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Abstract
Objective

We assessed the role of the general condition of the patient in addition to usual anatomical reasoning to
improve the prediction of personalized surgical risk for patients harbouring a large and giant petroclival
meningiomas.

Methods

Single-center, retrospective observational study including adult patients surgically treated for a large and
giant petroclival meningioma between January 2002 and October 2019 in a French tertiary neurosurgical
skull-base center by one Neurosurgeon. Inclusion criteria were: 1) histopathologically proven
meningioma; 2) larger than 3cm in diameter; 2) located within the upper two-thirds of the clivus, the
inferior petrosal sinus, or the petrous apex around the trigeminal incisura, medial to the trigeminal nerve.
Clinical and radiological characteristics were gathered preoperatively including ASA score, the modi�ed
Frailty Index and the Charlson Comorbidity Index. Post-operative severe neurological and non-
neurological complications were collected.

Results

A total of 102 patients harbouring a large and giant petroclival meningioma were included. The rate of
postoperative death was 3.0% related to a congestive heart failure (n=1), a surgical site hematoma (n=1),
and an ischemic stroke (n=1). A severe neurological impairment was found in 12.8% and a severe non-
neurological morbidity was found in 4.0%. The overall rate of severe morbidity and mortality was 15.7%
after large and giant petroclival meningioma surgery. The presence of brainstem peri-tumoral edema
(adjusted OR, 4.83 [95% CI 1.84–7.52], p=0.028) was independently associated with a history of
postoperative severe neurological morbidity. Male gender (adjusted OR, 7.42 [95% CI 1.05–49.77],
p=0.044), major cardiovascular morbidity (adjusted OR, 9.5 [95% CI 1.05–86.72], p=0.045), and an ASA
score ≥ 2 (adjusted OR, 11.09 [95% CI 1.46–92.98], p=0.038) were independently associated with a
history of postoperative severe non-neurological morbidity. A modi�ed Frailty index ≥ 1 (adjusted OR,
3.13 [95% CI 1.07–9.93], p=0.047), and a low neurosurgical experience (adjusted OR, 5.38 [95% CI 1.38–
20.97], p=0.007) were independently associated with a history of postoperative overall morbidity and
mortality.

Conclusions

This study suggests to add scores assessing the patient general condition in daily practice to improve the
selection of patients eligible for surgery. Collaborative international multicenter studies will be necessary
to con�rm these results and allow their implementation in clinical routine. 

Introduction
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Petroclival meningiomas (PCMs) are rare and enduring tumour requiring one or more complex surgical
resection[28]. Large and giant PCMs are de�ned as the main tumour diameter larger than 2.5cm and
originate from the upper two-thirds of the clivus, the petrous apex around the trigeminal notch or the
inferior petrosal sinus or, medial or around to the trigeminal incisura[38]. Surgical removal of a PCM has a
high morbidity and mortality pro�le, related to: 1) the deep seated location, which requires complex skull
base approaches[32]; 2) the induration and the adherences of meningiomas, which potentially make their
intraoperative manipulation di�cult; 3) the propensity to engulf nerves and blood vessels, to invade the
cavernous sinus and to extend to cranial fossae foramina; and 4) the large tumour volume at time of
surgery. In reported series, mortality ranged 0–10%, the incidence of cranial nerves de�cits ranged 29–
76%, and major complications ranged 8–45%[2, 5, 7, 11, 23, 26, 28, 31, 34, 40]. In order to predict the risk
of the PCM surgery, Adachi et al. in 2009, developed a dedicated scoring system, i.e. the ABC Surgical
Risk Score, based upon pure anatomical criteria[1]. However, ABC Surgical Risk Score score did not
encompass the general condition of the patient and, especially, comorbidities. Other scores assessing
patients' comorbidities have been developed and are widely used, as the American Society of
Anaesthesiologists (ASA) score[33], the modi�ed Frailty Index[25], and the Charlson Comorbidity Index[9].
Unfortunately, neurosurgical and co-morbid predictors are rarely associated in the assessment of
perioperative risk factors. To date, no study assessed the impact of scores assessing patient
comorbidities for large and giant PCMs. However, the neurosurgeon intuitively assesses the surgical risk
by taking into account anatomical data, as suggested by Adachi et al.[1], but also by taking into account
the patient's comorbidities. Indeed, it is common to maintain a close clinico-radiological monitoring for a
large and giant PCM in an elderly patient with numerous comorbidities.

