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OPERATIVE NEURO

Proposal and Validation of a Simple Grading Scale
(TRANSSPHER Grade) for Predicting Gross Total
Resection of Nonfunctioning Pituitary
Macroadenomas After Transsphenoidal Surgery

BACKGROUND: A simple, reliable grading scale to better characterize nonfunctioning
pituitary adenomas (NFPAs) preoperatively has potential for research and clinical appli-
cations.

OBJECTIVE: To develop a grading scale from a prospective multicenter cohort of patients
that accurately and reliably predicts the likelihood of gross total resection (GTR) after
transsphenoidal NFPA surgery.

METHODS: Extent-of-resection (EOR) data from a prospective multicenter study in
transsphenoidal NFPA surgery were analyzed (TRANSSPHER study; ClinicalTrials.gov
NCT02357498). Sixteen preoperative radiographic magnetic resonance imaging (MRI)
tumor characteristics (eg, tumor size, invasion measures, tumor signal characteristics,
and parameters impacting surgical access) were evaluated to determine EOR predictors,

to calculate receiver-operating characteristic curves, and to develop a grading scale.

RESULTS: Data for 222 patients from 7 centers treated by 15 surgeons were analyzed.
Approximately one-fifth of patients (18.5%;.of 222) underwent subtotal resection (STR).
Maximum tumor diameter > 40 mm; nodular tumor extension through the diaphragma
into the frontal lobe, temporal lobe, posterior fossa, or ventricle; and Knosp grades 3 to 4
were identified as independent STR predictors. A grading scale (TRANSSPHER grade) based
on a combination of these 3 features outperformed individual variables in predicting GTR

(AUC, 0.732)/

0.779) and strong inter-rater reliability (kappa coefficient, 0.617).
CONCLUSION: This simple, reliable grading scale based on preoperative MRI character-
istics can be used to better characterize NFPAs for clinical and research purposes and to
predict the likelihood of achieving GTR.

(AUC,
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adenomas (NFPAs). Subtotal resection (STR) is
reported for 15% to 30% of lesions,!” although
reported rates vary widely. Although

ranssphenoidal surgery is the preferred
for patients  with
symptomatic nonfunctioning pituitary

treatment most

such
as measures of tumor invasion (eg, Knosp grade)
and tumor composition (eg, cysts, hemorrhage,
and T2 signal), have been explored, there is no
current system for characterizing lesions that
synthesizes features into a scale predictive of
oross total resection (GTR).2%0-13

The TRANSSPHER Study (Transsphenoidal

ABBREVIATIONS: AUC, area under the curve; EOR,
extent of resection; GTR, gross total resection; MRI,
magnetic resonance imaging; NFPAs, nonfunc-
tioning pituitary adenomas; OR, odds ratio; ROC,
receiver-operating characteristic;c STR, subtotal
resection; STROBE, Strengthening the Reporting of
Observational Studies in Epidemiology

Extent of Resection Study; ClinicalTrials.gov
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MOONEY ET AL

Neurological Institute, Phoenix, Arizona.

FIGURE 1. Radiographic examples of nodular extension. Nodular extension through the diaphragma suggests subarachnoid
extension or invasion of the brain parenchyma and limits tumor removal. Sequential panels demonstrate nodular extension
(arrows) into the A, frontal lobe, B, temporal lobe, C, posterior fossa, and D, ventricle. Used with permission from Barrow

NCT02357498) is a prospective multicenter research collabo-
ration patients with surgically treated NFPAs. It
involves 15 surgeons with various levels of experience, 7 surgical
centers, and centralized adjudicated imaging review. This trial
provides a unique opportunity to study factors that influence the
extent of tumor removal and to develop a grading scale gener-
alizable to proficient transsphenoidal surgeons. This scale would
support research efforts by standardizing how surgical series are
reported and would be clinically useful by informing preoperative
decision-making, patient counseling, and prognostication.

