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Abstract

Introduction

The optic nerve is an outward form of the diencephalon during embryogenesis. It is
wrapped by the nerve sheath, which is derived from 3 layers of meninges and
protrudes toward the orbit. Thus, the cerebrospinal fluid moves freely between the
intracranial and intraorbital subarachnoid spaces. The intraorbital subarachnoid space
surrounds the optic nerve, and it is subject to the same pressure changes as the
intracranial subarachnoid space.

The “criterion standard” method for monitoring intracranial pressure (ICP) includes
using invasive, intraparenchymal, or intraventricular devices that are often only
available in specialist neurocritical care units. These monitoring techniques can result
in complications, such as bacterial colonization and hemorrhaging, and can be painful
for the patient, especially if repeated evaluations are needed; thus, they are not ideal.
Hence, noninvasive, repeatable, and simple methods of assessing ICP are urgently
needed.

Recently, measuring the optic nerve sheath diameter (ONSD) via ultrasonography has
become a popular approach for detecting elevated ICP. Previously, we confirmed that
this noninvasive technique could be used to qualitatively and effectively identify
elevations in ICP. However, whether ultrasonographic ONSD measurements can be
used to dynamically monitor ICP changes and assess the efficacy of ICP management
strategies remains unclear. Therefore, in this study, we evaluated the ONSD and its
association to ICP in patients with elevated ICP both before and after treatment to
determine whether ultrasonographic ONSD measurements could serve as a
noninvasive surrogate marker of ICP changes.

Methods

Study Setting

This study was performed in the ultrasonography center in the Department of
Neurology at the First Hospital of Jilin University, a general public hospital in China.
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The protocol was designed from August 1, 2015, to October 31, 2015, and was
approved by the ethics committee of the First Hospital of Jilin University on
December 5, 2015 (approval number, 2015-208). The institutional review board of the
First Hospital of Jilin University approved the enrollment of patients who were
suspected of having elevated ICP and needed to undergo lumbar puncture (LP) to
confirm the elevated ICP. The ultrasonographic ONSD was measured in each patient
before LP. The ONSD measurements were compared with the LP findings. All
methods adhered to the relevant guidelines and regulations. All participants provided
written informed consent. They were informed that the ultrasonographic ONSD
measurements obtained would be compared with their LP findings.

Patients

We recruited patients who were suspected of having elevated ICP for various reasons
between June 2016 and December 2016. The ONSD was measured in each patient
before LP to confirm the elevated ICP. The ICP was considered to be elevated if the
value was more than 200 mm H,O (1 mm H.O is approximately 0.074 mm

Hg). According to their LP on admission, patients were divided into 2 groups: group 1
(200 < LP <300 mm H,0) and group 2 (LP > 300 mm H,0). Osmotherapy and
etiological treatments were administered to patients with elevated ICP according to
previously published recommendations. The patients underwent follow-up ONSD and
LP measurements within 1 month. The exclusion criteria were as follows: age
younger than 18 years, ophthalmic diseases (such as tumors or traumas), history of
glaucoma, administration of medications that may have affected the ICP (such as
diuretics, carbonic anhydrase inhibitors, and glucocorticoids), an ICP of 200 mm H,O
or less, and/or did not undergo follow-up ONSD and/or LP measurements within 1
month. Additionally, the following patient data were recorded: age, sex, and body
mass index (BMI) (calculated as weight in kilograms divided by height in meters
squared).

Measurements

The ONSD measurements were performed before the LP. The interval between these
2 examinations was fewer than 10 minutes. Ultrasonography examinations of the eye
were performed in B-mode using the iU22 ultrasound system (Philips) and a 9-3 MHz
linear array transducer (Philips). The acoustic output of the ultrasonography system
was adjusted according to the “as low as reasonably achievable” principle and the
requirements for orbital sonography to avoid damaging the retina and lens. Patients
were examined in the supine position. The probe was placed lightly on the closed
upper eyelid, which was covered with a thick layer of ultrasonography gel to prevent
pressure from being exerted on the eye. The position of the probe was adjusted to
clearly display the entry of the optic nerve into the globe. Two measurements were
performed for each optic nerve; the first measurement was in the transversal plane
with the probe in a horizontal position and the second measurement was in the sagittal
plane with the probe in a vertical position, according to previous protocols. The



ONSD was assessed bilaterally at 3 mm posterior to the orbit. Each eye was examined
twice, and the mean value of the 8 total measurements for both eyes was recorded. All
participants were examined by 2 experienced observers who were blinded to the
ultrasonography results. To minimize variability, the final ONSD measurement value
for an individual was the average of all 16 values.

