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Abstract 

The triangular parietal crossroad is a transient structure of the fetal brain where major systems of developing fibers intersect. Processes affecting the formation, maturation, or preservation of the respective fibers lead to a different MR appearance of the triangular crossroads. Aim of this study was to investigate this region on MRI in vivo and postmortem

By combining in vivo and post-mortem fetal MRI with histological and immunohistochemical methods we characterized these structures in 576 in vivo and 82 post-mortem MRIs between gestational week (GW) 18 39. The crossroad region was assessed with respect to signal intensity, size and shape on T2-weighted images; the main fiber pathways that intersect there were identified by DTI. In addition we analyzed 23 post-mortem fetal human brains, between GW 16-42, processed with histological and immunohistochemical methods.

The parietal crossroads are triangular shaped areas with the basis in the continuity of PLIC, adjacent to the germinal matrix and trigone of the lateral ventricles, the tip oriented in the direction of the subplate. They were hyperintense to the subplate, and correspond to a convergence zone of the developing capsula externa, PLIC, and fronto-occipital association fibers. They were best detected between GW 25-26, at term they became isointense to the adjacent structures. The immunohistochemical results showed distinct cellular, fibrillar and extracellular matrix arrangement in the parietal crossroads, dependent on gestational age
The parietal crossroads are transient structures of the white matter. Their damage may be indicative of a bad prognosis for a fetus with respect to neurological development
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Abstract 
Purpose: To assess the capability of apparent diffusion coefficient (ADC) and fast macromolecular proton fraction (MPF) mapping to quantify the normal fetal brain maturation. 
Materials and Methods: This prospective cross-sectional study population included 55 pregnant women referred for fetal MRI for clinical indications. After excluding motion-corrupted cases and severe congenital abnormalities, the sample for subsequent data analysis included 42 fetuses in utero (gestational age (GA) = 27.7 ± 6.0, range 20-38 weeks).  Images were acquired on a 1.5 T Philips MRI scanner. For ADC mapping, a 2D single-shot spin-echo diffusion-weighted echo-planar imaging (EPI) sequence was used with five b-values (range 0-501 s/mm2). An MPF mapping protocol was based on a 3D spoiled multi-shot EPI gradient-echo sequence and included three scans providing T1, proton density, and magnetization transfer contrast weightings. Two operators measured ADC and MPF in the medulla, pons, cerebellum, thalamus, and frontal, occipital, and temporal cerebral white matter (WM). Repeated-measures ANOVA and Pearson correlations (r) were used in statistical analysis.
Results:  Example parametric brain ADC (top) and MPF (bottom) maps obtained from a 36-week fetus are shown in Fig. 1. Significant effects of the brain structure and pregnancy trimester were identified for both ADC and MPF. Both metrics apparently showed divergence between brain structures in the 3rd trimester as compared to the 2nd one. ADC significantly decreased in the thalamus and cerebellum (P< 0.005) from 2nd to 3rd trimester, MPF significantly increased in the medulla, pons, thalamus, and cerebellum (P< 0.005). Cerebral WM had significantly higher ADC and lower MPF compared to the medulla and pons in both trimesters. MPF (r=0.8-0.9, P< 0.001) and ADC (r=0.4-0.8, P< 0.004) significantly correlated with GA in the medulla, pons, thalamus, and cerebellum. Correlations with GA were significantly stronger for MPF compared to ADC in the medulla, pons, and cerebellum according to the Hotelling-Williams test (P< 0.003) and similar in the thalamus. No significant correlations as well as distinctions between lobes and trimesters were observed for cerebral WM (P=0.1-0.75). Structure-averaged MPF and ADC values strongly correlated (r=0.95, P< 0.001).   
Conclusions: This study demonstrated that MPF and ADC reveal qualitatively similar but quantitatively different spatiotemporal patterns of the fetal brain maturation. MPF appeared more sensitive to changes in the brain structures with prenatal onset of myelination. Both parameters can be measured in routine clinical settings and may provide complimentary information about normal and abnormal development of the fetal brain. 
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Abstract 

Purpose: Tuberous sclerosis complex (TSC) is a genetic disorder characterized by formation of multiorgan hamartomas, including cerebral lesions, commonly result in seizures. Up to 90% of TSC patients will also experience neuropsychiatric comorbidities. Our objective was to use clinical and imaging data to predict the occurrence of major neuropsychiatric disorders in TSC patients via machine learning techniques.

