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BACKGROUND AND PURPOSE: SCD has been reported to involve the inner ear and result in LH and LO.
Our purpose was to examine the prevalence of inner ear involvement and to assess the relationship
between clinical and imaging findings in patients with SCD.

MATERIALS AND METHODS: Review of our institution’s imaging data base for patients with SCD who
underwent imaging of the brain or head and neck region or both by CT, MR, or both from 2004 to 2008
was performed. Presenting symptoms, type of SCD, sex, imaging studies performed, and imaging
findings were documented.

RESULTS: Among 89 patients with SCD identified (41 males, 48 females), 17 patients (14 males, 3
females; 10–48 years old) underwent imaging evaluation for inner ear complaints, including SNHL,
dizziness, vertigo, and tinnitus. LH was identified in 3 patients (3 males) and LO was identified in
another 3 patients (2 males, 1 female). All patients with LH had sickle-hemoglobin C disease, whereas
those with LO consisted of 2 patients homozygous for HbS (2) and 1 with HbS/�-thalassemia. Patients
with LH presented with vestibular symptoms (2 vertigo, 1 dizziness), whereas patients with LO
presented with SNHL. LH was seen in the basal turn of cochlea and vestibule, whereas LO involved
the lateral semicircular canal.

CONCLUSIONS: LH and LO were found in approximately one-third of patients with SCD with inner ear
symptoms and preferentially affected males.

ABBREVIATIONS: DRIVE � driven equilibrium radio-frequency pulse sequence; Hb � hemoglobin;
HbSC � sickle-hemoglobin C disease; LSC � lateral semicircular canal; LH � labyrinthine hemor-
rhage; LO � labyrinthitis ossificans; PSC � posterior semicircular canal; RBC � red blood cell;
SCD � sickle cell disease; SNHL � sensorineural hearing loss; SSC � superior semicircular canal

SCD is an autosomal recessive disease characterized by an
abnormal Hb molecule, HbS, that polymerizes when de-

oxygenated, initiating a complex pathophysiology, that results
in vaso-occlusion and hemolytic anemia.1,2 The spectrum of
clinical manifestations is broad and can involve virtually any
organ system, including inner ear.3 SNHL is a well-recognized
complication of SCD.4-11

LH and LO have been reported to affect the inner ear in
SCD; however, the association between inner ear involvement
and imaging findings has not been fully described. Our pur-
pose was to examine the prevalence of inner ear involvement
of LH and LO and to assess the relationship between clinical
and imaging findings of LH and LO in SCD.

Materials and Methods
Following our institutional review board approval, a retrospective

review of our imaging data base was performed to identify patients

with SCD who underwent imaging of the brain or head and neck

region or both by CT, MR, or both between January 1, 2004, and

December 31, 2008.

Each identified patient’s clinical chart was reviewed. Data regard-

ing age, sex, Hb phenotype, past medical history, and initial present-

ing symptoms prompting imaging examinations were collected and

recorded. Given that LH is known to occur as a complication of bleed-

ing disorders, the most common being leukemia,4 and that LO can

result from suppurative bacterial or viral labyrinthitis, advanced oto-

sclerosis, trauma, autoimmune inner ear disease, and tumors of the

temporal bone,12 patients were excluded if they had a past medical

history of these conditions.

All patients were scanned with a 16 or 64 multidetector CT (Light-

Speed or VCT; G.E., Milwaukee, Wisconsin) and/or a 1.5T MR im-

aging scanner (Achieva or Intera; Philips Medical Systems, Cleveland,

Ohio), with or without intravenous contrast media. High-resolution

CT of the temporal bone was performed with 1.25- or 0.625-mm

contiguous axial images reviewed with 1-mm coronal recontructions.

Temporal bone MR imaging consistently included axial and coronal

T1-weighted spin-echo sequences (3.0-mm section thickness with

0.3-mm intersection gap) and an axial T2-weighted DRIVE sequence

(1.4-mm-thick sections with 0.7-mm interval reconstruction).

