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Abstract
Background  Surgical resection is the standard treatment for parasagittal meningioma (PSM), but complete resection may 
be challenging due to superior sagittal sinus (SSS) involvement. The SSS may be partially or completely obstructed, and 
collateral veins are commonly present. Thus, knowing the status of the SSS in PSM cases prior to treatment is essential to a 
successful outcome. MRI is utilized prior to surgery in order to determine SSS status and to check for presence of collateral 
veins. The objective of this study is to evaluate the reliability of MRI in predicting both SSS involvement and presence of 
collateral veins in subsequent comparison to actual intra-operative findings, and to report on complications and outcomes.
Methods  27 patients were retrospectively analyzed for this study. A blinded radiologist reviewed all pre-operative images, 
noting SSS status and collateral vein presence. Intraoperative findings were obtained from hospital records to similarly 
categorize SSS status and collateral vein presence.
Results  Sensitivity of the MRI to SSS status was found to be 100% and specificity was 93%. However, sensitivity and speci-
ficity of MRI to collateral vein presence was only 40% and 78.6%, respectively. Complications were experienced by 22% of 
patients, the majority neurologic in nature.
Conclusion  MRI accurately predicted SSS occlusion status, but was less consistent in identification of collateral veins. These 
findings suggest MRI should be used with caution prior to PSM resection surgery particularly with regards to the presence 
of collateral veins which may complicate resection.
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Abbreviations
CE	� Contrast enhanced
CI	� Confidence interval
GTR​	� Gross total resection
ICG-VA	� Indocyanine green video angiography
SWI	� Susceptibility weighted imaging
SSS	� Superior sagittal sinus
MRI	� Magnetic resonance imaging
MRV	� Magnetic resonance venography
NPV	� Negative predictive value
PSM	� Parasagittal meningioma
PPV	� Positive predictive value

Introduction

Meningiomas occur next to major venous drainage sinuses 
13–22% of the time [10]. A common subtype includes par-
asagittal meningiomas (PSM) along the superior sagittal 
sinus (SSS). Though these tumors are usually benign, com-
plete resection may be challenging due to SSS involvement. 
The SSS may be partially or completely obstructed, and 
collateral venous channels are common in the PSM. Thus, 
knowing the status of the SSS in PSM cases prior to surgery 
is crucial to a successful outcome. Pre-operative imaging is 
utilized to determine the surgical approach, clarifying tumor 
location, size, and level of blood vessel invasion/obstruction.

Venous infarctions are one of the more serious compli-
cations that may occur following PSM resection. Clinical 
symptoms of venous infarctions vary, and may result in 
severe neurological deterioration [16]. Hence, particular care 
must be taken to define the venous network in the region 
of the tumor before surgery. Both the SSS and subsequent 
compensatory collateral veins must be considered.
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According to Sindou, “detailed radiological anatomy of 
the venous system has to be investigated preoperatively.” 
[22] The imaging commonly used in pre-operative planning 
is structural magnetic resonance imaging (MRI) and when 
circumstances allow, magnetic resonance venography (MRV) 
may also be performed. Various MRI sequences have been 
developed in a quest to better image venous anatomy, however 
there is no established optimal imaging sequence for PSM 
surgery. Moderate success has been shown with magnets from 
1.5–7 Tesla in strength [8, 9, 14, 17]. This report aims to 
retrospectively compare pre-surgical SSS and collateral vein 
status based on MRI to intraoperative observation in order to 
evaluate the degree of reliability of such tools for parasagittal 
meningioma resection surgery.

Methods

Subjects

27 consecutive patients who underwent surgery between 
2017 and 2021 by the senior author Dr. Nevo Margalit at 
three Israeli medical centers (Shaare Zedek Medical Center, 
Assuta Medical Center of Tel Aviv, and Herzliya Medical 
Center) were included in this study. Surgery was primarily 
conducted in Shaare Zedek (a teaching hospital); a minor-
ity of operations were conducted at nearby hospitals due to 
insurance reasons. Twenty-four preoperative MRI images 
were available for analysis. Patient intraoperative findings, 
including SSS occlusion status and presence of collateral 
veins, were retrospectively gathered from surgical records 
and corresponding patient MRI data were analyzed as 
described in ‘MRI Analysis’. Ethics approval was obtained 
for this study (ethics number 0407–21-SZMC) and due to 
the retrospective nature, patient consent was waived.

