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Abstract: 
 

Eustachian tube dysfunction (ETD) is a disorder of the eustachian tube to effectively open and close. The 

eustachian tube can infrequently present with abnormalities that lead to irregular pressure equalization. 

ETD can lead to long-term sequelae and has also been linked to some cardiovascular pathologies. 

Currently, the diagnosis of ETD is based on nonspecific symptoms or incidental examination findings. 

There are several treatment options for ETD; however, there is little consensus on definitive treatment, 

which is problematic when conducting case studies for further research. This study aims to determine the 

correlation between states that lead to pressure changes in the ear, leading to long-term effects on the 

eustachian tube. In addition, the paper will be discussing current treatments.  
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I. INTRODUCTION 

 

The Eustachian tube (ET) is a robust tubular 

structure that usually only opens to facilitate the 

middle ear's negative gas pressure. Furthermore, the 

ET prevents the spread of nasopharyngeal 

pathogens travelling from the nose to the ear [1]. 

Eustachian tube dysfunction (ETD) is diagnosed 

when pressures between both ears are not 

appropriately regulated. The two forms of ETD that 

have been categorized are Obstructive ETD (OETD) 

and patulous ETD (PETD). In OETD, the opening 

is reduced, whereas in PETD the ET is extensively 

open [2]. ETD can present with various nonspecific 

symptoms, making it challenging to diagnose the 

root cause. Most ETD cases are diagnosedbased on 

clinical history, ear and nasopharynx exam, and 

routine tests [1]. This paper will be discussing some 
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causes that lead to pressure alterations in the ear, 

along with changes in ear membrane integrity; 

Patients often describe ETD as “ear fullness” which 

is a very unpleasant condition [3]. Other 

nonspecific symptoms of ETD include pain, 

muffled hearing, popping of ears, or tinnitus [4]. 

After the onset of an infectious or inflammatory 

condition; pressure abnormalities between ears can 

occur which lead to discomfort and other symptoms 

[5]. In various cases, the Eustachian tube's epithelial 

lining can become inflamed, leading to a narrowing 

of the ET [5]. Han et al., found that 71.7% of 

patients with chronic otitis media had ETD, while 

ETD was observed in just 34.9% of the control 

group [6]. This study suggested that ETD may be 

associated with middle-ear disease [6].  

which is a very unpleasant condition [3]. Other 

nonspecific symptoms of ETD include pain, 

muffled hearing, popping of ears, or tinnitus [4]. In 

various cases, the Eustachian tube's epithelial lining 

can become inflamed, leading to a narrowing of the 

ET [5]. Han et al., found that 71.7% of patients with 

chronic otitis media had ETD, while ETD was 

observed in just 34.9% of the control group [6]. 

This study suggested that ETD may be associated 

with middle-ear disease [6].  

 

Epidemiology 

There is currently very little research on ETD, 

making it difficult to determine which tests should 

be used to diagnose it. Furthermore, the number of 

reported cases for ETD have not been sufficient to 

have funding. From a recent study conducted by 

Shan et al., a sample of 5620 US adults was taken; 

from which it was found that the overall prevalence 

of adults with ETD in the United States was about 

4.6%, displaying 11 million affected individuals [7]. 

Of the affected, prevalence was higher in older 

male adults and surprisingly lower in Hispanics [7]. 

Also, it was reported that ETD incidence is 

extremely high in patients with cleft palate [5].  

This disproportionality may be because cleft palate 

patients are at higher risk for dysfunctional or 

malformed eustachian tubes. Other risk factors 

include tobacco, smoke, and radiation exposure and 

interestingly with sex not being a factor[5]. Nasal 

septal deviation has also been seen with ETD, 

which was observed in studies where patients could 

not equalize the ear pressure during deep water 

activities. In another study by Yoon et al., it was 

suggested that there might also be a high prevalence 

of ETD in infants because their ET is structurally 

much shorter and more horizontal than in adults. 

The Eustachian tube takes roughly seven years to 

reach adult configuration [8]. In addition, the family 

history of hearing loss was significantly correlated 

with ETD (P<.001), which was noted by Alshehri 

et al. This study by Alshehri et al looked at the 

prevalence of ETD in the Jeddah community in 

Saudi Arabia. The study found that adults between 
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the ages of 19-29 had the highest prevalence in this 

community [9]. Figure 1 illustrates the ear; it shows 

how narrow the area is between the eustachian tube 

is. A slight insult to the membrane integrity can 

cause severe discomfort and a feeling of ear 

fullness.  

 

 

Figure 1: Illustration of the ear.  

 

 

Treatment 

ETD symptoms are commonly seen in all ages and 

often resolve after a couple days. Exercises such as 

swallowing, chewing, or forced exhalation against a 

closed system can equalize pressures and resolve 

the symptoms [7]. However, if symptoms remain, it 

would be ideal to take a different approach with 

treatment. Various non-surgical and surgical 

treatment options aim to improve Eustachian tube 

function [7]. 

Non-surgical management strategies include 

periodic acts of swallowing or yawning. These are 

temporary relief to the pain, but it helps minimize 

the ear's pressure and the feeling of aural fulness. 

