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Abstract

OBJECTIVE—The utility and safety of intraoperative MRI (iMRI) for resection of pituitary 

adenomas is not clearly established in the context of advances in endoscopic approaches. The goal 

in this study was to evaluate the safety and efficacy of iMRI for pituitary adenoma resection, with 

endoscopic transsphenoidal (ETS) versus microscopic transsphenoidal (MTS) approaches.
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METHODS—Radiographic and clinical outcomes of all pituitary adenomas resected using iMRI 

between 2008 and 2017 at a single institution were retrospectively evaluated.

RESULTS—Of 212 tumors treated, 131 (62%) underwent further resection based on iMRI 

findings, resulting in a significant increase in gross-total resection on postoperative MRI compared 

with iMRI (p = 0.0001) in both ETS and MTS groups. iMRI increased rates of gross-total 

resection for cavernous sinus invasion Knosp grades 1 and 2, but not in Knosp ≥ 3 across treatment 

groups (p < 0.0001). The extent of resection on postoperative MRI was significantly correlated 

with increased progression-free survival (p < 0.0001). Initial hormone remission off medical 

therapy was achieved in 64%, with a significantly higher rate of remission in tumors resected 

via the ETS approach (81%) compared with the MTS approach (55%) (p = 0.02). The rate of 

persistent new hormone deficit was low at 8%, including a 2.8% rate of permanent diabetes 

insipidus, and 45% of patients had improvement in preoperative hormone deficit following 

surgery. Serious postoperative complications including CSF leaks requiring reoperation were rare 

at 1%, with no postoperative infections.

CONCLUSIONS—These results suggest that iMRI is a safe and effective method of increasing 

the extent of resection for pituitary adenomas while preserving hormone function. When paired 

with the endoscope, iMRI may offer the ability to tailor more aggressive removal of tumors while 

optimizing pituitary function, resulting in high rates of secretory hormone remission. Secretory 

tumors and adenomas with Knosp grade < 3 cavernous sinus invasion may benefit most from the 

use of iMRI.
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Endoscopic transsphenoidal (ETS) approaches to the sella turcica have transformed the 

surgical landscape of pituitary tumors, allowing for more extensive resections due to 

enhanced visualization, with improvement in nasal outcomes1–3 and potentially lower rates 

of new hormone deficits, compared with microscopic transsphenoidal (MTS) surgery.1,4 

Nonetheless, there remains a high percentage of patients with pituitary adenomas who 

have residual or recurrent disease, with gross-total resection (GTR) rates as low as 

25%–40% for larger tumors, and common residual disease even with small tumors.5,6 

Surgeries for recurrent/residual disease are often complicated by difficulty preserving 

normal structures, resulting in higher rates of subtotal resection (STR)5,7 and new hormone 

deficits.7 In secretory tumors, particularly with adrenocorticotropic hormone (ACTH), 

even small residual tumors can be associated with high rates of morbidity.8 Although 

reported resection rates are generally higher in patients treated endoscopically compared 

with microscopically,5,9 concern has been raised regarding the potential increased risk of 

endocrine deficits and CSF leaks.

The use of intraoperative MRI (iMRI) has been rapidly adopted to increase the extent of 

resection (EOR) for brain tumors, particularly for gliomas.10,11 Its use for benign tumors 

is more poorly defined, but there is growing interest in using iMRI for resection of 

pituitary adenomas. The sensitivity and specificity of iMRI in detecting residual pituitary 
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adenoma have been reported to be nearly 100%, in comparison with the endoscope, which 

is reported to have a sensitivity of 21% and specificity of 78%.34 The use of iMRI 

has been reported to increase EOR6,12 by 15%–83%. In a recent review13 of 85 studies 

reporting the use of iMRI for pituitary adenomas, the authors found higher GTR rates in the 

endoscope plus iMRI group, but they were unable to draw direct comparisons due to series 

heterogeneity, with limited hormone outcome data. Recent pertinent series are compared in 

Table 1.6,13–22 Overall, studies support a potential role for iMRI in increasing both EOR and 

progression-free survival (PFS) for pituitary adenomas, but lack clarity on the magnitude of 

improvement, particularly in terms of endocrine outcomes.23

This study aimed to evaluate the role of iMRI in impacting EOR and PFS, with a detailed 

analysis of secretory hormone outcomes and endocrine function following resection. 

Microscopic and endoscopic outcomes are compared to evaluate the optimal use of iMRI 

paired with one or both methods.

Methods

All pituitary adenomas resected by a single neurosurgeon with the aid of iMRI between 

2008 and 2017 were retrospectively reviewed with the use of a prospectively constructed 

database and after IRB approval and waiving of consent. During this period of time, all 

pituitary adenomas were resected using iMRI except in rare (11 total) cases in which iMRI 

was not used for technical or clinical reasons, including the lack of availability of iMRI 

and contrast allergy. All patients underwent preoperative pituitary hormone-level testing, 

visual field (VF) examination, and MRI prior to surgery. Dedicated pituitary protocol 

MR images were used for dimensions, volumetric analysis, evaluation of optic chiasm 

displacement, suprasellar involvement, and cavernous sinus invasion (CSI) as described in 

Knosp et al.33 All patients had documentation of preoperative hormone status, including 

preoperative hormone deficits and presence of hormone secretion. An MTS approach was 

performed prior to 2014 in a total of 130 cases. After 2014, all cases were performed using 

the endoscope, including 75 tumor resections performed with the endoscope alone. Seven 

tumors were resected using a combined approach during the transition period from 2013 to 

2014.

Operating Room Setup and Imaging

All patients underwent surgery in a BrainSuite-equipped operating room, consisting of 

a fixed intraoperative 1.5-T MRI scanner (Siemens AG) integrated with neuronavigation 

(Brainlab). EOR was evaluated based on analysis of thin-slice (2-mm) coronal T2-weighted 

and 3D contrastenhanced T1-weighted images by an independent neuroradiologist and 

documented in real time during surgery. The EOR was categorized as GTR, near-total 

resection (NTR; defined as < 10% residual volume), or STR. Postoperative EOR was 

evaluated based on initial postoperative MRI studies obtained prior to further treatment, 

usually performed within 3–6 months, and was categorized as GTR, NTR, STR, or 

recurrence/growth. The last available MRI study was evaluated for assessment of final tumor 

control at last follow-up. Brainlab imaging software was used for volumetrics. Postoperative 

imaging was available in 200 of the 212 patients.
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Surgical Procedure

Patients were positioned supine in a slightly extended midline position in a fixed MRI-

compatible frame intended for iMRI. All patients underwent a transsphenoidal approach 

using frameless stereotactic navigation. A standard MTS or ETS approach was used to 

gain access to the sella. All ETS cases were performed in collaboration with a single ENT 

surgeon, whereas purely MTS cases were typically performed by the neurosurgeon alone. 

Once the surgeons estimated that a maximal safe resection was achieved, including cases in 

which residual tumor was thought to be inaccessible or indistinguishable from normal gland, 

iMRI was performed following Gd administration. Additional resection was performed in 

cases of accessible residual tumor on iMRI. In the ETS approach, 30° and 45° angled 

endoscopes were used to evaluate the surgical bed and extend the resection where indicated. 

