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Objective: The aim of our study was to investigate the role of three-dimensional arterial spin labeling (3D-ASL) perfusion in the 
diagnosis and follow-up of children with viral encephalitis.
Methods: Twenty-five consecutive children with viral encephalitis and 25 healthy children of similar age were recruited for the study 
between 2017 and 2020. Conventional magnetic resonance imaging and 3D-ASL were performed for all subjects, and a color map of 
cerebral blood flow (CBF) was generated. The images were classified into three groups depending on the time points at which the 
magnetic resonance examinations were conducted, including the initial admission scan, inpatient review, and follow-up review. 
Clinical, neuroradiologic, and follow-up features were studied.The CBF values of the lesion area in the diseased brain group and 
the bilateral temporal cortex in the control group were measured and the differences between the two groups were compared.
Results: Perfusion was significantly increased in the acute cerebral disease group, and CBF and normalized cerebral blood flow-
(nCBF) were significantly higher than in the control group (124.5 vs 70.3 mL/100 g/min, 2.85 vs 1.36). Follow-up revealed that brain 
tissue perfusion in the lesion area of nine children decreased gradually after treatment, as their condition improved.
Conclusion: Brain tissue perfusion in children with viral encephalitis increases during the acute stage and decreases when the 
condition improves. 3D-ASL provides a reference for diagnosis and follow-up of viral encephalitis in children.
Keywords: pediatric, viral encephalitis, magnetic resonance, 3D arterial spin labeling

Introduction
Viral encephalitis (VE) is the most common infectious disease of the central nervous system (CNS) in children. 
Approximately 50–60% of surviving VE patients in developing countries have poor long-term prognoses.1 Long-term 
persistent neurological and cognitive sequelae can occur, resulting in huge pressure and financial burdens on the patient’s 
family and society. Early diagnosis and timely treatment are particularly important for improving prognosis.2 The gold 
standard for VE diagnosis is the detection of viral antigens or specific antibodies in the cerebrospinal fluid (CSF), or the 
detection of viruses in brain tissue. However, the diagnosis rate of VE remains at only 52.5% even when modern 
laboratory testing techniques are used in large children’s medical centers. The clinical diagnosis of this condition is 
primarily based on clinical signs and auxiliary examination data.3 Magnetic resonance imaging (MRI) has been widely 
used for the diagnosis and follow-up of VE, and FLAIR and DWI sequences can clearly reveal lesions.4 However, the 
MRI findings of VE overlap with those of other brain diseases, such as low-grade glioma, ischemic stroke, and 
mitochondrial encephalopathy (MELAS) with lactic acidosis and stroke-like episodes.5–7 When the clinical manifesta-
tions are atypical, differential diagnosis is difficult.

Three-dimensional arterial spin labeling (3D-ASL) is a magnetic resonance perfusion imaging technique that uses 
water protons in arterial blood as tracers to reflect tissue blood perfusion. This, in turn, can quickly determine the cerebral 
blood flow (CBF) of the target area, assess tissue blood perfusion, and provide objective and reliable imaging evidence 
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for the diagnosis of brain diseases. Currently, 3D-ASL is widely used to diagnose brain tumors, cerebrovascular diseases, 
MELAS, and other diseases.8–10 The application of 3D-ASL to adult viral encephalitis has not been reported to date, and 
existing findings may also be applicable to children. Therefore, we hypothesized that CBF changes occur in lesions in 
patients with childhood viral encephalitis, and that this change can be effectively captured by 3D-ASL.

This prospective study aimed to apply 3D-ASL technology to assess changes in tissue perfusion in the brains of 
children with VE and its evolutionary characteristics to investigate the role of 3D-ASL perfusion in the diagnosis and 
follow-up of children with VE.

