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PURPOSE

We aimed to determine the relationship of abnormal labyrinthine signals on heavily T2-weighted
three-dimensional fluid-attenuated inversion recovery imaging (HF sequence) with hearing im-
pairment and prognosis in patients with sudden sensorineural hearing loss (SSNHL).

METHODS

Patients with unilateral SSNHL underwent magnetic resonance imaging, including pre-contrast
HF sequences and post-contrast HF sequences with a 4-hour scan delay after intravenous gado-
linium injection. We measured the signal intensity ratio (SIR) of the vestibule and cochlea relative
to the cerebellar medulla on post-contrast HF sequences, and analyzed the relationship of SIR
with hearing impairment and prognosis.

RESULTS

Of 61 patients, 23 (37.7%) showed signal abnormalities on post-contrast HF sequences. Initial
hearing loss and hearing recovery were worse in the HF+ group than in the HF- group (P < 0.05).
Profound hearing loss was more common in the HF+ group (52.2% vs. 23.7%), while moderate
hearing loss was more common in the HF- group (18.4% vs. 0.0%; P < 0.05 for both). The rate of
partial recovery was higher in the HF- group (42.1%) than in the HF+ group (13.0%; P < 0.05). The
SIRs of the vestibule and cochlea were positively correlated with the severity of hearing loss and
hearing recovery, with higher SIRs indicating more severe hearing loss and poor recovery.

CONCLUSION

Labyrinthine signal abnormalities were found on post-contrast HF sequences in 37.7% of pa-
tients with SSNHL. These abnormalities were found only in patients with severe-to-profound
hearing loss. Increased SIR indicated more severe hearing loss and poor prognosis.

n most patients with sudden sensorineural hearing loss (SSNHL), the underlying cause

is unknown, and is possibly attributable to viral, vascular, or multiple etiologies (1).

Diverse etiological causes can lead to ischemic and hypoxic changes in the cochlear
cells, resulting in the breakdown of the blood-labyrinth barrier in the inner ear, which is
associated with increased permeability. The increase in permeability leads to changes in
the protein composition of the inner ear. These changes are manifested as an increase in
signal intensity on three-dimensional fluid-attenuated inversion recovery (3D-FLAIR) se-
quences (henceforth referred to as FL sequences) (2). A modification of the FL sequence,
namely, the heavily T2-weighted FL sequence (henceforth referred to as the HF sequence)
with a 4-hour scan delay after intravenous gadolinium injection, can improve the display
rate of abnormal signals in the inner ear (3, 4). In SSNHL patients, signal changes on FL
sequences are correlated with greater hearing loss and worse prognosis (5, 6). The present
study aimed to determine the correlation of signal-intensity changes on HF sequences
with the degree of deafness and prognosis in patients with unilateral SSNHL. We evalu-
ated the signal intensity ratio (SIR) of the vestibule and cochlea, as this parameter more
objectively reflects the changes in the signal intensity of the inner ear and reduces the
influence of human factors on the observer.
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Methods

Patient selection

In this prospective study, we enrolled pa-
tients who were diagnosed with unilateral
SSNHL in our hospital between April 2016
and May 2018. SSNHL was defined as uni-
lateral sensorineural hearing loss of =30 dB
over three or more contiguous audiometric
frequencies that developed over a period of
a few hours up to 3 days and had no identi-
fiable cause despite adequate investigation
(7). The patients were diagnosed with sudden
deafness jointly by an otolaryngologist and
the doctor responsible for hyperbaric oxygen
therapy, on the basis of factors such as on-
set time, symptoms, signs, and audiological
findings. Patients with middle ear disease,
Meniere disease, systemic disease, or definite
causes such as inner ear malformation, acous-
tic neuroma, and autoimmune disease, were
excluded from the study. None of the pa-
tients had received intratympanic injections
for treatment before the imaging. The time
interval between SSNHL onset and magnetic
resonance imaging (MRI) and the presence of
vertigo and tinnitus were recorded. The study
protocol was approved by the institutional re-
view board of our hospital (Ethics committee
approval number: 2016-%}-88).

* Using heavily T2-weighted 3D-FLAIR (HF
sequence), the initial hearing level was sig-
nificantly worse in the HF+ group than in
the HF- group. Recovery of hearing was sig-
nificantly worse in the HF+ group than in the
HF- group.

