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Background: The clinical significance of mastoid effusion (ME) in intensive 
care unit (ICU) patients has not been well elucidated. Recently, an association 
between ME and intracranial pressure (ICP) has been reported. We  aimed to 
investigate the clinical implications of ME occurrence in the management of 
aneurysmal subarachnoid hemorrhage (aSAH) patients and its association with 
their prognosis.

Methods: Data from patients aged > 18 years who were treated for aSAH 
in a single institution between January 2020 and December 2022 were 
retrospectively reviewed. Brain CT or MRI images obtained within the first 14 days 
after the onset of SAH were evaluated for the presence of ME, which is defined 
as either opacification or an air-fluid level in the mastoid air cells. We examined 
the patients’ demographic information, neurological and medical status at 
admission, aneurysm and treatment characteristics, and clinical outcomes. 
We then analyzed how these factors were associated with the occurrence of 
ME.

Results: A total of 114 patients were included in the study. ME was observed in 
40 patients (34.5%) within the first 14 days, occurring at a mean of 5.0 ± 3.5 days 
after the onset of SAH. In multivariate analysis, patients with ME were found to 
have a higher incidence of tracheostomy (odds ratio [OR] 10.034, p = 0.024), 
radiologic vasospasm (OR 4.987, p = 0.018), a higher APACHE II score (OR 
1.138, p = 0.013), and poor clinical outcomes (OR 4.289, p = 0.041), defined 
as modified Rankin Scale score > 2 at 90 days. Poor clinical outcomes were 
independently associated with ME (OR 5.003, p = 0.006).

Conclusion: This study demonstrated that ME was observed in 34.5% of aSAH 
patients and was associated with poor clinical outcomes. ME may serve as a 
simple and useful prognostic indicator for predicting poor outcomes in aSAH 
patients.
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Introduction

Mastoid effusion (ME) occurs frequently along with middle ear 
effusion in children as a consequence of the accumulation of 
transudate caused by negative pressure or inflammation in the middle 
ear (1). Due to the differences in the orientation, length, and function 
of the Eustachian tube, ME is not a common finding in healthy adults, 
with an incidence of approximately 1% (2, 3). However, several studies 
have demonstrated that the incidence of ME is higher in intensive care 
unit (ICU) patients than in general population. Risk factors for the 
development of ME in ICU patients include old age, increased mucus 
secretion caused by prolonged endotracheal intubation for mechanical 
ventilation and a nasogastric tube, prolonged ICU stay, and altered 
mental status, many of which can be attributed to the anatomical 
connection of the middle ear space and the nasopharynx via the 
Eustachian tube (2, 4, 5).

Anatomical continuity also exists between the subarachnoid space 
and the cochlear aqueduct of the middle ear, and it provides the 
background for the development of a non-invasive tool for monitoring 
intracranial pressure (ICP) by measuring the tympanic membrane 
pressure (6, 7). Moreover, a recent study reported that elevated levels of 
ICP was associated with the occurrence of ME in neuro-ICU patients 
(8). Therefore, it can be  postulated that the occurrence of ME in 
patients with neurologic insults who are at a risk of ICP variation may 
offer additional information regarding the clinical course and outcomes.

Subarachnoid hemorrhage (SAH) due to intracranial aneurysm 
rupture is a disastrous event with high morbidity and mortality rates 
(9, 10). A rupture of an aneurysm causes an abrupt and delayed 
increase in ICP, resulting in impaired cerebral perfusion and 
temporary intracranial circulatory arrest (11). Increased ICP plays an 
important role in the clinical course of aneurysmal subarachnoid 
hemorrhage (aSAH) patients, as it is related to common complications 
of aSAH such as acute hydrocephalus or delayed cerebral ischemia, 
which mostly occur in the first 14 days after the ictus. We hypothesized 
that patients receiving aSAH management who developed ME in the 
first 14 days would demonstrate unfavorable clinical outcomes. The 
purpose of this study was to investigate the incidence and the clinical 
significance of ME in patients with aSAH.

Methods

This retrospective study was approved by our Institutional Review 
Board and was performed under the guidelines outlined in the 
Declaration of Helsinki. The diagnosis of ME was based on the criteria 
proposed by J. Gossner, and only cases classified as “marked” (i.e., fluid 
signal involving more than half of the mastoid air cells) were 
considered ME-positive. By including only clearly defined cases, 
we minimized subjectivity in the interpretation. Accordingly, there was 
no interobserver disagreement between the neurovascular specialist 
and the neuro-intensivist who independently reviewed the images. 
This study follows the STROBE guidelines for retrospective studies.

Study population

Patient data between January 2020 and December 2022 were 
obtained from our institution’s prospectively maintained aSAH database. 
Adult patients over the age of 18 who were admitted to the neuro-ICU 
of our institution for the treatment and management of aSAH were 
included. The exclusion criteria were as follows: (1) incomplete medical 
records, (2) transfer to our institution more than 1 day after the onset of 
aSAH, and (3) absence of follow-up brain computed tomography (CT) 
or magnetic resonance imaging (MRI) within 14 days to assess for ME.

Management of aSAH patients

We adhered to the standard treatment strategy for aSAH. All patients 
who presented with acute-phase aSAH were admitted to the neuro-ICU 
and received cerebral angiography within 24 h, unless contraindicated. 
Except for those who did not wish to receive surgical or endovascular 
treatment, patients received microsurgery or endovascular treatment to 
secure the ruptured aneurysm. To manage increased ICP, external 
ventricular drainage, lumbar drainage, or decompressive surgery was 
performed. Intravenous or oral nimodipine was administered to prevent 
post-SAH vasospasm. Brain CT, brain MRI, or magnetic resonance 
angiography (MRA) were conducted when necessary. Patients with a 
good initial Hunt–Hess grade who were expected to be at a low risk for 
post-SAH complications were transferred to the general ward as early as 
3 to 7 days after ictus, but those at moderate to high risk were monitored 
in the neuro-ICU for at least 10 to 14 days.

