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Background: To investigate the spleen and splenic vascular involvement in acute pancreatitis (AP) and
their correlations with the severity of AP using magnetic resonance imaging (MRI).

Methods: MRI of 239 patients with AP was retrospectively reviewed to assess splenic and splenic vascular
complications, and the severity of AP. The severity of AP was graded by the MRI severity index (MRSI) and
the New Revised Classification of AP 2012. The intravoxel incoherent motion (IVIM) parameters (D, D*,
and f) of spleen were measured. Thirty-five subjects without pancreatic and splenic disorders were enrolled
as controls for IVIM parameters.

Results: Among the 239 patients with AP, splenomegaly (16.7%), splenic infarction (0.4%), splenic vein
thrombosis (4.2%), phlebitis (7.5%) and arteritis (4.2%) were observed. Splenic vascular involvement was
positively correlated with the severity of AP based on both the MRSI and the New Revised Classification of
AP 2012 (P<0.05). In the control and AP groups, the splenic f values were (0.164+0.074) vs. (0.210+0.095)
(P=0.023) respectively. In AP patients with and without splenomegaly, f = (0.240+0.091) vs. (0.203+0.095)
(P<0.001).

Conclusions: Splenic vascular involvement and splenomegaly were common in AP. The vascular
involvement was associated with the severity of AP. This complication should be considered when severity
and prognosis of AP are assessed. Quantitative analysis of the spleen with IVIM might be a useful imaging

biomarker for splenic perfusion changes in AP, especially in those with splenomegaly.

Keywords: Pancreas; acute pancreatitis (AP); spleen; magnetic resonance

Submitted Jan 17, 2018. Accepted for publication Mar 09, 2018.
doi: 10.21037/qims.2018.03.04
View this article at: http://dx.doi.org/10.21037/qims.2018.03.04

Introduction cascade of inflammatory responses and subsequent immune

Acute pancreatitis (AP) is an inflammatory disorder that leads abnormality play important roles (3,4). The spleen, as an

to a wide range of local and systemic pathophysiological
changes, as well as protean clinical manifestations and
prognosis (1,2). In the development and progression of
AP, especially in severe AP, it is believed that a complex
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important immune organ of the human body, can produce
many immune factors and immunocytes that are important
for immunological regulation in AP, but it is also injured in

inflammatory reactions and could intensify the severity of
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the human body’s condition (5).

The splenic abnormalities in AP reported by radiologists
were mainly through CT (6-8). However, CT has some
limitations; its lack of sensitivity to edematous and mild AP
and its radiation and potential iodine toxicity could produce
injury to the human body (9-11). Magnetic resonance
imaging (MRI) is sensitive to the mild and edematous AP
and clearly shows necrotic areas even without enhancement
and assesses the inflammatory changes accurately, offering
complementary information for CT in the assessment of
pancreatic and peripancreatic changes. MRI has become a
more and more important tool in evaluating the pancreas
and peripancreas changes (11-13). Furthermore, the
intravoxel incoherent motion (IVIM) MRI can help to assess
the functional properties of tissues, reflecting the random
microscopic motion that occurs in voxels on the MR images
of water molecule (either intracellular or extracellular) and
the microcirculation of blood. Quantitative parameters
could separately reflect the tissue diffusivity and tissue
microcapillary perfusion to be estimated (14-16). IVIM
signal is modeled with the equation:

SI(b) = SI)[(1-PF)-exp™ ™" + PF-exp™"”*"] 1]

where SI(b) and SI, denote the signal intensity acquired
with the b-factor value of b and b =0 s/mm’, respectively.
Dslow (D) is the true diffusion coefficient that represents
the pure molecular diffusion (slow component of diffusion),
Dfast (D*) is the pseudo-diffusion coefficient representing
the incoherent microcirculation within the voxel (perfusion-
related diffusion, or fast component of diffusion), and
perfusion fraction (PF) (f) is the fraction of the pseudo-
diffusion linked to microcirculation. These characteristics
may detect and characterize the tissue changes caused by
disease (14-16).

The aim of this retrospective study was to investigate the
prevalence of spleen and splenic vascular involvement in AP
using MRI and their correlations with the severity of AP
in the clinical and imaging setting, and to investigate the
changes of the spleen in AP using IVIM.

