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Cerebrospinal fluid (CSF) shunt related intracranial
hypotension: Ultrasound dynamic test of the optic nerve
sheath diameter (ONSD), a new technique for diagnostic
support

Hipotension intracraneal relacionada con la derivacion de liquido
cefalorraquideo (LCR): Prueba dinamica por ultrasonido del
diametro de la vaina del nervio optico (ONSD), una nueva técnica
de apoyo diagndstico
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Resumen

Introduccion: El sobredrenaje de liquido cefalorraquideo (LCR) es una complicacién conocida de los procedimientos de
derivacion en hidrocefalia, mientras que su fisiopatologia, diagnéstico y conceptos terapéuticos siguen siendo temas de
discusion. En este contexto, la hipotension intracraneal esta bien documentada. La ecografia del diametro de la vaina
del nervio éptico (ONSD) es un procedimiento emergente validado para la hipertensién intracraneal. Recientemente, se
ha propuesto su utilidad diagndstica para pacientes con sindrome de hipotension intracraneal espontdnea. Material y
Método: Presentamos tres casos de cefalea asociada a shunt de LCR donde se sospecha de hipotension intracraneal. La
prueba dinamica por ecografia del diametro de la vaina del nervio éptico, una técnica novedosa y no invasiva, se presenta
como un método complementario para el diagndstico y seguimiento del paciente. En todos los casos se reemplazaron las
valvulas del shunt de LCR, logrando asi la resoluciéon completa de los sintomas y la normalizacién de la prueba dinamica
por ecografia. Conclusion: Aunque se trata de una serie de casos limitada, creemos que la prueba dinamica por ecografia
del ONSD puede ser una técnica util para el diagnéstico y seguimiento del paciente con cefalea relacionada con el shunt
de LCR en la que se sospecha sobredrenaje. Esta serie de casos parece ser el primer informe que evalia la utilidad de la
prueba dinamica por ecografia del ONSD para la evaluacién no invasiva de la cefalea relacionada con el shunt de LCR,
dejando un interesante campo de investigacion en este complejo contexto clinico.

Palabras clave: Sobredrenaje de liquido cefalorraquideo, hipotension intracraneal, ecografia dinamica, diametro de la
vaina del nervio Optico, cefalea relacionada con shunt, evaluacién no invasiva.

Abstract

Introduction: CSF overdrainage is a known complication of hydrocephalus diversion procedures while its physiopathology,
diagnosis and therapeutic concepts are still topic of discussion. In this setting, intracranial hypotension is well documented.
ONSD ultrasound is an emerging procedure validated for intracranial hypertension. Recently, its diagnostic utility has been
proposed for patients with spontaneous intracranial hypotension syndrome. Method and Material: We present three cases
of CSF shunt associated headache where intracranial hypotension is suspected. Ultrasound dynamic test of the optic nerve
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sheath diameter, a novel, non invasive, technique is presented as a complementary method for diagnosis and patient follow-up.
In all cases CSF shunt valves were replaced, thus achieving complete resolution of symptoms and dynamic ultrasound test
normalization. Conclusion: While its a limited case series, we believe that the ultrasound dynamic test of the ONSD can be
a useful technique for diagnosis and patient follow-up for CSF shunt related headache in which overdrainage is suspected.
This case series seems to be the first report that evaluates the utility of the dynamic ultrasound test of the ONSD for non-
invasive evaluation of CSF shunt related headache, leaving an interesting field of research in this complex clinical setting.

Key words: Cerebrospinal fluid overdrainage, intracranial hypotension, dynamic ultrasound, optic nerve sheath diameter,

shunt-related headache, non-invasive evaluation.

Introduction

CSF overdrainage is a known complication of hydrocepha-
lus diversion procedures’. Many theories have been proposed
to explain this entity, which were recently revised by Cheok2.
Nowadays, the most accepted concept is the one related to
“CSF shunt related headache'. In 2008 Rekate described
the slit ventricle syndrome, which is defined as severe, life-
modifying headache in patients with CSF shunts and normal
or smaller than normal ventricles?.