Radiological assessment for ME and 
vasospasm

Non-contrast brain CT or brain CT angiography was the 
primary modality for radiologic evaluation of aSAH patients, with 
brain MRI or MRA performed as needed. The presence of ME was 
defined as partial or complete opacification of the mastoid air cell 
cavity, showing an air-fluid level in non-contrast brain CT, or high 
signal intensity in T2-weighted MR images on either or both sides. 
The images obtained within the first 14 days after the onset of SAH 
were independently reviewed by a neurovascular specialist and a 
neuro-intensivist. They assessed the presence of ME and reached 
consensus through discussion.

Radiologic vasospasm was evaluated using a standardized 
institutional protocol. Daily transcranial Doppler (TCD) monitoring was 
performed in all patients. If TCD findings were suggestive of vasospasm, 
CTA was immediately performed to confirm the diagnosis. In patients 
without vasospasm findings on TCD, routine CTA was performed 
approximately 1 to 2 weeks after the day of rupture to evaluate vascular 
status. Vasospasm was ultimately diagnosed when luminal narrowing of 
≥30% was observed on CTA compared to baseline vascular imaging.

Clinical assessment

At admission, the Glasgow Coma Scale (GCS) and Hunt–Hess 
grade, as well as the Acute Physiology and Chronic Health Evaluation 
II (APACHE II) scores, were used to assess the initial neurological 

Abbreviations: APACHE II, Initial Acute Physiology and Chronic Health Evaluation 

II; aSAH, aneurysmal subarachnoid hemorrhage; CI, confidence interval; GCS, 

Glasgow Coma Scale; ICP, intracranial pressure; ICU, intensive care unit; ME, 

mastoid effusion; mRS, modified Rankin Scale; OR, odds ratio.
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condition. The duration of neuro-ICU stay and mechanical ventilation, 
ventriculoperitoneal shunt within 90 days, and modified Rankin Scale 
(mRS) score at 90 days were recorded. We  defined poor clinical 
outcome as 90-day mRS > 2. Symptomatic vasospasm was diagnosed 
when vasospasm was radiologically confirmed and patients revealed 
neurological worsening with no other identifiable causes (12).

Statistical analysis

Statistical analysis was performed using SPSS Statistics 25.0 
(IBM). Fisher’s exact test or χ (2) test was performed for categorical 
variables. Mann–Whitney U-test or Student’s t-test was performed for 
continuous variables of clinical outcomes and the univariate analysis 
of the factors associated with ME and poor clinical outcomes. All 
variables with clinical importance were introduced into a multivariate 
analysis using the binary logistic regression method. A p-value of < 
0.05 was considered statistically significant.

Results

Patient and aneurysm characteristics

During the study period, 121 patients with ruptured intracerebral 
aneurysms were treated in our institution. Excluding one patient who 
was transferred to our institution a few days after the onset of aSAH 
and six patients who had not taken any follow-up brain CT or MRI 
images, a total of 114 patients (mean age, 59.5 ± 14.2 years; male/
female ratio = 35:79) treated for aSAH were included for analysis. A 
total of 62 patients (54.4%) initially presented with a Hunt–Hess grade 
greater than 2 at admission. The majority of the aneurysms were 
saccular (n = 110, 96.5%) in the anterior circulation (n = 95, 83.3%). 
These characteristics are summarized in Table 1.

Treatment characteristics and outcomes

Endovascular treatment was the dominant modality (81.6%) for 
securing ruptured aneurysms. A total of 24 patients (21.1%) received 
ventriculoperitoneal shunt operation within 90 days, and 16 patients 
(14.0%) received tracheostomy. Patients were treated in the neuro-ICU 
for a median duration of 13 days (interquartile range [IQR] 8–19 days). 
ME was observed in 40 patients (34.5%) at a mean of 5.0 ± 3.5 days 
after the onset of aSAH. Poor clinical outcomes were demonstrated by 
41 patients (36.0%). These characteristics are summarized in Table 2.

Factors associated with the occurrence of 
ME

In univariate analysis, the occurrence of ME was statistically 
associated with older age (p = 0.002), male sex (p = 0.034), and 
ruptured aneurysms in the posterior circulation (p = 0.005). Patients 
with ME had a higher likelihood of presenting with an initial Hunt–
Hess grade > 2 (80.0% vs. 40.5%, p < 0.001), higher APACHE II scores 
(22.2 ± 8.3 vs. 14.5 ± 6.2, p < 0.001), and longer durations of neuro-ICU 
stay (19 days vs. 10 days, p < 0.001) and mechanical ventilation (13 
days vs. 0 days, p < 0.001) compared to those without ME. Furthermore, 

the rates of radiologic vasospasm and symptomatic vasospasm were 
significantly higher in patients with ME compared to those without 
ME (50.0% vs. 18.5%, p = 0.002 for radiologic vasospasm; 30.0% vs. 
7.7%, p = 0.01 for symptomatic vasospasm). Terson’s syndrome was 

TABLE 1  Patient and aneurysm characteristics.

Variables Values

Patients 114

Age, mean 59.5 ± 14.2

Male sex, n (%) 35 (31.7)

Comorbidities, n (%)

 � Hypertension 47 (41.2)

 � Diabetes mellitus 9 (7.9)

 � Dyslipidemia 18 (15.8)

 � Smoking 23 (20.2)

Aneurysm location, n (%)

 � Anterior circulation 95 (83.3)

 � Posterior circulation 19 (16.7)

Aneurysm type, n (%)

 � Saccular 110 (96.5)

 � Mycotic 1 (0.9)

 � Dissecting 3 (2.6)

Initial Hunt–Hess Grade, n (%)

 � 1 0 (0)

 � 2 52 (45.6)

 � 3 34 (29.8)

 � 4 24 (21.1)

 � 5 4 (3.5)

Initial GCS, median 14 (11–15)

APACHE II score, mean 17.2 ± 7.9

Values are presented in mean ± standard deviation, median (interquartile range), or number 
(%).
APACHE II, Initial Acute Physiology and Chronic Health Evaluation II; GCS, Glasgow 
Coma Scale.

