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Abstract Objective: To assess at
admission to the ICU the relationship
between optic nerve sheath diameter
(ONSD) and intracranial pressure
(ICP) and to investigate whether
increased ONSD at patient admission
is associated with raised ICP in the
first 48 h after trauma. Design and
setting: Prospective, blind, observa-
tional study in a surgical critical care
unit, level 1 trauma center. Patients
and participants: 31 adult patients
with severe traumatic brain injury
(TBI; Glasgow coma scale ! 8) re-
quiring sedation and ICP monitoring,
and 31 control patients without brain
injury requiring sedation. Meas-
urements and results: ONSD was
measured with a 7.5-MHz linear ul-
trasound probe. Two TBI groups were
defined on the basis of ICP profile.
If ICP exceeded 20 mmHg for more
than 30 min in the first 48 h (before
any specific treatment), patients were
considered to have high ICP; if not,

they had normal ICP. The largest
ONSD value (the highest value for
the right and left eye) was signifi-
cantly higher in high ICP patients
(6.3 ± 0.6 vs. 5.1 ± 0.7 mm in nor-
mal ICP patients and 4.9 ± 0.3 mm
in control patients). There was a sig-
nificant relationship between the
largest ONSD and ICP at admission
(r = 0.68). The largest ONSD was
a suitable predictor of high ICP
(area under ROC curve 0.96). When
ONSD was under 5.7 mm, the sensi-
tivity and negative predictive values
for high ICP were 100%. Conclu-
sions: In the early posttraumatic
period, ocular ultrasound scans may
be useful for detecting high ICP after
severe TBI.

Keywords Ocular ultrasound ·
Traumatic brain injury · Elevated
intracranial pressure · Optic nerve
sheath

Introduction

Raised intracranial pressure (ICP) is associated with poor
outcome after traumatic brain injury (TBI) [1, 2]. In the
early posttraumatic period there is a high risk of secondary
ischemic damage to the brain, and ICP monitoring is
highly recommended [3]. However, in emergency situa-
tions ICP monitoring remains difficult due to delays in
obtaining blood coagulation test results or lack of surgical
availability [4]. Noninvasive, simple, bedside methods
have been developed for rapid assessment of the risk of
high ICP. The transcranial Doppler (TCD) pulsatility index

has been shown to reflect decreases in cerebral perfusion
pressure (CPP) due to increases in ICP [5]. However, TCD
is not always easy to perform even in expert hands as
unsatisfactory images are obtained in about 5% of patients
when a temporal window is used [6, 7].

Ocular ultrasonography has recently been used to de-
tect elevated ICP. The optic nerve is part of the central ner-
vous system and the intraorbital subarachnoid space sur-
rounding the optic nerve is subject to the same pressure
changes as the intracranial compartment [8–11]. The intra-
orbital part of the subarachnoid space is distensible and
can therefore inflate if pressure increases. The optic nerve
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sheath diameter (ONSD) displays predominantly anterior
enlargement following injections into the orbital perineu-
ral subarachnoid space in cadavers [12]. In humans, fol-
lowing an intrathecal lumbar infusion of Ringer’s solu-
tion, ONSD dilation reaches a maximum at peak cerebral
spinal fluid (CSF) pressure, strongly suggesting a close re-
lationship between CSF pressure and dilation of the or-
bital perineural subarachnoid space [13]. Several clinical
studies have found that ONSD is correlated with elevated
ICP [13–15]. ONSD values higher than the upper limit of
the normal range have been recorded in children with hy-
drocephalus or hepatic failure with clinical signs of high
ICP [14, 16]. In adults with moderate TBI ONSD is cor-
related with signs of high ICP on computed tomography
(CT) [15, 17]. However, the correlation between ONSD
and direct measurements of ICP has never been studied in
trauma patients. Moreover, the significance of ONSD in
patients on sedation and mechanical ventilation with se-
vere TBI is unknown.

