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IMPORTANCE Idiopathic intracranial hypertension (IIH) causes headaches, vision loss, and
reduced quality of life. Sustained weight loss among patients with IIH is necessary to modify
the disease and prevent relapse.

OBJECTIVE To compare the effectiveness of bariatric surgery with that of a community weight
management (CWM) intervention for the treatment of patients with active IIH.

DESIGN, SETTING, AND PARTICIPANTS This 5-year randomized clinical trial (Idiopathic
Intracranial Hypertension Weight Trial) enrolled women with active IIH and a body mass index
(calculated as weight in kilograms divided by height in meters squared) of 35 or higher at 5
National Health Service hospitals in the UK between March 1, 2014, and May 25, 2017. Of 74
women assessed for eligibility, 6 did not meet study criteria and 2 declined to participate; 66
women were randomized. Data were analyzed from November 1, 2018, to May 14, 2020.

INTERVENTIONS Bariatric surgery (n = 33) or CWM intervention (Weight Watchers) (n = 33).

MAIN OUTCOMES AND MEASURES The primary outcome was change in intracranial pressure
measured by lumbar puncture opening pressure at 12 months, as assessed in an
intention-to-treat analysis. Secondary outcomes included lumbar puncture opening pressure
at 24 months as well as visual acuity, contrast sensitivity, perimetric mean deviation, and
quality of life (measured by the 36-item Short Form Health Survey) at 12 and 24 months.
Because the difference in continuous outcomes between groups is presented, the null effect
was at 0.

RESULTS Of the 66 female participants (mean [SD] age, 32.0 [7.8] years), 64 (97.0%)
remained in the clinical trial at 12 months and 54 women (81.8%) were included in the
primary outcome analysis. Intracranial pressure was significantly lower in the bariatric surgery
arm at 12 months (adjusted mean [SE] difference, −6.0 [1.8] cm cerebrospinal fluid [CSF];
95% CI, −9.5 to −2.4 cm CSF; P = .001) and at 24 months (adjusted mean [SE] difference, −8.2
[2.0] cm CSF; 95% CI, −12.2 to −4.2 cm CSF; P < .001) compared with the CWM arm. In the
per protocol analysis, intracranial pressure was significantly lower in the bariatric surgery arm
at 12 months (adjusted mean [SE] difference, −7.2 [1.8] cm CSF; 95% CI, −10.6 to −3.7 cm CSF;
P < .001) and at 24 months (adjusted mean [SE] difference, −8.7 [2.0] cm CSF; 95% CI, −12.7
to −4.8 cm CSF; P < .001). Weight was significantly lower in the bariatric surgery arm at 12
months (adjusted mean [SE] difference, −21.4 [5.4] kg; 95% CI, −32.1 to −10.7 kg; P < .001) and
at 24 months (adjusted mean [SE] difference, −26.6 [5.6] kg; 95% CI, −37.5 to −15.7 kg;
P < .001). Quality of life was significantly improved at 12 months (adjusted mean [SE]
difference, 7.3 [3.6]; 95% CI, 0.2-14.4; P = .04) and 24 months (adjusted mean [SE]
difference, 10.4 [3.8]; 95% CI, 3.0-17.9; P = .006) in the bariatric surgery arm.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, bariatric surgery was superior
to a CWM intervention in lowering intracranial pressure. The continued improvement over
the course of 2 years shows the impact of this intervention with regard to sustained disease
remission.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT02124486
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I diopathic intracranial hypertension (IIH) is a debilitating
condition characterized by increased intracranial pres-
sure (ICP) that causes optic disc swelling known as papill-

edema, with a risk of permanent visual loss and chronic head-
aches that lead to reduced quality of life.1,2 The condition
predominately affects women aged 25 to 36 years, with weight
gain being a major risk factor.3-5

The incidence of IIH is increasing and has been associ-
ated with increasing obesity rates worldwide.3,4 Modest weight
gain (approximately 5%) has been associated with an in-
creased risk of developing IIH and experiencing relapses of the
disease.5 Weight loss has been reported to be a beneficial treat-
ment strategy, with a reduction in body weight of 3% to 15%
associated with disease remission as defined by ICP normal-
ization and papilledema resolution.6 Body weight is the main
modifiable factor associated with the development of IIH,7 and
a patient-physician priority partnership has emphasized the
importance of conducting research to evaluate the most ef-
fective approach to treating patients with IIH through weight
loss interventions.8

