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Abstract
Background: Glomus tumors are rare and benign hypervascular tumors. Surgery
represented the mainstay of their treatment, even if it has been associated with high
morbidity and mortality rates. Recently, the treatment shifted to a multimodal
approach and Gamma Knife radiosurgery represents one of the treatment options.
Methods: Authors retrospectively analyzed the clinical and radiological outcome of
a series of patients who underwent Gamma Knife radiosurgery for glomus tumors.
Results: Thirty patients underwent Gamma Knife radiosurgery. Mean tumor volume
was 7.69 cc (range 0.36-24.6). Mean tumor margin dose was 16 Gy (range 13-18).
Median follow-up was of 91 months (mean 90; range 11-172). Overall clinical con-
trol rate was 100%; overall volumetric tumor control rate was 96.6%. Patients' and
tumors' characteristics, treatment data, and outcome have been analyzed.
Conclusion: Gamma Knife radiosurgery represents a safe and effective treatment
for glomus tumors. Longer follow-up and larger cohort studies are needed to defin-
itively outline the role of Gamma Knife radiosurgery for glomus tumors.
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1 | INTRODUCTION

Glomus tumors are rare, generally benign, slow growing,
and hypervascular tumors arising from the paraganglia of the
chemoreceptor bodies at the carotid body, the jugular bulb,
and the vagal ganglia.1,2

They can also be located with the tympanic branch of
the glossopharyngeal nerve or the auricular branch of the
vagus nerve.3 According to their origin, they are classified
as glomus jugulare, glomus tympanicum, glomus caroticum,
and glomus vagale.4,5

The incidence of glomus tumors is about 1 per 1.3 million
people usually occurring between 50 and 60 years of age and
affecting more frequently women.1,3,6 Glomus tumors account
for 0.6% of all cranial tumors and they are generally sporadic,
however familiar cases have been reported in approximately
20%.7–10 Dopamine secretion is detected in about 1%-3%
of tumors.7,11–14 Glomus tumors are benign but locally
aggressive tumors with growth of about 0.79 mm/year.7,12,15

Malignant changes can occur in about 3% of cases; in 1%-4%
of cases they can be metastatic at the diagnosis.12,16,17

Patients usually experience hearing loss, pulsatile tinni-
tus, vertigo, lower cranial nerves deficits, dizziness, and
labile blood pressure or tachycardia in case of secreting
tumors.1,7,11,15

The treatment of glomus tumors is still a matter of
debate. Surgery has been considered the first choice treat-
ment for decades, however it is still related to high morbidity
and mortality.12,13 The surgical mortality rate ranges from
2.6% to 13% in the pertinent literature, while the rate of cra-
nial nerve (CN) injury ranges from 18.7% to 44% depending
on the series.12,13,18

Endovascular embolization of feeding vessels from the
ascending pharyngeal artery has been adopted to reduce
intraoperative bleeding during tumor resection.7,8,19

Radiation therapy (RT), and more recently fractionated-
RT, has been also considered in the treatment algorithm of
glomus tumors with acceptable tumor control, nevertheless
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the patients may be exposed to the risk of radiation-related
long-term complications.6,12–14

Gamma Knife radiosurgery for glomus tumors has been
introduced in the 1990s, and to date, a total of 770 patients
undergoing Gamma Knife radiosurgery have been reported.20

The purpose of this study was to retrospectively analyze
the outcome of a series of 30 patients underwent Gamma
Knife radiosurgery for skull base glomus tumors in our
institution.

2 | MATERIALS AND METHODS

2.1 | Patients' selection

The medical records, treatment protocols, and the most
recent clinical and radiological follow-up data of patients
treated with Gamma Knife radiosurgery for skull base glo-
mus tumors in our institution until 2015 were prospectively
collected and retrospectively analyzed. Clinical, radiological,
and follow-up data of patients treated before 2002 were not
fully available, making it necessary to exclude them from
the analysis process.

