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Background: Cannabinoid Hyperemesis Syndrome (CHS) is characterized by recurrent, paroxysmal episodes of nausea, vomiting,
and abdominal discomfort in chronic cannabis users. Optimized CHS treatment data remain limited. Recent prospective evidence have
demonstrated haloperidol superiority over ondansetron. Retrospective data suggest the utility of droperidol, a dopamine antagonist like
haloperidol, for treating acute CHS.

Objective: To prospectively assess the utility of droperidol plus diphenhydramine to mitigate common CHS symptoms.

Methods: This was a multicenter, prospective interventional study in the emergency department (ED). Participants were administered
a study regimen of droperidol and diphenhydramine to treat CHS after enrollment. The primary outcome measure was the change in VAS
scores within the droperidol prospective cohort. Symptoms of nausea, vomiting, and abdominal pain were measured using a visual analogue
scale (VAS) up to 120 minutes. Secondary measures assessed include repeat visits to the ED within seven days.

Results: Amongst 47 droperidol participants, VAS for nausea and vomiting declined from baseline 8.3+2.0 to 3.1£3.3 at 30 minutes
post treatment (p < 0.05), and 1.4+2.4 at 120 minutes (p < 0.05). For abdominal pain, VAS mean was 7.8+2.4 at baseline declining to
3.6+2.9 at 30 minutes (p < 0.05) and 1.7+2.9 at 120 minutes (p < 0.05). Return to the ED within 7 days following droperidol was
12.9% (n=47).

Conclusion: This trial shows significant improvement in symptoms from baseline, 30 and 120 minutes post-treatment and return to
the ED within a week post treatment with the study regimen.
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Introduction

Background
Cannabinoid Hyperemesis Syndrome (CHS) was initially characterized by recurrent, paroxysmal episodes of nausea,
vomiting, and abdominal discomfort in chronic cannabis users, relieved by frequent hot bathing, followed by symptom-
free periods.! Over time, hot bathing and symptom-free periods were omitted from the definition, which now considers
hyperemesis to follow a cyclic pattern over weeks to months, often for many years, against a background of cannabis
abuse.? The exact cause remains speculative, making CHS primarily a diagnosis of exclusion, however genetic mutations
explaining its pathophysiology have been identified®* Distinct features of CHS include resistance to traditional
antiemetics and the need for prolonged abstinence as a cure.’

Anecdotal evidence suggests benzodiazepines, propranolol, topical capsaicin, and haloperidol as effective emergency
treatments.”® A randomized, controlled study has demonstrated haloperidol to be superior to ondansetron for the acute
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treatment of CHS.? Retrospective data suggests the utility of droperidol, a dopamine antagonist like haloperidol, for treating
acute CHS.? Diphenhydramine also has antiemetic properties and has the added benefit by counteracting the extrapyramidal
reactions associated with droperidol.'® Offsetting potential extrapyramidal symptoms are why diphenhydramine was part of
the study protocol and administered to all patients with droperidol in our study. While droperidol carries a boxed warning for
QTc-interval prolongation, recent prospective data suggest the risk of complication, including torsades de pointes, to be
minimal and rare, even at high doses.” Indeed, in a 2021 policy statement, The American Academy of Emergency Physicians
consider droperidol safe for the treatment of nausea, vomiting, headaches, and agitation in the emergency department (ED)."'

Since 2000, teen cannabis use in the United States is up 245%, with 43% of young adults between 19 and 30 years
reporting cannabis use in 2021.'*'* In 2019, 48.2 million Americans (18%) used cannabis at least once and 3 of 10
people who use cannabis have cannabis use disorder.'* Drug shortages are not resolving, new shortages are increasing,
and active shortages are the highest since 2014."> The continued increase use and abuse of cannabis in the United States,
coupled with volatile availability of effective agents to treat CHS, suggests the value of validating the utility of more
agents, like droperidol plus diphenhydramine, to add to the armamentarium.

Goals of This Investigation

Given haloperidol’s superiority to ondansetron, retrospective evidence of droperidol utility, and pharmacological similarity of
the agents, we conducted a prospective, interventional study to determine whether droperidol plus diphenhydramine reduces
nausea, vomiting, and abdominal pain for acute CHS in the ED and limits return to the ED within 7 days.

