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INTRODUCTION:

Massive intraoperative blood loss remains a significant challenge in metastatic spinal tumor surgery (MSTS). Digital
subtraction angiography (DSA) is the gold standard for evaluating tumor vascularity, but its invasive nature, high cost, and
reliance on specialized expertise limit routine use. While primary tumor type is often used as a surrogate vascularity
marker, its reliability is compromised by intratumoral heterogeneity. Even within the same tumor type, vascularity can vary
significantly, leading to inaccurate assessment and missed embolization opportunities. A noninvasive, reproducible
imaging biomarker is needed. Intratumoral flow void (IFV), seen as serpiginous, tubular signal voids on non-contrast MRI,
represent intratumoral vessels and may serve as such a marker. However, the diagnostic significance of IFV
morphology—especially diameter—has not been systematically analyzed. To evaluate whether maximum IFV diameter
(IFVd) on standard MRI more accurately identifies hypervascular metastatic spinal tumors than primary tumor
classification, using DSA as the reference. Secondary aims were to determine an optimal IFVd threshold, assess
interobserver reliability, and examine implications for preoperative embolization.

METHODS:

This retrospective study included 134 patients who underwent en-bloc spondylectomy and preoperative DSA with
embolization between 2010 and 2023. MRI was performed within 14 days prior to surgery using standard T1-, T2-, and
STIR sequences (3.0-T, 3-mm slices, non-contrast). Two spine surgeons independently measured the largest tubular
IFVd per lesion; absent IFVs were recorded as 0 mm. The mean value was used for analysis. Interobserver reliability was
assessed using intraclass correlation coefficient (ICC). DSA within 3 days preoperatively graded tumors from 0 to 4, with
grades 3 and 4 considered hypervascular. Flow voids were identified as serpiginous low-signal structures within the
tumor, as illustrated in Figure 1, which shows both representative MR imaging and schematic depiction of IFVs.
Correlations between IFVd, DSA grade, and primary tumor type were analyzed using Spearman’s p. Receiver operating
characteristic (ROC) analysis determined the optimal IFVd threshold for detecting hypervascularity, and diagnostic
performance (sensitivity, specificity, accuracy, PPV, NPV) was compared between IFVd and primary tumor classification.
RESULTS: Intratumoral flow void were observed in 131 of 134 tumors (97.8 percent). The mean IFVd was 2.0 + 0.8 mm
(ICC = 0.82; 95 percent Cl, 0.78-0.86), increasing progressively with DSA grade: 0.83, 1.54, 1.84, 2.65, and 3.90 mm for
grades 0 to 4, respectively. Demographic and oncologic characteristics stratified by hypervascular status are presented in
Table 1, which shows that tumors with DSA grades 3 or 4 had significantly larger IFVd than non-hypervascular tumors
(2.7 mm vs 1.7 mm, p < 0.01). IFVd strongly correlated with DSA grade (p = 0.73, p < 0.001), while primary tumor type
showed only modest correlation (p = 0.39, p < 0.001). ROC analysis identified an optimal IFVd cutoff of 2.5 mm (AUC =
0.91), yielding sensitivity 77.1 percent, specificity 97.6 percent, PPV 94.7 percent, NPV 87.0 percent, and accuracy 88.8
percent. Diagnostic performance metrics for IFVd and primary tumor classification are summarized in Table 2. Compared
to IFVd, classification by tumor histology had lower accuracy (64.2 percent) and markedly lower specificity (60.7 percent).
DISCUSSION AND CONCLUSION:

This is the first study to validate IFVd on non-contrast MRI as a quantitative and reproducible marker of tumor vascularity
in metastatic spinal tumors. An IFVd = 2.5 mm was highly predictive of DSA-determined hypervascularity and
outperformed primary tumor type classification. The physiological basis is supported by Poiseuille’s law, in which flow
increases exponentially with vessel diameter. Since IFVs reflect high-velocity blood flow in enlarged intratumoral vessels,
IFVd represents an anatomically and hemodynamically meaningful indicator of bleeding risk. Compared with advanced
perfusion-based modalities such as DCE-MRI or CT-DSA, IFVd measurement requires no contrast, radiation, or
specialized processing, and can be integrated into routine MRI protocols. In conclusion, IFV diameter = 2.5 mm on
standard MRI is a reliable, noninvasive marker of hypervascularity in metastatic spinal tumors, demonstrating superior
diagnostic performance over primary tumor classification. Incorporating this measure into preoperative workflows can
improve embolization planning and reduce intraoperative hemorrhage, especially in settings where advanced angiography
is not feasible.
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