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Abstract
Background: Catheter-related bladder discomfort (CRBD) is one of the most common postoperative
symptoms. Although sugammadex and glycopyrrolate–neostigmine mixture are both used for the reversal of
neuromuscular blockade, their effects on CRBD have not been compared side-to-side. We investigated the
effect of the neuromuscular blockade reversal agents on CRBD after urologic surgery.

Methods: We retrospectively reviewed the medical records of 136 patients who underwent retrograde
intrarenal surgery between July 2018 and January 2019. Patients were divided into the S group
(sugammadex; n = 65) and the G group (glycopyrrolate–neostigmine mixture; n = 71). Primary outcome was
moderate-to-severe CRBD at 0 h postoperatively. We also evaluated moderate-to-severe CRBD at 1, 2, and 6 h
postoperatively, duration of postanesthetic care unit (PACU) stay, postoperative pain, postoperative analgesic
requirement, and drug-related side effects.

Results: The incidence of moderate-to-severe CRBD at 0 h postoperatively was signi�cantly lower in the G
group than in the S group (39.4% vs. 69.2%, p = 0.001). The two groups did not show signi�cant differences in
the incidences of moderate-to-severe CRBD at 1, 2, and 6 h postoperatively, postoperative pain, and
postoperative analgesic requirement. The duration of PACU stay was signi�cantly shorter in the G group (46.0
min vs. 53.0 min, p = 0.047). Except for dry mouth, drug-related side effects did not show signi�cant
differences between the two groups.

Conclusion: Compared with sugammadex, glycopyrrolate–neostigmine mixture was associated with a lower
incidence of CRBD immediately after urologic surgery and shorter PACU stay.

Introduction
Retrograde intrarenal surgery (RIRS) is considered a �rst-line treatment option for the removal of intrarenal
stones [1]. Urinary catheterization is generally performed at the end of RIRS to facilitate urination and assess
hematuria in patients undergoing this surgery [2]. Catheter-related bladder discomfort (CRBD) is characterized
by elevated symptoms of urinary frequency and urgency as well as suprapubic area discomfort caused by the
urinary catheter [3–5]. Moderate-to-severe CRBD can be extremely distressing to the patient and may cause
reduced quality of postoperative care at the postanesthetic care unit (PACU) and necessitate additional
therapy for CRBD [6, 7].

The glycopyrrolate–neostigmine mixture is commonly used for reversal of nondepolarizing neuromuscular
blockade at the end of surgery under general anesthesia. Glycopyrrolate—an adjuvant of neostigmine—has an
antimuscarinic effect and has been reported to be effective in preventing CRBD [8]. However, traditional
reversal agents, such as the glycopyrrolate–neostigmine mixture, have signi�cant limitations, including
indirect mechanisms of reversal of neuromuscular blockade and limited and unpredictable e�cacy [9].

Sugammadex—a modi�ed gamma-cyclodextrin that encapsulates and inactivates unbound aminosteroid
neuromuscular blocking drugs—has been reported to be superior to traditional reversal agents [9, 10]. Because
of clinical bene�ts, including fast and predictable reversal of any degree of block, increased patient safety, and
reduced incidence of residual block on recovery, sugammadex is emerging as a more favorable option over
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traditional reversal agents of neuromuscular blockade [9, 11–13]. However, to the best of our knowledge, the
effect of sugammadex on CRBD has not yet been investigated.

This study was designed to compare the effect of sugammadex versus glycopyrrolate–neostigmine mixture
on CRBD in patients undergoing RIRS. We hypothesized that compared to sugammadex, glycopyrrolate–
neostigmine mixture could signi�cantly reduce the incidence of moderate-to-severe CRBD.

