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Abstract
AIM: To study the prevalence and patterns of hepatic abnormal perfusion (HAP) visible by magnetic resonance imaging (MRI) in acute pancreatitis (AP).

METHODS: Enhanced abdominal MRI was performed on 51 patients with AP. These patients were divided into two groups according to the MRI results: those with signs of gallstones, cholecystitis, common bile duct (CBD) stones or dilatation of the CBD on MRI and those without. The prevalence, shape and distribution of HAP in the two groups were analyzed and compared. The severity of AP was graded using the MR severity index (MRSI). The correlation between the MRSI and HAP was then analyzed.

RESULTS: Of the 51 patients with AP, 32 (63%) showed at least one sign of gallbladder and CBD abnormalities on the MR images, while 19 (37%) showed no sign of gallbladder or CBD abnormalities. Nineteen patients (37%) had HAP visible in the enhanced images, including strip-, wedge- or patch-shaped HAP distributed in the hepatic tissue adjacent to the gallbladder and left and right liver lobes. There were no significant differences in the prevalence of HAP (2 = 0.305, P = 0.581 > 0.05) or HAP distribution in the liver (2 = 2.181, p = 0.536 > 0.05) between patients with and without gallbladder and CBD abnormalities. There were no significant differences in the MRSI score between patients with and without HAP (t = 0.559, p = 0.552 > 0.05). HAP was not correlated with the MRSI score.

CONCLUSION: HAP is common in patients with AP and appears strip-, patch- or wedge-shaped on MRI. HAP on MRI cannot be used to indicate the severity of AP.

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: hepatic abnormal perfusion (HAP) due to acute pancreatitis on enhanced magnetic resonance imaging (MRI) presents as a strip-shaped abnormality of the hepatic tissue adjacent to the gallbladder or a patch- or wedge-shaped abnormality with lobar distribution in the liver, which is most likely caused by both the inflamed gallbladder and acute pancreatitis. Indications of HAP resulting from acute pancreatitis should not be misinterpreted as primary liver abnormalities. The presence of HAP on MRI cannot be used to indicate the severity of acute pancreatitis.
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INTRODUCTION
The pancreas is supplied by a rich plexus of arteries, derived from multiple branches of the coeliac trunk and superior mesenteric artery. Peripancreatic vessels are rich and complicated. Abnormal changes in major vessels and the microvasculature can be found in acute pancreatitis (AP), and the pathology of pancreatic and peripancreatic microcirculation has a significant impact on the early development and progression of the disease[1,2]. AP affects both the systematic and pancreatic vasculature[3-5]. The abnormal changes are not confined to the pancreas and may affect the gastrointestinal tract, liver, lung, kidney and skeletal muscle[6-11].

In AP, ex-pancreatic organ abnormalities are indicative of higher disease severity that can exacerbate pancreatic and systemic injury[1,10]. The identification of ex-pancreatic organ abnormalities is essential for predicting the severity of AP. Ex-pancreatic organ abnormalities have been found in the gallbladder and abdominal wall using magnetic resonance imaging (MRI); these abnormalities were correlated with the severity of AP[12,13].

The liver is adjacent to the pancreas; abnormalities may be observed in the liver early in the course of AP because of abnormal peripancreatic microcirculation[8]. Liver abnormality has also been identified using computed tomography (CT) in patients with AP, while hepatic perfusion disorder was found in a different anatomic site of the liver[14]. Other studies have used various terms for hepatic perfusion disorder including transient hepatic signal intensity differences, transient hepatic attenuation differences, or transient hepatic parenchyma enhancement[15-17]. This study refers to these phenomena as hepatic abnormal perfusion (HAP). Causes of HAP include hepatic vein abnormality, hepatic tumor, liver cirrhosis, inflammatory changes of the liver or organs adjacent to the liver, and others[15,16].

Imaging tools including CT and MRI play an important role in predicting the severity of AP by revealing abnormalities of the pancreas, peri-pancreas and ex-pancreatic organs[12,13,18-20]. Arita et al[14] reported that HAP in AP is most likely caused by increased arterial blood flow, the result of an inflamed lobe of the liver or inflamed gallbladder; HAP disappeared when AP had subsided in 5 of 28 patients (according to CT imaging). Is HAP related to the severity of AP and inflamed gallbladder?

To the best of our knowledge, this is the first report of HAP in AP on MRI. We present the spectrum of various HAP of AP visible by MRI, including the morphology, cause, prevalence, distribution, and pathogenesis of HAP as well as any association between HAP and the severity of AP.

