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Abstract

Purpose—During the past two decades, radiosurgery has arisen as a promising approach to the

management of glomus jugulare. In the present study, we report on a systematic review and meta-

analysis of the available published data on the radiosurgical management of glomus jugulare

tumors.

Methods and Materials—To identify eligible studies, systematic searches of all glomus

jugulare tumors treated with radiosurgery were conducted in major scientific publication

databases. The data search yielded 19 studies, which were included in the meta-analysis. The data

from 335 glomus jugulare patients were extracted. The fixed effects pooled proportions were

calculated from the data when Cochrane’s statistic was statistically insignificant and the

inconsistency among studies was <25%. Bias was assessed using the Egger funnel plot test.

Results—Across all studies, 97% of patients achieved tumor control, and 95% of patients

achieved clinical control. Eight studies reported a mean or median follow-up time of >36 months.

In these studies, 95% of patients achieved clinical control and 96% achieved tumor control. The

gamma knife, linear accelerator, and CyberKnife technologies all exhibited high rates of tumor

and clinical control.
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Conclusions—The present study reports the results of a meta-analysis for the radiosurgical

management of glomus jugulare. Because of its high effectiveness, we suggest considering

radiosurgery for the primary management of glomus jugulare tumors.
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INTRODUCTION

Glomus jugulare tumors are infrequent, indolent, and highly vascularized tumors that arise

within the paraganglionic tissue of the ninth or tenth cranial nerves. When populated by

chromaffin cells, they can secrete catecholamines, leading to labile blood pressure and

tachycardia (1). Because of their benign histologic features, the symptoms associated with

the condition are predominantly a consequence of the tumor’s mass effect on local structures

such as the lower cranial nerves.

Surgery was the first technique developed for the management of glomus jugulare tumors.

Seiffert pioneered the surgical approach in 1934 (2), and decades of refinement have yielded

incremental improvements through the advent of microsurgery and other advances,

including improved neuroanesthesia, intraoperative neuromonitoring, and postoperative

care. Microsurgical resection of these tumors, however, often carries considerable risk of

morbidity and mortality to the patient, including cerebrospinal fluid leak, wound infection,

pulmonary embolism, and lower cranial nerve deficits (3). Adjuvant treatments, such as

conventional external beam radiotherapy and endovascular embolization, are also used, but

these techniques also result in their own complications.

Conventional external beam radiotherapy was first applied toward the management of

glomus jugulare tumors in the 1950s. Although this approach achieved satisfactory tumor

control, large treatment planning margins were required, resulting in high radiation doses to

the adjacent structures (1, 4, 5). A review by Springate and Weichselbaum (6) in 1990

demonstrated that conventional external beam radiotherapy resulted in at least equivalent

tumor control and a lower risk of serious complication. They consequently recommended

radiotherapy for the primary management of glomus jugulare. Surgery, however, has

persisted as a major modality in the primary treatment of these tumors.

During the past 2 decades, radiosurgery has arisen as a promising approach to the

management of glomus jugulare tumors (7). Radiosurgery provides a high degree of

accuracy, exquisite precision, and rapid radiation dose falloff at the periphery of the target

lesions, allowing the clinician to deliver a high radiation dose to neoplastic tissue and spare

healthy brain tissue. This is particularly important in benign and indolent tumors such as

glomus jugulare. Although microsurgical resection requires a prolonged inpatient hospital

stay and carries the risk of perioperative complications, radiosurgery is a relatively

noninvasive treatment that can be performed as an outpatient procedure. Other candidate

radiation modalities include intensity-modulated radiotherapy and particle therapy. These

modalities share several characteristics with radiosurgery that make them appealing
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alternatives, including the capacity to deliver conformal radiation doses and steep dose

gradients. However, these treatments were outside the scope of the present study.

Despite the theoretical benefits of radiosurgery, a limited number of studies have reported

on the use of this treatment modality to address glomus jugulare tumors. Those that have

been published have been compromised by their small sample size, limited follow-up, and

lack of control groups. No randomized controlled trials (RCTs) comparing the use of

radiosurgery and other treatment modalities for the management of glomus jugulare tumors

have been published, and all the published studies have been retrospective reviews. Most of

these studies were conducted at a single institution. Furthermore, because surgery is

considered the reference standard initial treatment of glomus jugulare tumors, most patients

treated with radiosurgery in these studies were either poor surgical candidates or patients

with recurrent or residual disease after microsurgical resection, thereby obscuring the

comparison between surgery and radiosurgery. Given the paucity of data, we present a

systematic review and meta-analysis of the available data on the radiosurgical management

of glomus jugulare.

