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ABSTRACT

Background: Data are limited on the natural history and symptom patterns of cyclic vomiting syndrome (CVS), a disorder of
gut-brain interaction characterized by recurrent stereotypical vomiting, retching, and nausea episodes.

Methods: A 6-month, observational, remote study prospectively assessed symptom patterns in adults with CVS using an elec-
tronic daily diary. Patients recorded their disease experience, including CVS symptoms and associated severity, in the daily
diary. The study defined a CVS episode start as the first day of 5 or more vomiting and/or retching (V +R) events. Episode end
was defined as the first day of > 7 (prespecified main analysis) or >4 (sensitivity analysis) days without any diary V +R events.
Key Results: Eighty-eight of 93 (94.6%) enrolled patients (62 female; mean age, 37.7years) had daily diary data recorded during
the study; 61 (69.3%) patients had at least one episode. In the prespecified main analysis, 191 episodes (median, 0.6 per 30 diary
days) were reported (median duration, 3.0days); 17.8% of the episodes lasted > 10days. In the sensitivity analysis, 248 episodes
(median, 0.7 per 30 diary days) were reported (median duration, 2.0days). Thirteen of 88 (14.8%) patients with diary data had in-
terepisodic V + R (reported V + R events without meeting the threshold for study-defined episode). Other CVS-related (non-V +R)
symptoms (most frequently nausea, abdominal pain, and sweating) were reported more frequently during the episode versus the
interepisodic period.

Conclusions and Inferences: This prospective longitudinal study shows marked heterogeneity of CVS episodes and highlights
the need to better define and characterize episodes in these patients.
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Summary

« In this prospective longitudinal study, which collected
patient-reported data on cyclic vomiting syndrome
(CVS) symptom patterns daily, CVS episode number
varied depending on definitions used; 17.8% of epi-
sodes lasted > 10days, exceeding the episode duration
defined in the Rome IV and ICHD guidelines.

Although interepisodic vomiting and retching are not
consistently recognized in the current clinical guide-
lines, vomiting, and retching outside study-defined
episodes were reported in 14.8% of patients from this
study.

These results highlight the need for evidence-based
episode definitions for diagnostic criteria for CVS to
aid future CVS research.

1 | Introduction

Cyclic vomiting syndrome (CVS) is a disorder of gut-brain in-
teraction manifesting as episodes of severe vomiting and intense
nausea, interspersed with periods with no or mild symptoms
[1-3]. Reported prevalence is 2% in US adults [4].

CVS has four phases: prodromal/pre-emetic, emetic, recovery,
and interepisodic, and is associated with substantially dimin-
ished health-related quality of life (HRQoL), increased health
care resource utilization (HCRU), and loss of productivity
[1, 4-6].

No medications are currently approved to treat CVS, but
off-label use of neuromodulators, anti-migraine drugs, anti-
epileptics, and anti-emetics as prophylaxis and abortive thera-
pies is reported [7]. Additionally, patients with CVS frequently
report cannabis use to alleviate nausea and vomiting [8].
Without treatment, patients may develop increased episode
frequency or duration or progress to coalescent CVS, during
which episodes last for weeks with almost daily symptoms [6].

CVS symptom patterns, including episode duration and time
between episodes, are essential for timely CVS diagnosis and
characterization. A dearth of prospective data on CVS symp-
tom patterns led to current clinical diagnostic criteria being
consensus-driven rather than evidence-driven [2, 7, 9, 10].
Consensus-based definitions of episode duration vary between
guidelines (<7days in the 2016 Rome IV guidelines [9] and
<10days in the 2016 International Classification of Headache
Disorders [ICHD] guidelines [10]). The Rome IV and ICHD
guideline diagnostic criterion of >1week between episodes is
also consensus-based and requires further supporting evidence
[9, 10].

We conducted a longitudinal study assessing symptom patterns
of CVS, with prospective patient-level data collected daily for
6months. The goals were to identify meaningful clinical out-
comes in CVS and to assess gaps between current clinical defi-
nitions and real-world disease experience.

2 | Methods
2.1 | Study Population

Patients were sampled from the clinical database of the Medical
College of Wisconsin (a tertiary CVS referral center) stored in
Research Electronic Database Capture (REDCap); this data-
base includes patients from 49 US states, ensuring geographi-
cal diversity. Patients aged > 18 years were eligible if they met
the Rome IV criteria for CVS (two or more vomiting episodes
in the previous 6 months, each occurring >1week apart and
persisting for <1week; stereotypical clinical pattern; no ab-
normal test results accounting for vomiting) [9], as diagnosed
by the principal investigator. Episode frequency had to be sta-
ble for 6 months before enrollment. Patients were excluded if
they had changes to CVS prophylaxis in the 3-month period
before the screening visit or a history of alcohol or drug abuse
(defined as any illicit drug use, excluding cannabis) within
6 months before the screening visit. CVS prophylaxis, abortive
medications, and cannabis use were allowed and documented
in the study.