The goal of this study was to develop a simple and
reliable grading scale that predicts GTR using features easily
measured on preoperative pituitary magnetic resonance imaging
(MRI). We examined numerous covariates, including tumor size,

2 | VOLUMEO | NUMBERO | 2019

invasiveness, MRI signal characteristics, and anatomical factors
that affect the ease of surgical access, and we distilled them into
the 3 imaging features that drive the sensitivity and specificity of
the scale. We propose this model for clinical and research use,
similar to scales used in other neurosurgical disciplines.'4->2

METHODS

Study Design and Participants
Multicenter Cohort

Patients enrolled in the TRANSSPHER Study were evaluated after
providing written informed consent, as approved by the institutional
review boards at participating institutions. Patients were enrolled

www.operativeneurosurgery-online.com
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between 2015 and 2018. The overall study adhered to the principles
of the US Code of Federal Regulations, Title 45, Part 46, “Protection
of Human Subjects” (revised January 15, 2009). The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guide-
lines for cohort studies were utilized as the reporting guidelines for this
study (http://www.strobe-statement.org).

A list of potentially relevant imaging features was compiled by
reviewing the literature and obtaining input from the surgeons involved
in the study.>?-?*-?® Variables included maximum tumor diameter (any
plane, including axial, coronal, sagittal, or oblique); tumor volume
(measured by volumetric software); Knosp grade; presence of clival
invasion; presence of a tumor “waist” (ie, dumbbell morphology); inter-
carotid distance; conchal; or presellar-type sphenoid sinus; presence of
a “shallow sella”; T2 signal intensity within the tumor; nodular tumor
extension into the frontal lobe, temporal lobe, posterior fossa, or third
ventricle; presence of hemorrhage or cystic features (> 50% of tumor
volume); and_gadolinium enhancement pattern, such as heterogeneous
enhancement. Open-source volumetric software was used for the preop-
erative volumetric analysis (3D Slicer, https://www.slicer.org).?

A tumor waist was defined in the coronal plane as
narrowing of the tumor caused by the diaphragma where the suprasellar
portion of the tumor extended lateral to the waist (ie, the tumor had
a “dumbbell” or “figure 8” shape). Tumor waist ratio was calculated as
the maximum coronal diameter of a tumor above the waist compared
with the maximum coronal diameter of the constriction point. Shallow

GRADING SCALE FOR PITUITARY ADENOMA

TABLE 1. Characteristics of Patients in the Multicenter Cohort
Variable No. (%) ([1Eg2D
Age, mean (range), yr 59.1(20 to 83)
Sex
Male 134 (60)
Female 88 (40)
Prior surgery 23 (10)
Presenting symptoms
Visual deficit 103 (46)
Headache 76 (34)
Galactorrhea 6 (3)
Hypopituitarism 26 (12)
Amenorrhea 9(4)
Incidental 62 (28)
Endoscopic 154 (69)
Microscopic 68 (31)

*Values are number (%), unless indicated otherwise.

the validation cohort. Patients who underwent surgery between 2011
and 2017 were included. Two independent raters (D.H. and J.P.S.) not
involved in the creation of the original scale and blinded to postoperative
outcomes assigned TRANSSPHER grades to all scans. GTR was deter-
mined on the basis of independent radiologist assessment of postoper-
ative MRIs performed within 1 yr of surgery; indeterminant studies were

independently reviewed in a blinded fashion to classify GTR vs STR.

sella was defined as a small tuberculum sella face (distance from the
tuberculum to the inferiormost aspect of the sella turcica) less than
10 mm and potentially limiting access to a suprasellar tumor, as judged
by the raters. The T2 signal was characterized as hypo-, iso-, or hyper-
intense to normal pituitary gland or adjacent temporal lobe gray matter,
as described elsewhere.?*-** Nodular extension was defined as a lobular
invasive pattern of growth through the diaphragma into the frontal lobe,
temporal lobe, posterior fossa, or ventricle (Figure 1).

Imaging Review

Patients underwent preoperative and postoperative (within 3 mo of
surgery) dedicated pituitary-protocol T1-weighted contrast-enhanced
MRIs, including fine-cut coronal images through the sella, on 1.5T or
3.0T magnets. Tumors and other anatomical covariates were scored by 2
independent raters (M.A.M. and C.S.). All discrepancies between raters
were individually reviewed to reach a consensus after review by the senior
author.

