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The usefulness of the apparent diffusion coefficient value
in diagnosing acute spinal cord ischemia
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ABSTRACT

The purpose of our study was to assess the usefulness of the apparent diffusion coefficient (ADC) value
in differentiating between a normal spinal cord and a spinal cord with acute ischemia. Control group of
113 and 8 acute spinal cord ischemia patients were enrolled in this study. The ADC values were measured
when diffusion-weighted imaging was first performed after the onset of acute spinal cord ischemia. The
mean ADC value each of the control group and acute spinal cord ischemia patients was 0.99 + 0.19
x 10 mm?%s and 0.70 + 0.15 x 10° mm?%s. The mean ADC value in patients with acute spinal cord
ischemia was significantly lower than that in patients with a normal spinal cord (P < 0.01). We found the
cutoff ADC value (0.86 x 10 mm?s) to be a useful indicator of acute spinal cord ischemia (sensitivity
= 100.0%, specificity = 71.7%, AUC = 0.92). In conclusions, it is suggested that the ADC value may be
useful in the diagnosis of acute spinal cord ischemia.
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INTRODUCTION

Magnetic resonance imaging (MRI) of acute spinal cord infarction usually shows intramedullary
hyperintensity on T,-weighted MR images. However, MRI shows no abnormality in approximately
45% of patients.! The apparent diffusion coefficient (ADC) value as a quantitative value can be
calculated from diffusion-weighted imaging (DWI) of MRI. The usefulness of the ADC value
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has previously been reported in several diseases. DWI has recently been reported to be useful
for diagnosing acute spinal cord infarction®>*; however, diagnosing this is not easy because
the normal spinal cord also shows a relatively high signal intensity on DWI.>® Therefore, we
hypothesized that not only the high-signal findings of the spinal cord on DWI images but also
the ADC values could be used as a reference to differentiate normal spinal cord from acute
spinal cord ischemia. The purpose of our study was to verify the usefulness of the ADC value
in the normal spinal cord and acute spinal cord ischemia.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board of our institution (approval number:
1347). The need for informed consent was waived because of the retrospective nature of the study.

Subjects

The subjects underwent MRI within 7 days of symptom onset, and 8 patients (mean age
75.3 years) were diagnosed with acute spinal cord ischemia. The subjects with a normal spine
included 113 patients (mean age 70.8 years) who were suspected with bone tumors, and spinal
cord DWI was performed for the control group. The affected parts of the spine in the acute
spinal cord ischemia group were the cervical spine in 2 patients and thoracic spine in 6 patients.
The regions of the spine in the control group were the cervical spine in 29 patients (mean
age 69.1 years), thoracic spine in 27 patients (mean age 72.4 years), and lumbar spine in 56
patients (mean age 70.9 years). Additionally, no cases of suspected acute spinal cord ischemia
were included in the control group.

Diagnostic criteria

The diagnostic criteria were as follows: (i) segmental bilateral flaccid weakness and sensory
loss, and bowel and bladder dysfunction (with no preceding progressive myelopathy) shortly after
(within minutes) acute non-traumatic myelopathy with sudden back pain; (ii) absence of spinal
cord compression; (iii) absence of vessel abnormalities with spinal cord lesion; (iv) positive
intramedullary T,-hyperintense spinal cord lesion; (v) DWI/ADC restriction, associated vertebral
body infarction, and arterial dissection/occlusion adjacent to the lesion on MRIL.’

None of the patients were shown spinal cord compression on the MR images. Patients in this
study were diagnosed with acute spinal cord ischemia by a neurologist in our hospital. They
exhibited neurological symptoms of the disorder of acute onset. They had lesions with high signal
intensity that were consistent with the levels of neurological symptoms of the disorder on DWI.
Other spinal diseases were ruled out. It has been reported that acute spinal cord infarction is
a clinical diagnosis characterized by a sudden onset of paralysis, loss of pain and temperature
perception, and bladder dysfunction.® All patients had acute-onset pain in this study.

