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Background: In chronic pancreatitis, obstruction of the main pancreatic duct (MPD) may contribute to the
pathogenesis of pain. Pilot studies suggest that extracorporeal shock wave lithotripsy (ESWL) alone relieves
pain in calcified chronic pancreatitis.
Aim: To compare ESWL alone with ESWL and endoscopic drainage of the MPD for treatment of pain in
chronic pancreatitis.
Subjects: Patients with uncomplicated painful chronic pancreatitis and calcifications obstructing the MPD.
Methods: 55 patients were randomised to ESWL alone (n = 26) or ESWL combined with endoscopy (n = 29).
Results: 2 years after trial intervention, 10 (38%) and 13 (45%) patients of the ESWL alone and ESWL
combined with endoscopy group, respectively, had presented pain relapse (primary outcome) (OR 0.77; 95%
CI 0.23 to 2.57). In both groups, a similar decrease was seen after treatment in the MPD diameter (mean
decrease 1.7 mm; 95% CI 0.9 to 2.6; p,0.001), and in the number of pain episodes/year (mean decrease,
3.7; 95% CI 2.6 to 4.9; p,0.001). Treatment costs per patient were three times higher in the ESWL combined
with endoscopy group compared with the ESWL alone group (p = 0.001). The median delay between the
onset of chronic pancreatitis and persistent pain relief for both groups was 1.1 year (95% CI 0.7 to 1.6), as
compared with 4 years (95% CI 3 to 4) for the natural history of chronic pancreatitis in a reference cohort
(p,0.001).
Conclusions: ESWL is a safe and effective preferred treatment for selected patients with painful calcified
chronic pancreatitis. Combining systematic endoscopy with ESWL adds to the cost of patient care, without
improving the outcome of pancreatic pain.

P
ain is the symptom in chronic pancreatitis that most often
requires treatment.1 It may be related to an increased
pressure within the ductal system and/or parenchyma

secondary to outflow obstruction of the main pancreatic duct
(MPD) and other mechanisms (eg, perineural fibrosis).2–5 We
have developed the application of extracorporeal shock wave
lithotripsy (ESWL) to pancreatic stones to facilitate their
removal during therapeutic endoscopy.6 Long-term follow-up
studies have shown that ESWL combined with endoscopic
drainage of the MPD relieves pain and may avoid the need for
surgery in approximately two-thirds of patients on an inten-
tion-to-treat basis.7 This has become a successful alternative to
surgery for treating patients with painful obstructive chronic
pancreatitis in Europe.8 9 However, its use has remained limited
to highly specialised tertiary referral centres as it is technically
demanding.

Ohara et al10 have reported a pilot study showing that the
application of ESWL alone to pancreatic calcifications was
followed by a spontaneous clearance of stone fragments and
complete relief of pain in 79% of the patients. Therefore, we
conducted a randomised trial comparing pain relief after ESWL
alone with ESWL combined with endoscopic drainage of the
MPD in patients with painful calcified chronic pancreatitis.

METHODS
Patients
Enrolment of participants began on 24 March 1998 and was
completed on 17 September 2002 in Brussels, Belgium (centre

1) and Roma, Italy (centre 2). Patients were considered eligible
if they had painful chronic pancreatitis with at least one
calcification .4 mm in the pancreatic head or body with
upstream dilation of the MPD and no previous intervention on
the pancreas. Exclusion criteria included the presence of a
pancreatic fluid collection .2 cm, serum alkaline phosphatases
greater than twice the normal value or cholangitis, age
,18 years or pregnancy or lactation, and unwillingness to
participate. All patients gave written informed consent for
participation in the study. The study complied with the
Declaration of Helsinki regarding investigation in humans,
and was approved by the institutional ethics committee. There
was no involvement of industry in the design, conduct,
financial support or analysis of the study.

