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Background: To study the magnetic resonance imaging (MRI) features of acute pancreatitis (AP) involving
the retroperitoneal interfascial planes and to analyze the correlations of interfascial plane involvement with
the magnetic resonance severity index (MRSI) and the Acute Physiology and Chronic Health Evaluation
(APACHE II) scoring system.

Methods: A total of 316 consecutive patients with AP between November 2011 and August 2013 were
retrospectively analyzed. The extension and path of the inflammation spreading along the retroperitoneal
interfascial plane on MRI were graded from grade 0 to grade 5. The relationships between interfascial plane
involvement and MRSI and APACHE II were analyzed.

Results: Of the 316 patients with AP, 293 patients (92.7%) had interfascial plane involvement, which
appeared as interfascial plane edema, thickening and effusion. There were 60, 105, 78, 25, and 25 patients in
grades 1, 2, 3, 4, and 5, respectively. Interfascial plane involvement strongly correlated with the MRSI score
(r=0.703), but was only weakly correlated with the APACHE-II score (r=0.291).

Conclusions: MRI depicts the characteristics of interfascial plane involvement in AP. The value of

interfascial plane involvement for determining the disease severity is likely to be limited.

Keywords: Pancreas; acute pancreatitis (AP); magnetic resonance imaging (MRI); renal fascia; interfascial planes

Submitted May 16, 2016. Accepted for publication Jun 05, 2016.
doi: 10.21037/qims.2016.06.09
View this article at: http://dx.doi.org/ 10.21037/qims.2016.06.09

Introduction and lacks fascia on its surface. When pancreatitis occurs,

. . inflammatory liquid can penetrate into the retroperitoneal,
Acute pancreatitis (AP) is a commonly seen severe ) ) o o
. . . abdominal, and pelvic cavities (4). Traditionally, the
abdominal disease. It can accompany spreading of
inflammatory process and pancreatic fluid leakage (1). The
mortality of mild AP is low (2); however 20% of patients

can progress to severe pancreatitis. Acute severe pancreatitis

retroperitoneal cavity is divided into three parts: the
anterior pararenal space, perirenal space and posterior
pararenal space. These are defined by the prerenal fascia,

patients can have a rapid disease onset, multiple organ posterior renal fascia and lateroconal fascia (5). Molmenti

dysfunction and failure, and a high fatality rate (3). Early
diagnosis and evaluation of the severity of AP is important
for making optimal treatment planning and thereafter
reducing mortality.

The pancreas is located in the anterior pararenal space
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et al. (6) proposed the interfascial planes as an anatomical
concept regarding the retroperitoneal space, suggesting
that each retroperitoneal fascia is composed of multiple
discrete layers and the potential space between the apposed

layers of fascia. The author divides the retroperitoneal
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space into nine parts: three spaces (anterior pararenal,
perirenal and posterior pararenal spaces) and six interfascial
planes (retromesenteric, retrorenal, lateroconal interfascial,
and combined interfascial planes; presacral and prevesical
spaces). Interfascial planes may better explain the spread
of effusion in the retroperitoneal space during pancreatitis
process. Ishikawa et al. (7) proposed that in addition there
was also a subfascial plane between the posterior pararenal
space and transversalis fascia, and that this plane was
connected to the retrorenal plane through a narrow passage.
The author studied the CT manifestations of AP involving
interfascial planes, graded the spread of effusion between
the interfascial planes, and found that classification of
acute pancreatitis based on CT-determined retroperitoneal
extension is a useful indicator of disease severity and
prognosis.

In recent years, magnetic resonance imaging (MRI)
has increasingly been used in the diagnosis of AP. CT is a
convenient and rapid means to diagnose AP, but repeated
CT follow-up exams pose the harm of accumulative
X-ray radiation. MRI can accurately evaluate the necrosis
and inflammation associated with AP and some scholars
believe that it is superior to enhanced CT in predicting the
severity of AP (8,9). MRI is able to identify early or mild
AP that may be missed on CT, but without the radiation
exposure (9). In addition, patients may experience adverse
reaction to the iodinated contrast media. When iodinated
contrast media is used for contrast-enhanced CT of AP,
the micro-circulation may be negatively affected (10,11).
MRI is the safest and most effective noninvasive imaging
method to evaluate the pancreas and ductal system (12-15).
MRI is also superior to other imaging techniques for the
characterization of peripancreatic fluid collections (16,17).