Methods
Study Population
Twenty-five consecutive children with viral encephalitis and 25 healthy children of a similar age were recruited for this 
study between 2017 and 2020. Conventional MRI and 3D-ASL were performed in all subjects, a pseudo-color map of 
CBF was generated, and clinical data were collected by reviewing electronic medical records. The diagnostic criteria for 
VE refer to the Consensus Statement of the International Encephalitis Consortium:11 major criterion (required): patients 
presenting to medical attention with altered mental status (defined as decreased or altered level of consciousness, 
lethargy, or personality change) lasting ≧24h with no alternative cause identified. Minor criteria (2 required for possible 
encephalitis; ≥3 required for probable or confirmed encephalitis):1) documented fever of ≥38 °C (100.4 °F) within 72 
h before or after presentation. 2) Generalized or partial seizures not fully attributable to a pre-existing seizure disorder. 3) 
New-onset focal neurological findings. 4) CSF white blood cell count ≥5/cubic mmd. 5) Abnormality of the brain 
parenchyma on neuroimaging, suggestive of encephalitis, which is either new from prior studies or appears acute at 
onset. 6) Abnormalities on electroencephalography are consistent with encephalitis and are not attributable to other 
causes. The exclusion criteria were as follows:1) clinically suspected VE, but not definitively diagnosed; 2) VE was 
diagnosed based on clinical criteria, but MRI revealed no abnormal findings; 3) MRI had significant motion artifacts or 
unusable images; 4) 3D-ASL perfusion was not performed; and 5) vasoactive drugs were used.

All patients who met the above diagnostic criteria were hospitalized at the Chenzhou First People’s Hospital and 
underwent routine MR and 3D-ASL examinations. Children who could not cooperate with the examination were orally 
administered 10% chloral hydrate orally (0.5 mL/kg).

The control group comprised of 25 healthy children. The inclusion criteria were as follows:1) Match the control group 
according to the nearest neighbor principle at a ratio of 1:1 using propensity score matching (PSM) scores. The 
propensity scores were calculated based on age and sex. No substitution was allowed during the matching process and 
the matching tolerance was set to 0.05. Ultimately, 25 pairs of patients were matched. 2) The results of the neurological 
examination and MRI were normal. 3) No history of headache, epilepsy, head trauma, or other diseases affecting cerebral 
blood perfusion.

The images of the children were divided into three groups based on the different time points of the MRI examina-
tions: initial admission, inpatient review, and follow-up review. (Initial admission scan, the first cranial MRI was 
performed after symptom onset; inpatient review, first review after hospitalization; follow-up review, review after 
discharge in two weeks).

This non intervention study was conducted in accordance with the principles of the Declaration of Helsinki. The 
Ethics Committee of Chenzhou First People’s Hospital reviewed and approved the study. Because this study had no 
invasive examination and operation, the committee exempted informed consent.

Conventional MRI and 3D-ASL
MR images were acquired using a 1.5T MR (Signa HDxt, GE, USA) with a combined 8-channel coil of the head and 
neck. Conventional MR imaging includes the following: T1WI:TR/TE/TI=1750/24/720ms, matrix = 320×224, NEX = 2; 
T2WI: TR/TE=4000ms/105ms, matrix = 192×192, NEX = 1.5;T2-FLAIR: TR/TE/TI=8500/155/2100ms, matrix = 
256×192, NEX = 1; DWI: TR/TE=4500/84.1ms, matrix = 160×160, NEX = 1; 3D-ASL:TR/TE=4932/10.6ms, post-
labeling delay=1525ms, section thickness= 5 mm, NEX=3.
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3D-ASL utilizes a fast spin-echo sequence to obtain perfusion image readout. The labeling duration was 1800ms, and 
the labeling plane was positioned 2–3 cm proximal to the imaging plane. A high level of background suppression was 
achieved by using four separate inversion pulses spaced around the pseudocontinuous labeling pulse. Multiarm spiral 
imaging was used with 8 arms and 512 points obtained on each arm, yielding a 3.49 mm2 in-plane spatial resolution and 
5-mm section thickness. Coverage included the entire cerebrum and most of the cerebellum. The acquisition time of the 
3D-ASL was approximately 4 min 10s.

