タイトル
別タイトル

Comparison of quantitative measurements of central nervous system
tumour consistency and the associated preoperative imaging findings
定量的に測定した中枢神経腫瘍の硬度と術前画像所見との比較

作成者（著者）

桝田, 博之

公開者

東邦大学

発行日

2021.01.28

掲載情報

東邦大学大学院医学研究科 博士論文.

資料種別

学位論文

内容記述

著者版フラグ

主査 : 船橋公彦 / タイトル : Comparison of quantitative measurements
of central nervous system tumour consistency and the associated
preoperative imaging findings /著者 : Hiroyuki Masuda, Masaaki Nemoto,
Naoyuki Harada, Yutaka Fuchinoue, Shinichi Okonogi, Yasuhiro Node,
Shunpei Ando, Kosuke Kondo, Nobuo Sugo /掲載誌 : British Journal of
Neurosurgery /巻号・発行年等 : 33(5): 522-527, 2019 /本文ファイル: 査
読後原稿
ETD

報告番号

32661乙第2937号

学位記番号

乙第2779号

学位授与年月日

2021.01.28

学位授与機関

東邦大学

DOI

info:doi/10.1080/02688697.2019.1617405

その他資源識別子

https://www.tandfonline.com/doi/full/10.1080/02688697.2019.1617405

メタデータのＵＲＬ

https://mylibrary.toho-u.ac.jp/webopac/TD26281396

Title: Comparison of quantitative measurements of central nervous system tumour

consistency and the associated preoperative imaging findings

Authors: Hiroyuki Masuda1), Masaaki Nemoto1), Naoyuki Harada1), Yutaka Fuchinoue1),

Shinichi Okonogi1), Yasuhiro Node1), Shunpei Ando1), Kosuke Kondo1), Nobuo Sugo1)

1)

Department of Neurosurgery (Omori), School of Medicine, Faculty of Medicine, Toho

University

Corresponding Author: Hiroyuki Masuda

Address correspondence to: Hiroyuki Masuda, MD

6-11-1 Omorinishi, Ota-ku, Tokyo, Japan 143-8541

Tel: +81-3-3762-4151

Fax: +81-3-3298-4847

E-mail address: h-masuda@med.toho-u.ac.jp

1

[Abstract]

Purpose: Central nervous system (CNS) tumour consistency is one of the factors determining the

difficulty of surgery for such lesions. We measured the consistency of surgically excised CNS

tumour specimens using a hardness meter. The purpose of this study was to identify imaging

parameters that reflect tumour consistency by comparing preoperative imaging findings with CNS

tumour consistency measurements.

Material and methods: Of 175 consecutive patients with CNS tumours who underwent surgery at

our hospital between October 2012 and October 2018, 127 were included in this study (those

whose specimens were difficult to measure were excluded). CNS tumour consistency was

measured immediately after surgical excision using a hardness meter and compared with

preoperative T1-weighted, T2-weighted (T2WI), fluid attenuated inversion recovery (FLAIR),

diffusion-weighted imaging, gadolinium-enhanced magnetic resonance imaging, plain computed

tomography (CT), and contrast-enhanced CT findings.

Tumour consistency was also subjectively classified by the surgeon into soft, hard, or very hard.
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Results: The intracranial meningiomas were softer than the metastatic tumours and gliomas

(p=0.03 and p=0.03, respectively). Among the intracranial meningiomas, the tumours that

exhibited high intensity on T2WI were softer than those that displayed isointensity or low intensity

(p<0.001 and p<0.001, respectively), and the isointense tumours were softer than the low intensity

tumours (p=0.02). Among the metastatic tumours, the tumours that exhibited high intensity on

T2WI were softer than those that displayed isointensity or low intensity (p<0.001 and p<0.001,

respectively). Among the intracranial meningiomas and metastatic tumours, significant

correlations were detected between the T2WI findings and subjective tumour consistency

according to the surgeon or quantitative tumour consistency (p=0.01 and p=0.03, respectively).

