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Abstract 

Background: The objective of this study is to assess standardized histograms of signal 
intensities of T1 signal and T2 signal on sagittal view without enhancement during 
(1) acute stage, and (2) convalescence stage of pediatric patients with Enterovirus 71 
related brainstem encephalitis (BE), and with respect to (3) healthy normal.

Methods: Our subjects were hospitalized between March 2010 and October 2012, 
and underwent pre- and post-contrast MRI studies. The research question to be 
answered is whether the comparison of the MRI image intensity histograms and rel-
evant statistical quantification can add new knowledge to the diagnosis of BE patients. 
So, both 25 cases in acute stage with prolonged T1 and T2 signal, without enhance-
ment, and 13 cases in convalescence stage were introduced. In additional, a healthy 
group with 25 cases was recruited for comparison.

Results: MRI signal intensity histogram changes of the lesions were compared at the 
acute and convalescence stages of the disease. Our preliminary results suggest that 
standardized histograms of signal intensities and their statistical properties are able 
to provide diagnostic information for the clinical assessment of the disease. Different 
stages pertaining to the histogram plots comparison showed that overall T1 signal 
intensity values increase as we traverse from the acute stage to the convalescence 
stage. And then for the healthy subjects, the T2 signal intensity values changed their 
magnitudes in a reverse direction. However, exceptions of this can happen in four 
cases where the primary lesions occurred in the brainstem that developed encephalo-
malacia resulting in a lower signal in T1WI and higher signal in T2WI. Statistical analysis 
revealed there was significant difference of T1 signal intensity among the three groups; 
and also, the T2 signal intensity was lower than other two groups.

Conclusions: Standardized histogram of T1 and T2 intensity provide valuable and 
useful information for disease diagnosis and evaluation, which can potentially help 
medical doctors to save the lives of children.
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Background
Brainstem encephalitis (BE) is a condition that is caused by Enterovirus 71 (EV71). EV71 
is a virus that has a vital etiological role in epidemics of neurological diseases in chil-
dren typically below the age of three [1–3]. It also comes with cardio-respiratory symp-
toms and death is imminent [4–6]. MRI qualitative studies of EV71 induced brainstem 
encephalitis in children have been performed in the past [7–9]. The MR intensity of dis-
eased patients comes with certain characteristics, which include prolonged T1 and T2 
signal intensity at the junction between the pons and medulla oblongata [10]. Now, the 
diagnostics characterization of lesions using MRI is still at its infancy, and whether the 
disease is permanent or transient have not yet been possible to properly diagnose. As 
such, a way to know how this disease deteriorates under the revelation of MRI is clini-
cally attractive and has high medical value. It is well known that EV71 has been playing 
a major role in hand foot mouth disease (HFMD) or herpangina in Asia [11]. Due to 
the very limited literature on enhanced MRI used for the diagnosis of HFMD-related 
brainstem encephalitis [10], we decided to embark on a medical study of patients diag-
nosed with BE. This will help us to further understand HFMD and to improve its early 
diagnosis and to use enhanced MRI for early detection of HFMD-related brainstem 
encephalitis.

For an effective MRI approach, DWI/ADC maps, which were very important for the 
differential diagnosis and especially in making a distinction from acute infarction, can 
be used to facilitate the effective diagnosis of BE. The MRA or SWI methods are also 
existing gold standard procedures for this disease examination based on medical imag-
ing. Where the spinal cord might be involved simultaneously [4, 7, 12], the medical scans 
need to include the upper and lower torso of the human. Note that BE is often combined 
with neurogenic pulmonary edema in which early clinical management is critical.

