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Abstract
Background: This evidence review was conducted to inform the accompanying clini‐
cal practice guideline on the management of cyclic vomiting syndrome (CVS) in 
adults.
Methods: We followed the Grading of Recommendations Assessment, Development, 
and Evaluation (GRADE) framework and focused on interventions aimed at prophylac‐
tic management and abortive treatment of adults with CVS. Specifically, this evidence 
review addresses the following clinical questions: (a) Should the following pharmaco‐
logic agents be used for prophylaxis of CVS: amitriptyline, topiramate, aprepitant, zon‐
isamide/levetiracetam, or mitochondrial supplements? (b) Should the following 
pharmacologic agents be used for abortive treatment: triptans or aprepitant?
Results: We found very low‐quality evidence to support the use of the following 
agents for prophylactic and abortive treatment of CVS: amitriptyline, topiramate, 
aprepitant, zonisamide/levetiracetam, and mitochondrial supplements. We have 
moderate certainty of evidence for the use of triptans as abortive therapy. We found 
limited evidence to support the use of ondansetron and the treatment of co‐morbid 
conditions and complementary therapies.
Conclusions: This evidence review helps inform the accompanying guideline for the 
management of adults with CVS which is aimed at helping clinicians, patients, and 
policymakers, and should improve patient outcomes.
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1  | INTRODUC TION

Cyclic vomiting syndrome (CVS) is a chronic, debilitating illness 
that is characterized by recurrent episodes of intense nausea and 
vomiting. Although the true prevalence of CVS in adults in the 
general population remains uncertain, it is not a rare disorder. A 
recent population‐based study noted that the US prevalence was 
2% among adults, mirroring prevalence estimates in children.1 
Another estimated that ~10% of outpatients presenting to a ter‐
tiary gastroenterology clinic met the Rome III criteria for the ill‐
ness;2 however, even in this clinical setting, CVS was considered 
as a potential diagnosis in only a small minority of these patients. 
This finding highlights the poor recognition of CVS in adults by 
clinicians, with many patients continuing to suffer for several 
years before receiving a diagnosis of CVS. Concerted messaging 
and increased awareness campaigns should minimize this clinical 
recognition gap. Recognizing CVS in adults is critical, as there are 
several fairly effective prophylactic and abortive therapies to treat 
the disorder.

This evidence review represents a foundational effort by the 
American Neurogastroenterology and Motility Society (ANMS) and 
the Cyclic Vomiting Syndrome Association (CVSA) to develop recom‐
mendations based on the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) framework to provide a ro‐
bust guideline for best practices in the management of CVS. This 
review addresses focused clinical questions on the use of pharmaco‐
logic agents for prophylactic and abortive therapies for the manage‐
ment of patients with CVS and was used to inform the development 
of the accompanying clinical practice guidelines. Panel members were 
selected by the CVS guideline committee task chair (T.V.), co‐chair 
(B.L.), and former ANMS council member (B.M.) and the CVSA based 
on their clinical and methodological expertise. All members of the 
panel underwent a thorough vetting process for potential conflicts 
of interest.

2  | METHODS

2.1 | Overview

This evidence review was developed using the GRADE framework 
to develop clinically focused questions, and identify, synthesize, 
and evaluate the quality of the supporting evidence to inform a 
recommendation.3

2.2 | Formulation of clinical questions

Through an iterative process, the panel developed focused clinical 
questions on the role of specific therapeutics in the management of 
CVS. The PICO format was used which frames a clinical question by 
defining a specific population (P), intervention (I), comparator (C), and 
outcomes (O) (Table 1). The population was adult patients with CVS. 
The intervention was one of numerous therapies used in CVS. The pre‐
ferred comparator was placebo. Relevant patient‐centered outcomes 
were considered and rated in terms of importance. All PICO questions 
formed the basis for a literature search which is detailed below.

2.3 | Outcomes

Outcomes were grouped into two broad categories for prophylactic 
and abortive therapies. We arrived at a consensus as to what meas‐
urements would be acceptable for each outcome. Outcomes were 
rated by the group on a scale of 1 (not important) to 9 (critically im‐
portant) for medical decision making. It was understood that data on 
all outcomes would not be available in the published literature.

2.4 | Systematic review process

2.4.1 | Search strategy

The literature search was performed initially in June 2016 and up‐
dated in February 2018, with the aid of a research librarian (C.S.). 
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Details of the search strategy are reported in the Online Supplement. 
Individual studies were identified via searches of three bibliographic 
databases: PubMed (includes MEDLINE), SCOPUS (a large, multidis‐
ciplinary database), and CINAHL (the Cumulative Index to Nursing 
and Allied Health Literature). Given the acknowledged possibility 
of diagnostic misclassification, individual search strategies included 
the following terms: cyclic vomiting; cyclical vomiting; cannabinoid hy‐
peremesis; functional vomiting; abdominal migraine; and periodic syn‐
drome. The searches excluded animal‐only studies and non–English 
language studies. The search strategy was iteratively developed 
through refinement with author input to maximize sensitivity. Given 

the limited total literature, a single search was conducted for all PICO 
Questions.

For all PICOs, the a priori intent was to rely upon high‐quality 
systematic reviews for evidence synthesis, particularly those that 
synthesized data from randomized control trials (RCTs). If systematic 
reviews of RCTs were not available, we would then look to individual 
RCTs to generate summary estimates if possible. In the absence of 
systematic reviews of RCTs or individual RCTs, systematic reviews of 
observational studies and observational studies were then consid‐
ered to inform the evidence. Case series of fewer than 10 individuals 
were excluded, as were narrative reviews.

TA B L E  1  PICO questions

PICO questions

MethodPopulation Intervention(s) Comparator Outcomes

Prophylactic therapy

Adults 
with CVS

1. TCAs 
2. Topiramate 
3. Zonisamide  
Levetiracetam 
4. Aprepitant 
5. Mitochondrial  supplements  
CoQ10, L‐Carnitine  
Riboflavin

Placebo or 
usual care

1. Complete response or partial response or subjective 
improvement (reduction in frequency or duration or 
severity of CVS symptoms) 
2. Decrease in frequency or duration or severity of CVS 
attacks (if reported separately) 
3. Reduction in numbers of hospitalizations of ED visits 

per year 
4. Adverse effects—% of patients discontinuing treatment 

GRADE

Abortive therapy

Adults 
with CVS

6. Triptans 
7. 5HT3 antagonists  

Ondansetron 
8. Aprepitant 

Placebo or 
usual care

1. Complete response or partial response or subjective 
improvement (reduction in frequency or duration or 
severity of CVS symptoms) 
2. Decrease in frequency or duration or severity of CVS 
attacks (if reported separately) 
3. Reduction in numbers of hospitalizations of ED visits 

per year 
4. Adverse effects—% of patients discontinuing treatment 

GRADE and 
narrative review

F I G U R E  1  PRISMA flow diagram
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d 

an
tim
ig
ra
in
e 
m
ed
ic
at
io
ns
 le
as
t e
ff
ec
tiv
e 
ab
or
tiv
e 
m
ed
ic
at
io
n  


c)
 S
el
f‐
M
an
ag
em
en
t  

 
‐M

ar
iju

an
a 

us
e:

   
6/
16
 (3
8%
) u
si
ng
 M
J 
(d
ai
ly
 u
se
 a
s 
pr
op
hy
la
ct
ic
 o
r a
bo
rt
iv
e)
   

2/
16
 (1
3%
) t
rie
d 
M
J 
bu
t h
ad
 n
o 
sy
m
pt
om
 re
lie
f  

 
‐H
ot
‐w
at
er
 b
at
hi
ng
 (1
1/
16
) 6
9%
 (u
se
d 
fo
r h
el
pf
ul
 in
 n
au
se
a 

an
d 

pa
in

)  
 

5/
8 
th
at
 u
se
d 
M
J 
al
so
 re
po
rt
ed
 h
ot
‐w
at
er
 b
at
hi
ng
.  