Community weight management interventions (exclud-
ing very low-energy diets) have been associated with modest
weight loss (approximately 5%).9 A previous study6 reported
that a very low-energy diet (≤425 kcal per day) for 3 months
was associated with weight loss of 15%, reductions in ICP,
improvements in papilledema and visual function, and
decreases in headache frequency and severity, with concomi-
tant reductions in the use of analgesic medications. Maintain-
ing weight loss is difficult, and most patients regain weight
over a 2- to 5-year period.10 Bariatric surgery has been associ-
ated with sustained long-term weight loss (25%-30%) as well
as positive cardiovascular and metabolic outcomes.11,12 Case
series suggest that bariatric surgery is also associated with
remission among patients with IIH, with concomitant
improvement in symptoms and discontinuation of medica-
tion, but to our knowledge, there is currently no evidence
from randomized clinical trials.13,14

We hypothesized that bariatric surgery would be supe-
rior to a community weight management intervention in re-
ducing ICP among patients with IIH because of greater sus-
tained weight loss. We therefore conducted a multicenter
randomized clinical trial (Idiopathic Intracranial Hyperten-
sion Weight Trial [IIH:WT]) comparing bariatric surgery with
a community weight management intervention to evaluate
which approach was more effective in decreasing ICP among
participants with active IIH, with the primary end point being
lumbar puncture (LP) opening pressure measured after 12
months.

Methods
Trial Design and Participants
The IIH:WT was a 5-year multicenter parallel-group random-
ized clinical trial (NCT02124486) (trial protocol in
Supplement 1). We recruited participants at 5 National Health
Service hospitals in the UK between March 1, 2014, and May
25, 2017. Participants were identified from the neurology and

ophthalmology clinics of 7 National Health Service hospitals
(eMethods 1 in Supplement 2). The National Research Ethics
Committee of West Midlands approved the clinical trial, and
the trial protocol was reported before enrollment was
completed.15 All participants provided written informed
consent. This study followed the Consolidated Standards of
Reporting Trials (CONSORT) reporting guideline for
randomized clinical trials.

Participants
We recruited women aged 18 to 55 years who met the diag-
nostic criteria for IIH16; had normal results from brain
imaging, including magnetic resonance venography or com-
puted tomographic venography (apart from radiological signs
of increased ICP); had a body mass index (BMI) (calculated as
weight in kilograms divided by height in meters squared) of
35 or higher; and had not succeeded in losing weight or main-
taining weight loss. To be classified as having active disease,
participants were required to have a baseline LP opening pres-
sure of 25 cm cerebrospinal fluid (CSF) or higher and to have
papilledema at baseline. Detailed inclusion and exclusion cri-
teria are provided in eTable 1 in Supplement 2.

Randomization and Treatment
Participants were randomized in a 1:1 ratio to receive either a
community weight management intervention (Weight Watch-
ers; weight management arm) or bariatric surgery (surgery arm)
using computer-generated random numbers and were strati-
fied by use vs nonuse of acetazolamide medication (eMethods
2 in Supplement 2). All assessors were masked to treatment
allocation. A complete medical history, clinical measure-
ments, and a headache diary were completed by all partici-
pants in accordance with the study protocol (Supplement 1).15

Outcome Measures
The primary outcome was the difference in ICP between the
surgery arm and the weight management arm as measured by
LP opening pressure at 12 months. Secondary outcomes in-
cluded LP opening pressure at 24 months, visual acuity (log-
MAR; measured using Early Treatment Diabetic Retinopathy
Study testing charts), contrast sensitivity (assessed using the

Key Points
Question Is bariatric surgery superior to a community weight
management intervention in sustaining the weight loss necessary
to achieve sustained remission among patients with idiopathic
intracranial hypertension?

Findings In this randomized clinical trial of 66 women with
idiopathic intracranial hypertension and a body mass index of 35
or higher, bariatric surgery was superior to a community weight
management intervention in decreasing intracranial pressure, with
continued improvement at 2 years.

Meaning The study’s findings indicate that, among women with
idiopathic intracranial hypertension and a body mass index of 35
or higher, bariatric surgery is an effective treatment to reduce
intracranial pressure and for sustained disease remission.
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Mars Letter Contrast Sensitivity Test), perimetric mean devia-
tion (central threshold automated perimetry measured using
the Humphrey 24-2 Swedish interactive thresholding algo-
rithm), and health-associated quality of life (measured using
the 36-item Short Form Health Survey,17 the Hospital Anxiety
and Depression Scale,18 and the 5-level EuroQol 5-Dimension
questionnaire14). Evaluations were performed at baseline and
at 3, 6, 12, and 24 months and were planned for 60 months.