Materials And Methods

Study Design and Population
This study was approved by the Institutional Review Board of Asan Medical Center (No. 2019 − 0257). This
retrospective study included 20- to 90-year-old patients with American Society of Anesthesiologists (ASA)
physical status class I–III who underwent elective RIRS for renal stones under general anesthesia between
July 2018 and January 2019. If the patient received repeated RIRS during the study period, data from only the
�rst RIRS were included in this study. The preoperative, intraoperative, and postoperative data were collected
from a retrospective review of the Asan Medical Center Information System Electronic Medical Records.
Patients with incomplete data, preoperative urinary catheter insertion, and failed surgery for stone removal
were excluded. The requirement for written informed consent was waived by the Institutional Review Board
owing to the retrospective study design. This study was carried out in accordance with the STROBE
(Strengthening the Reporting of Observational Studies in Epidemiology) checklist [14].

Anesthetic and Surgical Techniques
General anesthesia was performed according to the standardized clinical protocol of our institution. No
premedication was administered before anesthesia. Noninvasive blood pressure or invasive intraarterial blood
pressure, pulse oximetry, three-lead electrocardiography, esophageal temperature, capnography, train-of-four
(TOF) stimulation, and the bispectral index (BIS) were applied to all patients. TOF monitoring was carried out
at the adductor pollicis muscle in response to ulnar nerve stimulation. General anesthesia was induced using
propofol (2 mg/kg) and rocuronium bromide (0.6 mg/kg). After the patient was unconscious, endotracheal
intubation was performed when the twitch in response to TOF stimulation was absent. Anesthesia was
maintained using sevo�urane in a 50% oxygen–nitrous oxide mixture. The end-tidal concentration of
sevo�urane was adjusted to maintain a target BIS value of 40–60 and a systolic blood pressure within ± 20%
of the baseline level. The esophageal temperature was maintained at 36 °C–37 °C via forced air-warming.
Corresponding to the TOF count, either sugammadex (2 mg/kg; S group) or glycopyrrolate (8 µg/kg) with
neostigmine (40 µg/kg; G group) was administered to reverse the neuromuscular blockade at the end of
surgery. If the TOF count was 2 or 3, sugammadex was administered, and if the TOF count was ≥ 4 at the end
of surgery, the glycopyrrolate–neostigmine mixture was administered. Extubation was performed after the
patient responded to all commands (BIS ≥ 90) and recovered from neuromuscular blockade (TOF ratio ≥ 
90%). All patients were transferred to the PACU after recovering consciousness.

In the PACU, when the patient complained of moderate-to-severe CRBD, tramadol (50 mg) was administered as
rescue therapy. When postoperative pain was ≥ 4 on a numeric rating scale (NRS) without CRBD symptoms,
such as urgency or suprapubic discomfort, fentanyl (50 µg) was administered as rescue therapy. For patients
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complaining of both moderate-to-severe CRBD and postoperative pain (NRS ≥ 4), we assessed the main chief
complaint and treated the patients using either tramadol or fentanyl. All patients were reassessed the CRBD
severity and/or postoperative pain every 10 min until the symptoms subsided after rescue therapy at the
PACU. Patients were discharged from the PACU if the postanesthetic recovery score was ≥ 8, NRS was < 4,
CRBD was absent or mild, and symptoms of nausea/vomiting were tolerable [15]. After PACU discharge,
ketorolac (30 mg) was administered to treat moderate-to-severe CRBD or postoperative pain (NRS ≥ 4) in the
general ward. If patients had contraindications to nonsteroidal anti-in�ammatory drugs (NSAIDs) or if the
severity of CRBD and postoperative pain was not reduced, tramadol (50 mg) or pethidine (25 mg) was
administered.

RIRS was performed with the patient in the lithotomy position on an endourological table and under C-arm
�uoroscopy control. A safety hydrophilic guide wire was placed into the renal pelvis via semirigid or �exible
ureteroscopy. Retrograde pyelography via �uoroscopy with a contrast dye was performed to examine the size
and location of the stone. After the distal end of the scope was placed in the renal pelvis, a holmium laser and
nitinol basket were used for stone fragmentation and retrieval. A double-J stent was routinely placed in all
patients at the end of surgery. After the completion of surgery, a 14-Fr urinary catheter was inserted after
lubricating it with 2% lidocaine gel, and the balloon was in�ated using 5 mL of distilled water. The urinary
catheter was �xed in the suprapubic area by using adhesive tape.

