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ABSTRACT

Introduction: Chronic pancreatitis is a common inflammatory disease that severely impairs patients’
quality of life, mainly due to abdominal pain which is the most frequent symptom. Current guidelines
suggest medical therapy as the first line intervention based on a stepwise use of analgesics (i.e. NSAIDs
followed by weak opioids and later by strong oppioids), which is rarely effective in improving pain and
often leads to opioid addiction. Interventional procedures are therefore frequently needed. Endoscopic
therapy is suggested as the second line of intervention, aiming at decompressing the main pancreatic
duct via structure dilatation and ductal stone removal. Endoscopic therapy is usually effective in
reducing pain in the short term, but its effects frequently decrease with time and multiple procedures
are often required. Surgery is usually reserved as a last resource when medical and endoscopic therapy
have failed. Pancreatic surgery is burdened with non negligible morbidity and mortality but is effective
in reducing pain and improving quality of life in chronic pancratitis with long lasting effects.

Areas covered: Surgical treatment of chronic pancreatitis is based on resection of inflammatory head mass
or decompression of the ductal system, alone or in combination, which can be performed using different
techniques. In this paper we reviewed the current evidence on the long-term outcomes of this type of
surgery in terms of pain relief, quality of life, exocrine end endocrine function, and long-term mortality.
Expert opinion: Quality of current evidence on this field is on average poor; a consensus to define clinically
significant outcomes is needed in order to correctly design prospective studies that will enable gastroenter-
ologists to understand which patients, and when, will benefit most from surgery and should therefore be
referred to surgeons.
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1. Background e Inflammation of the pancreas;

Chronic pancreatitis (CP) is a chronic inflammatory disease
of the pancreas that leads to a progressive deposition of
connective tissue and a decrease in exocrine and endocrine
function [1], often resulting in pancreatic exocrine insuffi-
ciency (PEl) and diabetes mellitus (DM). Pain is the main
complaint in CP, being present in up to 97% of patients [2].
Pain in CP can present with different patterns that can be
classified into three subtypes: type A: intermittent, infre-
quent attacks of pain or pancreatitis; type B intermittent
severe pain with continuous pain between attacks; and
type C: severe, constant pain without attacks of pain or
pancreatitis [3]. It has been shown that pain is one of the
main causes of reduced QoL in CP patients and that pain
frequency correlates with reduced QoL more than pain
intensity [4,5]. Because of this, current guidelines suggest
that pain should be evaluated not only in terms of intensity
but also in terms of its frequency and impact on QoL [1]. In
particular, the European Organization for Research and
Treatment of Cancer (EORTC) QLQ-C30 questionnaire has
been validated specifically for CP [6].

Historically the pathogenesis of pain in CP was largely
attributed to three mechanisms:

e Tissue ischemia secondary to increased pancreatic pres-
sure, mainly due to strictures and stones of the main
pancreatic duct (MPD);

e Pancreatic or extra pancreatic complications, most fre-
quently bile duct and duodenal strictures;

Based on these assumptions, therapies for pain relief in CP have
always been mainly aimed at treating inflammation with medical
therapy and strictures and stones with surgery or endotherapy.
However, newer studies on this topic suggest that peripheral and
central sensitization of the nervous system in CP patients leads to
a lower pain threshold and a maladaptive response to pain [7-11].
This may explain why the structural changes of the pancreas do
not always correlate well with the level of pain [12,13] and why
a clear structural cause of pain is not identifiable altogether in
a large group of patients (the so-called ‘minimal change CP’) [12].

The long standing paradigm regarding the natural history of CP
was that as time passes pancreatic mass loss determines PElI and
diabetes while progressively reducing pain, the so-called ‘burn-out
theory’ [14]. More recent studies contradict this theory: the devel-
opment of endocrine and/or exocrine dysfunction doesn’t seem
to be predictive of reduced pain [15,16] and a longer disease
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Article highlights

e Pain is the main complaint of CP patients for which medical and
endoscopic therapy are rarely sufficient;

e Many different surgical techniques can be used to treat CP, all of
which appear to yield similar results;

o Outcome definition in current literature is dishomogeneus, but over-
all surgery shows good results in terms of pain reduction and QoL
improvement.

e Future research should strive to improve quality of evidence with
prospective studies to define patients’ and disease’s characteristic
that may be able to predict those who wil benefit the most from
surgery

duration does not correlate with either reduced pain severity or
frequency [5].

Current European guidelines on pain management in CP
recommend a multimodal step-up approach [1]. Medical ther-
apy is the first-line treatment and should be based on the
WHO ladder (nonopioid analgesics followed by weak and later
strong opioids [17]). Analgesics use in CP patients is ubiqui-
tous and strong opioids are usually needed. Unfortunately,
analgesics alone are rarely sufficient and interventional proce-
dures are almost always needed.

