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11:00AM- 11:06AM
10x Reduction of Gadolinium Dosage in Clinical ContrasEnhanced Brain MRI Using Deep
Learning

E Gond, T Zhang
'Subtle Medical Inc., Menlo Park, C#Subtle Medical, Menlo Park, CA

Purpose

Gadolinium Deposition is one of the most pressing MR safety issues facing clinical imaging community.
In this work, we further validated a Deep Learning based asittoost method, on 200 patients with

mixed indi@tions, and demonstrated the generalization and robustness of the deep learning based solution
to reducing gadolinium dosage while maintaining diagnostic quality.

Materials and Methods

Dataset A cohort d200 patients were included in this study, with etbindications and receiving

clinically routine contrasenhanced MRI (CEBRI) exams. Sequences: Rrentrast (zeralose), post

contrast after 10% dosage administration (iinge) and postontrast after 1% dosage administration
(full-dose) was collectedith 3D T1 IRFSPGR sequences for each patient. The dataset include scans
from multiple sites and multiple scanner models to demonstrate the generalization of the proposed
method. Method Different serieof the same patient were-gegistered and norniaéd using

histogram matching technique to ensure consistency of image intensity. A deep convolutional neural
network (3D UNet) was trained to learn the approximation of thedobe CEMRI using lowdoseand
zerodose images.-fold crossvalidation wadised to generate results for evaluation. Evaluation
Quantitative metrics (PSNR, RMSE, SSIM) were used to evaluate the improvement of the enhanced
contrast using deep learning. Qualitative metrics (imagéditgucontrast enhancement quality) were used

to evaluate the result of the DL based enhancement. Anferiority test was conducted to demonstrate

the performance of the method and validate the capability of reducing dosage without image quality loss.
Results

Quantitative metrics demonstrated coreist{~4dB in PSNR and 10% in SSIM) and significant

(p<0.001) quality improvement of the deep learning based solution, compared widbdevCEMRI.
Qualitative ratings showed neignificant differences lieeen the proposed method and acquired full

dose E-MRI images, which was also verified with the Aaferiority testing.

Conclusions

With a large dataset, we demonstrated the DL solution can generalize well, achieving robust and
significant quality imprgement over the lowlose CEMRI, using 10% or eveless gadolinium dosage.

It enables significantly (at least 10x) gadolinium dosage reduction without sacrificing diagnostic quality.
This Deep Learning solution is valuable in clinical radiology for pronjdilternative solutions against
gadolinium deposion.
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1) Imaging Protocol and method framework 2) Example results (axial views)
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4) Initial reader study results

3) Example results (sagittal views)
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11:06AM- 11:12AM
3x Acceleration of Clinical Brain and Spine MRI Using Deep Learning and Generative Adversarial
Network

E Gond, T Zhand, A Shankaranarayar?
'Subtle Medical Inc., Menlo Park, CAN/A, N/A

Purpose

Magnetic Resonance Imaging (MRI) is widely used in clinical neuroimaging exams and provides superior
tissue contrasts for diagnosis. However for numbers of clinical applications, such asraketarsi

trauma imaging, MRI exams are sometimes {ooesuming and may delay clinical decision making. In

this work we present the technology using Deep Learning and Generative Adversarial Network to achieve
3-times speed up of routine clinical brain M&id spine MRI.

Materials and Methods

Dataset Routine braimd spine protocols are collected with two settings: standard exam and 3x~4x faster
exams by adjusting acquisition parameters (repetition NEX time, acceleration rate and matrix size). With
IRB approval, 40 patients from 3 sites with clinical indication fmutine brain and spine imaging are

blindly included in the analysis to use this protocol to collect paired datasets consisting of slower
(standard, higlguality) scans and faster (accelerated;-quality) scans. For brain scans, the analysis

focus on thé8D T1w and T2w series in the routine brain MRI protocol, while Sagittal T1w and PDw

series are processed for spine MRI. Method A deep learning model was trainedrexzpostruct the

faster (ow-quality) MR images, with higlguality MR images from sloweacquisition as reference. 3D

Patch based method is used to augment the samples available for training. A mixed loss function,
combining voxelwise L1 loss, perceptual loss and Adversarial [B&$ 1.] from Generative Adversarial
Network, was used. Theetwork structure is similar as in [Ref 1.] which is a recurrent type of

Convolutional Neural Network structure based on ResNet modules. 50 epochs were used with Adam
optimizer to ensure convengee. Evaluation To Evaluate the performance, both quantiesieiation
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and qualitative visual check is involved. Quantitative metrics (PSNR, SSIM) was used to demonstrate the
enhanced MR images using the proposed method achieve significantly beitgrtqaalfaster low
guality scans. Visual examples show simdaality comparing with the standard higbality MRI from
3x slower scans.

Results

Evaluating using PeaRignatto-NoiseRatio (PSNR) and structusemilarity-metric (SSIM), the
reconstructedmages using the proposed Deep Learning have significagtighguality than the input
images, with over 2dB PSNR and 5% SSIM increase in average. The results are also similar qualitatively
compared with standard higjuality image.
Conclusions
The prgposed method provide potentials to 3x accelerate routineallimiain and spine MR exams
without significant degradation of image quality, which benefit clinical applications with effiecient
neuroradiology exams.

a) Deep Learning framework b) Increase ~5% in SSIM and 2dB~4dB in PSNR
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11:12AM- 11:18AM
A Generalizable Deep Learning Network for Imaging Neuropathology with Ultralow-dose
PET/MRI

K Chert, M Schuret, E Gong, M Khalighit, O Sabri, G Zaharchuk H Barthet
Stanford University, Stanford, CAJniversity of Leipzig, Leipg, Saxony?®Stanford, stanford,
CA,“STANFORD UNIVERSITY, STANFORD, CA

Purpose

We have previously used deep learning networks to generate diagnostic amyloid PET images from
PET/MRI scan ptocols with markedly reduced injected radiotracer dose andfoced imaging time

[1]. We aim to apply this trained network to data acquired at various sites with different scanners, scan
protocols, and reconstruction pipelines. This will form the dasadlow larger multicenter trials to
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acquire simultaneous PETR/Iimaging at radiation dose levels equivalent to those accrued during cross
country air travel.

Materials and Methods

PET/MRI data acquisition: 40 PET/MRI scans (39 participants, 19 feBiat8, yrs) were obtained from
Scanner 1 (Signa, GE Healthcare) 0 other participants (23 female, 64+11 yrs) were scanned on
another PET/MRI scanner (MMR, Siemens Healthineers; "Scanner 2"). Tweigtited and T2

weighted MR images were acquired orithscanners while T2 FLAIR was acquired on Scanner 1 only.
The anyloid radiotracer 18Florbetaben was injected into the subject and PET data were acquired
simultaneously 9410 minutes after injection. The raw {isiode PET data was reconstructed forfthle
dose ground truth image and was also either randomly uma@eshto simulate 1% dose (Scanner 1) or
framed for 1 minute from the start of PET acquisition (Scanner 2) for reconstruction to produee a low
dose equivalent (5% dose) PET imagendl implenentation: We trained a convolutional neural network
("U-net") with the proposed structure (Figure 1a) [2,3], using data from Scannérld.dsossvalidation

was used for testing the data. The inputs of the network are thecamitast MR images (Fdveighted,
T2-weighted, T2 FLAIR) and the Iotose PET image. Fanéomplete data, the Teighted images

were used as inputs for the missing T2 FLAIR channel in the network. Nafimg was performed

when applying the trained network to Scanner 2 dadga Bnalysis: Using the software FreeSurfer,a T1
based brain m&sof each subject was used for vekelsed analyses. For each axial slice of the volumes,
the image quality of the synthesized PET image and theltme PET images within the brain mask were
compared to the original fulose image using the metrics paagnatto-noise ratio (PSNR), structural
similarity (SSIM), and root mean square error (RMSE). Paitedts were used to assess the difference of
metrics across datasets.

Results

Diagnostc-quality amyloid PET images were generated from theetusingsimultaneoushacquired

MR images and ultrlow-dose PET data. The-khkt reduced the noise from the lolese reconstructions;
the MR information added diagnostic value to the images whiteasing image quality (Figure 1b, top)
[1]. Similarly, applying be network on lowdose images reconstructed from Scanner 2 data, even with a
different PET/MRI acquisition and reconstruction protocol, also produced images with greatly reduced
noise (Figurelb, bottom) and increased PSNR, SSIM, and reduced RMSE (p<0rQfliLcomparisons;
Figure 1c). The metrics obtained from Scanner 2 data are slightly lower than those obtained from Scanner
1 data due to the image quality difference and the bias inrtgadtsita for the network but can be

improved with further finguning of the network using Scanner 2 data.