Optic nerve head swelling was assessed using spectral do-
main optical coherence tomography (Spectralis; Heidelberg En-
gineering). Three neuroophthalmologists (J.B., T.D.M., and
S.P.M.) who were masked to participant identity graded pap-
illedema from color fundus photographs (Topcon Medical)
using Frisén classification.19 Headache symptoms were evalu-
ated using the 6-item Headache Impact Test,20 symptom se-
verity scores (rating scale, 0 to 10, with 0 indicating no pain
and 10 indicating maximum pain), symptom frequency (days
per month), and analgesic medication use (days per month).
Any adverse events or serious adverse events (SAEs) that oc-
curred were documented.

Sample Size Calculation
In a previous study of weight loss among patients with IIH who
followed a low-energy diet for 3 months, LP opening pressure
was found to be significantly reduced by a mean (SD) of 8 (4.2)
cm CSF (P < .001), with mean (SD) weight loss of 15.3% (7.0%)
of body weight.6 We inferred that a similar reduction of LP op-
ening pressure of 8 cm CSF would occur in the surgery arm and

that a smaller reduction of 3 cm CSF would occur in the weight
management arm (a value to reflect changes slightly greater
than the baseline fluctuations observed in the previous study6).

We therefore planned to detect a mean difference of 5.0 cm
CSF between the groups with 90% power and an error rate of
α = .05 using a 2-sided t test (assuming an SD of 5.1 cm CSF),15

which would have required a sample of 46 patients (23 patients
per arm). To allow for a 28% withdrawal rate, 32 participants per
arm were required. Based on these assumptions, 66 women (33
participants per arm) were recruited.

Statistical Analysis
All primary analyses (primary and secondary outcomes, includ-
ing safety outcomes) were evaluated using intention-to-treat
analysis. A per protocol analysis was also performed for the pri-
mary outcome as part of a planned secondary analysis. For the
per protocol analysis, the surgery arm was defined as partici-
pants who had undergone bariatric surgery within 12 months
of randomization, and the weight management arm was de-
fined as participants who had not undergone bariatric surgery
within 12 months of randomization. Analysis was completed
using received data only, with effort made to follow up with par-
ticipants even after instances of protocol nonadherence to mini-
mize the potential for bias. No imputation of missing data was
conducted. The analysis of visual data included data from both
eyes, with data on the more affected eye at baseline (defined
by perimetric mean deviation) being reported.

Statistical analysis was performed using R software, ver-
sion 3.6.3 (R Foundation for Statistical Computing). Data were
reported as means, SDs or SEs (with medians and interquar-
tile ranges [IQRs] used for nonnormal data), and 95% CIs, as
appropriate. Hierarchical linear regression models were used
to analyze repeated measures of the primary and secondary
outcomes and to estimate differences adjusted for baseline val-
ues (eMethods 2 and eTable 2 in Supplement 2). In these mod-
els, population-level effects (ie, fixed effects) included the in-
tercept, time (as a factor variable), and the 2-way interaction
of treatment arm and time (as a factor variable) to model dif-
ferences in treatment effects over time. Group-level effects
(ie, random effects) comprised patient-level adjustments to the
intercept. Because the difference in continuous outcomes be-
tween groups is presented, the null effect was at 0. The thresh-
old for statistical significance was prespecified at P = .05. Data
were analyzed from November 1, 2018, to May 14, 2020.

Results
Participants
Between 2014 and 2017, 74 women were assessed for eligibil-
ity; 6 women did not meet study criteria, and 2 women de-
clined to participate. A total of 66 women (mean [SD] age, 32.0
[7.8] years) enrolled in the study and were randomly as-
signed to either the surgery arm (n = 33) or the weight man-
agement arm (n = 33) (Figure 1). The study population had a
mean (SD) LP opening pressure of 35.5 (7.0) cm CSF, and the
clinical trial arms were balanced with regard to baseline char-
acteristics (Table 1).

Figure 1. CONSORT Diagram

74 Patients assessed for eligibility

8 Excluded
5 Did not meet eligibility criteria
2 Declined participation
1 Did not attend baseline

appointment

66 Randomized

33 Randomized to bariatric surgery
27 Received intervention
6 Did not receive intervention
2 Did not attend appointment
2 Declined surgery
2 Withdrew from surgery

33 Randomized to community
weight management
31 Received intervention
2 Did not receive intervention

(withdrew consent)

25 Included in intention-to-treat
analysis (12 mo)

6 Not included
4 Declined lumbar puncture
2 Forms not available

29 Included in intention-to-treat
analysis (12 mo)

4 Not included
3 Form not available
1 Declined lumbar puncture

22 Analyzed in secondary outcome
analysis (24 mo)

11 Not included in analysis
4 Withdrew consent
4 Declined lumbar puncture
2 Lost to follow-up
1 Form not available

24 Analyzed in secondary outcome
analysis (24 mo)

9 Not included in analysis
5 Forms not available
2 Withdrew consent
2 Declined lumbar puncture

In the bariatric surgery arm, 18 patients were assessed 2 weeks after surgery.
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Adherence to Protocol
A total of 64 women (97.0%) remained in the clinical trial at
12 months, and 54 women (81.8%) completed the primary out-
come. Six participants in the surgery arm did not receive bar-
iatric surgery based on personal choice, and no participants
were medically declined for surgery. Two participants with-
drew from the weight management arm; between 12 and 24
months, 2 additional participants in the weight management
arm underwent bariatric surgery (on a self-funded basis)
(Figure 1).

