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Introduction

Cochleovestibular disorders (CVD) has 
occasionally been observed in patients with intra-
cranial hypotension (IH). Hearing loss is the 
most frequently described symptoms.1,2 A few 
publications, notify complete CVD associating 
crisis of hearing loss, dizziness, sense of aural 
fullness and tinnitus. That is the classical triad of 
the “Meniere’s like syndrome”.3,4

	 The number of observations seems to indicate 
that their association cannot be simply interpreted 
as a coincidental finding.
	 In addition, links between neurological and 
Cochleovestibular disorders are mentioned, but 
physiopathology cannot be explained yet.5

	 The close relationship between the inner ear fluid 
and the Cerebro-spinal fluid (CSF) has been known 
for years.
	 The hydrostatic pressure in the Endolymphatic 
space and the one in the Perilymphatic space are 
physiologically equal.6

	 Biochemical studies confirmed the similarities 
between the CSF and the Perilymphatic fluid, 

mainly in the Perilymphatic compartment of 
Scala tympani where the fluid is almost the same 
as the CSF, whereas the Endolymphatic fluid and 
the Perilymphatic fluid are radically different (the 
Endolymph is rich in potassium and poor in sodium, 
and vice versa for the Perilymph).7

	 Anatomical dissections show a connection 
between the CSF and the Perilymphatic fluid 
through the cochlear aqueduct.
	 The Björn and Carlborg study on cats in 1983 
suggested a passive pressure transfer between the 
CSF and the inner ear fluids through the Endo-
lymphatic sac for the Endolymph and the cochlear 
aqueduct of the Perilymph.8

	 This was confirmed by the Walsted et al. experi-
mental study on guinea pigs in 1994.9

	 According to F. Veillon, the cochlear aqueduct 
comes from the basal turn of Scala tympani, which 
can be seen on a CT-Scan more easily than on an 
MRI due to the thinness of the structure.10

	 The cochlear aqueduct is not always operational 
in adults, as it can become occluded during child-
hood.11
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initial symptoms, triggers and special context was 
specified.
	 An otoneurologic examination was followed by a 
vestibular examination for spontaneous or induced 
Nystagmus with Videonystagmoscopy.
	 Further investigation to evaluate Cochleovesti-
bular impact was performed with pure tone 
audiometry and videonystagmography (VNG).
	 Hearing loss (HL) was assessed by pure tone 
audiometry (mild Sensorineural hearing loss 
(SNHL): 20-40 dB, moderate: 41-70 dB, severe: 
71-90 dB, profound >90dB).13

	 Vestibular loss was assessed by Videonystag-
mography. An over 25% deficit was considered as 
pathological one (mild deficit: 25-40%, moderate: 
41-70%, severe: 71-99%, total: 100%).
	 Intracranial hypotension’s etiology was investi-
gated by medullary MRI, medullary CT-scan or 
111Indium Cisternography, looking for CSF leaking.14 

	 Symptoms improving was judged on the 
subjective (questioning) and objective (physical 
exam; tone audiometry) criteria.

Results

Results are presented in Table 1 and 2.

Six patients were included in this study; five 
men and one woman, between 36 to 69 years old 
(Average = 52,5 years).

	 It can be supposed that the variations of the 
intracranial CSF pressure could have some reper-
cussions on the inner ear fluid hydrodynamics.
This study observed and analyzed Cochleovesti- 
bular disorders in patients with proven intracranial 
hypotension. We reported six cases of CVD and 
intracranial hypotension and discussed the possible 
mechanisms that may involve in the association of 
these two pathologies.

