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ABSTRACT 

Purpose: Various minimally invasive approaches to reduce pain during extracorporeal shock 
wave lithotripsy (ESWL*) have been described. We compared petroleum jelly (Vaseline?) and 
ultrasound gel in vitro as a contact medium based on the stone fragmentation rate. The analgesic 
effect of cutaneous petroleum jelly was tested against eutectic mixture of local anesthesia. We 
also evaluated the outcome of ESWL in a large group of patients treated with petroleum jelly. 

Materials and Methods: In vitro 3 artificial stones were completely fragmented with a MFL 
5000* lithotriptor using petroleum jelly or ultrasound gel as a contact medium. A total of 110 
patients (group 1) received petroleum jelly before treatment with the same lithotriptor. After 
retrospective analysis of group 1 we matched 32 patients (group 2) receiving cutaneous eutectic 
mixture of local anesthesia. Because of the favorable results with petroleum jelly, we used it in 
another 148 patients, for a total of 258 patients (group V). Treatment dependent pain was scored 
using a questionnaire as 1-no, 2-minor, %tolerable and 4-intolerable. ESWL without 
additional analgesics had a pain score of 1 to 3. 

Results: In vitro petroleum jelly had a superior fragmentation rate compared to ultrasound gel. 
Our long-term experience with the lithotriptor indicated that only 30% of patients required no 
additional analgesics with cutaneous ultrasound gel. In contrast, no additional analgesics were 
needed in only 38% of group 2 compared to 81.8% of group V. The stone fragmentation rate did 
not differ statistically between groups. 

Conclusions: Cutaneous petroleum jelly offers a noninvasive, highly effective, inexpensive 
treatment modality with no side effects and significant reduction in pain. This ointment is our 
contact medium of choice. 
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Since its introduction in 1980 extracorporeal shock wave 
lithotripsy (ESWL) has revolutionized urolithiasis.' This 
technique, combined with auxiliary endoscopic procedures, 
has replaced open stone surgery almost ~ompletely.~.~ Fur- 
thermore, it is a highly efficacious treatment modality with 
low m~rbidity.~ Due to increasing experience with this ther- 
apy and technical improvement in lithotriptors the stone 
fragmentation-to-trauma ratio has improved continuously. 

Although regional or general anesthesia was commonly 
used for treatment with first generation lithotriptors,' it is 
not required with third generation machines in most cases. 
Specific data about the need for analgesics differ in the lit- 
erature, especially for the lithotriptor used in our study, and 
vary depending on stone location from 30% (proximal ureter) 
to 788 (distal ureter) to 72% (midldistal ureter).6." According 
to our retrospective experience with this lithotriptor in 400 
unselected treatments per year for more than 7 years, about 
70% of patients required intravenous analgesics (for example 
7.5 to 15 mg. per single dose piritramide). Opiate associated 
side effects (nausea, hypotension) were observed in 20% of 
patients. In 5% of these cases termination of the procedure 
was necessary. 

Since 1986 several studies have investigated the effect of 
different local anesthetic substances on therapy dependent 
pain with varying  result^.^-'^ Cavitation phenomena have 
been discussed as the possible source of cutaneous pain dur- 

ing ESWL and the application of viscous ointment alone 
seems to reduce this pain? We initially tested in vitro petro- 
leum jelly against routinely used ultrasound gel as a contact 
medium. Because of the positive stone fragmentation results, 
a pilot study was performed comparing 110 patients treated 
with cutaneous petroleum jelly (group 1) to 32 treated with 
eutectic mixture of local anesthesia (EMU$.) (group 2). After 
an unexpected analgesic effect with petroleum jelly (87%) 
compared to EMLA (38%) and ultrasound gel (30%) was 
revealed, another 148 patients were prospectively treated 
with petroleum jelly in an effort to decrease treatment re- 
lated discomfort without limiting stone fragmentation. We 
report the results of our study. 

MATERIALS AND METHODS 

Petroleum jelly is a physiologically well tolerated and in- 
expensive basic substance in numerous cutaneously applied 
drugs." One gm. EMLA cream, an oil and water emulsion, 
contains 25 mg. lidocaine and 25 mg. prilocaine, and is used 
as superficial anesthesia for cutaneous surgical procedures. 
The ultrasound gel we used contains 835.2 gm. distilled 
water, 3.5 gm.carbopo1-940, 150 gm. propylene glycol and 
11.3 gmJ1,OOO gm. 10% sodium hydroxide saline solution. 

