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Study on diagnosis and differential diagnosis of common tumors in the posterior
fossa of children based on diffusion-weighted imaging
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[Abstract] Objective To investigate the imaging diagnosis and differential diagnosis methods for
common tumors in the posterior fossa of children, and to propose a flow chart for the diagnosis of common

tumors in the posterior fossa of children based on the limited diffusion of DWI according to the idea of
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localization diagnosis followed by qualitative diagnosis. Methods A total of 118 pediatric patients with
posterior fossa tumors who underwent surgical resection in Huashan Hospital, Fudan University from
January 2021 to January 2024 were enrolled, and all of them underwent head CT and MRI examinations,
and preoperative localization diagnosis and qualitative diagnosis were carried out accordingly. Then, based
on whether DWI was diffusion limited, a flow chart for the diagnosis of common tumors in the posterior
fossa of children was proposed. Results A total of 118 children with posterior fossa tumors were
localization and qualitatively diagnosed, including 41 cases of fourth ventricular tumors, including
medulloblastoma (27 cases), pilocytic astrocytoma (7 cases), ependymoma (5 cases), choroid plexus
papilloma (one case), and rosette -forming glioneuronal tumor (RGNT, one case). There were 38 cases of
brainstem tumors, including 24 cases of diffuse midline glioma, H3 K27 - altered, 5 cases of pilocytic
astrocytoma, 3 cases of cavernous hemangioma, 2 cases of pediatric-type diffuse high-grade glioma (prone to
diffuse midline glioma, H3 wild type), 2 cases of ganglio glioma, one case of atypical teratoid/rhabdoid
tumor (AT/RT), and one case of pediatric - type diffuse low - grade glioma. There were 9 cases of
cerebellopontine angle (CPA) tumors, including 3 cases of pilocytic astrocytoma, 2 cases of cholesteatoma,
one case of medulloblastoma, one case of diffuse midline glioma, H3 K27-altered, one case of pilomyxoid
astrocytoma, and one case of Ewing sarcoma. There were 30 cases of cerebellar tumors, including 15 cases
of pilocytic astrocytoma, 7 cases of medulloblastoma, 2 cases of cavernous hemangioma, one case of
ependymoma, one case of pediatric-type diffuse low-grade glioma, one case of pediatric-type diffuse high-
grade glioma (prone to diffuse midline glioma, H3 wild type), one case of dysembryoplastic neuroepithelial
tumor (DNT), one case of hamartoma, and one case of extrarenal rhabdomyomatoid tumor cerebellar
metastases. Localization diagnosis, the accuracy of preoperative CT was 93.22% (110/118), while the
accuracy of preoperative MRI was 100% (118/118). Qualitative diagnosis, 74 cases (62.71%) had accurate
qualitative diagnosis, 23 cases (19.49%) had general diagnosis, and 21 cases (17.80%) had wrong diagnosis.
The imaging differential diagnosis of posterior fossa tumors in children focuses on medulloblastoma,
pilocytic astrocytoma, ependymoma, and diffuse midline glioma, H3 K27-altered. The incidence of limited
diffusion of DWI in medulloblastoma, pilocytic astrocytoma and ependymoma outside the brainstem was
100% (35/35), 4% (1/25) and 5/6, and the difference among the three tumors was statistically significant
(Z =-5.601, P =0.000). The incidence of limited diffusion of DWI in diffuse midline glioma, H3 K27-
altered and pilocytic astrocytoma in the brainstem was 79.17% (19/24) and 1/5, and the difference between
the two tumors was also statistically significant (Fisher's exact possibility: P = 0.038). Conclusions The
early diagnosis of posterior fossa tumors in children is difficult, and DWI is an important basis for
differential diagnosis.

[Key words]
differential; Child

This study was supported by Shanghai Zhou Liang-fu Medical Development Foundation (No. XM00050—
2024-3-6).

