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Abstract

Pituitary adenomas are common sellar lesions with heterogeneous radiological, hormonal, and clinical presentations. This
study evaluated the role of dynamic contrast-enhanced MRI (DCE-MRI) in discriminating pituitary microadenomas from
macroadenomas and correlating imaging findings with serum prolactin levels and clinical manifestations. A prospective
cross-sectional study included 100 patients with suspected pituitary lesions who underwent conventional T1-weighted, T2-
weighted, DCE-MRI, delayed post-contrast MRI, and serum prolactin assessment. MRI detected abnormalities in 75% of
cases (p<0.001), including microadenomas in 44%, macroadenomas in 31%, and non-adenomatous findings in 25%.
Microadenomas predominated in females, with mild prolactin elevation in 100%, irregular menstrual cycles in 58.9%, and
mild galactorrhea in 58.9%. Macroadenomas were more common in males, with severe prolactin elevation in 72.2% and
severe galactorrhea in 48.1%. Non-adenomatous cases showed normal prolactin and absence of galactorrhea in 100%. Pre-
contrast T1-WI showed the highest signal score in non-adenomas (mean=3.0) and the lowest in macroadenomas
(mean=1.0; p<0.001). DCE-MRI demonstrated heterogeneous enhancement as the most frequent pattern (31%), followed
by hypo enhancement (22%) and homogeneous early enhancement (15%). Integrating DCE-MRI with prolactin profile and
clinical presentation may improve characterization and diagnostic stratification of pituitary adenoma subtypes.

Keywords: Pituitary adenomas, Microadenoma, Macroadenomas, Dynamic contrast-enhanced MRI, Prolactin,
Hyperprolactinemia.

1. Introduction

Pituitary adenomas are the most common intracranial tumors affecting 10-25% of the population, with
prolactinomas being the most frequent functional type [1]. Recent cross-sectional studies have reported that
the prevalence of symptomatic pituitary adenomas ranges from 7.76 per 10,000 to approximately 1 in every
1,064 individuals’ rates that are 3 to 5 times higher than previously estimated [2,3]. While most Pituitary
adenomas are histologically benign and rarely undergo malignant transformation, they often exhibit clinically
aggressive behavior due to mass effect or hormone hypersecretion or deficiency [4]. The Pituitary gland is
called "master gland" of the endocrine glands. The location of the gland is within the Sella turcica of the
sphenoid bone or the hypophyseal fossa. Despite its small size, A variety of tumors can arise within it, its
position deep within the skull base [5,6]. An essential part of the human body, the Pituitary gland, or
hypophysis cerebri, carries out essential tasks for maintaining life [7].

Pituitary glands are produced by pituitary hormone are special chemical messengers. This pituitary gland
regulates numerous bodily functions, including growth, maturation, reproduction, metabolism, stress
response, circadian rhythm, and ageing. It also contains stem cells, which are essential for cell differentiation,
turnover, and reactions to stress, disease, and physiological stimuli as well as hormone signaling. The
hormones of the Pituitary gland are protein or polypeptide in nature and vary in complexity [8]. Prolactin is a
protein hormone secreted by the acidophilic lactotroph cells of the anterior pituitary gland. Chemically,
prolactin is like a growth hormone composed of 199 amino acids and forms after a 28-amino acid signal
peptide is proteolytically cleaved from the prolactin prohormone (pre-prolactin) [9]. Hyperprolactinemia
represents one of the most frequent pituitary disorders, manifesting gender-specific clinical symptoms. In
women, it is commonly associated with irregular menstrual cycles, Galactorrhea, and hirsutism, whereas in
men it often leads to erectile dysfunction and gynecomastia. Beyond these manifestations, hyperprolactinemia
disrupts the gonadal axis, resulting in reduced libido and infertility in both sexes. Reported prevalence ranges
from approximately 0.4% in the general adult population to 9-17% among women with reproductive disorders
[10]. Microadenoma (MIA), this has a diameter <1 cm and often endocrinologically, MIA this depresses the
floor of the Sella turcica expands on the side of the gland, causing a subtle upwardly convex bulge of the gland.
While Macroadenomas (MA), this has a diameter > 1cm [11].
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Magnetic Resonance Imaging (MRI) remains the gold standard for Pit tumor evaluation, offering superior soft
tissue contrast and spatial resolution compared to Computed Tomography (€T), which allows clear
visualization of the optic chasm, optic nerves, cavernous sinuses [12]. Conventional T1-weighted image (WI),
and T2-WI sequences provide critical information on tissue characteristics, while dynamic contrast-enhanced
MRI (DCE-MRI) improves the detection of small MIA, enables differentiation of tumor subtypes, and supports
clinical decision-making [13, 14]. Despite its established role, few studies have systematically integrated MRI
findings with clinical features and hormonal profiles in a single dataset.

The present study aims to evaluate the diagnostic performance of DCE-MRI in characterizing pituitary
adenomas, with particular emphasis on its ability to differentiate MIA and MA in correlation with serum
prolactin levels and clinical presentations. By integrating imaging, hormonal, and clinical features, this research
seeks to enhance diagnostic accuracy and optimize management strategies for pituitary tumors.

2. Material and methods:

2.1. Patient selection criteria

Patients were enrolled based on predefined inclusion and exclusion criteria to ensure diagnostic accuracy and
homogeneity of study sample

2.1.1. Inclusion criteria

Patients with suspected pituitary adenoma referred for MRI and hormonal testing. Patients aged 20 to 45
years who presented with clinical features suggestive of pituitary dysfunction, such as persistent headache,
visual disturbance, menstrual irregularities, or Galactorrhea, were included. All enrolled patients underwent
dynamic contrast-enhanced MRI of the pituitary gland and serum prolactin measurement within the same
diagnostic session. Only patients with complete clinical, imaging, and laboratory records were considered
eligible.

2.1.2. Exclusion criteria

Patients with a history of previous pituitary surgery, cranial radiotherapy, or those with contraindications to
MRI or gadolinium-based contrast agents were excluded. Additional exclusion factors included pregnancy,
known renal impairment, and incomplete imaging or hormonal data.

2.2. Sample Size Calculation and Power Analysis

A total of 100 patients, the final population was categorized into two groups: a control group (n = 25), and
pituitary adenoma group (n = 75), ensuring appropriate representation of both microadenoma (MIA) and
macroadenomas (MA) patient data were anonymized, and the study was conducted in accordance with
institutional ethical guidelines. Sample size estimation was performed using G*power software version 3.1.9.7.
A priori power analysis was conducted by the parameters for an independent sample t — test, assuming a
medium effect size (Cohen’s d — 0.5), a significance @ = 0.05, and a power of 80% (1 — 5 = 0.80), the group
allocation ratio was set at 3:1 to reflect the expected prevalence abnormal to normal cases [15]. According to
these parameters, the minimum required total sample size was calculated to be 64 participants, with 48 in the
abnormal group and 16 in the control group. To enhance statistical validity, accumulation subgroup analyses
(MIA vs. MA- Pituitary adenomas), and mitigate potential data loss due to missing values, the final sample size
was increased to 100 patients. The effect size was estimated using the formula [16].

Cohen'sd = |ul;u2| (1)

Where: pl and p2 represent the expected means of the two groups and G represents the standard
deviation.

2.3. Data Collection

The prospective cross-sectional study, at Marjan Medical City Hospital, Babylon, Iraqg, from September 2024 to
May 2026. The study population included 100 patients with clinical and radiological suspicion of Pituitary
adenomas, referred to neuroimaging evaluation. All patients were referred from the Endocrinology and
Neurology outpatient clinics to the Radiology Department for an MRI Unite examination of suspected pituitary
disease. Following formal commencement and ethical approval. Following imaging, patients were sent to their
respective specialist clinics for further clinical care. Demographic and clinical data were collected by structured
face-to-face interviews with a standardized questionnaire and a pre-designed coding sheet. The data collected
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were age, gender, weight, height, body mass index (BMI), WHO-based BMI classification, and pertinent clinical
complaints such as Galactorrhea, headache, menstrual irregularities, and visual problems. Blood samples were
collected during scheduled appointments, and serum prolactin levels were tested in the early morning before
breakfast to ensure hormonal consistency.

3.3.1 Anthropometric Data

Body Mass Index (BMI) is a widely accepted anthropometric measure used to screen for macro-nutritional
status, including undernutrition, normal weight, and overnutrition. BMI was calculated for all participants
using formula [17]:

BMI = % (2)

Where: W in kg represents to the weight of the body humans and (H) is the height of the body humans in
meters.

According to the WHO, BMI is categorized as follows: underweight (< 18.5 kg/m?), normal
(18.5 — 24.9 kg/m?), overweight (25.0 — 29.9 kg /m?), and obese (= 30.0 kg/m?). Obesity may be further
subclassified into Class | (30.0 — 34.9), Class Il (35.0 — 39.9), and Class lll (= 40.0) based on severity [18].

2.4. Hormonal Stratification of Serum Prolactin Levels in Females and Males

Prolactin is a polypeptide hormone primarily released by the anterior pituitary gland that regulates lactation
and other reproductive activities. Its secretion is principally regulated by hypothalamic dopamine, which has a
tonic inhibiting effect. Several physiological factors influence prolactin levels, such as stress, pregnancy, and
sleep [19]. Dysregulation of dopaminergic pathways is thought to be a major contributor to
hyperprolactinemia. Serum prolactin levels are an important factor in diagnosing pituitary illnesses such as
prolactinomas, pituitary microadenomas, and macroadenomas [20]. Given the physiological differences in
prolactin concentrations between males and females, gender-specific reference ranges are essential to ensure
diagnostic accuracy and proper classification of Hyperprolactinemia [21]. This study used stratified hormonal
analysis to allow for more reliable associations between prolactin levels and pituitary disease.

2.4.1. Females-Prolactin Stratification

For females, the normal range was defined as 4.8 — 23.3 ng/mL. Prolactin levels were categorized into four
levels; normal; < 25ng/MI, mild elevation; 25 —100ng/mL, moderate elevation100 — 250ng/mL, and
severe elevation > 250ng/mL, based on gender-specific thresholds [19, 22]. This classification facilitated
improved interpretation of prolactin dynamics among female participants and enabled accurate stratification
based on clinical-radiological correlations.

2.4.2. Males-Prolactin Stratification

In males, the physiological range for serum prolactin was considered lower than in females, typically between
4.0 —15.2 ng/mL. Accordingly, male prolactin levels were categorized into; normal < 20ng/mL, mild
elevation 20 — 80 ng/mL, moderate elevation 80 — 200 ng /mlL, and severe elevation > 200 ng/mL [19].
This stratification was essential for identifying clinically significant hyperprolactinemia and its association with
male pituitary adenomas and non-adenomatous lesions.

2.5. Clinical Variables Assessed

2.5.1. Menstrual Disturbance Classification in Female Patients

As part of the clinical data collection process, female patients were evaluated for menstrual irregularities,
which represent a common clinical manifestation of pituitary adenomas, particularly those associated with
hyperprolactinemia. [20]. Menstrual patterns were systematically classified into four clinically recognized
categories; regular cycle (normal), irregular cycle (Oligomenorrhea), amenorrhea = 3 months (secondary
amenorrhea and never had menses (primary amenorrhea) [22, 23]. This classification was based on standard
endocrinologically definitions and was recorded at the time of clinical presentation. The categorization was
utilized to correlate the type of menstrual disturbance with tumor type (microadenoma, macroadenomas, or
non-adenoma), prolactin level, and MRI findings.
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2.5.2. Galactorrhea R L
Galactorrhea is defined as the inappropriate secretion of breast milk in individuals whe are neither postpartum
nor breastfeeding, and it is most associated with elevated serum prolactin levels [24]. This.condition is strongly
linked to pituitary tumors, particularly prolactin-secreting adenomas, and its severity often reflects the degree
of hormonal disturbance [25]. In this study, Galactorrhea was classified into four categories; no Galactorrhea,
mild (+), moderate (++), and sever (+++), providing a standardized clinical assessment tool for correlating
prolactin levels and tumor characteristics [26]. This classification is widely used in clinical practice to evaluate
symptoms severity and guide diagnostic interpretation [24,25,26].