Measurement and De�nitions of Variables
Preoperative variables, such as age, sex, body mass index, smoking, ASA physical status, comorbidities
(hypertension, diabetes mellitus, chronic obstructive pulmonary disease, coronary artery disease,
cerebrovascular disease, chronic kidney disease, and benign prostate hyperplasia), and urine culture results,
were extracted from the electronic medical records. Smoking was de�ned as the use of cigarettes at least
once in the 8 weeks before surgery. Hypertension was de�ned as a systolic arterial blood pressure > 140 mm
Hg and diastolic arterial blood pressure > 90 mm Hg, and/or the use of antihypertensive drugs. Diabetes
mellitus was de�ned as a history of type 1 or type 2 diabetes mellitus treated using either oral hypoglycemic
drugs or insulin. Chronic obstructive pulmonary disease was de�ned as a self-reported history of diagnosis
and/or use of medication. Coronary artery disease was de�ned as a history of angina, myocardial infarction,
percutaneous coronary intervention, or coronary artery bypass graft surgery. Cerebrovascular disease was
de�ned as a history of stroke, cerebral hemorrhage, or carotid artery stent or angioplasty. Chronic kidney
disease was de�ned as a history of diagnosis, regardless of medical treatment. Benign prostate hyperplasia
was de�ned as a self-reported history of diagnosis and/or use of medication. A positive preoperative urine
culture was de�ned as ≥ 100,000 colony-forming unit/mL of a pathogenic organism within 30 days before
surgery.

Intraoperative variables, such as duration of anesthesia, duration of surgery, stone characteristics (largest size,
number, location, type, and composition), and time to extubation, were also collected. Largest stone size was
evaluated using the maximum length of the largest stone viewed via kidney–ureter–bladder radiography or
nonenhanced computerized tomography. Stone number was categorized as single or multiple. Stone location
was categorized as pelvis, upper calyx, middle calyx, lower calyx, and multiple locations. Stone type was
categorized as staghorn or nonstaghorn. Stone composition was categorized into calcium oxalate
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monohydrate, uric acid, mixed, and others (carbonate apatite, cystine, and protein). Time to extubation was
de�ned as the time from the administration of the reversal agent to tracheal extubation.

Primary and Secondary Outcomes
The primary outcome was the incidence of moderate-to-severe CRBD at 0 h postoperatively (on admission to
the PACU). The secondary outcomes were the incidences of moderate-to-severe CRBD at 1, 2, and 6 h
postoperatively and the duration of PACU stay. Other outcomes included postoperative pain at 0, 1, 2, and 6 h,
analgesic requirement during 24 h postoperatively, and postoperative drug-related side effects within 6 h.

According to previous reports, the evaluation of postoperative CRBD is one of the important factors for the
management of patients after urologic surgery [5, 7, 16, 17]. Therefore, at our institution, the severity of CRBD
in patients who underwent urologic surgery was routinely assessed at 0, 1, 2, and 6 h postoperatively by
anesthesiologists or registered nurses at the PACU and general ward. Postoperative CRBD was recorded as
follows: none, did not complain of any CRBD even upon asking; mild, revealed only upon questioning;
moderate, reported without questioning but was not accompanied by any behavioral response; and severe,
stated on their own and followed by behavioral responses, such as a strong verbal response, �ailing limbs,
and even attempting to pull out the urinary catheter [5, 7, 16, 17].

The duration of PACU stay was de�ned as the duration from admission to discharge from the PACU.
Postoperative pain was de�ned as a sharp or dull pain in the �ank area and was assessed using a NRS (0 = no
pain to 10 = worst imaginable pain). Doses of all opioids and NSAIDs administered to patients during the 24 h
postoperatively were converted to intravenous morphine equianalgesic doses according to published
conversion factors (intravenous morphine 10 mg = tramadol 100 mg = fentanyl 100 µg = ketorolac 30 mg = 
pethidine 100 mg) [18, 19]. Postoperative drug-related side effects (nausea/vomiting, dry mouth, dizziness,
headache, shivering, and fever) were also assessed.

