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Introduction

Chronic pancreatitis (CP) is a progressive fibro-inflammatory dis-
ease of the pancreas that is characterized by parenchymal fibrosis,
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Abstract

Background and Aim: Pancreatic extracorporeal shock wave lithotripsy (P-ESWL) is a
first-line treatment for chronic pancreatitis (CP) patients with pancreatic stones. However,
the performance of P-EWSL in geriatric patients remains unclear. We aimed to evaluate the
safety and efficacy of P-ESWL for them.

Methods: This prospective study was conducted in painful CP patients who underwent
P-ESWL. Patients aged over 65 years were included in geriatric group; patients aged
under 65 years were assigned to control group. For the long-term follow-up investiga-
tion, geriatric patients were matched with patients from the control group in a 1:1 ratio.
Primary outcomes were complications of P-ESWL and pain relief. Secondary outcomes
included stone clearance, physical and mental health, quality of life score, changes in
exocrine and endocrine pancreatic function, and survival.

Results: From March 2011 to March 2016, P-ESWL was performed in 1404 patients
(72 in the geriatric group and 1332 in the control group). No significant differences
were observed in complications of P-ESWL between the two groups (P = 0.364).
Among the 67 (67/72, 93.1%) geriatric patients who underwent follow up for 4.02 years,
complete pain relief was achieved in 53 patients, which was not significantly different
from that of matched controls (54/70; P = 0.920). The death in the geriatrics was
significantly higher (P = 0.007), but none of them were correlated with P-ESWL.
Conclusions: P-ESWL is safe and effective for geriatric CP patients with pancreatic
stones. It can promote significant pain relief and stone clearance and improve quality
of life and mental and physical health.
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formation of pancreatic duct calculi, and progressive exocrine and
endocrine dysfunction.! Obstruction of the main pancreatic duct
(MPD) secondary to stones or stricture formation causes a rise in
duct pressure resulting in pain.”
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In 2013, the World Health Organization Health Report ad-
dressed the issue of global aging, and a large number of people
will suffer from chronic diseases.> The CP populations are also ag-
ing, with the mean age increasing year by year, especially in devel-
oped countries (Fig. S1).47° Unit root test was adopted to test the
stationarity of these series, with P < 0.05 indicating stationary.
America: P = 0.457; Europe: P = 0.544). In developing countries,
the mean ages are similar (China: P = 0.033). This may be
attributed to the alleviation of aging in developing countries in
the past years. However, 13.2% of the CP patients in China were
65 years or older,”™ which indicates that developing countries will
also face the problem of aging in the next few years. Frequency of
pancreatic duct stones were found increased depending on the age
of the patients.'™"" However, elderly patients undergoing surgery
are at higher risk to have adverse events and have an increased
mortality compared with younger patients.'> Because morbidity
of major surgery in elderly patients is high, endoscopic approaches
should be preferred for the management of CP or might be even
the only option in some patients who cannot undergo surgery
because of severe comorbidities.'

Pancreatic extracorporeal shock wave lithotripsy (P-ESWL) is
minimally invasive, effective, and safe for the management of
young adults and pediatrics with pancreatic stones.'*!> However,
the safety and efficacy of P-ESWL in geriatric patients have not
been previously reported.

The main concern with regard to the application of P-ESWL in
geriatric patients is the potential for complications of the proce-
dure, such as acute pancreatitis, perforation, bleeding, infection,
and anesthesia-related side effects. The aim of our study was to
evaluate the safety and efficacy of P-ESWL in the treatment of ge-
riatric patients with pancreatic stones.

Methods

Study design. We performed a prospective cohort study to
evaluate the outcome of geriatric patients with pancreatic stones
who underwent P-ESWL in comparison with the outcome of all
young patients who underwent P-ESWL within the same period.
Written informed consent was obtained from each patient, and
the study was approved by the Ethics Committee of Changhai
Hospital. This study was registered on ClinicalTrials.gov (ID:
NCT03373682).

