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Abstract

This position paper summarizes the current understanding of the medical management of chronic 

pancreatitis (CP) in children in light of the existing medical literature, incorporating recent 

advances in understanding of nutrition, pain, lifestyle considerations, and sequelae of CP. This 

article complements and is intended to integrate with parallel position papers on endoscopic and 

surgical aspects of CP in children. Concepts and controversies related to pancreatic enzyme 

replacement therapy (PERT), the use of antioxidants and other CP medical therapies are also 

reviewed. Highlights include inclusion of tools for medical decision-making for PERT, CP-related 

diabetes, and multimodal pain management (including an analgesia ladder). Gaps in our 

understanding of CP in children and avenues for further investigations are also reviewed.
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The incidence of chronic pancreatitis (CP) among children remains low but continues to 

increase at a rate that mirrors acute pancreatitis (AP) and acute recurrent pancreatitis (ARP) 

(1). As defined by the International Study Group of Pediatric Pancreatitis: In Search for a 

Cure (INSPPIRE) consortium, CP requires imaging findings characteristic of and consistent 

with CP (specifically, radiographically evident calcifications, and pancreatic duct 

irregularities, such as strictures and dilations) along with 1 of the following 3: abdominal 

pain consistent with pancreatic origin, evidence of exocrine pancreatic insufficiency (EPI), 

or evidence of endocrine pancreatic insufficiency, or a pancreatic biopsy specimen 

demonstrating histological evidence of CP (2). Unlike in adults where CP is typically 

believed to be influenced heavily by alcohol and smoking (3), genetic and obstructive 

etiologies are far more common in children (4). Chronic pain and clinical manifestations of 

endocrine and/or exocrine insufficiency may cause impairment in daily functioning and have 
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been shown to result in overall impairment across all domains in health-related quality of 

life (QOL) among children with CP (5).

Despite the increased incidence, and given the unique risk factors and impact on QOL of CP 

among children, dedicated guidelines to assist in the medical management of children with 

CP are lacking. Large pediatric consortiums, such as INSPPIRE have been successful in 

characterizing this unique population but a lack of quality interventional and natural history 

studies has resulted in reliance on the adult literature and cystic fibrosis (CF) guidelines 

(where EPI is common) to direct treatment. Key aspects of management, such as nutrition, 

pain management, lifestyle modification, and monitoring for sequela of disease, however, 

seem different than those seen in other populations and require further guidance and study 

among children with CP.

Herein we summarize relevant literature, present the first recommendations dedicated to the 

medical care of children with CP, and highlight areas that require future study. Authorized 

and prepared by the North American Society for Pediatric Gastroenterology, Hepatology and 

Nutrition (NASPGHAN) Pancreas Committee, this is 1 of 3 complementary position papers 

to address management of CP in children: Endoscopic, Surgical, and Medical Managements. 

The manuscript detailing the roles of EUS and ERCP were recently published (6).

METHODS

The working group involved in the development of this NASPGHAN position paper 

included members of the NASPGHAN Pancreas Committee under the leadership of the 

committee Vice Chair (M.A.H.), as well as current Pancreas Committee Chair (S.Z.H.) and 

past Chair (V.M.) who were available for consultation and editing throughout the process. 

The authorship included co-first authors (A.J.F. and A.M.), among other experts in the field 

of pediatric pancreatology. In addition, expertise in pediatric endocrinology (M.B.) was 

incorporated to address endocrine pancreatic insufficiency and pediatric pain specialists 

(K.G. and C.H.) to address chronic pain management strategies.

Four subgroups were identified (Nutrition and Endocrine, Pain, Lifestyle, and Sequelae of 

Disease) with 2 to 3 authors assigned to each subgroup under the supervision of the 2 first 

authors (A.J.F. and A.M.). All available adult and pediatric publications were reviewed after 

each subgroup conducted Medline and PubMed searches related to their topics through July 

2019. Regular calls and electronic correspondences were conducted between the subgroup 

leaders and the lead authors. Section paragraphs were written by subgroup members and 

reviewed by all members of the writing team. Each subgroup proposed clinical practice 

recommendations related to their review of the literature related to their topic(s). The first 

manuscript draft was circulated among all authors in December 2019.

Subsequently, tentative summary statements with a modified Grading of Recommendations, 

Assessment, Development, and Evaluation (GRADE) system (7) statement were performed 

based on the strength of scientific evidence reviewed and available. On the basis of this 

committee’s past work, formally utilizing the GRADE system (8) would not be advised 

because of the lack of quality literature and lack of a full systematic review. Therefore, we 
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employed an extensive review of each sub-topic by each subgroup’s members followed by 

an iterative consensus building process amongst all the authors. In the first round of 

consensus building, a vote was conducted for every practice recommendation and evidence 

level statement was voted upon by each of the authors, using a 5-point scale (5— strongly 

agree; 4—agree; 3—neutral: neither agree nor disagree; 2— disagree; 1—strongly disagree). 

It had been agreed ahead of time that consensus could only be reached if at least 75% of the 

participants voted “4” (agree) or “5” (strongly agree) on a statement. A conference call was 

conducted to clarify voting statements and GRADE criteria in February 2020. Voting was 

anonymous, and no justification was requested for what response category was selected.

The updated draft of the manuscript was recirculated to all participating committee members 

for further review. A second round of voting was performed in February 2020 to complete 

the consensus-building process, after which all authors reviewed the manuscript a final time 

before submission. The final position paper was submitted and subsequently approved by the 

NASPGHAN Executive Council after all appropriate edits were completed.

Nutritional and Endocrine Complications of Chronic Pancreatitis in Children

As the exocrine gland is responsible for secreting digestive enzymes to support nutrient 

absorption and the endocrine gland maintains glucose homeostasis through the production of 

insulin and noninsulin islet hormones, overall destruction of the pancreas during CP can lead 

to variable levels of EPI and diabetes mellitus. These 2 defining complications of CP can 

have significant morbidity in children with CP.

Dietary Considerations for Children With Chronic Pancreatitis—
Recommendations for acceptable macronutrient distribution in ranges (AMDRs) for healthy 

children and adults have been established by the National Academy of Sciences, based on 

international trials and epidemiological evidence (9). For children, differences in 

recommended AMRD by age are based primarily on a transition from high-fat intake in 

early infancy to the lower fat intake recommended for adults. For children ages 4 to 18 

years, a healthy diet should consist of 45% to 60% carbohydrate, 10% to 30% protein, and 

25% to 35% fat (10).

EPI may be overt (with abdominal pain, bloating, gas, malodorous stools, and steatorrhea) or 

subclinical. Furthermore, consequences of EPI may be immediate as well as with longer 

term, with implications for complications later in life. Therefore, EPI should be assessed for 

and addressed in patients with CP.

Although data are lacking regarding the ideal macronutrient composition in the diet for 

children with CP, many specialists believe that fat restriction may put patients at unnecessary 

risk. The CF model (given high incidence of EPI) was also used to help develop pediatric CP 

nutritional recommendations put forth jointly by North American and European Societies for 

Pediatric Gastroenterology, Hepatology and Nutrition (NASPGHAN and ESPGHAN) 

working groups that also addressed nutritional issues in pediatric acute, acute recurrent, and 

chronic pancreatitis (11). In patients with CF-associated EPI, insufficient fat absorption has 

been associated with delay in pubertal development, with comorbidities associated with poor 

nutritional status, such as CF-related diabetes and CF-associated liver disease imparting the 
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greatest risk for delayed puberty (12). Hence, in pediatric patients with CF, a high-fat diet is 

recommended, with >35% of total calories from fat, in conjunction with pancreatic enzyme 

replacement therapy (PERT) (13) and routine monitoring for pubertal delay advised (12). 