We therefore studied the early posttraumatic period to
determine the relationship between sonographic ONSD
and intraparenchymal ICP. We also investigated whether
a dilated ONSD at patient admission is be associated with
raised ICP in the first 48 h after trauma. As “normal”
values of ONSD have not been determined in sedated
patients, we also studied a control group of ICU pa-
tients requiring sedation and mechanical ventilation but
without head injury. Preliminary results of this work
were presented in part at the 48th meeting of the Societé

Table 1 Distribution of general, hemodynamic and metabolic char-
acteristics of patients (ICU, intensive care unit; SAPS, Simplified
Acute Physiology Score; MAP, mean arterial pressure; ICP, intracra-

nial pressure; CPP, cerebral perfusion pressure; PaCO2, arterial car-
bon dioxide partial pressure)

Brain-injured patients (n = 31) Controls (n = 31)
Normal ICP High ICP p Controls p vs. p vs.
(n = 16) (n = 15) normal ICP high ICP

Age (years) 38 ± 19 38 ± 18 NS 55 ± 20 0.008 0.01
Weight (kg) 74 ± 9 75 ± 7 NS 77 ± 15 NS NS
Sex male 63% 73% NS 77% NS NS
Overall ICU length of stay (days) 17.6 ± 11 26.6 ± 34 NS 7 ± 10 NS 0.002
SAPS II score 38 ± 15 38 ± 11 NS 29 ± 15 NS NS
Injury Severity Score 28 ± 13 27 ± 9 NS – – –
Glasgow Coma Score, mode (range) 7 (5–8) 6 (3–8) NS – – –
20% mannitol infusion during 6% 13% NS 0% – –
prehospital transport
Data during first ocular sonography

Heart rate (bpm) 83 ± 20 82 ± 11 NS 85 ± 25 NS NS
MAP (mmHg) 90 ± 14 104 ± 22 0.01 74 ± 12 0.001 < 0.0001
ICP (mmHg) (first reading) 14 ± 3 26 ± 3 0.001 – – –
CPP (mmHg) 77 ± 13 73 ± 16 NS – – –
Norepinephrine infusion 37% 53% 0.02 44% NS NS
Plasma sodium concentration 141 ± 3.9 138 ± 3.8 NS 139 ± 4.6 NS NS
(mmol/l)
PaCO2 (Kpa) 4.8 ± 0.5 4.9 ± 0.5 NS 5.1 ± 0.4 NS NS
PaCO2 (mmHg) 37 ± 4 38 ± 4 39 ± 3
Tympanic temperature (˚ C) 37.1 ± 0.9 37.2 ± 0.9 NS 36.9 ± 0.6 NS NS

Française d’Anesthésie-Réanimation in Paris, France,
27–30 September 2006, and at the 35th meeting of the
Société de Réanimation de Langue Française in Paris,
France, 17–19 January 2007.

Methods
Study population

Between December 2005 and June 2006 49 adult patients
were admitted to our surgical intensive care unit (ICU
in a level 1 trauma center). Brain-injured patients with
a postresuscitation Glasgow Coma Scale (GCS) score of 8
or less and abnormal head CT who required sedation, me-
chanical ventilation, and ICP monitoring were considered
for inclusion in the TBI group. Patients with ocular trauma
or a known history of ocular pathology (as glaucoma or
cataract) or who died within the first 24 h after brain injury
were excluded from the study. Patient care was in line
with existing protocols and was not modified by this study.
The study design was approved by the local research and
ethics committee (Le Kremlin-Bicêtre, France). Given the
observational nature of the study the committee waived
the requirement for informed consent from the patient
or his family (see Electronic Supplementary Material,
ESM, 1).