Statistical Analysis
Continuous data were estimated as mean ± standard deviation for normally distributed data or as median
(interquartile range) for nonnormally distributed data. Categorical variables were expressed as number
(percentage) or odds ratio (OR) and 95% con�dence interval (95% CI). Normal distribution of data was
assessed using the Kolmogorov–Smirnov test. Differences between groups were assessed using Fisher’s
exact test or the χ2 test for categorical variables and using Student’s t-test for continuous data, such as body
mass index, with normal distribution. For nonnormally distributed data, such as age, duration of anesthesia,
duration of surgery, largest stone size, time to extubation, duration of PACU stay, and analgesic requirement,
the Mann–Whitney U test was used.

The primary outcome, i.e., the incidence of moderate-to-severe CRBD at 0 h postoperatively (on admission to
the PACU), was compared using the χ2 test. Incidences of CRBD or moderate-to-severe CRBD between the two
groups at 1, 2, and 6 h postoperatively were compared using the χ2 test or Fisher’s exact test, as appropriate.
Postoperative NRS scores of both the groups at each time were compared using a two-way repeated-
measures analysis of variance. A p value < 0.05 was considered signi�cant. Data were analyzed using
MedCalc version 19.1 (MedCalc Software, Ostend, Belgium), and IBM SPSS Statistics for Windows, Version
24.0 (IBM Corp., Armonk, NY, USA).
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Previous studies reported that the incidences of moderate-to-severe CRBD at 0 h postoperatively varied among
patients who underwent urologic surgery and received glycopyrrolate as an adjuvant of neostigmine for the
reversal of neuromuscular blockade [5, 7, 8, 16, 17, 20]. However, the incidences of moderate-to-severe CRBD
at 0 h postoperatively were not reported in patients who underwent urologic surgery and received
sugammadex. To calculate the sample size for this study, the incidence of moderate-to-severe CRBD in
patients who received the glycopyrrolate–neostigmine mixture was considered as 41%—the average incidence
obtained from previous studies [5, 7, 8, 16, 17, 20]. Moreover, we considered a difference of 30% in the
incidence of moderate-to-severe CRBD (i.e., 41% vs. 71%) between the glycopyrrolate–neostigmine mixture
and sugammadex. Therefore, we assumed that at least 61 patients would be necessary in each group to have
a power of 90%.

Results
Of the 198 patients who underwent RIRS for renal stones during the study period, 62 were excluded because
of incomplete data (n = 59), preoperative urinary catheter insertion (n = 2), and failed stone removal (n = 1).
Therefore, 136 patients were analyzed. The S group comprised 65 (47.8%) patients and the G group
comprised 71 (52.2%) patients (Fig. 1). The preoperative and intraoperative characteristics of the two groups
are shown in Tables 1 and 2. The preoperative and intraoperative characteristics, except the time to
extubation, were not signi�cantly different between the two groups.
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Table 1
Preoperative characteristics

  S group (n = 65) G group (n = 71) p-value

Age, yrs 61.0 (56.0–70.0) 60.0 (48.0–66.0) 0.221

Sex
Male
Female

45 (69.2)
20 (30.8)

43 (60.6)
28 (39.4)

0.291

Body mass index, kg/m2 25.1 ± 2.9 24.6 ± 2.7 0.262

Smoking 13 (20.0) 18 (25.4) 0.457

ASA physical status
Class I
Class II
Class III

15 (23.1)
45 (69.2)
5 (7.7)

18 (25.4)
48 (67.6)
5 (7.0)