Another method may be the Valsalva maneuver that 

helps equalize the middle ear pressure [7]. The 

Valsalva maneuver is accomplished by expiration 

while keeping the mouth and nose closed; this is 

done until ear pressure lessens [7]. Some options 

such as antihistamines and corticosteroids have also 

been used to reduce the nasal congestion and 

inflammation of the ET [7]. Lastly, a drug currently 

being investigated is Simethicone, which is a 

surfactant. This drug has been known to decrease 

flatulence in the GI tract. Studies suggest that 

Simethicone can help breakdown any bubble 

formation that could block the passageway in the 

eustachian tube. 

One of the standard surgical procedures is 

tympanostomy, inserted into a patient's eardrum 

through a small incision. The tube, on average, is 

replaced after 6–9 months. The difficulty with this 

approach is that it increases the chance for 

infections and may even lead to tympanic 

membrane perforation. Also, other possible method 

is the balloon dilatation of the Eustachian tube.  The 

process involves a balloon catheter being placed 

inside the E through the nose. Once inside, the 

balloon aids by keeping the ET open. Balloon 

dilation of the ET has been suggested as a popular 
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treatment. In the study by Cutler et al., a 

randomized control trial validated its efficacy [10]. 

Balloon dilatation is a long-term solution compared 

to medical management. Meyer et al stated, that 

their results do show that balloon dilation has been 

favourable over medical management through 

follow-up’s [10]. The participants examined for 29 

months after balloon dilation showed a large 

decrease in the mean ETDQ-7 score [11]. 

 

Cardiovascular 

Atherosclerosis is a condition where arteries 

transferring oxygenated blood and nutrients from 

the hearts to other parts of the body become stiff 

and thick [12]. Arteries are supposed to be elastic 

and flexible to transfer sufficient blood to the body 

organs. When cholesterol, fats, and other substances 

accumulate on the walls of the arteries, they tend to 

get thick and stiff. As the artery walls thicken, 

blood will be restricted from flowing sufficiently. 

When the condition gets severe, the arteries may 

burst to cause blood clots. Atherosclerosis is not 

just limited to arteries in the heart as it affects 

arteries in different parts of the body. Eustachian 

tube dysfunction is a condition where the mucus 

lining of the tube is inflamed and unable to open 

and normally close [2]. ETD may cause body 

imbalance, reduced hearing, and pain. 

Atherosclerosis is a contributing factor to heart 

attack, affecting blood supply to the ear and can 

easily lead to ETD [13].  

 

In addition, heart failureoccurs when blood 

is hindered from getting to the heart. Blockage 

occurs when arteries feeding the heart are congested 

and hardened by substances such as fats, cholesterol, 

and tobacco consumed by smokers. In severe cases, 

the arteries may rupture, causing blood clots' 

formation and extensive damage to the heart. Some 

of the symptoms observed in a person suffering 

from heart attack include difficulty breathing, 

sweating, fatigue, dizziness, nausea, abdominal pain, 

general body pain and pressure around the chest 

area [14]. The Symptoms and severity of ETD vary 

from one patient to another, It is based on the 

underlying problem. 

The correlation between heart disease and 

ETD, has been found for years. The blood flow has 

an impact on the functioning of the inner ears as 

they are very sensitive to blood flow. Heart diseases 

can cause an accumulation of plaque in the vessels 

and restrict the blood flow, leading to ETD. With 

this plaque, the tube is strained because of reduced 

blood flow leading to ETD. In addition, poor 

circulation of blood due to heart attack can reduce 

oxygen supply, causing damage to the delicate 

nerves in the cochlea, which play an essential part 

in translating sounds into electrical impulses to the 
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brain. David R. Friedlandexplained in one of his 

studies that due to the ear being sensitive to blood 

flow, the first changes in cardiovascular system 

may be seen first in the ears compared to other parts 

of the body [15]. In essence, taking care of 

cardiovascular health may reduce ones risk of 

hearing loss. Research has that impaired heart 

health has a negative impact on hearing as blood 

flow is affected, especially in old adults. This 

requires for increased physical activity and a 

healthy diet to improving cardiovascular health.  

 

In addition, Altitude changes from hiking, 

traveling through mountains, flying on a plane, and 

riding an elevator can lead ETD. This is concerning 

to high and low pressure around the ears, which is 

influenced by altitude changes which can present 

with a difference in pressure on the tympanic 

membrane. Because of the difference in pressure 

due to altitude change, one may feel pressure and 

blockage in the ears. People can experience ETD 

from time to time; however, some people are more 

susceptible to the condition such as the obese, 

smokers, and people with allergies, as they are 

more exposed. Additionally, children are at a 

greater risk of ETD since their Eustachian tubes are 

smaller, making them more prone to trapping 

mucus and germs [2].  