Conclusions: The preoperative T2WI findings of intracranial meningiomas and metastatic tumours

were significantly correlated with quantitatively measured tumour consistency and subjectively

evaluated tumour consistency. Therefore, we concluded that T2WI findings are useful for

preoperatively predicting the consistency of such tumours.
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Text：INTRODUCTION

It has been known for a long time that information about tumour consistency is clinically useful.

For example, hard breast cancer tumours exhibit high malignancy1. In addition, it is considered

that tumour consistency is correlated with malignancy in liver and thyroid cancer2, 3. Therefore,

methods for quantifying and visualising tumour consistency using ultrasonic equipment are being

investigated worldwide2-4. In central nervous system (CNS) tumours, consistency is one of the

factors determining the difficulty of surgery, rather than histological malignancy5-7. If the

consistency of CNS tumours could be predicted before surgery, it would be very useful for aiding

the selection of the optimal surgical approach and instruments5-7. Since ultrasonic equipment

cannot be used to obtain measurements of CNS tumour consistency because of the influence of

skull artefacts, several studies of CNS tumour consistency have been performed using magnetic

resonance imaging (MRI) and computed tomography (CT) 8-12. However, in these studies tumour

consistency was subjectively evaluated by the surgeon, and so, to the best of our knowledge, CNS

tumour consistency has not been measured quantitatively. Thus, we measured the consistency of
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surgically excised CNS tumour specimens immediately after surgery using a hardness meter. The

purpose of this study was to identify imaging parameters that reflect tumour consistency by

comparing preoperative imaging findings with CNS tumour consistency measurements. We also

evaluated the relationship between quantitative tumour consistency measurements and subjective

evaluations of tumour consistency obtained by the surgeon.

MATERIALS AND METHODS

Of 175 consecutive patients with CNS tumours who underwent surgery at our hospital between

October 2012 and October 2018, those whose specimens were smaller than 1 cm, were difficult to

measure, had degenerated due to bipolar coagulation, or had liquefied were excluded. Thus,

specimens from 127 patients were investigated.

To obtain the consistency measurements, a CR-500DX® SUN RHEO METER hardness meter,

which is normally used to assess foods, drugs, and cosmetics (Sun Scientific Co., Ltd., Tokyo,

Japan) (Fig. 1A) and the associated analysis software (RheoData Analyzer VR.2.8g3®; Sun

Scientific Co., Ltd., Tokyo, Japan) were used. To prevent errors associated with the adapter type,
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the same adapter was used for all measurements (Fig. 1B). To prevent slippage caused by

compression by the adapter, a layer of thin gauze was spread across a petri dish, a specimen was

placed on it, and the dish was set on the hardness meter. The specimen was compressed by the

adapter, and the pressure required to maximally deform the specimen was regarded as the

consistency measurement. The megapascal (MPa) was used as the unit of consistency. The CNS

tumour consistency measurements were obtained immediately after surgical excision. After

removing any moisture and blood with gauze on the surface of the specimen, the size of the

specimen was adjusted to 1 x 1 cm, and its consistency was measured, as described above. Each

specimen was measured once because compressing the specimens with the adaptor damaged the

specimens. Tumour consistency was also classified subjectively by the surgeon as soft, hard, or

very hard.

On MRI, the findings for the cerebral grey matter obtained with T1-weighted imaging (T1WI),

T2-weighted imaging (T2WI), fluid attenuated inversion recovery (FLAIR), diffusion-weighted

imaging (DWI), and gadolinium (Gd)-enhanced MRI were classified as high intensity, isointensity,
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or low intensity.

To evaluate Gd enhancement, we divided the tumours into three groups based on the extent of

contrast enhancement; i.e., into unenhanced, <50%, and ≥50%. The extent of contrasted

enhancement was calculated as the ratio of the contrasted area to the maximum area of the tumour

by the Japan neurosurgical society board certified neurosurgeon(H.M.). The contrast medium was

intravenously administered at a dose of 0.2 ml per kg body weight.