Overdrainage physiopathology is complex and not com-
pletely understood since it is not attributable solely to CSF
drainage as seen in cases where intracranial pressure is
oddly elevated'. This has resulted in multiple attempts for
classification that are difficult to apply in clinical practice®®.

As a common factor, all of them consider CSF hypoten-
sion associated headache as a specific, demonstrable entity
in the setting of dysfunctional CSF shunt valves.

Optic nerve sheath ultrasonography is an emergent non-
invasive technique validated for intracranial hypertension®°
which is standardized and routinely used in our center''. Re-
cently its utility has been proposed for spontaneous intracra-
nial hypotension syndrome diagnosis and patient following'4.

Patients and Methods

We present three consecutive cases in which optic
nerve sheath ultrasonography its used as a diagnostic and
patient follow-up tool in the setting of CSF shunt related
headache.

Ultrasound measurement of ONSD was performed as de-
scribed in literature using a SonoSite® HFL50x Linear Probe
connected to a SonoSite® Edge Il ultrasound machine' 24,
Patient in supine decubitus, preferably with head at 30° with
closed eyes. Apply non-alcoholic ultrasound gel to the trans-
ducer and it is gently positioned on the temporal portion of the
upper eyelid, oriented perpendicular to the vertical axis with
an angulation of about 30°, in the horizontal plane. Placement
and depth are adjusted to view the optic nerve entry into the
globe.

The ONS is projected posteriorly from the optic disc, which
is identified as an hyperechogenic band.

First measurement is made 3 mm behind the globe,
perpendicular to the major axis of the ONS. A second mea-
surement is made perpendicular to the first one, between the
hyperechogenic limits of the ONS, configuring its diameter.
The measurement is repeated 3 times for each eye, consider-
ing as final value the average of them (Figure 1).

Figure 1. Dynamic test of ONSD ultrasound. Modified from Flitcher
etal'.
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Figure 2. A) Average ONSD of 4.4 mm in supine decubitus, without
headache. B) Average ONSD of 3.8 mm in standing position (14%
collapse), after deambulation for 15 minutes, with intense headache.

Figure 3. T1 weighted sequence that shows slit
ventricles and pachymeningeal enhancement in
shunt presence A) Coronal plane y B) Axial plane.

First measurement is done with the patient in supine
decubitus position for at least 30 minutes and in absence of
headache. In the next step the patient stands up and begins
deambulation accompanied by a staff member. Intermediate
measurements in standing position were performed in the
presence of mild headache (VAS < 5) or associated symp-
toms (dizziness, photopsia, and others). A final measurement
was done after 60 minutes or earlier in case of moderate to
severe headache (VAS > 0 = 5).

Case Reports

Case 1

A 13 year old female with a history of tuberculous men-
ingitis associated hydrocephalus treated 5 years ago with
ventriculo-peritoneal (VP) shunt. Evolves with a 2 year recur-
rent progressive headache that interferes with daily living
activities, including social and sports.

She has presented to the emergency department multiple
times in which image study has shown no active hydrocepha-
lus.

The headache is preceded with photopsia as a prodrome
symptom and begins 10 to 30 minutes after physical activities,

currently even after just walking. Initially, the pain is localized
in the occipital area then migrates to bifrontal and resolves
completely at supine position. No nausea/vomiting nor other
neurological symptoms are reported by the patient. Physical
examination is normal, valve refilling is slowed, ocular fundus
shows no papilledema, CT imaging and MRI show slit ven-
tricles, no active hydrocephalus signs, yuxtadural collections
nor meningeal enhancement.

Ultrasound dynamic test of the ONSD was performed:
ONSD is measured in supine position in which the patient is
asymptomatic. When adopting an upright position, photopsia
are referred after 5 minutes and headache starts progres-
sively after deambulation. Ultrasound shows ONSD decrease
greater than 10% at 15 minutes (Figure 2).