DWI imaging parameter

All examinations were performed on 1.5 T MR scanner (Signa Excite HDxt, GE Healthcare,
Connecticut, USA) using spine coil. We used the single shot EPI-DWI parameters: TR = 4000
ms, TE = 71.4 ms, slice thickness = 5.0 mm, bandwidth = 500 kHz, matrix size = 128 X
192, field of view (FOV) = 280-320 mm, phase FOV = 0.5, number of excitations = 6, fat
suppression method = short TI inversion recovery, diffusion sensitization gradients oriented
along three orthogonal directions at two b-values = 0 and 700 s/mm? total acquisition time =
approximately 100 s.
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Data analysis

The ADC value was calculated based on the signal intensity of each region of interest (ROI)
at b = 0 s/mm? and b = 700 s/mm?>. Three circular ROIs (area: 10 mm?) at different levels of
the spinal cord were set at the site of acute spinal cord infarction, where a high intensity signal
was identified by DWI. (Fig. 1) Moreover, the average of the ADC values obtained at the three
locations was estimated and used as the actual ADC value, and a radiologist with 10 years of
experience performing MRI conducted the ROI setup.

The signal strength was measured with the viewer equipment included in the MR device. The
ADC value was calculated using Microsoft Excel (Microsoft, WA, USA).

Statistical analysis

Statistical analyses have performed by Mann Whitney U test and receiver-operating character-
istic curve. P-values were P < 0.05 were considered statistically significant. R software (version
3.4.1, R Foundation, Vienna, Austria) was used for statistical analysis.

Fig. 1 An example of an ROI setting
ADC values of areas at three different levels (arrows) was measured using a circular ROI of about 10 mm?.
ROI: region of interest
ADC: apparent diffusion coefficient

RESULTS

Figure 2 shows an example in which the difference in the ADC values between a patient with
a normal spinal cord and a patient with acute-phase spinal cord infarction was useful.

Table 1 shows the ADC values for all patients, and Figure 3 shows an example of a difference
in the ADC values between a patient with a normal spinal cord and a patient with acute-phase
spinal cord infarction. Acute DWI scans were obtained an average of 40.8 + 60.4 hours (median
6 hours) after symptom onset. In Figure 3, the ADC value was calculated based on the DWI of
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the first MR image of acute spinal cord infarction. The mean ADC value in the control group
was 0.99 + 0.19 x 102 mm?*s (median: 0.93 x 107 mm?%s). The mean ADC value of first MR
image of acute spinal cord ischemia was 0.70 = 0.15 x 10~ mm?s (median: 0.75 x 10~ mm?s);
thus, the ADC value in the acute spinal cord ischemia group was significantly lower than that
in the control group (P < 0.001) (Fig. 3).

Figure 4 presents the receiver-operating characteristic curve of the ADC values among the
patients with a normal spinal cord and acute spinal cord ischemia. We found the cutoff value
(0.86 x 10 mm?s) of the ADC value to be useful in acute spinal cord ischemia [sensitivity =
100.0%, specificity = 71.7%, area under the curve = 0.92 (95% confidence interval = 0.84-1)].

Acute spinal cord ischemia Normal spinal cord

DWI DWI
ADC value =0.79£0.05 X 10-3[mm?/s] ADC value =1.13£0.14 X 10-3[mm?/s]

Fig. 2 Differences in ADC values among the patients with a normal spinal cord and acute spinal cord ischemia
The DWI high-intensity signal is indicated by the arrows. On DWI, acute spinal cord ischemia is more com-
monly observed than normal spinal cord ischemia. Moreover, acute spinal cord ischemia does not exhibit a high
intensity signal on T,-weighted imaging.