Quantitative CBF Measurement and Normalized CBF
The ADW 4.6 workstation (GE Healthcare) was used to process the original images to obtain CBF maps, which were 
registered and fused with T2-FLAIR as the anatomical reference. Reconstruction of ASL imaging is shown in the 
pseudo-color map, where the red area indicates high perfusion, the green area represents moderate perfusion, and the blue 
area indicates low perfusion. All imaging data were independently evaluated by two diagnostic imaging physicians (with 
9 and 11 years of experience in pediatric imaging diagnosis), and agreement was reached through negotiation. Definition 
of abnormal MR signal: Slight hypo/hyper indicates that the lesion exhibits a slightly increased/decreased signal 
compared to normal tissue, and the boundary is unclear. Hypo/hyper was defined as a markedly increased/decreased 
signal compared with normal tissue with clear borders. Isointensity(ISO) represents normal signal readings.

Lesion area CBF: Regions of interest (ROIs) were drawn at the maximum level of abnormal perfusion in 3D-ASL. 
Three ROIs were selected for multiple lesions, and the average value was obtained. In the control group, two mirror- 
symmetrical circular ROIs were placed in the bilateral temporal cortex and the average was calculated (Figure 1A and B). 
It was approximately 40 mm2.

Cerebellar hemisphere CBF: Two mirror-symmetrical ROIs were placed in the center of the bilateral cerebellar 
hemispheres and averaged to calculate normalized CBF (nCBF), which was defined as the lesion area in the patient group 
or the temporal lobe in the control group. The CBF value was divided by the mean CBF value of the cerebellar 
hemisphere (Figure 1C).

Statistical Analysis
Statistical analysis was performed using SPSS (version 23.0; IBM, Armonk, NY, USA) software to compare differences. 
The independent samples t-test was used for continuous variables with normal distribution; otherwise, the Mann– 
Whitney U-test was used. CBF and nCBF of the lesion area at the first inspection and review after hospitalization 
were compared; however, the discharge follow-up images were not compared with the former two because of the small 

Figure 1 (A–C) Case 9, F, 14Y, initial admission scan (9 days after symptom onset). (A and B) Multiple lesions in bilateral cerebral hemispheres, basal ganglia and thalamus. 
(B and C): ROI site selection for CBF on ASL-CBF color maps. 
Abbreviations: ROI, region of interest; CBF, cerebral blood flow; ASL, material spin labeling.
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number of cases. Inter-observer variability was assessed using intra-class correlation coefficients (ICCs). The intraclass 
correlation coefficients were interpreted as follows: poor (<0.5), average (0.5–0.75), good (0.75–0.9), and excellent 
(>0.9).12 Statistical significance was set at P < 0.05.

Result
Patient Population
Table 1 summarizes the demographic and clinical characteristics of the 25 children with viral encephalitis. The main 
clinical manifestations were fever (n = 20, 80%), convulsions (n = 15, 60%), headache (n = 6, 24%), disturbance of 
consciousness (n = 6, 24%), lethargy (6 cases,24%), vomiting (n = 5, 20%), abnormal mental behavior (n = 2, 8%), 
physical movement disorder (n = 2, 8%), and language disorder (n = 2, 8%). The time from symptom onset to the first 
3D-ASL scan ranged from 1 d to 10 days. Additionally, 9 patients underwent 3D-ASL review during hospitalization, and 
2 underwent follow-up review after discharge.

Conventional MRI Findings
Table 2 summarizes the location and imaging findings of the lesions, with asymmetric bilateral and unilateral distribu-
tions observed in 14 (56%) and 11 (44%) patients, respectively. Its morphology is mostly irregular, and the affected areas 
include the temporal, frontal, parietal, insular, hippocampal, basal ganglia, and thalamus. A low signal was observed on 
T1WI (nine cases, 38%), a high signal on T2-FLAIR (21 cases, 84%), and a high signal on DWI (22 cases, 88%). The 
cerebellum was unaffected in all the cases.

