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Abstract

Purpose To determine the analgesic efficacy and analgesic duration of lidocaine 20 mg and 40 mg on eliminating the vascular
pain associated with hypertonic saline infusion.

Method Patients who complained pain during infusion of hypertonic saline were randomized into three groups. They received
normal saline (Group C), or lidocaine 20 mg (Group L20), or lidocaine 40 mg (Group L40). An electronic stopwatch was
used to record the time to onset (71) and the time to termination (72) of the analgesic effect, and the analgesic duration (AD)
was calculated as 72 —T1.

Results The incidence of pain elimination was significantly higher in both of the lidocaine groups (83.3 and 56.1% in
Groups L40 and L20, respectively) than in the saline group (16.3%). Furthermore, lidocaine 40 mg was significantly more
effective than 20 mg in eliminating the pain. The analgesic duration was significantly longer in Group L40 than in Group
L20 (211.4450.2 vs. 130.3+£39.5 5, P<0.001) and Group C (211.4+50.2 vs. 45.1+14.5 s, P<0.001), and the analgesic
duration in Group L20 was significantly longer than in Group C (P <0.001). The incidence of transient tinnitus/dizziness
was significantly higher in Group L40 than in Group L20 (19.0 vs. 2.4%, P <0.05).

Conclusion A single bolus of Lidocaine was effective in eliminating the pain induced by hypertonic saline infusion, but
just for a short period of time. Lidocaine (without venous occlusion) only provides a short analgesic duration for local vein.
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Introduction

Vascular pain during the induction period of general anes-
thesia induced by injection of propofol, rocuronium, etomi-
date, etc. brings not only pain but also danger to the patients
[1]. Pre-injection of lidocaine (without venous occlusion)
is a commonly used method to relieve this pain [2, 3]. Lots
of studies have confirmed the efficacy of this strategy [4,
5]. However, during peri-anesthesia period, there are other
solutions that also evoke local vascular pain. Hypertonic
saline is one of them.

P4 Zhiping Song
pig.12345@163.com

Department of Anesthesia, First Affiliated Hospital
of Nanchang University, No. 17 Yongwaizheng Street,
Nanchang, Jiangxi, China

In anesthetic practice, fluid preloading before spinal anes-
thesia is a common method to maintain hemodynamic sta-
bility and to prevent hypotension. Hypertonic saline is one
alternative to colloid solution or isotonic crystal solution
used for preloading. Due to its high osmolality, infusion of
hypertonic saline via peripheral vein often causes vascular
pain. Usually, after the initiation of infusion, there is a short
term of latency and then pain is induced. The intensity of
pain is relatively stable if the osmolar concentration pre-
sent in local vein is stable [6]. Patients may experience the
sensation of stinging and compression during infusion of
hypertonic saline which is similar to the sensation following
the injection of propofol or rocuronium.

Therefore, we hypothesized that a single bolus of lido-
caine could also eliminate vascular pain evoked by hyper-
tonic saline infusion. Unlike propofol and rocuronium,
hypertonic saline itself has neither hypnotic nor muscle
relaxant effect, the vascular pain induced by continu-
ous infusion of hypertonic saline can be used not only for
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observation of the analgesic efficacy of lidocaine, but also
for the determination of its analgesic duration.

The purpose of this study was to determine the analge-
sic efficacy and analgesic duration of lidocaine 20 mg and
40 mg on eliminating the vascular pain associated with
hypertonic saline infusion.

Materials and methods

This study was approved by China Ethics Committee of
Registering Clinical Trails (ChiECRCT-20170093), and was
registered on the Chinese Clinical Trial Registry (ChiCTR-
IOR-17013405). All patients signed an informed written
consent form. Inclusion criteria: aged 18—65, American
Society of Anesthesiologist (ASA) classes I and II, elec-
tive surgery requiring spinal anesthesia, complained vascu-
lar pain during infusion of hypertonic saline. Patients with
chronic pain, abnormal sensation, neurologic deficits, and
history of hypersensitivity to the study drugs were excluded.

A total of 135 patients were randomly assigned to one
of the three groups. The control group (Group C) received
2 ml of normal saline intravenously, the Group L20 received
lidocaine 20 mg (1%, 2 ml), and the Group L40 received
lidocaine 40 mg (2%, 2 ml).

