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ABSTRACT… Objective: To determine the mean relative signal intensity ratio (SIR) difference in patients undergoing dynamic 
contrast-enhanced magnetic resonance imaging (DCE MRI) for the diagnosis of pituitary microadenoma. Study Design: 
Descriptive, Cross-sectional study. Setting: Radiology Department, Allied Hospital I, Faisalabad. Period: 5th April 2021 to 
4th October 2022. Material & Methods: A total of 65 individuals undergoing magnetic resonance imaging with dynamic 
contrast enhancement of pituitary gland of any gender aged between 20 and 60 years were encompassed. Patients taking 
any medication (antipsychotics, anti-depressants, opiates or antiemetics), hepatic or renal failure, uncontrolled DM and 
hypothyroidism were excluded. Senior radiologist interpreted the DCE MR images. Pituitary microadenoma was assessed 
according to operational definition. For all patients, a region of interest (ROI) was defined on the area displaying varying 
enhancement, specifically identified as zone A. Amongst the entire patient population, a second ROI was made in the pituitary 
gland’s normal-appearing tissue identified as zone B. Signal intensity time curves were created for all patients using both SIR 
T and SIR P, and the disparity between SIR T and SIR P was calculated. Relative SIR difference was calculated. Results: In 
my study, mean relative signal intensity ratio (SIR) difference in patients undergoing the utilization of DCE MRI for detecting 
pituitary microadenomas was 0.212 ± 0.181. The relative SIR difference on DCE MRI in patients with pituitary microadenoma 
was 0.35 ± 0.12 and in patients without pituitary microadenoma it was 0.03 ± 0.01. Conclusion: This study concluded that 
estimation of pre contrast T1 signal intensity ratio of a potentially abnormal lesion in dynamic contrast-enhanced MRI can 
enhance the accuracy of the diagnosis for locating microadenoma.
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INTRODUCTION
Pierre Marie, a French neurologist based at 
Salpetriere Hospital in Paris, holds the distinction of 
being the first to document a condition associated 
with the pituitary gland. In 1886, he examined two 
patients displaying clinical manifestations that he 
labeled as acromegaly, proposing a connection 
between the symptoms and the involvement of 
the pituitary gland in the disease’s development. 
Pituitary tumors are prevalent types of neoplasms, 
and it is crucial to recognize their manifestations 
promptly, as achieving a positive therapeutic 
outcome is contingent upon early detection of 
the lesion.

The history of pituitary tumor biology is extensive. 
A recent genetic analysis conducted on the 
dental remains of an Irish individual afflicted 
with gigantism, measuring 7 feet and 7 inches 
in height, who lived between 1761 and 1783 
and was housed at the Hunterian Museum in 
London, unveiled the presence of a mutation in 
the AIP gene (c.910 C-T mutation). Strikingly, this 
mutation was also identified in four families with 
pituitary tumors from Northern Ireland. Notably, 
the genetic analysis indicated shared haplotypes 
between this historical patient and contemporary 
families under investigation. In 1909, Harvey 
Cushing and Sir Arthur Keith examined the skull 
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of the index patient, confirming an enlarged 
pituitary fossa. Advances in genetic technology, 
as exemplified by Chahal et al., now enable 
a compelling exploration into the roots of 
human diseases spanning potentially over 57 
generations.1

The existence of asymptomatic pituitary 
adenomas in humans has been recognized for 
nearly a century. Assessments of their frequency 
in post-mortem investigations have fluctuated, 
ranging from 14.7% to 37%, with an average 
of 10.7%, primarily identified as prolactinomas 
through immunohistochemistry. In magnetic 
resonance imaging (MRI) studies involving 
healthy adult volunteers, observed pituitary 
“hypointensities” have varied from 10% to 40%.1 
Pituitary adenomas constitute a diverse category 
of lesions originating from pituitary gland, with 
prevalence estimates ranging from 14.4% to 
22.5% in the overall populace. Historically, 
these have been categorized according to their 
dimensions, with macroadenomas surpassing 1 
cm and microadenomas measuring under 1 cm.2 
There are several subtypes of microadenomas 
that release various hormones, such as prolactin, 
adrenocorticotropic and growth hormones. It is 
critical to make the proper clinical diagnosis of 
the microadenoma and subtype.3