* The signal intensity ratio (SIR) of the vestibule
and cochlea of the affected ears were positive-
ly correlated with the degree of initial hearing
loss and the improvement in hearing, with in-
creased SIR being associated with higher initial
hearing loss and poorer improvement.

* High signal intensity on T1-weighted images
is accompanied by high signal changes on HF
sequences. The posterior semicircular canal is
the most common location of abnormally high
signal intensity in patients with sudden sen-
sorineural hearing loss. This radiological sign
indicates more severe hearing impairment and
poor prognosis.

* This paper builds up on the previous litera-
ture and research using the best HF scanning
sequence and delay time (4 hours) to improve
the image display and lesion detection. In
addition, the measurement of SIR is not influ-
enced by the individual factors of the diag-
nostician. It is more objective than the simple
naked eye observation.

Audiological evaluation

All patients underwent physical exam-
ination, audiological assessments (includ-
ing tympanic-membrane endoscopy), and
speech and pure-tone audiometry. The
audiometric assessments were completed
immediately after hospitalization. Hearing
loss was classified as follows: 26-40 dB,
mild; 41-55 dB, moderate; 56-70 dB, mod-
erately severe; 71-90 dB, severe; and >90
dB, profound. Patients were treated with
oral prednisone at a dose of 40-60 mg/
day, according to the patient’s body weight,
for 5 consecutive days. The patients also
received drugs to improve blood flow and
reduce blood viscosity. Additionally, the pa-
tients underwent hyperbaric oxygen treat-
ment. Each course of hyperbaric oxygen
treatment lasted 10 days, and each patient
received 2-4 such courses, depending on
their general condition and response to
treatment. Recovery was classified using
the Siegel criteria (8): final hearing loss <25
dB, complete recovery; final hearing loss
25-45 dB with >15 dB gain, partial recovery;
final hearing loss >45 dB with >15 dB gain,
slight improvement; and final hearing loss
>75 dB with <15 dB gain, no improvement.

Magnetic resonance imaging

MRI was conducted using a 3.0 T scan-
ner (Magnetom Prisma, Siemens) and a
64-channel array head coil. The following
sequences were performed: pre-contrast
T1-weighted imaging (repetition time [TRI],
700 ms; echo time [TE], 22 ms; thickness,
0.8 mm; and matrix, 256x256), whole-
brain T2-weighted imaging (TR, 4000 ms;
TE, 99 ms; thickness, 2.0 mm; and matrix,
256%256), MRI water imaging technique
3D-SPACE (TR, 1000 ms; TE, 125 ms; thick-
ness, 0.8 mm; and matrix, 320x320); and
pre-contrast 3D-FLAIR sequences (i.e.,, HF
sequences) and post-contrast HF sequences
taken 4 h after contrast administration (TR,
9000 ms; TE, 537 ms; inversion time, 2250
ms; thickness, 0.8 mm; matrix, 320x320;
variable flip angle echo train; average flip
angle, 1100° for turbo spin echo refocusing
echo train; echo train length, 96; and scan
time, 7 min 41 s). A standard 0.2 mL/kg dose
of gadolinium diethylenetriamine penta-
acetic acid (Gd-DTPA) was intravenously
injected at a rate of 2.5 mL/s for all patients.

Two radiologists who were familiar with
inner ear MRl and had more than 10 years
of diagnostic experience each assessed
the signal abnormalities in each sequence
of the inner ear. Any disagreements were
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resolved through discussion. The vesti-
bule, cochlea, and semicircular canals were
examined visually. The procedure for the
judgment of abnormalities in the inner
ear signal was as follows (9). The signal in-
tensity of the unaffected ears was taken as
the reference standard. The normal inner
ear has a very low signal on MRI. When the
signal of the affected ears was very low or
the same as that of the unaffected ears on
post-contrast HF sequences images, that is,
when there was no abnormal signal in the
vestibule, cochlea, and semicircular canals,
the ear was said to be HF-signal negative
(HF-). The affected ear was said to be HF sig-
nal-positive (HF+) when its signal was high-
er than that of the unaffected ear; in other
words, one of the three inner ear structures
had an abnormal signal. Regions of interest
(ROIs) were drawn according to the method
described by Kim et al. (4). For each patient,
bilateral ROIs were placed on the vestibule
(1 mm?), cochlea (1 mm?), and cerebellar
medulla (1 cm?) on post-contrast HF imag-
es. Every ROl was examined twice for each
patient, and the average values were taken.
The signal intensities of the vestibule and
cochlea were measured on post-contrast
HF sequences images, and ROIs with an
area of 1 mm? were manually placed in the
basal turn of the cochlea and the vestibule.
The signal intensity of the cerebellar me-
dulla at the same level was also measured
within an area of 1 cm? (Fig. 1). The SIRs of
the vestibule and cochlea were calculated
as follows: SIR of vestibule or cochlea = ves-
tibular or cochlear signal intensity/cerebel-
lar medulla signal intensity.

