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Imaging has potential to be a non-

invasive measure / correlate of 

pancreatic exocrine function

There is A LOT of work that needs to be 

done to identify and validate imaging 

measures



Objectives

• Discuss imaging modalities relevant to the 

diagnosis (+/- staging) of EPI

• Provoke discussion / debate / argument 

around non-invasive (& invasive) 

assessment of EPI



Caveat

There are techniques (e.g. elastography, 

ASL) that I am not going to talk about 

because there are no data (yet) linking to 

exocrine function



What is the accepted reference 

standard for diagnosis of EPI?



Relevant Imaging Modalities

• Transabdominal US

• CT

• MRI

• Nuclear medicine

• Endoscopic US

• Parenchymal volume

• Parenchymal quality

• Duct quality

• Secretory response
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Mixed / Confounded Measures

• Parenchymal volume

• Parenchymal quality

• Duct quality

• Secretory response

• Acinar cell loss

• Beta cell loss

• Fibrosis

• Steatosis

• Perfusion

• Acinar cell loss/dysfunction

• Duct patency

• Bicarbonate

• Enzymes



Other Issues

• Reference standard

• Confounding

• Inter / intra-observer variability

• Technical / machine variability
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Parenchymal Volume

• CT

• MRI

• ? 3D US ?

Linear Thickness

Need no gap imaging







“The above findings indicate that the 

automation of pancreas segmentation 

represents a considerable challenge as the 

performance of current automated 

pancreas segmentation algorithms is 

suboptimal”



Parenchymal Volume

Relationship between 

body size & pancreas size 

& secretory response

– 50 healthy children

– r = 0.75 (volume:BSA)

– r = 0.51 (volume:secreted)
McCleary, et al. Ped Rad. 2020



Parenchymal Volume

• Currently not a lot of data for exocrine 

function in disease

• Data re: remnant function post whipple

Nakamura H, et al. J Surg Res. 2011 Dec;171(2):473-8.

Okano K, et al. Surgery. 2016 Mar;159(3):885-92.



Parenchymal Volume

n = 28 T1 DM

n = 24 T2 DM 



Parenchymal Quality

• Trans-abd US

• MRI

• CT

• EUS

• Steatosis

• Perfusion

• Other



CFI = CF, insuff

CFS = CF, suff

HC = healthy control

n = 36

Parenchymal Quality



MRI Quantification of Fat

PDFF

Chemical 

Shift



Parenchymal Quality

MRI-PDFF

n = 1458

139 abnl



Parenchymal Quality

• n = 45 (25 CF, 20 HC)

• Longer MTT, lower BF, lower 
BV in pts w/ EPI
(decreased perfusion)

• Moderate correlation w/ ePFT
(bicarb)
– MTT: -0.58

– BF: 0.44

– BV: 0.45



Parenchymal Quality

n = 81 pts

n = 21 HC



Parenchymal Quality

n = 30



Parenchymal Quality

Other MRI measures

– T1

•SIR

•T1 relaxation time

– Diffusion

– Protein content

– Perfusion & structure



Parenchymal Quality – T1 SIR

SIR = 1.5

Intraductal stim test

n = 29 CP

n = 22 EPI

n = 81 pts

n = 21 HC



Parenchymal Quality – T1

n = 32



Parenchymal Quality - Diffusion

http://mriquestions.com/ivim.html



Parenchymal Quality - Diffusion

n = 28

14 abnl ePFT

b0, b600



Parenchymal Quality - Future?



Secretory Response

• Trans-abd US

• MRI

• Nuc Med

• EUS

• Secreted fluid 

volume in bowel

Pre-secretin Post-secretin



Secretory Response - US

• n = 33 (11 CF suff, 10 

CF insuff, 12 HC)

• Moderate correlation 

between US & ePFT

(r = 0.63)

pre post



Secretory Response - MRI

n = 20 pts

n = 10 HC



Pre

Post

Gr 1

Gr 2

Gr 3

Gr 0

m
o

d
if
ie

d
 f

ro
m

: 
e

m
e

d
ic

in
e

.c
o

m

Matos C, et al. Radiology. 1997 May;203(2):435-41..

n = 49 pts

n = 28 HC





Secretory Response - Volume

Norms exist

Secretion correlated with size 
& parenchymal volumepre-secretin post-secretin



Secretory Response

• Pilot study (n=5)

• C-11 Acetate converted to bicarb

• Post secretin

– ↑ parenchymal SUV (?perfusion)

– ↑ duodenal SUV (excretion)



Summary

• Multiple imaging methods / options to 
understand exocrine function

• Need clarity on reference standard

• Relationships not clean

• Likely will need multiparametric approach

• Lots of work to be done!



THANK YOU

@AndrewTroutMD