Given children with CP do not appear to have the same concerns with weight gain and lung 

function but concerns for delayed puberty persist, the current recommendations support a 

normal fat diet in children with CP unless hypertriglyceridemia is the underlying etiology 

(11,14).

In addition to caloric and macronutrient deficiencies, children with CP are at risk for 

micronutrient deficiencies, particularly deficiencies of the fat-soluble vitamins A, D, E, and 

K. In particular, vitamin D deficiency is a likely contributor to the high prevalence of 

osteopenia and osteoporosis in adults with CP (15). In the CF disease model, patients may 

be at risk for essential fatty acid deficiency; it is unclear if this applies to all patients with 

CP-related EPI. Other micronutrient needs and deficiencies are not well studied in CP 

patients, requiring a proactive approach in monitoring those levels.

For children with CP, growth parameters should be followed and adequate nutrition 

provided, by oral diet, or when necessary, by enteral feeding. In a randomized control trial 

(RCT) involving adults with CP, dietary counseling was found to be as effective as 

supplementation to improve malnutrition (16). As such, a pediatric dietitian is an integral 

component to a CP care team.

Recommendations:

1. Patients with CP are at risk for macro- and micronutrient deficiencies. Patients 

should be monitored for growth and pubertal devolvement, dietary intake, and 

fat-soluble vitamin deficiencies. Growth and dietary intake should be reviewed at 

every clinic visit, a minimum of every 6 to 12 months. Fat-soluble vitamin 

laboratory analysis should occur every 12 to 18 months or as clinically indicated. 

(Grade 1B)

15/15=100% Agreement.

Voting results: 11 strongly agree; 4 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

2. A multidisciplinary approach that includes a clinical pediatric dietitian is needed 

to adequately monitor nutritional status, evaluate nutrient intake and provide 

education and recommendations to help prevent both malnutrition and obesity. 

(Grade 1C)

15/15=100% Agreement.

Voting results: 11 strongly agree; 4 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

Use of Pancreatic Enzyme Replacement Therapy for Exocrine Pancreatic 
Insufficiency in Children With Chronic Pancreatitis—Patients with CP are at risk of 

EPI, and the risk increases over time. Among adults with CP, EPI typically develops over 5 
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to 10 years after the initial diagnosis (3). A recent publication of 442 pediatric patients with 

pancreatitis, however, showed that 18% developed EPI within 6 years of their initial AP 

attack (17). EPI may be overt (with abdominal pain, bloating, gas, malodorous stools, and 

steatorrhea) or subclinical. Furthermore, consequences of EPI may be immediate as well as 

with longer term, with implications for complications later in life. Therefore, EPI should be 

assessed for and addressed in patients with CP.

The use of PERT in CP has been evaluated, particularly in adult populations. Although the 

majority of the studies focus on the effect of PERT on pain management, its primary role 

remains in treating EPI. In patients with CP and EPI, PERT therapy is often indicated with 

dosing suggestions similar to those utilized in EPI associated with CF (11). Dosing is based 

on the patient’s weight, tailored to the fat content of a meal/snack or based on the volume 

and content of enteral tube feeds (see Table 1). Formulations of PERT vary in different 

countries. Online tools and resources are available to provide guidance for prescribing PERT 

for children with EPI (An example of which is provided in Figure 1 (18)). For patients 

requiring continuous or nighttime enteral nutrition, inline lipase cartridges may be 

considered but are not yet available in all countries (19).

There are multiple ways to measure exocrine pancreatic sufficiency. Indirect testing 

modalities are the most commonly employed. The most practical and commonly used 

clinically is the fecal elastase test. The monoclonal antibody test is the preferred assay to 

measure fecal elastase and is performed on formed to semi-formed stool. This test was 

initially validated for patients with CF but remains the most commonly used assay to 

measure fecal elastase regardless of etiology. The upper limit of the reported reference range 

is >500 μg/g and the lower limit is <15 μg/g. Reference laboratories, however, usually cite 

<100 μg/g stool as abnormal, 100 to 200 μg/g as indeterminate or with moderate EPI, with 

>200 μg/g as normal, with the same reference ranges utilized for CP in children (20,21). 

Fecal elastase is a spot test that varies with age or may be transiently decreased and may 

require multiple measurements over time during clinical decision making to account for 

progression to EPI and account for the multiple variables, which may impact results (22,23). 

Additionally, transient EPI can occur after pancreatic injury, viral infection or for unclear 

reasons. As such, repeat testing of fecal elastase may be influenced by clinical symptoms 

(22). Fecal elastase tends to perform best at the ends of the reference ranges (24), with 

intermediate values often requiring more investigation to correlate with EPI; this may be in 

particularly true in patients with chronic pancreatitis. Therefore, interpretation of fecal 

elastase to diagnose EPI in patients with CP for intermediate values and insufficient range 

should occur cautiously using greater than 1 measurement, possibly with additional markers 

of EPI and in consultation with a specialist.”

Coefficient of fat absorption (CFA) may also be utilized to measure exocrine function, 

however, it requires a strict high-fat diet, a 72-hour stool collection, and involvement of a 

dietician familiar with its administration and interpretation to account for the child’s fat 

intake. A malabsorption blood test is available for research and is currently undergoing 

validation for clinical use. Direct pancreatic function testing (eg, Dreilling tube method and 

endoscopic pancreatic function testing) is available at some centers as covered in a separate 
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NASGHAN-ESPGHAN position paper (25). These tests, however, are more invasive or 

require an endoscopy, which to date have limited broad application in children.

Recommendation:

3. There is a clear role for PERT in children with CP who have EPI with 

steatorrhea, poor growth and/or nutritional deficiencies. PERT dosing for CP 

associated EPI is similar to that used in patients with CF. (Grade 1B)

14/15=93% Agreement

Voting results: 10 strongly agree; 4 agree; 1 neutral; 0 disagree; 0 strongly 

disagree.

Pancreatogenic Diabetes Mellitus in Children With Chronic Pancreatitis—
Compared with CP among adults, the literature on pancreatogenic diabetes mellitus (DM), 

also referred to as Type 3c DM, in children with CP is sparse. Published series suggest the 

prevalence of DM in children with CP is around 4% to 9% (17,26,27). Presumably many 

more patients with childhood CP are, however, at risk for developing DM later as adults, as 

exemplified from the natural history of hereditary pancreatitis, in which nearly half of all 

patients are diabetic by age 50 years (28). Calcific CP, BMI above the 85th percentile, older 

age, and history of severe AP may be risk factors for pre-diabetes or DM in children with CP 

(27,29). DM often co-exists with EPI, as a marker of late stages of disease and extensive 

damage to the pancreatic parenchyma (30).