Conclusions

We have developed a-kkt trained to generate diagnosligality amyloid PET images of the head from
100fold undersampled PET images daimed with MR inputs. Furthermore, we have applied the trained
network to data acquired with a different scanner vendor and data acquisition protocol showing improved
image quality. This can form the basis for actual-ttmeée PET/MRI acquisitions as wedl the

generalization of a trained amyloid PET/MRI imaging nenedlvork model for use in multienter

studies.
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11:18AM- 11:24AM
Artificial Intelligence Based Clinical Diagnostic Decision Support System in Neuroradiology

S Mohan, J Rudié, A Rauscheckér E Botzolkist, | Nasrallah, E Herskovit$, L Desiderid, H Kundel,
R Bryar?

'University of Pennsylvania, Philadelphia, PRgrelman School of Medicine at University of
Pennsylvania, Philadelphia, PAJCSF, San Francisco, CAJNVERSITY OF MARYLAND,
BALTIMORE, MD, °Univ. Pennsylvania, Philadlephia, PA

Purpose

Despite an expondial growth of artificial intelligence (Al) methods, applications assisting in formulating
radiological differentiadiagnosis (D/Dx) are limited. We have developed a 'personal beligfsizen

Expert System (BES), which takes as input key features (Kfigiceed by radiologists from brain MR,

and outputs a rantrdered D/Dx. We hypothesize that the diagnostic accuracy of théDEBS, using

KFs extracted by attending radiologists, wbpkrform at the level of a neuroradiology fellow.

Materials and Metbds

13 neuroradiology attendings and 11 neuroradiology fellows set out to randomly select 8 examples of all
adult neuroradiology diseases from our radiology archives, representingtteispof adult

neuroradiology diagnoses (n=124) including 'nornidle consensus diagnoses for these cases, based
upon the clinical, radiologic and pathologic records, , were taken as the ground truth (GT). 33 diagnosis
blind readers, in 3 levaif-training groups, 13 neuroradiology attendings, 11 neuroradiology fellodis a

9 radiology residents, were randomized in 2 groups and asked to report predefined signal and spatial KFs,
and their 3 highest probability diagnoses for each case.. Six reads wenedvaieach case, two each

from each group. Each reader's KFs wettered into the BES, which generated a probability rank

ordered D/Dx (BESD/Dx). We compared Radiologist GrollyDx and BES/Radiologist Grodp/Dx to

the GT diagnoses using receiver opiegacharacteristic (ROC) analysis.

Results

Of the 124 adult neurodiology diseases we found examples of 92 diseases, with a total of 481 cases.
2400 cases (out of 2886 assigned cases), thus far, have been reviewed. Greater diagnostic accuracy was
assodcated with higher levels of training, with Attendings, Fellows, ansidmts ranking the correct
diagnosis first 53, 47, and 33% of the time, respectively, and reporting the correct diagnosis as one of
their 3 top choices 67, 60 and 47% of the time. BE®pwance was below that of the sataeel-of-

training radiologiststanking the correct diagnosis first 28, 27, 21% of the time, respectively, and
reporting the correct diagnosis as one of its 3 top choices 47, 43 and 38% of the time. However, the BES
using Attending KFs performed at approximately the level of the resigtenp.

Conclusions

A neuroradiological diagnostic decisisapport application was developed and evaluated using a set of
481 diagnosigproven clinical neuroradiology MRI examinatioB®ES performance was below that of the
radiologists, but using KFs eztcted by Attendings , the BES performed at a resident level. Future
optimization of the BES is expected to improve its performance, with potential to reduce the variability of
radiologyreports, improve report quality, reduce missed diagnoses and inttreasfticiency of

practicing radiologists.

3574
11:24AM- 11:30AM
Contrast-free MRI Contrast Enhancement with Deep Learning

J Liu}, E Gong, G Zaharchuk K Chert
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Tsinghua UniversityBeijing, China 2Stanford University, Sunnyvale, CSTANFORD UNVERSITY,
STANFORD, CA'Stanford University, Stanford, CA

Purpose

Given the issues surrounding gadolinium contrast agent, we tested whether a deep learning framework
could be used to prexd diagnostic postontrast MRI images based on fm@ntrast MRlimages.

Materials and Methods

404 adult clinical patients were scanned with a protocol that included 6 sequencesp{@pped

FSPGR T1lw, T2w, FLAIR T2w, 3D ASL, diffusieweighted imagingDWI] with 2 b values (61000),

and T2*w) acquired before conttayent injection and one sequence (3EpBpped FSPGR T1w)
acquired after injection. A deep attention generative adversarial network was trained to predict post
contrast T1w images withvie neighboring slices from the six prentrast sequences as irgut

Results

We evaluated the performance of the proposed method on the test set with peak-sigisal ration

(PSNR) and structural similarity (SSIM) index. The generated images have 52 + 5.6 and SSIM

of 0.939 £ 0.031 compared to acquired pasttrast T1w images. The image similarity metrics show that
the model is able to synthesize poshtrast T1w images with superior image quality and great
resemblance to the ground trutheige. Restoration of the contrast uptake is clearly noted on the
synthesized postontrast images even in small vessels and lesions, though there are also failing cases.
Conclusions

The recent identifications of gadolinium deposition within human brairbadyg suggest that the dosage
of GBCA should be as low as possilbdereduce the degree of gadolinium accumulation and toxicity. Our
study shows that CNNs are capable of synthesizingquugtast T1w images from a combination of-pre
contrast MR images. Wi more training cases and further validation, this approach bawklgreat

clinical value especially for patients who cannot receive contrast agent injection.
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acquired

Figure. Representative examples. (a) Result from a healthy subject; (b) Result

. (d) Result

m a patient with glioma; (c)
Result from a patient with meningioma after resection and radiatior from a patient with residual
meningioma. In (b) (c), the synthesized and acquired Tlw i trast uptakes in the lesions,
which are completely unseen in the pre-contrast Tlw images. In ), the lesion is missing in the synthetic image.
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11:30AM- 11:36AM
Creating Realistic T1-Weighted Magnetic Resonance Images from DiffusioftWeighted Acquisitions
Using a Generative Adversarial Network

V Patetl
'Keck School of Medicine of USC, Los Angeles, CA

Purpose

Advanced MR imaging techniques have enabled many unique and powerful investigations in recent
decades. Functional MRI (fMRI), for example, relies on blood oxygen level dependent changes in the
local magnetic field to draw inferences about the underlyiamtactivity. Diffusion tensor imaging

(DTI) and its advanced variants (HARDI, DSI, etc.) m#lihe directional dependence of the diffusion
weighted signal to produce maps of white matter fiber orientation. Both fMRI and DTI typically rely on
fast echo [@anar imaging techniques, with associated compromises in terms of image resolution and
artifacs. Accordingly, for most research studies in which spatial normalization of the data is ultimately
desired, a separate "anatomical“viéighted image is acquirddr each subject to provide a reference for
image registration algorithms. The need for tredditional sequences increases the total time and cost of
image acquisition, which may be significant when aggregated over a large research study. Recently, new
developments in the field of artificial intelligeneen particular, various applications ofultilayered
convolutional neural networks, or deep learninigave yielded impressive results for the classification
and segmentation of radiological imagespecific problem domains [1]. A new and less commonly used
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machine learning technique, thatgeinerative adversarial networks (GANS), relies on similar principles
while essentially placing two neural networks in direct competition to yield convincitigetynimages

of a particular type [2]. Conditional GANs are a subtype of GAN capable ofategsan image of one

type or style into another. In this work, we sought to determine: 1) whether it is possible to train a
conditional GAN to produce synthefld-weighted images based solely on directional diffusi@nghted

EPI input, and 2) whether mmleficiencies in the generated images significantly impact the accuracy of
MR image registration

Materials and Methods

At the time of our study, the MGHSC Human Connectome Project (HCP) had made diffusion

weighted and T-4weighted data for 35 subjectgaglable for public download [3]; these served as the
source data for our investigation. The HCP diffusisgighted data was collected using a dedicated
protocolat 5 different bvalues and up to 128 distinct gradient directions. However, for the pumfoses

the current study, we discarded all but the 64 samples obtained atdhestof 1000 s/mm2, a typical q
shell accessible to most researchers and cliniclis necessary in deep learning experiments to guard
against overfitting and ensure generaliifity, we randomly divided the HCP data into training (29
subjects) and testing (6 subjects) groups. We developed our network by extending-kmowel|

condtional GAN pix2pix construction of Isola [4] to accepD3data using custom code written ireth
Python programming language and version 2.2.2 of the open source Keras machine learning library with a
TensorFlow backend. We used a batch size of 1 anddrtheenetwork for 200 epochs using data from

the training group, which was augmented throughcttnventional means of scaling, flipping, and

rotation. The trained model was then applied to the unseen data from the test group to generate T1
weighted imagedirectly from the diffusiorweighted samples of those 6 subjects. To determine the
suitability of the generated Fdveighted images for the purpose of image registration, we used the FLIRT
and FNIRT utilities from version 6.0 of the FSL suite [5] to perforonlinear registration of the MNI

152 brain template to the native space of each test subgt) both the generated and acquired T1
weighted volumes as the fixed images. The displacement maps for both registrations were compared
voxelwise for each daject and both the mean and the maximum displacement discrepancy (in mm) was
guantified for allvoxels within the brain.