(1 neuroradiologist [J.S.]
and 2 neurosurgeons [B.L. and A.S.L.]). For an MRI to be scored as STR,
residual tumor had to be detected on at least 2 consecutive thin-cut MRI
slices in one imaging plane and confirmed on a slice in another imaging
plane.

Validation Cohort

Consecutive patients (n = 165) with surgically treated NFPAs from
the lead institution before or after the trial enrollment period served as

OPERATIVE NEUROSURGERY

Statistical Methods

All statistical analyses were performed using Stata Statistical Software

ere used when appropriate.
First, a univariate analysis was performed to screen for covariates of
interest. Covariates with P < .10 were subsequently included in a binary
logistic regression analysis to evaluate for independent predictors of STR.
Diameter and volume measurements were considered individually, given
the high degree of collinearity; each was evaluated as both a continuous
variable and a categorical variable in sequential models.

Covariates that retained statistical significance on multivariate logistic
regression were incorporated into a grading scale designed to predict the
probability of GTR. Model-predicted probabilities were used to create
receiver-operating characteristic (ROC) curves and to obtain an area

under the curve (AUC).

(StataCorp, LLC, College Station, Texas). _-

Inter-rater reliability of the scale was assessed using the
Cohen’s kappa correlation coefficient, and coefficients were interpreted
P

as follows: 0.00 to 0.19 = very weak; 0.20 to 0.39 = weak; 0.40 to
0.59 = moderate;_: 0.80 to 1.00 = very strong.33

RESULTS

Patient Characteristics—Multicenter Exploratory Cohort

A total of 222 of 243 paired preoperative and postoperative
MRIs from 7 centers and 15 surgeons were scored. For patient
demographics, see Twenty-one patients were excluded
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MOONEY ET AL

TABLE 2. Univariate Analysis of Preoperative Patient and Tumor Characteristics

Characteristic GTR,"* No./Total (%) STR,* No./Total (%) P value
Patient age >.99
<70yr 33/177 (19) 144/177 (81)
>70yr 8/45 (18) 37/45 (82)
Mean (range), mm 25 (7.3-49.3) 34 (18.0-60.9) <.001
>30 mm 49/74 (66) 25/74 (34) <.001
>40 mm 2/11(18) 9/1 (82) <.001
Mean (range), cm? 6.3(0.1-24.4) 13.3(2.8-52.8) <.01
>5cm? 94/126 (75) 32/126 (25) <.01
>10 cm? 29/49 (59) 20/49 (41) <.001
>20 cm? 3/9 (33) 6/9 (67) <.01
>30 cm? 3/3(100) 0/3 (0) <.01
Surgical technique 45
Endoscope 128/154 (83) 26/154 (17)
Microscope 53/68 (78) 15/68 (22)
Knosp grades
Oto2 160/181(88) 21/181(12) <.001
21/41 (51) 20/41 (49) <.001
Intercarotid distance, mean (range), mm 17 (9.0-27.4) 19 (11.0-27.3) .06
Tumor waist
Yes 69/91 (76) 22/91 (24) .07
24/36 (67) 12/36 (33) .02
9/16 (56) 7/16 (44) .01
4/9 (44) 5/9 (56) 01
Shallow sella 21/23 (91) 2/23 (9) 27
Conchal sella 0/1(0) 1/1(100) 19
Presellar 5/7 (71) 2/7 (29) .62
T2 signal®
Hypointense 8/11(73) 3/1(27) .69
Isointense 84/99 (85) 15/99 (15) 23
Hyperintense 86/109 (79) 23/109 (21) 39
Frontal extension 6/11 (55) 5/11 (45) .03
Temporal extension 0/3 (0) 3/3 (100) .006
Posterior fossa extension 1/3 (33) 2/3 (67) .09
Intraventricular extension 1/7 (14) 6/7 (86) <.001
Any of the above 7/16 (44) 9/16 (56) <.001
Hemorrhagic 8/9 (89) 1/9 (11) .99
Cystic 20/21(95) 1/21(5) 14

GTR, gross total resection; STR, subtotal resection.
*Values are number (%), unless indicated otherwise.