The study aimed to enroll 50-100 patients with CVS; this num-
ber was selected to provide an adequate number of patients with
two or more CVS episodes over the 6-month study rather than
for statistical considerations.

2.2 | Study Design and Assessments

This prospective, observational cohort study assessing the
symptom patterns of US adults with CVS was conducted be-
tween February 15, 2021, and March 7, 2022. No new treat-
ments were initiated as part of this study. Screening and
end-of-study visits could be completed at the study site or
remotely. Patients were mailed the iPhone devices used for
study monitoring upon enrollment and remotely self-reported
all daily diary assessments during the study through the study
iPhone devices, with no site visits required. Each patient was
followed for <6months until the last planned visit/inter-
action, discontinuation from the study, or loss to follow-up,
whichever occurred first.

In this study, a remote design (enabling some or all study ac-
tivities to occur at participants’' homes, outside the study site)
was utilized to mitigate the research challenges of CVS (highly
episodic disease; most events happen at home; patients may be
unable to attend study appointments during the emetic phase),
minimize burden to patients’ lives (no site visits required), and
allow collection of continuous longitudinal data on patients'
real-world disease experience.

The study was conducted at the Medical College of Wisconsin
in accordance with the ethical principles derived from the
Declaration of Helsinki and enrolled patients with CVS, either re-
siding locally or referred from other US regions. Ethics approval
was provided by the Medical College of Wisconsin Institutional
Review Board (approval number IRB00006380). Informed con-
sent was obtained from all patients enrolled in this study.
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2.3 | Study Assessments
2.3.1 | Baseline Assessments

Demographic information was collected at the screening visit.
Medical history was obtained by patient self-report to determine
conditions or diseases relevant to CVS. At the screening visit,
patients were asked to report all CVS-related symptoms ever ex-
perienced from the list of vomiting, retching, nausea, abdominal
pain, headache, light sensitivity, sound/noise sensitivity, diarrhea,
sweating, and hot or cold flashes; patients could also report other
CVS-related symptoms ever experienced as a free-text entry.

2.3.2 | Disease Status and Changes in
CVS-Related Symptoms

During the study, the data were collected remotely via the iPhone
devices (provided at the study start and returned at the study
end); training on the use of study devices was provided at the
screening visit. The daily time window for data entry remained
constant and was based on patients’ preferences recorded during
the screening visit. Each day, patients were prompted to report if
they had experienced any CVS-related symptoms (individualized
to CVS-related symptom history reported during the screening
visit) during the previous 24 h; no further questions were asked for
that day if the patient reported “No” to the first question. Patients
who answered “Yes” were provided with the list of symptoms they
reported having ever experienced at the screening visit and asked
to specify which symptoms they experienced that day, symptom
event severity (for CVS-related symptoms other than vomiting,
retching, and diarrhea, measured on a 5-point Likert scale from 0
[none] to 4 [very severe]), quantity (e.g., number of vomiting and/
or retching [V +R] events if the patient reported V + R, or number
of bowel movements if the patient reported experiencing diarrhea
or increased bowel movements), and/or duration (e.g., minutes
quantifying how long the patient was vomiting/retching), as ap-
plicable. Vomiting and retching were both considered in the study
definition of a CVS episode because the emetic drive often persists
after the stomach is completely empty during an episode, present-
ing as retching instead of vomiting [7].

The classification of days with diaries entry during the study is
provided in Table 1. Days without diary entry during the study
period were defined as missing diary days. Any days during
which the patient reported any CVS-related symptoms (includ-
ing, but not limited to, V4+R) were recorded as “CVS-related
symptom days.” A threshold of at least 5 reported V+R events
in a day was established to define a “CVS day,” while “non-CVS
days” were defined as those with 0 to 4 V+R events; all CVS

TABLE1 | Classification of days with diary entry during the study.

days were also CVS-related symptom days, while non-CVS days
could be either CVS-related symptom days or days without any
CVS-related symptoms. This threshold was based on clinical
experience, aiming to differentiate the CVS emetic phase from
less intense emetic gastrointestinal conditions (e.g., gastropare-
sis, gastroesophageal reflux). During the data analysis, episode
start was defined as the first CVS day. In the prespecified main
analysis, episode end was defined as the first day in a series of >7
consecutive days without V+R events, per the Rome IV criteria;
missing days were not counted. To investigate whether some pa-
tients had clinical presentations with episodes occurring more
closely than the 7days, a sensitivity analysis in which episode
end was defined as the first day in a series of >4 consecutive days
without V+ R events was performed. Episode characteristics, in-
cluding episode number and duration, were based on all patients
meeting the threshold for at least one episode.

