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Case Report

Ultrasonographic optic nerve sheath diameter monitoring of 
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Abstract: Ultrasonography assessments of optic nerve sheath diameter (ONSD) is a non-invasive method 
that may help identify elevated intracranial pressure (ICP). However, this technique was used to evaluate 
the elevated ICP caused by traumatic brain injury. The objective of this study was to examine clinical cases 
of the changes in ICP with venous sinus stenosis and venous sinus thrombosis found the advantage of this 
technique in the application. And we dynamically monitor ONSD and ICP as a lens for understanding the 
dynamic assessment for ICP. The first case of venous sinus stenosis with elevated ICP identified in real-
time by changes in ONSD, which are correlated with ICP before and after stenting. Another case of venous 
sinus thrombosis with elevated ICP. And after treatment, the patient underwent an ultrasound ONSD 
examination and lumbar puncture (LP) at the 1st, the 2nd and 3rd month of follow-up. The previously 
enlarged ONSDs retracted and LP opening pressure gradually returned to normal. These cases indicate that 
ONSD examination may help dynamically assess ICP changes and evaluate the efficacy of ICP treatment. 
These results provide utile, evidence based, preliminary clinical recommendations and indicate that ONSD 
examination might be a useful method of evaluating ICP, especially if repeated evaluations are needed.
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Introduction
 

Increased intracranial pressure (ICP) is an acute medical 
event which is associated with poor clinical outcomes 
in various neurological diseases including, for example, 
cerebral  venous s inus stenosis  and subarachnoid 
hemorrhage. Direct assessment methods, such as lumbar 
puncture (LP) and intraventricular catheterization, 
are commonly used to detect ICP. However, these 
invasive techniques can result in complications, such as 
hemorrhaging and bacterial colonization (1,2), and involve 
pain and discomfort, especially if repeated evaluations are 
needed. In addition, invasive ICP monitoring is sometimes 
unavailable in intensive care units or to patients with certain 
serious conditions. Given this, non-invasive, repeatable, 

simple methods for assessing ICP are urgently needed. 
Recently, measuring the optic nerve sheath diameter 
(ONSD) via ultrasound has been proposed as a non-
invasive clinical technique for detecting elevated ICP 
(3-6). However, this technique was used to evaluate the 
elevated ICP caused by severe traumatic brain injury and 
few studies reported the cases that prompt this technique 
could dynamically assess the efficacy of management of 
elevated ICP. We observed the patient with cerebral venous 
sinus stenosis and venous sinus thrombosis with elevated 
ICP whom we assessed for ONSD and ICP before and 
after treatment to investigate the potential of the ultrasonic 
ONSD technique to dynamically assess ICP changes and 
evaluate treatment efficacy. We present the following case 
in accordance with the CARE Guideline (7).
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Case presentation

Case 1  

The first case presented here was a 50-year-old woman 
who was admitted to our hospital due to amaurosis 
fugax and occasional mild headaches, free of dizziness or 
rotation, the symptoms of which had ceased for 2 years. 
She was seen in the department of ophthalmology, where 
an ophthalmoscopic exam revealed bilateral papilledema. 
The patient was then referred to the Neurology Clinic, 
where a physical examination revealed clear consciousness 
with flexible activity of the limbs. She underwent head 
computed tomography (CT) and magnetic resonance 
venography (MRV) of the head. The CT showed no 
obvious abnormalities and left internal jugular vein, sigmoid 
sinus, and transverse sinus were not clearly observed 
on MRV (Figure 1A,B). Thereafter, ultrasonic ONSD 
measurements of both eyes were conducted before a LP was 
performed. Ultrasound ONSD examinations were carried 
out using a Philips iU22 (Andover, MA, USA) ultrasound 
system with a 9-3 MHz linear array transducer. The first 

measurement was performed in the sagittal plane with the 
probe in a vertical orientation. The second measurement 
was performed in the transverse plane with the probe in a 
horizontal orientation. The ONSD was assessed bilaterally, 
3 mm posterior to the orbit (Figure 1C). The final ONSD 
value for an individual was calculated as the average of 
bilateral measurements to minimize inter-ocular variability. 
According to our previous study, quantitative assessment of ICP 
was calculated using ONSD measurements by the mathematical 
model (ICP =−111.92+77.36 × ONSD) (5). The a predicted 
ICP by ONSD was 346 mmH2O. An LP was performed, which 
detected an opening pressure of 355 mmH2O. 