Early diagnosis of pituitary microadenoma is 
of paramount importance for treatment and 
prognostic purposes.4 For the detection and 
localization of microadenomas, magnetic 
resonance imaging (MRI) has largely supplanted 
computed tomography (CT), which continues 
to be known as standard in pituitary imaging.5 
The earliest MR sequences employed for 
identifying pituitary adenomas were spin echo 
(SE) sequences, however, their effectiveness, 
particularly in detecting microadenomas, was 
limited. Subsequent research indicated that the 
capability to identify microadenomas improved 
with contrast-enhanced studies, and this 
effectiveness was contingent on the time lapse 
between contrast administration and image 
acquisition. The proposal for an initial dynamic 
scan arose as a technique to amplify the contrast 
distinction between the regular gland and 

microadenoma.2

The diagnostic efficacy for detecting these 
lesions has been significantly improved through 
dynamic pituitary MRI with contrast scanning, 
establishing itself as the standard reference.6 
Dynamic contrast enhanced MRI for pituitary 
imaging is conducted with a standard temporal 
resolution of 20–30 seconds and an in-plane 
spatial resolution of under 1 mm. This setup 
facilitates the qualitative assessment of both the 
pituitary gland and pituitary adenoma. In the 
majority of instances, there is more pronounced 
enhancement observed in the pituitary gland 
compared to a pituitary adenoma.7 The rising 
false positivity in dynamic MRI is a serious 
issue. As of right now, no one MRI sequence 
has been proven to be clearly optimum for their 
identification, As a result, the diagnosis relies on 
a composite analysis of images obtained before, 
during, and after the administration of contrast. 
The relative SIR difference on DCE MRI in patients 
with pituitary microadenoma was 0.215±0.205 
and in patients without pituitary microadenoma it 
was 0.037±0.028.2

Precise localization of the apparently normal 
pituitary gland before surgery is crucial due 
to the risk of hormone deficiency, a significant 
complication associated with transsphenoidal 
surgery for the removal of pituitary adenomas. 
As of my last available information, there is no 
local data on this specific aspect. This study aims 
to leverage signal time curve (STC) analysis by 
combining the advantages of the precontrast T1 
SE sequence with dynamic contrast enhanced 
magnetic resonance imaging for assessment of 
microadenomas in pituitary gland. Its primary 
objective is to investigate whether the estimation 
of the precontrast T1 SIR of a tumor looking region 
on a DCE MRI scan can enhance the accuracy of 
diagnosing and locating microadenomas.

OBJECTIVES & OPERATIONAL DEFINITIONS
The objective of the study was:
• “To determine the mean relative signal 

intensity ratio (SIR) difference in patients 
undergoing dynamic contrast-enhanced 
magnetic resonance imaging (DCE MRI) for 
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diagnosis of pituitary microadenoma.
• To compare the mean relative signal intensity 

ratio (SIR) difference by using dynamic contrast 
enhanced magnetic resonance imaging (DCE 
MRI) with and without microadenoma.”

OPERATIONAL DEFINITIONS
Pituitary Microadenoma
It was confirmed on DCE MRI when there was 
an intraglandular focal area showing differential 
enhancement (lowest signal) size between 3–10 
mm in the pituitary gland after injection of contrast 
media. Normal pituitary gland was iso-intense on 
DCE MRI.

Relative signal intensity ratio (SIR) difference
It was calculated as follows:
The ratio calculated by dividing the difference in 
SIR by the SIR of the normal pituitary is expressed 
as (SIR P − SIR T)/SIR P.

Here, SIR T represents the T1 signal intensity ratio 
at the area of suspicion (zone a) with differential 
enhancement, while SIR P denotes the T1 signal 
intensity ratio at the normal pituitary gland (zone 
b).