Conflicts of interest: none declared

Brain neoplasms; Cranial fossa, posterior; Magnetic resonance imaging; Diagnosis,

JUFE & 505 R 48 AR < 14 %, 0 T /N ik R
N RLE AL TR A R 40 R B 4 i A
5T A0 IR TR 1 P v 4 TR L A MR L Ik 4% A
FLSRIE |V SR A R Y AN i R L EE ALAIG
G e R R IRE T SRR R AR AR SR N
R A R S T AR AR AR N R IS A A
AR TR 10% , (B4 45% ~ 60% K L fiki Bt 988 % &
T . i T E e A BN I HA B
A0  JE A A e 20 4 LA R R 2 T e R A
TR R ARA 5] A A 7™ o 14 s ACRE IR, i L - A I
KeRE AR A R T AN TR 28 AL R Y A AR T AR S
6] 367 B AN TR G R 45 R AR AN TR) R AR iy o

YW OCHE B, Uy n] (e LA B S L ik e R
REUEIR T o ABIESE DL 347 165 B Z2 [ Js A2 1l =
B T AT AR DI BR B9 L2 5 i ss i e A8 O F 5 X
G, IV JBB 45 L B8 I s i e 1) i PR R A5 2
L TR AN ] 26 B MR 19912 W 5 500012 W7 125, OF
IR SE 2 (212 W P E RIS W Y BB 2 L B
5 IR A2 W AR P, AR i PR UK A2 B e it
.

MR 5%

— WFFEX 4

LA S HEBR bR e (1) 4 S g HL AL T 5 /i



o AR 2 B 2 7 2024 41 9 H 85 24 45 9

Chin J Contemp Neurol Neurosurg, September 2024, Vol. 24, No. 9 . 725 -

o ()R <14 QB TUFARDGHSEARE
o L2 R S22 W o (4) HEBR I 52 ks Ik TR L
1t 32 T A B4 SRR I LA S IR B8 REAS 52 8 1 AR
Lo (5) B A 8L K K g ¥ X TR Oy S8 AN IF &
FREF R

2. — R FERE PEFR20214F 1 H 2 20244F 1 A1
S H R A I AR BE B b AP BT TR DI BR 19 L
5 R IR B IR 118 ), B 70 ), Lok 48 41
R R 2~14% P (82123.07) % ;LT KR E
24 4~ A, H A% 1.00(0.50,2.00) 4~ H o 13 61K
i i 1) 43 i A A A AR % B, T I PR ARE AR 5 4% 105 4] 1Y
UL B ARCRE AR 53 90 0 Sk i 36.19%(38/105) MK it
hi 27.62% (29/105) . 3k & 5 20.95% (22/105) 473
At 16.19% (17/105) (B 7 8.57%(9/105) , H
5 E 12 B R SCIR i P 28 RRE IR Sy T RE 3 48
(2.54%) , Av WA IR XE 2 1] (1.69%) , ThI % JBE A 1 45]
(0.85%) .

= WSk

LARFT LR E A (1) CT: RFTATk
H CT 4, L5 o8 2 B R Y A TGS 1 3 4
A8 A JCHE EIAUK o (2) MRT: A F AT 3k & MRTH
i, 45 DWIL R MY # R B (ADC) F1 3 5 414
AR i 96 21 23055 R 5 19 15 5 5 2 X6 L S R i e A2
ORELSZ IR o 1 o 1 4 52 5 B e Ak BE R s Ak
ZiPS NG AN S VNG NG S 1 A NS o R T R A
— ) 7 Ay R s Ak, JC B SR R Ak AR DL BH R A LR
AN BT I e — 0 5 Sy i Jgg T 5 Ak 5 X T 5 S M i
Jed | LA hjyeg S 3 o i T A R 0 g s A