All patients signed the informed consent for personal
data treatment and all the procedures were performed
according to the ethical standards.

2.2 | Radiosurgical procedure

The Leksell Gamma Unit Model C (Elekta Instruments, Inc.,
Stockholm, Sweden) was used until August 2007, whereas
after 2007 to date, the Perfexion Model (Elekta Instruments,
Inc., Stockholm, Sweden) was adopted. The Leksell stereotac-
tic head frame (model G) was positioned and magnetic
resonance images (MRI; 1.5-tesla; Magnetom Vision, Siemens,
Munich, Germany) were performed. The MR imaging
sequences used are as follows: T1-weighted and T2-weighted
without contrast and T1-weighted with contrast. Slices were
obtained every 2 mm in axial and coronal planes. For those
patients operated before, a CT scan was performed and fused
with the MRI study. The GammaPlan system (Elekta Instru-
ments, Inc., Stockholm, Sweden) was used for treatment
planning, volume, and dose calculation. All Gamma Knife
radiosurgery treatments were delivered in a single dose. A team
including a neurosurgeon, neuroradiologist, and a medical
physicist performed the Gamma Knife radiosurgery dose plan-
ning. All patients were discharged the day after the treatment.

In treatment planning, we try to treat the tumor volume
with at least a marginal dose of 14 Gy at 50% isodose, when
possible, because lower doses are associated with poor tumor
control.9,21,22

2.3 | Clinical and radiological assessment

All patients underwent a complete neurological evaluation
before performing Gamma Knife radiosurgery and after

treatment, every 6 months for the first 3 years and every year
thereafter. Patients were classified as clinically unchanged,
improved or worsened, and every symptom of new onset
was followed during follow-up.

All patients underwent a contrast-enhanced MRI study at
follow-up. Tumor volume at treatment and at follow-up was
measured on GammaPlan system (Elekta Instruments, Inc.,
Stockholm, Sweden). Reduction was defined as a volume
decrease of ≥20%; while progression was considered for a
volume increase of ≥20%; all the remaining cases were
considered unchanged.23

2.4 | Statistical analysis

Data recorded were statistically analyzed by using Prism
software (version 5.0a, GraphPad Software Inc., La Jolla,
California). The data were reported by using mean and
median values. The paired t test was applied to dependent
samples. A P value of less than 0.05 was considered to
indicate statistical significance.

3 | RESULTS

3.1 | Patients' and tumor’ characteristics and
treatment data

A total of 30 patients underwent Gamma Knife radiosurgery
for skull base glomus tumors in our institution between 2002
and 2015.

The mean age was 65.6 years (median 68; range
40-89 years); 25 patients were female (83.3%) and 5 were
male (16.6%). Twenty-one patients (70%) underwent Gamma
Knife radiosurgery as a primary treatment; whereas in the
remaining nine cases (30%), Gamma Knife radiosurgery was
delivered on residual or recurrent tumor after previous
surgery. Among these cases, one residual tumor (case #10)
was initially treated with fractionated radiation therapy in
another institution, and the patient underwent Gamma Knife
radiosurgery after further tumor progression (Table 1).

According to tumor location and extension, the cases
were classified as tympanic in 6 cases (20%); jugular in
8 cases (26.6%); jugulo-tympanic in 10 cases (33.3%);
jugulo-carotid in 4 cases (13.3%), and carotid-tympanic in
the remaining 2 cases (6.6%).

Tumors were located on the left side in 17 cases (56.6%)
and on the right side in 11 (36.6%) cases; two (6.6%)
patients harbored bilateral lesions. One of them underwent
bilateral surgery elsewhere and Gamma Knife radiosurgery
was performed for a left residual tumor; the other one under-
went surgery for the left tumor and was treated with Gamma
Knife radiosurgery for the right lesion. None of our patients
were bearer of secreting tumor.