Statistical analysis

Data were analyzed using SPSS for Win-
dows (v22.0; SPSS Inc.). Normal distribution
of data was evaluated using the Kolmogor-
ov-Smirnov test. The Fisher exact test or the
chi-square test was used to compare cate-
gorical variables, namely, prognosis and the
severity of the initial hearing loss, between
the HF- and HF+ groups. The correlation of
the SIR with prognosis and the severity of
the initial hearing loss was analyzed using
Spearman rank order correlation. A P value
of less than 0.05 was used to infer statistical
significance.

Results

A total of 61 patients, including 25 men
and 36 women, were enrolled in this study.
Their mean age was 49.8+12.3 years (range,
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Figure 1. a, b. Example of the ROIs on post-contrast HF sequences with a 4-hour scan delay after
intravenous gadolinium injection. Image (a) shows the ROIs placed bilaterally to measure the signal
intensity of the basal turn of the cochlea and the cerebellar medulla. Image (b) shows the ROIs
placed bilaterally to measure the signal intensity of the vestibule and cerebellar medulla.

Figure 2. a, b. Axial MRI with the HF sequence in a 60-year-old female patient with sudden
sensorineural hearing loss in the right ear. Pre-contrast image (a) shows that the signals of the right
vestibule and cochlea are slightly higher than those of the left vestibule and cochlea. Enhanced
imaging with a 4-hour scan delay (b) shows bright signals in the right cochlea and vestibule, which
are significantly higher than those in the left cochlea and vestibule.

19-77 years). The average interval between
SSNHL onset and MRI scanning was 16 days
(range, 3-60 days). Of the 61 patients with
SSNHL, 23 patients (37.7%) showed high
signal intensity in the labyrinth of the af-
fected inner ear (HF+ group; Fig. 2). In the
remaining patients, the affected ear was
HF-signal negative (HF- group). Of the 23
patients in the HF+ group, all 23 (100%) had
high signals in the cochlea, 22 (95.7%) had
high signals in the vestibule, 11 (47.8%) had
high signals in the posterior semicircular
canal (PSCC), 5 (21.7%) had high signals in
the lateral semicircular canal, and 2 (0.1%)
had high signals in the superior semicircu-
lar canal. In addition, a total of 8 patients
(13.1%) in the overall study cohort showed
high signal intensity in the affected inner
ear on T1-weighted images (Fig. 3). Of these
8 patients, 5 (62.5%) showed high signal in-
tensity in PSCC on T1-weighted images; the
remaining 3 showed high signal intensity in
the cochlea (n=1), vestibule (n=1), and both
the cochlea and vestibule (n=1). Age, sex,
associated symptoms, and the average time
between symptom onset and MRI examina-
tion did not significantly differ between the
two groups (Table 1). None of the patients
showed high signal intensity in the unaf-
fected inner ear.

The initial hearing level was signifi-
cantly worse in the HF+ group than in the
HF- group (P < 0.005; Fig. 4). The rate of
profound hearing loss was significantly
higher in the HF+ group (52.2%) than in
the HF- group (23.7%; P < 0.05). Addition-
ally, the rate of moderate hearing loss was
significantly lower in the HF+ group (0.0%)
than in the HF- group (18.4%; P < 0.05). Re-
covery of hearing was significantly worse in
the HF+ group than in the HF- group (P <
0.05; Fig. 5). The rate of partial recovery was
significantly lower in the HF+ group (13.0%)
than in the HF- group (42.1%; P < 0.05).
The mean SIR value was significantly high-
er in the vestibule than in the cochlea (P <
0.001) in both the affected and unaffected
ear (Table 2). The SIRs of the vestibule and
cochlea of the affected ears were positively
correlated with the degree of initial hearing
loss and the improvement in hearing (P <
0.05), with increased SIR being associated
with higher initial hearing loss and poorer
improvement (Table 3, Fig. 6).