The CT and MR imaging performed were re-reviewed by 2 neu-

roradiologists who where blinded to initial formal radiologic inter-

pretation for the presence of the inner ear abnormalities (LH and LO)

and their sites of involvement. Any discrepancies were resolved by

consensus.

Results
Review of our imaging data base revealed 89 patients with SCD
(41 males, 48 females; age, 1–53 years). Of these 89 patients
with SCD identified, 17 patients (14 males, 3 females; age,
10 – 48 years) presented with inner ear symptoms and were
evaluated by imaging of the brain or head and neck region or
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both. Presenting symptoms included SNHL (6 patients), diz-
ziness,6 vertigo,5 and tinnitus,3 or combination of multiple
symptoms.

Eleven temporal bone MR, 1 temporal bone CT, 17 brain
MR, and 4 brain CT (including 1 CT angiogram) imaging
examinations were performed in the work-up of these com-
plaints. Of 11 patients who were evaluated by dedicated tem-
poral bone MR imaging, CT, or both, LH was identified in 3
patients and LO was identified in another 3 patients. No tem-
poral bone imaging abnormalities were found in the remain-
ing 5 patients. There were no clinically relevant abnormalities
that might explain presenting symptoms on the routine brain
CT imaging studies and MR imaging studies performed,
though these were not performed as dedicated skull base im-
aging studies.

The demographic information for these patients with LH
and LO is given in Table 1. Patients with LH (3 males; 13–18
years old) had HbSC and presented with vestibular symptoms,
including dizziness (1) and vertigo (2). All patients with LH
complained of headache and ear pain as well. One patient
complained of SNHL 1 week after the initial onset. Patients
with LO (2 males, 1 female; 12–26 years old) presented with
SNHL and had sickle cell anemia or (2) or HbS/�-thalassemia
(1).

The imaging findings for the patients with LH and LO are
listed in Table 2. On T1-weighted temporal bone MR imaging,
high signal intensity in the inner ear structure was a character-
istic finding for LH (Fig 1). Postcontrast-enhanced T1-
weighted imaging did not show any abnormal enhancement,
and T2-weighted imaging did not demonstrate any abnormal-
ity in the inner ear. LH was always seen in the basal turn of the
cochlea and vestibule with bilateral (1/3) or unilateral (2/3)

involvement. In 1 patient, the posterior semicircular canals
also were involved bilaterally.

In patients with LO, on high-resolution T2-weighted
DRIVE images, the normal T2 hyperintensity in the inner ear
was lost (Fig 2). High-resolution temporal bone CT showed
ossification of the membranous labyrinth (Fig 3). LO was al-
ways seen in the LSC with bilateral (2/3) and unilateral (1/3)
involvement. In 1 patient, bilateral apical and middle turns of
the cochlea and unilateral basal turn of the cochlea and the
vestibule also were involved (1/3). Two patients with LO were
scanned for their clinical follow-up evaluation, and we re-
viewed their initial studies (patients 5 and 6). Both showed
progression to bilateral involvement consistent with worsen-
ing of bilateral hearing loss.

Discussion
SCD is an autosomal recessive disease characterized by abnor-
mal Hb. A single gene defect that is a point mutation at the
sixth codon in the � globin gene (the short arm of chromo-
some 11) results in a single amino acid substitution (valine for
glutamic acid) and abnormal Hb structure (HbS).1-3 When a
patient possesses 2 sickle cell hemoglobin genes (HbSS), SCD
results; a heterozygote patient (with 1 normal and 1 sickle cell
� globin chain) is designated HbSA and carries the sickle cell
trait. The term SCD applies to all patients with at least a single
HbS chain and 1 other abnormal � globin chain, which may be
another sickle cell � chain (in which case the patient is ho-
mozygous HbSS and by definition has sickle cell anemia),
HbC (HbSC), or 1 of the thalassemias (HbS/�-thalassemia).1,2

The spectrum of clinical manifestations of SCD is broad
and can involve virtually any organ system. Pathologic
changes of SCD are based on the 3 mechanisms: vaso-occlu-

