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The relevance of defining the growth of vestibular schwannoma (VS) is that any significant VS growth may impact treatment strategy. A conser-
vative treatment strategy is often proposed as a primary treatment option in the management of VS. Several authors have demonstrated that a
significant proportion of VSs do not grow, and those that do, usually grow slowly. Surgical and/or radiosurgical treatment options may be offered
to the patient according to the VS growth. Therefore, defining the VS growth is a determinant in managing treatment strategies. A comprehensive
literature search was performed to examine the definition of tumor growth for VS. The literature review was conducted using PubMed and Em-
base databases dated back to 20 years (1995-2015) and was updated until February 2015. VS growth should be measured on contrast-enhanced
T1-weighted images. Although there the overall quality of the present studies is low, all highlight a significant VS growth of >2 mm, and/or 1.2
cm3, and/or 20% change in volume, and/or the square of the product of the 2 orthogonal diameters. We suggest that VS growth should instead
change management strategies when a 3-mm increase in diameter on two consecutive MRI scans are performed 1 year apart.
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MATERIALS and METHODS
As part of the Vestibular Schwannoma Project conducted by the European Academy of Otology & Neuro-Otology (EAONO), a com-
prehensive literature search was conducted to examine the definition of tumor growth for vestibular schwannoma (VS).

The literature review was conducted on the databases Pubmed and Embase dated back to 20 years (1995-2015) and was updated
until February 2015.

A PubMed search using the key words “Natural history,"“vestibular schwannoma,”“acoustic neuroma,”and “tumor growth” alone and
in combination was performed: This query identified 680 papers in the last 20 years, between 1995 and 2015.

Search syntax
Inclusion and exclusion criteria

a) Article titles and abstracts were screened according to the following criteria:
b) Clinical articles reporting original data, thereby excluding reviews and case reports
c) Dataonly from adult patients
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d) Series using conservative management; microsurgery, radiosur-
gery, or fractioned stereotactic radiotherapy; and single and/or
combined treatment for solitary VS

e) More than 50 patients included

f) Quantitative assessment of VS growth as one of the primary

study end-points

Mean follow-up of at least 3 years

) Studies in which the reported data included patients with neu-
rofibromatosis type 2; if these data could not be separately iden-
tified from the reported data for patients with VS, the articles
were excluded.

After the initial search, 763 articles were obtained, but 721 did not
meet one or more of the inclusion criteria and hence were discard-
ed. The remaining 41 articles were reviewed for methodology and
scored using the Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) system !\

Literature review
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RESULTS
The question: How should growth of VS be defined?

INTRODUCTION

The relevance of defining the growth of VS is that any significant VS
growth may impact the treatment strategy. A conservative treatment
strategy is often proposed as a primary treatment option in the man-
agement of VS. Several authors have demonstrated that a significant
proportion of VS do not grow, and those that do, usually grow slowly.
Surgical and/or radiosurgical treatment options may be offered to
the patient according to VS growth. Therefore, the definition of VS
growth is a determinant in managing treatment strategies.

Evidence

The reviewed articles selected to find an answer how should VS growth be
defined comprised 2 meta-analysis, 6 cohort studies, and 33 case series. The
mean number of patients included for the clinical series was 215 (50-2500).

VS GROWTH
VS GROWTH CHANGING GRADE GRADE
STUDY RATE STRATEGY Quality of Strength of

AUTHOR YEAR DESIGN n METHOD mm/year mm/year evidence recommendation
Jethanamest et al.™ 2015 Case series 94 2 1 1.14 Low Weak
Hougaard et al. & 2014 Case series 72 2 1-2 3 Moderate Weak 1
Jeltema etal. ™ 2014 Case series 55 4 Very low Weak
Tangetal.® 2014 Case series 88 2,34 91.4 mm for Low Weak