Randomisation, intervention and follow-up
Randomisation was performed on the day of ESWL by opening
a sequentially numbered opaque sealed envelope. The random
allocation schedule, stratified according to centres, had been
generated by a study nurse not involved in the trial using blocks
of 6 and a 1:1 allocation ratio, using a table of random digits. If
patients in the ESWL alone group had persisting or recurrent
pain after treatment, crossover to the ESWL combined with
endoscopy group was offered. One or more sessions of ESWL

Abbreviations: ERP, endoscopic retrograde pancreatography; ESWL,
extracorporeal shock wave lithotripsy; MPD, main pancreatic duct; S-
MRCP, secretin-enhanced magnetic resonance cholangio-
pancreatography
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were performed in all patients using the Lithostar Plus
(Siemens, Ehrlangen, Germany) until the obstructive stones
were broken into fragments ,2 mm, as measured by x ray.6 In
addition to this, patients in the ESWL combined with
endoscopy group underwent an endoscopic retrograde pan-
creatography (ERP) immediately after the last ESWL session
with attempted extraction of stone fragments and insertion of
10-French plastic pancreatic stents (Wilson-Cook) if pancreatic
strictures were identified.7–11 Stents were exchanged every
6 months (or earlier in case of suspected stent dysfunction),
and were removed after 12–24 months, if stricture dilatation
was judged satisfactory.12 Treatment approaches were agreed
upon and were standardised before the trial.

Follow-up consisted of clinical examination 1 month after
treatment (supplemented with secretin-enhanced magnetic
resonance cholangio-pancreatography (S-MRCP) in centre
1),13 and every 6 months thereafter. Data collected included
pain relapses, weight change, intake of drugs, performance of
ESWL, endoscopic or surgical procedures and any other
seemingly unrelated medical treatments. No additional ancil-
lary care (eg, referral to a multidisciplinary team specialised in
pain treatment, prescription of drugs with a possible effect
against pain in chronic pancreatitis such as octreotide/
combined antioxidant preparations) was provided, except for
preparations of pancreatic enzymes, which were systematically
prescribed in case of steatorrhoea (regardless of the allocation
group). In June 2005, a final follow-up was made by a
gastroenterologist (EG) blinded to the patients’ allocation
group, who reviewed with the patients the data collected
prospectively (these were instructed at the beginning of the
interview not to disclose their allocation group). Pairs of S-
MRCP performed in centre 1 before and 1 month after the trial
intervention were reviewed by an experienced radiologist
(Monia Bali) unaware of the details of the trial and blinded
to the imaging sequence.

Study end points and definitions
The primary end point was the incidence of pain relapse at
2 years. Secondary end points were MPD decompression at
1 month as assessed by S-MRCP, complications, treatment-
related costs, and the delay between the onset of chronic
pancreatitis and persistent pain relief as compared with the
natural history of chronic pancreatitis.

The diagnosis of calcified chronic pancreatitis was based on
clinical and radiological criteria.14 It was confirmed during
follow-up in all but one patient, who died from a pancreatic
cancer (18 months after randomisation, and 7 years after the
onset of chronic pancreatitis). The onset of chronic pancreatitis
was defined as the first documented episode of pancreatitis or
the first episode of typical abdominal pain (whichever occurred
first).15 Alcoholism was defined as daily alcohol intake .80 g
for at least 5 years. The intensity of pain on admission or during
the last painful episode (if absent at the time of admission) was
graded on a 10-point visual analogue scale by all the patients
(regardless of whether the pain was continuous/present after
every meal or not). Obstructive calcifications were defined at CT
scan as calcifications with upstream dilation of the MPD
adjacent to them. The number, location (head, body or tail) and
diameter of obstructive calcifications were assessed at CT scan.
If multiple obstructive stones were detected, the largest
diameter was noted. Duration of hospital stay was calculated
starting on the day of the first ESWL, or of readmission in case
of relapsing pain. Pain recurrence was defined as relapsing pain
with an intensity .2 on a 10-point scale.11 Persistent pain relief
was defined as the absence of pain recurrence for >2 years
without intake of analgesics.16

