@'PLOS ‘ ONE

®

CrossMark

dlick for updates

E OPEN ACCESS

Citation: GeRler F, Ditzmann S, Quick J, Tizi K,
Voigt MA, Mutlak H, et al. (2015) Is Postoperative
Imaging Mandatory after Meningioma Removal?
Results of a Prospective Study. PLoS ONE 10(4):
€0124534. doi:10.1371/journal.pone.0124534

Academic Editor: Andreas-Claudius Hoffmann,
West German Cancer Center, GERMANY

Received: October 22, 2014
Accepted: March 14,2015
Published: April 27,2015

Copyright: © 2015 GeRler et al. This is an open
access article distributed under the terms of the

Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any

medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: The authors have no support or funding to
report.

Competing Interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE

Is Postoperative Imaging Mandatory after
Meningioma Removal? Results of a
Prospective Study

Florian GeBler'"*, Stephan Diitzmann', Johanna Quick', Karima Tizi', Melanie
Alexandra Voigt?, Haitham Mutlak’, Hartmut Vatter', Volker Seifert!, Christian Senft'

1 Department of Neurosurgery, University Hospital Frankfurt, Goethe-University, Schleusenweg 2—16,
60528, Frankfurt, Germany, 2 Institute of Neuroradiology, University Hospital Frankfurt, Goethe-University,
Schleusenweg 2—-16, 60528, Frankfurt, Germany

o Current address: Department of Clinical Neurosciences, Wellcome Trust-Medical Research Council Stem
Cell Institute, University of Cambridge, Cambridge, United Kingdom
* f.gessler@med.uni-frankfurt.de

Abstract

Background

Routine postoperative imaging (PI) following surgery for intracranial meningiomas is com-
mon practice in most neurosurgical departments. The purpose of this study was to deter-
mine the role of routine Pl and its impact on clinical decision making after resection

of meningioma.

Methods

Patient and tumor characteristics, details of radiographic scans, symptoms and alteration of
treatment courses were prospectively collected for patients undergoing removal of a supra-
tentorial meningioma of the convexity, falx, tentorium, or lateral sphenoid wing at the au-
thors’ institution between January 1st, 2010 and March 31st, 2012. Patients with
infratentorial manifestations or meningiomas of the skull base known to be surgically difficult
(e.g. olfactory groove, petroclival, medial sphenoid wing) were not included. Maximum
tumor diameter was divided into groups of < 3cm (small), 3 to 6 cm (medium), and > 6 cm

(large).

Results

206 patients with meningiomas were operated between January 2010 and March 2012. Of
these, 113 patients met the inclusion criteria and were analyzed in this study. 83 patients
(73.5%) did not present new neurological deficits, whereas 30 patients (26.5%) became
clinically symptomatic. Symptomatic patients had a change in treatment after Pl in 21 cases
(70%), while Pl was without consequence in 9 patients (30%). PI did not result in a change
of treatment in all asymptomatic patients (p<0.001) irrespective of tumor size (p<0.001) or
localization (p<0.001).
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Conclusions

Pl is mandatory for clinically symptomatic patients but it is safe to waive it in clinically
asymptomatic patients, even if the meningioma was large in size.

Introduction

Intracranial meningiomas account for approximately 20-25% of all intracranial tumors[1],
and surgical removal usually is the preferred method of treatment. Although the value of
pre- and intraoperative imaging in meningioma surgery has been described extensively[2-
7], the impact of routine postoperative computed tomography (CT) or magnetic resonance
imaging (MRI) remains controversial, especially in patients without any postoperative defi-
cit. Literature on postoperative meningiomas is scarce[8] and limited to certain areas[9] and
populations[10]. Because neurological examination may be impaired in patients after crani-
otomy due to anesthetics, analgesics or swelling, routine early postoperative imaging (PI) is
often ordered. The rationale behind this neuroimaging following meninigoma surgery is to
identify emerging problems such as bleeding or infarction at an early stage. In most cases the
impact on clinical decision-making may be limited.