Materials and Methods: A cohort of TSC patients with available clinical data and imaging studies were enrolled in this retrospective study. Clinical data included genetic and demographic characteristics. Imaging parameters included burden and characteristics of cortical tubers in different cerebral lobes and the presence of subependymal nodules, SEGAs and cerebellar tubers. Random forest machine learning scheme was used for prediction of neuropsychiatric comorbidities including developmental delay\mental retardation, psychiatric illness, and ADHD. The diagnostic ability of the model was evaluated using receiver operating characteristic (ROC) analysis. Area under the ROC curves (AUC) was calculated.

Results: The study population included 77 patients, 55% male (17.1±11.7 years old). Average age at diagnosis was 3.9±7.7 years old. Random forest model achieved AUC of 0.74 for developmental delay\mental retardation or ADHD (accuracy 0.74, sensitivity  0.75) with major predictors include left hemisphere tubers burden along with the presence of SEGAs. AUC for psychiatric morbidity was 0.70 (accuracy 0.71, sensitivity 0.68) with major predictors include right hemisphere tubers burden.

Conclusions: This proof of concept study shows that it is possible to achieve good prediction of neuropsychiatric disorders using brain imaging variables via machine learning techniques. These tools can assist clinicians by identifying a subgroups of TSC patients with increased risk of developing neuropsychiatric comorbidities.
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Abstract 

Purpose
Evaluating myelin development is a critical step in the interpretation of brain MRI in infants. Accurate assessment requires a strong understanding of normal age-related changes in anatomically dependent T1 and T2 signal. Even in highly specialized settings, thorough assessment of myelination can be time consuming process with high interobserver variability, limiting the reliability of results. We propose a deep learning model for automated assessment of myelin development with high accuracy and reproducibility.

 Methods and Materials
We developed a deep learning model to automatically assess myelin development in infants chronologically aged 0-24 months. The dataset consisted of 183 consecutive MRI brain scans performed at our institution. The inclusion criterion was availability of axially reconstructed T1 and T2 images. Exclusion criteria were severe hydrocephalus and inadequate image quality/field of view.

 

Images were truncated to include only the axial extent of the basal ganglia prior to manual and automated review. Ground truth assessment was performed by consensus of two subspecialty fellowship-trained neuroradiologists with 25 and 4 years experience, respectively. Myelination development was quantified and recorded as a myelination age equivalent, or developmental age, binned in one month intervals (age 0-3 months was counted as a single bin). Developmental delay was defined as a discrepancy between chronological and developmental age of greater than 2 months.

 The dataset was randomly split into 150 training cases and 33 test cases for automated assessment, with each case containing multiple axial T1 and T2 2D images.  The deep learning model was a custom dual path 2D architecture with one limb for T1 images and the other for T2 images, and each limb consisted of a modified DenseNet. The input to the model was a pair of spatially registered 400 x 400 images (T1 and T2) and the output a predicted developmental age in months. Total developmental age was calculated as the mean of the predicted developmental ages for each slice of a given image volume pair.

 Results
To our knowledge this is the first study to demonstrate an automated model for assessment of myelination development on brain MRI. Model performance was good, with average developmental age error of 2.2 months with respect to ground truth. Model specificity and sensitivity for developmental delay was 0.885 and 0.714, respectively.

 Conclusion
We demonstrate a custom dual-path deep learning framework that performs fast, accurate, and consistent evaluation of myelination development on pediatric brain MRI.
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Abstract 

Purpose: Higher radiosensitivity and longer life expectancy defines the imperative to follow the ALARA principle when using ionizing radiation in children. Head CT is the most commonly performed diagnostic test in pediatric population with exponential increase in utilization in the last decades. Wide variations in dose indices have been previously demonstrated, yet longitudinal trends remain unknown. We aimed to evaluate changes over time in dose indices for pediatric non-contrast head CT nationwide.

