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Abstract

Background: Intracranial hypertension, which may have a number of different causes, is a medical emergency. Although difficult to identify due to non-spe-
cific symptoms, it must be treated appropriately. An early sign of intracranial hypertension is an increase is observed in the optic nerve sheath diameter. .
Ultrasonography is a rapid and easy-to-apply method to detect an increase in optic nerve sheath diameter, and may be useful for the emergency diagnosis
and treatment, as well as contributing to clinical follow-up.

Case Presentation: In the present study, seven patients with clinical suspicion for rapid intracranial pressure were admitted. Clinical scenarios included
traffic accident, metabolic imbalance, infection, and intracranial mass. The pediatric emergency specialist performed optic nerve sheath measurement by
using ultrasonography and a dilatation was detected. All measurements were taken by the certified and experienced pediatric emergency specialist blind-
ed to the patient’s clinical state and also the specialist was under observation of a lecturer during the measurements. Except for one patient, the control
optic sheath diameter measurements were performed in the period, when they had no complaint, and the values were determined to be normal. To our
knowledge, this case series is the first one examined in Turkey. The data from cases was collected between 2015 and 2016.

Conclusion: Optic nerve sheath diameter measurement is a non-invasive method that offers ease of diagnosis and follow-up of suspected intracranial
hypertension.

Key Words: Optic nerve sheath diameter measurement, intracranial hypertension, ultrasonography

B ackg round who were admitted to the Pediatric Emergency Department
of Medical Faculty of Cukurova University due to traffic

Intracranial hypertension is a condition that may result in accident, metabolic imbalance, infection, and intracranial

mortality or negative neurological consequences, and there- Mass formation, are presented. The data of patients can be
fore requires emergent diagnosis and treatment. Computed ~ S¢en in Tables 1 and 2. Six of the patients had undergone
tomography of the head is preferred as the first option in or-  control ultrasonography (USG) when they arrived to the
der to support clinical assessment, however, involves radia-  Polyclinic. No control USG was applied to one of these pa-
tion exposure. It may not be possible to perform the lumbar tients because the patient was followed-up in another center
puncture or invasive intracranial monitoring under specific ~ after the discharge from hospital.

conditions. Fundoscopic examination may also be mislead-

ing since the papilla stasis is a late-phase symptom of in- Method

tracranial hypertension. Ultrasound, which is a non-invasive

and rapid method that is useful in during the acute period and ~ After the first examination, transorbital ultrasonography
follow-up, may be an option for measuring the optic nerve  was performed by placing the patient in supine and neutral
sheath diameter. The present case series demonstrates how  position with closed eyes. Sonosite Edge ultrasonography
measurement of the optic nerve sheath diameter may contrib-  device was used with the high frequency (15-6 MHz) planar

ute to diagnosing and following intracranial hypertension. probe and gel. The diameter of optic nerve sheath, which is
seen as a hypoechoic double-sided line at the 3mm depth of
Cases Presentation globe that is known to be most sensitive to the intracranial

pressure changes, was measured in both longitudinal and
After obtaining the written consents of their parents, sev- transverse cross-sections, and the mean value was calculat-
en patients with suspicion of intracranial hypertension (IH), ed' (Figure 1-2). All of the measurements were performed
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Table 1. Age, gender, and vital findings of patients, Glasgow Coma Scale

Body Heart rate Respiration Blood
Patient Age Gender Temperature . . pressure GCS
°C /min rate /min (mmHg)
1 12 year-old Girl 36.5 152 8 80-40 5 (PTS<8)
2 28 month-old  Girl 36.5 144 46 85-40 6
3 4.5 year-old Girl 38.5 132 24 110-60 10
4 7 year-old Boy 38 135 48 100-60 13
5 17 year-old Girl 37.8 88 22 110-60 13
6 17 year-old Boy 38.3 100 24 110-70 14
7 10 year-old Boy 36.4 118 24 100-60 14

by a pediatric emergency subspecialist having USG training
background.

Discussion and Conclusions

Intracranial hypertension requires early rapid diagnosis,
however, clinical symptoms and findings may be confused
with other conditions. In the present study, three patients
were found to have IH because of infectious factors, two
patients because of metabolic and autoimmune encephalop-
athy, one patient because of a non-vehicular traffic accident
and one patient because of intracranial mass.

In practice, the diagnosis of IH is made based on the basis
of clinical findings. This case series describes the usability of
USG, which is a non-invasive monitoring method, in measur-
ing optic nerve sheath diameter (OSND) for these patients.

The ultrasonography is a non-invasive, reliable, afford-
able, repeatable, and highly available method that has no
known adverse effect. In 1990s, emergency specialists, who
had USG training from American College of Emergency
Physicians (ACEP), started to use the USG in emergency
units, and the first guideline on this subject was published
in 2001. The documents published by Council of Emergen-
cy Medicine Residency Directors between 2009 and 2012
were used as a reference for the relevant procedures®. Even
though no specific guideline on the use of USG in pediatric
emergency has been published yet, the focused use became
a very increasingly popular?.

