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There are previous reports investigating effectiveness of intraoperative magnetic
resonance imaging (IO-MRI) in pituitary adenoma surgery but there is no clear data in
the literature recommending when there is no need of intraoperative scan. This
retrospective analysis was based on determining which patients does not need any IO-
MRI scan following endoscopic endonasal pituitary adenoma surgery. Patients with
functional or non-functional pituitary adenomas that were operated via endoscopic
endonasal approach (EEA) between June 2017 and May 2019 were enrolled. Patients
younger than 18 years old, patients who did not underwent IO-MRI procedure or not
operated via EEA were excluded from the study. Hence, this study is designed to clarify if
IO-MRI is useful in both functional and non-functional pituitary adenomas, functional
adenomas did not split into subgroups. A total of 200 patients treated with pituitary
adenoma were included. In Knosp Grade 0 – 2 group, primary surgeon’s opinion and IO-
MRI findings were compatible in 150 patients (98.6%). In Knosp Grade 3 – 4 correct
prediction were performed in 32 (66.6%) patients. When incorrectly predicted Knosp
Grade 3 – 4 patients (n = 16) was analyzed, in 13 patients there were still residual tumor in
cavernous sinus and in 3 patients there were no residual tumor. Fisher’s exact test
showed there is a statistically significant difference of correct prediction between two
different Knosp Grade groups (two-tailed P < 0.0001). Eighteen patients had a residual
tumor extending to the suprasellar and parasellar regions which second most common
site for residual tumor. Our findings demonstrate that there is no need of IO-MRI scan
while operating adenomas limited in the sellae and not invading the cavernous sinus.
However, we strongly recommend IO-MRI if there is any suprasellar and parasellar
extension and/or cavernous sinus invasion.
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INTRODUCTION

Endoscopic endonasal approach (EEA) to the sellar region
provides wide panoramic view during pituitary adenoma
surgery allowing visualization of far lateral parts of the surgical
field which is not possible with microscopic transsphenoidal
surgery. Recent studies demonstrated superiority of EEA in
resection of pituitary adenomas (1). Even to the advances in
the endoscopy technology, gross total resection rates are not
more than 80% in large series (2–9).

Following the first report by Jolesz and Blumenfeld,
intraoperative magnetic resonance imaging (IO-MRI) became
popular all over the world (10). Expected benefit of this MRI
system in pituitary adenoma surgery is achieving higher rates of
gross total resection (GTR) however, there are also controversies
over higher costs and increased surgical time (11–21).

Here we present a study comprising 200 patients who
underwent EEA pituitary adenoma resection by using IO-MRI.
This retrospective analysis was based on the hypothesis, IO-MRI
scan is not necessary during EEA in a particular group of
patients. We aimed to clarify when we need IO-MRI scan and
when we do not.
MATERIALS AND METHODS

Patients
Patients with functional or non-functional pituitary tumors that
were operated via EEA between June 2017 and May 2019 in Gazi
University Faculty of Medicine Department of Neurosurgery
were enrolled. The Institutional Review Board and Ethics
Committee approved this retrospective study; oral and written
consents of the patients were obtained prior to the study. Also, all
patients were informed about the technique and gave their
signed consent to IO-MRI during surgery and to the data
being used for research purpose. Patients younger than 18
years old, patients who did not underwent IO-MRI procedure
or not operated via EEA were excluded from the study. Hence,
this study is designed to clarify if IO-MRI is useful in both
functional and non-functional pituitary adenomas, functional
adenomas did not split into subgroups.

Technique
All patients were screened to exclude any contraindication to
magnetic resonance imaging (MRI). All data were acquired using
a 3-Tesla Magnetom Verio® (Siemens, Erlangen, Germany).
Intraoperative scans were performed with 8−channel 2−part
coils and compatible head holders (NORAS MRI products
GmbH, Hochberg, Germany). EEA was performed using skull
base neurosurgical endoscopic instruments, including 4-mm
rod-lens endoscopes (0°, 30° and 45°) that were coupled to a
high-definition camera and an AIDA HD system (Karl Storz
GmbH and Co.). Four-hand technique was used, both surgeons
were neurosurgeons. Medial or lateral cavernous approaches
were performed when needed. Prior performing IO-MRI scan,
primary surgeon declared and noted his decision if he thinks
there is residual tumor or not. Following IO-MRI scan, if there is
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a residual tumor primary surgeon decided for further removal of
tumor or not. All patients underwent a final post-operative MRI
scan when the senior surgeon decided not to continue the
surgery. Cavernous sinus invasion was classified according to
Knosp Grading (22).

Complications
Postoperative meningitis was defined when antibiotic treatment
was required because of clinical signs of meningeal inflammation
even if no pathogen was isolated. Cerebrospinal fluid (CSF)
fistula was considered as a complication if a lumbar drain or
revision surgery was necessary. Furthermore, intraoperative and
postoperative bleeding and new transient or permanent
neurologic deficits were included.

