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Both EMLA and Placebo Cream Reduced Pain during
Extracorporeal Piezoelectric Shock Wave Lithotripsy

with the Piezolith 2300

Thara Tritrakarn, M.D.,* Jariya Lertakyamanee, M.D.,T Pisamorn Koompong, M.D.,T Suchai Soontrapa, M.D.,§
Pradit Somprakit, M.D.,|| Anupan Tantiwong, M.D.,# Sunee Jittapapai, R.N.**

Background: The objectives were to determine whether a
eutectic mixture of local anesthetic (EMLA) or placebo cream
reduces pain during extracorporeal piezoelectric shock wave
lithotripsy (EPSWL), and to determine which of the compo-
nents of the application (i.e., the occlusive dressing, the cream,
or the local anesthetic) contributes to analgesia.

Metbods: A randomized, double blind, crossover study (part
1) was performed in 12 patients who were scheduled for EPSWL
procedures on an ambulatory basis who received the first treat-
ment without any intervention and who had verbal pain scores
of 70 or more {on a 0-to-100 scale). For the next two treatments
at 2-week intervals, patients were randomly assigned to receive
either 10 g EMLA or 10 g placebo cream and then crossed over
to receive the other. The cream and occlusive dressing were left
in place and immersed in water throughout the procedure.
Verbal numeric pain score was assessed at 5 min after receiving
the maximal tolerable intensity of shock wave and at the end of
the procedure. The study continued (part 2) in 202 ambulatory
patients; 125 men and 77 women, American Society of Anesthe-
siologists physical status I and I, subjected to EPSWL were
randomly allocated into five groups who received (1) nothing
on the skin (control), (2) plastic occlusive dressing, (3) placebo
cream and plastic occlusive dressing, (4) EMLA cream and plas-
tic occlusive dressing, (5) EMLA cream and plastic occlusive
dressing for 60 min to achieve cutaneous anesthesia, which was

* Professor of Anesthesia, Department of Anesthesiology.

t Associate Professor of Anesthesia, Department of Anesthesiology.
} Assistant Professor of Anesthesja, Department of Anesthesiology.
§ Associate Professor of Surgery, Department of Surgery.

| Associate Professor of Anesthesia, Department of Anesthesiology.
# Associate Professor of Surgery, Department of Surgery.

** Operating Room Nurse, Department of Surgery.

Received from the Departments of Anesthesiology and Surgery,
Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok
10700, Thailand. Submitted for publication March 1, 1999. Accepted
for publication December 10, 1999. Supported by research grant
No0.75-348-244, Siriraj-China Medical Board Fund, Siriraj Hospital,
Bangkok, Thailand.

Address reprint requests to Professor Tritrakarn: Department of
Anesthesiology, Faculty of Medicine Siriraj Hospital, Mahidol Univer-
sity, Bangkok 10700, Thailand. Address electronic mail to:
sitti@mahidol.ac.th

Anesthesiology, V 92, No 4, Apr 2000

removed before EPSWL. Pain score was evaluated 10 min into
the procedure and at the end of the procedure.

Result: Both parts of the study showed that patients who
received either EMLA or placebo cream with dressing through-
out the procedure experienced less pain and tolerated higher
energy levels compared with the control. Patients who received
only pre-EPSWL cutaneous anesthesia of EMLA and who re-
ceived only the occlusive dressing did not have a reduction in
pain score.

Conclusions: EMLA and placebo creams under occlusive
dressing reduced pain during EPSWL. The presence of the
cream itself as a coupling medium contributed to analgesia.
This may be a useful, simple, safe, and economical adjuvant
technique to reduce pain during immersion EPSWL. (Key
words: Ambulatory; anesthesia; renal stone; topical; treatment.)

TREATMENT with the third-generation piezoelectric
lithotriptor has been described as painless.'~> However,
28% of patients experienced severe pain when undergo-
ing the treatment without anesthesia.® A eutectic mix-
ture of local anesthetic (EMLA) cream (2.5% lidocaine,
2.5% prilocaine) provides sufficient topical anesthesia to
perform superficial skin surgery, split-thickness skin
grafting, and even circumcision.” ® The objectives of the
study were to determine whether EMLA cream under a
plastic occlusive dressing reduces pain during extracor-
poreal piezoelectric shock wave lithotripsy (EPSWL),
and, if so, which component (cutaneous anesthesia, the
cream, or the occlusive dressing) contributes to analgesia.