Materials and Methods:Retrospective analysis of non-contrast head CT examinations in patients 18 years or younger were performed using the American College of Radiology Dose Index Registry (ACR DIR) from July 1, 2011 through July 1, 2018. Study qualified as nonhuman subject research, no IRB oversight was required. Patient demographics, imaging facility characteristics, exam year, CT dose index volume (CTDIvol) and dose-length product (DLP) were analyzed.

Results: 1,471 imaging facilities participated in the ACR DIR during study period. 73.2% were designated as not a trauma center; level I trauma centers constituted 6.9%, level II - 9.4%, level III 6.0% and level IV 4.6% of all imaging facilities. 399,378 exams met study criteria and were included in the analysis. 62.3% of exams were performed in community hospitals (n=248,856), 25.8% in childrens hospitals (n=102,960), 8.1% in academic hospitals (n= 32,382), 2.6% in freestanding centers (n=10,315), 1.04% in multi-special clinics (n=4,169), and 0.17% in other facilities (n=696).Patients age was (years): 0-2 (18.64%), 3-6 (12.4%), 7-10 (13.02%), 11-14 (19.62%), 15-18 (36.32%). 49.5% of the patients were male. During study period, mean CTDIvol was 33.7 mGY, varying between 21.8 and 45.4 mGy (25th and 75th percentiles). Mean CTDIvol decreased from 38.3 mGY in 2011 to 32.6 mGy in 2018 (15% decrease). Mean DLP during study period was 561.4 mGy x cm, ranging between 352.3 and 741 mGy x cm (25th and 75th percentiles). Mean DLP decreased from 589.8 to 555.0 mGy x cm between 2011 and 2018 (5.6% derease).

Conclusions:  Between 2011 and 2018, mean CTDIvol decreased 15% and mean DLP decreased 5.6% for pediatric non-contrast head CT nationwide.
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Abstract 

Introduction: The ACTA2 Arg179 gene mutation causes smooth muscle dysfunction syndrome with severe cerebrovascular small and large vessel involvement. White matter hyperintensities (WMH), ischemic stroke (IS) and large vessel steno-occlusive disease have been qualitatively reported. We performed a systematic, quantitative and qualitative analysis of these lesions.

 

Patients and Methods: N=83 cerebral MRI scans of 21 patients were evaluated (p.Arg179His-:p.Arg179Cys mutation= 5:6, follow up (FU) MRI in 81%, mean observation interval in years ± SD: 4.51 ± 3.68). Scans were screened for IS and cystic white matter lesions (CL). WMH were quantified on T2-/T2-FLAIR weighted imaging using planimetric methods. Cerebral MR-Angiographies were screened for presence of critical stenosis (CS).

 

Results: Vessel and white matter abnormalities typical for the ACTA2 Arg179 gene mutation were detected in 5/6 patients analyzed in early infancy. Quantifiable WMH were present in all patients >1.4 years; however, these volumes were not observed to increase longitudinally (baseline vs. FU median cc. [IQR]: 53.17 [38.23] vs. 43.78 [35.56]; p=0.96, n=11). The numbers of CL (baseline vs. FU, median no. [IQR]: 14 [8.75] vs. 14 [23.25]; p=0.03, n=11) and CS (in 6 28.6%) were both progressive over time. Large artery IS were present in 42.9% of patients. Qualitative findings such as vessel abnormalities, narrowing of the cerebral peduncles, and increased angulation in the corpus callosum were also reported. 

 

Conclusion: We found characteristic, quantifiable and progressive cerebral lesion patterns in patients with ACTA2 Arg179 mutations. These metrics could potentially be used to evaluate and monitor outcomes for current and future treatments, such as cerebral bypass surgery and therapeutics.
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Abstract 
Purpose

Arterial spin labeling (ASL) is a promising perfusion MR technique without using the gadolinium-based contrast agent. However, in pathological conditions with delayed arterial transit such as Moyamoya disease, the standard-delay ASL (SDASL) may underestimate the CBF. To overcome this, multi-delay ASL (MDASL) and long-delay ASL (LDASL) have been introduced. In this preliminary study, we compared different ASL techniques in children with Moyamoya disease, according to the degrees of arterial transit delay.


