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Abstract

Introduction and aim: It is difficult to distinguish between non-functioning pituitary Key Words
macroadenomas (NFPMAs) and sellar meningiomas because of their overlapping ADC

imaging manifestations on routine MRI, especially in cases of meningiomas growing into DWI

the saddle. Here, we aimed to differentiate between these two tumors using apparent meningiomas
diffusion coefficient (ADC) values and MRI characteristics. MRI

Methods: A total of 60 NFPMA and 52 sellar meningioma cases confirmed by the pituitary macroadenoma
pathological analysis were retrospectively reviewed. All patients were examined via
routine MRI and diffusion-weighted imaging (DWI) before undergoing surgery. The
clinical characteristics, MRI characteristics, and max ADC (ADCmax), average ADC
(ADCmean), and minimum ADC (ADCmin) values were compared between the two
tumors via Chi-square test and two sample t-tests. Receiver operating characteristic
(ROCQ) curve and binary logistic regression analyses were conducted to determine the
discrimination ability.

Results: The ADCmax, ADCmean, and ADCmin values were significantly higher in
NFPMAs compared to sellar meningiomas (P < 0.001 for all). Among ADC values,
ADCmax demonstrated good performance with an AUC of 0.896 (95% Cl, 0.823-0.969)
and accuracy of 88.7%. A cut-off value of 0.97 x 107> mm?/s was used for ADCmax for
differentiation between tumors. A combination of ADCmax values and clinicoradiological
features showed the best discrimination ability for differential diagnosis between the
two tumors, with an AUC of 0.981 (95% Cl, 0.958-1.000) and accuracy of 96.9%.
Conclusion: A combination of ADCmax and clinicoradiological features demonstrates
good discrimination ability and high accuracy for differentiation between NFPMAs and
sellar meningiomas, and is a potential quantitative tool to aid in the selection of surgical
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Introduction

Pituitary adenomas and meningiomas are the most 10-15% of all intracranial tumors (2, 3). Non-functioning
common benign tumors in the CNS (1). Pituitary  pituitary adenomas account for 14-54% of pituitary
adenomas arise from the pituitary gland and account for = adenomas and lack biochemical evidence of hormone
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secretion (4). Tumors with a diameter of greater than or
equal to 10 mm are considered macroadenomas (2). In
contrast, sellar meningiomas arise from adjacent dural
surfaces, including the dura surrounding the pituitary
fossa, diaphragm sellae, and sella turcica, and represent
approximately 5-10% of all cranial meningiomas (5).
When suprasellar or parasellar meningiomas grow
downward into the pituitary fossa, which is particularly
observed in combined tuberculum and diaphragm sellae
meningiomas (Type B) (6) and pituitary macroadenomas
that arise within the sella turcica and extended superiorly,
differential diagnosis via routine MRI becomes difficult
(5, 7). However, precise preoperative distinction between
these two tumors may aid the determination of a suitable
surgical planning. Most sellar meningiomas may require
a craniotomy and Dzhindzhikhadze et al., have reported
that a transpalpebral approach may be followed, whereas
most supra- and intrasellar macroadenomas are resected
via the trans-sphenoidal route (8, 9, 10, 11).

Currently, studies have reported on the
identification of these two tumors with traditional methods
(e.g., CT and MRI) (5, 8, 12). Wu et al. (12) reported that
quantitative dual-energy CT imaging, iodine content,
slope of HU curve, and mean CT value may be valuable
parameters for diagnostic differentiation between sellar
meningiomas and pituitary adenomas. MRI was mainly
performed as the examination of choice for the diagnosis
of sellar lesions (13). Some MRI characteristics, such as
visibility of the pituitary gland, contrast enhancement,
and sellar enlargement can help differentiate pituitary
macroadenomas from sellar meningiomas (8). However,
the aforementioned methods sometimes may not lead to a
confirmed etiological diagnosis because of the uncertainty
of the origin of a lesion (13). Diffusion-weighted imaging
(DWI) can noninvasively provide information concerning
high signal-intensity regions as areas of increased
cellularity and tissue microstructures by measuring water
diffusion within a tissue (14, 15, 16), which is closely
associated with membrane integrity and cell density (15,
17). The diffusion of water molecules is determined by
a high cellularity, a small extracellular space, and a high
nuclear-to-cytoplasmic ratio (18). The apparent diffusion
coefficient (ADC) is a parameter that is derived from
DWI, and represents the average diffusion for each voxel.
Accordingly, the ADC values in brain tumors inversely
associated with cellularity and the ratio of nuclear area
to cytoplasm (18). Previous studies have reported that
the ADC value or ratio plays an important role in the
differentiation of brain tumors, including benign and
atypical/malignant meningiomas and solitary fibrous