A comparison with the natural history of chronic pancreatitis
was performed for the subgroup of patients who presented
,2 years after the onset of chronic pancreatitis. For this
subgroup of patients, the delay between the onset of chronic
pancreatitis and of persistent pain relief was compared with
that observed in a cohort that has served as a reference for the
natural history of pain in chronic pancreatitis (data on
individual patients provided by RW Ammann).16 Other patients
were excluded from this subgroup analysis because they
presented too late after the onset of chronic pancreatitis to
experience a considerable modification in the timing of
persistent pain relief compared with the natural history of
chronic pancreatitis (persistent pain relief spontaneously
developed a mean of 4 years after the onset of chronic
pancreatitis in the cohort chosen for comparison). Except for
this latter comparison, all analyses were performed on an
intention-to-treat basis.

Hospital costs were analysed during initial treatment (start-
ing on the day of the first ESWL) and during follow-up. Costs
not directly related to the treatment of pain or of procedure-
related complications (eg, diabetes), as well as costs induced by
the study protocol (eg, S-MRCP), were disregarded. For all
patients, the calculation of costs was based on the rate for
Belgian public healthcare insurance. These include all hospital,
doctor and paramedical costs. To allow for recalculation
according to different national prices, main relevant Belgian
prices (2003 values) are listed below: hospitalisation, 389J/day;
ESWL, 639J; ERP with pancreatic sphincterotomy alone, 675J;
ERP with stone extraction (including sphincterotomy if
required), 1039J; ERP with stent insertion (including sphinc-
terotomy and stone extraction if required), 1351J; coeliac
block, 325J; surgical pancreaticojejunostomy, 3052J.

Statistics
Continuous variables were described by their mean (standard
deviation (SD)), or their median with the ranges under
parentheses if they were found to be non-normally distributed
after Shapiro–Wilk normality test using a p value ,0.05 (except
costs and durations of hospital stay, for which means were
found to be more clinically relevant).

The sample-size calculation was based on the assumption
that ESWL alone would be ineffective to treat pain, so that 90%
of patients in the ESWL alone group would have presented pain
recurrence at 2 years,15–19 compared with 50% in the ESWL
combined with endoscopy group.11 On the basis of 0.8 power, 50
patients were required to detect a significant difference
(p = 0.05). Expecting that 10% of the patients would be lost
to follow-up, we included 55 patients in the study.

All analyses were performed on an intention-to-treat basis
including the 55 patients, except for the comparison with the
natural history of chronic pancreatitis, which included the
subgroup of 42 patients who presented ,2 years after the onset
of chronic pancreatitis. Comparisons between the groups were
performed with the Pearson x2 test or Fisher’s exact test for
categorical data, the two-sample unpaired t test for continuous
approximately normally distributed variables and the Wilcoxon
signed rank test for continuous non-normally distributed
variables. Comparisons between data before and after treat-
ment in each group were performed with the paired t test. We
also examined which factors—including group allocation,
number of pain episodes during the year before treatment,
presence of pain at the time of inclusion in the study, stone
number, size and location (head only or not), duration of
chronic pancreatitis before inclusion in the study, sex and
age—were associated with pain relapse at 2 years, using
multiple logistic regression analysis. In Kaplan–Meier analysis,
patients who died or were lost to follow-up without having
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presented pain relapse were censored at the time of last contact.
All p tests were two-sided, and p values ,0.05 were considered
as significant. Analyses were performed with JMP software
V.5.1.2. Confidence intervals (CIs) for the treatment effect were
calculated with an exact method using StatXact sofware V.5.

