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RINGKASAN

HUBUNGAN ANTARA
PENCITRAAN MAGNETIC RESONANCE (MR)
DYNAMIC CONTRAST ENHANCED (DCE) PERFUSION
DAN APPARENT DIFFUSION COEFISIENT (ADC)
DENGAN GRADING HISTOPATOLOGI
PADA PASIEN MENINGIOMA INTRAKRANIAL

Meningioma intrakranial adalah salah satu tumor intrakranial primer yang paling
sering. Meningioma memiliki angka kejadian di seluruh dunia sekitar 30% dari semua
neoplasma intrakranial pada orang dewasa. World Health Organization (WHO 2021)
mengklasifikasikan meningioma menjadi 3 tingkat yaitu grade 1 (Low Grade), 11 dan 111
(High Grade) dengan 15 subtipe histologis. Sekitar 80-90% meningioma merupakan
tumor jinak dan dikategorikan sebagai WHO Low Grade. Meningioma High Grade
memiliki angka kejadian yang rendah namun dengan angka kelangsungan hidup dan
angka kekambuhan yang tinggi. Meningioma High Grade bahkan memiliki karakteristik
yang sangat agresif dan ganas sehingga dapat bermetastasis ke anggota tubuh lainnya.

Tindakan histopatologis masih menjadi pemeriksaan baku emas dalam
penentuan diagnosis, subtipe, dan grading meningioma. Biopsi memiliki potensi resiko
morbiditas dan mortalitas dengan tingkat kesalahan diagnosis mikroskopis sekitar 3-8%.
Diagnosis preoperatif menjadi sangat penting karena dapat mengubah manajemen terapi
termasuk strategi pembedahan. Meningioma High Grade sebaiknya dilakukan
pembedahan dengan tepi yang bersih dari jaringan tumor untuk mencegah kekambuhan
dan meningkatkan prognosis. Pencitraan Magnetic Resonance Imaging (MRI) dapat
memberikan harapan dalam diagnosis preoperatif meningioma termasuk perkiraan
gradingnya.

Diagnosis preoperatif meningioma dapat diambil dengan tingkat kepercayaan
diri yang tinggi melalui MRI konvensional, namun beberapa penelitian membuktikan
bahwa peran MRI konvensional dalam memprediksi grading meningioma masih kecil.
Gambaran MRI konvensional pada meningioma Low Grade dan meningioma High
Grade tidak berbeda secara signifikan. MRI canggih seperti penggunaan teknik
Diffusion Weighted Imaging (DWI) dengan nilai Apparent Diffusion Coefficient (ADC)
dan juga teknik perfusi Dynamic Contrast Enhanced (DCE) mungkin dapat memberikan
peran yang lebih besar.

Tujuan penelitian ini untuk membuktikan hubungan antara nilai ADC dan DCE
dengan grading meningioma. Parameter MRI perfusi DCE yang diteliti antara lain
Time-Signal Intensity Curves (TIC), Maximum Signal Intensity (SImax), Time to
Maximum (Tmax), dan Maximum Contrast Enhancement Ratio (MCER), slope.
Penelitian dilakukan secara retrospektif dengan metode analitik observasional. Kriteria
inklusi adalah pasien meningioma di RSUD Dr. Soetomo pada tahun 2020 dan 2021
yang telah dilakukan pembedahan dan pemeriksaan histopatologi. Setiap pasien tersebut
harus memilik pemeriksaan MRI prabedah yang dilakukan dengan teknik DWI dan
MRI perfusi DCE. Kriteria eksklusi bila hasil pemeriksaan MRI tidak dapat dievaluasi
dengan baik seperti adanya artefak, atau tidak dilakukan MRI dengan DWI dan MRI
perfusi DCE prabedah.
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Hasil MRI kemudian dievaluasi melalui penempatan 3 region of interest (ROI)
oleh 2 ahli neuroradiologi secara blind. Analisis statistika dilakukan dengan program
SPSS dan program R. Uji realibilitas antar rater dilakukan dengan uji Intraclass
Correlation Coefficient (ICC). Uji normalitas data dilakukan dengan uji Kolmogorov
Smirnov. Uji komparasi antara variabel bebas dengan grading meningioma dilakukan
dengan independent sample t test untuk data dengan distribusi normal dan Mann
Whitney u test untuk data dengan distribusi tidak normal. Nilai diagnostik dari varibel
penelitian dilakukan dengan menghitung Area Under Curve (AUC) pada kurva Receiver
Operating  Characteristic  (ROC), cut-off optimal disertai sensitivitas dan
spesifisitasnya. Hubungan antar variabel penelitian dibuktikan dengan uji korelasi
Spearman yang dilakukan pada program R.