The opening cerebrospinal fluid pressure was obtained through an LP, which was
performed by an experienced neurological resident blinded to the ultrasonography
results. Patients were awake and placed in the left lateral position with their hips and
knees flexed and their head as close to their knees as comfortably possible. The area
around the lower back was prepared using the aseptic technique, and patients were
asked to relax. Once the subarachnoid space (SAS) had been entered, the patients
were asked to straighten their legs, after which the opening pressure was recorded and
fluid samples were obtained. The ONSD and cerebrospinal fluid pressure
measurements were obtained at admission and follow-up, and all values were entered
into the database for analysis.

Statistical Analysis

The required sample size was calculated to be 13 participants based on the
assumptions that the correlation of ONSD and ICP was 0.758, with an a error of .05
and a statistical power of 91%. For the sample size estimation, the PASS software
(NCSS) was used. Statistical analyses were performed using a commercially available
statistical software package (SPSS for Windows, version 18.0; SPSS Inc). The
distribution of continuous variables was assessed using the Kolmogorov-Smirnov test.
Normally distributed variables were summarized using the mean and the standard
deviation. A Pearson correlation analysis was used to compare the measurements
between 2 eyes and 2 observers. A Bland-Altman analysis was used to determine
interobserver reliability. The difference in the ONSD from admission to follow-up
was assessed with a paired t test. The differences in age, BMI at admission, and
ONSD at follow-up between the 2 groups were assessed with an

independent-samples t test. A * test was used to compare the sex distribution. The
correlation between the ONSD and ICP was evaluated with a Pearson correlation
analysis. The correlation between the changes in ONSD and ICP was evaluated with a
Pearson correlation analysis in which changes ONSD and ICP were the respective
changes in the ONSD and ICP from admission to follow-up. We further estimated the
correlation between ONSD and ICP and changes in ONSD and ICP using a partial
correlation analysis. Covariates (age, cause of elevated ICP, and comorbidities) were
included in the partial correlation analysis. The 95% Cls and 2-tailed P values were
calculated. A P value of <.05 was considered to be statistically significant.

Go to:

Results


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5885896/

Ultrasonography ONSD and LP measurements were performed in 60 patients (Han
nationality; mean [SD] age, 36.20 [12.04] years; range, 20-62 years; 29 [48%] female)
on admission, 37 (62%) of whom had elevated ICP (>200 mm H,O) (Table 1). The
mean (SD) ONSD and ICP of the 60 patients were 4.18 (0.61) mm (range, 3.40-6.0
mm) and 244 (87.49) mm H,O (range, 100-400 mm H,0), respectively. For the 60
patients on admission, the ONSD and ICP values were strongly correlated, with