Shunt valve is replaced and ONSD ultrasound postural
test is repeated showing no decrease on the fifth postopera-
tive day. At 24 months follow-up, the patient is asymptomatic,
resuming school and sport activities.

Case 2

A 47 year old male with hydrocephalus treated with VP
shunt 20 years ago. Begins 10 years ago with progressive
history of bifrontal headache preceded by dizziness starting
5 minutes after standing up. The headache starts gradu-
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ally 30 minutes after deambulation. Physical examination is
normal, shunt valve refilling is slowed, ocular fundus shows
no papilledema. Brain CT imaging and MRI shows no active
hydrocephalus, slit ventricles and small subdural bilateral
fluid collections and significant pachymeningeal enhancement
(Figure 3), suggesting intracranial hypotension. Ultrasound
dynamic test shows decrease of the ONSD greater than 10%
35 minutes after adopting upright position, associated with
intense headache.

Shunt valve is replaced with complete resolution of symp-
toms and normal ONDS postural test. At 24 month follow-up,
the patient shows no headache but persists with occasional
vertigo.

Case 3

A 33 year old male, history of myelomeningocele and
congenital hydrocephalus treated with surgery during perinatal
period. Last VP shunt replacement 18 years ago. Presents
a 10 year duration headache in the occipital area preceded
by vertigo and tinnitus when standing upright. The headache
has been progressing significantly over the last 2 years to the
point of being disabling after 60 - 90 minutes of standing up-
right. Multiple hospitalizations because of headache, chronic
use of NSAIDS and opioids for pain control.

Neurologic exam shows spastic paraparesis (myelome-
ningocele sequelae), preserved sphincter control. Ocular
fundus shows no papilledema, shunt valve refilling can’t be
evaluated because it's an old device system. Brain CT and
MRI shows no significant change in ventricular size from
previous ones, no active hydrocephalus, significant thicken-
ing of Skull and pachymeningeal enhancement that suggest
intracranial hypotension. Ultrasound dynamic test shows
decrease of the ONSD greater than 10% at 45 minutes with
headache added.

Shunt valve system is replaced achieving complete pos-
tural symptom resolution with persisting mild, non postural,
headache which its probably a rebound effect due to anal-
gesic abuse. Late postoperative ultrasound test shows no
sheath collapse. At 12 months, the patient shows complete
resolution of postural symptoms, persisting in controls due to
a residual component of headache associated with analgesic
abuse.

It's worth noting that in all patients, a decrease in optic
nerve diameter was observed minutes before the headache
started, coinciding with other associated symptoms, but this
decrease was less than 5%. In all 3 patients, a change to an
adjustable valve system (Strata adjustable pressure valve by
medtronic®) was performed. All patients had an acute episode
of headache during the first 24 hrs post-surgery, which com-
pletely resolved when the valve drainage was regulated. In 2
of the 3 patients there was a 4% and 6% increase in ONSD
in decubitus, as well as a discrete increase in ventricular size
compared to preoperative findings. In all patients, the main
symptom of postural headache was resolved.

Discussion

It is estimated that approximately 10% of patients with
CSF shunt systems will present with overdrainage symptoms.
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Through invasive monitoring, Rekate showed intracranial
pressures (ICP) of -25 to -30mmhg in symptomatic patients
during the study of “slit ventricle syndrome”'¢, confirming the
presence of intracranial hypotension. Its clinical behavior is
analogous to post lumbar puncture headache, characterized
by headache that progresses during the day, worsens while
the patient stands or performs activities, and improves rapidly
when lying down in supine position's. It has been associ-
ated with the diagnostic triad: 1) postural headache; 2) small
ventricles on imaging and 3) slow valve filling on palpation,
not being specific for headache due to shunt related CSF
hypotension'2.