Total subjek penelitian ini adalah 33 subyek dengan 28 (84,8%) subyek
memiliki hasil histopatologi meningioma low grade, sedangkan 5 (15,2%) subyek
terdiagnosis sebagai meningioma high grade. Usia subjek penelitian bervariasi antara
20 hingga 73 tahun. Usia pada meningioma high grade tampak lebih tua dibanding
meningioma /ow grade namun tidak signifikan. Meningioma lebih sering terjadi pada
perempuan dibanding laki-laki, dengan perbandingan 28 (84,8%) perempuan dan 5
(15,2%) laki-laki.. Tidak tampak perbedaan signifikan jenis kelamin antara meningioma
high grade dengan meningioma low grade.

Meningioma high grade memiliki nilai ADC yang secara signifikan lebih rendah
dibandingkan meningioma Jlow grade. Nilai ADC < 0,868 x 10° mm’s” memiliki
sensitivitas 80% dan spesifisitas 92,8% dalam membedakan meningioma high grade
dari meningioma low grade. Nilai ADC juga terbukti memiliki korelasi kuat dengan
grading meningioma. Statistik menunjukkan secara signifikan bahwa meningioma high
grade lebih sering menunjukkan TIC tipe IV sedangkan meningioma /low grade lebih
sering menunjukkan TIC tipe III, dengan sensitivitas 80% dan spesifisitas 89,3%. Tipe
TIC terbukti memiliki korelasi kuat dengan grading meningioma.

Meningioma high grade memiliki SImax yang secara signifikan lebih tinggi
dibandingkan meningioma low grade. SImax > 940,2 memiliki sensitivitas 80% dan
spesifisitas 96,4% dalam membedakan meningioma high grade dari meningioma low
grade. Slmax juga terbukti memiliki korelasi kuat dengan grading meningioma.
Meningioma high grade memiliki Tmax yang secara signifikan lebih rendah
dibandingkan meningioma low grade. Tmax < 42 detik memiliki sensitivitas 80% dan
spesifisitas 89,3% dalam membedakan meningioma high grade dari meningioma low
grade. Tmax juga terbukti memiliki korelasi cukup kuat dengan grading meningioma.
Meningioma high grade memiliki MCER yang secara signifikan lebih tinggi
dibandingkan meningioma low grade. MCER > 245% memiliki sensitivitas 80% dan
spesifisitas 85,7% dalam membedakan meningioma high grade dari meningioma low
grade. MCER juga terbukti memiliki korelasi kuat dengan grading meningioma.
Meningioma high grade memiliki Slope yang secara signifikan lebih tinggi
dibandingkan meningioma low grade. Slope > 5% per detik memiliki sensitivitas 80%
dan spesifisitas 96,4% dalam membedakan meningioma high grade dari meningioma
low grade. Slope juga terbukti memiliki korelasi kuat dengan grading meningioma.

Temuan baru yang diperoleh dari penelitian ini antara lain: (1) Meningioma high
grade memiliki nilai ADC dan Tmax yang lebih rendah dibandingkan meningioma low
grade, (2) Meningioma high grade memiliki SImax, MCER, dan Slope yang lebih
tinggi dibandingkan meningioma low grade, (3) Terdapat hubungan kuat antara nilai
ADC dan MRI perfusi DCE dengan grading meningioma. Temuan baru ini dapat
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diaplikasikan sebagai protokol standar pada setiap pasien yang dilakukan MRI dengan
kecurigaan meningioma sehingga dapat dilakukan prediksi terhadap gradingnya.
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SUMMARY

CORRELATION BETWEEN
MAGNETIC RESONANCE (MR) IMAGING
DYNAMIC CONTRAST ENHANCED (DCE) PERFUSION
AND APPARENT DIFFUSION COEFISIENT (ADC)
WITH HISTOPATHOLOGY GRADING
IN PATIENT WITH INTRACRANIAL MENINGIOMA

Intracranial meningiomas are one of the most common primary intracranial
tumors. Meningiomas account for approximately 30% of all intracranial neoplasms in
adults worldwide. The World Health Organization (WHO) classification of central
nervous system (CNS) tumors classifies meningiomas into 3 grades, namely grade I
(Low grade), II dan III (High Grade) with 15 histologic subtypes. most meningiomas
(approximately 80-90%) are benign tumors and are categorized as WHO Low grade.
High grade meningiomas have a low incidence but high survival and recurrence rate.
Meningiomas high grade even has characteristics that are very aggressive and malignant
so that they can metastasize to other parts of the body.

