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Diffusion-weighted MR is useful to assess

peripheral nerve invasion of soft tissue tumor
Gang Wu, PhD#, Liangjin Liu, MD®, Zou Mei, MD"*, Xiaoming Li, PhD**

Abstract

To investigate the feasibility of readout-segmented diffusion-weighted (rsDW) magnetic resonance (MR) in assessing neQ
invasion of soft tissue tumor. Forty-four patients with soft tissue mass in upper leg suspected of nerve invasion underwent rsDW
MR. Nerve invasion by tumor was rated by 2 radiologists, respectively. Sensitivity and specificity of rsDW MR in identifying nerve
invasion were calculated, with operation findings as reference of standard. Apparent diffusion coefficient and fraction of anisotropy
of nerve were obtained using DW MR, and then were compared between invaded nerves and noninvasion cases. Inter-reader
agreement in using rsDW MR to rate nerve invasion was excellent (kappa = 0.891+0.043, P < 0.001). Sensitivity and specificity
of rsDW MR in identifying nerve invasion were 89% and 88%, respectively. Apparent diffusion coefficient was significantly higher
in invaded nerves versus normal nerves (1.45+0.67 x 10 mm?/s vs 1.39+0.46 x 103 mm?/s, P < 0.05). Fraction of anisotropy
was significantly lower in invaded nerves versus normal nerves (0.22+0.11 vs 0.37+0.13, P < .05).

Readout-segmented DW MR was feasible in assessing sciatic nerve invasion by soft tissue tumor in selected patients.

Abbreviations: ADC = apparent diffusion coefficient; CTA = computed tomography angiography; DTl = diffusion tensor
imaging; DW = diffusion weighted; FA = fraction of anisotropy; FSE = fast spin echo; ICC = intraclass correlation coefficient;
MRA = magnetic resonance angiography; ROC = receiver operator characteristic; rsDW = readout-segmented diffusion weighted;

Sl = signal intensity; T2WI = T2-weighted imaging.
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1. Introduction

Soft tissue tumors of lower extremity may invade adjacent
vessels or nerves."?) Computed tomography angiography
(CTA) serves as the first-line tests in revealing vascular inva-
sion by soft tissue tumor, and magnetic resonance angiography
is an alternative to CTA. However, they both have difficulty
in identifying peripheral nerve invasion of soft tissue mass."!
Compared with CTA and magnetic resonance angiography,
fast spin echo (FSE) T2-weighted imaging (T2WI) is more
feasible in depicting peripheral nerve.** However, FSE T2WI
does not provide any quantitative parameters correlating with
intrinsic characteristics of nerve.l’’ Quantitative magnetic
resonance (MR) sequences that are able to objectively assess
nerve invasion are still urgently required.

Diffusion-weighted (DW) MR, such as diffusion-weighted
imaging (DWI), diffusion tensor imaging (DTI), are widely used
quantitative sequences. However, conventional DW MR is lim-
ited in depicting small lesions in extremities due to image dis-
tortion or susceptible artifacts.”! Fortunately, in recent years,
the readout-segmented method was applied to DWI, resulting in
better image quality!®! and improved depiction of small lesions
in limbs.[10-11]
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It is well-established water molecular motion is more
restricted in nerve than in muscle. Based on the diffusion dif-
ference, DW MR is able to identify peripheral nerves from
background muscles.!'>!3! Compared with DWI, DTT uses more
diffusion directions, so is more feasible for the identification of
peripheral nerves. In addition, fraction of anisotropy (FA) can
be provided by DTI, as well as apparent diffusion coefficient
(ADC). FA is a frequently used parameter in the assessment of
central nervous diseases but is seldom used to evaluate periph-
eral nerves in patients with soft tissue tumors. The purpose of
the study is thus to investigate the feasibility of readout-seg-
mented diffusion-weighted (rsDW) MR in assessing sciatic nerve
invasion by soft tissue mass.

2. Methods

2.1. Patients

This prospective study was approved by the IRB of university.
Each patient signed an informed consent before inclusion of
study. Inclusion criterion was as follows: patients with a plan
of surgical operation for soft tissue mass in upper leg suspected
of sciatic nerve invasion. Exclusion criteria were as follows:
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(1) standard contraindication to MR examination (such as
claustropibia); (2) metal internal fixator in upper leg caused
significant artifacts, making identification of nerves impossi-
ble; (3) chemotherapy or radiotherapy was performed before
MR examination, changing the characteristics of nerves; and
(4) clinically confirmed peripheral nerve disease that may make
FA or ADC of nerve deviate from normality. From September
2016 to January 2021, 55 patients with plans of operation
for soft tissue mass in upper leg were enrolled in the study.
Eleven patients were excluded by us according to the follow-
ing reasons: claustrophobia (n = 1); metal internal fixator (n
= 3); and chemotherapy/radiotherapy (n = 7). Thus, a total of
44 patients underwent rsDW MR before operation and were
finally analyzed.