Treatments
In the surgery arm, the median time from randomization to
bariatric surgery was 4.4 months (range, 2.2-10.3 months).
Among the 27 participants who underwent surgery, the pre-
dominant procedure was Roux-en-Y gastric bypass (12 partici-
pants [44.4%]) followed by gastric banding (10 participants
[37.0%]) and laparoscopic sleeve gastrectomy (5 participants
[18.5%]). Among those in the weight management arm, the
mean (SD) number of Weight Watchers face-to-face sessions
attended was 14.3 (10.6), with 19 of 33 participants (57.6%) at-
tending at least 1 session.

Primary Outcomes
The mean (SD) LP opening pressure decreased from 34.8 (5.8)
cm CSF at baseline to 26.4 (8.7) cm CSF at 12 months (ad-
justed mean [SE] difference, −8.7 [1.3] cm CSF; 95% CI, −11.3
to −6.1 cm CSF; P < .001) in the surgery arm and from 34.6 (5.6)
cm CSF at baseline to 32.0 (5.2) cm CSF at 12 months (ad-
justed mean [SE] difference, −2.5 [1.4] cm CSF; 95% CI, −5.2
to 0.3 cm CSF; P = .08) in the weight management arm, but the
difference for the latter was not significant (Table 2 and
Figure 2). The prespecified primary outcome analysis indi-
cated that the adjusted mean (SE) difference in LP opening pres-

sure was −6.0 (1.8) cm CSF (95% CI, −9.5 to −2.4 cm CSF;
P = .001) between the groups at 12 months.

Secondary Outcomes
The secondary outcome of LP opening pressure at 24 months
demonstrated increasing effect size between 12 and 24 months,
with a mean (SE) difference between the 2 arms of −8.2 (2.0)
cm CSF (95% CI, −12.2 to −4.2 cm CSF; P < .001). In the per pro-
tocol analysis, ICP was significantly lower in the surgery arm
at 12 months (adjusted mean [SE] difference, −7.2 [1.8] cm CSF;
95% CI, −10.6 to −3.7 cm CSF; P < .001) and at 24 months (ad-
justed mean [SE] difference, −8.7 [2.0] cm CSF; 95% CI, −12.7
to −4.8 cm CSF; P < .001) (Table 2). Exploratory analysis
showed that the mean (SE) ICP had decreased in the surgery
arm from 34.8 (5.8) cm CSF at baseline to 26.9 (8.1) cm CSF at
2 weeks after surgery (P < .001) (Table 2 and Figure 2). At 12
months, the mean (SE) percentage change in ICP was −32.1%
(4.7%) in the surgery arm compared with −2.5% (3.9%) in the
weight management arm (P < .001). At 24 months, the mean
(SE) percentage change in ICP was −35.0% (4.9%) in the sur-
gery arm compared with −6.0% (3.8%) in the weight manage-
ment arm (P < .001) (Figure 2).

At both 12 and 24 months, all measures of improvement
in weight, BMI, and reduction of excess body weight were sig-
nificantly greater in the surgery arm vs the weight manage-
ment arm (P < .001) (Table 2 and Figure 2), with increased ef-
fect between 12 and 24 months. Weight was significantly lower
in the surgery arm at 12 months (adjusted mean [SE] differ-
ence, −21.4 [5.4] kg; 95% CI, −32.1 to −10.7 kg; P < .001) and at
24 months (adjusted mean [SE] difference, −26.6 [5.6] kg; 95%
CI, −37.5 to −15.7 kg; P < .001) compared with the weight man-
agement arm. With regard to the percentage of weight loss
(Figure 2) and the percentage of excess weight loss, the mean
(SE) difference between groups at 12 months was −18.3% (1.9%;

Table 1. Baseline Characteristics of Participants in the Trial

Characteristic

Participantsa

All (N = 66)
Bariatric surgery
arm (n = 33)

CWM intervention
arm (n = 33)

Age, mean (SD), y 32.0 (7.8) 31.0 (8.0) 33.0 (7.7)

Female 66 (100) 33 (100) 33 (100)

Race/ethnicity

White 55 (83.3) 27 (81.8) 28 (84.8)

Mixed or multiple 5 (7.6) 3 (9.1) 2 (6.1)

