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Radiographic Mastoid and Middle Ear Effusions in
Intensive Care Unit Subjects

Phillip Huyett MD, Yael Raz MD, Barry E Hirsch MD, and Andrew A McCall MD

BACKGROUND: This study was conducted to determine the incidence of and risk factors associ-
ated with the development of radiographic mastoid and middle ear effusions (ME/MEE) in ICU
patients. METHODS: Head computed tomography or magnetic resonance images of 300 subjects
admitted to the University of Pittsburgh Medical Center neurologic ICU from April 2013 through
April 2014 were retrospectively reviewed. Images were reviewed for absent, partial, or complete
opacification of the mastoid air cells and middle ear space. Exclusion criteria were temporal bone
or facial fractures, transmastoid surgery, prior sinus or skull base surgery, history of sinonasal
malignancy, ICU admission < 3 days or inadequate imaging. RESULTS: At the time of admission,
3.7% of subjects had radiographic evidence of ME/MEE; 10.3% (n = 31) of subjects subsequently
developed new or worsening ME/MEE during their ICU stay. ME/MEE was a late finding and was
found to be most prevalent in subjects with a prolonged stay (P < .001). Variables associated with
ME/MEE included younger age, the use of antibiotics, and development of radiographic sinus
opacification. The proportion of subjects with ME/MEE was significantly higher in the presence of
an endotracheal tube (22.7% vs 0.6%, P < .001) or a nasogastric tube (21.4% vs 0.6%, P < .001).
CONCLUSIONS: Radiographic ME/MEE was identified in 10.3% of ICU subjects and should be
considered especially in patients with prolonged stay, presence of an endotracheal tube or naso-
gastric tube, and concomitant sinusitis. ME/MEE is a potential source of fever and sensory im-
pairment that may contribute to delirium and perceived depressed consciousness in ICU patients.
Key words: nosocomial infections; mastoid effusion; middle ear space effusion; intensive care unit;
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Introduction

Otitis media with effusion or a middle ear effusion (MEE)
most often represents the accumulation of transudate in
response to negative pressure and/or inflammation within
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the middle ear space.! Mastoid effusions (ME) occur in
conjunction with MEE, because the 2 spaces are continu-
ous with one another. Unlike MEE, ME are not detected
on clinical exam but are readily noted on imaging. The
most common sequelae of ME/MEE are related conduc-
tive hearing loss and the progression to acute otitis media.

Because of the orientation, length, and function of the
Eustachian tube, MEE and acute otitis media are excep-
tionally common findings in children but are rare in adults
and should prompt concern regarding disorders of the nose,
nasopharynx, or ear itself. In the general pediatric popu-
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lation, 12-27.1% of patients are incidentally noted to have
ME or MEE on magnetic resonance imaging (MRI) per-
formed for nonotologic reasons.?* In contrast, one study
of 100 adults undergoing MRI for neurologic indications
found that only 1% of subjects had otitis media with ef-
fusion.>

Previous studies have suggested that the ICU population
represents a subgroup of adults who are at increased risk
of MEE.®1° Proposed mechanisms have included supine
positioning, depressed level of consciousness and presence
of foreign bodies such as nasogastric tubes. Given the
frequency with which the ICU population undergoes im-
aging, review of available head computed tomography (CT)
and MRI offers the opportunity to incidentally diagnose
acute otitis media or ME/MEE.!" To our knowledge,
no study has examined the radiographic incidence of
ME/MEE in the ICU population.

Although other nosocomial infections, such as ventila-
tor-associated pneumonia and urinary tract and central line-
associated bloodstream infections, appropriately draw more
attention in the critical care literature, acute otitis media is
a potential, albeit uncommon, cause of fever in the ICU
patient.'2!3 This patient population is probably more sus-
ceptible to complications related to acute otitis media given
that the infection is prone to go unrecognized.

Benign MEE, on the other hand, can cause hearing loss
that may contribute to delirium or perceived lesser con-
sciousness by the medical care team.'* Addressing this
modifiable cause of sensory impairment can greatly ben-
efit the patient. Thus, it is important for the otolaryngol-
ogist and critical care physician to have an appreciation for
the radiographic findings of the ear in the ICU patient. The
objective of this study, therefore, was to determine the
incidence of and risk factors associated with the develop-
ment of ME/MEE among a large cohort of ICU subjects.

