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dotomy or stapedect-
ent in hearing. In four

cases pulsatile tinnitus was described pre- and postoperatively.
In all four, pulsatile tinnitus subsided after transection of the
PSA. Peroperative bleeding from the PSA was described in
four patients, which could be controlled during the procedure.
No significant postoperative sequelae were reported.
Conclusions: In case of a PSA, improvement of conductive
hearing loss is best achieved by stapes surgery, while
pulsatile tinnitus is effectively treated with transection of the
PSA. To date no long-term postoperative complications have
been reported. Key Words: Conductive hearing loss—
Pulsatile tinnitus—Stapedectomy—Stapedial artery—
Stapedotomy—Stapes ankylosis.
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y connects the internal carotid artery prevalence of this anomaly is estim
The stapedial arter
with the external carotid artery in early embryonic devel-
opment. The stapedial artery plays an important role in
the cranial vasculature of the human embryo, but degen-
erates in the 10th week of fetal life (1). In rare cases, this
artery persists as a persistent stapedial artery (PSA). The
ated to be 0.02 to
0.48% (2,3). When a stapedial artery persists, it can
cause conductive hearing loss by limiting the move-
ment of the stapes, thereby mimicking otosclerosis. It
can also produce pulsatile tinnitus (3,4). Four subtypes
of PSA have been described (5). They all have in
common that the PSA runs over the promontory and
courses through the obturator foramen of the stapes to
enter the facial canal through a dehiscence in its wall
just posterior from the cochleariform process. The PSA
then courses anteriorly in the facial canal and after
exiting the canal just before the geniculate ganglion, it
travels anteriorly and cranially into the extradural space
of the middle cranial fossa (1,4,5). If the stapedial
artery persists into postnatal life, it supplies the middle
meningeal artery. The foramen spinosum, which nor-
mally contains the middle meningeal artery, is absent
or underdeveloped (5,6).

Middle ear surgery in case of a PSA has been con-
troversial because of the possible per- and postoperative
complications. Transecting a PSA could lead to profuse
bleeding peroperatively and, in theory, cause infarction
of the facial nerve or parts of the temporal lobe of
the brain or the brainstem, leading to postoperative
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complications such as facial paralysis, hemiplegia or
central auditory, and vestibular impairment (1,5).

In this study, we review the literature and our own
experience with the surgical management of a PSA, the
outcome on hearing levels and pulsatile tinnitus, and the
per- and postoperative complications.

MATERIALS AND METHODS

A systemic search of the English literature was performed for
articles published up to September 1st, 2016. The databases
PubMed and Embase were searched with the keywords ‘‘sta-
pedial’’ and ‘‘artery.’’ Articles were included if a PSA was
identified with certainty during the procedure and if treatment
of this anomaly and its symptoms, i.e., conductive hearing loss
and/or pulsatile tinnitus, was attempted. Reports that did not
specify the surgical technique or outcome of the procedure were
excluded. Patients were analyzed for hearing loss (pre- and
postoperatively), pulsatile tinnitus (pre- and postoperatively),
the existence of footplate ankylosis, and per- and postoperative
complications. Hearing levels were determined by pure tone
audiometry (PTA) and calculated by averaging both air and
bone conduction thresholds at 500, 1,000, and 2,000 Hz (the
Fletcher Index). One patient with a PSA treated at the VU
University Medical Center Amsterdam, The Netherlands was
added to the analysis. A detailed description of patient charac-
teristics, clinical presentation, and the additional case, can be
found as supplemental digital content, http://links.lww.com/
MAO/A529.

RESULTS

Results of Literature Review
The search of the PubMed and Embase databases

yielded 154 and 184 articles, respectively. After applying
the in- and exclusion criteria, 14 articles were eligible for
evaluation (3–16). A total of 17 patients, including our
patient, and 18 operated ears were eligible for evaluation.

Surgical Procedure
Three main surgical strategies for the management of a

PSA were identified: 1) stapes surgery (either stapedot-
omy, stapedectomy, or malleostapedotomy) without tran-
section of the PSA (reported in eight patients and nine
ears); 2) transection of the PSA without stapes surgery
(reported in four patients, four ears), and 3) stapes
surgery combined with transection of the PSA (reported
in five patients, five ears) (Table 1).

During the procedure, ankylosis of the footplate
additional to the presence of a PSA was found in 12
of 13 (92%) evaluated ears (Table 1). One patient had a
mobile footplate and in five patients the mobility of the
footplate was not described.

