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Extent of transverse sinus stenosis does not predict visual
outcomes in idiopathic intracranial hypertension
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BACKGROUND: We aimed to investigate whether the degree of transverse sinus stenosis (TSS) on magnetic resonance venography
(MRV) can predict visual outcomes in patients with idiopathic intracranial hypertension (lIH).

METHODS: A chart review identified IIH patients followed for at least 6 months. Mean deviation (MD) on visual field (VF) testing at
initial and last follow-up visits, best corrected visual acuity (BCVA), patients’ age, body mass index, and lumbar puncture opening
pressure were recorded. MRV was used to grade TSS on a scale of 0-8 using the grading scheme proposed by Farb et al., whereby a
lower score indicates a greater degree of stenosis. Linear regression analysis was used to test for association between above

variables and MD on VF, including change in MD over time.

RESULTS: 44 female patients were followed for a median of 26 months. All patients had unilateral or bilateral TSS on MRV. The
median TSS score was 3/8. The median BCVA was 0.06 logMAR at baseline. The median VF MD was —3.02 dB at baseline and
—1.96 dB at final follow-up. There was no significant association between the degree of TSS and either baseline MD (P-value = 0.34)
or the change in MD on VF over the course of follow-up (P-value = 0.54). Baseline BCVA (P = 0.045) and baseline MD (P < 0.001)
were the only significant predictors of changes in MD on VF over follow-up.

CONCLUSIONS: Baseline BCVA and MD on VF were the only significant predictors of visual outcome in IIH patients. While all
patients demonstrated TSS on MRV, the degree of TSS did not correlate with visual prognosis.
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INTRODUCTION

Idiopathic intracranial hypertension (lIH) is a frequent cause of
optic neuropathy in women of childbearing age who have
increased body mass index (BMI) [1]. The prevalence of IIH has
been paralleling the rise of obesity, generating a greater burden
on the healthcare system [1]. [IH has previously been shown to
cause various degrees of visual loss in about 1/4 of patients,
significantly affecting their quality of life [2-4]. It is also often
misdiagnosed, putting patients at risk of significant morbidity
from invasive investigations and treatment [5].

Identifying patients with [IH who are at risk of poor visual
outcomes would allow clinicians to guide treatment decisions.
Currently, the most sensitive reported predictor of final visual
outcome in IIH is visual acuity at presentation [6]. However,
identifying another objective marker that can predict poor
outcomes would be very useful. Current neuro-imaging findings
associated with IIH include reduced pituitary gland height,
increased optic nerve sheath diameter, flattening of the posterior
globe, low-lying cerebellar tonsils, and transverse sinus stenosis
(TSS) [7]. One recent study demonstrated that TSS is the most
sensitive neuro-imaging correlate of IIH [8]. Moreover, treatment
of TSS with endovascular dural sinus stenting has been
consistently proposed as one of the therapeutic modalities for
IIH [9, 10]. We thus hypothesized that there might be a

relationship between the severity of TSS at presentation and final
visual outcome in patients with IIH.

Only one previous study has investigated the relationship
between the severity of TSS and visual outcomes. Although the
authors did not find a correlation between TSS and VF loss [11],
the study categorized VF loss into 3 stages using subjective
criteria, rather than mean deviation (MD) on VF testing. It also
graded TSS based on percent stenosis, a labor-intensive method
which while allowing for increased precision may be difficult to
apply in clinical practice. Thus, we designed our study to
investigate the relationship between TSS and final visual out-
comes in patients with IIH by using MD on VF testing as an
indicator of visual function, and graded TSS on imaging using the
criteria proposed by Farb et al. [12], which are much easier to
apply in practice, in a separate patient cohort.

The primary objective of the study was to evaluate whether the
severity of TSS, as classified on contrast-enhanced magnetic
resonance venography (MRV) using Farb et al's criteria, is
correlated with the change in mean deviation (measured in dB)
on Humphrey VF (24-2 algorithm) testing from presentation to
final follow-up in patients with IIH.

The secondary objective was to determine whether baseline VF
predicted visual function at last follow-up, and to test the
association between TSS at presentation and other variables of
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clinical relevance to the management of IIH, such as lumbar
puncture opening pressure (LP OP) and BMI.

