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Aim. To compare the effectiveness of 2% prilocaine plain solution, 1% lidocaine hydrochloride, and 1% buffered
lidocaine in local anesthesia and pain reduction during injection in laceration repair.

Methods. A double-blind randomized prospective comparison study included 183 consecutive eligible adult patients
with simple lacerations, admitted to the emergency department between January 2001 and June 2002. Each of the
three groups of patients received different local anesthetic before laceration suturing (1% lidocaine, 2% prilocaine, or
buffered 1% lidocaine). The patients were asked to assess the pain intensity on a 0-100 numerical rating scale at the site
of needle entry into the skin (P1), immediately after the completion of injection (P2), and after the first puncture of the
suturing needle (P3). The differences among the three patient groups were tested with one-way analysis of variance and
chi-square test.

Results. The three groups of 61 patients each (one patient declined from prilocaine group) did not significantly differ in
mean P1 scores (29.1£20.9 in the prilocaine, 32.2+22.9 in the lidocaine, and 33.2+21.7 in the buffered lidocaine
group; p=0.56). Mean P2 scores were highest in the prilocaine group (24.0+16.0), followed by lidocaine (20.9+14.9)
and buffered lidocaine (16.1£11.3) groups (p=0.007). Mean P3 score was significantly lower in the lidocaine group
(13.4+11.3) then in the prilocaine (18.4+13.1) and buffered lidocaine (20.4+16.2) groups (p=0.014). The number of
patients who required additional anesthetic administration in each group was not significantly different (p=0.09).

Conclusion. Injection of 1% lidocaine was associated with lower pain ratings on suturing needle puncture than with

2% prilocaine or buffered 1% lidocaine.
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Lacerations account for a significant number of
emergency department visits, and their treatment
should involve minimum pain and discomfort. Local
anesthetic agents used in infiltrative anesthesia are
known to block sodium influx into neural cells,
thereby inhibiting sensory transmission (1). Lidocaine
hydrochloride and prilocaine are two of the most
commonly used agents. They are amid-based com-
pounds, metabolized in the liver. Lidocaine can be
used in solutions ranging from 0.5 to 4%, but most
studies report the use of 1% lidocaine (2-10).

Buffered lidocaine usually consists of 1 unit of
8.4% sodium bicarbonate mixed with 9 units of 1%
lidocaine (3). The reported mean duration of anes-
thetic effect of 1% buffered lidocaine is 30 minutes vs
33 minutes of plain lidocaine (2). Prilocaine, on the
other hand, is a local anesthetic that is pharmacologi-
cally similar to 1% lidocaine. It has a moderate dura-
tion (11) and in 4%-concentration (without a vasoco-
nstrictor) maintains analgesia for almost 30 minutes
(12). Currently, it is used most often for infiltration an-
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esthesia in dentistry. The agent is used in the concen-
trations between 1% and 4% in various experimental
and clinical pharmaceutical forms and applications
(13-18). Some studies demonstrated that prilocaine
was an alternative agent to 1% lidocaine and 1% buf-
fered lidocaine, with a comparable anesthetic effect
in laceration repair (8,9).

Although very commonly used, it is not exactly
known which of thesee agents provides more conve-
nient anesthesia locally while inflicting lesser pain it-
self. Few studies directly compared anesthetic effec-
tiveness of local anesthetics and injection pain (10).

Slow injection, warming, and buffering are some
of the effective strategies to reduce pain invoked by
the local anesthetic injection (3,4,6,7,10,19,20). Lo-
cal anesthetic agents are weak bases, whose shelf life
is extended by formulations with pH 4-6. Buffering of
lidocaine was shown to decrease the pain caused by
lidocaine injection (3,4,7,8,20). This effect is thought
to result from the alkalinization of the local anesthetic
agent. With the utilization of this technique, the pain
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of infiltration with buffered lidocaine is significantly
reduced — 4.5-fold compared with plain lidocaine,
with no impairment in the efficacy of the local anes-
thetic (10). Buffering and warming lidocaine have
synergistic effects on alleviating injection pain (7,21).
A disadvantage of buffering the agent is decreasing
the concentration of the active agent and therefore
shortening the effective shelf life down to approxi-
mately seven days (2). The shelf life of the plain 1%
lidocaine is more than two weeks (3).

The first aim of our study was to compare the
magnitude of pain following the infiltration of three
agents: prilocaine, plain lidocaine, and buffered
lidocaine in local anesthesia for skin lacerations re-
pair. The second objective was to compare and evalu-
ate the effectiveness of analgesia caused by these
three agents.