ADC: apparent diffusion coefficient

DWI: diffusion-weighted imaging
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Fig. 3 Differences in ADC values among the patients with a normal spinal cord and acute spinal cord ischemia
Patients with acute spinal cord ischemia had lower ADC values than participants in the control group. (P < 0.001)
ADC: apparent diffusion coefficient
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Fig. 4 Receiver-operating characteristic curve of ADC values among the patients with a normal spinal cord

and

acute spinal cord ischemia

When the cutoff value for ADC values was set at 0.86 x 10° mm?s, sensitivity, specificity, and area under the
curve were 100%, 71.7%, and 0.92, respectively (95% confidence interval = 0.84-1).
ADC: apparent diffusion coefficient

Table 1 ADC values of all patients

Patient Age Level of Time from onset to initiation of imaging
number (y) ischemia Mean ADC (x10° mm?s)
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ADC: apparent diffusion coefficient
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DISCUSSION

It has been reported that abnormal high signal intensity and swelling of the spinal cord on
T»-weighted images become apparent 1 to 2 days after the onset, and the abnormal contrast effect
will be delayed before the spinal cord appears.” However, this study suggests that it is possible
to diagnose acute spinal cord ischemia at an early stage based on the ADC value because it is
considered that a decrease in the ADC value can be detected quickly by its evaluation.

In addition, previous studies reported that acute spinal cord infarction might decrease ADC
values.>* However, no studies have compared the control group with patients other than those
with spinal cord infarction; therefore, prior measurement of ADC values in the control group
(normal spinal cord group) may be helpful for diagnosis.

Pseudo-normalization of the ADC in cerebral infarction is considered to be caused by cellular
edema. Therefore, it is conceivable that ADC normalization in spinal cord ischemia also occurs
as in cerebral infarction.>!® However, it has been reported that low ADC values persisted for
seven days based on animal studies.!!

Although it has been reported that DWI shows a high signal intensity in other spinal cord
diseases, it has been reported that early-phase spinal cord injury shows a clear decrease in the
ADC value.'*"* However, it may be possible to easily distinguish between the two based on
the presence or absence of a history of trauma. Our study suggests the clinical usefulness of
DWI and the ADC value for the early detection of acute spinal cord ischemia. However, in rare
cases, it is expected that early diagnosis of patients is difficult based on image diagnosis, and
therefore, frequent follow-up using MRI including DWI is desirable based on the clinical course
such as onset symptoms.

There are limitations to our study. First, the ADC value is affected by the ROI localization,
so care must be taken when generating the ROI. ADC values have been reported to depend on
the spinal level because we need to measure the cutoff values of the ADC in each spinal region
(the cervical spine, thoracic spine, and lumbar spine) in the future.'>!® Second, patients with a
history of cancer and possible metastatic bone tumors were categorized under the control group
for this study; however, there were no spinal cord signal changes in DWI, and the patients were
considered eligible as a control group compared to healthy participants. Finally, it has been
reported that the ADC value depends on the imaging parameters.!” Therefore, it is necessary to
measure the normal ADC values at different hospitals.

CONCLUSION

It is suggested that the ADC value may be useful for the diagnosis of acute spinal cord
ischemia.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of interest.

REFERENCES

1 Nedeltchev K, Loher TJ, Stepper F, et al. Long-term outcome of acute spinal cord ischemia syndrome.
Stroke. 2004;35(2):560-565. doi:10.1161/01.STR.0000111598.78198.EC.

Nagoya J. Med. Sci. 85. 612-618, 2023 617 doi:10.18999/nagjms.85.3.612



10

11

12

13

14

16

17

Norikazu Koori et al

Kiiker W, Weller M, Klose U, Krapf H, Dichgans J, Nigele T. Diffusion-weighted MRI of spinal cord
infarction--high resolution imaging and time course of diffusion abnormality. J Neurol. 2004;251(7):818-824.
doi:10.1007/s00415-004-0434-z.

Zhang J, Huan Y, Qian Y, Sun L, Ge Y. Multishot diffusion-weighted imaging features in spinal cord
infarction. J Spinal Disord Tech. 2005;18(3):277-282. doi:10.1097/01.bsd.0000163817.84551.67.

