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Abstract

Objective: To explore the pathogenesis of Eustachian tube dysfunction (ETD) in patients with chronic otitis media with effusion

(COME) using middle ear pressure-equilibration testing. Methods: Pressure equilibration testing of ET ventilation function

was carried out in 72 ears which included 51 ears of COME patients with ventilation tube (COME group) and 21 ears of

patients with traumatic tympanic perforation (TP group). According to the results of the test, these ears were further divided

into four types: 1. with both passive and active opening, 2. only with passive opening, 3. only with active opening, 4. without

passive and active opening. Results: 85.7% ears in the TP group had both active and passive ET function while 88.2% ears

in the COME group had ETD. The average frequency of ET opening (P<0.001) and the occurrence rate of pressure rebound

wave (P<0.001) was significantly lower in the COME group, while the mean residual pressure after several swallowing acts

(P<0.001) and the average ET opening duration (P=0.004) was significantly higher in the COME group than in the TP group.

Conclusions: Relatively higher residual pressure, lower effective opening frequency, disappearance of rebound wave and longer

ET opening duration indicate poor ET ventilation function and an abnormal contraction pattern of peritubular muscles of

the ET in patients with COME. Our results show that ETD is prevalent in most patients with COME with various causes.

Therefore, appropriate treatment methods should be adopted to ensure prompt and adequate recovery. Keywords: Eustachian

tube function,pressure-equilibration test,chronic otitis media with effusion

Introduction

Eustachian tube (ET) connects the middle ear (ME) cavity and nasopharynx and has three main physiological
functions: ventilation of the ME, drainage and clearance of secretions produced within the ME and protection
from nasopharyngeal sound pressure and secretions.1 The ET is usually closed under normal circumstances,
opening happens either actively or passively. Passive opening occurs when the ET opens as a result of
increased ME or nasopharyngeal pressure while active ET opening usually happens during swallowing.2 The
ME is an air cavity which is highly susceptible to perturbations in atmospheric pressure and variations in
middle ear pressure(MEP) most often occur due to passive diffusion of nitrogen between the ME and the
nasopharynx.3 When the ventilatory function of the ET is impaired, normal gas transfer between the ME
and nasopharynx is disrupted resulting in negative MEP and transudation of fluid from local capillaries. All
this ultimately leads to otitis media with effusion (OME). In recent years, the incidence of diseases related to
eustachian tube dysfunction(ETD), such as OME and adhesive otitis media has gradually increased. Some
patients may require multiple tympanostomies or other surgical procedures because of chronic or recurrent
OME (COME/ROME). To date, although the pathogenesis of ETD has not been completely elucidated,
it has been suggested that ET ventilatory function could be closely related to the prognosis of COME.4

Therefore, accurate measurement of ET ventilatory function is essential to clarify the role of ETD in COME
so as to formulate interventions and eventually, to be able to predict the efficacy of surgery.

A high-resolution digital manometer was used to perform the modified ME pressure-equilibration test5,6on
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ears with perforated tympanic membranes and those with ventilation tube inserted(VTI). Details of the tests
were recorded to help us find clues to the pathogenesis of ETD. Our primary aims were: 1. to explore the
roles of the two main components of ETD in the formation of COME, i.e., the resistance of ET opening
and the contraction of the peritubular muscle, 2. to study the differences in magnitude and duration of ET
opening between patients with COME and those with tympanic perforation (TP).

Materials and Methods

Subjects

We enrolled two groups of patients from January 2015 to January 2016. The TP group was composed of 20
patients(21 ears) with traumatic tympanic perforation (mean age, 39.6±13.8 years; range, 14 to 65 years;
male/female, 9/11), normal otoscopic findings prior to testing and no significant otologic history. This group
was assumed to be representative of the population with normal ET function. The COME group consisted
of 37 patients (51 ears) with chronic OME (mean age, 41.9±14.6 years; range,12 to 64 years; male/female,
19/18) and a persistent type B tympanogram after conservative treatment for 3 months. These patients
underwent tympanostomy tube placement and the test was carried out on the day following surgery (at this
time the ET most closely resembled its pre-operative state). Patients with craniofacial abnormalities such
as cleft palate, those with a history of radiotherapy following nasopharyngeal tumors and those with acute
upper respiratory tract infection and otorrhea were excluded.

