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Abstract

Hypothesis—A review of the most recent literature will provide clinicians with an update of 

secondary endolymphatic hydrops, aiding in diagnosis and treatment of affected patients.

Background—Secondary endolymphatic hydrops is a pathologic finding of the inner ear 

resulting in episodic vertigo and intermittent hearing loss. It is a finding for which extensive 

research is being performed.

Methods—A review of the most recent literature on secondary endolymphatic hydrops was 

performed using PubMed literature search.

Results—Recent investigation of secondary endolymphatic hydrops has brought attention to 

traumatic and inflammatory insults as causes for secondary endolymphatic hydrops. Such 

etiologies, including post-surgical effects of cochlear implantation and endolymphatic sac 

ablation; otosclerosis and its operative intervention(s); acoustic and mechanical trauma; 

medications; and systemic inflammatory processes, have been determined as causes of secondary 

lymphatic hydrops. Histopathological slides for many of the etiologies of secondary 

endolymphatic hydrops are presented.

Conclusions—Through an understanding of the pathophysiology and etiologies of secondary 

endolymphatic hydrops, clinicians will gain a better understanding of this complex disease 

process, which will aid in treatment of patients with this disease process.

Corresponding Author and Request for Reprints: Huseyin Isildak, MD, The Pennsylvania State University, College of Medicine, 
Department of Surgery, Division of Otolaryngology - Head and Neck Surgery, 500 University Drive, MC H091, Hershey, PA 
17033-0850, Phone: 1 717-531-8946, Fax: 717-531-6160, hisildak@hmc.psu.edu. 

Conflicts of Interest: None

HHS Public Access
Author manuscript
Otol Neurotol. Author manuscript; available in PMC 2018 June 01.

Published in final edited form as:
Otol Neurotol. 2017 June ; 38(5): 774–779. doi:10.1097/MAO.0000000000001377.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

Endolymphatic hydrops; trauma; vestibular disorder; inner ear pathology

INTRODUCTION

Endolymphatic hydrops (EH) is a pathologic finding of distended endolymphatic space by 

and enlargement of endolymphatic volume (1). EH has been associated with episodic vertigo 

and fluctuating hearing loss (2). Various disease processes are associated with findings of 

primary endolymphatic hydrops, including embryopathic process, such as Mondini 

dysplasia; and idiopathic process, such as Meniere’s disease (2).

Traumatic and inflammatory processes may result in secondary endolymphatic hydrops. 

Secondary endolymphatic hydrops (SEH) occurs if the endolymph resorption system results 

from a variety of causes, each of which is induced by either traumatic or inflammatory 

events (2). Other etiologies, including idiopathic versus iatrogenic etiologies, have been 

investigated in the literature, however, exact mechanisms of developing SEH remain under 

debate. Histopathologic findings of EH also does not always correlate with clinical 

symptoms of fluctuating hearing loss and/or vertigo, which further complicates the 

understanding of this process. Either traumatic or inflammatory processes could lead to 

resultant changes in cerebrospinal fluid pressure. Such changes in CSF pressure have been 

proposed as a cause for SEH due to the perilymph being in continuity with the CSF, 

however, the exact pathophysiology of this process is unknown (3).

Recently investigated reasons for SEH include traumatic injury, such as post-operative 

trauma following cochlear implantation (4–6) and stapedectomy for otosclerosis (7); 

ablation of the endolymphatic sac (8,9); and acoustic and mechanical trauma (2). 

Medications, including vasopressin (1,8), have also been associated with development of 

SEH. Medical illnesses, including inflammatory/vascular diseases and cerebrospinal fluid 

pressure changes, have also had reported associations (1,10).

In contrast, delayed endolymphatic hydrops, first described by Nadol et al. in 1975, is 

delayed onset vertigo, typically years in units of time, in the setting of profound 

sensorineural hearing loss (11,12). Causes other than profound deafness have also been 

described, including head injury, history of mumps/measles, prior mastoidectomy, 

labyrinthitis, and/or meningitis, however, symptoms have been reported as late as 20 years 

after the onset (12).

In this article, the aforementioned etiologies will be discussed, along with data regarding the 

pathophysiology underlying these processes. Review of the most recent literature will 

provide clinicians with an update on this topic and aid in their diagnosis and treatment of 

such patients.
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METHODS

A review of the most recent literature on secondary endolymphatic hydrops was performed 

using PubMed literature search. A total of 169 papers were found by using the search term 

“secondary endolymphatic hydrops”, ultimately including 44 relevant papers in this review.

Post-mortem histopathology was reviewed for inclusion in the review. All included 

histopathologic figures are original images and have not been previously published in the 

literature. Of note, post-mortem histopathology of the presented cases compared the affected 

ear to the contralateral ear, allowing the nonaffected ear to act as a control.