Current guidelines suggest endotherapy as the preferred
first-line interventional treatment to manage pain in these
patients. Duct stenosis and ductal stones are frequently iden-
tifiable causes of pain and therefore represent good therapeu-
tic targets. The usual approach for ductal stenosis is pancreatic
sphincterotomy, stricture dilatation, and insertion of one or
more stents in the main pancreatic duct (MPD). Stents are
then electively changed after one year or when signs or
symptoms of stent dysfunction are present, until the stenosis
is resolved [18]. Stones in the MPD can be removed with direct
endoscopic retrograde pancreatography, usually preceded by
extracorporeal shock-wave lithotripsy (ESWL) for large stones
(=5/7 mm). Endotherapy is usually effective in terms of pain
reduction in the short term, but the benefit tends to decrease
significantly in the mid-long term and multiple procedures are
usually needed [19].

As per current guidelines, surgery is regarded as a last
option when all the previous strategies have failed. In recent
years, though, there has been significant research on the
matter of surgery timing. A recent randomized control trial
investigated whether an early surgery strategy, as compared
to the per guidelines step-up approach, could be benéeficial
[20]. The results showed that early surgery was superior in
terms of pain control (expressed as integrated Izbicki score
during follow-up) and that 30% of the patients randomized to
the step-up approach ultimately ended up with having sur-
gery after a median of 299 days. Supplementary data from the
study underlines the importance of technical expertise of the
endoscopist, as it showed that effective clearance of the MPD
after endoscopy is a crucial predictor of pain relief: the rates of
partial or complete pain relief were similar between patients
from the endoscopy first approach group who achieved com-
plete duct clearance and those from the early surgery group
(52% and 57%, respectively) but much lower among those
that did not achieve duct clearance (21%). This study did not

show statistically significant differences in terms of pancreatic
function and quality of life between the study and the control
group, but a subsequent analysis of the trial results found that
the early surgery approach may also be cost-effective [21].

A limitation of this study is that endotherapy was only
performed with plastic stents, while in recent years the role
of fully covered self-expandable metal stents (FC-SEMS) has
emerged for the treatment of refractory MPD strictures. Two
prospective studies evaluated the use of FC-SEMS in the treat-
ment of MPD strictures refractory to plastic stenting with
favorable results [22,23]. A recent review and meta-analysis
on FC-SEMS vs. multiple plastic stents for CP related refractory
MPD strictures found similar rates of pain improvement (88%
vs 89%) and stricture recurrence (8% vs 11%), with FC-SEMS
being superior in terms of a reduced number of ERCP needed
at the cost of higher adverse event rate (39% vs 14%) [24].
Future studies investigating the role of FC-SEMS as first-line
treatment of MPD strictures may change current therapeutic
algorithms especially when a more durable stenting is needed,
for example in patients that are likely to be non compliant
with follow-up imaging and ERCP.

1.1. Types of surgery

Surgery can be divided between resective, decompressive,
and mixed procedures. The choice of the procedure mainly
depends on morphological changes of the pancreas: resective
procedures are indicated in patients with an inflammatory
mass of the head (usually defined as an enlargement =4 cm
of the pancreatic head) which is thought to be the main driver
of pain, whereas derivative procedures are most useful when
strictures and stones are diffused throughout the MPD (and
thus not treatable with endotherapy) [25].

e Purely derivative procedures - Lateral
Pancreaticojejunostomy (LPJ): Partington-Rochelle or
(Modified) Puestow Procedure. The MPD is incised long-
itudinally for its entire length in order to clear stones and
strictures and then a lateral pancreaticojejunostomy is
created with a Roux-en-Y anastomosis;

e Purely resective procedures:

e Pancreaticoduodenectomy (PD): the pancreas head
is removed en-bloc with the duodenal C alongside the
pylorus (Whipple procedure) or preserving the pylorus
(pylorus preseving pancreaticodudenectomny, PPPD);

o Duodenum preserving pancreatic head resections
(DPPHR):

e Beger procedure: the pancreatic head is resected
leaving a small part of pancreatic tissue on the
duodenum; a two-sided pancreatico-jejunostomy
is then performed on the pancreas remnant and
the remaining part of the head. Biliary anastomosis
can be performed if a stenosis is present;

e Berne procedure: a variation of the Beger proce-
dure in which the pancreatic head isn’t resected but
cored out instead;

e Total Pancreatectomy
Transplantation (TPIAT):

with Islet
pancreas is

Auto
entirely



removed and Islet Auto Transplantation is performed
to maintain a certain degree of insulin and glucagon
secretion and thus prevent Type 3c diabetes. This
technique is mainly indicated for patients who fail to
improve after other surgeries or those with intractable
pain and small-duct or minimal change disease, in
which no clear structural change is amendable to
surgical intervention via drainage or resection [26]
e Mixed procedures — Frey procedure: combines
a duodenum preserving head resection with drainage
of the MPD of the body and tail;

Surgery for CP has been extensively studied in terms of peri-
operative short-term outcomes. In general these procedures
are technically demanding and carry significant risk of post-
operative morbidity but usually with low mortality. Briefly, the
most common complications after pancreatic surgery consist
of post operative pancreatic fistula (POPF), delayed gastric
emptying (DGE), intra-abdominal abscesses and drain or sur-
gical site infections. A German retrospective study on a large
cohort of 1125 patients that received different techniques of
DPPHR found an overral morbidty of 25.4% and mortality of
2.4% [27]. A recent meta analysis compared PD with DPPHR
and found the former to be superior in terms of 30-days
morbidity (24.73% vs. 43.95% respectively), but no significant
difference in mortality ermeged (1.5% vs. 0% respectively) [28].

