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Abstract Differential diagnosis between intramedullary

tumors and tumor-like lesions (TLL) in the cervicomedul-

lary junction region and cervical spinal cord is important,

sometimes clinical dilemma on conventional MR imaging

and empirical treatment. We evaluated advanced MR dif-

fusion tensor imaging (DTI) and perfusion weighted imag-

ing (PWI) in 25 patients, including 12 with intramedullary

tumors and 13 with TLL in the cervicomedullary junction

region and cervical spinal cord. We found that mean frac-

tional anisotropy value of tumors was significantly lower

than the value found in TLL, and the mean trace apparent

diffusion coefficient and peak height values of tumors were

significantly higher (P \ 0.05). The receiver operating

characteristic curve analysis showed that peak height was

better than any of the other imaging parameters, with a

sensitivity of 90.9 % and specificity of 80 % using a cutoff

value of 4.523 to differentiate between tumors and TLL. In

conclusion, the MR DTI and PWI could be useful in dif-

ferentiating between intramedullary tumors and TLL in the

cervicomedullary junction region and cervical spinal cord.
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Introduction

Intramedullary tumors and tumor-like lesions (TLL) in

the cervicomedullary junction region and cervical spinal

cord are sometimes difficult to distinguish between on

conventional MR imaging [1–6]. Since surgical biopsy of

lesions in these regions is risky procedure, it is common to

treat them empirically. When correctly diagnosed, neuro-

surgeons can achieve a gross total resection with improved

functional outcome in *80–90 % of astrocytomas and

ependymomas, which are the majority of intramedullary

tumors. Recently, we reported—a case of glioblastoma in

the cervical spinal cord that had been misdiagnosed as TLL

based on conventional MR imaging and initial clinical

treatment response [6].

MR dynamic susceptibility contrast perfusion weighted

imaging (DSC-PWI) and diffusion tensor imaging (DTI)

are two techniques that nowadays are commonly applied to

assess the hemodynamic status and the degree of motion of

water molecules in intracranial tumors, respectively [7–9].

DTI has been used to characterize cervical spinal cord

tumors or multiple sclerosis plaques [10–15], but we have

not found any study that compares differences in DTI

metrics for these two entities. MR DSC-PWI has been

proven to be useful in differentiating between cerebral

tumefactive demyelinating lesions (TDLs) and high grade

gliomas [16]. However, there are several technical chal-

lenges with regard to the application of DSC-PWI in the

cervicomedullary junction region and the cervical spinal

cord. The major challenge is the calculation of the relative

cerebral blood volume (rCBV) ratio, which is the most

widely used imaging index in brain DSC-PWI studies. In

the brain, the rCBV ratio is defined as the CBV values of

the lesion divided by the CBV value of normal appearing

white matter of the contralateral hemisphere. This pre-

requisite, however, may be invalid in the analysis of DSC-

PWI examinations in the cervicomedullary junction/cervi-

cal spinal cord as intramedullary lesions here can involve

most of the medulla/cord resulting in inaccurate ratio

measurements.
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Cha et al. [17] introduced two hemodynamic variables

derived from MRDSC-PWI (the peak height and the per-

centage of signal intensity recovery) that may provide

additional information on tumor vascularity. These two

parameters are derived directly from the time-signal

intensity curve obtained within the lesion by DSC-PWI and

there is thus no need for contralateral reference tissue

information. In our previous preliminary study, we found

that the peak height correlated with the rCBV ratio in non-

enhancing gliomas and non-neoplastic lesions in the cerv-

icomedullary junction region, which suggests that this

index might also be useful in differentiating between such

lesions in the cervicomedullary junction region [18]. We

decided to assess the value of the peak height and the

percentage of signal intensity recovery for DSC-PWI as

well as trace apparent diffusion coefficient (ADC) and

fractional anisotropy (FA) derived from DTI in differenti-

ating between contrast enhancing intramedullary tumors

and TLLs in the cervical spinal cord and the cervicome-

dullary junction region.

