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circuit” resolves this inherent ambiguity by combining the 
information from the semicircular canals about head rotation with 
otolith information about linear acceleration through VSM. Rotating 
normal subjects at a constant speed around an axis that is tilted 
away from the true vertical (off‑vertical axis rotation) results in 
a sustained horizontal nystagmus. A malfunctioning tilt‑estimator 
circuit resulting from lesions in the vestibulocerebellum makes 
estimates of the direction of gravity that are erroneously biased away 
from true vertical. If the bias is toward the nose, when the head is 
turned to the side while supine, there will be sustained horizontal 
positional nystagmus (apogeotropic type of CPN) because of an 
inappropriate feedback signal indicating that the head is rotating 
when it is not [Figure 2].[5,6]
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Ultrasound‑derived Optic Nerve Sheath Diameter to Eyeball 
Transverse Diameter Ratio in the Diagnosis of Acute Meningitis 

in Adults
Dear Editor,

Ultrasound measurement of optic nerve sheath diameter (ONSD) 
is a rapid and easily obtained bedside surrogate measurement 

for intracranial pressure  (ICP). However, recent studies 
have shown that the ultrasound ONSD/eyeball transverse 
diameter  (ETD) ratio  (USG ONSD–ETD ratio) provides 

Figure 2: Tilt‑translation ambiguity during right lateral head roll in healthy individuals versus those with Nodulus-Uvula (NU)‑vestibulocerebellar lesion. 
b = bias, GIA = gravitoinertial acceleration, g = estimated gravity, RF = rotation feedback, VSM = velocity‑storage mechanism

https://youtu.be/943
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more reliable data than ONSD itself as a marker of raised ICP. 
Data regarding the usefulness of USG ONSD–ETD ratio for 
the prediction of possible acute meningitis in an emergency 
department (ED) setting are lacking. We sought to determine 
whether a USG ONSD–ETD ratio >0.22 (which is a surrogate 
marker of raised ICP) could predict acute meningitis in ED 
before imaging and lumbar punctures. A  prospective study 
was conducted among all patients above the age of 18 years 
presenting to ED with a history of acute severe headache with 
or without fever and clinical features suggestive of a central 
nervous system  (CNS) infection. The study was conducted 
over a period of 1 year from February 2020 to March 2021. An 
USG ONSD–ETD ratio was obtained in these patients before 
they underwent brain imaging (computed tomography [CT]/
magnetic resonance imaging [MRI]) and diagnostic lumbar 
puncture. After a diagnostic lumbar puncture was obtained, 
cerebrospinal fluid  (CSF) data were analyzed. A  total of 
102 patients who presented to ED were included in the study. 
Fifty‑nine patients (57.85%) had an ONSD–ETD ratio >0.22. 
Among these patients, 53 (89.83%) had meningitis confirmed 
by CSF study. False negatives included six patients with 
USG ONSD/ETD >0.22, who showed a normal CSF study. 
There were two false positives  (patients with an ONSD–
ETD ratio  <0.22, who had CSF‑confirmed meningitis). 
The sensitivity of USG ONSD/ETD >0.22, as a marker of 
acute meningitis, was 87.23% (95% CI, 74.25-95.17) and 
specificity was 96.36% (95% CI, 87.47-99.56). The positive 
predictive value for ONSD/ETD >0.22, as a marker of raised 
ICP when a patient is clinically suspected to have meningitis, 
was 95.35% (95% CI, 83.95-98.77). The negative predictive 
value was 89.83% (95% CI, 80.68-94.92). Our study shows 
that ultrasound USG ONSD/ETD ratio  >0.22 has a high 
sensitivity and specificity (87.23% and 96.36%, respectively) 
for diagnosis of acute meningitis in adults presenting with acute 
headache to ED, in whom a CNS infection is suspected. This 
easy bedside tool can be rapidly used to triage and identify 
patients who require admission and further evaluation for CNS 
infections. As papilledema is often a late sign in raised ICP and 
may be absent at the initial presentation, the USG ONSD/ETD 
ratio provides the physician with a cost‑effective, accessible, 
and simple way to exclude a CNS infection. A limitation of 
our study was that CSF opening pressure measurements were 
not obtained. Hence, the cut‑off values of the ONSD–ETD 
ratio which corresponded to a specific ICP could not be 
determined. Further larger studies are needed to validate the 
utility of the USG ONSD/ETD ratio in the rapid diagnosis of 
acute meningitis among ED patients presenting with acute 
severe headaches.