How one can address the signal intensities modifications at various stages of the dis-
ease is the key motivation of this paper. First of all, let us provide a basic understand-
ing of this disease. Anatomically, the primary lesion of brainstem encephalitis that is 
induced by EV71 is presented as a longitudinal fleck in the MR image [8, 10]. It can be 
located at the posterior junction region of the pons and medulla oblongata (Fig. 1; Addi-
tional files 1, 2, 3, 4, 5). The alterations of MR signal of primary lesion varied greatly due 
to difference course and severity of the disease [10, 12]. The MRI signal intensities of pri-
mary lesion were to be determined for both diseased and healthy groups of subjects and 
may be high signal intensity (defined as hyper-intensive that appears to be brighter) or 
low signal intensity (defined as hypo-intensive that appears to be darker). The influence 
of the acquisition parameters on signal intensity can be avoided by the standardization 
and normalization of the intensity histogram plots. For the diseased and healthy sub-
jects, we annotated, segmented, and generated the histograms exclusively for T1WI and 
T2WI because of increased signal intensities.

In our study, we retrospectively reviewed 38 children having hand-foot-mouth disease 
and diagnosed with brainstem encephalitis. Because in southern China, there were sev-
eral epidemics of HFMD between March 2010 and October 2012, and therefore, we are 
able to collect sufficient data for our medical image analysis. Children with severe cen-
tral nervous system (CNS) complications, such as brainstem encephalitis were recruited 
in our study. We also enlisted 25 healthy controls into this study. Most of the deaths due 



Page 3 of 12Zeng et al. BioMed Eng OnLine  (2016) 15:25 

to HFMD were caused by brainstem encephalitis and respiratory and circulatory failure 
[2, 13]. Therefore, early diagnosis is critical for the timely clinical management of the 
disease and to prevent fatalities [3]. This signifies the importance of establishing a medi-
cal image diagnostics framework based on MRI for helping to save the lives of children.

Methods
Subjects used in our study

This study was approved by the Ethics Committee of Shenzhen Children’s Hospital and 
informed consent was obtained from the subjects’ family member(s). MR imaging data 
of 38 critical pediatric hand foot mouth disease (HFMD) and/or herpangina cases com-
plicated with brainstem encephalitis were retrospectively analyzed. These children were 
confirmed with EV71 infection after they were examined by a board-certified pediatric 
neurologist. Another 10 healthy children were recruited as control in our study.

Fig. 1 Schematic diagram depicting the location of primary lesion of brainstem encephalitis. The primary 
lesion is located at the posterior junction region of the pons and medulla oblongata. It is usually presented as 
an oval shaped fleck, which varies from 1 to 2.5 cm in length
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Medical imaging and analysis

The 38 diseased children that are diagnosed with BE underwent pre- and post-contrast 
cranial MRI scans. 25 cases in acute stage with prolonged T1 and T2 signal, without 
enhancement, and 13 cases in convalescence stage were introduced.

The first set of 25 children was scanned with MRI within the first 2  weeks. During 
the convalescence stage, there were another 13 children who underwent MRI scans. 
Finally, 25 healthy children were recruited to perform plain MRI scan. The Signa Excite 
1.5 T imaging system (General Electric, Fairfield, USA) was used. Pre-contrast scan 
included axial T1-weighted image (T1WI), axial T2-weighted image (T2WI), axial fluid-
attenuated inversion recovery (FLAIR) and diffusion weighted imaging (DWI), and 
sagittal T1WI. Post-contrast scan included axial and sagittal T1WI. Thickness/spacing 
was 6.0/2.0 mm for all axial slices, and was 3.5/0.5 mm for all sagittal slices. Sequence 
parameters were as follows: T1WI employed T1-FLAIR sequence (TR  =  2.307  ms, 
TE = 10.6 ms, TI = 620 ms), T2WI used FRFSE-XL (TR = 4.000 ms and TE = 104.4 ms), 
FLAIR sequence parameters were TR = 8.420 ms, TE = 127 ms, and TI = 2.100 ms, EPI 
DWI (TR/TE 6000/82 ms, b value = 800). Post-contrast T1WI employed a FSE sequence 
(TR =  500  ms and TE =  20  ms). The MRI contrast agent was gadopentetate dimeg-
lumine (Bayer, Germany). Our injection dosage was recommended to be 0.1 mmol/kg. 
Uncooperative patients were sedated with chloral hydrate enema (0.6 ml/kg) before the 
MRI scan. The first 2 weeks after the onset of the disease was clinically defined as acute 
stage, and after that it was set as the convalescence stage. The same procedure is per-
formed on the 25 healthy children.