2. Long-term outcomes of surgery

On 15" of September 2023 we conducted a search on
PubMed for papers dealing with the long-term results of
surgery for CP. Since most studies on the subject are based
on patients’ cohorts dating back to the 1980s we restricted the
search to papers published after 2010 for which we could get
access to an English full text using the search string ‘(long
term outcome) AND (surgery) AND (chronic pancreatitis) AND
(("2010"[Date - Publication] : “2023"[Date - Publication])) AND
(english[Languagel]).’

The search resulted in a total of 268 articles. We discarded
all the reviews, meta-analyses, guidelines, expert opinions,
letters to journals, and commentaries. We also focused on
papers specifically dealing with surgical procedures, discard-
ing studies on medical and endoscopic therapy. We did not
include studies dealing specifically with a pediatric population
or those analyzing a specific subset of CP (for example para-
duodenal pancreatitis) and those with a cohort of less than 20
patients. We also excluded two studies on cohorts that
spanned over 40years of enrollment, as we deemed the
cohorts to be exceedingly dishomogeneous given the evolu-
tion of surgery procedures during such a long span of time.

With the above mentioned criteria we selected 41 papers
which characteristics are summarized in Table 1.

2.1. Pain relief

As previously discussed, pain is the main complaint in CP
patients and is also by far the most common indication for
surgery. This was confirmed among all the studies that
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Table 1. Studies summary. IQR (interquartile range); RCT (randomized controlled
trial); QoL (quality of life).

Population numerosity median (IQR) 85 (51-147)
Duration of follow-up (years) median (IQR) 5 (2-7,5)
Study design

Retrospective n (%) 28 (68%)
Prospective, non randomized n (%) 8 (20%)
RCT n (%) 5 (12%)
Evaluated outcomes:

Pain relief n (%) 35 (85%)
QoL n (%) 18 (44%)
Endocrine insufficiency n (%) 33 (80%)
Exocrine insufficiency n (%) 24 (59%)
Long term mortality n (%) 16 (39%)

reported the indications for the procedure, with pain always
being the major indication for surgery with percentage always
over 90%. This being the case, one major concern regarding
surgery for CP is whether these procedures are effective in
reducing pain and, more importantly, if this benefit is sus-
tained in the long term.

The first step in evaluating pain before and after surgery is
to define and quantify it. Among the studies considered, pain
was most commonly evaluated in ways not specifically
designed for patients with CP such as Visual Analogue Scale
(VAS) values [29], pain-related items in QoL scores and the
frequency of use of narcotics and/or narcotic free status as
a proxy of absence of pain.

Out of the 35 studies that evaluated pain as an outcome, only 7
used a score specifically developed for CP, the Izbicki score [30]
(see Table 2). Since the impact of pain on the QoL of patients
depends not only on its intensity but also on its frequency and
impairment in daily activities, this score consists of a scale ranging
from 0 (no pain) to 100 (worst pain) calculated as the mean of 4
subscores: frequency of pain attacks, VAS, analgesic medication
used, and time of disease-related inability to work during last year.

Recently the COMPACT-SF score was presented as a new
score specifically developed for CP patients evaluating five
dimensions of pain: severity, pattern, provocation, spreading,
and a qualitative description [31]. The authors showed that the
COMPACT-SF score is strictly linked to hospitalizations rate
and quality-of-life scores. Unfortunately this comprehensive
tool for the evaluation of pain in CP is very recent and none
of the studies in our review used it.

Table 2. The Izbicki pain score.

Frequency of pain attacks Daily 100
Several times a week 75
Several times 50
a month
Several times a year 25
None 0
VAS (Visual Analogue Scale) 0-100
Analgetic medication (morphine-related  Morphine 100
analgetic potency) Buprenorphine 80
Pethidine 20
Tramadol 15
Metamizol 3
Acetylsalicylic acid 1
Time of disease related inability to work ~ Permanent 100
(last year) <1year 75
<1 month 50
<1 week 25
none 0
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Many studies have previously demonstrated that derivative
and resective procedures are effective in reducing pain in CP
patients, but most of them only evaluated it in the short term,
usually up to a maximum of 12 months after surgery. Since CP
is a chronic disease, how pain relief persists in mid- and long-
term follow-up is of paramount importance. One limitation in
comparing the results from the studies is the lack of standar-
dization on how ‘pain relief' is defined. Most of the studies
reported the results as rate of ‘complete pain relief,’ others as
‘complete or partial pain relief and others only reported the
mean VAS value before and after surgery, not specifying the
rate of pain relief. In our opinion the most homogeneous
endpoint in pain evaluation is ‘complete pain relief’ (usually
defined as VAS <4, Izbicki score < 10 or independence from
opiates). We found that at the end of follow-up the overall
median rate of completely pain free patients across all the
procedures was 62% (IQR 51,3%-73,1%). The only two proce-
dures that have specific pain relief rates reported in a relevant
number of papers are the Frey procedure (median 76%, IQR
62,0%-88,0%) and TPIAT (median 68%, IQR 65,5%-70,5%).
Lower pain control for TPIAT, which should theoretically be
the most effective among all the procedures, are probably due
to the particularly long follow-up span of the studies on this
procedure.

