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Abstract

The use of intraoperative MRI (iMRI) increases extent of resection in transsphenoidal pituitary surgery. Microsurgical
and endoscopic techniques have been established as equal and standard surgical methods. The object of the current
study was to evaluate the additional value of iMRI for resection of invasive pituitary adenomas. We conducted a
retrospective monocenter study of all consecutive patients treated with invasive pituitary adenomas graded as Knosp
II-IV at our department after the introduction of iMRI in 2008. Out of 315 transsphenoidal surgeries for pituitary
adenomas, 111 met the criteria for analysis. Patients treated with endoscopic or microsurgical technique were included.
iMRI was performed at surgeons’ discretion, when maximal safe resection was assumed. Detailed volumetric tumor
analysis using semiautomatic segmentation software (Brainlab Elements) before surgery, during surgery, and after
surgery was performed. Additionally, demographic data, additional resection, endocrinological outcome as well as
complications were evaluated. Postoperative tumor volume as measured in the follow-up MRI 3 months after surgery
was significantly lower compared with intraoperative tumor volume (p <0.001). The difference was statistically sig-
nificant for both surgical techniques (p <0.001). No significant difference was found between both techniques in
intraoperative and postoperative tumor volume (p=0.395 and p=0.329 respectively). Additional tumor resection
was performed in 56 cases (50.5%). We found no significant difference between microsurgical and endoscopic tech-
niques regarding additional resection after iMRI (p =0.512). New diagnosed permanent diabetes insipidus was found
in 10 patients (10.5%, 10/95). New hypopituitarism was seen in 22.1% (21/95) cases and according to multivariate
logistic regression was significantly associated with microsurgical technique (p =0.035). Visual improvement was
achieved in 76.8% (N=53/69, p<0.001) of patients with visual impairment before surgery. Revision surgery as the
consequence of cerebrospinal fistula was performed in eight cases (7.2%). Meningitis was documented in three
patients (2.7%). One patient died as a consequence of intraoperative vascular injury. Intraoperative MRI after maximal
safe resection significantly improves the overall extent of resection in invasive pituitary adenomas independent of the
surgical technique employed. Simultaneously, iMRI-assisted transsphenoidal surgery results in excellent visual recov-
ery with low-risk profile for surgical complications for both endoscopic as well as microsurgical technique.
Endoscopic technique might be related to the lower incidence of new hypopituitarism after surgery.
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and endoscopy have a complementary role in transsphenoidal
surgery [18].

The endoscopic technique became more common in the
transsphenoidal pituitary surgery in the last two decades and
lead to the development of extended midline approaches,
which allow resection of tumors beyond the classic microsur-
gical corridor [17]. Nevertheless, our previously published
data suggest that the routine use of iMRI might lead to a larger
extent of resection (EoR) in microsurgical as well as in endo-
scopic resection of pituitary adenoma [6]. GTR is challenging
in invasive pituitary adenomas and often tumor remnants are
unachievable even with endoscopic technique. iMRI might
help to define resectable tumor borders which are sometimes
not clear during primary resection in invasive growing
adenomas.

In this study, we have evaluated the influence of iMRI on
EoR in transsphenoidal pituitary surgery of invasive adeno-
mas graded as Knosp III and IV. Furthermore, we have com-
pared iMRI-assisted endoscopic and iMRI-assisted microsur-
gical technique, which was for invasive adenomas according
to our knowledge not published so far. Demographic data,
surgical technique, residual tumor volume in iMRT and
3 months after surgery as well as complications and pituitary
function were involved in the analysis.