Standardized in vitro experiments with 3, 1 cm. artificial 
stones were performed to evaluate the quality of contact with 
petroleum jelly compared to ultrasound gel. The stones were 
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waves needed for complete stone fragmentation was recorded 
(fig. 1). A thin but complete layer of the coupling agent was 
applied to the polyvinyl chloride membrane of the shock wave 
generator, and then the container filled with water from the 
lithotriptor tube and the stone net was fixed against the 
machine. The artificial stones were soaked before use for 20 
minutes in the lithotriptor tube water. The end point of the 
fragmentation procedure was when the net containing the 
stones was empty. 

A total of 290 patients treated with urolithiasis of the 
upper urinary tract were included in the in vivo study. Chil- 
dren younger than 15 years and patients requiring anesthe- 
sia due to auxiliary treatments were excluded from study. 
The procedure was performed without premedication. After 
our initial experience with petroleum jelly (110 patients, 
group 1) we recruited 32 additional patients to evaluate the 
analgesic potential of EMLA (group 2). Patient characteris- 
tics did not differ statistically in regard to age, sex, stone 
location and treatment parameters between these groups 
(table 1). Mean patient age was 50.9 2 14.3 years in group 1 
and 54.4 2 14.5 in group 2 (p >0.7). Both groups comprised 
69% and 31% women After the pilot study another 148 con- 
secutive patients were treated with petroleum jelly. Finally, 
all 258 patients treated with petroleum jelly (group V) were 
evaluated regarding age, sex, stone location, stone size, num- 
ber and energy of shock waves, stone fragmentation rate and 
intensity of pain. Patients were informed about possible side 
effects of treatment and especially about the development of 
pain. During the entire procedure visual and vocal contact 
with the patient was maintained so that questions were 
immediately clarified. Furthermore, patients were asked 
about the experience and scored the intensity of pain as 
1-no, 2-minor, 3-tolerable and 4-intolerable. 

In group V an approximately 1 mm. thick layer of ointment 
was applied to the skin area immediately before ESWL. 
Treatment began with an energy level of 14 kV. and succes- 
sively increased to a maximum of 26. In cases of intolerable 
pain the procedure was interrupted, 7.5 to 15 mg. single dose 
intravenous piritramide was given and after a 10-minute 
break treatment was continued. Regional or general anesthe- 
sia was given in cases of insufficient response to intravenous 
analgesics. In group 2 the pretreatment procedure was more 
time-consuming. From 45 to 90 minutes before ESWL 20 gm. 
EMLA were applied to the skin area depending on radiolog- 
ical findings. For better absorption the approximately 20 X 
10 cm. skin surface was covered with synthetic foil. After 45 
to 90 minutes the foil was removed and ultrasound gel was 
applied as a contact medium. Treatment was performed un- 
der the same conditions as in group V. Student’s t test was 
used for statistical analysis with p <0.05 considered signifi- 
cant. Results were calculated as mean plus or minus stan- 
dard deviation. 

RESULTS 

Stone fragmentation rate in vitro was superior with petro- 
leum jelly at  18,22 and 25 kV. (fig. l). Average stone size was 
11.0 2 5.7 x 11.5 t 7.0 mm. in group 1 and 9.1 2 4.1 X 

TABLE 1. Stone location in groups 1, 2, Va and Vb 
No. No. No. No. 

Group 1 Group 2 Group Va Group Vb 
Medwomen 
Renal pelvis 
Upper ca lk  
Mid c a l k  
Lower calk 
Proximal ureter 
Mid ureter 
Distal ureter 
Total No. kidney/ureteral stones 

76/34 22/10 
50 15 
2 0 
3 1 
23 6 
6 2 
12 3 
14 5 

78/32 22/10 

148/63 
90 
11 
8 
41 
22 
19 
20 

150/61 

21/26 
14 
1 
1 
12 
7 
2 
10 

28/19 
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FIG. 1. In vitro stone fragmentation rate of artificial stones using 
petroleum jelly or ultrasound gel as contact medium, and mean plus 
standard deviation (sd)  number of shock waves. 

