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ABSTRACT
Objective: To assess the value of pleural effusion volume (PEV) quantified on chest computed
tomography (CT) in patients with early stage acute pancreatitis (AP).
Methods: Data of PEV, and C-reactive protein (CRP) levels as well as Ranson, bedside index of
severity in acute pancreatitis (BISAP), Marshall, acute physiology and chronic health evaluation II
(APACHE II), CT severity index (CTSI), and extra-pancreatic inflammation on computed tomog-
raphy (EPIC) scores in patients with AP were collected. Duration of hospitalization, severity of
AP, infection, procedure, intensive care unit (ICU) admission, organ failure, or death were
included as the outcome parameters.
Results: In 465 patients, the mean PEV was 98.8 ± 113.2mL. PEV showed strong and significant
correlations with the CRP levels, duration of hospitalization as well as the Ranson, BISAP,
Marshall, APACHE II, CTSI, and EPIC scores (p< .05). PEV demonstrated significant accuracy in
predicting severity, infection, procedure, ICU admission, organ failure, and death (p< .05).
Conclusion: PEV quantified on chest CT positively associated with the duration of hospitaliza-
tion, CRP levels, Ranson, BISAP, Marshall, APACHE II, CTSI, and EPIC scores. It can be a reliable
radiologic biomarker in predicting severity and clinical outcomes of AP.

KEY MESSAGES

� Pleural effusion is a common chest finding in patients with acute pancreatitis.
� Pleural effusion volume quantified on chest CT examination positively associated with the
duration of hospitalization, CRP level, as well as Ranson, BISAP, Marshall, APACHE II, CTSI, and
EPIC scoring systems.

� Pleural effusion volume can be a reliable radiologic biomarker in the prediction of severity
and clinical outcomes of acute pancreatitis.
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Introduction

Acute pancreatitis (AP) is one of the most common
acute abdominal diseases in the clinical practice [1,2].
It can be induced by various causes with the initial
event being the activation of the pancreatic enzyme
within the pancreas. This will then progress to the
pancreas itself and its adjacent tissues to be affected
with edoema, haemorrhage and even necrosis [3,4].
Among the aetiologies of AP, gallstones, excessive
alcohol consumption, hypertriglyceridaemia, and post-
endoscopic retrograde cholangiopancreatography

(post-ERCP) are the top four [5,6]. In addition, because
of an ageing population and the increment in the
prevalence of gallstones and obesity, there has been a
rise in the incidence of AP all over the world [6,7].

In 1992, a widely accepted Atlanta classification div-
ided AP into two subtypes, i.e. mild AP (associated
with minimal organ dysfunction and an uneventful
recovery lacking the features of severe pancreatitis)
and severe AP (associated with organ failure and/or
local complications, such as necrosis, abscess, or
pseudocyst) [8]. However, since it was introduced,
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confusion and inaccurate terminology has existed
both in scientific research and in clinical fields [9–14].

With the research progress made over the past
20 years, a revised Atlanta classification was introduced
in 2012 in which AP was distinctly divided into acute
mild, moderately severe, and severe subtypes [9]. In
the 2012 Revised Atlanta Classification (RAC), mild AP
is absence of organ failure and local or systemic com-
plications; moderately severe AP is associated with
transient organ failure (<48 h), and/or local or sys-
temic complications without persistent organ failure
(more than 48 h); while severe AP is characterized by
persistent single and/or multiple organ failure (more
than 48 h) [9–14]. Mild AP is often self-limiting with
very low mortality; moderately severe AP may resolve
with or without some interventions; and the mortality
is far less than that of severe AP. The severe AP carries
a mortality rate of 36–50%, and the patients with
infections may suffer from the highest mortality
[9–14]. As a result, it is of great importance to inform
the severity of AP for the patients and clinicians.

Clinically, CT plays an important role in the diagno-
sis and management of AP. Previous and recent stud-
ies have reported that the extra pancreatic necrosis
volume (EPNV) and pancreatic necrosis volume (PNV)
both can be good radiological parameters that are
highly associated with AP [15–18]. Accordingly, the
authors postulate that the prognosis of AP might be
correlated with the various volume of pleural effusion
quantified on chest CT images. Therefore, we aimed to
evaluate whether quantification of pleural effusion vol-
ume (PEV), acquired in early CT examinations
(1–7 days), is a valuable biomarker in determining the
prognosis of AP with a multi centred study from three
teaching hospitals.

Materials and methods

This study was conducted in three medical centres
which was approved by the institutional review com-
mittee of the Suining Central Hospital, Suining,
Sichuan, China (permission number: ynkt-2019125).
Owing to the fact that this retrospective nature of this
study would not do any harm to the patients con-
cerned, informed consent was waved.

Patients

Patients admitted and treated in the three medical
centres from January 2018 to June 2020 with a con-
firmed diagnosis of AP were all enrolled into this
study. AP was diagnosed according to two of the

following three 2012 RAC criteria: (1) abdominal pain
in accordance with AP (acute onset of a persistent and
severe epigastric pain, often radiating to the back); (2)
serum lipase or amylase activity at least three times
more than the upper limit of normal level; and (3)
characteristic findings of AP on medical imaging
[transabdominal ultrasonography, contrast-enhanced
CT or magnetic resonance imaging (MRI)] [9–14].

The inclusion criteria were: (1) first attack of AP; (2)
AP at an early phase (within the 1st week); (3) both
the thoracic (non-enhanced) and abdominal (non-
enhanced and contrast enhanced) CT examinations
were performed; (4) good CT image quality and com-
plete clinical data; and (5) age more than 18 years old.
The exclusion criteria were: (1) chronic pancreatitis
and recurrent AP; (2) serum lipase or amylase activity
elevated by other causes (renal impairment or hepato-
biliary, gastroduodenal, intestinal and neoplastic
causes, etc.) [19]; (3) pre-existing neoplasms or inflam-
mation in the abdomen and thorax; and (4) pre-exist-
ing pleural effusion or pleural effusion caused by
other causes (cirrhosis and hypoproteinemia, cancer,
congestive heart failure, pneumonia and pulmonary
embolism, etc.) [20]. In all, 597 AP patients were ini-
tially identified and 132 of them were excluded
because of the exclusion criteria. Thus, 465 AP patients
were included in this study (Figure 1).

CT examination

The CT scanners used in the three medical centres
include SOMATOM Definition AS (Siemens
Healthineers, Germany), SOMATOM Definition Flash
(Siemens Healthineers, Germany) and Revolution CT
(GE Healthcare, USA). Although different hospitals
used different CT equipment, their scanning parame-
ters and scanning methods were almost at the same
level. All the patients’ chest CT scan were also per-
formed at the same time as their upper abdominal CT.
For the first author’s institution, a Revolution CT scan-
ner was mainly used.