On both plain and contrast-enhanced CT, each tumour was surrounded by a region of interest, and

the mean number of Hounsfield Units (HU)/pixel (the CT value) was measured. On contrast-

enhanced CT, 40-50 ml of contrast medium was administered intravenously, and an examination

was performed after 30 seconds.

Tumour calcification was defined as high density on CT and low intensity on T1WI and T2WI.

The intracranial meningiomas were divided into calcified and non-calcified groups based on their

CT and MRI findings, and the tumour consistency of the two groups was compared. We also

performed comparisons of tumour consistency between the intracranial meningiomas that did and
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did not exhibit preoperative embolisation.

Statistical analyses were performed using one-way analysis of variance (one-way ANOVA)

followed by Tukey’s test. The relationships between the subjective assessments of tumour

consistency made by the surgeons and the MRI findings were evaluated using Spearman’s rank

correlation coefficient, and p-values of <0.05 were regarded as significant.

This study was approved by the ethics committee of the School of Medicine, Faculty of Medicine,

Toho University (approval number: 2500822034).

RESULTS

1. Comparison of quantitative consistency among CNS tumours

Information about the consistency of each CNS tumour is shown in Table 1. The consistency of

intracranial meningiomas, metastatic tumours, gliomas, and spinal neurinomas (the types of

tumour for which ≥10 cases were analysed) was compared. As a result, it was found that the

metastatic tumours and gliomas were softer than the intracranial meningiomas (p=0.03 and p=0.03,

respectively) (Table 1).
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2. Relationships between MRI findings and quantitative CNS tumour consistency

The findings of T1W1, FLAIR, DWI, and Gd-enhanced MRI were not related to the quantitative

tumour consistency of intracranial meningiomas, metastatic tumours, gliomas, or spinal

neurinomas (Table 2). Among the intracranial meningiomas, the tumours that exhibited high

intensity on T2WI were softer than those that displayed isointensity or low signal intensity (p

<0.001 and p <0.001, respectively). In addition, the isointense intracranial meningiomas were

softer than those that exhibited low signal intensity (p=0.02) (Table 2). Among the metastatic

tumours, the tumours that displayed high signal intensity on T2WI were softer than those that

demonstrated isointensity or low signal intensity (p <0.001 and p <0.001, respectively) (Table 2).

Among the intracranial meningiomas, 21 and 25 cases were included in the preoperative

embolisation group and no preoperative embolisation group, respectively. There was no difference

in tumour consistency between the two groups (Table 3). The duration of the period from

embolisation to surgical removal ranged from 1 to 10 days (mean±standard deviation: 2.0±2.4

days).
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3. Relationships between MRI findings and subjective tumour consistency according to the

surgeon

Among the intracranial meningiomas, the T2WI findings were significantly correlated with

subjective tumour consistency (Spearman’s rank correlation coefficient: 0.37, p=0.01) (Table 4).

Similarly, the T2WI findings and subjective tumour consistency were significantly correlated

among the metastatic brain tumours (Spearman’s rank correlation coefficient: 0.41, p=0.028)

(Table 5). Gliomas and spinal neurinomas were excluded from this evaluation because all of these

tumours were soft.

4. Relationships between CT findings and quantitative tumour consistency

Among the intracranial meningiomas, metastatic tumours, and gliomas, the CT values of the

tumour on plain CT and contrast-enhanced CT were not correlated with quantitative tumour

consistency (Table 6). The spinal neurinomas were excluded from this evaluation because CT was

not performed in these cases.

5. Relationships between tumour calcification and quantitative tumour consistency
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Among the intracranial meningiomas, MRI and plain CT were performed before surgery in every

case except 1. There was no difference in quantitative tumour consistency between the calcified

and non-calcified groups of intracranial meningioma (Table 7). Calcification was only found in 3

cases of glioma, and no calcification was found in any of the metastatic tumours, so these tumours

were excluded from the statistical analysis.