Segmentation of brainstem encephalitis

Medflovan software, which was originally developed as a medical image visualization 
and analysis platform in 2007, was utilized in this study. Using Medflovan, physicians 
carefully performed the segmentation of the brainstem encephalitis manually for each 
T1WI or T2WI image slice in order to annotate the regions of interest precisely. In 
order to minimize the inter- and intra-observer variability, two expert radiologists were 
requested to perform the segmentation activity and a third party assessor then checked 
the two sets of segmentation contours. If there was minimal deviation and a consen-
sus traced contours for an image, the assessor passed the segmentation as an accepted 
region of interest in each case. If there is a major deviation between the two sets of 
results, then for ease of facilitation, the assessor can utilize Medflovan to enable the cor-
rection of contour nodes and correct small details based on a suitably averaged segmen-
tation based on the assessment of the two contours. By using the segmentation feature of 
Medflovan, it is easy to facilitate the differentiation and segmentation of the investigated 
lesion structures accurately and without bias (Additional files 1, 2, 3).

Histograms generation method

The gray scale range of each subject’s segmented lesion image is [0–255]. A histogram 
based on the number of count of pixels pertaining to each intensity interval. Specifically, 
each interval range is determined by the entire gray scale range divided by the number of 
intervals designated, and serves as a bin for storing the number of pixels having intensi-
ties within this range. The numbers of pixels in all of the bins add up to the same number 
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of pixels representing the region of interest (ROI). Segmented sizes of the lesions from 
the MRIs are not standardized and can vary if we extract the statistical information from 
the intensity histogram plot. In order to compare different intensity histograms without 
bias, the first step is to rescale the ROI size using a standardized number of pixel(s). As 
such, we are able to normalize the histograms such that the histogram entries sum up to 
a constant value, i.e. one pixel. Next, we standardized the number of bins used, which 
can be 100 in our paper. The histogram of signal intensities was generated for all images 
in the available data set. The smaller values on the horizontal axis represent low signal 
intensities (dark pixels), and the larger values represent high signal intensities (light pix-
els) within the ROI.

The standardization is important as we want to compare histograms of the groups 
of patients at different stages of the disease. In particular, the mean and median of the 
intensities within the ROI (corresponding to the histogram’s center of mass) are repre-
sented by a solid and dotted lines respectively plotted within the histogram itself (see 
Fig.  2). Note that the standardization of number of bins and the normalization of the 
number of pixels has no effect on the distribution of the histogram and therefore, do not 
alter its mean and median. Since there was no a priori protocol to ensure that all seg-
mented images would be geometrically constant, the standardization of histogram plots 
for all of the segmented lesions is important (Additional files 4, 5).

Statistical compilation of primary lesion

The mean and median intensity values for primary lesion, which is located in the junc-
tion region between pons and medulla oblongata, are determined. Similarly, these val-
ues are measured based on the same region in non-diseased controls. The differences in 
scores were to be determined statistically. (P > 0.01) signifies differentiation of the two 
groups of subjects and accurate diagnosis of BE.

Statistical analysis was performed using SPSS version 21.0 (IBM, Chicago, Illinois). 
Due to the relative small sample size (n = 63). Normal distribution could not be assumed 
and therefore non-parametric statistical tests were performed. The one-way analysis of 
variance (ANOVA) was applied to investigate the difference in mean of intensity histo-
gram between subjects with BE (at acute and convalescence stages, patients) and sub-
jects without BE (healthy controls). P value less than 0.05 was considered statistically 
significant.