Procedures and ETF testing Measurements

Eustachian tube function (ETF) was measured in each ear using a modified pressure-equilibration test. An
earplug containing two probes was introduced into the ear canal. One probe was connected to a constant
flow pump at a speed of 25ml/min, the other probe was coupled to a high-resolution manometer and data of
MEP was obtained from a computer which showed the MEP-time curve. The ME was inflated and positive
pressure was applied. When the ET spontaneously opened, the pump was manually stopped and air was
discharged through the ET until the latter closed passively. The pressure at which the ET opened passively
was the opening pressure(Po) and the pressure at which it closed passively was the closing pressure(Pc). We
restricted the upper limit of positive pressure to 700 daPa because some patients felt uncomfortable when
the pressure exceeded the above level. If the ET remained closed when the pressure reached the upper limit,
we defined it as negative passive opening function. The active opening function test was then carried out
(Fig. 1),7 the ME was first inflated to +200 daPa following which the patient was instructed to swallow at
least ten times. The residual pressure(Pr) remaining in the ME after swallowing was recorded. The number
of swallows and number of times the ET opened (judged by the appearance of the swallow waveform) were
also noted down. Each time the ET opened, the MEP change was recorded as ΔP and the duration of ET
opening was recorded as Δt (Fig. 2). Next, similar testing was carried out at a MEP of -200 daPa. To
improve accuracy and misjudgment of ET opening, ET opening was only defined when ΔP>3daPa and
Δt<1.5s.8 Patients were classified into four types according to the test results: 1. with both active and
passive ET opening function; 2. with only passive opening function; 3. with only active opening function;
4. without active or passive opening function.

Statistical analysis

Data obtained were statistically analyzed using SPSS version 17.0. Chi-square test, t-test and Mann-Whitney
U test were used to analyse the date, and P<0.05 was considered statistically significant.

Results

A total of 72 ears underwent our testing. These included 21 ears of TP patients and 51 ears of COME patients.
There was no statistical difference in age and gender between the two groups (Table 1). Our results showed
that 85.7% ears of TP patients had active and passive ET opening function while only 11.8% of COME ears
had similar findings; 13.7% ears of COME patients and 4.8% ears of TP subjects had only passive opening
function while 27.5% ears of COME patients and 9.5% ears of TP patients only had active opening function;
47.1% ears of COME patients did not demonstrate both active and passive opening function andnone ears
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of the TP subjects depicted this phenomenon(Table 2). There was a significant difference in both active and
passive ventilation function between the two groups(P<0.001). 85.7% ears in the TP group had both active
and passive ET function while 88.2% ears in the COME group had ETD.

We found 90.5% (19/21) ears with TP whose ETs could be passively opened. The ranges of Po and Pc
were each 215˜480 daPa and 25˜160 daPa and the mean values were 305.1±41.6daPa and 82.1±37.2 daPa
respectively. In the COME ears, only 25.5%(13/51) ETs had passive opening function; the ranges of Po and
Pc were 230˜491daPa and 30˜105daPa, with a mean of 292.5±59.6daPa and 70.5±20.7daPa respectively.
However, no significant differences in Po (P=0.49) and Pc (P=0.27) were found in our test (Table 3).

In the TP group, 95.2% (20/21) ears had active ET opening under positive MEP, and 85.7% (18/21) ETs
could open actively during the negative phase. The ranges of Pr under positive MEP and negative MEP were
0˜50 daPa and -103˜0 daPa. In those patients with active ET opening function, we observed that almost
every swallow could trigger an ET opening (Fig. 3)with the magnitude of each ET opening (ΔP) ranging
from 8 to 85 daPa and the mean ET openings during 10 swallows was 9.1. The waveform after each opening
had very good consistent shape and the mean duration of the ET opening was 0.50±0.13s. While recording
the MEP-time curve, a rebound wave (Fig. 2, Fig. 3) could be seen at the tail of the waveform in 90% (19/21)
ears. In contrast, 39.2%(20/51) ears from the COME group had active ET opening under positiveMEP and
only 7.8% (4/51) ears had passive opening under negativeMEP.The ranges of Pr under positive MEP and
negative MEP were 35˜180 daPa and -192˜-98 daPa respectively. The mean Pr under positive MEP was
much higher in the COME group (99.7±46.1 daPa) than that in the TP group (16.9±16.8 daPa) (P<0.001).
In our tests, we observed that the features of the swallowing waves in COME group performed differently
with the TP group (Fig. 4). Some patients under each swallow could trigger an active ET opening but
the magnitude of each opening was very small (ΔP<8daPa).Among the patients with ET active opening
function, not every swallow resulted in effective opening of the ETor the ET even remained unopened, and
we found the average ET openings in 10 swallows was 3.8 in COME groupwhich was much less in comparison
to those patients in the TP group (P<0.001); in addition, the rebound wave could only be observed in 20%
ears in the COME group which was again significantly less than that in the TP group (P<0.001). The mean
duration of the ET opening was 0.63±0.13s, which was slightly longer than that in the TP group (P=0.004)
(Table 3).