METHODS

Patient identification

A retrospective chart review was performed to identify patients diagnosed
with [IH between February 2014 and May 2019 according to criteria
outlined by current diagnostic guidelines [13]. The diagnosis was made by
a fellowship-trained neuro-ophthalmologist (EM). Only female patients
above the age of 18 years who had a MRV scan of diagnostic quality and
performed Humphrey VF testing (24-2 SITA-Fast protocol) at presentation
and their last follow-up at least 6 months later were included in the study.
Patients whose neuro-imaging was not satisfactory for calculating TSS
score and those who completed less than 6 months of follow-up were
excluded from the study. Patients with unreliable visual field testing
(fixation loss >33% and false-positive errors >15%) were also excluded.
Prospective institutional research ethics board approval was obtained from
the University of Toronto prior to the initiation of this study.

Data collection

An independent reviewer (AE) used standardized data collection forms to
collect the following information from patient records: age at presentation,
baseline BMI, baseline Snellen best corrected visual acuity (BCVA), date of
baseline and follow-up visits, MD on VF for each eye at baseline and final
follow-up, LP OP when available, and prescribed interventions.

A fellowship-trained neuroradiologist (PN) independently evaluated the
imaging results (contrast-enhanced MRV) of all patients performed at
presentation. MRVs were performed using a previously published, validated
contrast-enhanced protocol [14]. In brief, this consists of a 3-D fast spoiled
gradient echo sagittal acquisition, obtained 8 seconds following triggering
of the scan from contrast arrival in the cavernous carotid. Maximal intensity
projection sequences were then created from the MRV data. Advantages of
contrast enhanced MRV over non-contrast flow-sensitive techniques
include better visualization of vessels (including in-plane vessels) and more
accurate estimation of stenosis. This avoids the potential artefacts with
flow-sensitive techniques, mainly loss of signal at certain points in the
venous system as a result of in-plane spin saturation or vessel tortuosity.

The degree of TSS stenosis was graded based on a previously described
classification by Farb et al. [12]. The grading involves identifying the area
with the highest degree of stenosis for both the left and right transverse-
sigmoid conduit and assigning it a score of 0-4. A score of 0 represents an
aplastic or discontinued segment; 1 represents hypoplasia or severe
stenosis of less than 25% of the cross-sectional diameter of the lumen of
the distal superior sagittal sinus; 2 represents a moderately stenosed
segment of the conduit (25-50%); 3 represents a mildly narrowed segment
(50-75%); and 4 represents no significant narrowing (75-100%) (Fig. 1).
The scores for the left and right conduits are then combined for a total
score between 0 and 8.

Data analysis

For analysis, BCVA was first converted from Snellen notation to logMAR
using standardized conversions [15]. The BCVA and MD on VF testing of
both eyes were then averaged; this decision was made as the baseline MD,
final MD, and change in MD from baseline to final follow-up had high
correlation between the left and right eye, indicating symmetric IIH
progression (R>=0.92, P<0.0001; R*=0.88, P<0.0001; R?=0.85, P<
0.0001). Linear regression analyses were used to determine whether TSS
and other clinical factors, such as LP OP, age, baseline BMI, and baseline
BCVA were associated with a change in MD on VF testing from baseline to
final follow-up, as well as baseline and final MD in separate analyses.
Logistic linear regression analysis was used to determine whether any
decrease in MD could be predicted by TSS and other clinical factors, as
above. Patients with missing data on any clinical variable were excluded
from the analysis for that given variable. Given the varying degree of
follow-up, a secondary linear regression analysis using change in MD/day
was performed. A p-value of 0.05 or lower was considered statistically
significant.

RESULTS
There were 44 patients included in the final analysis. All patients
were female with a median age of 29 years (range: 18-49,
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interquartile range (IQR) = 29-40). The median duration of follow-
up was 26 months (IQR: 10-43). Patients had a median BMI of
37.2kg/m? (IQR: 31.5-41.6) at presentation and a mean baseline
BCVA of 0.06 +0.10 logMAR. The median combined TSS score at
presentation was 3 (IQR: 2-3), with 86% (38/44) of patients having
a TSS score between 1 and 3 (Fig. 2). All patients demonstrated
narrowing (defined as 50-75% of the cross-sectional diameter of
the lumen of the distal superior sagittal sinus) of the left or right
transverse sinus, with 95% (42/44) demonstrating bilateral
narrowing. Two patients underwent surgical treatment (1 with a
ventriculoperitoneal shunt, 1 with a lumboperitoneal shunt
followed by transverse sinus stenting), while the rest underwent
medical treatment with acetazolamide (n=22) or were encour-
aged to lose weight through dieting and exercise alone (n = 20).
Patients receiving acetazolamide were prescribed doses ranging
from 250 mg to 2.5g per day. The median MD was —3.02dB at
baseline (IQR: —4.0 to —1.3) and —1.96 dB (IQR: —3.8 to —0.6) at
final follow-up, with a median change in MD of +0.97 (IQR: 0.0 to
2.0) over the course of follow-up (Table 1).

