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Effect of intravenous lidocaine e

on catheter-related bladder discomfort,
postoperative pain and opioid requirement
in complex fusion lumbar spinal surgery:

a randomized, double blind, controlled trial
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Abstract

Background Catheter-related bladder discomfort (CRBD) and pain commonly arises postoperatively in patients
who undergo intra-operative urinary catheterization. The study aims to demonstrate the effectiveness of intravenous
lidocaine to prevent CRBD and postoperative pain in complex lumbar spinal surgery.

Methods Eighty male patients, aged 20-79 years, scheduled for elective fusion spine surgery at least two levels were
randomly assigned to receive either intravenous lidocaine (1.5 mg/kg followed by 2 mg/kg/h) (Group L) or a paral-

lel volume of normal saline (Group C). The primary outcome was incidence of moderate to severe CRBD in a pos-
tanesthetic care unit (PACU) between the two groups. Secondary outcomes included postoperative pain, 24-hour
post operative opioid requirement, mild and moderate to severe CRBD at 1, 2, 6 and 24 h postoperatively, patient
satisfaction on Global Perceived Effect Scale (GPES), and the adverse effects of lidocaine and surgical complications.

Results Group L showed a significantly lower incidence of moderate-to-severe CRBD compared to Group C

in the PACU (P=0.002) and at 1 h postoperatively (P=0.039). Additionally, Group L experienced a significantly lower
average pain scores compared to Group C at all time points (P<0.001, P<0.001, P=0.001, P<0.001 and P< 0.001
at0,1,2,6and 24 h, respectively) and demonstrated a significantly reduced postoperative morphine requirement
across all time intervals (P<0.05). Group L also reported significantly higher satisfaction on GPES compared to group C
(P<0.001). No adverse outcome was observed in either group.

Conclusion Intravenous lidocaine administration significantly reduced the incidence of moderate-to-severe CRBD
at PACU and at 1 h postoperatively. Additionally, its use in complex spine surgery led to reductions in postoperative
pain, opioid requirement, and improved patient satisfaction, without any observed side effects.
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Background

Catheter-related bladder discomfort (CRBD) is an unde-
sirable outcome during the postoperative period, charac-
terized by a strong urge to urinate, a burning sensation
radiating from the suprapubic area to the penis, and
often accompanied by discomfort or an intense need to
void [1, 2]. The possible mechanism of CRBD is described
by stimulus of subtype muscarinic (M3) receptors in the
bladder wall adjacent to the urinary catheter [1, 3]. One
related study showed that severe postoperative pain was
a significant contributing factor [4].

Complex spinal surgery is defined as surgery involving
at least two levels of the thoracic and/or lumbar spine
[5] and is known to be an extremely painful procedure
[5]. Consequently, difficulty in controlling postoperative
pain, delayed ambulation, reduced functional outcomes
and prolonged hospital stay are often associated with
CRBD [4].

Several interventions such as peripheral nerve blocks,
tolterodine, oxybutynin, tramadol, trospium, ketamine,
dexmedetomidine, gabapentin and pregabalin have been
proved to reduce postoperative CRBD [6-12].

Lidocaine is a widely utilized anesthetic known for
its analgesic properties. Its potential mechanisms of
action involve anti-inflammatory effects on histamine,
prostaglandins, and kinins, along with the inhibition of
C-afferent neuronal activity and a decrease in excitabil-
ity of dorsal horn neurons [9, 13]. Prior study reported
lidocaine diminished postoperative pain and opioid con-
sumption in various procedures including minor and
major surgeries such as transurethral resection of blad-
der [13], colonoscopy [14], abdominal surgery [15], and
spine surgery [16—18]. However, the effect of intravenous
lidocaine on CRBD in spinal surgery remains unproven.
Therefore, this study hypothesizes that intravenous lido-
caine could alleviate the incidence of moderate-to-severe
CRBD and postoperative pain in male patients undergo-
ing complex spine surgery.