The goal of this study was to determine the necessity of these postoperative scans in patients
suffering from surgically easily accessible intracranial meninigomas. Whereas PI is often neces-
sary for the planning of postoperative treatment and follow-up studies of partially resected me-
ningiomas and meningiomas of difficult localization, we hypothesize that PI following
uneventful resection in patients with meningiomas in easily accessible location is of limited
value, and thus can be safely waived.

Materials and Methods

We included adult patients of both sexes who underwent surgery via a craniotomy with easily
accessible meningioma localization between January 1, 2010 and March 31, 2012. Meningio-
mas of the following localizations were defined as easily accessible: meningioma of the convexi-
ty, the cerebral falx, the supratentorial part of the tentorium or the lateral part of the sphenoid
wing. Patient data consisting of gender, age, localization and size of meningiomas, modality
and findings of PI, postoperative complications and their treatment were prospectively collect-
ed and entered into a database (patient details S1 Table).

Postoperatively, patients were admitted to the neurosurgical ICU and observed until post-
operative day one. Routine PI was performed on postoperative day one, symptomatic patients
underwent imaging after onset of symptoms. The modality of PI was chosen according to the
surgeon’s preference.

We reviewed PI findings for intracranial air, subdural effusion, epidural hematoma or peri-
lesional edema. The consequences of PI with respect to changes in therapeutic regimen were
recorded as well. Routine postoperative procedures included neurosurgical ICU monitoring for
12-24 hours, application of steroids for 5 days and application of osmodiuretics for 3 days.
Changes in postoperative treatment were defined as intensified antiedematous treatment, re-
turn to the intensive care unit or return to the operating room. For patients who received CT
instead of MRI we calculated the region specific normalized radiation exposure to assess post-
operative exposure to iatrogenic radiation.

Statistical analyses were performed using commercially available software (SPSS Statistics
12, IBM, Chicago, IL). Differences between dichotomized variables were calculated using
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Fisher’s exact test. Differences between CT and MR imaging in regard to predicting the need
for a change in the postoperative routine were calculated using McNemar’s test. P values lower
than 0.05 were considered statistically significant.

The Goethe University Clinics ethics committee Frankfurt, Germany approved conduction
of this study (approval no. 4/09, project SNO_NCH_02-10), and all patients gave written in-
formed consent into the collection of data.

Results

Between January 2010 and March 2012, we performed surgery on 206 patients with intracranial
meningiomas. WHO grades I-III using microsurgical techniques. Of all patients, 2 patients did
not receive postoperative imaging and were excluded from the study. 91 patients had a menin-
gioma in difficult location and 113 in easily accessible location, who were included in this study.

Of these patients, median age at surgery was 59 years (range: 31-84 years), 38 patients were
of male and 75 patients of female gender (m:f ratio 1:1.97)).

We analyzed 51 patients with meningiomas of the convexity (45%), 29 patients with menin-
giomas of the cerebral falx (26%), 10 patients with meningiomas of the supratentorial part of
the tentorium (9%) and 23 patients with meningiomas of the lateral sphenoid wing (20%)

(Fig 1). PI consisted of CT in 73 patients and of MRI in 40 patients.

Localisation

Calvary

Cerebral Falx

Lateral
sphenoid wing

Supratentorial
tentorium

Fig 1. Meningioma location. Exemplary images of meningioma location to demonstrate assessment of
location of the tumor as easily accessible in this study.

doi:10.1371/journal.pone.0124534.g001
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Table 1. Distribution of initial symptoms of symptomatic patients.

