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Abstract
Background and Objectives
Idiopathic intracranial hypertension (IIH) most typically occurs in women of childbearing age
with increased weight as a key risk factor for development or exacerbation of the disease.
Pregnancy is common in this group of patients. The longer-term effect of pregnancy on IIH has
not been established and was the aim of this study.

Methods
A prospective cohort study (IIH Life) recruited consecutive patients with IIH between 2012
and 2021 and evaluated outcomes including vision (logarithm of the minimum angle
of resolution visual acuity, Humphrey visual field perimetric mean deviation, and optical
coherence tomography [OCT] imaging) and headache. Four cohorts were evaluated: those
with IIH diagnosed for the first time while pregnant, those with established IIH who became
pregnant, those with a pregnancy prior to their diagnosis of IIH, and those with IIH who
never became pregnant.

Results
Three hundred seventy-seven people with IIH agreed to participate in the IIH Life maternal
health study. Mean follow-up was 17.5 months (SD 20.5). IIH diagnosed in pregnancy was
rare. Patients diagnosed with IIH while pregnant had greater papilledema (mean OCT total
retinal thickness +11.59 μm/mo [95% CI 1.25–21.93]), although they had comparable visual
field and acuity measures compared with those with established IIH who became pregnant
during their disease course (−1.2 μm/mo [95% CI −2.6 to 0.21]). In those with established
IIH, pregnancy did not adversely affect visual or headache outcomes over time, and the
trajectory was akin to those with IIH who never had a pregnancy. Headache outcomes
showed variability reflecting the IIH cohort as a whole.

Discussion
A diagnosis of IIH while pregnant was rare but associated with more severe papilledema.
Long-term visual outcomes in IIH were analogous irrespective of the timing of the pregnancy.
These data are reassuring; however, close vigilance of IIH clinical features during pregnancy is
recommended.
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Idiopathic intracranial hypertension (IIH) is a disease charac-
terized by elevated intracranial pressure (ICP) associated with
increased total body weight.1 IIH incidence is rising com-
mensurate with global obesity rates in women2,3 and occurs
most typically in women of childbearing age with increased
bodyweight.4,5 Weight gain can exacerbate disease,6-8 and
weight loss has been shown to induce remission.9-11 One of the
most common reasons why a woman of childbearing age gains
body weight is pregnancy.12 There is consequently a concern
that pregnancy could induce a diagnosis of IIH or those with an
existing diagnosis of IIH could undergo an exacerbation of their
disease secondary to becoming pregnant.

Approximately 38% of normal pregnancy weight gain is due to
the baby, amniotic fluid, and placenta.13 In healthy pregnant
women, the location of the weight gain is predominantly
distributed in the hips, back, and thighs,13 whereas in those
with IIH, the adipose distribution has been shown to be in the
truncal region.14 In women with obesity, there is a lower fat
mass gain during pregnancy than in other body mass index
(BMI) groups.15,16 The avoidance of excessive gestational
weight gain is important due to the risk of IIH exacerbation,
higher postpartum fat mass retention, and both maternal and
fetal complications.12,15,17

The etiology of IIH is not fully understood, but evidence is
emerging to suggest that IIH is not exclusively a disease of the
neuro-ophthalmic axis but a systemic metabolic disease.18-24

IIH is noted in associationwith truncal obesity, increased risk of
type 2 diabetes mellitus, greater insulin resistance, and doubled
the risk of cardiovascular disease compared with age-, sex-, and
BMI-matched individuals.14,19,25-27 In addition, adipose tissue
in IIH is metabolically distinct being transcriptionally primed
for increased calorie intake with a unique depot-specific lipo-
genic profile.19 Patients with IIH also demonstrate altered
hormonal metabolism with a unique phenotype of serum and
CSF, androgen excess, and dysregulated glucocorticoid me-
tabolism.24 The features of systemic metabolic dysregulation in
IIH are likely relevant to the reduced fertility rates and an
increased risk of gestational complications including pre-
eclampsia and gestational diabetes mellitus.28

There are very few studies of IIH in pregnancy, with only 2
retrospective studies. The first study evaluated 24 patients with
IIH with 36 pregnancies, and the latter assessed 12 patients with
IIHwith 16 pregnancies.29,30 Consequently, there are limited data
onwhich to guide treatment in this area, especially inwomenwho
are pregnant at the time of IIH diagnosis. Concern remains that

patients with IIH could experience disease exacerbation in preg-
nancy due to weight gain and hormonal fluctuation. Indeed,
historically, patients with IIH were often counseled not to be-
come pregnant. The long-term effect of pregnancy on the disease
course of IIH also lacks evidence. This study aimed to find
whether patients with IIH diagnosed during pregnancy had a
more severe disease course and adverse longer-term outcomes. In
addition, the aim was to determine whether people with an
existing diagnosis of IIH, who subsequently become pregnant,
had worse long-term outcomes compared with those who never
became pregnant.