Repair of CSF leaks was performed using a range of methods, including Gelfoam, sealants, 

dural substitutes, and nasoseptal flaps alone or in combination.

Endocrine Evaluation

All patients underwent preoperative hormone testing for ACTH/cortisol, luteinizing 

hormone/follicle-stimulating hormone (LH/FSH) ± testosterone, thyroid-stimulating 

hormone/thyroxine (TSH/T4), growth hormone/insulin-like growth factor–1 (GH/IGF-1), 

and prolactin (PRL) to determine hyper- or hyposecretion, based on normal references for 

each hormone. Patients were evaluated by an endocrinologist in a majority of cases and 

in all secretory cases. PRL hypersecretion was determined to be attributable to stalk effect 

rather than primary secretory tumor when the value was < 100 ng/mL in the appropriate 

clinical setting (i.e., macroadenoma). Elective resection of prolactinomas was limited to 

patients whose disease was refractory to or who were intolerant of medical management due 

to side effects or fertility status.

Initial postoperative hormone remission was defined as normalization of serum values of 

secretory hormones off medication without further treatment. Final hormone remission was 

evaluated at last follow-up following treatment for residual or recurrent hormone secretion, 

including medication.

Statistical Analysis

Chi-square tests and Fisher’s exact tests, where appropriate, were used to compare 

categorical variables by groups of interest. The Wilcoxon 2-sample test was used to 

compare numerical variables by 2 groups of interest. The Kruskal-Wallis test was used 

to compare numerical variables by more than 2 groups of interest. McNemar’s test was used 

to quantify movement in EOR (NTR/STR to GTR) from iMRI to initial postoperative MRI. 

Radiographic PFS was calculated from the time of surgery until radiographic progression, 

death, or last follow-up, whichever occurred first. Secretory recurrence survival was 

calculated from the time of surgery until secretory progression, death, or last follow-up, 

whichever occurred first. Kaplan-Meier methodology was used for survival analyses and 

curves were compared using the log-rank test. All tests were 2-sided with a level of 

statistical significance less than 0.05. Statistical analyses were performed and figures were 

generated in SAS (version 9.4, SAS Institute) and R 3.5.2 using the ggplot2 and survival 

packages.
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Results

Patient Demographics and Preoperative Tumor Characteristics

A total of 212 adenomas for which clinical and radiographic follow-up was available were 

included, including 130 cases performed via MTS, 75 via ETS, and 7 via a combination 

of these approaches (Table 2). Preoperative variables across groups demonstrated no 

statistically significant differences (Table 3). This series included 33 microadenomas (16%) 

< 1 cm in size, including 1 case of “MRI-negative” Cushing’s disease, with the majority 

of tumors representing macroadenomas. The mean tumor volume was 4.38 cm3, with a 

majority demonstrating optic chiasm displacement (59%) and suprasellar extension (72%). 

CSI was present in 110 cases (52%), with 11% showing Knosp ≥ 3 CSI. Of the 212 

adenomas, 34% were secretory and 66% were nonfunctioning adenomas (NFAs). Twenty-

nine of 72 (40%) secretory tumors were GH-secreting, 20 (28%) were corticotropin 

(ACTH)–secreting, and 23 (32%) were PRL-secreting tumors. Of the 23 patients with 

PRL-secreting tumors that underwent resection, 17 (74%) were intolerant of or refractory to 

medical therapy, 3 (13%) refused surgery due to fertility concerns, 1 (4%) had radiographic 

features of craniopharyngioma, 1 (4%) had evidence of apoplexy with clinical need for 

Avastin treatment, and 1 (4%) was thought to have an abnormally elevated stalk effect. 

Thirty percent of patients had one or more hormone deficits preoperatively. These results are 

summarized in Table 3.

Radiographic Outcomes

A total of 131/212 (62%) patients underwent further resection based on iMRI findings. 

This included 47/75 (63%) ETS and 79/130 (61%) MTS cases undergoing further resection 

(Table 4). The rate of GTR was significantly increased after further resection across all 

treatment groups (McNemar’s p = 0.0001), with initial postoperative MRI consistent with 

GTR in 105 cases (53%), NTR in 55 cases (28%), and STR in 39 cases (20%), and 1 early 

recurrence. For patients who did not achieve GTR, further resection following iMRI resulted 

in improvement from STR to NTR in 16 cases (13%; Fig. 1). Notably, the NTR group 

may include a small number of cases in which residual disease was indistinguishable from 

postoperative changes, necessitating further follow-up on subsequent MR images.

Comparing the MTS and the ETS group, rates of resection on initial postoperative MRI were 

significantly higher in the ETS group (p = 0.00056), where GTR was achieved in 69% of 

cases (50/72) compared with 44% (54/123) in the MTS group. Compared with iMRI, an 

additional 37% of patients converted to GTR on initial postoperative MRI (23% in the MTS 

and 64% in the ETS group; p = 0.0001).

Radiographic progression occurred in 15%, with a total of 10 cases (7%) requiring further 

surgery (Table 4). This excludes a total of 12/212 cases for which postoperative radiographic 

follow-up was not available. Rates of GTR were significantly higher in the ETS group 

compared with the MTS group at both initial postoperative MRI (p = 0.0006) and final 

postoperative MRI (p = 0.0007), although GTR rates on iMRI were similar. However, the 

difference in follow-up time in the MTS group (42.6 months) was significantly higher 
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than in the ETS group (17.3 months), limiting meaningful comparison of recurrence rates 

between these 2 cohorts.

EOR was strongly correlated with increased PFS on initial postoperative MRI (p < 0.0001; 

Fig. 2A). Radiographic PFS did not differ between the ETS (not reached) and MTS (107.4 

months, 95% CI 98.96 months–no upper limit; p = 0.78) groups (Fig. 2B), including 

subgroup analysis for NFAs (p = 0.77; Fig. 2C) and secretory adenomas (p = 0.92; Fig. 2C).

Radiographic outcomes were further evaluated as a function of CSI by Knosp grading 

(Table 5). For CSI ≥ 3, there was no increase in GTR rates following further resection, 

with the exception of 1 case read as GTR on iMRI but suspicious for residual on initial 

postoperative MRI. In the Knosp < 3 CSI (grades 1 and 2) subgroup, GTR rates were 

significantly increased following further resection after iMRI (p < 0.0001), particularly 

with ETS, resulting in a GTR rate of 70% in the endoscopic group but only 22% in the 

microscopic group. In cases with no CSI, there was more parity between the MTS and ETS 

groups, with rates of GTR on postoperative MRI at 72% and 80%, respectively (p = 0.37).

Hormone Outcomes

For secretory tumors, further resection after iMRI resulted in 50% of cases achieving 

GTR, with an additional 18% increasing from STR to NTR. This resulted in a significant 

increase in GTR for secretory tumors (p = 0.0008) across treatment groups. Initial hormone 

remission off medical therapy was achieved in 64% of cases (66% of GH-secreting, 80% 

of ACTH-secreting, and 48% of PRL-secreting tumors), with 81% achieving remission in 

the ETS versus 55% in the MTS group (p = 0.02). The median secretory recurrence-free 

survival (RFS) was 81.6 months (95% CI 47.6–100.2 months) in the total cohort but was not 

reached in the ETS group (Table 6, Fig. 2D).