some
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tumors/hemangiopericytomas and meningiomas (16, 19,
20, 21). However, few studies have assessed the role of
ADC in the differentiation of non-functioning pituitary
macroadenomas (NFPMAs) from sellar meningiomas.
Therefore, in this study, we compared the clinical and
MRI characteristics and ADC values between NFPMAs and
sellar meningiomas, and determined whether ADC values
can improve the diagnostic accuracy of these two tumors.

Materials and methods
Patients

For this retrospective analysis, ethical approval was
obtained from the Institutional Review Board of Lanzhou
University Second Hospital (Lanzhou, China), and the
need for informed consent was waived. We analyzed 60
patients with NFPMAs (24 females and 36 males; age,
52.6 + 11.2 years) and 52 patients with sellar meningiomas
(43 females and 9 males; age, 52.3 £ 8.53 years) confirmed
surgically and pathologically at our institute between
January 2014 and December 2019. All patients were
consecutively admitted to the hospital and underwent
routine MRI and DWI within one week before surgery,
The images of each patient were of good quality and
without artifacts. Patients showing grossly macrocystic
and/or hemorrhagic changes (n=5 in the NFPMA group)
on measuring ADC values and those for whom ADC
values could not be measured (n=3 in the NFPMA group
and n=7 in the sellar meningioma group) because of air-
tissue interface artifacts were excluded. Accordingly, ADC
values of 52 patients with NFPMAs and 45 patients with
sellar meningiomas were measured. In all, there were 65
cases of reduced vision, 21 cases of blurred vision, 13 cases
of headache and dizziness, 4 cases of epilepsy, and 9 cases
of other manifestations.

Imaging protocol

In this study, the Siemens Verio 3.0 T superconducting
MR scanner (Germany) was used, and 112 patients
underwent T1WI, T2WI, DWI, and contrast-enhance
MRI before surgery. The parameters for MRI included the
following: TIWI (TR/TE=550/11 ms), slice thickness=5.0
mm, layer spacing 1.5 mm, matrix=256 x 256, field of
view (FOV)=260 mm x 260 mm; T2WI (TR/TE=2200/96
ms), echo chain length=8, and number of excitation
(NEX)=2. The parameters for DWI (SEEPI sequence) were
as follows: frequency selection fat suppression technology,
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(TR/TE=4000/100 ms), slice thickness=5 mm, layer
spacing 1.5 mm, matrix=256 x 192, FOV =260 mm x 260
mm, and diffusion gradients applied in three orthogonal
directions (b value=0, 1000 s/mm?). Axial, sagittal, and
coronary enhanced T1WI were obtained using Gd-DTPA
(Bayer Schering Pharma AG) at 0.1 mmol/kg at a rate of
3.0 mL/s.

Image analysis and processing

Two neuroradiologists (readers 1 and 2, with 12 and 15
years of experience in brain MRI diagnosis, respectively)
blindly evaluated the patients data twice within 15 days. In
case of a difference in opinions, agreements were reached
after discussion between the two. MRI characteristics
including maximal diameter, T2ZW signal, enhancement
features, hemorrhage/cyst/necrosis-related changes, DWI
signal, sella enlargement, dural tail sign, waist sign (the
core of the tumor is thinner than the sides), carotid artery
encircling, depression of saddle, pituitary stalk visibility,
and pituitary gland visibility were observed and recorded.

ADC maps were automatically generated after
DWI. The ADCs of the solid part of the tumors were
calculated from the original images. On a continuous-
level ADC map, the free-form marker tool was used to
manually delineate each slice and measure ADCmean.
Subsequently, the regions of interest (ROIs, size 10-20
mm?) were manually placed to cover solid tumor areas
and avoid hemorrhagic or cystic lesions, with 6-8 ROIs per
level, and ADCmax and ADCmin values were determined.
Then, the averages of the ADCmax and ADCmin values of
both neuroradiologists were calculated.