Here, we suggested that integrating scores assessing patient comorbidities together with the usual
anatomical reasoning could improve the prediction of personalized surgical risk for patients harboring a
subtotal resection for a large and giant PCM.

Material And Methods

1.Data source
We performed a single-center, retrospective cohort study of adult patients (≥ 18 year-old) with a subtotal
resection, which is our attitude, for large and giant PCM between January 2002 and October 2019 in a
French tertiary neurosurgical skull-base center by the same senior neurosurgeon (PHR). Inclusion criteria
were: 1) histopathologically proven meningioma; 2) larger diameter ≥ 3 cm; 2) location within the upper
two-thirds of the clivus, the inferior petrosal sinus, or the petrous apex around the trigeminal incisura,
medial to the trigeminal nerve. We used the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement, as recommended[14].

2.Data collection
Data were obtained from the medical records using a protocol designed for the study.
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Clinical characteristics were: sex, age, past medical history, the ASA physical status classi�cation system
score, the modi�ed Frailty index, and the Charlson comorbidity index (Fig. 1). All patients underwent
extensive pre- and post-operative neurological examinations with detailed medical history (including
major diseases such as thromboembolism, respiratory, neoplastic, and other neurologic illness), the
presence of a major cardiovascular morbidity (heart failure, rhythmic heart disease and coronary artery
disease), functional independence using the Karnofsky Performance Status (KPS) score, and detailed
cranial nerve (CN) testing. Swallowing and auditory function were assessed by an Otolaryngologist.

Meningioma imaging characteristics, systematically gathered from preoperative MRI, were : side, main
insertion, secondary extension, largest diameter, volume, peri-tumoral edema, bone involvement,
hydrocephalus, and mass effect on brainstem.

Surgical characteristics were : period of inclusion (the �rst half cases versus the second half cases) and
surgical approach (anterior petrosectomy versus combined approaches).

Postoperative characteristics were: histopathological report, day 1 post-operative neurological
examination, post-operative complications within the �rst month. Severe neurological impairment was
de�ned as the presence of a postoperative: 1) surgical site hematoma requiring a new surgical procedure;
2) stroke; 3) refractory epileptic seizures; 4) long tracts de�cits without stroke and/or 5) IX-X-XI palsy.
Severe non-neurological morbidity was de�ned as postoperative: 1) congestive heart failure; 2) lung
infection and; 3) pulmonary embolism.

3.Statistical analysis
To determine factors associated with a history of postoperative complications, univariate analyses were
performed, computing unadjusted Odds Ratios (OR) and using the Chi square or Fisher’s exact tests for
comparing categorical variables, and the unpaired t-test or Mann–Whitney rank-sum test for continuous
variables, as appropriate. Variables associated at the p < 0.200 level in unadjusted analysis were then
entered into backward stepwise logistic regression models.

We performed a backward stepwise selection of variables, in a subgroup of 73 patients according to
available imaging data, removing the least signi�cant variables one after the other, and de�ning the least
signi�cant variable as having the highest p-value in the model.
The �nal model retained only the variables signi�cant at the P < 0.05 level. Statistical analyses were
performed using JMP software (version 14.3.0, SAS Institute Inc, Cary, USA).

4.Standard protocol approvals, registrations, and patient
consents
Informed consent was obtained from all patients. This study received required authorizations (IRB#1:
2019/20) of the French College of Neurosurgery (IRB00011687).

