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Study objective: We investigate the test performance of emergency physician–performed sonographic
measurement of optic nerve sheath diameter for diagnosis of increased intracranial pressure.

Methods: Children between the ages of 0 and 18 years with suspected increased intracranial pressure were
prospectively recruited from the emergency department and ICU of an urban, tertiary-level, freestanding pediatric
facility. Pediatric emergency physicians with goal-directed training in ophthalmic sonography measured optic
nerve sheath diameter. Images were recorded and subsequently reviewed by a pediatric ophthalmologist and an
ophthalmic sonographer, both of whom were blind to the patient’s clinical condition. Measurements obtained by
the ophthalmic sonographer were considered the criterion standard. An optic nerve sheath diameter greater than
4.0 mm in subjects younger than 1 year and greater than 4.5 mm in older children was considered abnormal.
The diagnosis of increased intracranial pressure was based on results of cranial imaging or direct measurement
of intracranial pressure.

Results: Sixty-four patients were recruited, of whom 24 (37%) had a confirmed diagnosis of increased
intracranial pressure. The sensitivity of optic nerve sheath diameter as a screening test for increased
intracranial pressure was 83% (95% confidence interval [CI] 0.60 to 0.94); specificity was 38% (95% CI 0.23 to
0.54); positive likelihood ratio was 1.32 (95% CI 0.97 to 1.79) and negative likelihood ratio was 0.46 (95% CI
0.18 to 1.23). There was fair to good interobserver agreement between the pediatric emergency physician and
ophthalmic sonographer (! 0.52) and pediatric ophthalmologist (! 0.64).

Conclusion: The sensitivity and specificity of bedside sonographic measurement of optic nerve sheath diameter
is inadequate to aid medical decisionmaking in children with suspected increased intracranial pressure.
Pediatric emergency physicians with focused training by a pediatric ophthalmologist familiar with ophthalmic
sonography can measure optic nerve sheath diameter accurately. [Ann Emerg Med. 2009;53:785-791.]
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INTRODUCTION
Acute increases in intracranial pressure can be difficult to

diagnose in pediatric patients because the signs and symptoms
are often nonspecific. Although funduscopic examination is
helpful, its accuracy in the acute setting is limited and
visualization of the optic discs can be difficult in the young
child. Confirmation of increased intracranial pressure requires
direct measurement of intracranial pressure, which is invasive
and not always feasible in the emergency department (ED).
Cranial computed tomography (CT) and magnetic resonance

imaging are surrogate tests to diagnose increased intracranial
pressure. In a busy ED, neuroimaging may involve delays in
patient care, need for sedation, additional costs, or exposure to
ionizing radiation. Bedside ophthalmic ultrasonography offers
several advantages. It is portable, rapid, low cost, noninvasive,
and widely available, and it does not involve exposure to
ionizing radiation.

Increased intracranial pressure forces the inflow of
cerebrospinal fluid into the perineural space between the
dura and the optic nerve, leading to the development of

Volume , .  : June  Annals of Emergency Medicine 785

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by CiteSeerX

https://core.ac.uk/display/357379055?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.lexisnexis.com/dpartner/process.asp?qs_id=4266
http://www.annemergmed.com


papilledema on funduscopic examination and to the
sonographic appearance of increased diameter of the nerve.
Postmortem studies have shown that the optic nerve sheath
diameter is sensitive to changes in intracranial pressure, and
that the sheath starts to become “normally” distensible 3 mm
posterior to the globe.1,2 Any closer to the globe near the
sheath attachment point and its distensibility becomes
limited. An in vivo study conducted with subjects
undergoing intrathecal infusion tests has validated the
response of the optic nerve sheath diameter to changes in
intracranial pressure.3 Subsequently, data from the
ophthalmology and radiology literature have established
norms for optic nerve sheath diameter in pediatric subjects.4-6

Increased intracranial pressure is associated with an optic
nerve sheath diameter that exceeds 4 mm in patients younger
than 1 year and 4.5 to 5 mm in older children, measured 3
mm posterior to the papilla in the axial transbulbar view.5-7

Pediatric data on the accuracy and role of sonographic
measurements of optic nerve sheath diameter are limited to studies
performed by radiologists or ophthalmologists.2,4,5,7 Most of the
studies from the ED setting have excluded pediatric subjects.8-10

We are not aware of any prospective trial evaluating the accuracy of
bedside pediatric emergency physician–performed optic nerve
sheath diameter measurements as a screening test for increased
intracranial pressure in the acute care setting.