RESULTS
In all, 55 patients were enrolled in the study (fig 1) after a
pretherapeutic investigation including CT scan without contrast
medium injection (n = 55) and an S-MRCP (n = 48). All
patients received intended treatment only at baseline (pain
disappeared or sufficiently decreased to allow discharge of all
patients without crossover from the ESWL alone group to the
ESWL combined with endoscopy group or use of other
therapeutic modalities). Table 1 shows the baseline character-
istics of the study population and procedural characteristics.

ESWL was performed in the 55 patients, and all obstructive
calcifications were broken into fragments ,2 mm in thickness.
All patients in the ESWL combined with endoscopy group
immediately underwent pancreatic sphincterotomy, followed
by stone fragment extraction (associated with pancreatic stent
insertion in 13 (45%) cases). By June 2005, a mean (SD)

follow-up of 51.3 (21.5) months was available. In all, 11 (20%)
patients died during the whole follow-up period, at a median of
18 months (interquartile range 14–47) after the trial interven-
tion. Causes of death were unrelated to chronic pancreatitis
(with the exception of one case of pancreatic cancer), and
included lung cancer (n = 2), bronchopneumonia (n = 2),
traumatism (n = 2), chronic renal failure (n = 2), stroke
(n = 1) and suicide (n = 1).

Clinical and radiological outcome
Two years after treatment, 10 (38%) patients in the ESWL alone
group had presented pain relapse (primary outcome), as
compared with 13 (45%) in the ESWL combined with
endoscopy group (OR 0.77; 95% CI, 0.23 to 2.57; table 2). The
number of pain episodes during the year after treatment was
markedly decreased compared with the year before treatment,
by a mean of 3.8 (95% CI 2 to 5.6; p,0.001) in the ESWL alone
group, and of 3.7 (95% CI 2.1 to 5.2; p,0.001) in the ESWL
combined with endoscopy group. The difference between
groups was not significant (p = 0.759).

Kaplan–Meier estimates indicate that pain relapse rates were,
for the ESWL alone and ESWL combined with endoscopy

Figure 1 Screening, enrolment and
outcomes.
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group, respectively, 35.2% and 42.6% by 1 year, 39.3% and
46.7% by 2 years, and remained stable at 43.3% and 46.7% from
3 to 7 years (fig 2). Pain relapse did not differ between groups
(log-rank test, p = 0.651). A logistic regression analysis found
that the location of obstructive calcifications in the head of the
pancreas was the only single factor that was independently
associated with the absence of pain relapse (p = 0.013).

During follow-up, pain relapses were mild and managed with
analgesics for a few days only in 6 of 24 (25%) patients (three in
each group). Table 2 lists the additional treatments performed
during follow-up in the other patients. In the ESWL alone
group, pain relapsed and was treated by endoscopy in eight
patients who received ERP at a mean of 15.5 (11.6) months
after the trial intervention (no patient had further intervention
on the pancreas in the absence of pain relapse). In the ESWL
combined with endoscopy group, ERP during follow-up was
motivated by scheduled stent exchange in patients without
symptoms in eight cases. At the end of follow-up, among the 20
patients of both groups who had received pancreatic stents, 1
(5%) still had a stent in place and 1 (5%) had been lost to
follow-up. Coeliac blocks and surgery were performed in a total
of five patients (both groups), for relapsing pain in all cases.
The effect of these procedures on the end points was as follows:
(1) 1-month end points, none (the first of these procedures was
performed 2 months after the trial intervention); (2) persistent
pain relief, minimal (pain relief was achieved in only 1 of these
patients, 38 months after the onset of chronic pancreatitis); (3)
costs, complete.

One month after treatment, the MPD diameter (as assessed
by S-MRCP at baseline and 1 month after treatment) had
significantly decreased in both groups, by a mean of 1.7 mm
(95% CI 0.9 to 2.6; p,0.001; fig 3). The difference between
groups was not significant (p = 0.391).