2.5.3. Visual Symptoms

Visual disturbances were evaluated as part of the clinical assessment due to their strong association with
pituitary adenomas, particularly in macroadenomas that extend to the suprasellar region and compress the
optic chiasm. In this study, visual symptoms were classified into two categories; yes (presence of any visual
disturbance) and no (absence of visual symptoms). The assessment was based on patient history and
ophthalmological evaluation, including visual acuity and field testing when indicated [27, 28]. Documenting
visual symptoms provides a crucial clinical marker for tumor size and extension, as numerous studies have
demonstrated that visual field defects such as bitemporal hemianopia are among the earliest and most
significant indicators of optic pathway involvement in pituitary adenomas [24, 26].

2.5.4. Headache

Headache is a common presenting symptom in patients with pituitary adenomas and is often reported as an
early clinical manifestation before hormonal or visual disturbances develop. Its pathogenesis is mainly
attributed to local mass compression effect on optic Chiasm, and in some mass’s foe central and suprasellar
[29]. Clinical variables were extracted from patient records and coded for statistical analysis, headache was
recorded as a binary variable; yes = 1, no = 2. Clinical studies have demonstrated that the severity of headache
correlates more strongly with tumor expansion rather than hormonal activity, and macroadenomas are
frequently associated with persistent headache compared to microadenomas [30]. In this study, headache was
assessed as a binary variable and categorized into yes (presence of headache) or no (absence of headache)
during initial clinical evaluation [28].

2.5. MRI Technical Considerations

2.5.1. Principle of MRI

The basic principles of MRI depend on the fact that the nuclei of certain elements align with the magnetic
force when depend in a strong magnetic field. At the field strengths currently used in medical imaging,
hydrogen nuclei (protons) in water molecules and lipids are responsible for at the resonant frequency of
hydrogen is applied, a proportion of the protons change alignment, flipping through a present angle, and
rotate in phase with one another [31]. MRI is a non-invasive diagnostic modality that utilizes strong magnetic
fields and radiofrequency (RF) pulses to generate high-resolution images based on proton relaxation
properties within tissues [32]. Following the radiofrequency pulse, the protons return (realign) to their original
positions. As the protons realign (relax), they induce a signal which, although very weak, can be detected and
localized by copper coils placed around the patient [31]. An image representing the distribution of hydrogen
protons can be built up [31]. The various types of signals obtained are labeled as T1, T2 relaxation signals, the
magnetic resonance signals have specific tissue characteristics. These are analyzed by a computer and
reconstructed mathematically by a process known as " Fourier transformation" into sectional images of the
human body, T1- WI, Proton density, and T2-WI [33].This technique provides superior soft tissue contrast,
making it the gold standard for pituitary gland evaluation due to its ability to differentiate normal gland tissue
from adenomas and assess adjacent neurovascular structures [34].

2.5.2. MRI Protocols

MRI protocol refers to a predefined set of imaging parameters and sequences selected to optimize image
quality for a specific anatomical region or clinical indication [32]. All imaging was performed using a Philips 1.5
Tesla MRI closed system (Philips Medical System, Best, The Netherlands) equipped with a dedicated head coil.
2.5.2.1. MRI Parameters (Acquisition Settings)

There are many factors available to the technologist when setting up a sequence. The appropriate selection of
the parameters determines the weighting, improved quality of images and sensitivity to pathology. Flip angle.
Repetition Time (TR). Echo Time (TE). Slice thickness, to give slice a thickness, a band nucleus must be excited
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by the excitation pulse. Increase of slice thickness, increase SNR, coverage of-anatomy and.partial volume
whereas spatial resolution is decrease [33]. Spacing is the gap between two slices. When acquiring a
multiplanar, single acquisition, spacing controls crosstalk. As spacing increases, crosstalk decreases [33]. Matrix
Size. Field of view, more commonly known by the abbreviation FOV. This is the area being imaged and may be
symmetrical or rectangular the FOV is related to the amplitude of the phase (Gp) and frequency (Gr) gradients
as follows;
¥ Gz = BW/FOV (3)
VGP tp =0.5 NP/FOV (4)
Where BW, Npand tp are the receiver bandwidth, phase encoding matrix and the duration of the phase
encoding gradient respectively [21]. Small FOV produces high resolution, low Signal to noise ratio (SNR), and
increases the minimum TE value = SAT pulses decrease the number of slices in an acquisition [33]. Flip angle,
the resulting orientation, @ degrees of the net magnetization with respect to the Bo field, following the
application of an RF excitation pulse [35]. It is given by formula
a=vyB;t (5)
Where B; and t is the strength and duration of the RF pulse respectively, and ¥ is the gyromagnetic ratio.
Repetition Time (TR) controls the amount of longitudinal magnetization (LM) that recovers before the next
RF excitation pulse is applied. A long TR allows full recovery of LM so that more is available to be flipped into
the transverse plane in the next TR. Echo Time (TE), the amount of cohort transverse magnetization (TM) that
decays before an echo is collected. A long TE allows considerable decay of cohort TM before the echo is
collected, while a short TE does not. Matrix Size refers to the number of pixels in the frequency-encoding and
phase-encoding directions of an MR image. It determines the spatial resolution by defining how many discrete
samples are collected along each axis of the [36].

2.5.2.2. MRI Sequences and Dynamic Contrast Studies

A. Dynamic Contrast-Enhanced MRI (DCE-MRI) Protocol and Rationale in This Study
In this study, the dynamic contrast-enhanced MRI technique was utilized to evaluate pituitary gland
lesions by assessing enhancement signal patterns rather than performing pharmacokinetic or time—
intensity curve (TIC) analysis. Dynamic, the repeated acquisition of images at the same slice location
[35]. The primary aim was to categorize enhancement into clinically relevant qualitative patterns,
which is considered a reliable and widely accepted approach in pituitary imaging when early
enhancement behavior is the diagnostic focus. Dynamic imaging was performed immediately after
intravenous injection of gadolinium-based contrast material using an automated power injector to
ensure standardized delivery. Sequential T1-WI (DCE-MRI) images were acquired rapidly in the
coronal section to capture early arterial and venous phases within the first 90 seconds after injection.
The enhancement patterns were visually assessed and classified into predefined categories: (Hypo
enhancing, early heterogeneous enhancement, homogeneous early enhancement, small, delayed
enhancement, focal delayed enhancement, normal physiological enhancement). Enhancement, an
increase in signal intensity (usually) caused by the administration of contrast agents. It may also refer
to increasing the signal of low sensitivity nuclei by the process of hyperpolarization [35]. The decision
not to perform TIC analysis or calculate pharmacokinetic parameters (such as Ktrans or Kep) was
based on the study objective, which focused on correlating enhancement signal patterns with body
mass index (BMI) classifications and clinical variables (e.g., Galactorrhea, prolactin level). Qualitative
pattern analysis provides practical diagnostic value in routine clinical practice and remains the
standard in many institutions for pituitary imaging [31].
B. Contrast Agents (Gd-DTPA)

A substance an "exogenous chemical agent", which is used to alter the signal properties within the
image. Most contrast agents usually shorten relaxation times, but spin-density agents also exist. The
paramagnetic types cause a T1 shortening enhancement effect. The most common paramagnetic
agents are the extracellular gadolinium-based agents. It consists of a gadolinium ion chelated to three
diethylenetriamine pentaacetic acid (DTPA) producing a linear ionic complex with a -2 charge. This is
chemically balanced with two meglumine charges. The resulting agent is called dimeglumine
gadopentetate and is marketed commercially as Magnevist [35]. These agents improve lesion
detection and characterization by highlighting abnormal vascularity. A gadolinium-based contrast
agent single dose, (0.1 mmol/kg body weight) was injected at a rate of 2 mL/s, followed by a 10 mL
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saline flush to ensure complete bolus administration. Dynamic images.were acquired immediately
after injection at 10-12-second intervals for 60-90 seconds to capture the early enhancement kinetics
of the pituitary gland. %

C. Conventional Sequences pre-contrast for the Pituitary Gland
They are essential for structural imaging and include T1-WI-Spin Echo (SE), sagittal and coronal thin
slice section, T2-WI-Turbo Spine Echo (TSE), sagittal and coronal thin slice section. TSE, and SE
sequences are commonly used to reduce scan times while preserving image quality [36]. These
sequences provide excellent soft-tissue contrast, enabling accurate visualization of pituitary anatomy
and pathology [37]. In this study, used T2-WI-axial section or T2-FLAIR-axial section of the brain to
demonstrate all the brain tissues pathological and anatomical.

D. Additional Delay post-contrast imaging Protocol for the Pituitary Gland
Following the initial dynamic contrast-enhanced T1-weighted acquisition, delayed imaging was
performed to improve the detection of subtle or slow-enhancing pituitary lesions. Delayed sagittal
and coronal T1-WI-SE sequences were obtained 3 to 5 minutes after contrast injection, using identical
plane orientation and imaging parameters as the baseline pre-contrast scans. This delay interval aids
in differentiating true pathological enhancement from physiological pituitary tissue, especially helpful
in identifying microadenomas that display delayed uptake. Enhancement patterns were visually
classified into three categories: (small, delayed enhancement, focal delayed enhancement, normal
physiological enhancement). These patterns were determined qualitatively, based on the distribution
and degree of signal relative to the surrounding gland tissue [38].

2.5.3. Patient positioning and Equipment for Examination

All patients were positioned supine on the MRI table with the headfirst into the scanner bore, using a
dedicated head coil to ensure optimal signal-to—noise ratio and image quality. The head was aligned in the
mid-sagittal plane, and foam pads were applied to minimize motion artifacts. Clear instructions were given to
patients to remain still and avoid swallowing during acquisition [39]. For dynamic contrast-enhanced study, an
automatic power injector (Medrad Spectris, Bayer Healthcare) was used for standardized contrast delivery
[40].

2.5.4. Imaging planes

In this study, imaging of the brain used T2-WI-axial section or T2-FLAIR-axial section. Accurate planning of
imaging planes is essential for optimal visualization of the pituitary gland and surrounding structures. In this
study, two primary imaging planes were used: sagittal and coronal. Sagittal planning was performed based on
axial reference images, with slice alignment parallel to the falx cerebri in both sagittal and coronal directions.
The coverage extended from the floor of the sphenoid sinus to the genus of the corpus callosum (superior to
inferior), laterally to include both cavernous sinuses, and anteroposterior from the ventral aspect of the pons
to the anterior clinoid process. This plane allowed for optimal assessment of: (elevation or displacement of the
optic chasm by Sellar or suprasellar masses, Invasion of the lesion into the sphenoid sinus, carotid siphon, or
brainstem, Visualization of the pituitary stalk (infundibulum) and posterior pituitary, Bony changes of the Sella
turcica, including expansion or erosion) [41]. Two controls determine tissue contrast TR (repetition time), and
TE (time echo) of the scan. Spacing or inter-slice gap is the small space between two adjacent slices and can be
measured by millimeters. It provides method to compensate for imperfect RF excitation pulse. Inter-slice gap
allows the technologist to control the size of the imaging volume by increasing and decreasing space in
between slices. There is a close relationship between the field of view (FOV) and the signal-to-noise ratio
(SNR). When the matrix size is kept constant, the FOV determines the pixel size. Pixel size in the frequency-
encoding direction is calculated by dividing the FOV in millimeters by the number of points in the frequency-
encoding direction, while in the phase-encoding direction it is obtained by dividing the FOV by the number of
points in the phase-encoding direction. Another limiting factor is the scan time, which increases directly with
matrix size and represents a key determinant of the economic efficiency of MRI systems. Scan time can be
calculated using the following equation: Scan time = TR x number of phase-encoding steps x number of signal
averages (NSA) [echo train length (ETL)] [42]. Spin-Echo (SE), a classic sequence where a 90° pulse is followed
by a 180° refocusing pulse to produce a clean echo. When timed for T, recovery, it generates a T,-weighted
image (WI). Regarded as foundational for generating accurate tissue contrast based on T, relaxation. Turbo
(Fast) Spin-Echo (TSE/FSE), an advanced variation of spin-Echo where multiple 180° pulses generate a train of
echoes. Each echo fills a different line of k-space within a single TR, significantly shortening scan time. When
configured with a longer effective TE, the sequence emphasizes T, contrast image thus yielding T,-WI-TSE [36].
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Table (1): Practical Protocol for the Pituitary Gland K
Study part Sequence Slice TR TE FOV Slice . Gap Matrix
orientation (ms) | (ms) (mm) Thickne | (mm) size
ss
(mm)
Brain T2-WI-TSE Axial 681 | 110 | 230*230 5 0.5 256*25
Screening T2-FLAIR Axial 6 120 | 230*230 5 0.5 6
900 256*25
0 6
T1-WI-SE Sagittal 550 15 23*20.7 3 0.1 256*25
Pituitary T1-WI-SE Coronal 550 15 23%20.7 3 0.1 6
Protocol T2-WI-TSE Sagittal 300 120 23*20.7 3 0.1 256%*25
T2-WI-TSE Coronal 0 120 23*20.7 3 0.1 6
300 256*25
0 6
256*25
6
Dynamic T1-WI-=Dynamic Coronal 4.3 1.8 | 230*230 2.5 0 256%*25
Study during injection 6
Gd
Delayed T1-WI-SE (3min Sagittal 550 15 23*20.7 3 0.1 256%*25
post- Post Gd) 550 15 23*20.7 3 0.1 6
contrast T1-WI-SE (5 min 256%25
Post Gd) Coronal 6

2.6. Statistical Analysis

2.6.1. Software Description (Statistical Package for the Social Science SPSS)
SPSS is a comprehensive software package designed for statistical analysis in social science, healthcare, and
research fields. It provides tools for data management, descriptive statistics, inferential analysis, hypothesis
testing, regression modeling, and advanced analytics. SPSS also offers options for creating tables, and charts.
The software interface includes features such as data view and variable view. Continuous variables were
presented as mean tstandard deviation, while categorical variables were expressed as frequencies and
percentages [43].