Data Analysis
Analysis of the retrospective data was performed using SPSS 21.0
(IBM Corp., Armonk, New York, USA). In order to compare
predictions and to compare residual mass ratios between two
Knosp Grade groups, Fisher’s exact test were used. Variables
were; preoperative largest diameter of tumor (< 4 cm or ≥ 4 cm),
Knosp grade, age, gender, and recurrent surgery.
RESULTS

Patient and Tumor Characteristics
A total of 200 patients treated with pituitary adenoma were
included. A mean age of 57.4 years (range, 19 – 75 years) was
noted. 105 patients were male (52.5%). Eleven patients who had a
history of previous adenoma surgery were operated for recurrent
or residual adenoma. Patient and tumor characteristics are
summarized in Table 1.

Knosp Grade and Hormonal Activity
Twenty-two patients had a Knosp Grade 3 – 4 functional
pituitary adenoma. Following IO-MRI residual adenoma was
TABLE 1 | Demographic and tumor characteristics of 200 patients underwent
endoscopic endonasal resection of pituitary adenoma with intraoperative
magnetic resonance imaging.

Characteristic Value

Age (years)
Median 57.4
Range 19 – 75

Gender
Male 105
Female/Male ratio 1/1.05

Tumor Volume and Cavernous Extension
Knosp Grade 3 – 4 48
Knosp Grade 0 – 2 152
Giant adenoma (≥ 4 cm in largest diameter) 31

Hormonal Activity
Non-functional 94

History of Pituitary Adenoma Surgery
Recurrent Surgery 28
October 2021 | Volume 11 | Article
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detected in 9 (40.9%) patients and further resection is performed
in all of them (100%). In 4 patients, in order to avoid
complications, primary surgeon decided not to perform
anymore residual tumor removal from cavernous sinus after
the second IO-MRI scan. Twenty-six patients had a Knosp Grade
3 – 4 non-functional pituitary adenoma. Following IO-MRI
residual adenoma was detected in 16 (61.5%) patients and
further resection is performed in 3 (18.7%) of them. In all
Knosp Grade 3 – 4 patients.

Following IO-MRI scan, 9 of 84 (10.7%) and 13 of 68 (19.1%)
functional and non-functional residual adenoma was detected in
Knosp Grade 0 – 2 group respectively. All Knosp Grade 0 – 2
patients who has a residual adenoma in both functional and non-
functional groups underwent further removal of tumor. Tumor
characteristics according to Knosp Grade is summarized
in Table 2.

Primary Surgeon Opinion and IO-MRI
In Knosp Grade 0 – 2 group, primary surgeon’s opinion and IO-
MRI findings were compatible in 150 patients (98.6%). Both two
patients which were incorrectly predicted by primary surgeon
had giant adenomas and had residual tumor on IO-MRI scan. In
Knosp Grade 3 – 4 correct prediction were performed in 32
(66.6%) patients. When incorrectly predicted Knosp Grade 3 – 4
patients (n = 16) was analyzed, in 13 patients there were still
residual tumor in cavernous sinus and in 3 patients there were no
residual tumor. Fisher’s exact test showed there is a statistically
significant difference of correct prediction between two different
Knosp Grade groups (two-tailed P < 0.0001) (Table 3).

Complications
One patient (0.5%) had post-operative meningitis signs without
any isolated pathogen. Two patients who had Knosp Grade 3 – 4
Frontiers in Oncology | www.frontiersin.org 3
adenomas had ICA injury (1%), both on cavernous segment of
the right ICA. Two patients had post-operative unilateral
oculomotor nerve paralysis. In both patients IO-MRI showed
residual tumor in the cavernous sinus and further resection was
performed following scan. After 3-months follow up oculomotor
function recovered completely in both patients. Eighteen patients
had CSF fistula (9%) 15 of them treated with lumbar drain and
3 of them underwent revision surgery.

Additional Findings
Retrospective analysis of the patients’ scans revealed second most
common site for residual tumor following cavernous sinus was
suprasellar and parasellar extension. Eighteen patients (9%) had
a residual tumor extending to the suprasellar and parasellar
regions (Figure 1).
DISCUSSION

In this study we demonstrate that IO-MRI scan during EEA for
resection of pituitary adenomas is not necessary for all tumor
types. Our findings are showing that IO-MRI is beneficial in
adenomas with suprasellar and parasellar extension and/or
invading cavernous sinus (Knosp Grade 3 & 4). We found no
additional benefit of IO-MRI in microadenomas, adenomas with
no cavernous sinus invasion or adenomas limited in the sellae
without any suprasellar and parasellar extension.

Endoscopic surgery of the pituitary adenomas became
preferred treatment method in time by providing a viable
median corridor and improved visualization of the anatomical
landmarks (2, 23). Even to the technological advances,
recurrence rates are up to 20% in the literature and first
surgery is the most important intervention (24, 25). As a
result, all efforts should be made to achieve total resection in
the first surgery. One of the important factors preventing total
resection of pituitary adenomas is cavernous sinus invasion.
Following reevaluation of their MRI-based classification, Knosp
et al. demonstrated that resection rates at the superior
compartment of the cavernous sinus were higher than those at
the inferior one (22, 26). Hence, cavernous sinus is on the agenda
of neurosurgeons performing EEA, there are recent reports
defining anatomical relationships and approaches to the
cavernous sinus (3, 27–29). For this reason, we designed our
retrospective study to clarify if IO-MRI scans were necessary
when there is no significant cavernous sinus invasion or is there
any pre-operative indicator to determine which patients will
benefit from IO-MRI scans.