METHODS AND MATERIALS

To identify eligible studies, systematic searches of all glomus jugulare tumors treated with

radiosurgery were conducted in the PubMed, SCOPUS, and EMBASE databases using the

keywords “glomus jugulare,” “radiosurgery,” “gamma knife,” “LINAC” (linear accelerator),

and “CyberKnife.” No limits were set on the date of publication or the duration of follow-

up.

The studies were determined eligible for inclusion if they were original research studies that

reported the results of radiosurgery for glomus jugulare tumors. Reviews were excluded. If

an institution or consortium had published multiple studies, only the report with the largest

sample size was included for analysis. Using this method, 47 studies were initially identified

(Fig. 1) (3, 4, 7–51). From this pool, 20 reviews or off-topic studies were excluded. Of the

remaining 27 studies, 8 were excluded because their results had been reported in other

reports.

The data search yielded 19 studies that were included in the meta-analysis (Table 1). Of

these, 14 studies used gamma knife (GK) therapy and 5 used linear accelerator-based

radiosurgery (LINAC) or Cyberknife (CK). Data on 335 glomus jugulare patients were

extracted, including 278 who had received GK and 57 who had received LINAC or CK. Of

the 19 studies, 10 had a mean or median follow-up time >36 months.

The included studies varied considerably in both their appraisal of the data and what data

was presented in the results. To standardize the results, the patients were considered to

exhibit tumor control if the follow-up radiographic analysis revealed that the glomus

jugulare tumor volume was equal to or less than the glomus jugulare tumor volume at

radiosurgery. Similarly, a patient was considered to have achieved clinical control if the

study investigator determined the patient’s clinical condition to be improved or unchanged

at a follow-up examination compared with the patient’s condition at radiosurgery. A wide
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variance in the manner and detail of reporting acute complications and long-term sequelae

across the 19 studies prevented statistical analysis of these features, but the available

information from these studies is provided (Table 2).

The meta-analysis was performed by transforming proportions into the Freeman-Tukey

variant of the arcsine square root-transformed proportions (52). The pooled proportion was

calculated by back transforming the weighted mean of the transformed proportions. The

degree of combinability of the studies was assessed by estimating the Cochrane’s statistic

and inconsistency (I2) statistic. Fixed effects pooled proportions were calculated from the

data when Cochrane’s statistic was statistically insignifi-cant and the inconsistency among

the studies (I2) was <25%. Bias was assessed using the Egger funnel plot test (53). The

statistical analysis was performed using StatsDirect Statistical Software (Cheshire, UK)

(54).

RESULTS

Tumor control was defined as an unchanged or a reduced tumor volume after radiosurgery

of the glomus jugulare tumor, as assessed by imaging studies. Across all studies, 97% (95%

confidence interval [CI], 95–99%) of patients achieved tumor control using this definition,

as estimated by the fixed effects pooled proportion (Fig. 2). The Cochran test for

noncombinability was statistically insignificant (Q = 15.80, degrees of freedom, 18; p = .61).

The inconsistency among the studies was estimated to be low (I2 = 0%, 95% CI, 0–43.7%).

The Egger test for bias revealed no statistically significant evidence of bias at −0.43 (95%

CI, −0.97 to 0.10; p = .11).

Clinical control was defined as unchanged or improved clinical status after radiosurgical

treatment of the glomus jugulare tumor. Of the patients, 95% (95% CI, 92–97%) were stable

or had improved clinically (Fig. 3). This was estimated using a fixed effect model, because

the Cochran test for noncombinability was statistically insignificant (Q = 10.6, degrees of

freedom, 17; p = .88) and the inconsistency (I2) was 0% (95% CI, 0–43.7%). The Egger test

for bias was also statistically insignificant at −0.39 (95% CI, −1.18 to 0.36; p = .28).

Eight studies reported a mean or median follow-up time of >36 months (Table 1). For these

studies, 95% of patients (95% CI, 90–98%) achieved clinical control and 96% (95% CI, 92–

98%) achieved tumor control. In contrast, 11 studies reported a mean or median follow-up

time of <36 months (12, 13, 16, 17, 24, 25, 27, 28, 29, 33, 34, 38, 39, 42, 43). For this

group, 98% of patients achieved tumor control (95% CI, 95–100%) and 95% (95% CI, 91–

98%) achieved clinical control.