2.6.2. Hypothesis Testing and Significance Level (a)

A two-tailed hypothesis test was applied with a significance level of a = 0.05. The null hypothesis (H,) assumed
no significant difference between the compared groups, while the alternative hypothesis (H;) indicated a

significant difference. Fig (1) illustrates the standard normal distribution with rejection regions at iZ(%),

which defines the critical cutoff points for statistical decision making [44].
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Fig (1): Standard Normal Distribution Illustrating Rejections at Significance Level a = 0.05 for two-tailed
hypothesis testing

2.6.3. P-value

The P-value is a fundamental concept in statistical hypothesis testing that reflects the strength of evidence
against the null hypothesis (Hp). It represents the probability of obtaining test statistics at least as extreme as
the observed value, assuming the (Hp). is true. A small P-value (typically < 0.05) suggests that the observed
data are unlikely under the (Hy), leading to its rejection in favor of the alternative hypothesis. Interpretation
Criteria. (P< 0.05) Reject Hj, statistically significant result, while (P > 0.05) fail to reject H, not statistically
significant. Mathematical representation for two, one -tailed tests respectively [44].

P —value =2 X P (Z = |Z Observed | (6)

P —value = P (Z = |Z Observed | (7)

Where; Z is the test statistic assuming the null hypothesis, Z Observed is the calculated statics from the
sample.

However, the P-value does not indicate the magnitude or clinical relevance of an effect; it only determines
whether the result is statistically significant. Its interpretation should account for study design, sample size,
and potential biases. Very small P-values may arise from trivial differences in large samples, while meaningful
effects may fail to reach statistical significance in small samples. Therefore, P-values should be interpreted
alongside confidence intervals, effect sizes, and subject-matter expertise. Importantly, statistical significance
does not imply clinical or practical importance, emphasizing the need for a holistic evaluation of the findings
[45].

P = P(X* = Xopserveq) From chi — square distribution with df  (8)

2.6.4. Statistical Analysis of Diagnostic Performance Metrics

The diagnostic performance of MRI for the detection of pituitary adenomas was assessed by calculating
sensitivity, specificity, and overall accuracy using standard formulas. The definitions of diagnostic accuracy
measures, including sensitivity refer to the ability of a test to correctly identify patients with the disease (true
positive TP), whereas specificity indicates the ability to correctly identify those without the disease (true
negative TN). Accuracy reflects the overall proportion of correctly classified cases (both true positives and true
negatives) among the total examined [46]. All calculations were based on a 2 X 2 contingency table (confusion
matrix) comparing MRI findings with the reference standard (serum prolactin level) [47, 48].

Sensitipity — True Positive (TP) 100
NSV = True Positive (TP) + False Negatives (FN)
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True Negatives (TN) -

X 100

Specificity (%) =
pecificity (%) True Negatives (TN) + False Positives (FP

True Positives (TP) + True Negatives (TN)
TP+ TN +FP+FN
Where TP refers to cases correctly identified as abnormal by MRI, TN refers to correctly identified normal

cases, FP represents false positives, and FN represents false negatives. All statistical computations were
performed manually and validated using SPSS software [46]. Results were expressed as percentages.

x 100

Accuracy (%) =

Table (2): Demographic Characteristic of the Study Population by Gender (Age & Weight Distribution, n=100)

mean * Std. Deviation Number of cases
Gender Age means (years) Weight (Kg)
Male 39.3+5.69 79.03 + 10.04 27
Female 30.16 £ 6.09 72.52 +10.99 73
Total mean 32.6417.22 74.28+11.08 100
Overall Cases% 100.0%

Table 2 presents, the demographic distribution of the study population (n = 100) categorized by gender,
including age and weight. Most of the participants were female (73%), while male participants accounted for
27% of the total cases. The mean age of males (39.3 + 5.69 years) was notably higher than that of females
(30.16 £ 6.09 years), which may reflect differences in referral patterns or hormonal-related disease prevalence
[49, 50]. The average weight was also slightly higher among males (79.03 + 10.04 kg) compared to females
(72.52 + 10.99 kg), aligning with expected gender-based physiological differences. [51].

Table (3): Anthropometric Analysis of BMI Categories According to WHO Standards: Correlation with Mean
Height and Distribution in a Clinical Population (n=100).

Classification BMI mean * Std. Deviation Number of cases
according to WHO Height mean (m) BMI (kg/m?)
Normal 1.67 £ 0.062 22.56 +0.86 36
Overweight 1.69 + 0.069 27.54 +1.88 44
Obesity classification | 1.67 £ 0.036 31.15+0.90 13
Obesity classification 1.55+0.014 35.01+0.64 7
Il
Total 1.67 £ 0.06 26.74 £ 3.99 100
Overall Cases% 100%

Table 3 classifies the population according to WHO BMI standards, correlating with mean height and BMI
values. The highest proportion of cases fell under the overweight category (44%), followed by normal BMI
(36%), while obesity classes | and Il represented 13% and 7%, respectively. This distribution indicates a
predominance of increased body mass within the study group, which is important to consider when analyzing
hormonal or pituitary-related pathologies. Previous research has shown that obesity is associated with altered
pituitary function and increased prolactin levels, potentially due to changes in dopaminergic tone and adipose
tissue hormone interactions [18, 52].

Table 4 The results show that most cases (75%) were classified as having abnormal MRI findings, with a
significantly lower mean diagnostic score (1.42 * 0.52). In contrast, only 25% of cases were classified as
normal, exhibiting a higher mean score (2.96 + 0.20). The statistical significance (p < 0.001) indicates a strong
association between abnormal imaging results and adenomatous pituitary pathology. These findings support
the diagnostic value of MRI in detecting subtle anatomical alterations in the pituitary gland, particularly in
patients with suspected adenomas [31, 53, 54, 55].

Table (4): Comparison of MRI-Based Diagnostic Scores of the Pituitary Gland Between Normal and Abnormal
Cases by One-way ANOVA.

Tumor Type MRI Diagnostic Mean + Std. Number of P-value
Category Deviation cases
Non-adenomas Normal MRI 2.96 +0.20 25
22
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Total 1.81+0.81 100
Overall Cases% 100%

Fig 2 In this study, the MRI-based classification revealed that 75% of the cases exhibited abnormal pituitary
findings, with a calculated mean = 1.75 + 0.43. The remaining 25% were categorized as normal (mean = 1.25 +
0.43). Statistical analysis showed a significant difference between the groups with a p-value < 0.001, indicating
a strong association between abnormal imaging findings and suspected pituitary pathology. These findings
highlight the sensitivity of MRI in detecting subtle structural abnormalities of the pituitary gland, including
Pituitary adenomas [55, 56].
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Fig (2): Distribution of Pituitary MRI Findings Showing Normal and Abnormal Classifications Among Patients.

Table 5 The MRI-based classification revealed that pituitary adenomas constituted most cases, with MIA at
44%nd MA at 31%, while non-adenomatous lesions accounted for only 25%. The significant p-value (p < 0.001)
underscores the predominance of adenomatous tumors in the studied population. This distribution reflects
global epidemiological trends, where Pituitary adenomas are the most frequently encountered pituitary

lesions on imaging [19, 571].

Table (5): Proportional Distribution of Pituitary Tumor Subtypes Identified on MRI in the Study Population

Types of Tumors Frequency Percent Cumulative Percent P-value
Microadenoma 44 44.0% 44.0%
Macroadenomas 31 31.0% 75.0% <0.001**
Non-adenomas 25 25.0% 100%
Total 100 100%

Table 6 The highest mean gender code was observed in microadenomas (1.98 + 0.151), indicating a
predominant female prevalence approximately (95.5%). In contrast, MA had a significantly lower mean (1.42 +

0.502), reflecting a higher male representation approximately (58%). The p-value (< 0.001) denotes a
23
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statistically significant gender-based variation across tumor subtypes. These findings ar

in females, whereas macroadenomas have a higher prevalence among males due to delayed diagnosis and
increased tumor growth before detection [18, 58].

Table (6): Comparison of Gender Distribution (coded:1=Male, 2= Female) Across Pituitary Tumor Subtypes
Using ANOVA*

nsistent with
existing literature indicating that microadenomas, particularly prolactinomas, are more frequently diagnose

Types of Tumors mean = Std. Deviation Number of P-value
cases
Gender Microadenoma 1.98 + 0.151 44
for all Macroadenomas 1.42 + 0.502 31 < 0.001 ==
Non-adenomas 1.68 + 0.476 25
Total 1.73 + 0.446 100
Overall Cases% 100%

Fig 3 Microadenomas display a sharp female dominance (95.5%), whereas macroadenomas show a relatively
balanced distribution (male 58%, female 41.9%). Non-adenomatous lesions lean slightly toward female
predominance (68% vs. 32%). The visual pattern reinforces the statistical outcome of ANOVA and highlights
gender disparities in pituitary pathology presentation and detection timing [59, 60].
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Fig (3): Stacked Bar Chart Representing Gender Distribution (Male and Female) Among Different Pituitary
Tumor Types.

Table 7 The findings show that patients with macroadenomas had the highest mean age (39.25 * 5.69 years),
followed by non-adenoma cases (29.92+ 7.40 years) and MIA (29.50 + 4.60 years). The statistical significance
(p< 0.001) indicates a meaningful age-related distribution among tumor types, with MA more prevalent in
older individuals. This age disparity suggests a potential progressive nature of adenoma growth or delayed
detection in MA cases, which has been previously highlighted in endocrinological literature [61].

Table (7): Comparison of Mean Age (Years) Among Pituitary Tumor Subtypes Using ANOVA
Types of Tumors Mean Age + Std. Deviation (Years) Number of P-value
cases
All Age Microadenoma 2950 + 4.60 44
(years) Macroadenomas 39.25 + 5.69 31
Non-adenomas 2992 + 740 25 < 0.001 ==
Total 32.64 + 7.228 100
Overall Cases% 100%
24
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Fig 4 illustrates the distribution of mean ages with standard deviations (black‘ba\rs) across tumor types and P
their respective case percentages. The visual clearly reflects the older avel:aTg-e\ age associated with
macroadenomas, reinforcing the statistical output from Table 7. The cIustering""bf\ younger ages in
microadenoma and non-adenoma groups supports the theory that smaller or non-adenomatous pituitary
changes are detected earlier, especially in symptomatic individuals or during incidental imaging [62].

