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Abstract

Background: Raised intracranial pressure is a complication that leads to adverse outcomes. In the critically ill, invasive measure-
ment by an intraventricular catheter is the gold standard; its use in non-specialized centers is limited, besides neuroimaging by com-
puted tomography or magnetic resonance imaging scans entail transfer of a critically ill patient out of the ICU. Dilatation of the optic
nerve sheath has been shown to be a much earlier manifestation of ICP rise. The optic nerve sheath diameter (ONSD) is fairly easy to
visualize by ultrasonography by insonation across the orbit.

Methods: 90 patients, divided into three groups. Group M received mannitol 20% 0.5 gr kg, Group H received NaCl 7.5% 1.5 ml kg*
and Group P patients were positioned on reverse Trendelenburg position 30 degrees. ONSD was measured 3 mm behind the optic
disc. The measurements T1 before and T2 after the strategies according to group 30 minutes T3 at 60 minutes and T4 at 90 minutes.
Results: Similar trend between invasive monitoring and ONSD measurement was observed. Invasive measurement the intracranial
pressure was 40.2 at T1; there was a sustained and significant decrease in the three groups at 30, 60 and 90 minutes. ONSD measured
at baseline, average was 7.0mm in group M, 7.1 in group H and 6.7 in group P and subsequently it was significantly reduced at 30, 60
(p =0.002) and 90 minutes (p = 0.003).

Conclusion: ONSD in retrobulbar ultrasound is a reliable method to detect intracranial pressure variations before and after non-

invasive strategies to reduce it acutely.
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ANOVA: Analysis of Variance; BT: Brain Tumor; CPP: Cerebral Perfusion Pressure; CSF: Cerebrospinal Subarachnoid Fluid; CT: Computed
Tomography; ETCO,: End Tidal Carbon Dioxide; ICP: Intracranial pressure; ICU: Intensive Care Unit; ONSD: Optic Nerve Sheath Diameter;
SAH Subarachnoid Hemorrhage; SD: Standard Deviation; TBI: Traumatic Brain Injury

Background

Patients with brain injury usually present in emergency services; mainly due to traumatic or vascular causes, and less frequently due
to the presence of tumors, hydrocephalus and central nervous system infections. Regardless of the cause, the increase in volume within

the skull, combined with the loss of compensatory mechanisms, consequently produce an increase in intracranial pressure (ICP) [1,2].

Citation: Aldo Saad Diab., et al. “Optic Nerve Sheath Diameter in Retrobulbar Ultrasound as a Surrogate Measure for Intracranial

Pressure Before and After Non-Invasive Strategies”. EC Emergency Medicine and Critical Care 4.7 (2020): 01-09.



Optic Nerve Sheath Diameter in Retrobulbar Ultrasound as a Surrogate Measure for Intracranial Pressure Before and After
Non-Invasive Strategies

02
There are different tools to measure ICP that can be invasive or non-invasive, each of which present different peculiarities and compli-

cations [3]. However, the ideal technique to measure the ICP would be with the following characteristics:
¢ Non-invasive and can be performed at the patient's bedside.
¢ High sensitivity and specificity, without the risk of complications [4].

* Served by any member of the health staff in charge of the patient with a low learning curve, easily accessible in all health institu-

tions and at low cost [5,6].

Currently the assessment of ICP is a challenging problem as it is rarely achieved without neuroimaging or invasive monitoring.

Cranial computed tomography (CT) is the study of choice to identify the presence and extent of damage in the intracranial cavity,
provides essential information with implication in therapeutic measures for surgical intervention or ICP monitoring and also provides
objective information on neurological prognosis, although cranial CT is available in most of the emergency services this type of studies
may not show findings corresponding to elevation of the ICP. The disadvantages of using CT include lack of real-time measurement and

inability to obtain measurement reports, both in terms of logistics, radiation exposure and costs [7].

While the measurement of ICP through the intraventricular catheter connected to an external transducer is considered the gold stan-
dard, its use in non-specialized centers is limited due to its highly invasive nature and multiple infectious disorders, hemorrhages, cath-
eter obstruction, difficulty in placement, poor positioning, in addition to high costs and the need for personnel with special training for its
use [8,9]. Limiting not only the diagnosis but also the evolution after the application of any treatment to reduce the ICP once diagnosed,
being one of the cornerstones in the resolution of this neurological complication, thus compromising the cerebral perfusion pressure

(CPP) and consequences such as ischemia cerebral and cerebrovascular disorders [10,11].