TABLE 2  Treatment characteristics and outcomes.

Variables Values

Treatment modality, n (%)

 � Microsurgery 21 (18.4)

 � Endovascular treatment 93 (81.6)

Extraventricular drainage, n (%) 36 (31.6)

Ventriculoperitoneal shunt, n (%) 24 (21.1)

Tracheostomy, n (%) 16 (14.0)

Neuro-ICU stay duration, median, days 13 (8–19)

ME within first 14 days (%) 40 (34.5)

Interval between aSAH and ME, mean, days 5.0 ± 3.5

Poor clinical outcome*, n (%) 41 (36)

Values are presented in mean ± standard deviation, median (interquartile range), or number 
(%).
aSAH; aneurysmal subarachnoid hemorrhage; ICU, intensive care unit; ME, mastoid 
effusion.
*Poor clinical outcome was defined as a 90-day modified Rankin Scale > 2.
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diagnosed in two patients, both of whom developed ME. ME was 
associated with poor clinical outcomes at 90 days (p < 0.001). There 
was no significant relationship between the occurrence of ME and the 
types of treatment modality for securing the aneurysms. In 
multivariate analysis, tracheostomy (odds ratio [OR] 10.034, 
p = 0.024), radiologic vasospasm (OR 4.987, p = 0.018), a higher 
APACHE II score (OR 1.138, p = 0.013), and a poor clinical outcome 
(OR 4.289, p = 0.041) were independently associated with ME 
occurrence. These results are summarized in Table 3 and Figure 1.

Factors associated with poor clinical 
outcomes

Univariate analysis revealed that a poor clinical outcome was 
associated with several factors that have been known as risk factors for 
aSAH, such as older age (p < 0.001), posterior circulation aneurysm 
(p = 0.007), and a higher Hunt–Hess grade (p < 0.001). Compared to 
patients who had good clinical outcomes, those with poor clinical 
outcomes had prolonged neuro-ICU care (10 vs. 19 days, p < 0.001) 
and mechanical ventilation (0 vs. 12 days, p < 0.001) and experienced 
a higher occurrence of ME (15.1% vs. 70.7%, p < 0.001). In 
multivariate analysis, along with older age (OR 1.081, p = 0.001) and 
Hunt–Hess grade > 2 (OR 4.515, p = 0.014), ME occurrence (OR 
5.003, p = 0.006) was statistically associated with a poor clinical 
outcome. These results are presented in Table 4.

Subgroup analysis by neurological grade 
and treatment modality

To further explore the relationship between mastoid effusion 
(ME) and neurological severity at admission, a subgroup analysis 
was conducted based on the Hunt–Hess (HH) grade. Patients were 
categorized into two groups: HH ≤ 2 and HH > 2. The occurrence 
of ME was significantly higher in the HH > 2 group (51.6%) 
compared to the HH ≤ 2 group (15.4%) (p < 0.001), suggesting a 
strong association between a poor neurological grade and the 
presence of ME.

In addition, a subgroup analysis was performed among 94 patients 
who underwent endovascular treatment. In this subgroup, multivariate 
logistic regression revealed that the presence of ME was an 
independent predictor of poor clinical outcomes (OR, 4.079; 95% CI, 
1.060–15.691; p = 0.041), even after adjusting for age, initial Glasgow 
Coma Scale (GCS) score, and HH grade (Table 5). These findings 
support the prognostic significance of ME in patients with aSAH, 
particularly those treated with endovascular intervention.

Discussion

In this retrospective study, we found that ME occurred in 34.5% 
of aSAH patients within the first 14 days (mean 5.0 ± 3.5 days) and 
was associated with radiologic vasospasm and poor clinical outcomes. 
Moreover, along with older age and a poor Hunt–Hess grade, ME was 
an independent risk factor for poor clinical outcomes in aSAH patients.

Several studies have reported a higher incidence of ME in ICU 
patients than in the healthy adult population, ranging between 10.3 

and 53% (2, 8, 13). Risk factors for the development of ME include 
thickened oropharyngeal secretions due to mucosal irritation by 
endotracheal intubation and nasogastric tube, and decreased 
mentality impairing the patient’s ability to clear excessive mucosal 
secretion and to open the Eustachian tube, which are hardly 
modifiable (2, 4, 13). Although ME can potentially cause acute 
mastoiditis and develop into intracranial complications such as 
meningitis, empyema, and brain abscess (14), incidentally detected 
MEs are rarely related to temporal bone disease (15). ME observed in 
ICU patients is considered benign in most cases, obscuring its clinical 
significance (2, 13). This study, however, showed that ME was 
independently associated with poor clinical outcomes in aSAH 
patients. Patients who suffer aSAH are usually hospitalized for 14 to 
21 days due to the possible occurrence of delayed complications (16), 
allowing prognostication to be made at least 14 days after the ictus in 
most cases. In conjunction with the established risk factors for poor 
outcomes in aSAH patients, such as Hunt–Hess score, increasing age, 
and ruptured posterior circulation aneurysm, the occurrence of ME 
may offer an additional prognostic value.