The optic nerve ultrasonography is an emergent non-
invasive technique whose clinical utility has been proven
for intracranial hypertension diagnosis®''. Hansen proved
immediate correlation between ICP and ONSD with an
intrathecal infusion test'. Maissan confirmed this correla-
tion in traumatic brain injury'®. In the same way, there are
reports about real time response during lumbar punctures
and ONSD™2' thus successively expanding the clinical
scenarios for its use?.

Although there are previous reports of optic nerve sheath
collapse in MRI, and its usefulness in the diagnosis of spon-
taneous intracranial hypotension (SIH)?22%28 it was until
2011 that Badlrele was the first to report the usefulness of
ultrasound of ONSD in the diagnosis and follow-up of a case
with SIH™.

Fichtner proved the usefulness of the ultrasound of ONSD
in a cohort with three groups of patients diagnosed with SIH:
symptomatic, asymptomatic and a control group. It was shown
that patients with SIH and active postural headache presented
a decrease (collapse) of 10% of the EVNO value, when pass-
ing from horizontal to vertical position, with no significant
difference between the other groups, marking a precedent
for the test.

Continuing his research, Fichtner published in 2018 an
excellent series of patients with SIH syndrome and objecti-
fied active CSF fistula refractory to conservative manage-
ment protocol and requiring surgical resolution, confirming
the usefulness of ultrasound measurement of ONSD for
the diagnosis and follow-up of these patients'. As remark-
able findings of this study it is worth mentioning: 1) In the
post-surgical follow-up, the ONSD in horizontal position
increased significantly (6%) with respect to the preoperative,
which had also been noted by Dubost in patients treated with
blood patch for post puncture headache?; 2) The “collapse”
or postural decrease of the ONSD value when standing up,
disappears in patients with resolution of symptoms. Both
findings are in agreement with those found in our patients.
This suggests that the presence of an active CSF fistula is
necessary for the appearance of clinical symptoms'. There
are studies based on continuous ICP monitoring that showed
decreases up to -25 - -30 mmHg®2°, which can be interpreted
as an anti siphoning system failure. This can be compared to
the presence of an active CSF fistula. In the same line, we
propose that an active overdrainage mechanism in valvular
systems is necessary, which we interpret in 3 phases dur-
ing the performance of the ONSD dynamic ultrasonography
test (Figure 1). First, in the horizontal phase, the patient is
asymptomatic in the absence of activities that trigger CSF



drainage. In a second or prodromal phase, the patient adopts
a vertical position and there is an increase of drainage, which
manifests by photopsia, dizziness or tinnitus, which may
be transitory. At this stage, even without reaching severe
levels of intracranial hypotension, it is possible to observe a
partial decrease in ONSD, which generally does not exceed
5%. Finally, the third or symptomatic stage, persistent CSF
drainage, causes a sufficiently low ICP decrease, character-
istically defined as less than 6 cm H,0%, to generate symp-
toms of intracranial hypotension, which may manifest with
different intensity. We believe that it is at this stage where
a significant decrease in ICP can be objectified with the use
of ONSD ultrasonography, manifested by a collapse greater
than 10% with respect to baseline in the horizontal position.
In the author’s opinion, ONSD ultrasonography could play a
relevant role in patients with CSF shunt systems, allowing to
evaluate the presence of intracranial hypertension or hypoten-
sion. Although there are reports of its usefulness in obstruc-
tive shunt dysfunctions?, this is the first report of the useful-
ness of the EVNO postural test in the noninvasive evaluation
of CSF shunt related headache, opening an interesting field
of development in the management of this complex clinical
scenario.

References

1. Ros B, Iglesias S, Martin A, Carrasco A, Ibafiez G, & Arraez M.
A. (2017). Shunt overdrainage syndrome: Review of the literatu-
re. Neurosurgical Review,41(4), 969-981.

2. Cheok S, Chen J, Lazareff J (2014) The truth and coherence
behind the concept of overdrainage of cerebrospinal fluid in
hydrocephalic patients. Childs Nerv Syst 30(4):599-606.