1D, 7 mm?2 for

2D,and 133.3 mm
3for 3D

Niu et al. ! 2014 Case series 58 4 20% Low Weak
Nikopoulos et al.” 2013 Meta-analysis 1-2 2-4 Moderate Weak
Gonzalez-Orus 2013 Case series 73 2 2 2 Low Weak
Alvarez-Morujo et al. ®
Stangerup and 2012 Case series prospective 2500 1 3 3 Moderate Weak 2
Caye-Thomasen
Varughese et al.' 2012 Case series prospective 178 4 1 5.22 years VDT Low Weak
Moffat et al. " 2012 Case series 381 2 2 Low Weak
Kim et al. "2 2012 Case series 60 4 20% Low Weak
Breivik et al.[' 2012 Case series 193 1 >2 >2 Moderate Weak
Sughrue et al.™ 2011 Case series prospective 59 2 2.5 2.5 Low Weak 3
Eljamel et al. ' 2011 Case series 53 13 2 Very Low Weak
Varughese et al. '8l 2010 Case series 139 3 Low Weak
Agrawal et al. 7 2010 Case series 180 14 1 Moderate Weak
Suryanarayanan et al.['8l 2010 Case series 286 1.1 (range 0 to 15/y) Low Weak
Whitehouse, et al. ' 2010 Case series 88 2 1.24 (range -4,7 Low Weak

to 14 mm/y)
Bakkouri et al. 2% 2009 Case series 325 1 1-2 3 Low Weak
Artz et al. 2 2009 Case series 234 2 Low Weak
Van de Landergerg 2008 Case series 68 4 19.7 % Moderate Weak

etal. @ remark 5

volume change
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Literature review (Continued)

VS GROWTH
VS GROWTH CHANGING GRADE GRADE
STUDY RATE STRATEGY Quality of Strength of
AUTHOR YEAR DESIGN n METHOD mm/year mm/year evidence recommendation
Ferrietal. 2008 Cohort study 123 2 1.2 Low Weak
Stangerup et al. 24 2006 Case series prospective 552 2 2 2 Moderate Weak
Battaglia et al. 2% 2006 Case series 1M 3 07+14 Low Weak
Yoshimoto ¢ 2005 Meta-analysis 1340 12 Moderate Weak
Flint, et al.?” 2005 Case series 100 2.7 Low Weak
Hearwadjer et al. ® 2005 Case series 50 4 109 mm3/y Low Weak
Bozorg Grayeli et al.®?” 2005 Case series 1m 2 1.1£0.21 Low Weak
Raut et al. B 2004 Case series prospective 72 3remark 4 1 3.1 Low Weak
Quaranta et al. B 2003 Case series 122 1.09 (range -6.32 Low Weak
to 10 mm/y)
Tanaka et al. ®2 remark 6 2002 Case series 52 1 Very low Weak
Nutik et al. 3 2001 Case series 75 1 3.1+2.8 Low Weak
Hoistad et al. B34 2001 Case series 102 2 217 Low Weak
Rosenberg B 2000 Case series 80 3 0.91 Low Weak
Mirz et al. 39 2000 Cohort study 64 2:3 Low Weak
Walsh et al.®” 2000 Case series 72 3 1.16 (range - Low Weak
0.75 t0 9.65/y)
Shin et al. &8 2000 Case series 87 3 1.52 (range - Low Weak
13 to 18 mm/y)
Tschudi et al. % 2000 Case series 74 2.2 mean first Low Weak
year 2.7
Fucci et al. 4@ 1999 Case series 119 2 1.243.1 Low Weak
Deen et al. “! 1996 Case series 68 3 0.72 3 Low Weak
Wiet et al. ¥4 1995 Case series 53 2 4.2 Very Low Weak