Patients were also asked to record their HRQoL using the Patient-
Reported Outcomes Measurement Information System 29-item
Health Profile (PROMIS-29) questionnaire administered weekly
through the study iPhones (Data S1) [11]. Additionally, patients
were asked to report HCRU (e.g., urgent care/emergency room
[ER] visits or hospitalizations), interruptions to daily life (e.g.,
sick leave), and recent cannabis use (over the previous 24h) in
the daily diary.

2.3.3 | Statistical Analysis

Patient demographic and clinical characteristics, CVS-related
symptoms, HRQoL, disease burden (HCRU, interruptions to
daily life), and cannabis use profiles were summarized using
descriptive statistics. Outcome frequency was calculated by nor-
malizing the number of outcome events to the number of diary
days completed and reported as events per 30 diary days.

p values for comparison of CVS experience between male and
female patients were calculated using a ¢-test comparing group
means for continuous variables and a chi-square test for categor-
ical variables.

3 | Results
3.1 | Study Population

Ninety-three patients residing in 28 US states who were receiv-
ing their CVS care in a single tertiary CVS referral center at the
Medical College of Wisconsin were screened and enrolled; 88
patients recorded daily diary data during the study and were

Term

Definition

“CVS-related symptom day”

“CVS day”
“Non-CVS day”

Any day during which the patient reported any CVS-
related symptoms (including, but not limited to, V+R)

Any day with 5 or more V + R events per day
Any day with 0-4V 4R events per day

Abbreviations: CVS, cyclic vomiting syndrome; V+ R, vomiting and/or retching.
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Smoking (nicotine) status, n (%)

TABLE 2 | Baseline characteristics of patients in analytical cohort.
Characteristic Overall (N=88) Male (n=26) Female (n=62)
Age, years
Mean +SD 37.7£14.0 40.5+15.7 36.6+13.1
Median (IQR) 36.0 (27.0-49.0) 38.5(28.0-51.0) 33.5(26.0-44.0)
Race, n (%)
White 74 (84.1) 24(92.3) 50 (80.6)
Black/African American 10 (11.4) 2(7.7) 8(12.9)
Other 4(4.5) 0(0.0) 4(6.5)
Body mass index, kg/m?
Mean=+SD 28.1+9.1 27.3+£59 28.4+10.2
Median (IQR) 25.6 (22.0-31.3) 24.5(23.5-29.9) 26.0 (21.3-31.7)

Current 14 (15.9) 3(11.5) 11 (17.7)
Former (quit < 12 months ago) 1(1.1) 1(3.8) 0(0.0)
Former (quit> 12 months ago) 17 (19.3) 9 (34.6) 8(12.9)
Never 56 (63.6) 13 (50.0) 43 (69.4)
Cannabis use at baseline, n (%)
Any cannabis use 26 (29.5) 9(34.6) 17 (27.4)
Less than once a month 3(3.4) 1(3.8) 2(3.2)
Once a month 1(1.1) 0(0.0) 1(1.6)
A few times per month 7 (8.0) 2(7.7) 5(8.1)
A few times per week 8(9.1) 4(15.4) 4(6.5)
Once a day 5(5.7) 1(3.8) 4(6.5)
More than once per day 2(2.3) 1(3.8) 1(1.6)
Time since CVS diagnosis, years
Mean+SD 11.5+9.2 12.0+10.6 11.2+8.6
Median (IQR) 9.7 (4.8-16.0) 9.7 (4.7-16.9) 9.7 (5.0-15.8)
Range 0.5-50.1 1.6-50.1 0.5-40.8
Comorbidities occurring in more than one patient at screening, n (%)
Gastroesophageal reflux disease 43 (48.9) 13 (50.0) 30 (48.4)
Anxiety 39 (44.3) 11 (42.3) 28 (45.2)
Depression 26 (29.5) 6(23.1) 20 (32.3)
Migraine® 18 (20.5) 1(3.8) 17 (27.4)
Hypertension 15(17.0) 7 (26.9) 8(12.9)
Irritable bowel syndrome 13 (14.8) 2(7.7) 11 (17.7)
Hyperlipidemia 10 (11.4) 5(19.2) 5(8.1)
Asthma 7 (8.0) 3(11.5) 4(6.5)
Diabetes type 2 7 (8.0) 3(11.5) 4(6.5)
Diabetes type 1 4(4.5) 1(3.8) 3(4.8)
(Continues)
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TABLE 2 | (Continued)