Because of the high risk for diabetes, it has been advocated that children with CP be 

screened yearly for DM with a simple fasting glucose and hemoglobin A1c (HbA1c) level 

(31). Annual screening is recommended for adults with CP, and has also been incorporated 

into screening recommendations for children enrolled in the INSPPIRE studies (31,32). 

Two-hour oral glucose tolerance testing should be considered to evaluate for impaired 

glucose tolerance and diabetes based on a 2-hour postprandial glucose, particularly in those 

patients with pre-DM range fasting glucose or HbA1c (32). Diabetes is diagnosed based on 

standard American Diabetes Association guidelines (fasting plasma glucose ≥126 mg/dL, 2 

hour OGTT glucose ≥200 mg/dL, or HbA1c ≥6.5%), which, in the absence of classic 

diabetes symptoms, should be confirmed with a second positive test (33).

Mixed meal tolerance testing (MMTT) is an alternate approach to assessing glycemic and 

islet hormonal responses to a meal. MMTT protocols typically use a Boost or Ensure 

beverage to mimic a typical meal, in contrast to the simple carbohydrate stimulus of an 

OGTT. MMTT may be advantageous in some settings, particularly for research of islet 

dysfunction in CP, as it is more physiologic (34). Postprandial glycemic thresholds to 

diagnose DM are, however, only established for OGTT, and thus OGTT is preferred if the 

goal is to establish a diagnosis of DM or pre-DM (35).

The underlying pathophysiology leading to pancreatogenic DM is extrapolated mainly from 

research in adult populations. Insulin deficiency is the primary defect leading to 

hyperglycemia (36-39). Impaired insulin secretion may result from islet (and beta cell) loss 

as a consequence of irreversible damage from pancreatic fibrosis or from beta cell 
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dysfunction resulting from intrapancreatic inflammatory cytokines (36,40,41). Small series 

in adults, usually with alcoholic pancreatitis, also suggest a role of hepatic insulin resistance, 

with conflicting studies on whether peripheral body insulin sensitivity is impaired (42-46). 

Finally, as appropriate nutrient breakdown is integral to proper stimulation of the incretin 

hormones Glucagon-like Peptide-1 (GLP-1) and Gastric Inhibitory Polypeptide (GIP) in the 

small intestine, a potential defect in the incretin axis has been proposed. In adults with CP, 

administration of PERT results in increased GLP-1 and GIP levels after a meal, but it is 

unknown whether this impacts glycemic control in a clinically meaningful way (47,48).

Studies on treatment approaches for pancreatogenic DM are lacking in children, and even 

adult treatment guidelines are largely based on expert consensus and known 

pathophysiology, rather than any direct research in CP (32). Insulin injections are often the 

most appropriate pharmacologic therapy for children with pancreatogenic DM, as insulin 

replacement therapy addresses the primary issue of insulin deficiency. Pancreatogenic 

diabetes is, however, believed to occur secondary to a number of mechanisms resulting in 

hyperglycemia and alternatives to insulin may need to be considered (49). In children who 

are obese or have mild DM, metformin might be considered as a first-line treatment, or 

metformin may be used alongside insulin in children with pancreatogenic DM who have 

clinical signs of insulin resistance (32). Occasionally, sulfonylurea has been utilized off-label 

as it is currently not an FDA-approved medication for the treatment of diabetes in children 

(49). Given the complexities of glucose control in pancreatogenic diabetes, and its potential 

effect on growth and development, pediatric endocrinology should be involved in insulin 

management whenever feasible. Lifestyle modifications should be considered if needed to 

target a normal BMI. Although very little is known about risk of diabetic microvascular 

complications (retinopathy, nephropathy) in pancreatogenic DM, monitoring per ADA 

guidelines established for type 1 or type 2 DM with yearly eye exams and urine 

microalbumin should be considered (50).

A special consideration in the treatment of pancreatogenic DM is that 1 should ensure that 

co-existing EPI is appropriately managed. When prandial insulin is administered, it is 

important to ensure that malabsorption is treated with PERT therapy, because malabsorption 

may contribute to glycemic lability (51).

Recommendations:

4. Children with CP should be screened yearly for pancreatogenic DM with a 

fasting glucose and HbA1c level. (GRADE 1C) 15/15=100% Agreement

Voting results: 10 strongly agree; 5 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

5. Consider OGTT if pre-diabetes is present based on abnormal fasting glucose 

(100–125 mg/dL) and/or HbA1c level (5.7%–6.4%). OGTT should be 

performed annually once a patient is considered to have pre-diabetes. (GRADE 

1C)

14/15=93% Agreement
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Voting results: 10 strongly agree; 4 agree; 1 neutral; 0 disagree; 0 strongly 

disagree

6. Chronic pancreatitis patients with diabetes should be referred to a pediatric 

endocrinologist to optimize glucose management and determine if evaluation for 

other forms of DM should be considered. (GRADE 1B)

15/15=100% Agreement

Voting results: 11 strongly agree; 4 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

7. It is important to address clinical symptoms of malabsorption and PERT in 

children with CP and DM to improve glycemic control. (GRADE 1C)

15/15=100% Agreement

Voting results: 10 strongly agree; 5 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

Use of Antioxidants in Chronic Pancreatitis—The fibro-inflammatory 

pathophysiology of CP involves oxidative stress and depletion of antioxidants. Thus, the use 

of antioxidants has been hypothesized as a strategy for the treatment, and prevention of 

progression, in CP (52,53). Proposed antioxidant agents include Vitamin A, Vitamin C, 

Vitamin E, selenium, zinc, and methionine, although consistency in formulations and dosage 

across studies is lacking.

Supplementation of specific antioxidants as essential cofactors to potentially ameliorate the 

malnutrition or inflammation of the pancreas that results from CP has not been adequately 

studied. Potential mechanisms by which antioxidants impede the progression or spread of 

the inflammatory cascade have not yet been elucidated (53). A theoretical reduction in 

inflammation might slow or halt the progression of pancreatic acinar cell burnout leading to 

EPI over an extended period of time, making the effect difficult to measure or demonstrate 

in trials.

More research is needed to elucidate pathways involved in the complex interplay of 

nutritional supplements, cofactors, and antioxidants in CP. This is especially crucial as 

pancreatic fibrosis in CP can progress sub-clinically until severe clinical consequences 

surface, which may be irreversible at that stage.

Recommendations:

8. Insufficient data exists to recommend the use of antioxidants as a treatment to 

prevent EPI or other disease progression in children with CP. (GRADE 2C)

15/15=93% Agreement

Voting results: 10 strongly agree; 4 agree; 1 neutral; 0 disagree; 0 strongly 

disagree
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Medical Management of Pain in Chronic Pancreatitis

The pathophysiology of CP pain is multifactorial with multiple mechanisms that are 

incompletely understood (54). It may include pancreatic causes (eg, acute and chronic 

inflammation, increased pressure in ducts, ischemia and fibrosis) as well as extrapancreatic 

causes including duodenal or common bile duct stenosis (54,55). Interestingly, a large 

prospective cohort study of 518 patients found that the severity and temporal pain patterns in 

CP were independent of the corresponding abdominal imaging findings (56), suggesting 

other pain mechanisms are involved as well.