Globally, CNS infections contribute to over 3 million cases 
annually.[1] Headache is a common presenting complaint 
to ED and also a prominent symptom in CNS infection. 
Hence, effective headache triaging in ED is both critical 
and cost‑effective in identifying patients who require further 
evaluation. Noninvasive measurement of raised ICP in ED is 
ideal, but poses challenges in this setting. ONSD measurement 

is a surrogate marker for ICP in conditions like meningitis.[2] 
It is safe, unaffected by patient factors, and can better predict 
prognosis when combined with ETD ratio.[3] We aimed to 
assess the utility of the USG‑ONSD/ETD ratio in patients 
presenting with acute headaches in ED with a clinical suspicion 
of acute meningitis. Papilloedema may not be present at the 
outset in meningoencephalitis, and fundoscopy has limitations 
in the ED setting. Hence, ONSD changes that reflect raised 
ICP and can be easily measured with an ultrasound have 
clinical utility.[4]

This prospective study was conducted in the ED of Aster 
Medcity, Kochi. Patients above the age of 18 years presenting 
to ED with an acute headache with fever or a recent history 
of fever were evaluated. The cut‑off USG ONSD–ETD ratio 
was taken as 0.22, and those with a ratio >0.22 underwent a 
diagnostic lumbar puncture. Patients were examined in the 
supine position with the head elevated to 20°–30° and eyes 
shut, and were asked to suppress any eye movement. A thick 
layer of conductive ultrasound gel was applied over the 
closed upper eyelid. B‑mode ultrasound with a GE LOGIQ 
e portable ultrasound system and a GE 12L RS (5–13 MHz) 
linear probe was performed. The probe was placed gently 
on the gel in the upper eyelid to prevent undue pressure on 
the eye [Figures 1 and 2]. ONSD was defined as the distance 
between the external borders of the hyperechoic area, 3 mm 
posterior to the point where the optic nerve entered the globe, 
measured using an electronic caliper. ETD (retina to retina) was 
defined as the maximal transverse diameter of the eyeball that 
is obtained by scanning from the superior side to the inferior 
side  [Figure  3]. Demographic details, ONSD/ETD ratio in 
each eye, and CSF analysis reports were collected. CSF was 
followed up further for characterization of the etiology of acute 
meningitis. The study was conducted after obtaining clearance 
from the Institutional Ethics Committee and informed consent 
from patients.

The study population included 102 patients, 59 males (57.8%) 
and 43 females (42.2%), between the ages of 18 and 82 years. 
The mean age of men in our study was 44.22 years and that 
of women was 44.07  years. Based on clinical assessment, 
all patients who underwent a CSF study also underwent 
neuroimaging (CT or MRI) before the lumbar puncture. The 
intervention was the measurement of USG ONSD–ETD ratio 
before brain imaging and CSF study. The USG ONSD–ETD 
ratio was >0.22 in 59 of the 102 patients. This included 34 
men and 25 women.

Out of the 102 patients included in the study, 55 patients were 
confirmed to have meningitis or encephalitis based on the 
CSF study (CSF Total count [TC] greater than 10 cells). This 
included 33 men  (40%) and 22 women  (60%). Thirty‑five 
patients had fever (63%) and 20 (27%) were afebrile.

Out of the 59 patients who had ONSD/ETD >0.22, 53 patients 
had meningitis confirmed by the CSF study. Six patients 
with ONSD/ETD >0.22 had a normal CSF study. Whereas 
of 43 patients with ONSD/ETD <0.22, only two (<3.6%) had 
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of ONSD/ETD >0.22 for the diagnosis of acute meningitis was 
87.2% (95% CI, 74.25-95.17) and specificity was 96.4% (95% 
CI, 87.47-99.56). The positive predictive value for ONSD/
ETD >0.22 for the diagnosis of acute meningoencephalitis 
was 95.35% (95% CI, 83.95-98.77). The negative predictive 
value was 89.8% (95% CI, 80.68- 94.92) [Table 2].

Among the 55  patients who had meningitis, nine patients 
with confirmed bacterial meningitis (Klebsiella pneumoniae, 
Escherichia  coli, Streptococcus suis, methicillin‑sensitive 
Staphylococcus  aureus, Serratia marcescens, Burkholderia 
pseudomallei [from culture of biopsy specimen], and Borrelia 
burgdorferi  [by detection of antibodies]), three patients 
with confirmed tuberculous meningitis, one patient with 
viral herpes simplex 2 (HSV2) meningitis, and two patients 
with confirmed fungal meningitis  (Nocardia farcinica and 
Aspergillus fumigatus) had an USG ONSD–ETD ratio >0.22. 
In the remaining 40 meningitis patients, no definite etiology 
was determined. There were also two patients with aseptic 
meningitis in whom the USG ONSD–ETD ratio was <0.22.