Table 1: Clinical details of the patients with LH and LO

Patient
Age
(yr) Sex

Hb
Genotype Initial Inner Ear Symptoms

Other Initial
Symptoms

LH/
LO

1 18 M HbSC Dizziness (SNHL 1 wk after initial onset) Headache, ear pain LH
2 17 M HbSC Vertigo Headache, ear pain LH
3 13 M HbSC Vertigo Headache, ear pain LH
4 26 M HbS/�-thal Tinnitus, SNHL None LO
5 12 M HbSS SNHL None LO
6 14 F HbSS SNHL None LO

Table 2: Imaging findings of the patients with LH and LO

Patient
LH/
LO

MR Imaging CT

Hyperintensity in Inner Ear
Structures on T1WI

Loss of Normal Hyperintensity in
Inner Ear Structures on T2WI

Abnormal
Enhancement in Inner

Ear Structures
Ossification of Inner Ear

Structures
1 LH Bilateral basal and middle turns

of cochlea and PSC, left
vestibule

None None —

2 LH Left basal turn of cochlea,
vestibule

None None —

3 LH Right basal turn of cochlea,
vestibule

None None —

4 LO None Left LSC —a —
5 LO None Bilateral cochlea, LSC, SSC; left PSC — Bilateral apical and middle turns

of cochlea, right basal turn of
cochlea, vestibule, LSC

6 LO None Bilateral LSCs — —
a —, not performed.
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sion, chronic hemolytic anemia, and infection.1-3 The most
accepted pathogenesis of inner ear involvement is recurrent
vaso-occlusion of the labyrinthine blood vessels, which can
result in LH and LO.3-9 LH is thought to result from altered
capillary hemodynamics or reperfusion injury.9 The associa-
tion between LH and LO has not been fully demonstrated, but
it is theorized that LH incites a reparative response that cas-
cades from fibrosis to sclerosis and ultimately ossification of
the inner ear structures.13

SNHL is a well-recognized complication of SCD, and many
previous studies reported high prevalence of SNHL.4-11 LH
and LO are known conditions affecting the inner ear in pa-
tients with SCD.3,4,9 To our knowledge, the prevalence of in-
ner ear involvement and the relationship between clinical and
imaging findings in patients with SCD have not yet been
reported.

In this investigation, 19.1% (17/89) of patients with SCD
presented with inner ear symptoms and were evaluated by CT,
MR imaging, or both during a 5-year period. Vestibular symp-
toms were most commonly seen, followed by SNHL. We iden-
tified 3 patients with LH and 3 other patients with LO. Of the
patients evaluated by dedicated temporal bone imaging,
27.8% (3/11) of the patients with vestibular symptoms showed
LH, and 50% (3/6) of the patients with sensorineural symp-
toms showed LO. LH and LO had similar rates of incidence
and shared a male sex predominance; however, they presented
with different symptoms. Regarding other initial symptoms,
all patients with LH complained additionally of headache and
ear pain.

LH seems to occur in HbSC predominantly. In the few
cases of LH in patients with SCD that have been reported in the
literature, patients were noted to have HbSC.4 HbSC com-

prises approximately 25% of all patients with SCD.1,2 Prolif-
erative retinopathy is more prevalent in HbSC than in sickle
cell anemia.14 Perhaps blood viscosity-related factors are im-
portant in LH because they are felt to be in HbSC disease with
proliferative retinopathy.14 LO, by contrast, based on our ob-
servations, seems to be more prevalent among patients with
sickle cell anemia. Patients with sickle cell anemia, the most
severe type, may have more vaso-occlusive episodes in the in-
ner ear structures and therefore a higher probability of acquir-
ing LO. It is certainly difficult to make definitive conclusions
of the pathophysiology of these entities, however, especially
considering that LO may result from LH in some cases.