When diagnosing the intracranial hypertension, Com-
puted Tomography (CT) is used as the primary option in
practice. Disadvantages include radiation exposure, and
difficulties associated with patient transportation. However,

Table 2. Complaints and clinical conditions of patients, radiologic assessment, and ONSD measurements
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I ADTK Celjebral edema (moderate)-subaracno- 0.59 ADTK I?lscharged 041
id-intraparenchymal hemorrhage with recovery
. Disseminated cerebral edema —subfal- 0.77 Encephalopathy/hy- Discharged
2 Drowsiness . o + L . -
cine herniation (ODE+) perammoniemia with recovery
3 Drowsme‘ss. - Cerebral edem§ (moderate-severe), N 0.68 Meningoencephalitis I?lscharged 0.45
Fever-Vomiting Leptomeningeal contrast (ODE+) with recovery
4 Fever-Vomiting Normal - 0.55 Meningoencephalitis Plscharged 0.45
with recovery
D i - Disch:
5 rowsme.ss. Cerebral edema (mild) + 0.64 Ensefalit (otoimmun) . ischarged 0.44
Fever-Vomiting with recovery
6 Dlarrheg, then Leptomeningeal contrasting, no edema - 0.54 Meningoensefalit l?lscharged 0.38
drowsiness with recovery
. C . 0.64 . Discharged
7 Headache-vomiting Cystic lesion in left frontoparietal + (ODE+) Cyst hydadid with recovery 0.38
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Figure 1. An application from the study

Figure 2. Images of Optic Nerve Sheath Diameter of the patients

A 0.30cm

from this study

magnetic resonance (MR) is not an examination method that
can be easily accessed, or that yields fast results. Neither CT
nor MR is solely practical or non-risky in the acute setting®.

Lumbar puncture can be used to directly measure the ce-
rebrospinal fluid pressure, however, it is invasive, and con-
traindicated under certain conditions*. On the other hand,
papilla stasis can be examined by using the fundoscopic
examination. The examination depends on the individual.
Normal findings may be achieved in early periods of IH, and
there may be misleading findings under the emergency con-
ditions because of mid-term/delayed identification of TH>°.

In the present study, no invasive method was applied in
order to confirm the diagnoses. The CT images of two pa-
tients were found to be normal, whereas there was cerebral
edema in the others and one of these patients had post-her-
niation syndrome (Figure 3). All of the patients seen to have
edema in CT images were determined to have papilla stasis,
whereas it was not observed in other two cases.

Even though it was at lower levels in two patients, who
were clinically projected to have IH and in CT images of
whom we found no cerebral edema, it was determined that
all the patients had dilated ONSD and these values exceeded
the cut-off value reported in literature. No papilla stasis was
found in ophthalmologic examination of two patients, who
were found to have no cerebral edema. It was determined
that there was a recovery in ONSD measurement values of
both patients in the period, when the general clinical con-
ditions of them gradually recovered. There was no patient
which had intracranial hypertension has measurement with-
in normal ONSD range.

The optic nerve is surrounded by three meningeal mem-
branes, and the cerebrospinal fluid (CSF) freely circulates

in intracranial and intraorbital subarachnoid space. In case
of [H, the increase in intracranial subarachnoid pressure re-
flects on the intraorbital subarachnoid space* . In the previ-
ous studies, it was reported that the increase in ONSD could
be determined to be unechoic most accurately at 3 mm pos-
terior to the globe. Even though there still is no standard
cut-off value, it is asserted that ONSD values of 4.5 mm
for children and Smm for adults are suggestive of increased

intracranial pressure”®°.

7

Figure 3. Subfulccial herniation in CT image of second patient
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As in two patients in this series, the ONSD dilatation
can be showed before the papilla stasis develops and cere-
bral edema is detected using radiologic method. Thus, the
treatment can be started in early period before the clinical
symptoms and findings become severe’. From another per-
spective, ONSD was larger in seven patients, for whom we
confirmed the diagnosis of cerebral edema by using radio-
logic and fundoscopic methods. Our two cases with severe
cerebral edema had optic disc elevation (ODE) in which the
optic disc has process towards the posterior camera. One of
them had subfalcine herniation. ODE in literature has been
presented as indication of severe cerebral edema like our
cases'* !,

In literature on examining the advantages of ONSD
measurement, the studies using CT, lumbar puncture and/or
papilla stasis as the gold standard reported the ONSD mea-
surement as a reliable diagnostic modality. In their study on
the patients having non-traumatic radiographic (CT) cere-
bral edema, Salahuddin et al. (2016) reported the cut-off
value to be 0.57cm, sensitivity to be 84%, specificity to be
71%, and AUC to be 0.785. In their study on 16 patients
aged between 12 and 18 years and suspected to have pseu-
do-tumor cerebri, Irazuzta et al. (2016) reported the mean
ONSD to be 0.51cm+1.2 mm for those having cerebrospi-
nal liquid pressure (CFP) of >20 ¢m-H,O, and 0.38+0.02
cm for those with CFP <20 cm-H,O (p<0.01) [12, 13]. In
their study on 76 patients, Marchese et al. (2017) taking the
fundoscopic examination as reference detected papilla sta-
sis in 20 (26%) of IH cases, in which they observed ONSD
enlargement (cut-off:0.45) (sensitivity: 90% and specificity:
55%). In their study carried out on 174 patients, Padayachy
et al. (2016) took the intracranial pressure measurement as a
reference and found the cut-off value to be 0.55 when the in-
tracranial pressure at the moment of lumber puncture is be-
low > 20 mmHg (sensitivity:92.2% - specificity: 74%)' 5.

In the case series presented here, it was determined
that, ODE was observed and the level of increase in ONSD
was higher when the cerebral edema was detected by using
fundoscopic and radiologic methods, and that the cerebral
edema can be detected in much earlier phase. It was deter-
mined that, in the period when the clinical symptoms of IH
regressed, the ONSD measurements approached the upper
limit of normal.

Based on the findings obtained in this study, it can be
thought that the ONSD measurement might support the ear-
ly diagnosis, that it is useful in follow-up period, and that
this method is a highly available, affordable and useful, and
may protect the patients from exposure to radiation. In order
to make clearer inferences, more comprehensive studies on
higher number of patients are needed.
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