Table 1 Summary of General Data and Clinical Manifestations of Children with Viral Encephalitis

Case No. Age(yr) Sex Clinical Presentation Time(Days)a

1 6 M Fever, headache, vomiting, convulsions 1/9

2 6 M Fever, disturbance of consciousness 3

3 3 F Fever, convulsions, lethargy 2
4 11 M Fever, headache, vomiting, disturbance of consciousness 8/17

5 2 F Fever, vomiting, lethargy 7

6 4 F Fever, convulsions 4
7 4 F Convulsions 1/9

8 6 M Fever, convulsion 2/7/40

9 14 F Fever, headache, vomiting, lethargy, convulsions 9
10 3 F Fever, convulsions, abnormal mental behavior 5/13

11 12 F Fever, disturbance of consciousness 1

12 1 F Fever, vomiting, convulsions 6
13 1 M Fever, lethargy 5

14 4 M Fever, language disorder 1/8

15 5 M Fever, convulsions, disturbance of consciousness 10
16 5 M Episodic behavioral abnormalities 1/9/25

17 11 F Fever, abnormal mental behavior, headache, vomiting 5/16

18 9 F Fever, disturbance of consciousness, Limbs weakness, convulsions 10
19 2 M Vomiting, convulsions 3/7

20 1 M Fever, lethargy language, disorder 6

21 2 F Fever, headache 7
22 3 F Fever, headache, convulsions 5

23 2 F Fever, convulsions, lethargy 6

24 2 F Convulsions 4
25 2 M Fever, disturbance of consciousness, convulsions 7

Notes: aThe time from symptom onset to 3D-ASL evaluation.
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Quantitative Measurement Features of 3D-ASL
Macroscopically, all 25 children with VE exhibited markedly increased perfusion during the first 3D-ASL examination 
(Figure 1B). Nine children were reviewed during hospitalization, and brain tissue perfusion in the lesion area decreased 
as the disease symptoms improved (Figure 2A–H). Two patients were followed-up after discharge, and the lesions 
exhibited slight hypoperfusion. For the repeatability of CBF values between the two observers, the intra-group correla-
tion coefficient was 0.89 in the first inspection group, 0.88 in the review group, 0.79 in the follow-up group, and 0.85 in 
the control group was calculated. The mean CBF and nCBF values in the lesion area were: first 3D-ASL (124.5 
±41.4 mL/100 g/min, 2.81±1.08), follow-up after hospitalization (67.6±17.2 mL/100 g/min, 1.63±0.51); follow-up 
after discharge (58.5±33.2 mL/100 g/min; 1.03±0.35); control group (70.3±6.6 mL/100 g/min; 1.36±0.19) (Table 3). 
The CBF and nCBF values of the lesion area in the initial admission scan were significantly higher than those in the 
inpatient (P=0.001) and control (P=0.001) groups. The inpatient review was slightly higher than the control group 
(P=0.38), whereas the follow-up review was not compared due to the small number of cases (Figure 2), with no statistical 
significance (Figure 3). Nine patients were reviewed after treatment and the nCBF values of the lesions gradually 
decreased (Figure 4).

Discussion
The results of our study demonstrated that CBF changes occur in the lesions of patients with childhood viral encephalitis, 
and this change can be effectively captured by 3D-ASL. In this group of children with VE, conventional MRI remains 
a crucial test for diagnosing VE. The 3D-ASL quantitative perfusion feature is that the nCBF value of the lesion area in 
the early stage of the disease is significantly higher than that of normal children (2.81±1.08 vs 1.36±0.19, P<0.05). After 

Table 2 Initial Scan Findings After Admission in in Children with Viral Encephalitis

Case No. Lesion Location T1WI T2/FLAIR DWI 3D ASL

1 (R)FL, PL Slight hypo Hyper Hyper Hyper
2 (Bil.)PL Iso Slight hyper Hyper Hyper

3 (L)FL,TL,PL,OL Iso Slight hyper Hyper Hyper

4 (Bil.)Thalamus Iso Slight hyper Slight hyper Slight hyper
5 (Bil)FL,Brainstem Slight hypo Hyper Slight hyper Hyper

