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Abstract
There are several common causes of acute pancreatitis, principally excessive alcohol intake and gallstones, and there are many rare causes. However, cases of pancreatitis still occur in the absence of any recognizable factors, and these cases of idiopathic pancreatitis suggest the presence of unrecognized etiologies. Five recent cases of acute pancreatitis in four patients recently came to attention due to a strong temporal association with exposure to nerve stimulators and energy drinks. Given that these cases of pancreatitis were otherwise unexplained, and given that these stimuli were not clearly known to be associated with pancreatitis, we performed a search for precedent cases and for mechanistic bases. No clear precedent cases were found in PubMed and only scant, weak precedent cases were found in food and drug administration databases. However, there was a coherent body of intriguing literature which in support of mechanistic basis for these exposures playing a role in the etiology of pancreatitis.
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Core tip: This may be the first report of nerve stimulators or energy drinks playing an etiologic role in the development of pancreatitis. Five recent cases of otherwise unexplained pancreatitis recently came to attention due to a strong temporal association between pancreatitis and exposure to nerve stimulators (3 cases in 3 patients) and energy drinks (2 cases in 1 patient). Although causality is not shown, the temporal association is striking.
Shmelev A, Abdo A, Sachdev S, Shah U, Kowdley GC, Cunningham SC. Energetic etiologies of acute pancreatitis: A report of five cases. World J Gastrointest Pathophysiol 2015; In press
INTRODUCTION

Acute pancreatitis is a common and potentially life-threatening disease, whose incidence is increasing1[]
. While the etiology of the vast majority of cases is identified as either alcohol or biliary stones, many cases (10%-34%)
 ADDIN EN.CITE 
[1,2]
 are labeled idiopathic or cryptogenic, due to unknown etiology, and this proportion too is increasing
 ADDIN EN.CITE 
[2,3]
. Other, less common causes of pancreatitis that are identifiable include hypertriglyceridemia, tumors and stones, autoimmune diseases, and medications. 

Use of energy drinks and nerve stimulators is also on the rise. Use of energy drinks such as RedBull and RockStar is increasing due in part to aggressive marketing campaigns and other psychosocial factors. The range and relative concentrations of their various ingredients vary widely, and per capita consumption has recently doubled in the United States4-6


[ ADDIN EN.CITE ]
. Electrical nerve stimulation, such as transcutaneous electrical nerve stimulation (TENS) are employed at various intensities and frequencies for pain suppression, a controversial use7[]
.
Hypothesis

Very few data on idiopathic or cryptogenic causes of pancreatitis are available. Some cases of so-called idiopathic pancreatitis are likely due to unrecognized, or poorly understood, genetic defects
 ADDIN EN.CITE 
[3,8-13]
 and pancreaticobiliary malformations
 ADDIN EN.CITE 
[14,15]
. Yet, there still remains a group of patients with so-called true idiopathic pancreatitis (TIP), whose etiology cannot be identified16[]
. Three such patients with seemingly TIP, with no identified cause, were found to have a clear temporal association with the use of nerve-stimulation devices, and a fourth such patient was found to have a clear temporal association between 2 separate episodes of pancreatitis and consumption of the popular energy drink, Rockstar™ (Table 1). Other causes of pancreatitis, including gallstones, alcohol, autoimmune pancreatitis (elevated IgG4 levels), and hypertriglyceridemia, were ruled out, leading to the hypothesis that exposures to nerve stimulation or to energy drinks could play a role in the etiology of acute pancreatitis.
Three nerve-stimulation cases 
A healthy female in her 40s underwent cholecystectomy for suspected biliary pancreatitis based on a suspicion of gallbladder sludge, but then re-presented several months later with recurrent pancreatitis. Upon further questioning it became clear that she occasionally used TENS to treat pain, including prior to her current episode of interstitial edematous pancreatitis. She did not recall if she used it prior to her pre-cholecystectomy pancreatitis. She responded to standard nonoperative therapy and recovered well.
A healthy female in her 30’s, with an implanted electrical nerve stimulator device for chronic back pain due to a fall, developed interstitial edematous pancreatitis. She responded to standard nonoperative therapy and recovered well.
A healthy female in her 50s wore a TENS device for back pain during a 10 h car trip. Shortly after arrival she developed severe, extensive, necrotizing pancreatitis and disconnected-duct syndrome, requiring necrosectomy, after which she recovered well. Although following her stay in the intensive-care unit, and her extensive operation and requisite recovery, she could not recall the exact settings she used for TENS, but thought that it was a moderate setting and that the pads were applied to her back for the vast majority of her 10-h car trip. Pathology following operation revealed extensive necrotic pancreatic and peripancreatic tissue.
Two energy-drink cases
A healthy male in his 40s with a remote history of severe acute alcoholic pancreatitis with pseudocyst formation, all now resolved. He was thought certainly to be free of recent alcohol use, but developed 2 episodes of interstitial edematous pancreatitis, both following Rockstar™ consumption. He responded well to nonoperative therapy.
CASE REPORT