Per- and Postoperative Complications
Two stapedotomies were aborted because of a mobi-

lized footplate during removal of the stapes superstruc-
ture (3). One profuse bleeding and three minor
peroperative bleedings from a PSA were reported. In
three cases the bleeding occurred after deliberate tran-
section of the PSA. In all four patients the bleeding could
be controlled, either by applying pressure on the vessel,
bipolar coagulation, or applying Tabotamp (Johnson &
Johnson, Chicago, IL). The peroperative bleedings did
not prevent completion of the stapedotomy procedure
(3,10,11). No other peroperative complications were
reported. The reported postoperative complications were
limited: in one patient a postoperative febrile episode was
observed. In this patient, a mycotic aneurysm was also
resected from the middle ear during the procedure (8).
Postoperative facial palsy or other neurological compli-
cations were not reported, although the absence of post-
operative complications was only explicitly addressed in
7 of 18 cases (Table 1).

Postoperative Outcome
Stapes surgery was initiated in 14 of 18 evaluated ears.

Two (2/14) procedures were aborted due to a mobile
footplate (Table 1) (3). In 12 of 14 (86%) patients,
hearing was subjectively improved postoperatively.
One patient (7%) reported unaltered hearing after the
stapedotomy was aborted, and in one patient postoper-
ative hearing was not specified. Audiometry results were
reported in 8 of 14 patients who underwent stapes
surgery. In all eight patients, hearing thresholds
improved, from an average preoperative Fletcher Index
of 53 (range, 33–70 dB) to 21 dB postoperatively (range,
�5 to 47 dB). Bone conduction thresholds remained
stable in all eight patients (preoperative average 13 dB,
postoperative average 12 dB).

In 4 of 18 ears the PSA was transected but the stapes
was left intact, resulting in unaltered hearing in one
patient and a small subjective deterioration of hearing
in another (4,7). Hearing was not evaluated in the
remaining two patients.

In 4 of 6 patients with reported preoperative pulsatile
tinnitus, postoperative pulsatile tinnitus was evaluated. In
all four patients, the PSA was transected and all reported
alleviation of pulsatile tinnitus after surgery (4,6,7).

DISCUSSION

Middle ear surgery in patients with a PSA presents the
surgeon with a dilemma. On the one hand manipulation
of the PSA could cause a profuse bleeding and theoreti-
cally cause facial paralysis, hemiplegia, or central audi-
tory, and vestibular impairment (1,5). On the other hand,
if the PSA and stapes are left in situ the symptoms will
most likely remain.

At present, a limited number of reports exist on the
surgical management of the PSA, its safety and the out-
come with regard to hearing loss and pulsatile tinnitus. The
results from our analysis should be interpreted with some
caution, as the limited number of published reports might
reflect a publication bias towards the more successful and
uncomplicated interventions. Nevertheless, the best avail-
able evidence to date shows that middle ear surgery is
feasible in the majority of PSA patients without major
complications. Our review uncovered only two stapes
procedures that have been aborted. The reason was stapes
Otology & Neurotology, Vol. 38, No. 6, 2017
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footplate mobilization in both cases, not peroperative
bleeding (3). The reported bleedings from a PSA could
all be controlled peroperatively. No neurological sequelae
have been described following transection of a PSA and/or
stapes surgery in presence of a PSA.

Three main strategies have been described for the
surgical management of a PSA: stapes surgery without
transection of the PSA, transection of the PSA without
stapes surgery, and stapes surgery combined with tran-
section of the PSA. This review shows that performing
stapedotomy/stapedectomy with and without transection
of the PSA is an effective way to treat a conductive
hearing loss caused by a PSA. Both strategies resulted in
improved hearing in all evaluated patients. However, the
effect of only a stapedotomy on pulsatile tinnitus is
unknown. Transection of the PSA seems to be effective
in treating pulsatile tinnitus, alleviating this symptom in
all evaluated cases. Transecting a PSA without perform-
ing stapes surgery seems not effective in resolving
hearing loss, as no hearing improvement was achieved
after this procedure in the evaluated cases.

Remarkably, footplate ankylosis seems to be a fre-
quent occurrence in the reported PSA cases (12 of 13
patients, 92%), although the prevalence of this finding
might be due to selection bias because patients with
conductive hearing loss may be more likely to undergo
middle ear surgery (Table 1). Currently, the mechanism
linking a PSA with footplate ankylosis is unknown. In a
PSA case reported by Karosi et al. (11), histology of the
removed stapes revealed active otospongiosis of the
anterior part of the footplate, which may explain anky-
losis in PSA cases.

CONCLUSION

According to the reported cases, middle ear surgery is
safe in patients with a PSA. No postoperative compli-
cations have been reported. Transection of a PSA can
cause profuse peroperative bleeding, however, this can
be controlled and does not lead to postoperative neuro-
logical sequelae. In patients with a PSA, transection of
the PSA alone seems to be an effective way to treat
pulsatile tinnitus, but not hearing loss. Stapes surgery
seems to be an effective treatment for conductive hearing
loss, but its effect on tinnitus is unknown. In PSA patients
suffering from both pulsatile tinnitus and hearing loss, the
combination of PSA transection and stapes surgery
seems appropriate.
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