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Simple Summary: Radical excision of meningiomas of the skull base has always been a major
surgical challenge because of the complex location and the risk of neurovascular damage related to
it. In these cases, the benefits of gross-total resection must be balanced with the quality of life after
surgery. In the present study, we investigated a cohort of 212 consecutive patients who underwent
partial resection of a benign skull base meningioma in order to find predictors of overall survival
(OS). Moreover, we analyzed the clinical outcomes and cases of retreatment for progressive disease.
In our case series, advanced age at surgery and a preoperative Karnofsky performance status of <70
were negative predictors of OS. Patients who underwent further procedures did not have reduced OS.
Overall, surgical and neurological outcomes of STR skull base meningiomas were worse compared
to case series, including also completely resected tumors.

Abstract: Background: Although gross total resection (GTR) is the goal in meningioma surgery, this
can sometimes be difficult to achieve in skull base meningiomas. We analyzed clinical outcomes and
predictors of survival for subtotally resected benign meningiomas. Methods: A total of 212 consecu-
tive patients who underwent subtotal resection (STR) for benign skull base meningioma between
1990–2010 were investigated. Results: Median age was 57.7 [IQR 18.8] years, median preoperative
Karnofsky performance status (KPS) was 80.0 [IQR 20.0], 75 patients (35.4%) had posterior fossa
meningioma. After a median follow-up of 6.2 [IQR 7.9] years, retreatment (either radiotherapy
or repeated surgery) rate was 16% at 1-year, 27% at 3-years, 34% at 5-years, and 38% at 10-years.
Ten patients (4.7%) died perioperatively, 9 (3.5%) had postoperative hematomas, and 2 (0.8%) had
postoperative infections. Neurological outcome at final visit was improved/stable in 122 patients
(70%). Multivariable analysis identified advanced age and preoperative KPS < 70 as negative predic-
tors for overall survival (OS). Patients who underwent retreatment had no significant reduction of OS.
Conclusions: Advanced age and preoperative KPS were independent predictors of OS. Retreatments
did not prolong nor shorten the OS. Clinical outcomes in STR skull base meningiomas were generally
worse compared to cohorts with high rates of GTR.

Keywords: surgery; neurosurgery; brain tumor; intracranial tumor; meningioma; overall survival;
skull base meningioma; subtotal resection

1. Introduction

Radical excision of meningiomas located at the skull base has always been a major
surgical challenge [1]. Complex location with proximity to and/or encasement of neurovas-
cular structures, large size, and hard tumor consistency may represent insurmountable
obstacles that impede gross-total resection (GTR). On the one hand, subtotal resection
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(STR) often leads to progression [2] and subsequently often to new invasive procedures [3].
Consequently, GTR has always been considered the aim to pursue [1,3–9]. On the other
hand, the increasing mean age of patients with meningiomas [6,10,11] imposes less ag-
gressive surgical interventions and recourse to adjuvant radiotherapy (RT) or stereotactic
radiosurgery [7,12–14].

Besides patient age and preoperative clinical conditions, the benefits of GTR must
be balanced with the quality of life after surgery [7]. Schneider et al. [15,16] showed in
two recent publications that Simpson grade I resection in posterior fossa meningiomas
and fronto-basal meningiomas were significantly associated with higher cranial nerve
morbidity and CSF leakage rates as compared to less aggressive excisions. In light of these
reports, the prospect of a steady increase of STR skull base cases appears tangible.

At present, only a few studies focus on the clinical outcome of STR skull base menin-
giomas. In 1994, Goldsmith et al. [17] published a retrospective analysis of 140 STR
meningiomas treated with postoperative RT. It was one of the first publications to pro-
vide evidence in favor of adjuvant RT and describing long-term overall survival (OS) and
progression-free survival (PFS) after partial resections of meningiomas. In 1996, Math-
iesen et al. [18] presented a historical cohort (surgical period 1947–1982) of skull base
meningiomas with complete long follow-up (mean: 18 years). In Mathiesen’s study, only a
minority of Simpson grade IV and V resections remained stable, whereas the rest showed
progressive symptoms. Nearly 61% of STR patients died as a result of the tumor, usually
within 10 years from the first operation, and none of the patients followed for over 20 years
were free from symptoms of progression. More recently, Materi et al. [19] identified preop-
erative tumor volume, falcine, and tentorial locations, and African American race as risk
factors of recurrence after STR of meningiomas.