Patients and data collection. The target population for P-
ESWL was patients with painful CP and radiopaque stones of
> 5 mm. For CP patients who did not experience pain, interven-
tions were performed only when complications such as biliary
stricture, infection, or pancreatic pseudocyst enlargement oc-
curred.'® Diabetes mellitus (DM) and/or steatorrhea were not indi-
cations for invasive treatment of CP. Patients with a suspected or
established malignant mass or pancreatic ascites and pregnant pa-
tients were not considered for the P-ESWL treatment. The diagno-
sis of CP was established primarily based on computed
tomography (CT), magnetic resonance imaging, or endoscopic ul-
trasound examinations according to the Asia-Pacific consensus.'”
DM was diagnosed'® and managed'® according to the criteria of
the American Diabetes Association. Medication management,
sliding scale insulin, combined with nutrition support was carried
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out for CP patients with diabetes. Steatorrhea was diagnosed when
one of the following two conditions was met: (i) stench, oily
chronic diarrhea®® and (i) positive result in quantification of fecal
fat determination (fecal fat quantitation was performed within
3 days; patients with stool fat excretion over 14 g/day was diag-
nosed as steatorrhea). All of the patients were evaluated with CT
scans prior to P-ESWL.

Patients aged older than 65 years who underwent P-ESWL treat-
ment from March 2011 to March 2016 were included in the geri-
atric group,”’ whereas patients less than 65 years who underwent
P-ESWL treatment in the same period were assigned to the control
group. Demographic data and the disease course of the CP, includ-
ing the onset, manifestations, diagnosis, and previous treatments,
were recorded in detail upon admission to the hospital. In addition,
the visual analog scale (VAS) pain score, quality of life score, and
Medical Outcomes Study 36-Item Short-Form General Health Sur-
vey (SF-36) questionnaire were completed.

To evaluate the long-term outcomes of P-ESWL in geriatric pa-
tients, we matched the geriatric group with patients from the con-
trol group in a 1:1 ratio. The matching principles were sex, type of
abdominal pain, and location of the stones.

For patients in the geriatric group and patients selected as the
matched controls, revisits were required annually after P-ESWL
therapy. During the revisits, contrast-enhanced CT of the pancreas
was performed, and follow up data, including the disease course of
the CP after P-ESWL, VAS pain score, usage of medication,
disease-related inability to work, quality of life score, and SF-36
questionnaire, were recorded. In November 2017, we evaluated
the patients in the geriatric group and the matched control group
included in this study.

Treatment strategy. In this study, all of the patients in-
volved were treated with P-ESWL after admission to the hospital.
P-ESWL was performed using a third-generation electromagnetic
lithotripter (Compact Delta II; Dornier Med Tech, Wessling,
Germany). After they had received intravenous sedation analgesia
(remifentanil and flurbiprofen), the patients were treated in the su-
pine position with the shock head touching the abdomen from
above. Pancreatic duct stones were targeted by the lithotripter
using fluoroscopy.

For each individual patient, the P-ESWL session was repeated
on consecutive days until the stone was fragmented to < 3 mm
in diameter. No more than 5000 shocks at an intensity of 6
(16 000 kV) on a scale of 1-6, at a frequency of 120 shocks/min
were delivered during each therapeutic session. The duration of
each session was 60-90 min.'>?* Radiation protection was
provided by adhering to the European Society of Gastrointestinal
Endoscopy guidelines.*®

For patients in the geriatric group, a pancreatic surgery team was
on call for elective surgery during the study in case of severe
complications. Also, the emergent surgery team was prepared for
all patients. Endoscopic retrograde cholangiopancreatography
(ERCP) was routinely performed 48 hours after the last P-ESWL.
The treatment principle for the ERCP mainly followed the Euro-
pean Society of Gastrointestinal Endoscopy guidelines.>*

Outcome measures. A standardized evaluation of symp-
toms and investigations was carefully performed after every P-
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ESWL session and after the ERCP that was performed post-P-
ESWL. Any complications and relevant treatments were docu-
mented during the subsequent 30 days after P-ESWL and ERCP.

The primary outcomes were complications of P-ESWL'*!3
(Table S1) and pain relief. Secondary outcomes were stone clear-
ance, physical and mental health, quality of life score, changes in
exocrine and endocrine pancreatic function, and death.

Pain relief at the end of the follow-up period was classified as
complete relief (Izbicki pain score < 10) or partial relief (Izbicki
pain score > 10 after a decrease of > 50%).%>® Stone clearance
was evaluated at the ERCP performed post-P-ESWL, with com-
plete clearance defined as clearance of > 90% of the MPD stone
volume, whereas partial clearance was defined as clearance of
50-90% of the stone volume. Quality of life scores were assessed
by the patients and ranged from O to 100, with higher scores indi-
cating a better quality of life.”” Physical and mental health was
assessed according to the scores on the SF-36 questionnaire.