Results
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1.Clinical, imaging, histopathological, and treatment-related
characteristics
Patients’ clinical characteristics are detailed in Table 1. A total of 102 patients (82 women, mean age
53.4+/-10.9) harboring a large and giant PCM were included. Ten patients (9.8%) underwent a previous
surgical resection in another center and four of them (3.9%) had a postoperative radiotherapy. Two
patients (2.0%) had a previous radiotherapy without surgery in another center. The median ASA score was
2 (range 1–3) with 45.1% of patients with a ASA score at 2 (mild systemic disease). The median modi�ed
Frailty Index and Charlson comorbidity index were 0 in 58.8% and 67.8% of patients with no signi�cant
disease, respectively.
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Table 1
Main clinical characteristics of the study sample (n = 102)

Parameters n %

Clinical characteristics    

Sex

Male

Female

20

82

19.6

80.4

Age, years (mean, SD) 53.4 ± 10.9

< 55

≥ 55

53

49

52.0

48.0

Karnofsky Performance Status

≥ 70

< 70

98

3

96.1

2.9

Cardiovascular comorbidities

Yes

No

6

96

5.9

94.1

Previous surgical resection

Yes

No

10

92

9.8

90.2

Previous radiotherapy

Yes

No

6

96

5.9

94.1

ASA Score (mean, SD) 1.8 ± 0.7

1

2

3

≥ 4

36

46

20

0

35.3

45.1

19.6

0
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Parameters n %

Modi�ed Frailty Index (mean, SD) 0.6 ± 0.8

0

1

2

3

≥ 4

60

32

5

4

1

58.8

31.4

4.9

3.9

1.0

Modi�ed Charlson comorbidity Index (mean, SD) 0.6 ± 1.0

0

1

2

3

≥ 4

69

16

10

5

2

67.6

15.7

9.8

4.9

2.0

Pre-operative cranial nerve de�cits

Yes

No

78

24

76.5

23.5

Pre-operative long tract de�cits

Yes

No

31

71

30.4

69.6

Patients’ neurological examination are detailed in Table 2. Cranial nerves de�cits were the main
symptoms at diagnosis, affecting 76.5% of patients: facial hypoesthesia in 42.2%, facial neuralgia in
21.6%, facial paralysis in 8.8%, and hearing loss in 31.4%. Only 4.9% of patients had an impairment of the
IX-X-XI cranial nerves and no patient had a XII impairment at diagnosis. Diplopia was present at
diagnosis in 21.6% of patients: Third cranial nerve impairment in 10.8%, fourth cranial nerve impairment
in 4.9%, and sixth cranial nerve impairment 5.9%. Long tracts de�cits were present in 30.4% and
headaches were present in 19.6%. Epileptic seizures were present in 2.9% of patients at diagnosis.
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Table 2
Preoperative neurological examination of the study

sample (n = 102)
Parameters n %

Cranial nerves de�cits 78 76.5

II 3 2.9

III 11 10.8

IV 5 4.9

V

Facial neuralgia

Facial hypoesthesia

49

22

43

48.0

21.6

42.2

VI 6 5.9

VII 9 8.8

VIII

Hearing loss

Vestibular syndrome

35

32

11

34.3

31.4

10.8

IX-X-XI 5 4.9

XII 0 0

Long tracts de�cits 31 30.4

Ataxia

Proprioceptive ataxia

Cerebellar ataxia

36

16

20

35.3

15.7

19.6

Hemiparesis 12 11.8

Other neurological manifestations 48 47.1

Headaches 20 19.6

Epileptic seizure 3 2.9

Hydrocephalus 28 27.5

Imaging, histopathological and surgical characteristics are detailed in Table 3. Imaging characteristics
were fully available for 73 patients. The median tumor volume was 21.8 cm3 (range 7.5-164.2). A mass
effect on brainstem was present in all cases. A peri-tumoral edema was present in 69.9% of cases.
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Hydrocephalus was present in 38.4% of cases and hyperostosis was present in 23.3% of cases. Bone
erosion was present in 4.1% of cases and a mixed erosion-condensation was present in 5.5% of cases.
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Table 3
Main imaging, surgical and histopathological characteristics

of the study sample (n = 102)
Parameters n %

Imaging characteristics (n = 73)    

