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INTRODUCTION

e trans-sphenoidal approach to a pituitary adenoma was introduced by Hermann Schloffer 
at the University of Innsbruck in 1907. It was later popularized by prominent neurosurgeons 
such as Oskar Hirsch and Harvey Cushing between 1909 and 1929 and has endured though 
the generations to remain the preferred approach for sellar lesions.[11] e aim of the 
procedure is to adequately decompress the optic apparatus or to achieve endocrinological 
cure while reducing inadvertent damage to surrounding neurovascular structures to minimize 
morbidity and mortality. e introduction of the operating microscope followed by nasal 
endoscopy for improved visualization, together with stereotactic guidance improved the safety 
profile.[5,10]

ABSTRACT
Background: Intraoperative magnetic resonance imaging (iMRI) has been used for pituitary surgery for 
approximately 20 years. e introduction of frameless stereotaxis allows efficient navigation for both the ENT 
and neurosurgeon. is allows flexibility in placement of the patients head to facilitate resection, efficient use of 
theater time and improves the safety profile of the operation. is is the first study to describe and investigate the 
use of frameless stereotaxis in conjunction with iMRI.

Methods: Consecutive patients who underwent iMRI guided trans-sphenoidal debulking using frameless 
stereotaxis over a 3-year period, from January 2016 to June 2019, were included in this case series and reviewed 
retrospectively. e use of AxiEM (Medtronic, USA) tracker facilitated frameless stereotaxis in conjunction with 
iMRI for trans-sphenoidal debulking of sellar lesions based on the “twin-operating” model.

Results: e cohort of 47 patients had a mean age of 55 years with a slight female predilection. e average 
lesion size measured 20 mm (3–46 mm) in maximal diameter with objective evidence of visual deterioration 
being the most common indication to consider surgery. e use of iMRI identified two patients with suboptimal 
decompression facilitating further resection in the same anesthetic and one hemorrhagic complication requiring 
evacuation and hemostasis to reduce postoperative morbidity.

Conclusion: is study describes the procedural nuances in the use of frameless stereotaxis for iMRI in trans-
sphenoidal surgery to further reduce morbidity and improve outcomes, as well as improving theater utilization 
and reducing cost.
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With increasing availability, magnetic resonance imaging 
(MRI) was quickly established as the gold standard diagnostic 
modality for pre- and post-operative imaging of sellar lesions 
given its superior soft-tissue contrast, free orientation of 
slices, and elimination of ionizing radiation.[3] e prototype 
of the first intra-operative MRI (iMRI) was built at the 
Brigham and Women’s Hospital, Boston, in 1994 and was 
first utilized for trans-sphenoidal debulking of a pituitary 
adenoma in October 1995.[1,13] e “double doughnut” 
design of the 0.5T scanner allowed the surgeon to stand 
between the two magnets to facilitate real time imaging.[13] 
Operating close to the magnet required new instruments 
with the very real risk to the surgeon and patient from non-
compatible equipment. e concept of the “twin operating 
theater,” consisting of a conventional operating theater and a 
radiofrequency-shielded operating room with a 0.2T scanner 
requiring the patient to be transported intra-operatively 
from one room to the other, was introduced in 1996.[12] 
Operating outside the magnet affords the use of conventional 
navigation and instrumentation, but requires transfer and re-
registration of navigation.

Frameless stereotaxis avoids the use of cranial fixation while 
facilitating safe navigation toward the sella. It allows the 
surgeon to be able to move the head if required for access 
without losing the benefit of navigation. Frameless stereotaxis 
also allows for safe and efficient transferring of the patient 
into the iMRI and back into theater where the images can be 
merged and further resection is possible without requiring 
re-registration.

We retrospectively analyzed 47 consecutive patients who 
underwent trans-sphenoidal debulking of sellar lesions 

guided by iMRI in combination with frameless stereotaxis to 
evaluate safety and efficacy while describing the procedural 
nuances of our technique. is is the first study describing 
and investigating the use of frameless stereotaxis in 
combination with iMRI in trans-sphenoidal debulking of 
sellar lesions.