Maan Age * 5D vs Percentage of Cases

® Microadenoma
® Macroadenoms
® Nonadenoma

o Black Ling = = SO

Mean Age (Years)

14

10 20 0 40 S0
Percentage of Cases | %)

Fig (4): Scatter Plot lllustrating the Relation Between Mean Age (+ Std. Deviation) and Percentage Distribution
of cases Across Different Pituitary Tumor Subtypes (Microadenoma, Macroadenomas, Non-adenomas).

Table 8 demonstrates that visual disturbances were most prevalent among patients with macroadenomas,
who had the lowest mean visual disturbance scores (1.13 + 0.34), compared to those with MIA and non-
adenomatous lesions (2.00 + 0.00 for both groups). The statistically significant difference (p < 0.001) highlights
the greater propensity for MA to compress the optic chasm or adjacent visual pathways, leading to more
severe visual dysfunction [63, 64].

Table (8): Distribution of Visual Disturbances Scores Among Pituitary Tumor Subtypes with Statistical
Significance

Types of Tumors mean * Std. Deviation Number of cases P-value
Microadenoma 2.00+£0.00 44
Vision Macroadenomas 1.13+0.34 31 <0.001**
Disturbance Non-adenomas 2.00 £ 0.00 25
Status Total mean 1.73£0.44 100
Overall Cases% 100%

Fig 5 graphically reinforces the tabulated data, showing that patients with MA had markedly lower mean visual
disturbance scores compared to microadenomas and non-adenomatous lesions. The visual gap between
groups further underscores the statistically significant findings (p < 0.001) and the clinical relevance of tumor
size and extension in predicting visual outcomes [65, 66, 67].
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Fig (5): Lollipop Chart Depicting Mean Visual Disturbance Scores (+ Std. Deviation) Across Pituitary Tumor
Subtypes

Table 9 highest prolactin elevation macroadenomas findings, among the 18 male patients diagnosed with
macroadenomas, 13 (72.2%) exhibited severe prolactin elevation, while 5 (27.8%) had moderate elevation.
This aligns with current evidence that MA, particularly prolactinomas, often result in compression of the
pituitary stalk or directly secrete prolactin, causing hyperprolactinemia. Studies confirm that macroadenomas
cause increased prolactin levels by disrupting dopamine inhibition from the hypothalamus [19]. Such elevation
often serves as a biochemical hallmark of functional macroadenomas, aiding early diagnosis and monitoring of
treatment response. In contrast, non-adenomatous tumors presented an entirely different hormonal behavior,
with 100% (8/8) of cases having normal prolactin levels. This suggests that these tumors are either non-
secretory in nature or do not interfere with the hypothalamic—pituitary axis significantly, reaffirming their
classification as non-functional lesions [64]. MIA, surprisingly, were underrepresented in this cohort, with only
one case identified, yet it showed severe elevation, implying that even small tumors may exhibit secretory
potential in certain contexts. However, their minimal presence limits statistical conclusions. Overall, the data
strongly support the clinical utility of prolactin measurement as a differentiating tool between functional and
non-functional pituitary lesions in male patients. Elevated prolactin, particularly at severe levels, should raise
suspicion for MA, whereas normal levels are more suggestive of non-adenomatous tumors [28].

Table (9): Crosstabulation of Prolactin Levels and Pituitary Tumor Types in Male Patients (Chi-Square Test)

Hormone(ng/mL) Prolactin Level for Male Asymptoti
Tumor type of _ Total C
the Pituitary Normal Mild Moderate Severe cases | Significan
Prolactin elevated elevated elevated ce
(2 sided)
Microadenoma 0 1 0 0 1
Macroadenomas 0 0 5 13 18 P<0.001*
<0.
Non-adenomas 8 0 0 0 8 N
Total 8 1 5 13 27

Fig 6 illustrates the distribution of serum prolactin levels among male patients with pituitary tumors. The
highest proportion of patients (48.1%) exhibited severe prolactin elevation, which corresponds to the majority
of macroadenomas cases, indicating a strong functional profile and hormonal activity. Moderate elevation
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accounted for 18.5%, also aligning with macroadenomas, supporting the hypo?hesi_is tHEf'éven_m_;he_absence
of extreme hyperprolactinemia, macroadenomas remain a major cause of hornﬁ\orgl disturbance. Normal
prolactin levels were seen in 29.6% of patients, which corresponds almost entirely to non-adenomatous
lesions, reaffirming their non-functional behavior. Only 3.7% of the patients showed mild elevation, suggesting
that mild increases are rare and may be incidental or represent early-stage dysfunction.
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Fig (6): Stacked Bar Chart Depicting the Distribution of Prolactin Hormonal Levels Across Pituitary Tumor Types
in Male Patients

Table 10 demonstrates a significant association between prolactin levels and pituitary tumor types in females
(p < 0.001). All MIA cases (43/43, 100%) showed mild prolactin elevation, reflecting their typical presentation
as prolactin-secreting tumors in women, often detected early due to reproductive symptoms. In contrast,
macroadenomas showed moderate to severe elevations (100% of cases), with 61.5% exhibiting severe levels
indicating greater tumor burden and higher secretory activity. Non-adenomatous tumors, comprising 23.3% of
cases, showed 100% normal prolactin levels, confirming their non-functional nature .These findings emphasize
the role of serum prolactin as a non-invasive tool to distinguish tumor behavior in female patients [51].

Table (10): Association Between Prolactin Levels and Pituitary Tumor Types in Female Patients:
Crosstabulation with- (Chi-Square Tests, n=73)

Hormone Prolactin Level for Female Asymptoti
Tumor type of . Total c
the Pituitary Normal Mild Moderate Severe cases Significan
Prolactin elevated elevated elevated ce
(2 sided)
Microadenoma 0 43 0 0 43
Macroadenoma 0 0 5 8 13
. P<0.001*
*
Non-adenomas 17 0 0 0 17
Total 17 43 5 8 73

Fig 7 displays the distribution of pituitary tumor types among female patients according to serum prolactin
levels. The data reveals that 58.9% of cases fall under mild elevation, reflecting the dominance of
microprolactinomas, which are often detected early due to menstrual or reproductive disturbances.
Meanwhile, 23.3% showed normal prolactin levels corresponding to non-functioning tumors while only 11.0%
had severe elevation, most likely due to macroadenomas. This hormonal pattern underscores the clinical
relevance of prolactin screening in females, where mild elevations are diagnostic for functional MIA, often
responsive to medical therapy [68].

27

Adolescencia e Saude, vol. 21, No.3, p. 14-55



58.9%

k)
@
§ B normal
w25
5 B Mid Elavated
% B Moderate Elevated
‘E’ 24 W Severe Elevated
3

15

-

Mild Edgvated Moderate Elovated Severe Elevated
Profactin Leyel

Fig (7): Distribution of Pituitary Tumor Types According to Prolactin Levels in Female Patients

Figs 8 presents comparative donut charts illustrating the proportional distribution of pituitary tumor types
among male and female patients with hyperprolactinemia. In male patients 8A, macroadenomas were the
predominant type, accounting for 66.7%, followed by non-adenomas (29.6%) and a minimal presence of
microadenomas (3.7%). This suggests that men tend to present with larger, more invasive tumors likely due to
delayed diagnosis or asymptomatic progression in early stages in contrast, female patients 8B, showed a
predominance of microadenomas (58.9%), with macroadenomas at 17.8% and non-adenomatous tumors
comprising 23.3%. This gender-specific distribution reflects earlier detection in women due to reproductive
symptoms and routine hormonal evaluation. These patterns support the concept that tumor type and size are
influenced by biological sex, hormonal sensitivity, and symptom-driven diagnosis, aligning with global
epidemiological trends in pituitary adenomas [62, 69].
[A] Male Patients

. Microadenoma TN Macroadenoma . Non-adenoma
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Figs (8): Comparative Detached Donut Charts lllustrating the Proportional Distribution of Microadenomas,
Macroadenomas, and Non-Adenomatous Maas in Male and Female Patients with Hyperprolactinemia. A.
Distribution of pituitary tumor types among male patients. B. Distribution of pituitary tumor types among
female patients.

Table 11 shows a statistically significant relationship between menstrual cycle classification and pituitary
tumor subtype in female patients (p < 0.001), highlighting how reproductive patterns correlate with tumor
functionality. The highest frequency (58.9%) was observed in patients with irregular menstrual cycles, all of
whom (43/43) were diagnosed with microadenomas. This confirms that mild prolactin elevation due to MIA
disrupts the hypothalamic-pituitary-gonadal (HPG) axis, commonly leading to Oligomenorrhea or cycle
irregularity. The second highest group (11.0%) included patients who had never experienced menstruation
(primary amenorrhea), all linked to macroadenomas, likely due to significant prolactin excess from large
tumors interfering with Gonadotropin-Releasing Hormone (GnRH) secretion. Meanwhile, normal cycles
(23.3%) were exclusively seen in non-adenomatous tumors, supporting their non-functional profile and
minimal hormonal disruption. The least represented group were those with no cycle for >3 months (6.8%), all
of whom also had MA, indicating progression from irregularity to complete amenorrhea as tumor size and
prolactin levels increase [70, 71].

Table (11): Cross-Tabulation Association Between Menstrual Cycle Classifications and Pituitary Tumor subtypes
in Female Patients (Chi-Square Analysis, n=73)

Menstrual pattern Tumor Type Female Total Asymptotic
classification Microadenoma Macroadenomas | Non- Adenomas Significance
(2-Sided)
Normal cycle 0 0 17 17
Irregular cycle 43 0 0 43 P<0.001**
No cycle >3 0 5 0 5
months
Never had menses 0 8 0 8
Total 43 13 17 73

Fig 9 displays a stacked bar chart representing the distribution of menstrual patterns among female patients
diagnosed with pituitary tumors. The most prominent menstrual abnormality was irregular cycle, comprising
58.9% of the cohort (43 out of 73 patients). This pattern strongly correlates with microadenomas, which are
commonly associated with mild-to-moderate hyperprolactinemia that disrupts the pulsatile release of GnRH,
leading to Oligomenorrhea or cycle irregularity. The second most common category was normal cycle (23.3%),
mostly seen in non-functioning tumors (non-adenomas), which do not alter the hypothalamic-pituitary-
gonadal (HPG) axis. A smaller portion (11.0%) had never experienced menses (primary amenorrhea), which is
typically seen in patients with macroadenomas diagnosed early in adolescence or with significant hormonal

29

Adolescencia e Saude, vol. 21, No.3, p. 14-55



amenorrhea, also linked to macroprolactinomas and sustained prolactin elevation [24;,.72].
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Fig (9): Stacked Bar Chart lllustrating Menstrual Pattern Distribution Across Pituitary Tumor Types in Female
Patients

Table 12 displays the distribution of Galactorrhea severity among 27 male patients with pituitary tumors.
Surprisingly, 48.1% of males exhibited severe Galactorrhea (+++), a rare but highly indicative sign of
macroprolactinomas or functionally active tumors secreting high levels of prolactin. Only 18.5% reported mild
Galactorrhea, while 33.3% had no Galactorrhea .Importantly, no patients had moderate (++ grade)
Galactorrhea, revealing a polarized distribution between absent and severe symptoms. These findings align
with evidence that male Galactorrhea, though uncommon, is strongly linked to high prolactin levels, often
exceeding 200 ng/mL, and is more likely associated with larger and symptomatic adenomas [28, 73].

Table (12): Distribution Frequency Galactorrhea Male patients

Galactorrhea Levels Male Frequency Valid Percent
No Galactorrhea 9 33.3
Mild +Galactorrhea 5 18.5
Moderate++ Galactorrhea 0 0.0
Severe +++ Galactorrhea 13 48.1
Total 27 100.0

Fig 10 showing a bar chart of Galactorrhea levels among male patients. The highest bar represents severe
Galactorrhea (48.1%) . The second largest group is those with no Galactorrhea (33.3%.) Mild cases (18.5%)
appear in lower frequency, and moderate cases are entirely absent This bimodal pattern visually confirms that
Galactorrhea in men tends to be either absent or highly severe, with minimal intermediate expression. This
clinical presentation may help prioritize hormonal testing and MRI in symptomatic males [63, 74].
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Figure (10): Frequency and Percentage Distribution Galactorrhea Levels Among Male Patients with Pituitary
Mass tissues

Table 13 presents the distribution of Galactorrhea severity among 73 female patients with pituitary lesion. The
data reveal that, 58.9% of the women exhibited mild Galactorrhea, indicating its common occurrence as an
early and sensitive marker of microprolactinoma 23.3% had no Galactorrhea, likely representing non-
functional or non-adenomatous tumors. Only 6.8% showed moderate (++ level) Galactorrhea, and 10.8% had
severe (+++) Galactorrhea, suggestive of macroadenomas with higher prolactin secretion. This distribution
confirms that Galactorrhea is a hallmark symptom in females with functional pituitary tumors, often preceding
other hormonal or imaging findings. Its grading correlates with tumor size and prolactin level, with more
severe forms typically seen in macroadenomas [23, 75, 76].