Tumor volume (cm3) (mean, SD) 27.7 ± 23.0

≥ 30

< 30

23

50

31.5

68.5

Peri-tumoral edema

Yes

No

51

22

69.9

30.1

Bone involvement

Erosion

Hyperostosis

Mixed

No

3

17

4

49

4.1

23.3

5.5

67.1

Hydrocephalus

Yes

No

28

45

38.4

61.6

Surgical characteristics (n = 102)    

Neurosurgeon experience (number of cases)

< 50

≥ 50

50

52

49.0

51.0

Surgical approach

Transpetrosal approach

Combined approach

75

27

73.5

26.5

Histopathological characteristics (n = 102)    

SD : Standard Deviation ; WHO : World Health Organization
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Parameters n %

WHO grading

Grade 1

Grade 2

Grade 3

90

11

1

88.2

10.8

1.0

SD : Standard Deviation ; WHO : World Health Organization

The majority of patients were treated by an isolated transpetrosal approach (73.5%) and combined
approaches were performed in 26.5% of cases. The histopathological analysis demonstrated a grade 1,
grade 2, and grade 3 meningioma in 88.2%, 10.8%, and 1.0% of cases respectively.

2.Surgical outcomes
Adverse postoperative events data are detailed in Table 4. The rate of postoperative death was 3.0% in
the whole series related to a congestive heart failure (n = 1), a surgical site hematoma (n = 1), and an
ischemic stroke (n = 1). The overall rate of severe postoperative morbidity was 15.7%: a severe
neurological impairment was present in 12.8% of cases, and a severe non-neurological morbidity was
present in 4.0% of cases.

Table 4
Adverse postoperative events of the study sample (n = 

102)
Parameters n %

Postoperative events    

Severe neurological morbidity

Ischemic Stroke

Cerebral Hematoma

Epileptic seizures

Long tracts de�cits without stroke

IX-X-XI palsy

13

2

1

1

8

1

12.8

2.0

1.0

1.0

7.8

1.0

Severe non-neurological morbidity

Congestive heart failure

Lung infection

Pulmonary embolism

4

1

2

1

4.0

1.0

2.0

1.0

Overall severe morbidity and mortality 16 15.7
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Table 5
Multivariate analyses (n = 73)

Predictors Adjusted Hazard Ratio 95% CI p-value

Severe neurological impairment      

Peri-tumoral edema

Yes

No

4.83

1

1.84–7.52 0.028

Severe non-neurological morbidity      

Sex

Male

Female

7.42

1

1.05–49.77 0.044

Major cardiovascular morbidity

Yes

No

9.5

1

1.05–86.72 0.045

ASA Score

= 1

≥ 2

1

11.09

1.46–92.98 0.038

Overall morbidity and mortality      

Modi�ed Frailty Index

= 0

≥ 1

1

3.13

1.07–9.93 0.047

Pre-operative long tract de�cits

Yes

No

1.43

1

0.45–4.61 0.542

Neurosurgeon experience (number of cases)

< 50

≥ 50

5.38

1

1.38–20.97 0.007

Unadjusted of severe neurological, non-neurological and overall morbidity and mortality are detailed in
Supplementary Tables 1–3. In a multivariable analysis, the presence of brainstem peri-tumoral edema
(adjusted OR, 4.83 [95% CI 1.84–7.52], p = 0.028) was independently associated with postoperative
severe neurological morbidity. Male sex (adjusted OR, 7.42 [95% CI 1.05–49.77], p = 0.044), major
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cardiovascular morbidity (adjusted OR, 9.5 [95% CI 1.05–86.72], p = 0.045), and an ASA score ≥ 2
(adjusted OR, 11.09 [95% CI 1.46–92.98], p = 0.038) were independently associated with postoperative
severe non-neurological morbidity. A modi�ed Frailty index ≥ 1 (adjusted OR, 3.03 [95% CI 1.07–9.70], p = 
0.040), and a low neurosurgical experience (adjusted OR, 5.17 [95% CI 1.32–20.18], p = 0.009) were
independently associated with postoperative overall morbidity and mortality.