High signal intensity on unenhanced high resolution T1-
weighted images is a characteristic finding for LH.3,4,13,15 Loss
of water signal intensity in high resolution T2-weighted im-
ages (eg, DRIVE, constructive interference in the steady state)
also is reported for LH;15 however, we did not detect abnor-
mality on high-resolution T2-weighted images. Contrast-en-
hanced TI-weighted imaging can exclude tumors such as
schwannomas and hemangiomas that show intense and local-
ized enhancement. The characteristic imaging finding of LO is
ossification of the membranous labyrinth on high resolution
CT. On high resolution T2-weighted imaging, the normal T2
hyperintensity in the labyrinth is lost.3,9,12,16-20 There was no
LO case with gadolinium enhanced MR imaging in our study.
Postcontrast-enhanced characteristics of LO has not been de-
scribed well in the literature.3,9,16-20 The enhancing labyrinth
occurs most commonly in the acute and subacute stage of
labyrinthitis due to accumulation of gadolinium within in-
flamed labyrinthine membrane. LO is the end-stage of laby-
rinthitis and characterized pathologically by proliferation of
fibroblasts and finally osteoblasts. Therefore, LO may show
faint or no enhancement in the labyrinth.

We observed that both LH and LO had a predilection for
particular structures in the inner ear. LH was always identified
in the basal turn of cochlea and vestibule, whereas LO was
identified in LSC. The inner ear involvement is considered to
result from vaso-occlusion of the labyrinthine blood vessels in
SCD.3-9 The membranous labyrinth is supplied by the labyrin-
thine artery that either arises from the anterior inferior cere-
bellar artery or as a direct branch of the basilar artery. The
labyrinthine artery divides into the anterior vestibular, ves-

Fig 1. LH (patient 1). An 18-year-old man (HbSC) presented with dizziness. He also complained of headache and ear pain. A–C, Axial unenhanced T1-weighted MR imaging demonstrates
high signal intensity areas in the bilateral basal and middle turns of the cochlea (arrows), PSCs (arrowheads), and left vestibule (thin arrow). D and E, Axial T2-weighted DRIVE MR imaging
shows no abnormal signal intensity is in these regions. Postcontrast-enhanced T1-weighted MR image demonstrated no abnormal enhancement (not shown).

Fig 2. LO (patient 4). A 26-year-old man (HbS/�-thal) presented with tinnitus and left SNHL.
Axial high-resolution T2-weighted DRIVE MR image demonstrates loss of the normal high
signal intensity in the left LSC (arrow).
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tibulocochlear, and the proper cochlear arteries.21 The ante-
rior vestibular artery provides the blood supply to most of the
utricule and the superior and horizontal ampullae, as well as a
small portion of the sacculus. The vestibulocochlear artery
further divides into a cochlear ramus and a vestibular ramus,
also known as the posterior vestibular artery. The posterior
vestibular artery is the source of the blood supply to the pos-
terior ampulla, the major part of the saccule.21 It is possible
that LH and LO might result from vaso-occlusion from differ-
ent vascular branches; however, the number of positive pa-
tients in this study is too small to confirm this postulation.

There have been numerous case reports of LO caused by
other etiologies, such as meningitis, labyrinthitis, and trau-
ma.12,16-20 In postmeningitic LO, the most common location
has been reported to be the scala tympani of the basal turn of
cochlea due to the route of inflammation spread through the
cochlear aqueduct.16-20 The LSC also is reported to be affected
frequently in the patients with more advanced ossification.18

The difference between LO in SCD and LO secondary to other
etiologies may be the initially affected location.

Bilateral inner ear involvement was observed in 1 patient
with LH and in 2 patients with LO. Two patients with LO were
scanned for their clinical follow-up evaluation, and both
showed progression to bilateral involvement consistent with
clinical findings. In postmeningitic LO, the inner ear is some-
times affected bilaterally due to the spread of the infection by
CSF.16-20 Given that vaso-occlusion in patients with SCD can
occur within any organ and that the labyrinthine artery has a
higher chance of vaso-occlusion given the small caliber of this
vessel, the observation of bilateral involvement by LO in pa-
tients with SCD is not surprising.