Materials and methods

We retrospectively analyzed data acquired as part of an

Institutional Review Board—approved, Health Insurance

Portability and Accountability compliant study. The need

to obtain informed consent was waived. MRI examinations

of 25 patients (10 female, 15 male) were reviewed,

including 12 patients (mean age 25 ± 22 years old) with

tumors, and 13 patients (mean age 42 ± 12 years old) with

TLLs. There were 23 patients with DTI examinations (11

with tumors and 12 with TLLs), and 21 patients with PWI

examinations (11 with tumors and 10 with TLLs).

All tumors were confirmed by histopathologic exami-

nation of tissue obtained by biopsy, surgical resection or at

autopsy. The tumors included astrocytoma, ependymoma,

and glioblastoma. The patient with glioblastoma had been

partially described in our previous case report [6]. The TLL

cases were diagnosed by clinical follow-up and supportive

laboratory testing. Clinically, these patients had a history of

multiple sclerosis, transverse myelitis, or sarcoidosis. They

had an acute to subacute onset of signs or symptoms

involving a focal neurologic deficit mimicking findings of

intramedullary tumors. Patients had no evidence of sys-

temic illness, malignancy, or immunosuppression [18].

None of the patients had steroid treatment at the time of

imaging. All patients with TLL had follow-up MR imaging

examinations within 4–12 months after the initial exami-

nation and these follow-up examinations showed either

regressing or stable lesion.

MR examinations were performed on either 1.5 or 3 T

MR imaging system (GE Medical Systems, Milwaukee, WI,

USA). Except DTI and PWI examinations in five cases with

tumor like lesions examinations were performed in the 3 T

scanner, MR examinations of other patients with tumor like

lesions and tumors were acquired on 1.5 T MR scanner. The

DTI protocol included sagittal and axial acquisitions (TR/

TE = 12,000/101.7 ms, with a FOV = 23 9 23 cm2 for

the sagittal sequence and 17 9 17 cm2 for axial acquisition.

Matrix = 128 9 128, thickness = 4 mm and gap = 0 mm

using 25 noncollinear gradient directions and a b value of

1,000 s/mm2. Another three images were acquired without

the use of a diffusion gradient, b = 0 s/mm2). The acquisi-

tion time was approximately 3 min for the sagittal plane and

6 min for the axial. The DSC-PWI images were acquired

with a single-shot, gradient-echo, echo-planar imaging

sequence (TR/TE = 1,500/50 ms; flip angle, 80�; FOV =

17 9 17 cm2 in 20 cases and 23 9 23 cm2 in one case of

glioblastoma; matrix = 96 9 128; thickness = 5 mm and

gap = 0 mm.) during the first pass of a bolus of gadovers-

etamide. The amount of contrast agent injected was

0.1 mmol per kilogram of body weight, maximum 20 mL

(1.5 T) and 0.05 mmol/kg of body weight (11), maximum

12 mL (3 T). The total dose was injected in 4 s (1.5 T) and

3 s (3 T), respectively, immediately followed by a bolus

injection of saline (20 mL) [18]. The spatial localization of

the slice with largest dimension in PWI, DTI and the corre-

sponding post contrast T1 weighted imaging sequence was

carefully kept to be identified.

MR-DTI data were processed on a GE workstation with

a Functool 5.2 software package. After co-registration of

raw images to correct the motion and distortion artifacts,

the ADC and FA images were generated. The solid parts of

the lesions were delineated and regions of interest (ROIs)

of *23–28 mm2 each were placed in the center of the solid

part of the lesion, while the necrotic parts were avoided.

The DSC-PWI data analysis was described in a previous

study [18]. In brief, a ROI of *23–35 mm2 was placed

within the solid central part of the lesion at the slice with

largest dimension. The signal-intensity curves of the lesion

ROIs’ were converted to R2* curves based on the formula:

R2* = -ln(St/S0)/TE, where ln is the natural log and St

and S0 are signal intensities at time t and 0 [17–19]. The

first four images were excluded as they were acquired

during the time the steady-state MR signal was established.

