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Abstract
Purpose The NMOC-3WAY  catheter® is a novel urinary catheter for men that can be used to inject a local anesthetic into 
the urethra. We sought to assess whether the injection of a local anesthetic into the urethra via the NMOC-3WAY  catheter® 
would reduce catheter-related bladder discomfort (CRBD) after endovascular aneurysm repair (EVAR).
Methods Adult male patients who underwent elective EVAR for abdominal aortic aneurysms were randomly assigned to 
the 2% lidocaine group and the normal saline group (control group). CRBD was evaluated at 0, 1, 2, 4, and 6 h after surgery. 
The primary outcome was the incidence of CRBD at 0 h after surgery.
Results Data for 37 patients (19 in the lidocaine group and 18 in the control group) were analyzed. CRBD was observed at 
0 h in six patients (31.6%; mild, n = 5; moderate, n = 1) in the lidocaine group and in five patients (27.8%; mild, n = 1; mod-
erate, n = 3; severe, n = 1) in the control group. The control group showed a tendency to have severe CRBD at 0 h, although 
there was no significant difference in either the incidence (P = 0.80) or severity (P = 0.21) of CRBD between the two groups.
Conclusion Our results suggest that the use of the NMOC-3WAY  catheter® for the injection of 2% lidocaine into the urethra 
does not reduce the incidence of CRBD immediately after EVAR. However, it may reduce moderate or severe CRBD that 
may lead to postoperative distress and agitation.
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Introduction

Patients with a urinary catheter during surgery frequently 
complain of catheter-related bladder discomfort (CRBD) 
with varying degrees of severity during the immediate post-
operative period. In particular, male patients complain of 
moderate or severe CRBD more frequently [1]. CRBD is 
defined as a burning sensation with an urge to void or as 
discomfort in the suprapubic area caused by bladder irrita-
tion due to a urinary catheter [2]. This discomfort may lead 
to postoperative distress and agitation [3]. The mechanism 
underlying CRBD is similar to that of an overactive bladder 
and the muscarinic receptors are closely related to CRBD 

[2]. In previous studies, various agents, including gabap-
entin [4], pregabalin [5], oxybutynin [6], tolterodine [2], 
ketamine [7, 8], tramadol [9], and dexmedetomidine [10], 
have been reported to reduce the incidence and severity of 
postoperative CRBD. However, the use of these agents for 
the treatment of CRBD can cause postoperative side effects, 
including dry mouth, nausea, vomiting, and sedation. The 
NMOC-3WAY  catheter® (Fuji Systems, Corp., Tokyo, 
Japan), named after “No More Cry,” is a novel urinary cath-
eter for men that can be used to inject a local anesthetic into 
the urethra and achieve surface anesthesia over the urethral 
mucosa (Fig. 1). This catheter seems to be effective at reduc-
ing CRBD. However, no randomized controlled trials have 
yet demonstrated its effectiveness. We hypothesized that 
the injection of a local anesthetic into the urethra via the 
NMOC-3WAY catheter would reduce CRBD. To test this 
hypothesis, we designed this study to examine the efficacy of 
the NMOC-3WAY catheter on the incidence and severity of 
CRBD after endovascular aneurysm repair (EVAR) in male 
patients with abdominal aortic aneurysms.
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Methods

This prospective, randomized, double-blind, placebo-
controlled study was performed after approval from 
the institutional ethics committee of Niigata University 
Medical and Dental Hospital, Niigata, Japan (No. 2282, 
date 28 September 2015). Written informed consent was 
obtained from all patients for this study. The study was 
registered at University Hospital Medical Information 
Network (UMIN)-Clinical trial and registry as UMIN 
000019083. From October 2015 to March 2017, consecu-
tive male patients aged over 20-years, with an American 
Society of Anesthesiologists physical status between I and 
III and scheduled to undergo elective EVAR for treatment 
of abdominal aortic aneurysm, were included. Patients 
with a history of bladder outflow obstruction, overactive 
bladder (frequency > 3 times in the night or > 8 times in 
24 h), neurological bladder, end-stage renal disease (urine 
output < 500 mL per 24 h), morbid obesity, disturbance of 
the central nervous system, chronic analgesic abuse, and 
psychiatric or severe hepatic disease were excluded from 
the study.