MATERIALS AND METHODS
Patient population

This retrospective study was approved by our institutional review board. Patient informed consent was waived. Patients with AP admitted to our institution between February 2010 and February 2013 were considered for inclusion in this study. The diagnosis of AP was confirmed by the presence of acute typical abdominal pain and elevated serum levels of amylase or lipase, with levels three times normal indicating AP. The recruitment criteria for patients in this study were as follows: (1) AP at first onset; (2) enhanced abdominal MR examination; (3) upper abdominal MR examinations within 3 d of admission; (4) no related hepatic disease; (5) no hepatic vessel abnormality; and (6) the presence of a gallbladder.

Of the 51 patients enrolled in the study, there were 18 women and 33 men, with an average age of 49 ± 15 years (range 17 to 82 years).

MRI techniques

MRI was performed on a 1.5-T MR scanner with 38 mT/m gradients and 120 mT/m per second slope (Signa Excite; GE Medical Systems, Milwaukee, Wis), using a phased-array torso-pelvis coil. The sequences included axial fast spoiled gradient echo (FSPGR) T1-weighted imaging with fat suppression, gradient-echo (GRE) T1-weighted in-phase and out-of-phase MRI, respiratory-triggered (R-T) axial fast recovery fast spin-echo (FRFSE) T2-weighted MRI with fat suppression, coronal and axial single shot fast spin-echo (SSFSE) T2-weighted MRI, SSFSE radial series slabs MR cholangiopancreatography (MRCP), and three-dimension (3D) FSPGR dynamic enhanced MRI.

FSPGR T1-weighted imaging with fat suppression was obtained in 1 or 2 breath holds, with the following parameters: repetition time (TR, ms)/echo time (TE, ms) = 150-170/1.6; flip angle = 80°; matrix = 512 × 160-192; field of view (FOV) = 26-32 cm; section thickness = 5 mm; number of excitation (NEX) = 1; and sampling bandwidth = 20.8 kHz.

GRE in-phase and out-of-phase MRI were acquired during breath hold, with the following parameters: TR (ms)/TE (ms) = 150/4.4, 2.2; flip angle = 90°; matrix = 256 × 192-224; FOV = 26-32 cm; section thickness = 5 mm; NEX = 1; and sampling bandwidth = 31 or 62 kHz.

R-T FRFSE T2-weighted sequences were obtained with the following parameters: TR (ms)/TE (ms) = 10000-12000/90-100, TR determined by the frequency of respiration; section thickness = 5 mm; intersection gap = 0.5 mm; matrix = 256 × 192; NEX = 3; and FOV = 34 cm × 34 cm. The acquisition took approximately 3-4 min to complete.

Coronal and axial SSFSE T2-weighted images were obtained during breath hold, with the following parameters: TE = 90-100 ms; 2 s between slice acquisitions; section thickness = 5 mm; intersection gap = 0.5 mm; matrix = 384 × 224; one-half signal acquired; and FOV = 33 cm × 33 cm.

Radial oblique slab SSFSE images were obtained for MRCP with the following parameters: TE = 1300 ms; 6 s between image acquisitions; section thickness = 40 mm; matrix = 384 × 224; one-half signal acquired; and FOV = 30 cm × 30 cm.

Dynamic enhanced imaging was performed with an axial fat saturated 3D FSPGR sequence. Gadolinium chelate was administered (0.2 mmol/L per kilogram of body weight) intravenously at approximately 3.5 mL/s by projector (Spectris MR Injection System, Medrad Inc., United States) injection, followed by a 20-mL saline solution flush. An additional delayed phase was acquired using 2D FSPGR fat suppression axial T1-weighted imaging.

MRI analysis

The original MRI data were loaded onto a computer workstation (GE, AW4.1, Sun Microsystems, Palo Alto, CA, United States) for review. Two observers (with 5 and 8 years’ experience in interpreting abdominal MR images, respectively) independently reviewed MR images, and any discrepancies between the two reviewers were settled by consensus. The reviewed findings included: HAP was defined as an area of hepatic parenchyma enhancement that was different on the artery phase images, with a return to same signal intensity on venous phase images and delayed phase images compared with the surrounding normal hepatic tissues[15-17]. The presence or absence of HAP as well as the morphology and distribution of HAP in the liver were analyzed. Gallstones, cholecystitis, common bile duct (CBD) stones and dilatation of CBD: gallbladder and CBD stones were observed on T2 weight or MRCP images, which showed a hypointense area or a filling defect in the bright bile background[13]. Cholecystitis was diagnosed using MRI by identifying gallbladder wall thickening (more than 3 mm), gallbladder wall edema, gallbladder distention (diameter more than 40 mm), and pericholecystic fluid. The presence of one or more of the four criteria was indicative of cholecystitis[21,22]. Dilatation of the CBD was defined as the short diameter of the CBD over 7 mm on T2-weighted and MRCP images[23]. The severity of AP on the MRI was scored with the MR severity index (MRSI), which was derived from the CT severity index[18-20,24].