2.2. MRI examinations

All MR examinations were performed on a 3T whole-body
scanner (Skyra, Siemens, Germany). The upper leg was covered
with an 18-element body coil. For the purpose of localizing
soft tissue mass, fat-suppressed FSE T2WI was performed with
the following parameters: TR/TE, 4000/80 ms; matrix, 320;
field of view, 320 mm or greater; slice thickness, 4 mm; slice
number, 20 or more. rsDW MR was performed in the trans-
verse plane covering the soft tissue mass with the following
parameters: TR/TE, 5500/78 ms; matrix, 240; field of view,
240mm x 240 mm or greater to fit of mass size; phase direc-
tion, anterior-posterior; slice thickness, 4 mm; slice number, 24
or more; b value, 0 and 800; average for b = 0, 3; average for
b = 800, 2; directions, 20; readout segments, 5; scanning time,
7-9 minutes. ADC map and FA map were automatically gen-
erated by the scanner.

2.3. Data analysis

Two radiologists with 7 and 9 years’ experience in diagnosing
peripheral nerve diseases in consensus rated the depiction of
sciatic nerve on b = 0 map, DW map, ADC map, and FA map.
Subjective score was given to each map according to the fol-
lowing scale: 0 = poor depiction of nerve, identification from
background impossible; 1 = moderate depiction, with nerve
identification and region of interest (ROI) assessment possible; 2
= good depiction of nerve, adequate nerve-to-background con-
trast; 3 = excellent depiction of nerve.

Two radiologists with 8 and 11 years’ experience in diagnos-
ing peripheral nerve diseases separately rated the invasion of
sciatic nerve by using all DW MR maps. A subjective score was
given to each case according to the following scale: 0 = nerve was
free from tumor; 1 = tumor was close to nerve, but nerve bound-
ary was clear; 2 = no space was seen between tumor and nerve,
and part of nerve boundary was not clear; 3 = nerve boundary
was not clear, and separation of nerve from tumor was impossi-
ble. In the current study, invasion score 0 and 1 were considered
as nerve noninvasion, whereas score 2 and 3 were considered as
nerve invasion. The 2 radiologists separately measured FA value
and ADC value of sciatic nerve by drawing ROI on the DW MR
maps. ROI was drawn at 5 consecutive slices where soft tissue
mass and sciatic nerve were the closest. ROI was drawn on DW
map first, and then transferred to FA map and ADC map. The
ROI was asked to be round or oval, similar to nerve shape on
the transverse section. The diameter of ROI was asked to be
slightly smaller than that of nerve. ROI analysis of nerve was
abandoned if the separation of sciatic nerve from tumor was
impossible (nerve invasion score = 3). The area of ROI in nerve
ranged from 3.8 to 9.4 mm?, with an average of 6.4 mm?. The 2
readers also measured FA and ADC value of soft tissue mass by
drawing ROI at the slices where mass size was the largest. ROI
of soft tissue mass had irregular shape, and avoided necroses,
vessels, and fat. Values from multiple slices were averaged.
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2.4. Statistical analysis

All statistical analysis was performed using SPSS 22.0 (IBM,
USA). The nerve depiction score was compared among MR
maps using a Wilcoxon sign-bank test. Cohen kappa coeffi-
cient was used to determine the inter-reader agreement in
rating nerve invasion. Intraclass correlation coefficient (ICC)
was calculated to determine the inter-reader reproducibility
in measurement of ADC and FA. ICC > 0.7 was considered
excellent inter-reader reproducibility, thus data from 2 readers
could be averaged. A Mann-Whitney test was used to compare
parameters of sciatic nerve between nerve invasion cases and
noninvasion cases. Receiver operator characteristic curve was
constructed for further evaluation. P value <0.5 was consid-
ered as statistical significance.

3. Results

From September 2016 to January 2021, 44 patients (male:fe-
male = 24:20; mean age = 43.4 years; age range = 17-71)
underwent rsDW MR to reveal nerve invasion of tumor before
surgical operation. The interval between operation and MR
ranged from 1 to 5 days. Nerve invasion was found during
operation in 18 of 44 cases. For the other 26 cases, nerve inva-
sion was not seen in operation.