A non-invasive and reliable monitoring modality has been developed, which is why the current points of controversy regarding the
monitoring of intracranial pressure are increasing in the selection of patients, in the search for more reliable monitoring methods, less
invasive and reproducible that allow not only to diagnose but also to evaluate the real time or short term of the clinical evolution before

and after the strategies already known to reduce ICP and improve CPP, maximizing recovery possibilities [12].

The measurement of the optic nerve sheath diameter (ONSD) by ultrasonography has been applied in clinical practice [1]. Ontogeneti-
cally the optic nerve is part of the central nervous system, it is surrounded by cerebrospinal subarachnoid fluid (CSF) and dura mater
(optic nerve sheath), therefore the ONSD changes after pressure variations of CSF [13,14]. Anatomically the sheath of the optic nerve con-
tains the nerve and the nervous perioptical sheath, which is continuous with the dura of the brain. As cerebrospinal fluid is present in the
subarachnoid space of the optic nerve sheath, increases in ICP result in increases in ONSD, especially 3 mm behind the margin of the optic
disc; this area, because it contains thin and irregular fibers, is more sensitive to increases in ICP [15]. There are several investigations that
have shown that there is an adequate correlation between the ONSD and the measurement of intracranial pressure. An ONSD value of 5
mm was considered the cutoff value suggestive of an increased ICP (> 20 mmHg) [16,17]. However, despite the practicality and innocu-
ousness of this technique for monitoring ICP as well as the ease of performing it at the patient's bedside early, there is not much evidence
on how ONSD is affected by a treatment directed against elevation of the patient ICP and if its estimation through ultrasonography can

replace the measurement by invasive monitoring [18].

Methods

This study was conducted between September 2018 and May 2019 in the anesthesiology department of Hospital Dr. Miguel Perez Car-
refio. The study protocol was approved by the Institutional Review Board, and all participants provided written informed consent. This
trial has been registered at ClinicalTrials.gov NCT03634176.
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Patient selection criteria

Adult patients with traumatic or non-traumatic elevated ICP (defined as greater than 20 mm Hg for at least 10 minutes), hospitalized
in intensive care unit (ICU) with ICP, continuous measurement through an intraventricular catheter, respiratory rate between 10 - 18 min™*
to maintain end tidal carbon dioxide partial pressure (ETCO,) between 35 and 40 mmHg, Peak airway pressure < 35 cmH,0 and Positive

end-expiratory pressure < 5 cmH,0.

Patient exclusion criteria

Patients who had undergone cranial decompression surgery and patients with ocular pathology or who had previously undergone eye

surgery.

All the included patients were randomized into three groups (30 for each group) by assigning a sealed envelope. In the ICU area,
patients belonging to Group M received mannitol 20% 0.5 gr kg, Group H received NaCl 7.5% 1.5 ml kg and Group P patients were po-
sitioned on reverse Trendelenburg position 30 degrees higher than the feet.

Among these 90 patients were recorded the measurement of the vertical and horizontal diameters of the optic nerves of both eyes

measured by ultrasonography.

The ONSD was measured by two experienced anesthesiologists who had previously measured ONSDs ultrasonographically in more
than 100 patients. Initially the patients were placed in a neutral position with their eyelids fully closed and safely taped. The eyelids were
covered with thick gel, and a 7.5MHz linear probe (M7 Premium Mindray Ultrasound system) was placed over the eyelids. The ONSD in
each eye was measured vertically and horizontally 3 mm behind the optic disc, with the two values averaged. No pressure was applied
to the orbit. At each time point, measurements were taken within 5 minutes. The measurements were made before (T1) and after some
of the strategies according to group 30 minutes (T2), 60 minutes (T3), and 90 minutes (T4). In addition, hemodynamic and respiratory

variables were monitored during the study.

The patient and the expert who analyzed the data were blind to the strategies used.

Statistical analysis

A database was carried out in the statistical program SPSS 19.0; the variables were analyzed through descriptive statistics of mean,
median standard deviation with a 95% confidence interval, frequencies and percentages as the case may be. ANOVA statistical test was
applied to compare invasive intracranial pressure and ONSD in groups M, H and P at baseline, at 30, 60 and 90 minutes. Based on the
baseline value, Pearson's R correlation was applied and the ICP and ONSD groups were compared, a value of p < 0.05 was considered
statistically significant and highly significant when p < 0.01. The format of the tables and the figure were made in the Microsoft Office

Excel program.

Results

Of the patients who met the selection criteria, the median age was 46 + 14.9 years, 42.2% were female and 57.8% male, the most fre-
quent admission diagnoses were brain tumors 38.9%, followed by Traumatic brain injury 31.1% and finally subarachnoid hemorrhage
30.0% (Table 1).