Discussion

1.Key results
In this large retrospective cohort study of 102 large and giant PCM surgically treated by the same senior
neurosurgeon we identi�ed : 1) peri-tumoral edema as an independent predictor of severe neurological
impairment; 2) male sex, major cardiovascular morbidity, a high ASA score as independent predictors of
severe non-neurological morbidity; and 3) a high modi�ed Frailty index and a low experience in large and
giant PCM surgery as independent predictors of overall morbidity and mortality.

2.Interpretation
In our study, the rate of postoperative death was 3.0% after large and giant PCM surgery with a severe
neurological impairment in 12.8% and a severe non-neurological morbidity in 4.0%. In reported series,
mortality ranged 0–10%, the incidence of cranial nerves de�cits ranged 29–76%, and major
complications ranged 8–45%[2, 5, 7, 11, 23, 26, 28, 31, 34, 40]. Thereby, our overall rate of severe
morbidity and mortality was 15.7% after large and giant PCM surgery in accordance with the literature[2,
4, 5, 7, 11, 17, 19, 23, 26, 28, 29, 31, 34, 40].

Interestingly, Adachi et al. proposed a scoring system for predicting the extent of surgical resection and
the neurological outcome for skull base meningiomas[1]. In accordance with their results, we suggested
that peri-tumoral edema on preoperative MRI increased the risk of postoperative severe neurological
impairment, as previously described[1, 4, 17, 38]. The presence of peri-tumoral edema is possibly related
to the pial invasion of the brainstem[17], which may explain di�culties during tumour dissection resulting
in vascular injuries and direct injury to the brainstem. However, Adachi et al. analyzed only the
postoperative severe neurological impairment but not the non-neurological morbidity, which required the
preoperative assessment of the patient general conditions.

Male sex was associated with a higher rate of postoperative non-neurological morbidity, which was
consistent with a previous study published by Sekhar et al., where male sex was independently
associated with early postoperative KPS deterioration[38]. We suggested that major cardiovascular
morbidity increased the risk of postoperative non-neurological morbidity,

which remains a criterion found in all the scores assessing the patient general condition[9, 25, 33].

The ASA scores[33] is a widely used grading system for preoperative health of the surgical patients,
which was correlated, for neurosurgical procedures, with non-neurological morbidity[16, 24, 30, 35–37],
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postoperative length of stay[18] and survival[41]. The modi�ed Frailty index[25]and the Charlson
comorbidity index[9] were also studied in the neurosurgical literature with interesting results, especially
concerning their highest accuracy for predicting postoperative complications compared to the ASA
score[15, 22, 43]. Youngerman et al., published a large cohort of 9149 patients who underwent oncologic
neurosurgery procedures with an estimation of the modi�ed Frailty index[44]. They found that mortality,
severe medical complications, prolonged length of stay, and unfavourable discharge increased
incrementally with increasing levels of Frailty[44]. However, all these studies were not speci�cally
dedicated to assess skull base and PCM surgery. Here we suggested, for the �rst time, the importance of
assessing the patient general condition in order to improve the overall risk of postoperative
complications. The ASA score and the modi�ed Frailty index are signi�cant predictors of post-operative
severe non-neurological morbidity and overall severe morbidity and mortality, respectively, and remain
convenient scores that can be achieved in daily clinical practice.

