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Abstract

Pain is a dominant symptom in acute pancreatitis, yet high-level evidence guiding optimal
analgesic management in acute pancreatitis has been limited. Emerging evidence suggests
a role of non-steroidal anti-inflammatory drugs, including cyclooxygenase-2 inhibitors,
and opioids in the management of pain in acute pancreatitis patients. Based on a narrative
review of the current literature, we provide an overview of available evidence, give an
update on recent studies, and propose a treatment algorithm for pain management in acute
pancreatitis, considering pharmacological and non-pharmacological modalities, patient
comorbidities, and disease severity. Existing studies are generally limited by small sample
sizes, heterogeneity in outcomes, unidimensional pain assessments, and a lack of under-
standing for the pathophysiology of pain in acute pancreatitis. Future trials should focus
on multicentre collaboration, comprehensive pain evaluation, adequate sample sizes, and
understanding the complex molecular mechanisms of acute pancreatitis pain.
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1. Introduction
Pain is the most prominent symptom of the inflammatory disease acute pancreatitis

(AP), often being severe and exacerbated by oral feeding [1]. The severity and duration of
pain is associated with the disease severity of AP and greatly contributes to patient distress
during admission [2,3]. Despite its clinical significance, the pathophysiology of pain in AP
remains incompletely understood.

Traditionally, pancreatic pain has been associated with local inflammation and sur-
rounding tissue damage including micro thrombosis, oedema, increased ductal pressure,
abdominal hypertension, and ischemia leading to necrosis [4,5]. The early phase of AP is
characterised by a severe systemic inflammatory response characterised by increased vas-
cular permeability leading to intravascular hypovolaemia and organ hypoperfusion, which
may promote intrapancreatic necrosis and leads to multi-organ failure [6]. Microcirculatory
failure may in turn lead to ischemia, and with reperfusion the damage is potentially acceler-
ated. Ischemia–reperfusion and local damage is associated with mitochondrial dysfunction
due to intracellular calcium overload in acinar cells, which promotes premature enzyme
activation, cellular necrosis, and amplification of inflammatory signalling [7,8]. These
molecular mechanisms highlight the importance of fluid resuscitation in the early phases
of AP [9,10].
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The necrotic acinar cells within the pancreas release damage-associated molecular pat-
terns including ATP, trypsin, and kallikrein, which activate stellate cells and macrophages.
The activation of stellate cells, via bradykinin receptors, exacerbates acinar cell injury,
thereby worsening local damage by autodigestion within the gland. This creates a self-
continuing cycle of necrotic injury and pain [5]. Extracellular ATP also acts as a danger
signal by activating receptors on immune cells and sensory neurons, thereby increasing
inflammation and pain signalling [5,11]. Furthermore, the extensive release of inflamma-
tory mediators in AP may contribute to primary hyperalgesia by the activation of sensory
neurons [11,12]. The activated sensory neurons release neuropeptides such as substance P
and calcitonin gene-related peptide, which enhances pain signals by increasing spinal cord
excitability, thus creating an “auto-amplification loop” of pain and inflammation [11]. Un-
derstanding these molecular and neurogenic mechanisms provides insight into why pain in
AP is often severe and difficult to control, highlighting the importance of effective analgesia.

Pain management has previously been identified as a number one priority in AP by
health professionals and patients [13]. From the perioperative setting, uncontrolled pain has
been implicated in increased risk of thromboembolic events, immunosuppression, and hy-
poventilation [14–17]. These physiological responses to pain have been shown to decrease
with pain relief in post-operative settings [15,18,19]. In AP, insufficient pain management
may also delay oral refeeding and prevent remobilization, thereby worsening the disease
course further. Furthermore, prolonged pain can potentially lead to sensitization within
the central nervous system, increasing the risk of the chronification of pain—especially in
patients with repeated episodes of AP [20].