Statistical analysis

SPSS 23.0 software was used for statistical analysis. Chi-
square test was used to compare the MRI characteristics
(tumor variables). Two-sample t tests were performed
for the comparisons of age, maximal diameter, and ADC
value. Then, variables were included in the multivariate
logistic regression analysis. For all statistical analyses, a
P value less than 0.05 indicated a statistically significant
difference. Differences between the ADC parameters
calculated by the two radiologists were evaluated by
the intraclass correlation (ICC) test. An ICC value of
greater than 0.75 indicated excellent consistency, and
average values were calculated. The receiver operating
characteristic (ROC) curves and binary logistic regression
analysis were used to differentiate between the diagnostic
accuracy and optimal thresholds.

ADC for NFPMAs and sellar
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Patient clinical characteristics

Results

NFPMAs were diagnosed in 24 females and 36 males,
whereas sellar meningiomas were diagnosed in 9 females
and 43 males (P < 0.001). These findings indicating
a statistically significant difference in the incidence
between sexes. No significant differences were observed in
terms of age between the two disease groups (52.6 £ 11.2
vs 52.3 £ 8.53 years; P=0.145), as shown in Table 1.

MRI characteristics and ADC value analysis

After univariate analysis, significant differences were
observed in terms of T2W signals, enhancement features,
hemorrhage/cysts/necrosis-related changes, sella
enlargement, waist sign, depression of saddle, pituitary
stalk visibility, and pituitary gland visibility between the
NFPMA and sellar meningioma groups in routine MRI, all
P < 0.05. These two groups were similar in terms of the
following parameters: maximal diameter, dural tail sign,
DWI signal, and carotid artery encircling. Subsequently,
the above nine significant MR features were reduced
to five independent discrimination factors (including
enhancement  features,  hemorrhage/cysts/necrosis-
related changes, depression of saddle, and pituitary gland
visibility) by multivariate logistic regression analysis. The
aforementioned data are presented in Table 1. Typical MRI-
features of these two tumors are shown in Supplementary
Figs 1 and 2 (see section on supplementary materials
given at the end of this article).

The ICCs were calculated to evaluate the agreement
of the ADC parameters measured by two radiologists, and
all values >0.75, reflecting good agreement. The ADCmax
(1.125 £ 0.243 vs 0.853 £ 0.166 x 1073 mm?/s), ADCmean
(1.053 + 0.249 vs 0.816 + 0.168 x 10~® mm?/s), and
ADCmin (0.976 + 0.270 vs 0.778 £ 0.172 x 10~ mm?/s)
values were significantly higher in the NFPMA group
compared to the sellar meningioma group (all P < 0.001),
as shown in Table 2.

ROC curve analysis

As shown in ROC curve analyses (Table 3), the ADCmax
indicated a relatively high discrimination ability with an
AUC of 0.896 (95% CI, 0.823-0.969), accuracy of 88.7%,
sensitivity of 82.7%, and specificity of 93.30%; an optimal
cutoff value of 0.97 x 10~ mm?/s was used for discriminating
NFPMAs from sellar meningiomas. For clinicoradiological
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Table 1 The clinical and magnetic resonance imaging features of non-functioning pituitary macroadenomas and sellar

meningioma.

NFPMAs Sellar meningioma Univariate Multivariate
Clinicoradiological features (n=60) (n=52) analysis (P value) analysis (P value) Odds ratio (95% Cl)
Age (years, mean = s.p.) 526+11.2 52.3+8.53 0.145 - -
Sex (male/female) 36/24 9/43 0.001° 0.018 4.482 (1.300-15.454)
Maximal diameter (cm) 2.97 +1.09 3.18+1.21 0.347 - -
T2W signal-high 50 (83.3%) 29 (55.8%) 0.0012 - -
Obvious enhancement feature 20 (33.3%) 41 (78.8%) <0.0012 0.006 0.184 (0.055-0.616)
Hemorrhage/cysts/necrosis changes 42 (70%) 13 (25%) <0.0012 0.002 6.846 (2.029-23.092)
DWI signal-high 19 (31.7%) 18 (34.6%) 0.151 - -
Sella enlargement 55(91.7%) 25 (48.1%) <0.0012 - -
Dural tail sign 26 (43.3%) 32 (61.5%) 0.061 - -
Corset sign 28 (46.7%) 9(17.3%) 0.0012 - -
Encircle carotid artery 20 (33.3%) 14 (26.9%) 0.539 - -
Depression of saddle 49 (81.7%) 19 (36.5%) <0.001° 0.016 4.976 (1.343-18.438)
Visibility of the pituitary stalk 11 (18.3%) 21 (40.4%) 0.0122 - -
Visibility of the pituitary gland 3 (5%) 27 (51.9%) <0.001° 0.003 0.075 (0.014-0.416)

