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Abstract
Objectives
Cerebral venous sinus stenting (VSS) has emerged as a new surgical procedure for the treat-
ment of severe idiopathic intracranial hypertension (IIH), and its popularity has been anec-
dotally on the rise. This study explores recent temporal trends of VSS and other surgical IIH
treatments in the United States.

Methods
Adult patients with IIH were identified from the 2016–2020 National Inpatient Sample da-
tabases, and surgical procedures and hospital characteristics were recorded. Temporal trends of
procedure numbers for VSS, CSF shunts, and optic nerve sheath fenestrations (ONSFs) were
assessed and compared.

Results
A total of 46,065 (95% CI 44,710–47,420) patients with IIH were identified, of whom 7,535
patients (95% CI 6,982–8,088) received surgical IIH treatments. VSS procedures increased
80% (150 [95% CI 55–245] to 270 [95% CI 162–378] per year, p < 0.001). Concurrently, the
number of CSF shunts decreased by 19% (1,365 [95% CI 1,126–1,604] to 1,105 [95% CI
900–1,310] per year, p < 0.001), and ONSF procedures decreased by 54% (65 [95% CI
20–110] to 30 [95% CI 6–54] per year, p < 0.001).

Discussion
Practice patterns for surgical IIH treatment in the United States are rapidly evolving, and VSS is
becoming increasingly common. These findings highlight the urgency of randomized con-
trolled trials to investigate the comparative effectiveness and safety of VSS, CSF shunts, ONSF,
and standard medical treatments.
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Idiopathic intracranial hypertension (IIH) is a burgeoning dis-
ease worldwide.1-3 Left untreated, IIH can lead to debilitating
headaches and permanent vision loss due to prolonged elevation
of intracranial pressure (ICP).4 Venous sinus stenting (VSS),
first performed by Higgins et al. in 2002,5 is a relatively new
surgical treatment for patients with IIH who are refractory to
conservative medical management, and it may lead to a durable
reduction of ICP and improve headaches and papilledema in
patients with venous sinus stenosis.6,7 While these early results
are promising, the pathophysiologic link between venous sinus
stenosis and IIH remains poorly understood.8,9 Despite lingering
questions and a lack of long-term efficacy data, VSS is in-
creasingly used in clinical practice, and the number of VSS
procedures nationwide has anecdotally been on the rise.10 In this
cross-sectional study, we queried the 2016–2020 data of the
National Inpatient Sample (NIS) to explore temporal trends and
practice patterns of surgical IIH treatments in the United States,
with a specific focus on VSS procedures.

Methods
Database Characteristics
The Healthcare Cost and Utilization Project’s (HCUP) NIS
database is a stratified discharge database representing 20%
of all inpatient admissions in the United States. The database
contains approximately 35 million weighted annual hospi-
talizations from 48 states and the District of Columbia and
covers 97% of the US population.

Patient Population andHospital Characteristics
The NIS database was queried from 2016 to 2020 for all
inpatient admissions for adults aged 18–65 years. The In-
ternational Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) diagnosis and procedural coding
system were used to identify patients with IIH and surgical
interventions. The year 2016 was chosen as the start year
because it was the first year to use ICD-10-CM for all patients.

Table 1 Patient Characteristics

All procedures (N = 7,535) VSS (N = 1,065) CSF shunt (N = 6,215) ONSF (N = 255) p Valuea

Sex, female, % (n) 92.4 (6,960) 96.1 (1,025) 92.2 (5,730) 92.5 (235) <0.001

Age, mean ± SD 35.4 ± 10.2 34.9 ± 9.2 35.7 ± 10.4 29.6 ± 8.6 <0.001

Race, % (n)

White 67.3 (4,925) 67.6 (700) 67.5 (4,075) 60.0 (150) 0.001

Black 21.5 (1,575) 21.3 (220) 21.1 (1,275) 32.0 (80)

Hispanic 7.5 (550) 6.8 (70) 7.8 (470) 4.0 (10)

Other 3.7 (270) 4.3 (45) 3.6 (215) 4.0 (10)

Comorbidities, % (n)