Methods

Study Design

This prospective, multicenter, open-label interventional study was conducted at four academic emergency EDs, with
a combined annual ED volume of 169,000. The study was approved by the Mercy Health Youngstown regional
institutional review board and registered at ClinicalTrials.gov (NCT05244460).

Patient Selection

From February 2022 to January 2023, consecutive eligible patient’s >18 years of age identified by ED providers with
a working diagnosis of CHS were screened for participation. To be eligible, the patient had to report at least weekly
cannabis use for one year or more and three episodes of emesis in a cyclic pattern separated by more than one month
during the preceding two years and a viable contact telephone number. Prisoners, individuals allergic or intolerant to the
study drugs or with QTc-interval >440 milliseconds (males) or >450 milliseconds (females) on electrocardiogram on
the day of presentation, or pregnant females were excluded.

After consenting to participate, subjects were asked to rate their baseline nausea and abdominal pain on two separate ten point
visual analog scales (VAS), with higher scores to indicate greater severity of symptoms. Subjects were then administered
intravenous droperidol 2.5 mg and intravenous diphenhydramine 25 mg. Serial measurements of VAS scores for nausea and
abdominal pain were assessed at 30, 60, 90, and 120 minutes after pharmacologic intervention. Subjects were contacted by phone
at 24 and 48 hours after ED discharge and values from the VAS scale for nausea, vomiting and abdominal pain were recorded. Per
protocol, other medications and even additional doses of droperidol could be administered at the discretion of the treating
physician. Additional data beyond the VAS scores collected included: age, sex, weight, temperature, blood pressure, respiratory
rate, pulse, oxygen saturation, basic metabolic panel, urine ketone values, toxicology results, QTc interval, beta-hydroxybutyrate
levels, total white blood count, and history of cannabis use.

Outcomes

The primary outcome measure was the change in VAS scores amongst patients receiving droperidol plus diphenhydra-
mine from baseline to 120 minutes. VAS scores were assessed by telephone follow-up at 24 and 48 hours. Secondary
measures evaluated include repeat visits to the ED within seven days.
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Analysis

All analyses were performed on a per protocol basis on cases with complete data. Statistical analysis was performed
using SPSS 25.0 (IBM Corp Released 2017. IBM SPSS Statistics for Windows, Version 25.0 Armonk, NY; IBM Corp).
Continuous variables were expressed as mean and standard deviation with categorical data as percentages. Student’s
t-test and chi-square test were used for continuous and categorical variables respectively.

Results

Enrolled patients (n=47) are described in Table 1. Among patients diagnosed with CHS, average age was 34 + 11 years;
27 patients (57%) were male. Thirty-three (70%) of CHS patients reported daily cannabis use, with the remaining
patients reporting weekly cannabis use. Twenty-three (49%) of CHS patients reported cannabis use in the last 24 hours.
An additional 10 patients (21%) reported use in the last 48 hours. CHS patients reported 8.8 & 8.5 joints smoked per week
and the average age at initiation of cannabis use was 18.7 + 8.9 years (range 9-51). One-third of CHS patients reported
initiation of cannabis use before age 16.

Nausea and vomiting and abdominal pain improved rapidly after droperidol plus diphenhydramine administration.
See Table 2. For nausea and vomiting, baseline VAS was 8.3 2.0 and 30 minute VAS was 3.1 + 3.2, dropping 63%
(t=11.536, p < 0.001). Mean VAS for abdominal pain at ED presentation was 7.8 + 2.4, declining 54% to 3.6 + 2.9 at
30 minutes (t=11.147, p < 0.001). Sustained decreased nausea and vomiting and abdominal pain symptoms were recorded
on VAS at 60 minutes, reaching nadir at 120 minutes.

