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ABSTRACT

Background: Glomus jugulare tumors (GJTs) are rare and mainly affect women between the 5" and 6" decades
of life. Its localization and anatomic relationships make conventional surgical treatment difficult and with a
considerable risk of complications. This manuscript aims to describe the results of Gamma Knife radiosurgery
(GKR) in patients with GJT treated in a single center in Latin America, as well as to systematically review the
literature to determine the clinical and radiological effectiveness of this technique.

Methods: A search of information from January 1995 to June 2023 was performed. Twenty-two articles reporting
721 GJT patients treated with GKR were included in the study. Variables such as symptomatic control, control of
tumor size, and complications were evaluated. These variables were described using measures of central tendency
and proportions. For the institutional experience, 77 patients with GJT tumors were included in the study. Pre-
treatment clinical variables and follow-up data were collected from medical charts and phone interviews. The
Short Form-36 scale was applied to assess the quality of life. The data were analyzed using the statistical program
STATA17.0.

Results: A total of 721 patients were considered. The median of patients included in these studies was 18.5. The
mean age was 58.4 years. The median of symptom control was 89%, and the median of imaging control was 95.7%.
In our institution, 77 patients were included in the study. The mean age was 53.2 years. The median hospital stay
was 4.92 hours. For the clinical follow-up, information on 47 patients was obtained. An improvement in pre-
treatment symptoms was described in 58%, with general symptomatic control of 97%. The tumor-control rate was
95%, and there were statistically significant differences in six of the nine Short Form-36 scale domains.

Conclusion: GKR is an effective, safe, and cost-effective technique that offers a high degree of symptomatic and
tumor size control in patients with GJT.

Keywords: Gamma Knife radiosurgery, Glomus jugulare, Head paraganglioma, Jugular paraganglioma,
Stereotactic radiosurgery
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INTRODUCTION

Glomus jugulare tumors (GJT), or paragangliomas, are rare
tumors that arise from paraganglionic cells located in the
adventitia of the jugular bulb in the jugular foramen."* These
tumors are highly vascularized and slow-growing, although
there are rare malignant variables (1-5%) that have a
faster growth rate and can even metastasize.?!! This tumor
mainly affects women between the 5% and 6" decades of
life.”s) The estimated incidence is 1 case/1.3 million people,
corresponding to 0.6% of all intracranial neoplasms.!*!

The clinical manifestations derived from its growth result in
symptoms that are mostly annoying or disabling. The location
of the jugular bulb at the base of the skull and its relationship
with vascular and nervous structures makes conventional
surgical treatment difficult and with a considerable risk of
complications. It is necessary to study the effectiveness of
non-invasive methods that achieve adequate symptomatic
control with a minimum percentage of complications. This
manuscript aims to describe the results of treatment with
Gamma Knife radiosurgery (GKR) in patients with GJT
treated in a single center in Latin America, as well as to
systematically review the literature to determine the clinical
and radiological effectiveness of this technique.

MATERIALS AND METHODS

The systematic review protocol was pre-specified and
registered on PROSPERO (ID CRD42023441012), and it is
based on the guidelines of the Preferred Reporting Items of
Systematic Reviews and Meta-analysis (PRISMA).1?*)

Search strategy

A search of information was conducted considering a
period from January 1995 to June 2023 in MEDLINE,
SCOPUS, and COCHRANE. We also included other
references from the list of some studies of interest. To search
for information, the following terms were used as keywords
and terms included in the title and abstract: “Gamma
Knife radiosurgery” OR “Stereotactic Radiosurgery” OR
“GKRS” AND “Glomus tumor” OR “Glomus jugulare” OR
“Jugular paraganglioma” OR “Glomus tympanicum” OR
“Glomus jugulotympanicum” OR “Head paraganglioma”
OR “Tympanic chemodectoma.”