Given the current lack of reports on survival in partially resected meningiomas, we
wanted to use a large retrospective cohort to identify predictors of OS and retreatment-free
survival after Simpson grade IV and V resection of World Health Organization (WHO)
grade I skull base meningiomas.

2. Results
2.1. Overall Characteristics

In this case series, 212 consecutive patients who underwent STR of intracranial WHO
grade I skull base meningioma were investigated. A total of 259 craniotomies were per-
formed in the time frame 1990–2010. The Median follow-up duration was 6.2 [IQR 7.9] years,
and no patient was lost to follow-up. The female-to-male ratio was 3.6. The median age at
primary surgery was 57.7 [IQR 18.8] years. Preoperative KPS was over 70 in 156 patients
(73.6%), and median Karnofsky performance status (KPS) was 80.0 [IQR 20.0]. Indica-
tions for surgery were based on patient’s symptoms in 98.6% of cases (n = 209), whereas
3 patients (1.4%) underwent surgery due to increased size documented radiographically.
Preoperative symptoms were seizure in 28 patients (13.2%), raised intracranial pressure
(ICP) in 66 patients (31.1%), and neurological deficits in 154 patients (72.6%). One hundred
thirty-seven meningiomas (64.6%) were located in the anterior skull base region, whereas
75 (35.4%) were in the posterior fossa. The specific location of each lesion is listed in Table 1.
Almost all patients underwent Simpson grade IV resections (n = 207, 97.6%), while only
5 excisions (2.4%) were classified as Simpson grade V.
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Table 1. Overall characteristics.

Parameter n %

212 100

Sex
Male 46 21.7
Female 166 78.3

Age at primary surgery
<40 years 24 11.3
40–50 years 35 16.5
50–60 years 64 30.2
60–70 years 51 24.1
≥70 years 38 17.9

Preoperative KPS
100 4 1.9
90 72 34.0
80 80 37.7
≤70 56 26.4

Presenting symptoms
Seizure 28 13.2
Raised ICP 66 31.1
Neurological deficits 154 72.6
Asymptomatic 3 1.4

Location
Supratentorial 3 1.4
Infratentorial 21 9.9
Tuberculum sellae/suprasellar 30 14.2
Cavernous sinus 14 6.6
Petroclival 27 12.7
Intraorbital 13 6.1
Olfactory groove 10 4.7
Middle fossa/Cavum Meckeli 7 3.3
Medial sphenoid wing 50 23.6
Lateral sphenoid wing 10 4.7
Craniocervical junction/Foramen
magnum 6 2.8

CP angle 21 9.9
CP angle: Cerebello-pontine angle; ICP: Intracranial pressure; KPS: Karnofsky performance status.

2.2. Clinical Outcomes

Neurological outcome at final visit was improved or remained stable compared to the
preoperative status in 70.1% of cases (n = 122), while neurological status had worsened
in 29.9% of patients (n = 52). With regard to complications after surgery, 9 postoperative
hematomas (3.5%) and 2 postoperative infections (0.8%) occurred during the whole study
period. Ten patients died within 30 days from surgery (4.7%). Retreatment rate at 1-year
was 16.0% (n = 34), at 2-years was 23.1% (n = 49), at 3-years was 26.9% (n = 57), at 5-years
was 33.5% (n = 71), at 10-years was 37.7% (n = 80), and at 15-years was 38.2% (n = 81) (Table
2). In our case series, 33 patients (15.6%) underwent 2 surgical procedures, 3 patients (1.4%)
underwent 3 resections, and only 2 patients underwent respectively 4 and 5 tumor excisions.
After a second surgery, no histological transformation of meningiomas occurred, whereas,
after the third procedure, one atypical lesion was found. The median time-to-retreatment
between the primary procedure and the second one was 3.1 [IQR 3.2] years, while between
the second and the third one was 3.0 [IQR 2.9] years. Further analyses were not carried out
due to the paucity of the sample. Regarding radiation therapy, 8 patients (3.8%) received
adjuvant RT, of whom 2 by means of conventional fractionated RT, while the other 6
via stereotactic radiosurgery (SRS). Patients who underwent retreatment had a minimal
insignificant prolongation of OS compared to those who did not undergo further operative
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procedures (7.6 years [IQR 7.6] vs. 7.2 years [IQR 8.58], p = 0.295) (Table 3; Figure 1). More
specifically, median OS in patients who underwent second surgery without adjuvant RT
was 10.6 [IQR 6.4] years, in patients retreated via RT alone OS was 5.4 [IQR 5.2] years, and
in those who underwent retreatment with both surgery and adjuvant RT, median OS was
9.7 [IQR 5.7] years, and the difference was not statistically significant (p = 0.175).