A Student's t-test was used to compare the difference in age, while the chi-square test was used to compare the difference in other clinicoradiological

features.
2P <0.05.
NFPMAs, non-functioning pituitary macroadenomas.

features, including sex, enhancement features, hemorrhage/
cysts/necrosis-related changes, depression of saddle,
and pituitary gland visibility, a diagnostic efficacy was
achieved with an AUC of 0.934 (95% CI, 0.890-0.978),
accuracy of 87.5%, sensitivity of 88.5%, and specificity
of 81.7%. Thus, on the combined use of ADCmax values
and clinicoradiological features, the discrimination ability
was improved to an AUC of 0.981 (95% CI, 0.958-1.000),
accuracy of 96.9%, sensitivity of 95.6%, and specificity of
94.2%, which was indicative of the best identification ability
and highest accuracy, as shown in Fig. 1.

Discussion

This was a preliminary study combining ADCmax and
clinicoradiological features for the distinction between

Table2 Comparison of ADCmax value, ADCmean value, and
ADCmin value between non-functioning pituitary
macroadenomas and sellar meningioma.

Sellar
Parameter NFPMAs meningioma
(x10-3 mm?/s) (n=52) (n=45) P value
ADCmax value  1.125+0.243 0.853+0.166  <0.0012
ADCmean value 1.053 +0.249 0.816+0.168  <0.0012
ADCmin value 0.976 +0.270 0.778+0.172  <0.0012

A Student's t-test was used to compare the difference in ADC value.

ap <0.001.

ADC, apparent diffusion coefficient; NFPMAs, non-functioning pituitary
macroadenomas.

NFPMAs and sellar meningiomas, which were identified
based on the MRI to date. In this study, we showed that
the use of both ADCmax and clinicoradiological features
had the best discrimination ability and highest sensitivity,
and correctly identified the two tumors in 96% of all
cases; therefore, this method can be applied to patients
who underwent MRI before surgery.

In our study, sex was identified to be a significant
factor in subgroup analysis. Females (82.69%) were prone
to develop meningiomas, and females accounted for 40%
of NFPMA cases, which was similar to the results reported
in previous studies (8, 22, 23). The clinical manifestations
of both tumors were similar, mainly showing reduced
vision, blurred vision, headache, and dizziness.

MRI is the main examination method for intracranial
tumors. Our present findings demonstrated significant
differences in some MRI characteristics between NFPMAs
and sellar meningiomas, which may be associated with
their pathophysiological changes. In this study, the
proportion of high signals in T2ZWI in NFPMAs was higher
compared to that in sellar meningiomas, which may
indicate that the former is more prone to hemorrhages,
cysts, and necrosis-related changes (70% in this study)
than the latter. Most sellar meningiomas showed more
obvious, uniform enhancement (78.8% in this study),
whereas most NFPMAs indicated heterogeneous,
relatively poor enhancement, which was consistent
with the results presented in previous studies (8, 24,
25, 26). We found that the proportion of NFPMAs with
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Table 3 Diagnostic performance of different parameters for differentiating non-functioning pituitary macroadenomas from

sellar meningioma.

Observed parameters AUC ACC (%) SEN (%) SPE (%) Cut off
ADCmax 0.896 (0.823-0.969) 88.7 82.7 93.3 0.97 (x1073 mm?/s)
ADCmix 0.787 (0.789-0.947) 80.4 71.2 88.9 0.86 (x1073 mm?/s)
ADCmean 0.868 (0.692-0.883) 86.6 84.6 86.7 0.89 (x1073 mm?/s)
Clinicoradiological features 0.934 (0.890-0.978) 87.5 88.5 81.7 0.3108
Clinicoradiological features and ADCmax 0.981 (0.958-1.000) 96.9 95.6 94.2 0.5103

ACC, accuracy; AUC, area under receiver operating characteristic curve; NFPMAs, nonfunctioning pituitary macroadenomas; SEN, sensitivity; SPE,

specificity.