Repetitive pain attacks because of recurrent pancreatitis may lead to sensitization and 

increased excitability of pancreatic nociceptors, resulting in amplification of pain with 

subsequent attacks. The increased excitability seen in the periphery also occurs in the central 

nociceptive pathways of the spinal cord. This leads to central sensitization, which involves 

neural remodeling and recruitment of nerves not typically involved in pain signaling (57). 

The result is reduction of pain thresholds, pain to nonnoxious stimuli (allodynia) and more 

diffuse pain. The complex interplay of pain mechanisms creates the basis for the 

multidisciplinary and multimodal approach to CP pain management.

Multidisciplinary Approach—Interdisciplinary pain care is held as the standard in 

pediatric pain care (58). The literature supports the efficacy of this approach to chronic pain 

in children (59). The field lacks studies in pediatric AP or CP pain management; however, 

the foundation of the approach to pain management is based on what is known as the 

biopsychosocial model of pain, in which the patent’s pain is influenced by the interplay of 

genetic, biological, psychological, anatomic, functional, psychological, and social forces. 

From that perspective, the coordination of CP pain care must occur across multiple 

disciplines, as for any severe chronically painful condition. The team ideally would include 

not only physicians and nurses but also psychologists, physical therapists, social workers, 

and school staff, to address all aspects of the patient’s life that may be affected by the 

patient’s disease. Clearly, effective multimodal pain treatment includes medications, 

interventional treatments, psychology, physical rehabilitation, and complementary 

modalities (60). Pain cannot always be completely eliminated but function and related QOL 

can be improved. Therefore, education, anticipatory guidance, and expectation management 

of the various types of pain and treatments associated with CP is essential. Such education 

aims not to only improve the success of treatments by setting realistic goals and fostering a 

good understanding of the treatment plan but also to provide comfort and support to patients 

and families. Introducing a multimodal pain treatment plan early on, following the diagnosis 

of ARP or CP (and in particular, with hereditary etiologies) will likely increase the 

effectiveness of the treatment plan.

Role of Psychology: Pain-focused psychology is a psycho-educational approach aimed at 

teaching patients’ new ways of coping. The most well-researched and established method is 

cognitive behavioral therapy (CBT). CBT can be adapted to a multitude of disorders but 

pain-focused CBT targets the impact of dysfunctional thoughts on unhealthy or avoidant 

behavior as they relate to pain. It utilizes cognitive restructuring to increase functional 

ability, while decreasing psychosocial impairment and pain intensity (61). Psychologists also 
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teach mindfulness and techniques, such as progressive muscle relaxation and diaphragmatic 

breathing to modulate the physiological response of a pain experience (heart rate, breathing, 

muscle tension). They also work with parents to teach strategies on how to respond to their 

child’s pain, especially in a crisis, in a more constructive and beneficial way to help increase 

their child’s function. Although there are no studies of the effect of CBT on CP, there are 

several on functional abdominal pain in children. Positive effects of CBT are apparent both 

in the short-term and long-term (6–12 months) (62-64). The internet has been shown to be 

an effective way to bring CBT to pediatric patients and their families and may be useful for 

patients in remote or under-resourced locations (65).

Role of Physical Therapy: Patients may present overall physically deconditioned with 

limited ability to participate in school and simple activities of daily living due to pain. 

Increasing a patient’s function is essential to decrease pain signaling and overcome a 

patient’s social impairment (66). Physical therapy (PT) provides a safe and structured 

environment to start functioning again, while providing accountability to a provider. The 

overall goal of PT is to increase strength, stamina, and confidence so the patient can 

transition to a daily workout program. Additionally, a patient can trial other complementary 

therapies, such as a transcutaneous electronic nerve stimulation (TENS) unit or myofascial 

release, aimed at improving musculoskeletal pain that can develop because of increased 

muscle tension (66). TENS use for pancreatitis pain has not been studied; however, our 

modest anecdotal experience and the minimal risk of TENS therapy support considering the 

modality as part of a multi-modal pain care plan.

Recommendations:

9. Treatment of pain in children with CP requires a multidisciplinary approach, 

ideally involving a pediatric pain physician, pediatric gastroenterologist, 

psychologist, nurse, and physical therapist. (GRADE 1B)

15/15=100% Agreement

Voting results: 12 strongly agree; 3 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

10. Cognitive Behavioral Therapy (CBT) should be considered in management of 

children with CP pain. (GRADE 1B)

15/15=100% Agreement

Voting results: 11 strongly agree; 4 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

11. Physical therapy may be considered as an adjunct therapy for pain management 

in children with CP. (Grade 2B)

15/15=100% Agreement

Voting results: 8 strongly agree; 7 agree; 0 neutral; 0 disagree; 0 strongly 

disagree
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Nonanalgesic Pharmacologic Options—A potential secondary and controversial role 

for PERT is for pain management in CP. PERT use for pain in CP is long standing and has a 

theoretical pathophysiologic basis. Nutrients are known to stimulate cholecystokinin 

releasing factor (CCK-RF) from the duodenum (67). In the fasting state, pancreatic 

enzymes, such as trypsin degrade CCK-RF, preventing the pancreatic stimulatory effects 

brought about by cholecystokinin (CCK) release (3,55). Hypothetically, inhibiting CCK 

release, thus preventing pancreatic stimulation, should mitigate any increased intraductal 

pressure and associated pain. During the fed state, endogenous pancreatic enzymes act on 

digested nutrients and not CCK-RF, which is then able to stimulate pancreatic stimulation in 

an unopposed manner via CCK release. Elevated levels of CCK have been reported in CP 

patients and may generate pain by increasing pancreatic ductal pressures (CCK-A), as well 

as through direct activation of nociceptive pathways in the central nervous system (68). The 

theoretical mechanism of PERT as an analgesic is by inactivating CCK-RF thereby 

preventing CCK-induced pancreatic stimulation.

The clinical efficacy of PERT in the management of CP without EPI remains, however, 

unclear. In a Technical Review by the American Gastroenterology Association (AGA), 6 

trials examining the benefit of PERT in adults with CP were evaluated; pain relief was noted 

in only 2 of the trials, both of which utilized nonentericcoated enzymes (69). Additionally, a 

meta-analysis of 5 randomized controlled trials showed no significant difference in the mean 

daily pain score or average weekly analgesic consumption between PERT and placebo, 

ultimately concluding that PERT did not relieve abdominal pain in patients with CP and 

should not be prescribed for this primary purpose (70). A more recent meta-analysis 

reported improvements in pancreatic pain as a secondary outcome but did not further address 

the basis for this improvement (71).