2. RATRARF 2 W (1) &2 22 Wi MR R i
CT H1 MRI 2.7 19 i 96 7 AL, Jieb 98 A2 90581 /0 fiki ] 1)
B DU = AR A, B R A D 2 D A
12 Wt Ay 5 U i 2 g R Ak U T T R A A
(A R R VA3 (i i I VR e 4
i 2 AL rog — 000 R A7 0N B £ (CPA ) AR 4G, 5303 i v
BN VA R AN AN =R DA 3Tl L AN
R e R PN TS S Qe L el o N VA R 1]
AN BR RE L2 W R /N R o AR TR S B i DL
R A ARAE” F AR RS AR 24 5 12 W HE R T
(2)5E L W AR IS A BT CT A MRI L7 1 Ji g S5
XoF 65 IO G S PR A T e e B 0 T AR ek e R
i Jop R AT RE PRI WE . AR G R EL 2R 8 8 R 4 bR
HE” RTS8 5 P12 W 5 R 5 9 B2 12 W o8 4
— SR E R W fE A — SR E 2 B R R

12 W SR AL AL B T G812 W Ry BB TR X
JUEE R e 001 5 A0 G001 e Jo g D 34 s R i W B 4

.G AT ik SR SPSSAU Bl B 2% 43 #r
- 4 (spssau.com/index.html) 77 5 95 40 B 5 43 #7 o
THECGEORE LA X E0R B EE (% ) 80% (% ) 32w, 2k
XK B B Fisher 8 UIME A6 18 0 5 IR 70 A0 1Y 3 5
BELLB B « ARl 22 (x 2 9) R AR IE S 041 1931
e ORE DL AP AL KR Y o3 6 B B LM (P, Py 15R
N, K Mann-Whitney UKk, DLP<0.05hHER
BAG X

# R

AWEGE 118 491 J /i 3 i 9 8L, 8 5 6212 W7 F
FE M2 8143 ) R B DU i = iR 41 9], £ A A T 240
I 27 B (1l 1) 6 20 A R0 5L T 4t e 7 1) = 4 R
51 CE2) k2% A ZL Sk R84 i 48 08 A1 1Y i
J P 22 J0 I (RGN'T) 1 3] 5 i+ i 928 38 197, £ 4% 5k
18 M b 2% i TR H3 K27 748 R 24 4] (181 3) LB 4
it 750 5 TV A0 AR S 9 | i 6 R i A R 3 48] L L R R
18 M v ) e o R U v R 18 M v 26 B TR L H3 B
AR ) 2 451 Y5 4 RS SR 2 5] L A TR R i R /R
SURLRE IR CAT/RT) 151 | L2 A0 7k 18 P AR ) 1 o
JeE 1) 5 AT /0N i Ff B JRE O {91, 450 455 6 40 it L R TR 4
JitL 3z 3491 JIF R 98 2 45 R AN R 1 )R i rp 4R
Ji B9, H3 K27 A8 S AU 1 ) | 6 40 i 26 i 78 2 JE 4
JL9RE 18] G SRR L85 /0 i R 30 4], A R 4
Jif 7Y L% 4 B R 1S B (P 4) (R A R 7 B (A
5) AR ISR 2 M) L RO 1 ) L L B R R
AR 20 531 8 598 1 51 L L R R v v A e R U
(i) R 3 1 o 2 M SRR, H3 P A AU ) 1 ] IR i &
B2 b R (DNT) 16 55 F s 1 1)
S SCIVRE IR /N i 7 78 98 1 491

FE L2 W, R BT CT 052 0712 W7 Ui 1 F N
93.22% (110/118) , 8 f5i] /I i = B Jih 96 43 31l 15 4] Ay 55
VO fii =S b Jg (3481 ) 1 P ggg (3 451 ) 0 i A7 /0N i £ ok
Je (2461 ) s AR HIF MR A 22 57 12 W7 HE i 323K 100% ( 118/
118) o &2 W, 74 11 (62.71%) 12 Wi i i, 23 i
(19.49%) 2 Wr B 58 , 21 B (17.80% ) 12 Wi 55 1% , F %
R BE A M B A MR R A MR L E A R =
H 20 IR E 18 1, LA B Al i AP i AR R S AL
TP 9 R A0 A B 240 LR 1 B A R R R R B 4
Jif R T A0 TR 1 B Wk 2 AL SOIR TR R ) Ol
B9 14 . CT MG I, BR IR R 98 S A% 4h , Hox