Treatment for persistent hormone secretion was required in a total of 35/72 (49%) cases, 

including 33% of ETS and 57% of MTS cases. The majority of cases (23/35, 66%) were 

controlled with medication alone. At last follow-up after subsequent treatment, hormone 

control was achieved in 75% of patients, including 71% treated via MTS and 81% treated 

via ETS, with a remarkable 70% of ETS cases in remission off all medical therapy. Rates of 

hormone control were similar in the ETS and MTS groups at last follow-up (p = 0.34; Table 

6).

Preoperative tumor volumes averaged 1.7 cm3 for GH-secreting, 1.21 cm3 for ACTH-

secreting, and 4.16 cm3 for PRL-secreting tumors. A statistical difference in tumor volumes 

between the remission and nonremission groups was not reached (1.36 cm3 vs 4.09 cm3; p = 

0.21).

Preoperative hormone deficits were improved or resolved in 29/64 (45%) cases, including 

32% of MTS and 65% of ETS patients. ETS resulted in significantly higher hormone deficit 

improvement than MTS (p = 0.01). New anterior pituitary hormone deficits were seen in 6% 

of all patients. Permanent diabetes insipidus (DI) was observed in only 6/212 (3%) cases, 

including 2% of MTS and 5% of ETS cases (Tables 6 and 7).
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Visual Outcomes

Visual deficits improved in 80/81 (99%) patients with follow-up evaluations, including 

100% of cases treated via ETS. There were no cases of new VF deficits following surgery.

Complications

Serious complications requiring reoperation or resulting in death occurred in 3 cases 

(1.4%), including 1 case of carotid artery injury via combined MTS/ETS (1/212, 0.5%), 

1 case of postoperative hematoma via MTS (1/130, 0.8%), and 1 case of a CSF leak 

requiring reoperation via ETS (1/75, 1.3%). The carotid injury and CSF leak in these cases 

occurred prior to iMRI, and there was no direct causation between further resection and 

postoperative hematoma in the third case. Minor postoperative complications (headache, 

transient hyponatremia, spinal headaches, CSF leak that resolved with lumbar drainage, 

asymptomatic deep venous thrombosis, or unrelated medical complication requiring 

readmission) occurred in 22/212 (10%) patients (Table 7). There were no cases of 

postoperative infection or worsening visual function following surgery.

Intraoperative CSF leaks occurred in 76 cases (36%), including 33% of MTS and 40% of 

ETS cases. Postoperative leaks occurred in 1.4% (3/212 cases), and the rate was similar in 

MTS and ETS (Table 6). Of the 3 cases with postoperative leaks, only 1 required surgical 

repair as detailed above.

There were no complications directly attributed to further resection after iMRI.

Discussion

The use of iMRI during pituitary adenoma resection prompted further resection in 62% 

of cases, resulting in significantly higher rates of GTR and NTR. The low rates of GTR 

on iMRI are reflective of an inherent bias in all iMRI studies due to a tendency to stop 

the initial resection earlier than in those performed without iMRI. This limits attributing 

GTR rates directly to the use of iMRI but is reflective of the fact that stopping prior 

to more aggressive resection may allow surgeons to complete the resection more safely 

guided by iMRI. These findings were significant in both the ETS and MTS groups. As 

expected, use of iMRI did not improve GTR in cases of Knosp ≥ 3 CSI but did result in 

further resection and GTR rates in Knosp 1 and 2 CSI. This was attributed to the inherent 

inability to resect residual tumor lateral to the carotid via a transsphenoidal approach, 

making the visualization on MRI irrelevant to GTR rates for these tumors. The low-grade 

CSI subgroup highlighted the improvement in outcomes with the endoscope (70% GTR) 

compared with the microscope (22% GTR), consistent with expectations. This suggests 

that for macroadenomas with cavernous sinus “extension” medial to the carotid, iMRI may 

inform further endoscopic resection, which may not be possible with the more limited 

microscope view regardless of identification on iMRI.

This series was concordant with others that have reported significantly higher rates of 

GTR and hormone remission when using the endoscope compared with the microscope. 

However, rates of GTR noted on iMRI were not significantly different between the 

groups, suggesting that iMRI resulted in a greater benefit in the endoscopic compared 
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with the microscopic cases, countering suggestions that the endoscope obviates the need 

for intraoperative imaging. Interestingly, the recent prospective Transsphenoidal Extent of 

Resection (TRANSSPHER) trial comparing outcomes for NFAs treated endoscopically 

versus microscopically demonstrated similar EORs between the groups; however, the 

authors noted that the experience of the surgeons was significantly higher in the MTS 

group,4 which may account for the lack of perceived benefit. Additionally, in this series, 

direct comparison of long-term tumor control and hormone remission between ETS and 

MTS groups is limited by the longer follow-up time in the MTS group.

Whereas several of the studies listed previously have evaluated the use of iMRI, our 

study is unique in high-lighting improvement in hormone outcomes. Although the study 

reestablished higher rates of hormone remission in tumors treated via ETS compared with 

MTS, differences in outcomes were most notable in GH- and PRL-secreting tumors, which 

are typically macroadenomas, compared with corticotropin-producing tumors, which tend 

to be microadenomas. Indeed, in a subgroup analysis of ACTH-secreting adenomas, there 

was no difference in cure rates between the microscopic (78%) and endoscopic (80%) 

approaches. More notably, however, the use of iMRI with ETS results in a markedly high 

rate of hormone remission (81%) off medication, with only an 18% rate of recurrence; 

of these recurring cases, none required further surgery, and 81% had controlled hormone 

secretion at last follow-up.

General hormone remission rates have been reported at approximately 62.5% even with use 

of the endoscope and iMRI,17 but vary based on hormone type and tumor size.24 Remission 

rates for ACTH-secreting tumors have been reported at 65%–87% with the microscope 

and 72%–95% with the endoscope;25,26 for GH-secreting tumors at 30%–70% with the 

microscope and 46%–70% with the endoscope;26,27 and with lower rates for PRL-secreting 

tumors at 66% with the microscope and 42%–76% with the endoscope.26,28 In comparison, 

whereas our remission rates were comparable for microscopic cases, we report very high 

remission rates in secretory tumors treated endoscopically across hormone type (80%–83%), 

with the difference most marked for GH- and PRL-secreting tumors. These results suggest 

a potential benefit for hormone and radiographic outcomes for secretory tumors treated via 

ETS. Tumor volumes were higher in the “no remission” group, but differences did not reach 

statistical significance (4.09 cm3 vs 1.36 cm3). The median secretory RFS in this cohort was 

81.6 months, demonstrating durable hormone control following iMRI-guided resection and 

emphasizing the importance of long-term follow-up.

Although use of iMRI raises the concern of encouraging overly aggressive resection leading 

to deficit, our results suggest a potential protective effect in the case of pituitary adenomas. 