On average the measurement of intracranial pressure was 40.2 at baseline, then a sustained and significant decrease (p < 0.001) was
observed in the three groups at 30, 60 and 90 minutes, being at 90 minutes a Normal average intracranial pressure value in both groups
M (mannitol) and H (hypertonic) not so for Group P (Table 2).
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Patient Characteristics

Total (%) 90 (100.0)
Age (yr) (£ SD) 46 (+ 14.9)
Sex n (%)

Female 38 (42.2)
Male 52 (57.8)
Diagnostic n (%)

TBI 28 (31.1)
BT 35(38.9)
SAH 27 (30.0)

Table 1: Baseline patient characteristics.

SD: Standard Deviation; TBI: Traumatic Brain Injury; BT: Brain Tumor; SAH Subarachnoid Hemorrhage.

Typical 95% confidence interval for the average
ICP Groups Mean .. p-value
deviation Lower limit Upper limit
M 40.1 9.4 36.6 43.6
H 40.6 9.2 37.2 44.0
Basal (mmHg) 0.96

P 39.8 8.1 36.7 42.8
Total 40.2 8.8 38.3 42.0
M 239 5.2 22.0 25.9
H 20.9 43 19.3 225

30 min (mmHg) <0.001
P 35.9 7.8 33.0 38.8
Total 26.9 8.8 25.1 28.8
M 19.5 2.7 18.5 20.5
H 20.1 3.8 18.7 215

60 min (mmHg) <0.001
p 35.7 7.7 32.8 38.5
Total 25.1 9.1 23.2 27.0
M 18.7 2.8 17.7 19.8
H 18.6 31 17.4 19.8

90 min (mmHg) <0.001
P 34.5 7.2 319 37.2
Total 24.0 8.9 221 25.8

Table 2: Variation of intracranial pressure according to study groups and measurement time.

A similar trend was observed when measuring ONSD that, at baseline, the average was 7.0 mm in group M, 7.1 in group H, and 6.7 in
group P, and subsequently significantly reduced at 30 (p < 0.001), 60 (p = 0.002) and 90 minutes (p = 0.003), the latter being lower in
group H (mean = 5.9 # 0, 7 mm), followed by the group M (mean = 6.3 + 0.5 mm) (Table 3).

Figure 1 shows a statistically significant inverse correlation (p < 0.05) of the decrease in intracranial pressure being more marked with
the invasive method (Pearson's r correlation from 1 to 0.22, at 90 minutes), being less marked and equally significant in the ONSD group

(Pearson's r correlation of 1 at baseline to 0.64 at 90 minutes).
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Typical 95% confidence interval for the average
ONSD Group Mean . . p-value
deviation Lower limit Upper limit
M 7.0 0.8 6.7 7.2
H 7.1 0.8 6.8 7.4
Basal (mm) 0.12
P 6.7 0.6 6.4 6.9
Total 6.9 0.8 6.7 7.1
M 6.6 0.7 6.3 6.8
H 6.0 0.7 5.7 6.2
30 min (mm) <0.001
P 6.6 0.6 6.4 6.8
Total 6.4 0.7 6.2 6.5
M 6.4 0.5 6.2 6.5
H 5.9 0.7 5.7 6.2
60 min (mm) 0.002
P 6.5 0.7 6.2 6.7
Total 6.3 0.6 6.1 6.4
M 6.3 0.5 6.1 6.4
H 59 0.6 5.7 6.1
90 min (mm) 0.003
P 6.4 0.6 6.2 6.7
Total 6.2 0.6 6.1 6.3

Table 3: ONSD variation according to the different study groups and measurement time.

Figure 1: Pearson's R correlation of intracranial pressure and diameter
of optic nerve sheath in patients with intracranial hypertension.
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Discussion

In patients with brain injury, the increase in intracranial pressure (ICP) is a devastating consequence, resulting in a decrease in cere-

bral perfusion pressure, leading to ischemia, brain swelling and even death [19].

Therefore, it is important to maintain an adequate and accurate measurement and monitoring of intracranial pressure, with not only

for diagnostic purposes but also as therapeutic guide and prognosis [19].

The gold standard method to measurement ICP is through an intraventricular catheter, but is important to emphasize that it can be
complicated to perform, since it requires trained personal also it can be difficult for placement, it might not be available in all health cen-

ters and it can have a high cost in addition to generate multiple complications [8,9].

Previous studies have shown that the measurement of the optic nerve sheath diameter (ONSD) through ultrasound can be correlated
with the increase of intracranial pressure, this is a less invasive method, simple to perform, more affordable since the equipment is widely

available in emergency rooms and hospitals in general, also generating fewer complications [20].