After arrival in the anesthesia preparation room, the
patients were monitored, such as ECG, pulse oxygen sat-
uration, and blood pressure. A 22-gauge i.v. cannula was
inserted into the vein on the dorsum of the hand. A total
of 200 ml hypertonic saline (4%) was used for preloading,
and the infusion speed controlled by the electronic pump
was 10 ml/min. Anesthesiologist asked the patient to evalu-
ate the pain score (verbal rating scale [VRS]) during the
first 2 min of the infusion. The grading criteria of VRS [7]
were as follows: 0 =no pain experienced, 1 =mild pain or
soreness, 2 =moderate pain, and 3 =severe pain associated
with grimacing. Patients with pain score =0 were excluded.
Those subjects with pain score > 1 were allocated randomly
to one of the three groups. A resident of the research team
opened an opaque envelope containing random allocating
information, passed a pre-prepared syringe filled with 2 ml
of test solution to the anesthesiologist, and then the resident
left the anesthesia preparation room. Therefore, the medical
staff and patients in the anesthesia preparation room were
blind to the allocation.

An electronic stopwatch was used to record the analgesic
effect and duration of the test solution. Immediately after the
injection of the 2 ml solution, the stopwatch was activated, and
then the patients pressed the “split” button according to their
perception of the change in the pain. If the vascular pain was
not completely eliminated, they should not to press the button.
If the pain was completely eliminated, then pressed the “split”
button, and the time recorded on the stopwatch was noted as
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T1 (the time to onset of analgesia after lidocaine); later, if the
local pain was felt again, then pressed the “split” button again,
and time recorded on the stopwatch was noted as 72 (the time
to termination of analgesia after lidocaine). Thus, the analgesic
duration (AD) could be calculated as 72 — T'1. The rules for
pressing the “split” button were explained to the patients at
the day before the surgery, and again when they were delivered
into the anesthesia preparation room.

The anesthesiologist reminded the patients with standard
words “press the stopwatch if the pain totally disappear”, then
injected the 2 ml solution into the vein through the nearest
port. Immediately after that, another assistant activated the
electronic stopwatch, then the patients could press the “split”
button according to the rules. Once the patients pressed the
button for the first time, the assistant reminded them with
standard words “press the button if feels pain again”. Previous
studies [4, 8, 9] as well as our pilot study showed that lidocaine
acted immediately or 10-30 s after injection for reducing local
venous pain. Thus, a 60-s time window was chosen for the
observation of the first press. The observation was completed
if the subjects did not press the button in 60 s after the test
solution, or if the subjects pressed the button for the second
time, or if the preloading with 200 ml hypertonic saline was
accomplished. The adverse events were also observed and
recorded in our study.

In our pilot study, the rate of pain total elimination was
50% and 80% in Group L20 and Group L40, respectively.
Sample size was selected to detect the difference between the
two groups for a Type I error of 0.05 and a power of 0.8. At
least 39 subjects would be needed in each group. Therefore,
the number of subjects in each group was 45 on assumption
of dropout. Statistical analyses were performed using SPSS
for Windows software program version 24 (SPSS, Chicago,
IL, USA). Data were expressed as mean + SD, or number of
patients (% frequency), or median (range), as appropriate.
Demographic and clinical characteristics among the groups
were compared using one-way analysis of variance (ANOVA)
or the Kruskal-Wallis H test. The incidence of pain elimina-
tion was compared using a chi-square analysis with Bonferroni
method. 71, 72 and AD among the three groups were analyzed
by one-way ANOVA, and multiple comparisons among the
groups were performed by LSD post hoc procedure. The inci-
dence of adverse events associated with lidocaine among the
two treatment groups were compared using chi-square analysis
or Fisher’s exact test as appropriate. The statistical significance
was defined as P <0.05.

Results

Subject enrollment and analysis are illustrated in Fig. 1.
With written consent, 166 subjects were enrolled in
this study. Thirty-one subjects were excluded before



Journal of Anesthesia (2019) 33:311-316 313

randomization for two reasons, including failure in insert-
ing i.v. cannula on the dorsum of hand, pain score =0 dur-
ing the infusion of the hypertonic saline. As such, a total

of 135 patients were randomized to the three groups. Five
subjects did not receive the assigned intervention because
the study drug or personnel was unavailable. Four subjects

Assessed for eligibility (N = 189)

Enroliment
Excluded (N = 23)
»| Decline to participate (N = 8)
Not meeting inclusion criteria (N = 15)
Y
Scheduled for hypertonic saline infusion (166)
Excluded (N = 31)
- Failed to insert i.v. cannula on the dorsum of hand (N = 2)
Not meeting inclusion criteria (N = 29)
—>Felt no vascular pain during infusion (N = 29)
Randomized (N = 135)
Allocation
\4 A

Allocated to normal saline

(N =45)

Allocated to lidocaine 20mg

(N =45)

Allocated to lidocaine 40mg
(N =45)
*Received intervention

(N = 44)

*Received intervention *Received intervention

*Did not receive intervention
(N=1)
—Study drug or personal

unavailable (N = 1)

(N =43)