Methods

The clinical and radiographic data on 300 subjects ad-
mitted to the neurologic ICU at University of Pittsburgh
Medical Center Presbyterian Hospital between April 18,
2013 and April 18, 2014 were retrospectively reviewed.
The University of Pittsburgh Institutional Review Board
approved the study. Subjects who underwent a head CT
scan or MRI at the time of admission and at least one other
point within the first 14 d of their ICU stay were included.
Patients with temporal bone or facial fractures, transmas-
toid surgery, prior sinus or skull base surgery, sinonasal
malignancy, an ICU stay of < 2 nights (3 d), or an in-
patient admission within 3 weeks leading up to the ICU
stay were excluded.

Absent, partial (some aeration of the mastoid and mid-
dle ear spaces), or complete (no aeration) ME/MEE on
imaging was determined on head CT or MRI. The para-
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Current knowledge

Although mastoid and middle ear effusions are uncom-
mon in the general adult population, the ICU popula-
tion may represent a unique patient cohort at increased
risk of developing mastoid and middle ear effusions.
Ear effusions are important to recognize, because of the
associated conductive hearing loss that can lead to a
perceived lesser level of consciousness and delirium in
the recovering ICU patient. Less commonly, mastoid
and middle ear effusions can progress to acute otitis
media with associated infectious signs and symptoms.

What this paper contributes to our knowledge

Mastoid and middle ear effusions were identified in
approximately 10% of ICU subjects undergoing head
imaging for other reasons. There were strong correla-
tions between the development of effusions and lengths
of stay > 7 d, concomitant sinus disease, and subjects
who had been orotracheally or nasogastrically intubated.
Given the frequency with which ICU patients undergo
imaging, incidental notation of ear effusions can lead to
appropriate workup and treatment.

nasal sinuses were scored using a validated staging system
for sinonasal disease, the Lund-Mackay scoring system,
using axial images only, as described previously.!>16 A
combination of head CT and T2 weighted MRI was used
when available. The presence of endotracheal (ETT) and
nasogastric tubes on imaging was noted. Computed to-
mography and magnetic resonance images were scored
from ICU day 1 to 14. The day-1 scan was considered the
baseline from which subsequent scans were compared. For
days 8—-10 and 11-14, the last scan was chosen to repre-
sent these time frames given the decreased number of
scans beyond 7 days. Each subject could therefore have a
maximum of 9 scored scans on any combination of days.

SPSS 23 (IBM Corp, Armonk, New York) was used to
perform the statistical analysis with a P < .05 considered
significant. The incidence of worsening ME/MEE was de-
fined as the development of worse radiographic opacifi-
cation of the mastoid air cells or middle ear space (absent
to partial, absent to complete, or partial to complete) at any
point during the ICU stay compared with that on day 1. In
this way, worsening ME/MEE represents a change from a
subject’s baseline and excludes those who were admitted
with ME/MEE that did not progress. Similarly, worsening
sinus disease was defined as a Lund-Mackay score that
was higher at any point during the admission compared
with the Lund-Mackay score on day 1. Comparison of
incidence between the groups of categorical and continu-
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ous variables was performed with 2-sided Pearson’s chi-
square test and independent 2-sample 7 test, respectively.
Linear-by-linear association was used to test for trends of
increasing or decreasing incidence by stay, age, and month
of admission. Multivariable logistic regression was per-
formed to determine the independent contributions of ETT,
nasogastric tubes, and stay > 7 d to the development of
ME/MEE.

Results

The 300 subjects were 53% male (159 of 300) and on
average 63.5 y old (range 16-91 y). The mean length of
stay was 8.3 d (range 3—62 d), and subjects had an average
of 5 sets of imaging (range 2—17). Stroke (n = 96, 32.0%),
intracranial hemorrhage (n = 60, 20.0%), subarachnoid
hemorrhage (n = 58, 19.3%), and subdural hematoma
(n = 36, 12.0%) were the most common admission diag-
noses; 45.7% (n = 137) of subjects underwent an intra-
cranial surgery or angiographic intervention, and 32.0%
(n = 96) were treated with nonprophylactic antibiotics
(antibiotics not given perioperatively), and 22.0% of sub-
jects had a history of immune system dysfunction or im-
munosuppression, which was most commonly caused by
diabetes mellitus (92.4%).