"Three MRI scans could not be analyzed because of imaging limitations or because the lesions were entirely cystic.

because of inadequate preoperative or postoperative MRIs (ie,
inadequate coronal and sagittal reconstructions, lack of intra-
venous contrast, or loss to follow-up). Most patients (154 of 222;
69%) underwent endoscopic resection; the remainder underwent
microscopic resection (68; 31%).

Independent Predictors of STR

Tumor diameter, tumor volume, Knosp grades 3 to 4, tumor
waist ratio, clival invasion, and any nodular extension into the
frontal lobe, temporal lobe, posterior fossa, or ventricle were

4 | VOLUMEO | NUMBERO | 2019

predictive of STR (P < .05) by univariate analysis (Table 2).
The presence of a tumor waist approached statistical significance
(P < .10). There was no difference in rate of by age
(<70 yr, 81% [144/177]; = 70 yr, 82% [37/45]) or surgical
technique (endoscopic vs microscopic, P > .45). There was no
statistical difference in rates of GTR between initial and repeat
surgery, variations of sellar configuration, or T2 signal intensity
within the tumor (2 > .16). Counterintuitively, decreased inter-
carotid distance demonstrated an increased GTR proportion
(P = .06) and therefore was not included in the multivariate

www.operativeneurosurgery-online.com
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TABLE 3. Select Multivariate Regression Models Analyzing

Predictors of Subtotal Resection

Variable P value OR 95% Cl

Maximum diameter > 30 mm .10 2.0 0.86 to 4.82

<.001 4.9 21to11.27
Tumor waist .58 13 0.56 t0 2.85
Clival invasion .53 17 0.32t09.28
Nodular extension .53 3.8 116 t0 12.78
.03 6.6 1.16 to 37.63

Knosp grades 3 to 4 .001 45 1.92 t0 10.69
Tumor waist 35 1.5 0.66 to 3.22
Clival invasion 5 1.9 0.30 to 11.61
Nodular extension .07 33 0.90 to 12.18

(UETSAVSINRE) continuous; cm?) .002 11 1.04 t0 1.21
Knosp grades 3to 4 <.001 45 1.95 to 10.52
Tumor waist .67 1.2 0.53 t0 2.67
Clival invasion 91 0.9 0.13t0 6.37
Nodular extension 21 2.4 0.62 t0 9.07

.01 2.9 126 t0 6.73

Knosp grades 3 to 4 <.001 5.1 224t011.76
Tumor waist 44 1.4 0.62 to 3.00
Clival invasion .68 1.5 0.26 t0 8.16
Nodular extension .04 37 1.08 to 12.45

Abbreviations: Cl, confidence interval; OR, odds ratio.

analysis. Enhancement patterns were not studied further because
of poor inter-rater agreement and a lack of consensus.

To determine the covariates that independently predicted
GTR, we analyzed tumor characteristics approaching statistical
significance in the univariate analysis using a series of exploratory
logistic regression models. (continuous variable),
maximum diameter > 40 mm, (continuous
variable), tumor volume > 10 cm
.vere independently associated with an increased likelihood
of STR (P < .05; Table 3). Nodular extension (frontal lobe,
temporal lobe, posterior fossa, or intraventricular) demonstrated
borderline significance (P = .04 to P = .07), depending on the
individual model. The presence of a tumor waist, high tumor
waist ratio, and clival invasion were not significant.

(2 = 0.7552, P < .001).

Proposed Grading Scale (TRANSSPHER Grade)
We developed a simple grading scale to predicct GTR usini

independent predictors from the multicenter cohort
One point each was assigned for tumor diameter > 40 mm (in
any plane); for Knosp grades 3 to 4; and for nodular extension
into the frontal lobe, temporal lobe, posterior fossa, or ventricle.

(Figure 3A).

