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Transocular Doppler and optic nerve sheath diameter
monitoring to detect intracranial hypertension
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Abstract

Background: Increases in intracranial pressure (ICP) require a rapid recognition to allow for adequate
treatments. The aim of this study was to determine whether transocular Doppler and optic nerve sheath
diameter (ONSD) monitoring could reliably identify increases in ICP.

Materials and Methods: This is a cross-sectional case-control study, which was carried out on 2013. Subjects
were chosen from patients who admitted to the neurology and neurosurgery departments and the intensive
care unit of Alzahra Hospital (Isfahan, Iran). To measure the ICP, the authors used ultrasound to measure
the diameter of the optic nerve sheath and transocular Doppler (TOD) to measure blood flew velocity in
ophthalmic artery (OA) and ophthalmic vein (OV) in both groups.

Results: The mean of ONSD was 4.8 mm (SD 0.77) in patients with raised ICP and 3.2 mm (SD 0.3) in healthy
volunteers which was significant (P < 0.001). The mean (SD) of TOD parameters were also significantly
more in OA and OV of patients with raised ICP.

Conclusion: Ultrasound methods has been proposed as an alternative safe technique for invasive ICP
measuring methods.
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INTRODUCTION

Clinical signs of raised ICP are not specific and often
difficult to interpret, though direct measurement

Raised intracranial pressure (ICP) is a common
life-threatening condition that can occur in multiple
neurological or non-neurological settings and requires
rapid diagnosis and therapeutic intervention.™
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of ICP using an intraventricular catheter has been
known to be a gold standard method for evaluating
ICP; but it is a highly invasive technique that may
not be feasible in many clinical settings due to
the severe complications associated with its use,
such as hemorrhage, infection and malfunction;
absence of available neurosurgical expertise; and
contraindications (coagulopathy, thrombocythemia).’>#
Several noninvasive techniques for the evaluation of
ICP have been developed and include Fundoscopy
and Papilledema, computed tomography (CT) scan,
Magnetic resonance imaging (MRI), tympanic
membrane displacement (TMD), and transcranial
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doppler sonography (TCD)."” However, the accuracy
of these methods in predicting ICP values appears to
be limited.”?

Recently, clinical studies have suggested that
ultrasonographic measurements of the Optic Nerve
Sheath Diameter (ONSD) correlate with signs of
raised ICP.1%" The optic nerve is part of the central
nervous system, and therefore surrounded by the
dural sheath. Between the sheath and the white
matter is a small (0.1-0.2 mm) subarachnoid space,
which communicates with the subarachnoid space
surrounding the brain. In the cases of increased ICP,
the sheath expands and changes in the diameter of
the nerve sheath can be visualized using transocular
ultrasound.®213 Abnormal ONSD is usually present
when ICP raises above 20 mmHg."¥ Three millimeters
behind the ocular globe, the optic nerve is only
surrounded by fat and the dural sheath is distensible
within its fatty environment, particularly in case of
raised pressure in the cerebrospinal fluid." In vitro
studies suggest that the retrobulbar optic nerve sheath,
may undergo sonographically detectable distension
seconds after the development of intracranial
hypertension.">!% The technique is safe, cheap and
efficient."” Previous clinical studies have confirmed the
accuracy of ONSD measurement at detecting raised ICP
in several clinical situations: Traumatic brain injury,
hydrocephalus, and intracranial hemorrhage.%182%
Two recent meta-analyses suggest that ONSD may
be a reliable noninvasive surrogate marker of raised
ICP.1121 But a recent review article concluded that this
technique is not accurate enough to be used instead
of invasive ICP measuring methods. They suggested
that It can potentially be used as a screening method
for detecting raised ICP when invasive ICP monitoring
capabilities are not available.”