MATERIALS AND METHODS

is novel technique was developed at a single tertiary 
academic hospital by a senior Neurosurgeon. Consecutive 
patients who underwent trans-sphenoidal debulking using 
frameless stereotaxis and iMRI over a 3-year period, from 
January 2016 to June 2019, were included in this case series 
and reviewed retrospectively. In accordance with the Helsinki 
Declaration, ethical approval was sought from the local Human 
Research and Ethics Committee. e study was categorized as 
a quality activity and deemed exempt from a review.

Validation of the AxiEM (Medtronic, USA) Electromagnetic 
Navigation system with MRI was completed by the 
manufacturer. is technique was trialed and validated 
without complication or image degradation using the Gold 
Coast University Hospital intraoperative MR system (1.5T 
Siemens Magnetom Skyra). e MRI room based on the “twin 
operating theater” is located adjacent to the neurosurgical 
operating theater allowing direct access intraoperatively 
as demonstrated in [Figure  1]. An extensive checklist was 
developed to ensure MRI-compatible equipment only is used 
by surgical and anesthetic teams when being transferred into 
magnet area [Figure 2]. However, this orientation still allows 
use of routine neurosurgical equipment for the operation 
which is cost saving.

Figure 1: eater room set up: (a) the intraoperative magnetic resonance imaging is set up between eater 6, neurosurgical theater and 
theater 5, hybrid trauma theatre based on the “twin operating theater” model allowing direct access intraoperatively. (b) demonstrates the 
standardized theatre setup to minimize preoperative set up time.
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Preoperatively, patients were reviewed in the outpatient clinic 
setting after being referred by their general practitioner. 
A thorough history and examination was documented by 
a neurosurgical registrar. An Ophthalmologist assessed 
visual acuity, formal perimetry, and fundoscopy and an 
endocrinologist reviewed a complete pituitary blood panel. 
Finally, the collected information and images were reviewed 
by the senior neurosurgeon to determine surgical candidacy. 
Indications for surgical intervention include radiological 
progression in size, radiological, or clinical evidence of 
compression of the optic apparatus or an endocrinopathy not 
amenable to medical management. Contra-indications for 
surgical intervention include but are not limited to advanced 

age, severe medical co-morbidities, cognitive impairment 
requiring assistance with activities of daily living, or inability 
to cease anticoagulation.

In the operating theater, the preoperative CT and MRI 
stealth sequences are loaded on the StealthStation™ S8 
surgical navigation system using the cranial mode and 
merged. e patient is positioned supine on a Maquet 
table (Maquet, Rastatt, Germany), an AxiEM tracker was 
applied to middle of forehead of patient and covered with 
an Opsite™ dressing as extra security and registration 
performed using the tracer. e patient is appropriately 
draped to facilitate preservation of tracker positioning for 

Figure 2: Equipment and instrument checklist: An extensive checklist was developed to ensure only magnetic resonance imaging compatible 
equipment was used by surgical and anesthetic teams.
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iMRI as demonstrated in [Figure 3]. Care is taken to ensure 
that the clear non-adhesive drape is applied to cover the 
tracker before applying the adhesive surgical drapes over 
the eyebrows, to reduce any chance of pulling off the tracker 
when the drape was removed as this would compromise 
the accuracy of its use if surgery needed to continue post 
iMRI. We utilized the Pittsburgh model of a combined 
otorhinolaryngologist and neurosurgeon working as a team. 
e approach to the floor of the sella was performed by a 
senior ENT surgeon and the debulking of the sellar lesion 
undertaken by the senior neurosurgeon. e objective of 
surgery is for safe maximal resection.