Materials and methods

This study was a prospective, randomized, double blind,
placebo-controlled trial. All patients were enrolled and
signed informed consent between February 1, 2022 and
January 20, 2023. The study protocol was registered with
the Thai Clinical Trials Registry (TCTR20221017001)
on 17/10/2022 after receiving approval from the Institu-
tional Review Board of Medical Ethics.

Participants

Eighty male patients aged 20 to 70 years, were scheduled
for complex fusion lumbar spinal surgery at least two lev-
els under general anesthesia, with American Society of
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Anesthesiologists physical status I and II. Patients with
a history of prior urological surgeries, bladder outflow
obstruction, overactive bladder, sensory disturbances or
bladder issues, spinal surgeries affecting bladder function
or pelvic organs, cardiovascular disease, end-stage renal
disease, or psychiatric disorders were excluded from the
study.

Randomization and blinding

All participants were randomly assigned to either the
lidocaine group (Group L) or the normal saline group
(Group C) using blocks of four computer generated
random number tables. The concealed envelopes were
opened before the patient entered the operation theater,
and the medication was prepared by an uninvolved first
anesthesiologist. Anesthetic induction, maintenance and
extubating were performed by a second anesthesiologist
who was blinded to the study. A third blinded anesthesi-
ologist recorded all outcomes and complications.

Procedures

Anesthetic premedication was not allowed all patients.
Noninvasive blood pressure, electrocardiography, pulse
oximetry and capnography were completed before induc-
ing anesthesia. Intravenous anesthetic administration
was performed by propofol, cisatracurium and fentanyl.
Mechanical ventilation was maintained to control the end
tidal carbon dioxide tension between 35 and 40 mmHg.
A 50% oxygen in air mixture and sevoflurane were per-
formed for anesthetic maintenance. After achieving an
adequate depth of anesthesia, a Foley catheter (>20 Fr)
was inserted; the balloon was inflated with 10 ml of ster-
ile water and secured to the thigh with plaster. The injec-
tion of local anesthesia into the skin was not permitted
either before the incision or after the surgery. The lido-
caine dosage was determined based on a related study
[14]. In Group L, 1.5 mg/kg of intravenous lidocaine
was administered before inducing anesthesia, followed
by a continuous infusion of 2 mg/kg/h during the anes-
thetic period. In Group C, patients received 0.9%NaCl at
the same bolus volume and continuous infusion rate as
Group L. All medications in both groups were discontin-
ued, and the neuromuscular blocking agent was reversed
at the end of anesthesia. Patients were extubated after
fulfilling extubating criteria and were transferred to the
postanesthesia care unit (PACU). Patient-controlled
analgesia (PCA) morphine (1 mg/ml) was administered,
with a PCA dose of 1 mg per use, a lockout interval of
10 min, no basal rate, and a maximum limit of 10 mg
per hour upon arrival at the PACU. No additional rescue
medication was permitted within the first 24 h. The Foley
catheter was subsequently removed 24 h postoperatively.
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Outcomes
The primary outcome was incidence of moderate to
severe CRBD in the PACU between group comparison.
The secondary outcomes included postoperative pain
and opioid requirements during the first 24-hour post-
operative period, mild and moderate to severe CRBD
at 1, 2, 6 and 24 h postoperatively, intraoperative opi-
oid use, patient satisfaction, adverse effects of lidocaine
and surgical complications. CRBD is characterized by
a strong urge to urinate, a burning sensation radiating
from the suprapubic area to the penis, and often accom-
panied by discomfort or an intense need to void [1, 2].
The severity of CRBD was recorded as follows: none
(patients did not complain of CRBD when asked); mild
(reported by patients separately when questioned); mod-
erate (reported by patients spontaneously, i.e., without
being prompted and without any accompanying behav-
ioral responses); or severe (reported by patients sponta-
neously, accompanied by behavioral responses such as
limb waving, strong vocal responses, or attempts to pull
out the catheter) [1, 7, 8]. Verbal numerical rating scale
(VNRS, 0=no pain and 10=worst pain imaginable) was
also assessed to evaluate CRBD at 0, 1, 2, 6 and 24 h post-
surgery. Patient satisfaction was evaluated 6 h postop-
eratively using a Global Perceived Effects Scale (GPES),
defined by the question: How would you estimate your
satisfaction with this medication for preventing CRBD?
The scale ranged from 1 (very dissatisfied) to 7 (very sat-
isfied) [19, 20]. A subanalysis of patient satisfaction was
conducted, grouping responses as follows: grades 1, 2,
and 3 (dissatisfied patients); grade 4 (neither satisfied nor
dissatisfied); and grades 5, 6, and 7 (satisfied patients).
Sedation levels upon arrival at the PACU were assessed
using the Ramsay Sedation Scale, where: 1=anxious,
agitated, or restless; 2=cooperative, oriented, and
calm; 3=asleep but responsive to commands; 4=brisk
response to a glabellar tap or loud noise; 5=sluggish
response to a light glabellar tap or loud noise; and 6=no
response at all.