Histopathological examination is still the gold standard in determining the
diagnosis, subtype, and grading of meningioma. Surgical biopsy carries a potential risk
of morbidity and mortality with an intraoperative microscopic misdiagnosis rate of
approximately 3-8%. Preoperative diagnosis is very important because it can change
therapeutic management including surgical strategy. High grade meningiomas should be
surgically removed with a clear margin of tumor tissue to prevent recurrence and
improve prognosis. Magnetic resonance imaging (MRI) can provide hope in the
preoperative diagnosis of meningioma, including an estimate of its grading.

The preoperative diagnosis of meningioma can be made with a high degree of
confidence by conventional MRI, but some studies have shown that the role of
conventional MRI in predicting meningioma grading is still small. Conventional MRI
images of low grade and high grade meningiomas were not significantly different, but
advanced MRI with diffusion-weighted imaging (DWI) techniques and apparent
diffusion coefficient values (ADC) as well as dynamic contrast enhanced (DCE) MR
perfusion techniques may play a greater role.

The purpose of this study was to prove the relationship between ADC values and
various parameters of DCE with meningioma grading. The DCE parameters studied
included time signal intensity (TIC), maximum signal intensity (SImax), maximum time
(Tmax), maximum contrast enhancement ratio (MCER), and slope. The study was
conducted retrospectively with observational analytic methods. Inclusion criteria were
meningioma patients at Dr. Soetomo Hospital in 2020 and 2021 who underwent surgery
and histopathological examination. Each of these patients should have a preoperative
MRI examination performed with the DWI technique and the DCE MR perfusion.
Exclusion criteria were patients with MRI examination results that could not be
examined properly, and also patients who did not undergo MRI with DWI and DCE MR
perfusion before surgery. Subsequent results of MRI were evaluated with blind
placement of 3 regions of interest (ROI) by 2 neuroradiologists. Statistical analysis was
carried out using the SPSS program and the R program. The inter-rater reliability test
was performed using the intraclass correlation coefficient (ICC) test. The normality test
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of the data was carried out with the Kolmogorov Smirnov test. Comparison test between
independent variables and meningioma grading was done by independent sample t test
for data with normal distribution and Mann Whitney u test for data with abnormal
distribution. The diagnostic value of the research variables was carried out by
calculating the area under curve (AUC) on the receiver operating character (ROC)
curve, the optimal cut-off with sensitivity and specificity. The relationship between
variables as evidenced by the Spearman correlation test conducted on the R program.

The total subjects in this study were 33 with 28 (84.8%) having
histopathological results of Low grade meningioma, while 5 (15.2%) were diagnosed as
high grade meningioma. The age of the research subjects varied from 20 to 73 years.
Age on meningioma high grade seemed older than meningioma Low grade but not
significant. The gender of the research subjects consisted of 28 (84.8%) women and 5
(15.2%) men. Meningiomas are more common happened in women than men. There
was no significant gender difference between high grade meningioma and low grade
meningioma.

High grade meningiomas had significantly lower ADC values than Low grade
meningiomas. ADC values < 0.868 x 10-3 mm2s-1 had 80% sensitivity and 92.8%
specificity in differentiating high grade meningiomas from zmeningiomas. ADC has
also been shown to have a strong correlation with meningioma grading. Statistics
showed significantly that high grade meningiomas more frequently showed type IV TIC
while low grade meningioma more frequently showed type III TIC, with a sensitivity of
80% and specificity of 89.3%. The TIC type was shown to have a strong correlation
with meningioma grading. High grade meningiomas had significantly higher SImax
than low grade meningiomas. SImax > 940.2 had 80% sensitivity and 96.4% specificity
in differentiating high grade meningiomas from low grade meningiomas. SImax was
also shown to have a strong correlation. with meningioma grading. High grade
meningiomas had a significantly lower Tmax than low grade meningiomas. Tmax < 42
seconds had 80% sensitivity and 89.3% specificity in differentiating high grade
meningiomas from low grade meningiomas. Tmax was also shown to have a strong
correlation with meningioma grading. High grade meningiomas had a significantly
higher MCER than low grade meningiomas. MCER >245% had 80% sensitivity and
85.7% specificity in differentiating high grade meningiomas from low grade
meningiomas. MCER was also shown to have a strong correlation with meningioma
grading. High grade meningiomas have a significantly higher slope than grade
meningiomas. Slope > 5% per second had 80% sensitivity and 96.4% specificity in
differentiating high grade meningiomas from low grade meningiomas. Slope was also
shown to have a strong correlation with meningioma grading.