Methods
Ethics statement

The Institutional Review Board and Ethics Committee
of our institute approved this study and waived patients’
informed consent because it was a retrospective study.
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Patient selection

Patients with AP admitted to our institution from January
2014 to December 2016 were included. The inclusion
criteria were as follows: (I) in-patient; (II) acute onset of
abdominal pain; (III) at least 3-fold elevated amylase or
lipase; (IV) pancreatitis at first onset; and (V) abdominal
MRI examination within 1 week of the pancreatitis onset.
The exclusion criteria were as follows: (I) inability to
cooperate when performing MRI; (II) a history of chronic
pancreatitis and previous episodes of AP; (III) AP resulting
from pancreatic carcinoma; (IV) hypoproteinemia or
peritoneal/retroperitoneal tumors; (V) presence of other
diseases with splenic involvement (including chronic
liver disease, cirrhosis, hematological and immune
system diseases); (VI) splenic disease (including splenic
inflammatory, tumor, parasitosis) and (V1I) splenectomy.

A total of 331 patients with AP met the inclusion criteria,
and 92 of these patients met the exclusion criteria (5 met
condition I; 48 met condition II; 4 met condition III; 5 met
condition IV; 16 met condition V; 8 met condition VI; 6 met
condition VII) were not included in the study. The final
study consisted of 239 consecutive patients.

Thirty-five continuous subjects without pancreatic and
splenic disorders visible on MRI between January 2016 and
December 2016 were enrolled as the control group. The
subjects had no abdominal symptoms or signs and nothing
that could cause splenic abnormalities. MRI showed
12 patients without abnormal findings in the abdomen,
15 patients with hepatic or renal cysts, and eight patients
with hepatic hemangioma visualized on MRI.

MRI technique

All of the MR examinations were performed on a 3.0-T
system (MR750, GE Medical Systems, Waukesha, WI,
USA). The sequences included two-dimensional coronal
and axial single-shot fast spin-echo (SSFSE) T2-weighted,
axial fast-recovery fast spin-echo (FRFSE) T2-weighted
fat suppressed, three-dimensional (3D) liver acquisition
with volume acceleration-flexible (3D LAVA-flex) before
enhancement, which can produce fat suppressed T1-
weighted imaging as well as T1-weighted in-phase and
out-phase images (17), 3D LAVA-flex dynamic contrast-
enhanced with fat-suppressed and SSFSE radial series slab
MR cholangiopancreatography (MRCP).

The coronal SSFSE T2-weighted MR images were
obtained in two or more breath-holds with the following
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parameters: repetition time (TR)/echo time (TE) =4,500-
6,000 ms/90-120 ms; section thickness =5 mm; intersection
gap =1; matrix =384x256; and field of view (FOV) =36 cm x
36 cm. The axial SSFSE T2-weighted images (T2WI) were
obtained in one or two breath-holds with the following
parameters: TR/TE =4,500-6,000 ms/90-120 ms; section
thickness =6 mm; intersection gap =1; matrix =320x256; and
FOV =34 cm x 34 cm. The axial FRFSE T2-weighted with
fat suppressed images were obtained with the following
parameters: TR/TE =2,500-3,000 ms/90-110 ms; section
thickness =6.0 mm; intersection gap =1; matrix =384x384;
and FOV =34 cm x 34 cm. SSFSE radial oblique slabs were
obtained for MRCP with the following parameters: TR/
TE =4,000-5,000 ms/900-1,000 ms; fat saturation; section
thickness =50 mm; matrix =384x256; and FOV=34 cm x
34 cm. The axial LAVA MR images were obtained with
TR/TE =3.6-4.4 ms/1.7-1.9 ms; flip angle =12°; matrix
=224x192; section thickness =5.2 mm; intersection gap
=0; FOV =36 cm x 36 c¢m; and NEX =0.75. 3D LAVA
was obtained before and after enhancement. For dynamic
enhancement, 20 mL of gadolinium (Magnevist; Schering
Guangzhou, China) was administered intravenously with a
pressure injector (Spectris MR Injection System, Medrad,
Inc, USA) at 2-3 mL/s, followed by a 20-mL saline solution
flush. For the dynamic contrast-enhancement, the scanning
for the early hepatic arterial, hepatic arterial, venous, and
delayed phases were set at 16, 30, 60, and 120 s after the
injection of the contrast medium, respectively.