The interfascial plane involvement in AP is commonly
seen on MRI. We conducted this study to determine the
characteristics of interfascial plane involvement of AP
on MRI and to analyze the correlations of interfascial
plane involvement with the magnetic resonance severity
index (MRSI) and Acute Physiology and Chronic Health
Evaluation IT (APACHE II) scoring system.

Methods
Patient selection

This retrospective study was approved by our institutional
review board (No. SKLMC-2013-012). Patient informed
consent was waived. Patients with AP who were admitted to
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The Affiliated Hospital of North Sichuan Medical College,
Nanchong, China, between November 2011 and August
2013 were candidates of this study. The diagnosis of AP was
based on the presence of typical abdominal pain combined
with three-fold elevated amylase or lipase. The inclusion
criteria in this study were as follows: (I) pancreatitis at first
onset; (II) abdominal MR examination performed; (III)
inpatient; and (IV) three-fold elevated amylase or lipase,
excluding other causes of elevated enzymes. The exclusion
criteria were as follows: (I) history of chronic pancreatitis;
(II) AP due to pancreatic carcinoma; and (III) emerging
hypoproteinemia. These criteria have been described in
our previous publications (18,19). In total consecutive 316
patients with AP were enrolled in this study, including 154
women and 162 men with a mean age of 5315 years (range,
16-87 years).

MRI technique

All MR examinations were performed during suspended
respiration with a 1.5-T system (Signa, GE Medical Systems,
Milwaukee, WI, USA). The sequences included: Axial spoiled
dual gradient-echo T1-weighted image (GRE T1WI),
with the following scanning parameters: TR =170 ms,
TE =2.7 ms, flip angle =80°, FOV =26-32 cm, section
thickness =5-8 mm, and intersection gap =0.5-1.0 mm.
Axial respiratory-triggered fast recovery fast spin-echo T2-
weighted image (FRFSE T2WI) with fat suppression, with the
following scanning parameters: TR =10,000-12,000 ms, TE
=90-100 ms, FOV =34x34 cm’, section thickness =5 mm, and
intersection gap =0.5 mm. Coronal, axial and sagittal single
shot fast spin-echo T2-weighted image (SSFSE T2WI), with
the following scanning parameters: TR =2,500-3,500 ms,
TE =80-100 ms, FOV =34x34 cm” section thickness =5 mm,
and intersection gap =0.5 mm. SSFSE radial series slab MR
cholangiopancreatography (MRCP) with the following
scanning parameters: TR =6,000 ms, TE =830-1,100 ms,
FOV =32-34 cm and section thickness =40-50 mm.

Axial slab three-dimensional (3D) spoiled gradient-echo
(SPGR) dynamic contrast-enhanced MR imaging with fat
suppression, with the following scanning parameters: TR
=6.1 ms, TE =2.1 ms, flip angle =15°-20°, FOV =32-34 cm,
and section thickness =5 mm. Three-dimensional SPGR was
obtained at 2.5 mm increments with zero-fill interpolation
for dynamic enhancement. Twenty milliliters of gadolinium
(Magnevist; Schering Guangzhou Co., China) was
administered intravenously with a pressure injector (Spectris
MR Injection System, Medrad Inc, USA) at 2-3 mL/s and
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followed by a 20-mL saline solution flush. First-pass arterial
enhancement was optimized with a timing bolus sequence
(axial FMPSPGR). Dynamic imaging was performed
during breath-holding before the injection (unenhanced),
immediately after the injection (hepatic arterial phase),
30 seconds after the injection (early venous phase), and
1 min after the injection (late venous phase). The delayed
phases were acquired with axial fast spoiled gradient echo
(FSPGR) and another 3D SPGR T1-weighted sequence.

MRI image interpretation

All the original MRI data were loaded onto a GE
healthcare workstation (version: AW 4.4) for reading and
processing. Two radiologists who had more than 4 years of
experience interpreting abdominal MR images reviewed
the MRI images. They were both blinded to the clinical
outcomes and laboratory data. The review included the
MRI manifestation and severity of the interfascial plane
involvement in AP and the MRSI grading. Any discrepancy
between the two observers was resolved by consensus
discussion. According to the MRSI guidelines, AP was
divided into mild (0-3 points), moderate (4-6 points) and
severe (7-10 points) (20).

APACHE II is widely used clinically to score AP severity (21).
The patients’ physiology and laboratory examination
indices were collected to grade the APACHE II; these
factors included age, body temperature, mean arterial
pressure, heart rate, arterial partial pressure of oxygen,
arterial PH, serum potassium concentration, serum sodium
concentrations, serum creatinine, peripheral white blood
cells, hematocrit, previous health conditions and Glasgow
coma scale (22). According to the APACHE II scoring
system, AP was graded as mild (<8 points) or severe AP (>8
points) (23). Two physicians calculated the scores according
to the clinical outcomes and laboratory data.