 
6/

16
 (3

8%
) d

es
cr

ib
ed

 h
ot

‐w
at

er
 b

at
hi

ng
 a

nd
 d

id
 n

ot
 d

is
cu

ss
 

m
ar

iju
an

a 
co

ns
um

pt
io

n 
 

TC
A
s:
  

1/
4 

re
po

rt
ed

 s
om

no
le

nc
e 

6/
16
 (3
8%
) n
o 
lo
ng
er
 ta
ki
ng
 T
C
A
s 
be
ca
us
e 
“s
id
e 

ef
fe
ct
s,
 in
ef
fe
ct
iv
en
es
s,
 o
r m
in
im
al
 e
ff
ec
tiv
e‐

ne
ss
.” 
O
ne
 p
at
ie
nt
 re
po
rt
ed
 “s
ev
er
e 
co
ns
tip
a‐

tio
n,
 d
ry
 m
ou
th
, m
en
ta
l s
id
e 
ef
fe
ct
s”
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(b
) 

A
ut

ho
r/

ye
ar

O
ut

co
m

es
 m

ea
su

re
d

Re
su

lts
A

dv
er

se
 e

ve
nt

s

6
M

os
es

 e
t a

l. 
(2

01
4)

Re
sp
on
se
 to
 a
cu
te
 m
ed
ic
at
io
ns
 w
as
 d
ef
in
ed
 a
s 

an
y 
of
 th
e 
fo
llo
w
in
g:

 (1
) d

ec
re

as
ed

 s
ev

er
ity

 o
r 

du
ra
tio
n 
of
 a
cu
te
 e
pi
so
de
s,
 (2
) c
om
pl
et
e 

re
so
lu
tio
n 
of
 a
cu
te
 e
pi
so
de
s,
 o
r (
3)
 a
vo
id
an
ce
 

of
 e
m
er
ge
nc
y 
de
pa
rt
m
en
t v
is
it.
   

Re
sp

on
se

 to
 p

ro
ph

yl
ac

tic
 m

ed
ic

at
io

ns
 w

as
 

de
fin
ed
 a
s 
an
y 
of
 th
e 
fo
llo
w
in
g:

 (1
) r

es
ol

ut
io

n 
of
 a
bn
or
m
al
iti
es
 s
in
ce
 in
iti
at
in
g 
tr
ea
tm
en
t, 

(2
) d
ec
re
as
ed
 fr
eq
ue
nc
y 
or
 d
ur
at
io
n 
of
 a
cu
te
 

ep
is
od
es
 (w
ith
in
 th
e 
la
st
 6
 m
on
th
s)
, o
r 

(3
) d
ec
re
as
ed
 n
um
be
r o
f e
m
er
ge
nc
y 

de
pa

rt
m

en
t v

is
its

 (w
ith

in
 th

e 
la

st
 1

 y
ea

r)

Pr
op
hy
la
xi
s:

  
A
m
itr
ip
ty
lin
e:
 2
3/
40
 (5
8%
) w
ith
 “c
lin
ic
al
 b
en
ef
it”
 

Cy
pr
oh
ep
ta
di
ne
: 3
0/
61
 (4
9%
) w
ith
 “c
lin
ic
al
 b
en
ef
it”
 

A
bo
rt
iv
e:

  
O
nd
an
se
tr
on
: 5
6/
85
 (6
6%
) r
ep
or
te
d 
“im
pr
ov
em
en
t”

N
ot

 re
po

rt
ed

7
Tr
ee
po
ng
ka
ru
na
 e
t a
l. 

(2
01

4)
Sh

or
t‐t

er
m

 o
ut

co
m

es
 (3
‐6
 m
on
th
s 
af
te
r 

tr
ea

tm
en

t i
ni

tia
tio

n)
 

G
oo
d 
re
sp
on
se
: R
em
is
si
on
 (n
o 
at
ta
ck
s 
af
te
r 

tr
ea

tm
en

t) 
O
R 
m
ar
ke
d 
im
pr
ov
em
en
t 

N
o 
re
sp
on
se
: <
50
%
 d
ec
re
as
e 
in
 a
tt
ac
k 

fr
eq
ue
nc
y  


Lo
ng
‐t
er
m
 o
ut
co
m
es
 (a
t l
ea
st
 2
‐y
ea
r f
ol
lo
w
‐u
p 

Fr
eq
ue
nc
y 
of
 v
om
iti
ng
: 

1)
 E
xc
el
le
nt
: n
o 
ep
is
od
es
  

2)
 G
oo
d:
 1
‐2
 e
pi
so
de
s 

3)
 P
oo
r: 
3 
or
 m
or
e 
ep
is
od
es
/y
ea
r    


Sh
or

t‐t
er

m
 o

ut
co

m
es

 
G
oo
d 
re
sp
on
se
:  

A
m
itr
ip
ty
lin
e 
11
/1
5 
(7
3%
) (
si
gn
ifi
ca
nt
ly
 b
et
te
r t
ha
n 
pr
op
ra
no

‐
lo

l P
 =

 0
.0

4)
 

Pr
op
ra
no
lo
l 5
/1
4 
(3
6%
) 

Cy
pr
oh
ep
ta
di
ne
 0
/4
 (0
%
) 

So
di

um
 v

al
pr

oa
te

 1
/3

 (3
3%

)  
 

Lo
ng
‐t
er
m
 o
ut
co
m
es
 (d
ia
gn
os
is
 ≥
 2
 y
ea
rs
) 

D
at

a 
av

ai
la

bl
e 

on
 1

9 
pa

tie
nt

s 
A
m
itr
ip
ty
lin
e:
 7
/9
 (7
8%
) p
at
ie
nt
s 
w
ho
 h
ad
 it
 a
s 
a 
fir
st
‐li
ne
 d
ru
g 

ha
d 
go
od
 o
r e
xc
el
le
nt
 re
sp
on
se
. 

Pr
op
ra
no
lo
l: 
4/
7 
(5
7%
) h
ad
 g
oo
d 
re
sp
on
se
 w
he
n 
us
ed
 a
s 

fir
st
‐li
ne
 m
ed
ic
at
io
n

“A
dv
er
se
 re
ac
tio
n”
 re
po
rt
ed
 in
 1
 p
at
ie
nt
, b
ut
 

m
ed
ic
at
io
n 
in
vo
lv
ed
 w
as
 n
ot
 s
pe
ci
fie
d
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(b
) 

A
ut

ho
r/

ye
ar

O
ut

co
m

es
 m

ea
su

re
d

Re
su

lts
A

dv
er

se
 e

ve
nt

s

8
C
ris
to
fo
ri 
et
 a
l. 
(2
01
4)

Pr
im
ar
y 
ou
tc
om
e:
 (C
VS
 e
pi
so
de
s)
 

Co
m
pl
et
e 
re
sp
on
se
: N
o 
ep
iso
de
s 

Pa
rt
ia
l r
es
po
ns
e:
 ≥
50
%
 d
ec
re
as
e 
in
 b
ot
h 

fr
eq
ue
nc
y 
(#
 e
pi
so
de
s/
ye
ar
) a
nd
 in
te
ns
ity
 

(e
pi

so
de

 d
ur

at
io

n 
in

 d
ay

s)
N
o 
re
sp
on
se
: <
50
%
 d
ec
re
as
e 
in
 e
pi
so
de
 

fr
eq
ue
nc
y 
an
d 
in
te
ns
ity
. 

Se
co

nd
ar

y 
ou

tc
om

es
:  

N
um
be
r o
f C
VS
 e
pi
so
de
s/
 y
ea
r N
um
be
r o
f 

ho
sp

ita
l a

dm
iss

io
ns

/y
ea

r  
CV
S 
ep
iso
de
 d
ur
at
io
n 

 
N
um
be
r o
f v
om
its
/h
ou
r  

 
Sy
m
pt
om
‐f
re
e 
in
te
rv
al
 le
ng
th
 (d
ay
s)
  

Sc
ho

ol
 a

tt
en

da
nc

e 
pe

rc
en

ta
ge

Pr
op
hy
la
ct
ic
 g
ro
up
 h
ad
 h
ig
he
r a
pr
ep
ita
nt
 d
os
es
 th
an
 th
e 

ab
or

tiv
e 

gr
ou

p.
  

