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CALL FOR AJNR EDITORIAL
smemommormowec T ELLOWSHIP CANDIDATES

2019 Candidate Information and Requirements

ASNR and AJNR are pleased GOALS

once again to join efforts * Increase interest in editorial and publication-related activities in younger individuals.
 Increase understanding and participation in the AJNR review process.

* Incorporate into AJNR’s Editorial Board younger individuals who have previous experience
journals that have training in the review and publication process.

« Fill a specific need in neuroradiology not offered by other similar fellowships.

 Increase the relationship between “new” generation of neuroradiologists and more
aspects of publishing for established individuals.

trainees or junior staff » Increase visibility of AINR among younger neuroradiologists.

with other imaging-related

programs on editorial

(3=5 years after training), ACTIVITIES OF THE FELLOWSHIP

e Serve as Editorial Fellow for one year. This individual will be listed on the masthead as such.
(Olmsted fellowship), * Review at least one manuscript per month for 12 months. Evaluate all review articles submitted to AINR.
e Learn how electronic manuscript review systems work.

» Beinvolved in the final decision of selected manuscripts together with the Editor-in-Chief.

including Radiology

AJR (Figley and Rogers

fellowships), JACR (Bruce ). « Participate in all monthly Senior Editor telephone conference calls.

Hillman fellowship), * Participate in all meetings of the Editors during the annual meetings of ASNR and RSNA and the
. . Radiology Editors Forum as per candidate’s availability. The Foundation of the ASNR will provide

and Radmlog'a' $2000 funding for this activity.

» Evaluate progress and adjust program to specific needs in annual meeting or telephone conference
with the Editor-in-Chief.

» Embark on an editorial scientific or bibliometric project that will lead to the submission of
an article to AINR or another appropriate journal as determined by the Editor-in-Chief.

This project will be presented by the Editorial Fellow at the ASNR annual meeting.

» Serve as liaison between AJNR and ASNR’s Young Professionals Network. Participate in meetings
and telephone calls with this group. Design one electronic survey/year, polling the group regarding
readership attitudes and wishes.

e Recruit trainees as reviewers as determined by the Editor-in-Chief.

» Organize and host a Fellows’ Journal Club podcast.

» Serve as Guest Editor for an issue of AJNR's News Digest with a timely topic.

QUALIFICATIONS

» Be afellow in neuroradiology from North America, including Canada (this may be extended to
include other countries).

e Beajunior faculty neuroradiology member (< 3 years) in either an academic or private environment.

» Bean “in-training” or member of ASNR in any other category.

APPLICATION

 Include a short letter of intent with statement of goals and desired research project.
CV must be included.

e Include a letter of recommendation from the Division Chief or fellowship program director.
A statement of protected time to perform the functions outlined is desirable.

» Applications will be evaluated by AJNR's Senior Editors prior to the ASNR meeting. The name
of the selected individual will be announced at the meeting.

» Applications should be received by March 1,2019 and sent to Ms. Karen Halm, AJNR Managing
Editor, electronically at khalm®asnr.org.



AXS Infinity LS™ Plus Long Sheath

See insert for
and instructions for use.

INDICATIONS FOR USE
The AXS Infinity LS Plus Long Sheath is indicated for the introduction of interventional devices into
the peripheral, coronary, and neuro vasculature.

RX ONLY

CONTRAINDICATIONS
There are no known contraindications.

POTENTIAL ADVERSE EVENTS

Acute vessel occlusion

Air embolism

e Death

Distal embolization

Emboli

False aneurysm formation

Hematoma or hemorrhage at the puncture site
Infection

Intracranial hemorrhage

Ischemia

Neurological deficit including stroke

Vessel spasm, thrombosis, dissection or perforation

WARNINGS

Contents supplied STERILE using an ethylene oxide (EQ) process. Do not use if sterile barrier is

damaged. If damage is found, call your Stryker Neurovascular representative.

For single use only. Do not reuse, reprocess or resterilize. Reuse, reprocessing or resterilization may

compromise the structural integrity of the device and/or lead to device failure which, in tum, may

result in patient injury, illness or death. Reuse, reprocessing or resterilization may also create a risk

of contamination of the device and/or cause patient infection or cross-infection, including, but not

limited to, the transmission of infectious disease(s) from one patient to another. Contamination of

the device may lead to injury, illness or death of the patient.

After use, dispose of product and packaging in accordance with hospital, administrative and/or

local government policy.

1. Do not re-sterilize or reuse, intended for single use only. Re-sterilization and/or reuse may
result in cross contamination and/or reduced performance.

2. When the long sheath is exposed to the vascular system, it should be manipulated while under
high-quality fluoroscopic observation. Do not advance or retract the long sheath if resistance is
met during manipulation; determine the cause of the resistance before proceeding.

PRECAUTIONS

Store ina cool, dry, dark place.

Do not use kinked, damaged, or opened devices.

Use the device prior to the “Use By" date specified on the package.

Exposure to temperatures above 54°C (130°F) may damage device. Do not autoclave.

Torquing or moving the device against resistance may result in damage to the vessel or device.
Maintain a constant infusion of appropriate flush solution.

If flow through the device becomes restricted, do not attempt to clear the lumen by infusion.
Remove and replace the device.

8. Examine the device to verify functionality and to ensure that its size and shape are suitable for
the specific procedure for which it is to be used.

The AXS Infinity LS Plus Long Sheath should be used only by physicians trained in
percutaneous procedures andjor interventional techniques.

10. Do not use if labeling is incomplete or illegible.
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AXS Vecta™ 71 Aspiration Catheter

See package insert for lete indi indi
and instructions for use.

INDICATIONS FOR USE

The AXS Vecta™ Aspiration System, including the AXS Vecta 71 Aspiration Catheter, Aspiration
Tubing Set, and VC-701 Clig Aspirator Pump, is indicated in the revascularization of patients with
acute ischemic stroke secondary to intracranial large vessel occlusive disease (within the internal
carotid, middle cerebral — M1 and M2 segments, basilar, and vertebral arteries) within 8 hours of
symptom onset. Patients who are ineligible for intravenous tissue plasminogen activator (IV t-PA) or
who failed IV t-PA therapy are candidates for treatment.

Stryker Corporation or its divisions or other corporate affiliated entities own, use or have applied for the following trademarks or service marks:

RX ONLY

DEVICE DESCRIPTION

The AXS Vecta Aspiration System consists of the AXS Vecta 71 Aspiration Catheter, the
Aspiration Tubing Set, and the VC 701 Clig Aspirator Pump.

The AXS Vecta 71 Aspiration Catheter is a single lumen, flexible, variable stiffness catheter. It has
aradiopaque marker band on the distal end and a Luer hub at the proximal end. The AXS Vecta 71
Aspiration Catheter shaft has a lubricious coating at the distal end to reduce friction during use.
The Scout Introducer may be used in conjunction with the AXS Vecta 71 Aspiration Catheter to
facilitate in the introduction of the AXS Vecta 71 Aspiration Catheter into distal vasculature and aid
in navigation to distal anatomy. The Scout Introducer has a lubricious coating at the distal end to
reduce friction during use. The inner lumen of the AXS Vecta 71 Aspiration Catheters is compatible
with the Scout Introducer, guide wires and micro catheters. The inner lumen of the Scout Introducer
is compatible with guide wires and micro catheters of an outer diameter of less than 0.044in.

Each package includes one AXS Vecta 71 Aspiration Catheter, one Scout Introducer, one
hemostasis valve, and two peel-away introducers. Dimensions of the AXS Vecta 71 Aspiration
Catheter and Scout Introducer are included on the individual device label. The AXS Vecta 71
Aspiration Catheters are available in 3 different lengths, the device configurations including the
length of the Scout packaged with each catheter and the recommended microcatheter length is
presented in the table below.

Catheter part number ‘1’\421 1 ‘1’\;21 1 ‘1’\1‘321 1
Catheter inner diameter (in) 0.071 0.071 0.071
Distal catheter outer diameter (in) 0.082 0082 0082
Catheter working length {cm) 115 125 132

Scout Introducer length (cm) 133 143 150
Recommended compatible

microcatheter length (cm) 150 160 160
Recommended compatible

microcatheter outer diameter (in) 0044max | 0044max | 004 max
Recommended compatible guidewire

outer diameter (in) 0.038 max 0.038 max 0.038 max

The AXS Vecta Aspiration System is recommended for use in the following vessel size ranges
based on non-clinical testing:

WARNINGS
Contents supplied STERILE using an ethylene oxide (EQ) process. Do not use if sterile barrier is
damaged. If damage is found, call your Stryker representative.
For single use only. Do not reuse, reprocess or resterilize. Reuse, reprocessing or resterilization may
compromise the structural integrity of the device and/or lead to device failure which, in tum, may
result in patient injury, illness or death. Reuse, reprocessing or resterilization may also create a risk
of contamination of the device andj/or cause patient infection or cross-infection, including, but not
limited to, the transmission of infectious disease(s) from one patient to another. Contamination of
the device may lead to injury, illness or death of the patient.
After use, dispose of product and packaging in accordance with hospital, administrative and/or
local government policy.
1. The AXS Vecta 71 Aspiration Catheter has not been evaluated for more than one (1) clot
retrieval attempt.
The AXS Vecta 71 Aspiration Catheter was evaluated for an average duration of direct
aspiration of 4 minutes.
This product is intended for single use only, do not re-sterilize or reuse. Re-sterilization and/or
reuse may result in cross contamination and/or reduced performance.
4. When the catheter is exposed to the vascular system, it should be manipulated while under
high-quality fluoroscopic observation. Do not advance or retract the catheter if resistance is
met during manipulation; determine the cause of the resistance before proceeding.
Operators should take all necessary precautions to limit x-radiation doses to patients and
themselves by using sufficient shielding, reducing fluoroscopy times, and modifying x-ray
technical factors where possible.

PRECAUTIONS

Store ina cool, dry, dark place.

Do not use kinked, damaged, or opened devices.

Use the device prior to the “Use By" date specified on the package.

Exposure to temperatures above 54°C (130°F) may damage device. Do not autoclave.

Torqueing or moving the device against resistance may result in damage to the vessel or
device.

Maintain a constant infusion of appropriate flush solution.

If flow through the device becomes restricted, do not attempt to clear the lumen by infusion.
Remove and replace the device.

8. Examine the device to verify functionality and to ensure that its size and shape are suitable for
the specific procedure for which it i to be used.
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AXS Vecta 71 Aspiration Catheter Vessel size (mm) 9. The AXS Vecta Aspiration System should be used only by physicians trained in percutaneous
C11129.115 7 andjor interventional techniques
C11129125 7 10. The Scout Introducer should be used with a guidewire and microcatheter inserted when in
C-11129-132 z 11. If using the AXS Vecta Aspiration System for thrombectomy, monitor the canister fluid level
CONTRAINDICATIONS and replace the canister if the fill level reaches 75% of the canister volume.
12. Administration of lants and anti should be until 24 hours
The AXS Vecta 71 Aspiration Catheter has not been evaluated for use in the coronary . .
Do not use automated high-pressure contrast injection equipment with the AXS Vecta 71 §m;k; A;soci;t\metﬂcse;&l) uidelnes and acute post stroke care should follow the American
Aspiration Catheter because it may damage the device. ) g 5 . .
13. Any neurological determination should be evaluated by urgent CT scan and other evaluations

POTENTIAL ADVERSE EVENTS

Acute vessel occlusion

Air embolism

Allergic reaction and anaphylaxis from contrast media
Arteriovenous fistula

Death

Device malfunction

Distal embolization

Emboli

False aneurysm formation

Hematoma or hemorrhage at the puncture site
Inability to completely remove thrombus

Infection

Intracranial hemorrhage

Ischemia

Kidney damage from contrast media

Neurological deficit including stroke

Risks associated with angiographic and fluoroscopic radiation including but not limited to:
alopecia, bums ranging in severity from skin reddening to ulcers, cataracts, and delayed
neoplasia

Vessel spasm, thrombosis, dissection or perforation

AXS Infinity LS, AXS Vecta, Stryker. All other trademarks are trademarks of their respective owners or holders.

Scout is a trademark of InNeuroCo, Inc.

Copyright © 2018 Stryker
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Trevo® XP ProVue Retrievers

See | insert for and

instructions for use.

INDICATIONS FOR USE

1. The Trevo Retriever is indicated for use to restore blood flow in the neurovasculature by
removing thrombus for the treatment of acute ischemic stroke to reduce disability in patients
with a persistent, proximal anterior circulation, large vessel occlusion, and smaller core infarcts
who have first received intravenous tissue plasminogen activator (IV t-PA). Endovascular
therapy with the device should start within 6 hours of symptom onset.

The Trevo Retriever is intended to restore blood flow in the neurovasculature by removing
thrombus in patients experiencing ischemic stroke within 8 hours of symptom onset. Patients
who are ineligible for intravenous tissue plasminogen activator (IV t-PA) or who fail IV t-PA
therapy are candidates for treatment.

The Trevo Retriever is indicated for use to restore blood flow in the neurovasculature by
removing thrombus for the treatment of acute ischemic stroke to reduce disability in patients
with a persistent, proximal anterior circulation, large vessel occlusion of the internal carotid
artery (ICA) or middle cerebral artery (MCA)-M1 segments with smaller core infarcts (0-50cc for
age < 80 years, 0-20cc for age > 80 years). Endovascular therapy with the device should start
within 6-24 hours of time last seen well in patients who are ineligible for intravenous tissue
plasminogen activator (IV t-PA) or who fail IV t-PA therapy.

COMPLICATIONS

Procedures requiring percutaneous catheter introduction should not be attempted by physicians
unfamiliar with possible complications which may occur during or after the procedure.

Possible complications include, but are not limited to, the following: air embolism; hematoma

or hemorrhage at puncture site; infection; distal embolization; pain/headache; vessel spasm,
thrombosis, dissection, or perforation; emboli; acute occlusion; ischemia; intracranial hemorrhage;
false aneurysm formation; neurological deficits including stroke; and death.

COMPATIBILITY

3x20mm retrievers are compatible with Trevo® Pro 14 Microcatheters (REF 90231) and Trevo®
Pro 18 Microcatheters (REF 90238). 4x20mm retrievers are compatible with Trevo® Pro 18
Microcatheters (REF 90238). 4x30mm retrievers are compatible with Excelsior® XT-27¢
Microcatheters (150cm x 6cm straight REF 275081) and Trevo® Pro 18 Microcatheters (REF 90238)
6x25mm Retrievers are compatible with Excelsior® XT-27® Microcatheters (150cm x 6cm straight
REF 275081). Recommended minimum vessel ID for all Retriever sizes is 2.5mm. Compatibility of
the Retriever with other microcatheters has not been established. Performance of the Retriever
device may be impacted if a different microcatheter is used.

Balloon Guide Catheters (such as Merci® Balloon Guide Catheter and FlowGate® Balloon Guide
Catheter) are recommended for use during thrombus removal procedures.
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Retrievers are compatible with the Abbott Vascular DOC® Guide Wire Extension (REF 22260).
Retrievers are compatible with Boston Scientific Rotating Hemostatic Valve (Ref 421242).

SPECIFIC WARNINGS FOR INDICATION 1

* The safety and effectiveness of the Trevo Retrievers in reducing disability has not been

established in patients with large core infarcts (i.e. ASPECTS < 7). There may be increased risks,

such as intracerebral hemorrhage, in these patients.

The safety and effectiveness of the Trevo Retrievers in reducing disability has not been

established or evaluated in patients with occlusions in the posterior circulation (e.g., basilar or

vertebral arteries) or for more distal occlusions in the anterior circulation.

SPECIFIC WARNINGS FOR INDICATION 2

* Toreduce risk of vessel damage, take care to appropriately size Retriever to vessel diameter at
intended site of deployment.

SPECIFIC WARNINGS FOR INDICATION 3

* The safety and effectiveness of the Trevo Retrievers in reducing disability has not been

established in patients with large core infarcts (i.e., ASPECTS < 7). There may be increased

risks, such as intracerebral hemorhage, in these patients.

The safety and effectiveness of the Trevo Retrievers in reducing disabillity has not been

established or evaluated in patients with occlusions in the posterior circulation (e.g., basilar or

vertebral arteries) or for more distal occlusions in the anterior circulation.

Users should validate their imaging software analysis techniques to ensure robust and

consistent results for assessing core infarct size.

'WARNINGS APPLIED TO ALL INDICATIONS

* Administration of IV t-PA should be within the FDA-approved window (within 3 hours of stroke

symptom onset).

To reduce risk of vessel damage, adhere to the following recommendations:

— Do not perform more than six (6) retrieval attempts in same vessel using Retriever devices.

— Maintain Retriever position in vessel when removing or exchanging Microcatheter.

To reduce risk of kinking/fracture, adhere to the following recommendations:

— Immediately after unsheathing Retriever, position Microcatheter tip marker just proximal
to shaped section. Maintain Microcatheter tip marker just proximal to shaped section of
Retriever during manipulation and withdrawal.

— Do not rotate or torque Retriever.

— Use caution when passing Retriever through stented arteries.

The Retriever is a delicate instrument and should be handled carefully. Before use and when

possible during procedure, inspect device carefully for damage. Do not use a device that shows

signs of damage. Damage may prevent device from functioning and may cause complications.

Do not advance or withdraw Retriever against resistance or significant vasospasm. Moving or

torquing device against resistance or significant vasospasm may result in damage to vessel

or device. Assess cause of resistance using fluoroscopy and if needed resheath the device

to withdraw.

as indicated according to investigator/hospital best practice.

14. As in all surgical interventions, monitoring of intra-procedural blood loss is recommended so

that appropriate management may be instituted.

Limit the usage of the AXS Vecta 71 Aspiration Catheter to arteries greater than the catheter's

outer diameter.

16. Excessive aspiration with the distal tip of the AXS Vecta 71 Aspiration Catheter covered by
the vessel wall may cause vessel injury. Carefully investigate location of the distal tip under
fluoroscopy prior to aspiration.

17. There is an inherent risk with the use of angiography and fluoroscopy.

18. When transporting the VC-701 Cliq pump, utilize the pump handle.

19. Do not use if labeling is incomplete or illegible.
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Stryker Neurovascular
47900 Bayside Parkway
Fremont, CA 94538

strykerneurovascular.com
Date of Release: SEP/2018
EX_EN_US

o If Retriever is difficult to withdraw from the vessel, do not torque Retriever. Advance

Microcatheter distally, gently pull Retriever back into Microcatheter, and remove Retriever

and Microcatheter as a unit. If undue resistance is met when withdrawing the Retriever into

the Microcatheter, consider extending the Retriever using the Abbott Vascular DOC guidewire

extension (REF 22260) so that the Microcatheter can be exchanged for a larger diameter

catheter such as a DAC® Catheter. Gently withdraw the Retriever into the larger diameter

catheter.

Administer anti- ion and anti-platelet medi per standard institutional guidelines.

 Users should take all necessary precautions to limit X-radiation doses to patients and
themselves by using sufficient shielding, reducing fluoroscopy times, and modifying X-ray
technical factors where possible.

PRECAUTIONS

Prescription only — device restricted to use by or on order of a physician.

Store in cool, dry, dark place.

Do not use open or damaged packages.

Use by “Use By" date.

Exposure to temperatures above 54°C (130°F) may damage device and accessories. Do not

autoclave.