Statistical analysis. Depending on the distributional proper-
ties, outcome measures were expressed as the mean + standard de-
viation or as median values with ranges. For normally distributed
continuous data, statistical significance was assessed by the Stu-
dent’s t-test; for categorical data, significance was assessed by
the chi-squared test with Yates’ correction when appropriate or
by the Fisher’s exact test; and for non-normally distributed contin-
uous data, statistical significance was assessed by the Wilcoxon
test. All reported P values are two-sided. A P value of < 0.05
was established as the significance level. Missing follow-up data
were considered to be missing at random.

Results

From March 2011 to March 2016, P-ESWL was performed in
1404 patients (72 in the geriatric group and 1332 in the control

group).

Baseline characters. The demographic and clinical charac-
teristics of the patients in the two groups differed significantly.
The percentage of abdominal pain as initial symptom was lower
in the geriatric group (22.2% vs 36.6%), while chronic pancreatic
pain (5.6% vs 1.5%) and DM (15.3% vs 10.0%) were higher
(P =0.010). Regarding the type of pain,?® the percentage of recur-
rent pain (RP) and recurrent acute pancreatitis plus RP were lower
in the geriatric group, while chronic pancreatic pain and without
pain were higher (Table 1).

The location, size, and number of stones were not significantly
different between the two groups. The age of the geriatric patients
who underwent P-ESWL was 71.329 + 4.420 years (range 65.6—
81.7 years). Geriatric patients were subjected to fewer shocks
(9812 = 5000 vs 11 176 + 7429; P = 0.031) per person compared
with the control group patients (Table 2).

The coexisted diseases were significantly more common in geri-
atric patients (77.8% vs 38.9%, P < 0.001), especially hyperten-
sion (P = 0.001), myocardial infarction or cardiac
decompensation (P = 0.005), cerebral ictus or subdural hematoma
(P = 0.023), gallbladder diseases (P = 0.007), and spinal diseases
(P =0.023, Table S2).
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Safety. Although coexisted diseases were more common in ge-
riatric patients, no significant differences were observed between
the geriatric and control groups regarding the safety of P-ESWL.
The overall and specific complications of P-ESWL have no signif-
icant differences between geriatric and control groups (8.3% vs
11.9%; P = 0.364) (Table 3). In the geriatric group, six complica-
tions of P-ESWL occurred in six patients (6/72; 8.3%), with three
of these patients presenting with mild post-ESWL pancreatitis
(PEP), one presenting with severe PEP and two presenting with
mild infection.

All of the patients were referred for ERCP. No significant differ-
ences were observed between the geriatric group (1/72; 1.4%) and
the control group (38/1332; 2.9%) in terms of post-ERCP compli-
cations (P = 0.453).

Efficacy. During the ERCP performed post-P-ESWL, complete
clearance of the stones was achieved in 73.6% of the patients in
the geriatric group (53/72) and 81.9% in the matched controls
(59/72; P = 0.395) (Table 4).

The median follow-up period was 4.02 years (range 0.23—
6.58 years) for the geriatric group and 4.03 years (0.26-6.79 years)
for the matched controls. One of the geriatric patients died from
cardiac decompensation 2 months after P-ESWL, and one of the
control patients died from liver metastases cancer with unknown
primary tumor 3 months after P-ESWL, leading to the follow-up
period less than 1.5 years. Five patients in the geriatric group
and 2/72 matched controls were lost to follow up. Among the 67
patients (93.1%) receiving ongoing follow up in the geriatric
group, complete pain relief was achieved in 53 patients (53/67;
79.1%), and significant differences were not observed compared
with the matched controls (54/70; 77.1%; P = 0.920) (Table 5).
One geriatric patients and one matched control later underwent
surgery because of recurrent abdominal pain. The geriatric patient
underwent exploration of the pancreatic duct and taking-off stone.
The matched control patient who needed surgery underwent distal
pancreatectomy.