Methods
Patients and follow-up

Patients treated at our center between 2008 and 2018 were
assessed retrospectively. Invasive pituitary adenomas were
graded according to criteria published by Knosp et al [10].
Adenomas graded Knosp III-IV were included in the fur-
ther analysis. Invasion of the cavernous sinus on preoper-
ative MRI images was used for the stratification. Invasion
of the sphenoid sinus only was not a criterion of tumor
invasiveness. Follow-up assessment was performed up to
3—12 months after surgery including clinical and endocrine
evaluation. Endocrine function was evaluated in coopera-
tion with endocrinologists in multidisciplinary approach
before and after surgery. Preservation, worsening, or im-
provement of pituitary function were reexamined in 4—
6 weeks and in 3—-6 months after surgery. Additionally, to
the monitoring of baseline pituitary hormone levels, hypo-
glycemic test was commonly used for determination of
cortisol and GH dynamics. For statistical analysis, new
hypopituitarism was defined as worsening of endocrine
function of one or more pituitary axes after surgery.
Additionally, new permanent diabetes insipidus was in-
volved as an additional parameter in the analysis. Despite
relatively low number of functional adenomas, remission
in patients with acromegaly was defined as a normal IGF-1
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level and either suppressed GH less than 0.4 ng/ml during
an oral glucose tolerance test or GH level less than
1.0 ng/ml in random examination. Remission in Cushing
disease was defined either if cortisol substitution was nec-
essary or if morning cortisol level was within normal range
with positive suppression after low-dose dexamethasone
exposure. Furthermore, visual deficit due to chiasm com-
pression was documented before surgery. Visual field test-
ing was done regularly before and after the surgery.
Improvement, stable state and worsening of visual alter-
ations were evaluated.

OR setup and MRI

An intraoperative 1.5 T MRI Espree scanner is available
(Espree, Siemens AG, Erlangen, Germany) at our department
as a one-room solution since October 2008. The analysis of
intraoperative residual tumor was performed on thin slice
(2 mm) high-resolution coronar and sagittal T2 and contrast-
enhanced T1 images using Brainlab Elements software
(BrainLab AG, Feldkirchen, Germany). Postoperative MRI
was performed 3 months after surgery. Pre- and postoperative
MRI images were performed either with the intraoperative
scanner or with 1.5 T MRI Symphony system (Siemens AG,
Erlangen, Germany).

MRI volumetric assessment

Preoperative MRI images included coronar T2-weighted
turbo spin echo as well as coronar and sagittal T1 plain
and contrast-enhanced sequences. Tumor volume was
measured after image fusion using the above-mentioned
software. Tumor borders were segmented semiautomati-
cally on coronar and sagittal T2 and T1 images with gad-
olinlum enhancement. Intraoperative MRI image data as
well as MRI data 3 months after surgery were used for the
analysis. In case tumor remnants were difficult to evalu-
ate, additional MRI images 1 year after the surgery were
analyzed. GTR was defined if no tumor-suspected rem-
nants were found.

Surgical procedure

Endoscopic transsphenoidal approach has been performed by
two neurosurgeons at our clinic since 2015. Binasal
transsphenoidal approach has been performed in all endoscop-
ic cases. Rigid 0°, 30°, and 45° endoscopes with four hands
technique and navigation system were used intraoperatively.
In the case of invasive adenomas with skull-base infiltration
extended endoscopic approaches in cooperation with ENT
surgeons was performed. Skull base reconstruction was per-
formed with fibrin-coated sponge in the case of small or no
intraoperative cerebrospinal fluid leak (CSF). Large defects
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were sealed using multilayer technique with abdominal sub-
cutaneous fat graft and fibrin coated sponge or a Hadad flap
according to the internal protocol. [8] Transsphenoidal micro-
surgical adenomectomy was performed by four experienced
neurosurgeons. The microsurgical procedure was performed
with unilateral transnasal paraseptal approach.

Surgical complications

Postoperative meningitis was assumed when antibiotic treat-
ment was initiated because of typical clinical signs of menin-
geal inflammation even if no pathogen was isolated. CSF
fistula was considered a complication if a lumbar drain not
related to surgical procedure or revision surgery was neces-
sary. Furthermore, intra- and postoperative bleeding, throm-
boembolic complications and permanent or transient new neu-
rological deficits were included.

Data analysis

Statistical analysis was performed using SPSS 21.0 (Lead
Technologies, INC, Charlotte, USA). Descriptive statistics as
well as Mann—Whitney U, Wilcoxon, and Fisher exact tests
were used for the analysis. Multivariate regression model for
new hypopituitarism after surgery was built. Influencing var-
iables were preoperative tumor volume, surgical technique,
additional resection, age, and recurrent surgery. The study
was conducted according to the international Declaration of
Helsinki. The approval of the local ethic committee has been
obtained (Nr.365/18).

Results
General characteristics

Out or 315 transsphenoidal iMRI-assisted surgeries, 119 sur-
geries treating invasive growing pituitary adenoma were iden-
tified. Patients who underwent transcranial surgery or
endoscopic-assisted microsurgical resection were excluded
from the analysis. A total number of 111 transsphenoidal sur-
geries were finally enrolled in the study. Demographic data are
summarized in Table 1. Most patients were males treated for
symptomatic non-functioning pituitary adenoma (Table 1).