Methods and Materials

We obtained three different CBF maps using the ASL technique from 17 children (10 boys and 7 girls, mean age 9.9 years) with Moyamoya disease: SDASL (labeling duration (LD) 3.5s, post-labeling delay (PLD) 1s), MDASL (LD 3.5s, PLD 7 times between 1-3.32s), and LDASL (LD 3s, PLD 4s). Regional CBFs were measured in 10 ASPECTS areas. Each region was classified as mild, moderate and severe transit delay areas based on the arterial transit times (mild < 1300ms; moderate 1300ms, < 1600ms; severe 1600ms). Regional CBF values were compared among three different ASL techniques by arterial transit delay time. Significant factors for the regional CBF values were determined using the linear mixed model.


Results

The LDASL showed higher regional CBF values than SDASL regardless of the arterial transit delay time (p-value < 0.01). In areas with mild and moderate transit delay, CBF values of MDASL and LDASL showed no significant difference, but in areas with severe transit delay, LDASL showed higher CBF than MDASL (p-value < 0.01). The differences of CBF values among 3 techniques were increased as the degree of arterial transit time delay increased. In fixed effects model analysis, regional CBFs were significantly affected by the type of ASL techniques, transit delay time, age, and involvement of PCA territory. Compared to LDASL, SDASL showed lower CBF value of 18.3 (95% CI, -21.2 ~ -15.4).


Conclusions

The regional CBF values were significantly affected by the type of ASL techniques and arterial transit delay time in pediatric Moyamoya patients. The LDASL showed the highest CBF values in areas with severe arterial transit delay. 
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Abstract 
Purpose:
To investigate the impact of 3-Tesla intraoperative MRI (ioMRI) on the extent of resection of pediatric focal epileptogenic lesions, residual lesion volumes, and postoperative seizure outcomes. 
Methods and Materials: 
All surgeries for focal epilepsy from 2003 to 2017 were retrospectively reviewed. Patients were divided into two groups: ioMRI and non-ioMRI groups. Each was subdivided, based on the preoperative MRI visualization of the lesion, into two subcategories: well-defined (WD) and poorly-defined (PD) lesions. The volumes of preoperative lesions and postoperative residual lesions were delineated. Outcome data and patients characteristics were reviewed. The results were compared between the two groups and both subcategories. 
Results: 
Eighty patients were included: 45 in the ioMRI group (24WD and 21PD) and 35 in the non-ioMRI group (18WD and 17PD). The WD lesions included tumors and vascular lesions, while PD lesions included malformations of cortical development, hippocampal sclerosis, and tuberous sclerosis. The mean follow-up duration was 5.1±3.3 years. The rate of gross total resection (GTR) was not significantly different between ioMRI and non-ioMRI groups(p=0.46); however, ioMRI enabled further resection during surgery increasing GTR by an additional 11.1%. The ioMRI group had a significant reduction in the percentage of residual volumes(p< 0.001). Outcome data suggest that ioMRI is protective against poor Engel score(p=0.048). While ioMRI prolonged the mean operative time by 1.2 hours(p=0.002), it was not associated with more complications. 
Conclusion: 
Integration of ioMRI in focal epilepsy surgery was associated with smaller residual lesions and was protective against poor Engel score. It prolonged the operative time without increasing the number of complications. 
Keywords: 
Intraoperative MRI; Focal; Epilepsy; Volume; Outcome. 
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Abstract 
Purpose: Neonatal hypoxic ischemic encephalopathy (HIE) is caused by interruption or limitation of cerebral blood flow and oxygen delivery near the time of birth and causes significant neurologic morbidity. Reliable and early methods to characterize degree of injury and response to treatment are necessary for both research and clinical applications. Diffusion tensor imaging (DTI) is a sensitive marker of injury, but is limited by the phenomenon of pseudonormalization after the first 8-10 days of life. Tissue volume is a potential time independent marker of injury. The goal of this study was to determine the relationship between tissue microstructural characteristics (fractional anisotropy (FA) and mean diffusivity (MD)) as measured by DTI and tissue volume in neonates with hypoxic ischemic encephalopathy (HIE) undergoing therapeutic hypothermia. 