0.949

Hypertension 32 (49.2) 30 (42.3) 0.414

Diabetes mellitus 22 (33.8) 18 (25.4) 0.278

Chronic obstructive pulmonary disease 1 (1.5) 1 (1.4) > 0.999

Coronary artery disease 2 (3.1) 2 (2.8) > 0.999

Cerebrovascular disease 1 (1.5) 1 (1.4) > 0.999

Chronic kidney disease 4 (6.2) 5 (7.0) > 0.999

Benign prostate hyperplasia 5 (7.7) 2 (2.8) 0.258

Positive urine culture 5 (7.7) 5 (7.0) > 0.999

Data are expressed as mean ± standard deviation, median (interquartile range), or number (%). S group
comprised patients who received sugammadex for reversal of neuromuscular blockade. G group
comprised patients who received glycopyrrolate-neostigmine mixture for reversal of neuromuscular
blockade. ASA, American Society of Anesthesiologists.
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Table 2
Intraoperative characteristics

  S group (n = 65) G group (n = 71) p-value

Duration of anesthesia, min 90.0 (70.0–110.0) 90.0 (70.0–110.0) 0.734

Duration of surgery, min 60.0 (46.0–84.0) 62.0 (42.0–77.5) 0.450

Largest stone size, mm 15.0 (10.0–20.0) 15.0 (10.0–20.0) 0.812

Stone number
Single
Multiple

18 (27.7)
47 (72.3)

24 (33.8)
47 (66.2)

0.441

Stone location
Pelvis
Upper calyx
Middle calyx
Lower calyx
Multiple

12 (18.5)
2 (3.1)
0
10 (15.4)
41 (63.1)

11 (15.5)
4 (5.6)
2 (2.8)
15 (21.1)
39 (54.9)

0.563

Stone type
Staghorn
Nonstaghorn

6 (9.2)
59 (90.8)

12 (16.9)
59 (83.1)

0.187

Stone composition
Calcium oxalate monohydrate
Uric acid
Mixed
Others *

15 (23.1)
17 (26.2)
31 (47.7)
2 (3.0)

17 (23.9)
11 (15.5)
37 (52.1)
6 (8.4)

0.481

Time to extubation, min 5.0 (3.0–6.0) 6.0 (4.0–9.0) 0.008

Data are expressed as median (interquartile range) or number (%). The S group comprises patients who
received sugammadex for the reversal of neuromuscular blockade. The G group comprises patients who
received the glycopyrrolate–neostigmine mixture for the reversal of neuromuscular blockade. *Others
included carbonate apatite, cysteine, and protein.

The incidence of moderate-to-severe CRBD at 0 h postoperatively was signi�cantly lower in the G group than
in the S group (39.4% vs. 69.2%, OR: 0.289, 95% CI: 0.142–0.589, p = 0.001) (Fig. 2). The incidences of
moderate-to-severe CRBD at 1, 2, and 6 h postoperatively did not differ signi�cantly between the S group and
G group (1 h: 24.6% vs. 12.7%, p = 0.073; 2 h: 3.1% vs. 1.4%, p = 0.606; 6 h: 1.5% vs. 0.0%, p = 0.478) (Fig. 2).
The incidences of CRBD at 0 and 1 h postoperatively were signi�cantly lower in the G group than in the S
group (Table 3). At 2 and 6 h postoperatively, the incidences of CRBD were not signi�cantly different between
the two groups (Table 3).
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Table 3
Incidence and severity of CRBD in patients who underwent retrograde intrarenal surgery

      Postoperative time, h

      0   1   2   6

Group     S
group

G
group

  S
group

G
group

  S
group

G
group

  S
group

G
group

Incidence
of CRBD

    58
(89.2)

54
(76.1)*

  64
(98.5)

63
(88.7)*

  55
(84.6)

58
(81.7)

  48
(73.8)

44
(62.0)

Severity
of CRBD
Mild
Moderate
Severe

    13
(20.0)
36
(55.4)
9
(13.8)

26
(36.6)*
20
(28.2)*
8
(11.3)

  48
(73.8)
16
(24.6)
0
(0.0)

54
(76.1)
9
(12.7)
0 (0.0)

  53
(81.5)
2
(3.1)
0
(0.0)

57
(80.3)
1
(1.4)
0
(0.0)

  47
(72.3)
1
(1.5)
0
(0.0)

44
(62.0)
0
(0.0)
0
(0.0)

Data are expressed as number (%). The S group comprises patients who received sugammadex for the
reversal of neuromuscular blockade. The G group comprises patients who received the glycopyrrolate–
neostigmine mixture for the reversal of neuromuscular blockade. CRBD, catheter-related bladder
discomfort; 0 h postoperatively, on admission to the postanesthetic care unit. Data are compared using the
χ2 test or Fisher’s exact test. *p < 0.05 versus the G group.