Table (13): Distribution Frequency Galactorrhea Female patients

Galactorrhea Levels Female Frequency Valid Percent
No Galactorrhea 17 23.3
Mild +Galactorrhea 43 58.9
Moderate ++Galactorrhea 5 6.8
Severe +++ Galactorrhea 8 10.8
Total 73 100.0

Figure 11 is a bar chart illustrating the percentage and frequency of Galactorrhea levels among female
patients. The dominant bar (orange) represents mild Galactorrhea (58.9%), visually confirming its high
prevalence. The blue bar (10.8%) marks severe Galactorrhea, associated with larger tumors. Moderate levels
(6.8%) are relatively rare, indicating that symptom progression may shift quickly from mild to severe as tumor
size increases. 23.3% of patients are symptom-free, aligned with non-functional tumor types. This chart
visually supports the clinical understanding that mild Galactorrhea is the earliest and most frequent expression
of hyperprolactinemia in females, while severe levels are less common but more diagnostically specific [37,
63].
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Figure (11): Bar-Chart Representing the Frequency and Valid Percentages of Different Galactorrhea Severity
Levels (No, Mild, Moderate, Sever) in Female Patients with Pituitary Mass Tissues

Table 14 provides most patients (58.9%) were diagnosed with microadenomas, presenting with mild
Galactorrhea, mild prolactin elevation, and irregular menstrual cycles. This profile aligns with early-stage
functional microprolactinomas, which often maintain partial gonadotropic feedback Moderate to severe
Galactorrhea was observed exclusively in macroadenomas (17.7% combined), accompanied by moderate to
severe prolactin elevation, and associated with more severe menstrual disturbances including amenorrhea or
absence of menses for over 3 months. These findings reflect greater hormonal disruption due to tumor size
and mass effect. Patients with non-adenomatous lesions (23.3%) exhibited normal prolactin levels, absence of
Galactorrhea, and regular menstrual cycles, indicating their non-functional nature and minimal impact on the
hypothalamic pituitary gonadal axis [ 77, 78, 79].

Table (14): Clinical and Hormonal Characteristics Among Female Patients

Tumor type of the | Galactorrhea Status | Prolactin Level Menstrual Frequency | Percent
Pituitary Gland Status
Microadenoma Mild + Galactorrhea | Mild elevation Irregular cycle 43 58.9%
Macroadenomas Moderate++ Moderate No cycle =3 5 6.8%
Galactorrhea elevation months
Macroadenomas Sever+++ Sever elevation Never had 8 10.9%
Galactorrhea menses
Non-adenomas No Galactorrhea Normal Regular cycle 17 23.2%
Total 73 100%

Fig 12 illustrates the distribution of Galactorrhea severity (mild, moderate, severe) among female patients with
pituitary lesions. The chart reveals that 58.9% of cases exhibited mild Galactorrhea, indicating its high
prevalence as an early marker of hormonal disruption, particularly in microadenomas. Severe forms of
Galactorrhea were observed in 10.8% of patients, suggesting a stronger correlation with macroadenomas,
where elevated prolactin levels and tumor size interfere significantly with the hypothalamic-pituitary axis.
Notably, 23.3% of patients had no Galactorrhea, a distribution consistent with non-functioning adenomas or
non-adenomatous lesions that do not secrete prolactin. This visual presentation aligns with the clinical
understanding that mild Galactorrhea often precedes other symptoms and is more frequently associated with
smaller tumors (e.g., microadenomas), while severe symptoms reflect progression or macroadenomas
pathology. The rarity of moderate Galactorrhea (6.8%) suggests a rapid clinical transition from mild to severe
stages in hormonally active lesions [62, 26, 79, 80].
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Figure (12): Exploded Donut Chart Illustrating the Severity of Galactorrhea (mild, moderate, sever) According
to Menstrual Irregularities and Tumor Classification in Female Patients Diagnosed with Pituitary mass tissues

Table 15 reveals the clinical distribution of Galactorrhea and prolactin levels in male patients with pituitary
tumors. Notably, 48.1% of male patients exhibited severe (+++) Galactorrhea, all of whom had
macroadenomas with marked prolactin elevation, supporting previous findings that Galactorrhea is a rare but
significant symptom in men, typically reflecting advanced functional adenomas with aggressive secretion
patterns [24]. Conversely, 29.6% of male patients showed no Galactorrhea and normal prolactin,
corresponding to non-adenomatous lesions or non-functioning tumors, aligning with the hypothesis that
Galactorrhea in men is almost exclusively a result of hormonally active pituitary pathology [50]. The remaining
18.5% had mild Galactorrhea with mild prolactin elevation, often seen in early macroadenomas or less invasive
prolactinomas. This hormonal-Galactorrhea profile in males underscores the diagnostic utility of Galactorrhea
in distinguishing tumor functionality and progression, although it remains underreported due to lower
sensitivity in men compared to women [28, 81].

Table (15): Clinical and Hormonal Characteristics Among Male Patients

Tumor type of the Galactorrhea Status Prolactin Level Frequency Percent
Pituitary gland
Microadenoma No Galactorrhea Mild elevation 1 3.7%
Macroadenomas Mild +Galactorrhea Mild elevation 5 18.5%
Macroadenomas Sever +++Galactorrhea Sever elevation 13 48.1%
Non-adenomas Absent Normal 8 29.6%
Total 27 100%

Fig 13 presents an exploded donut chart illustrating the distribution of Galactorrhea and prolactin levels
among male patients with pituitary tumors based on tumor type. The chart highlights that 48.1% of patients
with macroadenomas presented with severe (+++) Galactorrhea and significantly elevated prolactin levels,
reflecting the aggressive secretory nature of these tumors. This finding is consistent with studies showing that
MA in males often manifest with more severe hyperprolactinemia and clinical symptoms due to delayed
diagnosis [24] .In contrast, 29.6% of patients were diagnosed with non-adenomatous lesions and exhibited
neither Galactorrhea nor prolactin abnormalities, supporting the concept that non-functioning lesions are
typically hormonally silent [64]. Additionally, 18.5% had mild Galactorrhea with mild prolactin elevation
possibly representing the early phase of macroadenomas or partially functioning tumors [81]. Only 3.7% of
cases were microadenomas with mild hormonal and symptomatic profiles, reaffirming their lower clinical
impact unless incidentally discovered.
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Fig (13): Exploded Donut Chart Distribution of Galactorrhea and Prolactin Levels Among Male Patients with
Pituitary mass tissues According to Tumor Type.

Table 16 demonstrates a statistically significant difference (p < 0.001) in pre-contrast T1-WI-SE MRI signal
intensities among various pituitary tumor types, confirmed by a strong effect size (Eta®? = 0.625). Non-
adenomatous lesions predominantly exhibited iso to hypointense signals with a notably high mean score of 3.0
+ 0.0, likely reflecting their heterogeneous content or cystic/vascular components. In contrast, microadenomas
and macroadenomas consistently showed iso to hypointense signals, with lower mean values ranging from 1.0
to 1.5, suggesting a more homogeneous soft-tissue density and lack of internal hemorrhage or cysts. Notably,
10 cases of MA displayed hypointense signal with contour distortion, indicating possible invasion or
compression effects on an important radiological feature associated with aggressive growth patterns and mass
effect on surrounding structures such as the optic chiasm [82, 83].

Table (16): Quantitative Analysis of Pre-contrast T1-WI MRI Signal Intensities Across Pituitary Tumor Types
with ANOVA Significance and Effect Size

Tumor Type of the pre-contrast T1- mean * Std. Number of Point P-value
Pituitary Gland Weighted image Deviation cases estimate
Signal
Non-adenomas Iso-hypo signal 3.0£0.0 25
intensity
Microadenoma Hypo signal 1.5+0.49 22
intensity 0.625 <0.001**
Microadenoma Iso-signal intensity 1.0+0.0 12
Microadenomas hypo signal 1.0+0.0 10
intensity with
possible contour
distortion
Macroadenomas hypo signal 1.0+0.0 31
intensity
Total 1.81+0.81 100
Eta-squared

Fig 14 visually represents the distribution of pre-contrast T1-WI signal intensities among different pituitary
tumor types. The bar chart demonstrates that non-adenomatous lesions have the highest mean signal
intensity (=3.0), accounting for 29% of cases. In contrast, MA showed consistently hypointense signals,
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representing 31% of the sample. This hypo signal intensity is strongly associated with high. cellularity and
reduced water content, typical of solid adenomatous tissue. Similarly, MIA preséhtqd with variable signals
ranging from hypointense (22%) to iso-intense (12%) indicating potential differences in 'fhe‘_ir Histopathological
architecture. A smaller fraction (10%) of MIA exhibited distorted hypointense signals, oftéhxcorrelating with
invasive growth or local distortion. This signal variation aligns with literature indicating that non-functional
tumors and larger macroadenomas tend to demonstrate low to intermediate intensity on T1-WI, while non-
adenomatous lesions tend to have atypical, sometimes hyperintense features due to internal complexity [84].
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Fig (14): Bar Chart lllustrating the Mean Pre-contrast T1-WI Signal Intensity (+ Std. Deviation) Across Pituitary
Tumor Subtypes with Percentage Distribution of cases

Table 17 illustrates the comparative T2-WI MRI signal intensity across various pituitary tumor subtypes using
ANOVA. Notably, non-adenomatous lesions exhibited the highest mean signal intensity (2.0 = 0.0), while MA
consistently demonstrated a low and homogeneous hyperintense T2 signal (1.0 £ 0.0), suggesting solid, less
hydrated tumor content. Microadenomas revealed more diverse T2 features, ranging from iso-hyper (1.8 +
0.49) to mildly hyperintense (1.5 + 0.49), and even focal iso-hyper signal patterns with contour irregularities
(1.2 £ 0.30), possibly reflecting cystic degeneration, fibrosis, or hemorrhage. The ANOVA yielded a statistically
significant difference (p < 0.001), confirming that T2 signal heterogeneity is more prominent in MIA, whereas
MA are typically more uniform [85].

Table (17): Comparative Analysis of T2-Weighted Image MRI Signal Intensity Across Microadenoma,
Macroadenomas, and Non-adenomas Cases Using ANOVA Test

Types of Tumors | T2-WI Signal on MRI mean * Std. Number of Point P-value
Deviation cases estimate
Non-adenomas Iso-hyper signal 2.0+0.0 25
intensity
Microadenoma Iso-hyper signal 1.8+0.49 22
intensity 0.654 <0.001**
Microadenoma Iso-mild hyper 1.5+0.49 12
signal intensity
Microadenoma Focal iso-hyper 1.2+0.30 10
signal intensity
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Macroadenomas Hyper signal 1.0 £0.0 31
intensity
Total 2.01+0.91 100

Eta-square

Fig 15 presents a comparative analysis of mean T2-W!I signal intensities across pituitary tumor subtypes. Non-
adenomas demonstrated the highest mean intensity (2.0, 25%), followed by microadenomas with variable
signal patterns: iso-hyperintense (1.8, 22%), iso—mild hyper (1.5, 12%), and focal iso-hyper (1.2, 10%). MA
showed consistently low signal intensity (1.0) despite constituting the largest proportion (31%) of cases. This
variability in T2 signal among microadenomas may reflect differing tumor cellularity, vascularization, and cystic
components [71, 86].
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Fig (15): Comparative Analysis of Mean T2-Weighted Image MRI Signal Intensity (+ Std. Deviation) Across
Pituitary

Tumor Subtypes with Percentage Distribution of Cases

Table 18 The cohort shows a T2-WI predominance of iso-to-hyperintense signals: iso-hyper accounts for 47%,
frankly hyper for 31%, and iso-mild hyper for 12% (= 90% of T2 signals trend 2iso), with a smaller focal iso-
hyper subset (10%). This distribution fits classic pituitary imaging: adenomas and many non-adenomatous
seller lesions. iso- to hyperintense on T2 due to higher water content/less collagen. On pre-contrast T1-WI,
hypo signal intensity dominates (53%), followed by iso-hypo (25%), iso (12%), and hypo + contour distortion
(10%), which is typical for solid adenomatous tissue and highlights cases where mass effect/invasion is
suspected (contour distortion). Together, these patterns reinforce the practical rule: T1 hypo signal intensity +
T2 iso/hyper strongly suggests pituitary adenoma, while deviations (e.g., marked heterogeneity or distortion)
cue to radiologists consider non-adenomatous lesions or aggressive behavior and to correlate with
clinical/endocrine data [38, 82, 87].

