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Improved image quality

Shorter scans

Motion

Time resolved scans

Tan (WIP), Hammernik 2016

Feng MRM 2016, Stern ISMRM Sedona 2020

Nyberg AJNR 2013, Lavdas MRI 2012, Zhuo RG 2006



MRI data acquisition

Forward problem



MRI data acquisition

Forward problem Inverse problem Numerical optimization



MRI data acqusition: Fourier space



Image reconstruction



Image reconstruction: Inverse problem



ParalIel Imaging: 1990s to 2000s

Sodickson MRM 1997
Pruessmann MRM 1999
Pruessmann MRM 2001
Griswold MRM 202



Compressed sensing: Late 2000s

Lustig MRM 2007 



Compressed sensing (38ms per frame)

Knoll MRM 2011 



ISMRM 2016



ISMRM 2017





2022



2022



Fully sampled Zero-filling R=4

Back to compressed sensing

Exploit inherent redunancy in images

Sparsifying transform

Nonlinear reconstruction

Lustig MRM 2007 



Fully sampled Zero-filling R=4

Machine learning for image reconstruction

Hammernik ISMRM 2016
Hammernik MRM 2018
Knoll IEEE SPM 2020

Separate artifacts from image content

Sparsifying transform → Spatial filter
kernels

L1 norm → Potential functions



Numerical implementation
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Learning the numerical optimization

GD1 GDt GDT
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Learn T gradient descent (GD) steps



Neural network model for reconstruction
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Hammernik MRM 2018



Neural network training

parameters

reconstructioninput

reference

reconstruction error

similarity 
measure



GD1 GDt GDT uT
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Reconstructing new test data



Some reconstruction examples, R=4
CG SENSE PI-CS: TGV Learning: VNReference
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Hammernik, MRM 2018



PI-CSPI Learning

Hammernik, ISMRM 2016

Some reconstruction examples, R=4



Examples from other research sites

Improved Image Sharpness

Compressed Sensing Deep Learning

Chen Radiology 2018 Slides courtesy of Joseph Cheng (Stanford)



Zero-filled Ground Truth Variational Network (2D+t)Variational Network (2D)

R
=8

R
=1
2

R 2D 2D+t
8x 0.84 0.97

12x 0.71 0.95
SSIM scores

Dynamic Cardiac MR



2-Shot EPI Diffusion MRI at 7T

In-plane resolution 1.4 mm3, in-plane acc=3, pf=6/8, 126 diffusion encodings, tacq=15min 



Accelerated MRCP
GRAPPA R=3 SENSE R=6 VN R=6
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Murrel Radiology AI 2022

Performance at progressive acceleration



Murrel Radiology AI 2022

Performance at progressive acceleration



Murrel Radiology AI 2022

Performance at progressive acceleration



When does it break?



Reproducibility?

Hammernik MRM 2018

Schlemper IEEE TMI 2018

Qin IEEE TMI 2018

Zhu Nature 2018

Chen Radiology 2018



fastMRI dataset

• MSK (knee)
– Rawdata (fully sampled): 1398 cases

• Neuro (brain)
– Rawdata (fully sampled): 7002 cases
– Challenge Transfer track:

• GE (211 cases)
• Philips (118 cases)

Knoll Radiology AI 2019
fastmri.med.nyu.edu



Dataset stats

9000 unique visitors per year

961 TB of data downloaded per year

Amazon AWS public dataset grant

Top 10 of all AWS life sciences 
datasets (use and downloads)



Knoll MRM 2020
Muckley TMI 2021

2019/2020 reconstruction challenges



fastMRI reconstruction challenge

R=4 R=8

Reconstruction ReferenceUndersampled

Error



2019 multi coil R=8 results

Knoll MRM 2020



Bayesian Uncertainty Estimation
Zero fillingGround truth Deterministic

VN recon
Stochastic

VN recon: Std (32)
Stochastic

VN recon: Mean (32)

Narnhofer IEEE TMI 2021



Clinical integration and dissemination

PACSBlock ISMRM Sedona 2016
Sriram MICCAI 2020, fastMRI.org



M26: chondral defects, meniscal tear
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Prospective study, 300 patients enrolled, scan times of accelerated sequences shown



Summary

Introduction to MRI recon

From CS to DL recon

Challenges/Validation