MATERIALS AND METHODS
The objective of our study was to evaluate the test

characteristics of bedside ultrasonography of the optic nerve
sheath for the diagnosis of increased intracranial pressure. This
was a prospective, single-masked cohort study of patients aged 0
to 18 years, with suspected or confirmed increased intracranial
pressure, presenting to the ED or ICU of an urban, academic,
freestanding, tertiary-level children’s hospital with an annual
ED census of 67,000. We included patients with severe
traumatic brain injury (Glasgow Coma Scale score less than 8),
suspected ventriculoperitoneal shunt malfunction, suspected
meningitis, clinical signs of suspected increased intracranial
pressure, including altered mentation (not attributable to
medications, seizures, or metabolic causes) or evidence of uncal
herniation, and diabetic ketoacidosis with suspected cerebral
edema. Patients with facial (including ocular) trauma were
excluded. Before initiation of the study, 2 pediatric emergency
physicians (A.L., J.P.) underwent 2 hours of didactic and goal-
directed training by a pediatric ophthalmologist (M.E.H.) in
ophthalmic sonography. Bilateral optic nerve sheath diameter
measurements were recorded on 30 healthy volunteers and
reviewed by an ophthalmic sonographer (M.E.S.) to refine their
image acquisition technique.

With the patients in a supine position and eyelids closed,
axial transbulbar images were obtained by the pediatric
emergency physicians, using a Sonosite Titan ultrasound
machine (Sonosite, Inc., Bothwell, WA) and an 8- to 5-MHz
11-mm broadband curved array. When possible, the subjects
were instructed to direct their gaze at the midline so that the
optic nerve was aligned opposite to the probe. If the patient was
not cooperative, the ultrasonographic probe was manipulated
until an adequate image of the optic nerve sheath was obtained.
When the optic nerve was aligned opposite the probe and
centered, the image was captured and saved. We recruited the
help of the parent in stabilizing the head of the infants during
the examination. Once the probe was placed on the eyelid, the
natural tendency was to close the eye. Some infants did not
seem to mind the probe at all and were still. We did not have to
exclude any patients because of inability to tolerate the probe.

Measurements were performed on the saved images. Bilateral
optic nerve sheath diameters were measured 3 mm posterior to
the globe (Figure 1). The average of the 2 measurements was
used for statistical analysis. Images were recorded and uploaded
to the hospital picture archiving and communication system
and subsequently reviewed by the pediatric ophthalmologist and
an ophthalmic sonographer, both of whom were unaware of the
patient’s clinical condition. Measurements of optic nerve sheath
diameter obtained by the ophthalmic sonographer were
considered the criterion standard.

Because Sonosite Titan does not incorporate Digital Image
Communication and Conversion in Medicine software, direct
measurements of optic nerve sheath diameter on the saved
ocular images were not feasible. Therefore, a hard copy of the
“clean” (without the measurement cursors) ocular image

Editor’s Capsule Summary

What is already known on this topic
Increased intracranial pressure can cause
papilledema, and edema of the optic nerve can be
measured sonographically.

What question this study addressed
Can emergency physician–performed
ultrasonography of the optic nerve identify
increased intracranial pressure in children?

What this study adds to our knowledge
Sixty-four children with suspected increase of
intracranial pressure had optic sonography by a
pediatric emergency physician, and the results
showed limited accuracy (83% sensitivity, 38%
specificity) in predicting increased intracranial
pressure relative to a criterion standard of cranial
imaging or intracranial pressure monitoring.