A
ll 
ou
tc
om
es
 b
el
ow
 m
ea
su
re
d 
at
 1
2 
m
on
th
s

A
bo
rt
iv
e:

  
1)
 P
rim
ar
y 
ou
tc
om
es
 

Co
m
pl
et
e 
re
sp
on
se
: 3
/2
5 
(1
2%
) 

Pa
rt
ia
l r
es
po
ns
e 
16
/2
5 
(6
4%
)  
N
o 
re
sp
on
se
 6
/2
5 
(2
4%
)  

 
2)
 S
ec
on
da
ry
 o
ut
co
m
es
 (A
ll 
st
at
ist
ic
al
ly
 s
ig
ni
fic
an
t) 

 
CV
S 
ep
iso
de
s/
ye
ar
: B
as
el
in
e 
12
 (9
.5
‐1
6.
5)
 to
 6
 (2
‐8
.5
)  

H
os
pi
ta
l a
dm
iss
io
ns
/y
ea
r: 
Ba
se
lin
e 
9 
(6
‐1
2)
 to
 2
.5
 (1
‐5
.5
)  

D
ur
at
io
n 
of
 e
pi
so
de
s:
 B
as
el
in
e 
5 
(3
.5
‐7
) t
o 
1 
(0
.7
5‐
2)
  

N
um
be
r v
om
its
/e
pi
so
de
: B
as
el
in
e 
9 
(7
‐1
0)
 to
 4
 (2
‐4
.5
)  

 
D
ur
at
io
n 
of
 in
te
re
pi
so
di
c 
pe
rio
d 
(d
ay
s)
: B
as
el
in
e 
30
 (2
1‐
35
) t
o 

60
 (4

0‐
18

0)
 

%
 s
ch
oo
l a
tt
en
da
nc
e:
 B
as
el
in
e 
65
 (5
7.
5‐
74
) t
o 
80
 (7
2‐
87
.5
)  

Pr
op
hy
la
xi
s:

1)
 P
rim
ar
y 
ou
tc
om
es
  

Co
m
pl
et
e 
re
sp
on
se
 3
/1
6 
(1
9%
)  

 
Pa
rt
ia
l r
es
po
ns
e 
10
/1
6 
(6
2%
) 

N
o 

re
sp

on
se

 2
/1

6 
(1

9%
)  

  
2)
 S
ec
on
da
ry
 o
ut
co
m
es
 (A
ll 
st
at
ist
ic
al
ly
 s
ig
ni
fic
an
t) 

 
CV
S 
ep
iso
de
s/
ye
ar
: B
as
el
in
e 
12
 (9
‐1
4)
 to
 3
 (2
‐6
)  

H
os
pi
ta
l a
dm
iss
io
ns
/y
ea
r: 
Ba
se
lin
e 
8 
(6
‐1
2)
 to
 2
 (1
‐4
)  

D
ur
at
io
n 
of
 e
pi
so
de
s:
 B
as
el
in
e 
5 
(4
‐7
) t
o 
3 
(1
‐3
)  

N
um
be
r v
om
its
/e
pi
so
de
: B
as
el
in
e 
9 
(7
‐1
0)
 to
 6
 (5
‐8
)  

D
ur
at
io
n 
of
 in
te
rs
pe
rs
ed
 p
er
io
d 
(d
ay
s)
: B
as
el
in
e 
30
 (2
1‐
40
) t
o 

12
0 

(6
0‐

18
0)

%
 S
ch
oo
l a
tt
en
da
nc
e:
 B
as
el
in
e 
67
 (5
8‐
72
) t
o 
81
 (7
8‐
85
)

Si
de
 e
ff
ec
ts
 o
nl
y 
in
 p
ro
ph
yl
ac
tic
 g
ro
up
 

af
fe
ct
in
g 
5/
16
 (3
1%
)  

H
ic
cu
p 
3/
16
 (1
9%
) A
st
he
ni
a/
fa
tig
ue
 2
/1
6 

(1
2.

5%
) 

In
cr

ea
se

d 
ap

pe
tit

e 
2/

16
 (1

2.
5%

) 
M

ild
 h

ea
da

ch
e 

1/
16

 (6
%

)  
Se

ve
re

 m
ig

ra
in

e 
1/

16
 (6

%
)  

O
nl

y 
ch

ild
 w

ith
 m

ig
ra

in
e 

st
op

pe
d 

m
ed

ic
at

io
n.

 

9
Ku

m
ar

 e
t a

l. 
(2

01
2)

C
om
pl
et
e 
re
sp
on
se
 (≥
 8
0%
 a
m
el
io
ra
tio
n 
in
 

sy
m
pt
om
 d
ur
at
io
n,
 fr
eq
ue
nc
y,
 a
nd
 s
ev
er
ity
) 

Pa
rt
ia
l r
es
po
ns
e 
(5
0‐
80
%
 re
du
ct
io
n 
in
 s
ym
pt
om
 

du
ra
tio
n,
 fr
eq
ue
nc
y,
 a
nd
 s
ev
er
ity
) 

N
o 
re
sp
on
se
 (<
 5
0%
 re
du
ct
io
n 
in
 s
ym
pt
om
 

du
ra
tio
n,
 fr
eq
ue
nc
y,
 a
nd
 s
ev
er
ity
)

C
om
pl
et
e 
re
sp
on
se
 in
 4
4/
76
 (5
8%
). 
O
f t
he
se
, 3
6/
44
 ~
90
%
 

ta
ki
ng
 T
C
A
s,
 6
/4
4 
~1
5%
 ta
ki
ng
 to
pi
ra
m
at
e,
 1
3/
44
 ~
30
%
 

ta
ki
ng
 L
‐c
ar
ni
tin
e,
 1
3/
44
 ~
 3
0%
 ta
ki
ng
 C
o‐
Q
10
.  

Pa
rt
ia
l r
es
po
ns
e 
ac
hi
ev
ed
 in
 2
1/
76
 (2
8%
). 
O
f t
he
se
, 2
0/
21
 

~9
5%
 ta
ki
ng
 T
C
A
s,
 8
/2
1 
~4
0%
 ta
ki
ng
 to
pi
ra
m
at
e,
 1
1/
21
 

~5
0%
 ta
ki
ng
 L
‐c
ar
ni
tin
e,
 7
/2
1 
35
%
 ta
ki
ng
 C
oQ
‐1
0.
 

N
o 
re
sp
on
se
 in
 1
1/
76
 (1
4%
). 
O
f t
he
se
, 8
/1
1 
~7
0%
 ta
ki
ng
 T
C
A
s,
 

3/
11
 3
0%
 ta
ki
ng
 to
pi
ra
m
at
e,
 3
/1
1 
~2
5%
 ta
ki
ng
 L
‐c
ar
ni
tin
e,
 

an
d 
1/
11
 ~
10
%
 ta
ki
ng
 C
oQ
‐1
0.
 