Traditionally, guidelines on AP management have neglected to mention pain manage-
ment, although some guidelines have highlighted the importance of gaining pain control in
patients with AP [9,21–23]. Identifying the most effective treatment for pain in AP has been
challenging, as available studies are generally small, heterogeneous, and methodologically
diverse, likely reflecting the difficulty of conducting studies in patients with AP. Further-
more, it has been suggested that the treatment choice itself may influence the disease
course, with several studies indicating potential deterioration or amelioration of AP with
different analgesic treatment modalities. However, recently there has been an increased
focus on pain management strategies in AP with several studies emerging—including
well-designed randomised, controlled trials—and even upcoming guidelines supported
by the United European Gastroenterology and the European Pancreatic Club [24]. The
purpose of this narrative review is to provide an overview of the existing literature on the
efficacy and safety of different analgesia for achieving pain relief in AP, give an update on
the most recent advances in the field, and propose an evidence-based algorithm for the
future management of pain in AP patients.

2. Non-Steroidal Anti-Inflammatory Drugs
The WHO ladder has often been recommended for pain management in AP based

on the management of pain in the perioperative setting [25]. In this framework, simple
analgesics like paracetamol and non-steroidal anti-inflammatory drugs (NSAIDs) are first-
line therapy. If pain relief is insufficient, pain therapy may be escalated by first adding
weak opioids and thereafter strong opioids [26]. In keeping with these recommendations,
an observational study found that simple analgesics were most often the first choice for
treating AP pain in Europe and Australia. In Asia, simple analgesics were the first choice
in 39% of patients admitted with first-time AP [27].

Non-selective NSAIDs have been compared to non-NSAIDs (most often opioids) in
several randomised trials for pain relief, as measured by the need for rescue analgesia
and pain intensity, including pain-free intervals, in AP patients. As such, a randomised
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trial of 30 AP patients found a reduction in pain intensity, number of days with pain, and
need for opioid injections with 7 days of treatment with rectal indomethacin compared to
placebo [28]. Another three-arm randomised trial of 90 AP patients compared intravenous
treatment with the NSAID dexketoprofen, paracetamol, or tramadol and found similar
pain relief, as measured by the visual analogous scale (VAS), after 30 min. Furthermore,
there was no significant difference in need for rescue morphine [29]. Likewise, there was
no significant difference in VAS scores within one hour, need for rescue analgesia, or days
with pain between AP patients (n = 46) receiving diclofenac versus tramadol [30]. On the
other hand, in a recent randomised trial of 48 AP patients, intravenous buprenorphine
was superior for reducing the need for rescue fentanyl, prolonging pain-free intervals and
reducing VAS scores after 24, 48, and 72 h compared to intravenous diclofenac [31]. Interest-
ingly, these findings were persistent upon subgroup analysis in patients with moderately
severe or severe AP. Another randomised trial found that intravenous pentazocine reduced
the need for rescue fentanyl and prolonged pain-free intervals compared to intravenous
diclofenac [32]. Taken together, a recent meta-analysis pooling the evidence of these ran-
domised trials found no difference in pain relief assessed by VAS scores or need for rescue
analgesia between non-selective NSAIDs and opioids [33].

The clinical safety profile of NSAIDs with increased risk of gastrointestinal bleeding,
cardiac events, and renal injury has been an ongoing concern with NSAID treatment in
AP [34]. The above-mentioned studies [28–32] and two other randomised trials [35,36]
also assessed the effect of non-selective NSAID treatment on clinical outcomes in AP
patients. As such, rectal indomethacin did not increase the risk of gastrointestinal bleed-
ing compared to placebo [28,35]. Furthermore, there was no statistically increased risk
of adverse effects of non-selective NSAIDs (dexketoprofen, diclofenac) compared to opi-
oids (tramadol, pentazocine, buprenorphine) [29–32]. The most common adverse effects
reported in these studies were constipation, nausea, vomiting, dyspepsia, somnolence,
dizziness, and headache—some of which are more likely related to the safety profile of the
comparative opioid. In four of the studies, no difference was observed in the incidence
of pancreatic necrosis between AP patients receiving NSAIDs and opioids [31,32,35,36].
Although not powered for such comparison, three studies reported no increase in the
occurrence of moderately severe or severe AP with NSAIDs [31,35,36]. Consistently, on
meta-analysis, there was no difference in the occurrence of severe AP, pancreatic necrosis,
admission time, or mortality with non-selective NSAIDs compared to non-NSAIDs [33]. In
this regard, it is worth noting that the evidence on non-selective NSAIDs in AP is based
on studies with restricted sample sizes comparing small groups (n = 14–30), heterogenous
methodology, and different outcomes. Furthermore, the analgesic potency of NSAIDs is
lower than opioids and may therefore result in an increased need for a rescue analgesic in
the NSAID groups.

