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Background  Idiopathic intracranial hypertension (IIH) is a disorder of unknown 
origin, characterized by features of raised intracranial pressure (ICP). Existing literature 
is inconclusive about the role of transcranial Doppler (TCD) in the management of IIH.
Objective  To study the TCD changes in IIH patients, pre- and post-cerebrospinal fluid 
(CSF) drainage.
Materials and Methods  This was a prospective study, conducted between July 2017 
and December 2019, in a tertiary care referral center in South India. Sixteen consec-
utive patients, suspected to have IIH, underwent magnetic resonance imaging ofthe 
brain, a baseline TCD, and lumbar puncture with CSF drainage and pressure moni-
toring. Post-CSF drainage, TCD was repeated and mean flow velocities, peak systolic 
velocities, end-diastolic velocities, and pulsatility index (PI), in the middle cerebral 
artery (MCA), vertebral artery, and basilar artery (BA) were noted. Thirteen patients 
had elevated CSF pressure, and fulfilled the diagnostic criteria for IIH. These patients 
were included in the final analysis and pre- and post-CSF drainage TCD blood flow 
velocities and PI were compared.
Results  The mean age of study participants was 29.92 ± 6.92 years. There was a 
significant reduction in the cerebral flow velocities in bilateral MCA, after CSF drainage 
and normalization of ICP. Flow velocities in posterior circulation and PI in MCA, PCA, 
and BA showed an insignificant reduction. Two patients, who did not show any reduc-
tion in flow velocities after CSF drainage, developed optic atrophy on follow-up.
Conclusion  TCD-derived systolic blood flow velocities can be used in the manage-
ment and follow-up of patients with IIH.
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Introduction

Idiopathic intracranial hypertension (IIH) is a disorder of 
unknown cause, presenting with signs and symptoms of 
raised intracranial pressure (ICP), in the absence of under-
lying structural or other identifiable causes. The clinical 
course is not always benign and, left untreated, can lead 
to permanent loss of vision.1 In population-based studies, 

the annual incidence of IIH has been reported to be 0.9 per 
100,000 population.2 Females are eight times more com-
monly affected as compared with males and incidence 
increases manyfolds in overweight and obese patients.3 
With the recent global obesity epidemic, the incidence of 
IIH is on a rise and it is becoming an area of interest for 
researchers. Diagnosis of IIH by the modified Dandy criteria 
involves invasive measurement of ICP.4 ICP measurement 
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for monitoring response to therapy may require repeated 
lumbar punctures, and is uncomfortable for the patient as 
well as the physician. To overcome this, noninvasive meth-
ods, such as transcranial Doppler (TCD) and ultrasonogra-
phy of the optic nerve sheath diameter (ONSD) are being 
evaluated as indirect measures of ICP.

In recent studies, TCD has shown promise in experimental 
models of intracranial hypertension and circulatory arrest.5 
A significant correlation between ICP and the TCD-derived 
pulsatility index (PI) values has been shown in neurocritical 
patients, including those with head trauma, subarachnoid 
hemorrhage, and acute bacterial and tuberculous menin-
gitis.6-12 Studies in patients with IIH are limited and have 
reported contrasting results. Gur et al showed no unique 
TCD features for monitoring IIH patients.13 On the contrary, 
Hunter et al showed that TCD-derived PI values changed sig-
nificantly with change in ICP and suggested potential role of 
TCD in noninvasive monitoring of IIH.14 Hence, we evaluated 
the changes in TCD parameters, before and after therapeu-
tic cerebrospinal fluid (CSF) drainage, in patients diagnosed 
with IIH.

