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Background: Although a number of studies have reported on the vascular abnormalities detected by 
magnetic resonance imaging (MRI) in patients with late-phase acute pancreatitis (AP), few have studied those 
occurring in the early phase of the disease. The aim of this research was to investigate the MRI findings of 
early vascular abnormalities in AP and to analyze the correlation of the prevalence of vascular involvement 
with the severity of AP based on the MR severity index (MRSI) and Acute Physiology and Chronic Health 
Evaluation (APACHE) II scores. 
Methods: A retrospective analysis was conducted of 301 consecutive AP patients who were admitted to our 
institution between March 2013 and June 2019. All patients underwent initial MRI during the early phase 
of pancreatitis and one or more repeat MRI scans in the late phase. Peripancreatic vascular conditions and 
pancreatitis were assessed using T1-/T2-weighted imaging and dynamic-enhanced MRI. The association 
between the prevalence of vascular involvement and AP severity graded according to the MRSI or APACHE 
II score was analyzed using Spearman’s rank correlation. 
Results: Among 301 AP patients, 75 (24.9%) had at least one MRI-detected vascular abnormality. Overall, 
vascular involvement on MRI was higher in necrotizing pancreatitis than in edematous pancreatitis [43.2% 
(54/125) vs. 11.9% (21/176), χ2=38.2, P<0.001]. In the early phase of AP, the prevalence of splenic vein 
phlebitis, portal vein phlebitis, and splenic arterial arteritis was 24.9% (75/301), 22.3% (67/301), and 19.9% 
(60/301), respectively. Splenic vein phlebitis was seen on initial MRI in 55.6% (15/27) of patients who 
had splenic vein thrombosis on repeat MRI. The MRSI scores showed that the prevalence of splenic vein 
phlebitis, portal vein phlebitis, and splenic arterial arteritis, respectively, was correlated with the severity of 
pancreatitis (r=0.532, 0.487, and 0.456; all P<0.01). The APACHE II scores showed that the prevalence of 
MRI-detected vascular involvement was significantly correlated with AP severity (r=0.335, P<0.05). 
Conclusions: Vascular abnormalities, including splenic vein phlebitis and splenic arterial arteritis, are 
commonly seen on MRI in patients with early-phase AP, and they may be supplementary indicators that can 
reflect the severity of pancreatitis.
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Introduction

Acute pancreatitis (AP) is the most common gastrointestinal 
disease, which can cause various systemic and local 
complications during and after an episode (1-4). The 
clinical course of moderately severe or severe disease usually 
comprises two phases: an early phase lasting approximately 1 
week and a late phase commencing 1 week after onset (1-3). 
The 2012 revised Atlanta classification describes four local 
complications of pancreatic/peripancreatic fluid collection 
during AP including acute peripancreatic fluid collection, 
acute necrotic collection, pancreatic pseudocyst, and walled-
off necrosis (1,5). However, additional local complications 
of AP, such as peripancreatic vascular involvement, are not 
reported in the classification. In our experience, early-phase 
vascular abnormalities in AP are not rare in clinical practice. 
Vascular involvement in pancreatitis can be dangerous and 
potentially lethal; thus, its early recognition and diagnosis 
are of great importance to radiologists (6-10).

Compared to computerized tomography (CT), high-
field-strength magnetic resonance imaging (MRI) is a safe 
and effective noninvasive imaging modality to diagnose 
and evaluate AP without radiation hazard and the risk of 
iodinated allergic reactions (8-10). With its superior tissue 
resolution, MRI is now considered to be the front-line 
imaging method for the assessment of pancreatitis and its local 
complications, including the detection of hemorrhage (8).

To the best of our knowledge, previous studies (5-7,11) 
have mainly reported on late-stage vascular conditions 
during AP using CT. In contrast, data regarding vascular 
abnormalities on MRI in early-phase AP patients 
are lacking, and the relationships between vascular 
abnormalities and disease severity in these patients have 
remained unclear. Therefore, this study aimed to determine 
the prevalence of early-phase vascular involvement in 
AP using MRI, and to investigate its correlation with the 
severity of AP based on the MR severity index (MRSI) 
and Acute Physiology and Chronic Health Evaluation 
(APACHE) II system.

