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Purpose: Postoperative urinary retention (POUR) is one of the most common complications
following spinal anesthesia. Spinal anesthesia may influence urinary bladder function due
to interruption of the micturition reflex. Urinary catheterization is the standard treatment of
POUR. Urinary catheter insertion is an invasive procedure, which is associated with catheter-
related infections, urethral trauma, and patient discomfort. The purpose of this study was to
determine the effectiveness of intramuscular (IM) neostigmine to accelerate bladder emptying
after spinal anesthesia.

Patients and methods: A total of 36 patients undergoing lower abdominal (except for pelvic,
urologic, anorectal, and hernia surgery) and lower extremity surgery under spinal anesthesia were
divided into two groups randomly (n=18), to either neostigmine (N) group or control (C) group.
Neostigmine 0.5 mg (N group) or NaCl 0.9% (C group) was administered intramuscularly when
Bromage score 0 and sensory level sacral two have been achieved. The time to first voiding after
IM injection and the time to first voiding after spinal anesthesia were measured.

Results: The time to first voiding after IM injection was significantly faster (P=0.05) in the
N group than that in the C group, with median time as 40 minutes (2070 minutes) and 75 minutes
(55135 minutes), respectively. Time to first voiding after spinal anesthesia was also signifi-
cantly faster (P=0.05) in the N group than that in the C group (mean of 280.8+£66.6 minutes
and 364.2177.3 minutes, respectively).

Conclusion: IM neostigmine effectively accelerates bladder emptying after spinal anesthesia.
Keywords: neostigmine, postoperative urinary retention, bladder emptying, spinal anesthesia,

anticholinesterase, neuraxial anesthesia

Introduction

Postoperative urinary retention (POUR) is a common complication after anesthesia
and surgery; the incidence rate varies from 5% to 70%. Type of surgery, type of
anesthesia, analgesics, anticholinergics, and comorbidities may predispose patients to
development of POUR.!* POUR is one of the most common complications following
spinal anesthesia. Spinal anesthesia may influence urinary bladder function due to
interruption of the micturition reflex. The duration of these disturbances depends on
both the potency and administered dose of local anesthetics.!*

Kamphuis et al® in their study concluded that spinal anesthesia with lidocaine and
bupivacaine causes a clinically significant disturbance in bladder function. The urge to
void disappears quickly after spinal injection of the local anesthetics. Similarly, a sys-
tematic review by Choi et al® also concluded that neuraxial anesthesia/analgesia results
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in transient detrusor dysfunction. The duration of dysfunction
depends on the potency and dose of medication used.

Postoperative urine retention has been defined as the
inability to void in the presence of a full bladder. Clinical
examination and ultrasonographic assessment can be used to
diagnose POUR. At least there were five different calculation
methods to measure urinary bladder volume in real time.
Catheterization is recommended if the patient is unable to
void with at a bladder volume >600 mL detected by ultra-
sound. Urinary catheter insertion is an invasive procedure,
which is associated with catheter-related infections, urethral
trauma, and patient discomfort.!"

There are various medications for treatment of POUR,
including cholinergic agents, anticholinesterase agents,
alpha-blockers, sedatives and prostaglandin.!®!! Neostigmine
is an acetylcholinesterase inhibitor or anticholinesterase
agent. It causes accumulation of acetylcholine around the
cholinergic nerve terminals. Urinary bladder contraction is
critically dependent on acetylcholine-induced stimulation
of contractile muscarinic receptors on the smooth muscle
(detrusor) of the urinary bladder.!*"!3

Balkota et al'* analyzed the efficacy of the intramuscu-
larly administered neostigmine in the prevention of POUR
in the patients who underwent orthopedic procedures under
spinal anesthesia. However, the results were not statistically
significant.

Through this research, we tried to determine the effective-
ness of intramuscular (IM) 0.5 mg neostigmine to accelerate
bladder emptying after spinal anesthesia.

Patients and methods

Patients

This is an experimental study with a double-blind, random-
ized, controlled trial design. A total of 36 patients aged
18-50 years with American Society of Anesthesiologists
(ASA) physical status I-II undergoing lower abdominal
(except for pelvic, urologic, anorectal, and hernia surgery)
and lower extremity surgery under spinal anesthesia in the
central operating theater at Sanglah Hospital (Joint Com-
mission International — Accredited) from October through
December 2017 were admitted to the study. Patients were
not admitted to the study if any the following criteria
were present: patient refusal, contraindications using
local anesthetics, contraindications to neostigmine, local
infection at the site of injection, urinary tract symptoms
(frequency, incontinence, enuresis, nocturia, hesitancy,
urgency, weak stream, dysuria, and inability to empty the
bladder fully), surgical duration >2 hours, and intraoperative

blood loss >200 mL. After the subjects were assessed for
eligibility, random assignment was done using the block
randomization method.