Both GK and LINAC/CK technologies exhibited high rates of tumor and clinical control.

Overall, patients treated with GK achieved 97% (95% CI, 94–99%) tumor control and 94%

(95% CI, 91–97%) achieved clinical control. Of the patients treated with LINAC or CK,

97% (95% CI, 92–100%) achieved tumor control and 97% (95% CI, 92–100%) achieved

clinical control.

Guss et al. Page 4

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2014 July 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



DISCUSSION

The results from the present meta-analysis suggest that radiosurgery is a highly efficacious

modality in the management of glomus jugulare tumors. The high success rates in tumor and

clinical control in both the GK and the LINAC/CK studies for >300 patients suggest that

either modality is suitable for the management of glomus jugulare tumors. With these

encouraging results, the use of radiosurgery for primary management of glomus jugulare can

be considered.

When possible, meta-analyses focus on RCTs and exclude other forms of studies to reduce

the bias. Although this approach would be ideal, no RCTs of this condition have been

published to date, owing to the rarity of glomus jugulare. Coordinating the multidisciplinary

team of neurosurgery, radiation oncology, and otolaryngology further complicates this issue.

At present, radiosurgery is usually reserved for patients with contraindications for

conventional surgery or with recurrent or residual disease after surgical resection. An

inherent bias might be present in these data because glomus jugulare tumors refractory to

surgical treatment might be more aggressive than those that are responsive to surgery. Thus,

the tumor control and clinical control rates after initial treatment with radiosurgery in the

entire glomus jugulare patient population might actually be better than what we have

presented.

Although a formal comparison between radiosurgery and conventional surgery for the

management of glomus jugulare was outside the scope of our meta-analysis, a recent

surgical series has suggested that radiosurgery might offer comparable tumor control.

Recently, Borba et al. (55) reported the results of 34 patients with glomus jugulare who

underwent surgery between December 1997 and December 2007, with a mean follow-up

time of 52.2 months. Of their 34 patients, 91% underwent radical resection and 9%

underwent partial resection. Also, 17.6% of the patients developed a new lower cranial

nerve deficit after surgery and 17.6% also developed cerebrospinal fluid leak. The tumor

control rate was 94.2%.

To date, studies of the radiosurgical management of glomus jugulare tumors have been

flawed by their limited sample size and focus on either the GK or LINAC/CK treatment

modality. The results of our meta-analysis suggest that stereotactic radiosurgery is an

effective treatment of glomus jugulare tumors. A prospective study with larger patient

numbers treated with radiosurgery as a primary treatment modality and longer follow-up is

the next step. Such a study would also allow for a detailed analysis of the toxicities and

superior determination of clinical status by eliminating the variability in assessment and data

collection exhibited by the published data currently available. Nevertheless, our results

suggest that radiosurgery is effective and should be considered for primary treatment of

glomus jugulare tumors.

CONCLUSIONS

The present study reports the results of a meta-analysis of the radiosurgical management of

glomus jugulare. Although no RCTs have evaluated the effectiveness of this approach, the
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results of 335 patients in 19 studies aggregated in the present meta-analysis have

demonstrated a high rate of tumor control. However, a longer period of follow-up is needed

to detect the onset of secondary malignancies. At present, given the evidence of its high

effectiveness, we suggest considering radiosurgery for the primary management of glomus

jugulare tumors.

References

1. Chretien PB, Engelman K, Hoye RC, et al. Surgical management of intravascular glomus jugulare
tumor. Am J Surg. 1971; 122:740–743. [PubMed: 4331408]

2. Lundgren N. Tympanic body tumours in the middle ear: Tumours of carotid body type. Acta
Otolaryngol. 1949; 37:367–379. [PubMed: 15408011]

3. Gottfried ON, Liu JK, Couldwell WT. Comparison of radiosurgery and conventional surgery for the
treatment of glomus jugulare tumors. Neurosurg Focus. 2004; 17:E4. [PubMed: 15329019]

4. Jordan JA, Roland PS, McManus C, et al. Stereotactic radiosurgery for glomus jugulare tumors.
Laryngoscope. 2000; 110:35–38. [PubMed: 10646712]

5. Mukherji SK, Kasper ME, Tart RP, et al. Irradiated paragangliomas of the head and neck: CT and
MR appearance. AJNR Am J Neuroradiol. 1994; 15:357–363. [PubMed: 8192086]

6. Springate SC, Weichselbaum RR. Radiation or surgery for chemodectoma of the temporal bone: A
review of local control and complications. Head Neck. 1990; 12:303–307. [PubMed: 2163370]