Eligibility criteria

Studies were required to meet the following criteria to be
eligible [Figure 1]:

English language studies

e  Studies performed in humans

e  Clinical and/or imaging outcomes assessed and reported
e  GKR as the selected stereotactic radiation technique
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Two review authors (JRE, JCD) excluded clearly irrelevant
titles and abstracts. Three review authors (OMR, AFC, ASH)
independently reviewed full texts for eligibility based on the
inclusion criteria. Disagreements were resolved through a
discussion of the five reviewer authors.

Data and statistical analysis

Four review authors (OMR, AFC, ASH, JCD) independently
extracted data into a data extraction form. This form was used
to record the year of study, the number of patients treated, the
dosage of radiation, tumoral size, length of follow-up, symptom
control rate, imaging tumoral control rate, and complications.

Symptom control was defined as a decrease or no worsening
of the symptoms reported before treatment. Imaging control
was defined as the reduction or stabilization of the tumoral
size measured with magnetic resonance imaging (MRI).
Two review authors (OMR, ASH), assessed the risk of bias
qualitatively.

Report of institutional experience

We conducted a single-center retrospective observational
study with the approval of the Institution’s Ethics Committee.
Seventy-seven patients with GJT tumors were treated with
Gamma Knife Perfexion between June 2010 and December
2022. Pre-treatment clinical variables and follow-up data were
collected from medical charts and phone interviews. Follow-
up data were obtained at two moments: (1) during the first
month post-treatment to assess acute complications, and (2)
between the 2™ and 3"-year post-treatment to assess clinical
and radiological response and chronic complications. Clinical
response was defined as stability or improvement of symptoms
reported before treatment. The Short Form-36 scale was
applied to assess the quality of life, considering the prior and
after-treatment state. The radiological response was defined as
stability or decrease in tumor size assessed on brain MRL

The data were analyzed using the statistical program STATA
17.0. For quantitative variables, normality in the distribution
of the data was verified by graphs, the Shapiro-Wilk test,
and kurtosis. According to the results, measures of central
tendency were applied, mainly median with interquartile
range (IQR) and mean with standard deviation (SD). In the
case of qualitative variables, proportions were calculated.
To compare the results of the Short Form-36 scale, paired
t-tests, and the Wilcoxon test were used depending on the
distribution of the data. P < 0.05 was considered as the cutoft
to establish statistical significance.

RESULTS

Twenty-two studies met the eligibility criteria and were
included in the final qualitative analysis [Table 1]. A total
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Figure 1: PRISMA flow diagram for database searches and selection process. SRS: Stereotactic

Radiosurgery.

of 721 patients were considered. The studies included in
the review were all retrospective studies, case series, or
non-comparative cohorts. There was a risk of sampling and
selection bias in the qualitative evaluation. The median of
patients included in these studies was 18.5 (IQR 13 - 42). The
mean age was 58.4 years (SD 7.4). The mean dosage reported
was 15.2 Gy (SD 1.4), and the mean tumor size was 8.5 cc
(SD 2.8). The median of symptom control was 89% (IQR
82.5-94.2%), and the median of imaging control was 95.7%
(IQR 93.4-100%).

Regarding the complications
the total number of studies included, 18 cases of
hearing  impairment were reported;®>%3»1  six
cases of vertigo;?***! five cases of transient facial
paralysis;>*161823 four cases of vocal cord paralysis;[171831
three cases of headache;*>3 two cases of dysphagia;©*!
two cases of transitory taste disturbance;!! a case of
transient ataxia;/*! one case of diplopia;®” and one case
of development of non-viable tissue within the medial
external auditory canal that required debridement.?" No
cases of mortality attributable to treatment were reported.

reported, considering

In our institution, 77 patients were included in the study. The
mean age was 53.2 years (SD 13.7). About 87% were women and
13% were men. The laterality of the tumor was right in 51.9% of
the cases, left in 45.4%, and bilateral in 2.5%. About 29.8% had a
background of previous surgical management, and 16.8% had a
background of presurgical embolization. Patients with a surgery
background presented complications in 82.6% of cases, the most
frequent being cophosis (52.1%), facial paralysis (52.1%), severe
dysphagia (30.4%), vertigo (26%), and dysphonia (21.7%).
Other observed complications were XII cranial nerve palsy
(13%), cerebrospinal fluid (CSF) fistula (8.6%), XI palsy (4.3%),
ophthalmoplegia (4.3%), ataxia (4.3%), and infection (4.3%).