RESULTS

Pathophysiology

Endolymphatic hydrops results when the endolymph volume inside the scala media is higher 

than usual (4). This higher endolymph volume results in bowing of Reissner’s membrane 

and the basilar membrane (1). Bowing the Reissner’s membrane and the basilar membrane 

results in bending of stereocilia away from their typical position, thereby decreasing their 

functional sensitivity to sound (13). In cases of persistent endolymphatic hydrops, loss of 

stereocilia and/or synaptic connections may result (14), which may result in permanent 

hearing loss. In some post-mortem temporal bones, pathology has shown rupture of 

Reissner’s membrane and/or basilar membrane as a result of the increased endolymph 

volume, which may also contribute to hearing loss and episodic vertigo (1,15).

Etiology

In regards to secondary endolymphatic hydrops, traumatic injury and inflammation have 

been found to result in similar pathophysiology as described above. Investigations of the 

impact of trauma and inflammation have been performed. Findings from these investigations 

will be presented here based on the etiology of SEH.

a) Post-operative trauma—With the rise in use of cochlear implants (CI), attention has 

been drawn toward the incidence of hearing loss following implantation. Prior studies had 

placed emphasis on hearing loss resulting from traumatic injury and/or inflammatory 

changes at the sensory hair cells, leading to their apoptosis (4). Weeks to months after 

cochlear implantation, some patients may experience decrease in hearing, which has been 

found unexplainable on the basis of traumatic injury and apoptosis of hair cells (16,17).

More recently, endolymphatic hydrops has been seen even up to three months post-

operatively in cochlear implant patients (Figure 1). Secondary endolymphatic hydrops 

following cochlear implantation using conventional CI electrode arrays has been reported in 

42–59% of patients in two recent studies (5,6). Both of these study populations, however, 

where quite small and only included 12 and 17 patients, respectively (5,6).

These results brought into question whether thin, more flexible “hearing preserving” 

electrodes would be less traumatic and, therefore, result in a lower incidence of SEH. A 

recent study by Smeds et al. aimed to investigate the impact of hearing-preserving cochlear 
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implant electrodes on the incidence of SEH (4). Twenty-one adult guinea pigs were used to 

assess the incidence of SEH, with findings revealing findings consistent with SEH within the 

first month after surgery (4). SP/AP ratios were used to track the impact of the CI on 

development of SEH, which resulted in reduced SP/AP levels by 28 days post-operative (4).

Several causes of SEH following CI placement have been proposed. One proposed cause 

includes blockage of the endolymphatic system secondary to the electrode penetrating the 

basilar membrane and causing trauma to the scala media or scala vestibule. This would 

ultimately result in fibrosis of the scala media and decrease outflow of endolymph from the 

cochlea (4). In the Smeds et al. study, however, the scala media was not entered, and this has 

not been found in other prior studies on post-mortem histopathology.

Other proposed mechanisms include cochlear inflammation secondary to the trauma to the 

cochlea with cochlear implantation. With direct cochlear injury, it has been found that post-

capillary venules will increase permeability, allowing for intercellular adhesion molecule-1, 

or ICAM-1, to be expressed in higher number (18–20). Increased expression of ICAM-1 

results in extravasate of leukocytes into the cochlea which causes increased inflammatory 

response (20). Whether this inflammatory response is enough to result in SEH has yet to be 

fully concluded but may certainly explain the late presentation of SEH following cochlear 

implantation.

Reports of SEH following stapedectomy have also been recently published. In a long-term 

review of patient outcomes, patients following stapedectomy for otosclerosis were evaluated 

for their incidence of SEH. Authors used low-frequency sensorineural hearing loss as a 

marker for SEH (7). Histologic specimens of temporal bones from these patients were also 

reviewed. Of note, it is uncertain if SEH was caused by otosclerosis, the surgical 

stapedectomy, or some other factor. The incidence of low-frequency sensorineural hearing 

loss was not found to be a true marker of SEH, however, these patients were found to have 

histologic evidence of SEH when compared to the study’s control group(7) (Figure 2).

