
Vol.:(0123456789)1 3

European Spine Journal (2020) 29:3187–3193 
https://doi.org/10.1007/s00586-020-06632-z

ORIGINAL ARTICLE

Differentiating atypical hemangiomas and vertebral metastases: 
a field‑of‑view (FOV) and FOCUS intravoxel incoherent motion (IVIM) 
diffusion‑weighted imaging (DWI) study

Jibin Cao1 · Sijia Gao1 · Chenying Zhang1 · Yinxia Zhang2 · Wenge Sun1 · Lingling Cui1

Received: 1 July 2020 / Revised: 15 September 2020 / Accepted: 7 October 2020 / Published online: 19 October 2020 
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Purpose  Some atypical vertebral hemangiomas (VHs) may mimic metastases on routine MRI and can result in misdiagnosis 
and ultimately to additional imaging, biopsy and unnecessary costs. The purpose of this study is to assess the utility of intra-
voxel incoherent motion (IVIM) diffusion-weighted imaging (DWI) on account of field-of-view optimized and constrained 
undistorted single shot (FOCUS) in distinguishing atypical VHs and vertebral metastases.
Methods  A total of 25 patients with vertebral metastases and 25 patients with atypical VHs were confirmed by clinical 
follow-up or pathology. IVIM-DWI imaging was performed at different b values (0, 30, 50, 100, 150, 200, 400, 600, 800, 
1000 mm2/s). IVIM parameters [the true diffusion coefficient (D), pseudodiffusion coefficient (D*), standard apparent dif-
fusion coefficient (ADC), and perfusion fraction (f)] were calculated and compared between two groups by using Student’s 
t test. A receiver operating characteristic analysis was performed.
Results  Quantitative analysis of standard ADC and D parameters showed significantly lower values in vertebral metastases 
when compared to atypical hemangiomas [ADC value: (0.70 ± 0.12) × 10–3 mm2/s vs (1.14 ± 0.28) × 10–3 mm2/s; D value: 
(0.47 ± 0.07) × 10–3 mm2/s vs (0.76 ± 0.14) × 10–3 mm2/s, all P < 0.01]. The sensitivity and specificity of D value were 93.8% 
and 92.3%, respectively.
Conclusion  The standard ADC value and D value may be used as an indicator to distinguish vertebral metastases from atypi-
cal VHs. FOCUS IVIM-derived parameters provide potential value in the quantitatively differentiating vertebral metastases 
from vertebral atypical hemangiomas.
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Introduction

It is reported that vertebral metastases occur in 5–10% of 
patients with primary tumors [1]. To detect or exclude verte-
bral metastases is clinically vital to provide staging informa-
tion and guide treatment regimen and prognosis for patients 
with malignant tumor [2]. Vertebral hemangiomas (VHs) 
are common benign bone tumors that are always inciden-
tally reported in 11% of spines in the adult autopsy series 
[3–5]. They usually have a typical radiographic appearance 
with hyperintense on T1- and T2-weighted images in rela-
tion to the surrounding normal vertebral bone marrow [6]. 
Occasionally, some atypical VHs may show similar meta-
static findings on conventional magnetic resonance imaging 
(MRI) with hypo- or isointense on T1-weighted images [7, 
8]. When the atypical VHs mimic vertebral metastases, the 
radiologic differential diagnosis is challenging. Therefore, 
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it is very important to distinguish vertebral metastases from 
atypical VHs in cancer patients clinically [9, 10].

In recent years, intravoxel incoherent motion (IVIM) dif-
fusion-weighted imaging (DWI) allows evaluating angiogen-
esis or microvascular heterogeneity based on the perfusion 
information without using contrast agent [11–13] and has 
become an effective method to diagnose disease in different 
organs [14–17]. The parameters for the true diffusion coef-
ficient (D), pseudodiffusion coefficient (D*) and microperfu-
sion fraction (f) related to the vascularity can be calculated 
by using IVIM [18–20]. IVIM can separate perfusion (or 
microcirculation)-related diffusion from pure molecular dif-
fusion, by analyzing the signal attenuation of multi-b-value 
DWI [15, 17]. High b value reflects the diffusion charac-
teristics of water molecules, while low b value reflects the 
perfusion characteristics of tissues [21]. IVIM parameters 
measurement has recently been confirmed in the spine of 
healthy volunteers [20].

A more detailed description of the signal attenuation may 
provide more complex information about pathologic changes 
in living tissue [18, 19]. The field-of-view (FOV) optimized 
and constrained undistorted single shot (FOCUS), a new 
diffusion technique, allows for a FOV reduction in the phase-
encode direction, which allows reducing the readout dura-
tion required for ss-EPI, resulting in better diffusion images 
and better anatomical details [22].