Extent of resection

The mean initial tumor volume is summarized in Table 1 and
was slightly higher in the microsurgical cohort but without
significant difference if compared to endoscopic cohort (p =
0.885). We found significant difference between tumor vol-
ume after primary resection measured by iMRI and tumor
volume found in 3 months follow up (» <0.001, Table 2,

Figs. 1, 2). Furthermore, the significant difference was
achieved independent of the surgical technique employed
(Table 2). Additional tumor resection was performed in more
than half of procedures (Table 2). Interestingly, we identified
no significant difference in additional resection between both
surgical techniques (Table 2). Considering EoR before intra-
operative MRI scanning, GTR was achieved in almost 1/3 of
all cases and additional GTR rate was significantly improved
after additional tumor resection following iMRI scanning
(Table 2). Finally, EoR was evaluated separately for both sur-
gical techniques, and no significant difference of tumor vol-
umes in intraoperative and postoperative measurements was
found between the techniques (Table 2and Fig. 2).
Interestingly, in the subgroup analysis of patients without ad-
ditional tumor resection with intraoperative tumor remnant,
we found significantly lower tumor volume in the follow-up
MRI scans (p =0.001).

Endocrine outcome

Only patients with systematic endocrine evaluation were ana-
lyzed. Based on that 95 patients were enrolled in the final
analysis. Hypopituitarism affecting one or more pituitary axes
prior to surgical treatment was documented in 61/109 patients
(56%). New hypopituitarism was documented in 22.1% (N =
21/95) cases and was significantly associated with microsur-
gical technique (p =0.035). The statistical significance was
confirmed by multivariate regression analysis (p = 0.039, OR
3.5, CI95% 1.066—-11.409) Newly diagnosed permanent dia-
betes insipidus (DI) was found in 10.5% (N=10) and was
significantly higher in patients treated by microsurgical tech-
nique (N=9, p=0.033). Considering functioning adenomas,
only one patient with acromegaly (1/12, 8.3%) presented with
remission after surgery according to the defined criteria. Two
patients could not be enrolled in the analysis due to incom-
plete data. In the subgroup analysis of patients with permanent
DI in 80% (N=38), Knosp IV grade was present, and 40%
(N=4) were recurrences. Furthermore, 80% (N =8) of pa-
tients in this cohort had partial or complete pituitary insuffi-
ciency before surgery. Mean tumor volume in this cohort was
quite large with 14.3 cm® (range 4.0-29.1 cm’), and mean age
was 63 years (range 5072 years). All tumors in this cohort
were non-functioning adenomas.

Visual impairment and outcome

Considering visual deficits, 69 patients presented with visual
disturbances related to chiasm compression prior to surgical
treatment. Visual improvement was achieved in 76.8% (N =
53, p<0.001) We found no significant difference in regard to
surgical technique (p =0.565). In one case (0.9%) visual im-
pairment developed after surgery.
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Table 1 Patients and tumor

characteristics Total Microsurgery Endoscopy
n 111 66 45
Age
Mean 573 (SE 1.5) 56.8 (SE 1.9) 58.1(SE 2.5)
Min—max 22-78 22-78 26-78
Sex
Male ratio 67.6% (75) 69.7% (46) 64.4% (29)
Mean tumor volume 10.906 (SE 0.958) 11.130 (SE 1.184) 10.546 (SE 1.639)
Knosp 11T 58.6% (65) 56.1% (37) 62.2% (28)
Knosp IV 41.4% (46) 43.9% (29) 37.8% (17)
Adenoma subtype
Non-functioning 82.0% (91) 84.8% (56) 77.8% (35)
GH 13.5% (15) 15.2% (10) 11.1% (5)
ACTH 2.7% (3) 0 6.7% (3)
Prolactinoma 1.8% (2) 0 4.4% (2)
Recurrent adenoma 18.9% (21) 33.3% (15) 13.3% (6)
Complications Discussion

Revision surgery as the consequence of cerebrospinal fistula
was performed in eight cases (7.2%). No statistically signifi-
cant difference was found between microsurgical (N =4,
6.1%) and endoscopic (N =4, 8.9%) technique. Meningitis
was observed in three cases (2.7%). One patient suffered per-
manent palsy of oculomotor nerve (0.9%) after surgery, and in
one case, hydrocephalus was noted and needed additional
treatment. Pulmonary embolism without hemodynamic effect
treated with anticoagulation occurred in two cases (1.8%).
One patient died as the consequence of intraoperative vascular

injury.