Many types of surgery and specific procedures were com-
pared head to head either on retrospective or prospective
studies: Frey vs. Beger [32], Frey vs. LPJ [33], Frey vs. PPPD
[34], PPPD vs. DPPHR [35], DCP vs. DPPHR vs. distal pancrea-
tectomy [36], derivative vs. resective procedures [37], pylorus
preserving TPIAT vs. non pylorus preserving TPIAT [38], Berger
vs. Berne [39]. None of the mentioned studies found
a statistically significant difference in rates of pain relief in
long-term follow-up between the compared procedures. This
evidence supports the choice of procedure based on morpho-
logical elements of the patients (presence or absence of
inflammatory head enlargement and/or MPD dilatation, pre-
sence and localization of strictures and intraductal calculi) and
the preference and expertise of the center and surgeon on
a specific procedure, as none of them has been shown to be
clearly superior to the others in reducing pain in CP patients.

Another way to evaluate how pain relief is sustained in the
long term is to look at how often patients who underwent
surgery need redo operations. This outcome was reported in
18 studies with a median value of 9% (IQR 5.3%-11.8%), with-
out any clear difference between different procedures. This
data show how surgery is usually a more definitive treatment
than endotherapy, which almost invariably consists of multiple
consecutive procedures, both scheduled and unscheduled,
especially considering that some of the redo operations were
done for local complications or in general for indications other
than pain recurrence.

Another important aspect is to identify patients’ character-
istics that correlate with better or worse pain relief. The most
common reported risk factors for absent pain relief in multi-
variate analysis were long duration of disease, opiate usage
and multiple endoscopic procedures prior to surgery [40-42].
These factors probably reflect a group of patients with a more
advanced disease at time of surgery and further strengthen
the argument for early surgery. Another factor indicative of

advanced disease is the presence of local complications such
as biliary obstruction (BO) but this factor wasn’t predictive of
worse pain relief in a study specifically designed to investigate
the matter [43].

Another risk factor for pain persistence that recurs in var-
ious studies is persistence of alcohol abuse, which also
strongly impairs QoL scores [27,34,44,45]. Two studies
observed that a continuous pain pattern was associated with
worse pain relief [42,45].

A recent work by Bachman et al. [27] proposed the Chronic
Pancreatitis Pain Relief (CPPR) Score, which assigns a point for
every pre-operative factor that the authors found to be linked
with higher rates of pain relief: MPD dilatation >4 mm, inflam-
matory head mass >4 cm, alcohol related etiology. This score
performed well as a prognostic marker for pain relief, which
was shown to increase from 5%, to 65.8%, to 95.8% to 100% in
patients that have 0, 1, 2 and 3 points, respectively. This score
may be a useful tool to identify those patients which will most
probably benefit from surgery and that shuld therefore taken
in consideration for early intervention.

2.2. Quality of life (QoL)

If one had to choose a single outcome to determine the efficacy
of a procedure, QoL would probably be the most suitable. CP
patients are burdened with a number of symptoms and disease
related complications that can directly or indirectly impact daily
activities, and surgery for CP itself can determine consequences
that can impair QoL. An overall evaluation of the QoL after
surgery for CP is probably more meaningful than pain relief
alone: a procedure that is effective in reducing pain but at the
same time determines complications and/or physiological mod-
ifications could impair overall QoL, potentially more so than
pain reduction actually improved it.

The main problem when dealing with QoL as an out-
come rests in its intrinsic subjectiveness in definition and
evaluation. The most common way to quantify QoL is the
use of standardized scores, usually composed of several
domains (for example physical, mental, social etc). The
two most commonly used QoL scores in studies dealing
with surgery for CP are the SF-36 [46] and the EORTC QLQ-
C30 [47].

Twenty (44%) of the studies we reviewed evaluated QoL
results after surgery for CP, usually comparing scores
values before and after surgery. The results from all the
studies are consistent and find surgery effective in signifi-
cantly improving QoL of patients with CP, although fre-
quently post-op QoL is still lower than in the general
population. Only a few studies found a difference in QoL
scores between different procedures, but only limited to
certain domains. Specifically, worse physical functioning
domain scores were reported in Frey than in PPPD by
Bachman et al. [34] and in DPPHR compared to PD and
distal pancreatectomy [36]. Ahmed Ali et al. [41] found that
a head resection correlated with lower mental composed
scores. All the other studies found the different surgery
types and specific procedures to be largely equivalent in
both overall and specific subdomains of QolL.



A study from Wilson et al. applied a cost-effectiveness
evaluation to QoL scores in a rather specific setting, TPIAT
for minimal change CP. The authors compared this aggressive
management with standard medical and endoscopic com-
bined therapy and reported that early surgery not only
appears to be economically more convenient because of
reduced costs for hospitalization and repeated endoscopic
procedures but also shows better results in terms of quality
adjusted survival [48].