Recently, Jung et al. suggested that increased ICP was associated 
with ME occurrence in patients who underwent intracranial surgery 
(8). The authors revealed that the prediction model for the 
development of ME improved when peak ICP values were included in 
the model. Timely recognition and proper management of increased 
ICP are critical for improving clinical outcomes in patients with 
aSAH. However, most widely used ICP monitoring tools, such as 
external ventricular drainage, are invasive, and it is often a dilemma 
whether to place invasive ICP monitoring devices due to the risks of 
infection or hemorrhage (17, 18). It has been recognized that ICP is 
transmitted to the perilymphatic space in the middle ear, and the 
middle ear pressure represented by tympanic membrane displacement 
can be utilized for the indirect measurement of ICP (6, 19). Assuming 
that the occurrence of ME reflects increased ICP, a clinician may 
conduct additional evaluations or procedures to assess the patient’s 
ICP status, or ophthalmologic evaluation for the possibility of Terson’s 
syndrome when ME is observed. Although this finding was not 
statistically significant, Terson’s syndrome, a consequence of elevated 
ICP, was diagnosed in two patients who developed ME in this study. 
However, whether there is a causal relationship between elevated ICP 
and the development of ME is not known. A few studies attempted to 
explain the development of ME in patients with lateral sinus 
thrombosis as the result of venous congestion rather than the 
Eustachian tube dysfunction, as the laterality of the ME coincided 
with the intracranial lesions responsible for the elevated ICP (8, 20, 
21). Such an explanation may not fit in other types of intracranial 
pathologies not involving venous congestion. From the anatomical 
perspective, the movement of cerebrospinal fluid from the 
subarachnoid space to the mastoid air cells via the middle ear due to 
a pressure gradient is theoretically possible. The relationship between 
elevated ICP and the development of ME, their mechanisms, and 
temporal associations should be  further investigated to refine the 
clinical significance of ME in patients whose ICP assessments 
are critical.

Another finding in this study was that the occurrence of ME was 
associated with post-SAH vasospasm. Post-SAH vasospasm has 
multiple risk factors, including the amount of SAH, presence of 
intracranial hemorrhage and intraventricular hemorrhage, female sex, 
and increased ICP (22). Fukuhara et al. demonstrated that elevated 
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ICP was associated with the development and the duration of 
vasospasm after aSAH (23). Similarly, Gambardella et al. showed that 
the use of osmotic diuretics to control ICP lowered the risk of 
developing delayed cerebral ischemia in patients with aSAH (24). On 
the other hand, Heuer et al. reported only a weak relationship between 
ICP and the development of angiographic or symptomatic vasospasm 
(25). The authors provided a few explanations for the weak link. They 
argue that patients with severely elevated ICP died before vasospasm 
could occur, or did not undergo follow-up angiographic evaluations. 

In our case, 8 patients (42.1%) out of 19 patients did not undergo 
follow-up angiography studies, as poor prognosis was expected.

The mean interval between the onset of aSAH and detection of 
ME was 5 days. Limited studies have reported the time for ME to 
develop in ICU patients. Jung et al. reported a mean of 11.1 days for 
the development of ME in patients who underwent intracranial 
surgery, and Huyett et al. described that ME was a late finding and 
prevalent in patients with a prolonged ICU stay (2, 8). Considering 
that elevated ICP contributes to the development of ME, it can 

TABLE 3  Univariate and multivariate analyses for the risk factors of ME.

Variables Univariate analysis Multivariate analysis

No effusion 
(n = 74)

Effusion (n = 40) p-value OR (95% CI) p-value

Age 56.5 ± 14.4 65.0 ± 12.2 0.002

Male sex 18 (23.3) 17 (43.9) 0.034

Comorbidities

 � Hypertension 27 (36.5) 20 (50.0) 0.162

 � Diabetes mellitus 6 (8.1) 3 (7.5) >0.999

 � Dyslipidemia 11 (14.9) 7 (17.5) 0.713

 � Smoking 17 (23.0) 6 (15.0) 0.311

Aneurysm in posterior circulation 7 (9.5) 12 (30.0) 0.005

Initial Hunt–Hess Grade <0.001

 � ≤ 2 44 (59.5) 8 (20.0)

 � > 2 30 (40.5) 32 (80.0)

Initial Intracranial pressure 

(mmHg)
20.9 ± 11.4 (n = 20) 19.2 ± 9.6 (n = 28) 0.107

Initial GCS 15 (13–15) 8 (5–13) <0.001

Initial APACHE II 14.5 ± 6.2 22.2 ± 8.3 <0.001 1.138 (1.027–1.261) 0.013

Initial WBC 10,068 (3703) 11,888 (4439) 0.021

Initial CRP† 3.5 (0.9–9.0) 3.3 (1.08–12.38) 0.787

Initial DNI†† 1.44 (2.96) 2.27 (3.23) 0.166

Treatment modality for aneurysm 0.749

 � Microsurgery 13 (17.6) 8 (20.0)

 � Endovascular treatment 61 (82.4) 33 (82.5) >0.999

External ventricular drainage 13 (17.6) 23 (57.5) <0.001

Tracheostomy 2 (2.7) 14 (35.0) <0.001 10.034 (1.352–74.448) 0.024

Ventriculoperitoneal shunt 9 (12.2) 15 (37.5) 0.002

Hydrocephalus 15 (20.3) 27 (67.5) <0.001

Neuro-ICU stay duration (day) 10 (6–13) 19 (14–26) <0.001

Ventilator maintenance duration 0 (0–1) 13 (6–20) <0.001

Radiologic vasospasm* 12 (18.5) 15 (50.0) 0.002 4.987 (1.322–18.814) 0.018

Symptomatic vasospasm* 5 (7.7) 9 (30.0) 0.01

Terson’s syndrome 0 (0) 2 (5.0) 0.127

Poor clinical outcome 12 (16.2) 29 (72.5) <0.001 4.289 (1.061–17.333) 0.041

Values are presented as mean ± standard deviation, median (interquartile range), or number (%).
APACHE II, Initial Acute Physiology and Chronic Health Evaluation II; CI, confidence interval; CRP, C-reactive protein; DNI, delta neutrophil index; GCS, Glasgow Coma Scale; ICU, 
intensive care unit; OR, odds ratio; WBC, white blood cell.
† This variable was evaluated in 109 patients.
†† This variable was evaluated in 98 patients.
*This variable was evaluated in 95 patients.

https://doi.org/10.3389/fneur.2025.1603869
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Kim et al.� 10.3389/fneur.2025.1603869

Frontiers in Neurology 06 frontiersin.org

be postulated that ME in patients with neurological insults such as 
SAH would develop at an earlier period than in patients with other 
etiologies. Early brain injury after aSAH is known as a pathologic 
process that occurs in the first 72 h, and involves the elevation of ICP, 
reduction of cerebral blood flow, and neuronal cell death (26). 
SAH-induced vasospasms usually occur 4 to 14 days after the ictus, 
with a peak incidence at 7 days (27). The relationship between the 
early phase of brain injury and the development of ME should 
be further described in future studies.