1 Extrameatal diameter

2 Largest tumor diameter including intracanalicular portio

3 Two-dimensional data,i.e., larger diameter according to AAO-HNS guidelines 1995

4 Volumetric measurements using three-dimensional reconstruction

VS: vestibular schwannoma; VDT volume doubling time; AAO-HNS American Academy of Otolaryngology-Head and Neck Surgery
*Volume measurements estimated by the slice area method. Tumor areas were measured in each slice of gadolinium-enhanced magnetic resonance imaging (MRI) scans through-
out the entire tumor. Each slide volume was estimated by multiplying the slice area by the slice interval, and the tumor volume was calculated by summarizing all slices.
$Volume measurement: (A x B x C)/2 A: anteroposterior diameter; B: medial-to-lateral diameter; C: vertical diameter. Growth in the first year was a strong predictor of future
growth and a VS volume >1.2 cm3 at presentation was also a predictor of future growth.
Remark 1: The best way to measure VS needs further investigation; measurements ought to be standardized and clearly defined, and the current growth criterion >1-2 mm needs
to be redefined. We suggest that VS growth should instead be defined as a 3-mm linear increase in d1 on two consecutive MRI scans one year apart.
Remark 2: The present criterion for growth of a purely intrameatal tumor was the growth to an extrameatal extension tumor.
Remark 3: 2.5 mm/year is a clear indication for treatment of patients who wish to maintain hearing.
Remark 4: The A-P measurement was calculated parallel to the posterior surface of the petrous bone and the M-L measurement was calculated perpendicular to it. The size of the
tumor was calculated as the square root of the product of these two diameters according to the 1995 guidelines of the AAO-HNS.
Remark 5: Contrast-enhanced T1-weighted volume measurements showed better interobserver agreement and reliability compared to the two-dimensional measurements for
the assessment of VS growth. Small intracanalicular VS form an exception. When evaluating VS growth, the VS baseline characteristics should be considered, because standard de-
viation (%) strongly depends on VS size. The 1- or 2-mm difference commonly used to define the growth of VS in consecutive scans in two-dimensional measurements lies within
the measurement error and should not direct clinical practice.
Remark 6: The maximum diameter of the CPA portion is the simplest method, and it is appropriate to represent the tumor volume in unselected tumors. The maximum diameter
or axis diameter with the internal auditory canal portion are better when only small tumors (<0.5 cm3), i.e., tumors with the maximum CPA<1 cm.
Remark 7: Measurements performed on the post-contrast axial T1 images included maximum axial diameter, maximum axial area, total tumor volume, and enhancement pattern.
An excellent correlation was found between the planar and volumetric methods.

The mean VS growth was calculated according to the maximal diam- ~ The mean VS growth was 1.75+0.83 mm/year but ranged from —13-
eter in the CPA, maximal total diameter, mean of 2 measurements  +18 mm/year. In 3 studies reporting volume change measurements,
and volume changes in 7, 14, 7, and 8 studies, respectively. Once the ~ 20% of volume change was considered to be significant growth. A
VS reaches 2 cm in intracranial diameter, it is likely to continue grow- ~ minimum of 2 mm/year of VS growth was considered to be signif-
ing. icant for changing management strategies. When considering VS



growth that changed management strategies, values retained were
3 mm, 2.5, and 2 mm of VS growth per year in 4, 1, and 2 articles,
respectively.

Although there is an overall low quality of the present studies, all
highlight a significant VS growth >2 mm, and/or, 1.2 cm?, and/or 20%
change in volume, and/or the square of the product of the 2 orthog-
onal diameters.

Following the GRADE system, 29 articles were considered to have a
“low” level of evidence for being observational studies. Furthermore,
4 observational studies were down-graded to “very low” evidence for
possible confounding factors. Finally, the 2 meta-analysis and 6 good
quality observational studies were graded as “moderate” evidence.

CONCLUSION
VS growth should be measured on contrast-enhanced T1 weighted
images.

Although there is an overall low quality of the present studies, all
highlight a significant VS growth >2 mm, and/or 1.2 cm?, and/or 20%
change in volume, and/or the square of the product of the 2 orthog-
onal diameters. We suggest that VS growth should instead change
management strategies when there is a 3-mm increase in the diame-
ter on two consecutive MRI scans 1 year apart.

Remarks

Most of the available evidence for VS growth comes from retrospec-
tive case series. The follow-up period in these series is quite hetero-
geneous. The VS growth rate should be assessed by VS growth per
year in further prospective designed studies.

Position EAONO

«  Thereis no high-quality evidence of the definition of VS growth.
Future studies should try to overcome the present limitations in
the study design to provide VS growth rate per year.

«  Nevertheless, the consistency of results across different studies
allows for a “moderate” recommendation to consider a signif-
icant VS growth of >2 mm, and/or 1.2 cm3, 20% volume, with
VS growth rate >3 mm/year as a sign of evolution requiring a
change in the treatment strategy.

«  The optimal method of measuring VS volumes continues to be
debated.

+ Inliterature, the most common method used clinically is to mea-
sure the maximum diameter of the tumor, sometimes excluding
the dimensions of the intracanalicular component but often in-
cluding the intracanalicular component.

+  The mean growth rate for all tumors, when growing, varies be-
tween 1 and 2 mm/year (1.75£0.83 mm/year) and between 2
and 4 mm/year for only those that grow.

«  There are various patterns of growth, and a tumor that grows
may stop growing and vice versa. Nevertheless, the first years of
observation may give a good estimate of the pattern of growth.
Some cases can exhibit significant regression or exceptional
growth.