Headache 19.7 (1,485) 31.0 (330) 17.9 (1,115) 15.7 (40) <0.001

Papilledema 18.8 (1,420) 19.7 (210) 16.7 (1,035) 68.6 (175) <0.001

Obesity 46.2 (3,485) 35.2 (375) 47.6 (2,960) 58.8 (150) <0.001

Shunt failure 7.7 (580) 0.0 (0) 9.3 (575) 2.0 (5) <0.001

Obstructive sleep apnea 9.8 (735) 6.1 (65) 10.6 (660) 3.9 (10) <0.001

Past bariatric surgery 2.9 (215) 1.9 (20) 3.1 (195) 0.0 (0) 0.004

Hypertension 28.6 (2,155) 20.7 (220) 29.8 (1,855) 31.4 (80) <0.001

Hyperlipidemia 10.2 (770) 6.6 (70) 10.9 (680) 7.8 (20) <0.001

Uncomplicated diabetes 6.8 (510) 5.6 (60) 7.1 (440) 3.9 (10) 0.040

Complicated diabetes 3.2 (245) 2.3 (25) 3.3 (205) 5.9 (15) 0.014

Length of hospital stay

Days, mean ± SD 2.9 ± 4.1 1.7 ± 2.0 3.1 ± 4.2 4.9 ± 5.9 <0.001

7 d or longer, % (n) 10.4 (785) 4.2 11.2 17.6 <0.001

Cost of hospital stay (US dollars), mean ± SD 17,898 ± 11,019 17,996 ± 8,404 17,966 ± 11,119 15,835 ± 16,744 <0.001

Abbreviations: ONSF = optic nerve sheath fenestration; VSS = venous sinus stenting.
a p Value derived from the χ2 test, with null hypothesis being no differences in rates of patient characteristic across procedure types; p values less than 0.05
were considered statistically significant.
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Patients with a diagnosis of IIH (G93.2) listed as one of the
top 5 diagnosis codes were included. Patients with secondary
causes of elevated ICP were excluded (eTable 1, links.lww.
com/WNL/C715). Patient characteristics (age, sex, medical
history, complications, length of stay, and procedure costs)
were recorded. Hospital characteristics (region, size, and
teaching status) were also recorded. Academic teaching hos-
pitals with a large number of beds, as defined by the HCUP,
were classified as large academic hospitals.

Statistical Methods
Discharge-level weights provided by the Agency for Healthcare
Research andQuality were used to calculate national estimates.
Parametric data were expressed as mean ± SD and compared
through 1-way analysis of variance tests. Nominal data were
compared with Pearson χ2 analyses. Temporal trends of pro-
cedure numbers were assessed for significant changes over time
with chi-square goodness-of-fit tests. p Values less than 0.05
were deemed statistically significant. Statistical analyses were
performed using R, version 3.6.2.

Standard Protocol Approvals, Registrations,
and Patient Consents
TheNIS database lacks unique patient identifiers and therefore is
exempt from institutional review board and informed consent
under the Health Insurance Portability and Accountability Act.

Data Availability
The NIS database is available to the public and can be
requested from hcup-us.ahrq.gov.

Results
A total of 46,065 patients with IIHwere identified, of whom7,545
(16.4%) received surgical treatment. There were no in-hospital

mortalities or intracranial hemorrhages. Patient character-
istics differed significantly among treatment modalities
(Table 1). Hospital characteristics are detailed in eTable 2
(links.lww.com/WNL/C716), and patient income and in-
surance information are detailed in eTable 3 (links.lww.
com/WNL/C717). From 2016 to 2020, the number of IIH-
related admissions did not significantly change over time
(9,610–8,385, p = 0.11) nor did the number of surgical IIH
treatments (1,580–1,405, p = 0.47). In the same period, the
number of VSS procedures increased 80% (150 procedures
in 2016 to 270 procedures in 2020, p < 0.001; Table 2,
Figure 1). Concurrently, the number of CSF shunt inser-
tions and ONSF decreased 19% and 54%, respectively (p <
0.001 for both; Table 2, Figure 1). In 2020, VSS accounted
for 19.2% of all surgical IIH treatments nationwide.

Over the study period, the number of VSS procedures per-
formed at large urban academic medical centers increased 72%,
and the proportion of surgical IIH treatments that were VSS
increased from 12.3% to 21.9% (p < 0.001; Table 2). Similarly,
the number of VSS procedures performed at smaller academic
medical centers and community hospitals increased 120%, and
the proportion of surgical IIH treatments that were VSS in-
creased from 4.4% to 12.9%, a near 3-fold increase (p < 0.001;
Table 2). Temporal trends of CSF shunting stratified by hos-
pital type are also summarized in Table 2.