Procedures

Patients were allowed to drink clear fluid up to 200 mL
until 2 hours before induction of anesthesia. All patients
were asked to urinate before transfer to the central operating
theater. Intravenous access was obtained, and ringer lactate
infusion was started in the preparation room of central oper-
ating theater. In the operating room, standard monitoring
(electrocardiography, noninvasive blood pressure, and pulse
oximetry) was installed and the subjects received oxygen
supplementation 2 L/min through a nasal cannula. Spinal
anesthesia was done using Quincke-type needle G27 using
0.5% hyperbaric bupivacaine. The height of the block based
on skin dermatome was performed by the pinprick test.

After the surgery was finished, in the postoperative care
unit, the subjects either received 0.5 mg IM neostigmine
(N group) or IM NaCl 0.9% (C group). IM injection was per-
formed when Bromage score (motor block assessment) 0 was
achieved and height of the sensory block reached a level of S2
dermatome. Urinary bladder ultrasound was performed hourly
until spontaneous micturition occurred. If POUR occurred
(inability to void with at a bladder volume >600 mL detected
by ultrasound), then they will be catheterized. The prolate
ellipsoid method was used to measure urinary bladder volume
based on the formula volume=lengthxwidthxheightx0.52 on
a two-dimensional image.

Local anesthetic dose for spinal anesthesia, level of sen-
sory block, surgical duration, the amount of intraoperative
fluid, urinary bladder volume before IM injection, time to
first voiding after IM injection, time to first voiding after
spinal anesthesia, volume of urine excreted, postvoid residual
volume, and patients who needed urinary catheterization
were measured.

Statistical analyses

All statistical analyses were conducted using SPSS for
Windows (IBM Corporation, Armonk, NY, USA) software
version 20. Data were assessed for their conformance to the
normal distribution using the Shapiro—Wilk test. Numerical
variables were expressed as mean+SD or median (minimum-—
maximum), and categorical variables were expressed as
frequency (%). Independent #-test was used to compare mean
values if data distribution was normal, or nonparametric
Mann—Whitney U test was used if data were not distributed
normally. Categorical variables were assessed using ¥* or
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Fischer’s exact test. Results were considered as significant
at P<<0.05.

Ethics statements

This research was approved by research ethics committee
of Faculty of Medicine Udayana University and Sanglah
Hospital. All subjects gave written informed consent and
were fully informed of the procedures prior to participation
in the studies.

Results
There were no significant differences (P>0.05) in both
groups in terms of sex, age, body mass index, and ASA
physical status (Table 1). As given in Table 2, local anesthetic
dose for spinal anesthesia, level of sensory block, surgical
duration, and the amount of intraoperative fluid were not
significantly different between two groups (P>0.05).
Postoperatively (Table 3), urinary bladder volume before
IM injection was not significantly different between two
groups (P>0.05). Time to first voiding after IM injection was
significantly faster (P=0.05) in the N group than that in the
C group, with median time as 40 minutes (2070 minutes)
and 75 minutes (55—135 minutes), respectively. Time to first
voiding after spinal anesthesia was also significantly faster
(P=0.05) in the N group than that in the C group (mean of
280.8+66.6 minutes and 364.2+77.3 minutes, respectively).
Volume of urine excreted was higher in the C group than that
in the N group with median volume as 322 mL (150-400 mL)
and 230 mL (150-400 mL), respectively, but was not sig-
nificantly different (P>0.05). Postvoid residual volume was
significantly lower (P=0.05) in the N group than that in the C
group (mean of 112.5£17.8 minutes and 190+23.3 minutes,
respectively). One (5.6%) subject in the N group and three
(16.7%) subjects in the C group were catheterized due to
urinary retention but did not differ significantly (P>0.05).

Table | Subject characteristics

Characteristics Groups P-value
N (n=18) C (n=18)
Sex
Male 8 (44.4%) 8 (44.4%) 1.000°
Female 10 (55.6%) 10 (55.6%)
Age (years) 34.1£12.9 37.5+13.7 0.443°
BMI (kg/m?) 22.3%1.5 22.5%2.5 0.763°
ASA physical status
ASA | 9 (50%) 9 (50%) 1.000°
ASA I 9 (50%) 9 (50%)

Notes: Values are expressed as meantSD for numerical data and frequency (%) for
categorical data. %) test. ®Independent t-test.

Abbreviations: ASA, American Society of Anesthesiologist; BMI, body mass index;
C, control group; N, neostigmine group; n, number of subjects.