Additionally, the adverse effects of lidocaine were eval-
uated during the 24-hour postoperative period, and sur-
gical complications were recorded until discharge.

Sample size calculation and statistical analysis

The sample size was determined based on the related
study of Kim D et al. [13]. The probability of significantly
alleviated pain in the control group was 0.667, while
the probability of significantly diminished pain in the
lidocaine group was 0.258. The power of study was set
at 80%, and the required number of participants was at
least 30 per group. All analyses were accomplished using
Stata IC15 (Stata Corp, 2017, College Station, TX, USA).
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Continuous data were presented as mean and standard
deviation (SD) for sufficiently normally distributed vari-
ables. For nominal variables, absolute and relative fre-
quencies were presented for each group. The Chi-square
test was used to assess the relationship or independence
between two categorical variables, while the independ-
ent t-test was used to compare two independent groups
with normally distributed continuous data. For non-nor-
mally distributed continuous or ordinal data, the Mann-
Whitney U test was applied to compare two independent
groups. A P-values<0.05 were considered statistically
significant.

Results

Ninety-two male patients scheduled for complex spinal
surgery were initially screened for the trial. Of these, 12
were excluded: nine underwent non-instrumental pro-
cedures, two had single-level spinal fusions, and one
had a psychiatric condition. This left 80 eligible patients,
who were then randomized into two equal groups of 40
(Fig. 1). No clinically significant difference was detected
between the groups (P>0.05) in term of demographic
data including age, body mass index, ASA classification,
comorbidities, total surgical level, anesthetic time and
intraoperative opioid use (Table 1).

Primary outcomes

Group L showed a significantly lower incidence of mod-
erate-to-severe CRBD compared with that of Group C
at PACU (15% (n=6) vs. 47.5% (n=19), P=0.002; Fig. 2;
Table 2).

Secondary outcomes

Group L experienced a significantly lower average pain
score compared to Group C in all time periods. (2.8 2.9
vs. 4.2+2.6; P<0.001, at 0 h), (22+1.7 vs. 4.5+1.8;
P<0.001, at 1 h), (2.7+1.5 vs. 4.1+1.6; P=0.001, at 2 h),
(2.6+1.4 vs. 5.1+1.5; P<0.001, at 6 h) and (2.2+1.5 vs.
4.9+ 1.5; P<0.001, at 24 h; Table 3).

The average intra-operative fentanyl requirement was
significantly lower in Group L compared to Group C
(165.2+52.7 mcg vs. 227.4+74.5 mcg; P<0.001). Addi-
tionally, the median post-operative morphine require-
ment was lower in Group L at all measured time points
within the first 24 h, 14 mg (IQR: 10-16) vs. 44 mg (IQR:
28-51); P<0.001, as shown in Fig. 3. Group L required
less morphine than Group C: 1 mg (IQR: 0.0-2.0) vs. 2
mg (IQR: 1.0-3.0); P=0.002 at PACU, 2 mg (IQR: 1.0-
3.0) vs. 4 mg (IQR: 1.5-6.0); P=0.006 at 1 h, 3 mg (IQR:
1.0-4.0) vs. 5 mg (IQR: 3.0-6.0); P<0.001 at 2 h, 3 mg
(IQR: 2.0-4.0) vs. 10 mg (IQR: 6.0-12.0); P<0.001 at 6
h, and 4 mg (IQR: 2.0-5.0) vs. 22 mg (IQR: 11.0-26.0);
P<0.001 at 24 h, as shown in Table 4.