We asked the Niigata University Medical and Dental 
Hospital Clinical and Translational Research Center to 
randomly assign patients into two groups (lidocaine or 
control) using computer-generated tables of random num-
bers. The assignments were concealed in opaque envelopes 
and opened before anesthetic induction by a pharmacist, 
who was blinded to the study and prepared the study drugs. 
A syringe wrapped in a yellow film containing the study 
drug was given to a nurse who was responsible for inject-
ing the drug solution. After the induction of anesthesia, a 
14-Fr NMOC-3WAY catheter was inserted and its balloon 
was inflated with 10 mL of normal saline. Thereafter, the 
catheter was fixed to the patient’s leg with adhesive tape 
without any traction. After the completion of the surgery, 
10 mL of 2% lidocaine was injected into the urethra via 
the injection port of the catheter in the lidocaine group 

patients; whereas, 10 mL of normal saline was injected in 
the control group patients in the same manner. The drug 
solution was injected over the course of 1 min while con-
firming the outflow of the drug solution from the urethral 
meatus. The case of outflow failure was excluded from 
the study.

Anesthesia was induced by injecting propofol 1–2 mg/
kg and remifentanil 0.25–0.5 μg/kg/min. After adminis-
tering rocuronium bromide 0.6 mg/kg, a supraglottic air-
way device (LMA ProSeal Airway; Teleflex, Inc., Wayne, 
PA, USA) was inserted. Anesthesia was maintained with 
desflurane and remifentanil. The concentrations of these 
agents were adjusted to maintain a bispectral index (Aspect 
Medical Systems, Inc., Norwood, MA, USA) of 40–60 and 
a systolic blood pressure within ± 20% of baseline. Intra-
operative hypotension was treated with 4–8-mg ephedrine 
or 0.05–0.1-mg phenylephrine. If necessary, dopamine was 
continuously infused intravenously. At the time of wound 
closure, local infiltration of 20 mL of 0.375% ropivacaine 
and an intravenous drip infusion of 1000-mg acetaminophen 
were administered for analgesic purposes. After completion 
of the surgery, residual neuromuscular blockade was antago-
nized with 200-mg sugammadex. After the removal of the 
supraglottic airway device, patients were transferred to the 
post-anesthesia care unit (PACU).

CRBD was evaluated on arrival in the PACU by an anes-
thesiologist (H.I. or Y.S.) who was blinded to the group 
assignments. This evaluation time was taken to be 0 h after 
surgery. CRBD was evaluated according to a 4-point scale: 
1 = no discomfort; 2 = mild, revealed on questioning only; 
3 = moderate, reported by the patient without questioning; 
4 = severe, urinary urgency demonstrated by behavioral 
responses such as attempts to remove the urinary catheter, 
restless extremity movements, and verbal responses. At 1, 
2, 4, and 6 h after surgery, a nurse who was blinded to the 
group assignments, also assessed the incidence and severity 
of CRBD. When moderate or severe CRBD was reported 
at any time point, 10 mL of 2% lidocaine was injected into 
the urethra as rescue therapy. The primary outcome was the 

Fig. 1  Schematic diagram of the 
NMOC-3WAY catheter during 
insertion (modified quotation 
from Fuji Systems, Inc., product 
catalog) (a) and the actual 
NMOC-3WAY catheter (b)
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incidence of CRBD at 0 h. The secondary outcomes were 
the severity of CRBD at 0 h, rescue 2% lidocaine infusion 
rate into the urethra after 0 h, and the incidence of local 
anesthetic toxicity.

Statistical analysis

The incidence of postoperative CRBD is about 60–70% in 
previous studies [5, 8, 9, 11, 12]. Assuming that the inci-
dence of CRBD in the control group and lidocaine group to 
be 60% and 10%, respectively, we calculated that each group 
would need to consist of 17 patients to achieve statistical 
significance (with α = 0.05, power = 0.80). To allow for a 
10% dropout rate, 19 patients were included in each group.

Statistical analysis was performed using Stat-Flex soft-
ware (version 6; Artech, Osaka, Japan). Continuous vari-
ables are expressed as the mean ± SD and were compared 
using the Mann–Whitney U test. The incidence and sever-
ity of CRBD were statistically analyzed using Chi-square 
tests and Fisher’s exact tests, respectively. The cumula-
tive lidocaine non-infusion rate was calculated using the 
Kaplan–Meier method and differences between curves were 
compared using the log-rank test. All reported P values are 
two sided and the level of statistical significance was set at 
P < 0.05.