M
ed
ic
at
io
n‐
sp
ec
ifi
c 
re
sp
on
se
 d
at
a 
th
at
 w
er
e 
pr
ov
id
ed
 

Tr
ip
ta
ns
: 6
4/
76
 (8
3%
) c
ou
ld
 a
bo
rt
 e
pi
so
de
s 
H
ot
 s
ho
w
er
s:
 

38
/7

3 
(5

2%
) i

m
pr

ov
ed

 (r
ep

or
te

d 
in

 2
5/

35
 (7

1%
) m

ar
iju

an
a 

us
er

s 
vs

 1
9/

56
 (3

4%
) n

on
‐u

se
rs

) (
P 
= 
0.
01
). 
C
ol
d 
sh
ow
er
s:
 

1/
73

 (1
%

) i
m

pr
ov

ed

Tr
ic

yc
lic

 a
nt

id
ep

re
ss

an
ts

: 
18
/7
0 
pa
tie
nt
s 
(2
6%
) h
ad
 to
 s
to
p 
(b
ad
 d
re
am
s,
 

be
ha
vi
or
al
 c
ha
ng
es
, a
nd
 in
cr
ea
se
d 

so
m

no
le

nc
e)

. 
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(b
) 

A
ut

ho
r/

ye
ar

O
ut

co
m

es
 m

ea
su

re
d

Re
su

lts
A

dv
er

se
 e

ve
nt

s

10
Le
e 
et
 a
l. 
(2
01
2)

Re
sp
on
se
 to
 tr
ea
tm
en
t (
“e
ith
er
 d
ec
re
as
ed
 

fr
eq
ue
nc
y/
du
ra
tio
n/
in
te
ns
ity
 o
f a
tt
ac
ks
”)

Re
sp
on
se
 o
f p
ed
ia
tr
ic
 C
V
S 
pa
tie
nt
s 
to
 m
ed
ic
at
io
n 

 
TC
A
 1
68
/2
44
 (6
8%
)  

Pr
op
ra
no
lo
l 7
9/
91
 (8
7%
)  

L‐
ca
rn
iti
ne
 a
nd
 a
m
itr
ip
ty
lin
e 
23
/3
0 
(7
7%
)  

Er
yt
hr
om
yc
in
 1
3/
20
 (6
5%
) C
oe
nz
ym
e 
Q
 1
2/
18
 (6
7%
)  

Ph
en
ob
ar
bi
ta
l 1
1/
14
 (7
8.
6%
) V
al
pr
oa
te
 1
3/
13
 (1
00
%
) 

Pi
zo
tif
en
 4
/8
 (5
0%
)  

Cy
pr
oh
ep
ta
di
ne
 5
/6
 (8
3%
)  

L‐
C
ar
ni
tin
e 
6/
6 
(1
00
%
)  

Re
sp
on
se
 o
f a
du
lt 
C
V
S 
pa
tie
nt
s 
to
 m
ed
ic
at
io
n 

 
TC
A
 1
80
/2
37
 (7
6%
)  

Su
m

at
rip

ta
n 

21
/3

7 
(5

7%
)  

Zo
ni
sa
m
id
e/
Le
ve
tir
ac
et
am
 1
5/
20
 (7
5%
)  

C
o‐
Q
10
 5
/7
 (7
1%
)  

 
N
o 
st
at
is
tic
al
ly
 s
ig
ni
fic
an
t d
iff
er
en
ce
 b
et
w
ee
n 
ch
ild
re
n 
an
d 

ad
ul

ts

N
ot

 re
po

rt
ed

11
Bo
le
s 
et
 a
l. 
(2
01
1)

• 
Re
so
lu
tio
n 
(e
pi
so
de
s 
re
so
lv
ed
, a
llo
w
in
g 
fo
r 

on
e 

 e
pi

so
de

 a
 y

ea
r w

ith
 a

n 
ob

vi
ou

s 
tr

ig
ge

r).
 

• 
> 
75
%
 im
pr
ov
em
en
t (
be
tw
ee
n 
75
 a
nd
 1
00
%
 

re
sp

on
se

 in
 a

t l
ea

st
 o

ne
 e

pi
so

de
 p

ar
am

et
er

*)
. 

• 
> 
50
‐7
5%
 im
pr
ov
em
en
t (
be
tw
ee
n 
50
 a
nd
 7
5%
 

re
sp

on
se

 in
 a

t l
ea

st
 o

ne
 e

pi
so

de
 p

ar
am

et
er

*)
 

• 
Tr
ea
tm
en
t f
ai
lu
re
 (<
 5
0%
 im
pr
ov
em
en
t i
n 
bo
th
 

ep
is

od
e 

pa
ra

m
et

er
s*

)  
*E
pi
so
de
 p
ar
am
et
er
 =
 e
pi
so
de
 fr
eq
ue
nc
y 
an
d 

ep
is

od
e 

du
ra

tio
n

C
o‐
Q
 1
0/
L‐
ca
rn
iti
ne
:  

Re
so

lu
tio

n:
 3

 p
at

ie
nt

s 
>7
5%
 im
pr
ov
em
en
t: 
3 
pa
tie
nt
s  


A
m
itr
ip
ty
lin
e 

Re
so

lu
tio

n:
 1

 p
at

ie
nt

  
Tr
ea
tm
en
t f
ai
lu
re
: 1
 p
at
ie
nt
  

A
m
itr
ip
ty
lin
e 
+ 
C
o‐
Q
10
:  

 
Re
so
lu
tio
n:
 3
 p
at
ie
nt
s 
(in
 o
ne
 o
f t
he
se
 c
as
es
, a
m
itr
ip
ty
lin
e 

w
as
 n
ot
 to
le
ra
te
d,
 y
et
 e
pi
so
de
s 
re
so
lv
ed
 o
n 
to
pi
ra
m
at
e 
+ 

co
‐e
nz
ym
e 
Q
10
)  

A
m
itr
ip
ty
lin
e 
+ 
L‐
ca
rn
iti
ne
:  

Re
so

lu
tio

n:
 2

 p
at

ie
nt

s 
 

A
m
itr
ip
ty
lin
e 
+ 
C
o‐
Q
10
 +
 L
‐c
ar
ni
tin
e:
  

Re
so
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0 
pa

tie
nt

s 
>5
0%
 im
pr
ov
em
en
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t f
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at
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 p
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 C
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 p
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 p
at
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m
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‐c
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tio
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s

A
m
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tm
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t d
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) 

1 
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(“b
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no
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at
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 tw
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so
m
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 d
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zi
ne
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C
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m
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Q
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: 
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ca
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 p
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o‐
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w
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pe
ci
fic
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”
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l. 
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fe
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ue
nc
y 
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‐e
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e 
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se
: (
th
e 
tr
ea
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 p
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s 

re
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rip
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n 
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C
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et
e 
re
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tio
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1(
36
%
) 

Ef
fe
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e 
re
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se
: 5
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(4
6%
)  

N
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‐e
ff
ec
tiv
e 
re
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: 2
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1 
(1
8%
)  

Pa
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nt
s 
w
ith
 a
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m
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 m
ig
ra
in
e 
m
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e 
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el
y 
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 re
sp
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d 

(d
ef
in
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s 
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m
pl
et
e 
an
d 
ef
fe
ct
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e 
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sp
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= 

0.
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)  
5 

pa
tie

nt
s 

re
ce

iv
ed
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 s

pr
ay

:  
C
om
pl
et
e 
re
so
lu
tio
n:
 1
/5
 E
ff
ec
tiv
e 
re
sp
on
se
: 1
/5
   

N
on
‐e
ff
ec
tiv
e 
re
sp
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se
: 3
/5

N
ot

 o
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er
ve

d

13
Bo
le
s 
et
 a
l. 
(2
01
0)

Ep
is
od
e 
fr
eq
ue
nc
y 

 
Ep
is
od
e 
du
ra
tio
n 

 
N
um
be
r o
f e
m
es
es
  

N
au

se
a 

se
ve

rit
y 

 
Ep
is
od
e 
im
pr
ov
em
en
t: 
“c
om
po
un
d 
m
ea
su
re

‐
m
en
t s
co
re
d 
po
si
tiv
e 
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at
 le
as
t o
ne
 o
f t
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ov
e 
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 p
ar
am
et
er
s 
w
as
 s
co
re
d 
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 p
os
iti
ve
.”   

A
 re
du
ct
io
n 
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 a
t l
ea
st
 5
0%
 in
 e
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h 
pa
ra
m
et
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w
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 c
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sc
or

ed
 a

s 
po

si
tiv

e 
an

d 
an

y 
le
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re

sp
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se
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s 
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ga
tiv

e.
 