Chantrapannik et al. BMC Anesthesiology ~ (2024) 24:405

Page 4 of 8

(n=92)

Adults with scheduled complex spinal surgery

Excluded; n=12 due to
No instrument operation; n=9

\ 4

One level spinal fusion; n=2
Psychiatric problem; n=1

Randomly allocated (n=80)

|

A\ 4

Allocated to Gr-C
(n=40)

A4

Allocated to Gr-L
(n=40)

Loss follow up (n=0)
Discontinue intervention (n=0)

A\ 4

Analysis cases
(n=40)

A4

Analysis cases
(n=40)

Fig. 1 Procedure flowchart. Groups are defined in method under sample size calculation and randomization

Table 1 Baseline patient characteristics

Group C Group L p-value
(n=40) (n=40)
Age(years) 580(11.2) 60.2 (11.2) 0.38
Body Mass Index (kg/m?)  26.2 (4.0) 254 (3.8) 0.35
ASA Classifications 0.81
1 13 (32.5%) 12 (30.0%)
2 27 (67.5%) 28 (70.0%)
Comorbidities
Hypertension 23 (57.5%) 23 (57.5%) 1.00
Diabetes 8 (20.0%) 14 (35.0%) 0.13
Total surgical levels 0.38
2 23 (57.5%) 30 (75.0%)
3 11 (27.5%) 7 (17.5%)
4 5(12.5%) 2 (5.0%)
5 1(2.5%) 1(2.5%)
Operative time 3206 (86.1) 296.4 (98.7) 0.25
Intraoperative Fentanyl 225 (190-265) 175 (100-200) <0.001

ASA American Society of Anesthesiologists. Data are presented as mean (SD) or
numbers (%) of patients. O

Group L showed significantly lower incidence of mod-
erate-to-severe CRBD compared to Group C at 1 h (15%
(n=6) vs. 35% (n=14); P=0.039, but not at 2 h (15%
(n=6) vs. 22.5% (n=9); P=0.39; Fig. 2. No incidence
of moderate-to-severe CRBD was noted at 6 and 24 h
(Table 2). Moreover, no significant difference was found
in incidence of mild CRBD between two groups at any
time point (P> 0.05; Table 2).

Group L demonstrated significantly greater satisfaction
with GPES scores than Group C (P<0.001). In Group L,
only 1 patient (2.5%) expressed being neutral (neither satis-
fied nor dissatisfied, grade 4), compared to 6 patients (15%)
in Group C. Additionally, 39 patients (97.5%) in Group L
and 34 patients (85%) in Group C reported being satisfied
(grades 5, 6, or 7). No patients in either group reported dis-
satisfaction (grades 1, 2, or 3) according to the subgroup
analysis. However, no significant difference was found
between two groups regarding the Ramsay score (P=0.17)
with most patients showing a Ramsay score of 2 (coopera-
tive, oriented and calm). Only one patient in Group L and
four patients in Group C had a Ramsay score of 3 (responds
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Fig. 2 Incidence of moderate to severe catheter-related bladder discomfort at 0, 1 and 2 hours in postoperative periods

Table 2 Incidence of catheter-related bladder discomfort at each postoperative period

Severity of CRBD  Postoperative time (hours)

0 1 2 6 24

Group C Group L Group C Group L Group C Group L GroupC  GrouplL GroupC  GrouplL

None 10 (25.0%) 24 (60.0%) 14(35.0%) 25(62.5%) 22(55.0%) 23(57.5%) 25(62.5%) 31(77.5%) 37(92.5%) 38 (95.0%)
Mild 11(27.5%) 10(25.0%) 12(30.0%) 9(225%)  9(22.5%) 11(275%) 15(375%) 9(225%)  3(7.5%) 2 (5.0%)
Moderate 15(37.5%) 6 (15.0%) 13(325%) 6(15.0%)  9(225%)  6(15.0%)

Severe 4(10.0%)  0(0.0%) 1(2.5%) 0 (0.0%)

p-value 0.003 0.068 0.66 0.14 0.64

CRBD Catheter-related bladder discomfort. Data are presented as numbers (%) of patients

Table 3 Average pain on the surgical site, measured using a to commands but is asleep). Ramsey sedation scores of 1, 4,

verbal numerical rating scale, for each postoperative period 5 or 6 were not observed in either group (Table 5).