sis of pituitary adenoma (red) and the collation of pituitary gland (yellow)
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The focus of our study was to analyze the influence of iMRI
on the EoR as well as its influence on further complications
and endocrine outcome in the surgical treatment of invasive
pituitary adenomas. According to our results, iMRI signifi-
cantly increases EoR of invasive pituitary adenomas indepen-
dently of the surgical technique employed. Furthermore, we
demonstrated that patients treated by iMRI-assisted endoscop-
ic approach suffer less often from new hypopituitarism or
diabetes insipidus after surgery. Our study group has already
postulated this tendency in an earlier publication, though there
we could analyze only a small number of patients graded
Knosp III and IV. [15] Based on our data, we decided to
extend the former analysis and focus on invasive adenomas
and could confirm this trend as well as the low risk for com-
plications resulting from iMRI or surgery itself on a signifi-
cantly larger patient sample.

Despite the benign nature of pituitary adenomas, the recur-
rence rate in published long-term series with up to 20% is
relatively high. Furthermore, the recurrent adenomas typically
show more aggressive growth pattern with infiltration of
parasellar structures. From that point of view, the maximal
safe resection is of utmost importance in order to reduce ad-
ditional treatments and enable safer radiation therapy if nec-
essary [16]. Moreover, there are implications in the literature
that GTR is associated with postoperative recovery of hypo-
pituitarism. [2, 22] Furthermore, Sylvester et al. showed that
GTR is related to longer PFS and simultaneously iMRI-
assisted endoscopic resection resulted in significantly im-
proved EoR compared with microsurgical technique [21].
Our results advocate that the routine use of iMRI might help
to achieve higher EoR in invasive adenomas graded Knosp III
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Table 2 Gross total resection

rates and endocrinological results Operation technique Total Microsurgical Endoscopic P
Mean intraop. volume (em®) 2.138 (SE 0.462) 2.445 (SE 0.638) 1.642 (SE 0.631) 0.395
Mean postop. volume (cm3) 1.199 (SE 0.396) 1.220 (SE 0.432) 1.165 (SE 0.774) 0.329
P <0.001 <0.001 <0.001
Intraoperative GTR 29.7% (33) 25.8% (17) 35.6% (16) 0.270
Postoperative GTR 39.4% (43/109) 36.4% (24) 44.2% (19/43) 0416
P 0.012 0.035 0.180
Additional resection after iMRI 50.5% (56) 53.0% (35) 46.7% (21) 0.512
New hypopituitarism after surgery 22.1% (21/95) 29.3% (17/58) 10.8% (4/37) 0.035

Significance of bold entries is p <0.05

and IV. Interestingly, according to our data, this advantage
persists even if endoscopic technique is used. Endoscopy be-
came more common in the pituitary adenoma surgery [9, 17].
One advantage of this technique is better visualization of
intra-, supra- ,and partially even parasellar structures [9, 17].
Nevertheless, complex structure and altered anatomy in the
case of invasive pituitary adenomas might lead to difficult
anatomical orientation. iMRI seems to help to identify the
surgically resectable tumor and results in better EoR.
Additionally, iMRI allows intraoperative upgrade of the nav-
igation which helps to improve the orientation if anatomical
landmarks are not clear. iMRI became more common in the
surgical treatment of pituitary adenomas. Zaidi et al. con-
firmed recently that iMRI results in higher GTR rates. [23]
If compared with our study, only 27 patients without focus on
invasive adenomas were analyzed in this study. Similarly,
Serra et al. showed on 50 patients harboring pituitary adenoma
that iMRI increases EoR rates and decrease tumor remnants.
In contrast to our study, only 16 patients with invasive

adenomas graded with Knosp 3 and 4 were evaluated. [19]
Finally, Buchfelder et al. confirmed these results recently,
reviewing the literature dealing with iMRI-assisted resection
of pituitary adenomas [4].