At the time of admission (day 1), 3.7% (11 of 300) of
subjects had an ME/MEE. Two of these subjects (18.2%)
developed worsening (complete) effusions, and the remain-
ing 9 subjects (81.8%) had resolution or nonprogression of
their effusion. During the ICU stay, 10.3% of subjects (31
of 300) demonstrated worsening radiographic ME/MEE
compared with the baseline/admission imaging study (Figs.
1 and 2); 29 (93.5%) subjects developed ME/MEE from
normal imaging on day 1, and the other 2 subjects had
progression of baseline ME/MEE.

There were 20 subjects with bilateral involvement, 7
subjects with only right ear, and 4 subjects with only left
ear effusions. Complete opacification of the mastoid and
middle ear space developed in 5.9% (3/51) of the ears,
whereas the remaining 94.1% developed partial opacifica-
tion only.

The percentage of subjects with worsening opacifica-
tion on a given day progressively increased to a peak of
30% on days 11-14 (Fig. 3). Similarly, the proportion of
subjects who developed worsening effusions also had a
positive correlation to length of stay (P < .001, Fig. 4).
Subject age was found to have a statistically significant
correlation with ME/MEE, wherein younger subjects had
higher percentages of developing worse ME/MEE (P = .02,
Fig. 5). The use of nonprophylactic antibiotics was also
significantly linked to developing worse ME/MEE (nonpro-
phylactic antibiotics 24.0% vs no nonprophylactic antibi-
otics 3.9%, P < .001). These results are summarized in
Table 1.
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Fig. 1. Computed tomography image demonstrating bilateral mas-
toid effusions (left complete [red arrow], right partial [blue arrow])
with left middle ear space partial effusion (blue arrow) ipsilateral to
a left-sided nasogastric tube (white arrow). The right middle ear
space appears normal (green arrow).

There was no statistically significant relationship be-
tween developing a worsening effusion and sex (male
10.7% vs female 9.9%, P = .83), immunosuppression (7.6%
vs no immunosuppression 11.1, P = .41), or undergoing a
surgical procedure (surgery 13.9% vs no surgery 7.4%,
P = .065). The month of admission was found to have no
relationship to the incidence of worsening opacification
(P = .65, Fig. 6).

Of the subjects who had a nasogastric tube at any point
during their stay, 21.4% (30 of 140) developed ME/MEE
compared with 0.6% (1 of 160) who never had a nasogas-
tric tube (P < .001). The odds ratio (OR) for developing
ME/MEE with nasogastric tubes was 43.4 (95% CI 5.8—
322.7). At some point during their admission, 22.7%
(30/132) of subjects who had an ETT at any point dur-
ing their admission developed an ME/MEE. This figure
compares with 0.6% (1 of 168) for subjects who never
had an ETT (P < .001), representing an OR of 49.1
(95% CI 6.6-365.7).

Subjects who had both a nasogastric tube and an ETT
during their admission developed an ME/MEE 25.4% (29
of 114) of the time compared with 1.1% (2 of 186) in those
who did not (P < .001, OR 31.4, 95% CI 7.3-134.6).
None of the 142 subjects who never had an ETT or naso-
gastric tube developed worsening effusions.
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Fig. 2. T2-weighted magnetic resonance imaging demonstrating
mastoid effusions (red arrows) and partial maxillary sinus opacifi-
cation bilaterally (white arrows).
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Given that ETT, nasogastric tubes, and length of stay
are probably interrelated, multivariate analysis was per-
formed and revealed that an ETT (OR 10.1, 95% CI 1.1-
89.0, P = .037,) and a stay > 7 d (OR 2.8, 95% CI
1.0-7.5, P = .043) were independently related to the devel-
opment of ME/MEE. The presence of nasogastric tubes
only approached significance (OR 7.5, 95% CI 0.9-66.4,
P = .069).

At the time of admission, there was no correlation be-
tween subjects with radiographic paranasal sinus disease
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and ME/MEE; 3.2% of subjects with a nonzero Lund-
McKay score had effusions compared with 4.0% in sub-
jects with a Lund-McKay score of zero (P = .73). During
the ICU admission, however, 90.3% of subjects (28 of 31)
who developed ME/MEE also developed worsening sinus
opacification. Overall, 22.4% of subjects who developed
sinus opacification also developed ME/MEE. This com-
pares with 1.7% in subjects who did not develop sinus
disease (P < .001). The mean highest Lund-McKay score
for subjects with ME/MEE was 4.07 versus 2.56 in those
without ME/MEE (P < .001).