In the other hand, hemodynamic measurements
can bean accurate and reliable noninvasive method
to measure ICP. This technique applies color
Doppler imaging to measure the blood flow velocity
indifferent intracranial vessels such as middle cerebral
artery (MCA); and intracranial part of the internal
carotid artery and jugular vein.»??25) But these
technique cannot be used on 10-15% of the patients
due to the ultrasound not being able to penetrate the
skull (the so-called bone window).?8! However, the
arteries that perfuse and the vein that drains the
orbit are exposed to the ambient ICP while coursing
through the cerebrospinal fluid or optic nerve.?227
So transocular color Doppler imaging can be applied
to measure the blood flow velocity in vessels such as
ophthalmic artery (OA) and ophthalmic vein (OV). The
OA is being used as a natural pair of scales, in which
the intracranial segment of the OA is compressed

by ICP and the extracranial segment of the OA is
compressed by extracranial pressure (Pe) applied
to the orbit. The blood flow parameters in both OA
segments are approximately the same in the scales
balance case when Pe = ICP.[28

The aim of this study was to investigate a possible
relationship between, ONSD ortransocular
Doppler (TOD) ultrasonography parameters, and
ICP changes in patients with raised ICP and healthy
population.

MATERIALS AND METHODS

Study design and participants

This is a cross-sectional case-control study, which
was carried out on 2013. The study followed the
Declaration of Helsinki on Biomedical Research
Involving Human Subjects and was approved by
the Ethics Committee from the Isfahan University
of Medical Sciences (N = 392067). All participants
provided written informed consent.

Subjects were chosen from patients who admitted to
the neurology and neurosurgery departments and
the intensive care unit of Alzahra Hospital (Isfahan,
Iran). All subjects met the following inclusion
criteria: (1) >18 years aged; (2) presence of clinical
symptoms and signs of raised ICP, including nausea,
vomiting, and symptoms of brain herniation such
as secondary midbrain syndrome and papilledema
on ophthalmoscopy; and confirmed by lumbar
puncture (LP) by a neurologist;?*%% (3) written or
oral informed consent of patient or family. Subjects
also met none of the following exclusion criteria:
(1) history of glaucoma; (2) known disease of the optic
nerve (optic neuritis, meningioma, and gliomas);
(3) known orbital injury or prior ocular surgery.
A total of 83 individuals screened which 32 met all
inclusion and no exclusion criteria for case group and
32 subjects were chosen as control group [Figure 1].
The control group included age- and sex-matched
healthy volunteers.

Procedures and variables assessment

To measure the ICP, the authors used a transocular
7.5-MHz linear ultrasound probe to measure the
diameter of the optic nerve sheath three mm behind
the globe in both groups."?

We also used TOD to measure blood flew velocity
in OA and OV in both groups. TOD parameters
included peak systolic velocities (PSV), mead systolic
velocity (MD), plasticity index (PI) [peak systolic-end
diastolic velocities/mean flow velocity], and resistance
index (RI).”
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Figure 1: Study design flow chart

Statistical analysis
Data were analyzed by SPSS version 20.0 (SPSS Inc,
Chicago, Illinois, USA). A P < 0.05 was considered
significant. Continuous variables were expressed as
mean + SD. ANOVA and Pierson correlation were
used for analysis.

RESULTS

The mean age of participants was 58.8 years, range
from 41 to 78. The demographic features of the sample
are reported in Table 1.

There were no statistically significant differences on
demographic data between two groups.

We assessed ONSD in both eyes in each group. The
ONSD range was 3.2to 6.3 mm with a mean of 4.8(SD
0.77) in patients with raised ICP and 2.6 to 4.1 mm
with a mean of 3.2(SD 0.3) in healthy volunteers.
The difference between groups was significant
(P <0.001).

TOD ultrasound was used in OA and OV, in both eyes
in each group. TOD parameters included PSV, MD,
PI, and RI.

In OA, mean (SD) of PS, MD, PI and RI were
significantly more inpatients with raised ICP. TOD
parameters in OA are reported in Table 2.