Of the 49 patients 7 were excluded because no in-
vestigator was available, 8 because of ocular trauma,
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Fig. 1 Two-dimensional ocular sonography. Left A diagram show-
ing the ultrasound probe, the ocular globe and the optic nerve with
the optic nerve sheath diameter (ONSD) together with the ultrasound
settings is presented; ONSD was measured 3 mm behind the globe,
using an electronic caliper (A X LONG measure), and an axis per-
pendicular to the optic nerve (B + LONG measure). Right Typical
results for a control patient, a patient with traumatic brain injury
(TBI) and normal ICP, and a patient with TBI and high ICP

and 2 because their TCD signals were suboptimal. One
patient died within the first 24 h (brain death) and was not
included in the final results presentation; nevertheless as
this case could have given extremely useful information,
data pertaining it are presented in the discussion section.
Data are thus presented for 31 TBI patients: 16 with
normal ICP and 15 with high ICP during the first 48 h
after injury (Table 1). The two groups did not differ in
demographic characteristics, severity scores, or initial
GCS score. Six patients in the high-ICP group underwent
urgent neurosurgery (two acute extradural hematomas,
three acute subdural hematomas performed during the
first 48 h, one decompressive craniectomy performed on
day 4). No patient in the normal ICP group was operated
on for neurosurgical purposes. Norepinephrine infusions
were administered to 53% of the high-ICP patients and to
37% of the normal-ICP patients. The groups did not differ
significantly in plasma sodium concentration, PaCO2, or
tympanic temperature. The initial ICP value was signifi-
cantly lower in normal-ICP than in high-ICP patients, but
CPP did not differ significantly between the two groups.

The values of TCD and of ocular sonography taken into
consideration for the present study were not the first values
obtained immediately after patient arrival (during FAST)
but rather those obtained after initial CT and the decision
to place ICP device. These measurements were performed
before ICP monitoring device placement. The ICP moni-
toring device was implanted no more than 1 h after ultra-
sound evaluation, and the first values were recorded 10 min
after device insertion. Thereafter ICP was monitored con-
tinuously until at least 48 h after injury.

Control patients were also included. These patients
were admitted to the ICU during the same period, also
required sedation and mechanical ventilation, but were
free of TBI. These patients were admitted for septic
shock, prolonged postoperative mechanical ventilation,
multiple trauma without brain injury, acute renal failure
or acute respiratory failure. They were also sedated with
intravenous midazolam and sufentanil. Ocular sonography
and TCD were performed the day after admission, but no
ICP monitoring device was implanted in these patients. Of
the 32 control patients initially enrolled, the data for one
were subsequently not included because the TCD signals
were suboptimal (Table 1).

Ocular sonography

Ultrasound examination of the eye was performed by
investigators trained in ocular sonography (T. G. or Y. L.)
and according to previously described protocols [15,
18–20]. Investigators were blinded to cerebral CT results,
and ultrasound results were obtained before ICP moni-
toring device placement. Patients were placed in a supine
position at 20° to the horizontal. A thick layer of gel
was applied over the closed upper eyelid. The 7.5-MHz
linear probe (HP Sonos 5500, Hewlett Packard, Les Ulis,
France) was placed only on the gel in the temporal area
of the eyelid, not on the eyelid itself, to prevent pressure
being exerted on the eye. The placement of the probe was
adjusted to give a suitable angle for displaying the entry of
the optic nerve into the globe [13]. The field was reduced
to a depth of 4 cm (predetermined for “small organs”),
and the optic nerve was not zoomed. The two-dimensional
mode was used, and ONSD was measured 3 mm behind
the globe using an electronic caliper and an axis perpen-
dicular to the optic nerve (Fig. 1). For each optic nerve two
measurements were made—one in the sagittal plane and
the other in the transverse plane—by rotating the probe
clockwise.

Hemodynamic and intracranial monitoring

Arterial pressure was monitored continuously, via
a femoral catheter (4 F, Seldicath, Plastimed, Saint Leu
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La Forêt, France). ICP was measured continuously via
an intraparenchymal catheter (Neuromonitor-Microsensor
kit, Codman, Chatenay Malabry, France) inserted into
the frontal lobe by a neurosurgeon. CPP was calculated
as the difference between mean arterial pressure (MAP)
and ICP. Elevated ICP was defined as ICP of 20 mmHg
or higher for more than 30 min during the first 48 h
after injury (before any specific treatment such as hypo-
thermia, mannitol, or decompressive craniectomy). Such
episodes were detected using the trend data from the pa-
tient monitor (IntelliVue MP90, Philips Medical Systems,
Eindhoven, The Netherlands; see ESM 2).