Comparing the efficacy of CT versus MR imaging for diag-
nosing inner ear disease in patients with SCD is difficult based
on this retrospective study because of the small number of
positive cases. One patient with LO (patient 5) underwent
temporal bone CT and MR imaging, and the imaging findings
are listed in the Table 2. In this case, MR imaging detected LO
more clearly than CT especially in the semicircular canals. One
study has shown a much higher sensitivity of MR imaging in
detecting cochlear obstruction,19 whereas another study has
reported no significant difference in the sensitivity and speci-
ficity of MR imaging and CT with respect to LO.22 Although it
is well-known that T2-weighted imaging can be falsely positive
in detecting abnormalities, thin-section unenhanced T1-
weighted images demonstrate LH effectively.4 Therefore, we
suggest that dedicated temporal bone MR imaging, including
T1-weighted (�3-mm section thickness) and T2-weighted se-
quences (�1–2-mm section thickness), should be the first im-
aging study for the evaluation of inner ear complaints in pa-

tients with SCD. Temporal bone CT should be done when
there is a discrepancy between the clinical findings and MR
imaging.

Several limitations are present in this study. First, diagnosis
of LH was made on the basis of imaging findings and clinical
presentation, without histopathologic confirmation. How-
ever, obtaining tissue for imaging confirmation would not be
ethically appropriate. Despite this limitation, we believe that
T1-weighted images can reliably distinguish tumors, pus, or
fat in the labyrinth; clinical parameters were used in distin-
guishing T1 hyperintense blood from pus in patients we diag-
nosed with LH. Second, this is a retrospective study and pa-
tients were selected on the basis of an electronic data base
review. Some patients with inner ear symptoms may not have
had any imaging evaluations and would not have been identi-
fied on our initial imaging data base review. Furthermore, in
this retrospective study, not all patients were evaluated by ded-
icated temporal bone imaging, though since 2007, all patients
with SCD at our institution are evaluated with both brain and
temporal bone MR imaging to assess for the presence of brain
and head and neck involvement. It is possible that inner ear
abnormalities were present on routine imaging studies in-
cluded in this investigation but were not detectable due to the
routine (nonhigh-resolution) technique used. Furthermore, it
is possible that the number of patients with LO was underes-
timated due to the small number of temporal bone CT exam-
inations performed. Third, because our institution is a major
referral center for patients with SCD, our patient population
with SCD may be skewed toward more severely affected pa-
tients than other imaging centers. A final limitation of our
study is the small number of positive cases due to the relatively
rare presenting complaint of inner ear symptoms in this spe-
cific patient population.

Conclusions
LH and LO are not uncommon among symptomatic patients
with SCD and were found in approximately one-third of pa-
tients with SCD with inner ear symptoms and males were pref-
erentially affected. In patients with SCD presenting with inner
ear complaints, dedicated temporal bone imaging should be
performed, preferably by MR imaging.

References
1. Lonergan GJ, Cline DB, Abbondanzo SL. From the archives of the AFIP sickle

cell anemia. Radiographics 2001;21:971–94
2. Steinberg MH. Management of sickle cell disease. N Engl J Med

1999;340:1021–30
3. Saito N, Nadgir RN, Flower EN, et al. Clinical and radiologic manifestations of

sickle cell disease in the head and neck. Radiographics 2010;30:1021–34

Fig 3. LO (patient 5). A 12-year-old boy (HbSS) presented with bilateral SNHL. A–C, Axial high-resolution temporal bone images from CT angiography demonstrate partial obliteration of
the bilateral apical and middle turns of the cochleas and right basal turn of the cochlea (arrows), vestibule (arrowhead), and LSC (thin arrow).