Results

Training the GAN for 200 epochs on the diffusirighted data from the 29 subjects in the training set
required 14 hours ar22 minutes of computation time on a GeForce 1080 Ti GPU. Generating the
synthetic Tiweighted wlumes for all 6 test subjects required only 48 seconds. A representative example
of the GAN output is provided in the attached figure, shown alongside theextddiweighted data for
purposes of qualitative comparison. We note that the GAN output apgsite realistic on cursory
examination, and that a careful inspection is required to appreciate the differences between the two T1
weighted images (which areast evident in the basal ganglia and along the right frontal lobe gyri in this
sample). The qusitative analysis of the differences between nonlinear registration displacement fields
produced by targeting the generated and acquiredéighted volumes realed that these minor
differences between the images had negligible impact on the ultiméitd spemalization. Across the 6

test subjects, the mean difference in the displacement map was 0.053 mm, and the largpsirgingle
difference in the displaceent maps was 0.45 mm. As a reference for evaluating the significance of these
differences, weaote that the resolution of the acquired diffusiegighted data set was 1.5 mm isotropic.
Conclusions

We have demonstrated a method for using a conditional BBAjenerate realistic Tdeighted images
directly from diffusionweighted echo planar volumé&/'e have shown that these generated volumes can
be used as target images for spatial normalization with negligible differences in the displacement fields
compard to using conventionally acquired -Wiéeighted images. These results have the potential to
redwce scanning times and costs for many research studies by eliminating the acquisition of dedicated
sequences that are currently obtained for the sole purpas@a@é iregistration. These time and cost
savings may then be converted to acquire greater nummber$igher quality versions of the actual
sequences of interest (e.g., DTI or DSI). Further work will establish whether similar results can be
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achieved withlte T2*weighted images used in fMRI. Ultimately, a wiegdiined generative model may
be developd using data contributed by multiple sites and provided as a resource to the research
community.

DWI (b0) Generated T1 Actual T1

Representative GAN performance on the test dataset. The multi-direction diffusion-weighted
data set (bO volume shown on left) served as input to the GAN, which produced the corresponding
T1-weighted image (center). The true acquired T1-weighted image is shown (right) for comparison.

(Filename: TCT_2868_gan.jpg)
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11:36AM- 11:42AM
Deep Learning Enables High Quality Oneminute EPIMix Brain MRI Scans

J Liu, E Gong, G Zaharchuk SSkaré
Tsinghua Universit, Beijing, China?Stanford University, Sunnyvale, C&TANFORD UNIVERSITY,
STANFORD, CAKarolinska Institutet, Stockholm, SIZ1 76 Stockholm

Purpose

EPIMix is a newly proposed ofmainute multicontrast echglanar imagindased sequence for brain
magnetic resonance imaging (MRI). Despite the tiligd acquisition speed, EPIMix images suffer from
lower signadto-noise ratio (SNR) and resolution than standard scans. In this study, we tested whether a
deep learning frameworould improve the imageuality of EPIMix.

Materials and Methods

The MR protocol included 6 EPI Mix sequences (TZFLAIR, T1-FLAIR, ADC, GRE, DWI) and 2
standard sequences (T2, T2 FLAIR). 50 patients were scanned. 40 cases from the cohort were random
chosen for training and ¢hrest were used for testing. A deep cyadasistent generative adversarial

network was trained to enhance EPIMix images including denoising andrespertion.

Results

The proposed method was applied to T2 andFLAIR images.The results show thateérenhanced

images look sharper and have higher similarity with standard images than the original EPIMix images. In
addition, the pathologies in the original images are-prelserved. Several examples are shown in the
Figure (enhaced and reference imagase of 512 x 512 pixels, while EPIMix images are of 256 x 256
pixels and enlarged via bicubic interpolation for uniform display).

Conclusions

Our study shows that the proposed method is capable of enhancing tiestlERIMix £ans and

generating visuly pleasing results. The results suggest that deep learning can enablastiiviR |

scans without losing image quality. With further validation, this approach could improve patients' MRI
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scan experience, potentially reduce thstof MRI scans, and mosnportantly help patients with acute
diseases such as acute cerebral infarction who can get better diagnosis and treatment with MRI images
while they cannot afford to spend the time needed for standard MRI.

EPIMix

Reference

EPIMix Enhanced Reference EPIMix Enhanced Reference

Figure. Examples of enhanced images from the test set. (a) (b): T2; (c) (d): T2 FLAIR. Reference images are taken from nearby positions
in standard image volumes for visual comparisons. Enhanced and reference images are of 512 X 512 pixels, while EPIMix images are of
256 X 256 pixels and enlarged via bicubic interpolation for uniform display.

(Filename: TCT_359FPIMix_poster.jpg)
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11:42AM- 11:48AM
DIR and FLAIR Correlate of Gadolinium Enhancing Lesions in Multiple Sclerosis: Is Catrast
Needed for Followup MRI?

R HU!, G Sadigh A Waldman, A Saindang
'Emory University School of Medicine, Atlanta, GA
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Pupose

Gadolinium enhanced MRI is routinely used for follaw of patients with multiple sclerosis (MS).

Motivated by concerns about gadolinium deposition, recent studies have questioned the necessity of
contrast on routine followap by showing that lesioenhanement is highly associated with FLAIR
progression. We sought to evaluate the performance of DIR, a sequence more sensitive to cortical and
infratentorial lesions than FLAIR, as a surrogate marker for lesion enhancement.

Materials and Methods

In this IRB gproved study, we retrospectively reviewed 252 consecutive MRIs in 172 unigue patients
performed using a dedicated MS protocol including 3D DIR, 2D FLAIR and 3DBcpostast T1

weighted imaging on a single 3T scanner. Patients were included eskaaally confirmed MS and

were excluded for other intracranial pathologies. Three neuroradiologists independent reviewed all
images, blinded to clinical and demographic information, grading tipeesence or absence of DIR,

FLAIR and contrast enhangriesians. In a subset of patients with prior comparisons, we counted the
number of progressive lesions on each of the 3 sequences. Consensus interpretation was used for further
analysis.

Results

34 of 252 MRIs (13%) demonstrated a total of 55 enhanesignsof which 52 (95%) had

corresponding hyperintensity on DIR and FLAIR. All lesions were concordant on DIR and FLAIR, and

the 3 enhancing lesions not visible on either sequence were small (< 2 mm) and cortical/subcortical (2) or
periventricular (1) ifocation. 18 (24%) of the 76 MRIs with a prior comparison had imaging evidence of
progression: 11 (61%) of these showed new lesions on DIR or FLAIR only, 6 (33%) showed progression
on all sequences, and 1 (6%) had an enhancing lesion occurring in ahwameanged confluent DIR

and FLAIR abnormality (Figure).

Conclusions

There is a high but imperfect concordance between enhancing lesions and hyperintensity on either DIR or
FLAIR. Very small cortical/subcortical and periventricular enhancing lesionbedifiicult to

appreciate on DIR or FLAIR. Serial folleup using DIR or FLAIR alone may capture the majority of
imaging progression, but isolated enhancing lesions in confluent areas of white matter abnormality could
present a pitfall for this approach.
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11:48AM- 11:54AM
Fully Automated Diagnosis in Neuroradiology: Combining Deep Learning and Bayesian Networks

J Rudié, L Xie!, J Wang, E Botzolaki$, R Bryari, | Nasrallah, S Mohan, J Geé A Rauscheckér
YUniversity of Pennsylvania School of Medicine, Philadelphia,’Riecklenburg Radiology Associates,
Charlotte, NC2Dell Medical School, University of Xas, Austin, Austin, TXUniveristy of California
San Francisco, Philadelphia, PA

Purpose

As both the coplexity and volume of medical imaging increases, there is a pressing need for automated
guantitative and probabilistic image analyses that camnowepthe efficiency and accuracy of the

radiology workflow. We leveraged customized image processing, cdior@lineural networks and

subspecialty expertise encapsulated within Bayesian networks to create a transparent automated system to
guantitatively baracterize multimodal brain MRIs and automatically a generate probabilistic differential
diagnosis for 35idease entities.
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Materials and Methods

390 clinically-validated cases were split into training (n = 288) and validation (n = 102) samples. Seven
clinical MR modalities (T1W, T2W, FLAIR, T1post, GRE, DWI/ADC) were incorporated into a
customized imagerocessing pipeline (A) using ANTSs tissue segmentation [1] and 3Wet

convolutional neural networks [2]. Features derived from the image processitiggipere combined

with clinical information (age, gender, chronicity, immune status) in an etperednaive Bayes

network focused on 35 diseases known to involve deep gray matter (B). Within the validation sample the
performance of the fully automatesystem was compared to radiology residents, neuroradiology fellows,
community radiologists and academian@adiology attendings.