an r of 0.798 (95% ClI, 0.709-0.867; P <.001). Twelve patients were excluded from
further analysis because of a lack of follow-up ONSD and/or LP measurements. We
found no evidence of differences in sex, age, BMI, ONSD, or ICP between the
patients lacking follow-up and the patients enrolled. Thus, 25 patients with elevated
ICP were included in the final analysis (Han nationality; mean age [SD], 35.16 [12.45]
years; range, 20-62 years; 12 [48%] female). The mean (SD) BMI of the patients was
23.61 (3.66) kg/m? (range, 17.6-33.2 kg/m?). No evidence of difference was found in
sex, age, or BMI between group 1 and group 2 (Table 1). The causes of the elevated
ICP included cerebral infections (n= 18, 72%), cerebrovascular disease (n =15, 20%),
and hydrocephalus (n =2, 8%). One patient had comorbidities (pneumonia). Pearson
correlation coefficient between the 2 eyes for observer 1 was 0.794 in the transversal
plane and 0.800 in the sagittal plane, and for observer 2, it was 0.790 in the
transversal plane and 0.782 in the sagittal plane. Pearson correlation coefficient
between the 2 observers for the left eye was 0.969 in the transversal plane and 0.977
in the sagittal plane, and for the right eye, it was 0.968 in the transversal plane and
0.976 in the sagittal plane. A Bland-Altman analysis yielded a mean (SD) difference
of measurements of 0.014 (0.125) mm for the right and —0.009 (0.118) mm for the left
ONSD. Limits of agreement (mean + 1.96 times of SD) were 0.259 and —0.231 mm
for the right and 0.222 and —0.240 mm for the left ONSD. The ICP and ONSD values
obtained at admission and follow-up are shown in Table 2. The elevated ICPs and
dilated ONSDs had returned to normal in the follow-up evaluations. We found that
the ONSD and ICP values obtained on admission were strongly correlated, with

an r of 0.724 (95% Cl, 0.470-0.876; P <.001). The mean (SD) changes in ICP and
ONSD were 126.64 (52.1) mm H,O (range, 20-210 mm H,0; 95% CI, 109.24-146.07)
and 1.00 (0.512) mm (range, 0.418-2.37 mm; 95% CI, 0.83-1.20), respectively. The
change in ONSD was strongly correlated with the change in ICP according to Pearson
correlation analysis, with an r of 0.702 (95% ClI, 0.425-0.870; P <.001) (Figure 1).
The greatest disconnects in changes in ONSD and ICP were in a patient with a change
in ONSD of 0.58 mm and a change in ICP of 190 mm Hg. The partial correlation
analysis showed that, after controlling for the covariates (age, cause of elevated ICP,
and comorbidities), the ONSD and ICP values obtained on admission were correlated,
with an r of 0.736 (95% ClI, 0.486-0.886; P <.001). The changes in the ONSD and
ICP values were correlated, with an r of 0.669 (95% CI, 0.343-0.868; P <.001).
Pearson correlation coefficients between the change in ONSD and the change in ICP
in just 1 eye and a separate one with just 1 observer ranged from 0.630 to 0.692
(Table 3). We found no evidence of a difference in mean (95% CI) ONSDs between
group 1 and group 2 (3.49 mm [3.34-3.62 mm], 3.51 mm [3.44-3.59 mm],
respectively; P =.778) at follow-up.
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Table 1.

Patient Characteristics?

Variables Total Patients (n = 60) Group 1 (n = 13) Group 2 (n = 12)
Age, mean (SD), y 36.20 (12.04) 35.46 (12.12) 34.83 (13.33)
Female, No. (%) 29 (48) 6 (46.2) 6 (50.0)

BMI, mean (SD), kg/m’ 23.68 (3.43) 23.44 (3.65) 23.81 (3.82)

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters
squared).

*The differences in age and BMI between the 2 groups were assessed with an
independent-samples t test. A y* test was used to compare the sex distribution. Patients with elevated
intracranial pressure were divided into group 1 (200 < lumbar puncture <300 mm H,0) and group 2

(lumbar puncture > 300 mm H,0).

Table 2.
ICP and ONSD Values Obtained at Admission and Follow-up

Values Admission Follow-up Difference (95% CI)

Range of ONSD, mm 4.17-6.0 3.09-3.95 NA

ONSD, mean (SD), mm" 4.50 (0.54) 3.50 (0.21) 1.00 (0.79-1.21)

Range of ICP, mm H.0 220-400 140-200 NA



Values Admission Follow—up Difference (95% CI)

ICP, mean (SD), mm H.0" 302.40 (54.26) 175.76 (15.85) 126.64 (104.97-148.32)

Abbreviations: ICP, intracranial pressure; NA, not applicable; ONSD, optic nerve sheath diameter.