Methods

Patient selection

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and was 
approved by the institutional ethics board of the Affiliated 
Hospital  of North Sichuan Medical College [No. 
2017ER(A)026]. Patient informed consent was waived due 

to the retrospective design of the study.
The study population comprised 301 consecutive adult 

patients (aged ≥18 years) with AP who were admitted to 
our hospital between March 2013 and June 2019. The 
diagnostic criteria for AP were based on the 2012 revised 
Atlanta classification (1). The inclusion criteria were: (I) 
in-patients with AP who had complete clinical data and 
laboratory test results including amylase and lipase; (II) 
underwent an in-patient initial MRI scan during the early 
phase of pancreatitis (<7 days after symptom onset) and 
had one or more repeat MRI scans during the late phase  
(≥7 days after symptom onset) for clinical evaluation of local 
complications and to determine prognosis. Our hospital is 
a specialized institution for pancreatic diseases, and MRI 
is performed for all in-patients with AP (both interstitial 
edema pancreatitis and necrotizing pancreatitis) providing 
there are no contraindications to its use. The exclusion 
criteria included: (I) admission ≥7 days after symptom onset 
(n=21); (II) recurrent pancreatitis, chronic pancreatitis, 
or pancreatic cancer (n=33); (III) pregnancy (n=5); (IV) 
cirrhosis or other systemic tumors or coagulopathy disorders 
(n=13); (V) heavy motion artifacts of images (n=12); and (VI) 
a history of pseudoaneurysm (n=0). There were no cases of 
post-Endoscopic Retrograde Cholangiopancreatography 
(ERCP) pancreatitis or renal neoplastic disorder among the 
AP patients in this study. 

Data collection and MRI protocols

The following data were collected: (I) general characteristics, 
including sex, age, etiologies of AP, APACHE II score during 
the 48 hours following admission, and MRSI score based 
on the initial MRI scan. The common causes of AP include 
solid gallstones in the gallbladder and common bile duct, a 
history of alcohol abuse before AP onset, and hyperlipidemia 
(increased fasting triglyceride levels >1,000 mg/dL)  
(1-5). (II) MRI-detected vascular abnormalities in AP as 
indicated below. 

All MRI examinations were performed using a 3.0T 
MR scanner (GE Signa Discovery MR 750, USA). 
MRI sequences and scanning parameters included: 
(I) 3-dimensional (3D) liver acquisition with volume 
acceleration-flexible (3D-LAVA-flex) T1-weighted imaging 
with fat suppression: repetition time (TR)/echo time (TE) = 
(3.6–4.4) ms/(1.7–1.9) ms, section thickness/intersection gap 
=5 mm/0 mm, matrix =224×192, field of view (FOV) =36× 
36 cm, flip angle =12°, and number of excitations =0.75; 
(II) axial fast-recovery fast spin-echo (FRFSE) T2-weighted 
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imaging with fat suppression: TR/TE =(2,500–3,000) ms/
(90–110) ms, section thickness/intersection gap =6 mm/1 mm,  
matrix =384×384, FOV =34 cm × 34 cm; (III) axial and 
coronal single-shot fast spin-echo (SSFSE) T2-weighted 
imaging: TR/TE =(4,500–6,000) ms/(90–120) ms, section 
thickness/intersection gap =5 mm/1 mm, matrix =384×256, 
and FOV =36×36 cm; (IV) SSFSE radial series slab MR 
cholangiopancreatography (MRCP): TR/TE =(4,000–
5,000) ms/(900–1,000) ms, section thickness =50 mm, 
matrix =384×256, FOV =34 cm × 34 cm; (V) 3D-LAVA-
flex dynamic contrast-enhancement with fat suppression:  
0.2 mmol/L per kilogram of gadolinium (Schering 
Guangzhou Co., China) was intravenously injected at a 
rate of 3.0 mL/s with a high-pressure injector (Spectris MR 
Injection System, Medrad Inc., USA), followed by a 20 mL 
saline solution flush. Arterial, venous, and delayed phase 
scans were then obtained 25–30, 55–60 s after the injection, 
and 120 s after the injection, respectively.