Participants and Methods

Participants

The randomized double-blind comparison trial included all
consecutive eligible adult patients referred to our emergency de-
partment between January 2001 and June 2002. To be included
in the study, the participants had to have simple, uncomplicated
skin lacerations <5 cm in length and not deeper than 0.5 cm. All
eligible patients (n=234; Fig. 1) received detailed information on
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A 4
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Figure 1. The flow of the patients through the study.

the study and were asked to provide a written informed consent
before entering the study. Exclusion criteria were end-organ in-
volvement, history of allergy to local anesthetic agents, altered
mental status as demonstrated by Glasgow Coma Scale score less
than 15, indication of procedural sedation and analgesia, sus-
pected pregnancy, contaminated or complicated wounds requir-
ing debridement or involving tissues perfused by end arterioles,
wounds requiring use of nerve block, history of alcohol and drug
abuse, and distracting painful injury. The subjects experiencing
allergic reactions during the procedure were also excluded (Fig.
1). This left 183 adults to be enrolled in the study and random-
ized to one of three groups receiving either 2% prilocaine, or 1%
lidocaine, or 1% buffered lidocaine, respectively. Each group
consisted of 61 patients. The mean age of patients was
30.9+11.4 years (range, 18-73) and 121 (66.4%) patients were
men.

The specific objectives of the study included comparison of
the degree of pain caused by local infiltration of the anesthetic
drugs and evaluation of analgesia efficacy upon completion of
the first puncture. Therefore, all patients included in the study
were instructed before the procedure how to use the numerical
rating scale to assess the injection pain (22-24).

Residents, faculty, and attending physicians were intro-
duced to the study protocol, scoring system by use of numerical
rating scale, and potential adverse effects of the anesthetics be-
fore the commencement of the study.

Randomization and Blinding

The table of randomly generated numbers was used to allo-
cate the participants into one of the three groups: 2% prilocaine
(Citanest® 2%, Eczacibasi, Istanbul, Turkey), 1% lidocaine
(Aritmal®, Haver, Istanbul, Turkey), and 1% buffered lidocaine
(with sodium bicarbonate; Drogsan®, Istanbul, Turkey). All
agents were inexpensive (1-2 US$ per use). The solutions were
prepared on a daily basis and not more than three at a time.
Five-mL prefilled syringes with 27 gauge needles were used to
prepare the agent. All agents were clear solutions, kept at room
temperature. The study was double-blind. The syringes were
numbered by a researcher not directly involved in drug adminis-
tration. Nobody but this researcher was aware of the content of
any numbered syringe, which ensured allocation concealment.
Buffered lidocaine 1% consisted of 1 unit of 8.4% sodium bicar-
bonate mixed with 9 units of 1% lidocaine.

Study Algorithm

The length and depth of the cut was determined with a ster-
ile ruler in all patients. The eligible patients were recruited after
providing written informed consent. Regular measures in the
wound care and trauma resuscitation unit were not changed for
study purposes. The wound was first irrigated with normal saline,
and the area around the wound swabbed gently with 10%
povidone iodide and rinsed with sponges.

After the application of anesthetic with 27 gauge needles, 5
minutes were allowed for the injections to become effective be-
fore suturing. The injection technique was standardized accord-
ing to the modified criteria by Colaric et al (4): 1) the needle was
inserted to the level of the superficial dermis in a single continu-
ous motion; 2) adequate time was allowed for the pain from the
needle puncture to subside before injecting the anesthetic agent;
3) the agent was injected at a constant rate over 10 seconds (0.1
mL/s); 4) all injections were given by educated and blinded oper-
ators (emergency physicians); and 5) the operators were not al-
lowed to give more than 40 injections without a rest, to prevent
variation in the technique caused by fatigue.

Five minutes after injection, the sensory status was checked
with a needle point. Another half dose of the same agent was in-
jected if required. Standard 1% lidocaine injection was used for
further anesthesia in case of inadequate antinociception at 10
minutes. Suturing started as soon as the lacerated area became
painless. The first suture was placed at the middle of the lacera-
tion.

The outcome measures in the current study were the de-
gree of pain inflicted by the injection of the anesthetic agents, and
the magnitude of pain following the agents in response to punc-
ture of the suturing needle. The operator asked the patient to de-
termine the degree of pain invoked by the injection or infiltration
using the numerated rating scale. The patients ranked the pain at
three points: immediately after the first puncture of the needle
(P1), immediately after completion of infiltration (P2), and after
the completion of the first puncture of suturing needle (P3). Mean
P2 values represented the pain caused by the injection of a given
agent, whereas mean P3 values represented the efficacy of local
anesthesia associated with the agent.

Pain scores between 0 (no pain or the least pain felt) and
100 (the worst pain ever experienced) were noted on a numer-
ated rating scale.

Statistical Analysis

To calculate the sample size needed in each group with
90% power, we estimated the standard deviation to be 25, the
mean numerated rating scale for 1% lidocaine to be 50, and al-
pha value 0.05. Fifteen percent difference in the pain resulting
from both suturing and local anesthetic infiltration was consid-
ered to be clinically significant, ie, lower than that reported else-
where (25,26). This required the sample size of at least 58 sub-
jects in each group.