Discussion
In this cross-sectional study of 46,065 patients with IIH
hospitalized in the United States, we show that VSS proce-
dures increased 80% over the 5-year study period, roughly
accounting for 1 in 5 surgical IIH treatments in 2020. There
were concurrent decreases in the number of CSF shunts and

Table 2 Temporal Trends of Surgical IIH Procedures From 2016 to 2020

2016
(N = 1,580)

2017
(N = 1,420)

2018
(N = 1,655)

2019
(N = 1,475)

2020
(N = 1,405)

Net % change in
procedure numbers p Valuea

All hospitals

VSS 9.5 (150) 14.1 (200) 13.0 (215) 15.6 (230) 19.2 (270) +80.0 <0.001

CSF shunt 86.4 (1,365) 82.7 (1,175) 83.4 (1,380) 80.7 (1,190) 78.6 (1,105) −19.0 <0.001

ONSF 4.1 (65) 3.2 (45) 3.9 (60) 3.7 (55) 2.1 (30) −53.8 <0.001

Large academic medical centers

VSS 12.3 (125) 15.5 (155) 16.6 (195) 17.2 (195) 21.9 (215) +72.0 <0.001

CSF shunt 83.7 (850) 81.0 (810) 78.3 (920) 79.3 (900) 75.5 (740) −12.9 <0.001

Other facilities

VSS 4.4 (25) 10.7 (45) 4.2 (20) 10.3 (35) 12.9 (55) +120.0 <0.001

CSF shunt 91.2 (515) 86.9 (365) 95.8 (460) 85.3 (290) 85.9 (365) −29.1 <0.001

Abbreviations: IIH = idiopathic intracranial hypertension; ONSF = optic nerve sheath fenestration; VSS = venous sinus stenting.
a p Value derived from χ2 goodness-of-fit test, with null hypothesis being no differences over time; p values less than 0.05 were considered statistically
significant.
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ONSF procedures, suggesting that the practice patterns for
surgical IIH treatment nationwide are rapidly evolving.

The growth of VSS procedures may have been driven by
multiple factors. First, increasing number of procedures could
reflect increasing incidence of IIH. Second, VSS is minimally
invasive and generally considered safe, with low rates
of complications.6,7 Furthermore, the neurointerventional
workforce has grown considerably in recent years,11 and in-
creased utilization of magnetic resonance and computed to-
mography venogram studies may have led to increased
detection of cerebral venous sinus stenosis. Of importance,
CSF shunts and ONSF numbers have significantly declined,
suggesting that practitioners may be relatively favoring VSS
instead, whichmay be driven by its superior safety profile6 and
patient acceptance due to its minimally invasive nature. While
it is presently unclear whether VSS procedures will continue
to grow, our results show increasing VSS numbers across all
hospital subtypes, particularly in smaller academic medical
centers and community hospitals. This trend is likely to
continue because the procedure is becoming available widely
in the United States and the devices continue to improve.

While past studies have demonstrated VSS’s short-term
outcomes,6,7 data on long-term comparative efficacy and
safety with other treatments are sparse. Uncertainty sur-
rounding the pathophysiologic role of venous sinus stenosis in
IIH also remains, particularly regarding whether it is a cause or
an effect of severe IIH.8 Prospective clinical trials are urgently
needed to investigate the efficacy and safety of VSS compared
with medical therapy and/or other surgical options. However,
patient recruitment of clinical trials for surgical IIH treatments

(e.g., the SIGHT trial12) has been difficult, which may have
been driven by both the proven effectiveness of medical ther-
apy13 and the high risks of CSF shunting and ONSF.6,14,15 It is
unclear whether VSS’s superior safety profile could overcome
challenges in recruitment. At a minimum, initiation of a na-
tionwide prospective registry of VSS patients that includes
pretreatment and posttreatment neuro-ophthalmological as-
sessments may be helpful in shedding light on the long-term
safety and effectiveness of VSS.

Our study has several limitations. First, because the identifi-
cation of diseases using recorded ICD-10 codes can be in-
accurate, the reporting rates of comorbidities may not always
reflect the presence/absence of each condition andmay instead
reflect disease severity. Second, the NIS captures only hospital
admissions, and IIH is mainly managed on an outpatient basis.
However, CSF shunting, VSS, and ONSF procedures generally
require hospital stays, so our estimations of national procedure
numbers are likely accurate. Third, the NIS provides only
encounter-level data, and we were not able to assess the lon-
gitudinal outcomes of patients with IIH treated with VSS. Fi-
nally, our findings of increasing VSS procedures were restricted
to the United States, and external validity is unclear.

In conclusion, in this cross-sectional study of 46,065 patients with
IIH, we found that VSS procedures are rapidly increasing in the
United States. These findings highlight the urgency of random-
ized controlled trials to investigate the comparative effectiveness
and safety of VSS compared with standard medical treatments.

Study Funding
No targeted funding reported.

Figure Temporal Trends of Surgical IIH Treatments From 2016 to 2020

(A) Percentage of shunt, VSS, and ONSF among all surgical IIH procedures over time; p values derived from χ2 analysis. (B) Percentage change of number of
procedures from 2016 to 2020; p values derived from comparison number of each procedure as a proportion of total procedures between 2016 and 2020
using the Fisher exact test. IIH = idiopathic intracranial hypertension; ONSF = optic nerve sheath fenestration; VSS = venous sinus stenting.
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