MATERIALS & METHODS
This Descriptive, Cross-sectional study was 
conducted at Department of Radiology, Allied 
Hospital, Faisalabad from 5th April 2021 to 4th 
October 2022. The sample size was calculated 
By using WHO sample size calculator Population 
mean = 0.2152

Population standard deviation = 0.2052 Absolute 
precision required (d) = 0.05 Confidence level 
= 95%. The Sample size was 65 and the sample 
technique employed was Non-probability, 
consecutive sampling.

SAMPLE SELECTION
Inclusion Criteria
a. Patients age ranges from 20-60 years of both 

genders.
c. Patients undergoing magnetic resonance 

imaging of the pituitary gland with dynamic 
contrast enhancement.

Exclusion Criteria
a. Patients taking any medication (antipsychotics, 

anti-depressants, opiates or antiemetics) that 
affect the functions of pituitary gland.

b. Patients having hepatic or renal failure.
c. Patients with uncontrolled diabetes mellitus 

(HbA1c > 7).
d. Patients with hypothyroidism.

Data Collection Procedure
Following approval from the hospital’s ethical 
committee, patients meeting the inclusion 
criteria were recruited, and informed consent 
was obtained. To evaluate the morphology of 
the pituitary and brain, a pre-contrast coronal 
VIBE sequence was acquired with the following 
parameters: TR/TE of 497/10 ms, a matrix of 
320 x 320, a field-of-view (FOV) of 230 mm, 
and a slice thickness of 2.5 mm without a gap. 
Subsequently, a coronal dynamic contrast scan 
was conducted using a fast SE sequence with 
a 15 mm FOV, 3 mm slice thickness, and a 0.2 
mm slice gap after the pre-contrast sequence. 
Contrast (IV gadolinium) was administered at the 
transition between the first and second dynamics. 
The dynamic sequence, lasting 225 seconds, 
comprised a total of six cycles during and after 
the contrast injection, along with one dynamic 
from the pre-contrast study.

A senior radiologist interpreted the dynamic 
contrast-enhanced magnetic resonance (DCE 
MR) images, evaluating pituitary microadenomas 
based on a specified operational definition. In the 
region of differential enhancement (zone a) for all 
patients, a region of interest (ROI) was delineated. 
Additionally, a second ROI was established in the 
normal-appearing tissue of the pituitary gland 
(zone b) for all patients. Signal intensity time 
curves were generated for all patients at both 
SIR T and SIR P. The difference between SIR T 
and SIR P was computed, and the relative SIR 
difference was calculated in accordance with 
the operational definition. All data were collected 
using a specially designed proforma provided by 
the researcher.

Data Analysis Procedure
The data was input and subjected to analysis 
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using SPSS version 22. Descriptive statistics, 
encompassing mean and standard deviation, 
were computed for numerical variables such as 
age, SIR T, SIR P, SIR difference, and relative 
SIR difference. Frequency and percentage 
calculations were performed for qualitative 
variables like gender and the presence of 
pituitary microadenoma. An independent sample 
t-test was utilized to compare the relative SIR 
difference between individuals with and without 
microadenoma.

Variables that could influence the outcome, such 
as age and gender, were managed by stratification. 
Subsequently, an independent sample t-test was 
conducted post-stratification. Significance was 
determined by a p-value of ≤ 0.05.

RESULTS
Age range in this study was from 20-60 years 
with mean age of 41.74 ± 9.22 y. Majority of the 
patients 36 (55.38%) were between 41 to 60 years 
of age as shown in Table-I.

Out of these 65 patients, 42 (64.62%) were male 
and 23 (35.38%) were females with ratio of 1.8:1 
(Figure-1). Distribution of patients according to 
pituitary microadenoma is shown in Table-II.

In my study, mean relative signal intensity ratio 
(SIR) difference in patients undergoing DCE MRI 
for diagnosing pituitary microadenoma was 0.212 
± 0.181 (Table-III). The relative SIR difference on 
DCE MRI in patients with pituitary microadenoma 
was 0.35 ± 0.12 and in patients without pituitary 
microadenoma it was 0.03 ± 0.01 (Table-IV).

Stratification of mean relative signal intensity 
ratio (SIR) difference in patients with pituitary 
microadenoma with respect to age and gender is 
shown in Table-V & VI respectively.