Prior to the treatment, one patient (3.3%) experienced V
CN deficit; seven experienced VII CN deficit (23.3%); VIII
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CN in 18 cases (60%); IX CN in 13 cases (43.3%); X CN in
9 cases (30%); XI CN in 10 cases (33.3%); and XII CN in
3 cases (10%).

Mean tumor volume was 7.69 cc (range 0.36-24.6;
median 7.6). Median follow-up was 91 months (range
11-172; mean 90).

The mean tumor margin dose was 16 Gy (range 13-18;
median 16); the isodose line for the tumor margin varied from
46% to 50%; 29 tumors (96.6%) were treated with a 50%
isodose line. The mean volume of brainstem receiving 10 Gy
(V10) was 12.13 cc (range 0.836-37.7). The mean volume
receiving 12 Gy (V12) was 9.01 cc (range 1.3-27.2).

3.2 | Tumor control

Considering those cases with stable or decreased tumor
volume, the overall tumor control was 96.6%. At the last
radiological evaluation (Figure 1), tumor volume was
unchanged in 25 cases (83.3%); a volumetric decrease was
recorded in five cases (16.4%). One patient experienced tumor
progression at follow-up. The residual tumor after surgery
(case #7) was treated with a marginal dose of 18 Gy, with
100% cover index to the target. After initial radiological
regression and clinical improvement, 41 months after first
Gamma Knife radiosurgery treatment an extra-field tumor
relapse at the treatment margin, without clinical changes, was
detected. The patient underwent a second Gamma Knife radio-
surgery treatment with 18 Gy at the margin of the growing
part of the tumor (volume: 0.8 cc). At the last follow-up after
62 months, the tumor volume and the patient's clinical status
were unchanged.

In those tumors showing volumetric regression, the mean
volumetric decrease was of 4.06 cc.

By excluding the case of extra-field retreatment, the
mean tumor volume variation of −0.95 cc was statistically
significant (P < 0.0001).

3.3 | Clinical outcome

At the last follow-up evaluation, 17 patients were unchanged
(56.6%) and 13 patients (43.4%) experienced improvement
of their clinical status. Among these, three patients (10%)
experienced vertigo improvement; one of seven cases (3.3%)
experienced VII CN improvement (from House and
Brackmann scale grade III to grade II); while in the remain-
ing six cases, the impairment was stable at follow-up.

No cases of hearing worsening were recorded and all
patients experiencing hearing symptoms remained stable at
follow-up (Table 2). Tinnitus was recorded in eight patients
at the time of Gamma Knife radiosurgery and resolved in all

FIGURE 1 Axial contrast-enhancement MRI study of Gamma Knife radiosurgery treatment-planning, showing glomus tumors and isodose line (upper);
axial contrast-enhancement MRI study after 138 months of follow-up period (case #20), showing tumor control (lower) [Color figure can be viewed at
wileyonlinelibrary.com]

TABLE 2 Summary of clinical status before Gamma Knife radiosurgery
(GKRS) and at last follow-up

Symptoms

At GKRS At last follow-up

Cases % (n = 30) Cases % (n = 30)

LCN deficit 17 56.6 9 30

Hypoacusia 16 53.3 16 53.3

VII CN impairment 7 23.3 6 20

Tinnitus 8 26.6 0 -

Vertigo 6 20 3 10

V CN impairment 1 3.3 1 3.3

Otalgia 1 3.3 0 -

Other 2 6.6 1 3.3

Abbreviations: CN, cranial nerve; LCN, lower cranial nerves.

4 SPINA ET AL.
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cases as well as the only case of otalgia; no improvement or
new cases have been recorded.

One patient (3.3%; case #4) experienced transient vertigo
3 months after Gamma Knife radiosurgery (V10 and V12
were 7.1 and 5.8 cc, respectively); one patient (3.3%; case
#11), despite clinical improvement and tumor regression on
follow-up MRI studies, experienced transient trigeminal
neuralgia (V10 and V12 were 4.4 and 3 cc, respectively) that
disappeared after 4 months without any medical therapy.
Lower cranial nerves function improved in 8 of 17 patients
(47%). By considering the pattern of radiological-clinical out-
come, 4 patients experienced clinical improvement on average
6 months before MRI showed a decrease of tumor’ volume,
9 patients (30%) experienced clinical improvement despite a
radiological evidence of tumor reduction, 16 patients did not
experience tumor volume reduction and clinical changes, and
in 1 patient (3.3%) tumor's volume decreased without any
clinical improvements (Table 3).