Black, African, or Caribbean 5 (7.6) 3 (9.1) 2 (6.1)

Asian or British Asian 1 (1.5) 0 1 (3.0)

Duration of IIH diagnosis, median (range), y 1.1 (0.5-2.6) 1.1 (0.6-2.7) 0.8 (0.4-2.5)

Frisén grade of worse eye, mean (SD) 2.1 (1.0) 2.0 (0.9) 2.2 (1.1)

Perimetric mean deviation of worse eye

Mean (SD), dB −3.6 (3.7) −3.6 (3.5) −3.5 (3.8)

Participants, No. 65 32 33

LP opening pressure at diagnosis

Mean (SD), cm CSF 35.5 (7.0) 34.5 (5.7) 36.5 (8.0)

Participants, No. 60 30 30

LP opening pressure at baseline, mean (SD),
cm CSF

34.7 (5.7) 34.8 (5.8) 34.6 (5.6)

Acetazolamide receipt 19 (28.8) 8 (24.2) 11 (33.3)

Abbreviations: CSF, cerebrospinal
fluid; CWM, community weight
management; IIH, idiopathic
intracranial hypertension; LP, lumbar
puncture.
a Data are presented as number

(percentage) of participants unless
otherwise indicated.

Bariatric Surgery vs Community Weight Management for Idiopathic Intracranial Hypertension Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology June 2021 Volume 78, Number 6 681

Downloaded From: https://jamanetwork.com/ on 06/21/2021

http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0659


Ta
bl

e
2.

Pr
im

ar
y

O
ut

co
m

e
an

d
An

th
ro

po
m

et
ric

Fe
at

ur
es

by
Tr

ea
tm

en
tA

rm

O
ut

co
m

e
or

fe
at

ur
e

Ba
se

lin
e

At
su

rg
er

y
At

2
w

k
af

te
r

su
rg

er
y

At
12

m
o

At
24

m
o

Di
ff

er
en

ce
fr

om
ba

se
lin

e
to

12
m

o
Di

ff
er

en
ce

fr
om

ba
se

lin
e

to
24

m
o

Di
ff

er
en

ce
be

tw
ee

n
ar

m
s

at
12

m
o

Di
ff

er
en

ce
be

tw
ee

n
ar

m
s

at
24

m
o

M
ea

n
(S

D)

Pa
rt

ic
-

ip
an

ts
,

N
o.

M
ea

n
(S

D)

Pa
rt

ic
-

ip
an

ts
,

N
o.

M
ea

n
(S

D)

Pa
rt

ic
-

ip
an

ts
,

N
o.

M
ea

n
(S

D)

Pa
rt

ic
-

ip
an

ts
,

N
o.

M
ea

n
(S

D)

Pa
rt

ic
-

ip
an

ts
,

N
o.

H
ie

ra
rc

hi
ca

l
re

gr
es

si
on

P va
lu

e

H
ie

ra
rc

hi
ca

l
re

gr
es

si
on

P va
lu

e

H
ie

ra
rc

hi
ca

l
re

gr
es

si
on

P va
lu

e

H
ie

ra
rc

hi
ca

l
re

gr
es

si
on

P va
lu

e
M

ea
n

(S
E)

95
%

CI
M

ea
n

(S
E)

95
%

CI
M

ea
n

(S
E)

95
%

CI
M

ea
n

(S
E)

95
%

CI
IC

P
(in

te
nt

io
n

to
tr

ea
t)

,c
m

CS
F

CW
M

in
te

rv
en

tio
n

34
.6

(5
.6

)
33

N
A

N
A

N
A

N
A

32
.0

(5
.2

)
25

31
.0

(5
.7

)
18

−2
.5

(1
.4

)
−5

.2
to

0.
3

.0
8

−3
.5

(1
.6

)
−6

.6
to

−0
.3

.0
3

−6
.0

(1
.8

)
−9

.5
to

−2
.4

.0
01

−8
.2

(2
.0

)
−1

2.
2

to
−4

.2
<.

00
1

Ba
ria

tr
ic

su
rg

er
y

34
.8

(5
.8

)
33

N
A

N
Aa

26
.9

(8
.1

)
18

26
.4

(8
.7

)
29

22
.8

(7
.8

)
22

−8
.7

(1
.3

)
−1

1.
3

to
−6

.1
<.

00
1

−1
1.

9
(1

.5
)

−1
4.

8
to

−9
.0

<.
00

1

IC
P

(p
er

pr
ot

oc
ol

),
cm

CS
F

CW
M

in
te

rv
en

tio
n

34
.6

(5
.9

)
33

N
A

N
A

N
A

N
A

32
.4

(6
.5

)
26

31
.4

(5
.9

)
17

−1
.9

(1
.4

)
−4

.6
to

0.
7

.1
5

−3
.0

(1
.6

)
−6

.1
to

0.
1

.0
6

−7
.2

(1
.8

)
−1

0.
6

to
−3

.7
<.