Results

Optic nerve sheath diameter

As the normal value of ONSD in sedated patients was
unknown at the start of the study the control group
was used as a reference. ONSD in control patients was
4.9 ± 0.3 mm in the right eye and 4.8 ± 0.5 mm in the left
(Table 2). Right and left ONSD in normal ICP patients
were, respectively, 5.1 ± 0.7 and 5.0 ± 0.7 mm (n.s. vs.
control). High-ICP patients had a significantly larger
ONSD than patients of the other two groups (right ONSD
6.2 ± 0.4 mm and left ONSD 6.3 ± 0.6 mm, p < 0.0001
vs. the control group and normal-ICP group).

Table 2 Ocular ultrasound, transcranial Doppler, and CT results (ONSD, optic nerve sheath diameter; MCA, middle cerebral artery; ICP,
intracranial pressure)

Brain-injured patients (n = 31) Controls (n = 31)
Normal ICP High ICP p Controls p vs. p vs.
(n = 16) (n = 15) normal ICP high ICP

Right ONSD (mm) 5.1 ± 0.7 6.2 ± 0.4 < 0.0001 4.9 ± 0.3 NS < 0.0001
Left ONSD (mm) 5.0 ± 0.7 6.3 ± 0.6 < 0.0001 4.8 ± 0.5 NS < 0.0001
Transcranial Doppler

Right MCA
Systolic velocity (cm/s) 119 ± 37 90 ± 26 0.02 84 ± 26 0.0003 NS
Mean velocity (cm/s) 73 ± 25 50 ± 21 0.001 51 ± 14 0.0005 NS
End diastolic velocity (cm/s) 49 ± 20 29 ± 9 < 0.0001 34 ± 11 0.0005 NS
Pulsatility index 1.01 ± 0.34 1.29 ± 0.49 NS 0.96 ± 0.25 NS 0.005

Left MCA
Systolic velocity (cm/s) 102 ± 29 99 ± 41 NS 86 ± 25 NS NS
Mean velocity (cm/s) 63 ± 20 50 ± 22 NS 51 ± 13 NS NS
End diastolic velocity (cm/s) 42 ± 15 28 ± 15 0.003 33 ± 8 NS NS
Pulsatility index 0.99 ± 0.09 1.45 ± 0.67 0.002 0.99 ± 0.22 NS 0.008

Head CT
Marshall’s category

I–II 94% 33% 0.001 – – –
III 6% 27% NS – – –
IV 0% 0% NS – – –
V 0% 33% 0.01 – – –
VI 0% 7% NS – – –

Traumatic subarachnoid hemorrhage 50% 80% NS – – –
Compressed cysterns 25% 80% 0.001 – – –

Transcranial Doppler

End diastolic velocities of both middle cerebral arteries
(MCA) were significantly lower in high-ICP patients.
The left MCA pulsatility index value was significantly
higher in high-ICP patients than in normal-ICP patients
(1.45 ± 0.67 vs. 0.99 ± 0.09 cm/s, p = 0.002; Table 2).
No significant difference was found for the right MCA
pulsatility index.

Correlation between ONSD and baseline ICP

At patient admission a significant relationship was found
between the largest ONSD (the highest value obtained for
the right or left ONSD) and baseline ICP (linear regression,
r = 0.68, p < 0.0001, n = 31; Fig. 2).

Prediction of elevated ICP in the first 48 h

Baseline ICP accurately predicted elevated ICP in TBI pa-
tients in the first 48 h (area under the curve, AUC, 0.94;
95% confidence interval, CI, 0.79–0.99; Fig. 3). The best
cutoff value was 18 mmHg (sensitivity 80%; specificity
100%). The largest ONSD also accurately predicted ele-
vated ICP in the first 48 h (AUC 0.96; 95% CI 0.83–0.99),
with a best cutoff value of 5.9 mm (sensitivity 87%; speci-
ficity 94%). The positive predictive value of this cutoff
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Fig. 2 Relationship between parenchymal ICP and largest ultrasono-
graphic ONSD (the highest value obtained for the right or left side)
on admission after initial CT. Linear regression analysis identified
a significant relationship between ICP and ONSD