4 | DISCUSSION

Surgery has represented the mainstay of glomus tumors
treatment, nevertheless despite the progresses in microsur-
gery, the actuarial rate of gross-total resection is still low if
compared to other benign skull base lesions, with a high risk
of surgery-related morbidity and mortality.6–9,12,13,18,19,24–26

Glomus tumors treatment has gradually shifted to a multi-
modal approach through the use of radiation techniques,
addressing surgery to symptomatic patient with intracranial
hypertension or brainstem compression.6,13,24 RT showed
good tumor control rates with lower morbidity when com-
pared to surgical resection, however, the inaccurate target
dose delivery is related to some long-term adverse effects,
such as xerostomia and new CNs deficits, dermal reactions,
radiation-induced malignancies, temporal bone osteonecro-
sis, and radionecrosis.1,4,6,13,14,26–33

Gamma Knife radiosurgery was used to overcome the
potential morbidity related to surgery and RT, by virtue of
the focused high-dose radiation that can be delivered to the
target in a single session if compared to RT.34 It has been
reported that tumor control rates after stereotactic radiosur-
gery, such as Gamma Knife radiosurgery, for glomus tumors
are significantly higher than surgery (95% vs 69%-86%).6

In this series, we reported an overall tumor control rate
of 96.6%. The overall reported tumor control rate ranges
between 62.5% and 100% (Table 4). In the largest published
series of about 132 patients, the reported tumor control was
93%.9 However, data are not directly comparable because of
different patients' selection criteria, radiosurgical treatment
data, and different follow-up methods. Liscak and coworkers
reported the longest follow-up period in a series of
44 patients in 2014, with a 98% of tumor control (median
follow-up of 118 months and 4% of transient or permanent
clinical worsening).35 In this series, we reported the second
longest follow-up period, but with a higher mean tumor
volume and a lower mean dose to the tumor. These data
suggest that data even in case of large volumes Gamma
Knife radiosurgery can achieve a good tumor control.

Patients may experience a clinical improvement preced-
ing radiological tumor shrinkage on average 6 months after
Gamma Knife radiosurgery.36–39 However, even in the
absence of an MRI evident tumor volume reduction, patients
may present with a clinical improvement that could be
considered as a positive prognostic factor related to tumor
vascularity changes.24,36–39

We report a good clinical outcome in all cases and
among these 56.6% showed no clinical changes at the last
follow-up; in literature it has been reported between 83.3%
and 100% of cases, depending upon the series. We report the
highest number of cases with no permanent clinical worsen-
ing (Table 4), probably because of the lower mean marginal
dose to the lesion.

TABLE 3 Summary of clinical response after Gamma Knife
radiosurgery (GKRS)

Symptoms

Frequency

n % (n = 30)