Materials and Methods
This was a prospective trial undertaken in a tertiary referral 
center in southern India. An institutional ethical clearance 
was taken before starting the study. Patients were recruited 
between July 2017 and December 2019. Sixteen consecutive 
patients, suspected to have IIH, based on clinical features 
(headache, vomiting, visual disturbances, abducens palsy, 
and papilledema) were enrolled for the study, after taking 
an informed consent (►Fig. 1). All these patients underwent 
brain imaging (computed tomography or magnetic reso-
nance imagingalong with venography of brain) to exclude an 
underlying structural cause, including cerebral venous sinus 
thrombosis. If the neuroimaging was normal or the findings 
were consistent with IIH, patients underwent a baseline TDC 

study (Nicolet Sonara TCD system, Natus neurology, United 
States) to estimate the mean flow velocity (MFV), peak sys-
tolic velocity (PSV), end-diastolic velocity (EDV), PI, and 
resistance index (RI) in the intracranial vessels. TCD was 
performed by investigator no. 1, with the patient in supine 
position and both the anterior (middle cerebral artery[MCA]) 
and the posterior circulation (vertebral artery[VA] and basi-
lar artery[BA]) were studied. The MCA was studied through 
the transtemporal window with insonation depth of 50 to 
55 mm. The VA and BA were studied through the suboccipital 
window and transforaminal window. Following this, patients 
underwent lumbar puncture with CSF opening pressure 
monitoring. Lumbar puncture was done in the left lateral 
decubitus position (performed by investigator no. 2, who was 
blinded to the TCD results). Thirteen out of 16 patients had 
elevated CSF pressures, >250 mmH2O, and in these, ~30 mL 
of CSF was drained to achieve a normal closing pressure. CSF 
samples were analyzed for routine cell count, cell types, and 
sugar and protein levels. All the patients underwent post-
CSF drainage TCD, within 60 minutes of the lumbar punc-
ture. Investigator no. 1 performed the post-CSF drainage TCD 
and was blinded to the lumbar puncture results. Thirteen 
patients, who had elevated CSF pressures with a normal CSF 
biochemical testing, were included for the final analysis.

Statistical Analysis
All analyses were done using the IBM-SPSS software (version 
20.0). Data are presented as mean ± standard deviation. The 
normality of data was tested using Kolmogorov–Smirnov’s 
test and data were found to be following normal distribution. 
Pre- and post-CSF drainage TCD velocities and PI values were 
compared using the paired t-test. Pearson’s coefficient was 
used to correlate MFV, PSV, EDV, and PI values with the CSF 
pressure. Linear regression analysis was used to evaluate 
effects of variables such as weight and body mass index (BMI) 
on the results of CSF pressure and TCD-derived flow velocities. 
All values were considered significant if p-value was <0.05.

Results
Thirteen of the 16 eligible participants fulfilled the diagnos-
tic criteria of IIH and were included in the final analysis. Ten 
females and three males, with mean age of 29.92 ± 6.92 years 
were studied over a period of 2 years (►Table  1). All these 
patients had either normal brain imaging or features consis-
tent with a diagnosis of IIH. Mean CSF opening pressure in 
study population was 307.7 ± 46.8 mm H2O, with a normal 
CSF biochemical analysis. Pre- and post-CSF drainage TCD 
values are shown in ►Table 2.

1.	 Pre- and post-PSVs: The PSVs in both the right and left MCAs 
reduced significantly following CSF drainage (p = 0.001 
and 0.003, respectively). In the posterior circulation, PSV 
was reduced post-CSF drainage, but did not reach levels of 
statistical significance in the BA or the left VA.

2.	 Pre- and post-MFVs: Similar to PSV, the systolic MFVs 
in bilateral MCA reduced significantly post-CSF 
drainage (p = 0.001 and 0.003, respectively). There was 
nonsignificant reduction in MFVs in both the VA and BA.

Fig. 1  Study design.CSF, cerebrospinal fluid; CT, computed tomog-
raphy; IIH, idiopathic intracranial hypertension; MRI, magnetic reso-
nance imaging.
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3.	 Pre- and post-PIs: Although PI values in all the studied 
intracranial arteries decreased concurrently with decrease 
in CSF pressure, none of them reached levels of statistical 
significance.

4.	 Correlation of PSV and MFV with CSF opening pressure 
(►Fig. 2): Baseline or pre-CSF drainage blood flow veloc-
ities in MCA had a strong correlation with CSF opening 
pressure (Pearson’s correlation coefficients are 0.927 for 
PSV, 0.80 for MFV, and 0.91 for EDV; p< 0.05). Blood flow 

velocities in the BA and VAs had a weaker positive correla-
tion (Pearson’s correlation coefficient 0.12–0.63).