Symptomatic patients n =30

prolonged awakening 4 13%
seizure 5 17%
neurological deficit 18 60%
other 3 10%

Distribution of all 30 symptomatic patients, displaying initial pathological symptoms as prolonged
awakening, seizure, and a new neurological deficit. The patients summarized as “other” displayed
personality change in two cases and gait disturbance in another case.

doi:10.1371/journal.pone.0124534.t001

The maximum tumor diameter measured < 3 cm in 25 patients (22%), 3-6 cm in 70 pa-
tients (62%) and > 6 cm in 18 patients (16%).

83 patients were in unremarkable postoperative status without displaying any new neuro-
logical symptoms, whereas 30 patients had new clinical symptoms (Table 1). The initial symp-
toms that were observed in symptomatic patients were prolonged waking up from anesthesia
in 5 patients (17%), seizure in 5 patients (17%), new or worsened pre-existing neurological def-
icit in 18 patients (60%) or other in 2 patients (6%). As displayed (Fig 2), surgery of a large me-
ningioma was associated with a significantly higher rate of patients in need for change in
postoperative ICU regimen whereas tumor localization did not display to be of an influence on
the need for change in the ICU regimen (Fig 3)[4].

Of the 83 patients with unremarkable postoperative status, 56 had postoperative CT scans
whereas 27 underwent MR imaging. In these patients, PI displayed intracranial air in 51 pa-
tients (61%), small subdural effusion in 67 patients (81%), small epidural hematoma in 6 pa-
tients (7%) and perilesional edema in 77 patients (93%). None of the radiologic findings caused
a mass effect. Overall, in none of the 83 clinically impaired patients a change in postoperative
treatment as defined before was done.

Postoperative imaging of the 30 newly symptomatic patients consisted of CT in 18 patients
and of MRI in 12 patients. The imaging displayed intracranial air in 28 patients (93%), subdur-
al effusion in 27 patients (90%), epidural hematoma in 1 patient (3%) and perilesional edema
in 29 patients (97%). A mass effect of subdural hematoma was observed in 2 patients (7%)
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Fig 2. Distribution of change of treatment on ICU patients dependent on tumor size. Patients were
assigned to the indicated groups dependent on meningioma size. Tumor size of > 6 cm is significantly more
often associated with a change in postoperative treatment compared to a tumor size of < 3 cm (p<0.005) and
3-6 cm (p<0.05, Fisher’s exact test)

doi:10.1371/journal.pone.0124534.9002
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Fig 3. Distribution of change of treatment on ICU patients dependent on tumor localization. Patients
were assigned to the indicated groups dependent on meningioma location. The occurrence of a change in
ICU treatment did not differ between tumor location (Fisher’s exact test).

doi:10.1371/journal.pone.0124534.g003

(Table 2). For this study, all patients with radiographic findings of subdural air were included.
All cases of pneumocephalus were cases of simple pneumocephalus without signs of tension
pneumocephalus (i.e. Mt. Fuji sign or air bubble sign) and therefore no invasive or non-inva-
sive measures as high oxygen ventilation were performed in all of the cases observed.

As a consequence to the imaging in symptomatic patients, 14 patients (46.7%) were
monitored > 24 hours on the neurosurgical ICU, 18 patients (60%) received intensified antie-
dematous medication, 2 patients (7%) were brought to the operating theater for repeat surgery.
No change in clinical treatment was necessary in 7 patients (23%). Both patients receiving re-
peat surgery did display hematoma with mass effect. PI led to an alteration of postsurgical
treatment only in symptomatic patients whereas no change in postoperative treatment was
necessary in the group of clinically unimpaired patients (Table 3).

Symptoms in the patients were detected during the postoperative treatment on the neuro-
surgical ICU (<24 h postoperatively). All patients were first symptomatic, and than a postoper-
ative scan was performed. None of the patients with pathological imaging without clinical
symptoms was in the need for treatment for his or her pathological finding; treatment was nec-
essary only when patients were symptomatic in any way.