Characteristic Overall (N=88) Male (n=26) Female (n=62)
Fibromyalgia 4(4.5) 2(7.7) 2(3.2)
Bipolar disorder 3(3.4) 1(3.8) 2(3.2)
Delayed gastric emptying 3(3.4) 0(0.0) 3(4.8)
Obstructive sleep apnea 3(3.4) 2(7.7) 1(1.6)
Posttraumatic stress disorder 3(3.4) 0(0.0) 3(4.8)
Attention deficit-hyperactivity 2(2.3) 1(3.8) 1(1.6)
disorder
Hypothyroidism 2(2.3) 0(0.0) 2(3.2)

Abbreviations: CVS, cyclic vomiting syndrome; IQR, interquartile range; SD, standard deviation.
Includes free-text report of Migraines, Migraines headache, Migraine headaches, Migraine headache, Migraine Headaches, Migraine, Chronic migraines.

included in the final analyses (Figure S1). Over the 6-month
study period, patients completed a median of 150.0days (inter-
quartile range [IQR], 91.5-169.5) of a possible 182days of diary
entry, and a median of 32.0days (IQR, 15.0-91.0) were missing
in 85 patients with missing diary days (three patients did not
miss any diary days). Overall, the patients completed a median of
82.4% (IQR, 50.3-93.1) of the possible days of diary entry.

The mean + standard deviation (SD) age of the analyzed patients
was 37.7 + 14.0years. Most were female (70.5%) and White (84.1%)
(Table 2). The median duration of living with CVS was 9.7years
(IQR, 4.8-16.0; range, 0.5-50.1). The most frequently reported
comorbidities at baseline were gastroesophageal reflux disease
(48.9%), anxiety (44.3%), and depression (29.5%). None of the pa-
tients were diagnosed with cannabinoid hyperemesis syndrome,
though 29.5% (26/88) reported any cannabis use at baseline.

Fifty-three of 92 patients with available prescription data (57.6%)
were receiving CVS prophylaxis (tricyclic antidepressants, 33;
topiramate, 12; coenzyme Q, 12; cyproheptadine, 1 [not mutu-
ally exclusive]), with monotherapy in 39, dual therapy in 13, and
triple therapy in one patient.

3.2 | CVS Symptoms

History of nausea and V+R was reported in all patients at
screening (Table 3); other most frequently reported CVS-related
symptoms at screening were history of sweating (93.2%), ab-
dominal pain (90.9%), and cold flashes/chills (78.4%).

During the study, nausea was reported in 96.6% of patients
(Table 3). V+R was reported in 86.4% of patients, with 77.3% re-
porting retching at least once during the study. Abdominal pain
(83.0%), sweating (77.3%), and headache (65.9%) were the most
frequently reported CVS-related symptoms during the study
other than nausea and vomiting and/or retching.

3.3 | CVS Episodes

During the study, 61 of 88 (69.3%) patients reported at least one
CVS day and were considered to have experienced a CVS epi-
sode (Table 4). In the prespecified main analysis, 191 episodes

(median, 0.6 per 30 diary days; IQR, 0.4-1.1; range, 0.2-3.2)
were reported (Table 4), with a median episode duration of
3.0days (IQR, 1.0-8.0; range, 1-83). Most episodes (133/191;
69.6%) lasted <7days, meeting the Rome IV criteria for episode
duration (Figure 1) [9]. Another 12.6% (24/191) lasted 7-10days.
The remaining 17.8% (34/191) lasted >10days, exceeding the
CVS episode duration in the Rome IV and ICHD guidelines
[9, 10]. Overall, nine of 88 (10.2%) patients met episode criteria
(5 or more events in 24h) with only retching events, while 10
(11.4%) met criteria with only vomiting events.

Twenty-five (28.4%) patients reported only interepisodic symp-
toms (CVS-related symptom days but no CVS days/episodes); of
these, 13 reported interepisodic V+R. The 13 patients with in-
terepisodic V+R but no CVS days reported 33days with V+R
overall, for a median of 1day per patient (IQR, 1-4; range, 1-8).
On these days, the patients experienced V + R for a median of two
times per day (IQR, 1-3). Only two patients (2.3%) reported no
CVS-related symptom days throughout the 6-month study.

To investigate if some of the 17.8% of episodes exceeding
guideline-defined duration may have instead comprised two or
more distinct episodes with intervals of V+R-free days shorter
than the guideline criterion of 7days, we performed a sensitivity
analysis with a threshold of >4 consecutive days without V+R
events between episodes. In this analysis, the number of episodes
increased from 191 to 248 (median, 0.7 per 30 diary days; IQR,
0.4-1.3; range, 0.2-3.2) (Table 5). Episodes lasted for a median
of 2.0days (IQR, 1.0-5.0; range, 1-28). Most episodes (210/243;
84.7%) lasted < 7days, 9.3% (23/248) lasted 7-10days, and only
6.0% (15/248) lasted for > 10days in this sensitivity analysis.

