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Abstract

Objectives—Case reports have described a syndrome of cyclic vomiting associated with chronic
marijuana use, termed cannabinoid hyperemesis syndrome. The primary objective was to
determine the prevalence of patients presenting with cyclic vomiting before and after the
liberalization of medical marijuana in Colorado in 2009. The secondary objective was to describe
the odds of marijuana use among cyclic vomiting visits in these same time periods.

Methods—This was a cross-sectional study of cyclic vomiting visits to the emergency
department (ED) before and after marijuana liberalization. ED visits with International
Classification of Diseases, ninth revision, coding for cyclic vomiting or that met diagnostic criteria
for cyclic vomiting by the Rome 111 criteria were included.

Results—The authors reviewed 2,574 visits and identified 36 patients diagnosed with cyclic
vomiting over 128 visits. The prevalence of cyclic vomiting visits increased from 41 per 113,262
ED visits to 87 per 125,095 ED visits after marijuana liberalization, corresponding to a prevalence
ratio of 1.92 (95% confidence interval [CI] = 1.33 to 2.79). Patients with cyclic vomiting in the
postliberalization period were more likely to have marijuana use documented than patients in the
preliberalization period (odds ratio = 3.59, 95% CI = 1.44 to 9.00).

Conclusions—The prevalence of cyclic vomiting presentations nearly doubled after the
liberalization of medical marijuana. Patients presenting with cyclic vomiting in the
postliberalization period were more likely to endorse marijuana use, although it is unclear whether
this was secondary to increased marijuana use, more accurate marijuana reporting, or both.

In November 2000, Colorado amended its constitution to allow for the use of medical
marijuana in patients with debilitating medical conditions. However, few patients used
medical marijuana until October 2009, when the U.S. Attorney General ceased its
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prosecution of marijuana users and suppliers nationwide,! effectively liberalizing its use and
sale in Colorado. As a result, the number of medical marijuana licenses in the state rose
from 5,051 in January 2009 to 118,895 in January 2011 (unpublished data, Colorado
Department of Public Health and Environment, January 2014). This sudden increase in
marijuana availability represents an opportunity to study the adverse effects of cannabis use
among patients in our emergency departments (ED).

Marijuana is the most commonly used illicit substance in the United States, with 18.9
million users in 2012.2 Unfortunately, there is little information on the deleterious effects of
chronic use and its implications for public health. Recently, a number of case reports have
suggested a novel syndrome of cyclic vomiting associated with repeated marijuana use,
termed cannabinoid hyperemesis syndrome (CHS). These reports describe patients with
habitual marijuana use presenting with cyclic vomiting, abdominal pain, compulsive
showering, and improvement of symptoms with cessation of cannabis.3~12 While these
reports have generated interest in this phenomenon, there have been no epidemiologic
studies associating marijuana use with CHS. This deficit is likely multifactorial due to the
lack of formal diagnostic criteria for CHS, the relatively low prevalence of this syndrome,
and the social stigma regarding marijuana use that discourages self-reporting.

The recent liberalization of medical marijuana serves as an opportune natural experiment to
study CHS. If CHS exists, one would expect an association between increased marijuana
availability and an increase in the number of ED visits for cyclic vomiting. The primary
objective of this study was to describe the prevalence of cyclic vomiting visits before and
after the liberalization of medical marijuana in Colorado. The secondary objective of this
study was to determine the odds of patient-reported marijuana use among cyclic vomiting
visits for the same time periods.

METHODS
Study Design

This was a retrospective cross-sectional study of cyclic vomiting visits. The study was
approved by the local institutional review board and informed consent was waived.

Study Setting and Population

The visits occurred at two urban academic EDs with a combined annual volume of
approximately 120,000 visits. Medical records at Denver Health (Denver, CO; DH) are
hand-written and scanned into an electronic system where they can be reviewed; medical
records at the University of Colorado Hospital (Aurora, CO; UCH) are entered and reviewed
electronically (EPIC 2010; Epic Systems, Verona, WI).