Results

Forty-three patients were assessed for their eligibility dur-
ing the study period (Fig. 2). Five patients were excluded 
from the study due to history of neurogenic bladder (n = 1) 
and urethral stricture (n = 1), chronic analgesic use (n = 1), 
and other reasons (n = 2). One patient in the control group 
was excluded after randomization due to nasal bleeding with 
desaturation at PACU. Eventually, data for 37 patients (19 
in the lidocaine group and 18 in the control group) were 
analyzed. CRBD could not be evaluated in one patient with 
delirium at 2 h after surgery in the lidocaine group and 
was thus considered a missing value. The lidocaine group 
showed a tendency towards a long duration of surgery and 
anesthesia but there was no significant difference in patient 
characteristics between the two groups (Table 1).

CRBD was observed at 0 h in six patients (31.6%; mild, 
n = 5; moderate, n = 1) in the lidocaine group and five 
patients (27.8%; mild, n = 1; moderate, n = 3; severe, n = 1) 
in the control group (Table 2). The control group showed a 
tendency for severe CRBD at 0 h, although there was no sig-
nificant difference in either the incidence (P = 0.80) or sever-
ity (P = 0.21) of CRBD between the two groups (Fig. 3). 
Moreover, the two groups showed no significant differences 
with regards to CRBD at 1, 2, 4, or 6 h after surgery. In the 

Fig. 2  Flow diagram
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control group, 10 mL of 2% lidocaine, as rescue therapy, 
reduced the moderate or severe CRBD from 4 patients at 0 h 
to 0 patients at 1 h; whereas, the moderate or severe CRBD 
increased in 4 patients at 2 h (Table 2).

The lidocaine non-infusion rate into the urethra after 
the intervention was not significantly different (P = 0.26) 

(Fig. 4). No local anesthetic toxicity was observed in either 
group.

Discussion

This study shows that the use of a 14-Fr NMOC-3WAY 
catheter for the injection of 2% lidocaine into the urethra 
does not reduce the incidence of postoperative CRBD after 
EVAR on arrival in PACU. However, it shows the potential 
to reduce the severity of patient discomfort.

CRBD is caused by an indwelling urinary catheter and is 
a common, painful, and distressing complication that often 
occurs in PACU. However, CRBD is frequently neglected 
and left untreated. CRBD is a recognized risk factor for 
emergence agitation, especially in the PACU [13]. There-
fore, decreasing the severity of CRBD may help to decrease 
this agitation. The NMOC-3WAY catheter, which has been 
newly developed in Japan, has injection slits (3 places) for 

Table 1  Characteristics of patients, anesthesia, and surgery

Data are expressed as mean value ± SD

Lidocaine 
group 
(N = 19)

Control 
group 
(N = 18)

P value

Age (year) 75 ± 8 71 ± 10 0.23
Weight (kg) 60 ± 6 63 ± 11 0.38
Height (cm) 167 ± 6 163 ± 7 0.07
Duration of surgery (min) 143 ± 51 121 ± 22 0.08
Duration of anesthesia (min) 217 ± 58 188 ± 25 0.07

Table 2  Incidence and severity 
of CRBD

Data are expressed as numbers (%)
CRBD catheter-related bladder discomfort, L lidocaine group, C control group
a CRBD could not be evaluated in one patient with delirium and was thus considered a missing value

Time (h) 0 1 2 4 6

Groups L C L C L C L C L C

N 19 18 19 18 18a 18 19 18 19 18
CRBD 6 5 9 8 4 8 5 4 2 3
P value (incidence) 0.80 0.86 0.16 0.84 0.59
Severity
 Mild 5 1 6 8 4 4 5 4 2 2
 Moderate 1 3 3 0 0 4 0 0 0 1
 Severe 0 1 0 0 0 0 0 0 0 0
P value (severity) 0.21 0.29 0.11 1.00 0.80

Fig. 3  Severity of catheter-
related bladder discomfort
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the local anesthetic behind the balloon. Local anesthetic 
administered from the injection port into the urethra acts on 
the entire urethra, including the urethral sphincter. Part of 
the injected drug solution flows into the bladder, and most of 
it flows out from the urethral meatus. If the outflow cannot 
be confirmed, the prostate hypertrophy or urethral stricture 
may be the cause and the administration of the drug solution 
must be discontinued. In this study, the outflow from the 
urethral meatus during injection of the drug solution was 
confirmed in all patients after the completion of surgery. 
Local anesthetic toxicity was not observed in any patient.