Here we report an overall rate of new hormone deficit of only 8% excluding transient 

DI, which compares favorably to rates of 8.75%–26% in other series (Supplemental Table 

1). We also report improvement in preoperative deficits in 65% of patients treated via 

ETS, compared with 7.4%–55% reported in the literature, as summarized in Supplemental 

Table 1. These differences could be in part related to our systematic efforts to preserve 

normal tissue and consistent reliance on intraoperative imaging to identify the normal 

gland and stalk. In the absence of iMRI, ambiguity in these structures may lead to 

partial gland resection or increased manipulation to maximize resection, which may explain 
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the seemingly protective effect of iMRI. Laws et al. preoperatively evaluated pituitary 

adenomas with high-resolution MRI to systematically identify the location of the normal 

gland and subsequently reported particularly low rates of new postoperative hormone 

deficits of 8.75%, excluding syndrome of inappropriate antidiuretic hormone; however, 

only 7.4% of patients saw improvement in preoperative deficits.32 Our results highlight 

the utility of iMRI in the preservation of pituitary function and augmentation of recovery 

from preoperative hormone deficit. In our series, slightly higher rates of improvement 

were seen in preoperative hypothyroidism (45%) compared with hypocortisolemia (30%), 

although other studies have suggested that adrenal insufficiency is the most likely to 

recover.29,30 However, there is marked variability in reports of postoperative hormone 

recovery, particularly with regard to the cortisol axis.31 Nonhormone complications were 

rare, with serious complications in 1.4% of patients and CSF leaks in 1% of patients, of 

which only 1 patient (0.4%) required reoperation. There were no cases of postoperative 

infection or meningitis, and there were no complications directly attributed to further 

resection after iMRI. These results compare favorably with the published literature, where 

the rate of postoperative CSF leaks ranges from 1% to 6%26 and other serious complications 

are rare, with no evidence of increase in complication rate compared to series without use of 

iMRI.9,26,27 Overall, our findings support the general advantages of the endoscopic over the 

microscopic approach and augmented results with iMRI.

iMRI inevitably adds to the operative time, estimated to be approximately 45–60 minutes, 

although evolving workflows have reduced time requirements, and iMRI often eliminates 

the need for postoperative MRI prior to discharge. Future work evaluating the cost-

effectiveness of performing iMRI in these cases would be useful in determining its value.

Taken together, this study demonstrates that the use of iMRI results in high rates of 

GTR correlated with increased PFS, high rates of hormone remission, and improvement 

in pituitary hormone function, with low rates of hormone deficits and complications. The 

data also suggest that integration of iMRI into the surgical workflow can result in protection 

of pituitary gland function. These results may be most pronounced when paired with the use 

of the endoscope for resecting macroadenomas with Knosp 1 and 2 CSI and for secretory 

tumors.

Study Limitations

There are several limitations to the current study. The duration of follow-up in microscopic 

and endoscopic groups is inherently longer in the former, due to the fact that the endoscope 

was introduced at our institution only in 2014, prior to which all cases were done 

microscopically. Timing of iMRI has a subjective component: although it is often done 

after maximal resection, it is sometimes done as a check on anatomy, overestimating the 

value of iMRI and limiting meaningful comparison of GTRs before and after iMRI. This 

study, however, reflects the experience of a single neurosurgeon and ENT team, minimizing 

some variability in the “threshold” for MRI. Despite these limitations, we believe that the 

data provide valuable insight into the potential benefits of iMRI in increasing resection and 

preserving and restoring hormone function during resection of pituitary adenomas.
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Conclusions

The data suggest that iMRI is a safe and effective method to increase postoperative EOR 

in pituitary adenomas when combined with the endoscope. Use of iMRI resulted in high 

rates of radiographic PFS for NFAs and high rates of hormone remission for secretory 

tumors compared with rates reported in the literature, particularly when iMRI was paired 

with the endoscope. These results were achieved with low rates of complications and new 

endocrinopathy, as well as improvement of preoperative hormone deficits in a majority of 

cases. This study supports the use of iMRI to tailor more aggressive tumor resection while 

preserving pituitary hormone function due to early gland identification. The use of iMRI 

for resecting pituitary adenomas may be recommended when available and is advisable 

particularly in the case of hormone-secreting tumors, tumors with grade 1 and 2 cavernous 

sinus involvement, and possibly giant adenomas. Prospective evaluation of the role of iMRI 

coupled with a cost-effectiveness analysis should be pursued.
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FIG. 1. 
Representative cases showing decision-making and outcomes based on iMRI. Upper: 
Coronal MR images demonstrate intraoperative evidence for residual tumor nested within 

normal gland tissue on iMRI (arrow). The residual was not evident intraoperatively and the 

surgeon elected not to explore the area because there was very little normal gland tissue. 

However, after iMRI the area was explored and the residual tumor removed, as shown on the 

early postoperative image. Lower: Coronal MR images demonstrate residual tumor (arrow) 

in the superior aspect of the right cavernous sinus that was not seen intraoperatively, despite 

exploration with the endoscope. The tumor was resected following iMRI, as shown in the 

postoperative scan.
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FIG. 2. 
Survival analysis. PFS was evaluated based on both radiographic and clinical endocrine 

measures. A: Radiographic PFS by iMRI read, stratified by EOR. Increase in EOR was 

significantly associated with increased PFS. B: Radiographic PFS by endoscopic and 

microscopic approaches. C: Radiographic PFS in NFAs and in secretory adenomas. D: 
RFS in secretory adenomas.
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TABLE 2.

Demographic data in patients with pituitary adenomas

Characteristic Value

Total patients, no. (%) 212

 Microscopic resection 130 (61)

 Endoscopic resection 75 (35)

 Combination 7 (3)

Age in yrs, mean (range) 51.0 (16.1–83.0)

Sex, no. (%)

 Male 89 (42)

 Female 123 (58)

Duration of procedure in mins, mean (range) 196.3 (74.0–490.0)

 Microscopic resection 158.95 (74–322)

 Endoscopic resection 252.96 (146–490)

 Combination 283.29 (211–466)

Length of stay in days, mean (range) 3.6 (0.0–13.0)

Clinical FU in mos, mean (range) 32.7 (0.3–125.6)

 Microscopic resection 42.5 (0.36–125.6)

 Endoscopic resection 17.3 (0.49–55.4)

 Combination 16.9 (0.3–53.3)

Radiographic FU in mos, mean (range)* 33.3 (0–118.9)

 Microscopic resection 42.6 (0–118.9)

 Endoscopic resection 17.3 (0.07–55.9)

 Combination 35.0 (6.4–58.8)

Patient demographic data, surgical times, overall length of stay, and follow-up times are reported.

*
This includes 200 total patients (12 lost to radiographic follow-up).

J Neurosurg. Author manuscript; available in PMC 2024 May 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juthani et al. Page 18

TA
B

L
E

 3
.