DISCUSSION

In surgery for CNS tumours, soft tumours can be easily excised via suction. On the other hand,

the removal of hard tumours requires transection with scissors and the use of an ultrasonic surgical

aspirator with a high output level, and is often difficult5-7. In addition, hard tumours tend to

strongly adhere to the main blood vessels, nerves, and brain. So, the risk of damaging these vital

structures is high10-14. It has also been reported that the frequency of pituitary adenoma excision via

the transsphenoidal approach was lower in cases involving hard tumours5, 15-18.

MRI shows the shape of tumours as well as their positional relationships with blood vessels and

detailed characteristics11. Many studies have evaluated tumour consistency based on MRI
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findings6-9, 11, 12, 19, and the signal intensity of tumours on T1WI and T2WI was found to be related

to tumour consistency6-8, 11, 12, 19. With recent improvements in MRI performance, investigations

using fractional anisotropy13, 20, 21, magnetic resonance elastography22, 23, and apparent diffusion

coefﬁcient mapping have been performed14, 15, 17. In many studies of intracranial meningioma

consistency, the tumours were classified into those showing low intensity, isointensity, and high

intensity on T1WI and T2WI, and their signal intensity classifications were compared with

subjective assessments of their tumour consistency made by the surgeons6-8, 10-12, 19. Hoover et al.

reported that intracranial meningiomas that exhibit low intensity on T1WI are hard6, but some

studies have found that T1WI findings are not related to tumour consistency7, 11, 12.

Most intracranial meningiomas (56-94%) display isointensity on T1WI10. In our study, the

intracranial meningiomas exhibited isointensity on T1WI in 31 (67.4%) of the 46 patients, and no

relationship between their T1WI findings and tumour consistency was noted. In contrast, a close

relationship between intracranial meningioma consistency and T2WI findings has been reported to

exist6, 7, 11, 12, 19, 24. Suzuki et al. found that tumours that demonstrated isointensity on T2WI were
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hard, and those displaying high intensity were soft11. Yamaguchi et al. reported that 94.1% of

intracranial meningiomas that exhibited low or isointensity on T2WI were hard, and 69.7% of

those displaying high intensity were soft12.

In addition to the evaluations of subjective intracranial meningioma consistency conducted in

previous studies, we measured tumour consistency quantitatively. As a result, we found that

tumours that exhibited high intensity on T2WI were significantly softer than tumours that

displayed isointensity or low intensity. Based on this, it was considered that T2WI strongly reflects

quantitative consistency in intracranial meningiomas. To the best of our knowledge, no previous

study has investigated the consistency of brain tumours other than intracranial meningiomas and

pituitary adenomas. However, we measured the consistency of spinal neurinomas, metastatic

tumours, and gliomas. Similar to intracranial meningiomas, the metastatic tumours that displayed

high intensity on T2WI were softer than the isointense metastatic tumours, suggesting that T2WI

findings reflect tumour consistency.

In intracranial meningiomas, calcification was suggested to be one of the factors reflecting tumour
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consistency11. In contrast, other studies have indicated that calcification is independent of tumour

consistency7. Maiuri et al. reported that the calcification of intracranial meningiomas was

represented by low signal intensity on T2WI, but that calcification did not correlate with tumour

consistency10. In our study, no obvious relationship was observed between the presence or absence

of calcification and tumour consistency in intracranial meningiomas. Several pathological studies

of intracranial meningioma consistency have been performed8-11, 24. In some of these studies, the

number of psammoma bodies, which are round collections of calcium, was compared with the

consistency of intracranial meningioma, and there was no correlation between them7, 10. On the

other hand, water content, cellularity, the concentrations of collagen and fibrous components, and

the number of intratumoural blood vessels were reported to influence intracranial meningioma

consistency8, 10, 11, 24.

It was reported that hard intracranial meningiomas contain abundant collagen and less water

content, whereas soft tumours exhibit high cellularity, dilated blood vessels, microcystic changes,

and high water content10. Soyama et al. measured the collagen content of intracranial meningiomas
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and observed significantly higher collagen levels in hard tumours that exhibited low intensity on

T2WI24. In addition, tumours with abundant fibrous components, such as fibroblastic

meningiomas, have been reported to be hard8, 11, 24.

The transarterial embolisation of intracranial meningiomas before surgery causes them to soften25-

29.