Both patients undergoing repeat surgery displayed newly diagnosed postoperative neurolog-
ical deficits as their initial symptom. Postoperative imaging was obtained in postoperative
hours 3 and 8. In both cases subdural hematomas developing mass effects were displayed in
postoperative imaging obtained. One of the two patients had a regular postoperative course,
being able to be discharged from ICU on p.o. day one; the other patient had a prolonged stay

Table 2. Radiographic findings in postoperative imaging after meningioma surgery.

Radiographic finding
Pneumocephalus
Subdural hematoma
Epidural hematoma
Perilesional edema

Asymptomatic patients (n = 83) [n] Symptomatic patients (n = 30) [n]
51 (61%) 28 (93%)

67 (81%) 27 (90%)

6 (7%) 1(3%)

77 (93%) 29 (97%)

Radiographic findings in both clinically symptomatic and asymptomatic patients

doi:10.1371/journal.pone.0124534.t1002
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Table 3. Therapy in symptomatic patients.

Symptomatic patients n =30

no consequence 9 30%
prolonged ICU stay 14 46.7%
antiedematous treatment 9 30%
surgery 2 7%

Post-imaging therapy of all 30 patients who had new signs or symptoms postoperatively.

doi:10.1371/journal.pone.0124534.t003

on the ICU for 8 consecutive days. At follow-up after 3 months, none of the patients requiring
repeat surgery had a persistent neurological deficit.

In summary, 113 patients underwent postoperative imaging after resection of a meningioma
commonly regarded as surgically easily accessible. In only 3 patients (3%), both the postopera-
tive scan displayed unremarkable results and no change of treatment was necessary. No post-
operative imaging displayed a false negative result defined as imaging without pathological
results but a change in the postoperative treatment regimen. The opposite trend was far more
prevalent with 110 patients (97%) who underwent postoperative imaging revealing a pathologi-
cal finding. Of these patients, only 23 patients required a change in the routine of postoperative
treatment, whereas only 6 patients displayed a permanent neurological deficit on follow-up
after 3 months (Table 4).

We calculated sensitivity and specificity of PI for predicting the need for a change of the
routine postoperative treatment was calculated. CT had a sensitivity of 100% (CI 75.8%- 100%)
and a specificity of 2% (CI 0,3%- 9%). MRI had a sensitivity of 100% (CI 70.11%- 100%) and
specificity of 6,5% (CI 1.8%- 20.7%). When comparing CT and MR, there was no difference in
predicting the need for extraordinary postoperative treatment in symptomatic patients
(p < 0.01).

Radiation exposure of all patients who underwent cranial computed tomography was calcu-
lated using the Ep; p (region specific normalized effective dose, 0,0023 mSv mGy ™ cm™). Anal-
ysis of all patients who underwent computed tomography displayed a median of 725 mGy per
scan (range: 662-757 mGy).

Discussion

In other surgical specialties such as urology and maxillofacial surgery, there is research in prog-
ress displaying the limited value of postoperative imaging [11, 12]. Also, neurosurgeons have

Table 4. Characteristics of patients suffering deficits at follow-up.

Patient Tumor size Tumor location Deficit Onset Etiology

1 >6cm Cerebral falx Paresis postop. ischemic infarction

2 3-6cm Cerebral falx Paresis postop. ischemic infarction

3 3-6cm Convexity Paresis postop. Injury during removal of infiltrating tumor
4 3-6 cm Convexity Speech disorder postop. ischemic infarction

5 3-6cm Convexity Paresis postop. Injury during removal of infiltrating tumor
6 <3cm Convexity Paresis preop. Injury during removal of infiltrating tumor

Characteristics of patients suffering from permanent neurological deficits. Patients were reevaluated after follow up of 3 months.

doi:10.1371/journal.pone.0124534.1004
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questioned standard pre- and postoperative procedures[13] and demonstrated limited value of
routine PI in craniosynostosis surgery[14] and shunt series[15]. Although it is common prac-
tice to obtain postoperative imaging in patients receiving surgery on intracranial lesions, the
displayed findings often do not have clinical significance. In glioma surgery, contrastingly,
early PI by means of MRI is mandatory to determine the extent of resection and to serve as a
basis for later follow-up studies[16]. The extent of resection achieved in meningioma surgery,
however, can be reliably established by the surgeon himself[17]. Whereas the role of imaging in
the long-term follow up of meningioma patients is well established[18] in regards to follow-up,
the necessity of early PI remains unclear. In this series, we have collected patients for which the
administration of PI might be discussed in clinical practice every day.

