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Chronic pancreatitis and disorders 
of the pancreatic ducts are often 
challenging to diagnose and 

manage, as their clinical manifestations 
are usually vague and serum analysis 
and routine imaging may often be non-
contributory. Endoscopic retrograde 
cholangiopancreatography (ERCP) has 
long been considered the gold standard 
for evaluating the main pancreatic duct. 
The procedure offers potential interven-
tions, such as stenting or fine needle 
aspiration, but is invasive and requires 
patient sedation. 

Magnetic resonance cholangiopan-
creatography (MRCP) represents a 
noninvasive imaging alternative for as-
sessing the pancreaticobiliary ducts and 
is more sensitive than exocrine function 
tests at detecting mild chronic pancre-
atitis.1 Conventional MRCP’s ability to 
depict the entire pancreatic duct—par-
ticularly, the proximal aspect— how-
ever, can be limited, due to reduced 
filling of the duct with pancreatic se-
cretions under normal conditions. As a 
result, areas where the duct is not well 
seen may be inadvertently diagnosed as 
narrowed or stenotic when in fact they 
are normal. Duct-side branch visualiza-
tion is also limited on MRCP. Finally, 

MRCP provides static images and does 
not assess exocrine function.

Secretin MRCP (s-MRCP), a dy-
namic MR pancreatography exam 
performed following secretin admin-
istration, can overcome many of these 
limitations by improving visualization 
of the pancreatic duct and increasing the 
diagnostic value of MRCP.2 s-MRCP 
studies originated at specialized aca-
demic institutions, but the protocol 
and secretin dosing are now common-
place and feasible for more widespread 
use. Newer 3D breath-hold sequences 
are also achieving higher resolution 
of the ducts and improving sensitiv-
ity.3 Herein we provide an overview 
of secretin and the s-MRCP technique, 
including a review of indications and 
examples of normal and abnormal find-
ings on s-MRCP. 

Secretin
About 80% of the functional pancre-

atic parenchyma comprises exocrine 
cells. Acinar cells produce and store pro-
teases, amylase and lipase, while ductal 
cells manufacture bicarbonate-rich fluid. 
Secretion is mediated by vagal activity in 
response to several stimuli, including the 
sight and smell of food, gastric distention 
and the presence of acid in the duode-
num. Most pancreatic exocrine stimula-
tion comes from the duodenum, which 
releases cholecystokinin and secretin, 

targeting acinar and ductal cells, respec-
tively. On a typical day, the total volume 
of pancreatic secretions averages 2.5 L, 
coming mostly from the ductal cells.4 

Secretin is a 27-amino-acid poly-
peptide hormone stored in the S-cells 
of the duodenum. In addition to stimu-
lating the release of bicarbonate-rich 
fluid from the pancreatic ductal cells, 
secretin also causes a transient increase 
in the tone of the sphincter of Oddi, and 
weakly stimulates biliary secretion.5

Synthetic human secretin, manufac-
tured under the brand name ChiRhoS-
tim™, was approved by the FDA in 
2004 for the stimulation of pancreatic 
secretions to help diagnose pancreatic 
exocrine dysfunction, stimulation of 
gastrin secretion to help diagnose gas-
trinoma, and facilitation of the identifi-
cation of the ampulla during ERCP. 

Synthetic secretin is packaged in a 
powdered form and refrigerated, then 
reconstituted in saline just prior to in-
jection. The standard dose is 0.2 mcg/
kg, administered intravenously over 
1min, followed by a saline flush. Minor 
adverse reactions, such as flushing, are 
rare; no major adverse reactions have 
been noted.6

s-MRCP protocol 
In addition to the standard MRCP 

sequences, the s-MRCP protocol adds 
a series of single, thick-slab, heavily 
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T2-weighted images covering the pan-
creatic duct and typically including the 
common bile duct, repeated every 30 
seconds over 10 min, initiated at se-
cretin administration. As with typical 
MRCP thick-slab sequences, saturation 
bands are often used to suppress signal 
from the renal collecting system and un-
related cystic lesions. 

Patients fast for 3-4 hrs prior to the 
examination. Oral contrast, consisting 
of a T2-shortening agent, is typically 
administered to suppress the signal 
from fluid in the duodenum on the T2-
weighted sequences. At our institution, 
for example, oral contrast consists of a 
mixture of 1 cc of gadobutrol in 50-75 
cc of water administered 30 min before 
the examination. 

s-MRCP of the normal pancreas
The normal main pancreatic duct 

measures up to 3 mm in diameter. Fol-
lowing secretin administration, the nor-
mal duct usually dilates an additional 
1-2 mm, with peak dilation at 3-5 min 
after injection (Figure 1).7 The duct 
should measure no more than 5 mm 
postsecretin, and no duct irregularity or 
side branches should be detected. At 10 
min postinjection, the main pancreatic 
duct caliber should be near baseline, at 
or below 3 mm in diameter. Pancreatic 
secretions should also extend through-
out the 2nd and 3rd segments of the 
duodenum, displacing the oral contrast 
and demonstrating high signal inten-
sity on T2-weighted images. A mild 
increase in biliary secretion is occasion-
ally seen with secretin administration 
(Figure 2). In older patients, the peak 
main pancreatic dilation may occur 
after 5 min postinjection due to periduc-
tal fibrosis. In patients who have had a 
prior sphincterotomy, the degree of di-
lation may be negligible, as the pancre-
atic secretions flow into the duodenum 
without ampullary resistance. 

s-MRCP increases the negative pre-
dictive value of a normal examination 
from 84% in conventional MRCP to 
98% with secretin.8 For this reason, s-
MRCP is often used as a screening tool 
instead of ERCP. 