Other than our findings defining benefit of IO-MRI in
resection of invasive adenomas, parasellar or suprasellar
extension took our attention. Ramm-Pettersen et al.
emphasized importance of IO-MRI when there is a parasellar
or suprasellar extension of the adenoma (19). We agree that
utilization of IO-MRI in endoscopic endonasal pituitary
adenoma surgery improves resection rates when there is
parasellar or suprasellar extension.

There are previous reports investigating effectiveness of IO-
MRI in pituitary adenoma surgery but there is no clear data in
TABLE 2 | Percentage and distribution of residual adenoma finding in first
intraoperative magnetic resonance imaging according to tumor characteristic and
Knosp Grade.

Tumor Characteristic Knosp Grade two-tailed P value

0 – 2 (n = 152) 3 – 4 (n = 48)

Functional 10.7% (9) 40.9% (9)
Non-functional 19.1% (13) 61.5% (16)
Total 14.4% (22) 52% (25) < 0.001
Values are percentages of patients and number of patients are in parenthesis.
TABLE 3 | Comparison of primary surgeon opinion before intraoperative
magnetic resonance imaging and findings after scan.

Opinion
before
IO-MRI

Knosp Grade two-tailed
P value

0 – 2 3 – 4

No residual
mass

Residual
mass

No residual
mass

Residual
mass

Correct 143 7 19 13
Incorrect 0 2 13 3 < 0.0001
Values are number of patients.
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FIGURE 1 | Figure demonstrating pre-operative and intraoperative contrast enhanced coronal T1-weighted pituitary MRIs of 4 different patients. First patient (first
row) had a prolactin secreting macroadenoma which had two different signal intensity on pre-operative MRI scan without any cavernous invasion. Right side of the
tumor was showing high signal intensity. First IO-MRI scan demonstrating residual mass on the right side. Second IO-MRI scan demonstrating that total removal was
achieved. Second patient (second row) had a non-functioning macroadenoma causing visual disturbance. First IO-MRI scan demonstrating residual mass where
tumor was penetrating the sellar diaphragm. Surgeon decided further excision and total removal was achieved. Third patient (third row) had a Knosp Grade 3A
growth hormone secreting macroadenoma. Following excision, surgeon’s decision was in favor of total removal. However, first IO-MRI scan showed residual tumor
was not in the cavernous sinus but in the region where tumor was penetrating the sellar diaphragm. Total removal was achieved following further excision. Last
patient (fourth row) had a Knosp Grade 4 non-functioning pituitary adenoma causing severe visual disturbances. Following excision first IO-MRI demonstrated
residual mass in the cavernous sinus. Further excision was performed which resulted in total removal of the tumor. Patient had a 3rd nerve palsy following the surgery
which totally improved after 3 months post-operatively. White arrows demonstrating residual tumor tissues on IO-MRIs.
Frontiers in Oncology | www.frontiersin.org October 2021 | Volume 11 | Article 7338384
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the literature recommending when there is no need of
intraoperative scan (14, 16, 17, 19–21). Previous studies are
focusing effects of IO-MRI on surgical time, cost effectiveness,
GTR and recurrence rates. On the other hand, we focused on to
determine which patients does not need any IO-MRI scan. We
believe our findings will guide neurosurgeons especially in the
countries where MRI scans are costly.

There are limitations of this study. First, this is a retrospective
study and tries to correlate results with only using MRI data.
Study does not include and correlate any long-term follow up
data including progression free survival rates. However, one of
the aims of this study was to determine if there is any correlation
between prediction of the surgeon and MRI findings.
Additionally, we did not perform any cost-effectiveness
analysis because study was performed in a country which has a
universal health care plan for all the citizens and costs of MRI
scans are relatively cheap (about 15 U.S. dollars per scan). This is
one of the reasons why authors performed IO-MRI scans for all
the patients in the study cohort.

Even though our findings are demonstrating IO-MRI does
not have additional benefit in microadenomas, adenomas with
no cavernous sinus invasion or adenomas limited in the sellae,
we will continue to collect and analyze data via performing
intraoperative scans in every patient undergoing EEA for
pituitary adenomas. We are planning to determine effects of
IO-MRI in endoscopic surgery of pituitary adenoma subtypes.

Utilization of IO-MRI in endoscopic endonasal pituitary
adenoma surgery is increasing but current literature is focusing
on surgical time, cost effectiveness, GTR and recurrence rates.
Frontiers in Oncology | www.frontiersin.org 5
Our findings demonstrate that there is no need of IO-MRI scan
while operating adenomas limited in the sellae and not invading
the cavernous sinus. However, we strongly recommend IO-MRI
if there is any suprasellar and parasellar extension and/or
cavernous sinus invasion.
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