Without doubt, cranial imaging has an impact on patients with meningioma involving elo-
quent brain areas and of complex formation. Early imaging of partially resected meningiomas,
expecially if not WHO grade I, is of importance for further postoperative therapy. In the ICU
setting, CT and MR imaging generally are of high value, helping in clinical decision-making.
Due to the broad availability of CT imaging in particular and due to the surgeons’ need not to
miss postoperative intracranial pathologies, PI has become an unquestioned routine after me-
ningioma surgery in most neurosurgical departments.

For a cranial CT the mean effective dose after radiation exposure was around 1,6 mSv. Mini-
mizing exposure to radiation is mandatory because radiation exposure leads to an increased
lifetime cancer mortality risk[19] as it has been demonstrated in regard to head CT[20]. This
accounts especially for patients with intracranial meningiomas, since these patients harbor be-
nign tumors and receive multiple cerebral imaging from diagnosis to follow up[21]. Moreover,
postoperative CT is insufficient for the follow-up of meningioma patients[18]. Thus, routinely
ordered postoperative MRI is desirable, but not feasible for practical and financial reasons,
with the MRI duration being longer, its availability relatively limited, and its costs being usually
more than twice the cost of a CT. Limited resources mandate meaningful allocation of diagnos-
tic imaging. Although CT allows fast and relatively cheap imaging, MRI, on the other hand,
provides wider diagnostic spectrum including postoperative ischemic changes that cannot be
seen in early CT. Although routinely performed in most neurosurgical centers, the length of
the study and high magnetic field create technical issues. Every scan should therefore be justi-
fied and chosen on an individual basis.

Of note, two patients underwent repeat surgery for postoperative hemorrhage. Both patients
were clinically symptomatic and recovered well. Still it remains to be discussed, if “very early”
postoperative imaging (directly postoperative/after arrival on ICU) may have identified both
patients before developing clinical symptoms. In the end, the timing of postoperative hemor-
rhage after meningioma surgery remains speculative and “early” postoperative imaging may ei-
ther display no hemorrhage at all or miss a developing mass effect. In both cases, repeat
imaging would have been necessary as a patient becomes symptomatic.

We found that PI was of little impact in patients with easily accessible meningiomas and un-
remarkable postoperative clinical courses. In our series, 83 clinically asymptomatic patients re-
ceived either postoperative CT or MR imaging, which did not display clinically relevant
findings or led to any change in routine postoperative treatment. The indication for early post-
operative imaging may therefore be questioned as these patients might receive radiation dose,
if CT is chosen, and are a burden to departmental resources. Criticial questioning may arise in
regard to the question whether imaging in an initially asymptomatic patient could allow a
more timely initiation of the appropriate management, even prior to an onset of symptoms.
We have not identified a single patient in more than two years and over 150 procedures who
would have demonstrated a benefit by this procedure under the named setting of postoperative
ICU care.
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In contrast, PI displayed pathological findings in the vast majority of patients with new
signs or symptoms following meningioma resection, and PI led to therapeutic consequences in
three out of four affected patients, thus highlighting the necessity of PI in
symptomatic patients.

Overall, 30 patients displayed new postoperative symptoms, which is line with published
data[22]. Of these 30 patients a majority of 24 patients recovered of their initial symptoms re-
sulting in 6 patients with a permanent neurological deficit after follow up. These data concur
with the literature and underline that surgery on meningioma is not without remaining mor-
bidity although easily accessible[23].