In the geriatric group, the pain frequency (P < 0.001), VAS pain
score (P < 0.001), and absences from work (median 26.200 days
vs 3.134 days; P = 0.002) decreased significantly, and the scores
for quality of life (67.791 + 16.819 vs 82.866 =+ 14.790;
P < 0.001), physical health (72.746 =+ 13.033 s
78.537 = 13.173; P = 0.012), and mental health scores based on
the SF-36 (68.910 + 16.601 vs 80.164 + 12.301; P < 0.001) im-
proved after the P-ESWL. The body mass index (BMI) of the ge-
riatric patients improved significantly at follow up (P = 0.001,
Table 6).

During the follow up, the death in the geriatric group (11/67,
16.4%) was significantly higher compared with the matched con-
trol group (2/70, 2.9%; P = 0.007). In the geriatric group, one pa-
tient died from severe acute pancreatitis, and one patient died from
cachexia from undernourishment caused by prolonged steatorrhea,
which are correlated directly with CP (Table 7).

Discussion

P-ESWL has been successfully applied in the treatment of pancre-
atic stones since 1987 and is now recommended as the first-line
therapy for young patients with uncomplicated painful CP and
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Table 1 General characteristics of the geriatric group and the control group

P-ESWL is safe & effective for geriatric

Geriatric group (n = 72) Control group (n = 1332) P value

Age at onset of CP, years'
Age at diagnosis of CP, years’
Age at which stone(s) were identified, years'
Male
BMI
Alcohol
0 g/day
0-20 g/day
20-80 g/day
> 80 g/day
Smoking history
Etiology*
ICP
ACP
Abnormal anatomy of pancreatic duct
HCP
Post-traumatic CP
Initial symptoms of CP
Acute pancreatitis
Abdominal pain without significantly increased serum amylase
Chronic pancreatic pain
Diabetes mellitus
Steatorrhea
Others
Type of abdominal pain (19)
RAP
RP
RAP and RP
CPP
Without pain
Severe acute pancreatitis
Diabetes mellitus
Steatorrhea
Regional portal hypertension
Common bile duct stricture
Pancreatic pseudocyst
DM in first-degree/second-degree/third-degree relatives

Pancreatic diseases in first-degree/second-degree/third-degree relatives (excluding HCP)

62.675 + 11.649 34.408 + 13.897 < 0.001
68.828 + 6.839 40.007 + 13.016 < 0.001
69.285 + 5.758 40.239 + 12911 < 0.001
54 (75.0%) 948 (71.2%) 0.484
20.446 + 2.636 20.884 + 2.884 0.208
0.114
39 (54.2%) 737 (65.3%)
1(1.4%) 52 (3.9%)
17 (23.6%) 191 (14.3%)
15 (20.5%) 352 (26.4%)
36 (50.0%) 642 (48.2%) 0.766
0.469
54 (75.0%) 867 (65.1%)
12 (16.7%) 336 (25.2%)

5 (6.9%) 92 (6.9%)

1(1.4%) 35 (2.6%)

0 (0.0%) 2 (0.2%)

0.010
28 (38.9%) 532 (39.9%)
16 (22.2%) 487 (36.6%)
4 (5.6%) 20 (1.5%)
11 (15.3%) 133 (10.0%)

6 (8.3%) 90 (6.8%)

7 (9.7%) 70 (5.3%)

0.003
20 (27.8%) 337 (25.3%)
16 (22.2%) 402 (30.2%)
13 (18.1%) 386 (29.0%)
9 (12.5%) 63 (6.2%)
14 (19.4%) 124 (9.3%)

4 (5.6%) 42 (3.2%) 0.265
26 (36.1%) 386 (29.0%) 0.195
13 (18.1%) 329 (24.7%) 0.201

1(1.4%) 31 (2.3%) 0.627
16 (22.2%) 150 (11.3%) 0.005
10 (13.9%) 191 (14.3%) 0.915
10 (13.9%) 214 (16.1%) 0.623

3(4.2%) 71 (5.3%) 0.667

"Mean + SD.
*The etiology of 17 patients were both alcoholic CP and abnormal anatomy of

pancreatic duct. They were included under abnormal anatomy of pancre-

atic duct. Three of them are geriatrics, and 14 of them are in the control group.
ACP, alcoholic chronic pancreatitis; CP, chronic pancreatitis; DM, diabetes mellitus; CPP, chronic pancreatic pain; HCP, hereditary chronic pancreatitis;
ICP, idiopathic chronic pancreatitis; RAP, recurrent acute pancreatitis; RP, recurrent pain; SD, standard deviation.

radiopaque stones > 5 mm obstructing the MPD.>* The safety and
efficacy of P-ESWL have been demonstrated in numerous studies,
but data for geriatric patients have not been previously
reported.”'*'>272% Qur study is the first to report the safety and
efficacy of P-ESWL in geriatrics.