Pr
eo

pe
ra

tiv
e 

pa
tie

nt
 a

nd
 tu

m
or

 c
ha

ra
ct

er
is

tic
s

C
ha

ra
ct

er
is

ti
c

To
ta

l C
oh

or
t,

 n
 =

 2
12

*
M

ic
ro

sc
op

ic
 O

nl
y,

 n
 =

 1
30

E
nd

os
co

pi
c 

O
nl

y,
 n

 =
 7

5

Se
cr

et
or

y
72

 (
34

)
42

 (
32

)
27

 (
36

)

 
G

H
29

 (
40

)
17

 (
40

)
11

 (
41

)

 
A

C
T

H
20

 (
28

)
9 

(2
1)

10
 (

37
)

 
PR

L
23

 (
32

)
16

 (
38

)
6 

(2
2)

N
FA

14
0 

(6
6)

88
 (

68
)

48
 (

64
)

R
ad

io
gr

ap
hi

c 
ch

ar
ac

te
ri

st
ic

s

 
O

pt
ic

 c
hi

as
m

 d
is

pl
ac

em
en

t
12

5 
(5

9)
76

 (
58

)
43

 (
57

)

 
Su

pr
as

el
la

r 
in

vo
lv

em
en

t
15

3 
(7

2)
93

 (
72

)
55

 (
73

)

 
C

SI
11

0 
(5

2)
66

 (
51

)
38

 (
51

)

 
K

no
sp

 ≥
3

24
 (

11
)

14
 (

11
)

7 
(9

)

Su
rg

ic
al

 h
is

to
ry

 
N

o 
pr

io
r

18
1 

(8
5)

11
2 

(8
6)

64
 (

85
)

 
R

ev
is

io
n

31
 (

15
)

18
 (

14
)

11
 (

15
)

H
or

m
on

e 
de

fi
ci

t

 
N

on
e

14
8 

(7
0)

96
 (

74
)

49
 (

65
)

 
≥1

64
 (

30
)

34
 (

26
)

26
 (

35
)

V
F 

de
fi

ci
t

81
 (

38
)

53
 (

41
)

25
 (

33
)

T
um

or
 v

ol
 in

 c
m

3 ,
 m

ea
n 

(r
an

ge
)

4.
38

 (
0.

01
–3

5.
16

)
4.

45
 (

0.
01

–3
5.

2)
3.

89
 (

0.
01

–3
1.

02
)

T
um

or
 s

iz
e,

 m
ax

 d
ia

m

 
M

R
I 

ne
ga

tiv
e

1 
(0

.5
)

1 
(0

.8
)

0 
(0

)

 
<

1 
cm

32
 (

15
)

20
 (

15
)

12
 (

16
)

 
1–

2 
cm

63
 (

30
)

40
 (

31
)

23
 (

31
)

 
>

2–
3 

cm
85

 (
40

)
47

 (
36

)
35

 (
47

)

 
>

3 
cm

31
 (

15
)

22
 (

17
)

5 
(7

)

M
ax

 d
ia

m
 =

 m
ax

im
um

 d
ia

m
et

er
.

Pr
eo

pe
ra

tiv
e 

tu
m

or
 c

ha
ra

ct
er

is
tic

s 
ar

e 
pr

es
en

te
d 

ba
se

d 
on

 s
ur

gi
ca

l a
pp

ro
ac

h.
 T

he
re

 w
er

e 
no

 s
ig

ni
fi

ca
nt

 d
if

fe
re

nc
es

 in
 p

re
op

er
at

iv
e 

ch
ar

ac
te

ri
st

ic
s 

be
tw

ee
n 

th
e 

gr
ou

ps
. U

nl
es

s 
ot

he
rw

is
e 

in
di

ca
te

d,
 v

al
ue

s 
ar

e 
ex

pr
es

se
d 

as
 th

e 
nu

m
be

r 
of

 p
at

ie
nt

s 
(%

).

J Neurosurg. Author manuscript; available in PMC 2024 May 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juthani et al. Page 19
* T

hi
s 

in
cl

ud
es

 7
 p

at
ie

nt
s 

tr
ea

te
d 

vi
a 

a 
co

m
bi

ne
d 

M
T

S 
an

d 
E

T
S 

ap
pr

oa
ch

, w
ith

 to
ta

ls
 r

ef
le

ct
iv

e 
of

 a
ll 

ca
te

go
ri

es
.

J Neurosurg. Author manuscript; available in PMC 2024 May 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juthani et al. Page 20

TA
B

L
E

 4
.

R
ad

io
gr

ap
hi

c 
ou

tc
om

es

O
ut

co
m

e
To

ta
l C

oh
or

t,
 n

 =
 2

12
*

M
ic

ro
sc

op
ic

 O
nl

y,
 n

 =
 1

30
E

nd
os

co
pi

c 
O

nl
y,

 n
 =

 7
5

In
tr

ao
p 

M
R

I 
re

ad

 
G

T
R

64
 (

30
)

39
 (

30
)

24
 (

32
)

 
N

T
R

99
 (

47
)

56
 (

43
)

40
 (

53
)

 
ST

R
49

 (
23

)
35

 (
27

)
11

 (
15

)

Fu
rt

he
r 

re
se

ct
io

n 
af

te
r 

M
R

I
13

1 
(6

2)
79

 (
61

)
47

 (
63

)

In
iti

al
 p

os
to

p 
M

R
I 

re
ad

†

 
G

T
R

10
5 

(5
3)

54
 (

44
)

50
 (

69
)

 
N

T
R

55
 (

28
)

40
 (

33
)

13
 (

18
)

 
ST

R
39

 (
20

)
29

 (
24

)
8 

(1
1)

 
R

ec
ur

re
nc

e/
gr

ow
th

1 
(0

.5
)

0 
(0

)
1 

(1
)

Fi
na

l p
os

to
p 

M
R

I 
re

ad
‡

 
G

T
R

11
1 

(5
6)

58
 (

47
)

52
 (

72
)

 
N

T
R

/s
m

al
l r

es
id

ua
l

37
 (

19
)

24
 (

20
)

11
 (

15
)

 
St

ab
le

 r
es

id
ua

l
41

 (
21

)
32

 (
26

)
7 

(1
0)

 
R

ec
ur

re
nc

e/
gr

ow
th

11
 (

6)
9 

(7
)

2 
(3

)

R
ad

io
gr

ap
hi

c 
pr

og
re

ss
io

n†
29

 (
15

)
24

 (
20

)
5 

(7
)

Fu
rt

he
r 

tr
ea

tm
en

t o
f 

N
FA

§
18

 (
13

)
14

 (
16

)
4 

(8
)

 
R

T
8 

(6
)

5 
(6

)
3 

(6
)

 
Su

rg
er

y
8 

(6
)

8 
(9

)
0 

(0
)

 
Su

rg
er

y 
+

 R
T

2 
(1

)
1 

(1
)

1 
(2

)

M
ed

ia
n 

(9
5%

 C
I)

 r
ad

io
gr

ap
hi

c 
PF

S 
in

 m
os

10
7.

4 
(9

8.
96

–n
o 

up
pe

r 
lim

it)
10

7.
4 

(9
8.

96
–n

o 
up

pe
r 

lim
it)

N
ot

 r
ea

ch
ed

R
T

 =
 r

ad
ia

tio
n 

tr
ea

tm
en

t.