A
m
itr
ip
ty
lin
e*
  

Ep
is
od
e 
fr
eq
ue
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y:
 8
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2 
(5
4%
)  

Ep
is
od
e 
du
ra
tio
n:
 7
8/
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5 
(5
0%
)  

N
um
be
r o
f E
m
es
is
: 7
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4 
(4
5%
) N
au
se
a 
se
ve
rit
y:
 6
8/
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7 

(4
3%

)  
Ep
is
od
e 
im
pr
ov
em
en
t: 
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7/
17
7 
(7
2%
)  

C
oe
nz
ym
e 
Q
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* 

Ep
is
od
e 
fr
eq
ue
nc
y:
 1
1/
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 (5
0%
)  

Ep
is
od
e 
du
ra
tio
n:
 8
/2
2 
(3
6%
)  

N
um
be
r o
f e
m
es
is
: 8
/2
0 
(4
0%
)  

N
au

se
a 

se
ve

rit
y:
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 (4

4%
)  

Ep
is
od
e 
im
pr
ov
em
en
t: 
17
/2
5 
(6
8%
)  

*A
ll 
re
po
rt
ed
 a
s 
50
%
 re
du
ct
io
n 
in
 a
 s
ym
pt
om
 S
ta
tis
tic
al
ly
 

si
gn
ifi
ca
nt
ly
 h
ig
he
r p
at
ie
nt
 s
at
is
fa
ct
io
n 
w
ith
 C
oQ
10

A
m
itr
ip
ty
lin
e 
si
de
 e
ff
ec
ts
 (s
ta
tis
tic
al
ly
 h
ig
he
r 

th
an
 w
ith
 C
oQ
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Si
de
 e
ff
ec
ts
 re
po
rt
ed
: 1
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/2
02
 (5
0%
) 

D
is
co
nt
in
ue
d 
du
e 
to
 s
id
e 
ef
fe
ct
s:
 4
2/
19
8 

(2
1%

)  
C
oe
nz
ym
e 
Q
10
:  

Si
de
 e
ff
ec
ts
: 0
/2
8 
(0
%
)  

D
is
co
nt
in
ue
d 
du
e 
to
 s
id
e 
ef
fe
ct
s:
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/2
8 
(0
%
)

14
H
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az
i e
t a
l. 
(2
01
0)

Fr
eq
ue
nc
y 
of
 C
V
S 
ep
is
od
es
 p
er
 y
ea
r  

D
ur
at
io
n 
of
 C
V
S 
ep
is
od
es
 (#
 d
ay
s)
  

N
um
be
r o
f E
D
 v
is
its
 a
nd
/o
r h
os
pi
ta
liz
at
io
ns
   

O
ut
co
m
es
 m
ea
su
re
d 
af
te
r f
irs
t a
nd
 s
ec
on
d 
ye
ar
 

of
 fo
llo
w
‐u
p 
vi
si
ts
.

Fr
eq
ue
nc
y 
of
 C
VS
 e
pi
so
de
s/
ye
ar
 (S
ta
tis
tic
al
ly
 si
gn
ifi
ca
nt
 c
ha
ng
e 
at
 

Ye
ar

 1
 a

nd
 Y

ea
r 2

)  
Ba
se
lin
e 
17
.8
 ±
 8
.3
 (4
.5
‐1
80
)  

 
Ye
ar
 1
 5
.4
 ±
 3
.8
 (1
‐5
4)
  

Ye
ar
 2
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.3
 ±
 2
.8
 (1
‐4
2)
   

D
ur
at
io
n 
of
 C
VS
 e
pi
so
de
 (d
ay
s):
 (S
ta
t s
ig
ni
fic
an
t c
ha
ng
e 
at
 Y
ea
r 1
 

an
d 

Ye
ar

 2
)  

Ba
se
lin
e 
6.
7 
± 
6.
1 
(0
.2
‐3
0)
   

Ye
ar
 1
 2
.5
 ±
 2
.7
 (0
‐1
4)
   

Ye
ar
 2
 2
.2
 ±
 2
.4
 (0
‐1
0)
 

 #
ED
 v
isi
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/h
os
pi
ta
liz
at
io
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/y
ea
r (
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at
 si
gn
ifi
ca
nt
 c
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e 
at
 Y
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an
d 

Ye
ar
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)  
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se
lin
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 ±
 1
3.
4 
(1
‐2
7)
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ar
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 4
.2
 ±
 5
 (0
‐2
0)
  

Ye
ar
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 3
.3
 ±
 3
.6
 (0
‐1
4)
   

36
/4
 (8
8%
) p
at
ie
nt
s 8
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 re
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 E
D
 v
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, d
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ed
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 d
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 e
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de
s a
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 c
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J d
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 d
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) (
1/
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 to

 re
du
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 d

os
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to

 a
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vi
at

e 
si

de
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s)
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ry

 m
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th
 5

 (1
2%
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So
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no
le
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(9
%
) C
hr
on
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 fa
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 3
 (7
%
) 
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at
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(4
%
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is
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(2
%
) 
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%
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 m
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at
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n 
du

e 
to
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Se
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 C
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at
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A
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 b
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st
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 s
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ni
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an
t) 

G
oo
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re
sp
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as
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se
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y 
of
 

at
ta
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 (5
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Pr
op
ra
no
lo
l (
st
at
is
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al
ly
 s
ig
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fic
an
tly
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G
oo
d 
re
sp
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se
 (d
ec
re
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e 
in
 th
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fr
eq
ue
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an
d 
se
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rit
y 
of
 

at
ta
ck
s)
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4/
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 (9
2%
) 

A
m
itr
ip
ty
lin
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“S
ig
ni
fic
an
t”
 n
um
be
r o
f h
ad
 s
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e 
ef
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ct
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in
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in
g 
irr
ita
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ta
tio
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so
m
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 o
r 

le
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um
be
r o
f p
at
ie
nt
s 
no
t s
pe
ci
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ra
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N
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 re
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 C
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H
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at
in
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ie
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A
M
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 D
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n 

In
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or

y 
 

V
is
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l A
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lo
g 
Sc
al
e 
(P
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n)
 a
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s  
 

V
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tiv

e 
im
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n 
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a 
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 p
ai

n 
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%
) 
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 p
at
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itr
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t l
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 d
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t l
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 p
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 m
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 re
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g 
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r c
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e:
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ra
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r s
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M
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re
lat
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M
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d 
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m
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 s
ca
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 c
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t o
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ht
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ov
em
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ea
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t 
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 m
od
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im
pr
ov
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en
t, 
re
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m
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 s
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bl
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t 
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m
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t c
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y 
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so
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 c
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m
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on
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e 
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w
 d
at
a 
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in
ed
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in
t o
f l
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t 
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in
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 c
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”

C
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ra
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e 
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/2
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(7
5%
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Zo
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sa
m
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e:
 1
2/
16
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ev
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ta
m
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o 
st
at
is
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w
in
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Im
pr

ov
ed

 o
ve

ra
ll 
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8/
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o 
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 s
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m
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2/
16
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4/
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te
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so
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s 
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 c
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e)
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eq
ue
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iti
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pi
so
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s 
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ea
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 a
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in
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at
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 d
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th
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 to
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 e
pi
so
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m
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th
)

M
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tio
n 
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s c
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Se
ve
re
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fa
tig
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, c
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fu
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 h
ea
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 a
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s 

M
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 d
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 w
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r c
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ra
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m
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or
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nf
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r c
on
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‐
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m
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, c
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ve
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 si
de
 e
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 p
at
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w
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w
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e 
el
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at
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/4
) o
f s
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s o
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e 
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d 
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e 
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pi
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ic 
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 w
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d 
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ic 
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 d
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r d
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M
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at
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M
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2.4.2 | Study selection criteria

The reviewers utilized the Preferred Reporting Items for Systematic 
Reviews and Meta‐analyses (PRISMA) guidelines to develop the 
review. A PRISMA flow diagram is included in Figure 1. The titles/
abstracts from the database searches were uploaded to Covidence 
(http://covidence.org), a Web‐based application that facilitates 
screening and reviewing studies for systematic reviews. All titles 
and abstracts were screened by two researchers (R.S. and S.S.) with 
disagreements regarding inclusion and exclusion resolved by discus‐
sion. Inclusion criteria included any articles that might be relevant 
to the included PICO questions. Exclusion criteria were principally 
around study design as mentioned above. A total of 1469 non‐du‐
plicate articles were found, and 572 full‐text articles were then re‐
viewed. One author (R.S.) extracted data from full‐text articles into 
a standardized data collection form with accuracy of data extraction 
confirmed by several members of the systematic review committee. 
Study characteristics and data extraction are reported in Table 2a,b.