The study periods were selected to bookend the date of medical marijuana liberalization in
Colorado: October 19, 2009.1 The preliberalization period was November 1, 2008, to
October 31, 2009, and the postliberalization period was June 1, 2010, to May 31, 2011. A
gap between the policy change and the post-liberalization period was incorporated to
account for the expected time required to open new dispensaries and for patients to acquire
medical marijuana prescriptions.
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Eligible ED visits at each hospital were retrieved via computer algorithm, searching for
International Classification of Diseases, ninth revision (ICD-9), codes of “cyclical vomiting”
(ICD-9 536.2) or “nausea and vomiting” (ICD-9 787.0, 787.01) in either the primary or the
secondary diagnosis. ED visits with ICD-9 coding for nausea and vomiting were included
for analysis only if the patient satisfied the Rome 11 diagnostic criteria for cyclic vomiting
syndrome: three or more visits for nausea and vomiting within the past year,12 in addition to
lack of an obvious anatomic explanation for illness. ED visits with ICD-9 coding for cyclic
vomiting were included for analysis regardless of the number of total visits.

Patient visits for nausea and vomiting were initially excluded if there was only a single visit
for nausea and vomiting at a single hospital in the time period of interest, as it would be
mathematically impossible to satisfy the Rome 111 criteria of three visits at both hospitals
combined. Each remaining patient with at least two visits for nausea and vomiting at either
hospital was then manually queried in the other hospital’s records for ED visits in the same
time period, and patients with fewer than three total visits for nausea and vomiting were
subsequently excluded.

Additionally, we excluded patients who were pregnant, to exclude hyperemesis gravidarum,
and patients under the age of 18 years old. Finally, visits were excluded if the ED record
reflected an obvious pathophysiologic etiology for nausea and vomiting (e.g., cancer
undergoing chemotherapy, bowel obstruction, uremia in emergent dialysis dependents).
Visit diagnoses of “gastroenteritis” were excluded only if there was documentation of
nausea and vomiting and diarrhea with either subjective or objective complaint of fever.
Visit diagnoses of “gastroparesis” were excluded only if there was a positive gastric
emptying study at any time in the patient’s medical record (see Figure 1 for a summary of
inclusion and exclusion criteria).

Study Protocol

Documentation from each ED visit was reviewed, including the initial three defining visits
for cyclic vomiting. The following clinical and demographic variables were abstracted:
patient sex, age, race, insurance status, having a primary care physician, marijuana use,
compulsive hot showering, ED medications received, serum bicarbonate, length of stay
(LOS), and final disposition. All notes from each visit were reviewed, including the triage,
nursing, resident physician, and attending physician notes. Insurance status was coded as
federal (Medicare or Medicaid), indigent assistance (state indigent discount program),
private insurance, or self-pay. The administration of intravenous fluids, ondansetron,
metoclopramide, prochlorperazine, promethazine, droperidol or haloperidol, and lorazepam
were abstracted as binary variables. Serum bicarbonate was captured as a surrogate for
severity of nausea and vomiting.

A positive history of marijuana use was considered any report of marijuana use in the ED
chart or if there was a positive urine drug screen during the ED visit. The patient was
considered a nonmarijuana user if there was no record of use in the ED chart. Compulsive
hot showering was considered positive if documented in the ED note; if there was no
mention of showering in the note, this was considered negative. Primary data abstraction
was performed by the study authors using a standardized data collection sheet. Abstracters
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were not formally blinded to the study period (i.e., before/after liberalization) due to the
requirements of thorough chart review. Sixteen percent of charts were double-abstracted and
inter-rater reliability was measured using Cohen’s kappa; we selected the first 4% of visits
in four separate groups to total 16% to calculate inter-rater reliability: preliberalization DH,
preliberalization UCH, postliberalization DH, and postliberalization UCH. In cases of
disagreement, the ED chart was reviewed by the lead author and reconciled.

The primary outcome of interest was a comparison of the prevalence of cyclic vomiting
visits in the post- and preliberalization periods. The secondary outcome was the prevalence
of positive marijuana use among cyclic vomiting visits in the post- and preliberalization
periods. Finally, we conducted a hypothesis-generating exploratory analysis of the adjusted
odds of admission and treatments associated with marijuana use for all cyclic vomiting visits
in the study.