Discussion
This study found that 1 in 10 ICU subjects developed

radiographically apparent ME and MEEs. Due to the lack
of otolaryngologic consultation to evaluate subjects with
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Table 1.  Percentage of Subjects With Mastoid and Middle Ear
Effusions on Univariate Analysis

Characteristics Yes (%) No (%) P OR (95% CI)
LOS >7d 23.10 3.10 <.001 9.3 (3.7-23.6)
Age > 60y 6.70 15.60 .01 0.39 (0.18-0.84)
Antibiotics 24.0 390 <.001 7.7 (3.3-18.0)
Male sex 10.70 9.90 .83 1.1 (0.52-2.3)
Immunosuppression 7.60 11.10 41 0.66 (0.24-1.8)
Surgical procedure 13.90 7.40 .065 2.0 (0.95-4.3)
Endotracheal tube 22.70 0 <.001  49.1 (6.6-365.7)
Nasogastric tube 21.40 0.60 <.001 43.4(5.8-322.7)
Sinusitis 22.40 1.70  <.001 16.5(4.9-55.9)

LOS = length of stay
OR = odds ratio
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Fig. 6. Percentage of subjects with worsening mastoid or middle
ear effusion by month of admission. ME = mastoid effusion,
MEE = middle ear effusion.

these imaging findings or radiographic development of
complications related to acute otitis media, we assume that
all 31 subjects in this study experienced a benign or sterile
ME/MEE. The absence of a relationship to immunosup-
pression, the nonexistence of seasonal variation (Fig. 6),
and positive correlation to antibiotic use further suggest
that all cases were benign or sterile ME/MEE.
Nonetheless, the presence of a benign ME/MEE is im-
portant to recognize, because of the associated conductive
hearing loss in a patient who is less probable to complain
of such a symptom because of other competing ailments.
We found the rate of ME/MEE to be significantly related
to subjects with prolonged lengths of stay and intubation,
which are also 2 of the strongest predictors of the devel-
opment of delirium in the ICU.!7'8 Hearing loss of any
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kind contributes to delirium, and minimizing a modifiable
cause of sensory impairment, such as ME/MEE, is among
the first steps in treating delirium.'4

When an ME/MEE is incidentally detected on imaging,
the treating team should perform otoscopy and question
the patient regarding hearing status, if situationally appro-
priate. Basic measures can be used first, such as increasing
vocal projection when addressing the patient and starting
intranasal decongestants (oxymetazoline, fluticasone) that
can expedite clearance of the effusion through the natural
drainage pathway, the Eustachian tube. Although specific
institutional patterns will vary, otolaryngologic and/or au-
diologic consultation is warranted when a middle ear ef-
fusion is identified, especially in patients with suspected
hearing loss or acute otitis media. A bedside audiogram
with tympanometry can diagnose hearing loss and confirm
the presence of an effusion. Audiologists at many institu-
tions are also able to provide hearing aids, personal am-
plification devices, and teach other strategies to assist pa-
tients with hearing loss. Otolaryngologists can confirm
challenging or uncertain otoscopic findings, and in some
cases, may consider offering myringotomy with suctioning
and possible pressure equalization tube placement. Myr-
ingotomy will often instantly relieve the conductive hear-
ing loss related to middle ear effusion and to a degree can
prevent the re-accumulation of fluid, especially if a tube is
placed.

The profound effect of ETT and nasogastric tubes on
ME/MEE demonstrated here and previously is probably
multifactorial.> ! The presence of a foreign body and the
associated build-up of retained and thickened secretions
probably incite a local inflammatory response of the na-
sopharyngeal mucosa that narrows and blocks the Eusta-
chian tube. Direct, retrograde flow of secretions and patho-
gens through the Eustachian tube has also been proposed.
Indeed it has been shown that middle ear effusions im-
prove when patients are transitioned to tracheostomy, which
is probably related to distancing of the foreign body from
the nasopharynx, an improved ability to suction the nose
and oral cavity, and lightened level of sedation.!®

A nasogastric tube may also provide further mucosal
edema by allowing gastric contents to reflux along the
tube and into the nasopharynx.2? Another possible mech-
anism is direct obstruction of the Eustachian tube orifice
by the nasogastric tube, especially if excessive tubing is
coiled in the nasopharynx. This explanation is highly un-
likely for most cases, however, given the unilaterality of a
nasogastric tube and the predominance of bilateral effu-
sions.