Thurnher MM, Bammer R. Diffusion-weighted MR imaging (DWI) in spinal cord ischemia. Neuroradiology.
2006;48(11):795-801. doi:10.1007/s00234-006-0130-z.

Takeshita S, Ogata T, Mera H, Tsugawa J, Fukae J, Tsuboi Y. Time course of diffusion weighted image
and apparent diffusion coefficient in acute spinal cord infarction: A case report and review of the literature
[in Japanese]. Rinsho Shinkeigaku. 2016;56(5):352-355. doi:10.5692/clinicalneurol.cn-000858.

Loher TJ, Bassetti CL, Lovblad KO, et al. Diffusion-weighted MRI in acute spinal cord ischaemia.
Neuroradiology. 2003;45(8):557-561. doi:10.1007/s00234-003-1023-z.

Vargas MI, Gariani J, Sztajzel R, et al. Spinal cord ischemia: practical imaging tips, pearls, and pitfalls.
AJNR Am J Neuroradiol. 2015;36(5):825-830. doi:10.3174/ajnr.A4118.

Stepper F, Lovblad KO. Anterior spinal artery stroke demonstrated by echo-planar DWI. Eur Radiol.
2001;11(12):2607-2610. doi:10.1007/s003300100926.

Alblas CL, Bouvy WH, Lycklama A Nijeholt GJ, Boiten J. Acute Spinal-Cord Ischemia: Evolution of MRI
Findings. J Clin Neurol. 2012;8(3):218-223. doi:10.3988/jcn.2012.8.3.218.

Tsang BK, Foster E, Kam A, Storey E. Diffusion weighted imaging with trace diffusion weighted imaging,
the apparent diffusion coefficient and exponential images in the diagnosis of spinal cord infarction. J Clin
Neurosci. 2013;20(11):1630-1632. doi:10.1016/j.jocn.2012.10.011.

Zhang JS, Huan Y, Sun LJ, Ge YL, Zhang XX, Chang YJ. Temporal evolution of spinal cord infarction
in an in vivo experimental study of canine models characterized by diffusion-weighted imaging. J Magn
Reson Imaging. 2007;26(4):848-854. doi:10.1002/jmri.21044.

Zhang JS, Huan Y. Multishot diffusion-weighted MR imaging features in acute trauma of spinal cord. Eur
Radiol. 2014;24(3):685-692. doi:10.1007/s00330-013-3051-3.

Robertson CE, Brown RD Jr, Wijdicks EF, Rabinstein AA. Recovery after spinal cord infarcts: long-term
outcome in 115 patients. Neurology. 2012;78(2):114-121. doi:10.1212/WNL.0b013e31823efc93.

Bammer R, Fazekas F, Augustin M, et al. Diffusion-weighted MR imaging of spinal cord. AINR Am J
Neuroradiol. 2000;21(3):587-591.

Chen P, Wu C, Huang M, et al. Apparent Diffusion Coefficient of Diffusion-Weighted Imaging in Evalua-
tion of Cervical Intervertebral Disc Degeneration: An Observational Study with 3.0T Magnetic Resonance
Imaging. Biomed Res Int. 2018;2018:6843053. doi:10.1155/2018/6843053.

Nukala M, Abraham J, Khandige G, Shetty BK, Rao APA. Efficacy of diffusion tensor imaging in identi-
fication of degenerative cervical spondylotic myelopathy. Eur J Radiol Open. 2018;6:16-23. doi:10.1016/].
¢jro.2018.08.006.

Ogura A, Hayakawa K, Miyati T, Maeda F. Imaging parameter effects in apparent diffusion coefficient deter-
mination of magnetic resonance imaging. Eur J Radiol. 2011;77(1):185-188. doi:10.1016/j.ejrad.2009.06.031.

Nagoya J. Med. Sci. 85. 612-618, 2023 618 doi:10.18999/nagjms.85.3.612