Results

The accuracy of the image processing and feature extraction pipelines were overall ~89% accurate
compared to atteling extracted ground truth features. The fully automated pipeline, integrating imaging
and clinical featurg, determined an accurate differential diagnosis in 77% of the cases (top 3) and the
exact diagnosis in 60% of the cases, which was significantigriiban residents (55%/36%) and
community radiology attendings (52%/33%), not significantly different tteamoradiology fellows
(72%/59%), and below academic neuroradiology attendings (84%/67%).

Conclusions

Using a hybrid approach, which computatidynatirrors the two fundamental steps to image

interpretation by combining customized image processing, tatimaal neural networks and Bayesian
networks, we developed an Al based system that can diagnose a wide array of neurologic diseases,
performing athe level of a neuroradiology fellow. This general approach, when working in conjunction
with a radiologisthas the potential to improve radiologists' accuracy and efficiency.
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11:00AM- 11:06AM
Abnormal Brain FDG PET Findings in PostTreatment Lyme Disease Syndrome

M Larvie!, A COUTINHC?, N Zubcevik
Cleveland Clinic, Cambridge, MAJniversity of Sdo Paulo, Sdo Paulo, $Bpaulding Rehabilitation
Hospital, Chalestown, MA

Purpose

Lyme disease is a tidorne infection of the spiroelte, Borrelia burgdorferi. In many cases, prompt
diagnosis and appropriate antibiotic therapy leads to an effective and durable cure. In a minority of cases,
despite standardf-care treatment, patients report persistent symptoms involving multiple orstams,
particularly the central nervous system (CNS) and the musculoskeletal system, and this condition has
been termed posteatment Lyme disease syndrome (PTLDS), in contoastmore controversial

condition putatively described as chronic Lyme disgéagd\mong the many challenges that these patients
present, accurate diagnosis is one of the largest. These patients no longer harbor the Borrelia organism,
and so their conditiois not defined by infection status. The Gi&ated complaints have been reéel

to as "brain fog" and include poorly defined symptoms such as fatigue, diminished memory, impaired
cognitive function and behavior changes2. Routine diagnostic imaging Wigm@€MRI in these patients
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typically show no abnormality. An earlier repbas identified FDG brain PET abnormalities in patients

with Lyme disease3. To test the hypothesis that there is a functional brain abnormality in PTLDS, we
have used brain FDG PEkaminations to look for an objective biomarker of brain abnormality.

Materials and Methods

Research subjects were recruited from patients presenting to a specialized clinic for the evaluation and
management of the chronic sequelae following exposuiektborne iliness. A total of 68 subjects are
included in this study. In adtbn to clinical examination and laboratory testing that is routine for the
specialized clinic from which the patients were recruited, brain FDG PET examinations were obtained on
all subjects. Brain PET imaging was obtained approximately 45 minutes ifadiantravenous injection

of 5.0 mCi of 18Hluorodeoxyglucose (FDG) using an ECAT HR+ scanner (Siemens/CTI, Knoxville,

TN). Sixty-three planes were acquired simultaneously ovés.a cm field of view. Images were acquired

in 3D mode. Attenuation correofi was performed using a transmission scan obtained with a 68Ge
source. A maximum likelihood reconstruction method was used, yielding imagesyigmeresolution

of approximagly 4.6 mm (full width at half maximum). All patients were screened wittefistick blood
glucose measurement, and PET imaging was not performed in those patients with blood glucose greater
than 150 mg/dl. Brain FDG PET examinations were reviewed usimgpsyia and NeuroMIM software.

Visual qualitative inspection as well as pagdrit Zscore comparisons using agfeatified normal

patient populations were used in each case. The brain FDG PET scans were classified as normal, possibly
abnormal, definitelyabnormal, and definitely abnormal with a pattern suggestive of a high awedide
diagnosis.

Results

Demographic characteristics of the 68 subjects are shown in Table 1. Of note, 69% of subjects were
female and the average age was 48 years old. TabléjecScharacteristics Total subjects 68 Gender
Female 47 (69% Male 21 (31%pA range 196 Average age 48.4 Classification of brain FDG PET

scan results according to the categories described in the Methods section is shown in Table 2. Brain FDG
PET findirgs were predominantly regions of hypometabolism, indicated by decreasedpfdh@. W

single exception was possible mild relative hypermetabolism in the frontal lobes in a single subject. Areas
of possible or definitive hypometabolism were identified mtdmporal, frontal, parietal and occipital

lobes, the thalami, and the ces#bm. Among the scans classified as possibly abnormal, temporal
hypometabolism was the most common possible abnormality (14/32 subjects, 43.8%). Of the scans
classified as defitively abnormal, temporal lobe hypometabolism was also the most commorgfindin
(9/10, 90%). The one scan classified as abnormal with a pattern consistent with a high confidence
diagnosis was a 74 year old male with brain FDG PET findings typical of Alengiathology. One

subject with definite abnormality on an initial PET scars Wwaated with a course of antibiotic therapy4

and on subsequent brain FDG PET examination the abnormality had resolved, with concordant
improvement in neuropsychiatric symptorable 2. Brain FDG PET classification Classification

Number Percent Normal 288.6 Possibly abnormal 32 45.7 Definitely abnormal 10 14.3 High confidence
diagnosis 1 1.4 Figure 1 shows images from a brain FDG PET scan of a 50 year old man with
neuropsychiatc features suggestive of PTLDS. There is hypometabolism in the tempasaldod

cerebellum bilaterally.

Conclusions

Abnormal brain FDG PET scans were seen in 14.3% of subjects with PTLDS. The dominant abnormality
in this population was temporal lobggometabolism, a feature that has been identified in other
encephalitides, irluding Lyme disease and atdatibody encephalitis syndromes. Although a causal
relationship cannot be established from this data, these findings raise the possibility tHeDGr&ET

may be a useful biomarker in the evaluation of this difficult papepulation5 and may be useful for
stratifying patients who may benefit from additional treatment. Further studies should be directed at
exploring long term outcomes in PTLDS ipats with abnormal brain FDG PET findings, as well as
possible etiologies dfrain abnormality in PTLDS.
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11:06AM- 11:12AM
Automated Segmentation in Multiple Sclerosis: Clinical Imaging Completion by 3D Volumetry

t nquyent
'C.H.N.O. des Quinze Vingts, Paris, France

Purpose

Evaluationof delineation accuracy and reproducible volumetry of hypersignals in MS fallow

Materials and Methods

Twenty patients underwent M.R. Imaging at 3T for multiple sclerosis, 3D sequences including T1
weighted SE, FLAIR and Double Inversion Recovery, efdadolinium injection. Temporal imaging

was performed at TO and approximately 1 yetarléor all patients. Data were afterwards submitted to
digital segmentation and volumetric summation using volBrain 1.0 software for individual comparison.
Results

Segmentation demonstrated a precise delineation of abnormal hypersignals in periveamgeasiand in
the corona radiata. Contiguous hypersignals were segmented throughout the subcortical white matter,
whereas isolated subcortical hypersignals were drdidirom segmentation in most cases concerning
lesions under 5 mm of diameter, and inrhe&0% of lesions with diameter superior to 5 mm.
Segmentation appeared more pertinent to delineate subcortical hypersignals in 3D FLAIR sequences
when compared to 3DIR sequences . Anatomical registration onto MNI templates allowed a temporal
follow up of 3D FLAIR or 3D DIR sequences in individuals, when superimposed on 3D T1. Anatomical
references in 3D T1, such as anterior or posterior commissures, were efficoeatistrated en 17
patients, using rigid spatial transformation. Three patients wecardied, due to spatial mismatch in 3D
T1 volumes superior to 1.5 voxel.

Conclusions

Anatomical registration and hypersignal segmentation can be routinely achiewedtiple sclerosis,

with a reliable temporal evaluation based on adequate volumerappsiiion. These preliminary results
suggest a shoterm application to machidearning in Al, with accurate signal detection in improved

MR sequence quality.