«  Clinicians should seek to instigate national tumor registries in
their countries and a common data set to facilitate international
cooperation.
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«  The 2-mm cut-off should be recommended to avoid the effect of
MRI slice thickness and partial volume effects. Tumor shrinkage
was defined as tumor-size reduction in any plane by at least 2 mm.

« VS growth rate >3 mm/year should be considered a sign of evo-
lution requiring a change in the treatment strategy.
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Editor’s Note:

The EAONO Project on guidelines of Otology and Neurotology was initiated by
Franco Trabalzini and the Working Groups began working in 2011. Since then a
considerable work has been issued to produce the first Consensus Documents.

The working Group on Vestibular Schwannoma have esteemed members
from dedicated centers all over Europe. | wish to express my thanks to the
working group leaders Miguel Aristegui and Jacques Magnan for their great
effort as well as to all the other active members of the group.

Miguel Aristegui, Shakeel Saeed, Simon Lloyd, Per-Caye Thomasen and
Jacques Magnan'’s comments for this “Consensus Document” have been very
much appreciated.

This study is very much respected by the Editorial of the Journal in this regard.

Prof. Dr. O. Nuri Ozgirgin
Editor in Chief

REFERENCES

1. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading
quality of evidence and strength of recommendations. BMJ 2004; 328:
1490. [CrossRef]

2. Jethanamest D, Rivera AM, Ji H, Chokkalingam V, Telischi FF, Angeli SI.
Conservative management of vestibular schwannoma: Predictors of
growth and hearing. Laryngoscope 2015; 125: 2163-8. [CrossRef]

3.  Hougaard D, Norgaard A, Pedersen T, Bibby BM, Ovesen T. Is a redefi-
nition of the growth criteria of vestibular schwannomas needed? Am J
Otolaryngol 2014; 35: 192-7. [CrossRef]

4. Jeltema HR, Bakker NA, Bijl HP, Wagemakers M, Metzemaekers JD, van
Dijk JM. Near total extirpation of vestibular schwannoma with salvage
radiosurgery. Laryngoscope 2015; 125: 1703-7. [CrossRef]

5. Tang S, Griffin AS, Waksal JA, Phillips CD, Johnson CE, Comunale JP, et al.
Surveillance after resection of vestibular schwannoma: measurement tech-
niques and predictors of growth. Otol Neurotol 2014; 35: 1271-6. [CrossRef]

6. Niu NN, Niemierko A, Larvie M, Curtin H, Loeffler JS, McKenna MJ, et
al. Pretreatment growth rate predicts radiation response in vestibular
schwannomas. Int J Radiat Oncol Biol Phys 2014; 89: 113-9. [CrossRef]


https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1002/lary.25159
https://doi.org/10.1016/j.amjoto.2013.08.002
https://doi.org/10.1002/lary.25115
https://doi.org/10.1097/MAO.0000000000000459
https://doi.org/10.1016/j.ijrobp.2014.01.038

J Int Adv Otol 2018; 14(1): 90-4

20.

21.

22.

23.

Nikolopoulos TP, Fortnum H, O’'Donoghue G, Baguley D. Acoustic neuro-
ma growth: a systematic review of the evidence. Otol Neurotol 2010; 31:
478-85. [CrossRef]

Gonzélez-Orus Alvarez-Morujo RJ, Alvarez-Palacios |, Martin-Oviedo C,
Scola-Yurrita B, Aristegui-Ruiz MA. Conservative management of vestib-
ular schwannoma. Acta Otorrinolaringol Esp 2014; 65: 275-82. [CrossRef]
Stangerup SE, Caye-Thomasen P. Epidemiology and natural history of
vestibular schwannomas. Otolaryngol Clin North Am 2012; 45: 257-68,
vii. [CrossRef]

Varughese JK, Wentzel-Larsen T, Pedersen PH, Mahesparan R, Lund-Jo-
hansen M. Gamma knife treatment of growing vestibular schwannoma
in Norway: a prospective study. Int J Radiat Oncol Biol Phys 2012; 84:
e161-6. [CrossRef]

Moffat DA, Kasbekar A, Axon PR, Lloyd SK. Growth characteristics of ves-
tibular schwannomas. Otol Neurotol 2012; 33: 1053-8. [CrossRef]

Kim YH, Kim DG, Han JH, Chung HT, Kim IK, Song SW, et al. Hearing out-
comes after stereotactic radiosurgery for unilateral intracanalicular ves-
tibular schwannomas: implication of transient volume expansion. Int J
Radiat Oncol Biol Phys 2013; 85: 61-7. [CrossRef]