With the global aging, the CP patients were also aging,
especially in developed countries. The mean age of CP patients in-
creased gradually in the USA and Europe during recent decades.
The mean age even demonstrated 58 years in a national study of
CP in Dutch (Fig. S1).° P-ESWL is a safe and effective treatment
for geriatric patients with pancreatic stones, which may improve
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their quality of life, as well as physical and mental health. The risk
of complications relating to P-ESWL was not increased in geriatric
patients, and the efficacy of P-ESWL was demonstrated by the sig-
nificant pain relief and effective stone clearance. The outcome was
similar to the results of previous P-ESWL studies in young
patients.'>?73!

The characteristics of CP have some differences in geriatric and
young patients. With the declining of endocrine function in geriat-
rics,m’32 DM and steatorrhea were more common as the initial
symptom of CP, while abdominal pain was more common in
young patients. Elderly CP patients were reported with less severe
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Table 2 Details of pancreatic extracorporeal shock wave lithotripsy
Geriatric group (n = 72) Control group (n = 1332) P value

Location of stone(s) 0.264

Head 46 (63.9%) 944 (70.9%)

Body/tail 3(4.2%) 26 (2.0%)

Head and at least another location 23 (31.9%) 362 (27.2%)
Size of stones (diameter) 0.478

0.5-1.0 cm 32 (44.4%) 630 (47.3%)

1.0-2.0 cm 26 (36.1%) 519 (39.0%)

2.0-3.0 cm 10 (13.9%) 145 (10.9%)

>3.0cm 4 (5.6%) 38 (2.9%)
Number of stones 0.766

Single 10 (13.9%) 169 (12.7%)

Multiple 62 (86.1%) 1163 (87.3%)
Age at performance of ESWL, years’ 71.329 + 4.420 41.851 £ 12.645 < 0.001
Time from onset of CP to ESWL, years' 8.654 + 11.271 7.443 + 7.156 0.375
Time from identification of stone(s) to ESWL, yearst 2.044 (0.014-25.786) 1.612 (0.000-23.225) 0.370
Number of shocks, years' 9812 + 5000 11176 + 7429 0.031
Number of ESWL sessions, years® 2.000 (1-5) 2.000 (1-10) 0.443

"Mean + SD.
*Median + range.

CP, chronic pancreatitis; ESWL, extracorporeal shock wave lithotripsy; SD, standard deviation.

Table 3 Pancreatic extracorporeal shock wave lithotripsy complica-
tions in the geriatric and control groups

Table 4 Findings and procedural characteristics of ERCP after pancre-
atic extracorporeal shock wave lithotripsy

Complications Geriatric group Control group P Geriatric group Matched controls P
(n=72) (n=1332) value (n=72) (n=72) value
Type MPD stricture 38 (52.8%) 55 (76.4%) 0.003
PEP 4 (5.6%) 124 (9.3%) 0.196 ERCP procedure
Infection 2 (2.8%) 14 (1.1%) 0.196 Endoscopic 51 (70.8%) 44 (61.1%) 0.218
Bleeding 0 2 (0.2%) 0.900 papillotomy
Perforation 0 4 (0.3%) 0.810 Bougie dilation 10 (15.6%) 15 (22.7%) 0.304
Steinstrasse 0 11 (0.8%) 0.599 Balloon dilation 17 (26.6%) 14 (21.2%) 0.474
Others 0 0 — Stone extraction 40 (62.5%) 38 (57.6%) 0.567
Severity 0.058 Pancreatic stent 32 (50.0%) 42 (63.6%) 0.116
Mild 5 (6.9%) 114 (8.6%) Successful drainage 65 (90.3%) 60 (83.3%) 0.218
Moderate 0 42 (3.2%) Stone clearance 0.395
Severe 1(1.4%) 2 (0.2%) Comple‘(eT 53 (73.6%) 59 (81.9%)
Total 6 (8.3%) 158 (11.9%) 0.364 Partial* 8 (11.1%) 7 (9.7%)
complications Failed® 11 (15.3%) 6 (8.3%)

PEP, post-extracorporeal shock wave lithotripsy pancreatitis.

pain,**** which lead to more patients without pain in the geriatric

group, while RP and recurrent acute pancreatitis plus RP were
much less than in the control group.