Our study had a statistical power of 94.5% for detecting a difference in the incidence of moderate-to-severe
CRBD at 0 h postoperatively between the glycopyrrolate–neostigmine mixture and sugammadex. Therefore,
our study is considered to have su�cient statistical power.

The median duration of PACU stay was signi�cantly shorter in the G group than in the S group (46.0 min
[40.0–62.0] vs. 53.0 min [41.0–70.0], p = 0.047) (Fig. 3).

Postoperative pain at 0, 1, 2, and 6 h was not signi�cantly different between the two groups (Table 4).
Tramadol requirement at 0 h postoperatively was signi�cantly lower in the G group than in the S group
(0.0 mg [0.0–50.0] vs. 50.0 mg [0.0–50.0], p = 0.003). Analgesic requirement during 24 h postoperatively was
not signi�cantly different between the two groups (15.0 mg [10.0–20.0] vs. 15.0 mg [5.0–20.0], p = 0.642). The
incidence of dry mouth was signi�cantly higher in the G group than in the S group (12.7% vs. 1.5%, p = 0.018).
However, the incidences of nausea/vomiting, dizziness, headache, shivering, and fever within 6 h
postoperatively were comparable between the two groups (Table 5)
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Table 4
Comparison of postoperative pain in patients who underwent retrograde intrarenal surgery

  Numeric rating scale  

S group (n = 65) G group (n = 71) p-value

Postoperative time, hrs     0.814

0 0.0 (0.0–0.0) 0.0 (0.0–2.0)  

1 0.0 (0.0–2.0) 0.0 (0.0–2.0)  

2 0.0 (0.0–2.0) 0.0 (0.0–2.0)  

6 0.0 (0.0–0.0) 0.0 (0.0–1.0)  

Data are expressed as median (interquartile range). The S group comprises patients who received
sugammadex for the reversal of neuromuscular blockade. The G group comprises patients who received
the glycopyrrolate–neostigmine mixture for the reversal of neuromuscular blockade. 0 h postoperatively,
on admission to the postanesthetic care unit. Data are compared using a two-way repeated-measures
analysis of variance.

Table 5
Drug-related side effects in patients underwent retrograde intrarenal surgery

  S group (n = 65) G group (n = 71) p-value

Nausea/vomiting 3 (4.6) 3 (4.2) >0.999

Dry mouth 1 (1.5) 9 (12.7) 0.018

Dizziness 0 (0.0) 1 (1.4) > 0.999

Headache 0 (0.0) 1 (1.4) > 0.999

Shivering 0 (0.0) 1 (1.4) > 0.999

Fever 1 (1.5) 4 (5.6) 0.368

Data are expressed as number (%). The S group comprises patients who received sugammadex for the
reversal of neuromuscular blockade. The G group comprises patients who received the glycopyrrolate–
neostigmine mixture for the reversal of neuromuscular blockade. Data are compared using Fisher’s exact
test.

Discussion
In the present study, we evaluated the effect of sugammadex versus glycopyrrolate–neostigmine mixture on
postoperative CRBD in patients who underwent RIRS. We found that the incidence of moderate-to-severe
CRBD after RIRS was signi�cantly lower with the glycopyrrolate–neostigmine mixture administration than
with sugammadex administration. However, the bene�cial effect of glycopyrrolate–neostigmine mixture on
moderate-to-severe CRBD was limited to only 0 h postoperatively after RIRS. Nevertheless, the duration of
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PACU stay was signi�cantly shorter with the glycopyrrolate–neostigmine mixture administration than with
sugammadex administration.