Case reports

This descriptive, retrospective, analytical and 
Monocentric study was undertaken between 2007 
and 2017 with patients who had proved intracranial 
hypotension associated with Cochleovestibular 
disorders.
	 The patients that were seen between 2007 and 
2017 with IH, associated with CVD were included.
	 Each patient presented an Orthostatic headache 
(increased in supine position), MRI abnormalities 
signing IH (Pachimeningitis with thickening of the 
meninges and contrast enhancement after Gado-
linium injection)12 (Figure 1) and CVD intensive 
enough to require a specialized consulting.
	 Patients who did not have Cochleovestibular 
disorders were excluded.
	 Detailed questioning was performed in order to get 
a clear description of the dizziness associated with 
cochlear signs, the medical history, the treatment 
and information about intracranial hypotension 
(symptoms, etiology, and management). The 

Figure 1
Cerebral MRI: pachimeningitis (thickening of the meninges and contrast enhancement. Sub-dural hematoma
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	 Patient 2 had dizziness similar to a persistent 
drunkenness. There were no cochlear disorders.
	 Patient 6 complained of rotational and positional 
dizziness, increased when standing, with a both-
sided sense of aural fullness, hyperacusis, and 
tinnitus.
	 The duration of the symptoms varied from a few 
days (patients 1, 5) to 10 months.
	 There was no otological history except one case 
of pre-existent noise-induced tinnitus (patient 4).

Context

Each patient had a specific context of spinal 
pathology: road accident (bike fall) two months 
before the beginning of the symptoms, with head and 
back injuries (patient 1); heavy loads carrying for 
work (patients 2,4,5); cranial trauma a few months 
before the beginning of symptoms (patient 4); 
spinal surgery (L4-L5 vertebra Discectomy) a few 
years before (patient 3); L4-L5 lumbar infiltration 

Questioning: functional signs (Table 2)

Three patients (50%) complained about hearing lost 
and dizziness (HL alone: 17% (1 patient); dizziness 
alone: 17% (1 patient)).
	 Four patients (67%) complained about the sense 
of aural fullness, three with HL and one without 
HL.
	 Three patients (50%) described Cochleovestibular 
signs coming by the crisis of several hours: patients 
3, 4 and 5 had big rotational dizziness sudden onset, 
without prodrome or triggers.
	 Patient 3, associated hearing loss and asymmetric 
on two-sided tinnitus, mostly on the right side.
	 Patients 4 and 5 associated a sense of aural 
fullness, hyperacusis, and tinnitus. They were both-
sided symptoms.
	 Patient 1 had left side SNHL with the sensation 
of aural fullness and ipsilateral tinnitus. There was 
no dizziness.

PatienPatientt 1 2 3 4 5 6

Age 47 40 65 58 69 36

Sex M M W M M M

CSF leak X X X

Complication of CSF leak X X X

Medical treatment X X X X X X

Epidural blood-patch X X X X X

Initial resolution X X X X X X

Recurrence X X X

Table 1
Patients and management (M : Man ; W : Woman)

Table 2
Cochleovestibular symptoms

Patient 1 2 3 4 5 6

Subjective Hearing loss X X X X

Aural fullness X X X X

Tinnitus X X X

Dizziness X X X X X

Spontaneous nystagmus

Provoked nystagmus X

Abnormal tone audiometry X X X X X

Abnormal VNG X X
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Further investigation of intracranial hypotension 
(Table 1)

The CSF leaking was confirmed and localized in 
50%; by medullary CT-scan (patient 1, D12 level) 
(Figure 2); by medullary MRI (patient 3, L4-L5 
level); by 111Indium Cysternography (patient 4, 
C6-C7 and D1-D2 levels) and clinically patent in 
one case (immediately following a lumbar puncture, 
patient 6).

Management of IH (Table 1)

All patients were treated by Decubitus, intravenous 
caffeine and Hydroxyethylamidon (Voluven) in the 
department of neurology. Five patients (patients 1, 
3, 4, 5, 6) rapidly benefited from an epidural blood-
patch because of the persistence and the severity of 
the symptoms after medical treatment.