3419
11:12AM- 11:18AM
Common and Uncommon Imaging Findings in Neuromyelitis Optica: A Retrogective Review

D Ray, S Salamg M Khan', M Levy?, | Izbudak
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1Johns Hopkins Medical Institute, Department of Radiology, Baltimore,2Mibns Hopkins Medical
Institute, Department of Neurology; University of Alexandria, Egypt, Baltimore, Wtihns Hogins
Medical Institute, Department of Neurology, Baltimore, MD

Purpose

To evaluate the frequency of initial imaging findings in patients with neuromyelitis optica with
documented relapse at a single tertiary care institution.

Materials and Methods

Fallowing institutional review board approval, 95 patients with confirmed neuromyelitis optica were
retrospectively reviewed to evaluate the initial imaging findings. Intagiiteria used were in
concordance with the International Consensus Diagnostiai@rite Neuromyelitis Optica Spectrum
Disorders to appropriately collect data. Patient charts were reviewed to determine the clinical relapse.
Results

A total of 95 patents were reviewed with a diagnosis of neuromyelitis optica. The average age of our
patients was 40 years made up of 20 males and 75 females. Common imaging findings included
subcortical lesions (48%), optic neuritis (46%), longitudinally extensive tresesweyelitis (63%), central
spinal cord involvement (67%), and involvement of bothcérical and thoracic spine (49%), and
enhancement of the cord lesions (43%) with many patients having multifocal lesions. Uncommon
imaging findings included lesions the dorsal medulla (7%) and fourth ventricle periependymal lesions
(12%). Average timé months between initial presentation and first relapse was 13 months.
Conclusions

This study demonstrates the frequency of imaging findings in patients with clirpcaillen

neuromyelitis optica at initial presentation. The most common findings ZWessicincluding lesions of

the spinal cord and optic neuritis with less common findings involving the dorsal medulla and
periependymal fourth ventricle. This study hights the importance of imaging to assist in the diagnosis
of neuromyelitis optica. Riologists should be aware of the common and uncommon imaging findings in
neuromyelitis optica to ensure the appropriate and timely management for patients.

2957
11:18AM- 11:24AM
Fluorescence Molecular Imaging of Myeloperoxidase in Bacterial Cerebritis

B Pulli*, C Wang, N Jalali Motlagh, G WojtkiewicZ, A Li%, J Cheh
Massachusetts General Hospital, Boston, MA

Purpose

Myeloperoxidase (MPOQ) is a highly oxidative gne crucial for defense against pathogens (1). We
sought to develop a molecular imaging probe sensitive and specific for MPO that is suitable for
fluorescence imaging applications.

Materials and Methods

We incubated the MPO activatable biotinylated sefst4BS) with human MPO and two other human
peroxidases (LPO and EPO) to determine specificity. To induce bacterial cerebritis, three female
C57BL/6J (wildtype) mice and three MHAM@ockout (KO) mice were injeetl stereotactically with
salmonella or salinanithe right or left cerebral hemispheres, respectively. 23 hours after induction, mice
were injected with MABS. Brains were harvested and imaged with a fluorescence reflectance imaging
system followed by immuwhistochemistry for MPO protein.

Results

MABS contains Ehydroxytyptamide moieties that can be activated by MPO, and a biotin moiety for
detection with fluorochromé&agged streptavidin (figure, A). Upon oxidation by MPO, but not other
peroxidases (EPO ahdPO), MABS binds to proteins and forms prefretein oligomers (p<0.01, one

way ANOVA, figure, B). In wildtype mice but not MR®RO mice with bacterial cerebritis, increased
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fluorescent signal was seen in the right but not in the left hemisphere (p<€Ent ttest, figure, C).
Immunofluorescencdemonstrated MPO activity and protein within the region of cerebritis but not in the
left hemisphere. Interestingly, in regions close to the cerebritis, MPO protein without MPO activity was
detected. Neither KO activity nor MPO protein were detected ia tirains of MPEKO mice (figure,

D).

Conclusions

MABS specifically detects MPO activity and reports active inflammation in bacterial cerebritis. MPO
activity does not always docalize with MPO protein, rewaing that not all MPO protein is
enzymaticallyactive in vivo and underscoring the importance of monitoring enzymatic activity. Upon
translation, this technology can be used in neurosurgical and cdihe&zt applications to detect

oxidative stress andflammation in patients.
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11:24AM- 11:30AM

Measurement of ADC Values to Differentiate Tumefactive Active Demyelinating Lesions from
Primary CNS Lymphoma and Glioblastoma.

R Guillory!, F Kebbel, P Rabi€i, R Riasco% J Zhd, Y EsquenaZ?j R Patel, A Kamal*
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University of Texas at Houston, Houston, fM¢Govern Medical School, University of Texas Health
Sciences Center at Houston, Houston, *TXg University of Texas Health Science Center at Houston,
Houston, TX*UT HEALTH, HOUSTON, TX

Purpose

Clinical management of patients with active demyelirgqtisease is much different from patients with
primary CNS lymphoma or Glioblastoma. Our purpose was to evaluate whether tumefactive active
demyelinating lesions could be distinguished from primary CNS lpmgahand from Glioblastoma using
ADC values meased from the PACS workstation.

Materials and Methods

We retrospectively identified 30 patients from our institution with tumefactive active demyelinating
lesions demonstrating restricted diffusion on MRItiWi the areas of active demyelination, the

minimum ADC and average ADC values were measured from the PACS workstation. Comparative
statistical analysis was performed comparing these values to the ADC values obtained from 30 cases of
primary CNS lymphomaral 42 cases of Glioblastoma.

Results

Our resultsshow that there was a statistically significant difference between the ADC values of
tumefactive active demyelinating lesions and Glioblastoma (The ADC values of the demyelinating lesions
are significantlyjower than Glioblastoma; p<0.001) and betweengiyoma and Glioblastoma (The ADC
values of the lymphoma are significantly lower than Glioblastoma; p<0.001). There was no statistically
significant difference between the ADC values of tumefactive active elerating lesions and

lymphoma (minimum ADC p=02 average ADC p=0.099).

Conclusions

Our findings suggest that it is possible to use ADC values measured from the PACS workstation to
differentiate tumefactive active demyelinating lesions from Glioblastomdeto differentiate lymphoma
from Glioblastoman the brain. However, we were not able to distinguish active demyelinating lesions
from lymphoma with statistical significance using ADC values.
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ADC map (A) and DWI (B) demonstrating restricted diffusion in an active demyelinating lesion. Minimum ADC
values (C) and average ADC values (D) found in demyelinating lesions, CNS lymphoma and Glioblastomas.
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11:30AM- 11:36AM
Temporal Evolution of DWI and Gadolinium Enhancement in Balo's Variant of Multiple Sclerosis
suggests a Cytotoxic Oligodendrocytopathy preceding Blood Brain Barrier Breakdown in Acute
Demyelination

P Morrist, W Tobirt, C Lucchinetti, Y Gud, N Zalewskit, E Jolliffe?, A Raghunathan
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Mayo Clinic, Rochester, MNWellington Regional Hospital, Wellington, MN

Purpose

Balo's Sclerosis is an uncommon variant of multiple sclerosis (MS) characterized by comuentri

formation on various MRI sequenceselclinical course is variable, but the atypical clinical and imaging
features at presentation mean that this group of patients is more likely than typical MS patients to undergo
repeated MRI examinations and evgopsy during the initial acute period.i$lpaper takes advantage of

the repeated imaging performed during the acute phase of illness in a group of patients with Balo or Balo
like imaging findings to analyze the temporal evolution of the MR imagingresibf evolving

demyelination.

Materials ad Methods

A retrospective review was performed of clinical and imaging data in 41 patients with changes of Balo's
concentric sclerosis (2+ bands on T2 imaging) or Biebchanges (2+ bands on other sequen@ese

of recorded onset of symptoms was fabed. Sequential MRIs following that date were evaluated and
analyzed for evolution of imaging characteristics. CT images in the acute phase, when available, were
also reviewed. Axial crossectional area measments were performed on DWI, ADC, FLAIR, @ad

Axial postgadolinium T1 images for the dominant or index lesion in each patient and followed over time.
Postbiopsy images were omitted from the analysis. The relative size and its change over timeeaf the a

of diffusion-restriction, T2 signal, an@l enhancement were evaluated using a linear fit model.