Statistical analyses

In China, the etiology of AP is closely related to the presence of gallbladder and common bile stones[13]. We therefore classified AP patients into two groups: those with gallbladder and CBD abnormalities (indicated by one or more signs of gallstones, cholecystitis, CBD stones and dilatation of CBD) and those without. The percentages of patients with HAP in all patients were calculated. The percentage of patients with HAP and the percentage of HAP distribution in the liver were calculated in each of the two groups. tests were used to analyze the difference between the two groups for the prevalence of HAP and HAP distribution in the liver.

The MRSI is given as the range and the mean ± SD, and independent-sample t tests were used to test the difference between the patients with and without HAP.

Data analysis was performed using the Statistical Package for Social Sciences for Windows (Version 13.0, Chicago, IL, United States). P ≤ 0.05 was considered significant.

RESULTS
Gallstones, cholecystitis, CBD stones and dilatation of CBD

Of the 51 patients with AP, 32 (63%) had at least one sign of gallbladder and CBD abnormalities on the MR images, and 19 (37%) showed no signs of gallbladder or CBD abnormalities. In the 32 patients with gallbladder and CBD abnormalities, gallbladder distention was found in 3 patients (Figure 1), pericholecystic fluid in 15 patients (Figures 1 and 2), gallbladder wall thickening in 19 patients, gallbladder wall edema in 4 patients, gallstones in 21 patients (Figure 3), CBD stones in 2 patients, and CBD dilation in 8 patients (Figures 1 and 3).

HAP

In the 51 patients with AP, 19 (37%) showed indications of HAP on enhanced images. Of the 19 patients with HAP, 15 (80%) had HAP on the arterial phase images and returned to normal on the venous phase images (Figures 1-4), while 4 (20%) had HAP on both the arterial and venous phase images with a return to normal on the delayed phase images (Figure 5).

In the 19 patients with HAP, there were 11 patients (58%) with gallbladder and CBD abnormalities and 8 patients (42%) without. The prevalence of HAP in patients with AP in combination with gallbladder or CBD abnormalities was greater than that in patients with AP without gallbladder or CBD abnormalities, but the difference between the two groups was not significant ( = 0.305, P = 0.581 > 0.05) (Table 1).

Of the 11 patients with AP in combination with gallbladder and CBD abnormalities, 7 (64%) showed strip-shaped HAP in the hepatic tissues adjacent to the gallbladder (Figure 2), 2 (18%) showed wedge- or patch-shaped HAP in both the left and right hepatic lobes (Figure 1), 1 (9%) showed wedge- or patch-shaped HAP only in the right hepatic lobe, and 1 (9%) showed wedge- or patch-shaped HAP only in the left hepatic lobe (Figure 3).

In the 8 AP patients without gallbladder and CBD abnormalities, 3 (38%) showed strip-shaped HAP in hepatic tissues adjacent to the gallbladder, 1 (12%) showed wedge- or patch-shaped HAP in both the left and right hepatic lobes, 2 (25%) showed wedge- or patch-shaped HAP only in the right hepatic lobe (Figure 4), and 2 (25%) showed wedge- or patch-shaped HAP only in the left hepatic lobe (Figure 5).

There were no significant differences in the HAP distribution in the liver (= 2.181, P = 0.536 > 0.05) between the patients with and without gallbladder and CBD abnormalities (Table 2).

MRSI

In all 51 patients with AP, the mean MRSI was 2.7 ± 1.3, with scores ranging from 1 to 4. In the 19 patients with HAP, the mean MRSI was 3.2 ± 1.0, with scores ranging from 1 to 4. In the 32 patients without HAP, the mean MRSI was 3.0 ± 1.0, with scores ranging from 2 to 4. There were no significant differences in the MRSI scores between patients with and without HAP (t = 0.559, P = 0.552 > 0.05).

DISCUSSION
Pancreatic disease is related to gallbladder disorders because the gallbladder is located close to the pancreas[25,26]. Gallbladder abnormalities in carcinoma of the pancreatic head and AP have been reported[13,27]. In our study, 63% of patients with AP also showed signs of gallbladder and CBD abnormalities, which were discovered mainly by identifying cholecystitis on MRI images. The results demonstrate that gallbladder abnormalities are correlated with inflammation due to AP. Similarity, the inflammatory process of AP often spreads to the liver because the body of the pancreas is located close to the left lobe of the liver[14,28-30].