The IVIM DW imaging sequence was based on a single-
shot DW spin echo planar imaging fat-suppressed sequence,
the specific parameters were as follows: b-factor values (0,
20, 50, 80, 100, 300, 500, and 800 s/mm?); TR/TE =4,000—
4,500 ms/90-100 ms; matrix =160x192; FOV =34 cm x
34 cm; section thickness =6 mm; and intersection gap =2 mm.
The original IVIM images were loaded to a post-processing
workstation (GE Advanced Workstation v.4.4-09) and the
IVIM data were evaluated by a standard software package
(MADC); the ADC, D, D*, and f maps were generated by
an automatic pixel-wise analysis on the GE workstation.
The IVIM signal attenuation was modeled according to
Eq [1]. D was obtained by using a least-squares linear fitting
of the logarithmized image intensity at b values greater than
200 s/mm’ to a linear equation; the fitted curve was then
extrapolated to obtain an intercept at b =0. The estimate of
f was obtained by the ratio between this intercept and SI;
finally, the obtained D and f were substituted into equation
1 {Eq [1]} and were nonlinear leastsquares fitted against all
b values to estimate D* using the Levenberg-Marquardt
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algorithm.

In each spleen, the region of interest (ROI) was set
as 50+5 mm’ and six ROIs were manually drawn within
the middle of the spleen in three slices at the level of the
hilus carefully excluding vasculature (16). The ROIs were
automatically copied to the D, D*, and f maps, the mean
value of each ROI was recorded. Mean value of the three
parameters were calculated as the final results of statistical
analyses.

MR image review

The original MRI data were loaded onto a workstation (GE,
AW4 4) for observation and measurement. The MR images
were reviewed by two observers (with at least three years
of experience in abdominal MRI), who were blinded to the
laboratory data and clinical outcomes. Any discrepancies
between the two readers were discussed until reaching a
consensus.

AP was categorized as edematous or necrotizing
according to the MRI findings (18,19). The severity of
AP on MRI was graded as mild (0-3 points), moderate (4—
6 points) and severe (7-10 points) according to the MRI
severity index (MRSI) (20). In clinical practice, AP was
graded as mild, moderately severe, and severe AP based on
the New Revised Classification of AP 2012 (21).

To describe the splenic vascular patterns and splenic
morphology on MRI, the detected characteristics and
measured dimensions are outlined below. The vascular
involvement includes pseudoaneurysm which was defined
as a cavity communicated with the splenic artery that
might have mural thrombosis; on the enhanced images,
the enhancement of cavity corresponds with the artery and
the mural thrombus was non-enhanced (22,23); arteritis or
arterial wall invasion defined as a linear or patchy high signal
consistent with the running of the splenic artery or even
the loss of a normal vascular flowing void effect on T2WI
with fat suppression. The blurred edge of the involved
artery or poor enhancement of the involved segment on
contrast-enhanced arterial phase images (22,24); Phlebitis
or venous wall invasion has also been defined as a linear
or patchy high signal consistent with the running of the
splenic vein and even the loss of the normal vascular flowing
void effect on T2WI and T2WI with fat suppression, the
unsharpness of the blood-vessel-edge or poor enhancement
of the involved segment on contrast-enhanced venous
phase images; additionally, it might be complicated by
local venous thrombosis, which showed an intravenous
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filling defect or the vein was undetectable on the enhanced
venous phase images (22-24). Splenomegaly or splenic
enlargement is the most common condition associated with
diseases of the spleen, “splenic index” (product of length,
depth and width), splenic length and the sum of volumes of
consecutive scan slices have all been used to diagnose the
splenomegaly (25). The best indicator of splenic changes
over time is splenic volume, however, it is time-consuming
and impractical in clinical routine (25-27). Correlations of
splenic length, width and thickness with the splenic volume
had been studied and we found that the splenic length and
width correlate well with splenic volume (26,27), a splenic
length of 9.76 cm as an easier and simplified method can
be used to diagnose the splenomegaly (26). In our study,
Splenomegaly was defined as splenic length >9.76 cm
with this easier and simplified way. The splenic length was
obtained by multiplying the number of sections where the
spleen was visualized by the thickness of the sections (26).
In this study, the splenic length was obtained by using
this way on the delayed phase of dynamic-enhancement,
which had a single breath-hold that could exclude the
movement artifacts and which had no intersection gap that
was convenient to calculate. For example, if the spleen was
seen in 20 contiguous cross-sectional images with 5-mm
thickness on the delayed phase, the length was recorded
as 10 cm.