LCN deficit

At GKRS 17 56.6

Improved 8 26.6

New onset 0 -

Hypoacusia

At GKRS 16 53.3

Improved 0 -

New onset 0 -

VII CN impairment

At GKRS 7 23.3

Improved 1 3.3

New onset 0 -

Tinnitus

At GKRS 8 26.6

Improved 0 -

New onset 0 -

Vertigo

At GKRS 6 20

Improved 3 10

New onset 1a 3.3

V CN impairment

At GKRS 1 3.3

Improved 0 -

New onset 1a 3.3

Otalgia

At GKRS 1 3.3

Improved 1 3.3

New onset 0 -

Abbreviations: CN, cranial nerve; LCN, lower cranial nerves.
a Transient.
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Despite a good clinical outcome, new CNs deficit have
been reported even after Gamma Knife radiosurgery for
glomus tumor. The most common is a hearing loss from
radiation damage to the cochlea through the close relation-
ship between the tumor and the temporal bone.32,40,41 Other
less frequent reported cranial neuropathies after Gamma
Knife radiosurgery are trigeminal neuralgia and facial weak-
ness.42,43 In published series, 74 patients experienced some
kind of Gamma Knife radiosurgery-related morbidity (9.6%,
n = 770): 2.5% (19 cases) experienced a transient worsening
of the pretreatment clinical status, while 7.1% (55 cases)
experienced a permanent change. In this series, two patients
experiencing transient vertigo and trigeminal neuralgia (case
#5 and case #12) underwent a Gamma Knife radiosurgery
treatment with a prescription marginal dose of 14 and
15 Gy, respectively. These two post-Gamma Knife radiosur-
gery symptoms have been already analyzed in the case of
Gamma Knife radiosurgery for vestibular schwannomas and
they are usually dose and volume related.44 A prescription
dose ≤13 Gy showed low risk of vertigo, facial impairment,

and trigeminal neuralgia after Gamma Knife radiosurgery
for vestibular schwannomas, and the probability of develop-
ing trigeminal neuralgia was strictly related to the volume of
brainstem exposed to a dose of 10 Gy.44 Otherwise a dose of
12 Gy cannot effectively treat glomus tumors, while a dose
ranging between 14 and 18 Gy may be effective.21,22 Dose
increasing is related to a higher risk of radiation-induced
adverse reaction, even if the lower cranial nerves are consid-
ered less radiosensitive than V, VII, and VIII CNs.21,24,38,45

Despite these data, the reported risk of lower cranial nerves
deficit after Gamma Knife radiosurgery is lower than other
CNs and it is however lower than that reported for surgery
as pointed out by Ivan and coworkers in their meta-
analysis.6,21

Tumor's extension according to Fisch or Glasscock
classifications system seems to be not related to tumor con-
trol, as observed in different Gamma Knife radiosurgery
studies.9,24,41 The unique case of failure reported in the
present series is indeed explained by an extra-field tumor
progression, due to the difficulties in seeing the border of the

TABLE 4 Literature review of GJT Gamma Knife Radiosurgery series

Author Year
No. of
patients

Mean tumor
volume

Mean dose
(Gy)

Range dose
(Gy)

Mean FU
(months)

Tumor control
(%)

Overall clinical
control (%)

Complications
(cases)