3. Rekate HL. (2008). Shunt-related headaches: The slit ventricle
syndromes. Childs Nervous System,24(4), 423-430.

4. Olson S (2004) The problematic slit ventricle syndrome. A review
of the literature and proposed algorithm for treatment. Pediatr
Neurosurg 40(6):264-269.

5. Khorasani L, Sikorski CW, Frim DM (2004) Lumbar CSF shun-
ting preferentially drains the cerebral subarachnoid over the
ventricular spaces: implications for the treatment of slit ventricle
sindrome. Pediatr Neurosurg 40(6):270-276.

6. Dubourg J, Javouhey E, Geeraerts T, Messerer M, & Kassai
B. (2011). Ultrasonography of optic nerve sheath diameter for
detection of raised intracranial pressure: A systematic review
and meta-analysis. Intensive Care Medicine,37(7), 1059-1068.

7. Moretti R, & Pizzi B. (2011). Ultrasonography of the optic nerve
in neurocritically ill patients. Acta Anaesthesiologica Scandina-
vica, 55(6), 644-652.

8. Robba C, Santori G, Czosnyka M, Corradi F, Bragazzi N, Pada-
yachy L. Citerio, G. (2018). Optic nerve sheath diameter mea-
sured sonographically as non-invasive estimator of intracranial
pressure: A systematic review and meta-analysis. Intensive Care
Medicine, 44(8), 1284-1294.

9. Ohle R, Mcisaac SM, Woo MY, & Perry JJ. (2015). Sonography
of the Optic Nerve Sheath Diameter for Detection of Raised
Intracranial Pressure Compared to Computed Tomography.
Journal of Ultrasound in Medicine, 34(7), 1285-1294.

10. Lochner P, Fassbender K, Knodel S, Andrejewski A, Lesmeister,
M, Wagenpfeil G. Brigo, F. (2018). B-Mode Transorbital Ultraso-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Articulo Original

nography for the Diagnosis of Idiopathic Intracranial Hyperten-
sion: A Systematic Review and Meta-Analysis. Ultraschall in Der
Medizin - European Journal of Ultrasound.

Garcia Molina J. (2019). Utilidad diagndstica de la ecografia de
vaina de nervio 6ptico (evno), como método no invasivo para la
deteccion de hipertension intracraneal. Estudio prospectivo de
95 mediciones comparado con monitoreo invasivo en Chile. Re-
vista Chilena De Neurocirugia, 45(1), 38-44.

Béauerle J, Gizewski ER., Stockhausen KV, Rosengarten B,
Berghoff M, Grams AE. Nedelmann M. (2011). Sonographic As-
sessment of the Optic Nerve Sheath and Transorbital Monitoring
of Treatment Effects in a Patient with Spontaneous Intracranial
Hypotension: Case Report. Journal of Neuroimaging, 23(2), 237-
239.

Fichtner J, Ulrich CT, Fung C, Kniippel C, Veitweber M, Jilch
A, Beck J. (2015). Management of spontaneous intracranial
hypotension - Transorbital ultrasound as discriminator. Journal
of Neurology, Neurosurgery & Psychiatry,87(6), 650-655.
Fichtner J, Ulrich CT, Fung C, Cipriani D, Gralla J, Piechowiak
El. Beck J. (2018). Sonography of the optic nerve sheath dia-
meter before and after microsurgical closure of a dural CSF
fistula in patients with spontaneous intracranial hypotension - a
consecutive cohort study. Cephalalgia, 033310241879364.
Pudenz RH, Foltz EL. (1991). Hydrocephalus: overdrainage by
ventricular shunts. A review and recommendations. Surg Neurol
35(3): 200-212.

Rekate HL. (1993). Classification of slit-ventricle syndromes
using intracranial pressure monitoring. Pediatr Neurosurg
19(1):15-20.