In parallel, we suggested that a low neurosurgical experience was associated with a higher risk of overall
postoperative morbidity and mortality. The major role of the surgical experience could be related to the
assessment of the risk of neurological and non-neurological complications from an experience-based
multimodal analysis. The reduction of postoperative severe neurological impairment could be associated
with higher skills of the neurosurgeon and the reduction of postoperative non-neurological morbidity is
possibly related to the better selection of patients eligible for surgery.

In addition to the PCM’s poor natural history[8, 10, 13, 42] -as relentlessly progressive, with frequent fatal
outcomes- and with the natural increased comorbidities score linked to the aging, one may argue that the
surgical indication may be proposed early in the patient PCM history. Moreover, the advancement of
surgical techniques, the outcomes of PCMs are no longer as pessimistic as has been reported
previously[3, 6, 20, 21, 26]. The mortality rate has decreased greatly to 3 %; however, surgical morbidity
remains high[3, 12, 20, 21, 27]. For selection of the ideal treatment modality in each case, understanding
of the natural history and determination of preoperative predictors -such as comorbidity score- are
mandatory[39]. A better understanding of the natural history of PCM in the elderly population may help to
better wedged the surgical prognosis and the patient information, as comorbidities score appeared to be
linked with poor outcomes.

Our results suggest incorporating general condition data into clinical and radiological data in order to
improve the accuracy of predicting surgical risk for large and giant PCM.

3.Generalizability
This study captured the real-world practice of large and giant PCM surgery across a tertiary surgical skull
base center. The present study controlled for patient-related and methodological biases by selecting a
homogeneous population of large and giant petroclival meningioma in adults who all underwent surgical
procedure by the same senior neurosurgeon. It represents a large single-center surgical experience.
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The present study: 1) could help identify pre-operatively patients with a signi�cant risk of postoperative
neurological and/or non-neurological morbidity; 2) highlights the need for a new integrated scoring
system to assess pre-operatively the risk of the surgical procedure.

4.Limitations
These �ndings should be interpreted with caution, given the retrospective and monocentric design, the
small numbers of patients, the rarity of the events analyzed, and the lack of an external validation set that
limited the generalizability of the results. Since all patients in this study were adults, harbored a large and
giant PCM surgically treated by the same senior neurosurgeon, and operated on using the same surgical
approach, we thus cannot extend the results to other surgical techniques, to other location, and to
patients with a recurrent large and giant PCM. In an attempt to identify predictors available before the
surgery, we decided not to integrate the extent of surgical resection. In addition, for large and giant PCM,
our attitude is to perform, when possible, a subtotal resection followed by Gamma-Knife radiosurgery, as
previously described[6]. Finally, the median modi�ed Frailty Index and Charlson comorbidity index was 0,
which suggests that patients who underwent surgery were already preselected by the neurosurgeon or by
the referral physician.

Large and giant PCMs remain challenging surgical lesions requiring complex skull base approaches. The
risk of postoperative severe neurological and non-neurological morbidity could be assessed pre-
operatively following clinical examination, brain MRI analysis and by scores assessing patients'
comorbidities. In this study, we propose to add scores assessing the patient general condition in daily
practice to improve the selection of patients eligible for surgery. This holistic approach for surgical risk
could optimize the management of patients as well as selecting those who can bene�t from a surgical
resection. Collaborative international multicenter studies are required to con�rm these results and allow
their implementation in clinical routine.
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Figure 1

Description of scores assessing patients' comorbidities A/ The American Society of Anaesthesiologists
(ASA) score. B/ The modi�ed Frailty index: functional status measured in the 30 days prior to surgery.
The presence of each variable was scored as 1 point. The score ranges 0-11, with a score 0 representing
absence of frailty, while a score of 11 represents highest degree of frailty. C/ The Charlson Comorbidity
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Index: The score ranges 0-11, with a score 0 representing absence of frailty, while a score of 37 represents
highest degree of frailty.
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