Data Analysis

All analyses were performed using JMP 10 (SAS, Inc.). For the primary outcome, we
calculated the prevalence of cyclic vomiting visits in both periods and determined the
prevalence ratio of visits in the postliberalization period compared to the preliberalization
period. For the secondary outcome, we calculated the crude odds ratio (OR) for positive
marijuana use among cyclic vomiting visits in the postliberalization period compared to the
preliberalization period. Finally, in the exploratory analysis we applied a direct nominal
logistic regression to the study cohort to predict hospital admission and calculated ORs for
the following covariates, determined a priori: age, sex, and ED medications received
(ondansetron, metoclopramide, prochlorperazine, promethazine, droperidol/haloperidol, and
lorazepam). We then used a similar multivariate model to explore if there were any
differences in treatment given to patients with positive and negative marijuana use.
Covariates were assessed for colinearity using the inverse of the correlation matrix, and this
was not found to be an issue. All p-values were two-sided with a threshold of p < 0.05 for
statistical significance.

RESULTS

At both institutions combined there were a total of 113,262 ED visits in the preliberalization
period and 125,095 visits in the postliberalization period. A total of 2,574 visits (63% from
UCH) included ICD-9 codes for “cyclic vomiting” or “nausea and vomiting” and were
reviewed. Thirty-six patients met the criteria for cyclic vomiting over 128 unique visits; 10
visits were included based on a primary diagnosis of cyclic vomiting, and 118 visits for
nausea and vomiting were included after they satisfied the Rome |11 criteria for cyclic
vomiting. The demographic characteristics of the study population are listed in Table 1. The
kappa values for all variables were 0.77 (95% confidence interval [CI1] = 0.47 to 1.00) and
0.89 (95% CI = 0.68 to 1.00) at DH and UCH, respectively. The kappa value for marijuana
use only was 1.00 (95% CI = 1.00 to 1.00) at both hospitals.
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Primary Outcome

In the pre- and postliberalization periods, there were 41 versus 87 visits for cyclic vomiting,
respectively (Figure 1). Thus, the prevalence for cyclic vomiting visits increased from 41 per
113,262 ED visits to 87 per 125,095 ED visits after liberalization, corresponding to a
prevalence ratio of 1.92 (95% CI = 1.33 t0 2.79).

Secondary Outcome

In the pre- and postliberalization periods, there were seven versus 37 cyclic vomiting visits
with positive marijuana use, respectively. Visits were more likely to have marijuana use
documented in the postliberalization period compared to the preliberalization period (crude
OR =3.59, 95% CI = 1.44 to 9.00). Individual patient endorsement of marijuana use was
highly consistent between visits; only two of the 36 patients who endorsed marijuana use on
one visit had other visits with negative use. Both of these patients were in the
postliberalization period, resulting in two of seven total visits in these patients who were
positive for marijuana use.

Exploratory Analysis

ED visits during which patients received promethazine therapy were significantly more
likely to result in hospital admission (adjusted OR = 5.06, 95% CI = 2.01 to 13.63, p =
0.0008). Of the 35 total visits resulting in hospitalization, 24 visits received promethazine
therapy (four visits as monotherapy, 15 as one of two antiemetic medications, and five as
one of three antiemetic medications). Documentation of marijuana use was not associated
with admission (crude OR = 1.66, 95% CI = 0.74 to 3.69). There were no differences in the
treatments given to marijuana users and nonusers, and median LOS did not differ between
these two groups. No patients had documentation of compulsive hot bathing or showering in
the ED record.

DISCUSSION

The prevalence of cyclic vomiting presentations to our EDs nearly doubled after marijuana
liberalization. Additionally, patients presenting with cyclic vomiting after marijuana
liberalization were more likely to have marijuana use documented in the ED record,
although it is unclear whether this effect was secondary to increased use, more accurate self-
reporting, or both. The most parsimonious explanation of this increased prevalence in an
area with no other major socioeconomic or environmental changes is that increased
marijuana use contributed to an increased rate of cyclic vomiting presentations. It should be
noted, however, that despite a high rate of marijuana use in our community, the absolute
prevalence of cyclic vomiting remained low, underscoring that CHS is a relatively
uncommon condition.