Methods
Study Design
A prospective observational cohort study (IIH: Life) was con-
ducted to evaluate outcomes in women with IIH over time. The
patients attended a tertiary referral neuro-ophthalmology clinic at
a single neuroscience center in Birmingham, United Kingdom
(University Hospitals Birmingham [UHB] NHS Foundation
Trust). Data were prospectively collected over a 9-year period,
between April 23, 2012, and September 8, 2021, at the time of
their routine clinical visits. All sequential patients were included
with written informed consent. Recruits included people who
were either initially diagnosed at UHB or at other referring
hospitals within the United Kingdom and subsequently trans-
ferred toUHB.The follow-up visits occurred according to clinical
practice, and data from each clinic attendance were recorded.

Study Population
All participants had a confirmed diagnosis of IIH using the
modified Dandy criteria.31 The criteria required the presence
of papilledema, normal neuroimaging (except for signs of
raised ICP), lumbar puncture opening pressure >25 cmCSF
in a properly performed procedure, and all secondary causes
of raised ICP are excluded. All those included provided
written informed consent to take part and completed the IIH
Life maternal health study questionnaire. Those who were
referred with a potential diagnosis of IIH, but in whom the
diagnosis was not confirmed, those with a secondary cause of
intracranial hypertension, and those with IIH without papil-
ledema were excluded from the study. In addition, male pa-
tients were excluded.

Data Collection
The following data were collected: clinical history, BMI,
weight, date of visits, diagnostic lumbar puncture date for
disease duration (surrogate measure defined as the time from

Glossary
BMI = body mass index; GCL = ganglion cell layer; HIT-6 = Headache Impact Test 6; ICP = intracranial pressure; IIH =
idiopathic intracranial hypertension; logMAR = logarithm of the minimum angle of resolution; OCT = optical coherence
tomography; PMD = perimetric mean deviation; RNFL = retinal nerve fiber layer thickness; TRT = total retinal thickness;
UHB = University Hospitals Birmingham.
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the first diagnostic lumbar puncture to baseline visit), di-
agnostic lumbar puncture opening pressure, ICP medication
prescription (acetazolamide, topiramate, and other diuretics
[furosemide and amiloride]), and details of IIH-related sur-
gery. The self-reported maternal health questionnaire data
(see eAppendix 1, links.lww.com/WNL/C626) and the rou-
tinely collected clinical visit data determined whether patients
were pregnant at the initial IIH diagnosis or had been prior to
their diagnosis or became pregnant during follow-up. Within
the maternal health questionnaire, patients are asked how
many pregnancies and miscarriages they have had.

Visual outcomes were assessed by logarithm of the minimum
angle of resolution (logMAR) visual acuity, Humphrey

visual field perimetric mean deviation (PMD; 24-2 Swedish
Interactive Testing Algorithm central threshold), and optical
coherence tomography (OCT) measures (using Heidelberg
Spectralis) of global peripapillary retinal nerve fiber layer
thickness (RNFL), global peripapillary total retinal thick-
ness (TRT), and macular ganglion cell layer (GCL) volume
(1, 2.22, 3.45 mm volume scan). Frisén papilledema grading
(0–5 where 0 equates to no papilledema)32,33 was estab-
lished by a suitably trained neuro-ophthalmology specialist
following a dilated slit-lamp examination. Headache out-
comes were assessed by headache frequency (monthly
headache days), migraine-like headache frequency (monthly
migraine-like days), headache severity (0–10 numerical
rating scale, where 0 is no pain, and 10 is the most severe

Figure 1 Longitudinal Visual Data From Baseline Visit for Patients With IIH Categorized by the Timing of Pregnancy in
Relation to IIH Diagnosis/Disease and LOESS Smoothers Added to Show Trends Across the Categories

(A) Perimetric mean deviation measured by Humphrey visual field 24-2 testing (dB). (B) Retinal nerve fiber layer thickness measured on OCT (μm). (C) Total
retinal thickness of the optic nerve headmeasured onOCT (μm). (D) Macular ganglion cell layer volumemeasured on OCT (mm3). IIH = idiopathic intracranial
hypertension; OCT = optical coherence tomography.
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pain), and headache disability using the Headache Impact
Test 6 (HIT-6) test.34

Statistical Analysis
Continuous and categorical variables were reported as mean
(SD) and number (percentage), respectively. Statistical analy-
sis was performed using R (v4.1.0).35 Missing data due to
patient choice or lost to follow-up were excluded.

Four groups of patients were defined according to the timing
of pregnancy in relation to IIH diagnosis or disease course.
These were (1) IIH diagnosed in pregnancy, (2) those with
established IIH who became pregnant, (3) pregnancy exclu-
sively occurring prior to IIH diagnosis, and (4) patients with
IIH who were never pregnant. The effect of these timings was
compared for visual and headache outcomes. The disease
course was compared between the 4 groups.