How this might change clinical practice
This will not change practice and suggests that a
promising technique for the noninvasive evaluation
of intracranial pressure is not sufficiently reliable for
clinical use.
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demonstrating the optic nerve was scanned at 200-dots-per-inch
resolution with a Kodak i40 scanner. These digital copies were
then sent to the GE Centricity picture archiving and
communication system. The images in the picture archiving and
communication system were then assigned to an arbitrary
orderable, marked as a “reference only,” and categorized by
date. Measurements were then made on these digital copies after
calibration of the image to a known scale, corresponding to the
scale on the Sonosite machine. Calibration was performed to
take into account the magnification effect introduced by the
scanner. Calibration of pixels/unit remained constant with
respect to time. Using a mouse-driven cursor, the pediatric
emergency physician, ophthalmic sonographer, and pediatric
ophthalmologist recorded measurement of the area of interest
(ie, optic nerve sheath diameter). Images were logged and
accessed by the raters separately. They were masked to each
other’s evaluation. A convenience sample of subjects was
recruited from the population presenting to the ED or from
those admitted directly to the ICU at Le Bonheur. The
emergency physician and critical care fellow were asked to
contact the principal investigator when an eligible patient with
suspected increased ICP was in their department. This request
was reinforced by periodic electronic reminders and at our
monthly staff meetings. If the patient met study inclusion
criteria, and depending on the availability of the principal
investigator, patients were approached for consent. Because the
principal investigator was a pediatric emergency fellow, her
availability was limited to months that she was not scheduled
for a dedicated “away” rotation.

Subjects were determined to have increased intracranial
pressure on satisfying at least 1 of the following criteria: (1)
cranial CT findings suggestive of increased intracranial pressure
(midline shift !3 mm, hydrocephalus, collapsed third ventricle,

effacement of sulci with significant edema or abnormal
mesencephalic cistern), or (2) an opening pressure of greater
than 20 cm of cerebrospinal fluid, as measured by
ventriculostomy or lumbar puncture.11 Each patient was
dichotomized as “increased intracranial pressure present” or
“increased intracranial pressure absent” and “normal optic nerve
sheath diameter” or “increased optic nerve sheath diameter”
according to established norms ("4.0 mm in infants younger
than 1 year; "4.5 mm in children older than 1 year).5

Sensitivity, specificity, and likelihood ratios of increased
intracranial pressure were calculated. Significance tests and P
values were set at a type 1 error of .05. Interobserver agreement
between the pediatric emergency physician and ophthalmic
sonographer and that between the pediatric emergency
physician and ophthalmologist were measured using the
unweighted Cohen’s ! statistic on the postprocessed images.
Comparison of actual measurements by the pediatric emergency
physician and ophthalmic providers was conducted using the
Wilcoxon signed rank test.

Our institutional review board approved the study.

RESULTS
Sixty-eight patients were approached for consent and 3

declined participation. One patient was excluded because the
process of informed consent was deemed inadequate due to a
language barrier. Sixty-four patients were included in the final
analysis, yielding 128 images. An image from the left eye of one
subject was deemed suboptimal for review after being uploaded
to the hospital picture archiving and communication system
and was excluded. For this particular subject, a single optic
nerve sheath diameter measurement was included in the
analysis.

The mean age of subjects recruited in our study was 8.8
years, median of 9.7 years, and a range of 1 month to 18 years.
The frequency distribution is shown in Figure 2. Forty of the 64
were male patients. The average time for image acquisition
ranged from 1 to 3 minutes. A majority (57/64) of the patients
were recruited from the ED. Tables 1 and 2 list the diagnoses of
patients with and without increased intracranial pressure,
respectively. The timing of presentation relative to onset of
symptoms (or precipitant injury) is shown in Table 3. The
majority of the patients had their bedside sonographic
measurement of optic nerve sheath diameter within 3 hours of
the confirmatory test for increased intracranial pressure
(Table 4).