Interestingly, the evidence for cyclooxygenase-2 (COX-2) inhibitors has pointed in
another direction and indicates a protective role against progression towards severe AP,
as reported in the same meta-analysis [33]. This meta-analysis was based on only one ran-
domised trial comparing sequential treatment with parecoxib and celecoxib with standard
of care [37]. In this study, Huang et al. showed a reduction in the occurrence of severe AP,
lower levels of inflammatory markers, and a decreased need for rescue analgesia with the
COX-2 inhibitor regimen compared to standard of care in AP patients with predicted severe
disease (based on an Acute Physiology and Chronic Health Evaluation II (APACHE II)
score ≥ 8) [37]. These findings have recently been confirmed in a randomised, controlled
trial of 348 patients with predicted severe AP (APACHE II score ≥ 7 or modified Marshall
Score ≥ 2) receiving parecoxib with imrecoxib or placebo [38]. In this study, the COX-2
inhibitor regimen reduced severe AP and the duration of organ failure. There was no
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difference in renal failure or need for dialysis, despite concerns that COX-2 inhibition could
impair renal perfusion [39]. Patients with baseline creatinine ≥ 2 times upper limit were
excluded, but it was unclear how the deterioration of renal function during study participa-
tion was handled. In conclusion, COX-2 inhibitors have shown promising potential as an
early disease modifying agent in AP. However, it should be noted that parecoxib treatment
does not have approval from major regulatory authorities [40].

Furthermore, it is important to note that, during an attack of AP, renal perfusion
becomes prostaglandin-dependent due to third-space fluid depletion, intravascular hypo-
volaemia, and systemic vasodilation. Inhibiting the COX-2 pathway reduces prostaglandin
synthesis and thereby predisposes AP patients to acute renal injury. As such, treatment
with any NSAID during AP should be reserved for patients with near-normal renal function
and renal function should be monitored closely during treatment.

3. Opioids
Several studies have found that opioids are often utilised for pain in AP, likely reflect-

ing the severe intensity of AP pain [27,41,42]. As discussed above, several randomised
trials have compared the efficacy of non-selective NSAIDs versus opioids. Two studies
reported similar VAS scores after 30–60 min between diclofenac or dexketoprofen versus
tramadol [29,30], in contrast with two other studies showing prolonged pain-free inter-
vals and a reduced need for rescue analgesia with opioids buprenorphine or pentazocine
compared to diclofenac [31,32]. In addition to these studies, one study of 40 AP patients
found a lower need for rescue analgesia and reduced VAS scores with buprenorphine
compared to procaine within a three-day study period [43]. Likewise, another study found
similar results for pentazocine compared to procaine in AP patients [44]. On the other hand,
a small study of just 16 AP patients found that more patients achieved pain relief from
metamizole treatment compared to morphine [45]. Some studies have also compared the
opioid pethidine with other opioids (hydromorphone, transdermal fentanyl, or buprenor-
phine) and found similar pain relief as measured by the intensity and duration of pain
before and up to 72 h after analgesia administration [46–48]. Altogether, systematic reviews
and meta-analyses pooling the evidence from these studies have noted a decreased need
for rescue analgesia with opioid-based therapies [49–52], and commented that opioids
are almost exclusively used as rescue analgesia in AP trials [53]. Direct comparisons of
opioid-based therapies with non-opioid therapies are inherently challenging due to the risk
of insufficient pain management in the non-opioid group, and poses a great challenge with
pain management studies in AP. Despite the reduction in rescue analgesia noted above,
the reviews maintained that current evidence indicates similar pain relief with opioid
versus non-opioid regimens [49–54]. However, there is a lack of high-quality evidence
and current studies are generally underpowered, heterogeneous, and report widely dif-
fering outcomes. The opioids included in these studies were pentazocine, buprenorphine,
morphine, tramadol, hydromorphone, fentanyl, and pethidine. These opioids have very
different opioid-receptor affinities, underlining a fundamental problem with comparing
these studies directly. As such, pentazocine, with primary κ-opioid receptor affinity, con-
fers distinct therapeutic effects from buprenorphine with broader activity across µ-, δ-,
and κ-receptors [55].