Only a handful of studies specifically tried to identify elements
that correlate with better or worse results in terms of QoL
improvement, with the most frequent unsurprisingly being post-
operative pain reduction. The Hamburg group reported persis-
tent alcohol abuse after surgery as a significant risk factor for
reduced QoL, strongly impacting not only on pain scores but also
cognitive, emotional and work functioning domains [34,49].
Ahmed Ali et al. [41] found pre-operative use of opioid and post-
surgery complications needing relaparotomy to be predictive of
reduced physical composed scores, with opioid use also impact-
ing on mental composed scores. Surprisingly, two studies found
no correlation between presence of PEl and diabetes mellitus
(DM) and reduced QoL [50,51]. This results are in contrast with
those from an older study on a German cohort of CP patients in
which PEl appeared to be a relevant driver of reduced QoL [52]
and can probably be explained by the more widespread use of
PERT in recent years, which has been shown to significiantly
improve QoL in CP patients [53,54].

2.3. Endocrine insufficiency

The evolution of the disease determines fibrosis and loss of
function of the pancreas causing a progressive tendency to
hyperglycemia and, ultimately, to the development of dia-
betes mellitus in a large number of CP patients.
Pancreatogenic diabetes (or Type 3c diabetes) is characterized
by rapid swings in glycemic levels, the so-called ‘brittle dia-
betes.’ This is due to the chronic damage to Langherans islets
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in CP patients that impairs the production of insulin but also
of the main counter regulatory hormone, glucagon. Moreover,
PEI makes absorption of glucides highly variable and suscep-
tible to errors and forgetfulness of PERT intake and can thus
need specific strategy to reduce glycemic variability [55].

Both derivative but especially resective surgery deter-
mine some extent of pancreatic tissue loss, with
a predictable decrease of insulin production capacity and
consequently a tendency to develop DM in non diabetic
patients or to worsen the glycemic control in those already
diabetic. Many of the studies we reviewed evaluate the pre-
and post-surgery prevalence of DM. In particular, the med-
ian pre-operative prevalence of DM among all the studies is
28% (IQR 18-34%).

Apart from total pancreatectomy, which predictably deter-
mines diabetes in 100% of the patients, evaluating how dif-
ferent surgeries impact the development of DM post-
operatively is difficult. Prevalence of DM in CP patients with
longstanding disease is exceedingly high even in those trea-
ted with medical or endoscopic therapy alone. Many studies
report post-operative prevalence of DM and some report the
incidence of de novo DM, but in the long-term follow-up it is
difficult to separate the impact of surgery from disease pro-
gression itself, especially since the already mentioned varia-
bility in duration of follow-up. Among the studies we
evaluated (excluding those dealing with TPIAT) median post-
operative DM prevalence was 57% (IQR 45-62%) over
a median follow-up of 5.3years (IQR 4.3-6.9). As expected
among the results of these study there is a clear relation
between the duration of follow-up and DM prevalence
(R? = 0.572, Figure 1).

Only the Frey and TPIAT have specific post-op DM preva-
lence data reported in a relevant number of papers. Following
Frey procedure the median prevalence of DM was 50% (IQR
38-61%) over a median follow-up of 4.65 years (IQR 4.23-6.15),
again with a linear relation between prevalence and duration
of FU (R*=0.705, Figure 2).

R2=0,572

100%

80%

60%

DM prevalence

40%

20%

8

\l\l ()
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Follow up (years)

Figure 1. Diabetes prevalence and follow-up duration after any procedure (bubble area proportional to patient number).
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R2 =0,696
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Figure 2. Diabetes prevalence and follow-up duration after Frey procedure (bubble area proportional to patient number).

Since DM is present in all patients after TPIAT, studies
focused on this procedure evaluate the success of the islet
auto transplantation with the rate of insulin dependent
patients after the procedure. Three studies reported this data
over a 5year follow-up, two of them also reporting up to 10
years, resulting in an average insulin dependency rate at 5 and
10 years of 75% and 88%, respectively [56-58].

Many studies confronted DM prevalence following different
procedures. Specifically, different techniques of head resection
appear to have comparable outcomes, as one prospective study
and two RCT showed no difference when confronting DM pre-
valence after PPPD vs. DPPHR [35], Beger vs. Berne [39] and DPPHR
vs. PD [59]. On the contrary, three different papers found deriva-
tive procedures to be superior in terms of endocrine function
preservation when compared to resective techniques [37,40,41].
This can easily be explained by the much more relevant loss in
pancreatic tissue after head resections, with some patients even
showing improved glycemic control after derivative procedures.

Frey procedure appears to be comparable to Beger’s [32]
while contrasting results emerge when confronted to purely
derivative procedures, as two different retrospective studies
with comparable population numerosity and follow-up dura-
tion found opposite results: Ray S. et al. showed a statistically
significant lower prevalence of DM after derivative procedures
vs. Frey’s [42], while Kempeners et al. found comparable rates
of diabetes after these two procedure [33].

Possible risk factors for development of DM after surgery
were investigated only in four studies. Longer duration of
disease [41-43], presence of biliary obstruction [43], re-
operation because of any complication [40], or any postopera-
tive complication in general [43] were associated with a higher
prevalence of post-operative DM.