waist signs was significantly higher compared to that
of sellar meningiomas, which may be closely associated
with the soft texture of NFPMAs. The tumor is blocked
when growing through the saddle septum, which leads
to waist signs; however, sellar meningiomas are firm in
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Figure 1

(A) ADCmax, ADCmean, and ADCmin values for differential diagnosis of
non-functioning pituitary macroadenomas and sellar meningiomas.
Compared with ADCmean and ADCmin values, ADCmax value
demonstrated a relatively high discriminating ability, with an AUC of
0.896. (B) Compared with the clinicoradiological features alone,
combining ADCmax and clinicoradiological features indicated the best
identification ability, with an improved AUC of 0.981. ADC, apparent
diffusion coefficient.

texture. Furthermore, sella enlargement, depression of
saddle, and non-visibility of the pituitary stalk and gland
were more commonly encountered in NFPMAs. Together,
these features proved the different origins and growth
patterns of the two tumors. Sellar meningiomas (except
those arising from the dura surrounding the pituitary
fossa) first grow above the saddle, then break through
the saddle septum and extend downward the saddle.
However, NFPMAs first grow in the saddle, spherically
enlarging the saddle, cause depression of saddle, and then
break through the saddle septum, thereby extending onto
the saddle. The aforementioned features showed a strong
association with the identification of these two tumors
and can be selected to be as predictive factors.

DWI has evolved as a functional MRI modality
that utilizes the changes in water molecule diffusion
motion to provide information about the tumor
microenvironment (27). No statistical differences in DWI
signals were observed between these two tumors, which
may be because there are many factors affecting the DWI
signals. These factors mainly include diffusion sensitivity
coefficient (b) and T2 penetration effect, particularly air-
tissue interface artifacts from the skull base in our study,
among others (28). ADC provides important additional
information beyond that provided by MRI (18, 29). The
main advantage of using ADC is its ability to extract
quantitative information and enable assessment of
viable cellularity (28, 30). In this study, we observed that
the ADC values were significantly higher in NFPMAs
compared to in sellar meningiomas (P < 0.001), and
ADCmax indicated a relatively higher discrimination
ability than ADCmin and ADCmean, with an AUC of
0.896 (optimal cutoff value, 0.97 x 10~ mm?/s) for
distinguishing NFPMAs from sellar meningiomas. These
findings, agreed with previously published reports (31),
and are possibly due to the wider range of ADC values in
pituitary adenomas that tend to be non-homogeneous
compared to homogeneous meningiomas. Although
low ADC values indicated restricted diffusion of water
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identified in meningiomas, some authors have reported
that the ADC of pituitary adenomas was not significantly
different from that of menigiomas (32, 33). This may be
related to the small sample size of studies reported in
the past.

After analyzing the ADC values, we found that it
may be associated with the ratio of extracellular and
intracellular gaps and the different cell types (34).
NFPMAs demonstrated fibrous tissue hyperplasia and
loosely arranged cells, sellar meningioma cells were
closely connected by intercellular cell junctions, with
increased intracellular complex protein molecules, and
intercellular areas are packed by numerous cytoplasmic
processes (34, 35). Therefore, compared with NFPMA
cells, sellar meningioma cells may have more intracellular
space and less extracellular space, thereby limiting the
diffusion of water. The reason for different ADC values
may be explained based on these histological differences.

ADCmax and clinicoradiological features together
performed better than ADCmax and clinicoradiological
features alone, resulting in an AUC of 0.981, accuracy of
96.9%, sensitivity of 95.6%, and specificity of 94.2%, and
significantly improved the identification ability between
NFPMAs and sellar meningiomas. The results showed
that ADC combined with clinicoradiological features,
as a noninvasive method, provided more diagnostic
information, thereby aiding in the accurate diagnosis of
these two tumors before surgery and help in selecting an
appropriate surgical plan.

This study has several limitations. First, sellar and
parasellar lesions tend to cause limitations in ADC value
measurement because of susceptibility artifacts, such
as air-tissue interface artifacts. Second, this is a single-
center study, and multi-center studies will be needed
to further validate the results. Finally, multimodal MRI
techniques such as perfusion-weighted imaging (PWI) and
susceptibility-weighted imaging (SWI), were not included
in this study and will have to be explored in the future.

Conclusion

In conclusion, ADCmax values and clinicoradiological
features are wuseful for distinguishing NFPMAs from
sellar meningioma. Moreover, combining ADCmax and
clinicoradiological features may further improve this
discrimination ability.
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