Table (18): Comparative Distribution of Signal Intensity Patterns on pre-contrast T1-and T2 Weighted MRI
Sequences in the Study Cohort

Modality Signal type Frequency (n) Percent (%) Cumulative percent
(%)
Iso-hyper signal intensity 47 47.0 47.0
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T2-WI Hyper signal intensity 31 31.0- 780
Iso-mild hyper signal 12 120 | 90.0
intensity
Focal iso-hyper signal 10 10.0 ~100.0
intensity
hypo signal intensity 53 53.0 53.0
T1-WI Iso- hypo signal intensity 25 25.0 78.0
Iso-signal intensity 12 12.0 90.0
hypo signal + contour 10 10.0 100.0
distortion

Table 19 shows that heterogeneous enhancing lesions were most common (31%) and were predominantly T1
hypointense pre-contrast (mean score = 1.0), consistent with macroadenomas or lesions. Hypo-enhancing
tumors formed 22%, again tracking with adenomas that enhance less than the normal gland on early dynamic
phases. In contrast, homogeneous early enhancing (15%) and small delayed enhancing (12%) patterns likely
reflect microadenomas that are conspicuous on dynamic T1+Gd because the normal gland enhances
earlier/more intensely; focal delayed enhancing with contour distortion (10%, mean = 3.0) flags
invasive/aggressive behavior. The overall association is significant (p < 0.001), supporting the diagnostic value
of DCE-MRI for functional classification and conspicuity [87, 88, 89, 90].

Table (19): Dynamic Contrast Enhancement (T1+Gd) Patterns Stratified by pre-contrast T1-Weighted Signal
Pattern: Meanz Std. Deviation. Case Distribution and Statistically Significant

Dynamic Contrast Signal T1- mean * Std. Frequency Percent Cumulative P-value
Enhancement Weighted Deviation (n)
(T1+Gd) image pre-
contrast
Normal Iso-hypo 1.2+0.30 10 10.0% 10.0%
physiological signal
enhancing intensity <0.001%**
Homogenous early Iso-hypo 1.3+£0.28 15 15.0% 25.0%
enhancing signal
intensity
Hypo enhancing hypo signal 1.5+0.49 22 22.0% 47.0%
intensity
Small delayed Iso-signal 1.0+0.0 12 12.0% 59.0%
enhancing intensity
Focal delay hypo signal 3.0£0.0 10 10.0% 69.0%
enhancing intensity with
possible
contour
distortion
Heterogeneous hypo signal 1.0+0.0 31 31.0% 100.0%
enhancing intensity
Total 1.5+0.18 100 1.00% 100.0%
Overall Cases% 100 Cases

Table 20 The distribution of dynamic gadolinium enhancement patterns on T1-weighted MRI reveals distinct
profiles between pituitary tumor subtypes. MA predominantly exhibited heterogeneous enhancement (31%),
reflecting their variable internal architecture, necrosis [91]. MIA frequently demonstrated Hypo enhancing
patterns (22%) and small delay enhancement (12%), aligning with delayed contrast uptake was linked to
reduced vascularity and altered capillary permeability [92]. Non-adenomatous lesions were more likely to
show normal physiological (10%) and homogenous enhancement (15%) [93]. The statistical significance (p <
0.001) emphasizes the diagnostic potential of enhancement patterns in differentiating adenomatous from
non-adenomatous lesions.
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Table (20): Distribution of Dynamic Gadolinium Enhancement (T1+Gd) Values .A‘t‘:rqgs I;iAfEfoaryIumq[Sybtypes

on T1-WI MRI =
T1-Dynamic Types of Tumors mean t Frequency Percent Cﬁ‘m\glative P-value
Contrast Std. (n) \
Enhancement Deviation
(T1+Gd) Agent’s
study
Normal Non-adenomas 3.2+0.0 10 10% 10%
Physiological
enhancing
Homogenous Non-adenomas 3.0£0.0 15 15% 25%
enhancing <0.001**
Hypo enhancing Microadenoma 1.0+0.0 22 22% 47%
Small delay Microadenoma 1.0£0.0 12 12% 59%
enhancing
Focal delay Microadenoma 1.0+0.0 10 10% 69%
enhancing
Heterogeneous Macroadenomas | 2.0%0.0 31 31 100%
enhancing
Total 1.8+0.8 100 100% 100.0%
Overall Cases% 100 cases

Fig 16 illustrates the largest segment represents heterogeneous enhancement (31%), which is visually
emphasized by separation from the donut chart to underscore its predominance. This pattern is most often
associated with macroadenomas and aggressive lesions due to intratumoral necrosis [91]. Hypo enhancement
accounts for 22% of cases, frequently linked to MIA, reflecting reduced perfusion and capillary permeability
changes within these smaller lesions. Homogeneous enhancement (15%) and small delay enhancement (12%)
are generally associated with benign and well-vascularized tumors, often correlating with stable endocrine
profiles [92, 93]. Normal physiological enhancement (10%) is typically observed in non-adenomatous lesions,
while focal delay enhancement (10%) often reflects localized tumor fibrosis or mass effect on vascular supply.

Dynamic Erhancement Pattern
Norval P i
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Fig (16): Exploded Donut Chart Distribution of Dynamic Contrast Enhancement (DCE) Patterns on T1-Weighted
MRI in Pituitary mass Patients.

Table 21 The heterogeneous enhancement pattern was the most frequent overall (31%), with a marked
predominance in the left anterior lobe (8 cases) and central/suprasellar region (5 cases). This pattern is often
linked to macroadenomas or more aggressive lesions due to tumor vascular heterogeneity and necrotic areas,
consistent with prior reports that heterogeneous contrast uptake correlates with tumor invasiveness and
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histologic variability [91, 94]. Hypo enhancement accounted for 22% of cases, frequently localized to the left
anterior lobe (7 cases) and central/suprasellar area (5 cases), which may indicate hypo vascular adenomas or
those with dense fibrous stroma [80]. Normal physiological enhancement was observed"i-n\_lS%, mostly in the
normal scan group (11 cases), aligning with typical pituitary gland perfusion patterns [95]:-Small delay and
focal delay enhancement patterns (12% and 10%, respectively) were less common and were distributed across
various locations, potentially reflecting early or localized vascular compromise. Homogeneous enhancement
(15%) was mainly seen in the normal scan group (3 cases) and left anterior lobe (5 cases), suggesting benign
and well-vascularized microadenomas [96]. The statistically significant p-value < 0.001 highlights a strong
association between DCE-MRI pattern and tumor location, reinforcing that lesion vascularity and enhancement
kinetics can be region-specific within the pituitary gland. This supports the role of dynamic MRI not only in
detection but also in subregional characterization of pituitary lesions, aiding pre-surgical planning and
differentiation between adenomas, normal variants, and other Sellar pathologies [91, 95, 96].

Table (21): Cross-tabulation of Dynamic Contrast Enhancement (T1+Gd) Patterns and Anatomical Localizations
of Pituitary Masses on MRI Studies

Location mass | Hypo | Small Foc | Homogen | Heterogen Normal Frequen | P-value
of the Pituitary delay al ous eous Physiologic cy (n)
adenomas dela al
y
Left anterior 7 4 3 5 8 3 30
lobe
Central, and 5 3 2 3 5 2 20
Suprasellar
Normal scan 3 2 2 3 4 11 25 <
Compression 3 1 1 2 3 1 11| 0.001**
Chiasm
Right anterior 2 1 0 1 2 1 7
lobe
Central 2 1 1 1 2 0 7
Pituitary
Total 22 12 10 15 31 18 100
Overall Cases% 100
Cases

Fig 17 the left anterior lobe emerges as the most frequently involved region (~31%), with prominent Hypo
enhancing and heterogeneous patterns consistent with macroadenomas that disrupt vascular supply and
display internal heterogeneity. Central and suprasellar regions also show a high mix of hypo and small delay
enhancement (~23%), suggesting variable tumor perfusion and microvasculature. Locations such as optic
chiasm compression, right lobe, and central pituitary exhibit lower frequencies (<11%) but still reveal distinct
enhancement signatures, emphasizing that regional anatomy influences vascular dynamics. Clinically, these
findings underscore the importance of location-specific DCE profiling for instance, left anterior lobe lesions
with heterogeneous enhancement may guide suspicion toward macroadenomas requiring a tailored surgical
approach, whereas central suprasellar lesions with delayed enhancement may favor cautious follow-up [97,
98, 99, 100].
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Fig (17): Stacked Bar Chart Showing the Distribution of Dynamic Contrast-Enhancement DCE-MRI (T1+Gd)
Patterns Across Different Anatomical Locations of the Pituitary Gland.

Table 22 demonstrates a robust correlation between BMI category and DCE-MRI pattern in pituitary adenomas
(p < 0.001). Heterogeneous/early heterogeneous enhancement dominates in the overweight/obesity strata,
whereas hypo-enhancement is relatively more common in lower BMI (normal) categories. This gradient is
biologically plausible: obesity is associated with microvascular remodeling, increased permeability, and pro-
angiogenic signaling, which can translate radiologically into earlier and more heterogeneous enhancement on
dynamic T1-WI. Conversely, more uniform hypo-enhancement aligns with lower perfusion or more fibrous/less
vascular tissue, patterns often described in adenomas with lower micro vessel density. Clinically, these data
suggest that patient adiposity may influence adenoma perfusion phenotypes on DCE-MRI, refining differential
diagnosis and potentially informing surgical planning (e.g., anticipating soft, vascular tumors vs. firmer fibrotic
lesions). Integrating BMI with DCE pattern alongside endocrine and morphologic features could improve pre-
operative risk stratification [92, 98, 101].