Results and discussion
MRI findings and classification

The primary lesion of brainstem encephalitis that is induced by EV71 was a longitudinal 
fleck, which located at the posterior junction region of the pons and medulla oblongata 
(Fig. 1). The alterations of MR signal of primary lesion varied greatly due to difference 
course and severity of the disease. The MRI signal intensities of primary lesion were to 
be determined for both acute stage, and convalescence stage of the diseased subjects, 
and healthy groups of subjects.
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Examination of diseased and healthy subjects using intensity histogram plots

The patterns for the acute stage and convalescence stage patients, as well as for healthy 
subjects were presented as a combined histograms plot based on their T1WI and T2WI 
as follows:

Acute stage The primary lesion signal alterations consisted of an interesting pattern, 
which pertains to prolonged T1 and T2 signal, (n = 25). Specifically, we observed fleck 
image signals that were hypo-intensive on T1WI and hyper-intensive on T2WI. There is 
no intensity enhancement in the post-contrast T1WI. Samples of these MR images are 
presented for each case (Fig. 2a).

Fig. 2 T1WI and T2WI MRI scans of diseased and healthy subjects. a. Acute stage: Sagittal MR images 
revealed a longitudinal lesion at the posterior junction region of the pons and medulla oblongata, with 
prolonged T1 (a, white arrow) and prolonged T2 (b, black arrow) signal. b Convalescence stage: MR images 
showed there was a longitudinal malacia cavity at the posterior junction region of the pons and medulla, 
with prolonged T1 (a, white arrow) and prolonged T1 (b, black arrow) signal. c) Healthy controls: plain MRI 
scan show there is no abnormality
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Convalescence stage The primary lesion of cases displayed as prolonged T1 and T2 
signal (n =  13). Similar to the acute stage, we observed fleck image signals that were 
hypo-intensive on T1WI and hyper-intensive on T2WI, and with no intensity enhance-
ment in the post-contrast T1WI. We presented samples of their MR images and analysis 
(Fig. 2b).

Healthy subjects There were no abnormalities founded in T1WI and T2WI MRI scan 
(Fig. 2c).

Traditionally, radiologists and clinical experts can only observe MRI images for an 
accurate assessment of the disease. However, a better approach would have been to 
quantify the differences in the states of MRI intensity using a more scientific approach, 
which is the motivation for our paper. Upon understanding that there are modifications 
to the intensities for the three different groups of subjects, our aim was to identify and 
to interpret changes of standardized histograms of T1WI and T2WI for various stages 
of the disease and to compare these results to establish a reliable classification system 
as shown in Fig. 3. For the individual set of T1WI and T2WI results, we presented the 
histogram plots and their distribution mean values for the three groups of subjects on a 
series of single graphs as shown in Fig. 4.

T1WI and T2WI histogram plots comparison at different stages individually

In terms of just the acute stage patient, the convalescence, and the healthy subjects sepa-
rately, we plot the T1 and T2 intensity histograms on the same graph. It can be observed 
that there is a distinct difference in the T1 and T2 intensity means of the histograms for 
both the acute (Fig. 3a) and convalescence patients (Fig. 3b). The simultaneous plot of 
T1 and T2 intensity distribution can provide us with a unique signature identifying the 
disease progression. For instance, if we see an overlap of the T1 and T2 distribution, it 
means that the patient has recovered and is healthy. Increasing difference in the mean of 
the two histograms signifies an aggravation of the disease. At the acute stage, the centers 
of their distributions become most apart. These types of histogram plot signatures can 
be used to effectively assess the severity of the disease condition.

Different stages histogram plots comparison for T1WI and T2WI individually

Now, it will be interesting to know how each of the T1 and T2 intensity distributions 
varies across the different stages of the disease. Let us plot the T1WI intensity histo-
gram of different stages on the same graph. We can observe clearly a gradual progression 
of intensity means from the acute to the convalescence stage, and to the healthy stage 
(Fig. 4a). This signifies that the signal intensity values are generally increasing with the 
recovery of the patient. Likewise, we performed the same plots for the T2WI results. On 
the contrary, although the signal intensities also increase from the acute to the convales-
cence stage, the intensity means of the healthy controls drops to even below that of the 
acute stage patients (Fig. 4b).