The incidence of CRBD was lower than we had initially 
assumed in the control group. In this study, a smaller urinary 
catheter (14 Fr) than in that in the previous studies (16 or 18 
Fr) was inserted. A Foley catheter > 18 Fr and male gender 
were reported to be independent predictors of moderate or 
severe CRBD in the PACU [1]. In our institution, we usu-
ally insert a 14-Fr urethral catheter into patients undergoing 
EVAR. Therefore, we found it ethical to select a 14-Fr uri-
nary catheter in this study. It is common to choose the small-
est catheter size that allows for effective drainage, and avoids 
urine leakage and catheter obstruction. However, moderate 
or severe CRBD still occurs. We consider that the injection 
of lidocaine into the urethra is useful for reducing moder-
ate or severe CRBD. Furthermore, using acetaminophen at 
the time of wound closure may have affected the reduction 
of CRBD. Ergenoglu et al. [11] have reported that intra-
operative single-dose paracetamol decreases the severity of 
CRBD. In contrast, the incidence of CRBD was higher than 
we had initially assumed in the lidocaine group. Lidocaine 
injection into the urethra cannot completely remove the blad-
der irritation by the balloon. Part of the injected lidocaine 

flows into the bladder; however, the amount of the inflow is 
not known until the contrast agent is injected and contrasted. 
A lidocaine gel is used during flexible cystoscopy because 
of its effectiveness in alleviating pain in the urethral mucosa 
[14–16]. Because 10 mL of 2% lidocaine is widely used dur-
ing outpatient flexible cystoscopy, we decided to use 10 mL 
of 2% lidocaine in this study. However, 2% and 10 mL may 
not be the optimal concentration and volume of lidocaine to 
be injected into the urethra. Further investigation is neces-
sary to evaluate the appropriate concentration and volume 
of the local anesthetic to use with the NMOC.

Furthermore, the duration of the effect of 10 mL of 2% 
lidocaine injection into the urethra could not be determined 
in this study. However, based on the number of patients in 
the control group with moderate or severe CRBD from 0 to 
2 h, the effect of 10 mL of 2% lidocaine injection as a rescue 
therapy may last for approximately 2 h. The half-life after 
intravenous administration of 50 mg of lidocaine hydrochlo-
ride in the elderly is reportedly 140 min [17]. Further, topi-
cal 2% lidocaine gel has been reported to decrease corneal 
sensitivity by 58.4 ± 16.6 min compared to baseline [18].

We selected the patients who underwent EVAR in this 
study because they have a slight postoperative wound pain 
and are more likely to feel CRBD. Therefore, we consider 
the postoperative pain to have little effect on the CRBD eval-
uation at 0 h. Furthermore, we maintained anesthesia with 
desflurane, which provides good arousal from anesthesia, 
due to the large number of elderly patients involved in the 
EVAR surgery. A previous study reported that sevoflurane 
was associated with less frequent postoperative CRBD than 
desflurane in patients undergoing transurethral resection of 
a bladder tumor [19]. The beneficial effect of sevoflurane 
lasted for 1 h postoperatively.

This study has several limitations. First, the 10 mL of 
normal saline that was injected into the urethra via the injec-
tion port of the catheter may have affected CRBD. Second, if 
we were to use a numerical rating scale to evaluate CRBD, 
the severity of CRBD may have been significantly different 
between the two groups. Third, our result cannot be applied 
to patients who have undergone different surgeries or those 
with thicker urinary catheters. The incidence and severity of 
CRBD may differ across patients undergoing surgeries on 
different target organs. Fourth, in this study, we evaluated 
CRBD during the immediate postoperative period and the 
CRBD beyond 6 h, thus, remains unknown. Further studies 
are needed to evaluate comparable timelines in other surgical 
patients requiring thick urethral catheter placement, includ-
ing evaluations on the day after surgery.

In conclusion, our results suggest that the use of the 
NMOC-3WAY  catheter® for the injection of 2% lidocaine 
into the urethra does not reduce the incidence of CRBD on 
arrival in the PACU. However, it may reduce moderate or 
severe CRBD that may lead to postoperative distress and 

Fig. 4  Lidocaine non-infusion rate into the urethra after the interven-
tion. There was no significant difference between the lidocaine group 
and the control group (P = 0.26)
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agitation during the immediate postoperative period without 
side effects.
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