Table (22): Cross Tabulation of WHO BMI Classifications and Dynamic Contrast Enhancement (T1+Gd) Pattern
in Pituitary Adenomas: A statistical Correlation Study

Dynamic Norm | Overweig | Obesity| | Obesit mean * Frequen | Cumulativ | P-value
Enhancement | al(n) ht (n) (n) y Il (n) Std. cy (n) e Percent
Contrast Deviation
(T1+Gd)
Agent’s study
Hypo 2 20 0 0 5.50 + 22 22.0
enhancing 9.71
Early 2 14 9 6 7.75¢% 31 53.0
heterogeneou 5.06
s enhancing <
Normal 10 0 0 0 2,50+ 10 63.0 0.001**
physiological 5.00
enhancing
Homogenous 12 2 0 1 3.50% 15 100.0
early 5.74
enhancing
Small delayed 4 6 2 0 3.00+ 12 85.0
40
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enhancing 2.58 B = o
Focal delayed 6 2 2 0 2,50+ 10 ~._73.0
. ~
enhancing 2.52 R
Total 36 44 13 7 450+ 100
2.90
Overall 100
Cases% Cases

Fig 18 illustrates the distribution of Dynamic Contrast Enhancement (DCE) patterns on T1-WI MRI across
different WHO BMI categories in patients with pituitary adenomas. The most prevalent enhancement pattern
was early heterogeneous enhancement (31.0%), followed by Hypo enhancing lesions (22.0%). Both patterns
showed a substantial representation among overweight and obese patients, suggesting a possible link
between adiposity and tumor vascularization heterogeneity. In contrast, normal physiological enhancement
accounted for only 10.0% of cases, predominantly in normal BMI individuals. This trend aligns with recent
studies indicating that increased BMI may influence pituitary tumor angiogenesis and contrast uptake
dynamics, potentially due to metabolic and hormonal alterations associated with obesity. The clear
stratification of patterns by BMI categories underscores the potential role of patient metabolic status in
modulating MRI enhancement characteristics, a finding with important implications for differential diagnosis
and individualized imaging protocols [102, 103].
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Fig (18): Distribution of WHO BMI Classifications Across Dynamic Contrast Enhancement (T1+Gd) Patterns in
Pituitary Adenomas: A Statistical Correlation Analysis

Table 23 The comparative analysis of pituitary tumor types by anatomical location reveals that microadenomas
most frequently involve the left anterior lobe (30%) and right anterior lobe (10%), whereas MA are
predominantly located in the central & suprasellar region (20%) and associated with compression of the optic
chiasm (7%). These findings align with prior MRI-based epidemiological studies, which demonstrate that
microadenomas tend to be confined to one lobe due to their smaller size, while MA exhibit superior extension
patterns and mass effect on surrounding structures. The high proportion of MA in the suprasellar region is
clinically significant, given their strong correlation with visual pathway involvement and potential for delayed
diagnosis . Additionally, the predominance of “normal scan” cases (25%) classified as non-adenomas highlights
the importance of careful radiological-pathological correlation to avoid overdiagnosis in incidental findings
.The statistical significance (p < 0.001) underscores a robust association between tumor type and anatomical
distribution, emphasizing that tumor size and biological behavior are primary determinants of localization
patterns, consistent with prior high-resolution MRl series [26, 28, 104].
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Table (23): Comparative Analysis of Pituitary Tumor Types in Relation of Intrinsic 'Anat(-J_rﬁl'Cai Location -

Tumors Type Location of the | meanzStd. | Std. | Number | Percent [-Cumulative | P-value |
mass of the Deviation Error | of cases
Pituitary &
adenomas
Microadenoma Left anterior 1.0+0.0 0.00 30 30.0% 30.0%
lobe
Macroadenomas Central & 2.0£0.0 0.00 20 20.0% 50.0%
suprasellar
Microadenoma Central 1.0+0.0 0.00 7 7.0% 57.0% <
pituitary 0.001**
adenoma
Macroadenomas Compression 2.0+£0.28 0.83 11 11.0% 68.0%
Chiasm effects
Microadenoma Right anterior 1.0+0.0 0.00 7 7.0% 75.0%
lobe
Non-adenomas Normal scan 3.0£0.0 25 25.0% 100.0%
Total 1.81+0.81 0.08 100
Overall Cases% 100
Cases

Fig 19 illustrates the proportional distribution of pituitary tumor locations as detected by DCE-MRI, showing
that MIA in the left anterior lobe was the most frequent (30%), followed by non-adenomas with normal scans
(25%) and MA involving the central and suprasellar regions (20%). Less frequent sites included MIA in the
central pituitary (11%) and right anterior lobe (7%), as well as MA with chiasmal compression (7%).
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Fig (19): Exploded Donut Chart lllustrating the Distribution of Pituitary Tumor Locations Assessed by Dynamic
Contrast- Enhanced (DCE) MRI.

Table 24 Headache was reported by 75% of the cohort, with the highest prevalence observed in MA with
suprasellar extension and chasmal compression (=82%) and in microadenomas extending suprasellar (=85%).
In contrast, the lowest proportion of headaches was observed in non-adenomatous lesions or normal MRI
scans (60%). The association between headache and tumor type/location was statistically significant (p <
0.001.( This distribution is biologically plausible: larger lesions and those with suprasellar extension increase
intrasellar pressure, stretch the diaphragma Sella, and compress the optic chasm and parasailer dura
structures richly innervated by the trigeminal nerve, a well-known pathway for headache generation [55, 104,
105].
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Table (24): Comparative Analysis of Pituitary Tumor Types by Anatomical Loca'.ci‘b‘nxa\nd;H'é'édaehe_E[gsence.

Tumor Type Location of Tumor | Headache (Yes)n | Headache (No) Tbtgl n (%) P-value
(%) n (%)
Microadenoma Left anterior lobe 24 (80.0%) 6 (20.0%) 30 (30.0%)
Microadenoma Central pituitary 6 (85.7%) 1(14.3%) 7 (7.0%) <0.001**
adenoma
Microadenoma | Right anterior lobe 5(71.4%) 2 (28.6%) 7 (7.0%)
Macroadenomas Central & 16 (80.0%) 4 (20.0%) 20 (20.0%)
Suprasellar
Macroadenomas Compression 9 (81.8%) 2 (18.2%) 11 (11.0%)
chiasm effects
Non-adenoma Normal scan 15 (60.0%) 10 (40.0%) 25 (25.0%)
Total 75 (75.0%) 25 (25.0%) 100 (100%)

Fig 20 This figure illustrates the distribution of pituitary tumor locations and their association with headache
prevalence. The largest segment corresponds to MIA located in the left anterior lobe (30%), followed by non-
adenomatous lesions (25%) and macroadenomas involving the central and suprasellar regions (20%).
Headaches were most frequently reported in patients with MA exhibiting suprasellar extension and chasmal
compression (=82%) and in microadenomas extending centrally (=<86%). In contrast, headache prevalence was
lower in non-adenomatous lesions (60%) and microadenomas in the right anterior lobe (71%). These findings
underscore the clinical significance of tumor location, as lesions compressing critical neurovascular structures
are more likely to
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Fig (20): Exploded Donut Chart Depicting the Correlation Between Pituitary Tumor Location and Headache
Presence.

Table 25 The results demonstrate a statistically significant difference (p < 0.001) among the groups. The
highest prevalence of visual disturbances was observed in patients with macroadenomas located in the central
and suprasellar region (90%) and those causing compression of the optic chiasm (90%). These findings are
consistent with the well-known anatomical relationship between the suprasellar extension of macroadenomas
and the proximity to the optic chiasm, which predisposes patients to visual field defects, particularly
bitemporal hemianopia [106]. In contrast, no visual disturbances were reported in patients with
microadenomas (0%), regardless of whether the lesion was in the left anterior lobe, right anterior lobe, or
central pituitary region. This aligns with the fact that microadenomas (<10 mm) are generally confined to the
Sella turcica and less likely to impinge on the optic apparatus [28]. Additionally, non-adenomatous lesions with
normal imaging findings showed no visual disturbances in 100% of cases, further highlighting the correlation
between tumor size, location, and the occurrence of visual symptoms.
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Table (25): Comparative Analysis of Pituitary Tumor Types by Anatomical Locafibn.andi’Fé’s’enee ofyigu?l

Disturbances. K
Tumor Type Location of Visual Visual Numbe | Percen .'Cu.rpulativ P-value
Tumor Disturbanc | Disturbanc r of t e%
e (Yes)n e (No) n (%) Cases
(%)
Microadenoma | Left anterior 0 (0.0%) 30 (100%) 30 30.0% 30.0%
lobe
Macroadenoma Central & 18 (90.0%) 2 (10.0%) 20 20.0% 50.0% <0.001*
s suprasellar *
Microadenoma Central 0 (0.0%) 7 (100%) 7 7.0% 57.0%
pituitary
adenoma
Macroadenoma | Compressio | 10 (90.0%) 1(9.1%) 11 11.0% 68.0%
s n chiasm
effects
Microadenomas Right 0 (0.0%) 7 (100%) 7 7.0% 75.0%
anterior
lobe
Non-adenomas | Normal scan 0 (0.0%) 25 (100%) 25 25.0% 100.0%
Total 28 (28.0%) 72 (72.0%) 100 100% 100%

Fig 21 Macroadenomas with suprasellar extension demonstrated the highest proportion of visual symptoms
(90%), reflecting their proximity to the optic chiasm and the high likelihood of chiasmal compression. In
contrast, microadenomas in the left or right anterior lobe, and non-adenomatous lesions with normal MRI
scans, showed no reported visual disturbances (0%), supporting existing evidence that small intrasellar lesions
are less likely to impair visual pathways. Compression type MA also exhibited a high rate of visual symptoms
(90%), further confirming that the extent and direction of tumor growth especially toward suprasellar and
chiasmal regions are critical determinants of visual morbidity. This distribution aligns with previously reported
patterns in which lesion size and anatomical extension are strong predictors of visual field defects, particularly
bitemporal hemianopia, in Pituitary adenomas patients [47, 107].

Tumor Location & Visual Disturbance
Microadenoma |Lelt antenior labe) - Visual Disturbence: 0%
Macroadenomas (Central & suprasetiar) - Visual Disturbance: %0%
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Fig (21): Exploded Donut Showing the Relationship Between Pituitary Tumor Location and the Presence of
Visual Disturbances

Table 26 presents a confusion matrix comparing MRI diagnostic results with the prolactin reference standard
for Pituitary adenomas. The matrix shows perfect agreement between MRI and the reference standard, with
75 true positives (MRI correctly identifying prolactin-positive adenomas) and 25 true negatives (MRI correctly
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identifying prolactin-negative cases). There are no false positives or false negatives, in&i(:’étingrloQ% sensitivity,
100% specificity, and 100% overall accuracy. Such results suggest that MRI, whén\_ interpreted alongside
prolactin levels, is a highly reliable diagnostic tool for detecting Pituitary adenomas [31].

Table (26): Confusion Matrix Comparing MRI Diagnostic Results with Prolactin Reference Standard for Pituitary

Adenomas
MRI vs. References Reference Positive Reference Negative Total
Standard
MRI Positive 75 0 75
MRI Negative 0 25 25
Total 75 25 100

Fig 22 demonstrates a perfect agreement between MRI findings and prolactin reference standards in
diagnosing pituitary adenomas, with 100% sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV). This indicates that MRI correctly identified all prolactin-positive adenomas (True
Positives: 75 cases) and all normal cases (True Negatives: 25 cases) without any false positives or false
negatives. Such accuracy aligns with previous literature reporting MRI as the gold standard imaging modality
for pituitary adenomas, particularly dynamic contrast-enhanced MRI, which offers superior detection of

microadenomas and assessment of tumor extension [31, 67].

Confusion Matrix

MR Positive

Category

MRI Diagnostic

MAI Negative

MRI vs Prolactin Reference

0 (0%)
FP

0 (0%) 25 (25%)
FN TN
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Fig (22): Confusion Matrix Comparing MRI Diagnostic Results with Prolactin Level as the References

rue Negative

Reference Standard

Standard for Pituitary Adenomas.

Table 26 demonstrates exceptional diagnostic performance of MRI in detecting pituitary adenomas when
compared to prolactin levels as the reference standard, with 100% sensitivity, specificity, accuracy,
positive predictive value (PPV), and negative predictive value (NPV). These findings indicate that MRI was
able to correctly identify all true positive and true negative cases, with no false positives or false
negatives, confirming its high reliability and diagnostic precision.Such perfect agreement is rarely
observed in clinical practice and suggests that, in this cohort, MRI provided definitive confirmation of
adenoma presence or absence without ambiguity. Comparable studies have also reported high diagnostic
accuracy for MRI in pituitary adenomas, particularly when dynamic contrast-enhanced sequences are

Negative (Normal)

P Falee Positive, FN; False Negative
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utilized, as they allow for better delineation of tumor margins and detection.of s>r_n'éll‘lesions_thqt may be
missed on conventional imaging [31, 108, 109]. :

N

Table (26): Diagnostic Performance of MRl in Detecting Pituitary Adenomas Using Prolactin Levels as
Reference Standard

Metric Sensitivity Specificity Accuracy Positive Negative
Predictive Value Predictive
(PPV) Value (NPV)
Value (%) 100% 100% 100% 100% 100%

Fig 23 demonstrates the diagnostic performance of MRI in detecting Pituitary adenomas, with sensitivity,
specificity, and accuracy all reaching 100%. This finding suggests that MRI, when correlated with prolactin
levels, is highly reliable in differentiating pituitary adenomas from normal cases. Such perfect diagnostic values
highlight MRI’s central role as the imaging modality of choice for Sellar and parasailer lesions. Comparable
studies have reinforced this high diagnostic performance. Emphasized the strong correlation between MRI
features and pathological confirmation of pituitary adenomas, reporting near-perfect diagnostic indices in
well-characterized cases. Similarly, reported MRI as the most sensitive imaging tool for pituitary lesions,
particularly when combined with DCE-MRI sequences. However, while this figure indicates ideal values, it is
important to note that in broader clinical practice, sensitivity and specificity may vary depending on tumor

size, location, and radiologist expertise [28, 110, 111, 112].
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Fig (23): Lollipop Chart lllustrating the diagnostic performance of MRI in detecting pituitary adenomas,
showing sensitivity, specificity, and accuracy values expressed as percentages

Fig.24 MRI appearance of pituitary microadenoma in a 26-year-old female patient with elevated serum
prolactin, menstrual irregularity, galactorrhea, and persistent headache. A. 24 axial T2-WI TSE brain shows
no obvious intracranial mass lesion and provides general brain assessment. B. 24 sagittal T2-WI pituitary
demonstrates a small focal lesion within the anterior pituitary gland. C. 24 sagittal pre-contrast T1-WI SE
shows a small hypointense lesion compared with the surrounding pituitary tissue. D. 24 coronal T2-WI TSE
pituitary confirms a small lesion within the left side of the pituitary gland, measuring less than 10 mm. E.
24 coronal pre-contrast T1-WI shows a well-defined hypointense pituitary lesion without suprasellar
extension. F. 24 coronal dynamic contrast-enhanced T1-WI demonstrates early relative hypo
enhancement of the lesion compared with the normal enhancing gland. G. 24 sagittal delayed post-
contrast T1-WI at 3 min shows subtle delayed enhancement of the lesion. H. 24 coronal delayed post-
contrast T1-WI at 5 min confirms gradual enhancement while the lesion remains distinguishable from the
surrounding gland.
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A-T2WI-TSE-axial brain. B-T2WI-TSE sagittal pituitary. C-TIWI-SE pre sagittal pituitary. D-T2W-TSE Coronal

pituitary.