e patient is undraped, leaving the AxiEM tracker in place 
and the attached wire is rolled into a 10 cm circle and taped to 
patient blanket. Safety checklist is then completed and patient 
transferred into iMRI [Figure 4]. eater equipment remains 
sterile while the patient undergoes MRI to allow immediate 
continuation of surgery if required, thus improving efficiency 
and subsequently reducing operative time. e tracker is 
simply reconnected to the StealthStation™ and continuation 
of the operation occurs seamlessly. e intraoperative 
images are merged with the preoperative images allowing 
continuation of the operation without re-registration. Re-
registration is not required as AxiEM tracker has remained 
in place during transfer to iMRI; however, the accuracy 
of the neuronavigation is always checked both on surface 
anatomy and during approach through to the sphenoid 
sinus. If accuracy was deemed not acceptable, then the 
patient can be re-registered prior to continuation of surgery 
as all intraoperative images are Stealth sequences. In our 

experience, there were no concerns with accuracy post-iMRI 
and none of the cases required repeat registration before 
further surgery.

Postoperatively, patients are monitored closely in the 
neurosurgical intensive care or high dependency unit 
with daily input from the endocrinologist. Patients are 
subsequently stepped down to the neurosurgical ward after 
24 h. Mechanical venous thromboembolism prophylaxis was 
started in theatre and chemical prophylaxis 72 h postsurgery. 
Patients are discharged when cleared by endocrinology 
and allied health in the absence of any neurosurgical 
complications not limited to hemorrhage or cerebrospinal 
fluid leak. ey are instructed not to blow their nose and 
nasal saline flushes were commenced a week later. Patients 
were reviewed again by ophthalmology, endocrinology, and 
neurosurgery 3 months postsurgery with updated MRI and 
pituitary blood panel.

Tumor volume was measured on iMRI and the 3 months 
postsurgery MRI by three separate Neuroradiologists using 
InteleConnect EV 4.15.1 at three different time points at 
least 1 week apart with excellent inter- and intra-observer 
reliability. Tumor borders were segmented manually on 
coronal or sagittal T2 and T1 images postadministration of 
gadolinium. Statistical analysis was performed using R (R 
Core Team, 2017).

RESULTS

Between January 2016 and December 2017, 47 patients 
underwent elective trans-sphenoidal resection of sellar 
lesions at a single tertiary academic hospital. Commonly, two 
trans-sphenoidal operations were completed per theater list. 
e cohort had a mean age of 55 years, ranging from 26 years 
to 82 years. ere was a slight female predilection with 21 
male and 26 female patients. e average lesion measured 20 
mm, ranging from as small as 3 mm to as large as 46 mm in 
the largest dimension. e most likely indication for surgical 
management was visual loss (25 patients) or impending 
visual loss (ten patients) with only 11 patients accounting 
for endocrinopathy as the primary indication of surgery. Ten 
patients had undergone prior trans-sphenoidal debulking. 
ere were no operative deaths in this series. e results 
are available in [Table  1]. Furthermore, we experienced 
three (6.4%) cases of postoperative diabetes insipidus and 
two (4.3%) patients complicated by postoperative CSF 
rhinorrhea.

rough the use of iMRI, 44/47 (94%) patients were shown 
to have adequate resection of their sellar lesion following 
initial surgical intervention. More importantly, though 
the use of iMRI enabled immediate return to theater for 
three patients is demonstrated in [Figure  5]. Specifically, 
one case identified hematoma in the surgical cavity 

Figure  3: Patient positioning and transfer: (a) patient positioned 
on the Maquet table with tracker on forehead to facilitate frameless 
stereotaxis. (b) surgical draping to facilitate the Pittsburgh model of 
a combined otorhinolaryngologist and neurosurgeon working as a 
team. (c) Railroading patient onto the magnetic resonance imaging 
transfer trolley.
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Figure 4: Intraoperative magnetic resonance imaging (MRI) checklist: An added safety check to ensure that only MRI-compatible equipment 
accompany the patient into the scanner. 

requiring immediate re-exploration and evacuation. Early 
identification of this hemorrhage enabled early return 
to theater, mitigating risk to the patient’s vision. Two 
patients were identified to have suboptimal decompression, 
allowing further resection within the same anesthetic. is 
subsequently avoided a return to theatre at a later stage. 
is is not only cost efficient but also minimizes morbidity 
for the patients.