R
ad

io
gr

ap
hi

c 
ou

tc
om

es
 a

re
 e

va
lu

at
ed

 b
as

ed
 o

n 
su

rg
ic

al
 a

pp
ro

ac
h.

 E
O

R
 w

as
 d

ef
in

ed
 a

s 
G

T
R

, N
T

R
, o

r 
ST

R
. I

ni
tia

l p
os

to
pe

ra
tiv

e 
M

R
I 

re
su

lts
 a

re
 f

ur
th

er
 c

la
ss

if
ie

d 
as

 r
ec

ur
re

nc
e/

gr
ow

th
 if

 th
er

e 
w

as
 a

n 
in

cr
ea

se
 in

 s
iz

e 
fo

llo
w

in
g 

su
rg

er
y.

 L
at

e 
po

st
op

er
at

iv
e 

M
R

I 
st

ud
ie

s 
w

er
e 

ev
al

ua
te

d 
ba

se
d 

on
 c

at
eg

or
ie

s 
of

 p
er

si
st

en
t G

T
R

, N
T

R
, s

ta
bl

e 
re

si
du

al
, o

r 
re

cu
rr

en
ce

/g
ro

w
th

. E
O

R
 w

as
 s

ig
ni

fi
ca

nt
ly

 h
ig

he
r 

in
 th

e 
E

T
S 

gr
ou

p 
co

m
pa

re
d 

w
ith

 th
e 

M
T

S 
gr

ou
p 

(p
 <

 0
.0

01
) 

an
d 

w
as

 s
ig

ni
fi

ca
nt

ly
 in

cr
ea

se
d 

w
ith

 iM
R

I 
ac

ro
ss

 tr
ea

tm
en

t g
ro

up
s 

(p
 =

 0
.0

00
1)

. O
nl

y 
8%

 o
f 

N
FA

s 
tr

ea
te

d 
en

do
sc

op
ic

al
ly

 r
eq

ui
re

d 
fu

rt
he

r 
tr

ea
tm

en
t 

fo
r 

re
si

du
al

 o
r 

re
cu

rr
en

ce
, i

nc
lu

di
ng

 1
 c

as
e 

(2
%

) 
re

qu
ir

in
g 

fu
rt

he
r 

su
rg

er
y.

 U
nl

es
s 

ot
he

rw
is

e 
in

di
ca

te
d,

 v
al

ue
s 

ar
e 

ex
pr

es
se

d 
as

 th
e 

nu
m

be
r 

of
 p

at
ie

nt
s 

(%
).

* T
hi

s 
in

cl
ud

es
 7

 p
at

ie
nt

s 
tr

ea
te

d 
vi

a 
a 

co
m

bi
ne

d 
M

T
S 

an
d 

E
T

S 
ap

pr
oa

ch
.

J Neurosurg. Author manuscript; available in PMC 2024 May 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juthani et al. Page 21
† T

hi
s 

in
cl

ud
es

 2
00

 to
ta

l p
at

ie
nt

s 
(1

23
 m

ic
ro

sc
op

ic
 o

nl
y,

 7
2 

en
do

sc
op

ic
 o

nl
y)

.

‡ T
hi

s 
in

cl
ud

es
 2

00
 to

ta
l p

at
ie

nt
s 

at
 la

st
 f

ol
lo

w
-u

p.

§ T
hi

s 
in

cl
ud

es
 1

38
 to

ta
l N

FA
s 

w
ith

 f
ol

lo
w

-u
p 

≥ 
30

 d
ay

s 
(8

6 
m

ic
ro

sc
op

ic
 o

nl
y,

 4
8 

en
do

sc
op

ic
 o

nl
y)

.

J Neurosurg. Author manuscript; available in PMC 2024 May 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juthani et al. Page 22

TA
B

L
E

 5
.

R
ad

io
gr

ap
hi

c 
ou

tc
om

es
 b

as
ed

 o
n 

ca
ve

rn
ou

s 
si

nu
s 

in
va

si
on

 b
y 

K
no

sp
 g

ra
di

ng

O
ut

co
m

e
To

ta
l C

oh
or

t,
 n

 =
 2

12
*

M
ic

ro
sc

op
ic

 O
nl

y,
 n

 =
 1

30
E

nd
os

co
pi

c 
O

nl
y,

 n
 =

 7
5

K
no

sp
 ≥

3 
C

SI
24

 (
11

)
14

 (
11

)
7 

(9
)

 
iM

R
I 

G
T

R
2 

(8
)

1 
(7

)
1 

(1
4)

 
Fu

rt
he

r 
re

se
ct

io
n 

af
te

r 
iM

R
I

15
 (

63
)

8 
(5

7)
5 

(7
1)

 
In

iti
al

 p
os

to
p 

M
R

I 
G

T
R

1 
(4

)
0 

(0
)

1 
(1

4)

K
no

sp
 <

3 
C

SI
86

 (
41

)
52

 (
40

)
31

 (
41

)

 
iM

R
I 

G
T

R
14

 (
16

)
4 

(8
)

9 
(2

9)

 
In

iti
al

 p
os

to
p 

M
R

I 
G

T
R

†
33

 (
41

)
11

 (
22

)
21

 (
70

)

N
o 

C
SI

10
2 

(4
8)

64
 (

49
)

37
 (

49
)

 
iM

R
I 

G
T

R
48

 (
47

)
34

 (
53

)
14

 (
38

)

 
In

iti
al

 p
os

to
p 

M
R

I 
G

T
R

‡
71

 (
74

)
43

 (
72

)
28

 (
80

)

R
ad

io
gr

ap
hi

c 
ou

tc
om

es
 a

re
 e

va
lu

at
ed

 b
as

ed
 o

n 
su

rg
ic

al
 a

pp
ro

ac
h 

an
d 

st
ra

tif
ie

d 
ba

se
d 

on
 K

no
sp

 <
 3

 a
nd

 K
no

sp
 ≥

 3
 C

SI
. U

se
 o

f 
iM

R
I 

si
gn

if
ic

an
tly

 in
cr

ea
se

d 
G

T
R

 r
at

es
 in

 p
at

ie
nt

s 
w

ith
 K

no
sp

 <
 3

 C
SI

 (
p 

<
 

0.
00

01
) 

bu
t n

ot
 in

 p
at

ie
nt

s 
w

ith
 K

no
sp

 ≥
 3

 C
SI

.

* T
hi

s 
in

cl
ud

es
 7

 p
at

ie
nt

s 
tr

ea
te

d 
vi

a 
a 

co
m

bi
ne

d 
M

T
S 

an
d 

E
T

S 
ap

pr
oa

ch
.

† R
ef

le
ct

s 
to

ta
l e

xc
lu

di
ng

 5
 p

at
ie

nt
s 

w
ho

 d
id

 n
ot

 r
ec

ei
ve

 M
R

I 
w

ith
in

 6
 m

on
th

s,
 in

cl
ud

in
g 

3 
m

ic
ro

sc
op

ic
, 1

 e
nd

os
co

pi
c,

 a
nd

 1
 w

ith
 b

ot
h 

ap
pr

oa
ch

es
.