Studies have shown the usefulness of  ONSD in 
meningoencephalitis, with an ONSD of over 5 mm indicating 
elevated ICP.[4] However, demographic factors can affect 
ONSD values and this has led to the use of USG ONSD–ETD 
ratio as a better indicator of ICP.[5] This ratio has been validated 
in pathologies such as traumatic brain injury and idiopathic 
intracranial hypertension.[6] We evaluated the utility of USG 
ONSD–ETD ratios in patients presenting to ED with acute 
headaches. We found that a USG ONSD–ETD ratio >0.22 had 
a good sensitivity (96%) and specificity (87%) in  identifying 
acute meningitis. This simple, noninvasive test can rapidly 
identify raised ICP as a surrogate for acute meningitis in 
patients presenting to ED with acute headache, even if they are 
afebrile. This potentially reduces the need for costly imaging 
or invasive procedures like lumbar punctures in low‑resource 
settings. Our study’s limitation is the lack of CSF opening 

Table 2: Sensitivity and specificity of ONSD/ETD >0.22 
for predicting raised ICP in acute meningitis

Statistics Value (%) 95% CI
Sensitivity 87.23 74.26–95.17
Specificity 96.36 87.47–99.56
Positive predictive value 95.35 83.96–98.77
Negative predictive value 89.83 80.68–94.92
CI=Confidence interval, ETD=Eyeball transverse diameter, 
ICP=Intracranial pressure, ONSD=Optic nerve sheath diameter

Table 1: ONSD/ETD measurements in our patients

No meningitis Meningitis Total 
ONSD/ETD

<0.22 41 (87.2%) 2 (3.6%) 43
>0.22 6 (12.8%) 53 (96.4%) 59

Total 47 55 102
ETD=Eyeball transverse diameter, ONSD=Optic nerve sheath diameter

CSF‑confirmed meningitis [Table 1]. The median ONSD in 
the study group with meningitis was 5.5 mm. The sensitivity 

Figure 1: Electronic caliper adjustment for the measurement of optic 
nerve sheath diameter

Figure 3: Measurement of ONSD/ETD. ETD = eyeball transverse diameter, 
ONSD = optic nerve sheath diameter

Figure 2: Ultrasound measurement of ONSD and ETD. ETD = eyeball 
transverse diameter, ONSD = optic nerve sheath diameter
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pressure measurement in all patients, which prevented us from 
determining whether the USG ONSD–ETD ratio corresponded 
to a specific CSF pressure. In conclusion, ultrasound evaluation 
of the orbital ONSD–ETD ratio is an easy and rapid technique 
with a good sensitivity and specificity for triaging patients 
with acute headaches in ED. It can identify patients who need 
further neurologic investigations, potentially reducing costs 
and invasive procedures.
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Pontine Tegmental Cap Dysplasia: A Rare Brainstem 
Malformation Mimicking Hereditary Sensory Autonomic 

Neuropathy
Dear Editor,

Pontine tegmental cap dysplasia (PTCD) is a rare hindbrain 
malformation with heterogeneous clinical manifestations 
and distinctive imaging findings. PTCD is characterized by 
hypoplastic ventral pons with tegmental cap at the dorsal 
pons on magnetic resonance imaging  (MRI) and ectopic 
transverse pontine fibers in the dorsal pons on diffusion tensor 
imaging  (DTI).[1,2] We report a case of PTCD in a young 
child presenting with developmental delay, corneal opacities, 
nonhealing oral ulcers, and sensorineural deafness, with 
absence of sweat and tears, mimicking hereditary sensory 
autonomic neuropathy (HSAN) type II or type III.

A 13‑month‑old girl, first born of consanguineous parentage, 
with smooth perinatal transition presented to us with delay 
in attainment of developmental milestones. At the time of 
presentation, she was able to sit in a tripod position with 
support, babble, and had attained rolling over corresponding 
to a developmental age of 5–6  months. The child was 
excessively irritable in the initial 3 months of life, with an 
episode of unprovoked tonic seizure at 5  months of age. 
From 6  months of age, parents noticed fluffy opacities 
in the eyes  (right followed by left), which progressively 

increased and led to visual impairment. She also had recurrent 
nonhealing oral ulcerations. Eventually, parents also observed 
that the child had poor response to sound, with absence 
of tears and sweat. There was no history of regression of 
previously attained milestones or any associated movement 
abnormalities. There were no ulcers over the extremities or 
self‑mutilation behavior. There was no similar history in 
siblings. On examination, the head circumference was 44 
cm  (‑2 to  ‑3 z‑score, World Health Organization  [WHO]), 
there was corneal clouding in both eyes (left > right), visual 
acuity was 20/400 in the right eye and finger movement 
perception in the left eye, and mucosal ulcers were found on 
the lower lip; also, absent corneal and conjunctival reflex, 
absent sensations over the face, absent menace reflex, and 
absence of response to the sound of bell bilaterally were 
noted. Motor examination showed normal tone, power, and 
preserved reflexes  [Figure 1a and b]. The child had global 
developmental delay and bilateral trigeminal, facial, auditory, 
and autonomic neuropathy. Based on the clinical deficits the 
localization was considered to be at the brainstem or cranial 
nerves, with the possible etiology being HSAN or brainstem 
malformation/tumors. Complete hemogram, lipid profile, 
renal, hepatic, and thyroid function tests, ammonia, and 