Antioxidant therapy (AOT) has also been postulated to aid in inflammatory pain treatment of 

CP by addressing oxidative stress as a mechanism (55). Patients with CP have elevated free 

radical activity and oxidative stress indices (lipid peroxide levels) in blood and duodenal 

secretions, and decreased antioxidants, precursors, and cofactors in blood (72-74). Common 

components of AOT include vitamins C, E, A, selenium, and methionine (75). Rustagi et al 

compared 8 studies involving nearly 450 patients. Patients treated with AOT had significant 

pain reduction compared with controls; however, subgroup analysis demonstrated that this 

benefit was limited to patients with a mean age of greater than 42 years or those patients 

with alcoholic pancreatitis (76). A previous Cochrane review examined 12 randomized 

controlled trials that reported significantly less pain after 1 to 6 months among the treatment 

group; however, the number of pain-free participants was not significantly different (75). In 

addition, more adverse events were reported in the AOT group. These included mild 

symptoms of headache or gastrointestinal distress that were enough to force trial participants 

to stop taking the antioxidants. The authors concluded that while AOT reduced pain slightly, 

the clinical benefit remained uncertain. Studies of AOT are further complicated by 

heterogeneity of study designs (eg, number/type of antioxidants, length of exposure, and 

concomitant therapies) and inconsistent or unknown dosages of commonly used antioxidant 

and multivitamin formulations that lack FDA oversight.
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Corticosteroids have also been proposed to address inflammation in patients with 

pancreatitis. In a meta-analysis of adult patients with severe AP, corticosteroid therapy was 

associated with decrease in length of hospital stay, surgical interventions, and mortality (77). 

Studies on the use of corticosteroids in pediatric patients or CP are, however, lacking.

The use of somatostatin analogs (eg, octreotide) and leukotriene antagonists has been 

proposed but the evidence supporting these therapies is weak and associated with numerous 

side effects as well as high cost. As such, these therapies have not been recommended for 

the treatment of pain in CP (57).

Recommendations:

12. There is insufficient data to recommend PERT as therapy for pain in children 

without EPI. (GRADE 1B)

14/15=93% Agreement

Voting results: 10 strongly agree; 4 agree; 1 neutral; 0 disagree; 0 strongly 

disagree

13. There is insufficient data to recommend antioxidants, steroids, leukotriene 

antagonists, or somatostatins in the management of pain for children with CP. 

(GRADE 2C)

14/15=93% Agreement

Voting results: 9 strongly agree; 5 agree; 1 neutral; 0 disagree; 0 strongly 

disagree

Outpatient Interventions

Analgesic Therapies: The goals of a successful medication regimen are aimed at decreasing 

a patient’s pain to allow for increase in function. Proposed stepwise medication regimens 

modeled after the World Health Organization pain ladder for cancer pain relief have reported 

decreases in inpatient admissions for pain control (68,78). For CP, however, it is likely more 

appropriate to conceive of the analgesic regimen as a layering process, rather than a stepwise 

ascension. Anti-inflammatory and neuromodulating medications are used as interventions 

for nociceptive and centrally mediated pain, respectively, and opioids are layered on top for 

more severe bouts of nociceptive pain, rather than replacing the nonopioids. The advantage 

of utilizing a multimodal approach consisting of pain medications with different 

mechanisms of action is that it allows for lower doses of each medication, decreasing the 

risk of adverse side effects of each individual medication (79). Of note, because of lack of 

pediatric safety and efficacy data for analgesics in general, all medications discussed, with 

the exception of ibuprofen and acetaminophen, are used off-label for treatment of pain in 

children.

Proposed Analgesic Ladder: On the basis of pain management experience and by 

summarizing approaches in effective management of pain, we concluded that a tool would 

be helpful to clinical care providers. The proposed analgesic ladder for treating pain in 

children with CP is shown in Figure 2. Note that this schema refers to pharmacologic 
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interventions. It is assumed that appropriate psychological or other nonpharmacologic 

treatments can and should be used through all phases of pain management. Level I consist of 

nonopioid medications, including NSAIDS (eg, ibuprofen or naproxen) and acetaminophen. 

This should be the first-line therapy for acute intermittent abdominal pain. If the patient’s 

pain continues to be uncontrolled with intermittent dosing, the patient should be counseled 

to schedule NSAIDs and acetaminophen. Acetaminophen is safe for short-term use in 

pediatrics (80) but there is concern about the effects on the liver. In adults, evidence for 

adverse effects of long-term acetaminophen use is mixed (81); while there is a paucity of 

pediatric literature, dosing limits should be strictly observed. If long-term scheduled NSAID 

use is required, starting an acid suppression medication, such as H2-blockers or proton pump 

inhibitors, is reasonable to decrease the risk of NSAID-induced gastritis (82).

Level II starts with weaker opioids, including tramadol. The patient should continue with 

scheduled level I medications while starting as needed level II medications. Tramadol can be 

useful for pancreatitis pain, and has less gastrointestinal slowing than standard opioids. A 

small study found tramadol compared favorably with oral morphine in regards to analgesia 

in adults with CP and had less effect on GI transit time (83). Unfortunately, tramadol has a 

Food and Drug Administration (FDA) boxed warning for children under 12 years of age 

related to concerns about pharmacogenetic variability in metabolism and potential safety 

effects deriving from that and is used off-label in older pediatric patients. An alternative 

weaker opioid would be hydrocodone. Limitations of hydrocodone include the fact that it is 

rarely used outside of the United States and is only available in combination form with 

acetaminophen. Thus, prescribers should counsel patients to stop taking acetaminophen in 

addition to the hydrocodone/acetaminophen.

Level III is indicated if the patient’s pain control continues to be inadequate. Level III 

consists of the addition of more potent oral opioids, such as oxycodone, immediate release 

morphine or hydromorphone, which are all used off-label in pediatrics. The patient should 

replace the weaker opioid with the stronger opioid, and continue the nonopioid medications. 

It is important to counsel both the patient and their family on appropriate opioid handling, 

including dosing, storage in a locked area, and disposal as according to the local law. 

Strategies should be implemented to prevent opioid dependence and multiple opioid 

prescriptions that include, but are not limited to: identifying a single prescriber of all opioids 

for the patient; development of patient care contracts; and reviewing local drug-monitoring 

programs. If the patient’s pain continues to be uncontrolled despite the above regimen or if 

enteral medications are not possible or desired, it is recommended for the patient to be 

considered for inpatient admission for pain control with subsequent outpatient follow-up 

(see Inpatient Treatment Section).

Neuromodulating Medications: Tricyclic antidepressants (TCA), serotonin-norepinephrine 

reuptake inhibitors (SNRI), and anticonvulsants have been long established through a 

multitude of studies as effective agents in treating chronic neuropathic pain. These 

medications provide pain relief by modulating central pain signaling, thus reducing central 

sensitization. TCAs include amitriptyline and nortriptyline. Both are equally effective; 

however, nortriptyline is associated with fewer side effects (84). SNRIs include duloxetine 

and anticonvulsants, such as gabapentin and pregabalin. Ketamine has been used to treat 
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both acute and chronic pain of numerous types in patients of all ages, and there is modest 

evidence to support its use in inpatient pancreatitis care (85). Note that regulations on its use 

vary widely from 1 institution to another, so practical recommendations are difficult to 

make. To date, there are no studies evaluating the efficacy of these medications in CP in the 

pediatric population, and all are used off-label in the pediatric population. One randomized 

control trial examining pregabalin’s analgesic effect in adults with CP, however, found 

significant decrease in pain intensity in the pregabalin group compared with placebo (86). 

Despite the wide use of gabapentin in patients with chronic pain, there are no studies 

assessing gabapentin’s efficacy in patients with CP.

There are no studies to date in CP patients evaluating the risk factors associated with the 

development of chronic pain following AP, or when to start neuromodulator medications. 

Despite this, several factors have to be assessed to determine the patient’s need, including 

the patient’s frequency of pain, functional disability, effect of the patient’s pain on their 

overall QOL, and pain flares in the absence of chemical or radiologic evidence of active 

inflammation.