00
1

−8
.7

(2
.0

)
−1

2.
7

to
−4

.8
<.

00
1

Ba
ria

tr
ic

su
rg

er
y

34
.9

(5
.4

)
30

N
A

N
Aa

N
A

N
A

25
.7

(7
.5

)
28

22
.8

(7
.4

)
23

−9
.4

(1
.3

)
−1

2.
1

to
−6

.8
<.

00
1

−1
2.

1
(1

.4
)

−1
4.

9
to

−9
.3

<.
00

1

W
ei

gh
t,

kg

CW
M

in
te

rv
en

tio
n

11
8.

5
(2

0.
7)

33
N

A
N

A
N

A
N

A
11

6.
6

(2
2.

3)
29

11
6.

5
(2

2.
9)

22
−2

.1
(2

.0
)

−6
.0

to
1.

8
.2

9
−1

.4
(2

.2
)

−5
.6

to
2.

9
.5

3

−2
1.

4
(5

.4
)

−3
2.

1
to −1

0.
7

<.
00

1
−2

6.
6

(5
.6

)

−3
7.

5
to −1

5.
7

<.
00

1
Ba

ria
tr

ic
su

rg
er

y
11

8.
4

(2
1.

8)
33

11
3.

3
(2

1.
7)

27
10

2.
3

(1
8.

8)
18

94
.0

(2
3.

7)
30

88
.9

(2
5.

9)
24

−2
3.

4
(1

.9
)

−2
7.

2
to −1

9.
6

<.
00

1
−2

7.
8

(2
.1

)
−3

1.
9

to −2
3.

8

<.
00

1

Ex
ce

ss
bo

dy
w

ei
gh

t,
kg

CW
M

in
te

rv
en

tio
n

50
.6

(1
9.

4)
33

N
A

N
A

N
A

N
A

49
.1

(2
1.

3)
29

49
.5

(2
2.

1)
22

−1
.9

(1
.9

)
−5

.7
to

1.
9

.3
2

−1
.3

(2
.1

)
−5

.5
to

2.
8

.5
3

−2
0.

3
(5

.1
)

−3
0.

3
to −1

0.
2

<.
00

1
−2

5.
8

(5
.3

)

−3
6.

1
to −1

5.
5

<.
00

1
Ba

ria
tr

ic
su

rg
er

y
51

.5
(2

0.
0)

33
46

.2
(2

0.
0)

27
36

.5
(1

6.
4)

18
27

.2
(2

2.
3)

30
21

.2
(2

4.
9)

24
−2

3.
0

(1
.9

)
−2

6.
8

to −1
9.

3

<.
00

1
−2

8.
0

(2
.1

)
−3

2.
0

to −2
3.

9

<.
00

1

BM
I CW

M
in

te
rv

en
tio

n
43

.7
(7

.1
)

33
N

A
N

A
N

A
N

A
43

.1
(7

.8
)

29
43

.5
(8

.0
)

22
−0

.7
(0

.7
)

−2
.1

to
0.

7
.3

5
−0

.4
(0

.8
)

−1
.9

to
1.

2
.6

2
−7

.3
(1

.9
)

−1
1.

0
to

−3
.7

<.
00

1
−9

.4
(1

.9
)

−1
3.

2
to

−5
.7

<.
00

1
Ba

ria
tr

ic
su

rg
er

y
44

.2
(7

.1
)

33
42

.2
(7

.1
)

27
38

.9
(5

.7
)

18
35

.1
(8

.0
)

30
32

.8
(8

.9
)

24
−8

.5
(0

.7
)

−9
.9

to
−7

.2
<.

00
1

−1
0.

4
(0

.8
)

−1
1.

8
to

−8
.9

<.
00

1

Ab
br

ev
ia

tio
ns

:B
M

I,
bo

dy
m

as
si

nd
ex

(c
al

cu
la

te
d

as
w

ei
gh

ti
n

ki
lo

gr
am

sd
iv

id
ed

by
he

ig
ht

in
m

et
er

ss
qu

ar
ed

);
CS

F,
ce

re
br

os
pi

na
lf

lu
id

;C
W

M
,c

om
m

un
ity

w
ei

gh
tm

an
ag

em
en

t;
IC

P,
in

tr
ac

ra
ni

al
pr

es
su

re
;N

A,
no

ta
pp

lic
ab

le
.

a
In

tr
ac

ra
ni

al
pr

es
su

re
w

as
no

ta
ss

es
se

d
un

til
2

w
ee

ks
af

te
rs

ur
ge

ry
w

as
pe

rf
or

m
ed

.

