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Abstract. Neuromyelitis optica (NMO) is an acute or subacute 
lesion of demyelinating disease involving the optic nerve and 
spinal cord, and imaging techniques and their effects have 
been the focus of investigations. The aim of the present study 
was to examine the value of �������������������������������three-dimensional double inver-
sion recovery (3D-DIR) in the early differential diagnostic 
and prognostic evaluation of NMO. Forty-eight patients with 
suspicious NMO were included into the study and underwent 
a combination of serum NMO-IgG quantitative detection and 
3D-DIR examination. Forty cases (83.3%) of the suspicious 
cases were confirmed with NMO. The average time from 
onset to definite diagnosis was 3.5±0.6 days. The brain showed 
high T2W and fluid‑attenuated inversion recovery (FLAIR) 
signals, involving 5.8±1.2 sites on average, distributed in the 
peripheral lateral ventricle, medulla, cerebral white matter, 
the third ventricle, peripheral aqueduct of sylvius, pons 
and diencephalon. The average T2W signal strength was 
2.73±0.12. The signal intensity of DIR was significantly higher 
than that of T2W and FLAIR, and the difference was statisti-
cally significant. The optic nerve and chiasma showed a high 
FLAIR signal, with an average signal intensity of 2.13±0.14. 
The spinal cord showed swelling, necrosis and cavity lesion, 
involving the gray and white matter of the central site, trans-
versely, with an average lesion length of 4.7±0.6 centrum. 
The relative signal intensity of DIR was significantly higher 
than that of T2W and FLAIR. Following treatment, the signal 
intensity of the brain, optic nerve, optic chiasma and spinal 
cord decreased significantly (P<0.05). In conclusion, 3D-DIR 
has great application value in the early differential diagnostic 
and prognostic evaluation of NMO.

Introduction

Neuromyelitis optica (NMO) is an acute or subacute lesion 
of demyelinating disease involving optic nerve and spinal 
cord (1). Previously, NMO was considered a clinical subtype of 
multiple sclerosis (MS), although the effects of clinical treat-
ment were unsatisfactory (1,2). The development of imaging 
technology identified NMO and MS as different with regard to 
the characteristics of lesions.

By applying two inversion pulses, three-dimensional double 
inversion recovery (3D-DIR) sequence significantly improved 
the signal contrast of different tissues and the imaging effects 
of gray matter lesions (3). In recent years, 3D-DIR has been 
gradually applied in the diagnosis of epilepsy, MS and other 
diseases, and the effects have proven to be satisfactory (4-6).

The aim of the present study was to examine the applica-
tion value of 3D-DIR in the early differential diagnostic and 
prognostic evaluation of NMO.

Materials and methods

Patients. In total, 48 patients diagnosed with suspicious NMO 
at the Rizhao People's Hospital between October 2013 and 
October 2015 were included into the present study. All 48 
patients were confirmed to be first onset and first treatment 
according to the clinical symptoms and physical signs. Of the 
48 patients, there were 10 males and 38 females including 7 chil-
dren. The patient age range was 8‑66 years, with a median age 
of 43.5 years, and a time of onset ranging from 1 to 3 days with 
an average of 1.7±0.5 days. The patients with central nervous 
demyelinating lesions such as MS, definite infection history, 
cerebral tumor, epilepsy, pregnancy, consciousness disturbance 
and those who refused to participate were excluded.

Approval for the present study was obtained from the 
ethics committee of the Rizhao People's Hospital. Patients and 
their families/guardians provided informed consent.

Methods. The patients were given a combined NMO-IgG 
quantitative detection and 3D-DIR examination as well as 
standard medical drug therapy. For the 3D-DIR examination, 
a Siemens MAGNETOM Skyra  3.0T superconducting 
scanner (Siemens Healthcare GmbH, Erlangen, Germany) 
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and 8-channel head coil were used to perform the routine MR 
examination. Fast spin echo (TSE) T2WI, fluid‑attenuated 
inversion recovery (FLAIR) sequence and 3D-DIR sequence 
were examined in turn. Parameters of the 3D-DIR sequence 
included (TR 7,500  msec, TE 308  msec; T1 3,000  msec; 
matrix 190x192; visual field of FOV 256x256 mm; 128 layers; 
and thickness of 1.3 mm), two reversal pulses, TI1 (time from 
the first 180˚ reverse pulse to 90˚ drive pulse) 3,400 msec, 
and parameters of TI2 (time from the second 180˚ reverse 
pulse to 90˚ drive pulse) 325 msec. Subsequently, T2W TSE 
sequence (TR 5,000 msec, TE 87 msec; matrix 256x256; FOV 
256x256 mm; 35 layers; thickness of 4 mm) scanning was 
performed. According to the anatomical location of the lesions 
in MRI, the lesions were divided into: endodermal lesions, 
gray and white matter mixed lesions, subcortical lesions, deep 
gray matter lesions and white matter lesions.

