage of fla-
tus compared with the use of a mixture of pyridostigmine and gly-

copyrrolate. These findings suggest that the use of sugammadex 
has positive effects on the recovery of postoperative GI motility. 
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