For the non-enhanced chest and upper abdominal
CT scanning, each patient was asked to lie in supine
position and hold the breath at the end of deep
inspiration. The scanning range was from apex of the
lung to the upper abdomen at the level of bilateral
iliac crest. The main acquisition parameters were as
follows: tube voltage ¼ 120 kV; tube current ¼
300–600 mAs (SmartmA was used); field-of-view (FOV)
¼ (35.0–40.0) cm; collimation ¼ 80mm; gantry rota-
tion time of ¼ 0.5 s; pitch ¼ 0.992:1; matrix ¼
512� 512; slice thickness ¼ 5.0mm; reconstruction
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increment ¼ 1.25mm. For the contrast enhanced
upper abdominal CT (CECT) scanning, after a routine
non-enhanced scan, arterial and portal-venous phase
CECT were performed after 25–30 and 65–70 s delays
following the intravenous administration of iodinated
contrast material (Iodixanol 320, Jiangsu Hengrui
Medicine Co., Ltd, China) at 1.5mL per kilogram at a
rate of 3.0–3.5mL/s by using a pump injector (Ulrich
CT Plus 150, Ulrich Medical, USA). The machine is
designed to automatically generate radiation dose
data, but at present it was not our intention to
explore the relationship between radiation dose
and AP.

CT image analysis

All the thoracic and abdominal CT images were trans-
ferred to the picture archiving and communication
system (PACS) station (INFINITT PACS, INFINITT
Healthcare Co. Ltd., South Korea) for interpretation.
The interpretation was independently performed by
two radiologists (each with six and 10 years of experi-
ence in thoracic and abdominal CT imaging) without
knowing the clinical data. If there were any disagree-
ments, a third reviewer (with more than 15 years of
experience in thoracic and abdominal CT imaging)
was consulted. Whenever possible, the CTSI and EPIC
scores on AP were calculated for each individual
[21,22]. Based on the CTSI and EPIC scoring systems,
the AP patients with less than four points were placed

into the mild subgroup while those with four or
greater points were placed into the severe subgroup.

Measurement of PEV

For the measurement of PEV, it was carried on the
image post-processing station (AW 4.7, GE Healthcare,
USA). The same two radiologists who interpreted the
CT images independently performed the PEV measure-
ment without knowing the clinical data. The average
value of the two measurements was taken as the final
statistical results. First, the pleural fluid and its sur-
rounding margin on each slice of the chest CT images
were outlined with the usage of an electronic cursor.
Next, the system software was used to measure the
CT value of each voxel in the selected region of inter-
est (ROI), after which CT value of all the ROIs with the
range of “min �50 to max 100” HU was regarded as
pleural effusion. Then, all the ROIs and the total slice
thickness were summed with the system software and
the total volume of the pleural effusion was finally
measured (Figure 2). The total amount of PEV in each
patient was the sum of bilateral pleural effusion, and
the time taken for each measurement was recorded in
seconds. To evaluate the intra-observer and inter-
observer variability, 100 AP patients with positive
pleural effusion were randomly selected, and the PEV
measurements were conducted once again with a
four-week interval to avoid potential recall bias.

Figure 1. Flow chart for inclusion and exclusion of patients.
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Severity of acute pancreatitis and
clinical outcomes

All the patients’ electronic medical records were retro-
spectively reviewed by two gastroenterologists (each
with 12 and 15 years of experience in gastroenter-
ology) and the data were collected in consensus. If
there were any disagreements, a third reviewer (with
more than 20 years of experience in gastroenterology)
was consulted. The following clinical outcomes were
collected: (1) clinical scoring systems on AP (including
the Ranson, BISAP, Marshall, and APACHE II scores); (2)
duration of hospitalization (in days); (3) severity of AP
according to the 2012 RAC [9–14]; (4) evidence of
infection [9,13–15]; (5) need for therapeutic proce-
dures (percutaneous catheter drainage, surgical
necrosectomy or both) [10,13,14]; (6) ICU admission;
(7) evidence of organ failure [23]; or (8) death. The
relevant data regarding fluid therapy administered to
the patients were not collected as varied fluid therapy
strategies might have been adopted by different gas-
troenterologists to different AP patients, and secondly,
it was not the topic of this study.

The C-reactive protein (CRP) levels were measured
48 h after the onset of AP symptoms [15]. The BISAP,
Marshall, and APACHE-II scores were calculated by
using data from the first 24 h of admission while the
Ranson score was calculated by using data from the
first 48 h of admission [23–26]. Based on the CRP lev-
els, the AP patients with <150.0mg/L were divided
into the mild subgroup while those with 150.0mg/L
or greater were divided into the severe subgroup [15].
In the Ranson scoring system, the AP patients with
less than three points were divided into the mild sub-
group while those with three points or greater were
divided into the severe subgroup [24]. In the BISAP
scoring system, the AP patients with less than three

points were classified as mild while those with three
points or greater were divided into the severe sub-
group [25]. In the modified Marshall scoring system,
two points or greater in one of the cardiovascular,
renal and respiratory systems was defined as organ
failure [23]. Transient organ failure lasts <48 h while
persistent organ failure lasts more than 48 h [23]. In
the APACHE II scoring system, the AP patients with
less than eight points were placed into the mild sub-
group while those with eight points or greater were
placed into the severe subgroup [26].

Statistical analysis

All the descriptive data were expressed as frequency,
mean± standard deviation (SD), or median and were
compared by using the Chi-squared test or Fisher’s
exact test, Student t-test or Mann–Whitney U test,
Kruskal–Wallis H test, and Student–Newman–Keuls
test, as appropriate. The normal distribution of the
data was analyzed by visual (probability and histo-
gram graphs) and analytical methods (Shapiro–Wilk or
Kolmogorov–Smirnov test).

The inter-observer consistency for the frequency of
pleural effusion was investigated by using the kappa
(j) statistic, and the intra-class and inter-class correl-
ation coefficients (ICC) analysis were used to evaluate
the intra-observer and inter-observer agreements for
the measurements of PEV. As previous researchers
have reported, a j statistic of 0.81–1.00, 0.61–0.80,
and 0.41–0.60 was considered as excellent, good, and
moderate agreement, respectively [15]. ICC values of
>0.90, 0.75–0.90, 0.50–0.75, and <0.50 were indicative
of excellent, good, moderate, and poor agreement,
respectively [27].

The relationship between PEV and duration of hos-
pitalization, CRP levels, Ranson, BISAP, Marshall,
APACHE II, CTSI, and EPIC scoring systems were per-
formed by using the Spearman rank correlation coeffi-
cient. A Spearman rank correlation coefficient of
0.500–1.00, 0.300–0.490, 0.100–0.290, and 0.090–0.099
were considered to indicate strong, moderate, weak,
and no correlation, respectively [28]. The receiver
operating characteristic curves (ROC) were constructed
to identify the optimal cut-off values of PEV, CRP lev-
els, Ranson, BISAP, Marshall, APACHE II, CTSI, and EPIC
scoring systems for predicting severity of AP (both
moderately severe and severe AP were included in the
severe AP subgroup), infection, procedure, ICU admis-
sion, and organ failure (both transient and persistent
organ failure were included in the organ failure sub-
group). In addition, the area under the ROC curves

Figure 2. The measurement of pleural effusion volume with
chest CT images.
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(AUC) of the parameters were calculated and pairwise
comparisons of the AUCs were performed by using
the method of Delong et al. [29].

Statistical analyses were performed by using the
GraphPad Prism 8.0.0 (https://www.graphpad.com/sci-
entific-software/prism/) and MedCalc 19.5.3 (https://
www.medcalc.org/index.php) software, and the results
were considered statistically significant if the p-values
were <.05.