Linear regression analysis revealed no significant relationship
between the degree of TSS and the change in MD on VF from
baseline to final follow-up (P-value=0.54, R*=0.009, Table 2,
Fig. 3). This did not change after adjusting for differences in
follow-up times between patients (P-value=0.62, R®=0.006,
Table 2, Figs. 4 and 5). Logistic regression analysis revealed no
significant relationship between TSS scores and a decline in MD
from baseline to final follow-up (P-value=0.08). Linear regression
analysis involving other variables revealed the following signifi-
cant relationships after adjusting for differences in follow-up
times: baseline MD and MD at final follow-up, baseline MD and
change in MD, baseline BCVA and MD at final follow-up, baseline
BCVA and change in MD. No significant relationship was found
between the following variables: TSS and initial or final MD;
baseline BMI and TSS; TSS and LP OP; LP OP and initial, final, and
change in MD; baseline BMI and initial, final, and change in MD;
age and initial, final, and change in MD; age and baseline BMI; age
vs. TSS.

Further subgroup analysis was performed to see if there were
any differences between those who experience extreme VF
changes at each end. Five outliers were identified in the cohort,
2 out of 5 had the largest improvements in MD, and 3 out of 5
whom had the largest losses in MD. No observable difference was
found between the two groups in terms of baseline BMI, LP OP,
age, and prescribed interventions.

DISCUSSION

Previous studies have established a high prevalence of TSS among
patients with IIH [12, 16, 17]. This was replicated in our study with
all patients demonstrating narrowing of at least one of the two
transverse sinuses. However, it is not clear whether TSS causes IIH
or is its consequence and whether the severity of TSS influences
the course of the disease. Thus, our study investigated the
relationship between the degree of TSS on venographic imaging
and visual outcomes. Our results were concordant with only one
previously published paper on this subject demonstrating that the
severity of TSS does not predict visual outcomes in patients with
IH [11].

The visual outcomes of each eye was highly correlated with that
of the opposite eye, consistent with a symmetric progression that
is more commonly seen in IIH [18]. We also found no relationship
between LP OP and TSS, which is also consistent with findings
from previous investigations [11, 12]. This suggests the presence
of collateral cerebrospinal fluid drainage routes that may limit
venous resistance in the cerebral sinuses despite physical
restrictions in outflow through the transverse sinuses [11]. These
alternative drainage routes include the occipital sinus and vein of
Labbe [19, 20], which typically drain into the sigmoid sinus,
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. 8: Score 3 (Right) 4 (Left)
A: Normal (Score: 4 bilaterally)

D: Score 1 (Right) 1 (Left)
C:Score 2 (Right) 4 (Left)

\ 7

£: Score 0 (Right) O (Left)

Fig. 1 Schematic diagram of transverse and sigmoid sinus stenosis grading system. A Normal (Score 4 bilaterally, 75-100% of the cross-
sectional diameter of the lumen of the distal superior sagittal sinus). B Score 3 on the right side (mildly narrowed, 50-75%). Score 4 on the left.
C Score 2 on the right side (moderately narrowed, 25-50%). Score 4 on the left. D Score 1 on the right and 1 on the left side (hypoplasia or
severe stenosis, <25%). E Score 0 on the right (complete obstruction/aplasia/discontinuity in the sinus with no appreciable filling), 0 on the
left side.

fg- Table 1. Patient characteristics.
16 Patient characteristic Median Range
2 14 Age at Diagnosis (years) 29 18-49
s :3 7 BMI (kg/m?) (N =25 only) 372 24-508
2 10-
g 8- Baseline BCVA (logMAR) 0.0 —0.06 to +0.39
(g Baseline MD (dB) 302 ~31.01 to +0.235
4 Final MD (dB) —1.96 —26.16 to +1.17
(2)' Change in MD (dB) 1097 ~22.84-12.28
0 1 2 3 4 5 6 7 8 Follow-up Time (months) 26 6-73
Combined TSS Score L O (fzm G5 Sl 22a2
Combined TSS Score (0-8) 3 0-6

Fig. 2 Distribution of transverse sinus stenosis scores among
patients.
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Table 2. Regression analysis of predictors of change in visual field mean deviation per day.