MRI analysis

MRI images were obtained on either 1.5 or 3 Tesla mag-
nets. Image evaluation was performed using the following 
sequences – T1, T2, FLAIR, DWI, SWI, post contrast T1 
(MPRAGE) and post-contrast MRV images (performed on 
4 patients). A blinded radiologist reviewed all preoperative 
images, noting the following parameters: The status of the 
superior sagittal sinus was categorized as either occluded, 
partially occluded, open, or inconclusive; Collateral vein 
presence was categorized as either present or absent.

Intraoperative analysis

Intraoperative findings were analyzed from surgical records for 
comparison to MRI findings. Similarly, the status of the SSS 
was categorized as either occluded, partially occluded, open, 

or inconclusive. Collateral vein and residual tumor were cat-
egorized as either present or absent. Sindou classification was 
documented [23]. Operative notes further include: anterior, 
middle, or posterior third (1,2, or 3), whether resection of the 
sinus was conducted (yes or no), and extent of tumor resection 
(partial or full).

Nuances of surgical technique

We use a traditional coronal incision centered over the 
tumor, safely exposing the SSS and then starting ipsilateral 
and lateral to the PSM, working towards midline. Tumor 
resection can be divided into 2 stages: the cortical and sinus 
stage. The tumor is first debulked and then separated from 
the underlying cortex, attempting to preserve the integrity 
of the arachnoid and the cortical veins contained within.

Following resection of the cortical component, attention 
is turned to the tumor involving the SSS. Anterior third SSS 
segment tumors are resected with the sinus. In middle or 
posterior third SSS segment tumors, resection is guided by 
several key principles. Whenever there is flow in the sinus, 
we do not pursue complete resection or sinus reconstruc-
tion. Residual tumor is peeled off the walls of the sinus and 
bipolar coagulation is usually sufficient to control bleeding. 
In cases where we have attempted to remove tumor from the 
sinus itself, the limitation is the danger of limiting sinus flow 
by aggressive packing, rather than blood loss.

In cases where the sagittal sinus is occluded, we attempt 
a complete resection of the tumor and the affected SSS. The 
tumor resection may transition to subtotal when collateral 
veins are found at the tumor. These veins are preserved and 
not resected in any case. The identification of these veins 
is done carefully intraoperatively. After tumor resection, a 
dural patch is used to replace the resected dura and the bone 
is replaced. Any bone affected with tumor is drilled away 
until normal bone is noted.

Statistical analysis

Sensitivity, specificity, negative and positive predictive 
values, and negative and positive likelihood ratio were per-
formed in order to assess the diagnostic accuracy of MRI for 
occluded SSS and the occurrence of collaterals. Quantitative 
variables were described using median and range. Qualita-
tive variables were presented by frequencies and percentage.

Results

Patient demographics

27 patients were included in this study. Twenty-four of those 
patients had data for all parameters, specifically availability 
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of pre-operative MRI for review. Average age was 58.5 years 
with 48:52% male:female ratio. In 7% of patients, PSM loca-
tion was in the anterior SSS, 78% in the middle SSS, and 
15% in the posterior SSS. Six patients were repeat opera-
tions, one of whom also had previously undergone radiation 
(Table 1).

Intraoperative and MRI results

Superior sagittal sinus (SSS)

As shown in Table 1, MRI showed that 42% (n = 10/24) of 
the available images had an occluded SSS, 33.3% (n = 8/24) 
were partially occluded, and 25% (n = 6/24) were completely 
open. In surgery, 38% (9/24) of the patients were found to 
have an occluded SSS, and 63% (n = 15/24) had flow. Of the 
10 patients with complete SSS occlusion on MRI, 9 patients 
did indeed present a fully occluded SSS; 1 patient had some 
degree of flow; the patient is presented in Fig. 1. There were 
no patients with a pre-operative MRI showing an open sinus 
that had a fully occluded sinus in surgery. Sinus involve-
ment was also noted according to the Sindou classification 
of sinus invasion [23].