To test the hypothesis that these could be two heretofore unappreciated etiologies of acute pancreatitis, a literature search was performed in PubMed looking for a mechanistic basis, using the title and abstract terms “pancreatitis” with either “idiopathic” or “etiology” and combined this with either “energy drink” or “nerve stimulation”. In addition, a search was performed of www.fda.gov for pancreatitis, nerve stimulation, energy drink, and several ingredients in common energy beverages (e.g., milk thistle, guarana, ginkgo, ginseng)17[]
.
The PubMed search revealed no case reports associating pancreatitis with either energy drinks or with nerve stimulation. Although energy drinks are associated with a variety of adverse signs and symptoms, such as nausea, vomiting, diarrhea, abdominal pain, hyperhidrosis, tachycardia, irritability, insomnia, stroke, and psychotic and bipolar disorders, the FDA search on www.fda.gov revealed only one report of pancreatitis (which required hospitalization) associated with the energy drink Redbull™18[]
 and two reports of pancreatic disorders associated with 5 h Energy Booster™ and Monster Energy™19[]
. Four reports of pancreatitis associated with ginkgo were found in www.fda-reports.com. 

DISCUSSION
The observation of five cases of pancreatitis in 4 patients without the usual risk factors for pancreatitis, but with other exposures, which themselves were notable, either because the exposure was unusually prolonged (patient #3, with exposure to nerve stimulation during the entirety of a 10 h car ride), or unusually recurrent (patient #4, with pancreatitis episodes occurring following each consumption of the energy drink Rockstar™) led us to hypothesize that these could conceivably be unrecognized etiologies of pancreatitis. Although some of the patients in Table 1 has confounding factors, such as medications loosely associated with AP, and pancreas divisum and genetic causes were not possible to rule out in each and every case, nevertheless it is striking that the patient with the most severe pancreatitis had the purest form of seemingly TIP (lacking any identifiable confounders) had the greatest exposure to TENS, and had the most severe pancreatitis, necrotizing pancreatitis requiring multidisciplinary management20[]
. Our search of the literature and FDA records revealed no published case reports and only scant FDA evidence, but did reveal supporting evidence of this hypothesis worthy of discussion.
Nerve stimulation and neurogenic inflammation
Ironically, nerve stimulation, such as TENS, has been used to treat pain of pancreatitis, as well as pain of many other sources21-23


[ ADDIN EN.CITE ]
 but the number of patients is too small, and the follow-up too inconsistent, for there to be any observed causal relationship between pancreatitis and nerve stimulation. Certainly it is well known that the pancreas is richly innervated, and mounting evidence suggests that pathologic activation of pancreatic neurons and the inflammatory sequelae of that activation (known as neurogenic inflammation) play a role in the development of pancreatitis (Table 2 The concept of neurogenic inflammation is additionally supported by the observation that most of the neurotransmitters of C and Aδ fibers of the pancreas have proinflammatory actions24[]
.


Further intriguing experimental evidence exists linking neurogenic inflammation and pancreatitis. For example, sensory neurons of the pancreas express channels whose activation induces pancreatic inflammation, and whose blockade attenuates experimental pancreatitis25-27


[ ADDIN EN.CITE ]
. Similarly, in a study of the modulatory role of bradykinin in neurogenic inflammation, a potent inhibitor of bradykinin was administered in an animal model of pancreatitis and this administration attenuated the hypotension, edema, and hypovolemia associated with the pancreatitis, suggesting modulation of nerve stimulation modulates severity of pancreatitis28


[ ADDIN EN.CITE ]
. 