Research Original Investigation Bariatric Surgery vs Community Weight Management for Idiopathic Intracranial Hypertension

682 JAMA Neurology June 2021 Volume 78, Number 6 (Reprinted) jamaneurology.com

Downloaded From: https://jamanetwork.com/ on 06/21/2021

http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0659


95% CI, −22.1% to −14.6%; P < .001) and −46.4% (4.9%; 95%
CI, −56.1% to −36.7%; P < .001), respectively. The 24-month
results were similar (adjusted mean [SE] difference in weight
loss, −23.6% [2.1%; 95% CI, −27.8% to −19.4%]; adjusted mean
[SE] difference in excess weight loss, −61.6% [5.5%; 95% CI,
−72.3% to −50.8%]; P < .001 for both) (Figure 2).

Papilledema was reduced in both arms; from baseline to
12 months, the median Frisén grade decreased from 2 (IQR, 2-3)
to 1 (IQR, 1-2) in the surgery arm and from 2 (IQR, 2-3) to 1 (IQR,
1-2) in the weight management arm. Differences in headache
disability, as measured by Headache Impact Test scores be-
tween the 2 arms, were not significant at 12 months (adjusted
mean [SE] difference, −1.4 [2.6]; 95% CI, −6.6 to 3.8; P = .60)
or 24 months (adjusted mean [SE] difference, −1.4 [2.8]; 95%
CI, −7.0 to 4.1; P = .61) (eTable 3 in Supplement 2). Explor-
atory analysis indicated a greater improvement in mean
monthly headache days, headache severity, and Headache Im-
pact Test scores in the surgery arm between baseline and 12
months (eTable 3 in Supplement 2). Differences in visual func-
tion, as measured by perimetric mean deviation between the
2 arms, were not significant at 12 months (adjusted mean [SE]
difference, −0.5 [0.8]; 95% CI, −2.0 to 1.0; P = .53) or 24 months

(adjusted mean [SE] difference, −0.1 [0.8]; 95% CI, −1.5 to 1.8;
P = .86) (eTable 4 in Supplement 2). There was no evidence of
improvement in IIH symptoms in either group (eTable 5 in
Supplement 2).

Analysis of quality of life using the 36-item Short Form
Health Survey showed a significant change in the physical com-
ponent score at 12 months (adjusted mean [SE] difference, 7.3
[3.6]; 95% CI, 0.2-14.4; P = .04). This change was also signifi-
cant at 24 months between the 2 arms (adjusted mean [SE] dif-
ference, 10.4 [3.8]; 95% CI, 3.0-17.9; P = .006) (eTable 6 in
Supplement 2). In addition, significant improvement was ob-
served in the 3 domains of energy and fatigue at 12 months (ad-
justed mean [SE] difference, 14.9 [6.4]; 95% CI, 2.4-27.4;
P = .02), in physical functioning at both 12 months (adjusted
mean [SE] difference, 20.2 [6.8]; 95% CI, 6.9-33.5; P = .003)
and 24 months (adjusted mean [SE] difference, 27.7 [7.2]; 95%
CI, 13.7-41.8; P < .001), and in general health at 24 months (ad-
justed mean [SE] difference, 22.8 [6.0]; 95% CI, 11.1-34.6;
P < .001) (eTable 7 in Supplement 2). No other domains showed
significant differences (eTable 7 in Supplement 2). Scores from
the Hospital Anxiety and Depression Scale showed within-
arm improvement in the surgery arm, with changes in scores

Figure 2. Body Weight, Lumbar Puncture (LP) Opening Pressure, Percentage Change in Body Weight,
and Percentage Change in Intracranial Pressure (ICP) by Trial Arm
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on the depression subscale at 12 months (adjusted mean [SE]
difference, −1.6 [0.8]; 95% CI, −3.1 to 0; P = .05) and 24 months
(adjusted mean [SE] difference, −2.7 [0.9]; 95% CI, −4.4 to −1.0;
P = .002) (eTable 6 in Supplement 2). Relevant medication
changes over the course of the clinical trial are available in the
eResults in Supplement 2.

Adverse Events
In the whole cohort, 15 SAEs were reported by 12 months, and
an additional 9 SAEs were reported by 24 months (eTable 8 in
Supplement 2); 18 SAEs were unrelated to the group alloca-
tion. The 24 SAEs occurred in 17 participants, with 1 indi-
vidual experiencing 4 SAEs. Of the 24 SAEs, 9 events were
caused by exacerbation of IIH leading to hospitalization. No
patients underwent emergency surgery for IIH in the first year.
During 12 to 24 months, 1 patient in the weight management
arm underwent CSF shunting for deterioration of IIH.