Fig. 3 Receiver operating characteristic curves for ICP, largest
ONSD, and worst pulsatility index value for the two middle cerebral
arteries on admission to the intensive care unit after initial CT with
respect to high ICP (ICP " 20 mmHg for more than 30 min in the
first 48 h after injury)

value for the prediction of elevated ICP was 93% and its
negative predictive value 88%. The sensitivity and negative
predictive values were 100% for ONSD cutoff of 5.7 mm.
The area under the receiver operating characteristic (ROC)
curves for ICP and ONSD were similar (p = 0.63). The
worst pulsatility index value (the highest value obtained for
the right or left MCA) was found to predict increased ICP

less efficiently than baseline ICP or largest ONSD (AUC
0.73; 95% CI 0.54–0.87, p = 0.02 vs. ICP ROC curve and
p = 0.009 vs. ONSD ROC curve).

Reproducibility of ONSD measurements

Three repeated measurements (in less than 1 h) of ONSD
were performed in 12 TBI patients by T. G. and Y. L. (6
normal ICP, 6 high ICP). The mean standard deviation of
ONSD for a single patient was 0.27 mm.

Discussion
Our results suggest that sonographic measurement of the
ONSD in the early posttraumatic phase is potentially use-
ful for detecting elevated ICP in patients with severe brain
injury.

In 35 adult patients with TBI assessed in the emer-
gency department Blaivas et al. [15] found that signs of
elevated ICP on brain CT were closely related to dilation
of the optic nerve sheath on ocular ultrasound scans. Mean
ONSD was 6.3 mm in patients with radiological signs of
elevated ICP and 4.4 in patients with no such signs. The
authors considered 5 mm to be the upper limit of normal
values. The specificity of this cutoff value for detecting
tomographic elevated ICP was 93% and its negative pre-
dictive value 100%. These results were recently confirmed
by the same team [17]. We obtained similar results using
intraparenchymal ICP. The gold-standard method for ICP
measurement remains intraventricular drain; nevertheless
intraparenchymal probes appears to be an acceptable alter-
native with a small drift to the zero reference and a low
infection rate [21]. Using the ROC curve we were able to
improve the definition of the cutoff value of ONSD pre-
dicting elevated ICP. The best cutoff value was 5.9 mm.
As this test is likely to be used for detection, its sensitivity
(probability of positive tests for sick patients) and negative
predictive value (probability of the patient being healthy if
the test is negative) must be excellent. Both these values
were 100% when largest ONSD was under 5.7 mm.

TCD has been used for detecting secondary neuro-
logical deterioration in the first few hours after injury
in patients with mild to severe TBI [22, 23]. Prolonged
pulsed TCD may induce a significant thermal effect
that should be prevented by minimizing the duration of
exposure [24]. Pulsatility index values reflect CPP more
accurately than ICP [5]. In this study, in line with local
protocols, some patients received aggressive treatment
in the shock/trauma room—use of vasoactive agents
to maintain MAP. The pulsatility index recorded after
this initial treatment may have been artificially low due
to CPP normalization. In this study the poor ability of
pulsatility index to predict elevated ICP may be related
to catecholamine-induced MAP support, as shown by
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the absence of difference in CPP between the two TBI
groups.

The head CT classification described by Marshall et
al. [25] was designed to predict the risk of elevated ICP
and mortality rate. Subarachnoid hemorrhage on CT is also
significantly correlated with the risk of elevated ICP [26].
Nevertheless, the initial CT is found to be normal in about
20% of patients with severe TBI [27, 28], principally be-
cause it is carried out very soon after injury. In this study
head CT was always performed less than 4 h after TBI, and
the observation that more than 30% of high ICP patients
had a Marshall’s classification of category I or II is there-
fore not surprising. Furthermore, the proportion of patients
with traumatic subarachnoid hemorrhage on initial CT was
similar in both the normal-ICP and high-ICP groups. This
highlights the limitations of using the initial CT as a pre-
dictor of elevated ICP and the need for other indices.