11.4 2 6.3 mm. in group 2 (p >0.08). Average number of 
applied shock waves was 2,918 2 432 in group 1 and 2,881 t 
433 in group 2 (p >0.6). Mean shock wave energy was calcu- 
lated as 20.7 t 2.5 kV. for group 1 and 21.7 ? 2.3 kV. for 
group 2 (p >0.05). There were 70% kidney and 30% ureteral 
stones (table 1). The stone fragmentation rate, determined by 
comparing pretreatment and posttreatment radiological re- 
sults was 94 and 92% for groups 1 and 2, respectively. There 
were no serious side effects in either group. 

In 96 group 1 patients (87%) the entire procedure was 
performed with no, minor or tolerable pain a h r  the applica- 
tion of petroleum jelly (pain score 2.2 2 1.1). In 14 group 1 
patients (13%) therapy was interrupted because of intolera- 
ble pain and continued after intravenous piritramide. The 
analgesic effect of EMLA was sufficient for treatment in 12 
group 2 patients (38%, pain score 3.4 2 0.6). In 20 group 2 
patients (62%) therapy was interrupted because of intolera- 
ble pain. After the application of petroleum jelly the proce- 
dure was resumed with no, minor or tolerable pain in 18 of 
these patients (go%), and additional intravenous analgesic 
was necessary in 2. Regional or general anesthesia was not 
necessary in either group. The difference in pain score 
between groups 1 and 2 was statistically significant 
(p <0.0001). 

Group V was retrospectively subdivided to identify possible 
predisposing factors for the perception of pain into group 
Va-211 patients who were able to tolerate ESWL aRer 
application of petroleum jelly only and group Vb-47 who 
required additional analgesia or anesthesia. Group Va toler- 
ated ESWL with no, minor or tolerable pain (score 1.9 2 0.8), 
whereas treatment in group Vb was interrupted immediately 
because of intolerable pain (score 4.0 ? 0.0) and an intrave- 
nous analgesic was given. In 5 group Vb patients regional or 
general anesthesia was necessary (fig. 2). 

Mean patient age was 52.2 +- 14.5 years in group Va and 
these patients were significantly older than group Vb pa- 
tients (47.3 ? 12.2, p C0.03). The distribution of sex was also 
significantly different between these groups (p <0.0001). 
Group V comprised 65.5% men and 34.5% women. However, 
group Va comprised 70.1% men and 29.9% women compared 
to 44.7 and 55.3%, respectively, for group Vb. Average stone 
size did not differ significantly between groups Va and Vb, 
and was 11.7 ? 7.1 x 9.3 2 5.9 mm. for group V. Mean 
number of applied shock waves varied between 3,142.4 ? 466 
in group Va and 2,900 2 997 in group Vb, which was statis- 
tically sigdicant (p cO.01). Mean shock wave energy was sig- 
nificantly higher in group Va (21.2 2 2.3 kV.) than in group n 
(20.1 ? 2.7 kV., p <0.05). The diflkrence in atone l d o n  
shown in table 1. The correlation between stone location, and 
the development and intensity of pain is demonstrated in table 



20 PETROLEUM JELLY FOR PAIN REDUCTION AND SUCCESSFUL TREATMENT WITH LITHOTRIPSY 

n = 290, group 1,2, V 

EMLAT" 

I n = 32, group 2 I In = 258. group v, (1) 1 

n = 21 1, group Va 

plus lv analgeti 
n = 47 

Intolerable pain no-, minor- or 
tolerable pain 

n = 42 
I 1 
I r;=: general 

anesthesia 

tolerable pain 
n E 12 

EMLA" plus 
VASELINETY 

n=20 

intolerable pain no-, minor- or 
tolerable pain 

pius iv analgetics 

FIG. 2. Patient population relative to different coupling agents and therapeutic approach. iu,  intravenous 

2. Intolerable pain d mainly during treatment of diskal 
ureteral stones (33.3%). The stone fragmentation rate did not 
differ statistically between groups Va (94.3%) and Vb (91.5%). 
There were no serious side effects in group V. 