Thus, considering a occluded versus open (even if only 
partially open) SSS, the sensitivity of the MRI for detection 
of SSS occlusion was 100% (95% confidence interval [CI]: 
62.88–100%) and specificity of the MRI for detection of 
open sinus was 93% (95% CI: 66.03–99.65%) (Table 2). The 
MRI was shown to have a positive predictive value (PPV) 
of 90% (95% CI: 54.11–99.47%) and a negative predictive 
value (NPV) of 100% (95% CI: 73.23%-100%). The posi-
tive likelihood ratio that the SSS was occluded intraopera-
tively compared to having some flow, if the MRI showed 
the SSS was occluded was 15 (95% CI: 2.25–99.6). The 
negative likelihood ratio that the SSS was open or partially 
open intraoperatively compared to occluded intraoperatively 
when the MRI showed the SSS was open or partially open 
was 0 (95% CI: 0–0).

Zero patients were noted to have an open sinus on MRI 
and were found to be occluded intraoperatively, noting that 
there were no false negatives. Furthermore, in only one 
patient did the MRI show the patient to have an occluded 
sinus but was found to have an open sinus in surgery (false 
positive).

Collateral veins

MRI image analysis for the presence of collateral veins 
showed that 29% (n = 7/24) of the images indicated collat-
erals, while 71% (n = 17/24) indicated no collaterals. Intra-
operatively, 42% (n = 10) of the patients had collaterals and 
58% (n = 14) exhibited none. In patients with MRIs showing 

collaterals (seven patients), three were false positives, that 
is, they did not have collaterals in surgery; four were true 
positives, meaning the MRI correctly predicted presence of 
collaterals (Table 3).

Conversely, when reviewing the 10 patients that had 
collaterals in surgery, only four were detected on MRI; the 
remaining six were not detected on MRI, a false negative. 
Thus, the sensitivity and specificity of the MRI to detect col-
laterals was only 40% (95% CI: 54.11%-99.47%) and 78.6% 
(95% CI: 48.55%-94.29%), respectively (Fig. 3). The chance 
that collateral veins indicated by MRI would be intraopera-
tively confirmed (PPV) was 57% (95% CI: 20.23%-88.19%). 
The chance that no collateral veins indicated by MRI would 
be intraoperatively confirmed (NPV) was 64.7% (95% CI: 
38.62%-84.74%). The positive likelihood ratio was 1.87 
(95% CI: 0.53–6.56) and the negative likelihood ratio was 
0.76 (95% CI: 0.44–1.31).

4 patients with MRV

Only 4 patients had a formal MRV available for review (see 
Table 4). In patients 2,10, 12, and 23, the SSS was predicted 
to be occluded, but in surgery, patient 10 was found to have 
an open sinus. In these four patients, the MRV accurately 
predicted collateral vein status only once (patient 10; Fig. 1); 
in 2 patients there was a false negative, i.e. collaterals were 
found (2,12), and in patient 23 there was a false positive (see 
Table 4; Fig. 2). Ironically, in patient 10, although MRV 
accurately predicted collateral vein status, MRI incorrectly 
predicted a closed sinus (Fig. 1).

The radiologist’s perspective

It should be noted the radiologist who interpreted all imag-
ing of 24 patients rated different MRI modalities to deter-
mine what was most helpful to him. On a scale of 1–3, 
with 1 referring to good and 3 referring to poor, T2 and 
T1 + Gadolinium had the lowest average scores (both being 
1.29) and was most beneficial in visualizing SSS occlusion 
and presence of collateral veins. In contrast, the score for 
FLAIR was higher (1.42) and T1 had the worst score (1.54).

Complications and outcomes

There were six (22%) complications within the entire group 
(n = 27). In a review of 24 patients for whom preoperative 
imaging data was available, five patients experienced com-
plications (21%). Of these complications, four were classi-
fied as a significant neurologic deficit, and one was an infec-
tion that required re-operation. One complication occurred 
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in a patient without preoperative imaging data. This was 
transient lower extremity weakness that worsened follow-
ing surgery but later improved beyond preoperative status 
(see Table 5).