RIRS is a safe and effective procedure that has gained worldwide popularity owing to its minimal
invasiveness in the management of renal stones [1]. RIRS is associated with lower blood loss, postoperative
pain, complication rate, and hospital stay duration than is percutaneous nephrolithotomy, and provides higher
stone-free rate than does extracorporeal shock wave lithotripsy [21, 22]. Moreover, RIRS is being considered
the standard therapy for renal stones < 2 cm and can be used as a valid treatment for renal stones > 2 cm in
patients with severe comorbidities [21, 23].

Stimulation of muscarinic receptors on the urinary bladder, which is induced by acetylcholine released from
activated cholinergic nerves, results in the voluntary and involuntary contractions of the detrusor muscle [24].
The symptoms of CRBD are due to involuntary contractions of the bladder owing to irritation by the urinary
catheter, and are mediated by the activation of muscarinic receptors, especially receptor types 2 and 3 [5, 16,
25–27]. CRBD is a symptom frequently complained about during the postoperative period by patients with a
urinary catheter. However, postoperative CRBD tends to be considered an unimportant concern among
physicians. Importantly, CRBD is a known risk factor of emergence agitation in the PACU, and 47–90% of
patients complain of CRBD during the postoperative period [28]. In particular, moderate-to-severe CRBD, which
may need urgent management, occurs in 50–67% of patients at the PACU after undergoing urologic surgery [3,
4]. Moreover, the incidence of postoperative complications, such as surgical wound dehiscence, postoperative
bleeding, or increased severity of coronary artery disease, may increase because of the symptoms of CRBD,
which may consequently prolong hospital stay [27]. Therefore, active management, including the use of drugs
for preventing CRBD, is needed in clinical practice.

We found that the incidence of moderate-to-severe CRBD was lower with the glycopyrrolate–neostigmine
mixture administration than with sugammadex administration. Muscarinic antagonists are able to inhibit
detrusor overactivity; therefore, previous studies have reported that various agents with antimuscarinic
properties, such as glycopyrrolate, butylscopolamine, solifenacin, ketamine, tramadol, and dexmedetomidine,
are effective in the prevention and treatment of CRBD [7, 8, 16, 24, 27, 29–32]. Unlike glycopyrrolate,
sugammadex has no effect on anticholinesterases [33]. This could explain the result of our study wherein the
incidence of moderate-to-severe CRBD was higher with sugammadex administration than with the
glycopyrrolate–neostigmine mixture administration.

Our study also showed that the incidence of moderate-to-severe CRBD with the glycopyrrolate–neostigmine
mixture administration was 39.4%, which was lower than that reported by Agarwal et al. (100% and 63%) [16,
17]. This difference in incidence may be explained in part by the sex ratio and anesthetic agent used. Male sex
is a known risk factor for moderate-to-severe CRBD [34]. In addition, the incidence of CRBD was lower with
sevo�urane than with propofol as a maintenance agent of general anesthesia [20]. The proportion of male
patients in our study was lower than that in previous studies (60.6% vs. 96% and 87%) [16, 17]. Furthermore, in
our study, sevo�urane was used to maintain anesthesia, whereas propofol was infused in previous studies
[16, 17].
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We also found that the effect of the glycopyrrolate–neostigmine mixture on moderate-to-severe CRBD was
limited to only 0 h postoperatively. The elimination half time of glycopyrrolate is 0.8 ± 0.3 h;[35] this may
explain why the incidence of moderate-to-severe CRBD signi�cantly differs between the two groups at only 0 h
postoperatively.