As a consequence of this study, a policy change concerning the postoperative routines has
taken place at the authors’ institution: we have ceased routine early PI in asymptomatic pa-
tients following surgery of easily accessible meningiomas, but keep PI reserved for symptomatic
patients only.

For legal issues one might still argue in favor of routine PI for all patients, as after further
observation of an even larger group of patients one may experience a clinically asymptomatic
patient who does not receive PI but becomes symptomatic in the later postoperative course.
Therefore, we have been continuing data collection in asymptomatic patients without PI in
order be able to provide results on the long-term safety of this treatment concept in the future.

This study further shows that CT and MR imaging are of equal value in terms of prompting
changes to the postoperative care in clinically symptomatic patients, so the imaging modality
can be chosen on an individual basis taking into account institutional, logistical, as well as pa-
tient specific aspects.

Our study has several limitations: One of the major aspects is the possible case-selection
bias. Because we only included patients with easily accessible meningiomas, a substantial num-
ber of patients undergoing meningioma surgery was excluded. On the other side, all patients
were operated in the same institution and inclusion criteria for this study were well defined, as
the selection reflects the clinical routine. Secondly, the study is underpowered in regard to ade-
quate differences between CT and MRI imaging despite the known benefits of MR imaging as
better resolution to detect small lesions or ischemia at an early stage.

Conclusions

The need for routinely performed early PI in asymptomatic patients undergoing meningioma
removal is questionable. Patients suffering from pathological postoperative events must receive
CT or MRI for therapeutic and forensic reasons. It may be justified to refrain from PI in
asymptomatic patients after removal of intracranial meningioma in easily

accessible localization.

Supporting Information

S1 Table. Raw de-identified data for each patient analyzed for this manuscript. Characteris-
tics of all patients included for analysis.
(XLS)

Acknowledgments

The authors thank Marina Heibel for excellent technical assistance with figure and
table preparation.

PLOS ONE | DOI:10.1371/journal.pone.0124534  April 27,2015 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0124534.s001

@ PLOS | one

Imaging after Meningioma Surgery

Author Contributions

Conceived and designed the experiments: VS HV CS. Performed the experiments: FG SD JQ
KT. Analyzed the data: FG SD JQ KT HM. Contributed reagents/materials/analysis tools:
MAV. Wrote the paper: FG VS CS.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Longstreth WT Jr., Dennis LK, McGuire VM, Drangsholt MT, Koepsell TD. Epidemiology of intracranial
meningioma. Cancer. 1993; 72(3):639-48. PMID: 8334619.

lldan F, Erman T, Gocer Al, Tuna M, Bagdatoglu H, Cetinalp E, et al. Predicting the probability of menin-
gioma recurrence in the preoperative and early postoperative period: a multivariate analysis in the mid-
term follow-up. Skull Base. 2007; 17(3):157—71. PMID: 17973029.

Hoover JM, Morris JM, Meyer FB. Use of preoperative magnetic resonance imaging T1 and T2 se-
quences to determine intraoperative meningioma consistency. Surgical neurology international. 2:142.
PMID: 22059137. doi: 10.4103/2152-7806.85983

Solheim O, Selbekk T, Lindseth F, Unsgard G. Navigated resection of giant intracranial meningiomas
based on intraoperative 3D ultrasound. Acta neurochirurgica. 2009; 151(9):1143-51. PMID: 19440654.
doi: 10.1007/s00701-009-0395-1

Schulder M, Sernas TJ, Carmel PW. Cranial surgery and navigation with a compact intraoperative MRI
system. Acta Neurochir Suppl. 2003; 85:79-86. PMID: 12570141.