Definitions and image review

AP was classified as interstitial edematous or necrotizing 
pancreatitis based on the MRI features (10). Pancreatic 
necrosis was defined as focal or diffuse non-enhancement 
of the parenchymal gland of the pancreas (11,12). When 
present, the degree of parenchymal necrosis (<30%, 
30–50%, or >50%) was recorded. Extrapancreatic necrosis 
was determined by extrapancreatic changes exceeding 
fat stranding in the absence of findings of non-enhanced 
pancreatic parenchyma on contrast-enhanced images (12). 
Based on published articles (13,14), the severity of AP was 
categorized as mild (0–3 points), moderate (4–6 points), 
or severe (7–10 points) using the MRSI score. APACHE 
II scores were used to grade the severity of AP as mild or 
severe, with the latter defined by a score ≥8 (1). The 2012 
revised Atlanta classification was not adopted as the standard 
criterion for AP severity, because as a new standard, it is not 
yet used routinely in clinical practice.

To evaluate vascular involvement on MRI, the detected 
imaging characteristics of peripancreatic major vasculature, 
both arteries and veins, were visualized. A wide range of 
vascular pathologies were reported, including the following: 
(I) venous involvement/phlebitis, which was defined as linear 
or patchy hyperintensity within peripancreatic veins on T2-
weighted imaging with fat suppression, with the involved 
vein segments showing blurred and irregular edges (10).  
In addition, as the normal diameter of the splenic vein 
ranges from 6 to 8 mm, values <6 mm were considered 

as splenic vein stenosis (15,16). (II) Arterial involvement/
arteritis, which was defined as focal hyperintensity within 
peripancreatic arteries on T2-weighted imaging with fat 
suppression, with the involved arterial segments showing 
unsharp and blurred edges, as well as poor enhancement 
on contrast-enhanced arterial phase images (8,10). In 
addition, hemorrhage was defined as patchy hyperintensity 
in peripancreatic areas on T1-weighted imaging with fat 
suppression (8,10). (III) Venous thrombosis, which was 
diagnosed based on an intravenous filling defect within the 
lumens of peripancreatic veins in the contrast-enhanced 
venous phase. (IV) Portal hypertension/varices, which was 
defined as portal vein enlargement (a diameter >1.3 cm) 
and increased collateral vessels. Variceal channels of venous 
drainage included gastric, gastrosplenic, and omental 
varices (16,17). (V) Pseudoaneurysm, which was defined 
as a cavity communicated within the peripancreatic artery, 
with the enhancement of the cavity similar to the abdominal 
aorta on the arterial phase of dynamic-enhanced images 
(9,10). Theoretically, the gold standard for evaluating early- 
and late-phase vascular involvement is digital subtraction 
angiography (DSA). However, DSA is invasive for AP 
patients, and it is not realistic to perform this test in patients 
with severe pancreatitis. Therefore, we identified early- and 
late-phase vascular involvement related to pancreatitis based 
on MRI findings.

All MRI images were independently assessed by two 
radiologists (A and B, with >12 and >20 years of experience 
in abdominal MRI, respectively). Both radiologists were 
aware that their role was to evaluate severity and vascular 
abnormality, and that the patients had AP. In cases of 
discrepancy, a consensus was reached through discussion. 
Following this, data analysis and measurement were 
performed by A based on the consensus findings.

Statistical analysis

The Kolmogorov-Smirnov test was used for data normality. 
Normally distributed continuous variables were presented 
as mean ± SD, and data with skewed distribution were 
expressed as the median. Categorical variables were 
presented as percentages and compared using the χ2 test 
or Fisher’s exact test. Interobserver agreement for the 
evaluation of peripancreatic vascular abnormalities was 
calculated using the kappa statistic. Furthermore, the 
correlation coefficient of the prevalence of peripancreatic 
vascular involvement with the severity of pancreatitis based 
on the MRSI or APACHE II score was calculated using 
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Spearman’s rank correlation (5,8,16). Data were analyzed 
using SPSS statistical software (v16.0, SPSS Inc., Chicago, 
USA), and a P value <0.05 was considered to show a 
significant difference.

Results

Baseline characteristics of the 301 AP patients including 
sex, age, etiology, MRSI score, and APACHE II score 
are shown in Table 1. Transient organ failure was seen in 
62 (20.6%) patients, and 23 (7.6%) patients experienced 
persistent organ failure. The mean length of hospital stay 
was 18.9±10.6 days (8–94 days). 