‡ R
ef

le
ct

s 
to

ta
l e

xc
lu

di
ng

 6
 p

at
ie

nt
s 

w
ho

 d
id

 n
ot

 r
ec

ei
ve

 M
R

I 
w

ith
 6

 m
on

th
s,

 in
cl

ud
in

g 
4 

m
ic

ro
sc

op
ic

 a
nd

 2
 e

nd
os

co
pi

c.

J Neurosurg. Author manuscript; available in PMC 2024 May 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juthani et al. Page 23

TA
B

L
E

 6
.

C
lin

ic
al

 a
nd

 s
ec

re
to

ry
 h

or
m

on
e 

ou
tc

om
es

O
ut

co
m

e
To

ta
l C

oh
or

t,
 n

 =
 2

12
*

M
ic

ro
sc

op
ic

 O
nl

y,
 n

 =
 1

30
E

nd
os

co
pi

c 
O

nl
y,

 n
 =

 7
5

V
F 

de
fi

ci
t

81
53

25

 
Im

pr
ov

ed
/r

es
ol

ve
d

80
 (

99
)

52
 (

98
)

25
 (

10
0)

 
St

ab
le

1 
(1

)
1 

(2
)

0 
(0

)

Se
cr

et
or

y 
ad

en
om

a
72

 (
34

)
42

 (
32

)
27

 (
36

)

In
iti

al
 h

or
m

on
e 

re
m

is
si

on
†

46
/7

2 
(6

4)
23

/4
2 

(5
5)

22
/2

7 
(8

1)

 
G

H
19

/2
9 

(6
6)

10
/1

7 
(5

9)
9/

11
 (

82
)

 
A

C
T

H
16

/2
0 

(8
0)

7/
9 

(7
8)

8/
10

 (
80

)

 
PR

L
11

/2
3 

(4
8)

6/
16

 (
38

)
5/

6 
(8

3)

R
ec

ur
re

nc
e 

af
te

r 
re

m
is

si
on

11
/4

6 
(2

4)
7/

23
 (

30
)

4/
22

 (
18

)

M
ed

ia
n 

(9
5%

 C
I)

 R
FS

 in
 m

os
81

.6
 (

47
.6

–1
00

.2
)

81
.6

 (
47

.6
–1

00
.2

)
N

ot
 r

ea
ch

ed

Fu
rt

he
r 

tr
ea

tm
en

t o
f 

se
cr

et
or

y 
ad

en
om

a‡
35

 (
49

)
24

 (
57

)
9 

(3
3)

 
M

ed
ic

al
 o

nl
y

23
 (

32
)

16
 (

38
)

6 
(2

2)

 
R

T
2 

(3
)

0 
(0

)
2 

(7
)

 
M

ed
 +

 R
T

4 
(6

)
3 

(7
)

1 
(4

)

 
Su

rg
er

y
0 

(0
)

0 
(0

)
0

 
M

ed
 +

 s
ur

ge
ry

5 
(7

)
4 

(1
0)

0

 
M

ed
 +

 s
ur

ge
ry

 +
 R

T
1 

(1
)

1 
(2

)
0

H
or

m
on

e 
re

m
is

si
on

 a
t l

as
t F

U
‡

54
 (

75
)

30
 (

71
)

22
 (

81
)

H
or

m
on

e 
re

m
is

si
on

 a
t l

as
t F

U
 o

ff
 m

ed
ic

at
io

n‡
43

 (
60

)
23

 (
55

)
19

 (
70

)

Pr
eo

p 
ho

rm
on

e 
de

fi
ci

t i
m

pr
ov

ed
/r

es
ol

ve
d

 
N

on
e

35
/6

4 
(5

5)
23

/3
4 

(6
8)

9/
26

 (
35

)

 
1 

or
 m

or
e

29
/6

4 
(4

5)
11

/3
4 

(3
2)

17
/2

6 
(6

5)

Pr
eo

p 
de

fi
ci

t i
m

pr
ov

em
en

t b
y 

ty
pe

 
H

yp
oc

or
tis

ol
em

ia
7/

23
 (

30
)

4/
15

 (
27

)
3/

7 
(4

3)

 
H

yp
og

on
ad

is
m

20
/5

0 
(4

0)
6/

27
 (

22
)

8/
12

 (
67

)

 
H

yp
ot

hy
ro

id
is

m
14

/3
1 

(4
5)

6/
18

 (
33

)
13

/2
0 

(6
5)

J Neurosurg. Author manuscript; available in PMC 2024 May 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juthani et al. Page 24

O
ut

co
m

e
To

ta
l C

oh
or

t,
 n

 =
 2

12
*

M
ic

ro
sc

op
ic

 O
nl

y,
 n

 =
 1

30
E

nd
os

co
pi

c 
O

nl
y,

 n
 =

 7
5

 
G

H
 d

ef
ic

ie
nc

y
2/

5 
(4

0)
1/

4 
(2

5)
1/

1 
(1

00
)

C
lin

ic
al

 o
ut

co
m

es
 w

er
e 

ev
al

ua
te

d 
ba

se
d 

on
 tr

ea
tm

en
t g

ro
up

. V
F 

de
fi

ci
ts

 im
pr

ov
ed

 o
r 

re
so

lv
ed

 in
 9

9%
 o

f 
pa

tie
nt

s,
 in

cl
ud

in
g 

10
0%

 o
f 

pa
tie

nt
s 

tr
ea

te
d 

vi
a 

E
T

S.
 H

or
m

on
e 

re
m

is
si

on
 w

as
 d

ef
in

ed
 a

s 
re

tu
rn

 to
 

no
rm

al
 h

or
m

on
e 

le
ve

ls
 o

ff
 o

f 
m

ed
ic

al
 th

er
ap

y.
 N

o 
pa

tie
nt

s 
tr

ea
te

d 
vi

a 
E

T
S 

re
qu

ir
ed

 f
ur

th
er

 s
ur

ge
ry

 f
or

 s
ec

re
to

ry
 tu

m
or

 h
or

m
on

e 
se

cr
et

io
n.

 E
T

S 
re

su
lte

d 
in

 h
ig

he
r 

ra
te

s 
of

 h
or

m
on

e 
re

m
is

si
on

 th
an

 M
T

S 
(p

 =
 0

.0
2)

. P
re

op
er

at
iv

e 
ho

rm
on

e 
de

fi
ci

ts
 w

er
e 

ev
al

ua
te

d 
fo

r 
la

ck
 o

f 
im

pr
ov

em
en

t o
r 

re
so

lu
tio

n 
of

 ≥
 1

 p
re

op
er

at
iv

e 
de

fi
ci

t. 
Pr

eo
pe

ra
tiv

e 
de

fi
ci

ts
 w

er
e 

im
pr

ov
ed

 in
 6

5%
 o

f 
pa

tie
nt

s 
tr

ea
te

d 
vi

a 
E

T
S.

 U
nl

es
s 

ot
he

rw
is

e 
in

di
ca

te
d,

 v
al

ue
s 

ar
e 

ex
pr

es
se

d 
as

 th
e 

nu
m

be
r 

of
 p

at
ie

nt
s 

(%
).