Kim EH, Cho JM, Chang JH, Kim SH, Lee KS. Application of intraoperative indocyanine green videoan-
giography to brain tumor surgery. Acta neurochirurgica. 153(7):1487-95; discussion 94-5. PMID:
21590519. doi: 10.1007/s00701-011-1046-x

Valdes PA, Leblond F, Kim A, Harris BT, Wilson BC, Fan X, et al. Quantitative fluorescence in intracra-
nial tumor: implications for ALA-induced PplX as an intraoperative biomarker. J Neurosurg. 115(1):11—
7.PMID: 21438658. doi: 10.3171/2011.2.JNS101451

Hussain SA, Selway R, Harding C, Polkey CE. The urgent postoperative CT scan: a critical appraisal of
its impact. Br J Neurosurg. 2001; 15(2):116-8. Epub 2001/05/22. PMID: 11360373.

Jiang ZY, Allen K, Kutz JW Jr., Isaacson B. Clinical impact of early CT scans after lateral skull-base sur-
gery. Otolaryngol Head Neck Surg. 2013; 149(5):786-8. Epub 2013/09/07. doi: 10.1177/
0194599813502311 PMID: 24009210.

Jung JM, Lee JY, Phi JH, Kim SK, Cheon JE, Kim IO, et al. Value of routine immediate postoperative
brain computerized tomography in pediatric neurosurgical patients. Childs Nerv Syst. 2012; 28(5):673—
9. Epub 2012/03/01. doi: 10.1007/s00381-012-1716-x PMID: 22370691.

Terlecki RP, Steele MC, Valadez C, Morey AF. Low yield of early postoperative imaging after anasto-
motic urethroplasty. Urology. 78(2):450-3. PMID: 21722943. doi: 10.1016/j.urology.2011.01.071

van den Bergh B, Goey Y, Forouzanfar T. Postoperative radiographs after maxillofacial trauma: Sense
or nonsense? International journal of oral and maxillofacial surgery. 40(12):1373-6. PMID: 21962633.
doi: 10.1016/j.ijom.2011.08.008

Dutzmann S, Gessler F, Marquardt G, Seifert V, Senft C. On the value of routine prothrombin time
screening in elective neurosurgical procedures. Neurosurg Focus. 2012; 33(5):E9. Epub 2012/11/03.
doi: 10.3171/2012.7.FOCUS12219 PMID: 23116104.

Binning M, Ragel B, Brockmeyer DL, Walker ML, Kestle JR. Evaluation of the necessity of postopera-
tive imaging after craniosynostosis surgery. J Neurosurg. 2007; 107(1 Suppl):43-5. PMID: 17647307.

Vassilyadi M, Tataryn ZL, Alkherayf F, Udjus K, Ventureyra EC. The necessity of shunt series. Journal
of neurosurgery. 6(5):468-73. PMID: 21039171. doi: 10.3171/2010.8.PEDS09557

Albert FK, Forsting M, Sartor K, Adams HP, Kunze S. Early postoperative magnetic resonance imaging
after resection of malignant glioma: objective evaluation of residual tumor and its influence on regrowth
and prognosis. Neurosurgery. 1994; 34(1):45-60; discussion -1. Epub 1994/01/01. PMID: 8121569.

Simpson D. The recurrence of intracranial meningiomas after surgical treatment. Journal of neurology,
neurosurgery, and psychiatry. 1957; 20(1):22—-39. Epub 1957/02/01. PMID: 13406590; PubMed Cen-
tral PMCID: PMC497230.

Hodgson TJ, Kingsley DP, Moseley IF. The role of imaging in the follow up of meningiomas. Journal of
neurology, neurosurgery, and psychiatry. 1995; 59(5):545—-7. PMID: 8530945.

Brenner D, Elliston C, Hall E, Berdon W. Estimated risks of radiation-induced fatal cancer from pediatric
CT. Ajr. 2001; 176(2):289-96. PMID: 11159059.