726 - o BRI 2 3 2024 4T 9 H 55 24455 9] Chin J Contemp Neurol Neurosurg, September 2024, Vol. 24, No. 9

BEL LSRR A MR B g B A
FERTIL 1a EBEIE T, W /R B 030 155 1
=, R AEES b B T,WIE R,
i ¥ A A T O AR R R A
SIRGE 1 BEWTE DWI R, BRSO
1 BRI ADC B R OR 2 AR AE
WHOZIR(LU/NALMES RS ) e Bl
TAT 48 5 T W 7, iR 22 R B RO R
U e ALY (0 s, B S 50 o 9k L 52
PR DX 8 Ki-67 FH P i g 200 i 22 o 4R 0 Al (R A
ION

Figure 1  MRI and pathology findings of

medulloblastoma in the fourth ventricle Axial T\WI showed the tumor was located in the fourth ventricle and showed uniform

hypointensity (Panel la). Axial T,WI showed the tumor was uniformly hyperintense, and there was a "crescent" shaped cerebrospinal
fluid (CSF) signal in front of the tumor (Panel 1b). Axial DWI showed the tumor was hyperintense (Panel 1c). Axial ADC showed the
tumor was hypointense with limited diffusion (cerebellar tissue signal as reference, Panel 1d). Axial enhanced T,WI showed the tumor
was mildly patchy enhancement (Panel le). Immunohistochemical staining showed Ki-67 positive tumor cells were densely distributed
in areas with limited diffusion of tumor parenchyma (Panel 1f). Low power magnified
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Figure 2 MRI and pathology findings of ependymoma in the fourth ventricle (solid with cystic change) Axial T,WI showed the tumor was
located in the fourth ventricle, and the solid part showed a mixed signal of isointensity and hypointensity (Panel 2a). Axial T,WI showed

the solid part of the tumor was a mixed signal of isointensity and hyperintensity, and the CSF signal surrounded posterior and lateral of the
tumor (Panel 2b). Axial DWI showed the solid part of the tumor showed a mixed signal of isointensity and hyperintensity (Panel 2c). Axial

ADC showed a mixed signal of isointensity and hypointensity, with limited diffusion (cerebellar tissue signal as reference, Panel 2d). Axial
enhanced T,WI showed the solid part of the tumor was mild enhancement (Panel 2e). Immunohistochemical staining showed Ki-67 positive
tumor cells were densely distributed in areas with limited diffusion of tumor parenchyma (Panel 2f). Low power magnified
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Figure 3 MRI and pathology findings of diffuse midline glioma, H3 K27-altered Axial T /WI showed diffuse swelling of the brainstem
with hypointensity, and patchy slightly hyperintensity in part of the left side of the lesion (Panel 3a). Axial T,WI showed diffuse swelling
of the brainstem with hyperintensity and surrounding the basilar artery, and slight hyperintensity in part of the left side (Panel 3b). Axial
DWI showed patchy hyperintensity in part of the left side (Panel 3c). Axial ADC showed patchy hypointensity in part of the left side with
limited diffusion (cerebellar tissue signal as reference, Panel 3d). Axial enhanced T ,WI showed that some areas on the left side was
obvious enhancement, and most of the rest did not show enhancement (Panel 3e). Immunohistochemical staining showed dense
distribution of H3 K27M-positive tumor cells in the left limited diffusion area (Panel 3f), and sparse distribution of H3 K27M -positive
tumor cells in the left unlimited diffusion area (Panel 3g). Medium power magnified Immunohistochemical staining showed dense
distribution of Ki-67 positive tumor cells in the left limited diffusion area (Panel 3h), and sparse distribution of Ki-67 positive tumor cells
in the left unlimited diffusion area (Panel 3i). Low power magnified
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diffusion area (Panel 4f). Low power magnified
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Figure 4 MRI and pathology findings of pilocytic astrocytoma in right cerebellar ~Axial T,WI showed the tumor was located in the
right cerebellar hemisphere, and the lesion showed cystic solid changes, and the solid part showed a mixed signal of isointensity and
hypointensity (Panel 4a). Axial T,WI showed the solid part of the tumor showed a mixed signal of isointensity and hyperintensity (Panel
4b).  Axial DWI showed hypointensity in the solid part of the tumor (Panel 4¢). Axial ADC showed hyperintensity with unlimited
diffusion (cerebellar tissue signal as a reference, Panel 4d). Axial enhanced T,WI showed the solid part of the tumor was obvious uneven
enhancement (Panel 4e). Immunohistochemical staining showed Ki-67 positive tumor cells were sparsely distributed in the unlimited
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Figure 5 MRI and pathology findings of medulloblastoma in right cerebellar Axial T,WI showed the tumor was located in the right
cerebellar hemisphere, showing cystic solid changes, and the solid part showed a mixed signal of isointensity and hypointensity (Panel
5a). Axial T,WI showed a mixed signal of isointensity and hyperintensity in the solid part of the tumor (Panel 5b). Axial DWI
showed hyperintensity in the solid part of the tumor (Panel 5c).
tissue signal as a reference, Panel 5d). Axial enhanced T WI showed the solid part of the tumor was significant enhancement (Panel
5e). Immunohistochemical staining showed Ki-67 positive tumor cells were densely distributed in areas with limited diffusion of