Prior findings had established a cut-off point of 5 mm or greater in ONSD measurement suggesting an ICP of 20 mmHg or above
[16,17]. Our results correspond with this, showing that with an ICP increased, measured through an Interventricular catheter (Table 2)
the values of the ONSD are superior to 5 mm (Table 3). Thus, our findings agree with previous studies [20,21] in the usefulness of ultra-

sonography and its correlation invasive ICP measure.

However, there are few studies that besides making a diagnosis approach of an increased ICP through ultrasonography show that after
application of therapeutic measures to reduce it, the OSND will change too; thus making a direct relationship between invasive and non-

invasive measurements is not quite accurate [20].

A previous study published by Launey and colleagues in 2014 [22] that included invasive measurements of ICP through an intraven-
tricular catheter and the ONSD before and after using 20% mannitol, found that both measures decreased significantly after using such
therapy. Also Wang and co-workers in 2018 [23] in his study where they measured the ICP through lumbar puncture and also the ONSD
was recorded before and after using etiological and osmotic treatment, with a follow up for 1 month, shows that ICP changes in an invasive

an non-invasive way were highly related.

Our results agree with these findings, showing that only after 30 minutes of therapeutic measures in the 3 study groups there was a
decrease in the ONSD between 0,4 and 1 mm. With higher changes in the H group (baseline: 7.1 mm SD 0.86 - 30 min: 6.0mm SD 0.7 p <
0.001) and the lowest in the P group (baseline: 6.7 mm SD 0.6 - 30 min: 6.6 mm SD 0.6 p < 0.001) (Table 3).

However, compared with the changes obtained through an invasive measurement after 30 minutes of treatment, with results ranged
between from 4.7 mmHg to 19.7 mmHg (Table 2), also being the higher ones in the H group (baseline: 40.6 mmHg SD 9.2 - 30 min: 20.9
mmHg SD 4.3 p < 0.001) and the lowest in P group (baseline: 39.8 mmHg SD 8 - 30 min: 35.9 mmHg SD 7.8 p < 0.001) the ONSD changes
were minor. This situation tends to continue in the 60 minutes follow up, where the ICP variations were more notorious and greater in the

invasive measurements than in the non-invasive (Figure 1).

Moreover, by the following 90 min we obtained almost normal ICP values invasively for M and H group (M group: 18.7 mmHg SD 2.8
- H group: 18.6 mmHg SD 3, 1 p <0.001) (Table 2). On the other hand, these trends are not seeing in the OSND measurement where the
values are still in upper ranges (M group: 6.3 mm SD 0.5 - H group: 5.9 mm SD 0.6 p 0.003) (Table 3 and Figure 1). These findings oppose
to the ones of Wang and colleagues [23] where after the follow-up they return to the baseline values, but they do not mention the exact

time needed to reach it.
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As previous studies demonstrated, ontogenetically the optic nerve is part of the central nervous system [13,14], morphologically it is
noted that the trabeculae and partitions within the subarachnoid space of the optic nerve provides a strong anatomical evidence of the

hydrodynamics between and within the different segments of cerebrospinal fluid [24].

However, despite of ONSD measurements is clearly a reliable method to detect increases in ICP at bedside that correlates well with
invasive measurements [20,22,25,26], there is a lack data that demonstrate the direct variations relationships after therapeutic measures
between invasive measurements and ultrasonography, either by small sample, poorly standardized or measurements in unspecified time
intervals [22,23].

Our findings agree with the fact that there are certainly changes in the ONSD after osmotic therapies as previous ones [22,23], still the
ONSD does not return normal values despite is obtained in the invasive way (Table 3 and figure 1), showing that perhaps is not a highly

reliable method to guide therapeutics and prognosis.

Thus, our study has some limitations since we have a small sample, we made a short follow-up, we only were able to evaluated for 90
minutes and not for 1 month or until we obtain normal values. So we suggest further studies that look forward to determinate this time

interval, as well contrast with tomographic changes.

Conclusion

The Optic Nerve Sheath Diameter in retrobulbar ultrasound is a reliable method to detect ICP variations before and after non-invasive
strategies to reduce it acutely, as our results show, it can be expected variations up to 1mm in diameter after only 30 minutes of treatment.
Yet, these changes are not proportional in terms of invasive measurements, where it could to yield values close to the normal range and

still have an altered ONSD, noting that longer follow-up intervals are required to see normal values in the OSND.

For those reason we recommend that OSND changes will not be interpreting in isolation to guide the patient treatment, however it
can aid as a bedside approach to know if the management is working but does not replace invasive methods and a comprehensive clinical

analysis.
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