Table 2 Intraoperative

Intraoperative  Groups P-value
N (n=18) C (n=18)

Local anesthetic 12.5 (10-15) 15 (7.5-15) 0.2372

dose (mg)

Sensory block 8 (6-9) 7 (6-10) 0.399°

level (T)

Surgical duration ~ 81.5+26.6 77.8134.1 0.717°

(minutes)

Volume of IV 1,000 (500-1,000) 1,000 (500-1,500)  0.063°

fluid (mL)

Notes: Values are expressed as meantSD or median (minimum—maximum) for
numerical data and frequency (%) for categorical data. *Independent t-test. ®"Mann—
Whitney U test.

Abbreviations: C, control group; IV, intravenous; N, neostigmine group; n, number
of subjects; T, thoracic dermatome.

Discussion
Spinal anesthesia is a common anesthesia technique used in
patients undergoing abdominal and lower extremity surgery.
POUR is one of the most common complications following
spinal anesthesia. Intrathecal local anesthetics inhibit the
transmission of the afferent and efferent action potentials
on the nervous fibers of the sacral spinal cord segments
(S2—S4) from and to the bladder. The feeling of urgency to
void disappears 30—-60 seconds after spinal anesthesia, but
a dull sensation of tension on maximal filling of the bladder
persists. Inhibition of the afferent nerve fibers’ transmission
from the bladder to the micturition center in the brain leads
to bladder analgesia. The detrusor contraction is completely
abolished 2—5 minutes after the intrathecal local anesthetics
injection. The recovery of detrusor muscle activity depends
on the duration of sensory block above the S2 and S3 sacral
segments.'>¢

Neostigmine is an acetylcholinesterase inhibitor that
causes accumulation of acetylcholine around the cholinergic
nerve terminals. It causes concentration-dependent contrac-
tions in rat urinary bladder. Acetylcholine will stimulate
contractile muscarinic receptors on the smooth muscle
(detrusor) of the urinary bladder and lead to urinary bladder
contraction. Prolonged duration of acetylcholine in the recep-
tor gives rise to stronger smooth muscle contraction.!!?

The function of the bladder is regulated by an interac-
tion between the somatic, parasympathetic and sympathetic
nervous systems. Parasympathetic nervous system provides
the major excitatory innervation of the detrusor muscle.
Stimulation of postsynaptic muscarinic receptors M2 and M3
is considered as the most important, although many receptor
systems and mediators are responsible for detrusor contrac-
tion. In terms of quantity, the M2 subtype dominates over the
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Table 3 Postoperative

Postoperative Groups P-value
N (n=18) C (n=18)

Urinary bladder volume before treatment (mL) 445.6£75.9 486.1£72.4 0.110°

Time to first voiding after treatment (minutes) 41.9+12.3 89.41+26.1 <0.001°
40 (20-70) 75 (55-135)

Time to first voiding after spinal anesthesia (minutes) 280.8+66.6 364.2177.3 0.001°

Volume of urine excreted (mL) 243.1+£62.8 289.7+86.2 0.063°
230 (150—400) 322 (150—400)

Postvoid residual volume (mL) 112.5+17.8 190+23.3 0.001®

Patients who needed urinary catheterization I (5.6%) 3 (16.7%) 0.603¢

Notes: Values are expressed as meantSD and/or median (minimum—maximum). *Independent t-test. "Mann—Whitney U test. ‘Fischer’s exact test, treatment=IM injection

of neostigmine or NaCl 0.9%.

Abbreviations: C, control group; IM, intramuscular; N, neostigmine group; n, number of subjects.

M3 subtype in the detrusor, but M3 subtype was confirmed
to be the major contraction receptor.'>1¢

In our study, IM neostigmine effectively accelerates
bladder emptying. Time to first voiding after IM injection
and time to first voiding after spinal anesthesia were signifi-
cantly faster in the N group. The postvoid residual volume
was also significantly lower in the N group, which indicates
that neostigmine improves muscle contraction after spinal
anesthesia. However, the effectiveness of IM neostigmine to
accelerate bladder emptying was not followed by significant
reduction in incidence of POUR and urinary catheterization
in the N group. One (5.6%) subject in the N group and three
(16.7%) subjects in C group were catheterized due to urinary
retention. This phenomenon could be caused by patient’s age
and type of surgery in our study. Lower abdominal (except
for pelvic, urologic, anorectal, and hernia surgery) and lower
extremity surgery were considered as of low-risk for POUR.
Incidence of POUR has been shown to increase with age,
and the risk increases at age >50 years. Hence, effectiveness
of IM neostigmine to accelerate bladder emptying might be
masked by low incidence rate of POUR in our study. Further
research with large sample and high-risk surgery is needed
to confirm this presumption.

Conclusion

This study indicated that IM neostigmine effectively accel-
erates bladder emptying after spinal anesthesia but did not
decrease the incidence of POUR and frequency of urinary
bladder catheterization in patients undergoing lower abdomi-
nal (except for pelvic, urologic, anorectal, and hernia surgery)
and lower extremity surgery under spinal anesthesia.
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