* Do not expose Retriever to solvents.

Use Retriever in conjunction with fluoroscopic visualization and proper anti-coagulation agents

To prevent thrombus formation and contrast media crystal formation, maintain a constant

infusion of appropriate flush solution between guide catheter and Microcatheter and between

Microcatheter and Retriever or guidewire.

* Do not attach a torque device to the shaped proximal end of DOC® Compatible Retriever.
Damage may occur, preventing ability to attach DOC® Guide Wire Extension.

DOC is a trademark of Abbott Laboratories
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Stryker Neurovascular
47900 Bayside Parkway
Fremont, CA 94538

strykerneurovascular.com
Date of Release: APR/2018
EX_EN_US
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Redefine aspiration.

AXS Vecta 71
Aspiration Catheter

/ Big 0.071in ID aspiration lumen
l to ingest more clot

Deliver through a 0.088in ID
long sheath or the new
0.091in AXS Infinity LS™
Plus Long Sheath

Packaged with
the Scout Introducer,
a 0.044in lumen nitinol
cross coil catheter that
replaces the need for
a 3AMAX or other
delivery catheter

AXS Vecta”"71
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NOW AVAILABLE THROUGH BLLOCKADE™ MEDICAL

ORDERMAGICS @ BLOCKADEMEDICAL..COM

MAGIC catheters are designed for general intravascular use. They may be used for the controlled,
selective regional infusion of therapeutic agents or embolic materials into vessels.!

1. Magic Catheters IFU - Ind 19

MKTG-068 Rev. A BLOCKADE
18 Technology Drive #169, Irvine Ca 92618 A
P 940.788.1443 | F 949.788.1444 A dBALT Company
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Publication Preview at www.ajnr.org features articles released in advance of print.
Visit www.ajnrblog.org to comment on AJNR content and chat with colleagues
and AJNR’s News Digest at http://ajnrdigest.org to read the stories behind the
latest research in neuroimaging.

1 PERSPECTIVES T. Peker

EDITORIAL
2 Women Rising to the Top: The Tipping Point for the ASNR  C.C. Meltzer, et al.

REVIEW ARTICLE
o= 5 Imaging of Surgical Free Flaps in Head and Neck Reconstruction
J.L. McCarty, et al.
PRACTICE PERSPECTIVES
14 The ASNR-ACR-RSNA Common Data Elements Project: What Will It Do
for the House of Neuroradiology? AL Flanders, et al.
19

Bias in Neuroradiology Peer Review: Impact of a “Ding” on “Dinging”

Others P. Charkhchi, et al.
GENERAL CONTENTS
.l‘ 25 Deep Learning—Based Detection of Intracranial Aneurysms in 3D ADULT BRAIN
- TOF-MRA T Sichtermann, et al. FUNCTIONAL
.l‘ = 33 Automated ASPECTS on Noncontrast CT Scans in Patients with Acute ADULT BRAIN
- Ischemic Stroke Using Machine Learning  H. Kuang, et al. FUNCTIONAL
OB @30 Radiomics-Based Intracranial Thrombus Features on CT and CTA Predict  ADULT BRAIN
- Recanalization with Intravenous Alteplase in Patients with Acute FUNCTIONAL
Ischemic Stroke W. Qiu, et al.
45 Improved White Matter Cerebrovascular Reactivity after Revascularizationin ~ ADULT BRAIN
3 P
- Patients with Steno-Occlusive Disease L. McKetton, et al. FUNCTIONAL
o=@ 5 Infarct Volume Predicts Hospitalization Costs in Anterior Circulation ADULT BRAIN
Large-Vessel Occlusion Stroke CD. Streib, et al.
59  MRI Quantitative T2* Mapping to Predict Dominant Composition of In  ADULT BRAIN
Vitro Thrombus R Bourcier, et al.
IX=1 65  Two-Layered Susceptibility Vessel Sign and High Overestimation Ratio ADULT BRAIN

on MRI Are Predictive of Cardioembolic Stroke R Bourcier, et al, on
behalf of the THRACE Investigators

AINR (Am ) Neuroradiol ISSN 0195-6108) is a journal published monthly, owned and published by the American Society of Neuroradiology (ASNR),
800 Enterprise Drive, Suite 205, Oak Brook, IL 60523. Annual dues for the ASNR include $170.00 for journal subscription. The journal is printed by
Cadmus Journal Services, 5457 Twin Knolls Road, Suite 200, Columbia, MD 21045; Periodicals postage paid at Oak Brook, IL and additional mailing
offices. Printed in the U.S.A. POSTMASTER: Please send address changes to American Journal of Neuroradiology, P.O. Box 3000, Denville, NJ 07834,
U.S.A. Subscription rates: nonmember $410 (5480 foreign) print and online, $320 online only; institutions $470 (5540 foreign) print and basic online,
$935 (51000 foreign) print and extended online, $380 online only (basic), extended online $825; single copies are $35 each (540 foreign). Indexed by
PubMed/Medline, BIOSIS Previews, Current Contents (Clinical Medicine and Life Sciences), EMBASE, Google Scholar, HighWire Press, Q-Sensei,
RefSeek, Science Citation Index, SCI Expanded, Meta/CZI and ReadCube. Copyright © American Society of Neuroradiology.
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Differences in the Calculated Transvenous Pressure Drop between
Chronic Hydrocephalus and Idiopathic Intracranial Hypertension

G.A. Bateman, et al.

Absence of Disproportionately Enlarged Subarachnoid Space
Hydrocephalus, a Sharp Callosal Angle, or Other Morphologic MRI
Markers Should Not Be Used to Exclude Patients with Idiopathic
Normal Pressure Hydrocephalus from Shunt Surgery S Agerskov, et al.

Brain 3-Amyloid and Atrophy in Individuals at Increased Risk of
Cognitive Decline K Martikainen, et al.

Defining the Normal Dorsal Contour of the Corpus Callosum with
Time KL Krause, et al.

Compressed Sensing—Sensitivity Encoding (CS-SENSE) Accelerated Brain
Imaging: Reduced Scan Time without Reduced Image Quality

J.E. Vranic, et al.

Determinants of Deep Gray Matter Atrophy in Multiple Sclerosis: A
Multimodal MRI Study  G. Pontillo, et al.

Commentary

What Causes Deep Gray Matter Atrophy in Multiple Sclerosis?

M.M. Schoonheim, et al.

Clinical Feasibility of Zero TE Skull MRI in Patients with Head Trauma in
Comparison with CT: A Single-Center Study SB. Cho, et al.

Coil Embolization in Patients with Recurrent Cerebral Aneurysms Who
Previously Underwent Surgical Clipping S.-T. kim, et al.
Y-Stent-Assisted Coiling of Wide-Neck Bifurcation Intracranial
Aneurysms: A Meta-Analysis F. Cagnazzo, et al.

Osseous versus Nonosseous Spinal Epidural Arteriovenous Fistulas:
Experiences of 13 Patients Y. Song et al

Bone Subtraction lodine Imaging Using Area Detector CT for Evaluation
of Skull Base Invasion by Nasopharyngeal Carcinoma T. Hiyama, et al.

Solitary Parathyroid Adenoma Localization in Technetium Tc99m
Sestamibi SPECT and Multiphase Multidetector 4D CT TH. Vu, et al.

Parapharyngeal Space Venous Malformation: An Imaging Mimic of
Pleomorphic Adenoma CM. Tomblinson, et al.

MR Imaging—Based Radiomic Signatures of Distinct Molecular
Subgroups of Medulloblastoma M. Iv, et al.

Early Diagnosis of Spastic Cerebral Palsy in Infants with Periventricular
White Matter Injury Using Diffusion Tensor Imaging  H.Jiang, et al.

Cesarean Delivery Impacts Infant Brain Development 5.C Deoni, et dl.
MR Imaging of the Brain in Neurologic Wilson Disease X-E Yu, et al.

MRI Abnormalities Predominate in the Bottom Part of the Sulcus with
Type Il Focal Cortical Dysplasia: A Quantitative Study Z Liu, et al

Reliability of MR Imaging—Based Posterior Fossa and Brain Stem
Measurements in Open Spinal Dysraphism in the Era of Fetal Surgery
M. Aertsen, et al.

“Ears of the Lynx” MRI Sign Is Associated with SPGI11 and SPG15
Hereditary Spastic Paraplegia B. Pascual, et al.
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ONLINE FEATURES

LETTERS

El Tl-Hyperintense Plaques on Intracranial-versus-Extracranial Vessel Wall
MRI  W. Yuan, et al.

E2 Reply C Zhu, etal

E3 Disproportionate International Contributions to Subspecialties
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PERSPECTIVES

Title: Synaptic Cleft. This picture describes 3 components of a typical synapse. First, the presynaptic knob is located at the distal end of an axon from which
neurotransmitters are released and then the synaptic cleft separates the presynaptic knob of the axon from the postsynaptic membrane of the dendrite. Finally, the
postsynaptic membrane of the dendrite contains receptors with an affinity for the neurotransmitters. In this picture, all modelling and addition of texture, lighting, and
visual effects were made in Cinema 4D software (Maxon Computer, Friedrichsdorf, Germany).

Tuncay Peker, MD, Gazi University Faculty of Medicine, Department of Anatomy, Ankara, Turkey
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Women Rising to the Top: The
Tipping Point for the ASNR

C.C. Meltzer, ““'P.C. Sanelli, M.B. Hepp, and ““'].A. Bello

Like many leading professional academic societies, the Ameri-
can Society of Neuroradiology (ASNR) has enjoyed a rich his-
tory of visionary leadership. Yet, from its birth in 1962 through
2009, only 2 of the 46 ASNR Presidents were women (with 17
years separating their appointments). The striking change in de-
mographics of the ASNR leadership during the past decade ap-
pears to demonstrate a clear tipping point. In this most recent
decade, 5 of the 9 Presidents have been women (Figure). Given the
establishment of the Women in Neuroradiology Leadership
Award in 2010 and other efforts, ASNR stands out as a national
radiology society that has reached a tipping point from which
lessons may be learned.

The field of radiology has a long history of being male-domi-
nated. Even as women have achieved equity in medical schools in
recent years, radiology remains characterized by one of the lowest
proportions of women among medical specialties." With just
more than one-quarter of radiologists being women, neuroradi-
ologists especially lack female colleagues; the current ASNR mem-
bership includes less than 18% women (ASNR membership re-
cords 2018).

The advancement of women into leadership positions has
been slow across medicine, with women representing a paucity of
chairs, deans, and practice and society leaders." Radiology is no
exception. Thus, it was not until 2018 that the American College
of Radiology (ACR) named its first female chair of the Board of
Chancellors in its 95-year history. Recently, Ahmadi et al® re-
ported a strong correlation between gender and academic leader-
ship positions among neuroradiologists, with 87.5% of leadership
ranks occupied by men.

Differential Support for Professional Advancement
Research accomplishments often serve as a gateway to professional
advancement. There is mounting evidence that male physicians and
scientists in science, technology, engineering and mathematic fields
enjoy greater scholarship opportunities impacting consequential
publications,”” research grants,* awards and honors, and leadership
opportunities relative to their female counterparts. Considering the
grants and awards bestowed by the ASNR and the Foundation of the
ASNR, the gender imbalance is evident (Table). Yet for some awards,
there have been improvements in the past decade. For example, from
1992 to 2009, only 4 of the 38 Cornelius G. Dyke Awards (10.5%)
were received by women; from 2010 to 2018, three of the 8 awards
(37.5%) went to female applicants. Not unexpectedly, gender imbal-
ance was greatest for the senior honorary awards such as the Gold
Medal (bestowed to only 1 woman of 33 awardees [3.0%]) and Out-
standing Research Contributions (bestowed to only 1 woman of 14
awardees [7.1%]).

http://dx.doi.org/10.3174/ajnr.A5893
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Even in the most recent decade in which women were awarded
more grants and honors than previously, the rates of awards still
lagged behind the proportion of female applicants. Since the in-
ception of the ASNR Comparative Effectiveness Awards in 2011,
women have made up 41.3% of applicants yet were only 14.3% of
awardees. Similarly, for the Research Scientist Award, 36.7% of
applicants versus 12.5% of awardees were women.

Contributors to the Tipping Point

Tipping points in societal norms are an interesting phenomenon.
Recent cultural examples that have received much attention are
the rapid spread of public resistance to workplace harassment and
mass gun violence as embodied by #MeToo and #NeverAgain,
respectively. Centola et al® argue that tipping points in social con-
vention may be explained by the theory of critical mass as posited
by the evolutionary game theory. When a committed minority
reaches a certain size, which they showed to be approximately
25% through experimental constructs, the social system crosses a
tipping point at which a rapid change in attitude and behaviors
favor the minority view.

Kim and Mauborgne® framed tipping point leadership as a
change management that requires overcoming 4 types of hurdles:
cognitive, political, resource, and motivational. This construct is
applicable to examining factors that potentially contributed to the
leadership tipping point of the ASNR.

Much has been written about cognitive barriers to the ad-
vancement of women’s careers. Our implicit biases, particularly
in male-dominated professions and organizations, reinforce our
expectation that men will serve as leaders and women will occupy
support roles.” The persistence of these deeply embedded but
rarely spoken barriers is sometimes referred to as second-genera-
tion bias. In such a climate, women who express leadership inter-
ests may be criticized rather than supported.® Yet as women take
on leadership positions and serve as counter-stereotype exem-
plars and role models for other women, cognitive barriers can be
eroded with time.

Political hurdles may also be ingrained and not well-recog-
nized. Coalitions of like-thinking individuals may exert undue
influence on the strategy and direction of an organization and
become largely responsible for the distribution of formal and in-
formal positions of power.” This dynamic can be further solid-
ified by organizational structures and by-laws that favor those
in key positions assuming additional roles of power. One ex-
ample might be the structure of the ASNR in which the Presi-
dent-Elect serves as the Chair of the Nominating Committee, a
position that oversees the nomination process for the incom-
ing leadership positions.

Resources that have been shown to support the professional
advancement of women include mentorship and leadership de-
velopment programs. In 2010, as the ASNR neared its 50th anni-
versary, the idea of an ASNR-sponsored award for promising
midcareer female neuroradiologists began to develop. The intent
was to support such women both through national recognition of
their leadership promise and leadership skill-building. The fol-
lowing year, a call for nominations for the Women in Neuroradi-
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FIGURE. The number of male-versus-female ASNR Presidents by decade (note the first President was appointed in 1962 with an initial term of

2 years).

Gender balance of ASNR awards and grants

All Years Past Decade (2010-2018)

Years No. of % Female No. of % Female

Award Name/Type Awarded Awardees (M/F) Awardees Awardees (M/F) Awardees
Cornelius G. Dyke Award/honor® 1992-2018° 38 (34:4) 10.5 8(5:3) 37.5
Scholar Award/grant 1999-2018° 24 (14:10) 47 12(8:4) 333
Gold Medal/honor 1995-2018 33(321) 3.0 10 (10:0) 0.0
Outstanding Contributions/honor 2004-2018¢ 14 (13:1) 71 9(81) ni
Research Scientist Award/grant 201-2018 8(71) 125 8(7) 125
Comparative Effectiveness/grant® 20112018 7(64) 14.3 7(62) 14.3

2 Established to honor Cornelius G. Dyke, one of the pioneers in neuroradiology, given to an assistant professor, fellow, or resident for excellence in original research.

© No award in 1976, 1980, 1983, 1985, 1987, 1998, 2001, 2003, 2005, 2008, and 201
“Two awards per year in 2010, 2017, and 2018.

9 No award in 2006.

€ No award in 2013.

ology Leadership Award was announced in partnership with the
ACR and the American Association for Women Radiologists,
and the first award was bestowed in 2012.'° The annual award-
ees have been celebrated by all 3 organizations, and funding
has been provided for the recipient to attend the ACR Radiol-
ogy Leadership Institute Summit. Two of the 7 awardees to
date have ascended to officer positions in the ASNR, including
the current President, as well as attaining leadership roles in
other professional organizations.

While the motivational forces responsible for an organiza-
tional tipping point are the most difficult to evaluate and quantify,
it is likely that a critical mass of engaged women and male cham-
pions is largely responsible for the momentum achieved. While
the leadership structure of the ASNR had been overwhelmingly
male for most of its history, in this most recent decade women
made up an average of nearly one-third of the executive commit-
tee (compared with an average of 12% during the prior decade).
As a pipeline to the presidency, the appointment of increasing
numbers of women to this body is further evidence of sustained
change. While progress is to be celebrated and we believe the
momentum for positive change is considerable, there is more
work to do. Since its first issue in 1980, the premier journal in the
field, the American Journal of Neuroradiology, has never had a
female editor at its helm.

Summary

The ASNR is the premier professional society for neuroradiology,
a field that persists in attracting and training a minority of
women. While there has been only slow progress in the number of
women entering radiology overall and particularly neuroradiol-
ogy, in the past decade the ASNR has demonstrated dramatic
positive change in the gender diversity of its leadership. Between
1962 and 2009, only 2 of the 46 ASNR Presidents were women, yet
in this most recent decade, more than half of the Presidents ap-
pointed have been women. In this editorial, we attribute this tip-
ping point change to a variety of factors.

Disclosures: Carolyn C. Meltzer—UNRELATED: Board Membership: GE-Association
of University Radiologists Scientific Board, Comments: reimbursement from the
Association of University Radiologists for travel to meetings; Consultancy: Wake
Forest Health, University of Tennessee Medical Center, University of Massachusetts,
University of Pennsylvania, Northwestern University; Employment: Emory University;
Expert Testimony: Attorney General Nashville, Tennessee; Floyd Pflueger & Ringer, Se-
attle. Mary Beth Hepp—UNRELATED: Employment: ASNR, Comments: | am the Execu-
tive Director of the ASNR and have access to statistical data related to this article.
Jacqueline A. Bello—OTHER RELATIONSHIPS: | am a recent past female President.
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Imaging of Surgical Free Flaps in Head and Neck

J.L. McCarty, ““AS. Corey,

ABSTRACT

M.W. El-Deiry,

Reconstruction

H.M. Baddour, “'B.M. Cavazuti, and ““'P.A. Hudgins

O=

SUMMARY: Head and neck surgical reconstruction is complex, and postoperative imaging interpretation is challenging. Surgeons now use

microvascular free tissue transfer, also known as free flaps, more frequently in head and neck reconstruction than ever before. Thus, an

understanding of free flaps, their expected appearance on cross-sectional imaging, and their associated complications (including tumor

recurrence) is crucial for the interpreting radiologist. Despite the complexity and increasing frequency of free flap reconstruction, there is

no comprehensive head and neck resource intended for the radiologist. We hope that this image-rich review will fill that void and serve

as a go to reference for radiologists interpreting imaging of surgical free flaps in head and neck reconstruction.

ABBREVIATIONS: ALT = anterolateral thigh; CECT = contrast-enhanced CT; FF = free flap; H&N = head and neck; SCC = squamous cell carcinoma

urgical free flaps (FFs) have become the preferred reconstruc-
Stion method for most large head and neck (H&N) oncologic
defects. They have better functional outcomes and cosmetic res-
toration than surgical grafts and other types of surgical flaps (local
and regional)." ™ Since free flaps were first used in the 1970s, sur-
geons have expanded their repertoire, fine-tuned techniques, and
improved outcomes.” While FFs may be used to reconstruct de-
fects from infection, trauma, and osteonecrosis, they are most
often used following tumor extirpation. FFs are unfortunately
frequent today as >675,000 patients worldwide are diagnosed
with H&N cancer annually.