Of the 77 procedures performed with GKR, 72.7% were
performed in a single fraction, 19.4% in two fractions,
and 7.8% in three fractions. The median hospital stay was
4.92 h (IQR 3.4-23). Regarding treatment data, the median
maximum dose used was 30 Gy (IQR 28-32), the median
prescription dosage was 15 Gy (IQR 12.5-16), the median
shots 26 (IQR 18 - 37), and the median volume of the
lesions was 5.4 cc (IQR 3.38-13.2). The doses received by the
structures at risk are described in Table 2.

Surgical Neurology International 2024 « 15(78) | 3
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Table 1: Individual characteristics of included studies.

Author N Follow-up Dosage Tumor Symptom Tumor
(months) (Gy) size (cc) control (%) control (%)
Jordan, et al., 2000%° 8 27 (M) 16.3 (M) 9.8 (M) 88 100
Saringer, et al., 2001% 13 50.4 (M) NR 9 (Me) 92 100
Eustacchio, et al., 2002° 19 86.4 (M) 14 (Me) 5.2 (Me) 94.7 94.7
Pollock, 2004* 42 44 (M) 14.9 (M) 13.2 (M) 81 98
Ali Bitaraf, et al., 2006" 16 18.5 (M) 18 (Me) 9.8 (Me) 100 100
Feigl, et al., 2006’ 12 33 (Me) 17 (Me) 9.4 (Me) NR 100
Gerosa, et al., 2006" 20 50.8 (M) 17.3 (M) 7.03 (M) 90 95
Geng, et al., 2009'? 18 41.5 (Me) 15.6 (M) 5.5 (Me) 94.5 94 .4
Gangz, et al., 2009° 14 28 (M) 13.6 (Me) 14.2 (M) 85 100
Chen, et al., 2010* 15 432 (M) 14.6 (M) 7.3 (M) 88 80
Hafez, et al., 2010'¢ 13 12-48 (R) 15 (M) 8.4 (M) 92 100
Navarro, et al., 2010% 10 9.7 (Me) 14 (Me) 4 (Me) 50 100
Sheehan. et al., 2012% 132 50.5 (M) 15 (Me) 5.5 (Me) 85 93
Gandia-Gonzalez, et al., 2016° 58 86.4 (M) 13.6 (M) 9.3 (Me) 91.4 94.8
Dobberpuhl, ef al., 2016° 12 26.7 (M) 15.5 (M) 8.4 (M) 80 100
Ibrahim, et al., 2017 75 51.5 (Me) 18 (Me) 7 (Me) 84 93.4
Winford, et al., 2017°! 38 39.1 (M) 13.2 (M) 5.8 (M) 42 88
Wakefield, et al., 2017% 17 123 (Me) 15 (Me) 9.8 (Me) 94 94
Spina, et al., 2018% 30 91 (M) 16 (M) 7.6 (Me) 100 96.6
Patel, et al., 2018* 85 66 (Me) 16 (Me) 11.6 (Me) NR 91.7
Sharma, et al., 2018% 42 62 (Me) 15 (Me) 5 (Me) 80.1 87
Hellinger, et al., 2021"7 32 37.3 (Me) 12.8 (M) 13.9 (M) 96.5 96.5
Me: median, M: mean, R: range, NR: not reported
Table 2: Risk structures dosage Table 3: Pre-treatment symptoms and evolution after treatment
Risk structure MR (E) IQR with a median follow-up time of 46 months.
Cochlea 37 2458 Pre-treatment N Improvement Stability Worsening
Crystalline 0.6 03-09 symptom (%) (%) (%)
Hypophysis 1.1 0.7-2 Hearing impairment 34 47 38 15
Brain stem 4 3-6 Tinnitus 25 84 16 0
Optic chiasm 0.6 04-1 Dysphonia 16 81 12 7
V nerve 4.1 14-6 Dysphagia 16 81 12 7
VII nerve 5 35-10 XII paresis 11 36 64 0
VIII nerve 5 33-14 Facial palsy 16 50 50 0
Gy: Gray; IQR: interquartile range Earache 8 87 13 0
XI paresis 4 25 75 0
Headache 3 66 34 0
For the clinical follow-up, information on 47 patients was Ataxia 3 66 34 0
obtained, with a median follow-up of 46 months (IQR 23.3- VI paresis 4 25 75 0