FIGURE 1. Appearance of the normal pancreatic duct on s-MRCP. (A) The main pancreatic 
duct (arrow) is difficult to visualize prior to secretin administration. (B) Normal pancreatic duct 
transiently dilates 5 min following secretin administration allowing improved visualization of 
the duct (short arrow), with filling of the duodenum with pancreatic secretions (long arrow). 

FIGURE 2. Biliary secretion in response to secretin. Presecretin (A) and 3-min post-secre-
tin (B), thick-slab MRCP images of a normal pancreas incidentally show increased caliber of 
the intra- and extra-hepatic bile ducts, in particular the common hepatic duct in this example 
(arrows), reflecting stimulation of biliary secretion by secretin. 

FIGURE 3. Mild chronic pancreatitis. Presecretin thick-slab MRCP image (A) faintly shows a 
normal caliber duct (arrow) without any visible side branches. 8-minute postsecretin thick-slab 
MRCP image (B) shows abnormal delayed dilation of the main duct with irregularity and sev-
eral dilated side branches, the most prominent within the pancreatic head (arrow).
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Abnormal findings 
Chronic pancreatitis 

Morphological features of chronic 
pancreatitis on s-MRCP include an ir-
regular, dilated main pancreatic duct 
and dilated side branches.9 These par-
allel the findings in ERCP, which has 
been used to stratify the severity of 
disease under the Cambridge Classi-
fication.10 There is currently no MRI-
specific grading system for chronic 
pancreatitis. 

Isolated dilated side branches are 
typically seen in mild chronic pancre-
atitis. s-MRCP increases the sensitiv-
ity for the detection of early disease 

FIGURE 4. Moderate chronic pancreatitis. An irregular dilated main pancreatic duct (A) is 
accompanied by multiple dilated side branches (arrows). The caliber of the main duct does 
not change following secretin administration (B), even as secretions are clearly seen within 
the duodenum 5-min postsecretin (arrows) due to poor compliance of the duct. 

FIGURE 5. Acinar filling in a post-Whipple patient with chronic pancreatitis. 3-min, postsecre-
tin thick-slab MRCP image shows diffuse increase in signal intensity throughout the pancreatic 
parenchyma (arrows). The main pancreatic duct is also dilated and slightly irregular (arrowheads). 

FIGURE 6. Pancreatic duct pseudostricture. Presecretin thick-slab MRCP image (A) shows 
a short segment of poorly visualized pancreatic duct within the head (arrow), mimicking a 
stricture. However, the 5-min post-secretin thick-slab MRCP image (B) shows this segment 
(arrow) is not strictured, and the upstream duct is normal. 
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FIGURE 7. Pancreatic duct disruption in 
a patient who underwent distal pancre-
atectomy for severe necrotic pancreatitis. 
Pre-secretin thick-slab MRCP image dem-
onstrates a collection of dilated irregular 
side branches within the mid pancreatic 
body (arrows) with poor visualization of the 
main pancreatic duct. (B) 7 minutes follow-
ing secretin administration, the main pancre-
atic duct within the head is visualized (long 
arrow) which communicates with a fluid 
collection filling with pancreatic secretions 
cephalad to the pancreatic body, represent-
ing an active leak (arrows). Increased biliary 
secretions are also noted within the com-
mon bile duct (arrowhead). 
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by promoting the filling of dilated side 
branches which may not be apparent on 
conventional MRCP (Figure 3). As se-
verity of chronic pancreatitis increases, 
duct compliance falls, resulting in de-
creased secretin-induced dilation, typi-
cally coinciding with worsening duct 

irregularity and overall chronic dilation 
(Figure 4).

Attenuated exocrine function in 
chronic pancreatitis can correlate to de-
creased duodenal filling on postsecretin 
images.11 However, s-MRCP may be 
insensitive for detecting mild exocrine 

deficiency or small changes in exocrine 
function, as secretin affects only ductal 
cell secretion and does not stimulate 
acinar cell secretion.12 

Acinar filling in s-MRCP is a pattern 
of pancreatic parenchymal enhance-
ment (Figure 5) which, if seen alone, is 
specific but insensitive for early chronic 
pancreatitis.13 This is not to be confused 
with acinar filling on ERCP, which re-
sults from excessive pressure from con-
trast injection and is associated with 
ERCP-induced pancreatitis. 