Studying the neuropeptide substance P (SP), a common neurotransmitter mediating pain and other nerve signals, Figini et al29


[ ADDIN EN.CITE ]
 found that administration of SP to mice stimulated plasma extravasation from postcapillary venules in the pancreas, and that this effect was blocked by the administration of antagonists to the SP receptor. More recently, in a neonatal model of pancreatitis, administration of the neuron-denervating agent capsaicin significantly reduced histological severity scores and abolished plasma extravasation associated with pancreatitis30


[ ADDIN EN.CITE ]
, findings which support the notion that primary sensory neurons constitute a common final pathway for pancreatitis. 
Figure 1 illustrates in a schematic model some of these possible processes contributing to a neurogenic etiology of pancreatitis. Various stimuli may excite vanilloid receptor TRPV1 on primary sensory neurons (SN), which play the pivotal role in initiation of neurogenic inflammation. Subsequent depolarization release various neuropeptides, such as substance P (SP), neurokinin A (NkA), and calcitonin gene related peptide (CGRP). The result is edema of pancreatic tissue due to massive vasodilation and WBC infiltration. Remarkably, those changes in pancreas may be caused by irritation of SN in duodenal mucosa, because of axonal dichotomy and central convergence at spinal or higher levels (Table 2). Damage to pancreatic acinar cells may also be mediated by non-specific excitation of ryanodine (RyR) or inositol-3-phosphate (IP3R) receptors with subsequent calcium release from endoplasmic reticulum and activation of enzymes in zymogen granules (ZG) inside the cell.

Interestingly, there is also evidence that some forms of nerve stimulation, such as electroacupunture, seem to be protective against pancreatitis (Table 2)31-33


[ ADDIN EN.CITE ]
. However, the concept of dose may well explain why a small amount of stimulation can have the opposite effect as a large amount, as is commonly observed in medicine, when a small amount of an exposure is safe and effective, such as acetaminophen (paracetamol) in therapeutic doses working as a safe antipyretic and analgesic, but a higher dose is toxic and can cause liver failure and death. Perhaps a very high dose of TENS, as in patient #3, can cause severe acute necrotizing pancreatitis, known to require prolonged multidisciplinary management20[]
, where as a small dose may be protective, and a moderate dose may cause only a minor episode of pancreatitis.
Indeed, experimental neurochemical precedent exists for the notion that over-stimulation of nerves may cause pancreatic disease. In conscious rats, for example, stimulation of sensory nerves with low-dose capsaicin reduces basal pancreatic secretory function, while moderate doses increase this function, and large (neurotoxic) doses cause a 27% decrease in pancreatic blood flow accompanied by a decrease in DNA synthesis in pancreatic tissue34


[ ADDIN EN.CITE ]
.
Energy drinks
Several aspects of the increasingly popular energy drinks are concerning. For example, because many energy drinks contain "natural" ingredients, such as ginseng, ginkgo, milk thistle, guarna-seed extract17[]
, these drinks are regulated as dietary supplements and not as medications, freeing manufacturers from the usual transparency associated with FDA-regulated products6[]
. Similarly, several of the ingredients have been linked to health problems, but these links are either weak or inconsistent, and indeed, several of these same ingredients are commonly taken as remedies or preventive supplements to combat various common ailments.
For example, while there is some weak evidence that ginkgo is protective against pancreatitis
 ADDIN EN.CITE 
[35,36]
, there are four low-quality “FDA Reports” of pancreatitis in patients taking ginkgo37[]
. Search of the presumably more reliable www.fda.gov site reveals no reports of this association.

While the health benefits and risks of caffeine are well known, none of these risks appear to be related to pancreatitis, and at least weak data suggest that caffeinated coffee may protect against alcoholic pancreatitis38[]
. Similarly, no convincing association could be found between pancreatitis and other energy-drink ingredients, such as milk thistle and guarana. However, the FDA’s Center for Food Safety and Applied Nutrition (CFSAN) Adverse Event Reporting System has reported several associations between pancreatitis and the cocktails of various energy drinks, such as RedBull™, 5-Hour Energy Booster™, and Monster Energy™18[,19]
. Nevertheless, the possibility remains that what we have observed in patient #4 is merely a coincidence between exacerbations of autonomous alcoholic pancreatitis and the consumption of energy drinks. Still the fact that the otherwise unexplained pancreatitis occurred in this single patient twice, both times immediately following consumption of the energy drinks, is striking.
There is insufficient direct evidence to support causality between pancreatitis and exposures to nerve stimulators and to energy drinks. However, the observations presented here, coupled with the rising use of the offending products, are cause for concern and warrant further study. Possibilities for such study include either cellular or animal models of pancreatitis using these potentially offending agents, analyses of large databases, and the establishment of an international registry. 
COMMENTS

Case characteristics
Five cases of pancreatitis in four patients occurring after exposure are to nerve stimulators or energy drinks.
Clinical diagnosis
Elevated lipase and/or imaging evidence of pancreatic inflammation. 