In OV mean velocity was 6.7 (SD 3.27) mm Hg in
patients with raised ICP and 4.7 (SD 1.51) mm Hg
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Table 1: Demographic data of the 64 participants

Characteristics Total Case Control P
N (Subjects)= N (Subjects)= N (Subjects)=
64 32 32
Age (years), 58.8 (9.9) 58.2 (9.6) 59.5(10.4) 0.418
mean (SD)
Sex
Men 40 (62.5) 21 (65.6) 19 (59.4) 0.674
Female 24 (37.5) 11 (34.4) 13 (40.6)

All variables are number (%) unless otherwise indicate, SD: Standard deviation

Table 2: Comparison of TOD parametersbetween two groups
in ophthalmic artery

Transocular Doppler Case Control P
parameters N=32 N=32

Peak systolic velocities 31.91(10.9) 20.73(10.8) <0.001
Mead systolic velocity 8.19 (3.7) 5.87 (2.1) 0.008
Plasticity index 1.77 (.62) 1.54 (.28) 0.036
Resistance index 0.77 (.06) 0.71(.05) <0.001

All variables are mean (SD), mmHg, TOD: Transocular Doppler

in healthy volunteers. The difference between groups
was significant (P = 0.005).

DISCUSSION

ICP monitoring techniques are multiple and diverse.
Nevertheless, before choosing the technique to
apply in critical care, several factors need to be
considered; the precision of measurements made,
the cost of the device as well as the possible
complications and mechanical problems associated
with the individual techniques. In this study we
compared patients with raised ICP, and healthy
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volunteers for ONSD and TOD parameters in
ultrasound.

The use of ONSD measurement for the detection of
raised ICP has generated considerable interest, and
several studies suggesting a good correlation with
the gold standard of invasive ICP monitoring, 01118201
Our study showed that average of ONSD in patients
with raised ICP is more than healthy volunteers
significantly. The average ONSD was 4.8 mm in the
patients with raised ICP.

A position three mm behind the globe was chosen
because the ultrasound contrast is greatest, the results
are more reproducible, and anatomically the anterior
nerve is most distensible.[%3!]

This is consistent with Qayyum et al., Cammarata
et al., and Amini et al., which concluded that ocular
ultrasound may be considered as a good alternative
for invasive methods to identify increased ICP.[1%:18:19]

Against this Beare et al. showed that raised ICP is less
commonly detected by ONSD measurement than LP
in children with cerebral malaria.®? And Strumwasser
et al. concluded that ONSD measurement for
elevated ICP is not reliable due to poor accuracy and
correlation.’?!

The average ONSD in the patients in our study
(4.8 mm) was consistent with previous studies which
showed that the cut off value of 4.8 mm or more for
ONSD is of sufficient sensitivity 96% (95% CI 91-99%)
and specificity 94% (92-96%) for predicting elevated
ICP‘[34]

In our study, all of TOD parameters (PS, MD, PI,
and RI) were significantly more in case group. This
result shows that TOD ultrasound can measure ICP
as a noninvasive method.

In previous studies, Gura et al. concluded that
Independent of the type of intracranial pathology,
there is a strong correlation between PI intranscranial
Doppler ultrasonography (TCD) and invasive ICP
measurements.'®®! Also Ragauskas et al. showed that
Doppler ultrasound of OA is precise and accurate
compared with gold standard CSF pressure measured
via lumbar puncture.®®

In against with this, Brandi et al. showed that
PI-calculated ICP is too uncertain,?® and Zweifel et al.
concluded that the value of TCD-PI to assess ICP is
very limited. However, extreme values of PI can still
potentially be used in support of a decision for invasive
ICP monitoring.®

CONCLUSION

In conclusion, as ICP monitoring is invasive and has
disadvantages of infection, hemorrhage, malfunction,
obstruction or malposition, thus, this ultrasound
methods has been proposed as an alternative safe
technique because of advantages of being rapid,
non-invasive, having no radiation exposure and
being accessible at the bedside without moving
critically ill patients. It can therefore be easily
repeated to re-evaluate a patient. But this methods
also requires basic ultrasonography skills, training,
and experience.
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