Methods and Materials: Data was drawn from a retrospective sample of neonates who underwent therapeutic hypothermia from January 2010-December 2015. An atlas based technique was used to perform automated parcellation of the DTI data into 122 anatomic regions based on the JHU neonatal template brain and atlas generating summaries of regional FA, MD, and volume. Linear regression analysis covarying for gestational age at birth, day of life at MRI, and biologic sex was used to evaluate the relationship between regional FA and volume or MD and volume in white matter and gray matter structures respectively. Linear regression was then used to evaluate the relationship between regional volumes and seizures in the neonatal period. 

Results: 153 infants underwent therapeutic hypothermia at our institution in the study time period. Of those, high quality DTI in the first 10 days of life was available for 82. Lower regional FA predicted lower tissue volume in the corpus callosum, as well as bilateral posterior limb of the internal capsule, superior corona radiata, cerebral peduncle, and corticospinal tract (all p-values < 0.05). Lower regional MD predicted lower tissue volume in the bilateral globus pallidus, but not in the thalamus, caudate, or putamen. A diagnosis of seizures in the neonatal period was associated with both lower FA and volume in the corpus callosum and posterior limb of the internal capsule and with lower thalamic volume.  

Conclusions: Automated volumetric measurements in neonatal HIE is a potential robust and time independent measure of white matter injury that can be used to correlate with clinical outcomes even if imaging cannot be obtained prior to the period of potential pseudonormalization of DTI. 
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Abstract 

Purpose: Although it is possible to calculate the fetal brain volume from 3D acquisitions, it is difficult and time consuming. It would be a considerable benefit if brain volumes and a 3D models of the surface of the fetal brain could be produced in a clinically relevant timescales. We propose a novel use of a deep learning technique for automated 2D extraction from 3D iuMR datasets of the fetal brain.

Methods and Materials: iuMR imaging was performed using 3D-FIESTA in 200 normal fetuses ranging from 1837gw. The images were segmented manually and brain volumes calculated[1]. We applied a deep U-net architecture2 to segment the brain surface automatically by extracting features such as intensity, textures, shapes and spatial space information. The method learns the process mathematically by modelling various characteristics of the brain such as its physical appearance, orientation and geometric information at different scales. This builds a statistical predicative model that differentiates between brain and non-brain regions. We divided the cases into 80%, 10%, and 10% for training, validation and testing, respectively and repeated the experiment until all 200 patients were tested and then compared the volume estimates with those obtained by manual segmentation.

Results: The automated method takes less than 30 seconds to process one fetal brain, compared with >90 minutes for manual segmentation.

There was a very good agreement between the volume estimates automatically when compared with manual segmentation (see figure - correlation value of r2 = 0.9934  and absolute mean percentage error of 4.3 +/- 3.1%.

Conclusions: The deep U-Net architecture can automatically segment the fetal brain rapidly and provide reliable estimates of the brain volume.

[1] Jarvis D and Griffiths PD. Clinical applications of 3D volume MR imaging of the fetal brain in utero. Prenat Diagn. 2017 Jun;37(6):556-565

[1] Rampun A, Jarvis D, Griffiths PD and Armitage P. Automated 2D Fetal Brain Segmentation of MR images using a Deep U-Net. Asian Conference Pattern Recognition, 2019 (In press).
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Abstract 

Purpose: We have previously described a method that allows automatic segmentation of the fetal brain from 3D-FIESTA acquisitions using a deep learning approach and trained our deep U-Net model to learn information iteratively using data from 200 normal fetal brain. We showed a good correlation between brain volumes estimated from the deep U-Net model when compared with estimates from manual segmentation. In this paper we report our early experience of applying those deep learning methods to fetuses with intracranial abnormalities.

