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Introduction

Abstract

Background: Phlebotomy is an essential procedure in healthcare, but it
often causes pain due to its invasive nature. Although lidocaine is effective
as a local anesthetic, the injectable formulation and low pH may induce
pain before the anesthetic effect begins. Therefore, alkalinized lidocaine
administered topically is considered a potential alternative to reduce
pain and accelerate anesthetic onset. This study is essential to evaluate
the effectiveness of this approach. This research aimed to assess the
effect of 2.64% alkalinized lidocaine in 70% alcohol, applied topically, on
phlebotomy pain levels, measured using the Numeric Rating Scale (NRS).

Methods: This study employed a single-masked randomized controlled
trial (RCT) with a posttest-only control group design. Samples were
obtained via simple random sampling, yielding 20 paired samples
from 135 eligible participants. On the first day, participants underwent
phlebotomy after the application of alkalinized lidocaine, and on the tenth
day, phlebotomy was repeated using 70% alcohol as the control. Pain was
measured using the NRS and analyzed using the Wilcoxon test.

Results: NRS scores in the control group were significantly higher than
those in the experimental group, with a p-value of 0.001.

Discussion: Alkalinized lidocaine effectively reduced phlebotomy
pain, likely due to an increased non-ionic fraction that enhances tissue
penetration and accelerates anesthetic onset. These findings align with
existing literature, although generalization remains limited by the small
sample size and single-masked design.

Conclusion: Topically applied 2.64% alkalinized lidocaine in 70% alcohol
is effective in reducing pain associated with phlebotomy.

Keywords: Alkalinized lidocaine; NRS Score; pain; phlebotomy;
topical

blood testing, blood draws, drug therapy,
and the establishment of the diagnosis.?

Blood collection is a medical procedure = The systematic review and meta-analysis
often performed in healthcare settings.  show that phlebotomy is a routine and easily
The blood collection technique is known as  invasivea a procedure performed in about
phlebotomy.! Phlebotomy aims for laboratory =~ 80% of hospitalized patients worldwide,
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underscoring the importance of phlebotomy
in healthcare.?

Phlebotomy is inherently invasive and
frequently associated with patient discomfort.
Pain is the most commonly reported complaint
following this procedure.* According to the
International Association For The Study of
Pain (IASP) of 2020.° Pain is defined as an
unpleasant sensory or emotional sensation
that follows actual or potential damage or
is described as the presence of damage. Pain
measurement can use several scales, including
the Numeric Rating Scale (NRS).

Pain during phlebotomy is not limited to
the moment of needle insertion; repeated
procedures may contribute to cumulative
discomfort and reduce patient quality of life.®
Treating pain side effects from phlebotomy
is necessary to improve patients' quality of
life and convenience. Previous studies have
shown that increased phlebotomy frequency
is associated with decreased quality of life
and productivity, underscoring the need
for effective pain management strategies.’
One commonly used approach to manage
pain associated with invasive procedures,
such as phlebotomy, is the administration of
analgesics.

Analgesics are classified into opioid, non-
opioid, and adjuvant agents. Unlike opioid
and non-opioid analgesics, which primarily
relieve pain, adjuvant analgesics are not
primarily analgesic but can produce analgesic
effects, including local anesthetics.® Local
anesthetics are effective adjuvant analgesics
because they provide reversible anesthesia
by blocking sodium channels in peripheral
nerves. Their clinical effects are influenced
by physicochemical properties, and, based
on molecular structure, local anesthetics are
classified into ester and amid groups.®1?

Lidocaine is the most used amide-type
local anesthetic due to its effectiveness
and favorable safety.!® ! As a weak base, its
clinical performance is influenced by solution
pH, which affects tissue penetration and
anesthetic onset through sodium channel
blockade.10 However, conventional lidocaine
formulations are acidic and may themselves
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cause discomfort upon administration.'? To
overcome this, it is necessary to increase the
pH of lidocaine through the Alkalinization
process.