Posttreatment H&N clinical and imaging follow-up is com-
plex, even more so when the resection site is reconstructed. To
provide accurate and useful H&N imaging reports, radiologists
should have a basic understanding of the surgical options, ranging
from skin grafts to surgical flaps. This review article focuses on
free flaps, summarizing what defines an FF, those most commonly
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used, the expected postoperative imaging appearances, and asso-
ciated complications.

Flap Versus Graft
Surgical flaps and surgical grafts are both used in H&N recon-
struction. While the 2 are distinct entities, it is not uncommon to
hear them incorrectly used interchangeably. Both are blocks of
transferred tissue, but flaps have their own blood supply while
grafts depend on angiogenesis.”” Surgical flaps are transferred
either with an intact vascular supply or the blood supply is re-
established at the recipient site using microvascular techniques.
Conversely, the major graft vasculature is transected at the donor
site and the tissue inset without vessel-to-vessel anastomosis.
Grafts may be autograft (from the patient), allograft (from a
donor, often cadaveric), or alloplastic (man-made). Grafts are
typically 1 or 2 tissue types, whereas surgical flaps are often more
complex and contain several different tissue constituents. The
most commonly used grafts in H&N reconstruction are the fairly
straightforward skin grafts, which can be full thickness (complete
segments of both epidermis and dermis) or split thickness (com-
plete epidermis but incomplete varying-thickness dermis).”®
Bone grafts continue to be used for certain craniofacial and spine
reconstructive procedures.” Often for large-volume composite
defects of the head and neck, flaps are superior to grafts with
respect to cosmesis because the bulk of flap tissue better fills de-
fects and maintains its size and shape for the duration of the pa-
tient’s life. Flaps also typically heal better, in a quicker and more
predictable fashion with less contracture than grafts in the head

and neck.'>!!
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Flap Types

Surgical flaps are typically classified by their pattern of vascularity
and their proximity to the primary defect. In terms of blood sup-
ply, flaps can be typified as random or axial.>”'*'> Random flaps
are supplied by the subdermal plexus of the skin and are not
supplied by distinct named vessels. In contrast, axial flaps are
supplied by a specific arteriovenous system. Axial flaps are typi-
cally considered more reliable than random flaps on the basis of
improved distal perfusion.

With respect to defect proximity, flaps can be classified as lo-
cal, regional, or free (Fig 1). Local flaps, flaps generated adjacent
to the primary defect, are examples of random flaps. Examples of
local flaps include rotation, advancement, and transposition.
Regional and free flaps typically have axial-based vascularity,
wherein these flaps are dependent on a specific vascular pedicle
for viability. An example of a regional flap is the pectoralis major
myocutaneous flap, supplied by the pectoral branch of the thora-
coacromial artery. Free tissue flaps are the most complex and

FIG 1. Flaps based on donor location with respect to the primary defect.

Table 1: Surgical free flaps in head and neck reconstruction

technically challenging form of flap reconstruction. Each free flap
is designed and harvested at a spatially distinct site from the pri-
mary defect known as the donor or harvest site. Each donor vas-
cular pedicle is transected at the donor site, transferred along with
the flap constituents to the primary defect, and inset at the pri-
mary defect. Then, with microsurgical techniques, the donor
pedicle is anastomosed to the recipient vessels near the defect to
re-establish the blood supply to the flap.>”'>!?

An additional distinction with regional and free flaps is that
they may be of simple or composite design. A simple flap is typi-
cally composed of skin and subcutaneous tissue. Composite flaps,
like composite resection sites, can consist of multiple tissue types
and often include bone and/or muscle.>”?

The decision of which flap to use is made on an individual case
basis because some flap types are advantageous over others for
certain patients, tumors, and reconstruction locations. For ex-
ample, in patients with tongue reconstruction following glos-
sectomy, those with FFs had superior speech intelligibility

compared with those with pedicle
flaps.®*

Free Flap Types

Surgeons innovatively use a wide variety
of surgical free flaps (Table 1).'* Most
surgeons approach FF reconstruction by
giving consideration to the oncologic
surgical defect, the donor sites available,
surgeon preference, and the available
hospital and surgical resources (Table
2).1>1316 Because there is no “one size
fits all” approach, the number and com-
plexity of the many different types of
surgical FFs are vast and can be over-
whelming. Thus, for radiologists, it is
useful to categorize free flaps by the
dominant donor tissue constituents
(Table 1), creating 4 main categories:
muscular, fascial, osseous, and visceral
FFs.'”

This simplified approach has impor-
tant facts to note. Although we are
grouping these by the dominant tissue
type, most of these FFs also contain skin
paddles that reconstruct both skin and

Category Free Flap

Reconstructs

Donor Artery

Muscular Rectus abdominis Skull base, orbit Deep inferior epigastric
Latissimus dorsi Skull base, scalp Thoracodorsal

Fascial Radial forearm Oral cavity, tongue, palate, nose, face, scalp, lip, pharynx, larynx Radial
Ulnar forearm Oral cavity, tongue, palate, nose, face, scalp, lip, pharynx, larynx, Ulnar

cervical esophagus
Lateral thigh Oral cavity, tongue, palate, pharynx Deep femoral
Anterolateral thigh Oral cavity, tongue, palate, pharynx, larynx, cervical esophagus Descending branch, lateral
circumflex femoral

Scapula Oral cavity, tongue, palate, nose, face, lip Subscapular

Osseous Fibula Mandible Peroneal
Radius Mandible & midface Radial
Scapula Mandible & midface Subscapular, thoracodorsal
lliac crest Mandible & midface Deep circumflex

Visceral Jejunum Pharynx, esophagus Superior mesenteric branches
Omentum Scalp Gastroepiploic
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Table 2: Surgical approach to free flaps in H&N reconstruction

Factor Question Limitation
Defect What needs to be replaced? Constituents
Function
Size
Donor What is available? Body habitus
Vascular integrity
Vascular anomalies
Surgeon What can be done? Skills
Support

mucosal surfaces because both should be reformed with epithelial
tissue. Additionally, some FFs (rectus abdominis and latissimus
dorsi) may be harvested as either myocutaneous or fasciocutane-
ous. Last, there is a subset of free flaps referred to as perforator
flaps, defined by the surgical isolation of the small vessels perfo-
rating the muscles at the donor site, sparing the larger donor ves-
sel and resulting in improved donor site morbidity but shorter FF
vascular pedicles.'®

Muscular. Muscle-containing FFs in H&N reconstruction are
mostly myocutaneous (or musculocutaneous), composed of both
muscle and skin as well as the adjacent subcutaneous tissue, ves-
sels, and fascia. This category of FF is particularly useful to fill
large defects (Fig 2), including skull base defects.”'® Two of the
more commonly used myocutaneous FFs are the rectus abdomi-
nis and latissimus dorsi muscle FFs.

Rectus abdominis FFs include one of the paired vertically ori-
ented ventral abdominal muscles.>*® They are especially advan-
tageous because of the versatility of flap design and the length of
the associated vascular pedicle, up to 10—15 cm long. This vascu-
lar pedicle length allows the surgeon to inset rectus FFs into al-
most any H&N defect, even those a distance away or on the op-
posite side of the head and neck from the vascular anastomoses.
As with most cutaneous FFs, the skin paddle recreates the skin
surface and mucosal surface (Fig 2). One drawback is that the
thickness of the FF is particularly reflective of a patient’s weight
and may prove too bulky for some resection cavities in obese
patients due to excessive subcutaneous fat.” Rectus abdominis FFs
can also be harvested as fasciocutaneous free flaps.

Latissimus dorsi FFs are the largest muscle flaps, with a total
area measuring up to 25 X 40 cm. However, the muscle itself is
one of the thinnest in the body. The latissimus spans from the
posterolateral thorax to the inferomedial back (Fig 3). Like rectus
FFs, they can fill large defects. One or 2 skin paddles may be
harvested, allowing a variety of uses, such as floor of mouth re-
construction (Fig 3) or large skull base defects.>”

Fascial. Fascia-containing FFs in H&N are nearly exclusively fas-
ciocutaneous, including a skin paddle in addition to the fascia,
vessels, and subcutaneous tissue. Fasciocutaneous FFs can be used
to restore skin or mucosal defects (Fig 4). Additionally, fasciocu-
taneous FFs can be tubed/rolled to recreate epithelial-lined con-
duits (Fig 5).>”*" Two of the more commonly used fasciocutane-
ous FFs are the radial forearm and anterolateral thigh FFs.

The radial forearm FF has a rich vascular supply and may be
harvested in a variety of sizes. It has been used more extensively
and for a wider variety of reconstructions than any other flap.”
This FF is particularly advantageous because the forearm skin is

FIG 2. Rectus abdominis FF. Postoperative coronal CECT in a patient
with T4bNOMO basaloid carcinoma and recurrence after initial partial
maxillectomy demonstrates the bulky rectus abdominis FF (block ar-
row) filling the left midface defect following orbital exenteration and
total maxillectomy. The rectus muscle (thin arrow) lines the skull base
defect, while a portion of the skin paddle recreates the oral cavity
mucosal surface (curved arrow).

FIG 3. Latissimus dorsi FF. Following total glossectomy, right orophar-
yngectomy, and total laryngectomy for T4a squamous cell carcinoma
(SCC) of the right oral tongue, the FF was harvested and set on the
operating room back table (A) with the elongated vascular pedicle
(arrowheadl), skin (block arrow), and latissimus (arrow). The latissimus
is fastened to secure the mandible and recreate the mylohyoid sling.
Immediate postoperative picture (B) shows the skin paddle (block
arrow) closing the glossectomy defect.

usually non-hair-bearing and the forearm is least influenced by
obesity.” Primary indications for use include reconstruction of
skin or mucosal lining defects, partial/hemiglossectomy defects,
and pharyngeal defects. The radial forearm FF is harvested from
the volar aspect of the forearm and includes the radial artery (Fig
4). Thus, performing an accurate preoperative Allen test is of the
utmost importance to ensure an adequate supply of the hand via
the ulnar artery and to avoid catastrophic ischemia of the hand.”

The anterolateral thigh (ALT) FF has a large, thin, pliable skin
paddle and a long vascular pedicle, up to 15 cm. Similar to the
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radial forearm FF, ALT reconstruction can be used for skin and
mucosal lining defects, subtotal glossectomy defects (Fig 6), pha-
ryngeal defects, and skull base defects. This FF can be tubed for
pharyngoesophageal defects. Because the ALT FF is harvested
from the anterior and proximal aspect of the lower extremity,
there is relatively little morbidity at the donor site and the pa-
tient’s clothing typically covers any postoperative scarring.>”

Osseous. Osseous-containing FFs are some of the most complex
FFs. They are mostly composite flaps, containing multiple differ-
ent tissue types in addition to bone, including skin, subcutaneous
tissue, fascia, and muscle (Fig 7). One of the surgical goals is to
“replace like with like,” meaning reconstructing surgical cavities

FIG 4. Radial forearm FF. Intraoperative photo (A) shows the radial artery (arrows) up to the skin
paddle (asterisk) after Doppler mapping. Postoperative clinical picture (B) demonstrates the
well-incorporated mature flap (double asterisks) following marginal mandibulectomy.

FIG5. Tubed radial forearm FF. The diagram (A) shows that free flaps can be partially rolled (upper
right) or completed tubed (lower right) to reconstruct the upper aerodigestive tract. Postoper-
ative sagittal CECT (B) following base of tongue hemiglossectomy and laryngopharyngectomy

shows the radial forearm FF reconstruction (long arrow).

with tissue constituents similar to those resected. Thus, osteocu-
taneous FFs have become popular solutions for many maxillary
and mandibular defects.® Long segments of bone, up to 25 cm,
may be harvested and crafted as a variety of surgical constructs
using surgical plates and screws. Two of the most commonly used
osteocutaneous FFs are the fibular and scapular FFs.

The tubular shape and thick cortical bone make the fibular FF
particularly strong. This can be harvested with skin (free osteocu-
taneous) or without (free osseous). Up to 25 cm of the fibula may
be resected with little effect on the gait as the fibula is a non-
weight-bearing bone. The fibular FF is most commonly used
for mandibular reconstruction (Fig 7). Most importantly pre-
operative evaluation must ensure that the peroneal artery does not
supply the foot because this is the main
supplying artery of the FF and will lead to
foot ischemia if harvested.>*

The scapular osteocutaneous FF has
become a more popular option for com-
plex midface reconstructions (Fig 8).
The vascular pedicle is long, up to 14 cm,
and the vessel diameters are large, 3—4.5
mm. Different segments of the bone can
be harvested, including the scapular tip
and up to 2 segments of the lateral bor-
der. Any of the segments can be fash-
ioned to reconstruct the hard palate or
orbital rim. One or 2 skin paddles can be
obtained; unfortunately, they are often
hair-bearing in male patients, resulting
in an undesired postoperative cosmetic
appearance if used in certain locations
(ie, oral cavity mucosal reconstruction).
The scapular skin paddles are particu-
larly advantageous because they can be
completely separate from the osseous
component, providing the most free-
dom for 3D insetting of any composite
FF.SJ

Visceral. Visceral FFs can be used
in pharyngoesophageal reconstruction.
The jejunal FF is especially useful given

FIG 6. Anterolateral thigh FF. Axial fat-saturated T1 postcontrast MR imaging (A) demonstrates the T4a left lateral oral tongue SCC (asterisk),
which also involved the extrinsic tongue muscles and floor of mouth. Line drawing (B) of the ALT donor site (outlined) axial anatomy includes
the descending branch of the lateral circumflex femoral artery. The ALT has a large, thin, pliable skin paddle with relatively little morbidity at the
donor site. ALT FF intraoperative image (C) shows the harvested FF on the operating room back table with an elongated vascular pedicle
(arrowhead). Postoperative axial CECT (D), obtained 12 weeks after the operation, shows the inset homogeneous fatty tongue ALT FF (arrow)
without induration or edema. The recipient site margins (short arrow) have no nodularity.
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FIG 7. Fibular FF. Preoperative 3D-volume rendered CT (A) demonstrates the T4aNO right oral cavity
SCC (asterisk). Intraoperative photograph (B) (different patient but with a similar reconstruction)
shows the surgical plate and bicortical screws used to fixate the inset fibular flap (arrowheads) to the
residual native mandible (block arrows). Postoperative 3D-volume rendered CT (C) demonstrates the
fibular FF reconstruction (thin arrow) following the right segmental mandibulectomy.

FIG 8. Scapular osteocutaneous FF. A, Diagram of the scapular donor site (left) and midface inset
(right) demonstrates the versatile scapular osteocutaneous FF for complex midface defects. A
variety of different bone shapes can be obtained depending on the contour of the defect. One
or 2 skin paddles may be harvested; one usually recreates the oral mucosal surface as shown in
the diagram. 3D-volume rendered CT (B) in a patient who is status post right maxillectomy shows
the lateral scapular border reconstructing the right maxilla and orbital rim (thin arrow), while the
scapular tip reconstructs the hard palate (block arrow).

its similar in caliber to the esophagus
(Fig 9).'® The pharynx is a larger caliber
than the jejunal FF; thus, the cephalad
border of the flap may be opened along
the antimesenteric border to achieve a
more suitable anastomosis.® For cir-
cumferential pharyngeal defects, jejunal
and ALT FFs have slightly better func-
tional outcomes than radial forearm
FFs.”

Radiologic Evaluation following FF
Reconstruction

Preoperative imaging should always be
reviewed when the posttreatment scan is
interpreted as it helps to understand
what anatomic structures were resected
and where the primary tumor was lo-
cated. The CT or MR imaging appear-
ance of the FF reconstruction reflects the
flap components.

CT should always be performed with
intravenous contrast administered in a
standard amount and timing of the ac-
quisition so that serial or surveillance
scans can be compared. In our practice,
the first posttreatment contrast-en-
hanced CT (CECT) is performed with
PET to increase detection of persistent
tumor, nodal, or distant metastases
and to differentiate residual tumor from
non-neoplastic postoperative changes.
Imaging protocols include combined PET/
CT from the skull vertex through the
midthigh 1 hour after intravenous ad-
ministration of 10—14 mCi of FDG. He-
lical noncontrast CT is performed be-
fore PET for attenuation correction and
anatomic localization. A CECT of the
neck with the arms down is performed fol-
lowing PET, using a split-bolus technique
with 110 mL of intravenous iopamidol (Is-
ovue-370; Bracco, Princeton, New Jersey),
with 55 mL injected first at 2.5 mL/s, a 40-
second delay, then another 55 mL at the
same rate, and a total scan delay of 90 sec-
onds. Axial images are acquired from the
frontal sinuses through the mediastinum
at a 1.25-mm section thickness and are
sent to the PACS. Multiplanar reforma-
tions are also sent to the PACS.

The initial baseline posttreatment
PET/CECT is performed 10-12 weeks
after the end of radiation treatment, or
after the operation, to allow posttreat-
ment changes to resolve. Surveillance
imaging timing has not been universally
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FIG 9. Jejunal FF. Following laryngopharyngectomy, the intraopera-
tive photograph (A) shows a segment of the jejunum (arrow) inter-
posed between the oropharynx and esophagus, anastomosed end to
end to allow patients to eat and swallow. Sagittal postoperative CECT
(B) shows the jejunal FF neopharynx (block arrow).

Table 3: Interpretation checklist
Checklist
Clinical note

What to Look for

Primary tumor and stage

Type and date of FF reconstruction

Most recent physical examination

New symptoms

Inspect the flap itself, ensure expected
attenuation/signal with smooth
non-nodular and non-mass-like enhancement

Next inspect the FF margins; again, ensure
expected attenuation/signal with smooth
non-nodular and non-mass-like enhancement

Nonunited or healed?

If nonunited, ensure that the margins
remain sharp

Flap appearance

Surgical bed

Osteotomies

standardized, but our H&N cancer multidisciplinary group has a
surveillance algorithm, and we are researching the optimal
protocol.

MR imaging may be useful for evaluation of perineural tumor,
intracranial extension, cartilaginous involvement, and other
troubleshooting. MR imaging protocols vary depending on the
location of the abnormality. Our H&N MR imaging protocols
generally have the following sequences in common: 3-plane non-fat-
saturated precontrast T1-weighted, axial fat-saturated precontrast
T2-weighted, and axial and coronal postcontrast fat-saturated T1-
weighted imaging, following intravenous administration of 0.1
mmol/kg of gadobenate dimeglumine (MultiHance; Bracco). Again,
a standardized protocol involving the same timing and sequences is
essential.