By 24 months, 6 related SAEs were reported in the whole
cohort. One related SAE in the weight management arm was
a post-LP headache. The 5 related SAEs in the surgery arm in-
cluded 4 events that were treated conservatively, comprising
1 post-LP headache, 1 delayed discharge immediately after sur-
gery, and 1 hospital admission each for vomiting and epigas-
tric pain, both of which resolved spontaneously. One SAE com-
prised a hospital admission with vomiting, which was identified
through diagnostic laparoscopy to be caused by obstruction
at the site of the mesenteric closure. The mesenteric stitch was
removed, and the participant experienced no further events.
There were no deaths in the 24-month period among partici-
pants in either group.

Discussion
To our knowledge, the IIH:WT is the first randomized clinical
trial to evaluate the efficacy of bariatric surgery compared with
a community weight management intervention among pa-
tients with active IIH. A significant difference was found in the
primary outcome of ICP at 12 months. Reduction in ICP among
patients with IIH has been associated with disease remission,
which enables papilledema resolution and improvement in
headache symptoms.6 The results of this clinical trial there-
fore support the use of bariatric surgery as an effective treat-
ment approach among patients with active IIH who have a BMI
of 35 or higher, with an enduring effect at 24 months.

Idiopathic intracranial hypertension has been reported to
adversely affect patients’ quality of life.2 The IIH:WT docu-
mented significant improvements in physical component score,
energy and fatigue physical functioning, and general health
(eTable 7 and eTable 8 in Supplement 2) after bariatric sur-
gery. At 24 months, there were significant differences in out-
comes, supporting the use of bariatric surgery for the improve-
ment of physical functioning and general health (eTable 8 in
Supplement 2). These improvements could reflect the re-
ceipt of bariatric surgery because this surgery is associated with
benefits for quality of life as well as with IIH remission.21 No
improvements in mental component scores were observed in
other domains, which is consistent with the findings of a meta-

analysis comprising clinical trials that examined bariatric
surgery.22

Bariatric surgery delivers a wider range of health benefits
compared with conservative medical methods for weight
loss.23 A meta-analysis reported that Roux-en-Y gastric by-
pass surgery was associated with better outcomes compared
with other types of bariatric procedures and weight manage-
ment programs.24 Roux-en-Y gastric bypass surgery has also
been associated with a reduced risk of cardiovascular disease
compared with routine care.12

These cardiovascular improvements and their positive im-
plications for other comorbidities, such as polycystic ovarian
syndrome, may be of additional benefit for those with IIH be-
cause IIH is associated with a 2-fold increased risk of worse car-
diovascular outcomes4 and polycystic ovarian syndrome.1 Fu-
ture clinical trials should investigate which type of bariatric
surgical procedure is superior for patients with IIH.

The complication rates of bariatric surgery have im-
proved over time, with the mortality rate currently reported
to be 0% to 0.64%.25 In the IIH:WT, both trial withdrawal and
SAE rates were low, with only 1 participant requiring further
surgical intervention.

Limitations
This study has several limitations. The type of bariatric pro-
cedure was not predetermined for the surgical arm because the
development of the study design was based on pragmatic
considerations to reflect routine clinical practice. As a conse-
quence, the number of participants in the trial was too low to
confidently recommend 1 surgical procedure over another. This
clinical trial was also unable to evaluate patient-centered out-
comes because of the relatively low number of participants re-
quired to power the study to achieve its primary outcome. Pow-
ering the study to achieve meaningful secondary outcome
analyses would have required a 5-fold increase in the number
of participants. Therefore, we were not able to develop mean-
ingful inferences about the effects of bariatric surgery on the
secondary outcomes.

For practical reasons, the physicians performing the LPs
were not masked to the results. Although they were masked
to the treatment arms to which the participants had been as-
signed, the difference in weight loss between the 2 arms would
have made complete masking a challenge. Applying the re-
sults of this clinical trial to a broader population of partici-
pants with IIH is limited by the study’s inclusion criteria; thus,
the findings do not directly inform treatment among men or
women with a BMI lower than 35. These individuals may ben-
efit from bariatric surgery because it has been reported to have
favorable metabolic and glycemic implications for those with
a BMI between 30 and 35.23

Conclusions
In this randomized clinical trial, bariatric surgery among pa-
tients with active IIH had favorable sustained outcomes with
regard to reductions in ICP, disease remission, and superior
quality of life outcomes at 2 years compared with a commu-
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nity weight management intervention. These results can be
used to develop recommendations for health care strategies

and to inform health policy decisions regarding bariatric sur-
gery for individuals with active IIH.
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