Complications and mortality were assessed at 1 month. There
was no procedure-related mortality, but one procedure-related
complication (30-day complication rate in the ESWL alone and
ESWL combined with endoscopy groups, 0 and 3%, respec-
tively; p = 1). This consisted of a pseudocyst related to a
ruptured secondary branch of the MPD; endoscopic treatment
was successful, and the patient was discharged 13 days after
readmission (complication graded as severe).20

Comparison with the natural history of chronic
pancreatit is
In all, 42 (76%) of the 55 patients received one of the trial
interventions during the 2 years after the onset of chronic

Table 1 Characteristics of the patients at baseline and of
trial intervention*

ESWL alone
(n = 26)

ESWL
combined
with
endoscopy
(n = 29)

Age (years) 51.8 (12.3) 49 (10.1)
Male sex, n (%) 22 (85) 21 (72)
Alcoholism, n (%) 19 (73) 20 (69)
Number of pain episodes during the year
before treatment

2.5 (1–13) 3 (1–12)

Intensity of pain on a 10-point visual
analogue scale

7.2 (2) 7.3 (1.7)

Pain present at the time of inclusion, n (%) 11 (42) 20 (69)
Pain continuous or present after every
meal, n (%)

10 (38) 8 (34)

Diabetes, n (%) 6 (23) 4 (14)
Number of obstructive calcifications 3.0 (1–10) 1 (1–20)
Diameter of obstructive calcification (mm) 10.5 (5–26) 8 (3.5–20)
Diameter of the main pancreatic duct (mm) 8.2 (2.9) 7.8 (2.3)
Obstructive calcifications in the head of the
pancreas only, n (%)

19 (73) 24 (83)

Number of ESWL sessions 2 (1–3) 2 (1–4)
Number of endoscopy sessions 0 2 (1–4)
Patients with procedure-related
complication, n (%)

0 1 (3)

Hospital stay duration (days) 2.2 (1.5) 7.3 (4.9)�

ESWL, extracorporeal shock wave lithotripsy.
*Values are means (SD) (normally distributed data); values with ranges
under parentheses are medians (non-normally distributed data)
�p,0.001 for comparison with the ESWL alone group; the other
comparisons regarding trial intervention (ie, ESWL and endoscopy sessions,
as well as procedure-related complications) showed a p value .0.05.

Table 2 Evolution during follow-up*

ESWL alone
(n = 26)

ESWL combined
with endoscopy
(n = 29) p Value

Follow-up duration (months) 52 (19.3) 50.7 (23.6) 0.460

Patients with pain relapse, n (%)
At 2 years 10 (38) 13 (45) 0.633
During the whole follow-up 11 (42) 13 (45) 0.851

Number of pain episodes during the year after trial
intervention

0 (0–5)� 0 (0–4)` 0.759

Intensity of relapsing pain on a 10-point visual analogue
scale

5.7 (2.1) 5.7 (1.3) 0.963

Weight increase (kg) 3.9 (4.9) 3.5 (6.4) 0.846

Patients with therapeutic procedure1, n (%) 8 (31) 18 (62) 0.02
Endoscopic retrograde pancreatography 8 (31) 18 (62) 0.02
ESWL 7 (27) 7 (24) 0.813
Coeliac block 0 3 (10) 0.238
Surgery 1 (4) 3 (10) 0.613

Duration of hospital stay (days) 3.1 (5.3) 8.6 (16.5) 0.099

ESWL, extracorporeal shock wave lithotripsy.
*Values are means (SD) (normally distributed data); values with ranges under parentheses are medians (non-normally
distributed data).
�p,0.001 and `p,0.001 compared with the year before trial intervention for the ESWL alone and ESWL combined
with endoscopy groups, respectively.
1Some patients had .1 therapeutic procedure; in particular coeliac blocks and surgery were performed in a total of five
patients who had presented pain relapses.
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pancreatitis. They experienced persistent pain relief 3.1 years
(95% CI 2.4 to 3.8, p,0.001) earlier after the onset of chronic
pancreatitis compared with the natural history of chronic
pancreatitis (fig 4).16