2.5 | Statistical analysis

Given the size and heterogeneity of included studies, the majority of 
results were suitable to narrative summary. Quantitative outcomes were 
calculated using Open Meta (http://www.cebm.brown.edu/openmeta/).

2.6 | Quality or certainty of evidence

The GRADE approach was used to rate the certainty in the evidence. 
In this approach, direct evidence from RCTs starts at high quality and 
can be rated down to levels of moderate, low, and very low quality, 
based on risk of bias in the body of evidence (or study quality), indi‐
rectness (addressing a different but related population, intervention, 
or outcome, from the one of interest), imprecision (of the summary 
estimate and boundaries of 95% CI), inconsistency (or heterogeneity in 
the results of the included studies), and/or publication bias. Due to in‐
herent limitations in observational studies (selection bias, unmeasured 
confounding, etc.), evidence derived from observational studies starts 
at low quality and then is potentially downgraded based on the afore‐
mentioned factors or upgraded in case of dose‐response relationship 
and large magnitude of effect. High‐quality evidence suggests that we 
are confident of the quality of the evidence and/or the direction and 
magnitude of the effect estimate, and any new data are unlikely to 
alter this. Moderate certainty suggests that we are moderately confi‐
dent in the effect estimate: The true effect is likely to be close to the 
estimate of the effect, but there is a possibility that it is substantially 
different. Low certainty suggests that our confidence in the effect esti‐
mate is limited: The true effect may be substantially different from the 
estimate of the effect. Finally, very low certainty: We have very little 
confidence in the effect estimate: The true effect is likely to be sub‐
stantially different from the estimate of effect. Judgments about the 
certainty in the evidence were made via discussion among the panel, 
and any disagreements were resolved by group consensus.

http://covidence.org
http://www.cebm.brown.edu/openmeta/
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2.7 | Evidence‐to‐decision framework

Information from this review was used in combination with factors 
such as patients’ values and preferences, cost‐effectiveness data (if 
available), and resource utilization to inform the development of the 
clinical guideline.

3  | RESULTS

3.1 | Overview

Study details are presented in Table 2a,b and summarized for each PICO 
question in the accompanying evidence profiles. The team acknowledges 
the limited evidence for CVS with few randomized control trials or high‐
quality observational studies leaving us with low‐ or very low‐quality cer‐
tainty in the evidence across outcomes. Given the paucity of literature on 
the topic, studies of all populations (adult and pediatric) were included 
with the assumption that the pathophysiology of CVS was similar in 
adults and adolescents, and that the effects of the various interventions 
may be generalizable across some populations. Finally, there was vari‐
ability in criteria used to diagnose CVS, medication exposures (eg, dosage 
and length of treatment) that were not consistently reported, and variable 
definitions for “response to treatment” used by authors across studies.

3.2 | Prophylactic therapy

3.2.1 | Should tricyclic antidepressants (TCAs) be 
used as prophylactic therapy in adults with CVS?

Key message
There is very low certainty in the evidence that TCAs should be used 
as prophylactic therapy in CVS. See Table 3 for full evidence profile.

Potential benefits/harms
Fourteen studies met inclusion criteria and were used to inform this 
question: These included 2 randomized trials and 12 observational stud‐
ies.4-14 Data from the randomized trials were converted to a single‐arm 
cohort of amitriptyline for inclusion into a summary estimate for ami‐
triptyline's symptomatic effect. A summary estimate from all included 
data revealed that approximately 70% of patients with CVS exhibited a 
symptom response (variably defined for variable durations). Six studies 
were from pediatric populations, four studies from adult populations, 
and four studies from mixed adult/pediatric populations (see Table 2a,b). 
Across these studies, 413/600 (70%) of patients reported complete or 
partial improvement with a decrease in frequency, duration, or severity 
of CVS symptoms when treated with a TCA, most commonly amitrip‐
tyline. Hejazi et al. in an open‐label study of 46 adult patients demon‐
strated not only a marked reduction in the number of CVS episodes from 
17 to 3, and in the duration of a CVS episode from 6 to 2 days, but also 
a reduction in the number of ED visits/hospitalizations from 15 to 3.3 
with AT. Nine studies reported on adverse events, the most common 
being sedation and weight gain. Boles et al. 2010 had one of the larg‐
est patient cohorts and noted that 72/139 pediatric patients and 39/54 

(72%) adults experienced TCA‐related side effects and 29/137 pediatric 
patients and 13/61 (21%) adult patients discontinued amitriptyline be‐
cause of side effects.7 However, adverse events leading to treatment 
discontinuation were not systematically reported across the studies.

Certainty of evidence
The overall certainty of the evidence was judged to be very low. Risk 
of bias was a concern (lack of control group and possible selection bias 
in the observational studies, and lack of obvious blinding and an inten‐
tion to treat analysis in the randomized trials). There was also concern 
regarding inconsistency, indirectness (many of the studies included 
only pediatric patients), and imprecision (for a few of the outcomes).

3.2.2 | Should topiramate be used as 
prophylactic therapy in adults with CVS?

Key message
There is very low certainty in the evidence that topiramate should be 
used as prophylactic therapy in CVS. See Table 4 for full evidence profile

Potential benefits/harms
One study met inclusion criteria that investigated the role of topira‐
mate in CVS.15 Sezer et al. investigated the use of topiramate (n = 16) 
and propranolol (n = 22) in 38 pediatric patients with CVS in a ret‐
rospective cohort study in Turkey. At baseline, the topiramate group 
(compared to the propranolol group) had significantly fewer epi‐
sodes of vomiting/cycle before treatment, fewer attacks/year after 
treatment, decreased median duration of cycles, and fewer peak 
number of emeses/hour during an attack. As such, patients in the 
topiramate group might have been less severe prior to treatment 
than the propranolol group. Patients were followed for 1 year. At 
follow‐up, responder rates (patients who had zero attacks in the year 
following treatment or patients that a ≥ 50% reduction in attacks) 
were significantly higher in the topiramate group 15/16 (94%) com‐
pared to the propranolol group 18/22 (81%). In the topiramate arm, 
81% became episode free and 13% showed at least ≥ 50% reduction 
in number of episodes. Per the study, the four patients who were 
non‐responsive to propranolol were treated with topiramate, and all 
of them had a “satisfactory response,” though this was not clearly 
defined by the authors. The one patient who was non‐responsive 
to topiramate was also non‐responsive to other medications, includ‐
ing propranolol, amitriptyline, and cyproheptadine. One additional 
study reported on topiramate use in adults (Kumar et al.); in this 
study, 18/92 adults were treated with topiramate, but not enough 
detail was provided to discern the efficacy of topiramate alone, as 
patients in this cohort also received treatment with amitriptyline and 
mitochondrial supplements. 12

In the study by Sezer et al., there were no dropouts from ad‐
verse events, and no statistically significant difference in adverse 
events between the propranolol and topiramate groups.15 Two 
patients experienced drowsiness and dizziness with topiramate, 
and mean weight loss after the end of 12 months was 1.1 ± 0.5 kg 
(2.9%).
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Certainty in effects
The overall certainty in the effects was very low due to concerns 
about study quality, imprecision (few events and small sample size), 
and indirectness (the study population was pediatric patients)

3.2.3 | Should aprepitant be used as 
prophylactic therapy in adults with CVS?