7. Kida Y, Kobayashi T, Tanaka T, et al. A new strategy for the treatment of jugular foramen tumors
using radiosurgery. No Shinkei Geka. 1995; 23:671–675. [PubMed: 7666937]

8. Henzel M, Hamm K, Gross MW, et al. Fractionated stereotactic radiotherapy of glomus jugulare
tumors: Local control, toxicity, symptomatology, and quality of life. Strahlenther Onkol. 2007;
183:557–562. [PubMed: 17896087]

9. Navarro Martin A, Maitz A, Grills IS, et al. Successful treatment of glomus jugulare tumours with
gamma knife radiosurgery: Clinical and physical aspects of management and review of the
literature. Clin Transl Oncol. 2010; 12:55–62. [PubMed: 20080472]

10. Miller JP, Semaan MT, Maciunas RJ, et al. Radiosurgery for glomus jugulare tumors. Otolaryngol
Clin North Am. 2009; 42:689–706. [PubMed: 19751873]

11. Willen SN, Einstein DB, Maciunas RJ, et al. Treatment of glomus jugulare tumors in patients with
advanced age: Planned limited surgical resection followed by staged gamma knife radiosurgery: A
preliminary report. Otol Neurotol. 2005; 26:1229–1234. [PubMed: 16272947]

12. Miller JP, Semaan M, Einstein D, et al. Staged gamma knife radiosurgery after tailored surgical
resection: A novel treatment paradigm for glomus jugulare tumors. Stereotact Funct Neurosurg.
2009; 87:31–36. [PubMed: 19174618]

13. Varma A, Nathoo N, Neyman G, et al. Gamma knife radiosurgery for glomus jugulare tumors:
Volumetric analysis in 17 patients. Neurosurgery. 2006; 59:1030–1036. [PubMed: 17143237]

14. Liscak R, Vladyka V, Wowra B, et al. Gamma knife radiosurgery of the glomus jugulare tumour—
Early multicentre experience. Acta Neurochir (Wien). 1999; 141:1141–1146. [PubMed:
10592113]

15. Kemeny AA. Contemporary management of jugular paragangliomas (glomus tumours):
Microsurgery and radiosurgery. Acta Neurochir (Wien). 2009; 151:419–421. [PubMed: 19296051]

16. Foote RL, Pollock BE, Gorman DA, et al. Glomus jugulare tumor: Tumor control and
complications after stereotactic radiosurgery. Head Neck. 2002; 24:332–339. [PubMed: 11933174]

17. Gerosa M, Visca A, Rizzo P, et al. Glomus jugulare tumors: The option of gamma knife
radiosurgery. Neurosurgery. 2006; 59:561–569. [PubMed: 16955038]

18. Maarouf M, Voges J, Landwehr P, et al. Stereotactic linear accelerator-based radiosurgery for the
treatment of patients with glomus jugulare tumors. Cancer. 2003; 97:1093–1098. [PubMed:
12569611]

Guss et al. Page 6

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2014 July 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



19. Sharma MS, Gupta A, Kale SS, et al. Gamma knife radiosurgery for glomus jugulare tumors:
Therapeutic advantages of minimalism in the skull base. Neurol India. 2008; 56:57–61. [PubMed:
18310839]

20. Liscak R, Vladyka V, Simonova G, et al. Leksell Gamma Knife radiosurgery of the tumor glomus
jugulare and tympanicum. Stereotact Funct Neurosurg. 1998; 70(Suppl 1):152–160. [PubMed:
9782246]

21. Romanelli P, Schaal DW, Adler JR. Image-guided radiosurgical ablation of intra- and extra-cranial
lesions. Technol Cancer Res Treat. 2006; 5:421–428. [PubMed: 16866572]

22. Elshaikh MA, Mahmoud-Ahmed AS, Kinney SE, et al. Recurrent head-and-neck chemodectomas:
A comparison of surgical and radiotherapeutic results. Int J Radiat Oncol Biol Phys. 2002;
52:953–956. [PubMed: 11958888]

23. Lim M, Gibbs IC, Adler JR Jr, et al. Efficacy and safety of stereotactic radiosurgery for glomus
jugulare tumors. Neurosurg Focus. 2004; 17:E11. [PubMed: 15329026]

24. Mascarenhas F, Costa MS, Ortiz M, et al. Stereotactic radiosurgery in the intracranial benign
neoplasms and malignant tumors of the brain. Acta Med Port. 2005; 18:45–60. [PubMed:
16202334]

25. Saringer W, Khayal H, Ertl A, et al. Efficiency of gamma knife radiosurgery in the treatment of
glomus jugulare tumors. Minim Invasive Neurosurg. 2001; 44:141–146. [PubMed: 11696882]

26. Bari ME, Kemeny AA, Forster DM, et al. Radiosurgery for the control of glomus jugulare
tumours. J Pak Med Assoc. 2003; 53:147–151. [PubMed: 12776899]

27. Valentino V, Marcello B, Strigari L. Some radiosurgery trials of glomus jugulare tumours. Rivista
Di Neuroradiologia. 2005; 18:341–348.