On telephonic follow-up at 24 and 48 hours, VAS for both nausea and vomiting and abdominal pain remained
significantly below baseline VAS in the ED. While some rebound occurred at 24 hours post ED discharge on both nausea

Table | Patient Characteristics

Characteristics, Mean (SD) | Droperidol (n=47)

Age, y 34 (11

Sex, men, No. (%) 27 (57.4)

Cannabis Use, Daily, No. (%) 33 (70.2)

Cannabis Use, Weekly, No. (%) | 14 (29.8)

Most recent use, days 33 (4.3)
Joints per week, joints 8.8 (8.5)
Age at first use, y 18.7 (8.9)

Table 2 Visual Analog Scale for Patients Administered

Droperidol

Nausea and Vomiting | Abdominal Pain
cm n cm n

Baseline 8320 46 78124 47

30 minutes | 3.1 £3.2 44 36+29 46

60 minutes 1.9 +26 43 23+29 44

120 minutes | 1.4 24 42 1.7 £29 42

24 hours 3.1 £29 13 3.1 £3.0 13

48 hours 1.1 £18 8 1.5+23 8
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and vomiting and abdominal pain VAS, patient evaluation of symptoms was similar to those observed at 30 minutes in
the ED and further declined at 48 hours. At 24 hours, 33 patients (70%) were lost to follow-up and 39 patients (83%)
were lost to follow-up at 48 hours.

Six patients receiving droperidol plus diphenhydramine (12.8%) returned to the ED within 7 days.

Discussion

This multicenter, prospective interventional study demonstrates effectiveness of intravenous droperidol plus diphenhy-
dramine in controlling symptoms associated with CHS, including nausea, vomiting and abdominal pain. Similar to
Ruberto et al, the average improvement in all measured variables exceeded the pre-specified minimal clinically
significant difference of 20 mm, representing a meaningful improvement in symptoms.™'® In our study, 6/47 (12.8%)
returned to the ED within 7 days compared to 4/13 (30.8%) in Ruberto et al’. Subjects in both studies were required to
remain in the ED for 120 minutes per study parameters. Some patients clinically improved by 30 minutes and may have
been considered for discharge prior to 120 minutes.

While this study did have a low number of participants, clinically and statistically significant improvements with
droperidol plus diphenhydramine suggest its utility for CHS treatment.

While the underlying cause of CHS is uncertain, growing evidence suggests the effectiveness of dopamine antagonists like
droperidol and haloperidol for the emergency treatment of CHS.!” Furthermore, genomics of the CHS affecting two dopamine
genes explain the relationship of antagonists to clinical improvement.'® Cannabis has well-known antiemetic properties, but
paradoxically chronic use may lead to CHS.'® Endogenous cannabinoids bind to the G protein-coupled cannabinoid receptors
Cannabinoid receptor one (CB1) and Cannabinoid receptor two (CB2).'® The CBI receptors located in the central nervous
system and nerves throughout the gastrointestinal tract can modulate certain gut functions like motility and secretion.'® It is
believed antiemetic properties of cannabinoids are mediated through CBI1 activation in the hypothalamus and pro-emetic
properties from CB1 activation in the gastrointestinal tract. Activating CB1 receptors by endogenous cannabinoids suppress
activation of hypothalamic-pituitary axis (HPA) and sympathetic nervous system in stress.'

The active compound in cannabis, A-9-tetrahydrocannabinol (THC) binds CB1 and CB2 receptors. Chronic THC
exposure leads to accumulation in adipose cells and prolonged supranormal levels of THC desensitize and downregulate
CBI receptors, thus increasing the stress response may induce CHS."

Cannabidiol is a cannabinoid molecule in cannabis that has anti-emetic properties at low doses but is pro-emetic at
higher doses.'® Like THC, accumulation of cannabidiol in chronic cannabis users may play a role in CHS."?

Dopamine receptors (D2 and D3) in the medulla are involved in the pathophysiology of emesis.>® Antagonists of
dopamine receptors are often used as antiemetics.'” Droperidol is a butyrophenone, which mainly works through D2
antagonism. It also has histamine and serotonin antagonistic properties, alpha-2-agonist, gamma-aminobutyric acid
(GABA) agonist (at low dose) and antagonist (at high dose), anticholinesterase agent, muscarinic and nicotinic
antagonist, and blocks sodium channels.?*'

Histamine activates neurons in the medulla that are implicated in nausea, emesis, and motion sickness. Serotonin also
plays a major role in regulation of emesis."’