The peak height was calculated as the formula: peak

height = heightm - heightb, (the heightm is maximal

height during the bolus phase of the first pass of contrast

minus the height of precontrast baseline, and the heightb
means the height of precontrast baseline). The percentage

of signal intensity recovery was calculated with the

following equation: percentage of signal intensity

recovery = maximal height - heightb/maximal height -

heighte, (heighte indicates the height at the end of the first

pass).
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In addition, reference ROIs in the contralateral/sur-

rounding normal appearing medulla/cord were selected in

order to compare the difference of FA, ADC and peak

height between the lesions and reference tissue. The refer-

ences ROIs, *20–35 mm2 each, were defined as follows:

1. For patients with ipsilateral (eccentric) lesions, the

reference ROIs were selected in the contralateral

normal appearing medulla/cord (15/23 DTI examin-

ations, 13/21 PWI examinations);

2. For patients with central lesions, and a normal-

appearing adjacent portion of the cord (no signs of

expansion or atrophy and normal signal intensity on

T1 and T2WI) in the same slice, reference ROIs were

placed in the adjacent tissue (4/23 DTI examinations,

6/21 PWI examinations);

3. For patients with central lesions and where the adjacent

part of the cord showed hyperintensity on T2WI, or

patients with ipsilateral (eccentric) lesions, where the

contralateral medulla/cord showed hyperintensity on

T2WI, the normal appearing tissue in the slice closest

to the lesions was selected for a reference ROI (4/23

DTI examinations, 2/21 PWI examinations);

Finally, values of FA, ADC, peak height and the per-

centage of signal intensity recovery in remote normal-

appearing cord or medulla regions were measured.

The statistical analyses included five parts. First, the

differences in FA, ADC and peak height between the

lesions and the reference ROIs were assessed by Wilcoxon

signed-rank test. Second, comparisons of FA, ADC, the

percentage of signal intensity recovery and peak height

between the intramedullary tumor group and the TLL

group were performed by Mann–Whitney test. Then, the

area under the curve (AUC) for receiver operating char-

acteristics (ROC) was computed for ADC, FA, percentage

of signal intensity recovery and peak height, respectively.

The difference of FA, ADC, peak height and the percentage

of signal intensity recovery values in remote normal-

appearing cord or medulla regions among patients with

tumor like lesions who were scanned on 1.5 and 3 T scan-

ners, and the group of patients with tumors scanned on 1.5 T

was evaluated with Mann–Whitney test. Finally, Spearman

correlation analysis was used to assess the correlation

between changes of FA and ADC within the lesions. Sta-

tistical analyses were performed with SPSS for Windows

software (version 15, SPSS Inc., Chicago, IL, USA) and R (A

Language and Environment for Statistical Computing,

Vienna, Austria, http://www.R-project.org) with P values of

\0.05 recognized as the criteria for significance.

Results

The mean values of imaging parameters and the statistical

results are shown in Table 1. When compared with the

mean FA values of the reference ROIs, the mean FA values

of the tumors and TLLs were significantly lower (P \ 0.05,

representative image in Fig. 1). There is only one case of a

solitary astrocytoma which had higher FA value within the

tumor than in the perilesional region. This finding was

confirmed on a repeat DTI examination (Fig. 2).

The mean ADC values in the tumors and TLLs were

significantly higher compared to reference ROIs (P \ 0.05).

The mean value of peak height in the tumors was sig-

nificantly higher than the value of reference ROIs, Fig. 3.

In contrast, the mean value of peak height in the TLLs was

significantly lower than the value of reference ROIs

(P \ 0.05), Fig. 4.

The mean peak height and ADC values of the tumors

were significantly higher than those of the TLLs, while the

mean FA value of the tumors was significantly lower

(P \ 0.05). There was no significant difference with regard

to percentage of signal intensity recovery between the two

groups.