Differential diagnosis

Pancreatitis could have been due to another cause not tested for, or missed, such as genetic polyporphisms or mutations. 

Laboratory diagnosis

Elevated lipase, but normal IgG4 and triglycerides.

Imaging diagnosis

CT or MRI showed evidence of pancreatic inflammation. It was not possible to rule out pancreas divisum in each and every case.
Pathological diagnosis

Pancreatic debridement in Patient #3 yielded only necrotic and saponified tissue, as expected.

Treatment

The patients were treated with standard supportive care during their episodes of pancreatitis. Patient #3 required open pancreatic debridement and recovered well.

Related reports
The causes of idiopathic pancreatitis remain, of course, unknown, by definition. We know of no other cases associating nerve stimulators and pancreatitis, and only very weak evidence exists associating some ingredients in energy drinks with pancreatitis. 

Experiences and lessons

This case report presents several cases that suggest the possibility of new etiologies of pancreatitis. However, this observation should be interpreted with caution, as it is impossible to rule out every possible systemic, structural, and genetic cause of pancreatitis. In no way does this report prove any cause. 

Peer-review

This is a very interesting manuscript from the clinical point of view. Both hypotheses are interesting.
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Table 1 Patient characteristics
	Pt
	Age 
	Gender
	Type of Exposure
	Time gap between exposure and pancreatitis
	Duration of Exposure 
	Severity of pancreatits
	TG
	IgG4
	Confounding Factors

	1
	40s
	F
	TENS
	Narrow
	Short
	Mild 
	Nl
	Nl3
	Amlodipine, esomeprazole 

	2
	30s
	F
	Implanted ENS
	Narrow 
	Unk
	Mild 
	Unk
	Unk
	Unk2

	3
	50s
	F
	TENS
	Narrow 
	Long 
	Severe
	Nl
	Nl3
	None1

	4
	40s
	M
	Energy drink
	Narrow 
	Consumed Rockstar™ prior to 2 unexplained episodes
	Both Mild
	Nl
	Nl
	Initial episode due to alcohol, but abstinent for 1 y prior to these 2 episodes


Pt: Patient; Nl: Normal; Unk: Unknown; TG: Triglyceride level; 1: No medications, no alcohol, no gallstones (by transabdominal and intraoperative, but not endoscopic, ultrasound), There was no evidence for or against genetic causes and pancreas divisum; 2: No alcohol, and no gallstones (by transabdominal but not endoscopic ultrasound), but the patient could not recall her medication history; 3: Total IgG, not IgG4 was sent.
Table 2 List of observations associating transcutaneous electrical nerve stimulations and the development of acute pancreatitis
	Observation
	Ref.

	All cases reported here were considered idiopathic 
	N/A

	Strong temporal association of exposure and AP
	N/A

	Directly proportional relationship between duration of exposure and severity of subsequent AP
	N/A

	Neurogenic inflammation is increasingly recognized to play a role in development of AP, with sensory nerves in particular being considered a final common pathway in AP
	
 ADDIN EN.CITE 
[24,30, 39,40]


	TRPV1 and TRPA1 expression and function in pancreatic afferent neurons increases and blocking this pathway attenuates pancreatitis in a mouse model of AP 
	
 ADDIN EN.CITE 
[25,26]


	Over-stimulation of nerves associated with pancreatic disease (decrease in pancreatic blood flow and DNA synthesis) in rats
	34


[ ADDIN EN.CITE ]


	Neural cross talk between the duodenum and pancreas (duodeno-pancreatic reflex at T6–T13) can promote AP in a rat model
	41


[ ADDIN EN.CITE ]


	
	

	Possibly contradictory observations
	

	Stimulation by electroacupuncture of dorsal segmental points corresponding to levels that innervate pancreas (by splanchnic nerves; T9–T11) causes decrease in fasting blood glucose
	33


[ ADDIN EN.CITE ]


	Electroacupuncture protects against CCK-induced AP in rats
	31


[ ADDIN EN.CITE ]
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AP: Acute pancreatitis; N/A: Not available.
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Figure 1 Schematic model illustrating possible mechanisms of neurogenic pancreatitis. AP: Acute pancreatitis; STT: Short time test; TENS: Transcutaneous electrical nerve stimulation; DGR: Dorsal root ganglion.