Although our findings suggest that mastoid effusion (ME) is 
associated with poor outcomes and angiographic vasospasm in 
patients with aSAH, the exact pathophysiological mechanisms 
underlying ME development in neurologically injured patients remain 
uncertain. It has been hypothesized that elevated intracranial pressure 
(ICP) or impaired cerebrospinal fluid drainage may contribute to fluid 
accumulation within mastoid air cells. However, this mechanism has 
not yet been established in the existing literature.

Given the routine use of non-contrast brain CT in the acute-phase 
SAH, ME may serve as a readily identifiable imaging marker that 
reflects disease severity or elevated ICP, particularly in patients 
without invasive monitoring. While ME is not a direct therapeutic 
target, its presence may have potential implications for early risk 
stratification and the intensity of subsequent monitoring or 
intervention. Nonetheless, this study was not designed to establish a 
causal mechanism or to propose a clinical algorithm based on ME 

findings. Further prospective studies are needed to clarify the 
biological basis of ME in this patient population and to determine how 
it may be  effectively incorporated into clinical decision-making 
processes. We acknowledge this limitation and have highlighted the 
need for future research in this area.

Previous studies have suggested a potential correlation between 
mastoid effusion (ME) and elevated intracranial pressure (ICP), 
implying that ME may serve as an indirect radiological marker of 
increased ICP in patients with acute brain injury (8). One proposed 
mechanism is that a pressure gradient between the subarachnoid 
space and the middle ear cavity could facilitate the movement of 
cerebrospinal fluid (CSF) into the mastoid air cells, resulting in 
effusion. Furthermore, elevated ICP has been linked to both the 
occurrence and persistence of cerebral vasospasm following aSAH, 
potentially explaining the association between ME and poor outcomes 
observed in this study.

To further explore this hypothesis, we analyzed available ICP data 
in relation to ME status (Table 3). The mean ICP was 20.9 ± 11.4 mmHg 
in the ME-negative group and 19.2 ± 9.6 mmHg in the ME-positive 
group, with no statistically significant difference. This finding should 
be interpreted cautiously for several reasons. First, the timing of ICP 
measurement and the detection of ME on imaging did not always 
coincide, limiting a temporal correlation. Second, most patients 
underwent intensive ICP-lowering interventions, including 
osmotherapy, targeted temperature management, and coma therapy, 

FIGURE 1

Mastoid effusion (ME) in patients with subarachnoid hemorrhage (SAH). (a–c) Case with absence of ME. A 66-year-old woman with an initial Fisher’s 
grade III SAH. The initial brain CT scan showed no evidence of ME. A follow-up CT scan 2 week later also showed no signs of ME (white circle). The 
patient’s modified Rankin Scale (mRS) score at post-operative 90 days was 0. (d–f) Case with the presence of ME. An 80-year-old woman with Fisher’s 
grade III SAH on the initial CT scan, with no signs of ME. Two weeks later, a follow-up CT scan revealed bilateral ME (white circle). The patient had an 
mRS score of 4 at post-operative 90 days.
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which may have modified or masked actual ICP values. These factors 
likely contributed to the lack of observed statistical significance.

Nevertheless, we believe that ME may still reflect transient or 
unrecorded ICP elevations, particularly in patients without invasive 
monitoring. Given that non-contrast brain CT is routinely performed 
in the acute phase of aSAH, the detection of ME may provide a 
non-invasive and easily accessible clue suggesting raised ICP, 
especially in resource-limited settings.

Importantly, the pathophysiology of ICP elevation in aSAH differs 
from that of other neurological conditions such as traumatic brain 
injury or ischemic stroke. In aSAH, abrupt ICP elevation can occur 
due to aneurysmal rupture and subsequent hydrocephalus and can 
fluctuate rapidly with events such as rebleeding, vasospasm, or 

therapeutic interventions. These unique dynamics complicate the 
interpretation of single-timepoint ICP data but underscore the 
potential value of adjunctive imaging markers such as ME.

This study has several limitations. Due to its retrospective design 
and small sample size, selection and information bias were 
unavoidable, as the details of management and follow-up strategies for 
aSAH patients varied. For example, the follow-up non-contrast brain 
CT imaging intervals varied between patients, obscuring the precise 
timing of ME development, and only 83.3% (95/114) of the patients 
underwent follow-up angiography studies at irregular intervals to 
be  evaluated for the occurrence of vasospasm. In asymptomatic 
patients with longstanding mastoid effusion resulting from conditions 
such as chronic otitis media, the absence of prior imaging may lead to 

TABLE 4  Univariate and multivariate analyses for risk factors of poor clinical outcome in aSAH patients.

Variables Univariate analysis Multivariate analysis

Good outcome 
(n = 73)

Poor outcome 
(n = 41)

p-value OR (95% CI) p-value

Age 55.0 ± 13.6 67.5 ± 11.4 <0.001 1.081 (1.032–1.132) 0.001

Male sex 22 (31.1) 13 (31.7) >0.999

Comorbidities 0.406

 � Hypertension 29 (38.4) 19 (46.3)

 � Diabetes mellitus 4 (5.5) 5 (12.2) 0.279

 � Dyslipidemia 8 (11.0) 10 (24.4) 0.059

 � Smoking 19 (26.0) 4 (9.8) 0.038

Aneurysm in the posterior 

circulation
7 (9.6) 12 (29.3) 0.007

Initial Hunt–Hess Grade <0.001

 � ≤ 2 44 (60.3) 8 (19.5)