Results

Population

A total of 465 patients with AP were enrolled with a
mean age of 54.6 (range, 22–85 years old). Of these,
253 (54.4%, 253/465) were male, with a mean age of
55.3 (range, 22–78 years old); 212 (45.6%, 212/465)
were female, with a mean age of 53.8 (range,
25–85 years old). There was no significant difference in
age between the genders (p¼ .3785). The mean time
of AP onset was two days (range, 1–3 days); the mean
time of CT examination after AP onset was 2.2 days
(range, 2–6 days); and the mean time of interval was
1.8 days (0–5 days).

For the aetiology of AP, gallstone, hypertriglyceri-
daemia, alcohol abuse, and post-ERCP were observed
in 171 (36.8%, 171/465), 122 (26.2%, 122/465), 57
(12.3%, 57/465), and 12 (2.6%, 12/465) patients,
respectively. However, there were 16 (3.4%, 171/465)
and 87 (18.7%, 87/465) patients with the causes of
other (autoimmune and trauma) or unknown (idio-
pathic) natures. Basic characteristics and aetiology of
AP in the 465 patients are shown in Table 1.

Clinical and severity outcomes of acute
pancreatitis

Based on the 2012 RAC, 243 (52.3%, 243/465), 195
(41.9%, 195/465), and 27 (5.8%, 27/465) patients were
diagnosed as mild, moderately severe and severe AP,
respectively. Meanwhile, 409 (88.0%, 409/465) and 56
(12.0%, 409/465) patients were identified as IEP and
necrotizing pancreatitis, respectively. Among the 56
patients with necrotizing pancreatitis, 3 (5.4%, 3/56)
were pancreatic only, 14 (25%, 14/56) were peri-
pancreatic only, and 39 (69.6%, 39/56) were both pan-
creatic and peripancreatic. The median time of
hospitalization was 18.3 days (range, 2–85 days). The
patients who had suffered from infection, needed
therapeutic procedures, ICU admission, organ failure,
or death were 116 (24.9%, 116/465), 69 (14.8%, 69/

465), 57 (12.3%, 57/465), 85 (18.3%, 85/465), and 19
(4.1%, 19/465), respectively.

For organ failure in 85 patients (18.3%, 85/465), 58
patients (12.5%, 58/465) had transient organ failure
(respiratory failure in 35 and renal failure in 23) and
27 patients (5.8%, 27/465) had persistent organ failure
(respiratory failure in 15, renal failure in 12). None of
the patients had any cardiovascular failure. No transi-
ent or persistent organ failure were found in the rest
of the 380 patients (81.7%, 380/465).

The mean CRP levels, Ranson, BISAP, Marshall,
APACHE II, CTSI, and EPIC scores were 162.8 ± 88.2mg/
L (range, 15–324mg/L), 3.6 ± 2.9 points (range, 0–9
points), 2.6 ± 1.7 points (range, 0–5 points), 3.2 ± 2.9
points (range, 0–9 points), 7.1 ± 6.5 points (range, 0–45
points), 3.6 ± 3.2 points (range, 0–9 points), 3.8 ± 2.2
points (range, 0–7 points), respectively. Clinical and
severity outcomes of AP in the 465 patients are
depicted in Table 2.

Pleural effusion on chest CT

The inter-observer consistency for the frequency of
pleural effusion on the chest CT imaging was investi-
gated by using the kappa (j) statistic and a j value of
0.925 (p< .0001) showed there was a good agreement
between the two radiologists. There were good agree-
ments both in inter-observer and intra-observer tests
because of the ICC > 0.75 (95% confidence interval,
0.872–0.973, and 0.961–0.986, respectively) for the
measurements of PEV on the chest CT images.

Table 1. Basic characteristics and aetiology of acute pancrea-
titis in 465 patients.
Characteristics Datum

Patient characteristics
Age (years)† 54.6 (22–85)
Male 55.3 (22–78)
Female 53.8 (25–85)
Female/male 0.84 (212/253)�Time of AP onset (day)† 2.0 (1–3)
Time of CT examination after AP onset (day)† 2.2 (2–6)
Time of interval (day)† 1.8 (0–5)

Cause of APU

Gallstone 171 (36.8%)
Hypertriglyceridaemia 122 (26.2%)
Alcohol abuse 57 (12.3%)
Post-ERCP 12 (2.6%)
Other 16 (3.4%)
Unknown 87 (18.7%)

AP: acute pancreatitis; ERCP: endoscopic retrograde
cholangiopancreatography.
†Data are means, with ranges in parentheses.
UData are numbers of patients, with percentages in parentheses.�The onset of acute pancreatitis is defined as the time of onset of
abdominal pain and the time interval between onset of abdominal pain
and CT examination.
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In the 465 AP patients, 232 (49.9%, 232/465) had
positive pleural effusion findings. Out of these, 72.4%
(168/232) had bilateral effusion (Figure 3); 23.7% (55/
232) had only the left side effusion (Figure 4) while

3.9% (9/232) had right sided effusion. There were sig-
nificant differences among the three groups regarding
the presence of pleural effusion (all the p-values were
<.0001). The prevalence of pleural effusion in different
level of CRP and scoring systems of the 465 AP
patients were also observed with significant differen-
ces present between the different subgroups (all the
p-values were <.0001, Table 3).

The mean PEV was 98.8 ± 113.2mL (range,
0.0–1328.0mL) and the mean time we spent on meas-
uring the PEV on the CT images was <3min
(range, 1–5min).

The correlations between PEV and duration of
hospitalization, CRP levels and different
scoring systems

The Spearman correlation coefficient between the PEV
and the duration of hospitalization was 0.5273 (95% CI
¼ 0.4868–0.5815, p< .0001), which indicating a strong
and significant correlation between the two parame-
ters. There was also a strong and significant correl-
ation between the PEV and the CRP levels (r¼ 0.5717,
95% CI ¼ 0.5051–0.6315, p< .0001). Besides that, we
found a strong and significant correlation between the
PEV and the Ranson, BISAP, Marshall, APACHE II, CTSI,
and EPIC scores (all r> 0.05 and all the p-values are
<.0001). In addition, there was also a statistically sig-
nificant correlation between the PEV and the occur-
rence of serve AP, infection, therapeutic procedures,
ICU admission, organ failure or death (Figure 5, all the
p-values are <.0001). The correlations between PEV
and duration of hospitalization, CRP levels and differ-
ent scoring systems are demonstrated in the Table 4.

Figure 3. Mild interstitial oedematous pancreatitis (IEP) in a 57-year-old female (CRP level of 28mg/L, Ranson, BISAP, Marshall,
APACHE II, CTSI, and EPIC of 1, 1, 0, 4, 4, and 3 points, respectively; there was no infection, procedure, ICU admission, organ fail-
ure, or death on this patient). Abdominal axial contrast-enhanced CT at the portal phase (A) showed there was a small amount of
acute peripancreatic fluid collection (APFC) around the pancreas. Axial chest image CT (B) showed there was a small amount of
bilateral pleural effusion.