Evolution (Table 1)

Initial resolution of all symptoms occurred in 100% 
a few days after the treatment (1 to 10 days), except 
tinnitus that persisted for patient 6.
	 Recurrence of both neurological and Cochleo-
vestibular symptoms occurred in three cases (50%). 
A second treatment had to be done: patient 1 treated 
with Fibrin glue patch (Tissucol); patients 4 and 5 
treated with a second blood patch.

three days before the beginning of neurologic and 
Cochleovestibular symptoms (patient 6).

Clinical evaluation and further investigation (Table 
2)

The time between the beginning of the symptoms 
and the ORL examination varied from a few days 
to months (Average = 82,5 days).
	 It should be noted that patient 1 consulted at first 
in ENT for Cochleovestibular disorders which were 
more important than neurologic symptoms.
	 The ENT clinical examination could not be 
performed during the crisis, but in the Intercritic 
period. It was normal for five patients.
	 Tone audiometry was pathological for four 
patients (67%).
	 VNG was not done during a crisis. Just one was 
pathologic.
	 Patient 1 had a normal clinical examination. The 
audiogram showed a mild left-side sensorineural 
hearing loss (-30dB) in low frequencies. Weber test 
was right sided.
	 Patient 2 had a normal clinical examination and 
normal audiogram. Weber test no sided. VNG found 
left side Hypovalence (46%) and left preponderance 
of the Nystagmus (4,4°/sec).
	 Patient 3 had a left side positioning on Nystagmus 
with left Dix-Hallpikes Test and Head Shaking Test. 
Audiogram confirmed Sensorineural, medium, 
asymmetric both-sided deafness, -60dB and -40dB 
for right and left side respectively. Weber test left 
sided. VNG found a left preponderance of the 
Nystagmus (3,4°/sec) without Hypovalence.
	 Patient 4 had a normal physical examination. 
Audiogram showed Presbycusis. Weber test no 
sided.
	 The audiogram showed mild, asymmetric both-
sided, sensorineural hearing loss (-20dB and -30dB 
for right and left side respectively). Weber test was 
right sided. VNG was not pathologic.
Patient 6 had a normal clinical examination and 
normal further investigation.

IH Complications (Table 1)

Three patients (patients 1, 4, 5) had an intracranial 
hypotension complication like a subdural 
hematoma (Figure 1), including one who needs 
surgery (patient 1).

Figure 2
Medullary CTscan: right D12 meningeal breach
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	 The perilymphatic duct (cochlear aqueduct) seems 
to be important for this specific physiopathology 
because it is the way connecting the sub-arachnoid 
space with the scala tympani of the cochlea.
	 Björn et al. Experimental studies have already 
expanded on this idea.8

	 The inner ear pressure is more and more measured 
with tests like impedance meters, provoked oto-
acoustic emissions or Electrocochleography.
	 These tests are able to objectively Endolabyrinthic 
pressure disorders and are actually recommended 
by the French ENT Society to bring new elements 
for diagnosis.
	 Inner ear MRI is essential for further investigation 
because the saccule measurement can determine 
“Radiologic Hydrops”, seen by saccular dilation.20

	 In this study, patients did not receive MRI of the 
inner ear or objective measurement tests. This can 
be considered as one of the limitations of the study.

Another Physiopathologic hypothesis can poten-
tially explain the symptoms

Cochleovestibular  nerve stretching in the internal 
acoustic Meatus secondary to brainstem movement 
or venous dilation.21,22

Clinical presentation

In the cases presented here, it is possible to find 
“Meniere’s syndrome” with the associated classical 
triad: dizziness or drunkenness sensation, hearing 
loss with a sense of aural fullness and tinnitus 
“Meniere’s like syndrome” that involves three 
symptoms occurring by the crisis:
	 Rotational dizziness, hearing loss with senses of 
aural fullness and tinnitus on the affected side. It 
comes at any time and can last between 30 minutes 
to 12 hours.23

	 Between crisis, patients have no symptoms 
and clinical exams are normal. Lesser forms are 
described, with just one or two of three symptoms, 
making CVD secondary to pressure disorders 
difficult for diagnosing.
	 Cochleovestibular disorders are subjective 
symptoms: 
Hearing loss, aural fullness, tinnitus or dizziness 
can subjectively vary in significant level. 
	 Therefore, a diagnosis of Cochleovestibular 
disorders requires a very precise questioning, the 
most important time of the clinical examination.