Discussion

Previous studies have reported that in pa-
tients with sudden deafness, the inner ear
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labyrinth shows an abnormally high signal
intensity on FL sequences (2). This abnor-
mal signal indicates the destruction of the
blood-labyrinth barrier and increased per-
meability in the inner ear. This radiological
sign is often present in patients with severe
deafness and indicates a poor prognosis
(10-13). Studies have found that the HF
sequence is more sensitive than the FL se-

Table 1. Characteristics of patients with SSNHL

quence for detecting deafness (3, 14). Kim et
al. (4) found that enhanced FLAIR imaging of
the inner ear with a 4-hour scan delay was
more sensitive than plain scanning or scan-
ning with a 10 min delay. Therefore, we em-
ployed a scan delay of 4 hours in this study.
With these scanning parameters, we found
that 23 patients (37.7%) had an abnormally
high signal intensity in the inner ear on HF

sequences. This rate of HF-positive scans is
higher than the rates (11%-35%) reported in
previous studies (3, 11, 15). The reason may
be that we used a sensitive HF sequence and
selected different time points for scanning.
In addition, our study included patients who
were hospitalized for severe hearing loss re-
quiring hyperbaric oxygen therapy.
Weissman et al. (16) believed that high
signal in the inner ear on T1-weighted im-
ages was due to an increase in vascular per-
meability and destruction of the blood-laby-
rinth barrier, which led to early hemorrhage

All patients ~ HF+ group HF- group ) ) )

(n=61) (h=23),n (%) (n=38), n (%) P and high protein concentration. Because
Mean age (years) 49.8 519 48.5 0.22 h.emorrhagf-:- mayA be one of.the Ca.uses of
) high signal intensity on Tl-weighted images,
IS cl L e llere) Las the careful use of antifibrinogens or antico-
Male patients 25 11 (44) 14 (56) agulants is necessary to treat patients with
Female patients 36 12 (33.3) 24 (66.7) this MRI finding. Inner ear hemorrhage is of-
Affected ear 018 ten accompanle'd b.y ves.tlbular dysfunction
and severe hearing impairment (17, 18), and
Leift £ lolks7) e it has a worse prognosis than signal changes
Right 26 7 (26.9) 19(73.1) not associated with inner ear hemorrhage
Associated symptoms (19, 20). Inner ear hemorrhage can lead to
Ve 15 6 (40) 9.(60) 1.00 chan.ges |r.1the composition of the endo!ym-
e phatic fluid in the membranous labyrinth,
Ll = 24) (E75) 39225 00 resulting in irreversible damage to the hair
Onset-to-MRI (days) 16 14 18 0.34 cells in the semicircular canals, utricle, and
TIWI+ 8 8 (100) 0(0) 0.001 saccule; moreover, the therapeutic effect of
Sty el e s glucocortlc0|FIs on such damage is limited
) (21). Hence, inner ear hemorrhage should
Ll > ) S (el be diagnosed and treated as early as possi-
Moderate 7 0(0) 7(100) ble. In our study, 8 patients (13.1%) had high
Moderately severe 4 0(0) 4(100) signal intensity on T1-weighted images as
Severe 24 11 (45.8) 13 (54.2) well ?S po'st-contrast HF s'eguences. Howev-
er, high-signal abnormalities on post-con-

Profound 21 12 (57.1) 9(42.9) 0.003 .
trast HF sequences are not necessarily asso-
Improvement by Siegel criteria ciated with similar changes on T1-weighted
No improvement 12 7 (58.3) 5(41.7) images. These patients were considered to
Slight improvement 29 13 (44.8) 16 (55.2) have idiopathic hearing loss, as they had
no history of primary ear diseases, autoim-

Partial recovery 19 3(15.8) 16 (84.2) 0.050 . . R

mune diseases, coagulation disorders, or
Complete recovery 1 0(0) 1(100) anticoagulant use. All 8 patients also had

SSNHL, sudden sensorineural hearing loss; HF+, signal changes on heavily T2-weighted three-dimensional
fluid-attenuated inversion recovery sequences with 4-hour scan delay; HF-, no signal changes; MRI, magnetic
resonance imaging; T1WI+, signal changes on T1-weighted imaging.