As the number of new and chronic marijuana users grows annually, it is important to
measure its effect on public health.2 While marijuana-associated pulmonary disease may
take years to manifest, if associated with marijuana at all, the rate of cyclic vomiting seems
to have increased acutely. Paradoxically, the association of marijuana use with cyclic
vomiting contrasts its well-touted antiemetic properties. This effect may be in part
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modulated by the concentration of cannabidiol, a cannabinoid molecule in marijuana, rather
than the more psychoactive delta-9-tetrahydrocannabinol (THC). In animal models,
cannabidiol is antiemetic in low doses but has a proemetic effect in higher doses.14

We found that only one patient was seen in both the pre- and the postliberalization periods.
This low rate of recidivism is likely due to the limited prevalence of CHS in the
preliberalization period as well as the strict inclusion criteria of at least three visits, which
would exclude a single or repeat visit for nausea and vomiting in the postliberalization
period. Alternatively, the low rate of recidivism may indicate that the pathophysiology of
CHS is similar to that of cyclic vomiting syndrome, which is defined by an absence of
nausea and vomiting between episodes.13

We did not find documentation of the typical behavioral features of CHS described in case
reports, such as compulsive hot bathing or showering.3-> This may be due to the
retrospective study design leading to lack of clinical detail in ED documentation.
Furthermore, case reports of this syndrome only began surfacing in 2004, with more popular
dissemination in the EM literature in 2011,315 predating our study period. The associated
compulsive showering habits were likely not realized by physicians during the study period.
Alternatively, these symptoms may not be present in all patients with CHS.

Patients who presented with cyclic vomiting in the study periods were predominantly female
(71%) and white (72%). It is unclear whether these numbers indicate that this specific
phenotype is at increased risk for cannabinoid hyperemesis, although it should be noted that
a recent characterization of our ED population in metropolitan Denver showed that 57% of
all ED patients were female, and 49% were white.16

In our exploratory analysis, we found that the use of promethazine for symptomatic relief
was associated with an increased risk of admission. Although the magnitude of this
increased risk was sizeable, we hesitate to apply this to clinical practice before
understanding the pathophysiology of this effect. It is more likely that promethazine was
associated with increased odds of admission due to its use as a second- or third-line
antiemetic therapy in our ED settings.

To date, the literature on CHS has been limited to case reports, and thus our study represents
a critical and novel contribution to the understanding of this syndrome. This study does not
demonstrate causation or definitive quantification of the exposure, but instead represents a
preliminary association and should serve as the foundation for future prospective studies on
the association between marijuana use and cyclic vomiting, the eventual establishment of
formal diagnostic criteria for CHS, and study of various interventions for symptomatic
treatment. Foremost among these interventions should be counseling of patients toward
marijuana cessation.

LIMITATIONS

The internal validity of this study is limited by potential biases in identifying cases of cyclic
vomiting. Our results may have underestimated the prevalence of cyclic vomiting in either
study period by imposing restrictive inclusion criteria based on the Rome Il criteria;
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patients may have been excluded if they visited our EDs only twice but other community
EDs other times. However, there is no reason why this bias would preferentially affect one
time period over the other, and this bias is likely to exist in any study of CHS. It is also
possible that the unblinded nature of chart review may have biased the exclusion of some
nausea/vomiting visits with an “obvious pathophysiologic etiology.” We sought to minimize
the risk of subjective interpretation of this exclusion criterion by establishing rigid
definitions of gastroenteritis and gastroparesis. Although we intended to establish an a priori
list of organic exclusion criteria, this proved to be impractical due to the emergence of
unanticipated but obvious pathophysiologic diagnoses, such as stage IV gastric carcinoma
undergoing weekly chemotherapy. Nevertheless, it is possible that unblinded review may
have biased the recognition of potential cases of cyclic vomiting, which speaks to the
difficulty of studying a syndrome without formal diagnostic criteria or ICD coding.