DISCUSSION 

With correct indication and handling ESWL is a safe and 
efficacious treatment but related pain is of 
major importance to patients. Comparability of pain devel- 
opment during ESWL is limited due to major differences in 
technical procedures (different lithotriptor generations) and 
pain management (premedication and different forms of an- 
esthesia). In our experience 70% of patients treated with 
ultrasound gel only required additional analgesics or anes- 
thesia. Our results differ substantially from those of Heiden- 
reich et a1 who described the need for intravenous analgesics 
in only 36% of patients using the same type of l i th~tr iptor .~ 
However, they also demonstrated a sufficient analgesic effect 
of cutaneous petroleum jelly in 93% of patients, and sug- 
gested a possible effect of viscous petroleum jelly on cavita- 
tion as the underlying source of pain reduction. Therefore, 

TABLE 2 .  Intolerable pain relative to stone location in group V 
9b Intolerable 

Pain No. Location 

Renal pelvis 
Upper calix 
Mid calix 
Lower calix 
Proximal ureter 
Mid ureter 
Distal ureter 

104 
12 
9 
53 
29 
21 
30 

13.5 
8.3 

11.1 
22.6 
24.1 
9.5 
33.3 

reduced stress on cutaneous nociceptors might be responsible 
for the decrease in pain phenomenon. 

Further studies report different results with cutaneous 
EMLA for pain reduction during ESWL.S~9*'4*'9-23 Barcena 
et  a1 used a second generation lithotriptor and demonstrated 
an analgesic effect of EMLA, eliminating the need for intra- 
venous fentanyl in 9 of 20 ESWL procedures.'l Similar re- 
sults were noted by de Lichtenberg et al comparing the an- 
algesic effect of EMLA with subcutaneous infiltration of 
lidocaine in patients who received intravenous morphine as 
premedi~ation.~ Bierkens et a1 reduced fentanyl from 53% in 
a placebo to 30% in an EMLA group, which was not statisti- 
cally ~ignificant.'~ Monk et al noted a significant decrease in 
cutaneous pain with EMLA cream." Complete failure of 
EMLA to act analgesically was described by Ganapathy et a1 
using a third generation lithotriptor in 83 patients who re- 
ceived intravenous alfentanil as premedication.'' In addition 
to the indication for EMLA use during ESWL this substance 
has proved to be an effective topical anesthesia for venipunc- 
ture, harvesting of split thickness skin gra f ts ,  laser therapy 
of male genital warts and lumbar p~ncture . '~  

Because of the high absorption rate from EMLA, which is 
cutaneously applied 45 to 90 minutes before treatment, ul- 
trasound gel must be used as a contact medium. The absorp- 
tion rate of viscous petroleum jelly is minimal, and so it can 
be used as a contact medium only. Trials with artificial 
stones demonstrated a higher stone fragmentation rate with 
petroleum jelly compared to ultrasound gel. The thickness 
of petroleum jelly seems important since a 2 to 4 mm. layer 
resulted in reduced artificial stone fragmentati~n.'~ 

Characteristics of groups 1 and 2 differed only in the num- 
ber of patients, as recruitment of group 2 was terminated for 
ethical reasons due to significantly more intense pain. These 
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findings are supported by Ganapathy et a1 who failed to 
demonstrate a positive analgesic effect of EMLA in 83 pa- 
tients using the same lithotriptor as in our study.'L2 No sup- 
portive analgesic application was necessary in 87% of group 
1 in contrast to only 38% of group 2 in our pilot study. This 
difference could also be documented in mean pain score, 
which was 2.2 5 1.1 for group 1 versus 3.4 2 0.9 for group 2 
( p  <0.0001). Of 20 patients who had insufficient analgesia 
with EMLA 18 were able to complete ESWL after petroleum 
jelly application and only 2 required additional intravenous 
analgesics. These results for EMLA using ultrasound gel as a 
coupling agent may not explain why supplemental analgesia 
(out of study about 70%) is necessary more often for patients 
at our ESWL center than for those in the study by Heidenreich 
et aL5 However, they confirm petroleum jelly as a topical anal- 
gesic for ESWL. 