An organized approach to postreconstruction imaging inter-
pretation helps make a complex study easier to understand (Table
3). The first steps are to determine the location and appearance of
the primary malignancy, which tissues were removed at the time
of the oncologic operation, and what type of FF was used to re-
construct the resulting defect. Then, the FF itselfis evaluated. Free
flaps contain a combination of muscle, skin, fascia, fat, and bone.
The bone should be well-corticated without erosion or destruc-
tion. The osseous interface with native bone in the mandible,
maxilla, or orbital walls should be assessed for bridging new bone
(Fig 10). If a plate and screws have been placed at the flap—native
bone interface, there may be diastasis bridged by the plate, but the
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FIG 10. Osseous FF margins. Axial noncontrast CT shows the ex-
pected postoperative appearance (A) following right segmental
mandibulectomy and fibular FF reconstruction, with a healing sym-
physeal interface (thin arrow) and a nonunited-but-sharp osteot-
omy underlying the posterior mandibular body surgical plate
(thick arrow). Axial noncontrast CT of a different patient with a
fibular FF shows a complicated postoperative appearance (B), with
a nonunited, diastatic, irregular symphyseal margin with a perios-
teal reaction in this patient with osteonecrosis of the fibular FF and
native mandible.

cut end bone margins should be smooth. Be sure the plate has not
elevated from the bone and that the screws maintain the plate,
without periscrew lucency, which would imply loosening or
infection.

The fatty portion of the flap should be relatively homogeneous
without induration, nodularity, or abnormal focal enhancement
(Fig 11). The interface of the flap and resection cavity, known as
the recipient bed, is the most critical area to examine because this
is the site of local disease recurrence. Nodularity, a mass, or focal
discrete enhancement is a characteristic imaging appearance of a
recurrence (Fig 12). These findings are especially important if the
patient has new pain, dysphagia, or any symptom that would sug-
gest recurrent malignancy. Multiple clips are usually present at
the vascular pedicle, denoting the anastomosis between the flap
and resection cavity, but they are small and rarely degrade image
quality.

Muscular flap components are usually striated, thin, and
relatively flat (Fig 11). On CECT, the flap muscle is isodense to
striated muscle elsewhere. The MR signal intensity and en-
hancement pattern have been described and are predictable,
with moderate-to-intense enhancement.'***?° In the early
posttreatment period, the flap may be edematous, hypointense
on T1-weighted images (Fig 13), hyperintense on T2-weighted
images, and enhance with gadolinium contrast. Later, the mus-
cular portion of the flap decreases in bulk and becomes heter-
ogeneous on T1- and T2-weighted MR images and relatively
more hypoattenuating on CT as the denervated muscle be-

comes fatty.?"*”

Complications
Radiologists will encounter cross-sectional imaging studies per-
formed to evaluate postoperative complications in patients with
FF. Complications have been divided into early or late,*® but in
actuality, there is overlap between the 2 categories.

The survival rate of a flap is around 95%, but early complica-
tions soon after a reconstructive FF operation include ischemia,
infection, bleeding, and dehiscence.?® These are closely moni-



FIG 1. Expected FF fat and muscle appearance. The postoperative axial CECT (A) following orbital
exenteration and latissimus FF reconstruction shows the normal thin musculature (arrow) and fat
of the flap. Axial T1 precontrast MR image (B) shows the FF with muscular striations (arrow). The FF
fat (curved arrow) deep to the muscular component is homogeneously hyperintense. Axial
postcontrast fat-saturated T1 MR image (C) shows the FF muscular thin, non-nodular enhance-
ment (block arrow), similar to that in other muscles in the H&N.

FIG12. Tumor recurrence. Preoperative axial CECT (A) shows a T4a maxillary sinus SCC. Following
maxillectomy and orbital exenteration with ALT FF reconstruction, the patient had a biopsy-
proved recurrence (white arrowheads) at the margins of the ALT FF on postoperative CECT (B)
several months later.

FIG13. Inflammation. Postoperative T1axial MR image (A) after reconstruction with a latissimus FF
shows hypointense abnormal signal (arrows) and enlargement of the right masseter. Consider-
ations included myositis, denervated muscle, or recurrent intramuscular tumor. Ultrasound-
guided biopsy (B) shows good positioning of the needle tip in the muscle (arrowhead). Final
pathology results were benign skeletal muscle and fibroadipose tissue, consistent with focal
inflammation; no malignant cells were present.

ischemia in the immediate postopera-
tive period. Patients undergo frequent
inspection of tissue color, capillary refill,
turgor, and tempera.tulre.lz’3 © Various
other techniques, including Doppler
monitoring and needle pricks, are also
used in the immediate postoperative pe-
riod. When recognized and surgically
treated promptly, compromised FFs
have a salvage rate of 50%-75%.°
Management includes re-exploration
of the site, with possible thrombec-
tomy and anastomosis revision.

More commonly imaged complica-
tions occur later in the postoperative pe-
riod and include infection, fistulas,
hardware exposure, and osteonecrosis.
Infection and fistulas can present with
nonspecific imaging features, such as
soft-tissue swelling and stranding, loss
of fat planes, and collections of fluid and
air. In patients with H&N cancer with a
history of radiation therapy or a recent
operation, unless baseline postoperative
studies are available, it may be impossi-
ble to distinguish infection from treat-
ment-related changes solely on the basis
of imaging alone. However, some cases
may be more obvious, with new rim-en-
hancing fluid collections or areas of
frank dehiscence (Fig 14).

Dehiscence of FFs overlying surgical
hardware can result in exposure of the
surgical construct (Fig 15). Hardware
exposure and extrusion are the most
commonly cited flap complications and
occur in around 15% of patients.””!
This complication is often seen in asso-
ciation with continued tobacco use.

Osteonecrosis is primarily a clinical
diagnosis and is seen in patients with ex-
posed bone.* CT features of cortical
destruction, trabecular disorganization,
periosteal reaction (Fig 10B), and asso-
ciated soft-tissue abnormality overlap
findings of osteomyelitis and tumor re-
currence.”*?* CT is usually performed
not to differentiate etiologies but to de-
termine the extent of disease. Osteone-
crosis is treated surgically, while os-
teomyelitis will usually be treated medi-
cally. Biopsy is generally avoided in cases
of bisphosphonate osteonecrosis be-
cause it may cause progression and

tored clinically at the bedside and rarely require cross-sectional ~ further damage but can be definitive in differentiating osteo-

imaging. Ischemia of FFs may be due to either venous or arterial ~ radionecrosis from tumor recurrence.’*>> One useful distin-

thrombosis.® The surgical team is on high alert for signs of FF  guishing imaging finding is that abnormalities at a site distant
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FIG 14. FF Infection. This patient had fever, elevated white blood cell
count, and purulent left neck drainage following radial forearm FF and
fibular FF reconstruction for T4aN2c SCC of the right oral tongue.
Axial CECT shows an abscess with flap induration, irregular enhance-
ment, and pockets of gas in the right floor of mouth (arrows). Note
stranding in the fatty flap (block arrow), compared with the homoge-
neous fat density in the lateral flap that reconstructed the buccal
mucosa (star).

FIG 15. Hardware exposure. A patient with T4aNOMO left floor of
mouth SCC status post pectoralis rotational flap and surgical bar re-
construction. A fibular FF reconstruction was originally planned but
abandoned due to severe peripheral vascular disease. The patient was
lost to follow-up for 2 years and then presented with a 1-month
history of hardware exposure with a large area of exposed mandibular
hardware (arrow) on axial CECT (A) and clinical examination (B).

or contralateral to the primary tumor are more likely
osteoradionecrosis.®*

Ossification of the vascular pedicle, while not a surgical com-
plication, is an imaging pitfall. This entity presents in patients
with fibular FF as a thin, linear, or curvilinear ossific density fol-
lowing the course of the vascular pedicle (Fig 16), the result of
ossification of a strip of periosteum inset with the vascular pedicle.
This ossification can be seen in up to 50% of patients as soon as 1
month after the operation and may present clinically as a palpable
mass.”®

Surveillance for tumor recurrence is the main focus of fol-
low-up imaging. Primary site recurrences most often occur at the
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FIG16. Vascular pedicle ossification. A patient with fibular FF follow-
ing right mandibulectomy for T2N1 SCC of the mandibular gingiva
returned 8 weeks after the operation with a palpable right-neck mass.
Oblique coronal MIP reconstruction from CECT, bone windows,
shows linear ossification (arrows) along the course of vascular pedi-
cle, corresponding to the palpable abnormality.

margins of the resection at the flap—native tissue interface and
have nodular or masslike enhancement with signal characteristics
similar to those of the original tumor (Fig 12).>”~° Nodal recur-
rence may have the typical expected regional distribution of the
original tumor or may vary from the norm due to surgical alter-
ation of drainage pathways.”® The third recurrence pattern is
perineural spread of disease. If one is not actively assessing
perineural tumor, the findings may be subtle enough to evade
detection.

CONCLUSIONS

Postoperative imaging in patients with H&N reconstruction is
challenging. An organized approach and thorough understanding
of FF appearances and complications will help interpreting radi-
ologists provide accurate, useful imaging reports for both the pa-
tients and their referring clinicians.
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PRACTICE PERSPECTIVES

The ASNR-ACR-RSNA Common Data Elements Project:
What Will It Do for the House of Neuroradiology?

ABSTRACT

A.E. Flanders and “*).E. Jordan

SUMMARY: The American Society of Neuroradiology has teamed up with the American College of Radiology and the Radiological
Society of North America to create a catalog of neuroradiology common data elements that addresses specific clinical use cases.
Fundamentally, a common data element is a question, concept, measurement, or feature with a set of controlled responses. This could be
ameasurement, subjective assessment, or ordinal value. Common data elements can be both machine- and human-generated. Rather than
redesigning neuroradiology reporting, the goal is to establish the minimum number of “essential” concepts that should be in a report to
address a clinical question. As medicine shifts toward value-based service compensation methodologies, there will be an even greater need
to benchmark quality care and allow peer-to-peer comparisons in all specialties. Many government programs are now focusing on these
measures, the most recent being the Merit-Based Incentive Payment System and the Medicare Access Children’s Health Insurance Program
Reauthorization Act of 2015. Standardized or structured reporting is advocated as one method of assessing radiology report quality, and
common data elements are a means for expressing these concepts. Incorporating common data elements into clinical practice fosters a
number of very useful downstream processes including establishing benchmarks for quality-assurance programs, ensuring more accurate
billing, improving communication to providers and patients, participating in public health initiatives, creating comparative effectiveness
research, and providing classifiers for machine learning. Generalized adoption of the recommended common data elements in clinical
practice will provide the means to collect and compare imaging report data from multiple institutions locally, regionally, and even
nationally, to establish quality benchmarks.

ABBREVIATIONS: ACR = American College of Radiology; Al = artificial intelligence; ASNR = American Society of Neuroradiology; BI-RADS = Breast Imaging
Reporting and Data System; CDE = common data element; EHR = Electronic Health Record; IT = information technology; LGG = low grade glioma; PQRS = physician
quality reporting system; RSNA = Radiological Society of North America; TCGA = The Cancer Genome Atlas; TCIA = The Cancer Imaging Archive; VASARI = Visually

AcceSsible Rembrandt Images

he ASNR-ACR-RSNA Common Data Elements (CDEs) Proj-

ect represents a collaboration between the American Society
of Neuroradiology (ASNR), the American College of Radiology
(ACR), and the Radiological Society of North America (RSNA).
The function of this workgroup is to develop a catalog of CDEs for
neuroradiology that are both practical and useful for clinical prac-
tice, with the goals of unifying practice standards by improving
consistency in reporting and developing human- and machine-
interpretable features that can be used to measure quality in our
specialty. There are numerous secondary benefits in comparative
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effectiveness research, precision medicine, radiomics, registry
participation, machine learning, communication, and public
health. This joint committee was formed to catalog, unify, and
codify known existing neuroradiology findings, observations, and
concepts commonly used in neuroradiology. The following is a
brief overview of the rationale and processes behind this collab-
orative effort and the potential benefits to our profession and
patient care.

Despite the advances in information technology that are ubiq-
uitous in our profession, the process for composing the radiology
report has changed little in the past 100 years; reports are largely
prose descriptions of findings." The consumer of the prose report
is obligated to extract its concepts to drive clinical decision-mak-
ing. There is no author obligation to use consistent terminology
when generating a report. This situation creates myriad problems,
including challenges in comparing studies or aggregating reports
of the same type produced by different authors. Re-review of the
original images is often the only practical solution in either case.
While there have been several notable efforts to create consistency
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in reporting styles through structured or standardized reporting
(RSNA Informatics Reporting: RadReport; radreport.org) and by
the creation of a vendor-neutral standard for a report template
data schema and exchange (Management of Radiology Report
Templates; https://docs.imphub.org/display/ITMT/MRRT +
Documentation),>” little attention has been paid to developing
consistent representation of the intrinsic concepts contained in
the report that drive clinical decisions. This deficiency is at the
core of the common data elements effort.

What is a Common Data Element?

Fundamentally, a CDE is a question/concept combined with a set
of expected responses. A CDE is the most granular statement or
observation that one can provide in a report. It is a single accepted
concept with a response. The important characteristic is that both
the concept and the response are consistent whenever it is used.
CDEs can record properties of imaging findings such as anatomic
location, shape, image number, image coordinates, and dimen-
sions and can store computed values such as texture metrics.*
Machine-generated values that are subsequently inserted into a
radiology report could (eg, from a sonography device or postpro-
cessing workstation) also represent CDEs. The response could be
Boolean (eg, yes or no), quantitative (eg, 1, 2.3, 5.01), ordinal (eg,
A, B, C1,D6), or alist of consistent terms/phrases. A report might
contain many CDEs or sets of CDEs that are relevant to a specific
disease. A brain MR imaging evaluation for multiple sclerosis, for
example, might include a CDE set related to specific plaque char-
acteristics (eg, number, location, features, size, enhancement).
Sets of CDEs could be incorporated into a report on approval of
the radiologist based on specific circumstances. For example, re-
porting an incidental laryngeal mass on a neck CTA could be
improved by automatically importing a laryngeal mass CDE sub-
set into a CTA report template. CDE sets can be used once or
reused in other clinical contexts.

Use of a controlled response creates uniformity in activities
such as clinical reporting for the human consumer, but it also
creates an environment that facilitates computable consumption
of concepts that can drive downstream actionable processes.” Ad-
ditional benefits include diminished ambiguity, increased accep-
tance by clinicians, modular authoring, and modification of re-
port templates. Examples might include an ASPECTS for stroke
(http://www.aspectsinstroke.com/) (integer range: 0—10), Pfirrmann
grade for disc degeneration (https://www.researchgate.net/
publication/5840284_Modified_Pfirrmann_Grading_System_
for_Lumbar_Intervertebral_Disc_Degeneration) (integer range:
1 — 8), or foraminal stenosis (text: normal, mild, moderate, se-
vere). There are many examples of CDEs in our literature that
correlate to outcomes, therapeutic response, and disease state. In
most instances, CDEs are concepts that are already familiar to the
practicing radiologist and clinician; they need not be obscure,
complex, or uncommon. CDEs can also be used in both prose
reporting and structured reporting.

The concept of CDEs should sound familiar because radiolo-
gists have been using them in various forms for years. The Breast
Imaging Reporting and Data System (ACR BI-RADS Atlas 5th
Edition; https://www.acr.org/Clinical-Resources/Reporting-and-
Data-Systems/Bi-Rads) is the first clinical progenitor of CDEs.

BI-RADS is focused on the probability of malignancy (0—6) using
a global assessment category (eg, shape, margin, density of masses,
calcifications, and so forth, which are part of a controlled termi-
nology). Paramount to the generation of a BI-RADS global assess-
ment score is the dependency on the component features/obser-
vations. The “RADS” construct has increased in popularity in
recent years in other areas such as LI-RADS (Liver Reporting and
Data System; https://www.acr.org/Clinical-Resources/Reporting-
and-Data-Systems/LI-RADS), PI-RADS (Prostate Imaging Re-
porting and Data System; https://www.acr.org/Clinical-Resources/
Reporting-and-Data-Systems/PI-RADS), TI-RADS (Thyroid Im-
aging Reporting and Data System; https://www.acr.org/
Clinical-Resources/Reporting-and-Data-Systems/TI-RADS), ~ NI-
RADS (Neck Imaging Reporting and Data System; https:/
www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/
NI-RADs), and HI-RADS (Head Injury Imaging Reporting and
Data System; https://www.acr.org/Clinical-Resources/Reporting-
and-Data-Systems/HI-RADS).* Compliance with a single termi-
nology facilitates aggregation of data from multiple facilities and
increases the value of our reports, including at points of care.*
Related initiatives that are tied to compliance and payment in-
clude the Physician Quality Reporting System (https://www.cms.
gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/
PQRS/index.html) reporting measures for the Centers for Medi-
care and Medicaid Services.

Many published CDE sets originated through clinical trials
research and have reasonable interrater agreement. The National
Institute of Neurological Disorders and Stroke, for example,
maintains a catalog of imaging-based CDEs for research purposes
(https://www.commondataelements.ninds.nih.gov). The National
Institute of Neurological Disorders and Stroke collection has
imaging CDEs relevant to traumatic brain injury, stroke,
multiple sclerosis, spinal cord injury, Parkinson disease, and
others. The Visually AcceSsible Rembrandt Images (VASARI;
https://radiopaedia.org/articles/vasari-mri-feature-set) ~collection
of The Cancer Imaging Archive (https://www.cancerimagingarchive.
net/) is the most comprehensive set of visual features that have
been used to describe human gliomas on baseline MR imag-
ing studies. The multicenter, federated The Cancer Genome
Atlas  (TCGA; https://wiki.cancerimagingarchive.net/display/
Public/TCGA + Glioma+Phenotype+Research+Group) Glioma
Phenotype Research Group collected and validated the most use-
ful imaging features culled from the known literature on gliomas.
The group developed the VASARI feature set using a large set of
baseline glioblastoma and low-grade glioma (LGG) imaging stud-
ies stored in The Cancer Imaging Archive (TCIA). These pheno-
typic imaging data were successfully correlated with gene-expres-
sion data derived from the tumors in TCGA. The 25 features
contained in the VASARI collection are all concepts familiar to
neuroradiologists (eg, cyst, necrosis, enhancement, and so
forth).> A subset of the VASARI features that demonstrates value
in predicting tumor genomics or survival could be incorporated
into a CDE module for clinical reporting.