Age (years) No. of Patients (%)
 20-40 29 (44.62%)
 41-60 36 (55.38%)
 Total 65 (100.0%)

Table-I. Distribution of patients according to age.
Mean ± SD = 41.74 ± 9.22 years

Pituitary Microadenoma No. of Patients (%)
 Yes 37 (56.92%)
 No 28 (43.08%)
 Total 65 (100.0%)

Table-II. Distribution of patients according to pituitary 
microadenoma.

Mean SD
Relative SIR difference on DCE MRI 0.212 0.181

Table-III. Mean relative signal intensity ratio (SIR) 
difference in patients undergoing dynamic contrast 

enhanced magnetic resonance imaging (DCE MRI) for 
diagnosis of pituitary microadenoma.

Pituitary 
Microadenoma

Relative Signal Intensity 
Ratio (SIR) Difference P-Value

Mean SD
Yes 0.35 0.12

0.0001
No 0.03 0.01

Table-IV. Comparison of the mean relative signal 
intensity ratio (SIR) difference by using DCE MRI with 

and without microadenoma

Age (Years)
Relative Signal Intensity 
Ratio (SIR) Difference P-Value
Mean SD

20-40 0.22 0.19
0.705

41-60 0.21 0.17
Table-V. Stratification of mean relative signal intensity 

ratio (SIR) difference in patients with pituitary 
microadenoma with respect to age.

Gender
Relative Signal Intensity 
Ratio (SIR) Difference P-Value
Mean SD

Male 0.22 0.19
0.612

Female 0.20 0.17
Table-VI. Stratification of mean relative signal intensity 

ratio (SIR) difference in patients with pituitary 
microadenoma with respect to gender.

42 
(64.62%)

23 
(35.38%)

Male Female

Figure-1. Distribution of patients according to gender 
(n=65).



Pituitary Microadenoma

Professional Med J 2024;31(02):222-229. 226

DISCUSSION
Dynamic contrast enhanced MRI is a robust 
method offering a quantitative assessment of 
vessel permeability and interstitial volumes. 
Specifically in the brain, it delineates the 
permeability of the blood-brain barrier (BBB), 
proving to be beneficial in various applications.8 

These applications encompass the evaluation 
of conditions exhibiting significant blood-brain 
barrier breakdown, such as the gradation of 
brain tumors9,10, lesions associated with multiple 
sclerosis11,12, and conditions characterized by 
gradual and prolonged blood-brain barrier 
breakdown, such as diabetes13, and Alzheimer’s 
disease.14 Beyond neurological applications, 
DCE-MRI finds utility in evaluating cancer and 
monitoring therapeutic interventions in various 
anatomical regions, including the breast15,16, 
prostate17, and hepatic.18 DCE-MRI encounters 
a complex balance between attainable spatial 
resolution, temporal resolution, and volume 
coverage. Strategies for acceleration that 
capitalize on redundancies in the temporal 
dimension have demonstrated considerable 
promise in enhancing these trade-offs. These 
encompass initial methods, such as view-
sharing19-21, advanced techniques like highly 
constrained back projection (HYPR) and, more 
recently, compressed sensing.23-28

I undertook this study to ascertain the mean 
relative signal intensity ratio (SIR) difference in 
patients undergoing DCE MRI in diagnosing 
pituitary microadenomas and to compare the 
average relative signal intensity ratio (SIR) 
difference in DCE MRI between cases with and 
without microadenomas. In my study, mean 
relative signal intensity ratio (SIR) difference 
in individuals undergoing DCE MRI for the 
diagnosis of pituitary microadenomas was 0.212 
± 0.181 (Table-III). The relative SIR difference on 
DCE MRI in patients with pituitary microadenoma 
was 0.35 ± 0.12 and in patients without pituitary 
microadenoma it was 0.03 ± 0.01. The relative 
SIR difference on DCE MRI in patients with 
pituitary microadenoma was 0.215±0.205 and 
in patients without pituitary microadenoma it was 

0.037±0.028.2

Ma et al.29 illustrated the effectiveness of assessing 
relative signal intensity (tumor to white matter 
of frontal lobe) on pre-contrast T1-weighted 
images in predicting the composition of pituitary 
adenomas.