Considering invasive pituitary adenomas, we found no sig-
nificant difference between both surgical techniques in regard
to volumetric EoR. iMRI might compensate limitations of
microsurgical approach resulting from tubular view as pub-
lished by our study group [6]. However, the possibility of
extended midline approaches is definitely the domain of en-
doscopy. The primary surgical goal for the treatment of inva-
sive pituitary adenomas is typically maximal safe resection.
Complex anatomy and high risk for vascular injury are com-
mon limitations of GTRs. While iMRI seems to play a less
important role in adenomas graded as Knosp 0-2 treated by
endoscopic technique, its value in the resection of invasive
adenomas Knosp III-1V is considerably higher. [15]
Considering the natural involution of small tumor remnants
as proposed by Berkmann et al., we performed a subgroup

Fig. 2 Comparison of
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analysis of patients without additional resection after iMRI
despite tumor remnant identified in intraoperative scan and
found significantly lower tumor remnant in the follow-up ex-
amination [3]. This data confirms results published by
Berkmann et al. and might even point out the important role
of iMRI in the transsphenoidal pituitary surgery in regard to
achieve smaller tumor remnants which are more prone to fur-
ther involution.

Early and correct identification of pituitary gland is of ut-
most importance in order to preserve its function. In this re-
gard, iMRI might confirm localization of pituitary gland dur-
ing surgery if anatomical relations are not clear. Moreover,
iMRI could help to predict further functionality of pituitary
gland and identify possible intraoperative injuries or other
intraoperative complications. Based on our data, we can con-
firm that endoscopic approach seems to be beneficial for the
function of pituitary gland. iMRI and endoscopic technique
might have a synergistic effect in this regard. The advantage of
endoscopic technique was confirmed even in multivariate lo-
gistic analysis. Surgically induced new hypopituitarism rate is
documented in the literature between 2.1 and 14.6% [12]. Our
incidence of new hormonal deficiency is higher, but we have
evaluated selected group of patients with invasive adenomas
which are more challenging considering the surgical treat-
ment. Furthermore, they typically reach large volume as con-
firmed by our data and initial tumor volume is simultaneously
an important risk factor for new hypopituitarism after surgery
[12]. Considering new diabetes insipidus, our data are com-
parable with the published literature [12]. Interestingly, simi-
larly as for hypopituitarism, we found that microsurgical tech-
nique was associated with much higher rates of postoperative
permanent diabetes insipidus than endoscopic technique. In
the subgroup analysis of patients with DI, patients with con-
siderably large Knosp IV adenomas dominated as a possible
explanation of relatively higher number of DI occurrence.
Furthermore, almost half of the patients had tumor recurrence
and most of them had complete or some extent of pituitary
insufficiency before surgery.

One of the most important indications for the resection of
pituitary adenomas are visual disturbances. We can confirm
that transsphenoidal pituitary surgery of invasive adenomas
results in significant improvement of visual impairment, if it
is the consequence of chiasm compression. Simultaneously,
we did not find any significant difference between surgical
technique used. iMRI leads to higher EoR but its effect on
optic function seems to be low because adequate decompres-
sion of the optic nerve will mostly be achieved prior to iMRI.
Our data indicate that both surgical techniques are adequate
for safe and effective decompression of chiasm. Mortini et al.
evaluated 788 patients and showed visual normalization in
40.5% and visual improvement in 51.2% after treatment of
large invasive adenomas [14]. Our data are congruent, with
these results as well as with the current literature [6, 7, 12].
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Generally, the risk profile of transsphenoidal pituitary sur-
gery is low as confirmed by our data. Infection rate is very
low, despite longer time needed for iMRI-assisted surgery.
These findings are congruent with the literature [5, 12, 20].
We did not find other negative effects of longer time needed
for anesthesia. Similarly, we did not find any relevant differ-
ence considering CSF between microsurgical and endoscopic
technique and similar results are comparable with current lit-
erature. [1, 11, 14, 17]

Limitations

The retrospective character as well as no comparable cohort
treated without iMRI might have biased our data. The avail-
ability of iMRI might have led to a change in operative strat-
egy with intraoperative scanning performed before the sur-
geon would stop the resection were iMRI not available. The
number of functioning adenomas is too small to draw any
conclusions for this group of patients. A prospective random-
ized study would be needed to confirm our data.

Conclusion

Intraoperative MRI results in significantly higher EoR in the
transsphenoidal pituitary surgery of invasive pituitary adeno-
mas independently of surgical technique. Routine use of iMRI
is not related to higher infection rates or other complications
and leads to excellent visual improvement in patients with
chiasm compression before the surgery. Endoscopic technique
might be beneficial for pituitary function but further studies
are needed to confirm its potential benefit.
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