While DM development in patients that experienced post-
op complications or re-operation can be directly linked to the
effects of surgery, a worsening endocrine function in patients
who underwent surgery after a longer duration of disease or

in presence of biliary obstruction is probably related to
a more advanced stage of disease, where parenchymal
damage has become significant and the residual tissue after
the resection is insufficient to maintain adequate glycemic
control.

2.4. Exocrine insufficiency

Pancreatic exocrine insufficiency is a well-known complication
of CP which is often already present in patients undergoing
surgery. Similarly to diabetes, the loss of pancreatic tissue after
surgical procedures often determines the development of de-
novo PEl or the worsening of preexisting exocrine insuffi-
ciency. One of the main issue in evaluating the pre- and post-
operative prevalence of this condition is that symptoms alone
are not sensible nor specific to diagnose PEI. Current European
guidelines therefore suggest an objective definition using
fecal elastase (FE) levels < 200 ug/g as the preferred laboratory
parameter [1,60]. Unfortunately, only three of the studies we
reviewed adopted this definition for PEI while all the others
defined it as the presence of related clinical signs (steatorrhea,
bloating etc.) and/or use of PERT.

The studies we reviewed reported a median pre-operative
prevalence of PEI of 49%, (IQR 42-63%) while at the end of
follow-up the median prevalence among all the procedures
was 72% (IQR 37%-82%). The prevalence after Frey alone is
higher but also shows a higher variability (median 72%, IQR
37-79%). Surprisingly, the duration of follow-up seems to be
less related with the prevalence of PEl than to the prevalence
of DM (Figures 3 and 4).

Contrasting evidence emerges from the direct comparison
between different surgery types. Ahmed Ali et al. [41] found
that head resection appears to be a risk factor for worse
exocrine function while a distal pancreatectomy correlated
with lower PEI prevalence, which could be explained by the
different amount of pancreatic tissue removed during these
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Figure 3. PEI prevalence and follow-up duration after any procedure (bubble area proportional to patient number).
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Figure 4. PEl prevalence and follow-up duration after Frey procedure (bubble area proportional to patient number).

different procedures. On the contrary, in a recent paper
Matsumoto et al. [37] found a trend, although not statistically
significant, for lower PEl prevalence among patients that
underwent resective rather than drainage procedures. These
counterintuitive results could be imputed to patient selection
bias in this retrospective study with a relatively small sample
size (20 patients for resective, 69 for drainage).

Frey procedure was compared to other surgery types by
many authors and no significant difference in terms of PEI pre-
valence was found when compared to Beger [32,49], PPPD [34]
and LPJ [33,42]. Among resective surgeries, no difference was
found between DPPHR and PD [34,59].

Unfortunately, apart from the effect of different surgery
types, no study evaluated if any patient or disease factor is
associated with higher or lower prevalence of PEI following
surgery.

2.5. Survival

It is well known that CP patients have a higher mortality and
lower life expectancy than the general population. A Danish
study from 2010 estimated a 4.5 times higher mortality rate
than the general population [61] while a population study
from the U.S.A. found a two fold higher mortality [62].

Many of the studies we selected document long term
survival of patients undergoing surgery for CP, but survival is
rarely the focus of the study and the way the outcome is
defined is highly variable. 5 or 10year survival rate is the
most commonly reported outcome, being respectively 86%
(SD 6%) and 62% (SD 7%) on average with a mean age of
death of 54 years (SD 2.8). Three studies [34,63,64] reported
the mean survival after surgery which was on average 14 years
(SD 2.3) [50].
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Only a few studies compared the results of different pro-
cedures. The Hamburg group showed a statistically significant
better overall survival for the Frey procedure over PPPD (14,5
vs. 13,3 years, respectively) but comparable to Beger’s proce-
dure [34,49]. Diener et al. compared DPPHR and PD and found
no difference in mortality rates [59].

The most complete work on long-term survival after surgery for
CP was recently published by Murruste et al. The authors prospec-
tively followed 161 patients and found an overall standardized
mortality rate (SMR, i.e. the ratio of observed deaths compared to
an aged matched general population) of 1,8. The strongest risk
factor for lower survival was continued alcohol abuse after surgery:
patients that stopped drinking actually had a mortality rate similar
to the general population while those who kept drinking had
a SMR as high as 2,7. Smoking and malnutrition (BMI <18.5 kg/
m2) were also detrimental factors as well as the presence of multi-
ple comorbidities (Charlson’s index > 2). A recent work of Wilson
et al. [64] showed that alcohol abuse is a risk factor for reduced
survival also if consumed prior to surgery, as patients with CP of
alcoholic etiology show a higher mortality rate than patients with
CP of other etiology. The authors also reported a negative effect of
persistent opioid use after surgery.

We mentioned before how DM and PEI development don’t
seem to worsen QoL of patients, but when investigating risk
factors for long-term mortality a study from Winny et al. interest-
ingly found that the presence of insulin dependent DM and
absence of PERT at time of discharge after surgery are risk factors
for reduced long term survival [44]. This shows that although
patients don't seem to be much impacted in their daily lives by
endocrine and exocrine insufficiency the preservation of pancrea-
tic function is actually important in terms of long-term survival, as
it decreases the incidence of complications of long-standing
diabetes and malnutrition. This evidence supports the diffuse
practice of prescribing PERT indiscriminately after pancreatic
surgery, even though it must be said that an objective diagnosis
of PEI with the measurement of FE-1 levels can be useful, espe-
cially in managing digestive symptoms that can arise after sur-
gery and are not always only related to exocrine insufficiency.