The mechanism underlying this effect is considered to involve occlusion of the feeding blood

vessel, causing ischemia in the tumour, leading to necrotisation of the tumour’s contents25-29. In our

study, there was no difference in tumour consistency between the groups with and without

transarterial embolisation. In a study by Kai et al., it took 7-9 days for the tumour to soften after

transarterial embolisation 26. Therefore, it is possible that our result can be explained by the short

period (mean: 2.0 days) from transarterial embolisation to surgery.

In general, consistency measurements of industrial materials, foodstuffs, etc., are obtained using a

static method in which a sample is compressed with an indenter; a dynamic method, in which an

indenter is dropped onto a sample, and a judgment is made based on the extent of the rebound; or a

scratching-based method in which the degree of scratches caused by a standard substance is
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assesssed30.

The dynamic and scratching-based methods are mainly appropriate for hard industrial materials,

and the static method is used for soft materials, such as food. Thus, we selected the static method

for measuring the consistency of CNS tumours, which are composed of soft tissue. In fact, the

results of the measurement method adopted in this study correlated with the subjective evaluations

of tumour consistency obtained by the surgeon, and it was considered that this measurement

method could be used clinically.

This study had several limitations. The first was that our study had a small sample size. Our

surgical cases included small specimens that were obtained by needle biopsy; specimens that had

been cauterised at the time of removal; and milky specimens, such as pituitary adenoma samples.

The hardness meter used in this study is not suitable for evaluating small specimens (≤1 cm) or

liquefied substances, so such specimens were excluded from this study. Therefore, in future a

method for measuring the consistency of such specimens needs to be developed. Secondly, the

classification of the T2WI findings into three groups was also performed in a subjective manner.
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Unlike CT, which can be used to produce CT values in HU, MRI cannot be used to measure signal

intensity in absolute values, and so the development of a new image analysis method is awaited.

CONCLUSIONS

In this study, the preoperative T2WI findings of intracranial meningiomas and metastatic tumours

exhibited significant correlations not only with subjective evaluations of tumour consistency

obtained by the surgeon, but also with quantitative measurements of tumour consistency.

Therefore, we concluded that T2WI findings are useful for predicting preoperative CNS tumour

consistency.
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Figure legends

Fig. 1A: The hardness meter

B: The adapter

The adapter tip was disk-shaped and measured 1 cm in diameter.

Table 1: CNS tumour consistency

The metastatic tumours and gliomas were significantly softer than the intracranial meningiomas

(p=0.03 and p=0.03, respectively). * : p <0.05

CNS: Central Nervous System

Table 2: Relationships between MRI findings and quantitative CNS tumour consistency

measurements

Among the intracranial meningiomas, the tumours that exhibited high intensity on T2WI were

softer than those that displayed isointensity or low intensity (p <0.001 and p <0.001, respectively).

The tumours that exhibited isointensity were softer than those that displayed low intensity

(p=0.02). Among the metastatic tumours, the tumours that demonstrated high intensity on T2WI
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were softer than those that exhibited isointensity or low intensity (p <0.001 and p <0.001,

respectively). * : p <0.05, § : p <0.001

T1WI: T1-Weighted Imaging, T2WI: T2-Weighted Imaging, FLAIR: Fluid Attenuated Inversion

Recovery, DWI: Diffusion-Weighted Imaging, Gd: gadolinium

Table 3: Relationship between transarterial embolisation and consistency among intracranial

meningiomas

TAE: Transarterial Embolization, SD: Standard Deviation, MPa: Megapascal

Table 4: T2WI findings and subjective evaluations of tumour consistency for intracranial

meningiomas

The subjective evaluations of tumour consistency were correlated with the T2WI findings

(Spearman’s rank correlation coefficient=0.37, p=0.010*). * : p <0.05

T2WI: T2-weighted imaging
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Table 5: T2WI findings and subjective evaluations of tumour consistency for metastatic tumours

The subjective evaluations of tumour consistency were correlated with the T2WI findings