Table 2. Clinical and severity outcomes of acute pancreatitis
in 465 patients.
Characteristics Datum

Clinical outcomes
Mild AP 243 (52.3%)
Moderately severe AP 195 (41.9%)
Severe AP 27 (5.8%)
Duration of hospitalization (day)� 18.3 (2–85)
Infection 116 (24.9%)
Need for intervention 69 (14.8%)
ICU admission 57 (12.3%)
Organ failure 85 (18.3%)
Death 19 (4.1%)

CRP level (mg/L)
Mild (<150) 226 (48.6%)
Severe (�150) 239 (51.4%)

Ranson Score
Mild (<3) 214 (46.0%)
Severe (�3) 251 (54.0%)

BISAP Score
Mild (<3) 226 (48.6%)
Severe (�3) 239 (51.4%)

Marshall Score
Mild (<2) 233 (50.1%)
Severe (�2) 232 (49.9%)

APACHE II Score
Mild (<8) 234 (50.3%)
Severe (�8) 231 (49.7%)

CTSI Score
Mild (<4) 224 (48.2%)
Severe (�4) 241 (51.8%)

EPIC Score
Mild (<4) 228 (49.0%)
Severe (�4) 237 (51.0%)

AP: acute pancreatitis; CRP: C-reactive protein; BISAP: bedside index for
severity in acute pancreatitis; APACHE II: acute physiology and chronic
health evaluation II; CTSI: computed tomography severity index; EPIC:
extrapancreatic inflammation on computed tomography; ICU: Intensive
care unit.
Unless otherwise indicated, data are numbers of patients, with percen-
tages in parentheses.�Data is median, with range in parenthesis.
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PEV, CRP levels, and different scoring systems for
predicting severity and clinical outcomes of acute
pancreatitis

On the basis of PEV, the ROC curve yielded an AUC of
0.8158 (95% CI ¼ 0.7747–0.8568, p< .0001) for pre-
dicting severe AP, with a threshold of 69.00mL, and
the sensitivity (%) and specificity (%) were 84.23

(95%CI, 78.76–88.77) and 81.07 (95% CI, 75.57–85.79),
respectively.

For predicting infection, PEV was observed an AUC
of 0.8311 (95% CI: 0.7956–0.8665, p< .0001), with a
threshold of 65.00mL, and the sensitivity (%) and spe-
cificity (%) were 85.69 (95% CI: 80.23–88.59) and 77.34
(95% CI: 72.14–82.23), respectively.

In predicting therapeutic procedures, PEV was
noted an AUC of 0.7987 (95% CI: 0.7569–0.8406,
p< .0001), with a threshold of 71.00mL, and the sensi-
tivity (%) and specificity (%) were 87.10 (95% CI:
79.92–89.65) and 69.34 (95% CI: 64.32–74.22),
respectively.

As to predict ICU admission, PEV was found an AUC
of 0.8148 (95% CI: 0.7714–0.8582, p< .0001), with a
threshold of 75.00mL, and the sensitivity (%) and spe-
cificity (%) were 88.25 (95% CI: 80.61–89.96) and 67.84
(95% CI: 62.89–72.69), respectively.

As for predicting organ failure, PEV provided an
AUC of 0.8045 (95% CI: 0.7650–0.8440, p< .0001), with
a threshold of 78.00mL, and the sensitivity (%) and
specificity (%) were 87.65 (95% CI: 81.76–89.71) and
71.84 (95% CI: 66.75–76.75), respectively.

For predicting death, PEV provided an AUC of
0.8253 (95% CI: 0.7609–0.8897, p< .0001), with a
threshold of 82.00mL, and the sensitivity (%) and spe-
cificity (%) were 64.74 (95% CI: 53.97–79.87) and 70.73
(95% CI: 65.22–78.38), respectively.

PEV, CRP levels and different scoring systems for
predicting the severity and clinical outcomes of AP
with AUC, optimal threshold points, sensitivity and
specificity are presented in the Table 5 (p-values
were <.0001).

Figure 4. Severe necrotizing pancreatitis (combined pancreatic and peripancreatic) in a 42-year-old male (CRP level of 253mg/L,
Ranson, BISAP, Marshall, APACHE II, CTSI, and EPIC of 5, 4, 18, 6, 6, and 3 points, respectively; positive for infection and organ fail-
ure while no procedure was done, no ICU admission, or death on this patient). Abdominal axial contrast-enhanced CT at the por-
tal phase (A) showed there was a large amount of acute necrotic collection (ANC) around the pancreas. Axial chest image CT (B)
showed there was a large amount of left pleural effusion.

Table 3. Prevalence of pleural effusion in different level of C-
reactive protein and scoring systems in 465 patients with
acute pancreatitis.

Characteristics

Pleural effusion

p-ValuePresent (n¼ 232) Absent (n¼ 233)

CRP level (mg/L)
Mild (<150, n¼ 226) 31 (13.4) 195 (83.7) <.0001
Severe (�150, n¼ 239) 201 (86.6) 38 (16.3)

Ranson Score
Mild (<3, n¼ 214) 4 (1.7) 210 (90.1) <.0001
Severe (�3, n¼ 251) 228 (98.3) 23 (9.9)

BISAP Score
Mild (<3, n¼ 226) 9 (3.9) 217 (93.1) <.0001
Severe (�3, n¼ 239) 223 (96.1) 16 (6.9)

Marshall Score
Mild (<2, n¼ 233) 23 (9.9) 210 (90.1) <.0001
Severe (�2, n¼ 232) 209 (90.1) 23 (9.9)

APACHE II Score
Mild (<8, n¼ 234) 5 (2.2) 229 (98.3) <.0001
Severe (�8, n¼ 231) 227 (97.8) 4 (1.7)

CTSI Score
Mild (<4, n¼ 224) 20 (8.6) 204 (87.6) <.0001
Severe (�4, n¼ 241) 212 (91.4) 29 (12.4)

EPIC Score
Mild (<4, n¼ 228) 28 (12.1) 200 (85.8) <.0001
Severe (�4, n¼ 237) 204 (87.9) 33 (14.2)

CRP: C-reactive protein; BISAP: bedside index for severity in acute pan-
creatitis; APACHE II: acute physiology and chronic health evaluation II;
CTSI: computed tomography severity index; EPIC: extrapancreatic inflam-
mation on computed tomography.
Data are numbers of patients, with percentages in parentheses.
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Comparison of PEV, CRP levels, and different
scoring systems for predicting severity and clinical
outcomes of acute pancreatitis

For predicting severe AP, the accuracy of PEV was sig-
nificantly higher than that of CRP levels (p< .0001),
BISAP scores (p¼ .0052), Marshall scores (p< .0001),
CTSI scores (p< .0001), and EPIC scores (p< .0001),
and its accuracy was similar to that of the Ranson
scores (p¼ .0648). However, the accuracy of PEV was
significantly lower than that of the APACHE II scores
(p¼ .0019). The APACHE II scores demonstrated the
highest while the CRP levels demonstrated the lowest
AUC of all the parameters for predicting severe AP
(p-values are <.05, Figure 6(A)).