The test characteristics of optic nerve sheath diameter
measurements obtained by the emergency physicians, who were
aware of the clinical details, and of the ophthalmic providers,
who were masked to the clinical details, are reported alongside
one another in Table 5. Optic nerve sheath diameter had a
sensitivity of 83% (95% confidence interval [CI] 0.60 to 0.94)
and specificity of 38% (95% CI 0.23 to 0.54) for detection of
increased intracranial pressure. The negative likelihood ratio for
normal optic nerve sheath diameter measurement was 0.47.

Lens

Optic Disc 

Optic Nerve Sheath 

Figure 1. Ultrasonographic image of optic nerve sheath.
The 2 “x” marks represent the point at which the diameter
of the optic nerve sheath was measured.
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We had used the cutoff optic nerve sheath diameter of 4.5
mm in children older than 1 year a priori, according to
previously published norms in pediatrics.5,6 However, our
review of the literature suggests that increased intracranial
pressure was associated with an optic nerve sheath diameter
range between 4.5 and 5 mm in older children. In a study of
children older than 4 years and admitted to the ICU with
increased intracranial pressure, an optic nerve sheath diameter
measurement between 4.5 and 5.0 mm was considered
“borderline,” whereas an optic nerve sheath diameter exceeding
5.0 mm was regarded as “definitely” enlarged.2 The reason cited
by the authors of this study was that clinical interpretation of
optic nerve sheath diameter must take into consideration an
error of 0.35 mm with repeated measurements. Similarly, in the
Newman et al4 study that had published normative data and
cited the 4.5-mm cutoff for children older than 1 year, the
mean optic nerve sheath diameter in the group with increased
ICP was 4.6 mm. Previous studies in adult subjects have also

used an optic nerve sheath diameter cutoff of 5 mm.8,9 Hence,
we also calculated the test characteristics of optic nerve sheath
diameter with the higher threshold of 5 mm in older children.
By increasing this cutoff, the specificity of optic nerve sheath
diameter increased to 68%, whereas the sensitivity decreased to
78% (Table 6). A receiver operator characteristic curve at
various thresholds of optic nerve sheath diameter measurement
by the pediatric emergency physician is shown in Figure 3.

A comparison of the median and range of difference in
measurements of optic nerve sheath diameter between the
ophthalmic sonographer and pediatric emergency physician has
been graphically represented in a Bland-Altman plot (Figure 4).
The median difference of 0.01 mm between optic nerve sheath
diameter measurements obtained by the pediatric emergency
physician and opthalmic sonographer was not statistically
significant (P#.341).

There was good interobserver agreement between the
pediatric emergency physician and ophthalmic sonographer (!
0.52) and pediatric ophthalmologist (! 0.64). The agreement
statistic between the ophthalmic sonographer and pediatric
ophthalmologist was fair (! 0.36).

LIMITATIONS
There are several limitations that the reader needs to be

aware of when interpreting the results of our study. In the
majority of our patients, results of the cranial CT scan were
used as a surrogate marker of increased intracranial pressure.
Because direct invasive intracranial pressure monitoring is
infrequently performed, restricting recruitment to subjects with
an intracranial pressure monitor was not feasible. In addition,
although we attempted to minimize bias by using the
measurements of the blinded ophthalmic sonographer as the
criterion standard, it was not feasible to blind the pediatric
emergency physician to the clinical state of the patient. Hence,
operator bias may have influenced image acquisition by the
pediatric emergency physician. Every effort was made during
the training phase to standardize the image acquisition process,

Figure 2. Age distribution.

Table 1. Diagnoses of patients with increased intracranial
pressure

Diagnosis
Number of
Patients

Ventriculoperitoneal shunt malfunction 9
Traumatic brain injury 4
Pseudotumor cerebri 4
Posterior fossa mass 3
Cerebral infarction with edema 1
Aqueductal stenosis 1
Bacterial meningitis 1
Chiari 1 malformation 1

Table 2. Diagnoses for patients without increased intracranial
pressure

Diagnosis
Number of
Patients

Undifferentiated headache, ventriculoperitoneal
shunt

12

Closed head injury with mental status change 8
Undifferentiated headache with neurologic symptoms 6
Seizure, ventriculoperitoneal shunt 3
Meningitis 2
Acute febrile illness 2
Diabetic ketoacidosis 2
History of clumsiness, ventriculoperitoneal shunt 1
Syncope 1
Undifferentiated vomiting, ventriculoperitoneal shunt 1
S/P blunt head trauma, scalp laceration 1
Hyperammonemia 1
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ensuring that the nerve was centered and measurements were
made 3 mm posterior to the globe.