Nevertheless, contradictory results exist, 
as certain studies have suggested a lack 
of association between tumor consistency 
and signal intensity on T1-weighted MRI.30,31 
Additionally, another investigation noted a 
reverse relationship between signal intensity 
on T2W MRI and amount of collagen present, 
that were found to be plenty in solid pituitary 
adenomas.32 Nevertheless, numerous data has 
not demonstrated a correlation of this nature.30,31 
A particular study indicated that reduced ADC 
(apparent diffusion coefficient) values correlate 
with a soft tissue mass density during surgery 
and higher cellularity in pathology.30 On the 
contrary, there is a report suggesting that lower 
ADC (apparent diffusion coefficient) values have 
association with firmer tumor consistency and 
greater amount of collagen present.31

Limited research has sought to evaluate signal 
time curves (STCs) on dynamic contrast-
enhanced MRI to gauge the pattern of 
enhancement over a specific period for both 
tumor and normal pituitary gland, aiming for 
increased certainty in the diagnostic evaluation. 
In research conducted by Yuh et al., It was 
discovered that adenomas affecting the pituitary 
gland exhibited enhancement approximately 
9.3 ± 1.5 seconds after the enhancement of the 
straight sinus, and notably earlier (12.0 seconds) 
than the enhancement of the anterior pituitary.33 

In order to determine the ideal acquisition time 
for microadenoma detection, Rossi Espagnet 
et al. investigated signal time curves (STCs) of 
the pituitary in a cohort of 52 patients for very 
first time. They came to the conclusion that 120 
s is the best period for imaging.34 Additionally, 
they discovered that the peak enhancement 
between a microadenoma and a healthy anterior 
pituitary exhibited notable differences. Anterior 
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pituitary gland demonstrated an earlier peak 
enhancement, with a mean time-to-peak of 80 
seconds, while the pituitary microadenoma 
exhibited a mean time-to-peak of 90 seconds.

According to a study conducted by Stadnik et 
al. involving 12 patients with microadenomas, 
both the pre-contrast T1 sequence and dynamic 
contrast-enhanced MRI (DCE MRI) were effective 
in detecting 84% (10 out of 12) of the lesions. 
However, the combination of dynamic MRI with 
the pre-contrast T1 sequence achieved a 100% 
detection rate for all cases.35 In their study, Ma 
et al. noted a substantial correlation between the 
signal intensity on pre-contrast T1 SE sequences 
and the consistency of tumors, specifically in 
relation to the expression of collagen IV.36

It is commonly recognized that the pituitary gland 
exhibits a more pronounced contrast enhancement 
compared to the macroadenoma.37-39 This 
characteristic is probably attributed to disparities 
in the vasculature between the normal pituitary 
tissue and adenomatous tissue.

Several earlier investigations have histologically 
indicated that the vascularization of a pituitary 
adenoma is comparatively weaker than that 
of a normal pituitary gland.40,41 Recent studies 
employing objective mathematical models have 
suggested that the vascular supply to the normal 
pituitary gland is characterized by a more intricate 
and well-organized microvascular network 
compared to that of a pituitary adenoma.42,43

To our knowledge, there is only one previous study 
that endeavored to identify the pituitary gland in 
individuals with macroadenomas using dynamic 
MR imaging.44 This research team successfully 
identified the pituitary gland in 28 out of 33 cases 
using multidetector-row CT imaging and dynamic 
MR imaging. However, it’s important to note that 
their identification was solely based on subjective 
visualization of the preoperative scan, lacking 
quantitative confirmation. Moreover, the authors 
did not provide information on the mean size of 
the macroadenomas in their patient population, 
which is a significant factor as localizing the 
normal pituitary gland becomes challenging in 

larger macroadenomas. Therefore, the use of 
submillimeter voxel thickness is crucial when 
acquiring data. In the mentioned study, dynamic 
studies were conducted with 3-mm-thick sections

CONCLUSION
The results of this study suggested that the mean 
relative signal intensity ratio (SIR) difference, 
observed in individuals undergoing dynamic 
contrast enhanced magnetic resonance 
imaging (DCE MRI) for the diagnosis of pituitary 
microadenoma was 0.212 ± 0.181. This value is 
notably elevated compared to the normal pituitary 
gland. Therefore, it is recommended that DCE 
MRI be routinely conducted for the diagnosis of 
pituitary microadenoma, specifically to estimate 
the precontrast T1 signal intensity ratio (SIR) of 
suspicious lesions. This approach is advised to 
enhance the diagnostic accuracy in localizing 
microadenomas.
Copyright© 08 Dec, 2023.