AP patterns on MRI and its severity based on MRSI

Among the 301 patients with AP, MRI was repeated 
once in 246 patients and twice in 55 patients. Based on 
the initial MRI images after hospitalization, 176 patients 
(58.5%) had edematous pancreatitis, and 125 (41.5%) 
had necrotizing pancreatitis (including 120 patients with 
pancreatic necrosis combined with extrapancreatic necrosis 
and 5 patients with extrapancreatic necrosis only). Of the 
120 cases of parenchymal necrosis, <30%, 30–50%, and 
>50% parenchymal necrosis was detected in 87 (72.5%), 
18 (15.0%), and 15 (12.5%) patients, respectively. The 
mean MRSI score was 3.8 points (SD, 1.7; range, 1–10) 
for the 301 AP patients, 2.7 (SD, 0.8) for the edematous 

pancreatitis patients, and 5.3 (SD, 1.7) for those with 
necrotizing pancreatitis. According to the MRSI score, 
mild, moderate, and severe pancreatitis was seen in 46.8% 
(141/301), 44.6% (134/301), and 8.6% (26/301) of patients, 
respectively.

MRI-detected vascular abnormalities in AP

Overall, based on either initial or repeat MRI scans, 
24.9% (75/301) of patients had at least one AP-associated 
peripancreatic vascular abnormality detected by MRI. 
There was good interobserver agreement between the 
two radiologists in the assessment of peripancreatic 
vascular involvement (all Kappa >0.850). The prevalence 
of peripancreatic vascular involvement on MRI was higher 
among necrotizing pancreatitis than among edematous 
pancreatitis [43.2% (54/125) vs. 11.9% (21/176), χ2=38.2, 
P<0.001].

Early-phase vascular abnormalities on initial MRI
The specific details of the detection time and rate of initial 
MRI are listed in Table 2. Splenic vein involvement/phlebitis 
was the most common finding on T2-weighted images 
with fat suppression (Figure 1) and manifested as patchy or 
linear hyperintensity within an involved vein segment (loss 
of normal vessel flowing void effect), an irregular venous 
endothelium plane with blurred vein edges, and linear 
hyperintensity located along the involved vein. Splenic, 
portal, and mesenteric superior vein phlebitis was seen in 
24.9% (75/301), 22.3% (67/301), and 15.3% (46/301) of 
patients, respectively. Of the 75 patients with splenic vein 
phlebitis, 44.0% (33/75) had splenic vein stenosis (Figure 1) 
with a mean diameter of 3.5 mm (range, 2–5.5 mm).

Splenic arterial involvement/arteritis (Figure 2), which 
manifests as irregular and blurred edges in the involved 
arterial segments, with loss of the normal vessel flowing 
void effect, was revealed in 19.9% (60/301) of patients 
on initial MRI. Splenic arterial arteritis complicating 
hemorrhage was seen in 6.3% (19/301) of patients as patchy 
hyperintensity in peripancreatic areas on T1-weighted 
images with fat suppression, as well as contrast extravasation 
from the proximal splenic artery or a splenic artery branch 
(Figure 2) during the contrast-enhanced arterial phase.

In addition, splenic vein thrombosis (Figure 2), portal 
vein thrombosis, mesenteric superior vein thrombosis, 
and portal hypertension/varices (Figure 2) were observed 
in 4.0% (12/301), 3.0% (9/301), 2.3% (7/301), and 4.0% 
(12/301) of patients, respectively, on initial MRI contrast-

Table 1 Demographic information of AP patients (N=301)

Variables Values

Gender (men/women): 148/153

Age (years), mean [SD], range 52 [12], 18–67

Etiology, n (%)

Gallstone-related 170 (56.5)

Hyperlipidemia-related 53 (17.6)

Alcohol-related 51 (16.9)

Surgery-related 12 (4.0)

Cholangio-pancreatic duct variants 7 (2.3)

Unknown 8 (2.7)

MRSI score, mean ± SD [range] 3.8±1.7 [1–10]

APACHE II score, mean ± SD [range] 7.0±4.8 [0–19]

AP, acute pancreatitis; MRSI, MR severity index; APACHE, Acute 
Physiology and Chronic Health Evaluation.
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enhanced images in the early phase of AP.