Statistical analysis

The MRSI scores and IVIM parameters (D, D*, f) of spleen
were expressed as the average of the two readers. Any
discrepancies between the two readers were discussed until
reaching a consensus.

The continuous variables were expressed as mean =
SD and range. Chi-squared test or Fisher’s exact test were
used to evaluate the differences in the prevalence of splenic
vascular involvement and splenomegaly among mild,
moderate/moderately severe, and severe AP (based on the
MRSI and the New Revised Classification of AP 2012),
between edematous and necrotizing AP. Mann-Whitney
U-test was used to analyze the differences in the splenic D,
D*, and f values between the AP and control groups, and
the differences in the splenic D, D*, and f values between
AP patients with and without splenomegaly.

Data analysis was performed using SPSS for Windows
version 13.0 (SPSS, Inc, Chicago, IL, USA). P values <0.05
were considered to be significant.
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Results
Demographical characteristics

Thirty-five subjects in the control group included 15 males
and 20 females, with an average age of 48.9+16.9 years. A
total of 239 patients with AP included 119 women and 120
men with an average age of 51.8+14.6 years (range, 10—
81 years). There were no statistically significant differences
in age (1=1.058, P=0.291) or the sex ratio (x’=0.660,
P=0.416) between the AP and control groups.

In the 239 cases with AP, the etiology of AP was biliary
in 117 (49.0%) cases, hyperlipidemia related in 57 (23.8%)
cases, alcohol related in 19 (7.9%) cases, surgery related in
3 (1.3%) cases, and unknown in 43 (18.0%) cases.

MRI findings of AP

Of the 239 patients with AP, 187 patients (78.2%) had
edematous AP, whereas 52 patients (21.8%) had necrotizing
AP. The mean MRSI score was 3.52+1.68 (range, 0-10).
According to the MRSI, the mild, moderate, and severe
AP were 42.7% (102/239), 51.9% (124/239), and 5.4%
(13/239), respectively.

Splenic morphology and vascular involvement on MRI

Of the 239 patients with AP, 10.5% (25/239) of patients had
splenic vascular involvement, 16.7% (40/239) of patients
had splenomegaly, and 0.4% (1/239) of patients had splenic
infarction (Figure I). The splenic vascular involvement
included vein thrombosis (4.2%, 10/239) (Figure 2),
phlebitis (7.5%, 18/239) (Figure 3), and arteritis (4.2%,
10/239) (Figure 4).

Correlations of prevalence of splenic vascular involvement
and splenomegaly with the severity of AP based on MRSI

Of the 239 patients with AP, based on the MRSI, the
prevalence of splenic vascular involvement in mild,
moderate, and severe AP were, respectively, 2.0%, 11.3%,
and 69.2% (x’=36.442, P<0.001). The prevalence of
splenomegaly in mild, moderate, and severe AP were,
13.7%, 18.6%, and 23.1% (’=1.561, P=0.455), respectively.
Additionally, the prevalence of splenic vascular involvement
was 3.7% and 34.6% (x’=41.402, P=0.000) in edematous
AP and necrotizing AP, respectively. The prevalence of
splenomegaly in edematous AP and necrotizing AP were
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Figure 1 A 45-year-old man with AP. The axial T'1-weighted fat-suppressed image (A) shows a wedge of lower intensity in the spleen (arrows),

which does not enhance in the enhanced arterial phase (B) and venous phase (C). AP, acute pancreatitis.

Figure 2 A 56-year-old woman with AP. The axial T2-weighted fat-suppressed image (A) shows a patchy high signal (arrow) in the splenic

vein lumen that shows a filling defect (arrows) in the enhanced venous phase (B) and delayed phase (C). AP, acute pancreatitis.