The safety of opioids has been immensely debated in AP due to the risk of disease
deterioration from adverse effects like respiratory depression, hypotension, bradycardia,
and sedation, which may be particularly detrimental to patients with severe AP who are at
risk of organ failure. Furthermore, opioids have a number of effects on the gastrointestinal
tract, including dysmotility, sphincter of Oddi spams, and impaired barrier function [56–59].
These concerns have been reinforced by preclinical studies indicating worsening of AP
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with opioids. As such, a preclinical study of experimental AP induced in mice by caerulein,
L-arginine, or ethanol–palmitoleic found increased necrosis with concomitant morphine
injection. This was reversed with naltrexone and in µ-opioid receptor knockout mice [60].
On the other hand, a study of experimental AP in rats found that the effect of morphine
on AP severity was insignificant, whereas fentanyl appeared beneficial when adminis-
tered post-AP induction [61]. The results of these preclinical studies should be taken with
caution, since it remains unknown whether the conditions of experimental AP in rats
or mice are translational to clinical AP conditions—especially considering that there are
interspecies differences in the distribution and function of opioids in the gastrointestinal
tract [62]. Retrospective studies have reported adverse outcomes, such as increased admis-
sion length, dysmotility, and aggravated morphological disease severity assessed using
computed tomography scans, in AP patients on opioid therapy compared to non-opioid
therapy [41,63,64]. Another retrospective single centre study found that opioids increased
the risk of a composite endpoint of 30-day mortality, the need for invasive ventilation,
abdominal surgery, or vasopressor treatment [65]. Consistently, our recent prospective
observational studies from the PAINAP database have also found associations between
moderately severe to severe AP and opioid therapy—but only with late administration,
longer duration, or higher opioid doses [2,66]. Furthermore, we showed—in the same
cohort—that more severe pain was associated with more severe AP [3]. Taken together,
this suggests reverse causation bias, in which pain severity may act as an underlying
confounder for the relationship between opioid therapy and severe AP.

Nevertheless, these observations underscore the importance of careful opioid steward-
ship in the management of pain in AP. In routine clinical care, pain severity should guide
analgesic selection and dosing. Additionally, agent-specific properties—such as receptor
affinity, the potential for organ-specific adverse effects, and the risk of gastrointestinal
complications—should be considered when choosing an opioid. For example, tramadol,
with weaker µ-opioid activity, may be preferred in patients at risk of biliary spasm. Opioid
therapy may necessitate dose escalation over time and has been associated with opioid-
induced hyperalgesia—a paradoxical increase in pain sensitivity—which may complicate
pain assessment and prolong opioid exposure. Furthermore, given the gastrointestinal
effects of opioids, analgesic strategies in AP should ideally include the clinical monitor-
ing of gastrointestinal function and a predefined plan for dose reduction or tapering as
pain improves.