Statistical analysis of signal intensity histogram properties

The intensity histogram properties, i.e. mean of distribution, were presented in the fol-
lowing statistical bar chart using Fig. 5. It can be observed that the means of histogram 
plots for the BE diseased group are typically higher than their controls. This signifies 
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there is an intensity difference in MR images of diseased patients with BE and also with 
the healthy subjects (P > 0.01). Therefore, differentiation of patients based on intensity 
analysis can be achieved statistically.

The spread of distribution histogram plots comparison for T1WI and T2WI shows 
some interesting patterns. We note that there is a very large standard deviation in the 

Fig. 3 Simultaneous T1WI and T2WI histogram plots comparison based on different stages individually.  
a Histograms for T1 and T2 signal intensity at acute stage. b Histograms for T1 and T2 signal intensity at con-
valescence stage. Standardized histogram showed a lower T1 signal intensity (with the mean value of intensi-
ties at 47.81) at acute stage while compared with convalescence stage (with the mean value of intensities at 
55.65). Also standardized histogram showed a higher T2 signal intensity (with the mean value of intensities at 
106.62) at acute stage in comparison with convalescence stage (with the mean value of intensities at 70.72)
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mean of intensity distribution for the convalescence stage patients in comparison to 
the acute stage patients. This may also be accompanied by the larger spread of distribu-
tion and hence, bigger area under the graph for the intensity histogram (Figs. 3, 4). This 
deviation is noted to be the smallest for the healthy controls. This phenomenon occurs 
for both the T1WI and T2WI. It can be explained by the fact that patients undergoing 

Fig. 4 Different stages histogram plots comparison for T1WI and T2WI individually. a Histograms for T1 
signal intensity of three groups. b Histograms for T2 signal intensity of three groups. In practice, the overall T1 
signal intensity values increase as we traverse from the acute to the convalescence stages, and then to the 
healthy subjects. However, exceptions of this can happen in 4 of the cases where the condition deteriorate, 
the primary lesion in the brainstem that developed in conjunction to encephalomalacia resulting in a lower 
signal in T1WI and higher signal in T2WI. This produces an outlier represented by an extra secondary peak on 
the left side of the histogram (lower signal intensity values) in the T1WI, and on right side of the histogram 
(higher signal intensity values) in the T2WI
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through the convalescence stage are recovering at different speeds and some may have 
reached towards the end of recovery and approximating to the intensities presented by 
a healthy subject. This is a very important information, which can be used to diagnose 
the rate of recovery of BE patients. Here, a greater hyper-intensive signal for T1WI and 
lower hypo-intensive signal for T2WI signifies a better recovery.

Limitations
Firstly, the patient and healthy control numbers that we have used may be small for a 
normal distribution statistical analysis for the standard population study. Nevertheless, 
it is sufficient for our test of concept procedure. Secondly, we have not yet performed 
the classification system for various sub-stages or classes of the single acute and conva-
lescence stages, which is very important in an effective diagnosis of the actual condition 
of the children, but this has been well-planned in our next stage of research. Thirdly, the 
intensity range tuning by radiologists may vary due to different perceptions of the appro-
priate lesion definition and intensity differentiation, and therefore affect the means of 
the T1W1 and T2WI histograms for the comparison at different stages of disease. This 
may be rectified by a consistent intensity range for all of the images examined prior to 
their extraction and intensity histogram plotting. However, this may not allow enough 
intensity differentiation for the lesion to be visualized. In fact, our proposed technique 
may be more suitable for CT images since their intensity range is defined to be constant, 
and lesions are well defined by different image intensities.