AJNR Am J Neuroradiol 32:2160 – 64 � Dec 2011 � www.ajnr.org 2163



4. Whitehead RE, MacDonald CB, Melhem ER, et al. Spontaneous labyrinthine
hemorrhage in sickle cell disease. AJNR Am J Neuroradiol 1998;19:1437– 40

5. Mgbor N, Emodi I. Sensorineural hearing loss in Nigerian children with sickle
cell disease. Int J Pediatr Otorhinolaryngol 2004;68:1413–16

6. Odetoyinbo O, Adekile A. Sensorineural hearing loss in children with sickle
cell anemia. Ann Otol Rhinol Laryngol 1987;96:258 – 60

7. Jovanovic-Bateman L, Hedreville R. Sensorineural hearing loss with brain-
stem auditory evoked responses changes in homozygote and heterozygote
sickle cell patients in Guadeloupe (France). J Laryngol Otol 2006;120:627–30

8. Onakoya PA, Nwaorgu OG, Shokunbi WA. Sensorineural hearing loss in
adults with sickle cell anaemia. Afr J Med Med Sci 2002;31:21–24

9. Liu BP, Saito N, Wang JJ, et al. Labyrinthitis ossificans in a child with sickle cell
disease: CT and MRI findings. Pediatr Radiol 2009;39:999 –1001

10. Piltcher O, Cigana L, Friedriech J, et al. Sensorineural hearing loss among
sickle cell disease patients from southern Brazil. Am J Otolaryngol
2000;21:75–79

11. Alabi S, Ernest K, Eletta P, et al. Otological findings among Nigerian children
with sickle cell anaemia. Int J Pediatr Otorhinolaryngol 2008;72:659 – 63

12. Nemzek WR, Swartz JD. Temporal bone: inflammatory disease. In: Som PM,
Curtin HD, eds. Head and Neck Imaging, 4th ed. St. Louis: Mosby; 2003:1207– 08

13. Salomone R, Abu TAA, Chaves AG, et al. Sudden hearing loss caused by laby-
rinthine hemorrhage. Rev Bras Otorrinolaringol 2008;74:776 –79

14. Nagel RL, Steinberg MH. Hemoglobin SC disease and HbC disorders. In:
Steinberg MH, Forget BG, Higgs DR, et al, eds. Disorders of Hemoglobin: Genet-

ics, Pathophysiology, and Clinical Management, vol. 1. Cambridge, UK: Cam-
bridge University Press; 2001:756 – 85

15. Shinohara S, Yamamoto E, Saiwai S, et al. Clinical features of sudden hearing
loss associated with a high signal in the labyrinth on unenhanced T1-weighted
magnetic resonance imaging. Eur Arch Otorhinolaryngol 2000;257:480 – 84

16. Swartz JD, Mandell DM, Faerber EN, et al. Labyrinthine ossification: etiologies
and CT findings. Radiology 1985;157:395–98

17. Muren C, Bredberg. Postmeningitic labyrinthine ossification primarily affect-
ing the semicircular canals. Eur Radiol 1997;7:208 –13

18. Chan CC, Saunders DE, Chong WK, et al. Advancement in post-meningitic
lateral semicircular canal labyrinthitis ossificans. J Laryngal Otol
2007;121:105– 09

19. Isaacson B, Booth T, Kutz JW, et al. Labyrinthitis ossificans: how accurate is
MRI in predicting cochlear obstruction? Otolaryngol Head Neck Surg
2009;140:692–96

20. Aralasmak A, Dincer E, Arslan G, et al. Posttraumatic labyrinthitis ossificans
with perilymphatic fistulization. Diagn Interv Radiol 2009;15:239 – 41

21. Lysakowski A, McCrea RA, Tomlinson RD. Anatomy of the vestibular end
organs and neural pathways. In: Cummings CW, ed. Otolaryngology: Head and
Neck Surgery, vol 4. St. Louis: Mosby-Year Book 1998; 2561– 83

22. Bettman R, Beek E, Van Olphen A, et al. MRI versus CT in assessment of
cochlear patency in cochlear implant candidates. Acta Otolaryngol 2004;124:
577– 81

2164 Saito � AJNR 32 � Dec 2011 � www.ajnr.org