Compared to traditional reversal agents, sugammadex has a different mechanism of action to reverse
neuromuscular blockade [36]. While traditional reversal agents act by increasing acetylcholine, sugammadex
forms a complex with rocuronium, thereby removing the neuromuscular blocking agents from the
neuromuscular junction [36]. Therefore, sugammadex has less cholinergic and anticholinergic effects, unlike
traditional reversal agents [33]. Furthermore, because of its different mechanism of action, sugammadex is
associated with less respiratory and cardiovascular adverse events than are traditional reversal agents [36].
Thus, sugammadex is being reported to be superior to traditional reversal agents for the reversal of
neuromuscular blockade [9, 12, 36]. Nevertheless, sugammadex was ineffective in CRBD in this study. In
addition, the high cost of sugammadex restricts its widespread use as an alternative to the glycopyrrolate–
neostigmine mixture [37, 38]. Therefore, reversal agents for neuromuscular blockade should be carefully
determined considering their effect on postoperative CRBD, especially in patients with risk factors of CRBD
[27, 34].

In the present study, we found that the duration of PACU stay was shorter with the glycopyrrolate–neostigmine
mixture administration than with sugammadex administration. The reduced PACU stay with the
glycopyrrolate–neostigmine mixture administration, rather than with sugammadex administration, is at least
partly related to the lower incidence of moderate-to-severe CRBD at 0 h postoperatively. A previous study
reported that the reduction of CRBD severity results in decreased duration of PACU stay in patients who
underwent transurethral resection of the prostate [39]. Furthermore, Geldner et al. argued that the duration of
PACU stay could be affected by other factors, such as postoperative pain, even if sugammadex administration
reduced the time to extubation [40]. Therefore, administering the glycopyrrolate–neostigmine mixture may be
advantageous in preventing moderate-to-severe CRBD, which results in delayed PACU discharge.

Our study has several limitations. First, this study was retrospective. However, as anesthesia and surgery were
performed using our institution’s standardized protocol, we consider that the biases affecting the results of the
study were minimized. Second, the severity of CRBD was not assessed and recorded by one investigator.
Nevertheless, the grade of CRBD was evaluated according to the standard criteria of CRBD grade by a
clinically experienced anesthesiologist or registered nurses who were well-informed about CRBD. Despite these
limitations, the strength of our study is that to our knowledge, it is the �rst one to investigate the effect of
sugammadex versus glycopyrrolate–neostigmine mixture on CRBD.

Conclusions
This study demonstrated that the glycopyrrolate–neostigmine mixture administration, rather than
sugammadex administration, reduced the incidence of moderate-to-severe CRBD at 0 h postoperatively in
patients who underwent RIRS, thereby reducing the duration of PACU stay. Our result suggests that the
glycopyrrolate–neostigmine mixture has an advantage over sugammadex as a reversal agent of
neuromuscular blockade with respect to CRBD, which causes delayed PACU discharge. Therefore, our �ndings
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provide valuable information about the effect of reversal agents for neuromuscular blockade on CRBD in
patients undergoing RIRS.
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Figure 1

Flowchart showing the selection of study participants. The S group comprises patients who received
sugammadex for the reversal of neuromuscular blockade. The G group comprises patients who received the
glycopyrrolate–neostigmine mixture for the reversal of neuromuscular blockade.
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Figure 2

Comparison of the incidences of moderate-to-severe CRBD between the two groups at 0 (on admission to the
postanesthetic care unit), 1, 2, and 6 h postoperatively. The S group comprises patients who received
sugammadex for the reversal of neuromuscular blockade. The G group comprises patients who received the
glycopyrrolate–neostigmine mixture for the reversal of neuromuscular blockade. CRBD, catheter-related
bladder discomfort. Data are analyzed using the χ2 test or Fisher’s exact test.
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Figure 3

Comparison of the duration of PACU stay between the S group and G group. The S group comprises patients
who received sugammadex for the reversal of neuromuscular blockade. The G group comprises patients who
received the glycopyrrolate–neostigmine mixture for the reversal of neuromuscular blockade. PACU,
postanesthetic care unit. The horizontal line in the rectangle shows the median values. The upper and lower
lines of the box indicate the third quartile and �rst quartile, respectively. The whiskers above and below the
box represent the maximum and minimum values, respectively. The scattered dots indicate the raw data. Data
are analyzed using the Mann–Whitney U test.