To the best of our knowledge, the feasibility studies of 
IVIM in vertebral lesions are limited [23, 24]. Therefore, 
the purpose of our study was to evaluate the application of 
FOCUS IVIM-DWI in identifying atypical VHs and verte-
bral metastases. We suggest that the IVIM technology can 
accurately identify two diseases at an early stage, which is 
conducive to the clinical treatment plan and the improve-
ment of prognosis.

Material and methods

Participants

Consecutive subjects were sought from January 2018 to 
2020. The inclusion criteria for patients were the following: 
(1) a history of primary malignancy confirmed by needle 
biopsy or pathological examination; (2) patients with spinal 
lesions who undergone conventional MR and IVIM imaging, 
and ≥ 6-month follow-up with either MR or CT imaging; and 
(3) no radiation and chemotherapy history. Exclusion crite-
ria were the following: (1) lesions without a complete MRI 
examination; (2) spinal lesions complicated with fracture; 
and (3) lesions of osteoblastic metastases. This study was 
approved by Ethics Committee of our hospital, and informed 
consent was obtained.

MR acquisition protocols

All measurements on patients were performed on a GE 
Signa HDX 3.0 T MRI scanner (General Electric, USA) 
equipped with an 8-channel phased array spine coil in 
supine position. All patients underwent routine MRI, 
including sagittal T1-weighted fast spine echo (FSE) 
sequence: repetition time (TR) = 560  ms; echo time 
(TE) = Min Full; slice thickness = 4 mm; gap = 1.0 mm; 
field of view (FOV) = 320 × 320 mm; matrix = 320 × 192; 
number of excitations (NEX) = 4, T2 weighted FSE 
sequence: TR = 2500  ms; TE = 120  ms; slice thick-
ness = 4  mm; gap = 1.0  mm; FOV = 200 × 200  mm; 
matrix = 288 × 256; NEX = 2, and sagittal T2 weighted 
fat  suppression (FS) sequence: TR = 3200  ms; 
TE = 85  ms; slice thickness = 4  mm; gap = 1.0  mm; 
FOV = 320 × 320 mm; matrix = 352 × 256, NEX = 2.

Axial DW images were obtained by using single-
shot spin-echo echo-planar imaging (EPI) sequences: 
TR = 3200 ms; TE = 81 ms; slice thickness = 4 mm; spac-
ing = 0.5 mm; FOV = 200 × 200 mm; matrix = 160 × 160; 
and NEX = 2. The sequence worked with spectral pre-
saturation inversion recovery (SPIR) and diffusion sen-
sitization in the anterior–posterior direction applied with 
weighting factors of b 0, 30, 50, 100, 150, 200, 400, 600, 
800 and 1000 s/mm2. Total scan time for the IVIM scan 
was 260 s.

Image post‑processing and regions of interest (ROI)

Two radiologists manually located all areas of interest 
(ROIs) on an image with a b value = 0 s/mm2 and then 
copied them to the corresponding D, D*, ADC and f maps. 
In each patient, plane that could display the largest lesions 
was chosen for the ROI measurement. All ROIs were kept 
away from necrotic, hemorrhages, cysts and other areas of 
fluid collections in the lesions. Four circular ROIs were 
manually drawn in each patient image (Figs. 1, 2). The 
values of the 4 ROIs were used for the final analysis.

2.4. Reference standards

Two radiologists with 5 years and 8 years of experience in 
spinal MR imaging reviewed available clinical information 
in all selected patients with spinal lesions, including the 
demographic data, tumor history and the imaging results. 
The investigators described the MRI and CT findings of 
each spinal lesion (hemangioma or metastases) and the 
changes in the size and number of lesions after more than 
6-month follow-up [4, 25]. Based on the previous studies, 
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more than 6-month follow-up using radiological imaging 
examination to describe the lesions was one of the crite-
rions [5, 26, 27].

VH was diagnosed by histological examination result 
(if any) or radiological imaging revealing characteristic 
trabecular appearance based on follow-up showing radio-
logical and clinical stability at least 6 months [25]. Atypical 
hemangioma is hemangioma with iso- or hypointense on 
T1-weighted images [7, 8]. Spinal metastases were diag-
nosed by history (if any) or radiological imaging showing 
osteolytic changes of metastatic lesions or follow-up show-
ing radiological and clinical progression or therapeutic 
response after at least 6-month anticancer treatment.