(Figure 3B; P < .001). Comparison of a grading

scale utilizing the maximum diameter versus the tumor volume

OPERATIVE NEUROSURGERY

GRADING SCALE FOR PITUITARY ADENOMA

demonstrated no significant difference in the performance of the
scale (Figure 3B; AUC, 0.732 vs 0.758; P = .31).

TRANSSPHER Grade Validation

First, we evaluated the performance of the proposed grading
scale in a new cohort of The ROC analysis
demonstrated comparable values in the multicenter and
validation cohorts (AUC, 0.732 vs 0.779; Figure 4A). The
likelihood of achieving GTR was inversely related to tumor
grade, supporting the results from the exploratory cohort
(Figure 4B).

Second, we assessed the inter-rater reliability of the TRANS-
SPHER grade. For individual variables, the maximum diameter
measurement, nodular extension variable, and dichotomized
Knosp grades 3 to 4 variable demonstrated inter-rater
reliability (kappa coefficients, 0.765, 0.747, 0.615, respectively).
The overall proposed TRANSSPHER grade demonstrated strong
inter-rater reliability (kappa coefficient, 0.617).

DISCUSSION

The goal of this study was to develop a simple and reliable
grading scale using preoperative imaging features to predict GTR
in patients with NFPAs undergoing transsphenoidal surgery.
This scale can be used by clinicians for preoperative surgical
planning, for patient counseling and prognosticating, and for
classifying patients for standardized research reporting. We
explored numerous tumor characteristics, tumor MRI signal
characteristics, measures of tumor invasiveness, and anatomical
features that might influence surgical access, such as sella config-
uration and intercarotid distance. The multicenter nature of this
study provides a unique opportunity to investigate data from 15
individual surgeons in 7 independent centers.

Key Findings

This study describes a simple, reliable grading scale of readily
measurable tumor anatomical characteristics that predict an
outcome of interest to surgeons (ie, the likelihood of achieving
GTR) after transsphenoidal surgery. This study is the first, to our
knowledge, to evaluate the interaction of various tumor character-
istics and to synthesize them into a practical grading scale. After
evaluating numerous potential predictors, we discovered that 3
characteristics emerged as strong independent predictors of GTR:

The likelihood of achieving
GTR is inversely related to TRANSSPHER grade. The scale
was validated in a separate cohort of patients using raters not
involved in the conception of the scale.

Interpretation and Generalizability

Numerous studies have examined EOR for pituitary
adenomas.>8:23-26.34.35  However, their patient inclusion
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MOONEY ET AL

Nodular extension
(1 point)

from Barrow Neurological Institute, Phoenix, Arizona.

FIGURE 2. Artists illustration depicts the proposed grading scale (TRANSSPHER grade) for pituitary
adenomas. One point each is assigned for tumor diameter > 40 mm in any plane, for Knosp grades 3 to
4, and for nodular extension. The sum of all 3 components (maximum 3 points) yields the TRANSSPHER
grade. Dashed line demarcates lateral border of internal carotid artery. lllustration used with permission

criteria, surgeon experience, and specific adenoma characteristics
are highly variable. Furthermore, these series often include only a
single-experienced surgeon to interpret the postoperative imaging

results for the patients. To develop the TRANSSPHER grade,

Our study design has several strengths. First, EOR in
this multicenter cohort was evaluated by 3-blinded raters at
the coordinating institution. Second, both microscopic and
endoscopic surgeons were included, which increases the applica-
bility of the scale. Notably, no difference in GTR outcomes was
observed between endoscopic and microscopic surgeons in this
study (P = .45). Third, we were able to validate the scale in a
separate cohort of patients with a new set of-to assess the
scale performance and reliability.

6 | VOLUMEO | NUMBERO | 2019

Tumor Diameter

The appropriate method for estimating pituitary adenoma size
and relevant cutoffs for tumor size has been debated.”-8-3¢-40 For
example, some authors have proposed that diameter measure-
ments in the coronal or axial planes may have a stronger associ-
ation with EOR than those in the sagittal plane, with tumor
volume having the strongest association.”” To be sure, it is more
time-consuming to determine tumor volume than to determine
tumor diameter, and to do so requires volumetric software. For the
purposes of the TRANSSPHER grade, we chose the maximum
tumor diameter in any plane because of its simplicity and relia-
bility, which did not compromise the performance of the scale.