REFERENCES
1. Thaker VV, Lage AE, Kumari G, Silvera VM, Cohen 

LE. Clinical course of nonfunctional pituitary 
microadenoma in children: A single-center 
experience. J Clin Endocrinol Metab. 2019; 
104(12):5906-12.

2. Kumar I, Yadav T, Verma A, Shukla RC, Singh SK. 
Precontrast T1 signal measurements of normal 
pituitary and microadenoma: A retrospective 
analysis through DCE MRI signal time curves. Indian 
J Radiol Imaging. 2018; 28(4):380-4.

3. Zhai J, Zheng W,Zhang Q, Wu J, Zhang X. 
Pharmacokinetic analysis for the differentiation of 
pituitary microadenoma subtypes through dynamic 
contrast- enhanced magnetic resonance imaging. 
Oncol Lett. 2019; 17(5):4237-44.

4. Vukomanovic VR, Matovic M, Doknic M, Ignjatovic V, 
Vukomanovic IS, Djukic S, et al. Clinical usefulness 
of 99mTc-HYNIC-TOC, 99mTc(V)-DMSA, and 99mTc-
MIBI SPECT in the evaluation of pituitary adenomas. 
Nucl Med Commun. 2019; 40:41-51.

5. Varrassi M, Bellisari FC, Bruno F, Palumbo P, Natella 
R, Maggialetti N, et al. High-resolution magnetic 
resonance imaging at 3T of pituitary gland: 
Advantages and pitfalls. Gland Surg. 2019; 8(Suppl 
3):S208-15.



Pituitary Microadenoma

Professional Med J 2024;31(02):222-229. 228

6. Sen R, Sen C, Pack J, Block KT, Golfinos JG, Prabhu 
V, et al. Role of high- resolution dynamic contrast-
enhanced MRI with golden-angle radial sparse 
parallel reconstruction to identify the normal pituitary 
gland in patients with macroadenomas. AJRN Am J 
Neuroradiol. 2017; 38(6):1117-21.

7. Kamimura K, Nakajo M, Yoneyama T, Bohara 
M, Nakanosono R, Fujio S, et al. Quantitative 
pharmacokinetic analysis of high temporal resolution 
dynamic contrast enhanced MRI to diferentiate 
the normal appearing pituitary gland from pituitary 
macroadenoma. Jpn J Radiol. 2020; 38(7):649-57.

8. Heye AK, Culling RD, Vald??s Hern??ndez MDC, 
Thrippleton MJ, Wardlaw JM. Assessment of blood-
brain barrier disruption using dynamic contrast-
enhanced MRI. A Systematic Review. NeuroImage Clin. 
2014; 6:262-274.

9. Roberts HC, Roberts TP, Brasch RC, Dillon WP. 
Quantitative measurement of microvascular 
permeability in human brain tumors achieved using 
dynamic contrast-enhanced MR imaging: Correlation 
with histologic grade. AJNR Am J Neuroradiol. 2000; 
21(5):891-899.

10. Jain R. Measurements of tumor vascular leakiness 
using DCE in brain tumors: Clinical applications. 
NMR Biomed. 2013; 26:1042-1049.

11. Shea CD, Evangelou IE, et al. Evolution of the blood-
brain barrier in newly forming multiple sclerosis 
lesions. Ann Neurol. 2011; 70(1):22-29.

12. Cramer SP, Larsson HBW. Accurate determination 
of blood-brain barrier permeability using dynamic 
contrast-enhanced T1-weighted MRI: A simulation 
and in vivo study on healthy subjects and multiple 
sclerosis patients. J Cereb Blood Flow Metab. July 
2014; 1-11.