One of the limitations of this study is that ocular ultra-
sound scans were not carried out in patients with ocular
trauma. Facial trauma with orbital fractures and optic nerve
injury may occur in 10% of patients with severe TBI [29].
The effects of eye trauma on ultrasonographic ONSD
measurement are unclear, but the interpretation of such
scans would probably be very difficult.

Ocular ultrasound is regarded as safe when Doppler
frequency analysis is not used for prolonged duration [30].
B-mode with ultrasound equipment as used today is not
capable of producing harmful temperature rises [24]. In the
present study the two-dimensional mode was used without
Doppler analysis. Variation in ultrasonographic measure-
ment of ONSD seems to be limited as the median in-
traobserver and interobserver variations were shown to be,
respectively, 0.1 and 0.3 mm [31]. Our results also show
limited variations during repeated measurements (mean
standard deviation 0.27 mm). Nevertheless, the two inves-
tigators were trained in ocular sonography. Inexperience
with sonography may be an important limitation for the
use of this method, and study of the learning curve for
critical care physicians would certainly be of interest.
Moreover, these variations could also be affected by the
quality of the ultrasound machine used.

The limited correlation between ONSD and ICP ob-
tained at the patient’s admission may be due to the delay
between ultrasound examination and ICP monitoring.
Due to the “blinded to ICP” study design, ultrasono-
graphic evaluation and TCD were carried out before ICP
placement. Time lag to the first ICP results could not
be predicted exactly but was consistently less than 1 h.
The lack of strictly simultaneous measurements may
have decreased the correlation between ICP and ONSD.
When only strictly simultaneous measurements of ICP
and ONSD are considered (this was the case in 13 of our

Fig. 4 Relationship between simultaneous parenchymal ICP and
largest ultrasonographic ONS (the highest value obtained for the
right or left side) during the 48 first hours after admission (one meas-
ure on day 1 and one on day 2 posttrauma)

patients with one measure on day 1 and one on day 2
posttrauma), a better relationship was found between the
largest ONSD (the highest value obtained, for the right or
left ONSD) and ICP (Fig. 4, linear regression, r = 0.74;
p < 0.0001).

Initial data obtained for the patient who died within the
first 24 h (brain death) already showed very high values of
ONSD at admission (7.7 mm). The TCD pulsatility index
value was 6.6 (end diastolic velocity 0 cm/s) and first read-
ing ICP was 75 mmHg. Refractory elevated ICP rapidly
occurred despite aggressive treatment including large dose
of mannitol (500 ml) and decompressive craniectomy. Un-
fortunately, data from ONSD during brain death could not
be obtained.

This study did not consider the necessity for inva-
sive ICP monitoring in patients with severe TBI. There is
a strong need for reliable ICP monitoring in severe TBI pa-
tients because such monitoring may improve outcome [32,
33]. Nevertheless, ICP monitoring is not routinely used
in many centers, principally because no neurosurgeon is
available to implant the monitoring device. This study pro-
vides new information on the utility of ultrasonographic
ONSD measurement in the first few hours after brain
injury to predict increases in ICP. Ultrasonographic ONSD
measurement with standard probes can easily be taught.
Our results suggest that when a patient with brain injury
is admitted to a hospital with no available neurosurgeon,
ultrasonographic ONSD measurement may be useful,
together with the determination of neurological status,
TCD, and CT, to assess the urgency of ICP monitoring
device placement and transfer to a specialized center.
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Conclusion

This study shows that ocular ultrasound imaging in the
early posttraumatic period may be useful for predicting
elevated ICP after severe TBI. There was no case of ele-
vated ICP in the first 48 h when initial optic nerve sheath
diameter was lower than 5.7 mm. There was a significant
relationship between ONSD and ICP. This simple, rapid,

noninvasive method can be used at the patient’s bedside
to detect high ICP, but these data should be confirmed be-
fore proposing to include routinely ONSD in the multi-
modal monitoring of patients presenting with severe head
trauma.

Acknowledgements. The authors thank Mr. Philippe Payet for
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