Further analyses explored disease factors that were hy-
pothesized to affect long-term outcomes, including the
effect disease duration, diagnostic lumbar puncture open-
ing pressure (both continuously and categorized <25,
25–29.9, 30–39.9, or 40+ cmCSF), BMI at the first visit, BMI
at each visit, body weight at the first visit, body weight at
each visit, change in gestational weight (for groups 1 and
2), any surgical intervention, and age at the first visit.
Models were developed independently for each visual
outcome using forward stepwise regression, with null
models adjusting for pregnancy timing.

Linear mixed-effects model (lme4) fitting was used for re-
gression models.36 A continuous form of our dependent
variables was assumed for all outcomes. The average response
value, an adjustment for time from registration to outcome
measure, was estimated using population-level terms and an
interaction between variables of interest and time point.
Patient-level intercepts addressed serial correlation in re-
sponses and the nesting of measurements from eyes within
patients (as modeling included data from both eyes, where

available). Where covariates were added to models, they were
transformed or centered around the mean value as appro-
priate. Each visual outcome had independent modeling.

For headache outcomes, initially, the effect of pregnancy
timing was explored. Further analyses explored the effect of
previous personal migraine history, family history of migraine,
BMI, and daily headache at registration. Models were de-
veloped independently for each headache outcome.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was ethically approved by the National Health
Service National Research Ethics Committee (14/LO/1208).
Written informed consent was obtained from all participants
in the study.

Patient and Public Involvement
IIHUK, a national patient charity (Registered Charity in England
and Wales no 1143522 and Scotland SCO43294) that supports
carers and people with IIH, endorsed and helped developed the
IIH Life concept and questionnaire. IIHUK contributed to
funding the project. The Medical Research Council, National
Institute of Health Research Healthcare Quality Improvement
Partnership grant, and the Sir Jules Thorne Award for biomedical
science contributed to this longitudinal project.

Data Availability
The corresponding author takes full responsibility for the data,
the analyses and interpretation, and the conduct of the re-
search. The corresponding author has full access to all the data
and has the right to publish any and all data separate and apart
from any sponsor. Proposals for data access should be made to
the corresponding author. Reasonable scientifically sound
proposals, from appropriately qualified research groups, will
provide data beginning 12 months and ending 3 years after the
publication of this article to researchers whose proposed use of
the data is approved by the corresponding author. Requesters
will need to sign a data access agreement, which will cover the
terms and conditions of the release of data and will include

Table 1 Baseline Table by Timing of Pregnancy in Relation to IIH Disease Course

All
IIH diagnosed
in pregnancy

Established IIHwho become
pregnant

Pregnancy
exclusively occurring
prior to IIH diagnosis

Patients with IIH
who were never
pregnant

N 377 6 46 181 144

Surgically managed, n (%) 58 (15%) 0 (0%) 8 (17%) 30 (17%) 20 (14%)

Age, y, mean (SD) 31.1 (8.4) 26.5 (4.8) 27.6 (4.8) 34.4 (8.3) 28.5 (8.0)

BMI, kg/m2, mean (SD) 39.0 (8.9) 38.3 (7.6) 37.9 (8.5) 39.2 (8.7) 39.0 (9.4)

Weight, kg, mean (SD) 104.3 (25.8) 106.2 (18.8) 101.1 (22.9) 105.0 (24.7) 104.0 (28.1)

Diagnostic lumbar
puncture opening pressure,
cmCSF, mean (SD)

35.2 (8.0) 22.0 (n/a) 35.9 (9.9) 33.6 (7.5) 36.9 (7.4)

Abbreviation: IIH = idiopathic intracranial hypertension.
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Table 2 Baseline and Trajectory (Change per Month) for Visual and Headache Outcomes by Timing of Pregnancy by
Regression Modeling

Baseline estimate (units) Change per month (units/mo)

LogMAR visual acuity, log units

Group 1 IIH diagnosed in pregnancy −0.1001 (95% CI −0.4031 to 0.2029) −0.0046 (95% CI −0.0208 to 0.0115)

Group 2 Established IIH who become pregnant −0.0607 (95% CI −0.1296 to 0.0083) 0.0016 (95% CI −0.0003 to 0.0035)

Group 3 Pregnancy exclusively occurring prior to IIH diagnosis 0.0255 (95% CI −0.0108 to 0.0618) −0.0004 (95% CI −0.002 to 0.0012)

Group 4 Patients with IIH who were never pregnant 0.0111 (95% CI −0.0269 to 0.0491) −0.0017 (95% CI −0.0033 to −0.0001)

Humphrey visual field perimetric mean deviation, dB

Group 1 IIH diagnosed in pregnancy 1.17 (95% CI −8.01 to 10.36) −0.3769 (95% CI −0.8513 to 0.0975)

Group 2 Established IIH who become pregnant −4.27 (95% CI −6.30 to −2.24) 0.0406 (95% CI −0.0202 to 0.1015)

Group 3 Pregnancy exclusively occurring prior to IIH diagnosis −3.44 (95% CI −4.55 to −2.34) 0.0561 (95% CI 0.003 to 0.1092)

Group 4 Patients with IIH who were never pregnant −3.25 (95% CI −4.39 to −2.12) 0.0573 (95% CI 0.009 to 0.1056)

