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Background.  Neurological complications of tuberculous meningitis (TBM) o�en lead to raised intracranial pressure (ICP) re-
sulting in high morbidity and mortality. Measurement of optic nerve sheath diameter (ONSD) by point-of-care ultrasound may aid 
in the identi�cation of raised ICP in TBM.

Methods.  From June 2017 to December 2019, 107 Vietnamese adults with TBM, enrolled in the ACT HIV or LAST ACT 
trials (NCT03092817, NCT03100786), underwent ONSD ultrasound at �1 of days 0, 3, 7, 14, 21, and day –30 a�er enrollment. 
Demographic data, TBM severity grade, HIV coinfection status, and clinical endpoints by 3�months were recorded. ONSD values 
were correlated with disease severity, baseline brain imaging, cerebrospinal �uid parameters, and clinical endpoints.

Results.  267 ONSD ultrasound scans were performed in 107 participants over the �rst 30�days of treatment, with measurements 
from 0.38�0.74�cm. Paired baseline ONSD and brain imaging were performed in 63 participants. Higher baseline ONSD was associ-
ated with more severe disease and abnormal brain imaging (abnormal imaging 0.55�cm vs 0.50�cm normal imaging, P�=�.01). Baseline 
median ONSD was signi�cantly higher in participants who died by 3�months (0.56�cm [15/72]) versus participants who survived by 
3�months (0.52�cm [57/72]) (P�=�.02). Median ONSD was higher at all follow-up times in participants who died by 3�months.

Conclusions.  Higher ONSD was associated with increased disease severity, brain imaging abnormalities, and increased death by 
3�months. ONSD ultrasound has a potential role as a noninvasive, a�ordable bedside tool for predicting brain pathology and death 
in TBM.
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Tuberculous meningitis (TBM) accounts for 2�5% of all tuber-
culosis (TB) cases. Death results in up to 50% of those with TBM 
[1�4], largely due to severe neurological complications that are 
hard to predict and difficult to manage. Hydrocephalus, brain 
infarcts, and enlarging tuberculomas all contribute to the dev-
astating morbidity and poor outcomes of TBM. These compli-
cations may cause raised intracranial pressure (ICP), which can 
quickly lead to coma and death. Early recognition and manage-
ment of raised ICP are vital in order to minimize intracerebral 
damage and maintain cerebral perfusion.

Invasive intracranial monitoring is the gold standard for 
measuring ICP in brain injury. However, invasive monitoring, 
involving device insertion into the central nervous system 
(CNS), requires specialists in a neurocritical care setting. 
Invasive ICP monitoring is not available to most individuals 
with TBM, who primarily reside in settings with limited health 
resources. Use of minimally or noninvasive methods for raised 
ICP detection is common in brain infection (Table�1). Clinical 
assessment has limitations; monitoring performed a�er neu-
rological deterioration may prove too late in TBM. Lumbar ce-
rebrospinal �uid (CSF) opening pressure or counting CSF drops 
over time are o�en used as surrogate markers of ICP. However, 
pressure may not be evenly distributed throughout subarach-
noid spaces, and few data support a positive correlation be-
tween lumbar CSF opening pressure and ICP [6, 7]. Fundoscopy 
is a low-cost technique used to visualize changes in the optic 
nerve head�papilloedema�that can indicate raised ICP. Yet, 
fundoscopy relies upon operator clinical skill and experience, 
and upon prior pupillary dilation to obtain satisfactory views. 
Importantly, papilloedema does not develop immediately a�er 
ICP elevation, limiting its use in acute monitoring.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/73/9/e3536/6025000 by guest on 11 January 2022



Optic Nerve Sheath Ultrasound in�TBM  �  CID  2021:73  (1 November)  �  e3537

Safe, cheap, and accessible monitoring, with high sensi-
tivity for raised ICP detection, has the potential to enhance 
TBM management globally. �e optic nerve, forming part of 

the CNS, is surrounded by a dural sheath that is distensible 
in its retrobulbar segment when ICP is elevated. Changes 
in optic nerve sheath diameter (ONSD) due to raised ICP 
occur in seconds [8]. Under ultrasound imaging the optic 
nerve appears hypoechogenic, surrounded by echogenic 
pia mater, hypoechogenic subarachnoid space, and then 
hyperechogenic dura mater and periorbital fat. A�distended 
optic nerve sheath suggestive of elevated ICP is shown in 
Figure�1 [9]. Optic nerve sheath diameter ultrasound is safe, 
requires little training [10], and can be performed in less 
than 5 minutes. Studies in healthy individuals suggest that 
ONSD varies by ethnicity [11�16]; however, ONSD does not 
appear to vary with adult age, gender, or body mass index 
[15]; with waistline, head circumference, blood pressure, 

Figure 1.  Distended optic nerve sheath consistent with raised intracranial pressure. Ultrasound images of the right eye are shown with (A) and without (B) descriptive 
labels. The borders of the optic nerve sheath are marked with a dotted line in panel A. In panel C, a diagram illustrates the appearances seen under ultrasound, showing 
how these appearances relate to patient position, CSF spaces (yellow) and optic nerve (blue). ONSD measured 0.3�cm from the posterior border of the globe of the eye was 
0.74�cm. ONSD is measured as the distance inside the dura mater. Abbreviations: CSF, cerebrospinal �uid; ONSD, optic nerve sheath diameter.

Table 1.  Methods for Detecting Raised Intracranial Pressure in 
Tuberculous Meningitis

Noninvasive Invasive

Clinical assessment including GCS Lumbar CSF opening pressure
Fundoscopy Intraventricular catheters 
ONSD ultrasound Intraparenchymal pressure transducers
Transcranial Doppler ultrasound Subarachnoid bolts
Brain imaging (CT or MRI) Epidural transducers

Data from reference [5]. Abbreviations: CSF, cerebrospinal �uid; CT, computed tomog-
raphy; GCS, Glasgow Coma Score; MRI, magnetic resonance imaging; ONSD, optic nerve 
sheath diameter.
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