5.	 Effect of weight and BMI on CSF opening pressure and 
flow velocities: CSF opening pressure showed a stronger 
correlation with BMI (Pearson’s coefficient 0.46) compared 
with body weight (Pearson’s coefficient 0.35), though both 
were statistically nonsignificant. When subgrouped by 
gender, the correlation was stronger in females compared 
with males. On the contrary, intracranial blood flow 

Table 1   Demographic data and CSF analysis in study population

N=13 Minimum Maximum Mean ± SD

Age (y) 16 40 29.92 ± 6.92

Height (cm) 154 170 162.1 ± 5.88

Weight (kg) 62 119 76.15 ± 15.46

BMI (kg/m2) 24 49 30.15 ± 5.14

CSF opening pressure (cmH2O) 25 40 30.77 ± 4.68

CSF cells 0 4 2 ± 1.29

CSF protein (mg/dL) 13 59 33.46 ± 15.13

CSF glucose (mg/dL) 43 78 63.77 ± 11.41

Abbreviations: BMI, body mass index; CSF, cerebrospinal fluid; SD, standard deviation.

Table 2   Transcranial Doppler findings in study population

Pre-CSF drainage Post-CSF drainage p-Value

Right middle cerebral artery

PSV 97.21 ± 16.69 80.52 ± 16.22 0.001

MFV 59.78 ± 11.91 50.33 ± 11.02 0.001

EDV 39.62 ± 8.07 34.63 ± 11.10 0.013

PI 0.95 ± 0.12 0.90 ± 0.17 0.213

Left middle cerebral artery

PSV 93.96 ± 22.01 81.15 ± 18.90 0.003

MFV 59.89 ± 18.60 52.62 ± 15.51 0.003

EDV 41.25 ± 14.00 37.35 ± 11.91 0.062

PI 0.89 ± 0.19 0.85 ± 0.16 0.552

Basilar artery

PSV 62.64 ± 8.70 59.78 ± 10.16 0.249

MFV 40.89 ± 7.63 40.03 ± 7.93 0.529

EDV 27.33 ± 6.90 26.42 ± 5.64 0.756

PI 0.86 ± 0.15 0.82 ± 0.12 0.463

Right vertebral artery

PSV 48.18 ± 10.15 44.51 ± 7.35 0.006

MFV 30.11 ± 5.82 30.11 ± 5.82 0.197

EDV 20.79 ± 4.25 19.41 ± 3.37 0.398

PI 0.85 ± 0.21 0.80 ± 0.16 0.328

Left vertebral artery

PSV 51.15 ± 9.91 49.33 ± 10.99 0.388

MFV 32.25 ± 7.13 31.99 ± 6.85 0.861

EDV 21.42 ± 5.45 21.81 ± 4.84 0.656

d. PI 0.92 ± 0.21 0.85 ± 0.16 0.363

Abbreviations: CSF, cerebrospinal fluid; EDV, end-diastolic velocity; MFV, mean flow velocity; PI, pulsatility index; PSV, peak systolic velocity.
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velocities did not show a consistent correlation with 
either weight or BMI.

6.	 Predicting reduction in flow velocities: Further, we tried to 
ascertain if the amount of change or reduction in systolic 
and diastolic velocities could be predicted by baseline 
patient characteristics such as gender, height, weight, BMI, 
or CSF opening pressure. However, none of these variables 
showed a consistent correlation with reduction in flow 
velocities and was not found to be statistically significant.

7.	 Follow-up: Two of the 13 patients with IIH did not 
show any significant decrease in PSV or MFV post-
CSF drainage, despite normalization of CSF pressures. 
Even with appropriate medical management, these 
patients remained symptomatic. Both were found to 
have developed chronic papilledema/optic atrophy, on 
follow-up after 2 months.