Baseline values of age, cut length, drug volume, mean pain
scores (P1, P2, and P3) at 100-point numerated rating scale for
each group, and requests for extra anesthetic were statistically an-
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alyzed by use of the SPSS statistical package for Windows, ver-
sion 11.0 (SPSS Inc, Chicago, IL, USA). One-way analysis of vari-
ance (ANOVA) was performed to compare baseline values. Sig-
nificant differences among the three patient groups in the mean
level of injection pain were assessed by ANOVA, with post-hoc
Tukey test; significance level was set at 0.05. Categorical vari-
ables such as receiving additional anesthetic were analyzed with
chi-squared test. Alpha value was set at 0.05 with 95% confi-
dence intervals.

Results

Only a single patient from the prilocaine group
left the study before the completion of pain ratings
and was excluded from the data analysis. There were
no statistically significant differences between the
three groups with respect to sex (women-to-men ratio
was 0.46 in prilocaine group, 0.48 in lidocaine
group, and 0.56 in buffered lidocaine group; Pear-
son’s chi-square, p=0.78), age, and duration of the
procedure (mean+SD, 17.0+5.3 min; Table 1).
None of the subjects had taken analgesic medications
within 12 h before the procedure.

Table 1. Relevant characteristics of the study participants re-
ceiving different local anesthetics before the laceration repair
Characteristics (mean +SD)

age cut length anesthetic
Anesthetic group (years) (cm) volume (mL)
Prilocaine (n=60) 326+£10.2 3.6+£13 3.5+1.6
Lidocaine (n=61) 2934123 39414 3.6+1.7
Buffered lidocaine (n=61) 30.7+12.8 3.8+1.4 3.4+15
p* 0.31 0.16 0.62

*ANOVA.

The distribution of skin lacerations in the sample
was as follows: 37 (20.3%) on the face and the neck;
21 (11.6%) on the scalp; 54 (29.6%) on the upper ex-
tremities, and 46 (25.3%) on the lower extremities.
The remaining 24 (13.2%) lacerations were in other
body regions. The mean length of the lacerations was
3.7+ 1.5 cm (range, 1.2-5.0). There were no signifi-
cant differences between the three treatment groups
in the length of lacerations (p=0.74; Table 1). Mean
volume of the agents administered to each patient
was 3.5+0.9 mL. The difference between the drug
volumes administered to the patients was not signifi-
cant (p=0.82).

There were 7 (11.6%), 2 (3.2%), and 8 (13.1%)
patients receiving additional local anesthetic in prilo-
caine, lidocaine, and buffered lidocaine groups, re-
spectively (chi-square test, p=0.09).

None of the participants experienced any adver-
se events, e.g., allergic reactions, seizures, or numb-
ness.

For the self-rated numerical rating scale, the
mean pain scores and 95% confidence intervals (Cl)
were calculated (Table 2). Total mean scores elicited
at three points were 31.5+£21.8 for P1, 20.3+14.5 for
P2, and 17.4+13.9 for P3. The differences between
the means were statistically significant (mean P1 vs
mean P2, p<0.001; mean P1 vs mean P3, p<0.001;
and mean P2 vs mean P3, p=0.044).

The differences among groups in the means ob-
tained at three predetermined points were compared
with ANOVA (Table 2). Mean P1 did not significantly
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Table 2. Degree of pain elicited by anesthetic injection as as-
sessed by numerical rating scale scores*

Degree of pain at each point (mean +SD)

Anesthetic group P1 P2 P3

prilocaine (n=60) 29.1+20.9 24.0+16.0" 18.4+13.1

1% lidocaine (n=61) 3224229 209+149 13.4+11.3°

buffered 1% lidocaine ~ 33.2+21.7 16.1+11.3 20.4+16.2
(n=61)

Total 31.5+21.8 20.3+145 174+13.9

*On rating scale, 0 denoted no pain and 100 denoted the worst pain ever expe-
rienced; P1 — degree of pain immediately after the first puncture of the needle;
P2 — degree of pain immediately after completion of infiltration; P3 — degree of
Paint after the completion of the first puncture of suturing needle.

Significantly different from other groups: p=0.007 for prilocaine in P2, and
p=k0.014 for lidocaine in P3 (one-way ANOVA, with post-hoc comparison
Tukey’s).

differ among the groups (ANOVA, p=0.56). On the
other hand, mean P2 was the highest for prilocaine,
followed by lidocaine and buffered lidocaine (Table
2). In other words, patients receiving prilocaine rated
their pain on the injection site of the anesthetic agent
higher than the patients who had received buffered
lidocaine or plain lidocaine.