Concurrently, a discussion with patient’s gastroenterologist regarding the most likely course 

of their disease process may also help in deciding whether to start a daily medication.

Repetitive pain insults, along with the chronicity of pain can potentially cause the central 

sensitization with the associated hyperalgesia and allodynia. Perioperative administration of 

gabapentin has been shown to significantly decrease the incidence of chronic postsurgical 

pain (CPSP) in children and adults alike following surgeries with a high risk for developing 

CPSP (87,88). On the basis of this, one could extrapolate that gabapentin may also prevent 

chronic abdominal pain following a major pain insult, such as acute pancreatitis. Further 

studies are needed to examine the risk factors that correlate with increased incidence of CP 

pain.

Considerations remain for which neuromodulating agent is appropriate for the patient. 

Gabapentin requires a patient to take it 3 times a day, which may not be realistic for all 

patients. If the patient’s sleep is impacted greatly, TCAs can normalize sleep patterns; 

however, they can also prolong a patient’s QTc, so many practices obtain EKG before 

starting. SNRIs can provide concurrent mood stabilization, which may be beneficial in 

patients with depression or anxiety.

Interventional Procedures for Pain Control: Celiac plexus blockade has been used in 

adults for CP for decades. Overall results have been mixed and largely short-term, based on 

moderate levels of data (89,90). No evidence has been published in the pediatric literature, 

and the technical expertise and experience to perform this procedure in children is limited to 

a few centers worldwide. Furthermore, extrapolation from adults to children is further 

confounded by the fact that the etiologies of pancreatitis in the 2 populations are different, so 

may respond differently.
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Recommendations:

14. Analgesic pain management in CP should follow an “analgesic ladder” that 

incorporates the layering of nonopioid and opioid medications. Ideally this 

should be directed by a pain specialist working in partnership with a 

pancreatologist or gastroenterologist. (GRADE 1B)

15/15=100% Agreement

Voting results: 13 strongly agree; 2 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

15. Neuromodulators may be effective in treating pain in children with CP as part of 

a multidisciplinary approach. (GRADE 1C) 15/15=100% Agreement

Voting results: 9 strongly agree; 6 agree, 0 neutral, 0 disagree; 0 strongly 

disagree

16. Celiac plexus block for pain has not been shown to be effective in children with 

CP and cannot be recommended currently. (GRADE 1C)

14/15=93% Agreement

Voting results: 9 strongly agree; 5 agree; 1 neutral; 0 disagree; 0 strongly 

disagree

Inpatient Treatment—On occasion, pain from CP or ARP will flare beyond a level that 

patients can treat at home. Admission for such flares would then follow treatment guidelines 

for AP (91). Pain-specific consideration include discouraging the use of opioids in the 

absence of concrete markers of inflammation (chemical or radiographic) and maximizing 

coping and functioning. At times, brief use of opioids is reasonable while evaluation is 

ongoing. Unless a patient is NPO for medical or surgical reasons, and outside of the 

presence of ileus, intravenous medications are rarely indicated. Finally, if patients have a 

history of chronic opioid use, then they will display varying amounts of tolerance, which 

will require adjustments in dosing. Such patients will need to be weaned to pre-admission 

opioid dosing levels at the time of discharge, barring new developments. All adjunct 

medications and nonpharmacologic therapies should continue, following the layering model 

noted above.

Recommendation:

17. Children with CP suffering from pain refractory to standard medical 

management should be evaluated at a center with pediatric experience in pain 

management. (GRADE 1C) 15/15=100% Agreement

Voting results: 11 strongly agree; 4 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

Lifestyle Modification in Children With Chronic Pancreatitis

Lifestyle modifications have been shown in adult cohorts to alter the course of CP. 

Specifically, chronic alcohol use and smoking are independent risk factors for developing 
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CP. Furthermore, obesity has been linked with worse outcomes in CP amongst pediatric and 

adult cohorts. The proposed pathophysiology of these modulators is expanded below.

Alcohol Consumption—Heavy alcohol consumption is a well-established risk factor for 

the development of pancreatitis and progression from AP to CP, especially in patients with 

genetic etiologies (92-97). Long-term alcohol abuse is the primary risk factor for the 

development of CP in adults, accounting for up to 44.5% of cases (98,99). When co-abused, 

alcohol and tobacco use account for a combined prevalence of CP of approximately 74.8% 

(98,100). There is only scant pediatric data regarding the effects of alcohol consumption in 

children. A retrospective analysis of 146 pediatric patients with CP from INSPIRRE 

consortium revealed alcohol consumption in 5/137(4%) patients; however, the quantity and 

frequency of consumption was not specified (101). The adult literature and animal models 

suggest that alcohol increases the sensitivity of the pancreas to injury in patients with other 

underlying genetic or anatomic risk factors (102,103) but no studies have evaluated the 

association between alcohol use and pancreatitis in children.

Recommendation:

18. On the basis of long-term adult data, providers should caution patients about the 

acute and chronic negative effects of alcohol abuse on pancreatic health. 

(GRADE 1B)

15/15=100% Agreement

Voting results: 13 strongly agree; 2 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

Smoking—Tobacco smoking has been identified as an independent, dose-dependent risk 

factor for CP and ARP among adults (98,104-106). In idiopathic CP, smoking is associated 

with disease progression as measured by the appearance of pancreatic calcification and new 

onset diabetes in a dose-dependent manner (107,108). Among 540 patients with CP in the 

North American Pancreatitis Study 2 (NAPS 2) cohort, long-term heavy cigarette 

consumption was associated with a 2.2 times greater risk of CP (106). The amount of 

smoking was significantly higher in patients with CP (26.6 pack-years) compared with ARP 

subjects (19.5 pack-years) and controls (16.2 pack-years) (106).

Patients with CP also had significantly longer smoking duration (median 30.5 years) than 

patients with ARP (median, 22.7 years) and controls (median 21.9 years) (106). The 

mechanism of how smoking accelerates the progression of CP and acts as an independent 

risk factor for CP is not well understood (104).

No studies have examined the role of smoking in the pathophysiology of CP in pediatrics. A 

retrospective review by Ballengee et al (109), of 134 pediatric patients admitted for 

pancreatitis revealed that hospital admission and length of stay were significantly higher for 

those exposed to second hand smoking indoors compared with those exposed to smoking 

outdoors or with no exposure. Although the impact of e-cigarettes on CP has not been 

evaluated, their use has gained popularity in the past several years, especially among 

adolescents, and represents an additional potential nicotine exposure. The National Youth 
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Tobacco Survey in 2018 reported that 20.8% of high school students and 4.9% of middle 

school students use e-cigarettes (one e- cigarette at least 1 day in the past 30 days) (110). 

Exposure to smoking and other nicotine sources is likely to be under reported because of 

social stigmas, and thus other biomarkers will likely be required to assess the true impact of 

smoking.

Recommendation:

19. Health-care providers should caution patients about the dose-dependent response 

of tobacco smoking on the development and progression of CP among adult 

patients and should advise against smoking. (GRADE 1A)

15/15=100% Agreement

Voting results: 12 strongly agree; 3 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

Obesity—Truncal obesity has been shown to be an important risk factor for severe AP in 

adults compared with individuals with a normal BMI (111-117). Peripancreatic fat or 

intrapancreatic fat deposition directly correlate with the severity of AP in obese patients, as 

fat has a higher susceptibility for the development of necrosis in adult studies (114,118). 