6 (L)TL Iso Iso Hyper Hyper

7 (R)TL Iso Iso Slight hyper Slight hyper
8 (R)FL,PL,OL Iso Slight hyper Hyper Hyper

9 (Bil)FL,TL,PL,OL,IL (L)Basal-ganglia,Thalamus Slight hypo Hyper Hyper Hyper
10 (Bil)FL,PL Iso Slight hyper Hyper Slight hyper

1 (Bil)FL,TL,PL,OL, Slight hypo Hyper Hyper Slight hyper

12 (Bil)FL,TL,PL, Basal-ganglia,Brainstem Iso Hyper Hyper Hyper
13 (Bil)FL,PL, Thalamus Slight hypo Hyper Hyper Hyper

14 Brainstem Slight hypo Hyper Slight hyper Hyper

15 (Bil)FL,TL,PL,Brainstem Iso Hyper Hyper Hyper
16 (L)FL,TL,PL, Basal-ganglia Iso Hyper Hyper Hyper

17 (Bil)Brainstem Iso Hyper Hyper Hyper

18 (Bil)TL, Thalamus, Brainstem Slighthypo Hyper Hyper Hyper
19 (Bil)Brainstem Iso Iso Hyper Slight hyper

20 (Bil)TL, Thalamus, Brainstem Slight hypo Hyper Hyper Hyper

21 (L)FL, Thalamus Iso Hyper Iso Slight hyper
22 (L)PL Iso Hyper Iso Slight hyper

23 (L)FL,PL,IL Slight hypo Hyper Hyper Hyper

24 (R)PL Iso Iso Hyper Hyper
25 (Bil)Basal-ganglia,(R)FL Iso Hyper Iso Slight hyper

Abbreviations: R, indicates right; L, left; Bil, bilateral; FL, frontal lobe; TL, temporal lobe; PL, parietal lobe; OL, occipital lobe; IL, insular 
lobe; hyper, hyperintensity or hyperperfusion; hypo, hypointensity or hyperperfusion; Iso, isointensity.
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effective treatment, the nCBF value of the lesion area gradually decreased as the disease improves (2.81±1.08 vs 1.63 
±0.51, P0.05). After discharge, the nCBF value of the lesion area was slightly lower than that of normal children (1.03 
±0.35 vs 1.36±0.19). These perfusion characteristics may provide clinicians with more useful information for determin-
ing diagnosis and assessing prognosis and deserve further study.

Few studies on VE perfusion in children have been conducted to date, and the mechanism of CBF changes in viral 
encephalitis lesions has not been fully explained. Some researchers have speculated that vasculitis due to direct viral 
invasion or immune-mediated injury in the acute phase may lead to vasodilation, which, in turn, increases metabolism 
and local CBF.13 In the chronic phase, focal slightly hypoperfused ROIs may be the result of excessive neuronal damage 

Figure 2 (A–H): Case 8, a 6-year-old male patient. T2-FLAIR (A, D and G) revealed no abnormal signal; DWI (B, E and H) revealed increased local cortical signal in the 
right parietal lobe. 3D-ASL (C, F and I): Serial follow-up 3D-ASL shows dynamic changes in the involved area on the initial scan (2d), inpatient review (7d), and follow-up 
review (40d), respectively (red arrows). 
Abbreviations: DWI, diffusion-weighted imaging, 3D-ASL, three-dimensional arterial spin labeling.