Alkalinization reduces the acidity of
local anesthetic solutions and is commonly
achieved by adding sodium bicarbonate.!31*
This buffering process has been shown to
accelerate anesthetic onset and reduce pain
associated with acidic lidocaine formulations.
Several studies have reported lower pain
scores, reduced burning sensation, and
greater patient preference for alkalinized
lidocaine compared with non-alkalinized
formulations, including significant reductions
in Numeric Rating Scale (NRS) scores.'>"*® This
study was conducted to evaluate the efficacy
of 8.4% sodium bicarbonate-buffered local
anesthetic solution and conventional local
anesthetic in patients undergoing bilateral
maxillary  orthodontic extractions, with
respect to pain on injection, onset of action,
and duration of action. 102 patients requiring
bilateral maxillary orthodontic extractions
were included in the study. Buffered local
anesthetic was administered on one side,
while conventional local anesthesia (LA
Beyond solution acidity, needle puncture itself
is a major contributor to procedural pain.
Therefore, non-invasive routes of lidocaine
administration are desirable, particularly
for alkalinized formulations, with topical
anesthesia offering a practical alternative.

Topical anesthesia provides analgesia
withoutneedle puncture, makingitparticularly
suitable for phlebotomy. Previous studies have
demonstrated its effectiveness in phlebotomy
and minor procedures, showing significant
reductions in pain scores, including decreased
Visual Analog Scale (VAS) values following
topical lidocaine application.?®-#

Pediatric dentists are constantly seeking
more comfortable means of administering
anesthesia. Topical anesthesia has proven to
be a boon in this attempt. Literature shows
that quite often, there is little pain relief from
topical anesthesia, and one reason for failure
may be that there is no consensus regarding
the most appropriate time duration for topical
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anesthesia to anesthetize intraoral tissue
before injection.

Therefore, the aim and objectives of the
study are as follows: (1 Phlebotomy procedures
also require antiseptic skin preparation to
prevent infection, with 70% alcohol being
the most used disinfectant. Combining
analgesic and antiseptic functions into a single
topical preparation represents a practical
and clinically relevant innovation. In this
context, the topical application of alkalinized
lidocaine formulated in 70% alcohol is
proposed as a novel approach to maintain
antisepsis and reduce pain during phlebotomy
simultaneously. This study aims to evaluate the
effect of topical 2.64% alkalinized lidocaine
combined with 8.4% sodium bicarbonate in
70% alcohol on Numeric Rating Scale (NRS)
scores before phlebotomy.

Subjects and Methods

Ethical approval for this study was obtained
from the Commission of Ethical Research,
Faculty of Medicine, University of Pattimura,
Ambon, Indonesia, with approval ID number
023/FK-KOM.ETIK/VIII/2024.

The instruments in this study consisted
of tools and materials, including 1 mL, 3 mL,
and 10 mL syringes, solution containers, 7.5
cm?2 sterile gauze, 1 L 70% alcohol, medical
gloves, and 1 L 95% alcohol, 50 mL of 10%
lidocaine (Xylocaine spray), 25 mL of 8.4%
sodium bicarbonate that had been dissolved
into 2.64% lidocaine alkalinized in 100 mL of
70% alcohol as the experimental solution, and
709% alcohol as the control solution.

A solution of 2.64% lidocaine is alkalinized
in 70% alcohol by dissolving 10% lidocaine
alkalized by 8.4% sodium bicarbonate into
95% alcohol. The equation M1V1 = M2V2 was
used to determine the volume of 95% alcohol
and the volume of 10% lidocaine diluted to
become 2.64% lidocaine alkalinized in 70%
alcohol.

The volume of 95% alcohol used is 73.6
mL, and the lidocaine concentration is 10%,
yielding a maximum lidocaine concentration of

2.64% in 100 mL of 70% alcohol. The volume
of 8.4% sodium bicarbonate is used in a ratio
of 1:200 to minimize precipitation due to the
dilution process, which takes longer because it
is done manually, so that the volume of 8.4%
sodium bicarbonate used to produce 2.64%
lidocaine in 100 mL of 70% alcohol is 0.5 mL.