*The sample size is n=25.
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Figure 1.
Correlation Between Change in Intracranial Pressure (ICP) and Change in Optic Nerve
Sheath Diameter (ONSD)

From admission to after reducing the ICP (follow-up).
Table 3.
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Correlations Between the Changes in ONSD and ICP From Admission to
Follow-up®

Values Observer 1 Observer 2

Left Eye Right Eye Left Eye Right Eye

r 0.672 0. 646 0.692 0.630

95% CI 0.415-0. 856 0.340-0.849 0.486-0.845 0.278-0.839

P value <.001 <. 001 <. 001 . 001

Abbreviations: ICP, intracranial pressure; ONSD, optic nerve sheath diameter.

*The sample size is n=25.
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Discussion

In this study, we measured the ONSD and ICP in patients with elevated ICP and
found that the ICP and ONSD values obtained on admission were strongly correlated
with an r of 0.724 (95% ClI, 0.470- 0.876; P <.001). Additionally, ultrasonographic
ONSD measurements were successfully used to dynamically assess the changes in
ICP that occurred from admission to follow-up.

Our previous cross-sectional study found that ultrasonographic ONSD was correlated
with ICP on admission and suggested that this noninvasive method could be
potentially useful for identifying patients with elevated ICP. The results of this study
were consistent with those of the previous one with different samples. Furthermore,
this study focused on the follow-up of ONSD and ICP. Therefore, this study both
confirmed the ONSD as a predictor of elevated ICP on admission and found that the
change in ONSD was strongly correlated with the change in ICP according to Pearson
correlation analysis, with an r of 0.702 (95% CI, 0.425-0.870; P <.001). Thus, it was
suggested that ONSD could dynamically detect the changes in ICP in this study.

While many clinical studies have reported this dilation response, it was unclear
whether the ONSD would decrease after the ICP decreased in vivo. Hansen et
al demonstrated such ONSD changes in vitro through the controlled application of
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incremental and decreased pressure steps in the SAS. Specifically, they isolated
human optic nerve preparations that were obtained from autopsies and found that
following submission to pressure, the ONSD increased. Similarly, reducing the
pressure in the SAS invariably resulted in a decrease in the ONSD. However, to our
knowledge, few clinical studies have estimated the ONSD variations that occur
following treatment for elevated ICP. In one study of 13 patients with acute brain
injury, Launey et al found a significant correlation between the ICP and ONSD
measurements obtained before and after mannitol infusion. Likewise, our clinical
study showed that the dilated ONSD decreased following treatment to reduce the
elevated ICP. We speculate that the pressure-dependent behavior of the optic nerve
sheath is associated with its exceptional elastic properties. Killer et al reported that the
SAS of the human optic nerve contains various trabeculae, septa, and stout pillars that
are arranged between the arachnoid and pia layers of the nerve meninges. Therefore,
when the ICP is elevated, the presumably folded trabeculae likely stretch, allowing
the optic nerve sheath to dilate. Similarly, on reduction of the ICP, the stretched
trabeculae refold and the dilated optic nerve sheath shrinks. Our findings support that
ONSD examinations can be used to dynamically assess variations in the ICP because
of the elasticity of the optic nerve sheath (Figure 2).
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E] Elevated ICP E| ONSD pretreatment
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Figure 2.

Illustrations and Ultrasonography Images of the Changes in Optic Nerve Sheath
Diameter (ONSD)

A, The folded trabeculae are stretched and the optic nerve sheath is dilated when the
intracranial pressure (ICP) is elevated. B, The ONSD, as measured with transorbital
ultrasonography, was 0.600 cm in this patient (a man in his early 40s) with elevated ICP on
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admission. C, The stretched trabeculae are refolded and the dilated optic nerve sheath shrinks
when the ICP is reduced. D, The ONSD decreased to 0.374 cm after treating the elevated ICP.