In the specific setting of TPIAT, Bellin et al. found obesity
(BMI >30kg/m?) to be a risk factor for worse survival [57],
which can easily be explained by the higher incidence of
metabolic comorbidities that come with obesity. Interestingly
the authors found that a longer duration of disease prior to
surgery correlates with a longer survival, which is in contrast
with the previously mentioned worse results in terms of pain
relief and QoL for these patients.

The effect of behavioral aspects on mortality after surgery
for CP is well shown by the actual causes of death of these
patients. With the limitation of missing data on the cause of
death in many patients, especially in retrospective studies, CP
related deaths seem to be a minority. The most frequently
reported causes of death are infection, liver disease, cardio-
vascular disease, substance abuse related deaths and non-
pancreatic cancer [34,39,49,50,56,57,63,64]. Both liver and car-
diovascular disease are well known consequences of alcohol
abuse that are worsened by the presence of diabetes, which
itself is poorly managed in patients with ongoing alcohol
abuse. Smoking is also frequent in CP patients, representing
a major risk factor for cancer and exposing them to a higher
risk of pulmonary infections. This data underlines the impor-
tance of treating alcohol abuse and promoting smoke cessa-
tion in CP patients.

Unfortunately, little data is found among these studies
about pancreatic cancer risk after surgery for CP. Only one
study reported deaths from pancreatic cancer, which occurred
in 3 patients (2% of the deaths) [64]. Four studies didn't report
any death from pancreatic cancer [34,39,50,63] and one
reported 19% of deaths because of cancer of unspecified
origin [49]. No pancreatic cancer deaths were of course
reported in the studies dealing with TPIAT [56-58].

2.6 Risk factors

As reported above, only a handfull of studies evaluated risk
factors for the different outcomes. We summarized the evi-
dence on risk factors present in the included papers in Table 3.

Table 3. Risk factor for worse outcomes. QoL (quality of life), PPPD (pylorus preserving pancreaticoduodenectomy), PD (pancreaticoduodenectomy), DM (diabetes
mellitus), PEI (pancreatic exocrine insufficiency), LPJ (lateral pancreaticojejunostomy), PERT (pancreatic enzyme replacement therapy), DPPHR (duodenum preserving

pancreatic head resection).

Pre surgery
Outcome Procedure type risk factors Post surgery risk factors
Pain No difference Long duration of disease Persistence of alcohol abuse
Opiate usage
Multiple endoscopic procedures
Continuous pain pattern
QoL Overral QoL: no difference Opioid use No pain relief
Physical functioning: Frey (vs. PPPD); DPPHR (vs. PD and DP) Persistent alcohol abuse
Mental composed scores: head resection (vs. derivative) Complications needing relaparotomy
DM and PEI: not related to worse QoL
DM Resective (vs. derivative) Longer duration of disease Re-operation because of any complication
PD = DPPHR Biliary obstruction Any postoperative complication
Beger = Berne
Frey = Beger
Frey vs. LPJ: contrasting results
PEI Derivative vs. resective: contrasting results na. n.a.
Frey = Beger, PPPD and LP)J
Survival PPPD (vs. Frey) Smoking Persistent alcohol abuse
Frey = Beger BMI <18.5 Insulin dependent DM at discharge
DPPHR =PD Multiple comorbidities No PERT at discharge

Alcohol abuse




3. Conclusions

In conclusion, in recent years many studies on long-term out-
comes after surgery for CP have been published, but the
strength of the findings is limited by many factors that make
it difficult to compare results between different studies.

The starting point of this paper was to analyze the out-
comes of surgery in a long-term prospective but we observed
that a significant source of heterogeneity lies in the definition
of ‘long-term follow-up’ itself, which in the selected studies
ranges from just 1 to up to 15 years: such a large difference in
follow-up time can determine significant discrepancies in the
results, especially when dealing with outcomes such as PElI
and DM development that are inherently time dependent due
to the evolutive nature of CP. Of note, in many studies long-
term outcomes, or a part of them, are only available for
a fraction of the study population, therefore introducing bias
in the statistical analysis on the effects of surgery and further
reducing the overall strength of the results.

Most of the studies we reviewed were retrospective: many of
them selected patients from a database of surgery recipients and
only included those with an available follow-up of a certain
duration; others sent follow-up questionnaires to all the surgery
recipients, often receiving them back just from a fraction of
patients. Both these study designs clearly introduce a relevant
bias in patient selection. Another matter is how reliable can
retrospectively compiled forms for QoL and pain be considered.
Even among the prospective studies many were purely descrip-
tive, without any statistical analysis of the post-surgery out-
comes, and only a handful were proper randomized controlled
trials. Moreover, half of the studies included less than 90 patients:
not infrequently some outcomes presented remarkable differ-
ences between different groups but couldn’t reach statistical
significance because of the limited numerosity.