Late-phase vascular conditions on repeat MRI
The splenic vein phlebitis, portal vein phlebitis, and splenic 
arterial arteritis seen on initial MRI had disappeared on 
repeat MRI in 68.0% (51/75), 68.7% (46/67), and 61.7% 
(37/60) of patients, respectively.

Of the 27 patients with splenic vein thrombosis, 55.6% 

(15/27) had splenic vein phlebitis on initial MRI imaging 
and newly complicated splenic vein thrombosis determined 
by repeat MRI (Figure 3), with a mean detection time of 
20.9 (SD, 7.5) days (13–35 days). Of the patients with 
splenic vein thrombosis detected by initial MRI, 44.4% 
(12/27) had portosystemic thrombus absorption visualized 
on repeat MRI in the late phase of AP (Figure 4).

In addition, 1.7% (5/301) of patients who had splenic 

Table 2 Incidence, MRI detection time, and MRI detection rate on initial or repeat MRI of vascular abnormalities in acute pancreatitis

Vascular abnormalities Incidence, % [n]
Mean time of onset to first 

detection, days [range]
MRI detection rate on initial 

MRI, % [n]
MRI detection rate on repeat 

scans, % [n]

Splenic arterial involvement 
(arteritis)

19.9 [60] 4.5 [1–6] 100.0 [60] 38.3 [23]

Splenic vein involvement 
(phlebitis)

24.9 [75] 4.6 [1–6] 100.0 [75] 32 [24] 

Portal vein involvement (phlebitis) 22.3 [67] 4.7 [1–6] 100.0 [67] 31.3 [21]

Mesenteric superior vein 
involvement (phlebitis) 

15.3 [46] 4.7 [1–6] 100.0 [46] 28.3 [13]

Splenic vein thrombosis 9.0 [27] 14.1 [5–35] 44.4 [12] 55.6 [15]

Portal vein thrombosis 7.3 [22] 15.4 [5–35] 40.9 [9] 59.1 [13]

Mesenteric superior vein 
thrombosis

5.6 [17] 16.7 [6–35] 41.2 [7] 58.9 [10]

Portal hypertension/varices 9.0 [27] 14.1 [5–35] 44.4 [12] 55.6 [15]

Pseudoaneurysm 1.7 [5] 34.6 [27–52] 0 [0] 100.0 [5]

MRI, magnetic resonance imaging.

Figure 1 A 41-year-old woman with splenic vein phlebitis complicating splenic vein stenosis in the early phase of moderate acute 
pancreatitis. (A) MRI T2-weighted image with fat suppression performed 5 days after onset demonstrates patchy hyperintensity within the 
splenic vein (loss of normal flowing void effect) (arrow) and an irregular venous endothelium plane, as well as linear fluid hyperintensity 
(arrowheads) situated along the involved vein segment. (B) Note the normal enhancement of the splenic vein with stenosis (arrow) and 
a diameter of 3 mm at the contrast-enhanced venous phase. Non-enhancement of linear fluid signal (arrowheads) is also shown. MRI, 
magnetic resonance imaging.

A B
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arterial or arterial branch pseudoaneurysm (Figure 5) 
identified by repeat MRI had splenic arterial arteritis 
complicating splenic arterial or arterial branch hemorrhage 
determined by initial MRI images in the early phase of AP.

Correlation of the incidence of vascular abnormalities with 
the severity of AP based on the MRSI or APACHE II score

Among the 301 AP patients, the prevalence of each form of 
vascular involvement in mild, moderate, and severe disease 
was statistically significant (all P<0.01) (Figure 6). The detailed 
correlations of the incidence of peripancreatic vascular 
involvement in AP with disease severity according to the 
MRSI are shown in Table 3. According to the APACHE II 
score, the incidence of mild and severe AP was 62.8% (189/301) 
and 37.2% (112/301), respectively. The prevalence of vascular 
involvement in patients with mild and severe AP was 13.8% 
(26/189) and 43.7% (49/112), respectively (χ2 =33.82, P<0.001), 

and the correlation of the incidence of vascular involvement 
with AP severity on the basis of APACHE II score was 
statistically significant (r=0.335, P<0.05).