While substantial effort by domain experts has gone into cat-
aloging and validating these collections for research, there has
hardly been any adoption of these very valuable observations into
clinical reporting until very recently. Moreover, most of the CDEs
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in existence took initial form as part of research initiatives and
subsequently were never used once the research was completed. It
is now well-recognized that there is substantial value in resurrect-
ing many of these visually derived imaging features that were orig-
inally applied to address a specific research question and adapt
them for clinical use. Some practices have taken on the task of
incorporating CDEs to enhance the quality of local reporting
practices. Mamlouk et al° reported on their very successful collab-
orative effort to disseminate consistent contextual reporting tem-
plates for neuroradiology examinations in a large multicenter
practice. Over 50 specific use-case neuroradiology reporting
templates were created. They describe a formal process in which
templates are proposed and adjudicated by a panel that includes
clinical input before dissemination to all radiologists.®

Why Do Common Data Elements Matter Now?
US health care is at a crossroads in which each specialty is being
asked to define its inherent value in the patient care continuum.
Health care organizations and subspecialty provider organiza-
tions are being asked to develop, benchmark, and comply
with specific quality standards. Pay-for-performance initiatives,
meaningful use, and Physician Quality Reporting System pro-
grams are now being wrapped up into the new value-based pro-
grams under the Merit-Based Incentive Payment System and the
Medicare Access and Children’s Health Insurance Program
Reauthorization Act of 2015 (MIPS/MACRA: https://www.cms.gov/
Medicare/Quality-Initiatives-Patient-Assessment-Instruments/
Value-Based-Programs/MACRA-MIPS-and-APMs/MACRA-
MIPS-and-APMs.html). The radiology value chain considers the
importance of clear and accurate reporting and report communi-
cations to physicians, patients, and other stakeholders. The ACR
has also identified these areas as potential value-based payment
metrics. In addition to clarity of reporting, structured reporting,
standard lexicon, and language are key elements of the value-
based payment metrics proposal.” Because referring physicians
have shown a preference for structured reporting in contrast to
conventional radiology reports, CDEs will likely play a key role in
service to the goals of value-based reporting.®

The dissemination of electronic medical records created by the
American Recovery and Reinvestment Act of 2009 stimulus pack-
age has facilitated the capability of collecting, sharing, and dis-
seminating data.” Thus, various clinical subspecialties (eg, cardi-
ology, gastroenterology, pathology, ophthalmology, oncology)
have been very active in defining clinical concepts and reporting
elements for the electronic medical records that can be readily
mined to establish quality parameters and benchmark quality,
thereby demonstrating the value of the services delivered. Clinical
use of CDEs fosters participation in data registries, which, in turn,
are being used to benchmark practice performance. The field of
radiology has led the way in health care information technology
(IT), interoperability, and information exchange, yet our field
remains behind in standardizing quality measures for radiology
reporting. With the exception of mammography, most of our
quality metrics have focused on service delivery, workflow met-
rics, and payment policy and less on the content of our reports.
Nevertheless, accuracy of reporting is a quintessential value met-
ric of what radiologists offer, and CDEs should be viewed as a
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powerful tool to enhance the quality of our reports and actionable
information.'®

How the Currently Available CDEs Were Created

At an Imaging Informatics summit of the Radiological Society of
North America Radiology Informatics Committee and the Amer-
ican College of Radiology Imaging Technology and Informatics
Committee, discussions focused on the relative absence of codi-
fied observations/findings in radiology and a structure for repre-
senting them in our IT platforms. A collaboration was started to
help fill this void. The initial objectives of this collaboration were
to generate a common data model and syntax for representing
reporting concepts that could interoperate with existing reporting
technologies and extend their capabilities. An on-line repository
(RadElement.org; http://www.radelement.org/) was built to
house some of the limited existing content (eg, LI-RADS, PI-
RADS). Each concept and controlled response stored in the re-
pository is assigned a unique identifier used in downstream IT
systems to retain the fidelity of the concept and response. Having
set the stage, groups of domain experts could begin to create con-
tent to populate the repository, validate the concepts, and develop
modifications.

Similar to the related efforts in terminology (RadLex; http://
www.rsna.org/RadLex.aspx) and reporting (RadReport), cata-
loguing CDEs requires enlisting the knowledge of domain experts
to ensure that relevant content is being included. For both the
RadLex and RadReport efforts, the American Society of Neurora-
diology was the first subspecialty organization to volunteer to
help the RSNA to create repositories of neuroradiology-/ear,
nose, throat—specific terminology and report templates, respec-
tively. The ASNR has again volunteered to be the first subspecialty
society to lend their expertise to this new CDE effort under the
auspices of the ASNR Standards and Guidelines Committee. The
neuroradiology effort is taking a pragmatic approach by develop-
ing CDEs for common clinical use cases that a neuroradiologist
encounters every day rather than attempting to encompass all
diseases in our specialty. This will help to inform us on how to
design a process for authoring, vetting, editing, and publishing
content in an efficient manner. The workgroup’s charge is to
compile only the most essential concepts for each clinical use case
and to avoid making the lists comprehensive or exhaustive. By
limiting the sets to the most essential concepts, the CDE sets be-
come more practical, modular, and easier to use in practice and to
incorporate into a report. The intent is to replicate what is taught
in the training environment, whereby a neuroradiology attending
physician might recite to a trainee the few key concepts that must
be conveyed in a clinically useful report. Ultimately, the goal of
this initiative is to empower the domain experts in the ASNR to
develop the criteria on the basis of experience, evidence, and clin-
ical consultation.

Twenty-five neuroradiologists and staff from the ASNR, ACR,
and RSNA participate in the workgroup activities. There is neu-
roradiology subspecialty representation from the American Soci-
ety of Spine Radiology, American Society of Functional Neurora-
diology, American Society of Pediatric Neuroradiology, and
American Society of Head and Neck Radiology. A group e-mail
account and a collaborative workspace were set up to support
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FIGURE. Concepts/responses captured through report CDEs are used in downstream IT systems.
Concepts, features, and measurements from CDEs are encoded with unique identifiers (eg,
RDE236.3) by the reporting system, which are passed across interfaces and received by various sys-
tems programmed to act on specific values. The unique identifiers can trigger other events or be
recoded/translated to provide discrete data that drive additional value-based health care processes.
PQRS indicates Physician Quality Reporting System; EHR, indicates Electronic Health Record.

asynchronous communication and for all members to have access
to all work products and artifacts. The group meets monthly by
teleconference with a preplanned agenda, action items, and min-
utes. Ideas for new CDE nominations are brought to the entire
group. A single subspecialty volunteer then takes ownership of the
first draft of the CDE set, which is authored directly on a spread-
sheet visible to all workgroup members. The workgroup is free to
revise or comment on the draft. Corrections or modifications are
made on the basis of exchange through group e-mails or via dis-
cussion at the monthly teleconference. The final version of the
CDE is then handed off to the ACR-RSNA CDE subcommittee to
catalog and number in the RadElement.org CDE repository. A
Neuro-CDE master list is used to track CDE progress from pro-
posal to final draft. Twelve of the initial CDE sets or modules

were converted into PowerScribe 360
macros (https://www.nuance.com/
healthcare/medical-imaging/powerscribe-
360-reporting.html) and posted on the
ASNR Web site for public view/down-
load (https://www.asnr.org/resources/
cde/) and were featured in a public dem-
onstration at the ASNR 2018 Annual
Meeting (Vancouver, British Columbia,
Canada).

What Are the Potential Benefits of

CDEs?
A number of other potential tangible

benefits and incentives for radiologists
to embrace CDE models and reporting
exist, and there is growing evidence that
inclusion of CDEs in clinical reporting
can be performed efficiently, will aug-
ment communication, and is preferred
by clinicians.' !> While current vendor
offerings of reporting products are lim-
ited in their ability to fully support
CDEs, there is a movement underway to
address these limitations for the next
generation of reporting tools that will
include CDEs and radiology decision
support content (Computed Assisted
Radiology Decision Support [CAR/
DS])."? Artificial intelligence (AI) and
natural language processing cannot ulti-
mately solve the problem of converting
heterogeneous prose reports into homo-
geneous concepts. A combination of so-
lutions that includes new reporting tools
that aid radiologists in image interpreta-
tion and dictation will ultimately pro-
vide the ideal balance between quality
and efficiency. While vendors can en-
code picklists and insertion fields into
templates, the current commercial of-
ferings lack the ability to incorporate
triggers and logic into the reporting
workflow that enhance efficiency, miti-
gate reporting errors, and augment quality. There is the capabil-
ity today, however, to dynamically modify a report on the basis of
the content that has already been created. For example, mention
of a mass on brain MR imaging might invoke a CDE set that cues
the radiologist with a list of ASNR-recommended brain mass fea-
tures. The ACR-Assist (https://www.acr.org/Practice-Management-
Quality-Informatics/Informatics/Structured-Content) technology
is a radiologist decision support framework that uses the spoken
or transcribed concepts in a report as a “trigger” to instanta-
neously provide consistent and useful supplemental recommen-
dations in a report.* The software behind radiology decision sup-
port has “awareness” of key concepts/findings/observations (eg,
CDE:s) and can use this knowledge base to automatically suggest
other supplemental features that should be included or to provide
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recommendations based on the individual features of a finding. A
TI-RADS score could automatically be calculated and inserted into a
report on the basis of feature descriptions of a thyroid nodule. The
automatic insertion of a macro containing the essential imaging fea-
tures of laryngeal cancer could follow after describing an incidental
laryngeal mass on a neck CT angiogram. Information collected from
that macro could generate staging information for the electronic
medical record that would be valuable to the oncologist/otolaryngol-
ogist. Paramount to the development and deployment of these new
software tools is expert review of the inherent concepts and potential
enhancements (eg, calculations, assessment scores).

Inclusion of CDEs in reports creates a multitude of opportu-
nities for the concepts in the report to improve other downstream
processes. The unique identifier associated with each CDE con-
cept/response can be encoded and transmitted with the text re-
port by a reporting system and can be used to trigger downstream
events in other disparate IT systems that have been programmed
to comprehend and respond to specific concepts and values. New
events could include automatic notification of care team mem-
bers for critical results communication while the report is still in
process. Automated generation of quality-assurance data for a
number of clinical use cases such as acute stroke turnaround times
and notification could be more accurately collected. Payment de-
nials could be mitigated at the time of report generation by check-
ing for appropriate terminology and concepts in reports that are
critical for approval. In the electronic medical record, encoded
CDEs could be used to supplement the problem list, progress
notes, reccommendations, and discharge summaries of the patient.
Patient-centric versions of radiology reports could be generated
for consumption on patient portals. The concepts from CDEs
could be used to collect vast quantities of data for quality assur-
ance and benchmarking in registries. Local, regional, and national
registries containing imaging features for specific clinical use cases
could be created and could be used for large-scale imaging-based
comparative effectiveness research for population health and
high-profile health care initiatives. These all have an additive ef-
fect of augmenting the value of every radiology report (Figure).

Medical imaging Al research and development could also be
accelerated by the inclusion of CDE:s in clinical reporting. While
close to one-half billion unique imaging studies are generated
annually in the United States, only a small portion of these exam-
inations are “Al ready” for training and validation of AI algo-
rithms. The lack of relevant annotations is often cited as the
principal reason for shortages of suitable Al training datasets. In-
vestigators have attempted to mobilize natural language—process-
ing applications to retrospectively extract the needed concepts
from prose reports with varied success. Additional expert re-
sources are usually required to re-review the original imaging data
to create the annotations for a specific disease entity (eg, stroke,
glioma, fracture). The annotations and anatomic locations of the
features on the images are used to create Al classifiers of disease.
Imaging concepts encoded in CDEs make it simpler to create the
annotations and subsequently the AI classifiers. The inclusion of
CDEs in reports makes it easier to prospectively generate needed
annotations. Moreover, universal adoption of CDEs for stroke,
cerebral neoplasia, multiple sclerosis, and so forth makes it easier
to aggregate data from multiple sites for AI development.
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CONCLUSIONS

There are clearly a large number of benefits to be derived from
adopting the general practice of using a singular set of concepts,
observations, and features in radiology reporting. Codifying the
content with neuroradiology domain experts is critical to the suc-
cess of the process. The joint collaboration among ASNR, ACR,
and RSNA is to develop a continual process by which CDE con-
tent is proposed, authored, reviewed, approved, and validated for
all of neuroradiology. The effort can provide a single clearing-
house of neuroradiology CDEs that can be directly used by the com-
mercial and research sectors to improve product offerings. There is a
“symbiosis” between the product development and content creation
for CDEs, with each relying on the deliverables of the other. The hope
is that the processes being set forth by the ASNR in collaboration with
the RSNA and ACR will serve as a pilot for content creation of the
other radiology subspecialties. We encourage all practitioners in the
“House of Neuroradiology” to contribute and provide guidance for
the construction of this collection.
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PRACTICE PERSPECTIVES

Bias in Neuroradiology Peer Review: Impact of a “Ding” on
“Dinging” Others

P. Charkhchi, ““/B. Wang, ““'B. Caffo, and ““'D.M. Yousem

ABSTRACT

BACKGROUND AND PURPOSE: The validity of radiology peer review requires an unbiased assessment of studies in an environment that
values the process. We assessed radiologists’ behavior reviewing colleagues’ reports. We hypothesized that when a radiologist receives a
discrepant peer review, he is more likely to submit a discrepant review about another radiologist.

MATERIALS AND METHODS: We analyzed the anonymous peer review submissions of 13 neuroradiologists in semimonthly blocks of time
from 2016 to 2018. We defined a discrepant review as any one of the following: 1) detection miss, clinically significant; 2) detection miss,
clinically not significant; 3) interpretation miss, clinically significant; or 4) interpretation miss, clinically not significant. We used random-
effects Poisson regression analysis to determine whether a neuroradiologist was more likely to submit a discrepant report during the
semimonthly block in which he or she received one versus the semimonthly block thereafter.

RESULTS: Four hundred sixty-eight discrepant peer review reports were submitted; 161 were submitted in the same semimonthly block of
receipt of a discrepant report and 325 were not. Receiving a discrepant report had a positive effect on submitting discrepant reports: an
expected relative increase of 14% (95% Cl, 8%—21%). Notably, receiving a clinically not significant discrepant report (coefficient = 0.13; 95%
Cl, 0.05-0.22) significantly and positively correlated with submitting a discrepant report within the same time block, but this was not true
of clinically significant reports.

CONCLUSIONS: The receipt of a clinically not significant discrepant report leads to a greater likelihood of submitting a discrepant report.

The motivation for such an increase should be explored for potential bias.

eer review is one form of evaluation of a radiologist’s perfor-

mance, mostly targeting the diagnostic accuracy of interpre-
tation." The 2007 medical staff standards of The Joint Commis-
sion (https://www.jointcommission.org/) have strengthened the
peer review process by explicitly requiring focused and ongoing
professional practice evaluations. These standards evaluate a
practitioner’s knowledge, skill, and behavior. Focused profes-
sional practice evaluations involve an intense assessment of a
practitioner’s credentials and current competence at the initial
appointment in a practice. Ongoing professional practice eval-
uations are the routine monitoring of current physician com-
petency, which includes but is not limited to assessment of a
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practitioner’s ongoing interpersonal and communication skills,
professional behavior, practice competency, and behavior as a
team member.” To address these standards, most radiology prac-
tices use some form of peer review to assess radiologists’ accuracy
and performance.>*

The primary goal of radiology peer review is to reduce diag-
nostic errors, educate radiologists to their blind spots and areas
for improvement, and improve patient safety. In addition to eval-
uating the radiologist’s technical performance, peer review can
evaluate communication skills, interpersonal relationships, team
cooperation, and responsiveness.’

The American College of Radiology currently recommends
that medical centers participate in physician peer review to obtain
and maintain accreditation. Many radiology groups have com-
mitted to using a peer review system due to hospital requirements,
The Joint Commission standards, or recommendations from spe-
cialty societies.® There are different types of peer review systems,
including RADPEER, implemented by American College of
Radiology (https://www.acr.org/Clinical-Resources/RADPEER).
Our department is currently using a home-grown peer review
system with the advantage of an integrated information technol-
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ogy solution that allows the review of cases within 24 hours of
completion, thereby catching errors early, rather than several
months later. The process is anonymized so that neither the re-
viewer nor the original reader knows the author of the reports or
the peer reviews. Both RADPEER and our internal system are
scoring-based peer review systems.

As Kaewlai and Abujudeh5 indicated, 2 critical areas for suc-
cess in peer review are a positive peer review culture and a com-
mitted team. Larson et al” indicated that scoring-based systems
tend to drive radiologists inward, against each other and against
practice leaders. Our aim in this communication was to critically
assess the radiologists’ behavior in the setting of reviewing col-
leagues’ reports. We hypothesized that when a radiologist receives
a discrepant review, he or she would be more likely to report a
discrepant review (colloquially referred to as a “ding”) on another
person’s report within 2—4 weeks.

MATERIALS AND METHODS

Because this project dealt with quality-improvement processes, it
was deemed by the Johns Hopkins institutional review board to be
exempt from review. The data collected were independent of pro-
tected health information; therefore, the study was Health Insur-
ance Portability and Accountability Act—compliant.

Data Source
This is a retrospective study. We used peer review data from the
division of neuroradiology because of the early implementation of
the internal system by this team. The peer review system is com-
pletely anonymous: The radiologists are aware of neither who has
reviewed their reports nor whose report they are reviewing. The
program randomly selects colleagues’ reports from the previous
24 hours and assigns them to the peer reviewer, providing the
report without the author of the report being identified. It opens
the images on the case. The radiologist reviewing the case must
choose whether he or she concurs with the interpretation, identi-
fies a detection miss, or identifies an interpretation miss. If a miss
is identified, it is scored as clinically significant or clinically not
significant. If such a miss is identified, whether significant or not,
the peer reviewer fills in a text box identifying the miss. The radi-
ologist submits the case; and if a miss has been identified, the
original reader receives an e-mail immediately thereafter notify-
ing him or her that there is a discrepancy and to review the case.
We collected data from January 1, 2016, to January 30, 2018, in
increments from the first of the month to the 15th day of the
month and from the 16th day of the month to the last day of the
month (ie, twice a month for 25 months) for all 13 neuroradiolo-
gists who were practicing in our facility for the full duration of the
study. The system provides data on the number of cases that are
read by the radiologist, the number of peer reviews that the radi-
ologist completed, the number of discrepant reviews that the ra-
diologist submitted, the number of the radiologist’s cases that
were reviewed by neuroradiology colleagues, the number of dis-
crepant cases in which a lesion was not detected and whether it
was clinically significant, and the number of cases in which a le-
sion was appropriately detected but its etiology was misinter-
preted and whether that misinterpretation was clinically signifi-
cant. We defined a discrepant review in our study as any one of the
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following: 1) detection miss clinically significant, 2) detection
miss clinically not significant, 3) interpretation miss clinically sig-
nificant, and 4) interpretation miss clinically not significant.

The members of the neuroradiology division are encouraged
to perform peer review each day that a neuroradiologist has clin-
ical duties, and all members must review cases at a rate equaling at
least 3% of the total number of cases they read each month (ie, if
they read 600 cases, they have to peer review at least 18 cases from
colleagues). Fulfilling this participation rate is part of their end of
year bonus “quality and safety” calculation.

Study Variables

We defined the independent variable as the receipt of a discrepant
report. We defined 1 dependent variable as submitting a discrep-
ant review within the semimonthly time block of receiving a dis-
crepancy and a second dependent variable as submitting a dis-
crepant review in the semimonthly block after receiving the
discrepant review. As an example, if someone received a discrep-
ant report on day 7 of the month, we surveyed for discrepant
reports within the block that included the first 15 days of the
month (first dependent variable) and the last half of the month
(second dependent variable) for a discrepant submission by that
person. If the discrepancy was received, for example, on the 18th
day of the month, then the second half of the month becomes the
first dependent variable and the first 15 days of the next month
were the second dependent variable. We did not include more
than 4 weeks because we assumed that the likelihood of a reflexive
response diminished after a 2- to 4-week interval.

By virtue of collecting the data twice a month for 2 years of
practice from January 1, 2016, to December 31, 2017, and includ-
ing the 4 weeks of follow-up extending to January 31, 2018, we
had 50 data points. We also assessed the association between the
type of discrepant report (clinically significant versus clinically
not significant) and submitting the discrepant report on others.

Data Analysis

We used random-effects Poisson regression models to assess the
effect of receiving a discrepant review on submitting a discrepant
report within the received block and the next block (with doctor
as the random effect). Also, we included a multivariate regression
model in our analysis using clinically significant and non-clini-
cally significant reports as covariates to assess the association of
receiving different types of discrepant reviews (clinically signifi-
cant versus clinically not significant) and submitting one. All
analyses were performed with R statistical and computing soft-
ware (Version 3.4.3; www.r-project.org).