Based on the assumption that the peripheral effects of opioids may worsen AP disease
severity, we conducted a randomised trial in 105 AP patients with predicted severe disease
(based on the systemic inflammatory response syndrome), comparing 5 days of methylnal-
trexone (a peripheral opioid antagonist) treatment with placebo. In this study, we found no
difference in disease severity (measured by the Pancreatitis Activity Scoring System) or gas-
trointestinal transit time, indicating that, within the complex pathophysiology of AP, where
multiple factors concurrently influence gastrointestinal function and disease progression,
the contribution of short-term opioid use is insignificant [67,68]. Less is known about the
potential risk associated with chronic opioid use due to dependency. Several studies have
reported that a substantial number of patients admitted with first-time AP are discharged
with an opioid-prescription, especially in cases of pancreatic necrosis [27,69,70]. Although
this issue appears most pronounced in recurrent or chronic pancreatitis, it remains an
important consideration for managing pain with opioids in patients with AP [71].

4. Other Modalities
Observational studies have advocated that epidural analgesia may be a safe alternative

for pain management in patients with severe AP due to the decreased risk of respiratory
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depression and renal injury [72]. This is especially relevant in patients with severe AP and
multi-organ failure, where other analgesic modalities are often ineffective or contraindi-
cated. A retrospective cohort study found lower 30-day mortality in critically ill AP patients
treated with thoracic epidural analgesia compared to standard of care [73]. Likewise, an-
other retrospective study found a lower incidence of respiratory distress syndrome, the
need for mechanical ventilation, renal injury, the need for dialysis, and mortality with
thoracic epidural analgesia in patients with severe AP [74]. Still, AP patients rarely receive
epidural analgesia during admission [27,75]. A randomised trial found improved pain
relief and pancreatic perfusion, measured using computed tomography, with epidural
analgesia compared to patient-controlled analgesia in AP patients [76]. Theoretically, this
may protect against pancreatic necrosis. However, the same study did not find any dif-
ference in the need for necrosectomy. Based on a non-significant decrease in the need for
intubation [76], the EPIPAN study hypothesised that epidural analgesia may increase the
number of ventilator-free days in AP patients compared to standard of care, but found
no difference between groups [77]. Likewise, another randomised trial did not find any
clinical benefit, including length of admission, need for mechanical ventilation, or mortality,
of epidural block in AP patients [78]. Other nerve blocks, including erector spinae or
transversus abdominis plane block and paravertebral nerve blockade, have been reported
successful in AP, but these have not been systematically assessed in clinical trials [79–82].

Another method for administering pain relief is patient-controlled analgesia, allowing
patients to escalate analgesia according to the subjective level of pain, which is common
in peri- and post-operative pain. In a retrospective cohort study, patient-controlled anal-
gesia was associated with poorer outcomes compared to standard care [83]. Likewise,
a randomised trial comparing physician-directed pethidine with patient-controlled hy-
dromorphone found no significant difference in VAS scores and higher rates of severe
disease, acute peripancreatic fluid collections, and an increasing need for opioid ther-
apy [48]. As such, patient-controlled analgesia is currently not recommended specifically
for AP patients.

Adjuvant analgesics, such as anticonvulsants (e.g., pregabalin) and anxiolytics (e.g.,
diazepam), have been recommended for persistent pain in chronic pancreatitis [84,85].
However, the evidence for the use of such modalities in AP is limited and confined to
pre-clinical settings. In rats, it has been shown that intrathecal gabapentin and low-dose
morphine significantly reduced pain-related behaviours, whereas gabapentin or low-dose
morphine by itself did not [86]. Similarly, another study into experimental AP in rats has
suggested that the coadministration of a low-dose NMDA receptor antagonist may potenti-
ate the analgesic effect of morphine [87]. Furthermore, the intraperitoneal or intrathecal
administration of bradykinin B2 receptor antagonists have been shown to reduce pain in
experimental AP [88]. The underlying mechanism may involve reduced stellate cell activa-
tion, which interrupts the feedback loop between acinar cell injury and immune activation
that drives pain and inflammation in the early phases of AP, as described above. Finally,
diazepam ameliorated oedema in experimental AP when administered pre-induction of
AP [89]. Some studies have also examined the effects of Chinese herbal medicine and
acupuncture on pain and gastrointestinal symptoms in AP, indicating better pain relief and
reduced time to oral feeding with traditional and electroacupuncture, as well as Chinese
herbal medicine formulas Bupleurum and Scutellaria Purgative Decoction [90–92].