Discussion

In this study, 24.9% of 301 patients showed evidence of at 
least one peripancreatic vascular abnormality associated 
with AP during MRI assessment. The prevalence of 
peripancreatic vascular involvement on MRI was higher 
in necrotizing pancreatitis than in edematous pancreatitis. 
Splenic vein phlebitis and splenic arterial involvement/
arteritis were common MRI findings in the early phase of 
AP. Splenic arterial arteritis complicating hemorrhage in the 
early phase of AP was seen in 6.3% of patients, and patients 
with splenic vein thrombosis determined by repeat MRI 
were found to have splenic vein phlebitis on initial MRI. We 
also found that the prevalence of early vascular involvement 

Figure 2 A 42-year-old male with splenic arterial involvement/arteritis complicating spontaneous hemorrhage, splenic vein thrombosis, 
and portal hypertension/varices in the early phase of severe acute pancreatitis. (A) MRI T1-weighted image with fat suppression performed 
6 days after onset demonstrates patchy hyperintensity in peripancreatic areas (arrowheads). (B) Contrast-enhanced arterial phase image 
showing the irregular and blurred edge of the proximal splenic artery with contrast extravasation (arrow). (C) Venous phase image 
identifying intraluminal thrombus in the splenic vein (arrowhead). Dilation of the portal vein (1.4 cm in diameter, curved arrow) and distal 
splenic vein (1.2 cm in diameter, straight arrow) can be seen. (D) Another venous phase image showing multiple enhancing varices (arrows) 
through the short gastric vein and gastroepiploic vein. MRI, magnetic resonance imaging. 
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in AP increased with the severity of pancreatitis based on 
MRSI or APACHE II score.

The main strength of this study is that we assessed early-
phase vascular conditions in AP patients by using MRI in 
the largest cohort to date. We used an initial MRI scan in 
the early phase of AP (performed <7 days of onset) and at 
least one repeat MRI in the late phase of AP. MRI proved to 
be superior in the detection of subtle, early-phase vascular 
abnormalities compared to CT, which has been used in 
prior studies. Previous studies have mainly focused on the 
CT detection of late-phase vascular complications, such 
as pseudoaneurysms (7,11). In their study that used CT to 
evaluate patients within 1 week of AP onset, Mortelé et al. (7)  
reported that vein thrombosis and arterial hemorrhagic 
complications were found in 90% of cases. By using the 
superior tissue resolution of MRI, we found that vascular 
inflammatory changes were also relatively common in the 
early phase of pancreatitis, especially in peripancreatic veins. 

Splenic vein phlebitis was seen most frequently (in 24.9% of 
patients), followed by portal vein phlebitis and mesenteric 
superior vein phlebitis. In addition, 44% of patients with 
splenic vein phlebitis had splenic vein stenosis in the early 
phase of AP. These new MRI findings may be explained 
by the close anatomic relationship between peripancreatic 
vasculatures and the pancreas itself, which results in 
local inflammatory spread and a weakened venous wall 
that is prone to collapse (17-20). Interestingly, following 
treatment, the MRI signs of portosplenomesenteric vein 
phlebitis disappeared in most of these patients, suggesting 
that portosystemic vein phlebitis might be considered as a 
complementary sign for treatment evaluation.

MRI indications of splenic arterial involvement/
arteritis were seen in 19.9% of patients in the early phase 
of pancreatitis. The appearance of an irregular and blurred 
edge of the involved arterial segment was likely due to direct 
corrosion of the arterial wall caused by the inflammatory 

A B

C D

Figure 3 A 46-year-old male with splenic arteritis and venous phlebitis in the early phase of moderate acute pancreatitis and splenic venous 
thrombosis in the late phase of the disease. (A) MRI T2-weighted image with fat suppression performed 2 days after the onset of pancreatitis 
shows linear hyperintensity within the splenic artery (loss of normal flowing void effect) (arrowheads). Image (B) obtained at a lower level 
than (A). This image demonstrates an irregular endothelium line (arrowheads) of the involved splenic vein with intravenous hyperintensity 
(arrow). (C,D) MRI T2-weighted image (C) and contrast-enhanced venous phase image (D) performed 13 days after the onset of 
pancreatitis identifying splenic vein stenosis (arrowhead) with a diameter of 2 mm, and an intravenous filling defect indicating the presence 
of thrombosis. MRI, magnetic resonance imaging.
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exudates of AP. Most importantly, we observed that 6.3% of 
our cohort had splenic arterial arteritis complicating splenic 
arterial or arterial branch hemorrhage in the early phase 
of AP. Also, patients with splenic arterial pseudoaneurysm 
identified by repeat MRI were found to have splenic 
arterial arteritis complicating hemorrhage on their initial 
MRI. These phenomena may be responsible for ongoing 