Foote et al36 1997 9 8.6 15 12-18 20 9/9 (100) 9/9 (100) 0

Eustachio et al34 1999 13 6.4 16.5 12-20 37.6 10/10 (100) 10/10 (100) 0

Liscak et al42 1999 66 5.7 16.5 10-30 24 52/52 (100) 49/52 (94.2) 1T 2P

Jordan et al40 2000 8 9.81 16.3 12-20 27 7/7 (100) 6/7 (85.7) 1T

Saringer et al44 2001 13 N/A 12 9-14 4.2 13/13 (100) 12/13 (92.3) 2T

Foote et al37 2002 25 10.4 15 12-18 35 25/25 (100) 25/25 (100) 1T

Pollock et al43 2004 42 13.2 14.9 12-18 44 38/39 (97.4) 34/39 (87.2) 2T 5P

Bari et al31 2003 8 4.025 20.5 16-25 44 rad; 74 cli 5/8 (62.5) 6/8 (75) 1T 1P

Sheenan et al46 2005 8 10 15 12-18 32 7/7 (100) 7/7 (100) 0

Gerosa et al20 2006 20 7.03 17.3 13-24 50.85 19/20 (95) 18/20 (90) 2P

Bitaraf et al1 2006 16 9.8 18 14-20 18.5 14/14 (100) 16/16 (100) 1T

Varma et al47 2006 17 6.95 15 13-18 48 13/17 (76.4) 15/17 (88.2) 1T 2P

Feigl et al35 2006 12 14 17 12-20 33 12/12 (100) 10/12 (83.3) 2T 1P

Sharma et al45 2008 25 7.9 16.4 12-25 24 10/10 (100) 7/10 (70) 1T

Ganz et al38 2009 14 14.2 13.6 12-16 28 14/14 (100) 12/14 (85.7) 1T

Miller et al26 2009 5 N/A 15 15 34 5/5 (100) 5/5 (100) 1T

Navarro Martin et al3 2010 10 4 14 12-16 9.7 10/10 (100) 10/10 (100) 1T

Hafez et al39 2010 13 8.4 13.5 12-15 30 13/13 (100) 12/13 (92.3) 1T

Genç et al2 2010 18 5.54 15.6 13-20 52.7 17/18 (94.4) 17/18 (94.4) 1P

Chen et al32 2012 15 7.3 14.6 13-18 43.2 12/15 (80) N/A 1P

Sheenan et al9 2012 132 7.8 15 10-18 50.5 114/123 (92.6) 114/134 (85) 20P

Gandia-Gonzalez et al19 2014 58 12 13.6 11-15 86.4 55/58 (94.8) 53/58 (91.3) 5P

Liscak et al41 2014 46 3.6a 20a 10-30 118a 43/44 (97.7) 43/45 (95.5) 2P

Dobberpuhl et al33 2016 12 8.42 15.5 12-18 27.6 12/12 (100) N/A 1P

Hafez et al22 2016 22 7.26 14.7 12-16 56 21/22 (95.4) 19/22 (86.3) 2P

Ibrahim et al21 2016 75 7 18.3 12-25 51.5 rad; 38.5 cli 70/75 (93.3) 63/75 (84) 2P

Winford et al49 2017 38 5.8 13.6 11-15 39.1 rad 29/33 (88) 29/38 (76.3) 2T 8P

Present series 2018 30 7.69 16 13-18 90 29/30 (96.6) 30/30 (100) 2T

Abbreviations: Cli, clinical follow-up; FU, follow-up; N/A, not available; P, permanent; Rad, radiological follow-up; T, transient.
a Median.
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lesion in a postsurgery patient.46,47 To better outline bony
and tumor borders, particularly in those patients who have
undergone surgery, we recommend planning the Gamma
Knife radiosurgery treatment by merging a bone-windowed
CT scan on routine MRI.23,48 In the published series, a true
tumor recurrence has been reported in up to 37.5% of cases.

Notwithstanding the similar results of Gamma Knife
radiosurgery and RT, because of the potential case selection
bias related to tumor volume and extension, it is not possible
to compare the outcome data. Gamma Knife radiosurgery
seems to offer better results in terms of tumor control and
toxicity, however, the treatment of these tumors has to be
tailored on the patients' age and symptoms, tumor volume,
and extension.9,49

Longer follow-up period and large cohorts are needed to
definitively outline the role of Gamma Knife radiosurgery
for glomus tumor, as glomus tumor may start regrowth even
25 years after initial RT.20,24,26,35,50,51 Based on these find-
ings, Gamma Knife radiosurgery can be considered as a
primary treatment in almost all cases of glomus tumor,
except for those patients experiencing symptoms and signs
of intracranial hypertension, or for those patients presenting
with huge tumors with caudal extension, that cannot be eas-
ily approached only with a Gamma Knife radiosurgery
treatment.3,6,9,20,24,31,35,48,52,53

5 | CONCLUSION

Glomus tumors are rare benign tumors with a local aggres-
sive behavior. Despite the advances in skull base surgery,
their treatment is still related to high morbidity and mortality
rates.

Gamma Knife radiosurgery is a safe and effective treatment
modality for glomus tumor, with good tumor and clinical con-
trol in most of the cases at short-midterm follow-up and lower
complication rate.

Longer follow-up periods and larger cohort studies are
needed to definitively outline the role of Gamma Knife
radiosurgery in the management of glomus tumors.
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