The 61 patients with an episode reported a median of 5.0 CVS
days (IQR, 2.0-10.0; range, 1.0-37.0) over the study period
(median, 1.2 per 30 diary days [IQR, 0.4-2.9; range, 0.2-13.8]).
During CVS days, a median of 12.0V+R events per day (IQR,
7.1-22.6; range, 5.0-184.4) were reported. Overall, 55 patients
reported vomiting (median, 8.0 events per day [IQR, 5.0-14.9;
range, 1.5-167.8]) and 57 reported retching (median, 6.5 events
per day [IQR, 4.8-13.5; range, 1.0-75.0]) during CVS days
(Table 4). There were no significant differences in patient-
reported CVS experience between male and female patients
(Tables 4 and 5). CVS-related symptoms other than V+R were
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TABLE 4 | Summary of patients’ self-reported CVS experience during the study.

Overall
(N=88)

Male (n=26)

Female (n=62)

p (male vs. female)

Patients reporting any CVS-related symptom days?, n (%)

Patients meeting threshold for 61 (69.3) 15(57.7) 46 (74.2) 0.13
CVS episode (at least 1 CVS
day)®
Patients with CVS-related 25(28.4) 10 (38.5) 15(24.2) 0.18
symptom days but no CVS
days
Up to 4 V+R events in any 13 (14.8) 3(11.5) 10 (16.1)
CVS-related symptom day
CVS-related symptom days 12 (13.6) 7 (26.9) 5(8.1)
but no V+R events
Patients with no CVS-related 2(2.3) 1(3.8) 1(1.6)
symptom days
Number of CVS days in patients with an episode
Patients included in the 61 15 46
analysis, n
Mean+SD 8.2+9.3 8.5+9.0 8.2+9.5 0.89
Median (IQR) 5.0 (2.0-10.0) 6.0 (4.0-10.0) 4.0 (2.0-10.0)
Range 1.0-37.0 1.0-37.0 1.0-35.0
Number of CVS days per 30 diary days in patients with an episode
Patients included in the 61 15 46
analysis, n
Mean+SD 21+24 2.6+3.5 1.9+£2.0 0.48
Median (IQR) 1.2 (0.4-2.9) 1.3 (0.8-2.9) 1.0 (0.4-3.1)
Range 0.2-13.8 0.3-13.8 0.2-7.5
Number of V + R events per day in CVS days in patients with an episode®
Patients included in the 61 15 46
analysis, n
Mean+SD 20.4£28.0 179+£12.5 21.2+31.6 0.56
Median (IQR) 12.0 15.8 (7.1-26.7) 11.3 (7.0-20.2)
(7.1-22.6)
Range 5.0-184.4 5.0-46.4 5.0-184.4
Number of vomiting events per day in CVS days?
Patients included in the 55 14 41
analysis, n
Mean+SD 14.3+24.1 11.0+9.0 15.4+27.4 0.44
Median (IQR) 8.0 (5.0-14.9) 7.6 (4.0-16.0) 8.3(5.8-14.3)
Range 1.5-167.8 1.5-33.1 2.0-167.8
Number of retching events per day in CVS days®
Patients included in the 57 14 43
analysis, n
(Continues)

70f 15



TABLE 4 | (Continued)

Overall
(N=88) Male (n=26) Female (n=62) p (male vs. female)
Mean+SD 12.0+13.4 10.7+9.3 12.4+14.5 0.69
Median (IQR) 6.5 (4.8-13.5) 6.3 (4.8-17.8) 7.7 (4.0-13.5)
Range 1.0-75.0 1.0-29.0 2.0-75.0
Number of CVS-related symptom days in patients with no CVS days
Patients included in the 25 10 15
analysis, n
Mean+SD 15.2+27.5 17.6+£32.9 13.7+24.4 0.73
Median (IQR) 6.0 (2.0-11.0) 4.5(1.0-16.0) 7.0 (2.0-10.0)
Range 1.0-108.0 1.0-108.0 1.0-99.0

Number of CVS-related symptom days per 30 diary days in patients with no CVS days

Patients included in the 25 10
analysis, n

Mean+SD 8.0£9.9 9.7+11.8
Median (IQR) 3.4 (1.4-12.0) 3.9 (1.4-17.1)
Range 0.2-30.0 0.2-30.0

15

6.9+8.6 0.51
3.4(1.1-12.0)
0.2-28.6

Abbreviations: CVS, cyclic vomiting syndrome; IQR, interquartile range; SD, standard deviation; V + R, vomiting and/or retching.
ACVS-related symptom day was defined as any day during which the patient self-reported experiencing any CVS-related symptoms (including, but not limited to, V+R)

over the past 24 h.
bCVS day was defined as any day with 5 or more V + R events/day.