Results

Sequential MRI examinations in the acute phase of illness were available in 27 adult patients (F/M 16/11,
mean age 44y). Long term clinical statvsgs documented in 20, with 7 lost to follays. Among the
documented patients 13 ultimately met the McDonald Criteria for diagnosis of relapsing remitting
multiple sclerosis. One further patient died during initial presentation. The MRI examinations
demorstrated a consistent pattern of changes alhelesion prominence varied over time depending on

the MR sequence. Most prominently, DWI, T2 dark bands, and gadolinium T1 images fluctuated out of
phase with one another. A pattern of circumferential, cegalflbandike propagation of lesion size wa

seen characterized by initial restriction of diffusion, followed by later development of gadolinium
enhancement as the DWI images faded, or as the DWI restricting zone migrated peripherally. T2 changes
also evdved from initial subtle elevation of signahtermediate formation of T2 dark bands, later central
uniformly bright signal and ultimately prominent regression of lesion size. Statistical correlation of
relative size of the lesion on DWI and T1Gd+ demiatet a correlation with time (F Ratio 0.9%

0.02) Noncontrast CT images were available in 15 patients during acute presentation. With 2 exceptions,
these lesions were exclusively hypodense throughout.

Conclusions

Compromise of the bloeldrain barriein MS is generally thought to be a preresiig for the "outside in"

model of disease. It is likely that evidence of Gadolinium enhancement on T1 weighted imaging
correlates with bloodbrain barrier breakdown. In this study, imaging findings on DWI asenprent in

areas of active demyelinationtef occurring before the appearance of T2 hypointensity and gadolinium
enhancement suggesting that the inciting event occurs prior to the breakdown of tHerilodxcrrier.

The temporal evolution of DWI resttion following later by T1 gadolinium enhe@ment seen in this

study is also seen in other types acute CNS injuries including hypoxic and metabolic injuries. These
findings point, therefore, to a pivotal cytotoxic event preceding bbwath barrier breadown, as the

initial trigger of demyelinatio
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11:42AM- 11:48AM
Tumefactive Primary Central Nervous System Vasculitis: MRI Findings of a Rare and
Underrecognized Neuroinflammatory Disease

S SUTHIPHOSUWAN, A Bharathd C Hsd, A Lint, D MunoZ, A Osbori
ISt. Michael's hospital, University of Toronto, Toronto, ONn&a,’Gold Coast University Hospital,
Queensland, AustraligUniversity of Utah, Salt Lake City, UT, USA

Purpose

Primary central nervous system vasculitis(PCNSV) can rarely be faative" mimicking a brain
neoplasm.(43) This is an underrecognizedtity(2, 3) especially in the radiology literature. In this study,
we present a case series of biopsy proven tumefactive PCNSV with analysis of the neuroimaging
findings.

Materials and Mthods

A collaborative retrospective case series was conducted lretwedertiary institutions. Eight patients(5
males, 3 females; mean age 49 years) with biopsy proven PCNSV. Conventional MRI, CT
angiogram(CTA) or MR angiogram(MRA), and when availd@i perfusion were reviewed. Clinical
findings and histopathology fingjis were also documented.

Results

Tumefactive PCNSV typically present as single waxsal mass(5/8;63%) and less commonly as
multifocal lesions(3/8;37%). Variable parenchymal enhamecgrpatterns were observed: small nodular
or ring enhancement(4/8;50%mixed linear/perivascular enhancement(2/8;25%), and large irregular
heterogeneous enhancement(2/8;25%). Leptomeningeal enhancement was found in 2 cases(2/8;25%),
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while ependymal enhaament were seen in 3 cases(3/8;37%). In the majority of cases,itins les

involved cortex and subcortical white matter(6/8;75%). 3 cases(3/8;37%) had deep and periventricular
white matter involvement. Involvement of basal ganglia were found in 3 cas83%(8)3 Only one
case(1/8;13%) had brain stem involvement. Petechiablithages were present in 5 of 8 cases (63%).
Only one case showed diffusion restriction(1/8;13%). MR perfusion was performed in three cases, which
showed a low relative cerebral blooolwme(rCBV). No abnormality of the large or medisimed
intracranialarteries were detected on either the CTA or MRA(6/6;100%).

Conclusions

Tumefactive PCNSV can have myriad radiologic appearance with all cases showing variable
enhancement patterns. Sipeally, when MRI shows unusual tumtike, corticatsubcortical lesins

with petechial hemorrhages, but no diffusion restriction or high rCBV, tumefactive PCNSV should be
included in the differential diagnosis. Normal morphology of the large or medagnvessel on imaging
should not be used as exclusion for tumefacti@alBV.
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11:07AM- 11:14AM
Accuracy of On-call Residents Interpretation of Spinal Cord and Cauda Equina Compression

C Huang, A Alit, Y Chang, A Bezuidenhodt R Rojas, R Bhadelia
Beth Israel Deaconess Medical Center, Boston, MA

Purpose

Acute neurological deficits due tospected spinal cord compression (SCC) eaubla equine

compression (CEC) may require immediate clinical management (1). Therefore, accwaite on
interpretation of imaging studies is essential. Our purpose was to assess the accuraeyl cddiology
residents' interpretation of emergenttapine MRI scans performed for SCC/CEC.

Materials and Methods

We reviewed consecutive after hour total spine MRI cases performed ovgeamgeriod by the

emergency room at our institution for SCC/CEC. Reaflfmeliminary readings by residents dirhl

readings by faculty were compared to determine agreements/disagreements for SCC/CEC and presence of
other significant finding®©SF (intramedullary spinal cord lesion, trauretated findings, hematoma, and
infection/tumor) that may impact clinical magement. The results were classified as true positive (TP),
true negative (TN), false positive (FP), false negative (FN) to determine the sensitivity, specificity and
accuracy of preliminary reads by-oall residats for SCC/CEC and OSF.

Results

There vere 189 studies which had preliminary reads done by4hdyear residents. 48/189 had

SCC/CEC according to the final reads with TP=45, TN=138, FP=3 and FN=3. The sensitivity, specificity
and accuracy of residentghiminary reads for SCC/CEC were 93.89%,9% and 96.8% respectively. All

3 FN cases belonged to 2nd year residents. Sensitivity of preliminary reads increased with years of
training and was 100% for® year residents. 41/189 had OSF with TP=38, TN=E#&80 and FN=3.

The sensitivity, specifity and accuracy of resident preliminary reads for OSF were 92.7 %, 100% and
98.4% respectively. No effect of level of training was seen in detecting OSF.

Conclusions

Overall accuracy of onall residents’ interptation of total spine MRI was high andséivity of

SCC/CEC detection improved with level of training. However, the sensitivity of 2nd year residents for
diagnosing SCC/CEC was relatively low. Focused training of 2nd year residents for SCC/CEC may help
reduce inaccuracies.

2906
11:14AM- 11:21AM
An Economic Implication: Variation in Brain MRI Interpretation Time Based on Practice Setting

R Mattay, M Salehi SadaghiahiD Leaké, R Bryarf, S Mohan
!Perelman School of Medicine at the University ofrRgivania, Philadelphia, PAUHS Hospitals
Johnson City, NY’University of Texas at Austin Dell Medical School, Austin, TX

Purpose

With the eveiincreasing availability of imaging modalities and the number of MRI scans being

performed (1), along witthe steadily declining reimbursements fimaging procedures (2), there is an
increasing pressure on radiologists to read more with major economic implications. It is therefore
imperative to determine all the tasks radiologists perform and understaratidt®n in timing based on
practice settig.

Materials and Methods

This observational study tracked attending radiologists interpreting brain MRIs in three settings: a private
practice, a tertiary care academic institution where scans were read inelgherachd the same academic
institution whee drafts were created by trainees. Data was gathered from a total of 14 radiologists
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interpreting 352 brain MRIs. We measured the total time taken from opening each scan to report signing,
and for each of the &ctivities performed during this period: igeviewing, obtaining clinical data,

report transcription, education of trainees and/or clinicians, and 'other'.

Results

The average time taken to interpret a Brain MRI was 8.66 minut@&s38 minutes. Thereag no

statistical difference between academitendings reading independently or eneading drafts by a

trainee (10.03 +/5.49 min vs. 10.85 +8.82 min; p=0.3). However, there was a statistically significant
difference between attendings readingither academic setting when compared toralitggs in private

practice (4.29 +/2.18 min, P<.0001).

Conclusions

The variation in total time taken to interpret a brain MRI based on the practice setting is likely due to a
variety of factors including casmmplexity mix, where academic cases likelgiuded a higher

preponderance of complex and uncommon/rare diagnoses. Additionally, there was a significant difference
between the amount of education that was provided between the settings. These findings have
implications on the economics of neurorddgy, and suggest that factors such as-caseplexity and

the time spent on trainee education could be factored into fee schedules, possibly mirroring similar
reimbursement models of many clinical specialties.