A second evaluation was performed to confirm the results 
of our pilot study in 148 patients who were prospectively 
treated under the same conditions. Finally, the 258 patients 
receiving petroleum jelly were retrospectively evaluated. In 
regard to predisposing criteria for pain development only, 
stone size and fragmentation rates were not statistically 
significant. Younger individuals were more sensitive to pain 
than older patients (p <0.03). Group Vb comprised 55.3% and 
group Va comprised only 29.9% women (p < O . O O O l ) .  Similar 
results were reported by Monk et a1 who reduced pain with 
EMLA only in men." A possible explanation might be a sex 
dependent difference in resorption of cutaneously applied 
substances. Differences between the sexes in skin blood flow 
and hormonal levels, which may influence cutaneous pene- 
tration of topically administered drugs, are well known.26 
Other theories for gender related differences in pain relief 
include variations in skin thickness or subcutaneous fat con- 
tent.27 Also, the location of stones was related to the assess- 
ment of pain. ESWL of lower caliceal (22.6%) and distal 
ureteral (33.3%) stones was associated with the most intense 
pain (table 2). An almost identical correlation between stone 
location and development of pain was also described by 
Heidenreich et al.5 Their hypothesis was that petroleum jelly 
is able to block pain deriving from the skin surface but not 
from the visceral or periosteal tissues. Treatment related 
pain was not influenced by the number and energy of shock 
waves. Both parameters in our study were lower for group Vb 
than group Va. The pain score was 1.9 t- 0.8 for group Va 
versus 4 2 0 for group Vb (p  <0.0001). The difference in pain 
score between groups 1 (2.2 5 1.1) and V (2.3 t- l .U, both 
treated with petroleum jelly, reflects the fact that  only 81.8% 
of group V versus 87% of group 1 had no, minor or tolerable 
pain during the  procedure. Although Heidenreich e t  a1 
reported a mean pain score of 2.5 t- 1.05 their 7% rate 
of discontinued ESWL treatment was lower than our rate of 
18.2%. Interpretation of these results remains controversial. 

As petroleum jelly represents a noninvasive, inexpensive 
and well tolerated contact m e d i ~ r n , ' ~  potential loss of efi-  
cacy with respect to stone fragmentation in favor of a signif- 
icant pain reliever would argue against regular use for 
ESWL. However, no reduction in the stone fragmentation 
rate was observed during the in vitro or in vivo trials. In vivo 
results are supported by Heidenreich et a1 who reported a 
stone fragmentation rate of up  to 96.5% with 1 mm. petro- 
leum jelly applied to the skin.5 This experience was also 
confirmed by our results (94.3%). 

There is no clear evidence of the analgesic effect of petro- 
leum jelly used as a coupling agent for ESWL but our data 
show that petroleum jelly reduces pain during ESWL. Com- 
bined with the improved in vitro stone fragmentation rate, 
this finding could indicate a better coupling quality of petro- 
leum jelly compared to ultrasound gel. According to this 
hypothesis, the sound reflection on the skin area could be 

diminished, leading to better transformation of the energy 
applied to the stone, and reduced stress on cutaneous noci- 
ceptors might be responsible for the decrease in pain. To our 
knowledge there is no study on the effect of petroleum jelly on 
the smooth polyvinyl chloride membrane of the shock wave 
generator. Petroleum jelly might dissolve substances which 
are responsible for the softness of the membrane. Our expe- 
rience with petroleum jelly as a coupling agent reveals a 
hardening of the membrane, and so it has to be changed twice 
as often as usual. We chose this strategy because of the 
advantage in reducing pain, analgesics and time. This prob- 
lem should be avoided with a silicone membrane. 

CONCLUSIONS 

Although the precise mechanism of pain reduction using 
petroleum jelly for ESWL is not completely understood, we 
recommend its routine use. Furthermore, petroleum jelly 
offers a noninvasive, inexpensive and well tolerated alterna- 
tive to intravenous analgesics and anesthesia. For young 
women with a distal ureteral stone additional intravenous 
analgesics during ESWL seem justified. Further basic and 
clinical studies are needed to corroborate our results, and 
possibly motivate lithotriptor companies to change the poly- 
vinyl chloride to a silicone membrane. 
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