Soft tissue sarcoma (n = 17) was the most in the study, includ-
ing fibrosarcoma, n = 4; synovial sarcoma, n = 2; myofibrosar-
coma, n = 2; lelomyosarcoma, n = 2; epitheliosarcoma, n = 2;
rhabdomyosarcoma, n = 2; and liposarcoma, n = 3. Soft tissue
sarcoma was followed by vascular anomalies (n = 9) and lipoma
(n = 5). Main clinical information of the patients was provided
in Table 1.

On DW map, sciatic nerve depiction was rated score = 3 in
20 cases, whereas score = 2 in 21 cases. On b = 0 map, sciatic
nerve depiction was rated score = 0 in 14 cases, whereas score
=11in 15 cases. Sciatic nerve was better depicted with DW map
versus b = 0 map (mean score 2.3 vs 1.0, P < 0.05, see Table 2).

The inter-reader agreement in rating sciatic nerve invasion
with DW MR was excellent (kappa = 0.891+0.043, P < 0.001,
see Table 3). Divergence occurred in 4 of 44 cases (see Table 3).
The nerves invasion rated by 1 reader was as follows: score =
0(n=14);score=1(n=11);score=2 (n=17);score =3 (n =
2). The nerves invasion rated by another reader was as follows:

Clinical information patients with soft tissue mass in upper leg

Nerve
invasion Noninvasion Total
(n=18) (n =26) (n=44)

Age and gender

Age, range (year) 19-71 17-69 17-71

Mean age (year) 446+174  425+158  43.4+16.3

Male:female 10:8 14:12 24:20
Symptoms, n

Limb pain 16 5 21

Limb numbness 13 2 15

Muscle weakness 8 2 10
Pathology results, n

Soft tissue sarcoma 15 2 17

Vascular anomalies 0 9 9

Lipoma 0 5 5

Schwannoma 2 0 2

Neurofibroma 3 0 3

Leiomyoma 0 2 2

Angioleiomyoma 0 1 1

Tenosynovial giant cell tumor 0 1 1

Metastasis 1 1 2

Fibroma 0 2 2

Nerve invasion was confirmed by operation.
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Depiction of sciatic nerve on each map of MR was assessed by 2 radiologists in consensus according to the following scale:
score 0 = poor depiction; score 1 = moderate depiction; score 2 = good depiction; score 3 = excellent depiction

Versus Versus
Score 0, n Score 1,n Score 2,n Score 3,n Mean score b=0map,P DWmap,P Versus ADC map,P Versus FA map, P
b =0map 14 15 14 1 1.0+09 <0.001 0.46 0.04
DW map 2 1 21 20 2.3x0.7 <0.001 <0.001 <0.001
ADC map 10 16 16 2 1.2+0.9 0.46 <0.001 0.03
FA map 20 23 1 0 0.6+0.5 0.04 <0.001 0.03

A Wilcoxon sign-bank test was used to compare depiction score.

Sciatic nerve invasion was assessed using readout-segmented
diffusion-weighted MR according to the following scale:

0 = nerve free from tumor; 1 = nerve close to tumor, nerve
boundary clear; 2 = no space between nerve and tumor, part of
nerve boundary not clear; 3 = separation of nerve from tumor
impossible

Reader 1
1} 1 2 3
Reader 2 0 13 0 0 0
1 1 10 1 0
2 0 1 15 0
3 0 0 1 2

DTI = diffusion tensor imaging.

score = 0 (n = 13); score = 1 (n = 12); score = 2 (n = 16); score
=3 (n = 3). In the study, score 0 and 1 were considered as neg-
ative (of nerve invasion), whereas 2 and 3 were considered as
positive. Thus, there were 19 positives and 25 negatives, for
both readers.

Nineteen positives included 16 true-positives (score 2 or
3, operation-confirmed invasion) and 3 false-positives (score
2, operation-confirmed noninvasion). Twenty-five negatives
included 23 true-negatives (score 0 or 1, operation-confirmed
noninvasion) and 2 false-negatives (score 1, operation-con-
firmed invasion). The sensitivity and specificity of rsDW MR for
identification of sciatic nerve invasion were 89% (16/18) and
88% (23/26), respectively.