*Did not receive intervention
(N=2)
—Study drug or personal

unavailable (N = 2)

(N =43)

*Did not receive intervention
(N=2)
—Study drug or personal

unavailable (N = 2)

Follow-up

A4

Lost of follow-up (N = 0)

Lost of follow-up (N = 0)

Lost of follow-up (N =0)

Analysis

Fig. 1
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Analysis (N = 43)
*Excluded from analysis (N = 1)

—Stopwatch error (N = 1)

Analysis (N = 41)
*Excluded from analysis (N = 2)

—Stopwatch error (N = 2)

Analysis (N = 42)
*Excluded from analysis (N = 1)

—Stopwatch error (N = 1)

Study and data analysis flowchart
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Table 1 Demographic and

s o Group C (n=43) Group L20 (n=41) Group L40 (n=42) P value
clinical characteristics of
patients Age (years) 433479 46.8+7.7 452+7.6 0.116
Weight (kg) 57.3+8.1 56.2+7.4 553+8.7 0.497
Height (cm) 160.7+6.9 163.2+6.1 163.2+5.6 0.115
Gender (M/F) 19/24 22/19 19/23 0.638
ASA 0.732
I 33 32 35
I 10 9 7
Pain score 0.409
1 33 26 31
2 13
3 2
Data are presented as mean + SD or as number of patients
Fig.2 The incidence of pain 60- 3 Pain totally eliminated
elimination in each group. . o
*P <0.05 compared with Group Pain NOT totally eliminated
C. "P<0.05 compared with 0 * * T
Group L20 T 404
g 40 16.3% 56.1% 83.3%
©
g \
o
o
S 20+
=z
0 T L] L]
C L20 L40
Groups

were excluded from analysis due to faulty operation on
the stopwatch. Finally, 126 subjects received the assigned
intervention and were included in the analysis.

The three groups were comparable with respect to age,
weight, height, gender, ASA physical status, and pain
scores (Table 1).

The number of patients who pressed the “split” but-
ton was 7, 23 and 35 in Group C, Group L20 and Group
LA40, respectively. All the patients who pressed the button
pressed it twice. The incidence of pain elimination of lido-
caine groups was significantly higher than that of Group
C. Lidocaine 40 mg was significantly more effective than
lidocaine 20 mg (Fig. 2).

The data of 71, 72 and AD are illustrated in Table 2. T'1
in Group L40 was significantly earlier than that in Group
C and Group L20. 72 in lidocaine groups was significantly
later than that in Group C, and 72 in Group L40 was sig-
nificantly later than that in Group L20. Additionally, AD in
the two treatment groups was significantly longer than that
in Group C, and lidocaine 40 mg provided significantly
longer AD than lidocaine 20 mg.
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Table2 TI1, T2, and AD of each group in those patients with pain
eliminated

Group C (n=7) Group L20 (n=23) Group L40 (n=35)

T1 (s) 94+14 8.8+1.8 7.7 +£2.0%
T2(s) 54.6+14.1 139.1+39.0° 219.1+49.8%F
AD(s) 45.1+145 130.3+39.5% 211.4+50.2%+

Data are expressed as mean+SD

T1 time to onset of analgesia, 72 time to termination of analgesia, AD
analgesic duration

*P <0.05 compared with Group C

8P <0.001 compared with Group C
TP <0.05 compared with Group L.20
#P<0.001 compared with Group L20

The adverse events were also observed and recorded in
our study. One patient in Group C was observed to have
transient redness on the local vein during the infusion of
the hypertonic saline. A total of eight (19.0%) subjects
in Group L40 complained transient tinnitus or/and dizzi-
ness after injection of lidocaine, which was significantly
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(P <0.05) more than that in Group L20 [only one (2.4%)
subject complained transient tinnitus]. There were no other
complications.

Discussion

It is generally accepted that pain following i.v. injection/
infusion of irritating agents is mediated via nociceptors
in the venous wall [10]. These nociceptors are assumed to
respond to the unphysiological osmolality or PH of solutions
as well as to endogenous mediators such as bradykinin [6,
11]. The mechanisms of vascular pain caused by hypertonic
saline remain uncertain. In this study, i.v. infusion of 4%
sodium chloride solution with the osmolality of 1.37 osmol/
kg evoked vascular pain in most of the patients enrolled.
Probably due to the individual variations in the thresholds
[10], a small proportion of the patients did not feel the pain
during the infusion and were excluded.

The results of the present study showed that the incidence
of pain elimination was 56.1% in group L20 and 83.3% in
Group L40. Intravenous injection of lidocaine (without
venous occlusion) was effective in reducing vascular pain
associated with infusion of hypertonic saline. A dose-
dependent effect of lidocaine in attenuating vascular pain
was present. These results were consistent with previous
studies on investigating the effect of lidocaine pretreatment
(without venous occlusion) on vascular pain caused by injec-
tion of propofol, rocuronium, etomidate, etc. [4, 12-16].