Data regarding the effects of obesity in CP are, however, limited. A retrospective study of 

118 patients with CP showed a positive correlation between increased pancreatic fat, higher 

abdominal visceral fat content, and pancreatic fat fraction compared with those with no CP 

(119). A retrospective study by the Zurich Pancreatitis Group found that overweight status 

(BMI >25) at disease onset did not affect the progression of EPI and diabetes in patients 

with alcoholic CP (120). Among children, the INSPIRRE study found patients with a BMI 

in the overweight range and greater were less likely to develop CP, EPI, or have additional 

medical or endoscopic interventions when compared with those with a normal BMI (118). 

This study also reports that obese patients had their first episode of AP at a later age when 

compared with nonobese pediatric patients. Patients, however, defined as overweight or 

obese with no evidence of CP had overwhelming acute inflammation on imaging of the 

pancreas indicative of a prolonged pro-inflammatory state albeit delayed, likely secondary to 

the obesity (118). The differences in CP outcomes between children and adults may be 

because of differences in underlying etiologies but require additional explorations, especially 

pertaining to potential insulin resistance, which may overlap with pancreatogenic diabetes.

Recommendation:

20. Data are limited regarding the impact of weight and BMI on CP outcomes, as 

such, providers should counsel patients and parents about a balanced healthy 

diet and lifestyle. (GRADE 1C)

15/15=100% Agreement

Voting results: 8 strongly agree; 7 agree; 0 neutral; 0 disagree; 0 strongly 

disagree
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Quality of Life—Impaired QOL is commonly seen in pediatric patients with CP (5,121). A 

single center study assessed the health-related QOL (HRQOL) through the PedsQL 4.0 

Generic Core Scales and the PedsQL Multidimensional Fatigue Scale in children with long-

standing pancreatitis using a patient self-report as well as parent proxy report. Investigators 

reported that in 38 subjects, pediatric patients with CP have significantly worse HRQOL and 

fatigue scores compared with matched healthy subjects (5). This study established that 

pediatric patients with CP have diminished functioning across both physical and 

psychosocial domains with pain being one of the most significant contributors (5). The Short 

Form 36 (SF-36) is a widely used HRQOL measure, mostly in adult patients to assess 

physical functioning, bodily pain, role limitations because of physical and emotional health 

problems, general mental health, social functioning, energy/fatigue or vitality, and general 

health perceptions. SF-36 has been used in pediatric patients to assess quality of life before 

and after total pancreatectomy with islet autotransplantation (TPIAT) (121). Other validated 

disease-specific QOL assessment tools, such as the Pancreatitis Quality of Life Instrument 

(PAN-QOLI) are available for adults but have not been studied in pediatric patients (122).

Directed efforts are needed to develop impactful interventions that mitigate the effect of CP 

on QOL in the pediatric population. Although endoscopic and/or surgical interventions may 

improve QOL (123), some patients are not surgical candidates and further interventions are 

needed to improve their QOL and functioning before surgery.

Recommendation:

21. Administering a survey tool to assess QOL and/or functional assessment among 

pediatric patients is helpful to assess degree of impairment and drive targeted 

interventions indicated. (GRADE 2C)

15/15=100% Agreement

Voting results: 8 strongly agree; 7 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

Sequelae of Chronic Pancreatitis

Beyond the common findings that define CP, such as EPI or endocrine pancreatic 

insufficiency, several other sequelae may be appreciated. To provide thorough care for 

pediatric patients with CP, understanding and managing these issues is vital. Amongst the 

other sequalae that may develop are fluid collections, ductal disease, vascular and gastric/

intestinal issues.

Pancreatic/Peripancreatic Fluid Collections—Pancreatic fluid collections (PFC) 

include acute more mature fluid collections. Acute fluid collections are those <4 weeks old 

and divided into acute peri-pancreatic fluid collections and acute necrotic fluid collections. 

More mature fluid collections >4 weeks old are divided into walled off necrosis and 

pancreatic pseudocysts. Pancreatic pseudocysts are typically a consequence of AP, 

pancreatic trauma, and/or CP (124). Among adults, the prevalence of pseudocysts in CP 

have been reported to be between 10% and 40%, though this is likely overestimated because 

of previous inclusion of acute fluid collections and walled off necrosis within the definition 
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of pancreatic pseudocysts (125-127). Although usually asymptomatic, mass effect from 

pancreatic pseudocysts can cause abdominal pain, early satiety, nausea, vomiting, jaundice, 

weight loss; secondary complications, such as gastric outlet obstruction, biliary obstruction, 

infection, or vascular complications, such as splenic vein thrombosis or intra-cystic 

hemorrhage can also present with pain (128). Asymptomatic pseudocysts are usually 

managed conservatively (5) with observation, and pain control. Drainage, however, should 

be considered when fluid collection becomes clinically symptomatic (uncontrolled nausea/

vomiting or pain), infected, causes obstructive complications (blood vessels, common bile 

duct, gastric outlet obstruction), bleeding, or fistula formation. Even when asymptomatic, 

endoscopic drainage has been proposed if the pseudocyst measures >5 cm in diameter 

without spontaneous regression (129). Previously walled off necrosis was felt to require 

definite intervention via surgery or advanced endoscopic techniques but recently care has 

evolved and many of these collections may also be managed conservatively (130) if the 

patient remains clinically stable during the course.

Pancreatic Duct Disease—Pancreatic duct abnormalities are most often characterized 

by strictures and intraductal stone formation (131,132). For some patients, ductal obstruction 

may cause increased pressure resulting in ductal dilation, and is the assumed cause of pain. 

Endoscopic therapy is often offered for decompression of these strictures and removal of 

pancreatic duct stones when this is believed to be the cause of pain or for recurrent 

pancreatitis episodes (132,133). Recommendations related to advanced endoscopy are 

covered in a complementary NASPGHAN position statement (6).

Vascular Complications—Splenic vein thrombosis is a reported complication in about 

10% to 20% of adult patients with CP and is often related to the presence of a pancreatic 

pseudocyst or severe acute pancreatitis, in general (132,134,135). Most patients with splenic 

vein thrombosis are asymptomatic but they may develop varices, which are at high risk of 

gastrointestinal bleeding (2). Less commonly, deep vein thrombosis and pulmonary 

embolism have been reported, although are more typical in acute pancreatitis. Management 

is usually conservative. The use of anticoagulation is not well studied in CP though no 

significant difference has been demonstrated in AP patients with regard to recanalization 

rate (136). The rates and impact of thrombotic events in children with CP has not been 

studied.

Gastroparesis—The frequency of gastroparesis in adult patients with CP is ~3.6% (137). 