In these cases that required a return to theater post-iMRI, 
the intraoperative images were merged with the pre-
operative images and the accuracy of the neuronavigation 
was maintained in all three cases, with none requiring re-
registration. is streamlines a return to theater, which is 
important especially in the setting of the patient with intra-
operative hematoma, as further delays to the re-exploration 
and evacuation may have led to permanent visual loss. All 
three cases returned to the iMRI once evacuation or further 
debulking performed, ensuring that adequate decompression 
had been achieved.

DISCUSSION

e use of iMRI helps identify residual tumor as well as 
complications such as hemorrhage. is reduces morbidity 
for the patient and negates the need for a second procedure, 
which subsequently reduces patient risk and is cost saving. 
However, navigation during iMRI guided trans-sphenoidal 
debulking has traditionally required cranial fixation. Frameless 
stereotaxis using endoscopy is an accepted alternative 
improving accuracy and allowing flexibility of the approach. 
All stereotaxis is limited by its reliance on preoperative data 
sets. To the best of our knowledge, this is the first study, in 
English language literature, describing, and investigating the 
combined use of frameless stereotaxis with endoscopy and 
iMRI for trans-sphenoidal debulking of sellar lesions.

Utilizing iMRI helps to increase the extent of resection. 
Fomekong et al. (2014) reported 65% gross total resection, 
8% near total resection, 19% subtotal resection, and 8% 
partial resection at 3 months postsurgery when using their 
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Table 1: Patient demographics and outcomes.

All patients Non-functioning 
adenomas

Functioning 
adenomas

Mean age 
at surgery 
(years)

55 (26–82) 58 (29–82) 39 (26–71)

Male/Female 21/26 17/21 4/5
Visual field 
deficits

25/47 (53%) 25/38 (66%) 0/9 (0%)

Postsurgical 
remnant

14/43 (33%) 12/34 (35%) 2/9 (22%)

Mean tumor 
volume (mm3)

15.4 (3–33) 18.2 (10–37) 5.7 (3–12)

Cavernous 
Sinus Invasion 
(Knosp Grade)

0: 12/47 (26%)
1: 12/47 (26%)
2: 5/47 (11%)
3: 8/47 (17%)
4: 6/47 (13%)

0: 5/38 (13%)
1: 11/38 (11%)
2: 4/38 (11%)
3: 8/38 (21%)
4: 6/38 (16%)

0: 7/9 (78%)
1: 1/9 (11%)
2: 1/9 (11%)
3: 0/9 (0%)
4: 0/9 (0%)

Pituitary dysfunction
Preoperative 14/47 (30%) 5/38 (13%) 9/9 (100%)
Postoperative 7/47 (15%) 4/38 (11%) 3/9 (33%)

3T iMRI.[4] Similarly, Li et al. (2015) increased complete 
tumor resection rate from 60% to 80% in their cohort of 30 
patients using a 1.5T iMRI.[6] However, Pal’a et al. (2017) 
demonstrated smaller intraoperative residual tumor volumes 
in the endoscopic group compared to the microsurgical 
group that translated to significantly fewer additional 
resections (28.6% compared to 52.9%, respectively).[8] 
Similarly, Zaidi et al. (2016) utilized high resolution iMRI 

in endoscopic trans-sphenoidal surgery to convert one 
subtotal resection and four near total resections to gross total 
resections in their cohort of 27 patients.[14]

e routine use of endoscopy might explain the relatively 
low rate of return to theatre for suboptimal decompression 
identified using iMRI in our patient cohort. Also using the 
30° endoscope to check recesses allows better visualization 
maximizing safe resection. While gross total resection is the 
goal, postoperative tumor remnant is not an independent 
risk factor for tumor recurrence/regrowth, which is more 
likely to be attributed to immunopathological status, 
invasion of the cavernous sinus and absence of postoperative 
radiotherapy.[2] e objective of surgical management is 
maximal safe resection ensuring the safety of the patient. 
Also decreasing mass effect to save vision and/or minimizing 
the hypersecretory state whilst avoiding neurovascular 
structures will minimize morbidity and mortality.