The mechanisms of intravenous lidocaine on alleviating
vascular pain may be sophisticated [17]. In the treatment
groups, the immediate onset of analgesia implied that local
anesthetic effect of lidocaine played an important role in
alleviating vascular pain. However, there is abundant evi-
dence suggesting intravenous lidocaine can exert analge-
sic effects through central nervous system [18]. Lidocaine
inhibits the glycinergic system, some potassium and calcium
channels, as well as the N-methyl-D-aspartate (NMDA)
receptors [19]. Additionally, lidocaine may even act directly
through opiate receptor stimulation [20, 21]. A recent study
suggests intravenous lidocaine decreases the excitability of
spinal dorsal horn by inhibiting glutamate release from pre-
synaptic terminals and hyperpolarizing postsynaptic neurons
by shifting the membrane potential of dorsal horn neurons
[22]. Accordingly, the results of this study might be caused
not only by conduction blockade in the peripheral nerves but
also by the other mechanisms in the central nervous system.

In this study, using a stopwatch, we investigated the time
to onset and the time to termination of the analgesic effect,
as well as the analgesic duration. The immediate onset of
analgesia after lidocaine was not surprising, because the
painful sensation was originated from free afferent nerve
endings between media and intima, therefore was vulnerable

to pharmacologic intervention [6]. The analgesic duration of
local anesthetic agents mainly depends on the local blood
circulation. Due to the abundant blood stream in the venous
lumen, intravenous administration may be the way with
the shortest duration of local anesthetic effect. The blood
stream may partially explain the shortness of analgesic dura-
tion. The short duration of analgesic effect from this study
implied that a single bolus of lidocaine is not an ideal strat-
egy for relieving vascular pain associated with hypertonic
saline infusion.

The shortness of analgesic duration of lidocaine for vas-
cular pain in present study was also in consistency with pre-
vious findings. Studies on propofol-induced vascular pain
suggest that lidocaine 20 mg is effective in alleviating the
pain when it is injected “immediately” or 10 s before propo-
fol [8, 9, 23]. However, another study found that lidocaine
20 mg did not reduce the pain when it was injected 2 min
before propofol [12]. This contradiction probably suggests
that the analgesic duration of lidocaine 20 mg for propofol
injection pain is less than 2 min. Additionally, studies on
rocuronium-induced pain indicate that the analgesic efficacy
of lidocaine 40 mg may decrease 2 min after injection [24,
25]. Therefore, when using lidocaine pre-injection strategy
for relieving injection pain, a reasonable timing should be
important. The analgesic efficacy may be underestimated if
the time interval between lidocaine and propofol/rocuronium
is inappropriate. However, the findings (including 71, 72
and AD) from our study cannot directly be utilized to the
management of pain induced by propofol/rocuronium, since
the mechanisms of pain are different [26-30] which prob-
ably leads to the differences in the characteristics (intensity,
duration, etc.) of the pain.

In this study, we adopted normal saline as a control. Data
in Group C showed that normal saline 2 ml could eliminate
pain in 16.3% of the subjects. Since the intensity of vascu-
lar pain is associated with osmotic concentration [6], this
result might be mainly due to the dilution effect. A bolus
of normal saline could immediately reduce the osmolality
in the local vein, but this dilution effect was soon nullified
by the continuously infused hypertonic saline. This might
explain the fast onset and short duration of the analgesia for
alleviating the pain in Group C. Additionally, the findings
from Group C implied that this dilution effect also played
arole in the analgesic efficacy in the two treatment groups,
since the lidocaine solution in this study was of physiologic
osmolality.

There were some limitations in this study. First, the inten-
sity of vascular pain itself fluctuated. Although the hyper-
tonic saline was infused at a constant rate, the local venous
blood flow might fluctuate. Thus, the osmolality in local
vein might not be constant during the infusion causing the
fluctuation in the pain intensity. Second, we only investi-
gated two dosages of lidocaine. With the worry of higher
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incidence of neurologic adverse reactions, a larger dosage
of lidocaine was not involved in this study. Next, the results
from this study suggested that further studies are required
to find out better strategies and drugs for alleviating the pain
associated with hypertonic saline infusion.

In conclusion, a single intravenous injection of lidocaine
(both 20 mg and 40 mg) was effective in eliminating the
vascular pain evoked by hypertonic saline infusion, but just
for a short period of time. Lidocaine (without venous occlu-
sion) only provides a short analgesic duration for local vein.
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