For predicting infection, the accuracy of PEV was
significantly higher than that of CRP levels (p¼ .0002),
Ranson scores (p¼ .0222), Marshall scores (p¼ .0179),
CTSI scores (p¼ .0036), and EPIC scores (p¼ .0022),
and its accuracy was similar to that of BISAP scores
(p¼ .1057) and APACHE II scores (p¼ .0955). The CRP

levels showed the lowest AUC of all the parameters
for predicting infection (p-values are <.05, Figure 6(B)).

For predicting therapeutic procedures, the accuracy
of PEV was significantly higher than that of CRP levels
(p¼ .0267), CTSI scores (p¼ .0285), and EPIC scores
(p¼ .0133), and its accuracy was similar to that of
Ranson scores (p¼ .3209), BIASP scores (p¼ .2395),
Marshall scores (p¼ .2750), and APACHE II scores
(p¼ .4015). The CRP levels and EPIC scores showed a
similar AUC for predicting therapeutic procedures
(p¼ .8396) and both were found with the lowest AUC
of all the parameters for predicting procedure (p-val-
ues are <.05, Figure 6(C)).

For predicting ICU admission, the accuracy of PEV
was significantly higher than that of CRP levels
(p¼ .0060), Ranson scores (p¼ .0419), CTSI scores
(p¼ .0084), and EPIC scores (p¼ .0067). Its accuracy
was similar to than that of BISAP scores (p¼ .1105),
Marshall scores (p¼ .0505), and APACHE II scores
(p¼ .9970). The CRP levels was noted with the lowest
AUC of all the parameters for predicting ICU admission
(p-values are <.05, Figure 6(D)).

For predicting organ failure, the accuracy of PEV
was significantly higher than that of CRP levels
(p¼ .0247), CTSI scores (p¼ .0325), and EPIC scores
(p¼ .0582). Its accuracy was similar to that of Ranson
scores (p¼ .1180), BIASP scores (p¼ .5244), Marshall
scores (p¼ .4550), and APACHE II scores (p¼ .1044).
The CRP levels was identified with the lowest AUC of
all the parameters for predicting organ failure (p-val-
ues are <.05, Figure 6(E)).

For predicting death, the accuracy of PEV was signifi-
cantly higher than that of Ranson scores (p¼ .0223),
BIASP scores (p¼ .0274), CTSI scores (p¼ .0331), and
EPIC scores (p¼ .0405). Its accuracy was similar to that
of CRP levels (p¼ .1736), Marshall scores (p¼ .3276),
and APACHE II scores (p¼ .2518). The EPIC scores were
identified with the lowest AUC of all the parameters for
predicting death (p-values are <.05, Figure 6(F)).

Figure 6 and Table 6 shows the comparison of PEV,
CRP levels and different scoring systems for predicting
severity and clinical outcomes of AP.

PEV for evaluating the severity of organ failure
and presence of pancreatic necrosis

The severity of organ failure included persistent organ
failure, transient organ failure and no organ failure.
The PEV in patients with persistent organ failure was
similar to that of transient organ failure (165.2 ± 90.3
vs. 136.2 ± 62.5mL, p¼ .1603), while PEV in patients
without organ failure was lower than that of the

Figure 5. Bar graph shows mean pleural effusion volume in
millilitres (error bars ¼ 95% CIs) for each clinical out-
come. �p< .0001.

Table 4. The relationship between pleural effusion volume
and C-reactive protein level, and different scoring systems in
465 patients with acute pancreatitis.

Characteristics

Pleural effusion volume

r 95% CI p-Value

Duration of hospitalization (day) 0.5273 0.4868–0.5825 <.0001
CRP level (mg/L) 0.5717 0.5051–0.6315 <.0001
Ranson Score 0.7085 0.6585–0.7522 <.0001
BISAP Score 0.7149 0.6659–0.7578 <.0001
Marshall Score 0.6098 0.5475–0.6654 <.0001
APACHE II Score 0.7598 0.7172–0.7968 <.0001
CTSI Score 0.6249 0.5643–0.6788 <.0001
EPIC Score 0.6102 0.5479–0.6658 <.0001

CRP: C-reactive protein; BISAP: bedside index for severity in acute pan-
creatitis; APACHE II: acute physiology and chronic health evaluation II;
CTSI: computed tomography severity index; EPIC: extrapancreatic inflam-
mation on computed tomography; 95% CI: 95% confidence interval.
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patients with organ failure (54.9 ± 24.6 vs.
150.7 ± 79.0mL, p< .0001). In addition, PEV in patients
without pancreatic necrosis was lower than that of the
patients with pancreatic necrosis (91.3 ± 52.5 vs.
218.6 ± 118.1mL, p< .0001). However, we didn’t inves-
tigate the correlations between PEV and extent of
pancreatic necrosis because there are three subtypes
of necrotizing pancreatitis and each of these subtypes
had a small sample.

Discussion

In a previous study by Meyrignac et al. in 2015 [15],
extra pancreatic necrosis volume (EPNV) was found to
be significantly associated with the length of the hos-
pital stay, infection, need for surgery or percutaneous
intervention, occurrence of organ failure, and death in
patients with AP (p< .001 for all); and a cut-off of
100.00mL of EPNV provided more notable information

Table 5. Receiver operating characteristic curve analysis of pleural effusion volume, C-reactive protein and different scoring sys-
tems for predicating severity and clinical outcomes of acute pancreatitis in 465 patients.
Characteristics AUC (95% CI) Threshold Sensitivity (%, 95% CI) Specificity (%, 95% CI) p-Value

Severe AP
PEV (mL) 0.8158 (0.7747–0.8568) �69 84.23 (78.76–88.77) 81.07 (75.57–85.79) <.0001
CRP level (mg/L) 0.7003 (0.6526–0.7481) �208 69.37 (62.85–75.36) 68.31 (62.06–74.11) <.0001
Ranson Score 0.8479 (0.8098–0.886) �3 91.44 (86.96–94.77) 80.25 (74.68–85.06) <.0001
BISAP Score 0.7693 (0.7252–0.8135) �3 80.18 (74.32–85.21) 74.90 (68.96–80.22) <.0001
Marshall Score 0.7264 (0.6794–0.7734) �2 73.87 (67.57–79.52) 72.02 (65.92–77.57) <.0001
APACHE II Score 0.8676 (0.8315–0.9036) �10 75.68 (69.48–81.17) 92.18 (88.06–95.23) <.0001
CTSI Score 0.7203 (0.6732–0.7675) �4 75.23 (69.01–80.76) 69.55 (63.34–75.27) <.0001
EPIC Score 0.7098 (0.6623–0.7572) �4 71.62 (65.2–77.45) 67.90 (61.63–73.73) <.0001

Infection
PEV (mL) 0.8311 (0.7956–0.8665) �65 85.69 (80.23� 88.59) 77.34 (72.14–82.23) <.0001
CRP level (mg/L) 0.7330 (0.6853–0.7807) �176 83.62 (75.62–89.84) 62.18 (56.86–67.29) <.0001
Ranson Score 0.7804 (0.7395–0.8213) �3 79.31 (70.80–86.27) 65.62 (60.37–70.59) <.0001
BISAP Score 0.7935 (0.7510–0.8360) �3 84.83 (79.08–88.08) 73.04 (67.74–78.12) <.0001
Marshall Score 0.7670 (0.7189–0.8151) �2 79.31 (70.80–86.27) 69.05 (63.91–73.87) <.0001
APACHE II Score 0.8656 (0.8321–0.8991) �10 87.93 (80.58–93.24) 75.64 (70.79–80.06) <.0001
CTSI Score 0.7524 (0.7039–0.8010) �4 75.00 (66.11–82.57) 76.76 (71.55–81.69) <.0001
EPIC Score 0.7526 (0.7048–0.8003) �4 87.07 (79.57–92.58) 71.03 (65.70–76.18) <.0001