Key message
In patients with CVS, there is very low certainty in the evidence for 
the use of aprepitant as prophylactic therapy in CVS. See Table 5 for 
full evidence profile

Potential benefits/harms
One observational study investigated the use of aprepitant both as 
abortive therapy and as prophylactic therapy in CVS.16 This study 
by Cristofori et al., published in 2014, included pediatric patients 
and was retrospective in design, collecting data from administrative, 
pharmacy, and clinical databases as well as telephone interviews 
with parents of patients. The 41 included patients met NASPGHAN 
criteria for diagnosis of CVS and had failed or could not tolerate 
past treatments (Table 2a,b). Forty‐one children and adolescents 
were included with 25 being administered aprepitant as an abortive 
medication and 16 as prophylaxis. Some adolescents in this group 
weighed > 60 kg. There was no control group. Patients were given 
an “abortive” regimen of aprepitant if they had a prodromal phase 
that suggested an imminent CVS attack. With respect to co‐inter‐
ventions, individuals were also being treated with propranolol 9/15 
(60%), amitriptyline 7/15 (46%), coenzyme Q10 5/15 (33%), and L‐
carnitine 3/15 (20%).16

The outcomes were complete response (no CVS episodes), par‐
tial response (≥50% reduction in both frequency and intensity of 
CVS symptoms), no response (<50% reduction in CVS frequency and 
intensity), CVS episodes/year, hospital admissions/year, duration of 
episodes, number of vomits/episode, duration of interspersed pe‐
riod (days), and percentage of school attendance. All outcomes (for 
abortive and prophylactic groups) were measured at a 12‐month fol‐
low‐up time point.

In the prophylactic group, at 12‐month follow‐up, 19% of in‐
dividuals achieved a complete response (3/16) and 62% (10/16) 
achieved a partial response. Overall, 82% (13/16) achieved either 
complete or partial response. Two children failed to respond (2/16, 
19%).

With respect to adverse events, in the prophylaxis group, one 
patient discontinued therapy due to severe migraine (1/16, 6%). 
Other side effects noted included hiccups (3/16, 19%), asthenia/
fatigue (2/16, 12.5%), increased appetite (2/16, 12.5%), and mild 
headache (1/16, 6%).

Certainty of evidence
The certainty in the evidence was very low due to concern for risk 
of bias (lack of a control population, possible selection bias and con‐
founding). There was also concern regarding indirectness, given that 

the study included a population that failed prior CVS treatments, 
and was on several concomitant medications. Some adolescents 
were at an adult weight (>60 kg) in the prophylactic group and were 
dosed accordingly, making this less of a concern.

3.2.4 | Should zonisamide or levetiracetam be used 
as prophylactic therapy in adults with CVS?

Key message
In patients with CVS, there is very low certainty in the evidence for 
the use of zonisamide or levetiracetam as prophylactic therapy. See 
Table 6 for full evidence profile

Potential benefits/harms
One retrospective study met inclusion criteria.17 Clouse et al. re‐
viewed outpatient records and conducted interviews of 20 adult pa‐
tients with CVS who had received prophylactic zonisamide (median 
dose, 400 mg/day) or levetiracetam (median dose, 1000 mg/day) 
when tricyclic antidepressants (TCAs) alone had failed, were intoler‐
able, or unsuitable. Sixteen patients were treated with zonisamide and 
four with levetiracetam for CVS prophylactic therapy. Median follow‐
up after initiation of the intervention was 10 months.

Outcomes measured included episode frequency and change in 
symptoms. A score ≥ 2 was required for a “favorable” clinical response. 
“Better” as a clinical response was not defined. The study used the 
following Likert scale: 0 = no significant improvement or worse; 
1 = slight improvement, requiring treatment changes; 2 = moderate 
improvement, regimen stable but symptoms not completely resolved; 
and 3 = clinical remission and complete patient satisfaction with ther‐
apy. Twelve out of 16 patients in the zonisamide group and 3 out of 
4 in the levetiracetam group reported a favorable clinical response. 
Frequency of vomiting episodes decreased significantly after initiation 
of either zonisamide or levetiracetam from 1.3 to 0.5 episodes/month. 
In total, 18/20 (90%) stated that they were better on drug therapy (2 
unchanged, 0 worse). There were no data on number of hospitaliza‐
tions or ED visits.

Four subjects out of 20 reported “severe” side effects con‐
sisting of fatigue, confusion, headache, and dizziness, which were 
eliminated in 3/4 of these patients once they switched to the other 
antiepileptic. Two of these 4 patients were noted to have concom‐
itant use of TCAs, and 1 of the 4 patients was on a high dose of 
levetiracetam (3000 mg/day). Five subjects out of 20 reported 
depression, muscle weakness, difficulty sleeping, dizziness, poor 
concentration/memory, confusion, or tiredness/fatigue. One 
subject on levetiracetam developed angioedema, which resolved 
when switched to zonisamide. Only one subject out of 20 re‐
ported antiepileptic drugs intolerable in spite of switching drugs 
and dosages.

Certainty in the evidence
The certainty in the evidence was very low. We rated down for risk 
of bias and imprecision (small sample size, raising concern about op‐
timal information size).
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3.2.5 | Should mitochondrial supplements be used 
as prophylactic therapy in adults with CVS?

Key message
In patients with CVS, there is very low certainty in the evidence for 
the use of mitochondrial supplements, such as Co‐enzyme Q10, and 
riboflavin as prophylactic therapy. See Table 7 for full evidence profile.

Potential benefits/harms
The only comparative study to evaluate the efficacy of Coenzyme 
Q10 was conducted by Boles et al. (2010).7 In this study, the authors 
compared the efficacy of Coenzyme Q10 to amitriptyline in patients 
with CVS via an Internet‐based survey that asked subjects about 
their response to treatment. Eleven out of 22 subjects, using vary‐
ing doses of Coenzyme Q10, reported a 50% reduction in episode 
frequency, 8/22 reported a 50% reduction in episode duration, and 
8/20 reported a 50% reduction in nausea severity. Out of 28 partici‐
pants on Coenzyme Q10, no side effects were reported. The survey 
did not allow a physician to confirm if the patient truly had CVS and 
was subject to recall and self‐selection bias. No published studies re‐
ported on the efficacy of riboflavin in CVS patients. The Boles 2011 
study included riboflavin but did not report on response for these 
patients.

The majority of studies that reported on the use of mitochon‐
drial supplements was not amenable to providing estimates on the 
efficacy of mitochondrial supplements because these were used as 
co‐therapy in conjunction with other agents or because lack of re‐
porting of outcomes specific to mitochondrial therapy.7,8,10,12,16,18

Data on the reported prevalence of mitochondrial supplement 
therapy as co‐interventions are reviewed below. The Lee et al. 
(2012) systematic review was not used to inform this outcome be‐
cause it either included studies that did not meet our inclusion crite‐
ria or included studies that as discussed below, used supplements as 
co‐therapy.19 Kumar 2012 conducted a retrospective analysis of 101 
patients who met Rome III criteria for CVS. Of the 44/76 patients 
who achieved a “complete response” with medical therapy, approx‐
imately ~30% were taking Co‐enzyme Q10. Of those with a “partial 
response” (21/76) to medical therapy, 35% were taking Coenzyme 
Q10. Of the 11/76 patients with “no response” to medical therapy, 
10% were taking Coenzyme Q10.

Boles 2011 conducted a retrospective study in adult and pediat‐
ric populations with CVS and reported on outcomes of a 2‐year case 
series in which 30 patients were treated with multiple agents, which 
often included mitochondrial supplements. Individual effect from the 
mitochondrial supplements could not be determined from the result, 
though the combination of amitriptyline, Coenzyme Q10, and L‐carni‐
tine was used most frequently. Two articles by Hejazi et al. described 
outcomes of an open‐labeled study for adults with CVS treated with 
TCA.10,20 Seventeen percent of the 46 patients took L‐carnitine and/
or Coenzyme Q10. The second study by Hejazi reported outcomes on 
132 patients and focused on comparing non‐responders and respond‐
ers to TCA therapy. This study also had 17% of patients on L‐carni‐
tine/Co‐enzyme Q10. There seemed to be an overlap in the patient TA
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population between both of these studies. With respect to adverse 
effects, in the Boles 2010 study, there were no reported side effects 
(0/20).

Certainty of evidence
The certainty in the evidence was deemed to be very low due to 
concerns about study quality, indirectness, and imprecision (retro‐
spective design, lack of a control population, probable selection bias, 
pediatric population, small sample size, and confounding). No pooled 
effect estimate or range of effects could be calculated.

3.3 | Abortive medications

3.3.1 | Should triptans be used as abortive therapy 
in adults with CVS?

Key message
There is moderate certainty in the evidence for the use of triptans 
as abortive therapy in CVS, primarily based on indirect data. See 
Table 8 for full evidence profile.