Clinical Total-
Assignment | Observation | Transcription | Education | correlation | Other
Academic-
Independent | 4.76 4/- 3.68 4/- 0.18 4/- 1.93 4/- 10.03 +/-
(N=124) 2.82 min 2.33 min 0.84 min | 2.10 min 5.49 min
Academic-
Review of
Trainee 5.15 4/- 2.68 4/- 1.13 4/- | 2.55 4/- 10.95 +/-
(N=124) 3.60 min 3.13 min 2.37 min | 3.74 min 8.82 min
Private
Practice 2.15 4/- 1.36 4/- 0.00 +/- | 0.56 +/- 4.29 4/-
(N=104) 0.83 min 1.27 min 0.00 min_| 0.67 min 2.18 min
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11:21AM- 11:28AM
Critical Care Radiology Shift Simulation: A Neuroradiology Educational Assessment Tool

J Ree§ R Slatet, C Sistrom, R DeJesus T Massint, A Mancusé
IUNIVERSITY OF FLORIDA GLLEGE OF MEDICINE, Gainesville, FL

Purpose

Purpose: As radiology resident physicians advance in their training, they move from full supervision
through graded levels of independent decision making situations. The ACGME has asked training
programs for bjective documentation of the adequacy oftthrgiining and preparation to begin

independent imaging interpretation. In response to this mandate, the University of Florida Radiology
Department has developed and implemented an objective assessment rogyhdaeICritical Care
Radiology Shift Simulabn (CCRS- aka SIMS) to assess each residents readiness to interpret, advise and
provide action priorities of critical imaging studies. In this paper we will focus on the Neuroradiology
component of this traing and assessment program.

Materials and Metbds

Materials and Methods: The Critical Care Radiology Shift (CCRS) Simulation experience takes
approximately 8 hours and requires viewing of a full resolution set of DICOM images in the selected
studies. Sixt-five cases across all radiology ssipecialies, with a range of difficulty including normal
studies, constitute this 8 hour simulation experience. The participants are asked, in their own words, to
determine whether the study is normal or abnormal atfided their consultation in a short written

response format. The CCRS Simulation embodies the required components of the consultative process
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and the professional behavior objectives of understanding clinical context and properly communicating
the acuityof the given clinical scenario. The cases [ed were selected by specialists in each

discipline and were graded by sspecialists following agreed upon standards and point systems

designed to accurately reflect the depth of knowledge and accusatyyed by the trainee.

Results

Results: TheCCRS Simulation has now been delivered 7 times over the last 7 years at the UF Residency
and also for residents at 46 other Radiology training programs. The results of four recent iterations (yrs.
20142017) d the CCRS Simulation, after it had undergantesting and maturation period of 3 years,

are the subject of this report. The program (and our analytic sample) grew steadily over the four years of
study (20142017). Table 1 shows numbers of unique graférd5), programs (N=34), residents

(N=538), caes (N=256), sessions (N=670), and scores (N=43,170) stratified by cycle year. Table 1.
Counts of unique graders, programs, residents, cases, sessions, and analyzed scores by simulation session
(year). (See Tdb 1) Neuroradiology cases were the most cliffi to interpret correctly (P<0.0001) with

effect size of 2.41 (95% CI 1.6119) points lower than body and musculoskeletal cases. Multiple
analyses by other investigators of residaménding discrepancyftect this trend with Neuroradiology
overnightreadings having significantly higher miss rates compared with othespadalties . Over these

4 testing cycles 57 of the 256 cases were in the Neuroradiology domain. The general distribution of these
casesvere approximately 50% brain, 25% spine angZ5NT. 5 normal studies were included in the

total. Out of 10 possible points awarded for each case scores of under 4 were considered failing and
potentially significantly harmful to patients according to tjriading scheme. 28 out of the 57

Neuroradiolog domain questions had minimum average scores of under 4. In some specific clinical
scenarios, the rate of potentially harmful was 95% of the participants, and, in aggregate these 28/57 cases
were missed by alob 90% of participants in each unique instaridee primary cause of error was
observational, in 80% or more cases.

Conclusions

Conclusions: The CCRS (nicknamed SIMS) has become an integral part of the UF Neuroradiology
resident training and preparation,conjunction with the more traditional casased attending resident
teaching activities which occur every day, and it has become a valued component of Radiology Resident
assessment at 46 other Radiology Residency programs as of 2018. The SIMS w@gtleg ps direct

objective feedback on theriiess of each resident to proceed in their training, and also identifies specific
shortcomings which must be addressed. Through its use, we have discovered educational gaps in
Neuroradiology training which carelalleviated by focused educational methodgplespecially with

regard to observational discipline, and also to a lesser extent arising from incorrect interpretation of
correctly observed findings.

simulation unique unique unique unique unique resident
cycle graders programs residents cases sessions scores
2014 2 9 103 65 103 6,674
2015 4 16 127 65 127 8,202
2016 10 25 197 65 197 12,671
2017 11 29 243 65 243 15,623
Total* 15 34 538 256 670 43,170

*Note: Totals are for unique (distinct) counts and will less than the column sums except for

unique sessions and scores.
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11:28AM- 11:35AM
Effectiveness of Prophylactic Stategies in Preventing Acute AllergieLike Reactions to

Gadolinium-Based Contrast Agents in Patients with a History of Reaction
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J Mcdonald, A Kolbé?, R HartmaA D Kallmeg, R Mcdonald
IMAYOCLINIC - ROCHESTER, MN, ROCHESTER, MMayo Clinic, RochesteiMIN

Purpose

To examine and compare prophylactic strategies for avoiding repeat acute-kerggactions to
gadoliniumbased contrast agents (GBCAS) in patients with a history of oeacti

Materials and Methods

All patients with a prior allergitike reaction to a GBCA that received intravenous GBCA for a
subsequent magnetic resonance (MR) exam at our institution from June, 2009 to May, 2017 were
identified. Prior reaction details, inaling the specific GBCA that caused the reaction, symptoms of the
reaction, and severity of the reaction (American College of Radiology criteria of mild, moderate, and
severe) were retrieved from the medical record. Prophylactic premedication admirpstaréalthe
subsequent MR exam and any allefijie acute readbns that occurred at the time of the subsequent MR
exam were retrieved. The effectiveness of various prophylactic strategies was compared.

Results

. A total of 191 patients were identifieho received a total of 448 subsequent MR exams. Patients were
premedicated for approximately half of the exams (n=206, 46%), most commonly premedicated with
methylprednisolone at 12 and 2 hours prior to exam (n=105, 51%), with smaller subsets ofglatients
premedicated with diphenhydramine within 2 hours prior anmefn=53, 26%) or diphenhydramine alone
within 2 hours prior to exam (n=47, 23%). A total of 38 subsequent aHliEgiceactions (8.4% of

exams) in 36 patients (18% of patients) occurrezhd®on rates from lowest to highest were observed
with exams whee: a different GBCA was used and the patient was not premedicated (2/149, 1.3%), a
different GBCA was used and the patient was premedicated (6/95, 6.3%), the same GBCA was used and
the patiet was not premedicated (11/77, 14%), and the same GBCA waancéite patient was
premedicated (16/67, 24%). Exams where the patient was premedicated had significantly higher repeat
reaction rates than exams where premedication was not administe 2a#(232% vs. 13/244, 5.3%,
p=.0088). Switching to a different GBGvas associated with a significantly lower rate of repeat
reactions than using the same GBCA (also premedicated: p=.0003; not also premedicated: p<.0001).
Conclusions

Only a small percentagof patients with a history of acute allertjie reaction to ®CAs had a repeat
reaction. Switching GBCAs is significantly more effective at preventing repeat reactions than
premedication.
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11:35AM- 11:42AM
Out with the Old and in with the New: Streamlining, Modernizing and Automating Radiology
Scheduling in aLarge Academic Medical Center

M Keiper!, S Osborf J Pelz
'UNIVERSITY OF NEBRASKA MEDICAL CENTER, OMAHA, AEBiversity of Nebraska Medical
Center Omaha, NE

Purpose

To determine the feasibility of workforce manipulation and streamlining radioldgdating workflow

in order to improve call center metrics and customer service in a large academic medical center.
Materials and Methods

Baseline ck center metrics with emphasis on abandoned call rate (AR) and percent of calls answered in
30 seconds dess (TSF) were established over-ménth period. After baseline call center metrics were
obtained, two specific interventions were instituted. fits¢ and more urgent initiative entailed replacing
highly paid call center nurses with less expensivecesiter staff in a 2.5:1 ratio while maintaining

Oral Presentations



budget neutrality. The second and subsequent initiative entailed rewriting and streamliningrsgheduli
workflow, scheduling guidelines and scheduling requirements. The streamlining process was performed
with the goal of reducing the steps to schedule a radiology exam in order to completely automate the
scheduling process. After streamlining the live siciieg process, the scheduling platform was

automated. Call center parameters were measured activelyloth dnd after the interventions were
completed.