Table 2. Clinical outcomes.

Clinical outcome n %

Surgical outcome
Postop hematomas 9/259 3.5
Postop infections 2/259 0.8
30-day mortality 10/212 4.7

Neurological outcome at final visit
Improved-unchanged 122 70.1
Worsened 52 29.9

Retreatment rate
1-year 34 16.0
2-year 49 23.1
3-year 57 26.9
5-year 71 33.5
10-year 80 37.7
15-year 81 38.2

Table 3. Univariate and multivariable Cox model for overall survival.

Variable
Univariate Analysis Multivariable Analysis

HR (95%CI) p Value HR (95%CI) p Value

Sex
M vs. F 1.70 (0.99–2.93) 0.052 1.24 (0.71–2.17) 0.446

Age at primary surgery years 1.05 (1.03–1.08) <0.001 1.05 (1.02–1.07) <0.001

Preoperative KPS
Good vs. Poor 0.35 (0.21–0.59) <0.001 0.42 (0.24–0.71) 0.001

Neurological deficits
Yes vs. No 1.49 (0.80–2.77) 0.199 - -

Location
Posterior fossa vs. fronto-basal 0.89 (0.52–1.53) 0.692 - -

Bony invasion
Yes vs. No 0.61 (0.31–1.18) 0.143 - -

Retreatment
Any retreatment vs. No retreatment 0.74 (0.43–1.26) 0.274 - -

2.3. Predictors of Overall Survival

In the present cohort, the OS at 1-year was 91.5%, at 2-years was 90.6%, at 3-years was
88.2%, at 5-years was 83.4%, at 10-year was 71.0%, and at 15-years was 61.3%. Regarding
retreatment-free survival, it was 75.9% at 1-year, 67.9% at 2-years, 61.7% at 3-years, 52.4%
at 5-years, 42.4% at 10-years, and 34.6% at 15-years.
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Figure 1. Overall survival by retreatment.

According to our univariate analysis, the following predictive factors were signifi-
cant for OS: Sex, age at primary surgery, and preoperative KPS. Conversely, neurological
deficits at presentation, tumor location, and bony invasion had no significant impact on OS
(Table 3). In multivariable analysis, only age at primary surgery and KPS were significant
with p <0.001 and p = 0.001, respectively (Figures 2 and 3). According to multivariable
analysis, patients with poor KPS had more than 6 times the risk of developing a postop-
erative hematoma requiring surgical evacuation (OR = 6.2 [1.1–34.6], p = 0.039), whereas
no significant correlation with worsened neurological outcome (p = 0.182), postoperative
infections (p = 0.987), or 30-day mortality (p = 0.318) was found.

Cancers 2021, 13, x FOR PEER REVIEW 5 of 12 
 

Table 3. Univariate and multivariable Cox model for overall survival. 

Variable 
Univariate Analysis Multivariable Analysis 

HR (95%CI) p Value HR (95%CI) p Value 
Sex 

M vs. F 1.70 (0.99–2.93) 0.052 1.24 (0.71–2.17) 0.446 

Age at primary surgery years 1.05 (1.03–1.08) <0.001 1.05 (1.02–1.07) <0.001 
Preoperative KPS 

Good vs. Poor 
0.35 (0.21–0.59) <0.001 0.42 (0.24–0.71) 0.001 

Neurological deficits 
Yes vs. No 

1.49 (0.80–2.77) 0.199 - - 

Location 
Posterior fossa vs. fronto-basal 

0.89 (0.52–1.53) 0.692 - - 

Bony invasion 
Yes vs. No 

0.61 (0.31–1.18) 0.143 - - 

Retreatment 
Any retreatment vs. No retreatment 

0.74 (0.43–1.26) 0.274 - - 

2.3. Predictors of Overall Survival 
In the present cohort, the OS at 1-year was 91.5%, at 2-years was 90.6%, at 3-years 

was 88.2%, at 5-years was 83.4%, at 10-year was 71.0%, and at 15-years was 61.3%. Re-
garding retreatment-free survival, it was 75.9% at 1-year, 67.9% at 2-years, 61.7% at 3-
years, 52.4% at 5-years, 42.4% at 10-years, and 34.6% at 15-years. 