* T
hi

s 
in

cl
ud

es
 7

 p
at

ie
nt

s 
tr

ea
te

d 
vi

a 
a 

co
m

bi
ne

d 
M

T
S 

an
d 

E
T

S 
ap

pr
oa

ch
.

† H
or

m
on

e 
re

m
is

si
on

 d
ef

in
ed

 o
ff

 m
ed

ic
al

 th
er

ap
y,

 w
ith

ou
t a

ny
 a

dd
iti

on
al

 tr
ea

tm
en

t.

‡ H
or

m
on

e 
re

m
is

si
on

 o
n 

or
 o

ff
 m

ed
ic

at
io

n,
 to

ta
l c

oh
or

t 7
2 

se
cr

et
or

y 
tu

m
or

s.

J Neurosurg. Author manuscript; available in PMC 2024 May 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Juthani et al. Page 25

TA
B

L
E

 7
.

C
om

pl
ic

at
io

ns
 in

 2
12

 p
at

ie
nt

s 
w

ith
 p

itu
ita

ry
 a

de
no

m
a

C
om

pl
ic

at
io

n
To

ta
l C

oh
or

t,
 n

 =
 2

12
*

M
ic

ro
sc

op
ic

 O
nl

y,
 n

 =
 1

30
E

nd
os

co
pi

c 
O

nl
y,

 n
 =

 7
5

N
ew

 h
or

m
on

e 
de

fi
ci

ts

 
T

ra
ns

ie
nt

 D
I

36
/2

12
 (

17
)

23
/1

30
 (

18
)

12
/7

5 
(1

6)

 
Pe

rm
an

en
t D

I
6/

21
2 

(3
)

2/
13

0 
(2

)
4/

75
 (

5)

 
O

th
er

13
/2

12
 (

6)
8/

13
0 

(6
)

5/
75

 (
7)

 
Pe

rm
an

en
t D

I 
or

 o
th

er
17

/2
12

 (
8)

9/
13

0 
(7

)
8/

75
 (

11
)

N
on

ho
rm

on
e/

no
nl

ea
k 

co
m

pl
ic

at
io

ns

 
Se

ri
ou

s 
po

st
op

 c
om

pl
ic

at
io

n 
re

qu
ir

in
g 

re
op

3/
21

2 
(1

)
1/

13
0 

(0
.8

)
1/

75
 (

1)

 
M

in
or

 p
os

to
p 

co
m

pl
ic

at
io

n
22

/2
12

 (
10

)
10

/1
30

 (
8)

12
/7

5 
(1

6)

In
tr

ao
p 

C
SF

 le
ak

76
/2

12
 (

36
)

43
/1

30
 (

33
)

30
/7

5 
(4

0)

Se
cr

et
or

y 
re

pa
ir

 ty
pe

†

 
G

el
fo

am
19

 (
25

)
16

 (
37

)
3 

(1
0)

 
M

uc
os

a 
or

 f
at

 g
ra

ft
 ±

 G
el

fo
am

22
 (

29
)

19
 (

44
)

3 
(1

0)

 
D

ur
al

 s
yn

th
et

ic
; A

llo
de

rm
/D

ur
ag

en
13

 (
17

)
8 

(1
9)

4 
(1

3)

 
N

S 
fl

ap
8 

(1
1)

0 
(0

)
8 

(2
7)

 
N

S 
fl

ap
 +

 d
ur

al
 s

yn
th

et
ic

8 
(1

1)
0 

(0
)

7 
(2

3)

 
N

S 
fl

ap
 +

 d
ur

al
 s

yn
th

et
ic

 +
 f

at
 g

ra
ft

6 
(8

)
0 

(0
)

5 
(1

7)

L
um

ba
r 

dr
ai

n
27

 (
13

)
24

 (
18

)
3 

(4
)

Po
st

op
 le

ak
3/

21
2 

(1
)

2/
13

0 
(2

)
1/

75
 (

1)

 
R

es
ol

ve
d 

w
/ l

um
ba

r 
dr

ai
n

2/
3 

(6
6)

2/
2 

(1
00

)
0/

1 
(0

)

 
Su

rg
ic

al
 r

ep
ai

r
1/

3 
(3

3)
0/

2 
(0

)
1/

1 
(1

00
)

N
S 

=
 n

as
os

ep
ta

l.

Po
st

op
er

at
iv

e 
co

m
pl

ic
at

io
ns

 w
er

e 
ev

al
ua

te
d 

fo
r 

ne
w

 h
or

m
on

e 
de

fi
ci

t, 
C

SF
 le

ak
, a

nd
 m

ed
ic

al
 o

r 
su

rg
ic

al
 c

om
pl

ic
at

io
ns

. M
ed

ic
al

 a
nd

 s
ur

gi
ca

l c
om

pl
ic

at
io

ns
 w

er
e 

st
ra

tif
ie

d 
as

 m
in

or
 (

he
ad

ac
he

, t
ra

ns
ie

nt
 

hy
po

na
tr

em
ia

, s
pi

na
l h

ea
da

ch
es

, C
SF

 le
ak

 th
at

 r
es

ol
ve

d 
w

ith
 lu

m
ba

r 
dr

ai
na

ge
, a

sy
m

pt
om

at
ic

 d
ee

p 
ve

no
us

 th
ro

m
bo

si
s,

 o
r 

un
re

la
te

d 
m

ed
ic

al
 c

om
pl

ic
at

io
n 

re
qu

ir
in

g 
ad

m
is

si
on

) 
or

 m
aj

or
 (

re
qu

ir
in

g 
re

op
er

at
io

n 
or

 le
ad

in
g 

to
 d

ea
th

).
 T

he
 r

at
e 

of
 p

er
m

an
en

t h
or

m
on

e 
de

fi
ci

t i
nc

lu
di

ng
 D

I 
w

as
 8

%
, w

ith
 a

 lo
w

 r
at

e 
of

 p
os

to
pe

ra
tiv

e 
C

SF
 le

ak
 a

t 1
%

, s
er

io
us

 c
om

pl
ic

at
io

ns
 a

t 1
%

, a
nd

 m
in

or
 c

om
pl

ic
at

io
ns

 a
t 1

1%
.

* T
hi

s 
in

cl
ud

es
 7

 p
at

ie
nt

s 
tr

ea
te

d 
vi

a 
a 

co
m

bi
ne

d 
M

T
S 

an
d 

E
T

S 
ap

pr
oa

ch
.

† A
ll 

ca
te

go
ri

es
 a

re
 w

ith
 o

r 
w

ith
ou

t d
ur

al
 s

ea
la

nt
.

J Neurosurg. Author manuscript; available in PMC 2024 May 21.


	Abstract
	Methods
	Operating Room Setup and Imaging
	Surgical Procedure
	Endocrine Evaluation
	Statistical Analysis

	Results
	Patient Demographics and Preoperative Tumor Characteristics
	Radiographic Outcomes
	Hormone Outcomes
	Visual Outcomes
	Complications

	Discussion
	Study Limitations

	Conclusions
	References
	FIG. 1.
	FIG. 2.
	TABLE 1.
	TABLE 2.
	TABLE 3.
	TABLE 4.
	TABLE 5.
	TABLE 6.
	TABLE 7.