PLOS ONE | DOI:10.1371/journal.pone.0124534  April 27,2015 9/10


http://www.ncbi.nlm.nih.gov/pubmed/8334619
http://www.ncbi.nlm.nih.gov/pubmed/17973029
http://www.ncbi.nlm.nih.gov/pubmed/22059137
http://dx.doi.org/10.4103/2152-7806.85983
http://www.ncbi.nlm.nih.gov/pubmed/19440654
http://dx.doi.org/10.1007/s00701-009-0395-1
http://www.ncbi.nlm.nih.gov/pubmed/12570141
http://www.ncbi.nlm.nih.gov/pubmed/21590519
http://dx.doi.org/10.1007/s00701-011-1046-x
http://www.ncbi.nlm.nih.gov/pubmed/21438658
http://dx.doi.org/10.3171/2011.2.JNS101451
http://www.ncbi.nlm.nih.gov/pubmed/11360373
http://dx.doi.org/10.1177/0194599813502311
http://dx.doi.org/10.1177/0194599813502311
http://www.ncbi.nlm.nih.gov/pubmed/24009210
http://dx.doi.org/10.1007/s00381-012-1716-x
http://www.ncbi.nlm.nih.gov/pubmed/22370691
http://www.ncbi.nlm.nih.gov/pubmed/21722943
http://dx.doi.org/10.1016/j.urology.2011.01.071
http://www.ncbi.nlm.nih.gov/pubmed/21962633
http://dx.doi.org/10.1016/j.ijom.2011.08.008
http://dx.doi.org/10.3171/2012.7.FOCUS12219
http://www.ncbi.nlm.nih.gov/pubmed/23116104
http://www.ncbi.nlm.nih.gov/pubmed/17647307
http://www.ncbi.nlm.nih.gov/pubmed/21039171
http://dx.doi.org/10.3171/2010.8.PEDS09557
http://www.ncbi.nlm.nih.gov/pubmed/8121569
http://www.ncbi.nlm.nih.gov/pubmed/13406590
http://www.ncbi.nlm.nih.gov/pubmed/8530945
http://www.ncbi.nlm.nih.gov/pubmed/11159059

. ®
@ ’ PLOS ‘ ONE Imaging after Meningioma Surgery

20. Pearce MS, Salotti JA, Little MP, McHugh K, Lee C, Kim KP, et al. Radiation exposure from CT scans
in childhood and subsequent risk of leukaemia and brain tumours: a retrospective cohort study. Lancet.
2012; 380(9840):499-505. Epub 2012/06/12. doi: 10.1016/S0140-6736(12)60815-0 PMID: 22681860;
PubMed Central PMCID: PMC3418594.

21. Mettler FA Jr., Wiest PW, Locken JA, Kelsey CA. CT scanning: patterns of use and dose. J Radiol Prot.
2000; 20(4):353-9. PMID: 11140709.

22. Tomasello F, Angileri FF. Giant intracranial tumors: a neurosurgical challenge. World Neurosurg. 2012;
77(5-6):631-2. Epub 2012/03/03. doi: 10.1016/j.wneu.2011.11.012 PMID: 22381327.

23. Sughrue ME, Rutkowski MJ, Chen CJ, Shangari G, Kane AJ, Parsa AT, et al. Modern surgical out-
comes following surgery for sphenoid wing meningiomas. Journal of neurosurgery. 2013; 119(1):86—
93. Epub 2013/02/26. doi: 10.3171/2012.12.JNS11539 PMID: 23432379.

PLOS ONE | DOI:10.1371/journal.pone.0124534  April 27,2015 10/10


http://dx.doi.org/10.1016/S0140-6736(12)60815-0
http://www.ncbi.nlm.nih.gov/pubmed/22681860
http://www.ncbi.nlm.nih.gov/pubmed/11140709
http://dx.doi.org/10.1016/j.wneu.2011.11.012
http://www.ncbi.nlm.nih.gov/pubmed/22381327
http://dx.doi.org/10.3171/2012.12.JNS11539
http://www.ncbi.nlm.nih.gov/pubmed/23432379