13. Starr JM, Wardlaw J, Ferguson K, MacLullich a, Deary IJ, 
Marshall I. Increased blood-brain barrier permeability 
in type II diabetes demonstrated by gadolinium 
magnetic resonance imaging. J Neurol Neurosurg 
Psychiatry. 2003; 74:70-76.

14. Montagne A, Barnes SR, Sweeney MD, et al. Blood-
Brain barrier breakdown in the aging human 
hippocampus. Neuron. 2015; 85(2):296-302.

15. Ah-See M-LW, Makris A, Taylor NJ, et al. Early changes 
in functional dynamic magnetic resonance imaging 
predict for pathologic response to neoadjuvant 
chemotherapy in primary breast cancer. Clin Cancer 
Res. 2008; 14(20):6580-6589.

16. Li X, Arlinghaus LR, Ayers GD, et al. DCE-MRI analysis 
methods for predicting the response of breast 
cancer to neoadjuvant chemotherapy: Pilot study 
findings. Magn Reson Med. 2013; 71(4):1592-1602.

17. Verma S, Turkbey B, Muradyan N, et al. Overview of 
dynamic contrast-enhanced MRI in prostate cancer 
diagnosis and management. Am J Roentgenol. 2012; 
198:1277-1288.

18. Chen B Bin, Shih TTF. DCE-MRI in hepatocellular 
carcinoma-clinical and therapeutic image biomarker. 
World J Gastroenterol. 2014; 20(12):3125-3134.

19. D’Arcy JA, Collins DJ, Rowland IJ, Padhani AR, Leach 
MO. Applications of sliding window reconstruction 
with Cartesian sampling for dynamic contrast 
enhanced MRI. NMR Biomed. 2002; 15(2):174-183.

20. Le Y, Kroeker R, Kipfer HD, Lin C. Development and 
evaluation of TWIST Dixon for dynamic contrast-
enhanced (DCE) MRI with improved acquisition 
efficiency and fat suppression. J Magn Reson 
Imaging. 2012; 36(2):483-491.

21. Saranathan M, Rettmann DW, Hargreaves BA, Clarke 
SE, Vasanawala SS. DIfferential subsampling with 
cartesian ordering (DISCO): A high spatio-temporal 
resolution dixon imaging sequence for multiphasic 
contrast enhanced abdominal imaging. J Magn 
Reson Imaging. 2012; 35(6):1484-1492.

22. Wieben O, Velikina J, Block WF, et al. Highly Constrained 
Back Projection (HYPR): Theory and Potential MRI 
Applications. Med Phys. 2006; 14:2006-2006.

23. Han S, Paulsen JL, Zhu G, et al. Temporal/spatial 
resolution improvement of in vivo DCE-MRI with 
compressed sensing-optimized FLASH. Magn Reson 
Imaging. 2012; 30(6):741-752.

24. Lebel RM, Jones J, Ferre J-C, Law M, Nayak KS. Highly 
accelerated dynamic contrast enhanced imaging. 
Magn Reson Med. 2014; 71:635-644.

25. Guo Y, Lebel RM, Zhu Y, et al. High-resolution whole-
brain DCE-MRI using constrained reconstruction: 
Prospective clinical evaluation in brain tumor 
patients.  Med Phys. 2016; 43(5):2013-2023.

26. Feng L, Grimm R, Block KT, et al. Golden-angle radial 
sparse parallel MRI: Combination of compressed 
sensing, parallel imaging, and golden-angle radial 
sampling for fast and flexible dynamic volumetric 
MRI. Magn Reson Med. 2013.

7



Pituitary Microadenoma

Professional Med J 2024;31(02):222-229.229

8

27. Rosenkrantz AB, Geppert C, Grimm R, et al. Dynamic 
contrast-enhanced MRI of the prostate with high 
spatiotemporal resolution using compressed 
sensing, parallel imaging, and continuous golden-
angle radial sampling: Preliminary experience. J 
Magn Reson Imaging. 2015; 41:1365-1373.