It is frequently seen in patients with small duct CP and can present with similar symptoms as 

seen in AP. Gastroparesis may also cause confusion in diagnosis, and affect the efficacy of 

PERT, complicating both evaluation and treatment of CP (138). As per 1 publication, 

patients with abdominal pain who do not respond to PERT or express early satiety should be 

evaluated for gastroparesis (138). Treatment of gastroparesis is challenging in patients with 

CP. Management for mild cases includes dietary modifications, such as small and frequent 

meals and prokinetic agents such as erythromycin and metoclopramide. Severe gastroparesis 

may require intrapyloric botulinum toxin injections, gastrostomy feeding tube placement, or 

implantation of gastric electrical stimulator (137).
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Small Intestinal Bacterial Overgrowth—Small intestinal bacterial overgrowth (SIBO) 

is defined as excessive bacteria in the small intestine. EPI, impaired motility secondary to 

inflammation/narcotic use, and/or PPIs can predispose patients with CP to SIBO 

(132,139,140). Various adult studies have shown of the prevalence of SIBO in CP patients to 

be between 22% and 67% (12,139,141-145). The presentation of SIBO may mimic EPI or 

constipation and includes abdominal pain, bloating, diarrhea, steatorrhea, weight loss, 

weakness, neuropathy, and excessive flatulence (146). SIBO should be considered in 

patients with CP and suggestive symptoms not responsive to other therapy (140). Diagnostic 

modalities for SIBO for children are invasive or lacking sensitivity and specificity. As such, 

decision to treat has commonly been based on clinical judgement.

Pancreatic Cancer—Meta-analysis reveals a relative risk of 13.3 for the development of 

pancreatic cancer among adults with CP (132,147,148). The risk for the development of 

pancreatic cancer among children with CP is not yet known. Genetic etiologies account for 

the most common cause of CP among children. These are associated with a lifetime risk as 

high as 40% to 50% for the development of pancreatic cancer among adults, although 

genetic predisposition may be confounded by smoking, drinking, and other factors 

(137,149). More recent analysis controlling for smoking exposure showed relative risk for 

the development of pancreatic cancer to be ~7% with those patients with a PRSS1 mutation 

(150), whereas certain CFTR mutations were associated with a more modest risk (OR=1.41) 

and SPINK1 mutations showing no increased association (151). Cigarette smoking, alcohol, 

and diabetes mellitus may further increase the risk for the development of pancreatic cancer 

in CP, and appropriate education must be provided (137,152).

Whether chronic/recurrent inflammation or the genetic mutations alone account for the 

increased risk of cancer is unknown. No reliable screening tests or screening 

recommendations have been developed to distinguish sub-groups of patients with CP who 

are at risk for developing pancreatic cancer or whether age of diagnosis impacts future risk. 

Recently, the intestinal microbiota or more precisely, the mycobiota have been implicated in 

the pathogenesis of pancreatic cancer (153). Future studies are critical to determine the 

impact of hereditary pancreatitis among children on long-term pancreatic cancer risk 

especially as it pertains to earlier surgical intervention to potentially decrease this risk.

Recommendations:

22. The majority of pancreatic fluid collections will resolve spontaneously with 

supportive care. Intervention is reserved for complications from mass-effect, 

infection/necrosis or if spontaneous regression of the collection is thought to be 

unlikely. (GRADE 1B)

15/15=100% Agreement

voting results: 10 strongly agree; 5 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

23. Children with CP that continue to exhibit abdominal pain, bloating or other GI 

concerns deserve an appropriate GI workup to evaluate for other etiologies that 

may explain their symptoms. (GRADE: 1C)
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15/15=100% Agreement

Voting results: 11 strongly agree; 4 agree; 0 neutral; 0 disagree; 0 strongly 

disagree

SUMMARY OF RECOMMENDATIONS

This report provides evidence-based guidance on the medical management of CP in children 

based on existing literature. Table 2 summarizes the recommendations made by the writing 

group. All 23 of the recommendations received at least 75% support (5=strongly agreed or 

4=agreed). The majority of recommendations are supported by a Grade of 1B or 1C (strong 

recommendation but moderate to low-quality evidence with several recommendations based 

on expert opinion). This highlights the need for focused, high-quality studies in a number of 

key aspects of management for CP in children.

FUTURE DIRECTIONS

Although this report provides guidance on the medical management of CP based on existing 

literature, it also recognizes directions of much needed future investigation into concepts and 

controversies that require further elucidation and resolution. These include but are not 

limited to the following:

1. Environmental factor assessments:

a. The effect of tobacco exposure in children with CP—primary, 

secondary, and tertiary.

2. Evaluation of clinical tools application in CP management:

a. pain evaluation tools

b. multimodal pain management efficacy

c. performance of clinical pathways on clinically relevant outcomes

d. dynamic surveillance for development of EPI and for consequences.

3. Mechanisms and progression of disease

a. to garner a better understanding of the pathophysiology and risk factor 

for vascular complications associated with CP

b. the impact of genetic and other risk factors (including the microbiome 

and mycobiome in CP need to be further explored to determine the 

long-term risk of cancer and other sequalae from CP.

4. Prospective controlled studies to investigate:

a. antioxidant use in the context of reducing inflammation and pain are 

indicated

b. the use of PERT for pain control independent of management of EPI 

would help to advance our understanding of the mechanisms and 

management of pain
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c. the role of an organized lipid matrix and the efficacy of enteral in-line 

feeding cartridges in the management of EPI

d. assessment for the consequences of EPI beyond micronutrient 

deficiencies, such as on bone health

e. the impact of pain medications (eg, neuropathic medications) on CP 

should be studied through RCTs as well.

5. Assessment of changes to the natural history of chronic pancreatitis, such as to 

lifelong risk for pancreatic cancer.

CONCLUSIONS

Well-established pediatric consortia continue to highlight the disease burden experience by 

children with CP. A lack of pediatric-focused interventional studies dictates that 

recommendations are largely based on adult literature or expert opinion as we have reported 

here. This highlights the need for focused, high-quality studies in a number of key aspects of 

management for CP dedicated to pediatric patients.
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FIGURE 1. 
An example of an institutional clinical pathway for testing and diagnosing exocrine 

pancreatic insufficiency in children. Modified from Padula et al (18).
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FIGURE 2. 
Proposed analgesic ladder for the treatment of pain in children with chronic pancreatitis. 

Graphics courtesy of Ms. Natalie Alexander. Nonpharmacologic pain care is assumed to be 

provided at all points in the ascension of analgesic potency.
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TABLE 1.

Recommended pancreatic enzyme replacement therapy dosing for children with chronic pancreatitis-

associated exocrine pancreatic insufficiency

PERT dosing method Feeding and dose considerations

Weight-based Oral feeding
Start at 500 to 1000 lipase units/kg/meal
May increase by 1 cap/meal or snack till symptoms resolve or maximum dose reached
Maximum dose is 3000 lipase units/kg/meal
Should not exceed 10,000 lipase units/kg/day

Fat-based Oral or enteral feeding
Consider if suboptimal response to weight-based dosing
Dose range: 500 to 4000 lipase units/g fat

Volume-based Enteral feeding

Consider if on continuous/night time feeds with ongoing poor weight gain and/or malabsorption
*

Enteral feeding in line cartridge:
 1 cartridge for the first 500 cc formula
 Add second cartridge up to 1000 cc formula (no more than 2 cartridges may be used per feed)

*
Pancreatic enzyme replacement therapy (PERT) can be used with tube feeding; consultation with a pancreatologist, and/or an experienced 

registered dietitian is recommended.
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