28. Feigenberg SJ, Mendenhall WM, Hinerman RW, et al. Radiosurgery for paraganglioma of the
temporal bone. Head Neck. 2002; 24:384–389. [PubMed: 11933180]

29. Genc A, Bicer A, Abacioglu U, et al. Gamma knife radiosurgery for the treatment of glomus
jugulare tumors. J Neurooncol. 2010; 97:101–108. [PubMed: 19707722]

30. Ganz JC, Abdelkarim K. Glomus jugulare tumours: Certain clinical and radiological aspects
observed following gamma knife radiosurgery. Acta Neurochir (Wien). 2009; 151:423–426.
[PubMed: 19296050]

31. Semaan MT, Megerian CA. Current assessment and management of glomus tumors. Curr Opin
Otolaryngol Head Neck Surg. 2008; 16:420–426. [PubMed: 18797283]

32. Li G, Chang S, Adler JR Jr, et al. Irradiation of glomus jugulare tumors: A historical perspective.
Neurosurg Focus. 2007; 23:E13. [PubMed: 18081478]

33. Ramos Macias A, Borkoski Barreiros S, Perez Plasencia D, et al. Glomus tumours of temporal
bone origin: Study of 17 cases. Acta Otorrinolaringol Esp. 2007; 58:358–361. [PubMed:
17949663]

34. Lim M, Bower R, Nangiana JS, et al. Radiosurgery for glomus jugulare tumors. Technol Cancer
Res Treat. 2007; 6:419–423. [PubMed: 17877430]

35. Martin JJ, Kondziolka D, Flickinger JC, et al. Cranial nerve preservation and outcomes after
stereotactic radiosurgery for jugular foramen schwannomas. Neurosurgery. 2007; 61:76–81.
[PubMed: 17621021]

36. Bitaraf MA, Alikhani M, Tahsili-Fahadan P, et al. Radiosurgery for glomus jugulare tumors:
Experience treating 16 patients in Iran. J Neurosurg. 2006; 105(Suppl):168–174. [PubMed:
18503352]

37. Feigl GC, Horstmann GA. Intracranial glomus jugulare tumors: Volume reduction with gamma
knife surgery. J Neurosurg. 2006; 105(Suppl):161–167. [PubMed: 18503351]

38. Krych AJ, Foote RL, Brown PD, et al. Long-term results of irradiation for paraganglioma. Int J
Radiat Oncol Biol Phys. 2006; 65:1063–1066. [PubMed: 16682153]

39. Poznanovic SA, Cass SP, Kavanagh BD. Short-term tumor control and acute toxicity after
stereotactic radiosurgery for glomus jugulare tumors. Otolaryngol Head Neck Surg. 2006;
134:437–442. [PubMed: 16500441]

40. Sheehan J, Kondziolka D, Flickinger J, et al. Gamma knife surgery for glomus jugulare tumors: An
intermediate report on efficacy and safety. J Neurosurg. 2005; 102(Suppl):241–246. [PubMed:
15662818]

Guss et al. Page 7

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2014 July 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



41. Whang CJ, Yee GT, Choi CY, et al. First experience in using Novalis shaped beam radiosurgery in
Korea. J Neurosurg. 2004; 101(Suppl 3):341–345. [PubMed: 15537187]

42. Wackym PA, Runge-Samuelson CL, Poetker DM, et al. Gamma knife radiosurgery for acoustic
neuromas performed by a neurotologist: Early experiences and outcomes. Otol Neurotol. 2004;
25:752–761. [PubMed: 15354007]

43. Pollock BE. Stereotactic radiosurgery in patients with glomus jugulare tumors. Neurosurg Focus.
2004; 17:E10. [PubMed: 15329025]

44. Michael LM II, Robertson JH. Glomus jugulare tumors: Historical overview of the management of
this disease. Neurosurg Focus. 2004; 17:E1. [PubMed: 15329016]