severe-to-profound hearing loss. In the HF+
group, 30.4% patients (7/23) showed no im-
provement, while among the patients with

Figure 3. a-c. Axial MRI with the HF sequence in a 17-year-old female patient with sudden sensorineural hearing loss in the left ear. Pre-contrast image (a)
shows that the signals of the left vestibule and cochlea are not significantly higher than those of the right vestibule and cochlea. Enhanced imaging with a
4-hour scan delay (b) shows bright signals in the left cochlea and vestibule that are significantly higher than those in the right cochlea and vestibule. Pre-
contrast T1-weighted image (c) shows bilaterally equal signals in the inner ears and punctate high signals (white arrow) in the left vestibule.
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Figure 5. Hearing recovery in the HF+ group and HF- group. NI, no improvement; SI, slight
improvement; PR, partial recovery; CR, complete recovery.

Table 2. Mean, maximum, minimum SIR values in the cochlea and vestibule of the affected ears and
unaffected ears in patients with SSNHL

Cochlea Vestibule P
Affected 1.74 (4.58-0.96) 2.13(4.18-1.31) <0.001
Unaffected 1.41 (2.35-0.76) 1.76 (3.34-1.20) <0.001

All SIRs were measured using post-contrast HF sequences.
SIR, signal intensity ratio; SSNHL, sudden sensorineural hearing loss; HF, heavily T2-weighted three-dimensional
fluid-attenuated inversion recovery.

signal changes on T1-weighted images, 50%
patients (4/8) showed no improvement.
After inner ear hemorrhage, macromo-
lecular substances such as red blood cell
debris can settle into the endolymph of
the semicircular canals in the membranous
labyrinth, causing hearing loss and vertigo
(20). The PSCC is the most gravity-depen-
dent canal in both the supine and upright
positions. Some studies have reported that
the PSCC is the most commonly involved
canal in patients with concurrent benign
paroxysmal positional vertigo and SSNHL
(22, 23). In our study, the high signal inten-
sity observed on T1-weighted images was
located in the PSCC in 5 of the 8 patients
(62.5%). This suggests that on T1-weighted
images, the PSCC is the most common lo-
cation of abnormally high signal intensity
in patients with SSNHL. In our study, abnor-
mal high signals in the inner ear were main-
ly found in the cochlea (23/23, 100%) and
vestibule (22/23, 95.7%). Only 11 patients
(47.8%) had abnormal signals in the semi-
circular canals, with the PSCC (11/23, 47.8%)
being the most frequently involved semicir-
cular canal. Compared with abnormal high
signal intensity limited to the cochlea or
vestibule, extensive abnormal high signal
changes in the cochlea, vestibule, and semi-
circular canals indicate more severe hearing
impairment and poor prognosis due to ex-
tensive injury to the inner ear (10).
Abnormal high signal intensity in the
affected ear on post-contrast HF sequenc-
es suggests that the degree of damage
to the blood-labyrinth barrier is different
from that in the unaffected ear (24). Recent
studies have shown that the initial hear-
ing loss was worse in the FL+ group than
in the FL- group (15, 24, 25). In our study
also, significant differences were present
in the initial hearing loss between the HF+
and HF- groups (P < 0.005). Previous stud-
ies have reported that among patients with
SSNHL, the incidence of abnormal signals
on FL sequences is significantly higher in
those with severe-to-profound deafness
than in those with mild-to-moderate deaf-
ness (15, 26). One possible explanation for
this is that severe-to-profound deafness is
associated with more severe inner ear in-
jury than mild-to-moderate deafness (15,
26). Our results showed that the HF+ group
consisted of patients with severe-to-pro-
found hearing loss, exclusively. Moreover,
the proportion of patients with profound
hearing loss was significantly higher in the
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Table 3. Correlation of SIR with severity of initial hearing loss and hearing recovery in patients with

SSNHL
Severity of initial hearing loss Hearing recovery
r P R P
Affected vestibule 0.277° 0.031 0.282° 0.027
Affected cochlea 0.339° 0.007 0.272° 0.034
Unaffected vestibule 0.223 0.084 0.107 0.41
Unaffected cochlea 0.091 0.48 0.225 0.081

All SIRs were measured using post-contrast HF sequences.