Materials and Methods

Part 1

This randomized, double blind, crossover design was
approved by the institutional review board of Siriraj
Hospital, Mahidol University. After obtaining informed
consent, 12 patients (American Society of Anesthesiolo-
gists physical status I-II) with large renal stones sched-
uled for multiple EPSWL procedures performed on an
ambulatory basis (anticipated at least three treatments)
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using a Wolf Piezolith 2300 Shock Wave Lithotriptor
(Richard Wolf GmbH, Hamburg, Germany) were evalu-
ated. These patients received the first treatment without
any intervention and reported pain scores of 70 or more
(on a 0-t0-100 scale). Only patients whom urologists
evaluated by renal stone size, location, and the response
to the first treatment, who would need at least two more
treatments were approached and recruited after the first
treatment. For the next two treatments, they were ran-
domly allocated to receive either EMLA or placebo
cream of identical physical characteristics (consistency,
color, and smell) and then crossed over to receive either
placebo or EMLA cream 2 weeks apart. Both creams
were kept in identical tubes with code numbers. Doc-
tors, nurses, and patients were blind to the content of
the tubes. The codes were broken at the end of the study
for statistical analysis.

Ten grams EMLA or placebo cream from identical 10-g
tubes was applied on the skin of the flank at the area of
entry of the shock wave marked by the urologist. The
cream was spread 2 or 3 mm thick and covered an area
of approximately 5 X 7 cm. An occlusive plastic sheet
(Steri Drape; 3M, St Paul, MN) was applied over the area.
Meticulous attention was given to avoid air bubbles
trapped under the occlusive dressing. The cream was
applied for at least 60 min before starting the treatment
to allow the local anesthetics to penetrate the skin and
produce cutaneous anesthesia. The applied cream with
the occlusive plastic dressing was immersed in the water
and was left in place throughout the procedure and
removed after the completion of the treatment.

There are four levels of EPSWL intensity used with the
Piezolith 2300. The shock wave energy at the acoustic
focus of intensity 1 is 31 Mpa (310 bar), intensity 2 is 40
megapascals (Mpa; 400 bar), intensity 3 is 62 Mpa (620
bar) and intensity 4 is 102 Mpa (1020 bar).® The fre-
quency of the shock wave is 1.5-1.7 shock/s. The lith-
otripsy treatment started with intensity 1 and increased
to intensities 2 and 3 within 5 min, then increased to
intensity 4 and, if pain was tolerable, continued until the
completion of 4,000 shocks. If pain was intolerable, the
shock wave intensity after receiving the maximal inten-
sity 4 for 5 min was decreased to intensity 3, and if it still
was intolerable, 50 ug intravenous fentanyl was admin-
istered. Numeric verbal pain scale of 0-100 (no pain =
0, the most severe pain = 100) was used to evaluate pain
when patients received 5 min of shock wave intensity 3
and 5 min of intensity 4 and at the end of the treatment.
Pain score was evaluated by an assistant who was blind
to the content of the cream.
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Part 2

The study was a randomized controlled trial and was
approved by the institutional review board of Siriraj
Hospital, Mahidol University. Two hundred two adult
patients who were American Society of Anesthesiolo-
gists physical status I-II and scheduled for EPSWL using
the Piezolith 2300 lithotriptor on an ambulatory basis
(regardless of the number of treatments) participated in
the study. After obtaining informed consent, they were
randomized into one of five groups. Group A (control)
received no intervention (nothing to the skin). Group B
received a plastic occlusive dressing (Tegaderm; 3M)
applied to the skin at the shock wave entry site and
immersed in water. Group C received 10 g placebo
cream, and groups D and E received 10 g EMLA cream
covered by a plastic occlusive dressing for at least 60 min
before the start of EPSWL. The dressing in group E was
removed just before EPSWL. The plastic occlusive dress-
ings in groups B, C, and D remained in place and im-
mersed in water during EPSWL treatment and were re-
moved after the completion of the procedure.

No premedication was administered to any patient in
either part of the study. EPSWL was performed in the
same manner as in part 1. Pain was evaluated at 10 min
(after 5 min of maximum shock wave intensity) and at
the end of the procedure using a verbal numeric score,
as in part 1.