The subjects in this study are students of
the Faculty of Medicine, Pattimura University,
class of 2023. The sampling technique used is
a probability sampling method of the simple
random sampling type, which means that all
members of the target population who meet
the inclusion and exclusion criteria have the
same chance of being selected at random. The
randomization process uses Microsoft Excel to
choose 20 random samples from 135 students
who meet the inclusion and exclusion criteria.

The inclusion criteria are students who
are willing to be respondents after informed
consent was obtained, and the exclusion
criteria are students who have a history of
hypersensitivity to lidocaine, alcohol, and
sodium bicarbonate and have unhealed
wounds, trauma, signs of inflammation, or a
mass at the site of injection.

Data collection was conducted using a
simple random sampling technique. Informed
consent was obtained from all participants
before study initiation. Both experimental
and control interventions were administered
to each participant using a single-masked,
crossover design.

The first stage was conducted on the first
day of the study, during which the experimental
solution was applied topically using a
standardized 10x10 cm sterile gauze bandage,
which was saturated by flipping the bandage
three times to ensure uniform solution volume
and distribution, followed by phlebotomy at
the designated site. The second stage was
conducted on the 10th day of the study, during
which the control solution was applied using
the same bandage size, saturation method,
application duration, and injection site. A
10-day washout period was implemented to
allow complete resolution of local anesthetic
effects, normalization of tissue sensitivity, and
prevention of potential carryover effects on
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pain assessment.

The data were analyzed using the
Wilcoxon signed-rank test in SPSS version 23.
This test was selected because the Numeric
Rating Scale (NRS) measures ordinal data,
the measurements were paired within
participants, and the data were not assumed to
follow a normal distribution. The independent
variable was topical administration of 2.64%
alkalinized lidocaine in 70% alcohol before
phlebotomy, while the dependent variable
was the NRS pain score during phlebotomy.
Statistical significance was defined as a p-value
<0.05.

Results

The Numeric Rating Scale (NRS) scores
of respondents who received 2.64%
alkalinized lidocaine in 70% alcohol topically
(experimental solution) before phlebotomy
were predominantly in the mild pain category
(50%), followed by no pain (30%) and
moderate pain (20%), with none reporting
severe pain. In contrast, the NRS scores of
Respondents who received 70% alcohol
topically (control solution) before phlebotomy
mainly were in the mild pain category (60%),

Table 1 Distribution of Pain Intensity (Numeric Rating Scale) During Phlebotomy in Control

and Experimental Conditions

Control Solution Experimental Solution

Numeric Rating Scale

Frequency Percent Frequency Percent
(n) (%) (n) (%)
NRS 0 (No pain) 0 0 6 30
NRS 1-3 (Mild pain) 12 60 10 50
NRS 4-7 (Moderate pain) 6 30 4 20
NRS 8-10 (Severe pain) 2 10 0 0
Total 20 100 20 100
Total target Randomization
opulation Included ; :
pop ~ I~ using Microsoft | —fjm
(n=135) (n=135) Excel Participants divided
into 6 groups:

e Five groups

(n=20 each)
¢ One reserve group
Excluded One group selected n=35
group ‘ (n=35)
(n=0) (n=20)

Figure 1 Flow Diagram of Participant Selection

Jurnal Anestesi Perioperatif, Volume 13 Number 3 December 2025
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Table 2 Effect of Topical 2.64% Alkalinized Lidocaine in 70% Alcohol on Pain Intensity

During Phlebotomy
. (Minimum-  Effect .
Variables Maximum) size (r) Wilcoxon 95% CI
Experimental solution pain intensity 2-4
. o ) 0.72 Z=-3.207,p=0.001 0.40-0.88
Control solution pain intensity 1-3

followed by moderate pain (30%) and severe
pain (10%) (Table 1).

The analysis of 20 paired respondents
who received an experimental solution of
2.64% alkalinized lidocaine in 70% alcohol
topically before phlebotomy on the first day
and a 70% alcohol solution topically before
phlebotomy on the tenth day showed that
the Wilcoxon signed- rank test revealed a
significant difference between the control and
experimental solution pain scores (Z=-3.207,
p=0.001). The effect size was large, with
r=0.72 (95% CI: 0.40-0.88), indicating that the
experimental solution had a strong, clinically
meaningful effect on pain reduction compared
with the control solution (Table 2).