Discussion

The association of IH and CVD can probably not be 
simply interpreted as a coincidental finding:

Hearing loss is frequently described, especially 
in the case of Cerebro-spinal fluid (CSF) leakage 
secondary to lumbar puncture.1,2 Affecting the lower 
frequencies (125 Hz to 1000 Hz), this SNHL is 
typical of inner ear pressure disease like Meniere’s 
disease.
	 However, vestibular symptoms are rarely asso-
ciated with intracranial Hypotension. We observed 
six patients with intracranial Hypotension and 
Cochleovestibular disorders (CVD) mimicking a 
Meniere’s disease.
	 At our knowledge, the study of Choi 2015 is the 
only one which describes a large series (16 cases) 
of Cochleovestibular disorders in patients affected 
by intracranial Hypotension.15 Looking for CVD in 
the patients who are affected by IH and treated in 
a neurology department, the authors found 65% of 
concomitant symptoms.
	 Moreover, the intracranial Hypotension treatment 
leads to the resolution of the Cochleovestibular 
disorders at the same time more than the neurologic 
disorders.16,17

	 The parallelism of the evolution of the symptoms 
suggests a common etiology.

Hydrodynamics of  the inner ear and CSF fluids

The evolution of symptoms suggests that CVD is 
secondary to the CSF leakage and possibly to the 
change in pressure in the labyrinthine compartments 
(relative hyperpressure of the Endolymphatic space 
of the inner ear).
	 The association of concomitant symptoms of IH 
and CVD leads to suggest a physical relationship 
between the CSF leak and an Endolymphatic relative 
of Hyperpressure (compared the Perilymphatic and 
intracranial pressure).
	 A few Physiopathologic hypotheses are described 
in the literature to explain Cochleovestibular 
disorders secondary to intracranial hypotension.
	 The current hypothesis for explaining “Meniere’s 
like syndrome” is as follows:
	 The CSF leakage so the CSF pressure decrease 
could generate Perilymph pressure decrease 
and consequently a relative hyperpressure of 
Endolymphatic space without volume increase.18,19
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symptoms of definite Meniere’s disease and endolymphatic 

	 It can explain the low number of people in 
our study: just people who have consulted in 
Otorhinolaryngology have been included. So, it 
has to be very embarrassed by these symptoms, to 
consult a medical specialist.
	 The physical examination is quite poor and 
not very Contributive because it is not performed 
during a Hydrops attack.
	 Audiometry and VNG could lead to the initial 
diagnosis or to the diagnosis of recurrence. 
	 A pure tone audiometry showing low-frequency 
Sensorineural hearing loss would rather suggest an 
inner ear pressure disorder (presented by 4 of the 6 
patients in our study).23 The vestibular deficit seems 
to be more rapidly variable and not very specific 
(17% in our study, 0% in Choy et al).15

	 The ability of the Audiometrical and Vestibulo-
metrical deficits and the need for a thorough 
questioning about medical and traumatic history, 
searching subtle otological signs, could explain the 
lack of data in the literature.

Possible interest during the follow-up of IH after 
CSF leak treatment by blood patch

Recurrences are frequent after treatment of IH by 
blood patch (between 1 to 28%). It occurs in a few 
months after epidural blood-patch treatment.24,25 The 
association of hearing loss and dizziness in case of 
a headache could be a simple way to differentiate 
IH recurrence of other potential causes of headache.

Conclusion

	 The Cochleovestibular disorders in Intracranial 
Hypotension seem to be correlated to the importance 
of the CSF leak and to the intracranial pressure. 
They are probably frequent, underestimated, and 
may be easily and precisely evaluated by pure tone 
audiometry. This could be a simple way to diagnose 
early the CSF leak recurrences.
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