We ran 2 sensitivity analyses by including and excluding out-
liers. In the first analysis, we excluded 1 radiologist with the largest
number of submitted discrepant reports. This radiologist re-
ported, on average, 3.26 discrepant reports, while the mean of all
radiologists was 0.75 £ 1.6. We thought this radiologist may in-
fluence the results because this radiologist submitted the highest
number of discrepant reviews in the study time period. In the
second sensitivity analysis, we checked for any extreme observa-
tions and excluded greater than 5 discrepancy reports received or
submitted in a block and repeated the analysis.



RESULTS
The overall distribution of submitted reports for each neuroradi-
ologist is presented in Fig 1.

In the 2-year period, 486 discrepant peer review reports were
submitted, of which 161 were submitted by individuals in the
same 2-week block in which they received notice of a discrepant
report; 325 were not. There was a positive effect (coefficient =
0.13; 95% confidence interval, 0.08—0.19) between submitting a
discrepant report within the block of receiving one. The relative
rate was 14% (95% CI, 8%-21%). In other words, according to
the model, for every 5 discrepancy reports received, the number of

FIG 1. Mean number of discrepancy reports submitted for each neuroradiologist.

The association between receiving and submitting discrepant reports in the same and next

time block in a clinical radiology peer review system

discrepancies submitted will be doubled (times 1.93). If one does
not receive any discrepant reports, then he or she will submit 0.47
discrepancy reports (on average) in a 2-week block.

There was no statistically significant effect between receiving a
discrepant report in one block and then submitting one in the
following 2-week time block (coefficient, —0.09; 95% CI, —0.19—
0.02) (Table and Fig 2).

If one ran a multivariate regression analysis to assess the effect
of different discrepant reports on submitting a ding on others,
there was a significant association between receiving a not clini-
cally significant (coefficient = 0.13; 95% CI, 0.05-0.22) report
and submitting a discrepant report,
while there was no statistically signifi-
cant association between receiving a
clinically significant (coefficient = 0.26;
95% CI, —0.04—0.55) discrepant report
and submitting a discrepancy in the
same time block. There was no signifi-
cant association between receiving clin-
ically significant or not clinically signifi-
cant discrepant reports and submitting a
ding on others in the next following
2-week time block (Table).

After excluding 1 outlier radiologist
who submitted the most discrepancies,
there were no changes in our results: For
the same block analysis, the coefficient
changed from 0.13 to 0.12 (95% CI,
0.03-0.21) and remained statistically
significant; for the next time block, the
impact remained nonsignificant (coeffi-
cient = —0.05; 95% CI, —0.18-0.07).

The coefficient for each radiologist is
reported in Fig 3. If one compared the 2
time blocks, there was no significant as-

Submitting a Discrepant
Report within Same
Time Block

Received a Discrepant Report (Coefficient) (95% Cl)

Submitting a Discrepant  sociation between receiving and submit-

Report in the ting a discrepant review for any of the

Next Time Block radiologists in the next time block
(Coefficient) (95% Cl)

(Fig 3).

Any kind of discrepant report
Clinically significant discrepant report
Clinically not significant discrepant report

0.13(0.08-0.19)
0.26 (—0.04-0.55)
0.13(0.05-0.22)

—0.09 (—0.19-0.02)
—0.30 (—0.81-0.20)
—0.05(—0.18-0.07)

Removing outliers (more than 5 dis-
crepant or submitted reports) kept the

FIG 2. The association between receiving and submitting a discrepant report and 2 sensitivity analyses.
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FIG 3. Association of receiving a discrepant review with submitting one for each radiologist. Plot A (top) indicates the current time block; plot
B (bottom), the next time block.
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current time block significant (coefficient = 0.32; 95% CI, 0.12—
0.34) and the next time block nonsignificant (coefficient = 0.06;
95% CI, —0.08-0.19).

DISCUSSION

We found that when a radiologist in our study received a discrep-
ant report, he or she was more likely to submit a discrepant peer
review report within the 2-week time block of receiving it. The
observed effect was not seen in the following 2-week block of time,
suggesting an immediate reaction to the ding rather than a delayed or
sustained effect. Receiving a clinically not significant report and sub-
mitting a discrepant report on others are significantly positively cor-
related compared with receiving a “clinically significant” report.

To the best of our knowledge, this is the first article studying
physicians’ reactions to a discrepant report in the clinical setting.
Data are well-published on causes of discrepancies in radiology
and also strategies to prevent them.®'° However, none of these
articles qualitatively or quantitatively studied the radiologists’ be-
havior on receiving a discrepant report.”'*

Generally, there is a negative attitude toward the peer review
system among radiologists. In an American College of Radiology
survey assessing the RADPEER program, most radiologists
opined that the peer review system is only performed to meet
accreditation and hospital credentialing requirements.'? Nearly
half believed that their practice patterns had not changed as a
result of peer review. One-third of respondents admitted that
there was underreporting of disagreements in the peer review pro-
cess at their practice.'” This underreporting highlights the current
peer review systems deficits. Peer review may elicit anxiety,
shame, humiliation, and fear, leading to a reluctance to report
disagreements.” These factors may lead to the behavior demon-
strated in our study. If the peer review system is converted into a
retributive instrument among colleagues, it becomes worse than
meaningless; it becomes destructive.

On the other hand, the positive effect of receiving a discrepant
report on submitting discrepant reports may illustrate a positive
bias rather than a negative reaction. While previous studies have
shown that radiologists tend to underreport discrepancies on peer

review,'>1?

in contrast, our data suggest that receiving a discrep-
ant report may motivate the radiologist to review their colleagues’
reports more diligently and potentially identify errors that might
otherwise be overlooked. However according to our findings, par-
ticipants tend to submit more discrepancy reports on their col-
leagues when they receive a not clinically significant report com-
pared with a clinically significant one. We posit that this result
may be in favor of a motivation for a retributive reaction rather
than motivating the reviewer to be more conscientious. When a
radiologist receives a discrepant report that is clinically signifi-
cant, she or he may react with gratitude and not negatively react to
it, but if she or he receives a clinically not significant (“nuisance”)
discrepant report, the radiologist may be more likely to respond
by submitting a reciprocal discrepant report on a colleague.
There are a few limitations associated with this study. First, the
peer review system we use is unlike most peer review programs
that use historical studies for review. In other words, most peer
review systems require the radiologist to review a comparison
study from months to years earlier. In that gap, the diagnosis may

become clear and, for example, growth of a missed cancer can be
readily detected. By limiting our peer review system to reviews
within the previous 24 hours, we identify discrepancies earlier,
but a final diagnosis may not be clear at that point. Second, if the
reviewing radiologist wanted to enter the Radiological Informa-
tion System (RIS) or Electronic Medical Record (EMR), he or she
could break the anonymity of the self-contained peer review pro-
gram and identify who read each study. Third, we used semi-
monthly time intervals because our peer review system data are
collected this way. We cannot determine whether the radiologist
immediately submitted a discrepant report the same hour or day
that he or she received a discrepant report because we do not have
the data on the exact time of receiving and submitting reports. We
do not monitor the peer review system at such a granular level. On
a similar note, the reporting function of the program is able to
document that a dinged physician submitted a discrepant report
but not the type (detection versus interpretation/significant or not)
of report. Finally, if a discrepancy is challenged by the receiver, the
division chief then adjudicates the 2 reviews, which could change the
initial discrepant designation by the dinged physician.

How can we address this potential bias in the peer review sys-
tem? We could write code to the program that after receiving
notice of a discrepant report and reviewing it, that individual is
“frozen” from submitting any peer review reports for 7 days.
Thus, the more immediate “gut” reaction could be assuaged. Ed-
ucation and re-education continuously on the purpose of peer
review may also be helpful. Providing data showing the overall
results and how well individuals perform may decrease the psy-
chological impact of a solitary discrepant review. In addition, de-
partment leadership support to keep peer review results com-
pletely anonymous, blinded to leadership, and accessible only by
individual physicians can improve rate of participation in the peer
review system.

CONCLUSIONS

When a radiologist in our study received a discrepant report, he or
she was more likely to submit a discrepant report within the semi-
monthly block of time of receiving it. The observed effect was not
seen in the following block of time, suggesting an immediate re-
action to the ding rather than a delayed or sustained effect. The
impact was maximal after receiving a clinically Radiological In-
formation System (RIS) discrepant peer review.
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ORIGINAL RESEARCH
ADULT BRAIN

Deep Learning—Based Detection of Intracranial Aneurysms in
3D TOF-MRA

). Freiherr, and ““/M. Wiesmann
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T. Sichtermann, ““A. Faron, ““R. Sijben, ““N. Teichert,

ABSTRACT

BACKGROUND AND PURPOSE: The rupture of an intracranial aneurysm is a serious incident, causing subarachnoid hemorrhage associ-
ated with high fatality and morbidity rates. Because the demand for radiologic examinations is steadily growing, physician fatigue due to
an increased workload is a real concern and may lead to mistaken diagnoses of potentially relevant findings. Our aim was to develop a
sufficient system for automated detection of intracranial aneurysms.

MATERIALS AND METHODS: In a retrospective study, we established a system for the detection of intracranial aneurysms from 3D
TOF-MRA data. The system is based on an open-source neural network, originally developed for segmentation of anatomic structures in
medical images. Eighty-five datasets of patients with a total of 115 intracranial aneurysms were used to train the system and evaluate its
performance. Manual annotation of aneurysms based on radiologic reports and critical revision of image data served as the reference
standard. Sensitivity, false-positives per case, and positive predictive value were determined for different pipelines with modified pre- and
postprocessing.

RESULTS: The highest overall sensitivity of our system for the detection of intracranial aneurysms was 90% with a sensitivity of 96% for
aneurysms with a diameter of 3-7 mm and 100% for aneurysms of >7 mm. The best location-dependent performance was in the posterior
circulation. Pre- and postprocessing sufficiently reduced the number of false-positives.

CONCLUSIONS: Our system, based on a deep learning convolutional network, can detect intracranial aneurysms with a high sensitivity

from 3D TOF-MRA data.

ABBREVIATIONS: CNN = convolutional neural network; DSC = Dice similarity coefficient; FPs/case = false-positives per case

nruptured intracranial aneurysms are common among the
U general population. It is estimated that approximately 3% of
healthy adults have an intracranial aneurysm."' These aneurysms
often remain undiagnosed unless they become symptomatic (eg,
by compression of adjacent neural structures or rupture into the
subarachnoid space).” Rupture of an intracranial aneurysm is a
serious incident with high fatality and morbidity rates.” Identifi-
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cation of factors contributing to the risk of intracranial aneurysm
development, growth, and rupture is an active field of investiga-
tion. Apart from several disorders like polycystic kidney disease or
Marfan syndrome, elements such as genetic factors, family his-
tory, female sex, and age are linked to an increased risk of aneu-
rysm development. Intracranial aneurysm site, size, and shape are
further strongly associated with the risk of rupture.* Detection
of an intracranial aneurysm before it becomes symptomatic al-
lows endovascular or surgical treatment of the aneurysm before it
ruptures and may thus prevent death or morbidity.

DSA is still considered the criterion standard in evaluating
intracranial vessels and detection of intracranial aneurysms’s
however, it is inconvenient for primary diagnoses because it is
invasive and time-consuming. CTA and MRA are noninvasive
methods widely used in clinical routine. Unlike DSA and CTA,
which are based on x-ray imaging, MRA does not cause radiation
exposure. It is therefore the preferred technique for screening
asymptomatic patients for intracranial pathology. The number of
radiology examinations performed for diagnoses is steadily in-
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creasing.>® Given the growing workload of radiology depart-
ments, physician fatigue with the inherent risk of missed diagno-
sis of potentially significant findings is a relevant concern. Hence,
a reliable method for automated detection of intracranial aneu-
rysms from routine diagnostic imaging would be of great utility in
clinical routine.

Rapid advances in the field of computing and a growing
amount of data prompted the rise of convolutional neural net-
works (CNNs), a specific type of deep learning network archi-
tecture, for segmentation, classification, and detection tasks
in medical imaging.'®'* The training process of a CNN is
straightforward to implement because the features for discrim-
ination of the desired output classes are not designed but
learned in an automated fashion from the input data.'” Several
approaches for automated detection of intracranial aneurysms
from noninvasive imaging have been proposed in the litera-
ture."*"'” However, a deep learning—based method for sufficient
detection of intracranial aneurysms from 3D TOF data has not yet
been reported, to our knowledge. The aim of this study was to
investigate the potential of a deep learning algorithm for auto-
mated detection of intracranial aneurysms from 3D TOF-MRA
clinical data.

MATERIALS AND METHODS

Dataset

This retrospective study was approved by the Independent Ethics
Committee at the RWTH Aachen Faculty of Medicine. The re-
quirement for informed consent was waived. From an internal
data base belonging to our department, we incorporated data
from all patients with a 3D TOF-MRA examination of at least 1
previously untreated intracranial aneurysm. Images were ob-
tained for clinical purposes between 2015 and 2017. After we
removed protected patient information and substituted sub-
ject identifiers, examinations were retrieved from the local
PACS. The dataset consisted of 85 examinations. Of those, 72
image sets originated from our department. Sixty of these ex-
aminations were performed on a 3T scanner (Magnetom
Prisma; Siemens; Erlangen, Germany). Twelve examinations
were performed on a 1.5 scanner (Magnetom Aera; Siemens).

The following parameters were used for the 3D TOF-MRA:
Magnetom Prisma (3T)—TR, 21 ms; TE, 3.42 ms; flip angle, 18°%
FOV, 200 mm; section thickness, 0.5 mm; matrix, 348 X 384;
acquisition time, 5 minutes 33 seconds; 20-channel head/neck
coil; Magnetom Area (1.5T)—TR, 28 ms; TE, 7 ms; flip angle, 25°%
FOV, 200 mm; section thickness, 0.5 mm; matrix, 256 X 320;
acquisition time, 5 minutes 52 seconds; 20-channel head/neck
coil.

Thirteen examinations included in this dataset originated
from external departments and were performed on different
scanners.

We included all TOF acquisitions with at least 1 previously
untreated aneurysm, irrespective of etiology, symptomatology,
and configuration (saccular, fusiform, and dissecting). The aneu-
rysms were located in the internal carotid arteries, the anterior
cerebral arteries (including the anterior communicating artery),
the middle cerebral arteries, or the posterior circulation (in-
cluding the vertebral, basilar, posterior, cerebral, and posterior
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communicating arteries). One patient had polycystic kidney
disease, while the remainder had incidental findings. Exclusion
criteria were previous treatment (coil embolization or surgical
clipping) or pronounced motion artifacts, preventing accurate
segmentation.

The DeepMedic (Version .6.1; https://biomedia.doc.ic.ac.uk/
software/deepmedic/) CNN was used'® with an application of re-
quired preprocessing on the dataset'®: voxel size resampling
(0.5 X 0.5 X 0.5 mm’) and intensity normalization to a zero-
mean, unit-variance space. To evaluate the impact of preprocess-
ing on the performance of the CNN, we modified our dataset
using different BET2 skull-stripping (https://fsl.fmrib.ox.ac.uk/
fsl/fslwiki/BET)>° and performing N4 bias correction.”'

The ground truth segmentation was performed by a neurora-
diology resident experienced in cranial diagnostic imaging. On
the basis of radiologic reports, anonymized TOF data were criti-
cally reviewed, and aneurysms were manually annotated in a vox-
elwise manner using the manual segmentation tool of ITK-SNAP
(www.itksnap.org).>* Intrarater reliability was studied using the
Pearson correlation coefficient.

After evaluation of the dataset, we trained DeepMedic and
performed inference to segment aneurysms. Remarkably, 2 aneu-
rysms that had been previously overlooked were detected by the
CNN in this early stage. Consequently, the dataset was validated
by another radiologist who was blinded to the radiology reports.
Complete ground truth was evaluated once again and adjusted
accordingly.

The dataset needed division into training, test, and validation
sets, to run the CNN and assess its performance. The training set
was used for learning, which describes the process of fitting the
parameters of the network to learn features for discriminating the
output classes. The validation set was used during training to re-
duce overfitting to the training data. This is done by comparing
the Dice similarity coefficient (DSC) (a measure indicative of seg-
mentation accuracy) of the training samples with the DSC of the
unknown validation samples and adjusting the learning rate of the
network. The test set is used for evaluation of the trained model."®
Training the model took about 20 hours; inference per case was
about 50 seconds on a Titan XP GPU (Nvidia, Santa Clara,
California).

Five-fold cross-validation was performed. For each split, the
whole dataset was randomly divided into the 3 subsets as ex-
plained earlier: training set (58 cases, 68%), validation set (10
cases, 12%), and test set (17 cases, 20%).

DeepMedic and Evaluation

Segmentation of the aneurysms was executed with the DeepMedic
framework, a CNN for voxelwise classification of medical imaging
data after training with 3D patches at multiple scales. DeepMedic
was developed and evaluated for the segmentation of brain
lesions.”?

The network consists of 2 pathways with 11 layers. Both pathways
are identical, but the input of the second pathway is a subsampled
version of the first (see the full architecture in Fig 1). Parameters were
set as proposed by Kamnitsas et al'®: An initial learning rate of 10>
was used and gradually reduced. For optimization, a Nesterov Mo-
mentum of 0.6 was set. For better regularization, drop-outand L1 =


https://biomedia.doc.ic.ac.uk/software/deepmedic/
https://biomedia.doc.ic.ac.uk/software/deepmedic/
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/BET
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FIG1. Flowchart of the pipeline. A, Preprocessing is performed with 4 different models. The dataset is split into test, training, and validation sets.
B, Inference is performed with the convolutional neural network DeepMedic with a 2-pathway architecture. The number of feature maps and
their size is depicted as number X size. The + depicts the addition of the 2 preceding layers, which adds an additional nonlinearity and reduces
the number of weights."® The diagram is based on the depiction in the DeepMedic documentation. (Modified from Kamnitsas K, Ledig C,
Newcombe VFJ, et al. Efficient multi-scale 3D CNN with fully connected CRF for accurate brain lesion segmentation. Medical Image Analysis
2017;36:61-78 under CC-BY4 license).>> C, Thresholding is applied to the resulting segmentation and evaluated with different metrics. Ly,
indicates layers in the normal resolution pathway, L, indicates layers in the low resolution pathway.

10 ®and L2 = 10~ * regularization was performed. To accelerate the
convergence, we used Rectified Linear Unit activation functions and
batch-normalization as implemented in the DeepMedic frame-
work.>®> We used the proposed DeepMedic hybrid sampling scheme.
In this strategy, image segments larger than the neural network’s re-
ceptive field are given as an input to the network. A training batch is
built by extracting segments with 50% probability centered on the
foreground or background voxels, facilitating an automatic method
for balancing the distribution of training samples regarding the size
of the desired class in the segment and therefore preventing class
imbalance by adjusting to the true distribution of background and
aneurysm voxels."® With a probability of 50%, the training images
were mirrored on the coronal axis to increase the diversity of the
training set.