Observation indexes. The signal characteristics of the 3D-DIR 
scan of the cerebral and spinal cord lesions of NMO and MS 
patients were compared, and the signal characteristics of 
3D-DIR scan of NMO patients prior and subsequent to surgery 
were compared.

Statistical methods. SPSS 20.0 statistical software (Chicago, 
IL, USA) was used for statistical analysis. Measurement data 
were presented as mean ± standard deviation. Enumeration 
data were expressed as a percentage (%). The group compar-
ison was made using the χ2 test. P<0.05 was considered to be 
statistically significant.

Results

Signal characteristics of 3D-DIR scaning of NMO patients. The 
diagnostic criteria for NMOSD revised by Wingerchuk et al in 
2015 (7) indicated: i) at least one core clinical characteristic, 
ii) positive test for AQP4-IgG using the best available detec-
tion method, and iii) exclusion of alternative diagnoses. At 
least one core clinical characteristic (optic nerve) was neuritis 
and acute myelitis, with the supporting standard (met at least 
two requirements) being: spinal cord MRI lesion extended at 
least three segments, head MRI failed MS diagnostic criteria, 
and positive serum NMO-IgG. Forty cases (83.3%) were 
confirmed with NMO, and the time from onset to diagnosis 
was 3.5±0.6 days on average.

The brain of NMO patients showed low T1W signal, high 
T2W and FLAIR signals, involving 5.8±1.2 sites on average, 
and being distributed in the peripheral lateral ventricle, 
medulla, cerebral white matter, the third ventricle, peripheral 
aqueduct of sylvius, pons and diencephalon. The average 
T2W signal strength was 2.73±0.12, average FLAIR signal 
strength was 2.56±0.23 and the average DIR signal strength 
was 2.89±0.32. The signal intensity of T2W, FLAIR and DIR 
of NMO patients was significantly higher than that of MS 
patients, with the average sites involved being more than those 
of MS patients (P<0.05) (Table I and Fig. 1).

Signal characteristics of 3D-DIR scan of NMO patients prior 
to and after treatment. Following treatment, the signal inten-
sity of the brain, optic nerve, optic chiasma and spinal cord 
decreased significantly, and the differences were statistically 
significant (P<0.05) (Table II, and Figs. 2 and 3).

Discussion

NMO is a type of demyelinating disease that occurs in the 
central nerve system. Its pathological features include failure 
of the nerve fiber myelin sheath and the presence of multiple 
small disseminated disease or relatively large lesions infused 
by one or more lesions, distributed in white matter and infil-
trating along the inflammatory cells surrounding veinlet; 
neurons, axons, and supporting tissues that remain relatively 
intact, free from wallerian degeneration or secondary bundle 

Figure 1. (A) Optic chiasma showed high FLAIR signal with an average signal intensity of 2.13±0.14. (B and C) DIR transverse and coronal view shows 
higher signals with an average signal intensity of 2.37±0.23. FLAIR, fluid‑attenuated inversion recovery; DIR, double inversion recovery.

Table I. Brain signal characteristics of NMO patients.

				    Mean
				    involved
Group	 T2W	 FLAIR	 DIR	 parts

NMO patients	 2.73±0.12	 2.56±0.23	 2.89±0.32	 5.8±1.2
MS patients	 2.84±0.15	 2.77±0.25	 3.04±0.22	 2.7±0.6
t	 4.251	 4.189	 4.237	 5.324
P-value	 0.043	 0.044	 0.042	 0.038

NMO,  neuromyelitis optica; FLAIR,  fluid‑attenuated inversion 
recovery; DIR, double inversion recovery.
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degeneration (8). The etiology and mechanism of NMO remain 
unknown, but may be associated with genetic quality and 
ethnic differences (9). NMO mainly involves the optic nerve, 
optic chiasma and spinal cord, and lesions appearing in the 
thoracic and cervical segments, which is different from typical 
MS. Additionally, its destructive lesions are more obvious 
and axonal destruction may also be present (10). Although 
NMO-IgG has 91% specificity and 73% sensitivity in the 
diagnosis of NMO, the NMO-IgG of most MS patients are 
negative. Nevertheless, in clinic, imaging diagnosis remains 
the first choice for the early diagnosis of NMO (11,12).