Methods and Materials: The data learnt by the deep U-Net model from normal brains was used to assess the brain of fetuses with abnormal intracranial findings, specifically 40 fetuses with mild ventriculomegaly only (as an example of a pathology in which significant brain deformity is not expected) and 5 fetuses with agenesis of the corpus callosum (as an example of a pathology in which brain deformity is present). The surfaces of the brain were first segmented manually and then segmented by the deep U-Net architecture.[1] The derived total brain volumes and surface representations of the fetal brains were compared.

Results: There was a good correlation between the brain volume estimates generated automatically when compared to the manually derived figures in the 40 fetuses with mild ventriculomegaly (figure 1 - correlation value r2 = 0.9683 and absolute mean percentage error 7.31 +/- 13.06%) The correlation was also good for the cases of fetal agenesis of the corpus callosum (figure 2 - correlation value r2 = 0.9863  and absolute mean percentage error 6.84 +/- 3.03%)  although the small number of cases studied at this stage limits our interpretation. We will also present surface models of the brains created from both automatic and manual segmentation approaches.

Conclusions: Our initial results suggest that it is possible to train a deep learning based segmentation model on normal cases and use it to segment abnormal cases for volume estimation and surface representation. Nevertheless, more cases with structural brain abnormalities are required to confirm our provisional results.

 

[1] Rampun A, Jarvis D, Griffiths PD and Armitage P. Automated 2D Fetal Brain Segmentation of MR images using a Deep U-Net. Asian Conference Pattern Recognition, 2019 (In press).
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Abstract 

Purpose: 

Pediatric brain tumors are the most common solid cancer in children. Tumor subtype often dictates prognosis and the optimal treatment regimen including the necessary degree of surgical resection. However, accurate and timely diagnosis based on imaging alone is limited outside of major academic centers. We sought to develop a deep learning model to automatically detect and classify the four most common pediatric brain tumors on MRI.

Materials and Methods:

Pre-intervention T2-weighted brain MRIs were retrospectively collected from 183 normal and 617 patients with posterior fossa tumors from 5 academic institutions. Ground truth diagnoses were determined radiographically for 122 diffuse intrinsic pontine glioma (DIPG), and pathologically for 272 medulloblastoma, 135 pilocytic astrocytoma, and 88 ependymoma patients. A modified ResNeXt-50-32x4d deep learning architecture pre-trained on ImageNet was further trained with 493 tumor MRIs. Model performance was compared against three blinded, board-certified radiologists.

Results:
On a held-out test set of 318 scans (135 tumor and 183 normal), the model correctly identified the presence of tumor with an AUROC of 0.99. The models overall tumor subtype classification accuracy was 90% with an F1 score of 0.79 compared to an average radiologist accuracy of 87% and F1 score of 0.76. On principal component analysis, DIPG occupied the most distinct feature space, followed by pilocytic astrocytoma, medulloblastoma, then ependymoma, consistent with model performance. Radiologists performances varied by tumor type and subspecialty training.

Conclusions:

We present the first deep learning model developed using a large multi-institutional dataset that accurately detects and classifies pediatric posterior fossa tumors using T2-weighted MRIs. This model can serve as a triaging tool and the foundation for ongoing work to automatically characterize genetic subgroups within each tumor type based on imaging.
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Abstract 
Purpose: The cortical plate (CP) and subplate (SP) compartment are transient fetal compartments that contain synapses and therefore represent the fetal cortex (1, 2). The purpose of our study was to investigate the developmental history of the SP and CP using in-utero fetal MRIs during the fetal, preterm, and neonatal periods. Materials and Methods: We acquired in-vivo MRIs of 40 healthy fetuses (age= 16.43-36.86 gestational weeks (GW), 15 females) on a 3T Siemens Skyra MRI scanner using multiple T2-weighted (T2w) Half-Fourier Single Shot Turbo Spin Echo scans. The image acquisition parameters were the following: TR = 14002000 ms, TE = 100120 ms, in-plane resolution 0.91.1mm, and slice thickness=2mm. The fetal MRIs were first preprocessed and segmented with an in-house built pipeline (for details see (3)). In the next step, two independent readers with expertise in fetal anatomy (PEG and LV) reviewed the MRIs and determined the MRI visibility of histologically described borders between CP, SP, and intermediate zone (4). Next, the segmented images were manually corrected by taking into account the identified borders between transient compartments The volumes of the CP and SP were calculated using the ITK-snap software. In the last step, we grouped the fetuses according to the developmental and histogenic periods into fetal (< 23GW), extremely preterm (23-28GW), very preterm (28-32.15 GW), and moderate to late preterm ( >32 GW). A significant p-value was set at 0.006 to reduce the likelihood of Type I error due to multiple comparisons. This study was approved by an institutional review board committee. Results: The SP compartment was visible as a continuous zone across the telencephalic wall until 32GW. The volume of the SP compartment of the left and right hemispheres increased significantly from fetal to extremely preterm periods (p< 0.006). Furthermore, from an extremely preterm period to a very preterm period SP of the left and right hemisphere also increased significantly (p< 0.006, Figure1A). However, the relative volume of the SP in comparison to the volume of the CP (percentage of the CP volume) was not significantly different between fetal and extreme preterm, and extreme preterm and very preterm periods (Figure1B).  Conclusion: Our volumetric results indicate that SP during fetal, extremely, and very preterm periods mirrors the growth of CP. Thus, an irregularity of the SP growth pattern during early fetal development might be a potential indicator of malformation of the cortical development (5). 
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Abstract 
Purpose: Postoperative acquired white matter injury (WMI) contributes to the global neurodevelopmental impairment in children with congenital heart disease (CHD). Hypoxemia is associated with development of WMI in neonates. Susceptibility weighted imaging (SWI) is capable of estimating blood oxygenation. The purpose of this study is to evaluate if preoperative SWI of cerebral veins is associated with postoperative WMI in neonates with complex CHD.Methods and Materials: This is a retrospective review of prospectively collected data in a study of neonatal CHD performed from 2009 to 2014. Study was approved by the IRB and informed consent had been obtained from parents or legal guardians. Inclusion criteria were neonates with either hypoplastic left heart syndrome (HLHS) or dextro-transposition of the great arteries (d-TGA), available pre-operative diffuse optical spectroscopy data (deoxyhemoglobin concentration (Hb) and cerebral oxygen saturation (StO2)) and SWI, and postoperative cerebral magnetic resonance imaging (MRI). SWI was qualitatively graded according to the visualization of the cerebral veins in three grades (0,1,2). Vessel volume on SWI and volume of WMI were semi-automatically computed. Associations between SWI categories and WMI and correlations between quantitative SWI and WMI were assessed using chi-squared/fisher and correlation tests, respectively. Logistic regression models were used to assess if preoperative SWI can predict postoperative WMI. Results: In total, 123 term neonates met inclusion criteria (HLHS=66[54%];d-TGA=57[46%]). Mean subjects age at the time of preoperative and postoperative MRI was 3.9±1.6 and 11±4.8 days, respectively. Median preoperative SWI vessel volume was 22.6 cm3 (IQR 18.3-28.6), postoperative WMI volume was 14.7x10-3 cm3 (0-99.9x10-3). Thirty-three (27%) neonates were categorized as grade 0, 76(62%) grade 1, and 14(11%) grade 2. There was significant correlation between SWI vessel volume and Hb (0.37-0.40;p< 0.02) but not with StO2. Associations between qualitative SWI and postoperative WMI were not significant (p=0.40) on preoperative imaging but significant on postoperative imaging (p=0.002). Postoperative WMI was not associated with preoperative Hb (p=0.34) but was associated with preoperative StO2 (p< 0.001). No correlation was found between quantitative preoperative SWI and postoperative WMI (p=0.9). Conclusion: Although SWI can estimate deoxyhemoglobin concentration, preoperative SWI failed to predict postoperative WMI in neonates with complex CHD. Other parameters, such as tissue oxygen consumption and blood flow, may play a role in predicting postoperative WMI in CHD. On the other hand, postoperative SWI did have an association with WMI. This can be related to the levels of deoxygenated blood diverted to the brain after stage I surgery for HLHS. 
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Abstract 
Purpose: To report the success rate of non-sedate neuroimaging studies in children 1-7 years of age and to evaluate clinical factors predictive of success.