(Table 3). We evaluated the performance of the

www.operativeneurosurgery-online.com
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GRADING SCALE FOR PITUITARY ADENOMA
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FIGURE 3. Analysis of the TRANSSPHER grade in the multicenter co/}ort.. Gross total resection (GTR) rates for pituitary adenomas stratified by the proposed
grading scale (TRANSSPHER grade). The likelihood of achieving GTR decreased for tumors with a higher TRANSSPHER grade (P < .001 ). Receiver-operating
characteristic curve analysis demonstrates the improved performance of the proposed grading scale (TRANSSPHER grade) compared to individual factors for predicting
gross total resection (GTR; P < .001 for all variables). A version of the grading scale using the volume > 10 o’ cutoff value in place of diameter is also illustrated
(dashed line). No significant difference in the area under the curve (AUC) between the grading scale with maximum diameter and the grading scale with the volume
measurement was observed (AUC, 0.732 vs 0.758; P = .31). Used with permission from Barrow Neurological Institute, Phoenix, Arizona.
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FIGURE 4. Analysis of the TRANSSPHER grade in the combined multicenter and validation cohort. A, The likelihood of achieving gross total resection (GTR)
in the combined multicenter and validation cohort decreased for tumors with a higher TRANSSPHER grade. B, Receiver-operating characteristic curves for the
TRANSSPHER grade in the multicenter cobort (area under the curve [AUC], 0.732) and in the validation cohort (AUC, 0.779), demonstrating reliable performance
of the grading scale. Used with permission from Barrow Neurological Institute, Phoenix, Arizona.
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MOONEY ET AL

TRANSSPHER grade using both diameter and volume measure-
ments and found no significant difference in its predictive ability.

Interestingly, we examined various maximum diameter cutoff
values for the TRANSSPHER grade and found that maximum
tumor diameter > 30 mm was not associated with STR, whereas
maximum diameter > 40 mm was associated with STR (Table 2).
This finding is consistent with other reports, 23203641 and a
diameter of 40 mm has been suggested in the literature as a cutoff
point for giant adenomas.

Nodular Extension

Adenoma extension through the diaphragma into the frontal
lobe, temporal lobe, posterior fossa, or ventricle poses a
substantial challenge during transsphenoidal surgery. Nodular
tumor extension as we describe it (Figure 1) implies a rent in
the diaphragma that the tumor has transgressed to reach the
subarachnoid space or brain parenchyma. Intraoperative obser-
vations suggest that these invasive tumors have a poorly defined
tumor capsule and may place adjacent cortex, cerebral vessels,
and cranial nerves at risk, which limits the likelihood of safe
resection.?’

Other studies have used different measures to capture the
complexity of lesions with clinically significant suprasellar
extension. Our definition for the TRANSSPHER grade was
informed by this work. For example, Nishioka et al® deter-
mined that an “intracranial extension index” (a calculated ratio of
intracranial tumor to total tumor) was an independent predictor
of EOR in giant adenomas. In their examination of multilobular
configuration, Koutourousiou et al?® found that this measure also
correlated with EOR in patients with giant adenomas. Goel et al”
developed a classification system of 4 groups for giant adenomas
defined by levels of aberrant extension and proposed surgical
management strategies for each group.

Although numerous methods of capturing the features of
adenomas likely exist, we isolated nodular extension because it
can easily be recognized by raters and is less likely to overlap with
other relevant features, such as overall tumor size or Knosp grade.
Our analysis of inter-rater reliability confirmed this hypothesis,
as the nodular extension variable was associated with strong relia-
bility between raters in our exploratory and validation cohorts.