Global peripapillary retinal nerve fiber layer, μm

Group 1 IIH diagnosed in pregnancy 123.28 (95% CI 15.27 to 231.30) 6.6 (95% CI −3.09 to 16.29)

Group 2 Established IIH who become pregnant 121.38 (95% CI 93.94 to 148.81) −0.69 (95% CI −1.87 to 0.48)

Group 3 Pregnancy exclusively occurring prior to IIH diagnosis 133.93 (95% CI 121.62 to 146.24) −1.23 (95% CI −2.01 to −0.46)

Group 4 Patients with IIH who were never pregnant 144.53 (95% CI 131.98 to 157.07) −1.99 (95% CI −2.81 to −1.18)

Global peripapillary total retinal thickness, μm

Group 1 IIH diagnosed in pregnancy 369.66 (95% CI 233.34 to 505.99) 11.59 (95% CI 1.25 to 21.93)

Group 2 Established IIH who become pregnant 353.33 (95% CI 318.29 to 388.38) −1.2 (95% CI −2.6 to 0.21)

Group 3 Pregnancy exclusively occurring prior to IIH diagnosis 354.41 (95% CI 338.17 to 370.66) −1.8 (95% CI −2.67 to −0.94)

Group 4 Patients with IIH who were never pregnant 376.19 (95% CI 359.86 to 392.51) −3.19 (95% CI −4.09 to −2.28)

Macular ganglion cell layer volume, mm3

Group 1 IIH diagnosed in pregnancy 0.44 (95% CI 0.35 to 0.54) 0.0023 (95% CI −0.0001 to 0.0048)

Group 2 Established IIH who become pregnant 0.45 (95% CI 0.42 to 0.47) −0.0004 (95% CI −0.0008 to −0.000047)

Group 3 Pregnancy exclusively occurring prior to IIH diagnosis 0.43 (95% CI 0.42 to 0.44) −0.0005 (95% CI −0.0008 to −0.0003)

Group 4 Patients with IIH who were never pregnant 0.45 (95% CI 0.43 to 0.46) −0.0003 (95% CI −0.0006 to −0.0001)

Headache frequency, days/mo

Group 1 IIH diagnosed in pregnancy 4 (95% CI −17.56 to 25.56) −0.19 (95% CI −2.38 to 2)

Group 2 Established IIH who become pregnant 14.4 (95% CI 9.32 to 19.48) −0.27 (95% CI −0.51 to −0.02)

Group 3 Pregnancy exclusively occurring prior to IIH diagnosis 20.47 (95% CI 17.84 to 23.11) −0.05 (95% CI −0.22 to 0.11)

Group 4 Patients with IIH who were never pregnant 19.72 (95% CI 16.95 to 22.49) −0.15 (95% CI −0.32 to 0.02)

Migraine-like headache frequency, days/mo

Group 1 IIH diagnosed in pregnancy 4 (95% CI −13.58 to 21.58) −0.19 (95% CI −1.99 to 1.61)

Group 2 Established IIH who become pregnant 4.97 (95% CI −0.09 to 10.02) −0.06 (95% CI −0.29 to 0.18)

Group 3 Pregnancy exclusively occurring prior to IIH diagnosis 11.43 (95% CI 8.94 to 13.93) −0.12 (95% CI −0.26 to 0.02)

Group 4 Patients with IIH who were never pregnant 8.91 (95% CI 6.49 to 11.33) −0.06 (95% CI −0.2 to 0.08)

Headache severity, VAS 0-10

Group 1 IIH diagnosed in pregnancy 7.05 (95% CI 0.77 to 13.32) −0.1 (95% CI −0.73 to 0.54)

Continued
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publication requirements, authorship, acknowledgments, and
obligations for the responsible use of data.

Results
The analysis included 377 women who had a confirmed di-
agnosis of IIH and had completed the maternal health ques-
tionnaire. As categorized, 4 groups consisted of group 1 in whom
IIH was diagnosed in pregnancy (2%, 6/377 patients); group 2
were participants with established IIH who became pregnant
during their disease course (12%, 46/377 patients); group 3
were individuals who only had pregnancies prior to their di-
agnosis of IIH (48%, 181/377 patients); and group 4 were pa-
tients with IIH who were never pregnant either prior to their
disease or during the course of this study (38%, 144/377 pa-
tients; Table 1). Miscarriage data were also sought and found
rare, with 1 patient in group 2 reporting 1 miscarriage during the
IIH disease course, with a subsequent successful pregnancy
during which data were recorded.

Among the entire cohort, 15% (58) of patients required sur-
gical intervention for the management of sight-threatening
papilledema during their disease course but none while preg-
nant. None of the IIH diagnosed in the pregnancy group
(group 1) required surgical intervention for sight-threatening
papilledema. The proportion of patients undergoing surgical
intervention for sight-threatening papilledema at any point was
comparable between the 3 remaining groups (those with a
pregnancy during the IIH disease course [8, 17%], pregnancy
prior to IIH diagnosis but not during the IIH disease course
[30, 17%], and those with IIH but never pregnant [20, 14%]).