45. Eustacchio S, Trummer M, Unger F, et al. The role of gamma knife radiosurgery in the
management of glomus jugular tumours. Acta Neurochir Suppl. 2002; 84:91–97. [PubMed:
12379010]

46. Hinerman RW, Mendenhall WM, Amdur RJ, et al. Definitive radiotherapy in the management of
chemodectomas arising in the temporal bone, carotid body, and glomus vagale. Head Neck. 2001;
23:363–371. [PubMed: 11295809]

47. Eustacchio S, Leber K, Trummer M, et al. Gamma knife radiosurgery for glomus jugulare tumours.
Acta Neurochir (Wien). 1999; 141:811–818. [PubMed: 10536716]

48. Foote RL, Coffey RJ, Gorman DA, et al. Stereotactic radiosurgery for glomus jugulare tumors: A
preliminary report. Int J Radiat Oncol Biol Phys. 1997; 38:491–495. [PubMed: 9231671]

49. Arnold B, Jager L, Grevers G. Pulsatile tinnitus as a key symptom of glomus tumor: Diagnostic
value of magnetic resonance tomography. Laryngorhinootologie. 1995; 74:179–182. [PubMed:
7755856]

50. Hughes-Davies L, Mannarino E, Alexander E III, et al. Technical modifications required to treat
cervical chemodactomas with stereotactic radiosurgery. Surg Neurol. 1994; 41:418–420.
[PubMed: 8009419]

51. Pendl G, Schrottner O, Friehs GM, et al. Radiosurgery with the first Austrian cobalt-60 gamma-
unit: A one year experience. Acta Neurochir (Wien). 1994; 127:170–179. [PubMed: 7942199]

52. Freeman MF, Tukey JW. Transformations related to the angular and the square root. Ann Math
Statist. 1950; 21:607–611.

53. Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by a simple, graphical
test. BMJ. 1997; 315:629–634. [PubMed: 9310563]

54. DerSimonian-Laird. StatsDirect Software.

55. Borba LA, Araujo JC, de Oliveira JG, et al. Surgical management of glomus jugulare tumors: A
proposal for approach selection based on tumor relationships with the facial nerve. J Neurosurg.
2010; 112:88–98. [PubMed: 19425885]

Guss et al. Page 8

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2014 July 08.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 1.
Schematic of data search.
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Fig. 2.
(A) Tumor control defined as unchanged or reduced tumor volume after radiosurgery of

glomus jugulare tumor, as assessed by imaging studies. (B) Bias plot showing distribution of

tumor control rates across studies.
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Fig. 3.
(A) Clinical control defined as unchanged or improved clinical status after radiosurgery of

glomus jugulare tumor. (B) Bias plot showing distribution of tumor control rates across

studies.
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Table 2

Document complications and toxicities

Study Year Documented complications/toxicities affected*

Navarro Martin et al. (9) 2010 None

Genc et al. (29) 2010 None

Miller et al. (12) 2009 None

Ganz et al. (30) 2009 Transient facial palsy (1)

Sharma et al. (19) 2008 Trigeminal neuralgia (1)

Lim et al. (34) 2007 Transient tongue weakness and hearing loss (2), transient vocal cord paresis (1)

Henzel et al. (8) 2007 Transient low-grade nausea (6), vertigo (2), headache (2), mucositis (4)

Gerosa et al. (17) 2006 None

Varma et al. (13) 2006 None

Poznanovic et al. (39) 2006 Vertigo (1), transient neuropathy of cranial nerves IX, X, XII (1)

Bitaraf et al. (36) 2006 Vertigo (1)

Feigl et al. (37) 2006 Transient facial spasm (1), transient hoarseness (1)

Sheehan et al. (40) 2005 None

Pollock (43) 2004 Hearing loss (1), vocal cord paralysis (1), transient headache (1), nausea and vomiting (1), imbalance and
vertigo (1), decreased facial sensation (1), partial hearing loss (5)

Maarouf et al. (18) 2003 Facial palsy (1)

Feigenberg et al. (28) 2002 Transient facial palsy (1)

Saringer et al. (25) 2001 Transient dysphagia (1), transient incomplete facial palsy (1)

Jordan et al. (4) 2000 Transient balance disturbance with vertigo (1)

Liscak et al. (14) 1999 Tinnitus (1), hearing loss (2), facial palsy (2), vertigo (2), inner ear inflammation (2)

*
Data in parentheses are number of patients.
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