The involvement of the retromesenteric plane (Figure 1),
lateroconal plane, retrorenal plane, combined interfascial
plane, subfascial plane, anterior pararenal space, perirenal
space and posterior pararenal space was recorded (6,7). The
interfascial plane involvement was defined as interfascial
plane edema, thickening (diameter>3 mm) and interfascial
plane effusion (7,24), which showed isointensity or
hypointensity on T1WI, hyperintensity on T2WI with fat
suppression. The anterior pararenal space, perirenal space
and posterior pararenal space involvement appeared as
linear or patchy high signal on T2WI and T2WI with fat
suppression, and isointensity or low signal on TIWI.
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With reference to CT classification of the effusion
spreading between interfascial planes and the different
rates of interfascial plane involvement (7), in this study
the severity of the interfascial plane involvement in AP
on MRI was classified into six grades: grade 0, normal
retroperitoneal interfascial planes and perirenal space
(recorded as 0 point); grade 1, inflammation confined
to the anterior pararenal space or retromesenteric plane
(recorded as 1 point); grade 2, inflammation spreading
into the lateroconal plane or retrorenal plane (recorded
as 2 points); grade 3, inflammation spreading into the
combined interfascial plane (recorded as 3 points); grade 4,
inflammation spreading into the subfascial plane (recorded
as 4 points); and grade 5, inflammation intruding into the
posterior pararenal space (recorded as 5 points).

Results

Of the 316 patients with AP, the etiology of AP was biliary
in 165 (52.2%) cases, hyperlipidemia-related in 56 (17.7%)
cases, alcohol-related in 19 (6.0%) cases, pregnancy-related
in 5 (1.6%) cases, over-eating-related in 9 (2.8%) cases, and
unknown in 62 (19.6%) cases. The mean APACHE-II score
was 4.7+3.4 points (ranging from 0 to 21 points). A total
of 263 patients had mild AP (<8 points) with an average
APACHE-II score of 2.2+1.3 points, while 47 patients had
severe AP (=8 points) with an APACHE-II score of 2.9x1.1
points.

A total of 110 AP patients (34.8%) had both plain scans
and dynamic enhanced MR imaging, while 206 (65.2%)
had only plain scans. The agreement between the observers
for MRSI was good (k=0.788). According to MRSI, 42.1%
(133/316), 50.9% (161/316) and 7.0% (22/316) of patients
had mild, moderate and severe AP, respectively, with a mean
MRST score of 3.9£1.7. Of the 316 patients with AP, 244
were diagnosed with edematous AP, while 72 patients were
diagnosed with necrotizing AP on MRI. Among the 72
patients with necrotizing AP, 50 had necrosis of less than
30% of the total pancreatic volume, 21 had necrosis of 30%
to 50%, and 1 had necrosis of more than 50%.

The agreement between the observers for evaluating
interfascial plane involvement was had a k=0.765. In the 316
patients with AP, 92.7% (293/316) had interfascial plane
involvement, including 245 patients with interfascial plane
edema and thickening and 36 patients with interfascial plane
effusion (7able I). The interfascial plane involvement score
on MRI was 2.3+1.3 (ranging from 0 to 5). The severity
of the interfascial plane involvement in AP on MRI was
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Figure 1 Diagrams of the pathway of AP along retroperitoneal interfascial planes at level of the left renal hilus. (A) Longitudinal diagram

of the retroperitoneum; (B) coronal diagrams of the retroperitoneum; (C) cross-sectional diagrams of the retroperitoneum. AP, acute

pancreatitis; RMP, the retromesenteric plane; LCP, lateroconal plane; RRP, retrorenal plane; CIP, combined plane; SFP, subfascial plane.