Costs of treatment
Costs of treatment per patient during the whole study were
about three times higher in the ESWL combined with
endoscopy group compared with the ESWL alone group
(p = 0.001; table 3). The difference between groups was
significant during the initial treatment (because of shorter
hospital stay and absence of endoscopy-related costs in the
ESWL alone group), but not during follow-up (except for
endoscopy-related costs, which were 2.5 times higher in the
ESWL combined with endoscopy group during this period,
p = 0.047). The duration of hospital stay over the whole study
period was longer for patients in the ESWL combined with
endoscopy group compared with the ESWL alone group (mean
difference, 10.6 days; 95% CI 3.3 to 17.9; p = 0.006).

DISCUSSION
Our findings indicate that ESWL considerably reduces the
number of pain episodes in chronic pancreatitis with obstruc-
tive calcifications, with more than half of the patients having
no pain relapse at all during a median follow-up of 4 years.
Similar findings were made in the ESWL combined with
endoscopy group, but at a higher cost. Hospital stay duration
was shorter and invasive procedures were less frequent in the
ESWL alone compared with the ESWL combined with endo-
scopy group, during both trial intervention and follow-up. It

Figure 2 Kaplan–Meier cumulative-event curves for pain relapse for the
ESWL alone and ESWL combined with endoscopy group.
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Figure 3 Treatment by extracorporeal
shock wave lithotripsy (ESWL) alone:
decompression of the main pancreatic duct
and restoration of the outflow of pancreatic
juice into the duodenum (D–F) after ESWL, as
compared with before (A–C) ESWL. Before
treatment, (A) a single stone (arrow) is
detected in the area of the head of the
pancreas at abdominal plain film, (B) the
main pancreatic duct is severely dilated and
(C) no pancreatic juice appears in the
duodenum after intravenous injection of
secretin, as evidenced by magnetic
resonance. After ESWL alone, (D) few stone
fragments (arrowhead) are detected in the
pancreatic area, (E) the main pancreatic duct
is much thinner, and (F) pancreatic juice (in
white) fills the duodenum shortly after
intravenous injection of secretin.
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should be emphasised that this was obtained in selected
patients who had painful chronic pancreatitis with a MPD
obstruction and no severe complication (ie, pancreatic fluid
collection or common bile duct obstruction).

The patients who received one of the trial interventions
during the 2 years after onset of chronic pancreatitis experi-
enced persistent pain relief (defined as the absence of relapsing
pain during 2 years) a median of 1 year after the onset of
chronic pancreatitis. This delay was considerably shorter
compared with that observed in a well-characterised cohort of
patients who received only supportive measures in case of
uncomplicated chronic pancreatitis.16 This cohort was chosen
for comparison among five cohorts published to date (table 4)
as it is the cohort that disclosed the shortest delay between the
onset of chronic pancreatitis and pain relief, and it is the one
most often cited (individual data on patients with dates of pain
relief were necessary to allow for statistical comparison, and
these were kindly provided by RW Ammann).15 17–19

In this cohort,16 the onset of chronic pancreatitis was defined
as the first documented episode of pancreatitis, as compared
with the first documented episode of pancreatitis or the first
episode of typical abdominal pain (whichever occurred first) in
the present series. This strengthens our finding that the
development of persistent pain relief was accelerated in our
cohort compared with the natural course of chronic pancrea-
titis. However, we recognise that the addition of a no-treatment
group to assess the natural history of chronic pancreatitis in
this trial would have been of greater scientific value. We
decided not to include such a group for ethical and practical
reasons. Published guidelines do not recommend non-specific
supportive measures to wait for spontaneous pain relief in
chronic pancreatitis,21 and many patients are referred to us after
failure of such measures. Given the non-randomised nature of
the comparison with historical controls, interpretation of our
findings regarding the efficacy of either intervention compared
with a control group should be made cautiously. It is not
possible to rule out the possibility that an unmeasured factor,
other than the interventions themselves, can explain the large
differences in pain relief reported in our trial and in the cohort
studies. Patients’ unblinding is another limitation of this study;
however, we think that it has not favoured the ESWL alone
group, whose patients understood that they received only a

portion of the treatment usually performed in our institutions
and for which they were initially referred.