Figure 3 A 38-year-old man with AP. The axial T2-weighted fat-suppressed image (A) shows the loss of the normal vascular flow void effect
and a linear high signal of the splenic vein edge (arrow), which shows the poor enhancement of the vein and unsharpness of the splenic vein-

edge (arrow) in enhanced venous phase (B). AP, acute pancreatitis.
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Figure 4 A 45-year-old man with AP. The axial T2-weighted fat-suppressed image (A) shows the loss of the normal vascular flow void

effect in the splenic artery (arrow) which shows the unsharpness of the splenic arterial edge (arrow) in enhanced arterial phase (B). AP, acute

pancreatitis.

15.3% and 23.3% (x’=1.599, P=0.206).

Correlations of prevalence of splenic vascular involvement
and splenomegaly with the severity classification in New
Revised Classification of AP 2012

Among the 239 patients with AP, according to the New
Revised Classification of AP 2012, the mild, moderately
severe, and severe AP were 48.1% (115/239), 42.7%
(102/239), and 9.2% (22/239), respectively. The prevalence
of splenic vascular involvement in mild, moderately severe,
and severe AP were 2.5%, 15.3%, and 31.8% (x’=19.577,
P=0.000), respectively. The prevalence of splenomegaly in
mild, moderately severe and severe AP were, respectively,
14.7%, 18.6% and 18.2% (’=0.719, P=0.760).

IVIM parameters (D, D, f) of spleen in the control and
AP groups, and the parameters in AP patients with
splenomegaly and nonsplenomegaly

AP was divided into two groups: AP without splenomegaly
[AP (no SP)] and AP with splenomegaly [AP (with SP)].
The splenic f value was higher in the AP group than in the
control group (P<0.05). Additionally, the splenic f value in
the AP (with SP) group was higher than that in the AP (no
SP) group (P<0.05) (Figure 5).

All patients during the hospital stay had good recovery
and were discharged after treatment. No patient died.

Discussion

The prevalence of splenic vascular involvement was
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positively correlated with the severity of AP based on
both the MRSI and the New Revised Classification of
AP 2012. On IVIM, the splenic f value was higher in AP
patients than that in the control group; in AP patients, the
splenic f value in patients with splenomegaly was higher
than in those without splenomegaly. The splenic perfusion
fraction increased in AP patients, especially in those with
splenomegaly. Our results indicated that the splenic vascular
involvement in AP may help to evaluate the severity of AP
in the clinical and imaging setting. Quantitative analysis
of the spleen with IVIM showed that AP may cause
perfusion changes in splenic tissue, especially in those with
splenomegaly.

With the close anatomic relationship, inflammatory
exudates in AP might directly affect the spleen and
splenic vasculature (8,25). The prevalence of splenic vein
thrombosis in pancreatitis varies in different studies from
1% to 24% depending on the study population and imaging
techniques been used and the study time (23,28-30). In
our study, the prevalence of splenic vein thrombosis was
4.5%, which was higher than 1.2% (30/2,454) in the study
of Harris et al. (28), who used CT to evaluate the splenic
vein thrombosis. Our imaging technique was MRI which
had higher tissue resolution than CT. As might result in
this difference. However, the prevalence in our study was
less than Dorffel ez al. (29) who used ultrasonography and
had a follow-up to identify that 14.9% of patients with
AP demonstrated splenic vein thrombosis, in which the
thrombosis was demonstrated at 3 days to 7 weeks (average,
10-14 days) after the diagnosis of AP. Our prevalence
was also less than Mortelé et 4/. (23) who found that the
prevalence of splenic vein thrombosis was 19%. In their
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Figure 5 Scattered plots and mean of D, D*, and f of the control,
AP, AP (no SP), and AP (with SP) patients. P value, analysis of
variance. Mann-Whitney U-test is used to analyze the differences
of splenic D, D*, and f between the control and AP group as well
as the differences between the AP (no SP) and AP (with SP) group.
AP, acute pancreatitis; SP, splenomegaly.

study, 54 patients experienced previous episodes of AP,
the time between the diagnosis of AP and CT evaluation
in some patients was longer (up to 21 days), and some of
the patients had a second or third follow-up. The reasons
for the lower prevalence in our study may be that all of
the patients were the first onset and underwent MRI scan
within one week after the onset and there was no follow-

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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up. Thus, the time between the MRI/CT evaluation and
the diagnosis of AP, the number of pancreatitis episodes,
and the follow-up are all important to evaluate the splenic
vein in AP. Xiao et 4l. (22) had once described the invasion
of vascular wall in AP on MRI, but they had not consecutive
study. We also found the splenic phlebitis/venous wall
invasion and arteritis/arterial wall invasion on MRI. Our
study suggested that MRI may be a good method to assess
the vessels in AP.