e use of iMRI provides real-time information on the 
extent of resection to ensure the mass effect on the optic 
apparatus has been relieved and to ensure no complications 
such as secondary hemorrhage, pneumocephaly or acute 
hydrocephalus. In our patient cohort, we identified a case 
of active venous hemorrhage on the iMRI that warranted a 
return to theater to facilitate urgent hemostasis. e rate of 
hemorrhagic complication in our cohort appears to be lower 
than available literature and this could be secondary to the 
Pittsburgh model where two heads and four hands are better 
than one head and two hands.[7] Moreover, Razak et al. (2012) 
found decreased hemorrhagic complications in the endoscopic 

Figure  5: Influence of intraoperative magnetic resonance imaging (iMRI) on surgical management. (a) sagittal T1 gadolinium enhanced 
preoperative MRI demonstrating a pituitary macroadenoma. (b) iMRI demonstrating active contrast extravasation requiring immediate return 
to theater. (c) hemostasis was achieved and postoperative MRI demonstrated a gross total resection. (d) Sagittal T1 gadolinium enhanced 
preoperative MRI of another patient demonstrating compression of the optic apparatus. (e) iMRI demonstrating inadequate decompression 
of the optic apparatus warranting a return to theatre for further debulking. (f) ree months postoperative MRI demonstrating near total 
resection with adequate decompression of the optic apparatus thereby reducing morbidity. 
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group compared to the microsurgical group likely secondary to 
the superior visualization.[9] Our complication rates are slightly 
lower than available literature on iMRI in trans-sphenoidal 
surgery but this was not statistically significant given the 
small cohort of patients. We experienced three (6.4%) cases 
of postoperative diabetes insipidus and two (4.3%) patients 
complicated by postoperative CSF rhinorrhea, while Li et al. 
(2015) reported three (10%) patients with diabetes insipidus 
and four (13.3%) cases of postoperative CSF rhinorrhea.[6]

e use of the endoscope improves visualization 
intraoperatively. Fortunately, the use of the endoscope 
does not generate any interference with the AxiEM system. 
Meticulous care is made in the positioning of the AxiEM 
Field Emitter and ensuring no metallic equipment being used 
in the surgical field, including using a gelatinous head rest. 
Using this technique, there was no cases where interference 
was noted from use of the endoscope.

Use of frameless stereotaxis is safe and as accurate as cranial 
fixation. Frameless stereotaxis allows flexibility for the ENT 
surgeon to tilt the head without losing the registration and 
allows the neurosurgeon to operate with both hands allowing 
safe maximal resection. Combining these techniques with 
iMRI allows navigation in real time as post resection MRI 
can be merged without requiring re-registration. Seeing the 
intraoperative images in real time allows more confident 
removal of residual tumor as the operators receive accurate 
information on location of sensitive structures that need to be 
avoided, such as optic chiasm, allowing focus on intraoperative 
maneuvers. is increases safety to the patient, decreases the 
need for a second surgery and is cost effective for the hospital.

CONCLUSION

is is the first study in English language literature to describe 
and investigate the combined use of frameless stereotaxis for 
endoscopy and iMRI to guide trans-sphenoidal debulking of 
sellar lesions. e use of frameless stereotaxis facilitates the 
use of endoscopy and iMRI without cranial fixation to assist 
in safe maximal resection of sellar lesions while minimizing 
morbidity.
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