 � > 2 29 (39.7) 33 (80.5) 4.515 (1.357–15.030) 0.014

Initial GCS 15 (13–15) 9 (5–13.5) <0.001

Initial APACHE II 14.3 ± 6.3 22.5 ± 7.8 <0.001

Initial WBC 10,616 ± 3,823 10,914 ± 4,494 0.839

Initial CRP† 3.5 (1.05–9.35) 3.5 (1.03–9.00) 0.905

Initial DNI†† 1.44 ± 2.81 2.29 ± 3.47 0.152

Treatment modality for aneurysm 0.822

 � Microsurgery 13 (17.8) 8 (19.5)

 � Endovascular treatment 60 (82.2) 34 (82.9)

External ventricular drainage 15 (20.5) 21 (51.2) 0.001

Tracheostomy 3 (4.1) 13 (31.7) <0.001

Ventriculoperitoneal shunt 10 (13.7) 14 (34.1) 0.01

Neuro-ICU stay duration 10 (5–13) 19 (13–26) <0.001

Ventilator maintenance duration 0 (0–1) 12 (2–19) <0.001

Radiologic vasospasm* 16 (25.0) 11 (35.5) 0.288

Symptomatic vasospasm* 7 (10.9) 7 (22.6) 0.215

ME 11 (15.1) 29 (70.7) <0.001 5.003 (1.570–15.935) 0.006

Values are presented as mean ± standard deviation, median (interquartile range), or number (%).
aSAH, aneurysmal subarachnoid hemorrhage; APACHE II, Initial Acute Physiology and Chronic Health Evaluation II; CI, confidence interval; CRP, C-reactive protein; DNI, delta neutrophil 
index; GCS, Glasgow Coma Scale; ICU, intensive care unit; ME, mastoid effusion; OR, odds ratio; WBC, white blood cell.
† This variable was evaluated in 109 patients.
†† This variable was evaluated in 98 patients.
*This variable was evaluated in 95 patients.
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misclassification of ME as a newly developed finding. While ME could 
be ruled out through comparison with previous imaging in patients 
who underwent serial follow-up studies, this was not feasible in newly 
admitted patients without prior imaging. The likelihood of pre-existing 
mastoiditis was presumed to be comparable between the two groups. 
Furthermore, as mastoid effusion grade 2 or higher was defined as 
ME-positive in this study, cases of mild mastoiditis were likely 
excluded. Patients with a documented history of otitis media were also 
excluded based on a thorough review of medical records. In our 
dataset, only 5 out of the 40 patients with ME showed evidence of ME 
on their initial brain CT. Although it was not possible to determine 
whether these cases represented pre-existing ME, all five patients 
demonstrated progression of ME on follow-up imaging.

Another limitation is the potential subjectivity in the 
radiologic diagnosis of ME. To address this limitation, only 
clearly defined cases meeting the “marked” criteria proposed by 
Gossner—defined as a fluid signal involving more than half of the 
mastoid air cell cavity—were included (28). All imaging was 
independently assessed by a neurovascular specialist and a neuro-
intensivist, and there was complete agreement between the two 
evaluators. Therefore, a formal consistency test was not 

conducted. Additionally, although a quantitative threshold such 
as the Hounsfield unit (HU) could be useful, variability in CT 
protocols and scanner calibration limited its application in this 
retrospective analysis. Finally, some factors that may influence 
the development of ME—such as the presence of nasogastric 
tubes or ICP values—were not included in this study. In 
particular, the absence of ICP data may limit the ability to fully 
explore the relationship between ME and elevated intracranial 
pressure. Despite these limitations, ME was found to 
be  independently associated with poor outcomes and cerebral 
vasospasm in patients with aSAH. Further studies are warranted 
to clarify the underlying mechanisms linking ME with elevated 
levels of ICP and to validate its role as a prognostic marker.

Conclusion

This study demonstrated that the occurrence of ME in aSAH 
patients was independently associated with tracheostomy, 
vasospasm, and poor clinical outcomes. Given that ME can be easily 
identified on non-contrast brain CT early in the clinical course, it 

TABLE 5  Univariate and multivariate analyses of risk factors for poor clinical outcome in aSAH patients treated with endovascular treatment.

Variables Univariate analysis Multivariate analysis

Good outcome 
(n = 60)

Poor outcome 
(n = 34)

p-value OR (95% CI) p-value

Age 55.0 ± 14.1 67.6 ± 11.5 <0.001 1.093 (1.030–1.159) 0.003

Male sex 19 (31.7) 11 (32.4) 0.945

Comorbidities

 � Hypertension 25 (41.7) 17 (50.0) 0.435

 � Diabetes mellitus 4 (6.7) 5 (14.7) 0.277

 � Dyslipidemia 8 (13.3) 10 (29.4) 0.057

 � Smoking 14 (23.3) 3 (8.8) 0.079

Aneurysm in the posterior 

circulation
7 (11.7) 12 (35.3) 0.006

Initial Hunt–Hess Grade > 2 24 (40.0) 29 (85.3) <0.001 4.686 (1.032–21.279) 0.045

Initial GCS 15 (13–15) 8 (4.25–13) <0.001 4.515 (1.357–15.030) 0.014

Initial APACHE II 14.8 ± 6.3 23.6 ± 7.9 <0.001

Initial WBC 10,423 ± 3,766 11,176 ± 4,385 0.382

Initial CRP 3.8 (1.1–11.7) 3.5 (1.0–9.0) 0.662

Initial DNI 1.46 ± 2.88 1.90 ± 3.14 0.496

External ventricular drainage 10 (16.7) 18 (52.9) 0.001

Tracheostomy 2 (3.3) 11 (32.4) <0.001

Ventriculoperitoneal shunt 9 (15.0) 13 (38.2) 0.011

Neuro-ICU stay duration 10 (5–13) 20.5 (13.25–29) <0.001

Ventilator maintenance duration 0 (0–1) 12.5 (3–19.75) <0.001

Radiologic vasospasm* 11 (20.4) 8 (32.0) 0.261

Symptomatic vasospasm* 4 (7.4) 4 (16.0) 0.254

ME 9 (15.0) 24 (70.6) 4.079 (1.060–15.691) 0.041

Values are presented as mean ± standard deviation, median (interquartile range), or number (%).
APACHE II, Initial Acute Physiology and Chronic Health Evaluation II; CI, confidence interval; CRP, C-reactive protein; DNI, delta neutrophil index; GCS, Glasgow Coma Scale; ICU, 
intensive care unit; ME, mastoid effusion; OR, odds ratio; WBC, white blood cell. *This variable was evaluated in 79 patients.
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may serve as an additional imaging marker for prognosis in 
aSAH patients.