Table 1 Retroperitoneal space involvement in AP on MRI

Patients number with

Site of involvement
involvement (%)

The anterior pararenal space 293 (92.7)
The retromesenteric plane 281 (88.9)
The lateroconal plane 207 (65.5)
The retrorenal plane 212 (67.1)
The perirenal space 194 (61.4)
The combined plane 128 (40.5)
The subfascial plane 53 (16.8)
The posterior pararenal space 33 (10.4)

A comparison of the percentages between planes show: (l) the
anterior pararenal space vs. retromesenteric plane (x°=2.734,
P=0.098); (Il) the retrorenal plane vs. perirenal space (;°=2.232,
P=0.135); (lll) the retromesenteric plane vs. retrorenal plane
(x°=43.909, P=0.000); (IV) the perirenal space vs. combined
interfascial plane (y’=27.580, P=0.000); (V) the combined
interfascial plane vs. subfascial plane (¥’=43.550, P=0.000); (VI)
the subfascial plane vs. posterior pararenal space (x’=5.384,
P=0.020). AP, pancreas; acute pancreatitis; MRI, magnetic
resonance imaging.

showed as follows: the number of grade 0 were 23, grade 1
were 60, grade 2 were 105 (Figure 2), grade 3 were 78 (Figure
3), grade 4 were 25 and grade 5 were 25 (Figure 4). The
specific details of interfascial plane involvement in AP on
MRI are listed in Table 2.

According to the MRSI score, the prevalence of
interfascial plane involvement in mild, moderate and severe
AP is listed in Table 3. The interfascial plane involvement
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on MRI was strongly correlated with the MRSI score
(r=0.703) (Figure 5). According to the APACHE-II score,
the prevalence of the interfascial plane involvement in mild
and severe AP is listed in Table 4. The interfascial plane
involvement on MRI was only weakly correlated with the

APACHE-II score (r=0.291) (Figure 6).

Discussion

MRI can detect interfascial plane involvement in AP and
show the pathway of the inflammatory spread along the
interfascial planes in different severities of AP, which may be
valuable in determining the severity of AP. In this study, we
found that 92.7% of patients with AP had interfascial plane
involvement on MRI. The interfascial plane involvement
on MRI was strongly correlated with the MRSI score
(r=0.703), and weakly correlated with the APACHE-II score
(r=0.291). Compared the concept of interfascial plane with
the traditional view, it could better explain the pathological
process of the spread and the scope in the retroperitoneal
space. It is of great importance in image positioning,
effusion drainaging and surgical treatment. Ishikawa et 4/. (7)
studied the CT manifestations of AP involving interfascial
planes, graded the spread of effusion among the interfascial
planes and analyzed the relationship between the severity
of interfascial plane involvement and the severity of AP.
However, it has yet to be seen the study of interfascial plane
involvement using MR and the relationship with the severity
of AP. MRT has increasingly been used in the diagnosis of AP.
MRI can accurately identify interfascial plane involvement in
AP because it is sensitive to the fluid patterns present (25,26).
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Figure 2 A 36-year-old male with AP. The left retromesenteric plane (long arrow), the retrorenal plane (short arrow), the lateroconal
plane (triangle) involvement are depicted as isointensity on T1WI (A), hyperintensity on SSFSE T2WI (B) and on FRFSE T2WT with fat

suppression (C). The interfascial plane involvement score is 2 points. AP, acute pancreatitis.

Figure 3 A 48-year-old male with AP. The left retromesenteric plane, the retrorenal plane, the lateroconal plane, the combined plane
and the perirenal space are involved, which show isointensity on T1W image (A) and hyperintensity on T2W images (B-D). On sagittal
SSESE T2-weighted image (D), the retromesenteric plane (long arrow) and retrorenal plane (short arrow) form an inosculate combined
plane (triangle) under the kidney, and the inflammation continually spreads to pelvic cavity. On coronal SSFSE T2-weighted image (E), the

combined plane (triangle) is involved. The interfascial plane involvement score is 3 points. AP, acute pancreatitis.
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Figure 4 A 40-year-old male with AP. On both sides, the retromesenteric plane, lateroconal plane, retrorenal plane, subfascial plane, the
anterior pararenal space, perirenal space and posterior pararenal space are involved. The rear of the abdominal wall is also involved. The
posterior pararenal space involvement (triangle) shows an isointense signal on T1W (A) and hyperintensity on T2WI (B) and T2WI+FS (C).
The inflammation spreads from the retrorenal plane to the subfascial plane (short arrow) through a narrow passage (long arrow) (C). The

interfascial plane involvement score is 5 points. AP, acute pancreatitis.