74.4). Of the symptoms reported before treatment with GKR,
improvement was described in 58%, with general symptomatic
control of 97% [ Table 3]. Regarding imaging control, information
was obtained from 43 patients with a median follow-up of
29.8 months (IQR 16-129.4). There was tumor size stability in
51.2%, a decrease in 39%, and disappearance in 4.8%, with an
overall tumor control rate of 95%. The data obtained regarding
the quality of life showed statistically significant differences in
six of the nine Short Form-36 scale domains [Table 4].

Data from 50 patients were obtained to evaluate acute
complications during the 1%-month post-treatment.

Surgical Neurology International « 2024 « 15(78) | 4

Transient headache occurred in 26%, nausea in 24%, and
pain in fixation points of the frame in 10%. About 66%
of the patients did not present any symptoms. Regarding
chronic complications possibly attributed to treatment,
data were obtained from 47 patients with a median of
46 months. Vertigo (6%), dysphagia (2.1%), dysphonia
(2.1%), and transient facial paresthesia (2.1%) were
described. No new cases of cophosis or facial paralysis
attributable to radiation were described, and mortality
was 0%.
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Post-treatment p-value 95% CI
mean (%) Lower limit Upper limit

88.9 0.45* -20 5

78.5 0.0017* -87.5 -25

84.1 0.0002* -83 -50

72.9 0.0001** -17.8 -6.6
78 0.0001* -22 -8
83 0.059* -37.5 5.4

78.6 0.22* -32.5 5

63.9 0.0001*% -30 -10
66 0.0001** -39.5 -17.6

Table 4: Quality of life assessment with Short Form-36 scale
Short Form 36 Domains Pre-treatment

mean (%)
Physical functioning 84.7
Role limitations due to physical health 48.8
Role limitations due to emotional problems 57.9
Energy/fatigue 60.7
Emotional well-being 66
Social functioning 75
Pain 69.9
General health 44.6
General change 37.5
CI: Confidence interval. *Wilcoxon test, **Paired T-test.

DISCUSSION

The jugular bulb is a deep-located structure that goes through
the jugular foramen. It has important anatomic relationships
with structures such as the facial nerve (lateral), hypoglossal
nerve (medial), vertebral artery (inferior), and auditory
cavity (upper). In addition, it is closely related to the lower
cranial nerves.

Conventionally, open surgery has been the cornerstone of
the management of the GJT, with a reported tumor control
rate of up to 92.1%.' However, surgical access to the
jugular foramen is a therapeutic challenge not only due to its
anatomical relationships but also due to the high vascularity
and infiltrative nature of these tumors. Some series have
reported a considerable frequency of complications such as
cranial nerve deficit (22-59%),"**! facial palsy (26.7%), CSF
leakage (8.3%), aspiration (5.5%), wound infection/ischemia
(5.5%), pneumonia (2.3%), and meningitis (2.1%).1"
Furthermore, recurrence of 7-10% has been reported, and
mortality can be up to 4.2%.1%)