Baseline characteristics for the 4 groups did differ (Table 1);
however, baseline BMI was similar between the groups. No pa-
tients were treated with acetazolamide, topiramate, or diuretics
during pregnancy, with 3 cases stopping when pregnancy was

confirmed. Time from diagnostic LP to conception, an estimate
of disease duration before pregnancy, was 26.6 (19.3)months for
those pregnant during their IIH disease course. Mean follow-up
was 17.5 (SD20.5)months for all patients, although this was 25.2
(SD 20.3) months if excluded those with a single visit.

Self-Reported Maternal Health Questionnaire
The questionnaire revealed that 16% (61/370) postponed
pregnancy plans due to having a diagnosis of IIH, 22% (78/350)
reported difficulties getting pregnant, 31% (113/360) reported
that IIH had affected their choice of contraception, and 7%
(22/329) stated that a pregnancy resulted from inadequate
contraception due to a change made due to having IIH.

Visual Prognosis in Those Who Became
Pregnant During the IIH Disease Course
In group 2 (established IIH who became pregnant), the visual
outcomes were comparable to those in group 4 (IIH who
never had a pregnancy; Figure 1; Table 2). The logMAR
visual acuity and Humphrey visual field PMD outcomes were
similar for the 2 groups, 2 and 4 (Figure 1A; eFigure 1A, links.
lww.com/WNL/C627). OCT measures showed similar
baseline values, although the trajectory of improvement was
slower for TRT in those with a pregnancy during the IIH
disease course, −1.2 (95% CI −2.60 to 0.21) μm/mo vs −3.19
(95% CI −4.09 to −2.28) μm/mo (for those never pregnant;
Figure 1C; Table 2) with the difference of 1.99 (95% CI 0.32
to 3.67) μm/mo. RNFL showed a similar trajectory to TRT
(Figure 1B; Table 2). GCL volume only showed a slight
decrease over time for those with established IIH who became
pregnant (Figure 1D; Table 2).

To determine outcomes according to the timing of the preg-
nancy, the data were evaluated from the timing of the last men-
strual period. Visual function (logMAR visual acuity and
Humphrey visual field PMD) was stable in the patients with
pregnancy occurring during their IIH disease course (Figure 2A;

Table 2 Baseline and Trajectory (Change per Month) for Visual and Headache Outcomes by Timing of Pregnancy by
Regression Modeling (continued)

Baseline estimate (units) Change per month (units/mo)

Group 2 Established IIH who become pregnant 5.45 (95% CI 3.99 to 6.91) 0 (95% CI −0.08 to 0.09)

Group 3 Pregnancy exclusively occurring prior to IIH diagnosis 6.77 (95% CI 6.06 to 7.49) −0.03 (95% CI −0.08 to 0.02)

Group 4 Patients with IIH who were never pregnant 5.92 (95% CI 5.16 to 6.67) 0.01 (95% CI −0.04 to 0.07)

HIT-6, score 36–78

Group 1 IIH diagnosed in pregnancy — —

Group 2 Established IIH who become pregnant 59.39 (95% CI 54.33 to 64.45) 0.17 (95% CI −0.13 to 0.46)

Group 3 Pregnancy exclusively occurring prior to IIH diagnosis 61.37 (95% CI 58.75 to 63.99) −0.06 (95% CI −0.23 to 0.12)

Group 4 Patients with IIH who were never pregnant 63.02 (95% CI 60.3 to 65.73) −0.06 (95% CI −0.26 to 0.13)

Abbreviations: HIT-6 = Headache Impact Test 6; IIH = idiopathic intracranial hypertension; LogMAR = logarithm of the minimum angle of resolution.
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eFigure 1B;Table 3). Papilledemameasurements usingOCTalso
remained stable following conception (Figure 2, B–D). In group
2 patients (became pregnant during the IIH disease course), there
was recovery of papilledema (measured by RNFL) in the 12
months prior to pregnancy (improvement of 22.32 μm [95% CI
11.77–32.88], from 129.15 to 106.83 μm).Macular GCL volume
remained stable during pregnancy in those with a pregnancy
during the IIH disease course (group 2; Figure 2D; Table 3).

Visual Prognosis in Those Diagnosed With IIH
in Pregnancy
IIH was rarely diagnosed for the first time in pregnancy (n = 6,
1.6%). Although the numbers are small, these patients

demonstrated a deterioration in PMD, OCT RNFL, and TRT
following enrollment (Figure 1, A–C; Table 3). Outcomes re-
covered over time. These patients’ baseline visits were also while
pregnant, unlike group 2 where the pregnancy occurred during
follow-up. There was a statistically significant worse trajectory,
toward greater papilledema, in this cohort (group 1; as measured
by the TRT on OCT) +11.59 μm/mo (95% CI 1.25–21.93;
Figure 1C; Table 2), compared with the other groups (groups
2–4; −1.2 [95% CI −2.6 to 0.21], −1.8 [95% CI −2.67 to −0.94]
and −3.19 [95% CI −4.09 to −2.28], respectively), and during
pregnancy (Figure 2C) compared with group 2. Other measures
were relatively stable over time (Figures 1 and 2; eFigure 1;
Table 2).