Discussion

The ventilation function of the ET includes active and passive openingwhich are key for the success of ME
surgeries such as tympanoplasty and myringotomy with VTI.4,9,10Its dysfunction can lead to many ME
diseases including COME, atelectasis and cholesteatoma formation.2,11,12 Nasopharyngeal obstructions such
as adenoid hypertrophy, tumor compression and intratubular mucus retention mainly cause passive opening
dysfunction while impaired contraction of the peritubular muscles, i.e., tensor veli palatini (TVP) and levator
veli palatini (LVP) mostly leads to active opening dysfunction.13 The presence of passive opening is a good
indication that the ET is free of obstruction while active opening indicates that the ET can be actively
opened by effective contraction of the peritubular muscles.

In this study, most ears in the TP group had both active and passive ET ventilation function. Only 9.5%(2/21)
ears failed in passive ET opening, 4.7%(1/21) ears could not balance the positive MEP and 14.3%(3/21) could
not balance the negative MEP. Elner and colleagues14 explored the normal ETF in 102 healthy subjects and
found that the ET was forced to open passively in all tested subjects, 5% of subjects could not equilibrate
positive MEP and 7% could not equilibrate negative MEP. The results were comparable to ours and indicated
that a few normal subjects with no ear diseases also had impaired ETF. We speculated these subjects were
more susceptible to otitis media compared to those with good ETFand were thus more likely to develop ME
diseases such as OME in the presence of infection, immunological and other induced factors.15

We evaluated both the active and passive ET ventilation function of 21 ears in the TP group and 51 ears
in the COME group and classified those ears into four categories as mentioned before(Table 2). We found
88.2% ears in the COME group had either active or passive ventilation dysfunction of ET. The possible
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reasons for the ETD included: 1.Decreased contractility of the peritubular muscles in cases where ET could
undergo only passive opening, with testing showing normal ET opening resistance; 2.Increased ET opening
resistance with normal or even enhanced peritubular muscle function in cases where ET could only undergo
active opening; 3. In cases with both active and passive opening failure, there was very high ET opening
resistance which probably exceeded the maximum contractility of the peritubular muscles. So it is necessary
to choose appropriate treatment according to various causes of poor ventilation of the ET. Rehabilitation
of the peritubular muscle should be emphasized in the treatment of muscular abnormalities; and drugs to
reduce mucosal edema, to promote mucus excretion or the use of surfactants are the possible treatment
options to reduce increased ET opening resistance caused by mucosal inflammation.

Po is related to the opening resistance of the ET (mucosal factors, surface tension, viscosity of secretions,
etc.).16When the resistance is increased, a higher positive MEP is needed to open the ET. If the resistance is
greater than the maximum pressure that can be applied to force the ET to open passively, the tube will not
be opened. Pc is assumed to represent the periluminal forces (pressure of the cartilage and other surrounding
tissues, etc.) and is related to the protective function of the ET.17 Our results showed that 90.5% ears in the
TP group had passive ET opening with a Po and Pc range of 215˜480dapa and 25˜160daPa respectively.
This was comparable to the results reported by Takahashi.11 In contrast, only 25.5% of ears in the COME
group had passive ET opening with their Po and Pc range close to that of the TP group. There was a
significant difference in the proportion of the two groups(P<0.05). This indicated that a majority of COME
patients had increased ET opening resistance which resulted in the inability to effectively open the ET.