Breivik CN, Varughese JK, Wentzel-Larsen T, Vassbotn F, Lund-Johansen
M. Conservative management of vestibular schwannoma--a prospective
cohort study: treatment, symptoms, and quality of life. Neurosurgery
2012; 70: 1072-80; discussion 1080. [CrossRef]

Sughrue ME, Kane AJ, Kaur R, Barry JJ, Rutkowski MJ, Pitts LH, et al. A pro-
spective study of hearing preservation in untreated vestibular schwan-
nomas. J Neurosurg 2011; 114: 381-5. [CrossRef]

Eljamel S, Hussain M, Eljamel MS. Should initial surveillance of vestibular
schwannoma be abandoned? Skull Base 2011; 21: 59-64. [CrossRef]
Varughese JK, Wentzel-Larsen T, Vassbotn F, Moen G, Lund-Johansen M.
Analysis of vestibular schwannoma size in multiple dimensions: a com-
parative cohort study of different measurement techniques. Clin Otolar-
yngol 2010; 35: 97-103. [CrossRef]

Agrawal Y, Clark JH, Limb CJ, Niparko JK, Francis HW. Predictors of vestib-
ular schwannoma growth and clinical implications. Otol Neurotol 2010;
31:807-12. [CrossRef]

Suryanarayanan R, Ramsden RT, Saeed SR, Aggarwal R, King AT, Ruth-
erford SA, et al. Vestibular schwannoma: role of conservative manage-
ment. J Laryngol Otol 2010; 124: 251-7. [CrossRef]

Whitehouse K, Foroughi M, Shone G, Hatfield R. Vestibular schwannomas
- when should conservative management be reconsidered? Br J Neuro-
surg 2010; 24: 185-90. [CrossRef]

Bakkouri WE, Kania RE, Guichard JP, Lot G, Herman P, Huy PT. Conser-
vative management of 386 cases of unilateral vestibular schwannoma:
tumor growth and consequences for treatment. J Neurosurg 2009; 110:
662-9. [CrossRef]

Artz JC, Timmer FC, Mulder JJ, Cremers CW, Graamans K. Predictors of
future growth of sporadic vestibular schwannomas obtained by histo-
ry and radiologic assessment of the tumor. Eur Arch Otorhinolaryngol
2009; 266: 641-6. [CrossRef]

van de Langenberg R, de Bondt BJ, Nelemans PJ, Baumert BG, Stokroos
RJ. Follow-up assessment of vestibular schwannomas: volume quanti-
fication versus two-dimensional measurements. Neuroradiology 2009;
51:517-24. [CrossRef]

Ferri GG, Modugno GC, Pirodda A, Fioravanti A, Calbucci F, Ceroni AR.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Conservative management of vestibular schwannomas: an effective
strategy. Laryngoscope 2008; 118: 951-7. [CrossRef]

Stangerup SE, Caye-Thomasen P, Tos M, Thomsen J. The natural history of
vestibular schwannoma. Otol Neurotol 2006; 27: 547-52. [CrossRef]
Battaglia A, Mastrodimos B, Cueva R. Comparison of growth patterns of
acoustic neuromas with and without radiosurgery. Otol Neurotol 2006;
27:705-12. [CrossRef]

Yoshimoto Y. Systematic review of the natural history of vestibular
schwannoma. J Neurosurg 2005; 103: 59-63. [CrossRef]

Flint D, Fagan P, Panarese A. Conservative management of sporadic uni-
lateral acoustic neuromas. J Laryngol Otol 2005; 119: 424-8. [CrossRef]
Herwadker A, Vokurka EA, Evans DG, Ramsden RT, Jackson A. Size and
growth rate of sporadic vestibular schwannoma: predictive value of
information available at presentation. Otol Neurotol 2005; 26: 86-92.
[CrossRef]

Bozorg Grayeli A, Kalamarides M, Ferrary E, Bouccara D, El Gharem H, Rey
A, et al. Conservative management versus surgery for small vestibular
schwannomas. Acta Otolaryngol 2005; 125: 1063-8. [CrossRef]

Raut VV, Walsh RM, Bath AP, Bance ML, Guha A, Tator CH, et al. Conserva-
tive management of vestibular schwannomas - second review of a pro-
spective longitudinal study. Clin Otolaryngol Allied Sci 2004; 29: 505-14.
[CrossRef]

Quaranta N, Baguley D, Axon PR. Conservative management of vestib-
ular schwannomas. In: Baguley D, Ramsden R, Moffat DA, eds. Fourth
International Conference on Vestibular Schwannoma and Other CPA Le-
sions. Cambridge, UK, 2003: 256-7.