Additional studies of patients with otosclerosis even prior to surgical intervention have been 

reviewed. MRI results of patients with otosclerosis have found varying degrees of both 

cochlear and vestibular endolymphatic hydrops in patients with a history of otosclerosis 

(21). Several of these patients had characteristic symptoms of SEH, including rotary vertigo 

and episodic sensorineural hearing loss, however, several patients with characterized severe 

SEH had no true symptoms associated with SEH (21).

b) Endolymphatic sac ablation—Post-operative effects of endolymphatic sac ablation 

have also been a widely investigated cause of SEH (Figure 3). Several studies have been 

performed on guinea pig models to assess the impact of surgical ablation on incidence of 

SEH (22,23). These studies have shown development of mild hydrops within days after 

surgery. Hydrops initially involved membranes of the saccule, endolymphatic sinus, 

Reissner’s membrane, and the utricle; however, over time, this progressed to severely 

distend Reissner’s membrane into scala vestibule within 3–4 months after ablation (22,23).
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More recent studies have investigated the role of aldosterone in causing worsening hydrops 

after endolymphatic sac ablation. In one study, partial ablation of the endolymphatic sac was 

performed in conjunction to giving aldosterone (24). Those who received aldosterone alone 

had slight hydrops as a result, while those who underwent both partial ablation of the 

endolymphatic sac in addition to receiving aldosterone had moderate to severe hydrops (24). 

Such findings have called into question the role of aldosterone in the pathophysiology of 

SEH.

c) Acoustic and mechanical trauma—The impact of acoustic trauma on the incidence 

of SEH has been long investigated. Since Tullio’s study in 1938, in which holes were drilled 

on the semicircular canals of pigeons, it has been noted that symptoms of dizziness, nausea, 

and/or nystagmus can result (25). More recent studies have aimed to further investigate the 

pathophysiology behind this constellation of symptoms, leading to findings of SEH (26). 

Specifically, pressure-striking force, as is seen on the membranous labyrinth following 

firearm sound exposure, has been found to result in SEH (27). Other noise exposure, 

including workplace exposure, typically causes damage to the cochlea secondary to 

metabolic stress rather than specifically damaging the membranous labyrinth and, therefore, 

has not been found to be a cause of SEH (28).

Mechanical trauma had also remained in question as a potential cause of SEH (Figure 4). 

With complaints of vertigo being common after minor head trauma, the duration of such 

symptoms is key in evaluation of such trauma patients. Recent studies have attempted to 

investigate causes of persistent vertigo following head trauma, finding that SEH is a less 

common cause of persistent vertigo (29). Other causes, such as benign paroxysmal 

positional vertigo, unilateral vestibular nerve injury, damage to the utricle and/or saccule, 

and perilymphatic fistula, were found to be more common in this population (29.

d) Effects of medications—Impact of volume-regulating medications has been of 

interest in light of the change in endolymph volume resulting in endolymphatic hydrops. As 

previously mentioned, aldosterone has been investigated for its role in SEH. Other 

medications, including vasopressin (also known as anti-diuretic hormone), have also been 

studied. Vasopressin (V2) receptors are known to be throughout the inner ear tissues, 

including the lateral wall and endolymphatic sac (1). Reports of vasopressin administration 

for one week in animal models have shown dose-dependent increases in endolymphatic 

volume, with average increase in volume by 17% (30).

Other studies with administration of OPC-31260, a V2 receptor antagonist, have resulted in 

decreased endolymphatic volume and, therefore, reversal of endolymphatic hydrops (31). 

Certainly, the V2 receptor plays a role in the inner ear fluid homeostasis and warrants 

additional investigation as a treatment modality for SEH.

e) Medical Etiologies—Other neurologic fluid imbalances, including changes in CSF 

pressure, have been associated with decrease in hearing sensitivity (1). Proposed mechanism 

for this change in hearing sensitivity has been a compensatory mechanism via expansion of 

the endolymphatic space but this has yet to be proven in the literature (32).
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The impact of third window pathology, including large vestibular aqueduct and/or superior 

semicircular canal dehiscence syndromes, has been under recent investigation for their 

impact on perilymphatic pressure. A study by Sone et al. has recently been published, 

revealing varying degrees of endolymphatic hydrops as a result of underlying semicircular 

canal dehiscence (33.) There was, however, one patient with underlying semicircular canal 

dehiscence having no evidence of EH. Patients with large vestibular aqueduct syndrome had 

no specific relationship between severity of their syndrome and that of EH, but these patients 

had overall more severe EH compared to those with semicircular canal dehiscence (33). 

Findings of this study support SEH being a result of third window syndromes in affected 

patients, however, the paucity of other studies on this topic certainly requires further 

investigation of this topic.

Diagnosis of other middle and inner ear pathology has also been described. One case report 

discusses the impact of intracochlear schwannomas resulting in secondary endolymphatic 

hydrops, resulting in symptoms of unilateral tinnitus, vertigo, imbalance, and aural fullness 

(34–38) (Figure 5). Ultimately, such patients present with symptoms of disequilibrium and 

vertigo, which helps to lead to their diagnosis of schwannoma but also endolymphatic 

hydrops as a result (34).