ET is an elastic tubular structure composed of a mucosacovered lumen, cartilage, peritubular muscles and
soft tissues. The opening of the ET begins at the cartilaginous anterior one-third segment of the ET lying at
the nasopharyngeal orifice. Opening is triggered by contraction of the LVP which then spreads to the isthmus
by contraction of TVP to open the posterior 2/3 of the tube. Tubal closure is brought about by the elastic
recoil of the tube and peritubular tissues and relaxation of LVP and TVP although the direction followed is
opposite to that seen on opening, i.e., closure begins from the tympanic end of the ET and relaxation of the
TVP is followed by that of the LVP.18,19 This mechanism of tubal opening is able to explain the formation
of the rebound wave we observed in our study. The appearance of this wave is assumed to reflect the extent
of opening and the speed of closing. While no relevant literature has reported this phenomenon so far, in our
study, we observed the rebound wave in most TP patients and the appearance of this rebound wave during
swallowing was significantly lower in the COME group in comparison to the TP group (P<0.001, Table3).
Thus, we could speculate that the contraction pattern of the peritubular muscles in COME patients might
be different from normal and healthy subjects. It is a known fact that owing to chronic inflammation of
the ME and ET, COME patients have associated mucosal edema and hyperplasia and narrowing of the ET
lumen. As a result, the peritubular muscles require more effort to open the tube which in turn leads to a
smaller opening. Moreover, since the contractile effort is increased, the peritubular muscles would also have
decreased velocity of contraction and relaxation. Both decreased extent of tubal opening and decelerated
closing thus leaded to the disappearance of the rebound wave.

The level of Pr after swallowing is an indicator of the active pressure equilibrating ability of the ET and many
researchers have graded the ETF according to it.14,20 The higher Pr after several swallows is usually related
to the poor active opening of ET. In our study, we observed that almost every swallow could trigger an ET
opening in the TP group with active ET opening function with post-swallow Pr ranging from 0 to 50 daPa
under positive MEP and -103 to 0 daPa under negative MEP respectively. In the COME group, not every
swallow could open the ET effectively; only 2 ears had a Pr less than 50 daPa when given a positive MEP and
most ears could not open actively under negative MEP. The mean positive-Pr was higher in the COME group
compared to the TP group(P<0.001, Table3). Active opening of the ET is powered by contraction of the
peritubular muscles (TVP, LVP and salpingopharyngeus) during swallowing or yawning.18,21We speculated
the higher Pr in COME patients could be related to the low frequency of ET opening during 10 consecutive
swallows which was 3.8 times compared to9.1 times in the TP group. This phenomenon was also observed by
Van Heerbeck and colleagues,22they found the frequency of ET opening during 10 swallows dropped from 8.4
times to 2.7 times after inducing ET dysfunction in healthy subjects. One explanation for this phenomenon
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is that there is usually more secretions in a diseased ET lumen which accounts for the increased opening
resistance. Consequently, with greater ET opening resistance, more muscular force would be required to open
the ET. Additionally, after each swallow, the opening resistance may vary due to the changeable distribution
of secretions in the lumen; the ET would only open actively under a circumstance where the resistance is
relatively smaller.23 Another explanation is that the peritubular muscles suffer increased fatigue and muscle
contraction abnormalities (e.g., fasciculations, hypercontractility and limited contractility) during successive
deglutition which may cause ET to open not at all or only partially.24

The mean ET opening duration in the TP group was 0.50±0.13s in our study. Mondain25reported a mean
duration of 0.43±0.18s in 120 normal ears using sonotubometry which closely resembles our results. Gaihede8

reported a mean ET opening duration of 0.34s in their pressure-equilibration test, however, there were only
4 healthy subjects included in hisstudy. We observed a significantly longer duration of ET opening in the
COME group than in the TP group(P=0.004,Table 3), Poe and Alper26,27 also observed a longer duration
of opening in patients with ETD compared to normal subjects using slow-motion endoscopy. The reason for
this phenomenon has not been fully understood up till now though decreased contraction and relaxation
speed of the peritubular muscles caused by increased afterload (ET opening resistance) could be the cause.

Conclusion

The relatively higher Pr, lower effective opening frequency, disappearance of rebound wave and longer ET
opening duration indicate poor ET ventilation function and abnormal contraction pattern of peritubular
muscles of ET in COME patients.Most patients with COME have either active or passive ET ventilation
dysfunction due to different causes. Etiological therapy should be adopted to ensure prompt and adequate
recovery.
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