The sizes of renal stone on the plain radiograph of the
abdomen were measured in square millimeters by a clear
plastic sheet of 1 X 1 mm grid before EPSWL and 2
weeks after. The difference in sizes before and after
treatment was used to compare the effectiveness of
EPSWL in reducing stone size among different groups.
After EPSWL, the number of days of frank hematuria; the
presence or absence of chill, nausea, or vomiting; and
the presence and severity of post-treatment abdominal
colic, deep pain on the flank, and cutaneous tenderness
were recorded.

Statistical Analysz's

The standard deviation of pain scores from part 1 of
the study was used to plan the sample size of part 2.
Because pain scores in the EMLA and placebo groups
were significantly lower than in the control group, the
calculated sample size was very small. Because part 1
was performed in patients who had previous pain scores
of 70 or more, the sample size of each group in patients
in part 2 were increased to 40 to compensate for pa-
tients who had all ranges of pain.

A paired f test was used to compare pain scores in part
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Table 1. Pain Scores at 5 min after EPSWL at Intensity 3, 4,
and at the End of EPSWL in the Control, EMLA, and Placebo
Groups, and Number of Patients Who Tolerated Maximum-
Intensity Shock Wave until Completion of the Treatment
(Part 1)

Control EMLA Placebo
(n=12) n=12) n=12)
Pain score
Intensity 3 6210 257 44 + 11*
Intensity 4 83+ 6 46 = 21* 54 = 19*
At end of the procedure 82 +5 43 = 24*™ 46 = 23"
Number tolerated maximum 6 12 12
intensity

Data are mean * SD.
*P < 0.01.
* P < 0.001 compared with control.

EMLA = eutectic mixture of local anesthetics; EPSWL = extracorporeal
piezoelectric shock wave lithotripsy.

1. In part 2, after testing of homogeneity of variances
using the Levene statistics and Komologov-Smirnov
goodness-of-fit test for normal distribution, continuous
variables (i.e., age, weight, and pain scores) were com-
pared using analysis of variance. If there were statisti-
cally significant differences among groups, then the Dun-
nett ¢ test (one-sided) was used to compare pain scores
by treating group A as a control and to compare all other
groups (B, C, D, and E) against it. The chi-square test was
used for comparing discrete variables and the Kruskal-
Wallis test was used for comparing rank data. A P value
less than 0.05 was considered to be statistically signifi-
cant.

Results

Part 1
Eight men and four women, aged 23-67 yr (mean,
41 = 13 years) participated in the study. The size of renal

stones measured on the plain abdominal film ranged
from 1 X 2 to 1.5 X 4 cm. All patients completed the
three treatments and received 4,000 shocks/treatment.
The duration of each treatment was 35-45 min (mean,
41 * 3 min). Pain scores in the EMLA and placebo
groups were significantly lower than the control scores,
as shown in table 1. All patients in the EMLA and placebo
groups, but only 6 of 12 in the control group, tolerated
the maximum intensity shock wave. Two patients (con-
trol group) required supplemental analgesia (fentanyl).

Part 2

In this study, 125 men and 77 women participated.
There were no differences among groups regarding de-
mographic data, stone sizes, and procedure duration, as
presented in table 2. Pain scores are shown in table 3.
Pain scores in groups C and D were significantly lower
than in group A after 10 min of the treatment, but, at the
end of the procedure, only group C had lower pain
scores than the control group A. Application of EMLA or
placebo resulted in fewer patients having severe pain.
Seventy patients (34.6%) requested and received re-
duced-intensity shock waves. Seven patients among
these could not even tolerate shock wave intensity 3,
and the intensity had to be reduced to intensity 2 until
completion of EPSWL. Of these seven patients, four
were from group A, two from group E, and one from
group B. None were in groups C or D. None of the
patients in any group received intravenous rescue anal-
gesic. The incidence of inability to tolerate maximum
shock wave intensity during the procedure did not differ
between groups.

There were no differences among the five groups re-
garding the size of renal stone measured on the plain
films before and after the treatment and the difference
between them (table 2).