Data analysis

Mean values of D, D*, ADC and f were tested for signifi-
cant differences between tumor tissue and control region of 
each patient using a Student’s t test. Mann–Whitney U-test 

was used to compare the differences of each parameter 
between two groups. The data were analyzed using SPSS 
19.0 software (SPSS, Chicago, IL, USA), and P < 0.05 was 
considered statistically significant. The univariate receiver 
operating characteristic curve (ROC) analyses were per-
formed, and areas under the curve (AUC) were compared 
to indicate the accurateness of the different parameters. We 
established optimal thresholds and corresponding sensitivi-
ties and specificities.

Results

Twenty-five consecutive patients with atypical VHs 
including 32 lesions (11 males, 14 females; mean age 
56.74 ± 9.45 years; age range 35–68 years) and 25 con-
secutive patients with vertebral metastases including 
52 metastatic lesions (12 males, 13 females; mean age 

Fig. 1   a, b A 63-year-old 
man with a remote history of 
breast cancer and metronomics 
chemotherapy. The vertebral 
metastases are identified with 
a focal area of hypointen-
sity at T11-L1, L5-S2 on the 
sagittal T1-weighted image 
(a), hyperintense signal in 
diffusion-weighting imaging 
(b); c–f plane that displays the 
largest lesions at L1 was chosen 
for the ROI measurement. The 
ADC value (c), D value (d), 
D* value (e) and f value (f) of 
lesion were 0.71 × 10−3 mm2/s, 
0.48 × 10−3 mm2/s, 
1.93 × 10−3 mm2/s and 6.12%, 
respectively
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61.48 ± 1.05 years; age range 45–65 years) were recruited 
from our clinics.

Quantitative analysis of standard ADC and D param-
eters showed significantly lower values in vertebral 
metastases when compared to atypical VHs [ADC value: 
(0.70 ± 0.12) × 10–3 mm2/s vs (1.14 ± 0.28) × 10–3 mm2/s; 
D  v a l u e :  ( 0 . 4 7  ±  0 . 0 7 )  ×  1 0 – 3   m m 2 / s  v s 
(0.76 ± 0.14) × 10–3  mm2/s, all P < 0.01]. There was no 
statistically significant difference in D* and f values 
between vertebral metastases and atypical VHs [D* value: 
(1.31 ± 0.62) × 10–3 mm2/s vs (1.43 ± 0.94) × 10–3 mm2/s; f 
value: (0.45 ± 0.25) × 10−3mm2/s vs (0.52 ± 0.20) × 10−3mm2/
s, all P > 0.05] (Table1, Fig. 3).

The AUC of ADC value and standard D value were 
AUC = 0.911, 95%CI: 0.829–0.993, P < 0.01 and 
AUC = 0.978, 95%CI: 0.829–1.000, P < 0.01, respectively. 

The sensitivity and specificity of standard ADC value 
were 87.5%, 88.5%, and those of D value were 93.8%, 
92.3%, respectively (Fig. 4). The cutoff value of D value 
was 0.575 × 10−3 mm2/s, indicating that when D value was 
less than 0.575 × 10−3 mm2/s, lesions could be diagnosed 
as vertebral metastases.

Fig. 2   a, b A 43-year-old 
man with a remote history of 
breast cancer. The atypical 
hemangioma is identified by 
histological examination with 
a focal area of hypointensity at 
L4 on the sagittal T1-weighted 
image. a, hypointense signal in 
diffusion-weighting imaging 
(b); c–f plane that displays the 
largest lesions was chosen for 
the ROI measurement. The 
ADC value (c), D value (d), 
D* value (e) and f value (f) of 
lesion were 0.53 × 10−3 mm2/s, 
0.81 × 10−3 mm2/s, 
2.01 × 10−3mm2/s and 7.23%, 
respectively

Table 1   IVIM-DWI parameter values in vertebral metastases and 
atypical VHs group

Parameter values Vertebral metastases Atypical VHs P value

ADC (× 10−3 s/mm2) 0.70 ± 0.12 1.14 ± 0.28 < 0.01
D (× 10−3 s/mm2) 0.47 ± 0.07 0.76 ± 0.14 < 0.01
D* (× 10−3 s/mm2) 1.31 ± 0.62 1.43 ± 0.94 0.731
F(%) 0.45 ± 0.25 0.52 ± 0.20 0.340
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Discussion

Our objective is to assess the utility of FOCUS IVIM in 
distinguishing atypical VHs and vertebral metastases. The 
standard ADC value and D value may be used as an indica-
tor to distinguish vertebral metastases from atypical VHs. 
We confirmed the feasibility of FOCUS IVIM technique to 
acquire a higher-resolution DW images in vertebral bone 
marrow and distinguish the atypical VHs and vertebral 
metastases in our study.