Materials/Methods: This was a HIPAA compliant IRB approved retrospective study. At our institution we created a multidisciplinary program to decrease sedation called try-without (TWO) sedation/anesthesia. The approach includes age-appropriate ambient optimization, support from the MRI technologist, child-life (CL) specialist, and protocol optimization from the radiologist. In the TWO program, children book two appointments at the time of the scheduling, a) a non-sedated MRI (usually within days) and b) a sedated/GA slot (usually days to weeks based on availability). If the TWO exam is successful, the subsequent sedation slot is cancelled; conversely, if the TWO is non-diagnostic, the sedation slot is maintained. Criteria for inclusion were: a) referral for TWO exam between 6/1/2018 and 5/30/2019, b) neuroimaging study, c) age 1-7 yrs. Criteria for exclusion were a) incomplete clinical data or b) neuroimage combined with MRI of other body parts. For study purposes, success was defined as an MRI where the indication was appropriately evaluated and the subsequent sedated exam was cancelled. For each case we recorded the age and sex of the child, presence of CL, type of exam (brain MRI, brain MRI + MRA, brain and spine MRI, spine MRI, head and neck MRI, and head MRA only), duration of the protocol, and use of contrast. We also recorded the time that the patient spent in the room. Descriptive statistics and means of central tendency were used to analyze demographics and clinical data. A logistic regression was used to evaluate predictors of success.

Results:  We analyzed data from 199 subjects (102 male and 97 female) with a mean age of 4.40 years (SD 1.62). There were 144 (72.4%) brain MRIs, 6 (3%) brain MRI + MRAs, 30 (15%) spine MRIs, 8 (4%) brain and spine MRIs, 10 (5%) head and neck MRIs, and 1 (0.5%) MRA only. The overall success rate was 85%. Age was the only variable significantly associated with success of the Two MRI (p=0.001). The mean time spent in the room was 26 minutes (SD 14.6 min). Twenty two subjects had post-contrast imaging and all of these exams were successful.  

Conclusions: A multidisciplinary approach enables high success rate of non-sedated neuroimaging studies in children 1-7 years of age, exceeding 80%. Success rate significantly increases with age.   
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Abstract 
Purpose 

Epidemiologic studies indicate a link between obsessive-compulsive disorder and infections, particularly streptococcal pharyngitis. Pediatric acute-onset neuropsychiatric syndrome (PANS) presents suddently with obsessions, compulsions, and other behavioral disturbances, often after an infectious trigger. The current working model suggests an underlying inflammatory process involving the central nervous system. We tested the hypothesis that diffusion-weighted imaging shows microstructural changes across multiple brain regions of children with PANS.

Methods and Materials

In total, 34 consecutive, untreated patients meeting PANS criteria and 100 controls received DWI at 3T. Using atlas-based MRI analysis, we measured regional volume, diffusion (using DWI), and cerebral blood flow (using arterial spin labeling) in the cerebral cortex, cerebral white matter, thalamus, caudate, putamen, pallidus, hippocampus, amygdala, nucleus accumbens, and brainstem. An age- and sex-controlled multivariate analysis of covariance was used to compare volume, diffusion, and cerebral blood flow between patients and controls.

Results

At the time of MRI, patients were in the following disease stages: new acute-onset (N=12), chronic-static (N=7), and acute flare on chronic symptoms (N=15). All patients had severe psychiatric symptoms including obsessions, compulsions, and behavioral disturbances. Multivariate analysis revealed a statistically significant difference between patients and controls (p < 0.001). All assessed brain regions showed significantly increased median diffusivity (p < 0.002) compared to controls. Specifically, the thalamus, basal ganglia, and amygdala displayed the most profound increases in diffusivity, consistent with the cardinal clinical symptoms of obsessions, compulsions, emotional dysregulation, and sleep disturbances. No significant differences were found in univariate analysis of volume and cerebral blood flow.

Conclusion

These findings suggest the presence of either injury or edema from inflammation in multiple brain structures, particularly the deep gray matter structures such as the thalamus, basal ganglia, and amygdala. MRI may be a useful adjunct to the standard of care for PANS as a diagnostic or prognostic tool and warrants further study in prospective controlled trials.
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