According to our univariate analysis, the following predictive factors were signifi-
cant for OS: Sex, age at primary surgery, and preoperative KPS. Conversely, neurological 
deficits at presentation, tumor location, and bony invasion had no significant impact on 
OS (Table 3). In multivariable analysis, only age at primary surgery and KPS were signif-
icant with p <0.001 and p = 0.001, respectively (Figures 2 and 3). According to multivariable 
analysis, patients with poor KPS had more than 6 times the risk of developing a postop-
erative hematoma requiring surgical evacuation (OR = 6.2 [1.1–34.6], p = 0.039), whereas 
no significant correlation with worsened neurological outcome (p = 0.182), postoperative 
infections (p = 0.987), or 30-day mortality (p = 0.318) was found. 

 
Figure 2. Overall survival by age at primary surgery. Figure 2. Overall survival by age at primary surgery.



Cancers 2021, 13, 1451 6 of 12Cancers 2021, 13, x FOR PEER REVIEW 6 of 12 
 

 
Figure 3. Overall survival by preoperative KPS. 

3. Discussion 
In the present study, a cohort of 212 subtotally resected WHO grade I skull base men-

ingiomas was investigated to detect predictors of survival and analyze clinical outcomes. 
STR was defined as Simpson grade IV or V resections, as described by the European as-
sociation of neuro-oncology (EANO) [5]. 

3.1. Clinical Predictors of Survival 
Our results show that age at surgery, both dichotomized at 65 years of age and con-

sidered as a continuous variable, and preoperative KPS ≤ 70 were independently corre-
lated with a reduced OS (Table 3). As expected, younger patients had significantly longer 
OS after STR compared to the older individuals (Figure 2). Specifically, every year carries 
a 5% increased risk of death. In the present study, only WHO grade I meningiomas were 
included, and OS was calculated considering all causes of death. Therefore, the effect of 
different residual life expectancies (RLE) cannot be ruled out. Considering patients >65 
years, the median age at surgery was 71.7 [IQR 7.3] years and median OS was 5.0 [IQR 
5.9] years, the sum of which was quite similar to the average life expectancy in Norway at 
77.3 years in 1990 [20]. Conversely, the median age in the younger cohort (<65 years) was 
52.0 years [IQR 14.9] years, and median OS was 7.9 years [IQR 8.7] years. In this case, it is 
likely that median OS mirrors the length of follow-up instead of RLE. Our conjectures are 
shared by other authors [21–23]. Among them, Hasseleid et al. [3] found that increased 
median age at diagnosis was independently correlated with a reduction of OS and that 
this observation was biased by the naturally limited RLE of older individuals. Later, Bro-
kinkel et al. [21] found that the OS in older patients was significantly shorter as compared 
to the sex- and age-matched population, indicating excess mortality [24]. Altogether, the 
difference detected in our cohort is likely ascribable to different RLEs. However, the deci-
sion of operating on elderly individuals should always be cautiously weighed up because 
of the increased risk of postoperative hemorrhages, wound, or systemic infections [25–
27]. 

An independent association between KPS > 70 and prolonged OS was identified (Table 
3; Figure 3). Indeed, patients with a good preoperative KPS had less than half the risk of 
death of any cause during the study period compared to those with poorer KPS. We fur-
ther analyzed the predictive role of KPS with regard to neurological outcome, early post-
operative complications, and perioperative mortality. According to multivariable analy-
sis, patients with poor KPS had more than 6 times the risk of developing a postoperative 

Figure 3. Overall survival by preoperative KPS.

3. Discussion

In the present study, a cohort of 212 subtotally resected WHO grade I skull base menin-
giomas was investigated to detect predictors of survival and analyze clinical outcomes. STR
was defined as Simpson grade IV or V resections, as described by the European association
of neuro-oncology (EANO) [5].