Another problem we encountered reviewing the data from
these studies is heterogeneity in the classification of the proce-
dures. In the introduction of this paper we described them as
either derivative, resective or mixed; unfortunately, certain stu-
dies classify Frey’s among resective procedures, thus making it
difficult to compare results with other studies that separate it
from purely resective procedures such as DP or DPPHR.

We also encountered heterogeneity in the reported outcomes
on PEl and DM. Only three out of all the studies correctly defined
PEI based on fecal elastase < 200ug/g as suggested by current
guidelines on CP and exocrine insufficiency. All the others defined
PEl as the presence of related clinical signs (steatorrhea, bloating
etc.) and/or use of replacement therapy. This definition can under-
diagnose PEI if the clinician isn’t accurate on investigating symp-
toms preoperatively and can overestimate it postoperatively, since
it's common practice in many centers to prescribe PERT in all
patients after resective surgery, thus making impossible to have
a reliable quantification of post-operative PEl prevalence. On the
contrary, all the studies correctly define DM as per current guide-
lines, but some of them only report insulin-dependent patients,
making it difficult to compare results with others that report all the
diabetic patients irrespective of the antidiabetic therapy.

When dealing with exocrine and endocrine function we
willingly only considered the reported prevalence of PEl and
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DM at the end of follow-up, and not the reported rates of ‘de
novo’ PElI and DM. Not all the studies reported this outcome
and, more importantly, among those that did the incidence is
not calculated and defined homogeneously. Many papers cal-
culated the incidence over the totality of surgery recipients,
including those already diabetic/with PEI, and often it's not
clear at what time point this rate is calculated: the more time
passes between surgery and quantification of de-novo DM
and PEl the more difficult it is to distinguish between the
effect of surgery and the progression of the disease. In our
opinion the clinically more useful outcome is how many non
diabetic/non PEI patients pre-surgery will develop DM or PEI
following surgery. We propose that de-novo PEI/DM should
then be calculated as the number of patients that have PEl/
DM at day 30 after surgery among those that did not have it at
time of surgery. Comparing this incidence with the long-term
overall prevalence of PEI and DM among CP patients could
provide some insight on the actual impact of surgery over the
natural course and progression of the disease.

4. Expert opinion

Pain is a relevant cause of reduced QoL for CP patients and all
efforts should be made to improve its management.
A common error in clinical practice is to stubbornly offer
more and more repeated endoscopic procedures for patients
that are already chronic opiates users, with practicable under-
whelming results. Surgery is often seen by clinicians as kind of
a ‘defeat’ of their efforts, and this is somewhat emphasized by
current guidelines that propose surgery as a last resort only to
be used when sure that anything else has been tried. Things
probably need to change and a more proactive approach
toward surgery is needed.

In the last decades significant improvement has been made in
surgery for chronic pancreatitis. Many different techniques have
been proposed and several studies tried to establish which of
them could be the better choice. These studies usually focused
on short-term outcomes from a strictly surgical point of view,
such as evaluating differences between different techniques in
terms of surgery duration, length of hospital stay, intraoperative
blood loss, morbidity and mortality etc. All these parameters are
of course important for surgeons but for us as gastroenterolo-
gists, the specialists who are usually caring for CP patients before
and after surgery, this isn't enough. Our attention should be
focused on three main questions: which patient will benefit
most from surgery? When is it best indicated during the natural
history of the disease? What will the long-term outcomes be for
these patients after surgery? Answering these questions is the
only way we will be able to make evidence-based decisions to
offer our patients the best possible treatment, at the most appro-
priate time. As we've shown, the quality of evidence regarding
these matters is on average quite low. In our opinion a consensus
focused on the definition of clinically relevant outcomes should
be pursued as it is much needed to improve the quality of the
research in this field. As of today there are plenty of retrospective
series but prospective studies, ideally randomized controlled
trials, are in our opinion essential to reduce biases in patients
selection and to produce more reliable results on subjective
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outcomes such as pain and QoL. Past studies mainly focused on
describing and comparing outcomes between different proce-
dures but as we've seen the results are rarely significantly differ-
ent and, in the end, the choice between different techniques is
probably to be made based on the surgeon’s expertise. What
studies should strive for in the future is to find patients’ char-
acteristics that are able to predict better or worse outcomes after
surgery. The latest evidence in the field points toward the ben-
efits of early surgery as opposed to its use as a last resource when
other strategies have failed, but we cannot ignore the physical
and psychological burden that such invasive procedures put on
patients, which is particularly significant when dealing with
a benign condition such as CP. It is thus crucial to be able to
identify patients that will probably benefit most from surgery
and can consequently be proposed with early intervention.
Especially until those questions will be answered by solid evi-
dence based data, a multidisciplinary approach involving gastro-
enterologists, interventional endoscopists, surgeons, and
radiologists will be key. Only a shared decision-making process
among different specialists allows to competently evaluate every
possible therapeutical option for our patients, avoiding the risk
of individual specialists only proposing patients the treatment
options they’re most used to or that they personally perform. In
other terms, the choice between surgery, endoscopy or other
treatments shouldn’t be based solely on the patient being fol-
lowed by a surgeon or by an endoscopist, but on a shared
decision process among them, the patient and all the other
figures involved in their care.
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