MRI is the first choice for the imaging diagnosis of NOM, 
but the spatial and contrast resolution of conventional MR 

pulse sequences is not efficient and requires improvement 
in displaying gray matter lesions (13,14). The 3D-DIR pulse 
sequence uses pulses that may inhibit the cerebrospinal fluid 
and white matter signals, better display the gray matter of the 
brain, improve the sensitivity of gray matter lesions, and iden-
tify cortical lesions that may not be detected by conventional 
MR pulse sequence (13-15). In the DIR sequence, selecting 
two TI values (TI1 and TI2) according to the longitudinal 
relaxation time (T1) of the tissues to be imaged, and in brain 
scanning, selecting corresponding TI1 and TI2 values may 
inhibit cerebrospinal fluid and white matter signals at the same 
time and better display the gray matter of the brain (16,17). At 
present, it is rarely used in the study of NMO.

Figure 2. Prior to treatment (A) T2 image; (B) enhanced scanning. After treatment (C) T2 and (D) DIR image shows decreased signal, reduced lesion scope 
and amyelotrophy. DIR, double inversion recovery.

Table II. Signal characteristics of 3D-DIR scan of NMO patients before and after treatment.

				    Optic nerve	 Optic nerve	 Spinal cord	 Spinal cord
	 T2W	 FLAIR	 Brain 3D-DIR	 FLAIR	 3D-DIR	 3D-DIR	 FLAIR

Pre-treatment	 2.73±0.12	 2.56±0.23	 2.84±0.25	 2.13±0.14	 2.37±0.23	 2.17±0.24	 1.98±0.22
Post-treatment	 1.35±0.13	 1.42±0.21	 1.63±0.24	 1.77±0.15	 1.98±0.17	 1.83±0.21	 1.63±0.18
t	 4.647	 4.795	 5.321	 5.102	 5.624	 5.698	 4.968
P-value	 0.037	 0.036	 0.032	 0.034	 0.021	 0.017	 0.035

3D-DIR, three-dimensional double inversion recovery NMO, neuromyelitis optica; FLAIR, fluid‑attenuated inversion recovery.
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In the present study, by comparing the imaging 
characteristics of NMO and MS, we found that: i) the brain 
of NMO patients showed a low T1W signal, high T2W and 
FLAIR signals, involving on average 5.8±1.2 sites, distributed 
in the peripheral lateral ventricle, medulla, cerebral white 
matter, the third ventricle, peripheral aqueduct of sylvius, 
pons and diencephalon. AQP4 was similarly highly expressed 
around the aqueductus Sylvii, ventriculus quartus cerebri and 
central canal (18). The enhancement of Gd-DTPA was varied, 
periventricular, pia mater enhancement, corpus callosum 
linear, and zonal enhancement exhibited specificity (19). The 
ii) optic nerve and chiasma showed a high FLAIR signal. In 

the acute period, the spinal cord showed swelling, necrosis 
and cavity lesions, lesions were enhanced after enhanced 
scanning, involving primarily gray matters and partial white 
matters of the central part, transversely, with the average 
length of the lesion being 4.7±0.6 centrum (Fig. 4), mostly 
located in neck and thoracic cord, and the lesions of cervical 
segment can extend up to the lower part of the medulla, and 
during recovery, the spinal cord in lesion site was able to 
shrink (19,20). The results of the present study show that the 
signal intensity of T2W, FLAIR and DIR of NMO patients 
were significantly higher than those of the MS patients, the 
average of sites involved were significantly more than those of 

Figure 3. Brain (A) T2WI (B) FLAIR (C) DIR (D) FLAIR and (E) DIR. FLAIR, fluid‑attenuated inversion recovery; DIR, double inversion recovery.

Figure 4. (A) T2WI spinal cord shows swelling, necrosis and cavity lesion, involving the gray and white matter of the central site, transversely, and the average 
length of the lesion was 4.7±0.6 centrum. (B) DIR shows higher signal. Lesions of MS patients were located in the peripheral spinal cord and the average length 
of the lesion was 0.9±0.2 centrum. DIR, double inversion recovery; MS, multiple sclerosis.
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the MS patients. In addition, after the follow-up of the present 
study, it was found that the signal intensity of head, optic 
nerve, optic chiasma and spinal cord following treatment were 
significantly lower than those prior to treatment.

In summary, 3D-DIR was not only of great reference value 
for the early differential diagnosis of NMO, but also valuable 
for the evaluation of prognosis of patients.
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