In our study, 2 pediatric emergency physicians who had
received goal-directed training in ophthalmic sonography
recorded all optic nerve sheath diameter measurements. These
results may not be generalized to pediatric physicians in other
settings. However, because our results demonstrated fair to good
interobserver agreement, we believe that this training model can
be expanded to training other physicians. During the
independent review by the ophthalmic sonographer, the quality
of all images included in the analysis was deemed adequate to
obtain accurate measurements.

With respect to actual measurement of optic nerve sheath
diameter, there is usually a subjective judgment in assigning the
boundary of the optic nerve sheath. Because ultrasonography is
a highly operator-dependent technology, reproducibility of
computer-aided measurements on postprocessed ocular images
depends on the ease of demarcating the boundary of the region
of interest and the accuracy of the user in guiding a mouse-
driven cursor around this transition. This may have resulted in
an inherent interobserver error that is inevitable but not unique

Figure 3. Receiver operator characteristic curve at different
thresholds of optic nerve sheath diameter.

Table 3. Timing of presentation relative to the onset of symptoms or precipitant injury.

Number <6 h 6–12 h >12–24 h >24–72 h >72 h

Number of patients with suspected increased intracranial
pressure (N#64)

14 4 14 10 22

Number of patients with confirmed increased intracranial
pressure (N#24)

4 1 5 3 11

Table 4. Timing of bedside ultrasonography in relation to the criterion standard.

Number Contemporaneously 0–3 h >3–7 h

Number of patients with suspected increased intracranial
pressure (N#64)

6 41 17

Number of patients with confirmed increased intracranial
pressure (N#24)

1 12 11

Confirmatory test Intracranial pressure monitor Cranial CT scan or lumbar
puncture

Table 5. Test characteristics of bedside sonographic measurement of optic nerve sheath diameter.

Image Reviewer
Positive Likelihood

Ratio (95% CI)
Negative Likelihood

Ratio (95% CI) Sensitivity (95% CI) Specificity (95% CI)

Ophthalmic sonographer 1.32 (0.97–1.79) 0.46 (0.18–1.23) 0.83 (0.60–0.94) 0.38 (0.23–0.54)
Pediatric ophthalmologist 2.39 (1.45–3.93) 0.28 (0.11–0.69) 0.82 (0.59–0.94) 0.66 (0.48–0.80)
Pediatric emergency physician 1.83 (1.34–2.48) 0.09 (0.01–0.63) 0.96 (0.77–0.998) 0.48 (0.32–0.64)

Optic nerve sheath diameter was considered increased when it was !4 mm in infants "1 year or !4.5 mm in children !1 year.

Table 6. Test characteristics of bedside sonographic measurement of optic nerve sheath diameter.

Image Reviewer
Positive Likelihood

Ratio (95% CI)
Negative Likelihood

Ratio (95% CI) Sensitivity (95% CI) Specificity (95% CI)

Ophthalmic sonographer 2.41 (1.47–3.95) 0.32 (0.14–0.72) 0.78 (0.56–0.92) 0.68 (0.51–0.81)
Pediatric ophthalmologist 2.47 (1.30–4.72) 0.49 (0.28–0.87) 0.64 (0.41–0.82) 0.74 (0.56–0.87)
Pediatric emergency physician 2.73 (1.57–4.74) 0.34 (0.17–0.70) 0.75 (0.53–0.89) 0.73 (0.56–0.85)

Optic nerve sheath diameter was considered increased when it was !4 mm in infants "1 year or !5.0 mm in children !1 year.
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to ocular measurements. Previous data from computer-aided
measurements of areas of interest on the fundus suggest that the
average error for well-defined areas of interest is 6%.12 We had
recalculated the test performance of optic nerve sheath diameter
as a predictor of increased ICP after factoring a measurement
error of $6% and observed that it did not change the overall
test characteristics of optic nerve sheath diameter.