Inflammatory changes in the organs adjacent to liver can lead to HAP in the liver, as indicated by a previous study that reported HAP was found on CT images of patients with AP[14]. In our study, we used MRI images to categorize the patients with HAP into two groups: one group of patients with AP in combination with gallbladder and CBD abnormalities and another group of patients with AP and no gallbladder or CBD abnormality. Although the prevalence of HAP in patients with AP in combination with gallbladder and CBD abnormalities (58%) is higher than that in patients with AP but no gallbladder or CBD abnormalities (42%), there is no significant difference between the two groups. We speculate that the first cause of HAP in AP is the inflammatory process of AP spreading to the liver, while the second cause is the inflammatory process of cholecystitis spreading to the liver.

In the patients with AP and no gallbladder or CBD abnormalities, HAP was identified in hepatic tissue adjacent to the gallbladder (38%) and in the left and right lobes of the liver (62%). In patients with AP in combination with gallbladder and CBD abnormalities, HAP was identified in hepatic tissue adjacent to the gallbladder (64%) and in the left and right lobes of the liver (36%). There were no significant differences in the HAP distribution between the two groups. The distribution of HAP in AP is different from that of HAP caused only by cholecystitis. HAP caused by cholecystitis is mainly distributed in hepatic tissue adjacent to the gallbladder, with no distribution on the left or right lobes of the liver[31,32]. Our results of the HAP distribution indicate that the biliary and pancreatic diseases influence each other because of their close anatomic site and related functions[25].

We found that HAP was strip, patch or wedge-shaped on enhanced MR images of patients with AP. Our results are similar to those obtained by Arita et al[14] by CT. The shape of HAP can elucidate the pathogenic mechanisms by which AP causes HAP. Strip-shaped HAP adjacent to the gallbladder is attributable to hepatic arterial hyperemia and increased venous drainage caused by the inflammatory process in the gallbladder[14,31]. Patch- and wedge-shaped HAP in the left and right lobes of the liver are caused by the inflammatory process of AP, which may spread to the liver through the hepatoduodenal ligament or gastrohepatic ligament toward the porta hepatis, finally spreading along the Glisson sheath; another pathway is through the lesser sac to the left lobe of the liver[28-30]. Understanding the pathway of AP spread can help predict the severity of AP.

MRSI is used for staging AP by grading both the degree of pancreatic and peripancreatic fluid and the extent of pancreatic necrosis. The sum of these parameters resulted in the development of an MRSI[18-20]. The MRSI has more advantages for predicting local complications and has a limited role in predicting systemic complications[19]. Ex-pancreatic organ abnormalities in patients with AP reflect systemic complications, as abdominal wall edema and gallbladder abnormalities were reported on MRI images. The presence of these abnormalities had a positive correlation with the severity of AP and may be a supplementary factor for grading the severity of AP[12,13]. In our study, HAP in AP had no correlation with the severity of AP identified using MRI. We speculate that HAP in AP is caused by both cholecystitis and AP, which is the reason for the correlation between HAP and the severity of AP.

In addition, in our study, 4 patients (20%) had HAP on the both arterial phase and venous phase images that returned to normal on the delayed phase images (Figure 1). This finding differs from another study on HAP. Another study reported that HAP was found on arterial phase images and returned to normal on venous phase images[15-17]. These special findings warrant further study.

In conclusion, the presence of HAP on enhanced MRI is common in patients with AP, which presents as strip-shaped in the hepatic tissue adjacent to the gallbladder and with a patch- or wedge-shaped lobar distribution in the liver. HAP is most likely caused by increased arterial blood flow attributable to both inflamed gallbladder and AP, and should not be misinterpreted as other primary liver abnormalities. The presence of HAP on MRI images cannot be used to determine the severity of AP.

COMMENTS
Background
In acute pancreatitis (AP), ex-pancreatic organ abnormality is a feature of disease severity that has the potential to exacerbate pancreatic and systemic injury. The identification of ex-pancreatic organ abnormality is essential in predicting the severity of AP. Hepatic abnormal perfusion (HAP) in AP is most likely caused by increased arterial blood flow due to the inflamed lobe of the liver or the inflamed gallbladder. Is HAP related to the severity of AP and the inflamed gallbladder?