In our study, the prevalence of splenic vascular
involvement was positively correlated with the severity
of AP based on both the MRSI and the New Revised
Classification of AP 2012, which better predict the local
and systemic conditions of patients and the prognoses. Our
result suggested that the splenic vascular involvement in AP
might help to assess the severity of AP in the clinical and
imaging setting. Mortelé ez 4l. (23) found that the presence
of splenic vein thrombosis was significantly correlated with
the severity of pancreatitis. Furthermore, we found that
the splenic vascular involvement was much more common
in necrotizing AP than in edematous AP, which was in
conformity with the reports (28-30).

Splenic morphological abnormalities in AP are rarely
and typically reported as reviews or case reports (7,8,31).
We only found splenomegaly and splenic infarction in
this study. Splenomegaly could present in pancreatic
disease uncomplicated by cirrhosis or other disorders (32).
Tsushima et «/. (6) had found that there was transient
splenomegaly in AP. In our study, 16.7% of AP patients
presented the finding of splenomegaly, whose prevalence
was increased with the severity of AP increasing and was
also increased in necrotizing AP than in edematous AP,
but they did not reach statistical significance (P>0.05).
Mostly, the etiology of splenomegaly is probably portal
hypertension (25). In pancreatic disorders, the compression
of portal/splenic vein or the vein thrombosis might cause
splenic venous obstruction and cause the pressure in
spleen to increase, eventually leading to the congestive
splenomegaly (6,32-34). No matter in mild, moderate, or
severe AP and in edematous or necrotizing AP, the pancreas
might swell and compress the splenic vein, possibly related
to those results.

Conventional sequences provide a limited evaluation of
tissue characteristics, however, IVIM MR imaging plays a
more and more important role in evaluating microstructural
characteristics noninvasively. It has been widely used in
many organs, such as the brain, breast, hepatic, pancreatic,
gastric and rectal lesions (14-16,35-37). AP could cause
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secondary micro-changes in several organs (38), it had been
found that there were some pathological changes in splenic
tissue under the microscopy in severe AP (5).

In this study, we found that the splenic f value was higher
in AP than that in the control group and that it was higher
in AP patients with splenomegaly than in those without
splenomegaly (P<0.05). The f value represents the fraction
of the signal originating from perfusion and is expected to
reflect the fractional blood volume of capillaries (14-16).
Our study demonstrated that the splenic perfusion fraction
degree increased in AP and that it increased more in those
AP patients with splenomegaly. To our best knowledge,
this is the first study which evaluates the splenic changes
in AP by using IVIM, there is no data of those parameters.
Tutcua er 4. (38) has found that AP causes significant
perfusion changes in the hepatic tissue and a significant
increase in blood volume in the lobes of liver and that the
perfusion changes might depend on the local inflammation
process and the effect of systemic mediators. As their study
mentioned, in AP, the local inflammation might also spread
to the spleen through the splenorenal ligament and finally
along the splenic red pulp, the local inflammation and the
effect of systemic mediators in AP might be also related to
the perfusion changes in the splenic tissue. Additionally,
our result showed that the splenic perfusion fraction degree
increased more in those AP patients with splenomegaly. It
might suggest that the effect of local inflammation and the
effect of systemic mediators in the splenic tissue are more
significant in those AP patients with splenomegaly.

One limitation of this study was that the splenic
involvement might not be caused by pancreatitis, we
eliminated the potential confounders when we selected
the cases by excluding the patients with diseases that could
cause the spleen and splenic vascular involvement. Another
limitation was that the diagnosis of splenomegaly used a
practical and simplified way rather than calculating the
splenic volume, we used the well-correlated parameter with
splenic volume to minimize the bias.

In conclusion, splenic vascular involvement and
splenomegaly are common in AP. Splenic vascular
involvement helps the evaluation of the severity of AP in
the clinical and imaging setting. Quantitative analysis of the
spleen with IVIM shows that AP may cause perfusion changes

in splenic tissue, especially in those with splenomegaly.
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