Figure 2 Longitudinal Visual Data From Estimated LMP for Patients With IIH Categorized byWhether Pregnant at the Time
of IIH Diagnosis or Established IIH Who Become Pregnant and LOESS Smoothers Added to Show Trends Across
the Categories

(A) Perimetric mean deviation measured by Humphrey visual field 24-2 testing (dB). (B) Retinal nerve fiber layer thickness measured on OCT (μm). (C) Total
retinal thickness of the optic nerve headmeasured onOCT (μm). (D) Macular ganglion cell layer volumemeasured on OCT (mm3). IIH = idiopathic intracranial
hypertension; LMP = last menstrual period; OCT = optical coherence tomography.
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Visual Prognostic Factors in Pregnancy
Prognosis for visual outcomes was principally determined by
the duration of disease prior to pregnancy. The longer the
disease duration, the greater the reduction in papilledema
(RNFL change at baseline of −0.31 [95% CI −0.53 to
−0.093] μm per month since diagnostic lumbar puncture and
TRT change −0.49 [95% CI −0.77 to −0.21] μm per month).

Baseline BMI was also important, with higher BMI indicating
a poorer prognosis for visual field PMD (0.092 [0.0083,
0.18] dB per 1 kg/m2). Prognosis was not affected by weight
gain during pregnancy, change in BMI during pregnancy, or
diagnostic lumbar puncture opening pressure.

Headache Prognosis in IIH According to
Pregnancy Timing
The entire cohort had a high headache morbidity but with
marked variability over time. The baseline mean headache fre-
quency (headache days per month) was 14.4 (95% CI
9.32–19.48) for thosewith established IIHwho becomepregnant
(group 2), 20.5 (95% CI 17.84–23.11) for those with pregnancy
only prior to IIH diagnosis (group 3), and 19.7 (95% CI
16.95–22.49) for those never pregnant (group 4; Figure 3;
Table 2). There were insufficient data to comment on group 1,
those with IIH diagnosed while pregnant (Figure 3; Table 2).
Headache frequency improved during pregnancy for those
pregnant during the IIH disease course (Figure 4A), whereas the
migraine-like headache frequency remained stable (Figure 4B).

Headache severity was moderate intensity, rated 5.5 of 10
(95% CI 3.99–6.91) for those pregnant during their IIH
disease course (group 2), 6.8 (95% CI 6.06–7.49) for those
with pregnancy only prior to IIH diagnosis (group 3), and
5.9 (95% CI 5.16–6.67) for those never pregnant (group 4;
Figure 3C; Table 2). Severity appeared to improve prior to
pregnancy slightly with relative stability during pregnancy
(Figure 4C).

Headache burden, measured by the HIT-6 score, was com-
parable between these 3 groups (Figure 3D; Table 2) with a
moderate to severe impact (59–63 of 78), with relative sta-
bility during pregnancy (group 2; Figure 4D). There was no
difference in trajectory (Table 2) between any of the preg-
nancy groups, and it remained stable. Daily headache at
baseline visit was the main prognostic factor for headache
frequency and severity outcomes, with previous migraine
history and disease duration having a lesser but statistically
significant effect on headache frequency.

Discussion
This prospective study assessed the effect of pregnancy on IIH
outcomes. Pregnancy at the time of IIH diagnosis is rare but
characterized by worsening of visual field function and pap-
illedema measured by OCT imaging during the pregnancy
with subsequent recovery after the pregnancy. Despite a

Table 3 Visual Outcomes for Pregnant Patients With IIH by Time From LMP in Relation to IIH Diagnosed in Pregnancy or
Established IIH Who Become Pregnant

Time from LMP (mo) 3 6 9 12 24

LogMAR visual acuity, log units, mean (SD), n

Group 1 IIH diagnosed in pregnancy −0.12 (0.04), 4 −0.09 (0.05), 4 −0.09 (0.05), 4 −0.12 (0.05), 4 −0.16 (0.05), 4

Group 2 Established IIH who become pregnant −0.02 (0.14), 29 0.01 (0.10), 30 −0.01 (0.10), 20 −0.06 (0.14), 21 −0.02 (0.10), 13

Humphrey visual field perimetric mean deviation, dB, mean (SD), n

Group 1 IIH diagnosed in pregnancy −2.00 (1.06), 2 −3.54 (1.40), 2 −3.66 (1.28), 2 −2.97 (1.47), 2 −2.28 (0.90), 1

Group 2 Established IIH who become pregnant −1.31 (4.84), 23 −2.85 (3.87), 23 −2.70 (3.70), 15 −1.23 (4.93), 14 −4.49 (3.23), 9