Data availability statement

The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

Ethics statement

The studies involving humans were approved by Yonsei University 
Institutional Review Board (Approval number: 4-2021-0346). The 
studies were conducted in accordance with the local legislation and 
institutional requirements. The ethics committee/institutional review 
board waived the requirement of written informed consent for 
participation from the participants or the participants' legal guardians/
next of kin due to the retrospective nature of the study.

Author contributions

JK: Data curation, Writing – review & editing, Writing – original 
draft, Supervision. SK: Investigation, Writing  – review & editing, 
Writing  – original draft, Project administration, Software, Data 
curation. CKJ: Conceptualization, Writing  – review & editing, 
Writing  – original draft, Data curation, Visualization, Project 
administration. HJH: Writing  – original draft, Data curation, 
Supervision, Formal analysis. KYP: Project administration, Writing – 
original draft, Resources, Writing – review & editing, Investigation. 
J-JK: Writing – review & editing, Methodology, Writing – original 

draft, Investigation, Formal analysis, Resources, Project 
administration. YBK: Validation, Supervision, Writing – review & 
editing, Visualization, Software, Writing – original draft. JO: Writing – 
original draft, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
	1.	Bluestone CD, Beery QC, Andrus WS. Mechanics of the Eustachian tube as it 

influences susceptibility to and persistence of middle ear effusions in children. Ann Otol 
Rhinol Laryngol. (1974) 83:Suppl 11:27–34. doi: 10.1177/0003489474083s1103

	2.	Huyett P, Raz Y, Hirsch BE, McCall AA. Radiographic mastoid and middle ear 
effusions in intensive care unit subjects. Respir Care. (2017) 62:350–6. doi: 
10.4187/respcare.05172

	3.	Lee DH, Jun BC, Park JO, Yeo SW. Magnetic resonance imaging of the mastoid 
cavity and middle ear: prevalence and clinical significance of incidental abnormal 
findings in a nonotolaryngologic adult and pediatric population. J Otolaryngol. (2006) 
35:13–8. doi: 10.2310/7070.2005.4131

	4.	González Pena M, Figuerola Massana E, Hernández Gutiérrez P, Rello CJ. Middle 
ear effusion in mechanically ventilated patients: effects of the nasogastric tube. Respir 
Care. (2013) 58:273–8. doi: 10.4187/respcare.01911

	5.	Lin CC, Lin CD, Cheng YK, Tsai MH, Chang CS. Middle ear effusion in intensive 
care unit patients with prolonged endotracheal intubation. Am J Otolaryngol. (2006) 
27:109–11. doi: 10.1016/j.amjoto.2005.07.021

	6.	Gwer S, Sheward V, Birch A, Marchbanks R, Idro R, Newton CR, et al. The tympanic 
membrane displacement analyser for monitoring intracranial pressure in children. 
Childs Nerv Syst. (2013) 29:927–33. doi: 10.1007/s00381-013-2036-5

	7.	Evensen KB, Paulat K, Prieur F, Holm S, Eide PK. Utility of the tympanic membrane 
pressure waveform for non-invasive estimation of the intracranial pressure waveform. 
Sci Rep. (2018) 8:15776. doi: 10.1038/s41598-018-34083-6

	8.	Jung H, Jang KM, Ko MJ, Choi HH, Nam TK, Kwon JT, et al. Relationship between 
increased intracranial pressure and mastoid effusion. J Korean Neurosurg Soc. (2020) 
63:640–8. doi: 10.3340/jkns.2020.0067

	9.	Macdonald RL, Diringer MN, Citerio G. Understanding the disease: aneurysmal 
subarachnoid hemorrhage. Intensive Care Med. (2014) 40:1940–3. doi: 
10.1007/s00134-014-3483-5

	10.	Suarez JI, Tarr RW, Selman WR. Aneurysmal subarachnoid hemorrhage. N Engl J 
Med. (2006) 354:387–96. doi: 10.1056/NEJMra052732

	11.	Magni F, Pozzi M, Rota M, Vargiolu A, Citerio G. High-resolution intracranial 
pressure burden and outcome in subarachnoid hemorrhage. Stroke. (2015) 46:2464–9. 
doi: 10.1161/STROKEAHA.115.010219

	12.	Shirao S, Yoneda H, Ishihara H, Kajiwara K, Suzuki M. Survey study members of Japan 
neurosurgical S. A proposed definition of symptomatic vasospasm based on treatment of 
cerebral vasospasm after subarachnoid hemorrhage in Japan: consensus 2009, a project of 
the 25 spasm symposium. Surg Neurol Int. (2011) 2:74–4. doi: 10.4103/2152-7806.81968

	13.	Kesser BW, Woodard CR, Stowell NG, Becker SS. Middle ear effusion in adult 
ICU patients: a cohort study. Ear Nose Throat J. (2013) 92:340–6. doi: 
10.1177/014556131309200807

	14.	Luntz M, Bartal K, Brodsky A. Shihada R (acute mastoiditis: the role of imaging 
for identifying intracranial complications). Laryngoscope. (2012) 122:2813–7. doi: 
10.1002/lary.22193

	15.	Wilkinson SL, Sahota RS, Constable JD, Harper F, Judd O. Does incidental mastoid 
opacification on computerized tomography necessitate referral to ENT? Laryngoscope. 
(2017) 127:2860–5. doi: 10.1002/lary.26594