Predictor Univariable analysis P- Univariable analysis R Univariable analysis P-value Univariable analysis R®
value (Adjusted for follow- value (Adjusted for follow- (Not adjusted for follow-up  value (Not adjusted for
up length) up length) length) follow-up length)

Age 0.72 0.003 0.78 0.002

TSS 0.62 0.006 0.54 0.009

Baseline BMI 0.35 0.04 0.04" 0.18

LP OP 0.21 0.09 0.04" 0.23

Initial Visual 0.00007" 0.30 0.0006" 0.24

Field MD

Initial BCVA 0.015" 0.13 0.045" 0.09

“P-value < 0.05.

— —
S 20 [a1]
E 10 ° R?=0.009 3
> ] ° ® P-value=0.54 > 0.03+
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Fig. 3 Scatterplot of transverse sinus stenosis scores and total (&) ' b
change in visual field mean deviation from baseline to final [}
follow-up. The combined transverse sinus stenosis (TSS) score (0-8) g -0.02
is plotted on the x-axis, and the change in mean deviation (MD), in s rrrr T
decibels (dB), on visual field testing from baseline to final follow-up, > 01 2 3 4 5 6
is plotted on the y-axis. A regression line is plotted on the graph <

with corresponding R* and P-values.

0.03 5

0.02

R-0.006
° P-value=0.62

0.01
0.00§

-0.01 i °

Change in MD Per Day (dB)

-0.02 T T T T T T T 1
0 1 2 3 4 5 6 7 8

Combined TSS Score

Fig. 4 Scatterplot of transverse sinus stenosis scores and change
in visual field mean deviation as adjusted by length of follow-up.
The combined transverse sinus stenosis (TSS) score (0-8) is plotted
on the x-axis, and the average change in mean deviation (MD) per
day, in decibels (dB), on visual field testing from baseline to final
follow-up is plotted on the y-axis. There is also a regression line
plotted on the graph, with corresponding R*> and P-values.

bypassing the transverse sinus. We also found that age, baseline
BMI, and LP OP are all poor predictors of visual outcome in IIH.
This data further complicates the management of patients with IIH
demonstrating that patients with similar demographics and
clinical attributes can experience vastly different outcomes. In
our study, the only significant predictors of visual outcomes were
BCVA and MD on VF at presentation, which is also aligned with
previous literature [21, 22].

Eye (2022) 36:1390 - 1395

Combined TSS Score

Fig. 5 Boxplot of transverse sinus stenosis scores and change in
visual field mean deviation as adjusted by length of follow-up.
The combined transverse sinus stenosis (TSS) score (0-8) is plotted
on the x-axis, and the average change in mean deviation (MD) per
day, in decibels (dB), on visual field testing from baseline to final
follow-up is plotted on the y-axis. The boxplot shows the first,
second, and third quartile values, and the values that are outliers are
seen as black circles. There is a dotted line that passes through 0.00
for visual reference.

Determining which patients will experience irreversible visual
field loss remains a challenge. In our study, 25% (11 out of 44) of
patients experienced worsening of MD on VF over follow-up, with
only 1 patient experiencing a loss of more than 5dB. Other
retrospective case series have also shown that a minority of
patients will experience visual decline over follow-up. Baheti et al.
and Riggeal et al. observed a worsening of VF deficits in 11.6% and
16% of patients, respectively [11, 23]. Through lifestyle modifica-
tions and medical treatment, most patients with mild to moderate
IIH typically stabilize or improve visual function over the course of
follow-up, as has been shown in the IIH Treatment Trial and
confirmed by our data [24]. The IIH Treatment Trial (IIHTT)
evaluated changes in MD on VF for 165 patients with mild visual
loss at presentation (—2 to —7 dB) who were randomized to
receive dietary interventions alongside either acetazolamide or
placebo. In the trial, treatment failure occurred when a participant
with a baseline MD up to —3.5 dB had VF worsening of more than
2dB in either eye, or when a participant with a baseline MD
between —3.5dB and —7 dB had worsening of more than 3dB in
either eye. Over the course of follow-up, only 4.2% of participants
were determined to be treatment failures based on a substantial
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decline in MD on VF [24]. Using the same criteria for treatment
failure, our study found a similarly low treatment failure rate of
10.7% (3 out of 28) among all participants with mild visual loss at
presentation. When our analysis was restricted to patients with
mild baseline visual loss treated with acetazolamide, the
treatment failure rate was slightly higher at 20% (3 out of 15).
However, the IIHTT initially determined that 25% of participants
met the criteria for possible treatment failure, and this was
reduced to 4.2% after VF re-testing of participants to control for
performance errors. Re-testing was not performed in our study
given clinical restraints, which may explain the slight discrepancy
in treatment failure rates. Finally, The improvement in MD in our
study (0.97 dB) was similar to that observed during long-term
follow-up in IIHTT [25].