Hansen H, & Helmke K. (1997). Validation of the optic nerve
sheath response to changing cerebrospinal fluid pressure:
Ultrasound findings during intrathecal infusion tests. Journal of
Neurosurgery, 34-40.

Maissan IM, Dirven PJ, Haitsma IK, Hoeks SE, Gommers D,
& Stolker RJ. (2015). Ultrasonographic measured optic nerve
sheath diameter as an accurate and quick monitor for changes
in intracranial pressure. Journal of Neurosurgery, 743-747.
Chen L, Wang L, Hu Y, Jiang X, Wang Y, & Xing Y. (2018).
Ultrasonic measurement of optic nerve sheath diameter: A non-
invasive surrogate approach for dynamic, real-time evaluation of
intracranial pressure. British Journal of Ophthalmology.

Hassen GW, Al-Juboori M, Koppel B, Akfirat G, & Kalantari H.
(2018). Real time optic nerve sheath diameter measurement
during lumbar puncture. The American Journal of Emergency
Medicine, 36(4).

Singleton J, Dagan A, Edlow JA, & Hoffmann B. (2015). Real-
time optic nerve sheath diameter reduction measured with bed-
side ultrasound after therapeutic lumbar puncture in a patient
with idiopathic intracranial hypertension. The American Journal
of Emergency Medicine, 33(6).

Watanabe A, Horikoshi T, Uchida M, Ishigame K, & Kinouchi H.
(2008). Decreased Diameter of the Optic Nerve Sheath Associa-
ted with CSF Hypovolemia: American Journal of Neuroradiology,
29(5), 863-864.

Rohr A, Jensen U, Riedel C, Baalen AV, Fruehauf M, Bartsch
T, Jansen O. (2010). MR Imaging of the Optic Nerve Sheath in
Patients with Craniospinal Hypotension. American Journal of
Neuroradiology, 31(9), 1752-1757.

Dubost C, Gouez AL, Zetlaoui P, Benhamou D, Mercier F, &
Geeraerts T. (2011). Increase in optic nerve sheath diameter

25



Articulo Original

25.

26.

27.

26

induced by epidural blood patch: A preliminary report. British
Journal of Anaesthesia, 107(4), 627-630.

Headache Classification Committee of the International Heada-
che Society (IHS) The International Classification of Headache
Disorders, 3rd edition. (2018). Cephalalgia,38(1), 1-211.
Lochner P, Czosnyka M, Naldi A, Lyros E, Pelosi P, Mathur S.
Robba C. (2019). Optic nerve sheath diameter: present and
future perspectives for neurologists and critical care physicians.
Neurological Sciences, 40(12), 2447-2457.

Lin SD, Kahne KR, El Sherif A, Mennitt K, Kessler D, Ward MJ,
& Platt SL. (2019). The Use of Ultrasound-Measured Optic Nerve
Sheath Diameter to Predict Ventriculoperitoneal Shunt Failure in
Children. Pediatric emergency care, 35(4), 268-272. https://doi.

28.

20s.

org/10.1097/PEC.0000000000001034

Cipriani D, Rodriguez B, Hani L, Zimmermann R, Fichtner
J, Ulrich CT, Raabe A, Beck J, Z’Graggen WJ. Postural
changes in optic nerve and optic nerve sheath diameters in
postural orthostatic tachycardia syndrome and spontaneous
intracranial hypotension: A cohort study. PLoS One. 2019 Oct
9;14(10):e0223484. doi: 10.1371/journal.pone.0223484. PMID:
31596889; PMCID: PMC6785073.

Saehle T, Eide PK. Intracranial pressure monitoring in pediatric
and adult patients with hydrocephalus and tentative shunt fai-
lure: a single-center experience over 10 years in 146 patients.
J Neurosurg. 2015 May;122(5):1076-86. doi: 10.3171/2014.12.
JNS141029. Epub 2015 Feb 13. PMID: 25679270.


https://doi.org/10.1097/PEC.0000000000001034
https://doi.org/10.1097/PEC.0000000000001034