Table 1 Mean values (mean ± SD) and statistical result of imaging parameters in patients with tumors and tumor like lesions

Imaging parameters Tumors TLLs P

FA In the lesion 0.232 ± 0.076 0.39 ± 0.111 0.002*

Reference ROI 0.386 ± 0.093 0.627 ± 0.11 P \ 0.001*

P value 0.003* 0.003* N/A

ADC (910-3mm2/s) In the lesion 1.285 ± 0.505 0.862 ± 0.166 0.016*

Reference ROI 0.844 ± 0.339 0.747 ± 0.117 0.525

P value 0.002* 0.006* N/A

Peak height In the lesion 15.167 ± 9.05 3.906 ± 1.747 P \ 0.001*

Reference ROI 8.99 ± 5.134 6.872 ± 2.23 0.973

P value 0.003* 0.005* N/A

Percentage of signal intensity recovery 0.83 ± 0.34 0.87 ± 0.23 0.512

* indicates statistical significance
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The sensitivity and specificity of the imaging parameters

to distinguish between intramedullary tumors and TLLs,

using ROC curve analysis, are summarized in Table 2. The

ratio cutoff value of 4.523 for peak height resulted in a

sensitivity of 90.9 % and a specificity of 80 %. The area

under the curve for peak height was higher than FA and

ADC.

There was no significant difference of FA, ADC, peak

height and the percentage of signal intensity recovery

values in remote normal-appearing cord or medulla regions

among patients with tumor like lesions who were scanned

on 1.5 and 3 T scanners, and the group of patients with

tumors scanned on 1.5T (P [ 0.05).

There was no significant correlation between FA and

ADC value in patients with tumor like lesions (P = 0.247),

however, there was significant negative correlation

between FA and ADC value in patients with tumors

(P = 0.021).

Discussion

In the present study, there were three parameters, ADC, FA

and peak height, that showed a significant difference

between tumors and TLL. The peak height of the bolus

passage showed higher sensitivity and specificity than all

Fig. 1 A case of astrocytoma with reduced FA value in the tumor. a–

d are at the C2–3 level. a Axial T1-weighted post-contrast image

shows the enhancing solid part of tumor (red arrow), and adjacent

compressed cord (white arrow). b Axial T2-weighted image shows

hyperintensiy in the tumor (red arrow), and iso-intensity and slightly

hyperintensiy in the adjacent cord (white arrow). c ADC map shows

increased ADC in both parts of the tumor (red arrow) compared to

adjacent cord (white arrow). d FA map shows decreased FA value

within solid part of tumor (red arrow) of 0.283, compared to adjacent

cord (white arrow) of 0.427

Fig. 2 A patient with astrocytoma with ‘‘increased’’ FA value in the

tumor. a, d Axial T1-weighted post-contrast images; b, e T2-weighted

images; c, f FA images. a–c: Images from first examination, which

show the FA value in the enhanced tumor part (0.336) to be higher

than in the adjacent cord (0.159). d-f: Follow-up images 1 year later

after radiation treatment, which show the contrast enhanced area to be

decreased but the FA value in the enhanced part of the tumor (0.28)

still being higher than in the adjacent cord (0.136)
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the other imaging parameters tested. In addition, the mean

FA values in both intramedullary tumors and TLLs were

significantly lower compared to values in the reference

ROIs, and the mean values of ADC in both tumors and

TLL were significantly higher than the values of reference

ROIs.

The anatomic feature of cervical spinal cord is charac-

terized by the densely ordered arrangement of axons [20].

Thus, lesions in the cord may have a lower FA value than

normal cord parenchyma [10, 11], which was also noted in

our study. In earlier studies, Ducreux et al. [10] reported a

mean FA value of 0.48 ± 0.02 in five cases of cervical spinal

cord astrocytoma and Renoux et al. [11] demonstrated a

mean FA value of 0.588 in inflammatory lesions. The mean

FA values of tumor and tumor like lesions in the present

study are 0.232 ± 0.07 and 0.39 ± 0.111, respectively,

which are lower than the findings in previous studies [10, 11].

The differences may relate to the following:

(1) The study of Ducreux et al. [10] represented pure

astrocytomas while there is a variability of tumor

types enrolled in the present study, also including

glioblastoma and ependymoma. These tumors may

cause more severe tissue destruction than the more

prominent infiltration by astrocytomas.

(2) There are differences in measurement techniques. In

previous studies, small ROIs were placed in the

lesions while we measured the mean diffusion values

of the gross solid portion of the lesions.