Discussion
This is the first of its kind of study in a South Asian cohort. 
Previously, we could only find two similar studies, one done in 
Canada and other in Israel, both showing conflicting results.13,14 
Our study participants were between 16and40 years of age and 
could be classified as overweight or obese, as per the World 
Health Organization criteria (BMI > 25 kg/m2).15 The initial 
peak and mean blood flow velocities (PSV and MFV) in most of 
our study population were within the upper limits of normal. 
This is similar to Gur et al, who found that blood velocities, 
PI, and RI of IIH patients were higher than normal controls, 
but still within the upper normal limit.13 It has been suggested 
that cerebral regulatory functions are still effective during 

moderate elevations of ICP as seen in IIH. Hence, the systolic 
blood flow velocities do not increase as much as expected in 
patients with acute severe elevations of ICP, as in cases of trau-
matic brain injury or subarachnoid hemorrhage.16,17 However, 
it has been consistently shown that peak and mean systolic 
as well as diastolic flow velocities are significantly higher in 
patients with IIH when compared with controls with normal 
CSF pressure.13,18

The baseline blood flow velocities in the MCA correlated 
significantly with the CSF opening pressure in the study pop-
ulation, irrespective of the gender, height, weight, or BMI of 
the participants (►Fig.  2). We repeated the TCD measure-
ments immediately after CSF drainage and normalization 
of ICP and found a uniform reduction in systolic as well as 
diastolic flow velocities. The reduction was more significant 
in anterior circulation (MCA) as compared with posterior cir-
culation (VA and BA). The reason for the same is yet to be elu-
cidated. Whether the higher cerebral blood flow in anterior 
circulation (three times as compared with posterior circula-
tion)19 or the difference in autonomic innervation of anterior 
and posterior arteries20 plays a role needs further dedicated 
studies. One previous study has studied blood flow changes 
after CSF drainage in females with high CSF opening pressure. 
However, the exact vessels studies have not been mentioned 
by the authors.21

Conversely, some researchers have tried to correlate 
changes in PI and the RI with changes in ICP with contrast-
ing results. While Hunter et al14 demonstrated a significant 
reduction of PI after normalization of ICP with CSF drainage, 
another small study in five female patients failed to do so.21 In 
our cohort, there was an insignificant reduction in PI values 

Fig. 2  Correlation of cerebral blood flow velocities with CSF-opening pressure. BA, basilar artery; EDV, end-diastolic velocity; L, left; MCA, 
middle cerebral artery; MFV, mean flow velocity; PI, pulsatility index; PSV, peak systolic velocity; R, right; VA, vertebral artery.
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post-CSF drainage. It is essential to remember that PI is a com-
plex measurement and is affected by many interdependent 
hemodynamic variables including cerebral perfusion pres-
sure (CPP), cerebrovascular resistance, compliance of arterial 
bed, and the heart rate.22 It reflects the CPP more accurately 
than ICP, especially in cases of moderate ICP elevations in 
more chronic disorders such as IIH. Recently, newer mod-
els of IIH, focusing on the role of intracerebral veins, venous 
pressure and CSF changes, and the role of brain parenchyma 
morphological changes have been proposed.23

Two of our patients failed to show a significant decrease 
in TCD parameters post-CSFdrainage and normalization of 
CSF pressure. They were followed up closely, and were found 
to develop chronic papilledema. Whether nonreduction of 
TCD parameters post-CSF drainage can serve as a marker for 
adverse prognosis in such patients needs to be studied in 
further larger prospective studies.

Limitations
This was a pilot study with a small sample size. We did not 
have a matched cohort of healthy individuals to compare 
the TCD values of IIH patients. IIH is a chronic disease with 
periods of relapses and remissions, as such, more number 
of follow-up visits are needed to prove an unequivocal role 
of TCD in the management and follow-up of IIH patients. 
We have also not evaluated the ONSD, which is presently the 
method of choice for estimation of ICP.

Conclusion
TCD-derived peak and MFVs can be used as a noninvasive 
adjunctive tool for management, prognostication, and 
follow-up in patients with IIH.

Significance Statement
Due to the global obesity epidemic, the incidence of IIH is ever 
increasing. There is an unmet need to evaluate noninvasive 
diagnostic tests for IIH. Here, we have evaluated and found 
noninvasive modality, TCD for management of such patients.

Key Findings

•• A noninvasive modality, TCD is useful in the clinical man-
agement of patients with IIH.

•• Cerebral blood flow velocities reduce after normalization 
of ICP, post-CSF drainage.

•• Failure of reduction of blood flow velocities may indicate 
adverse prognosis.

Note
The data that support the findings of this study are 
available on request from the corresponding author. The 
data are not publicly available due to privacy or ethical 
restrictions.
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