The feasibility of a bi-exponential approach in DW 
imaging represents a technical challenge. The FOCUS 
technique has been performed for DWI of the lumbar 
nerve roots, pancreas, breast and prostate gland [28–31]. 
These studies confirmed that FOCUS DWI is an optimized 

sequence that can better promote spatially selective exci-
tation and improve image quality due to a less deforma-
tion and a higher spatial resolution. This may improve 
the accuracy of DWI in detecting lesions, especially for 
the small lesions. In our study, we examine the diagnostic 
capacity of IVIM parameters of spinal lesions.

Previous studies on vertebral bone marrow have reported 
that in [32, 33], the standard ADC values and D values cor-
responding to water molecular diffusion and perfusion in 
normal vertebral bodies were very low, ranging from 0.2 to 
0.6 × 10−3 mm2/s and 0.1 to 0.3 × 10−3 mm2/s. Our results 
were similar to most previous studies [13, 34, 35]. We sug-
gested that the ADC value and D value were increased in 
the vertebral lesions (both benign and malignant), which is 
more sensitive than the conventional DWI in detecting the 
water molecular diffusion changes. When vertebral lesions 
occur, the bone marrow is invaded, and the fat within the 
bone marrow is replaced by the lesions, leading to increased 
water content and the blood perfusion. Thus, the diffusion 
ability of bone marrow may increase, and the correspond-
ing standard ADC value and D value also increase [33, 34]. 
IVIM-DWI may be an effective method and more accurate 
for the quantitative diagnosis of vertebral lesions at the 
molecular level [36].

We have found that the standard ADC value and D value 
of vertebral metastases in this study were lower than that of 
atypical VHs. This is basically consistent with most previ-
ous studies [37, 38]. When the neoplastic lesion infiltrates 
into the vertebral bone marrow, the normal structure of bone 
marrow is destroyed and replaced by tumor cell components 
with a higher density, and the extracellular space becomes 
narrowed. Therefore, compared with benign lesions such 
as hemangioma, the diffusion ability of water molecules in 
vertebral metastases is limited, and the IVIM-DWI image 
presents a high signal intensity, and the standard ADC value 
and D value are correspondingly reduced. Some studies have 
also verified the results of this conclusion [39, 40]. If the 
lesion contains osteoblastic components in which water con-
tent is limited, the standard ADC value and D value will also 
be affected [41, 42]. Therefore, further research is needed. 
In this study, the differential diagnostic efficiency of D value 

Fig. 3   Quantitative analysis of 
standard ADC (a) and D (b) 
parameters showed signifi-
cantly lower values in vertebral 
metastases when compared 
to atypical VHs [ADC value: 
(0.70 ± 0.12) × 10−3 mm2/s vs 
(1.14 ± 0.28) × 10−3mm2/s; D 
value: (0.47 ± 0.07) × 10−3mm2/s 
vs (0.76 ± 0.14) × 10−3mm2/s, 
all P < 0.01]

Fig. 4   The AUC of ADC value and standard D value were 
AUC = 0.911, 95%CI: 0.829–0.993, P < 0.01 and AUC = 0.978, 
95%CI: 0.829–1.000, P < 0.01, respectively. The sensitivity and 
specificity of standard ADC value were 87.5%, 88.5%, and those of D 
value were 93.8%, 92.3%, respectively
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was significantly higher, indicating D value was more effec-
tive in the differential diagnosis of vertebral metastases and 
VHs.

However, f value and D* value related to perfusion 
parameters had no statistical differences between the two 
vertebral lesions in our research. In some previous studies, f 
value increased due to the high vascularization and abundant 
blood supply in neoplastic lesions [43–45]. In our study, f 
value has declined. We speculate that the reason may be due 
to the abundant but not mature neovascularization in malig-
nant lesions, and the relatively high vascular permeability 
may lead to early perfusion, rapid progress and short dura-
tion [46]. Besides, the f value may also be affected by differ-
ent sources of metastases. D* value usually represents the 
blood flow velocity corresponding to perfusion. Our results 
are consistent with the most studies [40, 42], suggesting that 
D* may be not meaningful for the differential diagnosis for 
two vertebral lesions [47]. The stability and repeatability of 
the above results still need to be further verified by subse-
quent studies.

This study had several limitations. First, the overall 
sample size was small. Big data may provide more precise 
diagnostic value. Second, quantitative comparisons were 
performed using the mean value of manually drawn ROIs, 
which may make the analysis prone to error.

In conclusion, FOCUS IVIM-DWI can quantitatively dif-
ferentiate atypical VHs from vertebral metastases. It may 
become an important imaging technique to reflect the meta-
bolic activity of lesions and improve diagnostic accuracy.
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