Adjunctive preoperative embolization has emerged as a
complementary treatment in these patients with the aim of
reducing the risk of intraoperative bleeding and achieving
higher degrees of resection; however, it has been described
that embolization alone produces a risk of ischemic events and
permanent cranial neuropathy, due to the overlapping blood
supply between these tumors and the cranial nerves (CNs).0!1

The data reported by the studies included in the present
review suggest that GKR provides a high rate of symptomatic
control in patients with GJT. These findings resemble those
described in our series of patients, in whom improvement
or stability of symptoms was achieved in 97%. In addition,
a statistically significant improvement was found in most
of the domains of the Short Form-36 scale, which indicates
not only an isolated improvement in symptoms but also
a positive impact on the quality of life, functionality, and
general condition of these patients.

The tumoricidal effect of radiation generates control of
tumor growth. This is essential within the therapeutic
objectives since it has been observed that the growth of
these tumors occurs not only at a macroscopic level but
also has an infiltrative behavior toward small fascicles and
the perineurium. This behavior generates reactive fibrosis
and contributes to clinical manifestations.”’ The present
analysis showed a control rate of tumor size greater than
90% in almost all the included studies. In our series, a 95%
tumor control was observed, with a size reduction in almost
40% of cases. This effect is complemented in addition by a
high degree of selectivity, observed in the dosage received
by the structures at risk. These dosages were considerably
lower than the maximum therapeutic dose, emphasizing the
almost vertical fall of the radiation dosage outside the target
achieved by radiosurgery through the Gamma Knife system.

The caudal extension of some of these tumors has been
reported as a possible limitation in the efficacy of the GKR
in patients with GJT;"® However, since 2006, when the
perfexion model (fifth generation) was created, the spatial
capacity of treatment increased considerably, allowing the
treatment of lesions with extension to the upper cervical
region, which is frequent in this pathology and could not be
treated with the previous GKR versions.

In our series, the high percentage of complications in patients
with a background of prior surgical management is striking,
many of which were severe and permanent. The data found in
the literature and from our experience show that in addition
to the control of tumoral size and clinical manifestations,
GKR is a treatment modality with a high profile of safety
since the percentage of complications reported is usually
low. These complications are mostly transitory and related
to radiation-induced inflammation that tends to resolve
with medical management. The mortality of the procedure is
practically 0%.

We consider that in patients in whom radiosurgery is
performed as primary management, the improvement in

Surgical Neurology International 2024 « 15(78) | 5
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clinical parameters such as symptomatic control and quality
of life could be even greater than the reported in our series,
on account of we included patients with a background
of surgical management in whom as aforementioned,
complications are mostly permanent and severe.

In our experience, GKR has multiple advantages as the
primary treatment of patients with GJT since it is an
outpatient procedure with a short hospital stay, is non-
invasive and does not require long hours of anesthesia
or previous embolization; and its safety profile avoids
permanent complications that require prolonged care and
rehabilitation. All of the above reasons, in our opinion, make
GKR a treatment that is not only effective and safe but also
cost-effective in the treatment of these patients.

Limitations

The published studies correspond to observational studies,
mostly case series, for which there is a considerable risk of
bias. It must be taken into account when interpreting the
internal and external validity of the results. On the other
hand, for our institutional experience, there is a risk of recall
bias in the comparison of pre-and post-treatment symptoms,
mainly in the quality-of-life scale, which uses 36 parameters
to measure the outcome.

CONCLUSION

GKR is an effective, safe, and cost-effective technique that
offers a high degree of symptomatic and tumor size control in
patients with GJT. Moreover, this modality of treatment can
attain a significant improvement in the quality of life of these
patients. Given its multiple benefits, this treatment modality
could be considered the first line in the management of
patients with GJT; nevertheless, more prospective studies or
clinical trials are needed for a more accurate analysis of the
results of this treatment.
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