3.1. Clinical Predictors of Survival

Our results show that age at surgery, both dichotomized at 65 years of age and
considered as a continuous variable, and preoperative KPS ≤ 70 were independently
correlated with a reduced OS (Table 3). As expected, younger patients had significantly
longer OS after STR compared to the older individuals (Figure 2). Specifically, every year
carries a 5% increased risk of death. In the present study, only WHO grade I meningiomas
were included, and OS was calculated considering all causes of death. Therefore, the effect
of different residual life expectancies (RLE) cannot be ruled out. Considering patients
>65 years, the median age at surgery was 71.7 [IQR 7.3] years and median OS was 5.0
[IQR 5.9] years, the sum of which was quite similar to the average life expectancy in
Norway at 77.3 years in 1990 [20]. Conversely, the median age in the younger cohort
(<65 years) was 52.0 years [IQR 14.9] years, and median OS was 7.9 years [IQR 8.7] years.
In this case, it is likely that median OS mirrors the length of follow-up instead of RLE. Our
conjectures are shared by other authors [21–23]. Among them, Hasseleid et al. [3] found
that increased median age at diagnosis was independently correlated with a reduction of
OS and that this observation was biased by the naturally limited RLE of older individuals.
Later, Brokinkel et al. [21] found that the OS in older patients was significantly shorter
as compared to the sex- and age-matched population, indicating excess mortality [24].
Altogether, the difference detected in our cohort is likely ascribable to different RLEs.
However, the decision of operating on elderly individuals should always be cautiously
weighed up because of the increased risk of postoperative hemorrhages, wound, or systemic
infections [25–27].

An independent association between KPS > 70 and prolonged OS was identified
(Table 3; Figure 3). Indeed, patients with a good preoperative KPS had less than half
the risk of death of any cause during the study period compared to those with poorer
KPS. We further analyzed the predictive role of KPS with regard to neurological outcome,
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early postoperative complications, and perioperative mortality. According to multivariable
analysis, patients with poor KPS had more than 6 times the risk of developing a postop-
erative hematoma requiring surgical evacuation. Preoperative KPS is a robust predictor
of survival in large meningioma cohorts [4,28,29], as well as in more selected subgroups
and is included in several prognostic scores [10,30–32]. However, KPS reflects patient’s
general condition and provides no information to clinicians with respect to neurological
and surgical outcome. The inverse correlation between KPS and postoperative hematomas
delineated in the present study is limited by the small number of patients analyzed and
should be further investigated in a prospective study.

3.2. Clinical Outcomes

Considering the skull base meningioma series published during the last 30 years,
the rate of postoperative hematomas ranged from 0.0% reported by Samii et al. [33] to
3.4% extra-axial and 5.4% intracerebral hematomas presented by Levine et al. [34]. Mel-
ing et al. [11] identified 5.3% postoperative hematomas requiring surgery in a cohort of
elderly patients (over 70 years). The postoperative hematoma rate recorded in the present
study was 3.5%, which is in line with the literature [1,27,35]. With respect to postoperative
infections, our rate was 0.8% (Table 2). This is also in line with previous reports [1,11,33,34],
which have ranged from 0.0% described by Roser et al. [27] in patients younger than
65 years to 7.0% reported by the same authors for patients over the age of 65. The 30-day
mortality rates reported in the literature ranged from 0.0% to 2.0% [27,34]. Early postopera-
tive complications identified in our cohort are comparable with other high GTR rates series.
On the other hand, the perioperative mortality detected in the present study was 4.7%,
which is twice as high as most publications on skull base meningiomas describe [1,11,33]
(Table 2). We wanted to investigate whether there was an association between 30-day
mortality and the clinical variable considered in this study. In the univariate analysis,
reoperation for early postoperative hematoma, seizure, or symptoms of raised ICP was
significant. However, according to our multivariable analysis, only seizures at presentation
were significantly associated with death within 30 days from surgery (OR = 12.0 [2.6–62.6],
p < 0.01).