Knosp Grade

Lesions involving the cavernous sinus are a challenge to
surgeons because of their relationship to the cavernous carotid
artery and adjacent cranial nerves. Preoperative Knosp grade is
well established as a predictor of intraoperative invasion of the
cavernous sinus, with incremental increases in the likelihood of
invasion among the higher grades.10 It is also an independent
predictor of EOR.>4:0-8:23.42

We chose to dichotomize the Knosp grades into lesions less
likely to have cavernous sinus invasion (grades 0-2) and more
likely to have cavernous sinus invasion (grades 3-4) since this is
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the most common method for reporting these results and because
it is associated with improved inter-rater and intrarater reliabil-
ities.*> We did not examine intraoperative findings of cavernous
sinus invasion, because our aim was to describe lesions on the basis
of preoperative imaging characteristics.

Other Preoperative Imaging Characteristics Not
Included in the Scale

We evaluated numerous other preoperative imaging charac-
teristics thought to potentially influence NFPA EOR, including
sellar configurations, intercarotid distance, presence or absence of
a tumor waist, measurements of tumor-to-waist ratio, and tumor
T2 signal intensity. Interestingly, none of these factors retained
significance on multivariate analysis as independent predictors
of STR. Although some of these anatomical factors may indeed
make surgery more challenging, they were not associated with
decreased likelihood of GTR in our multicenter cohort and
thus were not included in the TRANSSPHER grade. T2 signal
intensity has been proposed as a potential indicator of tumor
consistency and has been linked to tumor functional status and
pathologic characteristics.’*** Our study found no association
between T2 signal intensity and NFPA EOR, which to our
knowledge represents the most extensive examination of this topic
in the literature to date.

Limitations

Several limitations of this study should be considered. First,
our analysis of radiographic predictors is limited by the variables
we examined. We surveyed experienced pituitary surgeons and
reviewed the literature to compile a list of 16 imaging variables;
however, there may be other anatomical characteristics that we
did not examine. Second, although we identified a statistically
significant decrement in the rate of GTR between TRANS-
SPHER grades 0 to 1 and 1 to 2, we did not identify a
similar decrement for grades 2 to 3, although the percentage
of GTR decreased for grade 3 compared with grade 2 in both
the exploratory cohort and the combined cohort (0% vs 33%
and 17% vs 25%). Statistical analysis of these findings was
limited by the relative rarity of grade 3 lesions. Future studies
with larger numbers of high-grade lesions are warranted. Third,
the TRANSSPHER grade does not incorporate surgeon intent.
For example, it may be acceptable in a patient with visual
disturbance to debulk a tumor for near-total resection (rather
than strive for GTR) to decompress the optic chiasm. This
decision may be partly influenced by the radiographic variables we
isolated in this scale, prohibiting further analysis with this study
design.

CONCLUSION

Our examination of numerous imaging variables (eg,
tumor size, invasiveness, MRI signal characteristics, and
anatomical features that impact surgical access) identified
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tumor diameter > 40 mm, nodular tumor extension, and Knosp
grades 3 to 4 as strong, independent predictors of GTR in a
prospective multicenter trial of transsphenoidal pituitary surgery
for NFPAs. We developed and validated a simple, reliable grading
scale (TRANSSPHER grade) based on these characteristics in a
separate cohort of NFPA patients. The scale predicts GTR and
has strong inter-rater reliability. This scale better characterizes
NFPAs and may be used for clinical prognostication and to
standardize reporting for research purposes.

Disclosures

Dr Little is a consultant for Kogent Surgical, LLC. The other authors have

no personal, financial, or institutional interest in any of the drugs, materials, or
devices described in this article.
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COMMENT

he authors present a simple grading scale for predicting gross-

total resection of non-functioning pituitary macroadenomas after
transsphenoidal surgery. The study is well-designed with sufficiently
small interobserver variability of metrics assessed. As presented, this
scale may not guide the choice of surgery vs no surgery since nonfunc-
tional adenomas lack a medical treatment and would go to surgery even
if GTR could not be achieved. This scale may however prove useful
in future prospective multicenter trials for nonfunctional adenomas or
could even help guide a similar future study of functional adenomas
such as prolactinomas to help preoperatively predict the chances of
biochemical remission, which if low could shift decision making towards
other therapeutic modalities. The authors are to be commended for their
work.
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