By proxy, the presence of nasogastric tubes and espe-
cially ETT indicates a depressed level of consciousness
(pharmacologically induced or not). This has several im-
plications, most simply an impaired ability to open the
Eustachian tubes and clear the middle ear space during
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swallowing or auto-insufflation. Additionally, it has been
demonstrated that negative middle ear pressures are asso-
ciated with even a brief, non-nitrous oxide general anes-
thetic, including propofol.?! It could also be argued that
simply lying supine may increase the dependent accumu-
lation of fluid in mastoid or middle ear space. In this study,
the low rate of ME/MEE in the nonintubated population
(0.6%) suggests that the effect of lying supine alone is not
sufficient for the development of ME/MEE. Kesser et al®
used a non-ICU population as a control group and simi-
larly found a > 10-fold decrease in middle ear effusions
(5.1% vs 51.4%, P < .01), indicating that lying supine
without an ETT does not impart a significant risk of
ME/MEE.

Our study found younger age to be correlated with in-
creased risk of ME/MEE, which is in contradistinction to
all prior reports. In our population, subjects < 60 y had
longer lengths of stay (9.70 vs 7.30 d, P = .004) and
higher rates of ETT (50.8% vs 39.3%, P = .049) and
nasogastric tubes (52.5% vs 42.7%, P = .10), which per-
haps lead to a bias that is unique to our sample of neurologic
ICU subjects in comparison with other ICU populations.

The strong positive correlation between ME/MEE and
radiographic sinus disease in ICU patients is perhaps not
surprising, but has not been specifically reported upon to
our knowledge. Sinusitis is a known risk factor for otitis
media with effusion in the general adult population, and it
appears that this is true of the ICU population as well.22 In
this same study cohort, we previously found that 42.6% of
ICU subjects exhibit worsening radiographic sinus opaci-
fication, so the strong correlation between radiographic
sinusitis and development of ME/MEE puts a significant
number of ICU subjects at risk of developing ME/MEE.'®
Subjects with more severe sinus disease (mean highest
Lund-McKay score 4.07 vs 2.56, P < .001) additionally
seem to be at a greater risk for effusions in the mastoid and
middle ear spaces.

Our study did demonstrate a considerably lower rate of
ME/MEE compared with that reported in prior studies
(10.3% vs 25-80%) in ICU subjects.>'0 This is probably
due to several differences, most importantly the population
under study and the methodology used to identify the pres-
ence of MEE. First, as described above, we considered any
subject who remained in the ICU for 2 nights to be criti-
cally ill. This perhaps introduced a broader range of illness
severity, especially in the neurologic ICU population where
a patient may be monitored for a neurologic deficit rather
than multisystem organ failure. Other studies focused pre-
dominantly on subjects with prolonged intubation, which
as we demonstrated is strongly correlated with ME/MEE.

Given the retrospective nature of this study, clinical
correlation to subject symptoms, otoscopic exam, and an-
cillary testing, such as audiography and tympanography,
was unfortunately not possible. The differential sensitivity
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of these diagnostic modalities compared with the review
of head imaging with 5-mm slice thickness may further
explain the discrepancies in incidence rates reported. With
that said, an effusion with clinically important implica-
tions on hearing or an infection should appear on head
imaging, which as mentioned is frequently performed for
other reasons. For this reason, the combination of inciden-
tal radiographic review, history, and physical exam should
identify relevant otologic effusions and lead to improved
care of the recovering ICU patient.

Regardless of the methodology, this and prior studies
have demonstrated that a significant portion of ICU pa-
tients are at risk for the development of ME/MEE, the true
clinical implications of which are unknown. Therefore,
there is potentially great value in future prospective re-
search complete with imaging review, physical exam, and
audiometric data with correlation to patient factors, such
as length of ICU stay and measures of delirium.

Conclusion

Worsening radiographic middle ear and mastoid effu-
sions were detected in 10.3% of subjects admitted to the
ICU. Factors associated with higher incidence rates in-
cluded prolonged length of stay, presence of endotracheal
tubes, nasogastric tubes, and radiographic sinus disease. In
these high-risk groups, the critical care physician and oto-
laryngologist should take advantage of existing imaging to
incidentally diagnose this common finding. Recognition of
ME/MEE in the ICU population may promote evaluation
for and treatment of any associated hearing loss.
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