inflammation necrotizing to the splenic artery or its branch, 
and subsequent erosion or rupture of the arterial wall (21). 
This may explain why some AP patients experience clinical 
haemorrhage and we support the view that MRI can be 
used as an early diagnostic measure to assess the potential 
risk of hemorrhage in AP patients (8), after which treatment 
strategies, such as selective arterial angiography and 

Figure 4 A 48-year-old man with vein thrombosis in the early phase of severe acute pancreatitis and thrombus absorption in the late stage. 
(A) MRI T1-weighted image with fat suppression performed 6 days after the onset of pancreatitis showing large areas of hyperintensity 
(arrows) occupying the body and tail of the pancreas. (B) T2-weighted image with fat suppression showing areas of hypointensity (arrows) 
and relative hyperintensity in the portal vein (arrowhead). (C,D) Contrast-enhanced venous phase images show the lack of opacification of 
the splenic vein (arrowheads) and the portal vein (arrows) consistent with vein thrombus. After treatment, post-contrast venous phase images 
(E,F) obtained 30 days after pancreatitis onset showing thrombus absorption of the splenic vein (arrowhead) and portal vein (arrow), as well 
as walled-off necrosis (asterisk) formation. Note a mildly enlarged right gastroepiploic vein (curved arrow) due to a history of splenic vein 
thrombosis. MRI, magnetic resonance imaging.
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Figure 5 A 67-year-old male with a remote history of severe acute pancreatitis presented with splenic artery pseudoaneurysm before and 
after embolization. (A) MRI T2-weighted image with fat suppression performed 35 days after the onset of pancreatitis revealed a walled-off 
necrosis (arrow) in the pancreatic body, as well as residual inflammatory changes around the pancreatic tail (arrowheads). (B) Post-contrast 
arterial phase image showing a 1.8-cm pseudoaneurysm (arrow) arising from the splenic artery. Note the walled-off necrosis containing 
a mural thrombus is not enhanced (arrowhead), and peripancreatic walled-off necrosis (asterisks) can also be seen. (C) Pre-embolization 
selective arterial angiography showing pseudoaneurysm (arrow) arising from the pancreatic dorsal artery (a branch of the middle part of 
the splenic artery). (D) Post-embolization angiography showing disappearance of the lesion due to the resultant polyvinyl acetate particle 
embolization. MRI, magnetic resonance imaging.
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embolization, might be applied.
Based on CT studies, portosystemic thrombosis has 

always been considered as a major late-phase vascular 
complication of AP (22-24). However, in our study, MRI 
detected splenic vein thrombosis in 44.4% of patients in 
the early phase of AP and in 55.6% patients in the late 
phase. The mean time for the detection of portosystemic 
thrombosis after diagnosis in AP patients differs across 
imaging modalities. Recently, Ding et al. (25) found the 
mean time for portosplenomesenteric thrombosis to 
be detected by CT was about 6 days; however, because 
their study only enrolled patients in the early phase of 
pancreatitis, this duration may have been shortened 
artificially. Our results are similar to those of Dörffel  
et al. (26), who reported that portal venous thromboses 
were demonstrated by ultrasonography at an average time 
of 10–14 days (range, 3 days to 7 weeks) after diagnosis. We 

also observed that patients with splenic vein thrombosis 
determined in the late phase of AP showed signs of splenic 
vein phlebitis on their initial MRI scan. This new finding 
was probably due to early-phase vein inflammation, 
which eventually damages the endothelium, rendering the 
vessel susceptible to late-phase thrombosis (20,27). Also, 
patients with splenic vein thrombosis detected by initial 
MRI exhibited thrombus absorption on repeat MRI after 
treatment. These findings suggest that MRI could be a 
favorable technique for the evaluation of vascular condition 
improvement during the treatment period.