The sample size in our study was small and included a
convenience sample of patients presenting to our ED or ICU. A
larger, consecutive prospective cohort of pediatric patients
representing the full spectrum of diseases associated with
increased intracranial pressure would be needed to establish
accuracy of sonographic measurement of optic nerve sheath
diameter as a reliable screening tool for diagnosis of increased
intracranial pressure.

DISCUSSION
The results of our study suggest that bedside sonographic

measurement of optic nerve sheath diameter may not serve as an
adequate screening tool for diagnosis of increased intracranial
pressure. A sensitivity of 83% may not be sufficient to guide
medical decisionmaking in a disease process with high potential
for morbidity and mortality. The poor specificity suggests that
many patients would be misclassified as having increased
intracranial pressure. Furthermore, with goal-directed training
by a pediatric ophthalmologist familiar with ophthalmic
sonography, pediatric emergency physicians can measure optic
nerve sheath diameter accurately.

We are not aware of any previous data from prospective trials
addressing the role of sonographic measurement of optic nerve

sheath diameter by pediatric emergency physicians. The
previous literature on optic nerve sheath diameter in pediatric
subjects was from an outpatient specialty clinic or inpatient
unit, and measurements were performed by pediatric
radiologists or ophthalmologists.4-7 The results of these studies
may not be extrapolated to the ED setting.

Previous investigations conducted in an ED population were
limited to adult subjects with suspected or confirmed increased
intracranial pressure.8,9 Blaivas et al9 conducted a prospective,
observational study measuring optic nerve sheath diameter on
35 adult subjects presenting to an ED with suspected increased
intracranial pressure.9 In their study, the sensitivity and
specificity of ocular sonography compared with CT evidence of
increased intracranial pressure were 100% and 95%,
respectively. More recently, results of one small study by
Kimberly et al10 on a cohort of 15 adult subjects in the neuro-
ICU showed high sensitivity and negative predictive value for
detection of increased intracranial pressure. Subjects in this
study had an intracranial pressure monitor in place and received
repeated measurements of optic nerve sheath diameter.10 In
these studies, although investigators performing sonography
were masked to the results of confirmatory tests, they were
presumably aware of the clinical condition of the subjects.
Because these results are similar to the test characteristics for
optic nerve sheath diameter obtained by the pediatric
emergency physicians in our study, we speculate that the
investigators’ knowledge of the patients’ clinical conditions may
have improved the overall test performance of optic nerve
sheath diameter for diagnosis of increased intracranial pressure.
Alternatively, these investigators may have benefited from better
training, technique, or equipment.

Although we had anticipated difficulty in obtaining adequate
images for measurement of optic nerve sheath diameter in
young infants, we did not have to sedate any infant or young
child for ocular sonography. This was consistent with a previous
report on orbital sonography from the department of pediatric
imaging that did not find it necessary to sedate any child, except
when precise Doppler quantification was needed.13

In summary, although it is a rapid and noninvasive test, the
sensitivity and specificity of bedside sonographic measurement
of the mean binocular diameter of the optic nerve sheath are not
adequate for medical decisionmaking in children with suspected
increased intracranial pressure. The technique could play a role
in triage and patient evaluation when CT imaging is not readily
available. With goal-directed training and oversight by pediatric
ophthalmology, pediatric emergency physicians can measure
optic nerve sheath diameter accurately.
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Figure 4. The x-axis represents the average of optic nerve
sheath diameter measurement by the pediatric emergency
physician (PEM) and opthalmic sonographer (OS). The y-
axis represents the actual difference in optic nerve sheath
diameter measurement in millimeters between the
pediatric emergency physician and the opthalmic
sonographer.
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