To determine the condition of the intracranial venous 
sinus, the patient was scheduled to undergo a digital 
subtraction angiography (DSA) examination. Furthermore, 
DSA revealed venous sinus stenosis at the junction between 
the right transverse sinus and the sigmoid sinus (Figure 1D).  
Therefore, the diagnoses of intracranial hypertension 
and venous sinus stenosis were established and treatment 
via venous sinus stenting was pursued. Postoperatively, 
the patient has no headache, vomiting and other adverse 

Figure 1 The imaging findings of patient with venous sinus stenosis. (A,B) MRV reveals that the left internal jugular vein, sigmoid sinus, 
and transverse sinus were not clearly shown; (C) the ONSD measured with transorbital ultrasonography is 0.592 cm in this patient (a woman 
diagnosed with venous sinus stenosis) with elevated intracranial pressure; (D) DSA indicates venous sinus stenosis at the junction between the 
right transverse sinus and the sigmoid sinus; (E) after treatment of venous sinus stenosis, the stenosis was improved; (F) after treatment, the 
ONSD was 0.385 cm. MRV, magnetic resonance venography; ONSD, optic nerve sheath diameter; DSA, digital subtraction angiography.
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reactions. Further evaluation by DSA revealed obvious 
improvements to venous sinus stenosis (Figure 1E). Two 
days later, symptoms resolved and the enlarged ONSDs 
retracted (Figure 1F). According to the mathematical model 
(ICP =−111.92+77.36 × ONSD) (5), the predicted ICP was 
185 mmH2O. Follow-up with LP was 180 mmH2O. 

Case 2

The second case presented here was of a 48-year-old man 
who was admitted to the Department of Neurology due to 
headache that had lasted for 12 h. A physical examination 
showed clear consciousness and flexible limbs. The patient 
then underwent LP and ultrasonographic assessment of 
ONSD. The LP revealed an opening pressure higher 
than 400 mmH2O, and ultrasonography showed a dilated 
ONSD of 5.95 mm (Figure 2A), denoting elevated ICP. 
The following day, the patient underwent subsequent 
head MRI and MRV. The MRI showed increased signal 
in the left sigmoid sinus and transverse sinus (Figure 2B), 
and MRV indicated no clear display in the left internal 

jugular vein, sigmoid sinus, and transverse sinus (Figure 2C).  
Therefore, he was definitively diagnosed with venous sinus 
thrombosis and treated with mannitol, to lower ICP, and 
anticoagulation therapies. Thereafter, the patient underwent 
LP at 1, 2, and 3 months after treatment, and ultrasonic 
ONSD measurements were also performed before the LPs 
to observe dynamic changes of ICP. The ONSD examination 
revealed a dilated ONSD of 5.32 mm (Figure 2D) and 
the LP detected an opening pressure of 355 mmH2O  
at the 1st month after treatment. At the 2nd and 3rd 
months of follow-up, the ONSD was 4.13 and 3.65 mm,  
respectively (Figure 2E,F), and the LP pressure was 210 and 
180 mmH2O, respectively.

Discussion

The optic nerve sheath is the extension of the dura 
mater, with a transomal subarachnoid space contained 
cerebrospinal fluid, Hansen et al. have reported that the 
intra-orbital subarachnoid space, which surrounds the 
optic nerve, is subject to the same pressure changes as 

Figure 2 The imaging findings of patient with venous sinus thrombosis. (A) The ONSD measured using ultrasonography was 5.95 mm in this 
patient (a man diagnosed with venous sinus thrombosis) with elevated intracranial pressure; (B) MRI shows increased signal in the left sigmoid 
sinus and transverse sinus; (C) MRV indicates that no clear display is found in the left internal jugular vein, sigmoid sinus and transverse sinus; 
(D) the ONSD examination reveals a dilated ONSD of 5.32 mm at the 1st month after treatment; (E,F) at the 2nd and 3rd months of follow-
up, the ONSD was 4.13 and 3.65 mm, respectively. ONSD, optic nerve sheath diameter; MRV, magnetic resonance venography. 
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the intracranial subarachnoid space in 1996 (6). Galetta 
et al. found that the ONSD could be detected by B-mode 
ultrasonography in 1989 and confirmed with increased 
ICP in patients the ONSD would dilate (8). Subsequently, 
more and more studies confirmed a direct correlation 
between ONSD and invasive ICP monitoring results, with 
a correlation coefficient of 0.59 to 0.91 (9-13).