(Spearman’s rank correlation coefficient=0.41, p=0.0280*). * : p <0.05

T2WI: T2-weighted imaging

Table 6: CT values (Hounsfield units) of the CNS tumours

SD: Standard Deviation, HU: Hounsfield Units, CE: Contrast-Enhanced

Table 7: Relationship between calcification and consistency among intracranial meningiomas

SD: Standard Deviation, MPa: Megapascal
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Fig.1

Table 1

Tumour

n

Intracranial meningioma
Metastatic tumour
Glioma
Spial neurinoma
Spinal meningioma
Cerebellar haemangioma
Intracranial haemangioma
Spinal haemangioma
Mature teratoma
Vestibular schwannoma
Trigeminal neurinma
Craniopharyngioma
Spinal haemangioma

46
29
23
14
5
3
1
1
1
1
1
1
1

mean±SD
(Mpa)
1.41±0.62
1.04±0.55
1.01±0.53
1.01±0.52
1.47±0.53
0.76±0.27
3.54
1.67
1.43
1.24
1.19
1.07
0.76

＊ ＊

Table 2
MRI

T1WI
low
iso
high
T2WI
low
iso
high
FLAIR
low
iso
high
DWI
low
iso
high
Gd enhancement
non enhanced
<50%
≥50%

Intracranial meningioma
mean±SD
n
(MPa)

Metastatic tumour
mean±SD
n
(MPa)

n

Glioma
mean±SD
(MPa)

Spinal neurinoma
mean±SD
n
(MPa)

15
31
0

1.29±0.74
1.47±0.55
0

13
15
1

1.25±0.73
0.88±0.28
0.76

23
0
0

1.01±0.53
0
0

10
4
0

1.02±0.57
0.99±0.25
0

10
16
20

2.07±0.57
1.59±0.43 * §
0.95±0.36 §

5
8
16

1.76±0.66
§
1.33±0.34
§
0.67±0.19

0
3
19

0
1.93±0.58
0.87±0.33

0
0
14

0
0
1.01±0.52

4
2
25

1.79±0.86
1.46±0.27
1.41±0.61

3
6
10

1.09±0.26
1.20±0.86
0.84±0.45

0
0
17

0
0
1.06±0.57

0
0
0

0
0
0

3
9
32

1.77±0.81
1.50±0.59
1.31±0.56

16
0
11

1.04±0.44
0
0.93±0.45

5
1
16

0.96±0.26
0.66
1.05±0.59

0
0
0

0
0
0

0
1
44

0
0.64
1.45±0.60

2
10
16

1.80±1.47
1.02±0.49
0.97±0.44

7
7
8

1.20±0.70
1.08±0.55
0.79±0.31

0
0
14

0
0
1.01±0.52

Table 3

n

TAE(+)

TAE(ｰ)

21

25

mean±SD
1.55±0.57 1.30±0.65
(MPa)

Table 4

MRI Findings(T2WI)
Low
Iso
Consistency

total

n

(%)

n

(%)

High
n

(%)

Soft

19

4 (21.2) 2 (10.5) 13 (68.4)

Hard

17

1

Very hard

10

5 (50.0) 3 (30.0) 2 (20.0)

(5.9) 11 (64.7) 5 (29.4)

Table 5

MRI Findings(T2WI)
Low
Iso
High
Consistency

total n

(%)

n

(%)

n

(%)

Soft

20

2 (10.0) 4 (20.0) 14 (70.0)

Hard

8

3 (37.5) 4 (50.0) 1 (12.5)

Very hard

1

0

(0)

0

(0)

1

(100)

Table 6

Intracranial
meningioma

Metastatic tumour

Glioma

n

mean±SD
(HU)

n

mean±SD
(HU)

n

mean±SD
(HU)

plain

45

57.5±85.3

29

35.4±15.5

23

31.1±7.8

CE

41

75.8±104.4

26

53.9±34.1

20

40.8±23.1

Table 7

Calcification(+)

Calcification(‐)

n

15

30

mean±SD
(Mpa)

1.45±0.62

1.39±0.63