There was no difference in the side effects and oral

Table 2. Demographic Data, Duration of EPSWL, Size and Differences between Renal Stone before and after EPSWL (Part 2)

Group A Group B Group C Group D Group E

n=41) (n = 42) n=41) (n = 39 (n =39
No. of men (%) 24 (59) 24 (57) 27 (66) 26 (67) 24 (62)
Age (yr) 419 39 = 11 41 =10 38 =12 38 * 11
Weight (kg) 60 = 10 61 =10 62 + 10 59 +9 60 = 10
Duration (min) 36 x5 365 375 375 387
Renal stone before (mm?) 30 =19 42 + 24 29 =17 32 x23 32 +22
Renal stone after (mm3) 17 =15 27 + 24 15 =12 18 = 13 12 £ 10
Size reduction of stone (mm?) 13 =10 15+ 10 14 =11 149 20 = 16

Data are mean = SD.
EPSWL = extracorporeal piezoelectric shock wave lithotripsy.
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responsible for analgesia. Unfortunately, absence of a
no-treatment control group made it impossible to deter-
mine whether the observed reduction in pain scores at
follow-up EPSWL was related to the creams or was sim-
ply because a second subsequent EPSWL is intrinsically
less painful. A previous study showed that pain scores in
the second treatment did not differ from pain scores in
the first treatment.® We continued the study to deter-
mine which component of the application (i.e., the oc-
clusive dressing, the placebo cream, the EMLA cream,
or the topical cutaneous anesthesia) contributes to
analgesia.

The result of part 2 confirmed that patients who re-
ceived either the placebo cream (group C) or the EMLA
cream (group D) with occlusive dressing immersed in
water during EPSWL had lower pain scores than the
control patients who received nothing on the skin
(group A). The nondifference in pain scores between
group A (control) and groups B (plastic occlusive dress-
ing alone) and E (cutaneous anesthesia) suggested that
the plastic occlusive dressing and the topical cutaneous
anesthesia effect of EMLA cream per se did not provide
analgesia for this procedure. The presence of the carrier
cream as the only common factor in group C and group
D and its absence in group B and group E suggests that
the carrier cream is the component responsible for an-
algesia.

The principle of acoustic shock wave physics provides
a likely explanation of the mechanism of this analgesia.
During ESWL and EPSWL, shock waves travel from the
source through water, skin, soft tissue, renal paren-
chyma, and then the renal stone at the acoustic focus. As
the wave continues through the media, it follows acous-
tic principles.'®'® As the wave passes from one medium
to another with different acoustic conductance, there is
reflection, absorption, and transmission of shock wave
energy at the interface between the media. Acoustic
impedance is a characteristic of a medium and is equal to
the product of density and sound velocity. The larger the
difference of the acoustic impedance between the two
adjacent media, the greater the reflection and absorption
of energy at the interface. At the water-skin interface,
reflection and absorption of the shock wave causes skin
trauma, contusion, and superficial pain of the skin.
When EMLA cream or placebo cream was applied under
an occlusive dressing and was left in place and immersed
in water, the cream became a coupling medium. The
acoustic impedance of the cream is nearer to that of skin
than that of water to skin. At the cream-skin interface,
there is less reflection and absorption of shock wave
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energy than at the water-skin interface and, hence, less
pain, less skin trauma, and more energy transmission
through skin to soft tissue and kidney and renal stones.

There are several limitations in the application of the
result of the study to clinical use. The study was per-
formed in patients treated with the third-generation Pi-
ezolith 2300, which causes less pain and does not ne-
cessitate general or regional anesthesia. It may not be
readily applicable to patients treated with the first- or the
second-generation lithotriptors (e.g., the Dornier litho-
triptor [Marietta, GA], which causes severe pain and
necessitates either general or regional anesthesia).'® For
the third-generation lithotriptor, patients with a low pain
threshold and who experienced severe pain during pre-
vious treatment may benefit from the application of
cream and occlusive dressing and may have a greater
reduction in pain scores than a patient who experienced
only mild to moderate pain.

Side effects of lithotripsy did not receive attention
from surgeons or the anesthesiologist. This is similar to
postoperative pain a few decades ago. Even the third-
generation lithotriptor causes a high incidence of hema-
turia, abdominal colic, deep flank pain, skin tenderness,
shivering, nausea, and vomiting. More attention and fur-
ther study is necessary to alleviate the suffering of pa-
tients.

In conclusion, this study showed that the EMLA and
placebo creams under an occlusive dressing reduce pain
during EPSWL. The local cutaneous anesthetic effect of
EMLA cream is less important than the effect of the
cream itself, which may function as a coupling medium,
thereby reducing pain. Although the difference in pain
scores was marginal, this could increase dramatically in
a select group of patients who had high pain scores, and
further study is now planned. The use of a coupling
medium is a useful adjuvant during an immersion litho-
tripsy procedure. It may provide a simple, safe, econom-
ical technique to reduce pain in select patients during
EPSWL and ESWL without causing side effects.
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