The five complications for the 24 patients who had pre-
operative imaging included one infection that required re-
operation, one severe postoperative hemiparesis that was 
worse than preoperative status and did not resolve, and two 
others had persistent unilateral lower extremity weakness 
that did not improve after surgery, and one had worsened 
unilateral leg weakness after surgery. It should be noted that 
of patients with neurologic deficits, 2 patients did not have 
collateral veins visualized on MRI, but did in surgery (e.g. 
Figure 3); additionally, 2 patients were anticipated to have 
collateral veins based on MRI, but in surgery it was deter-
mined they did not.

When reviewing the group with collateral vessels for 
correlation with complications, the false negatives (MRI 
showing no collaterals only to find collaterals in surgery) 
had three complications, including one infection and two 
neurologic complications. While only accounting for 25% 
of the total group (6/24) they accounted for (3/5) 60% of 
the total complications, specifically 2/4 (50%) neurologic 
complications, and one infection. In both cases of neurologic 
complications, the sinus was patent. One example is patient 
9, presented in Fig. 3.

17/27 total, or 15/24 for whom imaging was available, 
patients had either confirmed or suspected (e.g. non conclu-
sive) residual tumor. The reason noted in the operative note 
was proximity to sinus (11), critical vein (4), or other (2).

83.3% of the false negative group did not have a com-
plete resection, perhaps because of the surprise presence of 
collateral veins within the tumor. (9/27) patients underwent 
resection of the involved SSS, two of which sustained a neu-
rologic complication, one patient was part of the 24 patients 
with pre-operative imaging. Four complications occurred in 
the remaining 16 patients.

Discussion

This study retrospectively examined the performance of var-
ious MRI sequences compared to true intraoperative findings 
in 27 PSM cases. We found that MRI accurately predicted 
SSS occlusion status, but was less consistent in identifica-
tion of collateral veins. This study is limited by the small 
number of patients, heterogenous MRI techniques, and the 
retrospective nature. Nevertheless, the findings suggest MRI 
should be used with caution prior to PSM resection surgery, 
particularly with regards to the presence of collateral veins 
which may complicate resection.

In general, sacrifice of the SSS is considered safe for 
lesions located at the anterior third of the SSS or in a com-
pletely occluded sinus. Exceptions include cases in which 
collateral veins in or around the tumor have developed and 
provide compensatory venous drainage. In these cases, sac-
rifice of collateral veins may have devastating consequences 
including brain swelling and venous infarction. DiMeco 
et al. [4] stress the importance of collateral vein preserva-
tion in their review of 108 PSM resections invading the SSS, 
while others suggest major collateral vein resection in these 
cases may not be necessary at all [18]. Other classic sources, 
including Rhoton [19], Sindou, Alvernia [23], and Auque 
[22], support this assertion.

Fig. 1   Patient 10: Initial MRI 
(T1 with contrast and MRV) 
suggested an occluded SSS, 
Sindou Grade 6. During surgery 
the SSS was found to be patent, 
i.e. Sindou grade 4. Collateral 
veins were noted on the MRI 
and confirmed in surgery. This 
patient was one of four with 
a formal MRV available pre-
operatively

Table 2   MRI vs. Intra-operative Findings of SSS Status

Occluded indicates full occlusion. Open indicates some flow, whether 
normal or partial stenosis
**After reviewing Sindou grade, we judge patient 19 to truly be 
occluded in surgery, leaving only patient 10 to be SSS occluded on 
MRI and open in surgery