Global peripapillary retinal nerve fiber layer, μm, mean (SD), n

Group 1 IIH diagnosed in pregnancy 114.8 (48.16), 3 123.8 (41.47), 3 147.5 (47.9), 3 181.8 (51.3), 3 163.3 (53.6), 4

Group 2 Established IIH who become pregnant 105.1 (28.87), 25 101.4 (18.58), 28 99.5 (18.49), 18 101.6 (21.14), 19 108.4 (21.87), 15

Global peripapillary total retinal thickness, μm, mean (SD), n

Group 1 IIH diagnosed in pregnancy 349.8 (80.44), 2 319.2 (99.6), 3 351.3 (106.88), 3 485.7 (101.8), 3 430.5 (91.47), 3

Group 2 Established IIH who become pregnant 328.6 (40.52), 25 319.7 (26.17), 28 313.4 (25.81), 19 312.2 (29.03), 18 323.9 (27.66), 14

Macular ganglion cell layer volume, μm3, mean (SD), n

Group 1 IIH diagnosed in pregnancy 0.45 (0.011), 2 0.46 (0.009), 2 0.46 (0.010), 2 0.46 (0.011), 2 0.42 (0.013), 3

Group 2 Established IIH who become pregnant 0.44 (0.046), 24 0.43 (0.031), 26 0.43 (0.031), 17 0.45 (0.035), 18 0.43 (0.036), 14

Abbreviations: IIH = idiopathic intracranial hypertension; LMP = last menstrual period; LogMAR = logarithm of the minimum angle of resolution.
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seemingly more severe disease course, none of this subset
required surgical intervention for sight-threatening papil-
ledema. For those with established IIH, becoming pregnant
did not adversely affect visual outcomes. Headache outcomes
in the long term showed marked variability, and no relation-
ship was found to the timing of pregnancy.

Self-reported fertility problems were reported by 22% of our
cohort. It is noteworthy that 31% of participants reported that
IIH had affected their contraception choice and a concern that
7% stated that a pregnancy resulted from inadequate con-
traception due to changes made as a result of their IIH

diagnosis. This observation highlights the need to modernize
the education of physicians, particularly for those whomanage
contraceptive prescriptions as there are no contraindicated
contraceptives in IIH.12

The proportion of patients diagnosed with IIH while preg-
nant is lower (1.6%) than previously reported in other smaller
studies 3.3%–8.4%.29,30 This could be due to variation be-
tween global IIH populations and sample sizes. Although a
diagnosis of IIH diagnosed in pregnancy (group 1) was a rare
occurrence, the disease should be closely monitored
throughout pregnancy considering the more severe

Figure 3 Longitudinal Headache Data From Baseline Visit for Patients With IIH Categorized by the Timing of Pregnancy in
Relationship to IIH Disease Course and LOESS Smoothers Added to Show Trends Across the Categories

(A) Headache frequency (days per month). (B) Migraine-like headache frequency (days per month). (C) Headache mean severity of predominant headache
(0–10 numerical rating scale). (D) HIT-6 (quality of life measure score 36–78). HIT-6 = Headache Impact Test 6; IIH = idiopathic intracranial hypertension.
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papilledema here when diagnosed during pregnancy. In group
1, we also noted a trend toward declining PMD and wors-
ening papilledema measured by OCT imaging (Figure 2). We
have previously shown that acute IIH has more severe pap-
illedema than chronic IIH,37 so there is the possibility that
newly diagnosed IIH in pregnancy would have more severe
papilledema than those with more chronic IIH who become
pregnant. Those patients with IIH diagnosed in pregnancy
(group 1) were interesting in that papilledema worsened
during the 12 months following diagnosis. This contrasts with
patients with newly diagnosed IIH who are not pregnant who
gradually improve over time.37 This poses a significant

treatment dilemma as in pregnancy there are more limited
treatment options, including the potential teratogenicity of
carbonic anhydrase inhibitors,12 although 1 study showed the
safety of acetazolamide in pregnancy.38 The mechanism to
explain why new-onset IIH may deteriorate during pregnancy
is not known. Hypertestosteronism has been demonstrated in
IIH and linked to driving CSF secretion and ICP elevation.24

It is also known that during pregnancy testosterone levels
increase.39 Thus, a potential mechanism might be the in-
creased testosterone in pregnancy upregulating CSF secretion
causing increased ICP and a worsening of the papilledema
observed here during pregnancy.