Procedure
PEV (mL) 0.7987 (0.7569–0.8406) �71 87.10 (79.92–89.65) 69.34 (64.32–74.22) <.0001
CRP level (mg/L) 0.7314 (0.6779–0.7848) �182 88.41 (78.43–94.86) 67.58 (62.54–72.50) <.0001
Ranson Score 0.7712 (0.7277–0.8148) �3 84.06 (73.26–91.76) 61.11 (56.11–65.94) <.0001
BISAP Score 0.7692 (0.7245–0.8139) �3 67.97 (55.48–79.76) 69.44 (64.65–73.95) <.0001
Marshall Score 0.7650 (0.7126–0.8174) �2 79.71 (68.31–88.44) 63.38 (58.43–68.14) <.0001
APACHE II Score 0.8197 (0.7818–0.8576) �10 89.86 (80.21–95.82) 68.43(63.61–72.99) <.0001
CTSI Score 0.7331 (0.6786–0.7876) �4 76.81(65.09–86.13) 62.12 (57.14–66.92) <.0001
EPIC Score 0.7263 (0.6722–0.7805) �4 69.57 (57.31–80.08) 65.66 (60.75–70.33) <.0001

ICU admission
PEV (mL) 0.8148 (0.7714–0.8582) �75 88.25 (80.61–89.96) 67.84 (62.89–72.69) <.0001
CRP level (mg/L) 0.7274 (0.6727–0.7821) �178 79.47 (68.48–86.04) 65.88 (60.91–70.76) <.0001
Ranson Score 0.7518 (0.7054–0.7983) �3 82.46 (70.09–91.25) 69.56 (64.62–74.36) <.0001
BISAP Score 0.7692 (0.7211–0.8174) �3 67.89 (54.08–80.86) 68.63 (63.88–73.10) <.0001
Marshall Score 0.7505 (0.6962–0.8048) �2 78.95 (66.11–88.62) 72.01 (67.10–76.74) <.0001
APACHE II Score 0.8147 (0.7748–0.8546) �10 80.70 (68.09–89.95) 70.59 (65.91–74.97) <.0001
CTSI Score 0.7299 (0.6277–0.7876) �4 75.44 (62.24–85.87) 70.78 (65.86–75.55) <.0001
EPIC Score 0.7309 (0.6760–0.7858) �4 70.18 (56.60–81.57) 64.71 (59.85–69.34) <.0001

Organ failure
PEV (mL) 0.8045 (0.7650–0.8440) �78 87.65 (81.76–89.71) 71.84 (66.75–76.75) <.0001
CRP level (mg/L) 0.7417 (0.6928–0.7906) �185 89.41 (80.85–95.04) 69.74 (64.61–74.71) <.0001
Ranson Score 0.7660 (0.7240–0.8081) �3 81.18 (71.24–88.84) 62.37 (57.28–67.26) <.0001
BISAP Score 0.7901 (0.7487–0.8315) �3 88.82 (83.62–89.97) 69.21 (64.08–74.19) <.0001
Marshall Score 0.7836 (0.7352–0.832) �2 82.35 (72.57–89.77) 65.79 (60.78–70.55) <.0001
APACHE II Score 0.8410 (0.8060–0.8760) �10 88.24 (79.43–94.21) 70.53 (65.66–75.07) <.0001
CTSI Score 0.7437 (0.6923–0.7952) �4 75.29 (64.75–84.01) 63.42 (58.36–68.27) <.0001
EPIC Score 0.7526 (0.7019–0.8033) �4 71.76 (60.96–81.00) 67.63 (62.67–72.31) <.0001

Death
PEV (mL) 0.8253 (0.7609–0.8897) �82 64.74 (53.97–79.87) 70.73 (65.22–78.38) <.0001
CRP level (mg/L) 0.8234 (0.7706–0.8762) �216.5 73.68 (68.43–82.16) 67.35 (63.18–75.16) <.0001
Ranson Score 0.7223 (0.6511–0.7936) �5 79.68 (67.86–82.85) 83.95 (69.25–89.37) .0010
BISAP Score 0.7122 (0.6357–0.7887) �3 68.89 (63.65–79.92) 76.82 (62.28–82.35) .0017
Marshall Score 0.8081 (0.7350–0.8811) �4 65.95 (54.43–73.95) 62.47 (55.85–69.88) <.0001
APACHE II Score 0.7821 (0.7252–0.8389) �11 84.21 (70.42–96.62) 73.96 (65.47–78.68) <.0001
CTSI Score 0.7389 (0.6592–0.8186) �5 78.95 (64.43–83.95) 67.85 (63.11–72.48) .0004
EPIC Score 0.6895 (0.6297–0.7432) �5 65.63 (56.96–71.55) 68.99 (62.29–75.54) .0121

AP: acute pancreatitis; PEV: pleural effusion volume; CRP: C-reactive protein; BISAP: bedside index for severity in acute pancreatitis; APACHE II: acute
physiology and chronic health evaluation II; CTSI: computed tomography severity index; EPIC: extrapancreatic inflammation on computed tomography;
ICU: intensive care unit; AUC: area under the receiver operating characteristic curve; 95% CI: 95% confidence interval.
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than that of the current Balthazar score, CTSI and CRP
level for predicting the occurrence of infection and
organ failure (p< .001 for all). Afterwards in 2019, in a
similar study, Çakar et al. compared EPNV to scoring
systems of Balthazar, CTSI, and modified CTSI that was
based on CT imaging or laboratory examination of
CRP level at 48–72 h, and observed EPNV had a better
performance for predicting the occurrence of infection
and organ failure in AP patients (p¼ .0001 for all) [17].
Recently in 2020, a study by Pamies-Guilabert et al.
reported that pancreatic necrosis volume (PNV) was a
new radiological biomarker of AP severity [18]. In their
study, with a threshold value of 75.00mL, PNV was
found to be a parameter that conveyed the most

accuracy in predicting infection, need for therapeutic
procedures, ICU admission and organ failure complica-
tions than that of CRP level at 48 h, BISAP, Balthazar
and CTSI scoring systems (p-values were <.05).
However, there are little data on the associations
between PEV and severity or clinical outcomes of AP.