°If a patient reported vomiting and retching on the same day, the numbers of vomiting and retching events were summed for that day.

dIn patients who reported vomiting on any CVS day.
¢In patients who reported retching on any CVS day.
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FIGURE1 | Summary of CVS episode duration in the prespecified main analysis and sensitivity analysis. The start of an episode was defined as

the first CVS day (day with 5 or more V4R events). The end of an episode was defined as the first day before >7 (prespecified main analysis) or >4

(sensitivity analysis) days without any diary V4R events. Missing days were not counted in the 7 (prespecified main analysis) or 4 (sensitivity anal-

ysis) days. CVS, cyclic vomiting syndrome; V + R, vomiting and/or retching.
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FIGURE2 | CVS-related symptoms before, during, and after the CVS episode in the (A, C) prespecified main analysis and (B, D) sensitivity analy-
sis. The start of an episode was defined as the first CVS day (day with 5 or more V + R events). The end of an episode was defined as the first day before
>7 (prespecified main analysis) or >4 (sensitivity analysis) days without any diary V + R events. Missing days were not counted in the 7 (prespecified
main analysis) or 4 (sensitivity analysis) days. CVS, cyclic vomiting syndrome; IQR, interquartile range; V+ R, vomiting and/or retching.

also reported more frequently during episodes versus the in-
terepisodic period (Figure 2).

3.4 | HRQoL

During the closest week before an episode, the mean =+ SD
of PROMIS-29 Summary scales in patients with CVS were
44.5+9.9 for Physical Health and 43.6 + 8.9 for Mental Health.
Both were lower than the general population (meanz=SD,
50.0+10.0) [11], suggesting clinically significant (5-point
change in PROMIS score [12]) impairment of HRQoL, even
during the interepisodic phase. During a week with an epi-
sode, the PROMIS-29 summary scores were reduced further
(mean+SD, 39.1+9.1 and 39.6+ 7.1 for Physical and Mental
Health Summary scales, respectively).

3.5 | HCRU And Interruptions to Regular Life

A higher proportion of patients reported medical care on CVS
versus non-CVS days (Table 6). Of the 61 patients with an

episode, more than a third (21 patients) reported at least one
ER visit during the study; 71.4% of these reported more than
one ER visit. Thirteen patients (21.3%) reported at least one
hospital admission. Additionally, 93.4% of patients with an epi-
sode reported inability to complete daily activities (mean + SD,
4.7+ 6.3days per 30 diary days), 50.8% reported missing work
(2.0£2.4days per 30 diary days), and 16.4% reported missing
school (1.3 +1.6days per 30 diary days) (Table 6).

Medications used by the patients during the study were re-
ported as free-text entries in the “other HCRU” section
(Table S1).

3.6 | Cannabis Use

Of the 26 (29.5%) patients who reported baseline cannabis use,
25 also reported cannabis use during the study. Eighteen of the
25 (72.0%) on-study cannabis users experienced an episode.
Among these 18 patients, the percentage of diary days with
cannabis use normalized across the total number of diary days
each patient completed was 60.2% +34.0 (mean+SD), with a
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TABLE 6 | Summary of self-reported HCRU and interruptions to daily life owing to CVS in patients with an episode.

Overall
(n=61) During CVS days? (n=61) During non-CVS days (n=61)
Self-reported HCRU
Emergency room visits
Patients reporting, n (%) 21 (34.4) 19 (31.1) 9 (14.8)
Frequency of visits, mean + SD 5176 4.5+7.6 2.2+2.4
Hospital admission/inpatient care
Patients reporting, n (%) 13 (21.3) 11 (18.0) 8(13.1)
Frequency of visits, mean +SD 49+6.0 23+1.3 4.4+54
Gastroenterologist visit
Patients reporting, n (%) 5(8.2) 4(6.6) 1(1.6)
Frequency of visits, mean + SD 3223 3.5+2.5 1.5+£0.7
Urgent care
Patients reporting, n (%) 6(9.8) 6(9.8) 1(1.6)
Frequency of visits, mean +SD 1.2+04 1.0+0.0 1.0+0.0
Primary care doctor
Patients reporting, n (%) 4(6.6) 3(4.9) 2(3.3)
Frequency of visits, mean = SD 1.3+0.5 1.0+0.0 1.0+0.0
Other
Patients reporting, n (%) 20 (32.8) 13 (21.3) 14 (23.0)
Frequency of visits, mean + SD 9.3+19.9 29+4.4 9.9+21.6
Interruptions to regular life
Any interruption to regular life
Have symptom interruptions, 60 (98.4) 58 (95.1) 57 (93.4)
n (%)
Number of days with 5.5+6.4
interruptions per 30 diary days,
mean +SD
Percentage of days with 90.6+18.9 15.2+21.4
interruptions per person¢, %,
mean +SD
Inability to complete daily activities
Have symptom interruptions, 57 (93.4) 51 (83.6) 51 (83.6)
n (%)
Number of days with 47+£6.3
interruptions per 30 diary days,
mean =+ SD
Percentage of days with 75.5+£30.9 14.0+21.7
interruptions per person®, %,
mean =+ SD
Missed work
Have symptom interruptions, 31 (50.8) 26 (42.6) 28 (45.9)
n (%)