	16.	Diringer MN, Bleck TP, Hemphill JC III, Menon D, Shutter L, Vespa P, et al. 
Critical care management of patients following aneurysmal subarachnoid 
hemorrhage: recommendations from the Neurocritical Care Society’s 
multidisciplinary consensus conference. Neurocrit Care. (2011) 15:211–240. doi: 
10.1007/s12028-011-9605-9

	17.	Czosnyka M, Pickard JD. Monitoring and interpretation of intracranial pressure. 
J Neurol Neurosurg Psychiatry. (2004) 75:813–21. doi: 10.1136/jnnp.2003.033126

	18.	Nag DS, Sahu S, Swain A, Kant S. Intracranial pressure monitoring: gold standard 
and recent innovations. World J Clin Cases. (2019) 7:1535–53. doi: 
10.12998/wjcc.v7.i13.1535

https://doi.org/10.3389/fneur.2025.1603869
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1177/0003489474083s1103
https://doi.org/10.4187/respcare.05172
https://doi.org/10.2310/7070.2005.4131
https://doi.org/10.4187/respcare.01911
https://doi.org/10.1016/j.amjoto.2005.07.021
https://doi.org/10.1007/s00381-013-2036-5
https://doi.org/10.1038/s41598-018-34083-6
https://doi.org/10.3340/jkns.2020.0067
https://doi.org/10.1007/s00134-014-3483-5
https://doi.org/10.1056/NEJMra052732
https://doi.org/10.1161/STROKEAHA.115.010219
https://doi.org/10.4103/2152-7806.81968
https://doi.org/10.1177/014556131309200807
https://doi.org/10.1002/lary.22193
https://doi.org/10.1002/lary.26594
https://doi.org/10.1007/s12028-011-9605-9
https://doi.org/10.1136/jnnp.2003.033126
https://doi.org/10.12998/wjcc.v7.i13.1535


Kim et al.� 10.3389/fneur.2025.1603869

Frontiers in Neurology 10 frontiersin.org

	19.	Traboulsi R, Avan P. Transmission of infrasonic pressure waves from cerebrospinal 
to intralabyrinthine fluids through the human cochlear aqueduct: non-invasive 
measurements with otoacoustic emissions. Hear Res. (2007) 233:30–9. doi: 
10.1016/j.heares.2007.06.012

	20.	Agid R, Farb RI. Mastoid effusion associated with dural sinus thrombosis. Eur 
Radiol. (2005) 15:755–8. doi: 10.1007/s00330-004-2505-z

	21.	Fink JN, McAuley DL. Mastoid air sinus abnormalities associated with lateral 
venous sinus thrombosis: cause or consequence? Stroke. (2002) 33:290–2. doi: 
10.1161/hs0102.101016

	22.	Inagawa T. Risk factors for cerebral vasospasm following aneurysmal subarachnoid 
hemorrhage: a review of the literature. World Neurosurg. (2016) 85:56–76. doi: 
10.1016/j.wneu.2015.08.052

	23.	Fukuhara T, Douville CM, Eliott JP, Newell DW, Winn HR. Relationship between 
intracranial pressure and the development of vasospasm after aneurysmal subarachnoid 
hemorrhage. Neurol Med Chir (Tokyo). (1998) 38:710-5. doi: 10.2176/nmc.38.710

	24.	Gambardella G, De Blasi F, Caruso G, Zema A, Turiano F, Collufio D. Intracranial 
pressure, cerebral perfusion pressure, and SPECT in the management of patients with SAH hunt 
and Hess grades I-II. Acta Neurochir Suppl. (1998) 71:215–8. doi: 10.1007/978-3-7091-6475-4_62

	25.	Heuer GG, Smith MJ, Elliott JP, Winn HR, Leroux PD. Relationship between 
intracranial pressure and other clinical variables in patients with aneurysmal subarachnoid 
hemorrhage. J Neurosurg. (2004) 101:408–16. doi: 10.3171/jns.2004.101.3.0408

	26.	Pluta RM, Hansen-Schwartz J, Dreier J, Vajkoczy P, Macdonald RL, Nishizawa S, 
et al. Cerebral vasospasm following subarachnoid hemorrhage: time for a new world of 
thought. Neurol Res. (2009) 31:151–8. doi: 10.1179/174313209X393564

	27.	Sviri GE, Britz GW, Lewis DH, Newell DW, Zaaroor M. Cohen W (dynamic 
perfusion computed tomography in the diagnosis of cerebral vasospasm). Neurosurgery. 
(2006) 59:319–25. doi: 10.1227/01.NEU.0000222819.18834.33

	28.	Gossner J. Fluid signal in the mastoid is a common incidental finding on MRI 
of the brain. Eur Arch Otorhinolaryngol. (2019) 276:611–2. doi: 10.1007/
s00405-018-5197-8

https://doi.org/10.3389/fneur.2025.1603869
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.heares.2007.06.012
https://doi.org/10.1007/s00330-004-2505-z
https://doi.org/10.1161/hs0102.101016
https://doi.org/10.1016/j.wneu.2015.08.052
https://doi.org/10.2176/nmc.38.710
https://doi.org/10.1007/978-3-7091-6475-4_62
https://doi.org/10.3171/jns.2004.101.3.0408
https://doi.org/10.1179/174313209X393564
https://doi.org/10.1227/01.NEU.0000222819.18834.33
https://doi.org/10.1007/s00405-018-5197-8
https://doi.org/10.1007/s00405-018-5197-8

	Clinical implications and prognostic value of mastoid effusion in the management of aneurysmal subarachnoid hemorrhage
	Introduction
	Methods
	Study population
	Management of aSAH patients
	Radiological assessment for ME and vasospasm
	Clinical assessment
	Statistical analysis

	Results
	Patient and aneurysm characteristics
	Treatment characteristics and outcomes
	Factors associated with the occurrence of ME
	Factors associated with poor clinical outcomes
	Subgroup analysis by neurological grade and treatment modality

	Discussion
	Conclusion

	References