Another strength of our study is that we evaluated 
the relationship between the prevalence of various types 
of involvement and the severity of AP, as determined by 
the MRSI, with a correlation between the two having 
been reported previously (20). The strongest correlation 
with severity was seen in splenic vein phlebitis (r=0.532), 
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Table 3 Correlation of the prevalence of each vascular complication in acute pancreatitis with the severity determined by the MRSI

Peripancreatic vascular involvement
AP type (based on MRSI)

R
Mild (N=141) Moderate (N=134) Severe (N=26)

Splenic arterial arteritis, % [n] 3.5 [5] 26.9 [36] 73.1 [19] 0.456#

Splenic vein phlebitis, % [n] 4.3 [6] 33.6 [45] 92.3 [24] 0.532#

Portal vein phlebitis, % [n] 3.5 [5] 31.3 [42] 76.9 [20] 0.487#

Mesenteric superior vein phlebitis, % [n] 2.1 [3] 23.1 [31] 46.2 [12] 0.377#

Splenic vein thrombosis, % [n] 0 9.7 [13] 53.8 [14] 0.435#

Portal vein thrombosis, % [n] 0 8.2 [11] 42.3 [11] 0.365#

Mesenteric superior venous thrombosis, % [n] 0 6.0 [8] 34.6 [9] 0.343#

Portal hypertension/varices, % [n] 0 9.7 [13] 53.8 [14] 0.435#

Pseudoaneurysm, % [n] 0 1.5 [2] 11.5 [3] 0.213&

During the hospital stay, two patients died due to permanent organ dysfunction. All other patients recovered well after treatment. #, 
P<0.001; &, P=0.007. AP, acute pancreatitis; MRSI, MR severity index. 

Figure 6 Comparison of the prevalence of each type of vascular involvement in mild, moderate, and severe acute pancreatitis. **, P<0.01; 
***, P<0.001.
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followed by portal vein phlebitis (r=0.487), and splenic arterial 
involvement/arteritis (r=0.456). These results suggested that 
MRI detection of early vascular involvement can better predict 
the severity of AP as compared to other imaging approaches, 
which is in agreement with the findings of other studies (20,25). 
Furthermore, similar findings using the clinical APACHE II 
system probably explain that vascular situations in AP also help 
evaluate the severity of pancreatitis (28).

One limitation of the current study is that most MRI-
detectable vascular abnormalities in AP do not carry a 
gold standard of angiography, because the latter approach 
is invasive and involves a potential risk for AP patients. 
Compared with angiography, MRI is less sensitive for 
assessing vessel injury; however, as highlighted in this 
study, MRI has the ability to detect vessel damage. Another 
limitation is the retrospective nature of the study, which 
means there may be a potential sample selection bias. 
Usually, patients with moderately severe or severe AP 
follow a clinical course with two phases, and this may 
involve repeat MRI in the late phase. However, mild AP 
patients can also be hospitalized for longer than 7 days, and 
they too might need to undergo repeat MRI for treatment 
evaluation in our institution. Based on our results, mild, 
moderate, and severe pancreatitis, as determined by the 
MRSI, was seen in 46.8% (141/301), 44.6% (134/301), 
and 8.6% (26/301) of patients in our study, respectively. 
Therefore, the potential sample selection of mild and more 
severe patients was relatively balanced. In our study, the 125 
patients with necrotizing pancreatitis included 120 patients 
with mixed pancreatic necrosis and only 5 patients with 
extrapancreatic necrosis alone. As no patients in our cohort 
had pancreatic parenchymal necrosis alone, we did not 
analyze the differences in vascular involvement among the 
three subtypes of necrosis in this study. Future studies should 
investigate the differences between the three subtypes, and a 
multivariate analysis should be performed on the severity of 
pancreatitis according to the type of peripancreatic vascular 
involvement in a larger prospective cohort.

In conclusion, our results show that vascular abnormalities 
associated with AP are relatively common, particularly in 
the early phase of the disease. We described the main MRI 
features of these abnormalities and emphasized the importance 
of recognizing early signs, such as splenic vein phlebitis and 
arterial involvement/arteritis. The findings of this study 
highlight the utility of MRI in revealing the extent of the 
inflammatory process and subsequent vascular progression 
on repeat MRI during treatment. More importantly, vascular 
involvement detected by MRI in the early stage may be useful 

for reflecting the severity of AP in the clinical setting.
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