28. Zhang T, Cheng JY, Potnick AG, et al. Fast pediatric 
3D free-breathing abdominal dynamic contrast 
enhanced MRI with high spatiotemporal resolution. 
J Magn Reson Imaging. 2015; 41(2):460-473.

29. Ma Z, He W, Zhao Y. Predictive value of PWI for blood 
supply and T1-spin echo MRI for consistency of 
pituitary adenoma. Neuroradiology. 2016; 58:51-57.

30. Pierallini A, Caramia F, Falcone C. Pituitary 
macroadenomas: Preoperative evaluation of 
consistency with diffusion-weighted MR imaging—
Initial experience. Radiology. 2006; 239:223-231.

31. Romano A, Coppola V, Lombardi M. Predictive 
role of dynamic contrast enhanced T1-weighted 
MR sequences in pre-surgical evaluation of 
macroadenomas consistency. Pituitary. 2017; 20:201-
209.

32. Iuchi T, Saeki N, Tanaka M. MRI prediction of fibrous 
pituitary adenomas. Acta Neurochir. 1998; 140:779-
786.

33. Yuh WT, Fisher DJ, Nguyen HD, Tali ET, Gao F, Simonson 
TM, et al. Sequential MR enhancement pattern in 
normal pituitary gland and in pituitary adenoma. Am 
J Neuroradiol. 1994; 15:101-8.

34. Rossi Espagnet MC, Bangiyev L, Haber M, Block KT, 
Babb J, Ruggiero V, et al. High-resolution DCE-MRI of 
the pituitary gland using radial k-Space acquisition 
with compressed sensing reconstruction. Am J 
Neuroradiol. 2015; 36:1444-9.

35. Stadnik T, Stevenaert A, Beckers A, Luypaert R, Buisseret 
T, Osteaux M. Pituitary microadenomas: Diagnosis 
with two- and three-dimensional MR imaging at 1.5 
T before and after injection of gadolinium. Radiology. 
1990; 176:419-28.

36. Ma Z, He W, Zhao Y, Yuan J, Zhang Q, Wu Y, et al. 
Predictive value of PWI for blood supply and T1-
spin echo MRI for consistency of pituitary adenoma. 
Neuroradiology. 2016; 58:51-7.

37. Miki Y, Matsuo M, Nishizawa S. Pituitary adenomas 
and normal pituitary tissue: enhancement patterns 
on gadopentetate-enhanced MR imaging. Radiology. 
1990; 177:35-38.

38. Yuh WT, Fisher DJ, Nguyen HD. Sequential MR 
enhancement pattern in normal pituitary gland and 
in pituitary adenoma. AJNR Am J Neuroradiol. 1994; 
15:101-08.

39. Lundin P, Bergström K. Gd-DTPA-enhanced MR 
imaging of pituitary macroadenomas. Acta Radiol 
1992; 33:323-32.

40. Schechter J. Ultrastructural changes in the capillary 
bed of human pituitary tumors. Am J Pathol 1972; 
67:109-26.

41. Gorczyca W, Hardy J. Microadenomas of the human 
pituitary and their vascularization. Neurosurgery 
1988; 22:1-6.

42. Di Ieva A, Weckman A, Di Michele J. Microvascular 
morphometrics of the hypophysis and pituitary 
tumors: from bench to operating theatre. Microvasc 
Res 2013; 89:7-14.

43. Di Ieva A, Grizzi F, Ceva-Grimaldi G. Fractal dimension 
as a quantitator of the microvasculature of normal 
and adenomatous pituitary tissue. J Anat 2007; 
211:673-80.

44. Miki Y, Kanagaki M, Takahashi JA. Evaluation of pituitary 
macroadenomas with multidetector-row CT (MDCT): 
comparison with MR imaging. Neuroradiology 2007; 
49:327-33.

AUTHORSHIP AND CONTRIBUTION DECLARATION

No. Author(s) Full Name Contribution to the paper Author(s) Signature

1

2

3

Bushra Ujala

Irfan Shabbir

Noor Fatima

Primary author 

Co-author 

Co-author