tumor parenchyma (Panel 5f). Low power magnified
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Table 1. Comparison of the incidence of limited
diffusion of DWI, cystic changes and obstructive
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Figure 6 Diagnostic flow chart of posterior fossa
tumors in children.

WO i R 6412 W R (T 6) i i RO AS i IS
W FE it — IR
MEHR L

[5]

2 % x W

Sun CR, Xu JH, Zhang BY, Xu SS, Dong F, Wei BX, Jiang B,
Zhang JM. Interpretation on pediatric - type diffuse gliomas in
the 2021 WHO Classification of Tumors of the Central Nervous
System (fifth edition)[J]. Zhongguo Xian Dai Shen Jing Ji Bing
Za Zhi, 2021, 21:791-803.L Fh 52 88, VR db L, K ATAC, VP 2K,
#OC, PR, KNG, TR R 2021 AR 5 T AR 414U R A 4
FRGE IR 43 2% (O R ) L8 0 R 38 R I 0 43 6 M [0 ). v
H B 2 PO 2R A, 2021, 21:791-803. ]

Totapally BR, Shah AH, Niazi T. Epidemiology and short-term
surgical outcomes of children presenting with cerebellar tumors
[J]. Clin Neurol Neurosurg, 2018, 168:97-101.

Formentin C, Joaquim AF, Ghizoni E. Posterior fossa tumors in
children: current insights[ﬂ. Eur J Pediatr, 2023, 182:4833-4850.
Mei F, Qiu RW, Mai YY, Chen SX, Liu SJ, Min XD, Yin ZH,
Bao Y, Qi ST. History, status and prospect of pediatric brain
tumors[ J]. Zhongguo Xian Dai Shen Jing Ji Bing Za Zhi, 2020,
20:258-262.[#§ 25, WA 4l, 22 4580, BRET U, XU, IR,
G L, AL, WAV L L I R TR T s Bk R e
(1] E AR 2 A 7 A8, 2020, 20:258-262. ]

Chen ZR, Wan F, Li YK, Xu Y, Dong FY, Lei T. Clinical and
pathological features of infant and young children brain tumors:
single center report of 100 cases[J]. Zhongguo Xian Dai Shen
Jing Ji Bing Za Zhi, 2019, 19:969-974.[ BRAT &, Ji 8, Dy W4,

REE, #EO7 K, THEE . M4 LR MR I PR B B R R B
100 B3I ] v B IACH 2P A 35, 2019, 19:969-974. ]
Shi YX, Ma WB, Wang Y. Summary and analysis of clinical
features and prognosis in pediatric gliomas based on the SEER
database [ J]. Zhongguo Xian Dai Shen Jing Ji Bing Za Zhi,
2021, 21:147-155.[ 41 % &%, 530K, T4 . 26T 3¢ H SEER %X
I8 28 14y LB SR W DR AR e RS 2 A7 (). o B A 29
FiZkik, 2021, 21:147-155.]