Costs of treatment observed during trial intervention were
about three times lower in the ESWL alone compared with the
ESWL combined with endoscopy group, due to the absence of
baseline endoscopic treatment and shorter hospital stay (even
though hospital stay was short in the ESWL combined with
endoscopy group compared with the number of hospitalisation
days commonly reported).8 Longer hospital duration in the
ESWL combined with endoscopy group compared with the
ESWL alone group was related to our routine practice to
hospitalise patients after treatment of chronic pancreatitis, to
assess whether pain decreases and to facilitate clinical and
biological surveillance after invasive procedures. Only 5 (19%)
of the 26 patients in the ESWL alone group had ambulatory
treatment, a proportion which could be increased to further
decrease costs, as ESWL alone was found to be extremely well
tolerated. It should be emphasised that the total cost of the
initial treatment in the ESWL alone group was about 10% that
observed for pylorus-preserving pancreaticoduodenectomy (an
operation commonly performed to achieve pain relief in
patients with chronic pancreatitis).22 23 During follow-up, costs
remained similarly lower in the ESWL alone compared with the
ESWL combined with endoscopy group, as fewer patients
required therapeutic procedures.

Despite the relatively high drop-out rate (7/55, 12.7%) for the
analysis of the primary end point (pain relapse at 2 years), an
intention-to-treat analysis could be performed because 3 of the
7 patients lost to follow-up had presented pain relapse before
drop-out (so that these had been included in the count of 23
patients with pain relapse at 2 years), and the other four
patients were uniformly distributed between groups (1/26 v 3/
29, ESWL alone v ESWL combined with endoscopy group,
respectively; p = 0.613).24 Furthermore, among these four
patients with no pain relapse before drop-out, two were lost
to follow-up 1 and 4 months after the trial intervention (one in
each group), and the remaining two patients were both lost to
follow-up 18 months after ESWL combined with endoscopy.
The probability of presenting a first episode of pain relapse
during the 6-month time frame after drop-out at 18 months is
very low (,10%).7–11

The estimate of the proportion of patients with pain relapse
at 2 years used for sample-size calculation was far from the
observed value for the ESWL alone group (90 v 38%). This was
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Figure 4 Kaplan–Meier cumulative-event curves for persistent pain relief
in the 42 patients included in this trial within 2 years from the onset of
chronic pancreatitis, as compared with the cohort of patients that served as
a reference for the natural history of pain in chronic pancreatitis (individual
data kindly provided by RW Ammann).16 Persistent pain relief was defined
as the absence of pain recurrence for >2 years.

Table 3 Costs of treatment expressed in J per patient*

ESWL alone
(n = 26)

ESWL combined
with endoscopy
(n = 29) p Value

Initial treatment
Hospital stay 838 (579) 2830 (1913) ,0.001
ESWL 1229 (476) 1189 (504) 0.769
Endoscopy 0 2152 (982) NA
Procedure-related

complications
0 363 (1955) 0.348

Total 2067 (852) 6535 (3160) ,0.001

Follow-up
Hospital stay 1199 (2050) 3327 (6403) 0.1
ESWL 296 (549) 286 (606) 0.957
Endoscopy 831 (1619) 2110 (2898) 0.047
Other� 117 (598) 383 (1116) 0.271
Total 2443 (4157) 6106 (10 068) 0.087