5. Treatment Algorithm
According to the evidence described above, we present an algorithm for the treatment

of pain in AP (Figure 1). The algorithm is based on the following statements:
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1. COX-2 inhibitors decrease the risk of severe AP in patients with no contraindications
to NSAIDs.

2. Opioid-based therapies decrease the need for rescue analgesia.
3. Opioids are safe for AP patients. Due to the risk of dependency, physicians should

have a plan for tapering.
4. Epidural analgesia is a safe alternative and may improve pain relief for patients

with severe AP requiring admission to the intensive care unit or for patients with
contraindications to opioid treatment.

5. Adjuvant therapies, such as nerve blocks and acupuncture, should be considered in
all patients depending on local expertise for add-on effect.

6. In patients with severe AP, including organ failure, pain control should be prioritised
and strong opioids, alternatively epidural analgesia, should be started upfront.

Figure 1. Treatment algorithm for pain management in acute pancreatitis. COX-2, cyclooxygenase-2;
NSAIDs, non-steroidal anti-inflammatory drugs; GI, gastrointestinal; ICU, intensive care unit.

6. Future Directions
There is a lack of high-level evidence in the field of pain management for patients

with AP. As described above, the studies available are limited by low sample sizes, diverse
methodology, and high variability in outcomes reported. Thus, there is still a need for
well-designed randomised trials looking into the efficacy and safety of different analgesic
modalities, as well as different treatment algorithms. To improve the quality and compara-
bility of future research, study outcomes need to be streamlined and consistently reported.

The unidimensional assessment of pain intensity is often used for the evaluation
of pain in AP without reflecting the multifaceted nature of pain in these patients, and,
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for future research, more comprehensive assessment tools should be considered [93,94].
Severe abdominal pain is associated with severe AP, but does not predict severity very
well [3]. Still, insufficiently treated pain can contribute to immobilisation, delayed enteral
feeding, and neurohumoral stress responses, potentially predisposing patients to poorer
outcomes [14–17,95]. Existing studies have not selected patients based on pain severity,
meaning that the inclusion of patients with mild pain may have diluted the potential
beneficial effects on pain management of the analgesic agents studied. Future studies may
consider evaluating differentiated algorithms for the management of mild versus severe
pain in AP. Furthermore, some studies have investigated the potential disease-modifying
effects of different analgesic modalities, including NSAIDs and opioids, as discussed above.
This is particularly challenging in AP, where a high proportion of patients have mild, self-
limiting disease and a smaller proportion of patients rapidly develop life-treating disease
with multi-organ failure. Furthermore, the scoring systems available for predicting severe
AP have performed poorly [96]. This heterogeneity in disease course across patients and
the challenges with prediction must be considered in sample size calculations to avoid
underpowered studies. The optimal settings for such studies are multicentre collaboration
studies to secure sufficiently large and representative cohorts.

7. Conclusions
In conclusion, effective pain management is a cornerstone in the treatment of acute

pancreatitis. Recent evidence suggests that COX-2 inhibitors may prevent progression
towards severe AP while providing pain relief. In meta-analyses, opioids reduced the need
for rescue analgesia and the current evidence suggests that short-term opioid treatment is
safe in the setting of AP. Other analgesic modalities are available and safe in AP, including
epidural analgesia, nerve blocks, acupuncture, and Chinese herbal medicine. Based on the
current evidence, we suggested an evidence-based algorithm for the future management of
pain in AP. Importantly, future studies’ strategies should not only be evaluated in larger,
high-quality, multicentre trials but should also focus on treatments that are rationally
aligned with the current understanding of AP pathophysiology, targeting mechanisms that
drive pain, inflammation, and disease progression. The current evidence available is limited
by small sample sizes and diverse methodology, highlighting the need for high-quality,
multicentre, randomised trials to refine strategies. Importantly, future studies should aim
to improve the understanding of the pathophysiology of acute pancreatic pain so that
treatment strategies can be rationally aligned with the underlying mechanisms that drive
pain, inflammation, and disease progression in AP.
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