Other studies have also shown that the optic nerve sheath is quite elastic. For instance,
it was recently reported that the ONSD significantly increases with hypercapnia and
subsequently reverts to baseline values once normocapnia is established. Moreover,
Maissan et al reported that during tracheal stimulation, both the ICP and ONSD
increased simultaneously, while after the procedure, the ONSD returned to the
baseline diameter at the same rate as the ICP. It has been suggested that the changes
in ONSD may reflect a temporary and reversible increase in ICP because of acute
elevations in the intraabdominal pressure.However, the effective range of the optic
nerve sheath’s elastic properties remains unclear. In vitro experiments of the ONSD
showed that the diameter only recovered to baseline when the SAS pressure was less
than 35 mm Hg, while residual dilatation remained on decompression from higher
pressure levels (>45 mm Hg). In the present study, after treating the elevated ICP, the
enlarged ONSD decreased to 3.09 to 3.95 mm, which was within the normal range for
healthy Chinese adults. In addition, we found no evidence of difference in mean (95%
CI) ONSDs between group 1 and group 2 (3.49 mm [3.34-3.62 mm], 3.51 mm
[3.44-3.59 mm], respectively; P =.778) at follow-up, indicating that the ONSD was
able to return to normal after treatment regardless of the initial ICP value on
admission (maximum ICP value, 400 mm H.,O, approximately 29.4 mm Hg). Such
findings imply that when the ONSD is within the range of reversible dilation, its
structure may not undergo plastic deformation or trabecular damage-like
overdistention. Hence, when in this effective range, the dilated ONSD can completely
recover to normal, as was observed in our study.

Pearson correlation coefficients between the change in ONSD and change in ICP in 1
eye and those assessed by just 1 observer ranged from 0.630 to 0.692, which is similar
to the overall r value (0.702). The results showed relatively good sensitivity. This
study showed that ultrasonographic ONSD is a reproducible technique with high
interobserver reliability. A previous study also confirmed that this technique was easy
to learn and with high intra- and interobserver reliability. Therefore, it may be
extensively applicable in clinical settings. Clinicians, such as intensivists or
neurosurgeons, could easily master this technique and have confidence in the
reliability of the measurements.

Limitations

Although this study showed that this noninvasive technique may be a useful, simple
tool for dynamically evaluating ICP, it was limited by its modest sample size. Thus,
studies with larger samples should be conducted in the future to validate our findings
for the implementation of the technique to the general population. Another possible
limitation is that the study took place in a single center. Hence, there remains a
possibility of incorrect inference if we only use this noninvasive technique instead of
LP in some cases. In addition, the maximum ICP value in our study was 400 mm H,O;
thus, the accuracy of the technique in evaluating cases with even higher ICP is not



clear. Additional clinical studies with patients who have an ICP of more than 400 mm
H,O are needed. Moreover, with regard to promoting the clinical applicability of the
technique, the change in ONSD cutoff point for identifying the change in ICP or a
mathematical function to noninvasively and quantitatively estimate the change in ICP
with the ultrasonographic measurement of change in ONSD should be investigated.
Further, optic nerve swelling, papilla prominence, and optical coherence tomography
could also be used to evaluate elevated ICP. Recently, Swanson et al reported that
spectral domain optical coherence tomography measurements were correlated with
ICP in children. However, there were some factors that limited the generalizability of
that study. In addition, this study did not focus on the axial length and refraction of
the 2 groups. Thus, we plan to investigate these issues in a future study; we will also
look into the correlation of optic nerve swelling with changes in ICP. The r values
that resulted from comparing the pre-LP ICD and ONSD values (0.724), and from
comparing the changes in ICP and ONSD values (0.702) showed that there may be
other factors that could be influencing these 2 measures. These influencing factors
should be investigated in a future study. Finally, whether treatment could have an
independent effect on ONSD is not clear; future studies should investigate any related
mechanisms.

Go to:

Conclusions

We showed that the dilated ONSDs that were observed in patients with increased ICP
decreased along with the ICP reduction. Although further studies are required, this
study suggests that ultrasonographic ONSD measurements may assist in monitoring
patients with elevated ICP, as fluctuations in the ONSD approximate the respective
ICP variations. This finding may be important because existing invasive ICP
monitoring techniques can be painful and result in complications, such as bacterial
colonization and hemorrhaging.
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