ICC for ADC and FA of sciatic nerve were 0.91 and 0.88,
respectively. ICC for ADC and FA of soft tissue mass were 0.93
and 0.91, respectively. As all ICC above 0.7, data from the 2
readers were averaged. ADC of sciatic nerve was significantly
different between noninvasion cases and nerve invasion cases
(1.39+0.46 x 10 °mm?/s vs 1.45+0.67x10mm?s, P < 0.05).
Nerve FA was significantly lower in nerve invasion cases versus
noninvasion cases (0.22x0.11 vs 0.37+0.13, P < 0.05). Area
under curve for ADC and FA in identifying nerve invasion was
0.67 and 0.85, respectively.

ADC and FA were significantly lower in soft tissue sarcoma
versus vascular anomalies (see Table 4). Area under curve for
ADC and FA were 0.72 and 0.84, respectively, in discrimination

of soft tissue tumor and vascular anomalies. Figure 1 is a com-
parison of ADC value and FA value between nerve invasion case
and noninvasion case.

4. Discussions

In the current study, we investigated the feasibility of rsDW
MR in assessing nerve invasion of soft tissue tumor. The most
important findings were as follows: (1) the nerve could be well
depicted with DW map; (2) rsDW MR had 89 % sensitivity and
88% specificity in identification of nerve invasion.

It is of importance to assess peripheral nerve invasion by
soft tissue tumor before producing correct treatment plan.l+1¢l
Compared with CT, MR with excellent soft tissue contrast is
more feasible for the depiction of peripheral nerve. In recent
years, several MR sequences have been tried for the assessment
of peripheral nerve diseases."”""! However, these sequences
failed to provide quantitative parameters that could reflect
intrinsic characteristics of nerve. Readout-segmented DW
MR is able to provide quantitative parameters including FA
and ADC?*-2%l 50 was introduced by us as a new way to assess
peripheral nerve.

In the current study, b = 0 map failed to well depict nerves
in some cases, because the signal intensity was similar in
nerve and background tissue. DW map provided better depic-
tion of nerve, due to substantially different signal intensity
of nerve and background. It is well-established water molec-
ular diffusion is more restricted in nerve.?*?’I Thus, nerve is
generally brighter than background soft tissue on DW map.
In the study, DW MR had excellent inter-reader agreement
in assessment of nerve invasion. A possible explanation was
tumor and nerve were both hyperintensity on the DW map.
In the study, FA was lower in invaded nerves versus normal
nerves. The decrease in FA might be cause by the destroy of
myelin sheath.126:27]

A comparison of soft tissue sarcoma and vascular anomalies
was performed in the study. We found soft tissue sarcoma had
significantly lower ADC versus vascular anomalies, which was
in consist with previous research.”?® It is interesting that soft
tissue sarcoma also had lower FA value, which is likely caused
by more disordered tissue structure.

Our study had some limitations. First, the sample size was
small. We only collected 44 operation-confirmed cases during
4 years. Multicenter large-size study is required to validate our

ADC and FA of nerve were compared between nerve invasion cases and noninvasion cases using a Mann-Whitney test

Noninvasion Nerve invasion Soft tissue sarcoma Vascular anomalies
(n=26) n=15) (n=17) (n=9) P
Age 425 445 0.12 48.6 38.3 <0.001
ADC(10-*mm?/s) 1.39+0.46 1.45+0.67 0.04 1.34+0.42 1.57+0.55 0.03
FA 0.37+0.13 0.22+0.11 0.004 0.14+0.06 0.35+£0.16 0.01

ADC and FA of mass were compared between soft tissue sarcoma and vascular anomalies.
ADC = apparent diffusion coefficient; FA = fraction of anisotropy.



Wu et al. ® Medicine (2022) 101:26

Medicine

A B

Figure 1. A comparison in ADC and FA between invasion and noninvasion. (A-C) were respectively diffusion-weighted map, FA map, and ADC map for a nerve
invasion case. (D-F) were respectively diffusion-weighted map, FA map, and ADC map for a case without nerve invasion. The FA value was significantly lower
in the invaded nerve versus the normal nerve (B, D, red arrows). The ADC value was significantly higher in the invaded nerve versus the nerve free from tumor
(C, F, red arrows). ADC = apparent diffusion coefficient; FA = fraction of anisotropy.

results. Second, readout-segmented DW map was not compared
with conventional DW map. The latter always provided inad-
equate depiction of nerve, so was not performed in the study
in consideration of scanning time. Third, DW MR was not
compared to other MR sequences in the assessment of nerve.
The study focused on the feasibility of DW MR in assessing the
nerve invasion by the soft tissue tumor. In further study, DW
MR should be compared with other sequences, such as con-
trast-enhanced T1.

In conclusion, readout-segmented DW MR was feasible to
assess sciatic nerve invasion by soft tissue tumor in selected
patients.
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