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Introduction
Increased intracranial pressure (ICP) is a pathological state found in numerous 

neurologic conditions. Hydrocephalus is one common cause of increased ICP, 
resulting in ventriculomegaly from excess accumulation of cerebro-spinal fluid 
(CSF) fluid in the brain.

A recent classification system called the “Multi-categorical Hydrocephalus 
Classification” (Mc HC) was recently developed to comprehensively cover 
all aspects of hydrocephalus1, including: onset, cause, underlying lesion, 
symptomatology, pathophysiology, (CSF circulation and ICP dynamics), 
chronology, post shunt, post-endoscopic third ventriculostomy, and others.

Normal CSF regulation can be understood by the Monroe-Kellie doctrine, 
which states that for pressure to remain stable in a container of fixed volume 
such as the skull, an increase in volume in one intracranial compartment must 
coincide with a reduction in volume in another compartment2. The CSF volume 
can be reduced through displacement into the foramen magnum into the spinal 
subarachnoid space, or through an increase in CSF absorptive capacities2. When 
the pressure exceeds the compensatory mechanisms of the body, increased ICP 
develops.

In hydrocephalus, elevated ICP results in ventriculomegaly, which can 
result in serious complications, including: irreversible ischaemic injury to the 
brain parenchyma, epileptic convulsions (as a predictor of future intellectual 
impairment3) and potential brain herniation. In Infant hydrocephalus with their 
unfused cranial bones, they develop a full fontanelle and a head circumference 
crossing percentile lines4. Additionally, parents may notice bulging of the scalp 
veins, or puffiness around the eyes/sunset eyes5. Untreated hydrocephalus may 
result in respiratory arrest, coma and ultimately death.

The principal mechanisms by which elevated ICP lead to death include6: 
•	 Global	hypoxic-ischaemic	injury	resulting	from	reduced	Cerebral	Perfusion	

Pressure	(CPP)	and	blood	flow.
•	 Mechanical	compression	of	brain	parenchyma	from	intracranial	mass	effect	

and compartmentalisation. 
Current clinical predictors of elevated ICP

Current common clinical indicators of elevated ICP include: headache, 
dizziness, loss of consciousness, altered mental state, amnesia, memory loss, 
nausea, vomiting, weakness or decreased sensation of extremities, and speech or 
swallowing difficulties7. Pressure effect on the oculomotor nerve resulting in a 
dilated, non-reactive pupil and deterioration of mental status are both late signs, 
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and, indicate progressive ICP7. Atypical clinical indicators of ICP secondary 
to an occluded ventriculo-peritoneal (VP) shunt include: seizures, abdominal 
pseudocysts, syringomyelia, cranial nerve palsies and hemiparesis8. Parkinsonian-
like rigidity, visual failure and developmental delay have also been documented9. 
Although mentioned in the literature, hearing loss and audiologic changes 
secondary to raised ICP are not conventionally considered as a clinical predictor 
of elevated ICP. 
Aetiology

Despite limited research conducted on this topic, some hypotheses as to how 
the audiologic findings develop include:
1. Elevated ICP resulting in sensorineural hearing loss (SNHL) from transmission 

of CSF through the cochlear aqueduct10, 11.
•	 Tandon	et	al	hypothesized	that	increased	ICP	can	be	transmitted	to	perilymph	

via the cochlear aqueduct, which can result in a perilymphatic hydrops11 
2. Elevated ICP resulting in conductive hearing loss (CHL) from transmission of 

CSF through the cochlear aqueduct
•	 Similarly	 to	 the	aforementioned	hypothesis,	with	 the	 resulting	CSF	pressure	

dampening the movement of the footplate of the stapes and the round window, 
resulting in a CHL12

3. Direct compression of the VIIIth cranial nerve.
Can reduced ICP be detected by audiometric changes?

Ongoing research regarding the antithesis to this chapter has found 
that reduced ICP can also be detected by audiometric changes. The exact 
pathophysiology causing the SNHL is largely unknown13, but a low frequency 
SNHL has been documented in the literature subsequent to the following 
procedures: lumbar puncture14, myelography14, and spinal anaesthesia15.
Recent research developments

Recently published case studies have reported patients with an initial 
sensorineural hearing loss diagnosed concurrently with elevated ICP, and a 
resolution of that SNHL after normalization of ICP.

A case report conducted in 2009 at the Sydney Children’s Hospital presented 
a 13 year old boy with bilateral hearing loss16. He was initially diagnosed with 
AOM, but the hearing loss persisted after AOM had resolved. He then developed 
daily, bifrontal headaches. On examination, he had a head circumference 
>97th percentile for his age; a cranial nerve examination revealed the hearing 
impairment and mild right sided papilloedema. Audiology revealed a severe right 
sided, and moderately severe left sided SNHL, with good concordance 2 weeks 
later. MRI showed dilated lateral ventricles, with no fluid in the middle ear, and 
a structurally normal inner ear. 2 days post-operative VP shunt insertion, hearing 
had normalised in the left ear, and mild SNHL remained in the right ear.

Formal audiology testing at 2 months and 3 years post-operatively revealed 
normal hearing bilaterally.

Another case report more recently published in 2012 presented a 14 year old 
previously healthy girl with tinnitus, right aural fullness and headaches10. Audiology 
revealed bilateral low frequency SNHL. After undergoing a ventriculostomy 



285    XI IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY!

without a VP shunt, she was noted to have resolution of her hearing loss at 2 
months follow up.

A case report published in 1995 found a 24 year old lady with raised ICP to 
have a mild conductive hearing loss across all frequencies. After diagnostic and 
therapeutic lumbar puncture, formal audiology revealed complete resolution of 
the CHL12.

The authors of this chapter are currently undertaking a retrospective audit 
of children aged 0-16 years with known VP shunts, with the objectives of the  
study being: 
1. To analyse the audiology records of children with obstructed VP-shunt treated 

hydrocephalus
2. To determine the prevalence of high frequency SNHL at the time of shunt 

occlusion
3. To assess the likelihood of reversibility of the SNHL post revision 

ventriculostomy.

Future direction and recommendations
Current clinical practice does not take into consideration audiologic changes 

as a clinical predictor of impending hydrocephalus or VP shunt obstruction. 
Given the hearing loss from raised ICP can vary from mild to severe, and that 
the prevalence of hearing loss in the normal population is high, this simple and 
important clinical sign may be under recognized and under utilised12. 

The aforementioned case studies highlight the need for more frequent 
investigations by means of periodic audiologic testing in patients with VP shunts 
or suspected elevated ICP; this may be an early and sensitive guide to aid in the 
diagnosis of elevated ICP, and is considered worthwhile by the authors. 

Prospective studies should be conducted using objective audiology (ABR, 
OAE) and PTA, to monitor the hearing of patients with VP shunts, as well 
as anyone at risk of elevated ICP. This study should have exclusion criteria 
for any potential confounding factors that may contribute to audiometric 
changes, including middle ear effusion, treatment with chemotherapy and  
ototoxic antibiotics.
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