E-T1-WI-SE Coronal pre. F-T1+c Dynamic study coronal. G-T1+c sagittal delay Gd.3min. H- T1+c coronal delay
Gd.5min

FIG 24. shows, integrating conventional MRI, dynamic contrast enhancement (DCE-MRI), delay post-contrast
sequence in the context of Pituitary adenomas of a MIA for the pituitary protocols. A. T2WI-TSE-for the brain.
B. T2WI-TSE Sagittal plane pituitary. C. TAWI-SE pre-contrast sagittal plane pituitary. D. T2W-TSE Coronal Pit. E.
T1-WI-SE Coronal pre-contrast. F. T1-WI-dynamic study coronal plane during injection Gd. contrast agents. G.
T1-WI sagittal plane, delay Gd.3min post-contrast injection. H. T1-WI coronal plane delay Gd.5min post-
contrast agents’ injection.

Fig. 25. shows, 47-year-old male patient. A.25 axial T2-WI TSE for brain Shows no obvious intra-axial brain
abnormality. B. 25 sagittal T2-WI TSE for pituitary Shows a large sellar mass extending superiorly toward the
suprasellar region. C.25 Sagittal pre-contrast T1-WI| SE demonstrates a large pituitary mass replacing the
normal gland. D. 25 coronal T2-WI pituitary confirms a large sellar mass with heterogeneous signal intensity. E.
25 coronal pre-contrast T1-WI SE shows a well-defined sellar mass measuring more than 10 mm. F. 25 coronal
dynamic contrast-enhanced T1-WI shows heterogeneous enhancement of the lesion after Gd. injection. G. 25
sagittal delayed post-contrast T1-WI at 3 min shows persistent heterogeneous enhancement of the sellar
lesion. H. 25 coronal delayed post-contrast T1-WI at 5 min confirms persistent heterogeneous enhancement
with clear delineation of the pituitary macroadenoma.
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A-T2-WI-TSE axial Brain. B- T2-WI-TSE Sagittal Pit.G.
coronal Pit.G.

E-T1-WI-SE coronal pre. F- T1+c Dynamic study coronal. G-T1+c sagittal delay Gd.3min. H- T1+c coronal
delay Gd.5min

FIG 25 shows pituitary macroadenomas. The mass appears as a large Sellar mass measuring more than
10mm, with Sellar expansion and suprasellar extension. A. T2WI-TSE-for the brain. B. T2WI-TSE Sagittal
plane Pit.G. C. TIWI-SE pre-contrast sagittal plane Pit.G. D. T2W-TSE Coronal Pit. E. T1-WI-SE Coronal pre-
contrast. F. T1-WI-dynamic study coronal plane during injection Gd. contrast agents. G. T1-WI SE sagittal
plane, delay Gd.3min post-contrast injection. H. T1-WI SE coronal plane delay Gd.5min post-contrast
agents’ injection.

Conclusion:

1- MRI demonstrated high sensitivity for pituitary adenomas, with 75% of cases showing abnormal
findings and significantly lower mean scores (p < 0.001).

2- Microadenomas are significantly more common in females, while macroadenomas are more
prevalent in males, as supported by statistical significance (p < 0.001).

3- Macroadenomas present significantly later in life than microadenomas and non-adenomas, with a
higher mean age (p < 0.001). These findings underline the importance of early screening in younger
patients with microadenomas to prevent progression.

4- These results underline the importance of early detection of macroadenomas to prevent irreversible
visual impairment. The consistent difference across groups demonstrates the utility of MRI and visual
assessment in guiding timely surgical or medical intervention.

5- There was a significant association between prolactin levels and pituitary tumor type in males (p <
0.001). 72.2% of macroadenomas cases (13/18) showed severe prolactin elevation, while 100% of
non-adenoma cases (8/8) had normal levels. These results highlight macroadenomas as the main
cause of hyperprolactinemia in males, unlike non-functional tumors.

6- A clear gender-based difference was observed in prolactin patterns: females mostly had
microadenomas with mild elevation (100%), while males predominantly showed macroadenomas
with severe elevation (72.2%). Non-adenomatous tumors in both sexes showed normal prolactin
levels (100%), confirming their non-functional nature. This highlights prolactin as a reliable marker for
tumor type and stage across genders.

7- A statistically significant relationship was observed between menstrual pattern and pituitary tumor
subtypes in females (p< 0.001). The majority of patients (58.9%) had irregular cycles, exclusively
associated with microadenomas, while 23.3% with normal cycles were linked to non-adenomas.
Amenorrhea (both primary and secondary) was found in 17.8% of cases, all due to macroadenomas,
highlighting the clinical value of menstrual history in tumor differentiation.

8- Severe Galactorrhea was observed in 48.1% of male patients, indicating a strong link with
macroprolactinomas and high prolactin levels. In contrast, 33.3% had no Galactorrhea, and 0% had
moderate levels, revealing a clear bimodal clinical pattern useful for early tumor suspicion.
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Galactorrhea was highly prevalent among female patients with pituitary tumers, with 58.9%
exhibiting mild symptoms, indicating early-stage functional prolactinomas. In.contrast, 10.8% showed
severe Galactorrhea, likely reflecting larger macroadenomas, while 23.3% had no Galactorrhea,
suggesting non-functional or non-adenomatous lesions. These findings highlight Galactorrhea as a
reliable clinical marker that correlates with tumor functionality and prolactin activity in female
patients.

the majority of microadenoma cases (58.9%) were associated with mild hyperprolactinemia and mild
Galactorrhea, along with irregular menstrual cycles, suggesting early functional tumor activity. In
contrast, macroadenomas demonstrated severe Galactorrhea (10.8%) and amenorrhea, reflecting
advanced disease progression with high prolactin levels. Only 23.3% of female patients showed no
Galactorrhea, likely indicating non-functional or non-adenomatous lesions, underscoring the strong
correlation between tumor type, hormonal profile, and clinical manifestations.

Macroadenomas were the predominant tumor type among males with pituitary masses, with 48.1%
of patients presenting severe Galactorrhea and elevated prolactin levels. In contrast, 29.6% of cases
were non-adenomatous and hormonally silent.

Non-adenomatous lesions exhibited the highest T1 signal intensity (mean = 3.0, 29%) on pre-contrast
MRI, followed by microadenomas with variable hypointense patterns (22%—12%), while
macroadenomas consistently showed low signal intensity (mean = 1.0, 31%). These findings highlight
a significant difference in pre-contrast T1l-weighted imaging (p < 0.001), supporting its role in
differentiating tumor subtypes based on tissue composition.

A significant variation in T2-WI MRI signal intensities across pituitary tumor types (p < 0.001), with
macroadenomas (31%) presenting the lowest mean intensity (1.0) and non-adenomas (25%)
exhibiting the highest (2.0). Microadenomas demonstrated intermediate and heterogeneous signal
characteristics, particularly iso-hyperintense (22%) and iso—mild hyperintense (12%) patterns,
underscoring the diagnostic value of T2 signal profiling in differentiating tumor subtypes.
Heterogeneous enhancing lesions represented the highest proportion (31%), followed by hypo-
enhancing patterns (22%) and homogeneous early enhancing lesions (15%). Small delayed enhancing
(12%) and focal delayed enhancing with contour distortion (10%) were less frequent but may indicate
invasive or aggressive tumor behavior. The significant association (p < 0.001) highlights the value of
dynamic contrast—enhanced (DCE-MRI) in differentiating pituitary tumor subtypes, particularly for
identifying microadenomas and lesions with mass effect.

The analysis demonstrates that heterogeneous enhancement is the most prevalent dynamic contrast
pattern, observed in 31% of cases, predominantly in macroadenomas. Hypoenhancement follows at
22%, mainly associated with microadenomas, while homogeneous enhancement accounts for 15%
and reflects well-vascularized benign lesions. Both small delay enhancement and normal physiological
enhancement are present in 12% and 10% of cases, respectively, with focal delay enhancement also
at 10%, indicating localized fibrosis or vascular compromise.

Heterogeneous enhancement was the most prevalent DCE pattern (31.0%), most frequently observed
in the left anterior lobe (31.0%) and central & suprasellar region (22.0%). Hypoenhancement was also
common in these regions, indicating variable vascularity. These findings highlight a strong association
between lesion location and enhancement pattern, which may reflect underlying tumor biology and
aggressiveness.

Early heterogeneous enhancement (31.0%) and hypoenhancing lesions (22.0%) were most frequent,
particularly among overweight and obese patients, suggesting a metabolic influence on tumor
vascularity. These findings highlight the potential role of BMI in modulating pituitary adenoma
imaging characteristics and guiding tailored diagnostic strategies.

microadenomas in the left anterior lobe were the most common finding (30%), followed by non-
adenomas with normal scans (25%) and macroadenomas involving the central and suprasellar regions
(20%). Less frequent locations included central pituitary microadenomas (11%), right anterior lobe
microadenomas (7%), and macroadenomas with chiasmal compression (7%), highlighting a
statistically significant distribution pattern (p < 0.001).

Headache is strongly associated with adenomatous lesions and suprasellar/chiasmal involvement,
supporting the role of mass effect as the dominant mechanism. Tumor type and anatomical location
should be considered in predicting headache burden and prioritizing management strategies.

Visual disturbance clustered almost exclusively in macroadenomas with suprasellar extension or
chiasmal compression (90-91%, 28/31 macroadenomas sites), while it was absent in microadenomas
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and non-adenomas (0%). This pattern indicates a strong association between chiasmal involvement

and visual symptoms in pituitary disease (overall 28% vs. 72% without, p < 0.001).

21- A perfect agreement between MRI and the prolactin reference standard in“diagnosing pituitary
adenomas, with no recorded false positive or false negative cases. This indicates that both the
sensitivity and specificity of MRI reached 100%, underscoring its reliability as a primary diagnostic tool
for accurate and early detection in alignment with the reference standard.

22- The outstanding diagnostic performance of MRI in detecting pituitary adenomas, with sensitivity,
specificity, and accuracy all reaching 100%. These findings highlight MRI’s reliability as a gold standard
tool when correlated with prolactin reference levels, confirming its capability to precisely
differentiate adenomas from normal cases.

Limitation:

The study assessed headache only as a binary variable (yes, no) without stratification by severity or
duration, which may limit detailed analysis of symptom burden among tumor subtypes. This study focused
on qualitative assessment of dynamic enhancement patterns rather than quantitative pharmacokinetic
modeling or time—intensity curve analysis. Although TIC could provide additional functional information,
qualitative assessment remains clinically relevant and widely used in pituitary imaging.
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