Those with history of sudden deafness have also been described to develop SEH. In one 

study, patients with history of sudden deafness who had developed vertiginous attacks years 

after the onset of their deafness were assessed. These patients typically presented with 

rotational vertigo about 8 years after the onset of their deafness (39). Compared to sudden 

deafness patients without SEH symptoms, those with SEH symptoms had abnormal caloric 

testing more frequently, but other vestibular testing results, such as cVEMP and oVEMP, did 

not differ (39).

Infectious etiologies, including otitis media and labyrinthitis, have been described with 

development of SEH (Figure 6). A recent study analyzing post-mortem human temporal 

bones found a significant increase in endolymphatic hydrops secondary to serous 

labyrinthitis and otitis media (40–42). Intralabyrinthine hemorrhage has also been shown to 

have an increase degree of endolymphatic hydrops in a similar human temporal bone study 

(40–42) (Figure 7). Those with otosyphilis have also been found to have higher rates of SEH 

on temporal bone histopathology (43). It is believed that this is secondary to some change in 

the endolymphatic system, although it is not clear if this change is the same and/or similar to 

that seen in Meniere’s disease (43).

Other medical illnesses, including those resulting in systemic vasculitis and/or inflammation, 

may also result in SEH. A case report of a patient with Cogan’s disease. Cogan’s disease is 

an autoimmune inflammatory disorder, resulting in sensorineural hearing loss, vertigo, and 

interstitial keratitis (44). In this case report, post-mortem temporal bone histopathology 

revealed bilateral endolymphatic hydrops, in addition to findings of necrotic organ of Corti 

and stria vascularis (44). Significant lymphocytic infiltration was found throughout the inner 

ear, bringing into question the role of autoimmune and systemic inflammatory disorders in 

the development of SEH (44).
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CONCLUSION

Secondary endolymphatic hydrops is a disease process associated with episodic vertigo and 

fluctuating hearing loss. Certainly a greater understanding of the underlying etiologies and 

histopathology of SEH is essential to the care of patients with this disease process. More 

recent investigation of this disease process has pointed to traumatic and inflammatory 

causes; however, further investigation is needed to better understand SEH.
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FIG. 1. 
This is a 66-year-old white male with a clinical history of heart attack, occupational noise 

exposure, and left sensorineural hearing loss. He was treated with left cochlear implant (CI). 

Histopathology evaluation of the left ear showed: Simple mastoidectomy cavity, profound 

hydrops (arrows) in all turns of cochlea, saccular (*) and utricular hydrops (**), atrophy of 

stria vascularis (open arrow head) in lower basal turn, and hyalinization and fibrosis around 

electrode insertion site (CI).
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FIG. 2. 
This is a 78-year-old white female with a clinical history of bilateral profound hearing loss, 

as well as left tympanotomy and stapedectomy. She became extremely vertiginous in the 

post-operative period. Histopathologic examination showed: LEFT: stapedectomy, 

otosclerosis, dehiscent carotid artery and facial nerve, and profound saccular hydrops (*), 

decreased ganglion cells (SG).
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FIG. 3. 
This is a 78-year-old female patient with a history of Meniere’s Disease and decreased 

hearing. Histopathologic examination showed otosclerosis, cochlear (arrows) and utricular 

hydrops. Note that otosclerosis blocks the endolymphatic duct.
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FIG. 4. 
This is an 86-year-old male with a clinical history of Meniere’s disease and a Tack 

operation. Histopathology of the ear showed Tack hole seen in stapes footplate, severe 

endolymphatic hydrops, saccule hydropic and ruptured, severe loss ganglion cells, strial 

atrophy, and organ of Corti atrophy.
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FIG. 5. 
This is a 76-year-old black male with a clinical history of dizziness and severe sensorineural 

hearing loss. Histopathologic evaluation of the left ear showed intracanalicular vestibular 

schwannoma (AN), serous labyrinthitis (SE), and cochlear hydrops (arrows).
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FIG. 6. 
This is a 29-year-old white male with a clinical history of Leukemia, dizziness, and left 

severe sensorineural hearing loss. His hearing loss was fluctuant. Histopathologic evaluation 

of the ear showed: hypertrophied middle ear mucosa, fibrous tissues in the posterior side of 

the middle ear, profound endolymphatic hydrops (arrows), severe loss of haircells, and strial 

atrophy (open arrow head).
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FIG. 7. 
This is a 16-year-old white, male with leukemia, dizziness and right hemotympanum. 

Histopathologic examination of the ear showed leukemic hemorrhage in the middle and 

inner ears with cochlear (arrows) and slight saccular hydrops (*).
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