SIR, signal intensity ratio; SSNHL, sudden sensorineural hearing loss; r, correlation coefficient; HF, heavily
T2-weighted three-dimensional fluid-attenuated inversion recovery.

2P < 0.05,°P < 0.01.

HF+ group (52.2%) than in the HF- group
(23.7%), while the proportion of patients
with moderate hearing loss was significant-
ly lower in the HF+ group (0%) than in the
HF- group (18.4%).

The detection of abnormal changes in the
MRI signal in the inner ear, which is a tiny an-
atomical structure, is highly operator depen-

dent, and diagnostic experience is needed
for accurate interpretation of these changes.
Our measurements showed significant dif-
ferences in SIR on post-contrast HF sequenc-
es between the affected ears and unaffected
ears and between the HF+ and HF- groups (P
< 0.05). In addition, significant differences in
SIR were observed between the cochlea and
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vestibule in both the affected and unaffect-
ed ears (P < 0.001). The mean SIR value was
higher in the vestibule than in the cochlea
and higher on the affected side than on the
unaffected side, a difference that could not
be perceived by the naked eye. Only when
the signal intensity reaches a certain level
can the naked eye sense this change. In con-
trast, SIR can relatively objectively record the
various degrees of signal intensity changes
in the affected and unaffected ear without
the influence of the observer. Quantitative
analysis of this parameter showed that the
SIRs of the vestibule and cochlea of the af-
fected ears were positively correlated with
the degree of initial hearing loss in all pa-
tients with SSNHL, both in the HF- and HF+
groups (P < 0.05), with increased SIR being
associated with greater hearing loss. No such
correlation was observed for the unaffected
ears.

Most studies show that abnormal signals
in the inner ear labyrinth on HF sequenc-

Min et al.



es are associated with poor prognosis (5,
6, 27). Lee et al. (15) reported that among
patients with SSNHL, those with severe or
profound hearing loss frequently exhibit-
ed abnormalities on post-contrast HF se-
quences, which were significantly associat-
ed with a poor prognosis; in contrast, few
abnormal signals were detected in patients
with mild-to-moderate hearing loss, and
in these patients, no significant correla-
tion was observed between abnormal sig-
nals and prognosis. In this study, patient
prognosis significantly differed between
the HF+ and HF- groups (P < 0.05). Partial
recovery was seen in only 13% of patients
in the HF+ group and 42.1% of patients in
the HF- group. Tagaya et al. (28) found that
the ratio of the signal intensities of the in-
ner ear and the cerebellar hemisphere may
be a prognostic indicator for evaluating the
disruption of the blood-labyrinth barrier in
patients with sudden deafness. Increased
signal intensity caused by increased per-
meability suggests an increase in inner ear
damage; the repair of damaged hair cells
and improvement of hearing takes a long
time, and some severe damage may be ir-
reversible. Quantitative analysis of the SIR
showed that the SIRs of the vestibule and
cochlea were positively correlated with the
improvement in hearing in all patients with
SSNHL (P < 0.05).

The limitation of this study is that the re-
search population was relatively specific; all
participants were serious hospitalized pa-
tients. The evaluation of more patients with
mild-to-moderate hearing loss is required.
Signal characteristics are closely related to
time interval between symptom onset and
MRI (25). The time from onset to hospitaliza-
tion widely varied among our cohort, from
a few days to several weeks. Although the
high signal will exist for a long time, the sig-
nal intensity will decrease with time, which
will affect the evaluation. Patients with Me-
niere disease and sudden deafness have
similar clinical symptoms, such as hearing
loss, dizziness, and tinnitus, and both show
increased signals on HF sequences, but the
magnitude of this increase is different (29).
A single HF sequence cannot be used to
make an etiological diagnosis in patients
presenting with sudden deafness. In ad-
dition, we did not perform long-term fol-
low-up and chronicle the degree of hearing
improvement in each patient.

In conclusion, abnormally high signal in-
tensity in the inner ear labyrinth on post-con-

trast HF sequences was found in 37.7% of
patients with SSNHL. This high signal in-
tensity was only found in patients with se-
vere-to-profound initial hearing loss. Increase
in the SIR of the affected ears on post-con-
trast HF sequences was correlated with se-
vere initial hearing loss and poor prognosis.
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