Intraoperative 
Occluded

Intraoperative 
Open

Total

MRI Occluded 9 1 10
MRI Open 0 14 14
Total 9 15 24
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Maximal safe resection is a key factor in treatment 
of PSM, but the surgeon must consider preservation of 
eloquent structures and their supporting venous drain-
age [12, 18]. Patients and families insist on optimal out-
comes. Complications may have greater impact in men-
ingioma surgery, given the relatively benign biology and 
long survival even with subtotal resection; patients live 
longer and thus with the consequences of our decisions. 
In 2001, Sindou et al. [21] published data of 80 men-
ingiomas with aggressive resection, favoring gross total 
resection (GTR) with sinus reconstruction via patch or 
bypass. While 87.5% showed satisfactory outcome, 8.7% 
developed venous infarction and there was a 3.6% mortal-
ity rate. Two decades later this data may be viewed differ-
ently. A further series published in 2006 established the 
6 Type Sindou classification scale to guide strategy for 
GTR including how to address the involved sinus based 
on patency and anatomic involvement, including plan-
ning vascular reconstruction. At the time, the low recur-
rence and complications rates lead the authors to support 
aggressive initial resection [23]. Most recently, Chen 
et al. reinforces the utility of the Sindou grading scale, 
with higher Sindou grades correlating with increased 
complications and recurrence [2]. Recent data has also 
emphasized the importance of residual neoplastic cells, 
as detailed by the Copenhagen grading scale in follow-up 
and patient management. Ultimately, tumor biology, and 
not singularly extent of resection, plays a critical role in 
recurrence [13 ].

Other groups favor prioritizing preservation of venous 
drainage over extent of resection. Komotar’s case series 
reported in 2020 shows safe outcomes in a group of 58 
patients, and emphasizes radiosurgery or laser inter-
stitial therapy for management of residual tumor. The 

average follow up was only 7.7 months; longer follow 
up must be considered for residual tumor impact on long 
term neurologic performance [6]. Byrne’s case series of 
76 parasagittal meningiomas with a mean of 43 months 
follow up similarly prioritizes preservation of func-
tional veins, e.g. patent sinus and or cortical veins in 
a “venous sparing approach,” leaving residual tumor to 
be dealt with adjuvant therapies [15]. Our clinical strat-
egy is more similar to these groups, prioritizing venous 
drainage over extent of resection in the hopes of better 
neurologic outcomes, at least in the acute phase. Earlier 
data favoring more aggressive surgery may be viewed 
differently in light of advances in adjuvant therapies as 
noted above. This is particularly true with higher grade 
tumors. Time will tell if this strategy will yield durable 
neurologic function.

Due to the retrospective nature of this paper, and given 
our tertiary referral pattern, the MRI images analyzed were 
rather heterogeneous, produced from a variety of sequences, 
software, and machines. There are various opinions in the 
literature with regards to the optimal preoperative imaging 
sequence. Contrast enhanced MRV was found to be supe-
rior to phase contrast MRV in a series of 23 patients, and 
was superior in preoperative collateral vein detection (87 vs 
58%) [1]. Most of the images used in this study did not use 
contrast enhanced MRV and this could have contributed to 
the low collateral detection rate. Phase contrast MRI also 
had 100% sensitivity for SSS occlusion and 50% specific-
ity [1]. Sahoo et al. [20] reported CE MRV to be useful in 
detecting both SSS and collateral veins, and its utilization 
led to good outcomes in six patients where a novel double 
contrast technique was used. However, Wang et al. prospec-
tively evaluated 3D Fast Spin-Echo T1 Black-Blood MR 
imaging to detect sinus invasion by meningiomas and found 
that it had a diagnostic accuracy of 94.74%, significantly 
higher than the accuracy of CE MRV (68.4%) [25]. In more 
recent studies, Wang’s group have found MRV useful for 
building a resection strategy with respect to peritumoral or 
collateral veins [26].

Susceptibility weighted imaging (SWI) has been sug-
gested to be superior to MRV in a review of 25 cases, 
finding 87% vs 58% sensitivity, respectively [27]. The 
increased spatial resolution and strong susceptibility con-
trast may provide for better detection of small and slow 
flowing veins making it superior to phase contrast MRV. 
The slow flow nature of the collateral veins is problem-
atic when using time of flight sequences, and the variable 
nature of velocity limits the sensitivity of phase contrast 
MRV to less than 60%. Formal four and six vessel arteri-
ography has also been documented. It is less commonly 
used given the invasive nature and the small but real risk 
of complication [3, 5].