Data on neurological outcomes after surgery were available only in few skull base
meningioma series. Therefore, the comparison with our results is limited. Considering
case series of adult and elderly patients, the rates of worsened neurological outcomes
range from 7% to 17% [1,11,27]. In the present study, 30% of patients had worsened
neurological outcomes at the final visit, which is more than twice as high as the series that
included all Simpson grades (Table 2). In absolute terms, the rate of worsened neurological
outcomes reported here is considerable. This result indicates that in demanding skull base
meningiomas, surgery entails a tangible risk of worsening patients’ neurological status and
quality of life. However, it may also mirror the underreporting of neurological deterioration
in some past case series. The rationale for operative management can be found by analyzing
the whole picture. In the current series, 72.6% of patients had neurological deficits at
presentation, and at the final visit, 70.1% of them had improved or stable neurological
outcomes (Table 1).

Overall, our results show complication and morbidity rates comparable or even worse
than those reported in other case series that included GTR meningiomas. To some extent,
this is a countertrend compared with the belief that STR will be associated with better
postoperative status compared to radical excisions. However, in order to better investigate
the benefits or disadvantages of function sparing resection, the evaluation of the quality
of life scales should be included. Unfortunately, the retrospective analysis of our clinical
records did not allow us to extract these data. We hope that the present study could pique
the interest in this topic and further analyses may shed light on the impact of STR on
quality of life of the patients carrying meningiomas in complex locations.
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3.3. Tumor Location

For statistical purposes, meningiomas in the present study were dichotomized into
posterior fossa and fronto-basal location. As reported by some authors [4,36], posterior
fossa meningiomas constitute a subset of intracranial meningiomas because of their peculiar
location, different clinical presentation, and behavior. For these reasons, GTR rates are
usually lower in comparison to other locations [15]. According to our analysis, posterior
fossa meningiomas had comparable OS after STR to their fronto-basal counterpart (Table 3).
These findings indicate that location and all its implications do not influence the OS in any
way in skull base meningiomas after partial excision. Preservation of quality of life should
always be paramount when surgeons approach these difficult lesions, and heroic attempts
to achieve more radical resections should be avoided.

3.4. Retreatment and Radiation Therapy

One of the major problems associated with STR meningiomas is the growth of resid-
ual tumors. As demonstrated by Simpson in 1957 [2] and successively by many other
authors [3,37,38], the radicality of resection is inversely related to the frequency of a re-
lapse. The analysis of Kaplan–Meier curves demonstrates an initial split. In the first
7 years, patients who underwent retreatment had a better OS. Thereafter, the curves cross
each other and on the whole, the OS is comparable (Figure 1). Anyway, the cases of pro-
gression that were managed operatively were selected based on the presence of symptoms
and/or documentation of residual growth. Information about patients handled conser-
vatively was not available. Hence, the effect of selection bias on OS cannot be ignored,
and the generalizability of our results to a population of recurrent skull base meningiomas
is limited.

Recent trends in neurosurgery have led to the concept of function sparing resec-
tion, where STR is undertaken, and treatment is completed with SRS or fractionated RT.
This combined approach has become the standard treatment in many institutions and is
supported by evidence reported by several authors [39–41]. Unfortunately, the number
of patients in the present study treated in this fashion is very limited, namely 6 patients
with SRS and 2 with fractionated RT. Due to the small size of our sample, further analyses
on irradiated patients were not feasible. Therefore, the present paper cannot conclude
anything about the role of RT in subtotally resected benign SBM. Future studies, ideally
randomized control clinical trials, are needed to investigate this important issue.