(Continues)
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TABLE 6 | (Continued)

Overall
(n=61)

During CVS days? (n=61)

During non-CVS days (n=61)

Number of days with 2024
interruptions per 30 diary days,

mean +SD

Percentage of days with
interruptions per person®, %,
mean =+ SD

Missed school

Have symptom interruptions, 10 (16.4)

n (%)

Number of days with 1.3£1.6
interruptions per 30 diary days,

mean +SD

Percentage of days with
interruptions per person¢, %,
mean+SD

Other

Have symptom interruptions, 44 (72.1)

n (%)

Number of days with 1.2+1.2
interruptions per 30 diary days,

mean +SD

Percentage of days with
interruptions per person®, %,
mean =+ SD

59.0+31.1 4.1+5.2

8(13.1) 6(9.8)

45.5+29.3 3.5+27

31 (50.8) 34(55.7)

44.9+34.8 3.6+3.8

Abbreviations: CVS, cyclic vomiting syndrome; HCRU, health care resource utilization; SD, standard deviation; V+R, vomiting and/or retching.

ACVS day was defined as any day with 5 or more V + R events/day.
bNon-CVS day was defined as any day with 0 to 4 V +R events/day.

“Number of days with interruptions divided by the number of CVS/non-CVS days for each participant among participants with interruptions.

mean +SD 3.2+ 2.4 times of cannabis use per day on days with
reported use.

Among the 18 cannabis users with an episode, the percentages of
days with cannabis use were similarly distributed between CVS
and non-CVS days (mean + SD, 60.2% £ 40.9 vs. 60.0% =+ 35.2, re-
spectively); 4 cannabis users reported use only during non-CVS
days. Cannabis use frequency per day was numerically higher
on CVS versus non-CVS days (mean+SD, 3.8+2.6 vs. 3.2+2.5
times per day, respectively).

4 | Discussion

To our knowledge, this is the first prospective longitudinal study
collecting daily patient-level data in CVS via a remote design.
The study population was predominantly female and White, in
line with several retrospective analyses and case series in adults
with CVS [4-6, 13].

We used a combination of V+ R events to define episode start and
end. Because attempts to vomit when the stomach is empty may
present as retching, V+ R events combined may better define ep-
isodes and their burden versus vomiting events alone. On CVS

days, patients reported a median of 8.0 vomiting and 6.5 retching
events, for a median of 12.0V+R events combined, suggesting
that vomiting and retching frequently occur together and inde-
pendently contribute to episode burden. The importance of retch-
ing as an additional burden, independent from vomiting, may be
underrecognized in current clinical practice [7, 9, 10].

Study results highlight that the episode number depends on
definitions used. In the prespecified analysis using the Rome IV
guideline threshold of > 7 days without V + R events between ep-
isodes, 191 episodes (1-12 per patient; 0.2-3.2 per 30 diary days;
duration, 1-83 days) were reported. Only 69.6% of episodes met
the Rome IV diagnostic criterion of <7days’ duration [9]; 82.2%
of episodes met the ICHD diagnostic criterion of <10days' du-
ration, including 12.6% of episodes lasting 7-10days [10]. The
remaining 17.8% of episodes lasted >10days and exceeded all
current diagnostic criteria for CVS episode duration, suggesting
that the definition of <7days’ duration may be too restrictive
and lead to underdiagnosis of CVS or misclassify a large subset
of patients as having coalescent CVS or chronic nausea vomiting
syndrome. However, the patients enrolled in the study had a me-
dian of 9.7years after CVS diagnosis and were enrolled through
a tertiary CVS referral center, thus potentially having more se-
vere disease; episodes in these patients may have been longer

12 of 15

Neurogastroenterology & Motility, 2025



versus those newly diagnosed with CVS, and some long episodes
may have been due to true coalescent CVS.