The mean P3 in 1% lidocaine group was signifi-
cantly lower than in the other groups (p=0.014,
ANOVA with post hoc Tukey test), ie, patients receiv-
ing 1% lidocaine reported lower degrees of pain on
the first puncture of suturing needle than the other pa-
tients.

Discussion

We compared three common local anesthetics
for both the pain associated with the injection of the
agent itself and anesthetic effectiveness. The anes-
thetic effectiveness of 1% lidocaine was greater than
that of 2% prilocaine or 1% buffered lidocaine. Pain
ratings elicited just after the completion of local anes-
thetic injection were significantly higher in prilocaine
group. Prilocaine caused significantly more pain than
lidocaine, either plain or buffered.

As our study protocol employed strict blinding
measures, we could not link the difference in the re-
sults to the failure of blinding or randomization.

Several studies compared 1% plain lidocaine
with 1% buffered lidocaine. Fatovich and Jacobs (6)
found that patient scores on visual analog scale after
administration of plain 1% lidocaine were not signifi-
cantly different from those after 1% buffered lidocai-
ne. Brogan et al (21) established that buffered lido-
caine 1% was as efficacious as plain lidocaine 1% in a
prospective study. Our results were similar. Newton
et al (5) compared the effectiveness of anesthesia by
plain and buffered 1% lidocaine in an unblinded
study in neonatal circumcision, and found no signifi-
cant difference by adding a buffering agent to plain
1% lidocaine. Bartfeld et al (8) reported that plain and
buffered lidocaine were equally efficacious during su-
turing. Our study, on the other hand, showed that
lidocaine was superior to both buffered lidocaine and
prilocaine in the efficacy of anesthesia. This discrep-
ancy of findings could have resulted from use of nu-
merical rating scale in our study, as well as from
sociodemographic differences in the study partici-
pants.
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Our results that buffered 1% lidocaine inflicted
less pain than 1% lidocaine is in accordance with
findings by Colaric et al (4), who also reported that
buffered 1% lidocaine was significantly less painful
than plain 1% lidocaine, although warming the buf-
fered solution was more effective in pain reduction
than buffering alone. On the other hand, Fatovich and
Jacobs (6) compared the pain after lidocaine and buf-
fered lidocaine administration and found that buf-
fered lidocaine did not cause less pain than plain 1%
lidocaine either in adults or in children. In our study,
2% prilocaine inflicted more pain than the other two
agents, which has not been previously reported.

Our study had several limitations. Instead of vi-
sual analog scale used in most similar studies to re-
cord pain ratings (27), we used numerical rating scale.
The reason for preferring numerical rating scale to
score pain was to eliminate the use of pen-and-paper
while being sutured and to eliminate the effect of so-
cial and economical inequalities. Despite this strength,
more data are needed to reach firm conclusions about
the efficacy and validity of numerical rating scale com-
pared with visual analog scale in a given population.
Nonetheless, literature data assure that use of numeri-
cal rating scale to assess pain is valid (28). No patient
experienced any difficulty in using the tool during the
study. The rapid decline in mean pain scores elicited
shortly after the administration of the local anesthetic
agents supported the proper use of the tool in this
study.

The study did not employ a placebo to compare
the effects of the anesthetics. It was not considered to
represent a weakness of the study because it would be
an ethical problem to suture the patients without
proper anesthesia.

The dosages of the agents employed fall within
the range of accepted dosages used in other studies,
but a true equivalence study between 1% lidocaine
and prilocaine could not be identified in an extensive
literature search. While this point can be viewed as a
weakness of the area, the results of the present study
can be considered as a preliminary attempt to find out
the equivalent doses.

This study covered only a short time period after
the administration of the agents and completion of the
procedure. Further follow-up of the patients through-
out and after the repair of the lacerations would have
given more complete information on the effects if an-
esthetic agents. Future research should try to deter-
mine late-onset adverse effects or the cosmetic results
of the wound repair after administration of local
anesthetic agents.

Norris et al (3) suggested that it was necessary to
allow 5-10 minutes before the effect of local anes-
thetic agents in the wounded tissue becomes evident.
In our study, we allowed 5 minutes to elapse before
the start of the procedure. It is an acceptable practice
provided that P3 scores are well within the range of
“mild pain” as determined by Collins et al (29), who
found that the visual analog scale scores of most pa-
tients who rated their pain as “mild” or “none” were
below 30/100. The scores on the numerical rating
scale in our study were between these limit values.

Furthermore, in emergency situations the responsible
physician has to commence suturing as soon as the
pain rated by the patients is clinically acceptable.

In conclusion, our study showed that in the given
doses, 1% lidocaine was more acceptable than 2%
prilocaine and buffered 1% lidocaine for wound re-
pair in acute situations.
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