Postoperative Average VNRS Mean difference P-value Three patients in Group L and three patients in Group

periods ————— [GroupL-Group (] C reported drowsiness during the 24-hour postopera-

(Hours) grztzp()))c (Gnrglj‘%)" (95%C1) tive period (P=1.00). However, no serious adverse effects,
including neurological, cardiological, or surgical complica-

0 4226) 2829  -145[-2.25-065] <0.001 tions, were observed throughout the course of the study.

1 46(1.8) 22(1.7) -232[-3.12,-1.53] <0.001

2 4106)  27(15)  -140[-2.20,-0.60] 0.001 Discussion

6 5105 2604  -253[332,-173] <0007 Complex lumbar spinal surgery is known to be a signifi-

24 49(15)  22(15)  -265[-345,-1.85] <0.007 cantly painful procedure [16] and often leads to severe

VNRS Verbal numerical rating scale; Data are presented as mean (SD) and 95% postoperative pain. Related studies have described spine

confident interval
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Fig. 3 Comparison of postoperative opioid requirements

Table 4 Morphine requirements at each postoperative period

Postoperative Median of morphine requirements p-value
periods (mg)
(Hours)

Group C Group L

(n=40) (n=40)
0 2.0(1.0-3.0) 1.0 (0.0-2.0) 0.002
1 4.0(1.5-6.0) 2.0(1.0-3.0) 0.006
2 5.0 (3.0-6.0) 3.0(1.0-4.0) <0.001
6 10.0 (6.0-12.0) 3.0 (2.0-4.0) <0.001
24 22.0(11.0-26.0) 4.0 (2.0-5.0) <0.001

Data are presented as median (IQR)

Table 5 Patient satisfaction, assessed by global perceived effects
on a 7-point scale (GPES) and Ramsay score between groups
comparison

GroupC GroupL p-value
(n=40) (n=40)
Patient Satisfaction on GPES <0.001
Grade 4: neither satisfied nor dissatis- 6 (15.0%) 1 (2.5%)
fied
Grade 5: slightly satisfied 5(12.5%) 0 (0.0%)
Grade 6: somewhat satisfied 24 (60.0%) 20 (50.0%)
Grade 7: very satisfied 5(12.5%) 19 (47.5%)
Ramsay Sedation Scale 0.17
2 36 (90.0%) 39 (97.5%)
3 4(10.0%) 1(2.5%)

2=co-operative, oriented, and tranquil, 3=responds to commands but is asleep

surgery as activating systemic inflammatory cytokine
and glia cells, which induce peripheral and central sen-
sitization, resulting in severe postoperative pain [16, 21],
which is also a common risk factor for CRBD [4].

The study identified a 47.5% incidence of moder-
ate to severe CRBD in the PACU among male patients
undergoing complex spine surgery in the control group,
which is lower than the 66.7% incidence of moderate to
severe CRBD which reported in related studies of male
patients undergoing transurethral resection of bladder
tumors (TURBT) [9]. This reduced occurrence of mod-
erate-to-severe CRBD in our study may be attributed
to the fact that complex spinal fusion surgery induces
less bladder mucosal irritation and results in lower
prostaglandin release compared to urological proce-
dures. Previous studies have suggested that the sever-
ity of CRBD is influenced by the degree of muscarinic
receptor activation in the bladder [10, 22] or the release
of prostaglandin from bladder stimulation [23]. Addi-
tionally, TURBT necessitates the use of large-diameter
urinary catheters for irrigation, as well as a rigid uret-
eroscope, which is associated with a higher incidence of
CRBD compared to other urological and non-urologi-
cal procedures [2, 24, 25]. In our study, we observed a
75% incidence of mild to severe CRBD in the PACU, a
rate notably higher than the 66% reported in a previ-
ous study involving spinal surgery [8]. Our study dem-
onstrated a 75% incidence of mild to severe CRBD in
the PACU, which is markedly higher than the 66%
reported in a previous study on spinal surgery [8]. This
elevated incidence may be attributable to our focus on
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complex lumbar fusion surgeries in male patients, pro-
cedures that are typically associated with longer opera-
tive durations. In contrast, the study by Srivastava VK
et al. included both sexes, considered both cervical and
lumbar spinal surgeries, and did not specifically focus
on complex lumbar procedures [8]. Consequently, the
type of spinal surgery and patient demographic charac-
teristics appear to significantly influence the incidence
and severity of CRBD [4].