Pancreatic duct stenosis vs 
pseudotrictures 

Pancreatic duct stenosis can result 
from prior pancreatitis, or it can be 
iatrogenic; in severe cases, the condi-
tion may require stenting or diversion. 
While conventional MRCP can detect 
secondary effects of pancreatic duct 
stenosis, such as upstream dilation, if 
the remainder of the duct is normal in 
caliber, the stenosis may not be real, as 
the normal duct may simply be compli-
ant and collapsed during a state of pan-
creatic inactivity. Transient increased 
ductal pressure from secretin can help 
distinguish between these pseudostric-
tures versus areas of true luminal nar-
rowing on s-MRCP (Figure 6). 

Pancreatic duct disruption 	
A disrupted pancreatic duct is usu-

ally a complication of acute pancre-
atitis or trauma, and it can lead to 
substantial morbidity if not detected 
early. The main pancreatic duct is typi-
cally normal in caliber in acute pancre-
atitis; however, extensive edema and 
ascites may mask the duct on MRCP 
and complicate detection of pancre-
atic duct disruption. Secretin distends 
the duct so it can be better visualized 
on s-MRCP, and areas of duct nonvi-
sualization can suggest regions of duct 
disruption. Secretin-induced secretions 
can also highlight an active leak (Fig-
ure 7).14  s-MRCP can also be used to 
evaluate the pancreatic duct poststent-
ing or after distal pancreatectomy to 
detect persistent leaks.
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FIGURE 8. Pancreas divisum. Pre-secretin (A) and post-secretin (B) thick-slab MRCP images 
show dilation of the main pancreatic duct in response to secretin, highlighting the insertion of 
the main duct into the minor papilla (long arrow). A Santorinicele is appreciated only on the 
post-secretin image (short arrow). 

FIGURE 9. Post-Whipple patient with chronic pancreatitis. A pre-secretin thick-slab MRCP 
image (A) shows a dilated irregular pancreatic duct (arrow). Post-secretin thick-slab MRCP 
image at 8 min (B) show a persistent stricture at the pancreaticojejunostomy (arrow) with 
increased and prolonged ductal dilatation, obvious main duct irregularity and side branch 
dilatation. The stricture was confirmed during a pancreaticojejunostomy revision. A postrevi-
sion, presecretin thick-slab MRCP image (C) shows a normal-caliber pancreatic duct (arrow). 
5 min after secretin administration (D), a patent anastomosis (arrow) is seen, with lack of side 
branch dilatation and increased jejunal filling (arrowhead).
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Congenital duct anomalies
Ductal anomalies arise from varia-

tions in the fusion of the ventral and 
dorsal pancreatic buds during embryo-
logical development and are usually 
clinically insignificant. Certain con-
figurations, such as pancreas divisum, 
increase the likelihood of developing 
pancreatitis.15 Other conditions, such as 
pancreaticobiliary maljunction, result in 
abnormal reflux of both pancreatic and 
biliary secretions, increasing the risk for 
both cholangiocarcinoma and pancre-
atitis. Such anomalies can be suspected 
in patients who have had frequent mild 
episodes of pancreatitis with no clear 
etiology or risk factors. Ductal dilation 
during s-MRCP increases sensitivity to 
these anomalies.16 Secondary signs of 
chronic obstruction, such as a Santorin-
icele in patients with pancreas divisum, 
are occasionally appreciated only with 
the additional ductal pressure following 
secretin stimulation (Figure 8). 

Postsurgical pancreas	
s-MRCP is the optimal and some-

times only option for evaluating pan-
creatic ductal anatomy in patients with 
bowel diversions that preclude ERCP, 
including a roux-en-Y gastric bypass 
and a Whipple procedure.17 Such ex-
aminations are used to assess a wide 
variety of pathology including chronic 
pancreatitis and anastamotic or ductal 
strictures (Figure 9). 

Autoimmune pancreatitis 
Autoimmune pancreatitis (AIP) is a 

rare entity with a wide spectrum of clini-
cal presentations, sometimes overlap-
ping with typical pancreatitis; at other 
times presenting as painless jaundice. 

While the most common form of AIP, 
type I, is associated with a spectrum 
of IgG4-related disease with potential 
multi-organ involvement, type II AIP 
is often isolated to the pancreas, has no 
correlating serum markers and 0is patho-
logically distinct.18 Segmental AIP, seen 
in either type, can mimic an adenocarci-
noma on CT or MRI. s-MRCP has rarely 
been used in assessing AIP, but it may 
help differentiate focal AIP from tumor 
by improving visualization of the duct 
through the affected region.19 This sign, 
known as “duct penetration,” favors AIP 
over a ductal adenocarcinoma, which 
typically obliterates the duct.

Conclusion
s-MRCP is uniquely suited to evalu-

ate a wide variety of pancreatic pa-
thology noninvasively, serving as an 
effective screening tool in place of 
ERCP. While s-MRCP requires more 
time to perform than conventional 
MRCP, its additional diagnostic capa-
bilities over MRCP have spurred the 
wider adoption of this technique at non-
specialized centers. 
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