Using a sensitivity analysis (threshold of >4days without V+R
events between episodes), the number of episodes increased from
191 to 248, and the maximum reported duration of an episode de-
creased from 83 to 28 days. These heterogeneous and skewed data
suggest that restrictive, universal definitions requiring >7days
without V+R between episodes may not adequately reflect clin-
ical reality and may lead to underdiagnosis of CVS and delays in
timely care. Allowing shorter time intervals between episodes or
using a notable reduction from the peak V+R frequency versus a
complete absence of V+R to define episode end may need to be
considered to align with the clinical reality. Care should be taken
to retain the distinction between CVS and chronic vomiting,
avoiding misdiagnosing patients with coalescent CVS who may
have <7days without V+ R between episodes.

Consistent with the literature, CVS episodes were associated
with a high frequency of other CVS-related symptoms in addi-
tion to V+ R. However, 28.4% of patients reported CVS-related
symptoms, including vomiting, outside the predefined study
threshold for an episode. Interepisodic V +R without any study-
defined episodes was observed in 14.8% of patients, potentially
driven by abortive medications modifying an episode. These
data suggest that CVS-related symptoms outside episodes, in-
cluding in the prodromal phase, are relatively common in CVS.
Interepisodic symptoms are acknowledged in the Rome IV di-
agnostic criteria, whereas the ICHD definition of CVS describes
complete freedom from symptoms between attacks [9, 10].

With no evidence-based definition in current guidelines, we
used an empirical threshold of five or more V+R events in a
day to define episode start. In the clinical setting, some patients
with CVS may start an episode with prodromal symptoms but
have fewer than 5V+R events, not meeting the study-defined
threshold for an episode [14]. Taken together, this highlights the
need for evidence-based guideline definitions of episode (emetic
phase) beginning and end and the inclusion of other CVS-related
symptoms during the interepisodic phase.

Episodes were associated with reduced HRQoL. Daily life dis-
ruptions (e.g., missed days of school/work) and CVS-related
medical care were reported on and outside CVS days, and a
higher proportion of patients with an episode during the study
reported HCRU on CVS days; almost one-quarter (21.3%) of
patients reported at least one hospitalization. HRQoL was im-
paired even during the interepisodic phase, highlighting that
patients with CVS remain affected even when they are “well.”
These data call for a more holistic evaluation of disease burden
beyond number of episodes or V+R days.

Almost one-third of patients reported cannabis use during the
study, consistent with previous studies reporting cannabis use
among US adults with CVS [4, 15-17]. The 18 patients with an
episode and any cannabis use reported using cannabis on ap-
proximately 60% of diary days on average. Although the study
collected data on frequency of cannabis use per day, it did not
collect data on dosage or mode of administration at each use.
Furthermore, cannabis users may have chosen not to report
cannabis use at screening, and only those who reported use at

screening were subsequently asked about cannabis use in the
daily diary. During the study, some patients reported using can-
nabis more than three times in a day, raising the possibility of
undiagnosed cannabinoid hyperemesis syndrome. Although the
study results do not allow us to clarify whether cannabis may
have triggered or alleviated CVS symptoms, relief of CVS symp-
toms with cannabis use was reported previously [17]. Larger
prospective studies are warranted to better understand the rela-
tionship between cannabis use, hyperemesis, and CVS [8].

This study was conducted in patients from 28 US states treated
in one referral center for CVS, which may have contributed to
referral bias in patient selection; furthermore, the study results
may not representatively reflect the experience of patients with
CVS globally. Although no treatments are currently approved
by the US Food and Drug Administration for CVS manage-
ment, prophylactic and abortive therapies are nevertheless used
in clinical practice based on expert opinion and clinical experi-
ence. Because it would be unethical to withhold therapies in a
noninterventional study, these existing treatments (e.g., ondan-
setron and triptans) were allowed during the study period and
could have altered the disease experience. Nevertheless, it has
been reported that most patients with CVS receiving current
care continue to experience episodes [18]. In our study, episodes
were reported in 69.3% of patients, and V+R without meeting
the episode threshold was reported in an additional 14.8%, de-
spite a potential confounder of CVS prophylaxis, which was
used by >50% of enrolled patients with available data.

Despite these limitations, this study contributes to a deeper
understanding of disease experience and symptom patterns in
patients with CVS over time. The results emphasize the high
clinical, humanistic, and economic burden of CVS and call
for revision of current consensus-based diagnostic criteria, as
well as updated guidelines to support diagnosis, management,
and clinical development. Future guidelines should ideally be
harmonized and provide evidence-based definitions of CVS ep-
isodes (including thresholds for episode start and end) and in-
terepisodic disease burden.

5 | Conclusions

To conclude, in this prospective longitudinal study collecting
daily, self-reported patient-level data, patients with CVS re-
ported high variation in the number and duration of CVS epi-
sodes, highlighting the unmet need for evidence-based guideline
definitions for episode start and end, and the frequent presence
of CVS symptoms during the interepisodic phase. These data
elucidate the symptom patterns of CVS and may contribute to
informing the revised diagnostic criteria for CVS.
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