Ultrasonographic ONSD measurement has recently 
become a popular non-invasive approach for the detection 
of elevated ICP (13-16). Robba et al. reported that ONSD 
examinations more accurately approximate ICP than do 
transcranial Doppler ultrasonography (TCD) and other 
non-invasive methods studied (17). Furthermore, dynamic 
changes in ONSD are also strongly related to changes in 
ICP (18-20). Moreover, measuring ONSD via ultrasound 
is a repeatable and quick method, as the orbital window 
is easily available and uncomplicated in most patients 
(11,21,22). Besides, Toscano et al. illustrated the ONSD 
ultrasound evaluation were widely available in intensive care 
unit in monitoring patients with neurologic critical disease 
due to the effectiveness and simplicity, and demonstrating 
the malignant intracranial hypertension in brain death 
patients can be detected early (23). ONSD assessment is 
especially indicated when LP results are equivocal or when 
invasive ICP monitoring is not immediately available or is 
even contraindicated (19). These case reports also provide 
strong evidence for ultrasonographic ONSD as a reliable 
and meaningful method for patients who requiring repeated 
evaluation of ICP.

This first case presented here describes a patient with 
a diagnosis of venous sinus stenosis in whom the disease 
was progressing slowly. Her primary symptoms were visual 
disruptions and she did not report severe headaches. It 
is worth noting, based on these findings, that this type 
of disease may first impact eye function. In addition, the 
second case presented here describes a patient with venous 
sinus thrombosis with elevated ICP. We followed up two 
patients throughout the course of treatment and determined 
the patient’s ONSD using B-mode sonography. The two 
cases suggested that this noninvasive technique might allow 
for dynamic assessment of ICP changes throughout the 
patient’s clinical course and thus evaluation of the efficacy 
of ICP treatment. Upon admission, transorbital sonography 
in the two patients all revealed a markedly expanded 
ONSD. This finding was consistent with those of previous 
reports (9-12). Based on mathematical estimations (5),  
we determined predicted ICP that were similar to the 

opening pressure detected via LP. The case reports 
further showed that noninvasive, simple sonography could 
accurately and repeated estimate ICP and it would help the 
patient to alleviate the pain considerably compared with LP. 
Furthermore, after treatment, this expanded ONSD was 
found to return to normal, as investigated in our previous 
study (24). 

In addition to the cases presented here, others have 
demonstrated the clinical efficacy of assessments of ONSD 
change. In an in vitro study, Hansen et al. demonstrated 
that ONSD changes through the controlled application of 
incremental, decreasing pressure steps in the subarachnoid 
space (25). However, few clinical studies have estimated 
ONSD variations following the application of treatments 
for elevated ICP. Launey et al.  found a significant 
correlation between ICP and ONSD measurements before 
and after mannitol infusion (26). Suggesting a potential 
mechanism, additional studies have shown that the optic 
nerve sheath is quite elastic and responsive to external 
pressure changes (27-30). For instance, tracheal stimulation 
has been reported to result in simultaneous increases 
in both ICP and ONSD, with commensurate returns 
to baseline in both measures after the procedure (29).  
Furthermore,  Hassen et  a l .  (18)  reported ONSD 
measurements in real time and further demonstrated 
dynamic changes during LP in a patient with idiopathic 
intracranial hypertension (IIH). And in a recent study of 84 
subjects, Chen et al. reported ONSD revealed an immediate 
reduction from 4.13 to 4.02 mm with the decrease of 
cerebrospinal fluid pressure that was performed 5min 
pro and post LP (31). The reports strongly support that 
ONSD examination is a useful technique for the dynamic 
assessment of ICP changes.

Conclusions

These cases showed that dilated ONSDs in patients with 
an increased ICP resolve concomitantly with ICP after 
treatment. Ultrasonography of the ONSD may serve as 
a rapid, non-invasive, bedside technique for the dynamic 
and quantitative evaluation of ICP changes, especially if 
repeated evaluations are needed.
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