Figure 4 Longitudinal Headache Data From Estimated LMP for Patients With Established IIH Who Become Pregnant and
LOESS Smoothers Added to Show Trends Across the Categories

(A) Headache frequency (days per month). (B) Migraine-like headache frequency (days per month). (C) Headache mean severity of predominant headache
(0–10 numerical rating scale). (D) HIT-6 (quality of lifemeasure score 36–78). HIT-6 = Headache Impact Test 6; IIH = idiopathic intracranial hypertension; LMP =
last menstrual period.
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The longitudinal outcomes for patients with established IIH
who became pregnant (group 2) are comparable to those
patients with IIH who were never pregnant (group 4) and
those with pregnancies only prior to an IIH diagnosis (group
3). This is a constructive result and highlights that pregnancy
should not be avoided in all patients with IIH, although
control of the disease should be optimized before planned
pregnancies where possible.29,30 Papilledema improved in the
12 months before conception (Figure 2, B–C) reflecting
disease optimization targeting ocular remission before plan-
ned pregnancies, although it could also reflect the natural
disease course seen in patients with IIH with active disease.37

The current recommendation is to optimize IIH control prior
to pregnancy,12 and this may additionally help reduce the
previously demonstrated increased risk of gestational diabetes
mellitus and preeclampsia.28 This may also reflect the worse
visual outcomes seen in those diagnosed in pregnancy (group
1) as they may have not had the opportunity to have the
disease optimized before conception. For this group, avoid-
ance of excessive gestational weight gain would be considered
important.12,17

This study did not demonstrate pregnancy-relevant modifi-
able visual prognostic factors, of either gestational bodyweight
or BMI gain, although this may reflect the difficulty in dif-
ferentiating normal gestational weight gain from excessive
gestational weight gain. Weight management is the only
disease-modifying therapy in IIH5,9,10; however, this is more
challenging in pregnancy, especially given the differing dis-
tributions of adiposity seen in pregnancy and IIH.13,14 Rou-
tine weight monitoring during pregnancy is not presently
recommended in the United Kingdom according to the Na-
tional Institute for Heath and Care Excellence, although IIH
would a condition in which it should be monitored due to the
risks of high gestational weight gain.40 An individualized ap-
proach is recommended, discussed in a sensitive manner
avoiding obesity stigmatizing language.12 Disease duration
was a prognostic marker likely reflecting a longer time from
elevated ICP detected and therefore more likely to be in
ocular remission. This highlights that targeting disease re-
mission before pregnancy has improved long-term outcomes.

Headache burden in IIH is a significant problem even after the
disease comes into ocular remission41 and while recently
headache morbidity appears to be correlated with raised ICP,
the mechanisms driving headache once the ICP has settled
remain unclear.42,43 These data show marked variability in
headache outcomes, which reflects what has been found in the
IIH population as a whole.37 Headache frequency was high at
baseline (Figure 3) in groups 2, 3, and 4 with either mild im-
provement or stability over time (Table 2). This plateau was
also seen for migraine-like headache frequency, headache se-
verity, and HIT-6 score and highlights the need for new treat-
ment options for the management of persistent post-IIH
headache, which has been called for by patients and

physicians.41,44 Headache treatments are limited in pregnancy,
and these are mainly based around acute medications rather
than prophylactics.12 The prognostic factors in this cohort were
daily headache at diagnosis and a personal migraine history.
This is helpful clinically as it could signpost those people who
require escalation of headache treatment and referral to spe-
cialist services.

This was a prospectively collected real-world clinical practice
study and has inherent limitations such as missing data. For
example, missing data exist for those patients seen at other
institutions before referral to UHB. Attempts were made to
minimize this by obtaining prior clinical noting; however, some
data were omitted. As a tertiary neuro-ophthalmology referral
center, initial visits may have occurred at other hospitals in the
country before subsequent referral, and therefore, baseline data
could have been at a different point in their disease course. To
reduce this bias, we defined disease duration as being the time
from the first diagnostic lumbar puncture to the first encounter
in our clinic (baseline visit); however, lead-time bias may have
an effect on the accuracy of these data. There are currently no
studies evaluating the exact start of symptoms that confirm a
diagnosis of IIH, as defining disease onset. The maternal health
questionnaire was self-reported and recall bias could exist here.
An unavoidable limitation is the sample size for those diagnosed
with IIH in pregnancy, as it is a rare occurrence, however our
results highlight that this should be studied further. Use of
medications is limited in pregnancy and therefore may partially
explain some of the worsening in papilledema seen in those
diagnosed in pregnancy, although would not explain fully the
differences as those with subsequent pregnancies did not de-
teriorate. Some outcomes were missing due to patient prefer-
ence and others as OCT imaging protocols changed after the
start of the study. Some patients were in ocular remission from
an IIH perspective when pregnancy occurred, and therefore,
the changes seen reflect a real-world cohort rather than what
occurs in active IIH during pregnancy. As per clinical practice,
some individuals were discharged to other institutions for local
follow-up, whereas others in remission were discharged com-
pletely, leading to reduced numbers longitudinally followed up.
In this analysis, we also did not have a control group without
IIH, although to control for pregnancy, we included patients
who had never been pregnant.

Diagnosing IIH in pregnancy is rare with worsening of
PMD and papilledema measurements noted during preg-
nancy. Established IIH with subsequent pregnancies occurs
more frequently and has a good visual outcome. Headache
outcomes showed marked variability with similar long-term
outcome between all groups. Monitoring of people with
IIH during their pregnancy is important and particularly
needed in those diagnosed with IIH at the time of preg-
nancy. Our data suggest that in those with well-controlled
IIH prior to pregnancy, the pregnancy did not exacer-
bate IIH.
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