Table 3 Comparison of the Values of CBF and NCBF in the Lesion Area of the Disease Group, 
the Reexamination Group, the Follow-Up Group and the Control Group

Initial Scan Inpatient Review Follow-Up Review Control Group

NO. 25 9 2 25

SEX(M/F) 11/14 5/2 2/0 12/13
Age((yr)) 5.5±3.92 5.7±3.23 5.5±0.7 5.45±3.89

CBF(mL/100g/min) 124.5±39.2 67.6±17.2 58.5±33.2 70.3±6.6

nCBF 2.85±1.02 1.63±0.51 1.03±0.35 1.36±0.19

Abbreviations: CBF, cerebral blood flow; nCBF, normalized CBF.
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and loss of the brain parenchyma caused by a series of direct viral and indirect immune-mediated responses.14 Noguchi 
et al15 reported the application of ASL-MRI in central nervous system infections (only ten cases of VE). Additionally, the 
results revealed that the visual assessment of VE lesions showed ASL hyperperfusion; however, no quantitative analysis 
was performed. It is generally believed that excessive neuronal damage and brain parenchyma loss may cause 
corresponding brain dysfunction in children, even the formation of softening focus in the long term and induce 

Figure 3 Scatter plot of nCBF values in the initial scan, inpatient review, follow-up review and control group, respectively. *Signifies P<0.05. 
Abbreviation: nCBF, relative cerebral blood flow.

Figure 4 Time course of mean changes in CBF for lesions at different time points in 9 review and follow-up VE cases. The nCBF value of the lesions gradually decreased 
after treatment in 9 case series. 
Abbreviations: CBF, cerebral blood flow; nCBF, relative CBF; VE, viral encephalitis.
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seizures.These long-term effects need to be confirmed by a large sample of long-term follow-up data. The quantitative 
value of ASL-CBF is expected to improve the diagnosis, management, follow-up and complication prevention of 
children with viral encephalitis in the future. Wong13 and other researchers believe that changes caused by brain tissue 
perfusion in the acute phase of VE in children are related to epileptic seizures and prognosis. If CBF returned to normal 
in the subacute phase, it usually indicated that neurological function recovered well after one year in the acute phase.

3D-ASL perfusion facilitates the differential diagnosis of cerebral infarction, Moyamoya disease, MELAS, post-ictal 
migraine, and low-grade gliomas, particularly during the acute phase. Acute cerebral infarction lesions exhibit hypo-
perfusion, which can be reliably differentiated from early VE.9 MELAS was initially misdiagnosed as VE7 and both 
showed hyperperfusion. Hyperperfusion in MELAS is primarily located in the cortical area.16 The perfusion performance 
of low-grade gliomas is similar to that of early VE.17 Both showed hyperperfusion on 3D-ASL; however, hyperperfusion 
in lower-grade gliomas was not as high as that in VE, and they could be identified based on clinical manifestations, 
medical history, and lesion location. The clinical symptoms of migraine in children are similar to those of VE, and ASL 
perfusion imaging shows hypoperfusion associated with homolateral vasospasm, which can be differentiated from 
hyperperfusion of VE.18 In conclusion, 3D-ASL perfusion characteristics have good application value for diagnosis, 
efficacy evaluation, and prognosis monitoring of VE in children.

Several methods are currently used to quantitatively measure CBF, including single-photon emission computed 
tomography, positron emission tomography, computed tomography, and magnetic resonance perfusion imaging. 
However, all these methods use a tracer kinetic model, which requires the injection of a contrast agent to determine 
the CBF value. This involves the risk of trauma and side effects of the contrast agent, is expensive, and results in 
radiation exposure.19–21 3D-ASL has the advantages of non-invasiveness, non-radiation, simplicity, and reproducibility 
and has broad application prospects in children’s brain diseases.

Limitations of this study: First, The sample size was relatively small. Second, owing to the low positive rate of 
etiological examinations, etiological classification was not performed in this study. Finally, the post-label delay time 
(PLD) of 3D-ASL in this study was 1525 ms to ensure consistent scanning parameters. However, some researchers 
believe that the optimal PLD of 3D-ASL differs in children of different ages.22 Whether the use of different PLDs affects 
the evaluation of changes in VE brain microcirculation requires further investigation.

Conclusions
3D-ASL imaging can detect changes in the cerebral microcirculation in children with VE, and hyperperfusion in the 
lesion area provides a new imaging reference for diagnosis. The nCBF value measured using 3D-ASL may be useful for 
evaluating efficacy and monitoring the prognosis of children with VE.
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