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Objective: The creation of new blood vessels (angiogenesis) is critical for brain 

tumor development and malignant transformation, influencing both prognosis 

and response to therapy. Traditional MRI methods used to estimate tumor 

vascularity are based on single echo dynamic susceptibility contrast (DSC) MRI and 

relative measurements of blood volume (rCBV) and flow (rCBF).1 These 

measurements, however, are qualitative and are prone to a variety of technical 

issues that effect sensitivity, including vessel orientation, type of contrast agent, 

and specific MR acquisition strategies (e.g. gradient echo vs. spin echo; flip angle; 

TR; use of preload, etc.). The “vessel size index” (VSI) is a quantitative parameter 

that reflects the mean diameter of a distribution of vessels within an image voxel 



by using multi-echo DSC MRI information. While VSI has been investigated in 

animal models, no studies have examined the accuracy of VSI in human gliomas 

using stereotactic image-guided biopsies and quantitative immunohistochemistry. 

In the current study we compared standard rCBV estimates and VSI estimates 

obtained using the Kiselev method2 to histology-equivalent estimates of vessel 

diameter using stereotactic image-guided biopsies in human gliomas.  

 

Methods: A total of 30 image-guided biopsies were obtained in 11 patients with 

histology confirmed glioma (5 low grade (LGG, WHO II) and 6 high grade gliomas 

(HGGs, WHO III-IV)) in this prospective study. MRI examinations were acquired 

prior to surgery on a 3T Siemens Prisma or Skyra, including standard anatomical 

(T1w and T2w-Flair), DWI, and multi-echo spin-and-gradient echo (SAGE) DSC 

perfusion. The SAGE-EPI readout consisted of two gradient echoes (TE1=14.0ms; 

TE2=34.1ms), an asymmetric spin echo (TE3 = 58.0ms) and finally a spin echo 

(TE4=92.4ms) train. The repetition time was 1500ms with a slice thickness of 5mm 

and spatial resolution set to 1.875x1.875mm. A pre-dose 0.025mmol/kg of Gd-

DTPA was administrated to saturated leaky tumor tissue before starting the 

tracking of contrast agent bolus with a total dose of 0.075mmol/kg. 1-4 biopsy 

targets (5mm radius) were defined in regions of T2/FLAIR hyperintensity or 

contrast enhancement (Figure1A-B). Relative cerebral blood volume (rCBV) maps 

were calculated using dynamic DSC data from the 2nd gradient-echo (TE2=34.1ms) 

and an in-house leakage correction algorithm.3 Estimates of VSI were obtained by 
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𝚫𝚫𝑅𝑅23/2� where ADC is the water diffusion 

coefficient (mm2/s), rCBV the relative cerebral blood volume, ΔR2* and ΔR2 are 

transverse relaxation rates. Histologically equivalent estimates of VSI were 



obtained by modeling vessels as randomly oriented cylinders with different radii4: 
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where 𝑛𝑛(𝑟𝑟𝑖𝑖) is the number of vessels with radius 𝑟𝑟.  

 

Results: The global immunohistochemical staining quantification displays a 

relatively low median vessel density in LGG (79mm-2) compared to HGG (86mm-2), 

with a median staining area of 1.41% and 1.88%, respectively. A median VSI of 

12.91µm (interquartile range: 10.4-15.0µm) was quantified for LGG, while for 

HGG, the VSI was 11.28µm (interquartile range: 10.1-13.7µm). A comparison 

study of VSI quantified by MRI and histology (Figure 2A) demonstrates no 

significant difference between these two modalities (11.60±3.66µm vs. 

12.11±2.76µm, p=0.51).  Bland Altman plot (Figure 2B) confirmed that the VSI 

measurements were not significantly different between MR and histological 

measurements. The association between MR and histological measures of VSI 

were relatively poor in LGG patients thought to have relatively low levels of 

vascularity (Figure 2C), whereas we observed a strong correlation between MR 

and histological measures of VSI in HGG (r=0.44, p<0.05). We found an 

improvement of grade prediction with VSI quantified with the Kiselev model 

(AUC=0.91, Sens=0.75, Spec=0.75) compared to rCBV (AUC=0.89, Sens=0.83, 

Spec=0.69) and histologically quantified VSI (AUC=0.59, Sens=0.75, Spec=0.25). No 

relationships were observed between estimates of CBV and histology. 

 

Conclusion: MR measures of VSI exhibit a strong relationship to histological 

measures of vessel diameter, suggesting that VSI may be a more valuable and 

accurate method for assessing tumor vascularity in primary brain tumor patients 



at high magnetic field. A large-scale study is however warranted to better 

underlay vessel caliber properties. 
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Figure 1: Two representative glioma patients (A and B) are reported with their biopsy target 

defined from 3D-T1w post gadolinium coordinated and a 3D view of target within tumor areas. 

For each target, the center was reported in three respective axes (x, y and z). Their 

corresponding (yellow filled) CD31 staining areas obtained from tissue samples as well as a brief 

quantification of vessels were presented.  

  



 

 
 
Figure 2: Representative image of 3D T1w post gadolinium, T2w-Flair, ADC, rCBV and VSI for 

respectively one LGG (A) and HGG-Glioblastoma (B). 
  



Figure 3: Box plot showed no difference between VSI derived from MRI and histology (A). Note; 

the LGG (x) and HGG (•) are pooled and numerical values represent the Means±SD. Bland-

Altman plot represents potential bias of agreement between these two technics (B). A number 

of points display higher difference in both LGG (x) and HGG (•) due to potential abnormal 

distribution of histology staining. Linear correlation was performed between VSI quantified with 

MRI and their corresponding histology value for both LGG (C) and HGG (D).  

 
 