(3) We can’t exclude that the differences are a result of

imaging parameters, especially the lower b-value of

500 s/mm2 used in Ducreux’s study [10] and of

600 s/mm2 used in Renoux’s study [11] as compared

to 1,000 s/mm2 in the present study. The mean FA

value of TLLs in our study coincides with the study

by Ohgiya et al. [15] who also used a b-value of

1,000 s/mm2 with a reported mean FA value of

0.441 ± 0.070 in multiple sclerosis plaques of the

cervical spinal cord.

The pathologic mechanisms behind the decrease in FA

are supposed to be related to an increase in extracellular

space with a corresponding decrease in the intracellular

space [10, 11]. Both tumors and TLLs can present

decreased FA as a result of local extracellular edema and/or

a decrease in number of fibers. Moreover, both infiltration

and displacement of fibers by tumors as well as reduction

in myelin content, as in multiple sclerosis, can result in a

decrease in FA.

In this present study, except one case with astrocytoma,

other tumors and all tumor-like lesions had lower FA

values within the lesion than in the reference ROIs, and we

found significant negative correlation between FA and

ADC value in the patients with tumors. In theory, the

pathogeneses, induced decrease in FA can be caused by

changes in water content and result in reduced restriction of

water motion within the lesion, which could subsequently

lead to increase in ADC. However, the association between

quantitative changes of FA and ADC within the lesions of

central nervous system may be complex. The present study

showed significantly increased ADC and decreased FA

values in tumors when compared to tumor like lesions,

which may indicate a more severe destruction of the nor-

mal structures by the tumors and FA may be more sensitive

than ADC in detecting microstructure abnormality. Our

Fig. 3 A patient with astrocytoma in medulla. a Axial T1-weighted post

contrast image shows: ROI 1 (green) placed in the contrast enhanced

solid part of the tumor, ROI 2 (purple) located in the contralateral

medulla as reference. b The time-signal intensity curves of ROIs. c The

DR2 curves show that the peak height of the tumor (12.9024) is

significantly higher than the peak height of reference ROI (5.9726)

Table 2 Sensitivity and specificity of imaging parameters in the

differentiation of intramedullary tumors and tumor like lesions using

receiver operating characteristic curve analysis

Parameters Cutoff value Sensitivity Specificity AUC

FA 0.272 0.75 0.727 0.871

ADC 0.969 0.75 0.818 0.795

Peak height (PWI) 4.523 0.909 0.8 0.945

Percentage SIR 0.861 0.545 0.5 0.591

AUC area under curve, SIR signal intensity recovery (PWI)
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previous study reported that sub-acute Wallerian degener-

ation after brain stroke could show decreased ADC and FA

value in the ipsilateral cortical spinal tract [21]. In addition,

the present study also revealed one astrocytoma case with

higher intra-tumor FA value than reference ROIs.

The mechanism of higher FA value in the exceptive

astrocytoma case remains unclear. Renoux et al. [11]

described higher FA value within demyelinating lesion in

the cord than the reference ROIs. This increase in FA

values was believed to represent intracellular edema with

inflow of extracellular water into axons or Schwann cells,

or alternatively decreased extracellular space due to cel-

lular infiltration by inflammatory cells [11]. In contrast,

there is no study reporting ‘‘increased’’ FA values within

intramedullary tumors. We believe this relates to the pre-

dominantly infiltrative growth of astrocytoma cells along

fibers within the cord and/or that the tumor encompasses

the fiber tracts.

The peak height of the contrast bolus has been reported

to correlate with rCBV and the total capillary volume in

brain tumors [17, 18]. In the present study, there was a

significantly higher peak height value in the intramedullary

tumors than in TLLs, which is similar to an earlier study of

cerebral lesions that showed a higher rCBV ratio in cere-

bral gliomas than in TDL [16]. Absence of frank angio-

genesis and hypoperfusion secondary to decreased

metabolic demand in TLL, including multiple sclerosis,

have been attributed to this difference [14, 16]. Our study

also demonstrated a higher sensitivity of 90.9 % and

specificity of 80 % for the peak height of the bolus passage

than other imaging parameters in differentiating between

intramedullary tumors and TLL.