This present study evaluated the value of PEV, CRP
levels, Ranson scores, BISAP scores, Marshall scores,
APACHE II scores, CTSI scores, and EPIC scores for the
prediction of severity and clinical outcomes of patients
with AP. Our findings include: (1) there were strong
and significant correlations between PEV and CRP lev-
els, duration of hospitalization, and the Ranson, BISAP,
Marshall, APACHE II, CTSI, and EPIC scores (all r> 0.5

Figure 6. Receiver operating characteristic curves (ROC) of the pleural effusion volume, C-reactive protein levels and different clin-
ical scoring systems for predicting severe acute pancreatitis (A), infection (B), procedure (C), ICU admission (D), organ failure (E),
and death (F).
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and all p-values were <.05); (2) for predicting severity,
the accuracy of PEV was significantly higher than that
of CRP levels, BISAP scores, Marshall scores, CTSI
scores, and EPIC scores (p< .05 for all), and its accur-
acy was similar to that of the Ranson scores (p> .05)
while lower than that of the APACHE II scores
(p< .05); (3) for predicting infection, the accuracy of
PEV was significantly higher than that of CRP levels,
Ranson scores, Marshall scores, CTSI scores, and EPIC
scores (p< .05 for all), and its accuracy was similar to
that of BISAP scores and APACHE II scores (p> .05 for
both); (4) for predicting therapeutic procedures, the
accuracy of PEV was significantly higher than that of
CRP levels, CTSI scores, and EPIC scores (p< .05 for
all), and its accuracy was similar to that of Ranson
scores, BIASP scores, Marshall scores, and APACHE II
scores (p> .05 for all); (5) for predicting ICU admission,
the accuracy of PEV was significantly higher than that
of CRP levels, Ranson scores, CTSI scores, and EPIC
scores (p< .05 for all), and its accuracy was similar to
than that of BISAP scores, Marshall scores, and
APACHE II scores (p> .05 for all); (6) for predicting
organ failure, the accuracy of PEV was significantly
higher than that of CRP levels, CTSI scores, and EPIC
scores (p< .05 for all), and its accuracy was similar to

that of Ranson scores, BIASP scores, Marshall scores,
and APACHE II scores (p> .05 for all); and (7) for pre-
dicting death, the accuracy of PEV was significantly
higher than that of Ranson, BIASP, CTSI, and EPIC
scores (p< .05 for all), and its accuracy was similar to
that of CRP levels, Marshall scores, and APACHE II
scores (p> .05 for all).

Peng et al. also studied the value of PEV measured
on chest CT in the early prediction of severity and
clinical outcomes of AP [28]. In their report, there was
a strong association between the PEV and BISAP score
(r¼ 0.618, p¼ .000) as well as the CTSI score (r¼ 0.574,
p¼ .000), while there was a weak association with the
duration of hospitalization (r¼ 0.249, p¼ .000) and the
APACHE II score (r¼ 0.298, p¼ .000). In addition, they
also described that the PEV hold a similar accuracy
(AUC ¼ 0.839) for predicting severe AP to that of the
BISAP score (AUC ¼ 0.833), APACHE II score (AUC ¼
0.860), and CTSI score (AUC ¼ 0.842) (p-values >.05
for all). Also, the accuracy of PEV (AUC ¼ 0.783) was
similar to that of BISAP score (AUC ¼ 0.784), APACHE
II score (AUC ¼ 0.853), and CTSI score (AUC ¼ 0.754)
for predicting organ failure (p-values >.05 for all).
However, there were some drawbacks in the study by
Peng et al. [28]. First, as the study was performed in a

Table 6. Pairwise comparison of AUC of pleural effusion volume, C-reactive protein and different scoring systems in 465 patients
with acute pancreatitis.

Characteristics

Severe AP Infection Procedure ICU admission Organ failure

Z value p-Value Z value p-Value Z value p-Value Z value p-Value Z value p-Value

PEV vs. CRP level 5.427 <.0001� 3.698 .0002� 2.216 .0267� 2.750 .0060� 2.247 .0247�
PEV vs. Ranson Score 1.847 .0648 2.287 .0222� 0.993 .3209 2.034 .0419� 1.563 .1180
PEV vs. BISAP Score 2.792 .0052� 1.618 .1057 1.176 .2395 1.596 .1105 0.637 .5244
PEV vs. Marshall Score 4.298 <.0001� 2.367 .0179� 1.092 .2750 1.956 .0505 0.747 .4550
PEV vs. APACHE II Score 3.103 .0019� 1.667 .0955 0.839 .4015 0.00377 .9970 1.624 .1044
PEV vs. CTSI Score 4.862 <.0001� 2.914 .0036� 2.190 .0285� 2.636 .0084� 2.139 .0325�
PEV vs. EPIC Score 5.215 <.0001� 3.058 .0022� 2.477 .0133� 2.712 .0067� 1.894 .0582�
CRP level vs. Ranson Score 6.418 <.0001� 1.880 .0601 1.371 .1705 0.793 .4277 0.909 .3634
CRP level vs. BISAP Score 3.247 .0012� 2.416 .0157� 1.184 .2363 1.204 .2284 1.730 .0836
CRP level vs. Marshall Score 1.341 .1799 1.512 .1305 1.234 .2170 0.732 .4639 1.712 .0869
CRP level vs. APACHE II Score 7.558 <.0001� 5.689 <.0001� 3.159 .0016� 2.959 .0031� 3.958 .0001�
CRP level vs. CTSI Score 0.993 .3205 0.821 .4119 0.0577 .9540 0.0795 .9367 0.0778 .9380
CRP level vs. EPIC Score 0.539 .5897 1.001 .3168 0.202 .8396 0.126 .8998 0.492 .6228
Ranson vs. BISAP Score 3.939 .0001� 0.589 .5562 0.0748 .9404 0.563 .5738 0.969 .3324
Ranson vs. Marshall Score 5.218 <.0001� 0.511 .6092 0.204 .8385 0.0408 .9675 0.615 .5384
Ranson vs. APACHE II Score 0.924 .3553 3.991 <.0001� 2.100 .0357� 2.466 .0137� 3.569 .0004�
Ranson vs. CTSI Score 5.971 <.0001� 1.144 .2527 1.265 .2059 0.657 .5110 0.809 .4187
Ranson vs. EPIC Score 6.043 <.0001� 1.083 .2789 1.509 .1314 0.673 .5009 0.472 .6370
BISAP vs. Marshall Score 2.354 .0186� 1.234 .2172 0.140 .8885 0.587 .5569 0.250 .8024
BISAP vs. APACHE II Score 5.785 <.0001� 3.498 <.0005� 2.023 .0431� 1.632 .1027 2.293 .0218
BISAP vs. CTSI Score 2.734 .0063� 1.868 .0617 1.209 .2267 1.180 .2382 1.735 .0828
BISAP vs. EPIC Score 2.816 .0049� 1.669 .0951 1.372 .1701 1.151 .2497 1.352 .1763
Marshall vs. APACHE II Score 6.886 <.0001� 4.242 <.0001� 1.908 .0564 2.066 .0388� 2.216 .0267�
Marshall vs. CTSI Score 0.354 .7234 0.680 .4965 1.076 .2821 0.647 .5176 1.533 .1254
Marshall vs. EPIC Score 0.887 .3749 0.642 .5207 1.318 .1876 0.574 .5658 1.213 .2251
APACHE II vs. CTSI Score 7.282 <.0001� 4.786 <.0001� 2.901 .0037� 2.590 .0096� 3.665 .0002�
APACHE II vs. EPIC Score 7.123 <.0001� 4.652 <.0001� 3.316 .0009� 2.782 .0054� 3.411 .0006�
CTSI vs. EPIC Score 0.569 .5691 0.00661 .9947 0.239 .8110 0.0333 .9734 0.349 .7269

PEV: pleural effusion volume; AP: acute pancreatitis; ICU: intensive care unit; CRP: C-reactive protein; BISAP: bedside index for severity in acute pancrea-
titis; APACHE II: acute physiology and chronic health evaluation II; CTSI: computed tomography severity index; EPIC: extrapancreatic inflammation on
computed tomography; AUC: area under the receiver operating characteristic curve.�p< .05.
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single centre, it is not sure whether these results can
be generalized or not. On the contrary, this present
study was a multi-institutional one accomplished in
three AP centres. Second, only three clinical outcomes
(i.e. duration of hospitalization, severity of AP, and
organ failure) and three scoring systems (i.e. BISAP
score, APACHE II score, and CTSI score) were included
for evaluating. By contrast, this present study also
included clinical outcomes of infection, the need for
therapeutic procedures, ICU admission, and scoring
systems of Ranson score, Marshall score, EPIC score,
and CRP levels for investigating.