Conclusion
The patients in their critical condition of being affected by EV71 suffer from neurologi-
cal issues such as aseptic meningitis, acute flaccid paralysis, and brainstem encephali-
tis. Brainstem encephalitis can result in neurogenic pulmonary edema/hemorrhage 

Fig. 5 Comparison of means of T1WI and T2WI distributions for different stages of the disease for patients, 
and for healthy subjects. Statistical analysis revealed that there was significant difference of T1 signal intensity 
among the three groups; and also T2 signal intensity was much lower for the healthy subjects in comparison 
with the other two groups
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and cardiorespiratory failure, or even fatality. The neurological manifestations of brain-
stem encephalitis induced by EV 71 may include myoclonus and tremor and therefore, 
a useful diagnostics system is urgently required to help save lives. The signal intensity 
of T2WI can help to distinguish brainstem encephalitis  patients having hyperintense 
lesions, lesions with isointensity or hypointensity. The contrast enhancement based on 
pre- and post-contrast can identify the presence of the lesion. Above all, the unique sig-
nature generated by the configuration of intensities for both the T1WI and T2WI can be 
used to assess the recovery success of the patient; And to the best of our knowledge, we 
are the first in the world to establish a quantifiable technique for monitoring the severity 
of the disease. This paper has introduced a robust and reliable technique for detecting 
the severity levels of BE disease accurately and non-invasively. This presented method 
and its underlying concept may be used to develop a clinically attractive medical image 
diagnostic system in the long run.

Authors’ contributions
Conceived and designed the experiments: KKLW HZ CL. Performed the experiments: KKLW HZ FW YG WH WZ RC YH ZL. 
Analyzed the data: KKLW HZ. Wrote the paper: KKLW HZ YW CL. All authors read and approved the final manuscript.

Author details
1 School of Medicine, Southern Medical University, Zhongshan Er Road No. 106, 510080 Guangzhou City, Guangdong 
Province, People’s Republic of China. 2 Department of Radiology, Guangdong General Hospital, Guangdong, People’s 
Republic of China. 3 Radiology, Neurology and Pediatric Intensive Care Unit Department, Shenzhen Children’s Hospital, 
Guangdong, People’s Republic of China. 4 Department of Radiology, College of Medicine, University of Kentucky, Lex-
ington, KY, USA. 5 School of Medicine, Western Sydney University, Locked Bag 1797 Penrith, Campbelltown, NSW 2751, 
Australia. 

Acknowledgements
The authors thank the Shenzhen Children’s Hospital for the use of magnetic resonance imaging scanner and assistance 
in scanning the subject used in this research. The experimentation and analysis in this study is performed using Med-
flovan software that is developed by the last and corresponding author of the paper. Special thanks are also extended 
to Dr. Victor M Haughton (Department of Radiology, University of Wisconsin Madison, 42nd President of the American 
Society of Neuroradiology). His comments and suggestions, which have made the paper more meaningful and interest-
ing, are gratefully acknowledged. This project was supported by Science, Technology and Innovation Grant of Shenzhen 
Municipality (No. JCYJ20140416141331532).

Competing interests
The authors declare that they have no competing interests.

Received: 13 November 2015   Accepted: 3 February 2016

References
 1. Ho M, Chen ER, Hsu KH, Twu SJ, Chen KT, Tsai SF, Wang JR, Shih SR. An epidemic of enterovirus 71 infection in 

Taiwan. Taiwan Enterovirus Epidemic Working Group. N Eng J Med. 1999;341(13):929–35.
 2. Chang LY, King CC, Hsu KH, Ning HC, Tsao KC, Li CC, Huang YC, Shih SR, Chiou ST, Chen PY, et al. Risk factors of 

enterovirus 71 infection and associated hand, foot, and mouth disease/herpangina in children during an epidemic 
in Taiwan. Pediatrics. 2002;109(6):e88.

 3. Ooi MH, Wong SC, Lewthwaite P, Cardosa MJ, Solomon T. Clinical features, diagnosis, and management of enterovi-
rus 71. Lancet Neurol. 2010;9(11):1097–105.