Coexisted diseases were more common in geriatric patients
(Table S2). Cardiac and pulmonary problems have been demon-
strated to increase among elderly patients. As the cardiac and pul-
monary problems in geriatrics make the anesthetizing more
challenging, lower concentration may be chosen during the seda-
tion. It was reported that morbidity and mortality associated with
interventions shows a higher rate among elderly compared with
young adults. In the present study, the vital signs for the geriatric
patients were carefully monitored, and anesthesia-related

470

Clearance of > 90% of MPD stone volume.

*Clearance of 50-90% of MPD stone volume.

$Clearance of < 50% of MPD stone volume.

MPD, main pancreatic duct; ERCP, endoscopic retrograde
cholangiopancreatography.

complications were not observed in any of the geriatric group pa-
tients. These coexisted diseases in the geriatrics did not increase
the risk of P-ESWL.

Although there is no significant difference in the number of
P-ESWL sessions between geriatric and young patients, the
geriatric patients required fewer shock waves in their P-ESWL
to achieve successful stone fragmentation. This result may be
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Table 5 Pain relief and further treatment at follow up

P-ESWL is safe & effective for geriatric

Table 7 Cause of death at follow up

Geriatric group Matched controls P value Cause of death Geriatric group  Matched controls P
(n=67) (n=70) (n=67) (n=70) value
Pain relief 0.920 Cancer of
Complete’ 53 (79.1%) 54 (77.1%) Lung 2 (3.0%) 0
Partial* 8(11.9%) 10 (14.3%) Esophagus 1(1.5%) 0
No 6 (8.6%) 6 (9.0%) Liver metastases’ 0 (1.4%)
Further ERCP(s)® 4 (6.0%) 3 (4.3%) 0.654 Cerebral glioma 1(1.5%) 0
Further surgery 1(1.5%) 1(1.4%) 0.975 Cerebral infraction 1(1.5%) 0
I Ml or cardiac 2 (3.0%) 0
Izbicki pain score < 10. )
*Izbickipainscore > 10 after a decrease of > 50% decompensation "
$Most ERCPs were performed for the replacementl or withdrawal of pan- Severe aute pancreatitis 1 (1.5%) 0
> " ) ; | Cachexia from 1(1.5%) 0
creatic stents comblned with clearancg of the main pancreatic duct. undernourishment®
ERCP, endoscopic retrograde cholangiopancreatography. Unknown 2 (3.0%) 1(1.4%)
Total 11 (16.4%) 2 (2.9%) 0.007

attributed to more idiopathic CP in geriatric patients, which
characterized by much slower rate of calcification than alco-
holic CP.** Another possible reason is that diminished produc-
tion of bicarbonate and enzymes in pancreatic secretion were
observed in geriatric patients.*® This may lead to a softer texture
of pancreatic stones, which need less energy.

P-ESWL was safe for geriatric patients. The common complica-
tions of P-ESWL include PEP, bleeding, infection, steinstrasse,
and perforation (Table S1).*” In this study, the same intensity of
shock wave was applied in both the geriatric group and the control
group, and significant differences were not observed in the compli-
cation rate. As for the post-ERCP complications, post-ERCP

"The primary tumor is unknown.
*Caused by a prolonged steatorrhea.

pancreatitis only occurred in 1.4% of geriatric patients, which
was much lower than the control group, as well as previous stud-
es.*® This result may be attributed to that large amount of geriatric
patients have endocrine and exocrine insufficiency. With the pan-
creatic function “burning out” in the long term, it is less likely to
have acute pancreatitis attack.>’ Therefore, we conclude that this
shock wave intensity and ERCP treatment post-ESWL were safe
for geriatric patients.