Discussion

The findings of this study indicate that topical
application of 2.64% alkalinized lidocaine
in 70% alcohol effectively reduces pain
associated with phlebotomy compared with
70% alcohol alone. Participants receiving the
experimental solution predominantly reported
no pain or mild pain, with no occurrences of
severe pain, whereas moderate-to-severe pain
was observed only in the control condition.
This pattern indicates a clinically meaningful
analgesic benefit from adding alkalinized
lidocaine to routine skin preparation before
phlebotomy lidocaine to routine skin
preparation prior to phlebotomy.

Quantitative analysis further confirmed
that pain scores were significantly lower in
the experimental condition, with a moderate-
to- large effect size, supporting the robustness
and consistency of the analgesic effect
observed. Rather than reiterating individual
pain categories, these results collectively

demonstrate a clear shift toward lower pain
intensity with the experimental intervention.

Compared with alternative topical
analgesics, such as EMLA cream and
vapocoolant sprays, the present findings
are comparable in pain reduction but offer
distinct practical advantages. Previous studies
have reported that phlebotomy-related
pain in placebo groups commonly ranged
from moderate to severe. In contrast, pain
in patients receiving EMLA cream or ethyl
chloride vapocoolant spray was generally mild
to moderate.?> The NRS due to alkalinized
lidocaine infiltration is lower than the pain
due to non-alkalinized lidocaine infiltration.™

However, these agents typically require
longer application times, additional materials,
or separate procedural steps, which may
limit their routine use in high-volume clinical
settings. In contrast, the alkalinized lidocaine
formulation in this study was integrated
directly into the standard alcohol- based skin
disinfection process, eliminating the need for
additional analgesic preparations.

The observed analgesic effect is consistent
with lidocaine's known pharmacological
action, which blocks sodium channels in
peripheral nociceptors, thereby inhibiting
pain signal transmission at the venipuncture
site.” Buffering lidocaine further enhances
this effect by increasing the proportion of
non- ionized drug, facilitating faster tissue
penetration and onset of anesthesia, even
at lower concentrations than those typically
used in injectable or conventional topical
formulations.'*?*?*  These findings are
consistent with previous studies showing
that alkalinization of lidocaine significantly
reduces pain scores compared with non-
alkalinized lidocaine, including reductions in
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Numeric Rating Scale (NRS) values.'’

From a clinical perspective, combining
alkalinized lidocaine with 70% alcohol
represents a feasible and practical strategy
for routine phlebotomy. The formulation
preserves the antiseptic efficacy of 70%
alcohol, which is recommended by the Centers
for Disease Control and Prevention (CDC) for
skin disinfection due to its effectiveness in
denaturing proteins and killing microbes.?®

Despite these promising results, several
limitations should be acknowledged. The
relatively small sample size may limit
generalizability, and pain assessment relied
on subjective self- reporting. In addition,
local skin reactions were not systematically
evaluated. Future studies with larger sample
sizes, double-masked designs, standardized
application times, and direct comparisons with
established topical analgesics are warranted
to confirm efficacy, assess safety, and further
define the role of this formulation in routine
clinical practice.

Conclusion

Topically administering 2.64% buffered
lidocaine in 70% alcohol before phlebotomy
significantly reduced pain, as reflected in the
change in the Numeric Rating Scale (NRS).
However, the study has several limitations,
includingasmall sample size,limited personnel
who allowed only a single-masked design, the
inherent subjectivity of pain assessment, and
the use ofasodium bicarbonate-lidocaine ratio
(1:200) that was lower than the recommended
(1:10) due to manual preparation, increasing
the risk of precipitation. These factors
may have influenced the consistency and
generalizability of the findings. Future
research should employ larger and statistically
powered samples, a double-masked design,
and more objective pain assessment tools.
Additionally, studies comparing alkalinized
lidocaine with established topical analgesics
such as EMLA cream or vapocoolant spray
are recommended to determine its relative
efficacy and practicality applicability in clinical
settings.
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