Additional files

Additional file 1. Sagittal MR image demonstrates the lesion of brainstem encephalitis induced by EV71.
Additional file 2. To traced contours of the brainstem encephalitis lesion for segmentation.
Additional file 3. After tick the segment region, Medflovan show the segmentation region of lesion.
Additional file 4. Medflovan displays signal intensity histogram.
Additional file 5. Shows the graphic display option and statistic number.

http://dx.doi.org/10.1186/s12938-016-0136-7
http://dx.doi.org/10.1186/s12938-016-0136-7
http://dx.doi.org/10.1186/s12938-016-0136-7
http://dx.doi.org/10.1186/s12938-016-0136-7
http://dx.doi.org/10.1186/s12938-016-0136-7


Page 12 of 12Zeng et al. BioMed Eng OnLine  (2016) 15:25 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

 4. Hsueh C, Jung SM, Shih SR, Kuo TT, Shieh WJ, Zaki S, Lin TY, Chang LY, Ning HC, Yen DC. Acute encephalomyelitis 
during an outbreak of enterovirus type 71 infection in Taiwan: report of an autopsy case with pathologic, immuno-
fluorescence, and molecular studies. Mod Pathol. 2000;13(11):1200–5.

 5. Huang CC. Neurologic complications of enterovirus 71 infection in children: lessons from this Taiwan epidemic. Acta 
paediatr Taiwan. 2001;42(1):5–7.

 6. Wei D, Li KX, Chen E. Autopsy report of two cases with enterovirus type 71 infection brainstem encephalitis and 
literature review. Zhonghua er ke za zhi. 2010;48(3):220–3.

 7. Zimmerman RD. MR imaging findings of enteroviral encephalomyelitis: an outbreak in Taiwan. AJNR Am J Neurora-
diol. 1999;20(10):1775–6.

 8. Li J, Chen F, Liu T, Wang L. MRI findings of neurological complications in hand-foot-mouth disease by enterovirus 71 
infection. Int J Neurosci. 2012;122(7):338–44.

 9. Liu K, Ma YX, Zhang CB, Chen YP, Ye XJ, Bai GH, Yu ZK, Yan ZH. Neurologic complications in children with enterovirus 
71-infected hand-foot-mouth disease : clinical features, MRI findings and follow-up study. Zhonghua yi xue za zhi. 
2012;92(25):1742–6.

 10. Zeng H, Wen F, Gan Y, Huang W. MRI and associated clinical characteristics of EV71-induced brainstem encephalitis 
in children with hand-foot-mouth disease. Neuroradiology. 2012;54(6):623–30.

 11. Wang SM, Liu CC. Update of enterovirus 71 infection: epidemiology, pathogenesis and vaccine. Expert Rev Anti-
Infect Ther. 2014;12(4):447–56.

 12. Jang S, Suh SI, Ha SM, Byeon JH, Eun BL, Lee YH, Seo HS, Eun SH, Seol HY. Enterovirus 71-related encephalomyelitis: 
usual and unusual magnetic resonance imaging findings. Neuroradiology. 2012;54(3):239–45.

 13. Li W, Teng G, Tong H, Jiao Y, Zhang T, Chen H, Wu H. Study on risk factors for severe hand, foot and mouth disease in 
China. PLoS One. 2014;9(1):e87603.


	MRI signal intensity differentiation of brainstem encephalitis induced by Enterovirus 71: a classification approach for acute and convalescence stages
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Subjects used in our study
	Medical imaging and analysis
	Segmentation of brainstem encephalitis
	Histograms generation method
	Statistical compilation of primary lesion

	Results and discussion
	MRI findings and classification
	Examination of diseased and healthy subjects using intensity histogram plots
	T1WI and T2WI histogram plots comparison at different stages individually
	Different stages histogram plots comparison for T1WI and T2WI individually
	Statistical analysis of signal intensity histogram properties

	Limitations
	Conclusion
	Authors’ contributions
	References