Table 6 Prognostic outcomes of pancreatic extracorporeal shock wave lithotripsy treatment in the geriatric group

Pre-ESWL Post-ESWL P value
(n=67) (n=67)
Pain frequency" < 0.001
0 14 (20.9%) 53 (79.1%)
1 40 (59.7%) 13 (19.3%)
2 3 (4.5%) 0 (0.0%)
3 10 (14.9%) 1(1.5%)
VAS pain score* < 0.001
0 14 (20.9%) 53 (79.1%)
1-3 4 (6.0%) 3 (4.5%)
4-6 1(16.4%) 4 (6.0%)
7-10 38 (56.7%) 7 (10.4%)
Number of days absent from work (median + range) 26.299 (0-385) 3.134 (0-90) 0.002
Quality of life score® 67.791 + 16.819 82.866 + 14.790 < 0.001
SF-36 quality of life sore"
Physical health component 72.746 + 13.033 78.637 + 13.173 0.012
Mental health component 68.910 + 16.601 80.164 + 12.301 < 0.001
Weight, kg 57.422 + 9.890 62.336 + 11.395 0.009
Body mass index 20.432 + 2.660 22.239 + 3.437 0.001
Steatorrhea 1(16.4%) 13 (19.4%) 0.458
Diabetes 26 (38.8%) 30 (44.8%) 0.484

TPain frequency was classified into four levels: 0, no pain; 1, several times a year; 2, several times a month; 3, several times a week.

*SF-36 physical and mental health component scores range from 0 to 100, with higher scores indicating better physical and mental states.

5The VAS ranges from 0 to 10, with higher scores indicating more severe pain.
TQuality of life scores range from 0 to 100, with higher scores indicating better quality of life.
ESWL, extracorporeal shock wave lithotripsy; SD, standard deviation; SF-36, 36-item Short-Form General Health Survey; VAS, visual analog scale.
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Pancreatic extracorporeal shock wave lithotripsy was effective
for geriatric patients. No significant differences were observed in
the stone clearance, successful drainage, and pain relief between
the geriatric and matched control groups. After P-ESWL, pain fre-
quency and VAS pain score have significantly reduced in the geri-
atrics, while the quality of life, physical and mental health, and
BMI have improved significantly.

It was showed a large increase in mortality rate with age.*°
During the follow up, 11 geriatric patients died. Although it was
obviously more than that in the matched control group (n = 2),
only two patients directly died from complications of CP. Other
patients mostly died from extrapancreatic tumor (4/11, 36.4%)
and cardio-cerebral vascular events (3/11, 27.3%). Earlier studies
agree on cancer being the main cause of death.*'*** Pancreatic
cancer was reported markedly increased in CP patients,” but it
was not detected in the present study. Digestive diseases were also
reported the main cause of death in CP paltients,43 but they were
not found in the present study. All of the causes of death in both
groups in the present study have no relationship with P-ESWL.

There are several limitations of our study. First, given the obser-
vational study design (cohort study), there is an inherent selection
bias, and the follow-up data for the entire control group were not
acquired. Second, multiple confounders are present that can affect
the quality of life, mental and physical health, and BMI in these
geriatric patients. Third, lack of genetic testing data prevents more
intensive study of the disease. Fourth, the need for an ERCP post-
P-ESWL is still controversial, and this requires there to be a large-
scale multicenter randomized controlled trial.

In conclusion, P-ESWL is a minimally invasive, safe, and
effective procedure for the management of geriatric pancreatic
stones, which can safely achieve significant pain relief and stone
clearance. None of the deaths during the follow up were correlated
with P-ESWL. What is more, the therapy promotes quality of life
and mental and physical health in these patients, which may bene-
fit the geriatric patients.
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Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Figure S1. Mean ages of CP patients in different countries. This
scatter plot was based on the ages and times reported by each study
of CP (References see Supplementary material 1). Unit root test
was adopted to test the stationarity of these series, with P < 0.05
indicating stationary. They were analyzed by using the tseries
package of R, version 3.2.4 (http://www.rproject.org/; America:
P = 0.457; Europe: P = 0.544; China: P = 0.033; India:
P = 0.809). CP = chronic pancreatitis.

Table S1. Definitions of major adverse events of pancreatic extra-
corporeal shock wave lithotripsy.

Table S2. Coexisted diseases at pancreatic extracorporeal shock
wave lithotripsy (P-ESWL).
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