Potential benefits/harms
We identified four studies that met inclusion criteria and that re‐
ported on the use of triptans as abortive therapy in CVS. One 
systematic review of treatments for CVS was not included below 
because it only reviewed the Hikita 2011 study.21 We additionally 
looked for indirect evidence in the migraine literature to help inform 
outcomes, such as nausea and vomiting.22

Kumar 2012 conducted a retrospective review of adult and pe‐
diatric patients seen at the Medical College of Wisconsin who met 
Rome III criteria for CVS.12 Data were collected on 101 patients 
through chart review and patient questionnaires. Response data 
were not available on all patients, though it was noted that triptan 
medications “aborted” CVS episodes in 64/77 (83%) of patients.

Hikita 2011 studied one adult and eleven pediatric patients in 
a prospective cohort study that took place at Teikyo University 
Hospital in Japan.21 Patients had been diagnosed with severe CVS 
by a pediatric neurologist per the International Classification of 
Headache Disorders. Patients were given sumatriptan, as either a 
subcutaneous injection or a nasal spray; the average dose admin‐
istered was not specified. Measured outcomes included “complete 
response” (no vomiting after treatment), “effective response” (vom‐
iting frequency reduced by ≥ 50%), or “non‐effective response” 
(the treatment was not effective in preventing vomiting). For the 
11 patients receiving subcutaneous sumatriptan injection, 4/11 had 
complete resolution, 5/11 had effective response, and 2/11 had a 
non‐effective response. Patients with a family history migraine 
were more likely to respond (“complete” and “effective”). Among the 
five patients who received nasal spray, 1/5 had complete resolution, 
1/5 had effective response, and 3/5 had non‐effective response.

Li 1999 published a retrospective cohort study in of 214 chil‐
dren from Columbus Children's Hospital with a clinical diagnosis of 
CVS.23 The purpose of the study was to descriptively compare the 

characteristics of those with migraine‐associated CVS versus those 
with non–migraine‐associated CVS. The diagnosis of CVS was made 
as a clinical diagnosis by treating clinicians. Median follow‐up was 
17.5 months. Measured outcomes included demographic charac‐
teristics, vomiting pattern, associated symptoms, triggering events, 
and medication response. The migraine‐associated CVS group (with 
either self or family history of migraines) compared to non–migraine‐
associated CVS had fewer emeses/episode, more abdominal pain, 
and more triggering events for their CVS episodes. Li et al. found 
that 24/35 (69%) of children had improvement in symptoms (de‐
fined as a ≥ 50% reduction in vomiting episodes) with subcutaneous 
sumatriptan.

Indirect estimates for the effect of sumatriptan on symptom 
reduction (nausea and vomiting) were derived from the migraine 
headache literature.22 In a systematic review of patients with mi‐
graine headaches, but not necessarily CVS, of 8 randomized control 
trials, 45% to 76% of individuals with migraine headaches experi‐
enced a reduction in nausea symptoms within 2 hours with triptans 
and higher rates of symptom improvement were seen in individuals 
receiving sumatriptan by either intranasal (50%‐60% range) and sub‐
cutaneous routes (76%).22

Among the 3 studies that included data on the use of triptans 
as abortive therapy in CVS, no adverse events were reported. 
12,23 Furthermore, no data on adverse events leading to treatment 
discontinuation were provided in the Derry et al. Cochrane sys‐
tematic review. Adverse effects were generally described as mild 
or moderate and self‐limited. No cardiovascular problems were 
noted.

Certainty in the evidence
Indirect estimates influenced the certainty of the evidence supporting 
the utility of triptans as abortive therapy in CVS. With regard to the 
outcome of relief of nausea at 2 hours, we had moderate certainty 
in the beneficial effect of triptans, as presented by the summary es‐
timate yielded from a meta‐analysis of eight RCTs. We downgraded 
for indirectness as the population studied was patients with migraine 
headaches (CVS is in the subgroup of periodic syndromes that include 
migraine and its equivalents).

With regard to the outcome of treatment response and ad‐
verse events (across the three studies in CVS patients), the 
certainty in the evidence was deemed to be very low. We down‐
graded due to risk of selection bias, imprecision (concern for 
fragility in the estimate due to suboptimal information size), and 
indirectness, because some studies were conducted in pediatric 
populations and some data come from a CVS–migraine‐associated  
phenotype.

3.3.2 | Should 5‐HT3 antagonists be used as 
abortive therapy in adults with CVS?

No published studies examining the use of ondansetron as abortive 
therapy for CVS were identified despite its widespread use in CVS. 
No GRADE evidence profile was created.
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3.3.3 | Should aprepitant be used as 
abortive therapy in adults with CVS?

Key message
In patients with CVS, there is very low certainty in the evidence for 
the use of aprepitant as abortive therapy. See Table 9 for full evi‐
dence profile

Potential benefits/harms
One observational study investigated the use of aprepitant as abor‐
tive therapy and as prophylactic therapy in CVS.16 The study included 
pediatric patients and was retrospective in design, collecting data 
from administrative, pharmacy, and clinical databases as well as tel‐
ephone interviews with patients’ parents (see section on aprepitant as 
prophylactic therapy in CVS for more details). In the abortive group, 
at a 12‐month follow‐up time point, 12% (3/25) achieved a complete 
response and 64% (16/25) achieved a partial response. Overall, 76% 
(19/25) achieved either a complete or partial response. Six children had 
no response (6/25, 24%). It was difficult to discern how often patients 
received the medication in the abortive group. There were no noted 
adverse events from aprepitant administration in the abortive group.

Certainty in the evidence
The certainty in the evidence was deemed to be very low, for 
the same reasons discussed in the prophylactic group. Certainty 
was reduced by risk of bias (lack of a control population, possi‐
ble selection bias, and confounding). There was also concern re‐
garding indirectness, given that the study included a population 
that failed prior CVS treatments, and was on several concomitant 
medications.

3.3.4 | Should we screen for and treat co‐
morbid conditions, such as anxiety, depression, 
migraine headache, autonomic dysfunction, sleep 
disorders, and substance use in adults with CVS?

No published studies were found that explicitly addressed this ques‐
tion. No GRADE evidence profile was created.

3.3.5 | Should meditation, relaxation, and 
biofeedback be used as complementary therapy in 
adults with CVS?

No published studies were found that explicitly addressed this ques‐
tion. No GRADE evidence profile was created.

3.3.6 | Areas of limited/insufficient evidence

Three recommendations (recommendations 7, 9, and 10) that 
are presented in the accompanying manuscript were deemed 
consensus recommendations and no GRADE evidence profile 

was created. Recommendation 7 addresses the role of 5‐HT3 
antagonists, such as ondansetron, as abortive therapy for CVS. 
Acknowledging the lack of direct evidence to inform this clinical 
question, the committee relied on indirect evidence on the effi‐
cacy of ondansetron in patients with chemotherapy‐induced nau‐
sea and vomiting (CINV) and postoperative nausea and vomiting 
(PONV) in treating acute, delayed, and anticipatory nausea and 
vomiting to inform the recommendation. For recommendations 9 
and 10, there was insufficient evidence in the published litera‐
ture examining the role of screening and treatment of co‐morbid 
conditions on CVS symptoms and the effects of complementary 
therapies on CVS symptoms. For these two recommendations, the 
committee made consensus‐based recommendations based on 
their large collective experience of managing adult and pediatric 
CVS patients and their observations in clinical practice as well as 
the recognition that the treatment of CVS, a functional disorder, 
should be based on a biopsychosocial care model, integrating life‐
style modification, prophylactic, and/or abortive medications, and 
evidenced‐based psychotherapy to address psychiatric co‐mor‐
bidity. Finally, the guideline also includes consensus statements 
that address the diagnosis and workup of CVS patients as well 
as a narrative review and sample protocol for treatment of CVS 
patients in the ED.

4  | CONCLUSIONS

This evidence review is based on the GRADE framework and was 
developed to inform the clinical practice guideline for the manage‐
ment of CVS, which should ultimately improve patient outcomes and 
reduce morbidity associated with this chronic and often, debilitating 
illness.
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