Droperidol plus diphenhydramine has demonstrated effectiveness for the treatment of refractory hyperemesis
gravidarum.'® Histamine receptors (H1 and H2) are located in the central nervous system (CNS) in multiple sites
including the postrema and vomiting center in the vestibular nuclei.”? Diphenhydramine is an H1 receptor antagonist that
can block the effects of histamine in the CNS, and has anticholinergic properties, which can block muscarinic receptors at
the same sites, serving as an antiemetic, which is why this study cannot credit the antiemetic effect to droperidol alone.*

While the exact mechanism of CHS remains to be elucidated, the effects of THC and cannabidiol may play a role in
CHS development and the effects of droperidol on D2, serotonin, and histamine antagonism demonstrate why droperidol
leads to cessation of nausea and vomiting in CHS."?

Droperidol has demonstrated better effect than haloperidol in IM administration of agitated patients, which are
attributed to more rapid peak levels of droperidol versus haloperidol when given IM, where as intravenously, both are
rapidly absorbed.”®
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Data of post-surgical patients and incidence of vomiting demonstrate that haloperidol has a faster onset of action than
droperidol, but the antiemetic effect of droperidol lasts longer.24 Of the 65 patients in this study, haloperidol performed
much better in the first hour, but by hour 3 and between 4 and 24 hours, droperidol was about twice as effective as
haloperidol at decreasing the incidence of vomiting.?*

Vomiting is a complicated reflex mediated by the vomiting center and influenced by the chemoreceptor trigger zones
in the medulla.* Butryophenones, like droperidol and haloperidol, are thought to elicit their effects of vomiting by
blocking chemoreceptor zone excitation and inhibiting excitation of the vomiting center directly.?’>*

Data indicate that antiemetic activity of butyrophenones are due to unaltered butyrophenone molecule, metabolites
not being effective antiemetics, and are primarily dependent on blockade of dopamine receptors in the chemoreceptor
trigger zone.>* Suggesting that while unaltered haloperidol probably penetrates the chemoreceptor zone in the medulla
faster, droperidol is probably retained at the site longer or is more effective as an antiemetic than haloperidol.**

Limitations

This study was not blinded or placebo-controlled, leading to potential bias specific to effect. All eligible subjects who
consented were entered and treated with the experimental protocol. Subjects were recruited from a convenience sample
of patients who presented to the ED meeting the pre-specified definition of CHS. While the patients represent
a convenience sample, self-reported cannabis use, frequency of use, and age at initiation of cannabis use strongly
suggest a consecutive series of CHS patients were identified and suggest that findings would be generalizable to similar
patients. The subjects were aware they were in an experimental protocol and this could have biased their reported
response to the treatment in favor of the intervention. All cases were presumptive CHS. However, CHS can only be
distinguished from cyclic vomiting syndrome (CVS) if symptoms resolve after cannabis abstinence.”* With CHS,
symptoms would resolve with cannabis abstinence, whereas with CVS they would not and this was not assessed in
our study.”® In assessing return to ED within 7 days, patients may have sought care at a different site, not affiliated with
the study, skewing the results for return to ED within 7 days. High dropout rates are common in studies involving
cannabis users.”> 2’ While our study also had a high dropout rate, exactly why this occurs in cannabis-related studies
requires further research.”” Both droperidol and diphenhydramine are antiemetic medications. Because diphenhydramine
is also an antiemetic, the effect of droperidol cannot be said to be autonomous of diphenhydramine. The population
studied was from four distinct emergency departments, but was in a relatively small geographic location, which could
threaten the external validity of these results. The number of individuals contacted for 24 and 48-hour follow-up was low
which could bias the results in favor of the intervention. The limitation related to relatively low response to telephone
follow-up is likely to be recurrent in any cohort of frequent cannabis users.

Conclusions

In summary, droperidol plus diphenhydramine is a safe and effective medication in the treatment of CHS. This
combination effectively decreases nausea, vomiting, and abdominal pain and is associated with decreased return to ED
within one week. Further study in the form of a prospective, randomized, blinded trial of droperidol + diphenhy-

dramine versus haloperidol or other agents should be performed to elucidate which are the most effective agents
for CHS.

Data Sharing Statement
The entire de-identified dataset, data dictionary and analytic code for this investigation are available upon request, from
the date of article publication by contacting Quincy Chopra, MD at quincychopra@gmail.com

Ethics and Consent Statements

The study was approved by the Mercy Health Youngstown regional institutional review board and registered at
ClinicalTrials.gov (NCT05244460). All patient data was kept confidential and the study was in compliance with the
Declaration of Helsinki. All participants were informed about the purpose of this trial prior to enrollment.
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