New findings obtained from this study include: (1) High grade meningiomas
have lower ADC and Tmax values than low grade meningiomas, (2) High grade
meningiomas have higher SImax, MCER, and Slope compared to low grade
meningiomas, (3) There is a strong relationship between ADC and DCE MRI perfusion
parameters with meningioma grading. These findings can be applied as a standard
protocol in patient undergoing MRI with suspected meningioma so the grading can be
predicted before surgery.
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ABSTRAK

HUBUNGAN ANTARA
PENCITRAAN MAGNETIC RESONANCE (MR)
DYNAMIC CONTRAST ENHANCED (DCE) PERFUSION
DAN APPARENT DIFFUSION COEFISIENT (ADC)
DENGAN GRADING HISTOPATOLOGI
PADA PASIEN MENINGIOMA INTRAKRANIAL

Sri Andreani Utomo

Objektif: Penelitian ini bertujuan untuk menganalisis hubungan antara Apparent
Diffusion Coefisient (ADC) dan Magnetic Resonance (MR) perfusi Dynamic Contrast
Enhanced (DCE) dengan grading meningioma. Metode: Dilakukan penelitian
retrospektif pada pasien meningioma di RSUD Dr. Soetomo pada tahun 2020 dan 2021.
Jumlah subjek penelitian adalah 33 pasien yang telah menjalani pembedahan dan
memiliki hasil histopatologi. Subjek penelitian kemudian dilakukan evaluasi hasil MRI
canggih preoperatif meliputi nilai ADC, time-signal intensity curves (TIC), Maximum
Signal Intensity (Slmax), Time To Maximum (Tmax), Maximum Contrast Enhancement
Ratio (MCER), dan slope. Hasil: Nilai ADC memiliki korelasi kuat dengan grading
meningioma (r = -0,55; p = 0,000907). Nilai ADC < 0.868 x 10° mm’s" memiliki
sensitivitas 80% dan spesifisitas 92,8% dalam membedakan meningioma grade II/III
(high grade) dari meningioma grade 1 (low grade). Tipe TIC memiliki korelasi kuat
dengan grading meningioma (r = 0,677; p = 0,000015). 7TIC tipe IV memiliki
sensitivitas 80% dan spesifisitas 89,3% dalam membedakan meningioma high grade
dari meningioma low grade. MCER memiliki korelasi kuat dengan grading
meningioma, (r = 0,577; p = 0,00044). MCER > 245% memiliki sensitivitas 80% dan
spesifisitas 85,7% dalam membedakan meningioma high grade dari meningioma low
grade. Slope memiliki korelasi kuat dengan grading meningioma (r = 0,595; p =
0,000263). Slope > 5% per detik memiliki sensitivitas 80% dan spesifisitas 96,4%
dalam membedakan meningioma high grade dari meningioma /low grade. Kesimpulan:
Terdapat hubungan kuat antara ADC dan MRI perfusi DCE dengan grading
meningioma.

Kata kunci: Grading Histopatologi, meningioma, MRI, ADC, DCE
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ABSTRACT

CORRELATION BETWEEN
MAGNETIC RESONANCE (MR) IMAGING
DYNAMIC CONTRAST ENHANCED (DCE) PERFUSION
AND APPARENT DIFFUSION COEFISIENT (ADC)
WITH HISTOPATHOLOGY GRADING
IN PATIENT WITH INTRACRANIAL MENINGIOMA

Sri Andreani Utomo

Objective: This study aims to analyse the corelation between apparent diffusion
coefficient (ADC) and dynamic contrast enhanced (DCE) magnetic resonance perfusion
with meningioma grading. Methods: This study was conducted retrospectively on
patients with meningioma, between 2020 and 2021, from Dr. Soetomo General Hospital
database. The total of sample in this study were 33 patients who had undergone surgical
resection and histopathological confirmed as meningiomas. All patient’s MRI then got
evaluated for ADC value and DCE parameters, including time-signal intensity curves
(TIC), maximum signal intensity (SImax), time to maximum (Tmax), maximum
contrast enhancement ratio (MCER), and slope. Results: ADC value had strong
correlation with meningiomas grading (r = -0.55; p = 0.000907). ADC value < 0.868 x
10 mm’s™ had sensitivity of 80% dan specificity of 92.8% in distinguishing high grade
meningiomas from low grade meningiomas. Type of TIC had strong correlation with
meningiomas grading (r = 0.677; p = 0.000015). Type IV TIC had sensitivity of 80%
dan specificity of 89.3% % in distinguishing high grade meningiomas from low grade
meningiomas. MCER had strong correlation with meningiomas grading, (r = 0.577; p =
0.00044). MCER > 245% had sensitivity of 80% dan specificity of 85.7% in
distinguishing high grade meningiomas from low grade meningiomas. Slope had strong
correlation with meningiomas grading (r = 0.595; p = 0.000263). Slope > 5% per second
had sensitivity of 80% dan specificity of 96.4% in distinguishing high grade
meningiomas from low grade meningiomas. Conclusion: There are strong correlation
between ADC and DCE MR perfusion with meningioma grading

Keywords: grading, meningioma, MRI, ADC, DCE
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