Results

Baseline call center metrics demonstrated a mean AR of 6.298.@& and mean TSF sergiindicator

of 58% (4273%). A portion of the call center nursing staff was successfully replaced bygdaider
employees consisting primarily of medical assistants and former radiology technologists. The overall call
center workforce increased in absolsitee by 32%. The scheduling process was also successfully
streamlined by significantly decreasing schautyljuidelines from 457 initial guidelines to less than 50.
Patient preparation guidelines and questionnaires were also similarly reduced andatedsdliter

instituting these changes and reducing the absolute requirements for live scheduling byesmitieye

entire process was successfully automated in the electronic health record by IT personnel. The call center
metrics improved to a mean AR of7%o (2.75.1) and mean TSF of 69% (&B8%) after partially

replacing the call center nursing staff persénAter completely automating the process, the metrics
improved to a mean AR of 2.7% (3397) and mean TSF of 82% (B4%).

Conclusions

Workforcemanipulation as well as streamlining and automating the radiology scheduling process in a
large academic nakcal center is possible and may lead to marked improvement in call center metrics,
customer service and, potentially, radiology imaging volumesearahues. The automation of the

process may also lead to additional downstream benefits such as automlatedsocheduling, improved
patient satisfaction, and decreasing scheduling costs.

2257
11:42AM- 11:49AM
Productivity Data of First-Year Neuroradiology Fellows at a Large Academic Institution

J Masut, S Moha#s, J Schmitt, L Bagley, A Nayaté
"Hospitd of the University of Pennsylvania, Philadelphia, Bdniversity of Pennsylvania, Philadelphia,
PA, *University Hospitals Cleveland Medical Cent€leveland, OH

Purpose

ACGME has established guidelines for trainees to gain minimum proficiency dugingtddiology
fellowship. However, there is no published data on the trends or expectations for the number of studies
Neuroradiology fellows shodlinterpret during fellowship. The purpose of this study was to evaluate the
productivity of firstyear Neuroadiology fellows at our academic institution during recent years and
propose baseline trends in Neuroradiology subspecialty training.

Materials ad Methods

We retrospectively determined the number of Neuroradiology studies (CT/CTA and MRI/MRA) dictated
by each firstyear fellow from 201213 through 2012017. We determined if the study was dictated

during a regular weekday or while the fellow wasilndependent evening call. The total number of

studies read by each fellow year both on clinical serviceoarwhll were compared with ANOVA. The
number of studies read monthly by each fellow were evaluated with linear regression to evaluate for
trends h productivity throughout the year.

Results

Data were analyzed for a total of 33 fellows. There was a staligtsignificant upward trend in the

number of studies interpreted during subsequent academic years (F(6,42) = 68.2, p<0.0001) (Figure 1).
The rumber of cases read on call by each fellow was statistically significantly higher than studies read
during nomal clinical service (F(4,27)=89.1;yalue < 0.0001). We found a small but statistically
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significant increase in average monthly read volume theefellowship year (beta 8.3, F=35.52 (1,10 df)

p = 0.0001).

Conclusions

Our results demonstrate a positoarelation between the number of studies dictated by fellows while on
independent evening call, with a significant upward trend in more reearg.yWe found a small but
statistically significant upward trend throughout the year in productivity for feiolv. Our findings can

be utilized by Neuroradiology fellowship programs to evaluate the progress of Neuroradiology fellows
during an academigear.

Annual Fellow Volume by Graduation Year

o
S — o
i (0]
o (0]
o o
o _|
= o
P o)
o0 &
= 9 0
+ o |
— . 8 o
o ¥ o
8 (o}
- - °
2 B 0
g s
= O
(=i
© o ]
° < -
g 5 8
o)
8 | o O .
S o)
o &
8
o)
o O
T T | | T T T
2011 2012 2013 2014 2015 2016 2017

Fellowship Year
(Filename: TCT_2257_FellowsAnnual.jpg)

3004

11:49AM- 11:56AM
What are Neuroradiology Ordering Practices from the Emergency Department at an Academic
Tertiary Referral Center
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R Griesbach R Brucé, J YU
*University of Wisconsin School of Medicine and Public Health, Madison, WI

Purpose

The ordering practices okeuroradiology imaging is important fappropriate resource allotment by the
radiology department, and to assess the variability in applying best practice imaging recommendations.
Our purpose was to assess whether there is variability in the usageur€edstensive neuroradiology
imaging stidies between ordering providers in the emergency care setting.

Materials and Methods

This HIPPA compliant study was granted an Institutional Review Board exemption as a quality
improvement initiative. All CT and R examinations ordered from the emergetegartment between
7/1/2015 and 9/30/2018 were collected. For these exams, the neuroradiology -aiedimooadiology

studies for each provider were cataloged. Providers who had ordered at least 200 total exams were
selected. For these providers, the oedaneuroradiology studies were reviewed and the resource
intensive exams; CT angiography head and neck with perfusion, MR "Stroke Deluxe" (MRI head with
and without contrast, MRA neck with and without contrast, Mi®ad without contrast), and MRI Total
Spine were tabulated by provider.

Results

A total of 48 ordering providers were included in the study. The average provider ordered a total of 1966
(SD = 1255) CT and MR scans during the selected period (Figure Ajofddiology exams accounted

for an averge of 55.78% (SD = 2.56%) of these scans (Figures B and C). Resource intensive
neuroradiology imaging studies accounted for an average of 6.71% (SD = 2.37%) of the average
provider's ordered neuroradiology scangj(if¢ D). 6 of the 48 ordering providet(5%) were

statistical outliers (1.5 standard deviations above or below the 3rd or 1st quartile, respectively) based how
many resource intensive neuroradiology imaging studies they ordered.

Conclusions

The provides in the emergency department at an anad tertiary care center have large variability in

the ordering of resource intensive neuroradiology imaging studies. High variability in ordering practices
can create resource allocation challenges for the ragialepartment and highlights pragmaticlan

policy challenges in applying best practice imaging recommendations in a high utilization setting.

A: Total Number of CT and MR Studies Ordered, by B: Total Number of Neuroradiology CT and MR Studies

Provider Ordered, by Provider
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Monday, May 20, 2019
1:00PM - 2:30PM
Adult Brain Potpourri Topics 1
2321
1:00PM- 1:07PM
A Case Reporton Intracranial Metastasizing Pleomorphic Adenoma from Parotid Gland

Y Otal, J Tazok K Yamadd, m Yasuiké, K Aital, K Akazawa
'Kyoto Prefectural University of Medicine, Kyoto, Japan

Purpose

To present the imaging characteristics of intracraniabstesizing pleomorphic adenoma from parotid
gland and to perform literature review of cases reported in English journals

Materials and Methods

A 70-yearold woman presented with right sided weakness and gradual development of hemiplegia. Her
cognitive furction declined along the time course. At this admission, all blood tests were within normal
limit. On physical examination, she showed right facial palsy and right hemiplegia. She received left
parotidectomy for a pleomorphic adenoma 37 years ago. |adhission, multiple imaging

examinations of brain (necontrast CT, noontrast MRI, contrast MRI, FDG PET/CT, Angiogram)

were performed. All imaging showed an exipaal tumor at her left parietalccipital region. Under the
imaging diagnosis of meningha, the tumor was removed surgically. Pathologically, it turned out to be a
pleomorphic adenoma and the diagnosis of metastasizing pleomorphic adenoma was made accordingly.
There is no consensus in previous reports about imaging findings of metastalsiamgrphic adenoma.
Moreover, the metastases are found more frequently in bone, lymph nodes, lung and liver.

Results

CT showed a heterogenous tumor with multiple small-digihsity nodules suggesting calcification or
hemorrhage at left parietmccipitalregion. The tumor presented with perifocal edema and mass effects,
which caused midline shift towards the right. On MR, the tumor showed multinodular shape,
heterogenous hypéntensity on T2WI and hypttensity on T1WI, and homogenous enhancement on
Gd-T1WI. The tumor showed no diffusion restriction. On SWI, Jmiensity inside the tumor suggesting
hemorrhage was depicted. FERET showed low uptakes. Angiography showed increased vascularity
with blood supply from left falx cerebral artery.

Conclusions

We experienced a rare case of metastasizing pleomorphic adenoma from parotid gland and it should be
remembered that pleomorphic adenoma can metastasize to intracranial resion.
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1.07PM- 1:14PM
Brain Tumor Reporting and Data Systems (BTRADS): Novel Structured Template for More
Reliable Reporting of Brain Tumors
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