4. Materials and Methods
4.1. Patient Cohort

A Norwegian population-based cohort of skull base meningiomas treated surgically
between 1990 and 2010 at the Oslo University Hospital (OUH) was reviewed. OUH was a
tertiary referral center consisting of 2 neurosurgical units (Rikshospitalet and Ullevaal) that
captured all meningioma patients within an area of approximately 3 million inhabitants
(56% of the Norwegian population). There were 212 consecutive WHO grade I subtotally
resected lesions identified. The location of the tumors and residual after surgery were
confirmed by post-contrast imaging studies. The age cut-off we used to define older
individuals was set at 65 years of age based on the report from Ostrom et al. [42], which
identified a dramatic increase of meningiomas’ incidence after age 65 years. The extent
of resection (EOR) was assessed using the Simpson grade scale [2]. STR was defined
as Simpson grade IV or V in accordance to the EANO definition [5]. RT performed
within 90 days from primary surgery was considered adjuvant RT, while all procedures
(both conventional fractionated RT and SRS) undertaken after 90 days were considered
retreatment. The WHO grading system was used to classify the histology of meningiomas.
Since the WHO criteria have changed during the time-frame of our study, all lesions
underwent a formal reclassification process according to the 2016 WHO classification
carried out by a neuropathologist [43]. No patient was lost to follow-up for the assessment
of outcomes. Neurological status at the final visit was dichotomized into improved-
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stable or worsened compared to preoperative status. Any neurological status worse than
preoperative status was considered deteriorated status. Early postoperative complications
were defined as on-site hematoma or surgical site/deep infection requiring operative
intervention and corresponding at least to grade IIb complication in the Landriel–Ibanez
classification [44]. Since in the present cohort only STR meningiomas were included,
relapses after primary surgery were considered regrowth. All residual tumor growth with
radio-clinical correlations occurring at the site of the previous surgery were considered.
Lesions occurring at locations other than the primary site of the tumor were excluded. In
order to avoid subjectivity in differentiating postsurgical tumor remains from scars located
near the resection sites, the time-to-retreatment was calculated as the time between primary
surgery and the first subsequent procedure (either RT or a new operation). Indications
for retreatment were symptomatic progression of the disease or asymptomatic growth of
residual lesion documented on imaging. Radiological re-growth without clinical expression,
thus not requiring any adjuvant treatment, were not considered. Vital status (alive or dead)
and time of death was obtained from the Norwegian Population Registry (Folkeregisteret)
on 21/01/2011.

4.2. Ethics

The study was regulated by the Personal Data Act/Personal Health Data Filing System
Act and approved by the Data Protection Official, registered Norwegian institutional review
board at OUH (2017/5204). Under this regulation, the patient’s written informed consent
was not required to collect and analyze data.

4.3. Statistics

Descriptive analysis was carried out using median and IQR for the quantitative
variables and percentages values for the qualitative ones. Normality distribution was
assessed by the Shapiro–Wilk test. The association between variables was investigated by
Pearson Chi-Squared or Fisher Exact. Multivariable analyses to investigate the association
between preoperative KPS and clinical outcomes, 30-day mortality, and preoperative
parameters were carried out using a logistic regression model (Odds Ratio—OR and
95%CI). Survival analysis was performed by applying the Kaplan–Meier estimator and
Log-rank test for equality of survivor functions. The association with clinical features was
analyzed with the Cox model of proportional hazards (Hazard Ratio—HR and 95%CI), and
the applicability assumption was evaluated by the Schoenfeld test. Statistical significance
was set at <0.05. All analyses and graphical drawing were performed using STATA®

software v15.1 (StataCorp, College Station, Texas, TX, USA).

5. Conclusions

In this cohort of subtotally resected WHO grade I skull base meningiomas, age at
surgery and preoperative KPS were independent predictors of OS. Retreatments did not
prolong nor shorten the OS. However, surgical and neurological outcomes in subtotally
resected skull base meningiomas were generally worse compared to meningioma series
with high rates of GTR.

Strengths and Limitations of the Study

The strength of this study is the long and complete follow-up (median = 6.2 [IQR 7.9] years).
This is the one of the largest case series that analyzes survival and surgical outcomes in STR
meningiomas. The pre- and postoperative postcontrast imaging studies were reviewed to
confirm tumor location and EOR. With respect to data quality, we only used end-points that
were easily verifiable (i.e., 30-day mortality, reoperation for hematomas, and reoperations for
infections).

However, this study is limited by its retrospective nature, despite data from 2003
being collected prospectively. For this reason, the cause of death was not available for
every patient, and hence we cannot calculate the disease-specific survival, and the OS
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includes mortality due to any cause. Volumetric data on residual tumor growth after
primary surgery, as well as the number of patients with re-growing lesions who did not
receive retreatment, were not always complete. Hence, they were excluded from data
collection. Moreover, the single-center design of the study limits greatly the generalizability
of our results to other neurosurgical departments. Analysis on postoperative complications
is limited to postoperative hematomas and on-site or deep infections, whereas medical
complications, such as pulmonary embolism and minor complications that did not require
surgery, were excluded from data collection.
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