Our study’s subgroup analysis of patients with the highest and
lowest changes in MD revealed no major differences between the
groups in LP OP, baseline BMI, age, or TSS scores. Our findings
highlight the challenge of patient selection for appropriate
intervention in IIH. Although prior work has suggested that
asymmetry of papilledema [26], morbid obesity [27], and ethnicity
[28] can be associated with visual loss, these variables do not
necessarily have prognostic value in predicting which patients will
experience progressive worsening of VFs. For instance, the
severity of papilledema at presentation does not predict a change
in MD over time and worsening of papilledema over time is also
not a predictor of VF loss [21]. Although weight gain over the
course of follow-up has been shown to predict poor outcomes
[29], baseline BMI was not a significant predictor of change in MD
on VF in our study.

Although TSS is the most sensitive indirect imaging marker for
the presence of IIH [8], its severity does not appear to be
important. In patients with TSS, cerebrospinal fluid may drain
through collateral conduits, such as the vein of Labbe and
occipital sinus [19, 20]. Exploring possible defects or anatomic
anomalies in these alternative drainage routes could potentially
explain the clinical variability of IIH. Other avenues for exploration
include measuring differences in optic nerve morphology on MR
imaging or measuring pressure variations in cerebral venous
sinuses, although these techniques are not currently feasible in
clinical practice [30, 311.

Our study was limited by its relatively small sample size, yet the
results mirror those of another study investigating this topic [11].
As some patients were unsure about their weight and were
uncomfortable and/or unwilling to have their weight measured in
the clinic, exact BMI data were missing in 19 of 44 patients.
However, a comparison of patients with and without missing BMI
data did not reveal any differences in the overall trend between
TSS and visual field mean deviation. While our study measured
BMI at baseline only, current evidence suggests that weight loss
interventions lead to greater improvements in visual outcomes in
IIH [32]. Another limitation of this retrospective review is the lack
of data on treatment compliance. Many patients received
treatment through prescribed lifestyle modifications, which were
difficult to monitor, and patients’ compliance with acetazolamide
treatment was also not specifically assessed. Thus, it is unclear if
non-compliance could have played a role in outcome variability.
Future studies should continue to explore other prognostic
markers for visual outcomes in lIH, in order to determine which
patients can remain on conservative medical treatments and
which would benefit most from the invasive surgical procedures.
These studies should be large enough to generate sufficient
power, and prospectively performed to control for important
variables such as treatment regimen and medication compliance.

In conclusion, although TSS is the most sensitive neuro-imaging
finding in patients with IIH, the degree of TSS does not appear to
be a useful predictor of visual outcomes. Although our study was
limited by its sample size, our results mirrored those from the only
other study that investigated this subject. This is despite the fact

SPRINGER NATURE

that our study was different in the way visual loss was judged and
in the method used to estimate the degree of TSS on imaging. The
degree of visual loss at presentation measured through MD on VF
and BCVA remain the most reliable predictors of final visual
outcome in patients with IIH.

SUMMARY

What was known before

® |diopathic intracranial hypertension (lIH) in most cases is
associated with indirect neuro-imaging features of increased
intracranial pressure such as reduced pituitary gland height
(the so-called “empty sella”), increase in diameter of arachnoid
sheath around optic nerves, posterior flattening of the globes,
and stenosis of brain dural sinuses, most commonly involving
transverse sinus. Transverse sinus stenosis (TSS) is the most
sensitive neuro-imaging feature of IIH, present in almost 100%
of patients.

What this study adds

® While all patients demonstrated TSS on magnetic resonance
venography, the degree of transverse sinus stenosis did not
correlate with visual prognosis. Future studies should explore
other objective prognostic factors for visual outcomes in IH, in
order to determine which patients can remain on conservative
medical treatment and which patients should be treated more
aggressively and would most benefit from surgical interventions.
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