D’Arco F, Khan F, Mankad K, Ganau M, Caro-Dominguez P,
Bisdas S. Differential diagnosis of posterior fossa tumours in
children: new insights[]] Pediatr Radiol, 2018, 48:1955-1963.
Hao DP, Xu WJ, Xu AD. Basic
application progress of MR diffusion - weighted imaging [J].
Zhongguo Zhong Xi Yi Jie He Ying Xiang Xue Za Zhi, 2003, 1:
244-247.[RBCMG, £R 3, FR Z AL . MR 5% BN AUSAR S AR 5t
R R 0o P SR L. vl ] o P R 45 i 1R o Ak 2003, 1:
244-247.]

Su WT, Pan ZL, Xu JC, Song RB, Rao M. Investigation and
solution for T2 shine-through effects in MR diffusion-weighted

principles and clinical

imaging[J]. Zhongguo Yi Xue Ji Suan Ji Cheng Xiang Za Zhi,
2015, 21:219-223.[ J5 3CH, ¥ F Ok, IR, REndl, Befil. #%
FER IR B AR P T2 5 3B SN Y R W B g R D7 R BESE L]
el 2= 2 B HL R 2 35 2015, 21:219-223. ]

Li X, Zhang YK. related
interpretation in diffusion - weighted imaging [ J]. Zhongguo Zu
Zhong Za Zhi, 2022, 17:195-199.[ 2= W, 5K J& 46 . P HUM ALK
B ILA AR ML 5 AR B2 (], b AR v 2, 2022, 17:
195-199. ]

Chen L, Liu M, Bao J, Xia Y, Zhang J, Zhang L, Huang X,

Wang J. The correlation between apparent diffusion coefficient

Several concepts and image

and tumor cellularity in patients: a meta-analysis[J]. PLoS One,
2013, 8:e79008.

Rodriguez Gutierrez D, Awwad A, Meijer L, Manita M, Jaspan
T, Dineen RA, Grundy RG, Auer DP. Metrics and textural
features of MRI diffusion to improve classification of pediatric
posterior fossa tumors[J]. AJNR Am J Neuroradiol, 2014, 35:
1009-1015.

Deng XL, Wen M, Wu XF, Ge XD, Li ML. Differential
diagnosis of pediatric posterior fossa tumors using apparent
diffusion coefficient ratios [J]. Zhongguo Yi Xue Ying Xiang Ji
Shu, 2015, 31:1620-1624.[ XB/NAR, SCHH, RBER, B AR, 2=
IR¥S . ADC LU AR % 502 Wi L # 5 f90ss B (0], v B B 2848
A, 2015, 31:1620-1624. ]

Poretti A, Meoded A, Huisman TA. Neuroimaging of pediatric
posterior fossa tumors including review of the literature [J1.]
Magn Reson Imaging, 2012, 35:32-47.

Guarnera A, Romano A, Moltoni G, lus T, Palizzi S, Romano A,
Bagatto D, Minniti G, Bozzao A. The role of advanced MRI
sequences in the diagnosis and follow - up of adult brainstem
gliomas: a neuroradiological review [J]. Tomography, 2023, 9:
1526-1537.

Ma Y, Li XG, Huang J, Kang HY, Zhang WG. Functional magnetic
resonance imaging of pilocytic astrocytomalJ]. Zhongguo Yi Xue
Ying Xiang Xue Za Zhi, 2015, 23:423-427.[ 525, 2R, B,
FREJEZ:, kAR E . B g0 M B B TP 40 i n g MRIZR LT ).
| 2 27 52 1R 2 2 AL 2015, 23:423-427.]

Brandao LA, Young Poussaint T. Posterior fossa tumors [7].
Neuroimaging Clin N Am, 2017, 27:1-37.

Mengide JP, Berros MF, Turza ME, Lifiares JM. Posterior fossa
tumors in children: an update and new concepts [Jl.
Neurol Int, 2023, 14:114.

Surg

(s # H 3 :2024-08-01)
(AR SCH AR 52— )