Hypertension is a widespread disease 

and a dynamic risk factor for causing hearing 

loss [16]. This due to underlying 

pathophysiological processes transpiring in 

the cochlea, which is a decrease of the oxygen 

partial pressure [17].  Hypertension is a 

genetic abnormality, which causes many 

effects on the human body. hypertension can 

affect the kidney; in particular, it causes a 

predicament in excreting metabolites such as 

sodium [18]. As a result, the damaged 

natriuretic hormone interrupts inner ear 

potassium recycling [17].  The primary 

purpose of this recycling is to maintain the 

inner ear electrochemical gradients [19]. In 

the cochlea of mammals, there are two kinds 

of gap junctions: the epithelial gap junction 

and the connective tissue gap junction[20].  

These gap junctions, together, create a path by 

which K+ ions travel through sensory cells. 

When these cells re-enter the sensory cells, 

they can be recycled and placed back into the 

endolymphatic sac. They are released into the 

organ of Corti's extracellular space, granting 

them entryway into cochlear supporting cells 

[20]. Disturbance to this crucial mechanism 

results in muffled or impaired hearing [21], a 

main clinical feature of inner ear disease. [2]. 

Furthermore, hypertension has been correlated 

to a decrease in the vascular supply, affecting 
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the stria vascularis directly [16]. The purpose 

of this supply is to enable gas exchange and 

filter out specific compounds. The decrease in 

the supply impairs the mechanism of gas 

exchange [22], which is a primary mechanism 

by which the eustachian tube maintains 

pressure equalization [2]. Moreover, damage 

of the stria vascularis causes a decline in the 

end cochlear potential, which is essential for 

hearing[23]. As a result of the reduced 

potential, the cochlear amplification is 

deemed to be insufficient, and degenerative 

effects occur in the cochlea [23]. The 

physiological features of hypertension cause 

changes to strong electrochemical gradient 

and gas exchange mechanisms in the inner ear 

[17].  

Meniere's disease (MD) is a multi-

factorial and chronic condition affecting the 

vestibular system [24]. The primary cause of 

episodes of MD have been believed to be due 

to abnormal pressure in the inner ear, which a 

disturbance may accompany in ion 

homeostasis. Moreover, both conditions share 

clinical presentations of sensorineural hearing 

loss symptoms, tinnitus, and vertigo [22]. 

Current progression in the epidemiologic 

studies of Meniere's disease has shown 

significant data for cardiovascular risk and 

interest in further studies [25]. A cross-

sectional and retrospective research created 

by Rego et al. looked at 31 Meniere's disease 

patients and their potential cardiovascular risk. 

The parameter set in this study for 

cardiovascular risk focused on excessive BMI, 

and the presence of dyslipidemia, type 2 

diabetes, and hypertension. Findings of the 

study revealed there was an approximately 

2:1 preponderance of females. Further, they 

found, much like how the prevalence of 

Meniere's disease increases with age, the risk 

of cardiovascular in Meniere's disease 

displayed an increase with age. Additionally, 

it was noted that patients who reported having 

had more MD episodes in the last six months, 

had higher cardiovascular risks [24]. 

Meniere's Disease and Eustachian Tube 

Dysfunction have similar pathophysiology 

and clinical presentation [2]. Due to the 

noticeable results of the study done by Rego 

et al., it is a point of curiosity on whether 

cardiovascular risks may also influence the 

prevalence of patients affected by Eustachian 

Tube Dysfunction. Moreover, due to the 

common diagnosis of Eustachian Tube 

Dysfunction [2], if a correlation between the 

two were accurate, it could allow for earlier 

and more informed diagnosis for patients 

worldwide. 
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Ear infections, or known as otitis media 

(OM), are among the most common inflammatory 

disorders in the world. They are most prevalent in 

children under the age of three, however can affect 

any age group. There are three types of Otitis media, 

which are: otitis media with effusion (OME), acute 

otitis media (AOM), and chronic otitis media with 

effusion [26]. The pathophysiological changes in 

AOM and OME will be a focus in this portion. The 

most common contributing bacteria for AOM and 

OME are Streptococcus pneumoniae, Haemophilus 

influenza, and Moraxella catarrhalis [26]. Clinical 

diagnosis can be made when a bulging or full 

tympanic membrane is visualized alongside middle 

ear effusion [27]. OME is more severe- however, 

both conditions share the swelling of the tympanic 

membrane as a clinical symptom. Middle ear 

effusion occurs in AOM as a by-product of bacteria; 

whereas, it occurs in OME due to inflammation 

[26]. Despite being a common symptom, definitive 

pathogenesis of middle ear effusion has not yet 

been determined. Currently, researchers have 

concluded Eustachian Tube Dysfunction to be the 

sole consistent cause of middle ear effusion [28]. 

As Eustachian Tube Dysfunction is a defect in the 

maintenance of ear pressure in the middle ear [2], 

there is a significant link between the disease and 

primary findings of common ear infections. 

 

CONCLUSION 

Eustachian Tube Dysfunction is a difficult 

diagnosis to make because the symptoms are very 

nonspecific. The epidemiology is not understood, 

and much further research needs to be conducted in 

on this topic. EDT has many limitations as it is not 

highly prevalent and may have many different 

etiologies.  Without this knowledge, it is unclear 

whether there are sufficient cases to allow forfuture 

clinical trials to occur. 
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