Total 4509 (4080) 12 641 (11 531) 0.001

ESWL, extracorporeal shock wave lithotripsy; NA, not applicable.
*Values are means (SD).
�Coeliac block and pancreaticojejunostomy.
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related to our assumption that ESWL alone would be ineffective
to treat pain (removal of stone fragments after ESWL was
advocated by all experts in the field except some Japanese
authors),25 and that we would thus observe the natural course
of chronic pancreatitis for this group (the 90% value was mainly
derived from Talamini et al).26 Although the observed rates of
pain relapse were similar in both groups (38 v 45% at 2 years,
p = 0.633), this does not show that both treatments are
equivalent, as shown by the large 95% CI for the treatment
effect (0.23 to 2.57). Indeed, our calculated probability of being
wrong in claiming such an equivalence based on our findings is
about 37% (using a clinically reasonable relevant effect size of
20%). It should be emphasised that a randomised study
showing such an equivalence would be extremely difficult to
perform as this would require .300 patients (based on an effect
size of 20%), and these patients are notably difficult to recruit
(in the five randomised trials of any form of invasive treatment
for chronic pancreatitis published to date, the numbers of
patients included ranged from 22 to 72).27–31

This is the first randomised controlled trial assessing ESWL
for painful calcifying chronic pancreatitis. The safety profile of
ESWL was found to be excellent; no significant side effects
were noted in the ESWL alone group. Acute pancreatitis
attributed to ESWL has been reported in 6.3–12.5% of patients
after ESWL ‘‘alone’’ for the treatment of calcified chronic
pancreatitis.10 32 However, most of the patients included in these
studies had received ERP as part of the initial treatment
(including therapeutic procedures in 18–43% of cases).10 32 Our
findings about the safety profile of ESWL are consistent with
those reported in a large series of patients treated by ESWL
alone for urological stones, which showed side effects (mainly
injuries to adjacent organs) in ,1% of cases.33

Pain is a major determinant of poor health status perception
in patients with chronic pancreatitis,34–36 and greatly favours
social deprivation, unemployment and early retirement, which
affect up to 40–50% of patients with chronic pancreatitis.17 The
evolution of pain in an individual with chronic pancreatitis
cannot be reliably predicted,21 and persistent pain relief has
even been reported to be absent in most of the patients after
10 years of follow-up.17 Therefore, we believe that the option of
proposing analgesics only to patients with painful uncompli-
cated calcified chronic pancreatitis should be carefully balanced
in view of the advantages of ESWL found in this trial (ie, non-
invasiveness, efficiency, innocuousness and low cost) and
discussed with the patient. Treatment with ESWL alone as a
first option does not impede further endoscopic or surgical
treatment, and patients’ selection for ESWL can be based on
fully non-invasive tests, as shown in this study. Patients with
calcifications confined to the head of the pancreas are the best
candidates for benefiting from this treatment.

Surgery has been shown to be more effective compared with
endoscopy for the treatment of painful chronic pancreatitis in

terms of pain relief in two studies.27 37 However, one of these
studies experienced methodological and technical drawbacks (eg,
allocation to study groups in alternating fashion, treatment = -
pancreatic sphincterotomy (a treatment known to be ineffective)
with neither stone extraction nor pancreatic stenting in one-third
of patients, no ESWL available),27 and the other one has been
published in abstract form only. Even if the superiority of surgery
in terms of pain relief for unselected patients is confirmed, we
think that an intermediate step (between analgesics and surgery)
is desirable due to the drawbacks of surgery (ie, invasiveness, cost
and possibility of pain relapse even after major surgical procedures
(up to 56% of operated patients)).16

In patients with uncomplicated calcified chronic pancreatitis,
ESWL is a safe and effective preferred treatment. Combining
systematic endoscopy with ESWL adds to the cost of patient
care, at the same time not probably improving the outcome of
pancreatic pain. Comparison with current data on the natural
history of chronic pancreatitis suggests that treatment with
ESWL endoscopy might significantly accelerate the develop-
ment of persistent pain relief.
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