The effective anti-inflammatory properties of intra-
venous lidocaine, a commonly local anesthetic, are
facilitated by the inhibition of the sodium channels,
reduction of cytokine release [4, 18], inhibition of the
inflammatory response, suppression of the nocicep-
tive transmission pathway, and blockage of N-methyl-
d-aspartate (NMDA) receptors [2, 23]. Additionally,
lidocaine significantly inhibits of M3 muscarinic acetyl-
choline receptors [26, 27]. As a result, the study dem-
onstrated a significantly reduced incidence of moderate
to severe CRBD.

The study revealed a significant decrease in postop-
erative pain and opioid requirements in the lidocaine
group, aligning with the results of related studies [9,
16-18, 28]. In contrast, Dewinter G et al. reported
negative effects of lidocaine infusion on postoperative
opioid requirements and time to recovery in posterior
spinal arthrodesis. This may have been due to the dif-
ferent dosages of lidocaine administered (1.5 mg/kg/
hr) and the administration of 0.2 mg/kg of morphine
to all patients at the end of operation [29]. However,
one related study and meta-analysis revealed that the
positive outcomes were significant only when lidocaine
infusion dosages were greater than or equal to 2.0 ml/
kg/hr [16-18]. Additionally, Ibrahim A et al. demon-
strated that an intravenous lidocaine infusion 3 mg/
kg/ hr significantly reduced the long-term postopera-
tive pain for up to three months compared with placebo
[30].

Thus, the analgesic properties of lidocaine depended on
the total dose of infused systemic lidocaine. One related
study reported 2 mcg/ml of lidocaine reduced ectopic
stimulation in chronic peripheral nerve pain, 5 mg/ml
inhibited central sensitization and neuronal hyperexcit-
ability and 10 mg/ml produced general analgesic prop-
erties, which could result in systemic toxicity [31]. This
suggests that a 2 mg/kg/hr lidocaine infusion is beneficial
for postoperative pain in complex spinal fusion surgery.

Furthermore, no significant differences in patient sat-
isfaction between the two groups were observed. This
might be attributed to the fact that our study provided
PCA morphine throughout the first 24-hour postopera-
tive period, allowing patients to control their postopera-
tive pain levels independently.
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Limitations

Firstly, plasma lidocaine concentration was not dem-
onstrated in the study. Therefore, it could not be docu-
mented that concentrations were maintained within
the therapeutic window. However, the dosage of lido-
caine used was parallel to related studies [13] which
administered an initial bolus of 1 to 2 mg/kg, followed
by a continuous infusion of 0.5 to 3 mg/kg/h [28], typi-
cally resulting in plasma concentrations below 5 pg/ml
[28, 32] demonstrating the safety of intravenous lido-
caine use. None of the patients experienced adverse
effects [28, 32, 33]. Secondly, the study did not assess
the impact of lidocaine on the length of hospital stay
or hospital readmission. However, no adverse effects or
surgical complication were observed. Thirdly, this study
included a small sample size which, may not have been
sufficient to detect significant differences between the
groups in terms of CRBD. Larger sample sizes are rec-
ommended for further research.

Conclusion

Intravenous lidocaine was observed to significantly
reduced moderate-to-severe CRBD at PACU and 1-hr
postoperatively in male patients undergoing com-
plex spine surgery. It also resulted in a reduction of
postoperative pain and opioid requirement, as well as
improved patient satisfaction, without any side effects.
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