The difficulties for MR DTI and PWI of intramedullary

lesions in the cervicomedullary junction region and cervi-

cal spinal cord include the intrinsic susceptibility artifacts

and image distortion from the echo-planar sequence,

chemical-shift artifacts from surrounding lipids, motion

artifacts and partial volume effects from cerebrospinal fluid

[6, 18, 22].

There are also other technical challenges including

controversies in the selection of axial or sagittal orientation

as the acquisition plane. Traditionally, axial plane is most

commonly used for cerebral PWI and DTI acquisitions, and

ROIs can be placed in the parenchyma of the unaffected

hemisphere for calculation of ratios, including rCBV ratio.

However, intramedullary lesions in the cervicomedullary

junction region and cervical spinal cord may affect multi-

ple segments and also involve the medulla/cord on both

sides. Thus, axial plane acquisition may not cover the

whole lesion and reference ROIs placed in an adjacent,

perilesional part of the medulla/cord can’t exclude an

underestimation of pathologic changes. The sagittal plane

may be an alternative approach for DTI and DSCPWI

acquisition in the cervicomedullary junction region and

cervical spinal cord. Potential advantages of the sagittal

acquisition plane include the ability to cover the entire

lesion and the possibility of using the cerebellum for the

placement of a reference ROI, future studies using

advanced MR imaging sequences, including parallel

imaging and trigger techniques, may improve the image

quality [6, 22].

It is also interesting that whether there is difference of

DTI and PWI examinations in the cervicomedullary junc-

tion region and cervical spinal cord between 1.5 and 3 T

MR scanners. Our preliminary study showed that there was

no significant quantitative difference of FA, ADC, peak

height and the percentage of signal intensity recovery in

remote normal appearing tissues between 1.5 and 3 T MR

scanners. In theory, a 3 T MR scanner should have more

advantages, including better signal to noise ratio when

compared to 1.5 T MR scanner, but may also induce more

inhomogeneity artifacts [22, 23]. There is controversy

regarding whether there is difference of quantitative DTI

evaluation between 1.5 and 3 T MR scanners in the

Fig. 4 A patient with multiple sclerosis in C2 cord. a Axial T1-

weighted post-contrast image shows an enhancing lesion in the dorsal

cord at C2 level. ROI 1 (green) placed within the contrast enhanced

lesion, ROI 2 (purple) located in the anterior cord as reference. b The

time-signal intensity curves of ROIs. c The DR2 curves show that the

peak height of the contrast enhanced multiple sclerosis lesion

(4.8239) is significantly lower than the peak height of reference

ROI (7.0589), and peak height of astrocytoma in Fig. 3c (12.9024)
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literature [24–27], most of studies didn’t find significant

quantitative difference of FA and ADC between 1.5 and

3 T MR scanners [24–26]. This is consistent with our

previous DTI study in brain glioma [28]. In contrast, there

was no published study directly comparing quantitative

PWI derived parameters between 1.5 and 3 T MR scanners.

The peak height and the percentage of signal intensity

recovery were not only determined by intrinsically patho-

logic characters, but also can be affected by the factors

including magnetic field, and bolus dose, etc. Previous

published studies showed that peak height could correlate

with rCBV ratio in both 1.5 and 3 T MR scanners [17, 18].

Future perspective study with larger population is neces-

sary to assess the qualitative and quantitative difference of

DTI and PWI examinations in the cervicomedullary junc-

tion region and the cervical spinal cord.

In summary, the present study showed a significantly

higher peak height and ADC, as well as lower FA in the

intramedullary tumors than the TLLs. The peak height had

the highest sensitivity and specificity among the three, but

a combination of DTI and PWI parameters may strengthen

the diagnostic accuracy with regard to intra-axial tumors

and TLL in the cervicomedullary junction region and

cervical spinal cord. Although preliminary, these findings

may allow for a restraint with regard to immediate invasive

biopsy procedures, and could support therapeutic decision

making as well as monitor treatment response in future

studies.
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