Table 3   MRI vs. Intra-operative findings of collateral veins

Intraoperative Col-
lateral

Intraoperative 
Absent

Total

MRI Collateral 4 3 7
MRI Absent 6 11 17
Total 10 14 24

Table 4   Findings in 4 patients with both MRI and MRV

SSS Occlusion Collateral Veins

Patient MRI Intra-op MRV Intra-op

2 Yes Yes No Yes
10 Yes No Yes Yes
12 Yes Yes No Yes
23 Yes Yes Yes No



1723Acta Neurochirurgica (2023) 165:1717–1725	

1 3

Fig. 2   Patient 23: MRI (T1 with 
contrast, left, and MRV right), 
predicted an occluded SSS with 
present collateral veins, Sindou 
5 as the contralateral wall was 
spared. Surgery confirmed an 
occluded sinus, but collateral 
veins were not noted

Table 5   Intraoperative findings and post-operative evaluation

Patients 6, 8, 9, 21, 22, and 27  are those that experienced complications within the sample

Patient no SSS Resection MRI Collateral veins Intra-Op Collateral 
veins

Residual Tumor Cause for Partial 
Tumor Removal

Complications

(yes-1, no-2) (yes-1, no-2, no data-
NA)

(yes-1, no-2) (no-0, yes-1, 
inconcl-2)

(sinus-0, vein-1, cor-
tex-2, other-3, none 
reported-4)

(none-0, venous 
infarct-1, bleed-2, 
infect-3, neuro-4, 
other-5)

1 Y 2 1 2 1 0
2 Y 2 1 2 4 0
3 N 2 2 1 0 0
4 Y 2 2 0 3 0
5 N 2 2 1 0 0
6 N 2 1 1 0 3
7 N 2 2 1 0 0
8 N 2 1 1 0,1 4
9 Y 2 1 1 1 4
10 N 1 1 1 0 0
11 N 2 2 0 4 0
12 Y 1 1 1 3 0
13 Y 2 2 2 0 0
14 N NA 2 0 4 0
15 N 1 1 0 4 0
16 N NA 1 1 0 0
17 N 2 2 1 0 0
18 N 2 2 0 4 0
19 Y 2 2 0 4 0
20 N 1 1 0 4 0
21 N 1 2 2 4 4
22 Y NA 1 1 1 4
23 N 1 2 2 0 0
24 N 2 2 0 4 0
25 N 2 1 1 0 0
26 Y 2 2 0 4 0
27 N 1 2 0 4 4
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Indocyanine green video angiography (ICG-VA) is an 
imaging technique that allows blood vessels to be bet-
ter visualized during neurovascular surgery. This can 
be helpful in identifying and avoiding collateral veins 
in PSM resection surgeries. Various papers have looked 
into ICG-VA and found it to provide useful information 
both pre- and post-resection, above and beyond the infor-
mation provided by MRV [7, 24]. One group reviewed 
113 patients in which ICG was used to intraoperatively 
evaluate peritumoral draining veins and found that its 
use enabled higher resection rates. They show that 86.6% 
were the same or better neurologically and recurrence 
rates were low.

New MRI sequences and higher strength MRI machines 
may improve MRI reliability. There are also techniques using 
MRI and MRV to make 3-dimensional reconstructions to uti-
lize prior to surgery with good outcome [11]. Various forms 
of intraoperative imaging, such as near infrared imaging and 
MRI, and intraoperative electrophysiological monitoring are 
becoming more and more common as well which could help 
guide surgeons to assess the tumor and avoid collaterals in 
real-time.

Conclusion

This paper retrospectively examined 27 patients who 
underwent surgery for PSM, comparing MRI findings 
of SSS status and presence of collateral veins to intraop-
erative findings. The results suggest that although MRI 
accurately predicted SSS occlusion status, MRI should be 
used with caution, especially for collateral vein detection. 
False negative MRI exams with regards to collateral veins 
accounted for a disproportionate number of complications 
(including the one infection requiring re-operation, and 

50% of the neurologic complications), supporting the need 
to better identify collateral veins in future studies. Further 
study is needed to identify optimal imaging techniques 
for venous anatomy to best tailor resection and optimize 
outcome.
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