Research frontiers

The abnormal changes in AP are not confined to the pancreas and may affect the gastrointestinal tract, liver, lung, kidney and skeletal muscle. In the area of AP, current research has focused on predicting the relationship between the severity of AP and ex-pancreatic organ abnormality using imaging tools.

Innovations and breakthroughs

In a previous study, HAP due to AP was found using computed tomography. However, there are no previous reports on the use of magnetic resonance imaging (MRI) to evaluate HAP in AP. the authors study presents information on HAP in patients with AP by using MRI, and discusses the morphology, cause, prevalence, distribution, and pathogenesis of HAP and any association with the severity of AP.

Applications
The study results suggest that HAP on enhanced MRI presents as strip-shaped in the hepatic tissue adjacent to the gallbladder, and as patch-shaped or wedge-shaped with lobar distribution in the liver. HAP on MRI cannot be used to determine the severity of AP.

Terminology
HAP is defined as an area with a hepatic parenchymal enhancement difference on arterial phase images that returns to the same signal intensity on venous phase images and delayed phase images compared with the surrounding normal hepatic tissues.

Peer review

This is a good descriptive study in which the authors analyze HAP due to AP visible by MRI. The results are interesting and suggest that HAP is common in AP and cannot be used to determine the severity of AP.
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Figure 1  A 65-year-old man with acute pancreatitis combined with cholecystitis as well as common bile duct and intrahepatic bile duct dilatation. Fast recovery fast spin-echo T2-weighted image (A) shows gallbladder distention (arrowhead), perigallbladder fluid (short arrow), common bile duct dilatation (short arrow), and peripancreatic strand hyperintensity signal (long arrow). Patch- or wedge-shaped hepatic abnormal perfusion is found in the left and right lobes of the liver on the artery phase images (B, arrow) and returns to normal on the venous phase images (C).
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Figure 2  A 43-year-old woman with acute pancreatitis combined with cholecystitis. Respiratory-triggered axial fast recovery fast spin-echo T2-weighted image (A) shows the peripancreatic strand hyperintense signal and perinephric fluid collection (short arrow) as well as perigallbladder fluid (long arrow). Strip-shaped hepatic abnormal perfusion is found in the hepatic tissue adjacent to the gallbladder on the arterial phase images (B, arrow) and returns to normal on the venous phase images (C).
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Figure 3  A 49-year-old man with acute pancreatitis combined with cholecystitis, gallbladder stone and common bile duct dilatation. Respiratory-triggered axial fast recovery fast spin-echo T2-weighted image (A) shows cholecystitis and gallbladder stones (short arrow) as well as common bile duct dilatation (long arrow). Patch- or wedge-shaped hepatic abnormal perfusion is found in the left lobe of the liver on arterial phase images (B, arrow).
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Figure 4  A 50-year-old woman with acute pancreatitis without gallbladder and common bile duct abnormalities. Fast recovery fast spin-echo T2-weighted image (A) shows peri-pancreatic strand hyperintensity signal (arrow). Wedge-shaped hepatic abnormal perfusion (arrow) is found in the right lobe of liver on the artery phase (B) and returns to normal on the venous phase images (C).
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Figure 5  A 45-year-old man with acute pancreatitis without gallbladder or common bile duct abnormalities. Fast recovery fast spin-echo T2-weighted image (A) shows the left anterior pararenal space fluid collection (arrow). Wedge-shaped hepatic abnormal perfusion (arrow) is found in the left inner lobe of the liver on the arterial phase (B) and venous phase images (C).
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Table 2  Hepatic abnormal perfusion distribution in patients with hepatic abnormal perfusion


  Patients with hepatic abnormal perfusion (n = 19)


�
Hepatic abnormal perfusion distribution in the liver


�
�
�
Adjacent to the gallbladder


�
Both left and right


�
Right 


�
Left


�
�
  Acute pancreatitis combined with gallbladder and common bile duct abnormalities (group 1) (n = 11)�
7�
2�
1�
1�
�
  Acute pancreatitis without gallbladder and common bile duct abnormalities (group 2) (n = 8)�
3�
1�
2�
2�
�
= 2.181, P = 0.536 > 0.05.





Table 1  The visibility of hepatic abnormal perfusion in patients with acute pancreatitis


  Acute pancreatitis (n = 51)


�
Visible hepatic abnormal perfusion


�
No visible hepatic abnormal perfusion


�
�
  Acute pancreatitis combined with gallbladder and common bile duct abnormalities (group 1) (n = 32)�
11�
21�
�
  Acute pancreatitis without gallbladder and common bile duct abnormalities (group 2) (n = 19)�
         8�
11�
�
= 0.305, P = 0.581 > 0.05.