We used the EvaluateSegmentation Tool (https://github.com/
Visceral-Project/EvaluateSegmentation)>* to analyze the segmen-
tation results by determining Hausdorff distances and the DSC.
For methodologic reasons, each segmented voxel or connected
component of voxels in the output binary segmentation was con-
sidered a positive detection. Each positive detection that corre-
sponded to an aneurysm in ground truth was considered a true-
positive finding, while each positive detection that did not
correspond to an aneurysm in ground truth was considered a
false-positive finding. In preliminary studies, this approach led to
a very high rate of false-positive detections. Because we observed
that compared with true-positive detections, false-positives
tended to be rather small, we further examined whether the inte-
gration of a detection threshold as a postprocessing step, remov-
ing connected components smaller than a given volume, would

improve our results. On the basis of the composition of our data-
set, detection thresholds of 5, 6, and 7 mm? were studied (Fig 1).
To further reduce the number of false-positives, we fine-tuned the
network using a modified training strategy in which 90% of the
input samples corresponded to background class; and 10%, to
aneurysm class, reflecting a more realistic distribution of aneu-
rysms. The learning rate was lowered to 10~ * and the pretrained
weights of the last 3 layers were changed while the training weights
of the other layers were kept constant. To study the reliability of
true-positive detections and the capability of the system in pre-
dicting aneurysm size, we compared the volume segmented by the
algorithm with the manually examined volume of the ground
truth.

To assess the impact of preprocessing, we evaluated 4 models
(A-D). In model A, only the necessary steps to obtain reasonable
results from DeepMedic, resampling to isotropic voxel size and
intensity normalization, were performed. Additional skull-strip-
ping is advised in the DeepMedic documentation.'® We used the
well-established BET2 skull-stripping method. Skull-stripping in
model B was performed with a fixed fractional intensity threshold
of 0.2. In model C, the parameter was adjusted manually in each
case to receive an optimal brain outline, without nonbrain struc-
tures such as skull or parts of the ocular muscles and nerves. For
model D, we used the skull-stripping masks from model C and
performed an additional N4 bias correction®” to evaluate whether
low-frequency intensity inhomogeneities in the acquisitions
would have an impact on the performance of the algorithm (Fig
1). In this work, each model is depicted as a preprocessing model
identifier (A-D), followed by the detection threshold (0, 5, 6, 7).
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Full preprocessing per case took about 5 minutes on a Corei7—
8700K CPU (Intel, Santa Clara, California). Individual creation of
a skull-stripping mask was performed by an experienced user and
took about 8 minutes for each sample.

Statistical analysis was performed using SPSS software, Ver-
sion 25.0 (Released 2017; IBM Armonk, New York). We used the
Shapiro-Wilk test to test for normality. Significance values of nor-
mality tests are only reported for cases in which the normality
assumption was violated. A Kruskal-Wallis test was used for the
split-validation of maximum diameters.

Comparisons among the Models

We hypothesized the 4 different levels of preprocessing to each be
improvements over the previous version. Therefore, sensitivity
values of each preprocessing model were compared only with
those of its closest neighbor by testing for differences in the
proportions of hits and misses, using McNemar tests. These
tests were chosen over x? tests because the values obtained
from each model were not independent of one another. Com-
paring each model with its closest neighbor yielded 3 compar-
isons (A0 versus B0, B0 versus C0, CO versus D0); thus, signif-
icance levels were corrected for 3 comparisons using a
Bonferroni correction.

False-positives per case (FPs/case) were compared for each
preprocessing model using a Friedman test. Post hoc tests were
run using Wilcoxon signed rank tests for each closest neighbor.

DSCs of each preprocessing model were compared using
Friedman tests. Post hoc tests were run using Wilcoxon signed
rank tests for each closest neighbor. Missing values, caused by the
inability of the evaluation tool to analyze volumes with no seg-
mented voxels, were set to zero.

Hausdorff distances of each preprocessing model were an-
alyzed using a linear mixed model, which included a random
subject factor, and “model” as the sole fixed dependent vari-
able. This linear mixed model was chosen over a repeated-
measures ANOVA because the linear mixed model can analyze
missing values better; unlike DSCs, a Hausdorff distance of
zero would not accurately describe the inability of the tool to
analyze a volume with no segmented voxels.

Comparisons within the Models
We hypothesized that each of the postprocessing models reduces
the number of false-positives sequentially. Thus, sensitivity values
for each detection threshold were compared with those of the
closest neighbor within each model by testing for a difference in
the proportions of hits and misses using McNemar tests. This
yielded 3 comparisons per preprocessing model (0 versus 5, five
versus 6, and 6 versus 7).

FPs/case were compared for each detection threshold using a
Friedman test. Post hoc tests were run using Wilcoxon signed
rank tests comparing each closest neighbor.

Size and Location

Increased aneurysm size embodies an increased rupture risk.*
However, consented classifications of aneurysms based on an-
eurysm size are missing. To study the impact of aneurysm size
on the detection rate, we classified aneurysms on the basis of
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maximum diameter as follows: In the literature, aneurysms
with a maximum diameter of =3 mm are generally considered
tiny.?® For simplification, we termed these findings small an-
eurysms. A distinct increased risk of rupture was identified for
aneurysms with a diameter of >7 mm.® We therefore defined
aneurysms of >3 but =7 mm as medium, and those of >7 mm
as large. Additionally, aneurysms were categorized on the basis
of their location.

Sensitivity values of these categories were compared for both
categorizations using Fisher exact tests rather than x> tests be-
cause the cases numbered below 5 for certain cells. Spearman rank
correlation coefficients were calculated between ground truth and
predicted volumes because the normality assumption was vio-
lated in all samples.

RESULTS

Dataset

In 85 patients (58 women, 68%; 23—84 years of age; mean, 56 =13
years), 115 untreated aneurysms with a mean volume of 214.6 =
480.9 mm? (range, 6.4—4518.0 mm’) and a mean maximum diam-
eter of 7.1 * 4.4 mm (range, 2.1-37.0 mm) were identified as the
ground truth. Intrarater reliability for manual aneurysm segmenta-
tion was excellent (r = 0.998; 95% CI, 0.988—0.999; P < .0001). In
the dataset, large-sized aneurysms accounted for 39%; medium-
sized aneurysms, for 50%; and small-sized aneurysms, for 11%.

The locational proportion of aneurysms was as follows: Forty-
two percent of all aneurysms were located in internal carotid ar-
teries; 17%, in the anterior cerebral arteries, including the anterior
communicating artery; 23%, in the middle cerebral arteries; and
19%, in the posterior circulation, including the vertebral, basilar,
posterior, cerebral, and posterior communicating arteries.

For cross-validation, the dataset was split into 5 subgroupsin a
randomized fashion. Normality was violated for the diameter dis-
tributions in the splits (P < .001). The mean maximum diameter
values of the splits did not differ significantly (x* [4] = 6.195, P =
.19). The mean maximum diameters of the 5 splits were 7.6 = 3.7
mm, 7.9 * 6.8 mm, 5.3 = 2.4 mm, 7.6 £4.1 mm, and 7.0 =3.1

mm, respectively.

Sensitivity among Models

Comparing sensitivity values of the nearest neighbors’ prepro-
cessing models (A0, B0, C0, and DO) yielded no significant differ-
ences (P = 1, binomial distribution used for all comparisons).
Even the models showing the largest difference (A0 versus D0) did
not approach significance (P = .29, binomial distribution used,
uncorrected for multiple comparisons).

False-Positives per Case among Models
Analyses of false-positive rates between the preprocessing models
revealed a significant difference among models (x* [3] = 136.144,
P < .001). Pair-wise comparisons indicated a significant differ-
ence between models A0 and B0 (z = 7.425, P < .001), but not BO
and CO or COand DO (z = 1.878, P = .18 and z = 0.991, P = .97,
respectively).

For each preprocessing model, the impact of detection thresh-
olds on sensitivity, FPs/case, and positive predictive value was
studied (Fig 2).



FIG 2. Impact of detection thresholds on sensitivity, the number of false-positives, and the
positive predictive value (PPV). Versions A, B, C, D without detection thresholds (A0, BO, CO, DO)
and with thresholds of 5 mm? (A5, B5, C5, D5), 6 mm?® (A6, B6, C6, D6), and 7 mm?® (A7, B7, C7, D7).
Depicted as bars are the FPs/case; depicted as diamonds are the sensitivities. PPV is shown below
the diagrams for each model. The asterisk indicates P < .05; double asterisks, P = .001; triple
asterisks, P < .001.

Sensitivity within Models

between thresholds B5 and B6, or B6
and B7 (P = 1, binomial distribution
used for both comparisons). For model
C, a significant decrease in sensitivity
was found between thresholds CO and
C5 (P < .001, binomial distribution
used). Sensitivity did not differ between
thresholds C5and C6 or C6and C7 (P =
1, binomial distribution used for both
comparisons). For model D, a signifi-
cant decrease in sensitivity was found
between thresholds DO and D5 (P <
.001, binomial distribution used). Sensi-
tivity did not differ between thresholds
D5 and D6 or D6 and D7 (P = 1, bino-
mial distribution used for both compar-
isons). A consecutive decrease in sensi-
tivity ranged between 2% (version A)
and 10% (version C).

False-Positives per Case within
Models
Normality was violated for all models
without thresholding applied (P = .008
for A0, P < .001 for all other models).
For model A, significant changes
were found in the number of FPs/case
among detection thresholds A0 and A5
(z = 8.14, P < .001), A5 and A6 (z =
6.16, P < .001), and A6 and A7 (z =
5.12, P <.001). For model B, significant
changes were found in the number of
FPs/case among detection thresholds BO
and B5 (z = 7.89, P < .001), B5 and B6
(z = 4.12, P < .001), and B6 and B7
(z = 3.46, P = .001). For model C, sig-
nificant changes were found in the num-
ber of FPs/case among detection thresh-
olds C0 and C5 (z = 7.62, P < .001), C5
and C6 (z=3.61, P <.001),and C6 and
C7 (z = 2.83, P = .005). For model D,
significant changes were found in the
number of FPs/case among detection
thresholds DO and D5 (z = 7.64, P <
.001), D5 and D6 (z = 2.45, P = .01),
and D6 and D7 (z = 2.83, P = .005).

Impact of Aneurysm Size

To evaluate the impact of aneurysm size
on sensitivity, we divided aneurysms
into 3 categories based on maximum di-
ameter, as described above. Detection
sensitivity was found to be dependent on

For model A, no significant changes in sensitivity were found  aneurysm size (test statistics are shown in Table 1).
between detection thresholds 0, 5, 6, and 7 mm? (P = 1, binomial The Shapiro-Wilk test revealed that in all cases, normality as-
distribution used for all comparisons). For model B, a significant ~ sumption was violated by the ground truth volumes and/or the pre-

decrease in sensitivity was found between thresholds BO and B5  dicted volumes of the models. The ground truth volume showed a

(P = .05, binomial distribution used). Sensitivity did not differ = negative correlation with the predicted volume of each preprocessing
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model for the group of small aneurysms. The highest correlation was
found in preprocessing model A0 for large aneurysms. The correla-
tion values for all aneurysm sizes combined were, in all models, sim-
ilar to those of large aneurysms (Table 2).

Impact of Aneurysm Location
Sensitivity values among locations did not show a significant dif-
ference (test statistics are shown in Table 3).

Accuracy of Segmentation: DSC and Hausdorff Distance
The distribution of DSCs violated normality for all models and
thresholds (P = .001 for all models). DSCs differed significantly
among preprocessing models A0, B0, C0, and DO (x* [3] =
50.228, P < .001). Pair-wise comparisons between nearest neigh-
bors indicated that this difference originated from the difference
between A0 and BO (z = 5.44, P < .001). DSCs did not differ
among sessions B0, C0, and DO.

Hausdorff distances differed significantly among preprocess-
ing models A0, B0, CO, and DO (F[3, 255] = 56.44, P < .001).
Pair-wise comparisons between nearest neighbors indicated that
this difference originated from the difference between A0 and BO
(P <.001). BO and C0 did not differ significantly (P = .07), nor
did CO and DO (P = .13).

DSC and Hausdorff distance values of the different prepro-
cessing models are shown in Table 4. After we fine-tuned model
A0, the DSC increased significantly from 0.47 = 0.28 to 0.50 =
0.30 (P < .001), and the Hausdorff distance changed from
90.16 *= 22.25 to 85.6 * 22.69 (P = .004) without significant
changes in sensitivity or the number of FPs/case.

Visual Inspection

Two examples of our dataset are shown in Fig 3. The model was able
to detect aneurysms of small-to-large size, location, and regional in-
tensity distribution in the 2 displayed volumes. By means of a post-
processing step, false-positive components were removed.

DISCUSSION

Machine learning applications, in particular deep learning, have
recently gained increased attention in the domain of medical im-
aging. These types of algorithms, specifically CNNs, are top per-

Table 1: Sensitivity depending on aneurysm size and
preprocessing model

<3 mm >3 and <7 mm >7 mm

(Small) (Medium) (Large) Fisher Exact

(n=13) (n=57) (n=45) Test Statistic
A0 .38 93 1 29.00, P < .001
BO .38 91 .98 25.93, P < .001
(@0] 23 .96 98 38.43, P < .001
DO .08 95 .98 49.89, P < .001

Table 2: Correlation between ground truth volume and model volume prediction

depending on aneurysm size and preprocessing model

formers in most medical-image analysis competitions. The ease of
implementation of CNNs in processing pipelines'> makes them
accessible to a broad range of researchers. Machine learning is
becoming a tool of growing importance in radiology and will
probably change the way radiologists work.

In this study, we demonstrated the great potential of a CNN for
reliable detection of intracranial aneurysms from 3D TOF-MRA. De-
mand for radiologic imaging is constantly growing; therefore, the
steadily increasing workload must be managed by radiology depart-
ments.”” Computer-aided detection tools may assist in preventing
diagnostic errors that could occur due to a physician’s fatigue or lack
of concentration. In a clinical setting, cranial imaging is performed
for several diagnostic purposes. However, potentially relevant find-
ings are often missed if a conspicuity corresponding to the primary
diagnostic purpose of an examination is found.*® This phenomenon
termed “satisfaction of search” is frequently observed in radiologic
practice and could potentially be reduced by sufficient computer-
aided detection tools. To evaluate a realistic scenario, we included
unspecified and therefore rather heterogeneous images (ie, different
scanners, different field strengths) with varying image quality (signal-
to-noise ratio, motion artifacts).

Solely in terms of overall sensitivity, the best model was A0,
without application of skull-stripping or bias correction, with a
sensitivity of 90%. However, this model also had a FPs/case value
of 6.1, which is rather high. The highest positive predictive value
of 0.57 was achieved with model D7, consisting of customized
skull-stripping and N4 bias correction. A sensitivity of 79% was
achieved with a FPs/case rate of 0.8 = 1.3. The amount of prepro-
cessing had a significant impact on the rate of false-positives. In
terms of sensitivity, no significant differences between prepro-
cessing models were detected. Using a thresholding method that
removes segmentation components below a distinct volume, we
were able to further decrease the rate of false-positives.

Aneurysm size had a distinct impact on the performance of the
CNN: For small aneurysms, a lower sensitivity value was mea-
sured. These missed detections resulted in low correlation values
between ground truth volumes and the model-predicted volumes
for small aneurysm sizes. This correlation increased for medium-
sized aneurysms, which were detected with a higher certainty but
in some cases lacked segmentation precision. The correlation for
large aneurysms and the overall correlation were high, the latter
mainly due to a good segmentation capability for medium and
large aneurysms. The DSC could be improved significantly by
skull-stripping from 47% * 28% to 53% * 29%. The Hausdorff
distance likewise improved from a value of 90 = 22 to 70 = 17.

Small aneurysms were underrepresented in the dataset; increas-
ing this number would possibly improve the ability of the model to
segment those aneurysms and predict their size better. A larger data-
set would also decrease a possible overfitting of the model to the
training data. We endeavored to address
this issue using 5-fold cross-validation

<3 mm (Small) >3 and <7 mm >7 mm (Large)

and flipping the image as a data aug-
mentation concept.

(n=13) (Medium) (n = 57) (n = 45) Overall .
A0 1= —28(P=36 r.—46P<00) r.—9lP<00) r—o0p<ooy . | pesgrounduuthsegmentationissub-
BO r.=-03(P=91 r.=45(P<.00) r,=87(P<00) r =.87(p<.oo) Jectiveandmay differamongradiologists.
O r.=—-09(P=178) r.=47(P<.00) r.=89(P<.00) r =..88(P<.00) Asimilarstudyshowed thatintra-andin-
DO r,=-=31(P= 3] r,=43(P=.001) r,=.89(P<.00) r,=.88(P<.00l) teroperator variability of 20% * 15% and

Note:— indicates the Spearman correlation coefficient.
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28% * 12% was reported for the segmen-



tation of brain tumors.*® We attempted to overcome this issue by
evaluating our dataset through another radiologist.

Several approaches for automated detection of intracranial
aneurysms from noninvasive cranial imaging have been reported
previously."'>'” However, most were limited by either the use of
conventional computer-aided diagnosis algorithms or being ap-

1" increased

plicable only on 2D images. For instance, Miki et a!
the number of detections of 2 radiologists using a computer-aided
diagnosis tool for MRA images. Their system is based on different
handcrafted features®® and reached a sensitivity of 82% in source
and reconstructed images of a 3T MR imaging device. Stepan-
Buksakowska et al'® used a computer-aided diagnosis algorithm
that applies global thresholding and region-growing schemes.
They achieved a mean sensitivity of 83.6% by combining radiol-
ogists’ examinations with their tool. Nakao et al'” used a CNN for
detecting aneurysms in 2D MIPs. Their tool detected aneurysms
with a sensitivity of 94.2% with 2.9 FPs/case. However, their work
is limited to 2D projections.

The main limitation of the presented algorithm is poor speci-
ficity. We acknowledge that this issue currently limits clinical util-

Table 3: Sensitivity of the different models depending on
aneurysm location and preprocessing model

ICA MCA A P Fisher Exact

(n=48) (n=26) (n=19) (n=22) Test Statistic

A0 .90 92 .84 91 98,P = .86
BO .88 .88 79 .95 2.52,P = 48
Co .85 92 .84 .95 2.09, P = .59
DO .83 92 79 91 227,P =53

Note:—A indicates the anterior cerebral arteries (including the anterior communi-
cating artery); P, posterior circulation (including vertebral, basilar, posterior, cerebral
and posterior communicating arteries).

Table 4: Mean DSC and mean Hausdorff distance depending on
the preprocessing model

DSC (SD) Hausdorff Distance (SD)
AO 47(28) 90.16 (22.25)
BO 53(29) 70.20 (16.58)
o 53(.30) 65.40 (18.89)
DO 53(.31) 69.67 (19.08)

FIG 3. Results of the DeepMedic inference and thresholding method. Illustrated are 2 different
subjects (top/bottom). In these volumes, aneurysms of different sizes with heterogenic and
homogeneous intensity distributions are detected. After we remove small components below a

certain volume, false-positives are removed sufficiently.

ity. However, we demonstrated that an algorithm that was origi-
nally developed for segmentation tasks is able to detect aneurysms
reliably from noninvasive cranial imaging, and this requires only
avery limited number of training samples. We observed that sev-
eral, easily applicable postprocessing steps allow distinct reduc-
tion of the number of false-positives. Because data augmentation
is already included, we assume that for further improvement of
specificity, enlargement of the sample size would be necessary.
Given the low number of untreated aneurysms in MRA, this
would require a multi-institutional approach. Fine-tuning the
network on a larger dataset with a modified training strategy for a
more realistic distribution of classes might improve not only the
DSC and Hausdorff distance but also sensitivity and specificity.