Tanaka Y, Hongo K, Tada T, Kobayashi S. What is the best method for re-
porting tumor diameter in vestibular schwannoma? Neurosurgery 2003;
53:634-7. [CrossRef]

Nutik SL, Babb MJ. Determinants of tumor size and growth in vestibular
schwannomas. J Neurosurg 2001; 94: 922-6. [CrossRef]

Hoistad DL, Melnik G, Mamikoglu B, Battista R, O’Connor CA, Wiet RJ. Up-
date on conservative management of acoustic neuroma. Otol Neurotol
2001; 22: 682-5. [CrossRef]

Rosenberg Sl. Natural history of acoustic neuromas. Laryngoscope 2000;
110: 497-508. [CrossRef]

Mirz F, Jorgensen B, Fiirgaard B, Lundorf E, Pedersen CB. Investigations
into the natural history of vestibular schwannomas. Clin Otolaryngol Al-
lied Sci 1999; 24: 13-8. [CrossRef]

Walsh RM, Bath AP, Bance ML, Keller A, Tator CH, Rutka JA. The natural
history of untreated vestibular schwannomas. Is there a role for conser-
vative management? Rev Laryngol Otol Rhinol (Bord) 2000; 121: 21-6.
Shin YJ, Fraysse B, Cognard C, Gafsi |, Charlet JP, Berges C, et al. Effec-
tiveness of conservative management of acoustic neuromas. Am J Otol
2000; 21: 857-62.

Tschudi DC, Linder TE, Fisch U. Conservative management of unilateral
acoustic neuromas. Am J Otol 2000; 21: 722-8.

Fucci MJ, Buchman CA, Brackmann DE, Berliner Kl. Acoustic tumor
growth: implications for treatment choices. Am J Otol 1999; 20: 495-9.
Deen HG, Ebersold MJ, Harner SG, Beatty CW, Marion MS, Wharen RE, et
al. Conservative management of acoustic neuroma: an outcome study.
Neurosurgery 1996; 39: 260-4. [CrossRef]

Wiet RJ, Zappia JJ, Hecht CS, O’Connor CA. Conservative management of
patients with small acoustic tumors. Laryngoscope 1995; 105: 795-800.
[CrossRef]


https://doi.org/10.1097/MAO.0b013e3181d279a3
https://doi.org/10.1016/j.otorri.2014.01.002
https://doi.org/10.1016/j.otc.2011.12.008
https://doi.org/10.1016/j.ijrobp.2012.03.047
https://doi.org/10.1097/MAO.0b013e3182595454
https://doi.org/10.1016/j.ijrobp.2012.03.036
https://doi.org/10.1227/NEU.0b013e31823f5afa
https://doi.org/10.3171/2010.4.JNS091962
https://doi.org/10.1055/s-0030-1265824
https://doi.org/10.1111/j.1749-4486.2010.02099.x
https://doi.org/10.1097/MAO.0b013e3181de46ae
https://doi.org/10.1017/S0022215109992362
https://doi.org/10.3109/02688690903272634
https://doi.org/10.3171/2007.5.16836
https://doi.org/10.1007/s00405-008-0791-9
https://doi.org/10.1007/s00234-009-0529-4
https://doi.org/10.1097/MLG.0b013e31816a8955
https://doi.org/10.1097/01.mao.0000217356.73463.e7
https://doi.org/10.1097/01.mao.0000226302.59198.87
https://doi.org/10.3171/jns.2005.103.1.0059
https://doi.org/10.1258/0022215054273089
https://doi.org/10.1097/00129492-200501000-00015
https://doi.org/10.1080/00016480510038013
https://doi.org/10.1111/j.1365-2273.2004.00852.x
https://doi.org/10.1227/01.NEU.0000080062.61335.A5
https://doi.org/10.3171/jns.2001.94.6.0922
https://doi.org/10.1097/00129492-200109000-00021
https://doi.org/10.1097/00005537-200004000-00002
https://doi.org/10.1046/j.1365-2273.1999.00085.x
https://doi.org/10.1097/00006123-199608000-00005
https://doi.org/10.1288/00005537-199508000-00005