Table 2 The severity of retroperitoneal interfascial plane involvement in AP on MRI

Grade Number of patients APS RMP LCP RRP PS CIP SFP PPS

Grade 1 (n=60) n=12
n=48

Grade 2 (n=105) n=6
n=3
n=8
n=24
n=14
n=2
n=45
n=2
n=1

Grade 3 (n=78) n=62
n=>5
n=6
n=4

<

S
22 2 2
222 2 2 2 2 <
<_

n=1
Grade 4 (n=25) n=24 J J

n=1 J N
Grade 5 (n=25) n=25 J J J N J J

AP, acute pancreatitis; MRI, magnetic resonance imaging; APS, the anterior pararenal; RMP, the retromesenteric plane; LCP, lateroconal
plane; RRP, retrorenal plane; PS, perirenal space; CIP, combined plane; SFP, subfascial plane; PPS, posterior pararenal space.
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Table 3 The correlation between interfascial plane involvement

and MRSI

Chi et al. Pancreatitis retroperitoneal interfascial plane involvement

Table 4 The correlation between interfascial plane involvement

and APACHE II

MRSI score
Interfascial plane -
involvement Mild Moderate Severe
(n=133) (n=161) (n=22)
Negative [number (%)] 23 (17.3) 0[0] 0[0]
Positive [number (%)] 110(82.7) 161 [100] 22 [100]

MRSI, magnetic resonance severity index.

MRSI

¢ o R Sq linear =0.43

01 ©
T T T T T T
0 1 2 3 4 5

Interfascial plane scare

Figure 5 Spearman’s correlation between the MRSI and
interfascial plane (r=0.703). MRSI, magnetic resonance severity

index.

T2-weighted fat-suppressed images are sensitive in the
detection of subtle early pancreatitis in patients who have
negative CT scan findings (9). In our study, 82.7%, 100%
and 100% of patients had interfascial plane involvement
in mild, moderate and severe AP, according to MRSI,
respectively. According to the frequency of interfascial plane
involvement on MRI, we speculate that the pathway by
which inflammation spread was as follows: inflammation first
spread to the anterior pararenal space and retromesenteric
plane, then along the interfascial plane into the lateroconal
plane and retrorenal plane or break through fascia into the
perirenal space, next into the combined interfascial plane
and finally spread to the subfascial plane and posterior
pararenal space.

"The perirenal fascia was made up of a single multilaminated
structure with potential space, and the concept of interfascial
planes can better explain the spread of the effusion in the
retroperitoneal space (6,27). This study identified the
involvement of each interfascial plane in different degrees of

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Interfascial plane APACHE Il score

involvement Mild (n=263) Severe (n=53)
Negative [number (%)] 22 (8.4) 1(1.9
Positive [number (%)] 241 (91.6) 52 (98.1)

APACHE Il, Acute Physiology and Chronic Health Evaluation.
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o o o o R Sq linear =0.073
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0 1 2 3 4 5

Interfascial plane scare

Figure 6 Spearman’s correlation between the APACHE II and
interfascial plane (r=0.291). APACHE II, Acute Physiology and
Chronic Health Evaluation.

AP; we hypothesize the pathway of inflammation spread and
the pathway involvement order and divide the involvement
into six grades. The inflammatory substances produced in
AP spread in the retroperitoneum in two ways: spreading
through the communicating anatomic spaces or breaking
directly through the peritoneum structure. When AP occurs,
the inflammatory substances first dissolve and damage the
renal fascia and then spread to the retromesenteric plane
and then the retrorenal plane, lateroconal interfascial plane
and the contralateral retromesenteric plane with which it
connected. The inflammation can spread from the retrorenal
plane to the subfascial plane through a narrow passage. After
the renal fascia dissolves, the inflammation can spread to
the perirenal space and posterior pararenal space (28,29).
It can also spread to the combined interfascial plane under
the kidney along the retromesenteric plane and retrorenal
plane, then to the presacral space and prevesical space in the
pelvic cavity. When the subfascial plane is involved, AP can
cause the Grey-Turner sign (30). Clinically, skin changes in
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AP patients predict worsening anemia and a high mortality
rate. The ability to observe the degree of interfascial plane
involvement may potentially aid in predicting the course of
the disease.

MRSTI reflect local complications of AP, and interfascial
plane involvement was strongly correlated with the MRSI
score (r=0.703). When the severity of AP increases, the
frequency of interfascial plane involvement also increases.
The APACHE II reflects systemic complications of AP. The
higher the APACHE II score, the worse the patient’s general
condition (31). In this study, the mean APACHE-II scores
of mild and severe AP were 2.2+1.3 and 2.9x1.1 points,
respectively. However, the interfascial plane involvement on
MRI was only weakly correlated with the APACHE-II score
(r=0.291). The interfascial plane involvement for forecasting
systemic complications in AP patients remain to be further
studied. Probably further analysis of subgroup involvement
can provide further insight.

In conclusion, interfascial plane involvement in AP is
common on MRI. MRI accurately depicts the involvement
of interfascial planes and the pathway of inflammation
spread in AP of various severities.
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