In this study, the performance of DeepMedic was validated in
a clinical dataset, which was based on radiology reports. To fur-
ther investigate whether our approach might contribute to an
improvement of aneurysm detection in a clinical setting, the per-
formance of DeepMedic should be compared with that of human
readers. Another limitation is that the algorithm was trained
solely on cases that had intracranial aneurysms. Because Deep-
Medic works as a voxelwise classifier, this was done for methodo-
logic reasons. The algorithm learns to differentiate between phys-
iologic vessel anatomy and aneurysms by classifying each voxel
within a volume as a positive (aneurysm) or negative (no aneu-
rysm) prediction. Every dataset includes not only aneurysms but
also physiologic vessels. Hence, every aneurysm-free voxel of a
brain vessel could be considered a negative finding in a voxelwise
classifier; therefore, one could argue that the algorithm can also
learn to separate aneurysms from normal vessel anatomy using
only pathologic cases. However, given the relatively low preva-
lence of intracranial aneurysms in the general population, this
approach might lead to overprediction, which explains, to some
extent, the relatively high number of false-positive cases observed
in our study.

To obtain a highly autonomous system, a robust and automated
skull-stripping algorithm for TOF sequences is necessary to obtain a
reliable brain mask comprising all relevant vessels without extracra-

nial or nonbrain tissues. Most skull-strip-
ping methods perform best with T1-
weighted images and need to be adjusted
manually for different acquisition se-
quences.”" Finally, in further research, it
would be advantageous to compare the
performance of DeepMedic in terms of
aneurysm detection with that of other
CNN architectures.

CONCLUSIONS

This study demonstrates that our CNN-
based system can detect intracranial aneu-
rysms with high sensitivity in a 3D TOF-
MRA dataset. The dataset, comprising
acquisitions of different field strengths and
variable image quality, was created to eval-
uate a scenario similar to clinical reality.
Adequate pre- and postprocessing signifi-
cantly reduced the number of false-posi-
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tives. The predicted aneurysm volume correlated well with the
ground truth volume for medium- and large-sized aneurysms;
hence, the system could also serve as a tool to predict aneurysm size.
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ORIGINAL RESEARCH
ADULT BRAIN

Automated ASPECTS on Noncontrast CT Scans in Patients with
Acute Ischemic Stroke Using Machine Learning

H. Kuang, ““M. Najm, ““’D. Chakraborty, ““'N. Maraj, “'S.I. Sohn, “/M. Goyal, “’M.D. Hill, “’ A.M. Demchuk, “*'B.K. Menon, and
W. Qiu
x =]
ABSTRACT

BACKGROUND AND PURPOSE: Alberta Stroke Program Early CT Score (ASPECTS) was devised as a systematic method to assess the
extent of early ischemic change on noncontrast CT (NCCT) in patients with acute ischemic stroke (AIS). Our aim was to automate ASPECTS
to objectively score NCCT of AlS patients.

MATERIALS AND METHODS: We collected NCCT images with a 5-mm thickness of 257 patients with acute ischemic stroke (<8 hours
from onset to scans) followed by a diffusion-weighted imaging acquisition within T hour. Expert ASPECTS readings on DWI were used as
ground truth. Texture features were extracted from each ASPECTS region of the 157 training patient images to train a random forest
classifier. The unseen 100 testing patient images were used to evaluate the performance of the trained classifier. Statistical analyses on the
total ASPECTS and region-level ASPECTS were conducted.

RESULTS: For the total ASPECTS of the unseen 100 patients, the intraclass correlation coefficient between the automated ASPECTS
method and DWI ASPECTS scores of expert readings was 0.76 (95% confidence interval, 0.67—0.83) and the mean ASPECTS difference in
the Bland-Altman plot was 0.3 (limits of agreement, —3.3, 2.6). Individual ASPECTS region-level analysis showed that our method yielded
k = 0.60, sensitivity of 66.2%, specificity of 91.8%, and area under curve of 0.79 for 100 X 10 ASPECTS regions. Additionally, when ASPECTS
was dichotomized (>4 and =4), k = 0.78, sensitivity of 97.8%, specificity of 80%, and area under the curve of 0.89 were generated between
the proposed method and expert readings on DWI.

CONCLUSIONS: The proposed automated ASPECTS scoring approach shows reasonable ability to determine ASPECTS on NCCT images

in patients presenting with acute ischemic stroke.

ABBREVIATIONS: AIS = acute ischemic stroke; AUC = area under curve; ICC= intraclass correlation coefficient; IQR= interquartile range

anagement of patients with acute ischemic stroke (AIS) relies
heavily on an assessment of the extent of irreversibly in-
jured brain at baseline. Patients with extensive early ischemic
changes at presentation are unlikely to benefit from thrombolysis
or thrombectomy procedures. Moreover, such patients may also
be at higher risk of developing complications of treatment such as
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intracerebral hemorrhage. The Alberta Stroke Program Early CT
Score was devised as a systematic method of assessing the extent of
early ischemic change on noncontrast CT in patients with AIS."?
Across the years, ASPECTS has gained credence and is now used
the world over for this purpose,”” though it has not been proved
useful for selecting patients for treatment.®’

Although conceptually, the ASPECTS is a simple method,
scoring early ischemic change on NCCT scans continues to be
a challenge, especially for readers with less experience.'®"'?
Technical factors such as peak x-ray energy (kiloelectron volt/
megaelectron volt) image processing and display procedures;
patient factors such as old infarcts, brain atrophy, and leu-
koaraiosis; and reader factors such as experience, training, and
specialty, all potentially affect ASPECTS interpretation.'"'* A
solution to improve ASPECTS reading is training readers to
recognize these issues while providing them with strategies
that can help improve the reliability and validity of these reads.
Another solution is to use novel technologies such as machine
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learning and feature extraction to develop automated solu-
tions to ASPECTS interpretation.’>™!”

In recent years, evidence that automated ASPECTS scoring
methods based on machine learning are comparable with expert
reading of ASPECTS is accumulating.'®>* In this study, we devel-
oped an automated ASPECTS scoring system based on machine
learning and feature engineering and compared it with expert
ASPECTS readings on acute DWI. We introduced multiple high-
order computational textural features into our machine learning
model and hypothesized that this automated method can deter-
mine ASPECTS scores accurately and reliably compared with ex-
pert ASPECTS readings on acute DWI.

MATERIALS AND METHODS

Data are from the Keimyung Stroke Registry, an ongoing single-
center prospective cohort study of patients with acute ischemic
stroke presenting to the Keimyung University Hospital in Daegu,
South Korea. Two hundred fifty-seven patients with acute isch-
emic stroke presenting within 8 hours of last known well who had
baseline NCCT (slice thickness, = 5 mm) followed by DWTI per-
formed within 1 hour of NCCT were included in the study. An
expert scored ASPECTS on DWTI; any individual region with diffu-
sion restriction occupying >20% of that region was considered af-
fected. To assess the reliability of expert-reading DWI ASPECTS,
another expert was asked to score 60 DWI scans randomly selected
from the 257 patients with AIS.

Of the 257 patient images, 157 were randomly selected for
training a machine learning model, while the remaining 100 im-
ages were used to evaluate the trained model. Specifically,a NCCT
template with ASPECTS regions manually contoured was nonlin-
early registered onto all NCCT images (Fig 1). During the training
stage, 376 texture features (details of texture features are shown in
the On-line Appendix) such as high-order statistics and image
textural features were extracted from each ASPECTS region from

FIG 1. Examples of each ASPECTS region. L indicates lentiform; |, in-
sula; C, caudate; IC, internal capsule; M, MCA.

FIG 2. A flowchart of the training and testing processes used in the study for each ASPECTS

region.
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the 157 patient images bilaterally after median filtering. Note that
the feature extraction and classification for each ASPECTS region
were performed in 3D. Information on the side of the brain
affected by ischemic stroke was used as an additional input to
compute difference features between ischemic and normal brain
tissue. Specifically, observers first determined the ischemic hemi-
sphere based on imaging and clinical parameters. Feature differ-
ences were then obtained by subtracting regional level values on
the ischemic side from the those on the contralateral side. Sixty
patients (38 in the training dataset and 22 in the testing dataset)
with posterior circulation strokes were included intentionally to
reflect clinical reality. In patients with posterior circulation
strokes, the left side was regarded as the default ischemic side.

The computed features were first ranked using linear discrim-
inant analysis. The ranked features were input into a random
forest model using the expert-assessed ASPECTS on DWI as a
class label. We used 5-fold cross-validation on the training sam-
ples to select training hyperparameters including the number of
trees in the forest, the maximum depth of trees, and also the num-
ber of ranked features. Class weight was set to deal with the im-
balanced data distribution on the basis of the ratio of abnormal
and normal samples in the training data. The detailed parameter
settings are shown in the On-line Table. We trained a classifier for
each ASPECTS region. The random forest training and testing
were implemented using Scikit-learn in Python (http://scikit-
learn.org/stable/). The trained random forest classifier was then
validated on the remaining 100 test patient images. A flowchart of
the training and testing process of each ASPECTS region is shown
in Fig 2.

Statistical Analysis

Expert ASPECTS readings on DWI of the 100 test images were
used as the ground truth to evaluate the automated ASPECTS
obtained by our method. Agreement on the total ASPECTS score
was measured using the intraclass correlation coefficient (ICC).
Boxplots and Bland-Altman plots were used to illustrate differ-
ences in the assessment of total ASPECTS between the automated
method and the ground-truth (expert-read DWI ASPECTS). The
ICC analysis was also stratified by stroke onset-to-CT time (=90
minutes, 7 = 69; 90—270 minutes, n = 21;and >270 minutes, n =
10). Because physicians use the presence or absence of extensive
early ischemic changes to make clinical decisions on treatment in
patients with acute ischemic stroke, we also assessed agreement on
the ASPECTS interpretation between the automated method and
DWI using k statistics on a dichotomized ASPECTS threshold
(>4 versus =4).>® k statistics were also used to assess agreement
between the automated method and expert-read DWI at each
individual ASPECTS region.

Receiver operating characteristics based on the MedCalc for
Windows software (MedCalc Software,
Mariakerke, Belgium) were used to re-
port the area under the curve (AUC)
for the dichotomized ASPECTS (>4
versus =4), and individual region-level
ASPECTS analysis using automated AS-
PECTS, as an independent variable and
expert-read DWI ASPECTS, as a depen-
dent variable. A clustered receiver oper-



FIG 3. A, Boxplot with a scatterplot showing the distribution of the automated CT ASPECTS at
each individual ASPECTS on DWI. B, A Bland-Altman plot illustrating agreement between a total
automated ASPECTS score and ASPECTS scores on DWI. Random jitter has been added to illus-
trate the number of measurements at each ASPECTS point. The horizontal black line represents
the mean difference in the ASPECTS score between the 2 methods, while the dotted lines

represent a 1.96 SD around the difference.

ating characteristic method in R statistical and computing soft-
ware (http://www.r-project.org) was used to report the AUC for
grouped ASPECTS regions.® In addition, accuracy defined as the
ratio of accurately classified and total samples, sensitivity, and
specificity was also calculated to further measure the performance
of our proposed ASPECTS method.

Alinear-weighted k of the trichotomized ASPECTS (0—4, 5-7,
8-10) was computed. A sensitivity analysis was performed by
varying threshold involvement of each ASPECTS region on ex-
pert-read DWT as >0% and >50% involvement compared with
the >20% involvement used for primary analyses. Additionally,
to demonstrate the efficacy of the developed automated ASPECTS
method, we compared the ASPECTS reading of a stroke expert on
the 100 test images with the automated ASPECTS and the expert-
assessed ASPECTS on DWI. All statistical analyses were per-
formed by using MedCalc 17.8 and Matlab (MathWorks, Natick,
Massachusetts). A 2-sided o < .05 was considered statistically
significant.

RESULTS

Of 157 patients included in the training dataset (median age, 69
years; interquartile range [IQR], 6276 years; 54.8% male), base-
line NCCT was performed within a median time of 46.5 minutes
(IQR, 27-117 minutes) from last known well compared with a
median baseline NCCT to baseline MR imaging time of 39.5 min-
utes (IQR, 30-51 minutes). Of 100 patients included in the test
dataset (median age, 70 years; IQR, 6477 years; 56% male), base-
line NCCT was performed within a median time of 49 minutes
from last known well (IQR, 23.8-95.5 minutes) compared with a
median baseline NCCT to baseline MR imaging time of 39 min-
utes (IQR, 29-50.3 minutes). The median baseline ASPECTS on
the training dataset using DWI was 8 (IQR, 6-9).

The k values for regional and dichotomized ASPECTS be-
tween the 2 expert-read DWI ASPECTSs were 0.86 (95% CI, 0.81—
0.91) and 0.85 (95% CI, 0.56-1), respectively. The ICC for total
ASPECTS between the 2 expert-read DWI ASPECTSs was 0.90
(95% CI, 0.84—0.94).

When patients were stratified by stroke onset-to-CT time
(=90 minutes, n = 69; 90-270 minutes, n = 21; and >270 min-
utes, n = 10), the ICCs between the automated CT ASPECTS and
the DWI ASPECTS for these 3 subgroups were 0.80 (95% CI,

0.69-0.87), 0.77 (95% CI, 0.52—0.90),
and 0.26 (95% CI, —0.40—0.75), respec-
tively. No evidence was found that the
ICC increased in patients with longer
onset-to-CT time using the automated
ASPECTS method.

The median baseline ASPECTS gen-
erated by the automated method on test
data (n = 100) was 8 (IQR, 7-9) versus a
score of 7 (IQR, 6-9) on the ground
truth DWI. Figure 3A shows a boxplot
overlaid with a scatterplot showing the
distribution of the automated CT
ASPECTS at each individual ASPECTS
on DWI. The intraclass correlation coef-
ficient for total ASPECTS between the
automated method and DWI was 0.76 (95% CI, 0.67—0.83). Fig-
ure 3B illustrates Bland-Altman agreement plots between the au-
tomated method and DWI for total ASPECTS. The mean differ-
ence in total ASPECTS between the automated method and DWI
was minimal (0.3; limit of agreement, —3.3, 2.6).

Agreement on ASPECTS between the automated method and
DWTI using a dichotomized ASPECTS threshold of >4 versus =4
was good (k = 0.78:95% CI, 0.57-0.99). Sensitivity (97.8%: 95%
CI, 92.2%-99.7%), specificity (80%: 95% CI, 34.8%-93.3%), F1
measure (0.98),and AUC (0.89: 95% CI, 0.81-0.94) were reason-
ably good. When ASPECTS was trichotomized (0—4, 5-7, 8-10),
the agreement between the automated method and DWI was
good as well (linear weighted k = 0.66; 95% CI, 0.53—0.80).
Agreement on ASPECTS between the automated method and
DWTI at the individual ASPECTS region level is reported in Table
1. k for agreement between the 2 methods ranged from 0.36 to
0.64. The automated ASPECTS method demonstrated high spec-
ificity but modest sensitivity compared with DWTI at the regional
level. F1 measures are also shown in Table 1.

Sensitivity analysis was attempted by varying the threshold in-
volvement of each ASPECTS region on expert-read DWT as >0%
and >50% involvement in addition to the >20% involvement used
for the primary analyses. Region-level agreement between the auto-
mated method and expert-rated DWI ASPECTS for all 3 thresholds
is shown in Table 2. Agreement between the 2 methods was best
when DWI ASPECTS was rated using the >50% threshold method.

The ICC for total ASPECTS between the expert-rated NCCT
and DWI was 0.67 (95% CI, 0.55-0.77). The agreement between
the expert-rated CT ASPECTS and DWI using a dichotomized
ASPECTS threshold of >4 versus =<4 was modest (k = 0.42; 95%
CI, 0.22—-0.62). Sensitivity (81.1%: 95% CI, 71.5%—88.6%), spec-
ificity (90%: 95% CI, 55.5%-99.7%), F1 measure (0.89), and
AUC (0.85: 95% CI, 0.77—0.92) were obtained.

The ICC for total ASPECTS between the expert-rated NCCT
and the automated CT ASPECTS was 0.61 (95% CI, 0.47-0.72).
The agreement between the expert-rated CT ASPECTS and the
automated CT ASPECTS using a dichotomized ASPECTS thresh-
old of >4 versus =4 was modest (k = 0.48; 95% CI, 0.28—0.68).
An example of expert-rated DWI ASPECTS, our automated CT
ASPECTS, and expert-rated CT ASPECTS is shown in Fig 4.
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Table 1: k, accuracy, F1 measure, sensitivity, specificity, and AUC on each ASPECTS region

Region K (95% Cl) Accuracy (%) (95% Cl) F1 Measure Sensitivity (%) (95% Cl) Specificity (%) (95% Cl) AUC (95% CI)
MI 0.59 (0.38-0.81) 90 (90,/100) (84.1-95.9) 0.64 47.4(9/19) (24.4-71]) 100 (81/81) (95.5-100) 0.74 (0.64-0.82)
M2 0.52(0.35-0.68) 76 (76/100) (67.6-84.4) 0.73 76.2 (32/42) (60.5-87.9) 75.9 (44/58) (62.8-86.1) 0.76 (0.67-0.84)
M3 0.47 (0.21-0.73) 88 (88/100) (81.6-94.4) 0.54 50 (7/14) (23-77) 94.2(81/86) (87-98.]) 0.72(0.62-0.81)
M4 0.36 (0.13-0.63) 85 (85/100) (78-92) 0.35 36.4 (4/1) (10.9-69.2) 91.1(81/89) (83.1-96) 0.64 (0.54-0.73)
M5 0.54 (0.37-0.7) 77 (77/100) (68.8-85.3) 074 681(32/47)(52.9-80.9) 849 (45/53) (72.4-93.3) 0.77 (0.67-0.84)
M6 0.39 (0.14-0.64) 86(86/100) (79.2-92.8) 0.46 35.3(6/17) (14.2-61.7) 96.4 (80/83) (89.8-99.2) 0.66 (0.56-0.75)
Lentiform 0.64(0.47-0.81) 85 (85/100) (78-92) 075 710 (22/31) (52-85.8) 913 (63/69) (82-96.7) 0.81(0.72-0.88)
Insula 0.62(0.46-0.77) 81(81/100) (73.3-88.7) 0.83 85.5(47/55) (73.3-93.5) 75.6 (34/45) (60.5-87.1) 0.81(0.71-0.88)
Caudate 0.63(0.42-0.84) 90 (90/100) (84.1-95.9) 0.69 57.9 (11/19) (33.5-79.7) 97.5(79/81) (91.4-99.7) 0.78 (0.68-0.85)
Internal capsule  0.59 (0.35-0.83) 91(91/100) (85.4-96.6) 0.64 57.1(8/14) (28.9-82.3) 96.5(83/86) (90.1-99.3) 0.77 (0.67-0.85)
All regions 0.60(0.54-0.66)  84.9 (849/1000) (82.7-87.]) 0.70 66.2(178/269) (60.2-71.8)  91.8 (671/731)(89.6-937)  0.79 (0.75-0.83)

Table 2: Agreement on ASPECTS interpretation at a regional level and for dichotomized ASPECTS (>4 vs. =4) between the automated

ASPECTS method and expert-read DWI ASPECTS using different DWI ASPECTS region-involvement