Conversely, our results may have overestimated the prevalence of cyclic vomiting in either
period by including any visit with a diagnosis of cyclic vomiting by ICD-9 coding. Although
it is possible that the prevalence of cyclic vomiting in the postliberalization period may
reflect increasing awareness of CHS among ED providers over time, we feel that this is less
likely given that the first known ED literature on this syndrome post-dates the conclusion of
our study period.315 Although there were several case reports of CHS in non-ED literature
prior t08:911 and during” the preliberalization period, these reports prominently feature
compulsive hot bathing as a key aspect of this syndrome. Given that none of the 128 visits
included in this study included a mention of “cannabinoid hyperemesis syndrome” or
compulsive bathing, it is unlikely that ED physicians were aware of these reports. Finally,
the number of visits that met inclusion criteria by a primary diagnosis of cyclic vomiting
was quite small (see Figure 1), and the adjusted numbers for visits included by Rome Il
criteria remain impressive: 78 versus 40 in the post- and preliberalization periods,
respectively. However, it remains a possibility that increasing awareness of CHS over the
study period resulted in an increased frequency of primary cyclic vomiting diagnoses.

The study’s secondary outcome is limited by reliance on patient self-report of marijuana use,
which may be inaccurate in the preliberalization period due to fear of judgment or failure of
providers to inquire among other social pressures. Although we found that patients in the
postliberalization period were more likely to endorse marijuana use, it is unclear whether
marijuana use increased, whether these patients were more willing to report their use, or
whether providers were more likely to inquire about and document use. However, the
marked increase of marijuana availability during this time makes it likely that there was a
true increase in exposure.

This study’s external validity is limited by the high marijuana availability in our region. This
may result in more use due to greater availability of marijuana overall, and of cannabis
products with higher THC concentrations, leading to higher rates of cyclic vomiting. This
may limit the broader applicability of our results, but it is what makes our patient population
a unique opportunity for study of this syndrome. The liberalization of medical marijuana in
Colorado in 2009 resulted in a dramatic rise in permits and dispensaries over a short period
of time, which represents a natural experiment that is impossible to engineer.
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CONCLUSIONS

In
ne
ac

this retrospective study, we observed that the prevalence of cyclic vomiting presentations
arly doubled after the liberalization of medical marijuana in Colorado. This increase was
companied by an increase of self-report of marijuana usage and serves as a crucial first

step in establishing a formal diagnosis of cannabinoid hyperemesis syndrome.
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50 Visits 83 Visits
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1,337 Visits

1,328 Primary Dx of N/V
9 Primary Dx of CV

—

——

229 Visits abstracted

87 Visits
78 Primary Dx of N/V
9 Primary Dx of CV
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Figure 1.
Flow chart. *Seven visits from each of the pre- and postliberalization periods were excluded

due to a positive gastric emptying study. CV = cyclic vomiting; Dx = diagnosis; N/V =
nausea/vomiting.
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Table 1

Baseline Characteristics of Study Population, by Visits

Characteristic Total (N=128) Preliberalization (n=41) Postliberalization (n = 87)
ICD-9 CV (%)” 27 (21) 7(17) 20 (22)
Visits per patient, median (range) 3(1-9) 3(1-9) 3(1-9)
Age, mean (+SD) 31.4 (+8.0) 31.0 (+8.0) 31.6 (+8.1)
Female, n (%) 91 (71) 26 (63) 65 (75)
Race, n (%)

Black 36 (28) 16 (39) 20 (23)

White™ 92 (72) 25 (61) 67 (77)
Insurance

Self-pay 31 (24) 6 (14) 25 (29)

Private 15 (12) 4(10) 11 (13)

Medicare/Medicaid 72 (56) 24 (59) 48 (55)

Indigent assistance 10 (8) 7(17) 3(3)
No PCP, n (%) 37 (29) 16 (39) 21 (24)
Bicarbonate (mmol/L), mean (+SD) 21.6 (+4.0) 21.2 (+4.3) 21.8 (+3.8)
Marijuana use, n (%) 44 (34) 7(17) 37 (43)

*
Includes both primary and secondary discharge diagnoses of CV, as designated by the treating emergency physician.

Page 10

TBoth Hispanic and non-Hispanic patients were merged into the “white” variable, as one hospital (Denver Health) did not differentiate between

these two ethnicities.

CV = cyclic vomiting; ICD-9 = International Classification of Disease, ninth revision; PCP = primary care physician.
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