In our study, we did not find any weak association
between the PEV and the duration of hospitalization
or the APACHE II score (r¼ 0.249 and 0.298, respect-
ively, and p¼ .000 for both in the study by Peng et al.
[28]. On the contrary, in our study, there was a strong
association between the PEV and the duration of hos-
pitalization or the APACHE II score (r¼ 0.5273 and
0.7598, respectively, and p< .0001 for both in this
study). We also did not find the PEV shared a similar
accuracy for predicting severe AP to that of the BISAP
score, APACHE II score, and CTSI score (AUC ¼ 0.839,
0.833, 0.860, and 0.842, respectively, and p-values
>.05 for all in the study by Peng et al. [28]. By con-
trast, for predicting severity of AP, the accuracy of PEV
was significantly higher than that of BISAP score and
CTSI score (p< .05 for both), and its accuracy was sig-
nificantly lower than that of the APACHE II score
(p< .05) in our study. There were inconsistencies
between the two studies in predicting organ failure of
AP either. In our study, the accuracy of PEV was sig-
nificantly higher than that of CTSI score (p< .05), and
its accuracy was similar to that of BIASP score and
APACHE II score (p> .05 for both). While in the study
by Peng et al. [28], they stated that the PEV carried a
similar accuracy for predicting organ failure in AP to
that of the BISAP score, APACHE II score, and CTSI
score (AUC ¼ 0.783, 0.784, 0.853, and 0.754, respect-
ively, and p-values >.05 for all).

All of those above mentioned discrepancy in the
results between the two studies may be mainly due to
different number of AP patients included (309 vs. 465),
while the patients’ clinical conditions also varied
largely between these two studies too. In the study by
Peng et al. [28], the mean PEV was 41.7 ± 38.0mL;
mean BISAP score was 1.3 ± 1.0 points (range, 0.0–5.0
points), mean APACHE II score was 5.8 ± 5.1 points
(range, 0.0–33.0 points), and mean CTSI was 3.7 ± 1.8
points (range, 0.0–10.0 points); 5.5% of patients devel-
oped severe AP, and 13.9% of patients developed
organ failure. By contrast, in our cohorts, we identified

a mean PEV of 98.8mL; mean BISAP score, APACHE II
score, and CTSI score of 2.6 ± 1.7 points (range, 0.0–5.0
points), 7.1 ± 6.5 points (range, 0.0–45.0 points), and
3.6 ± 3.2 points (range, 0.0–9.0 points), respectively;
5.8% of patients developed severe AP, and 18.3% of
patients developed organ failure.

In this present study, we also included the CRP lev-
els, Ranson, Marshall, and EPIC score. However, since
we mainly focussed on evaluating the value of PEV in
the prediction of severity and clinical outcomes of
patients with AP in this present study, we do not
intend to comprehensively discuss the value of CRP
levels, Ranson, BISAP, Marshall, APACHE II, CTSI,
and EPIC scores in predicting severity and clinical out-
comes of AP. In addition, there have been many stud-
ies in the literature that have assessed the above-
mentioned parameters in the prediction of severity
and clinical outcomes of AP [30–36]. For example,
Papachristou et al. [30] compared BISAP score with
the Ranson, APACHE-II, and CTSI scoring systems in
the prediction of severity, pancreatic necrosis, and
death in a prospective cohort of patients with AP.
Their results indicated that the BISAP score system is
an accurate method for risk stratification in patients
with AP while the prognostic accuracy of BISAP score
is similar to those of the Ranson, APACHE-II, and CTSI
scoring systems. In another study by Gezer et al. [36],
they stated that with a cut-off of BISAP score �2.0,
the BISAP score hold the highest value for severity of
AP; whereas with a cut-off of >11.91, the neutrophil-
lymphocyte ratio (NLR) shared the highest value for
mortality of AP. Of all the radiological scoring systems
(the Balthazar, modified CTSI, and EPIC score were
included in that study), and with a cut-off value �6.0,
the EPIC score had the highest AUC (0.773, 95% CI:
0.645–0.900) for severity and 0.851 (95% CI:
0.718–0.983) for mortality. Nevertheless, what we want
to highlight here is that since some studies may share
the same idea while the others may contradict it, con-
troversies do exist about which of the above clinical,
laboratorial, and radiological scoring systems can be
best used in the clinical practice and scientific research
[30–36]. And that’s maybe why only the modified
Marshall scoring system is endorsed in the revised
Atlanta classification as a method for determining
organ failure [9].

Pleural effusion is one of the most common thor-
acic complications in AP patients [37]. In previous
reports, the prevalence of pleural effusion in patients
with AP was shown to be at 3.0–50.0% [37,38].
However, recent studies demonstrated that the preva-
lence was up to 46.0–72.3% [39,40]. Furthermore,
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previous investigation also pointed out that pleural
effusion in AP patients are usually in the left sides
[37]. Nevertheless, in this present study, 49.9% (232/
465) of AP had pleural effusion, of which, 72.4% (168/
232) were bilateral, 23.7% (55/232) were on the left
side, and 3.9% (9/232) on the right sides (p-values are
<.0001). Some of the results in our study are consist-
ent with those of some previous results [28,37–40].
For example, in the study by Peng et al. [28], the inci-
dence of pleural effusion in patients with AP was
reported to be 39.8% (123/309), among which, 65.0%
(80/123) were noted in the bilateral sides, 30.1%
(37/123) were left sides, and 4.9% (6/123) were in right
sides (p-values are <.0001). Peng [28] and our study
both found that the PEV in patients with persistent
organ failure was similar to that of transient organ fail-
ure, while the PEV in the patients without organ fail-
ure was lower than that of the patients with organ
failure (p< .05 for both). We also found that the PEV
in the patients without pancreatic necrosis was lower
than that of the patients with pancreatic necrosis
(p< .0001) while Peng [28] did not report that point.

There are also some studies which described differ-
ent results from ours [41–43]. This disagreement could
be mainly explained by (1) different modalities of
imaging used (Chest radiography vs. Ultrasonography
vs. CT). Generally speaking, chest radiography is typic-
ally performed at the bedside (portable) in the setting
of AP, and because of the improper positioning and
image overlap, some effusions can be missed. When
compared with chest radiography and CT, ultrasonog-
raphy is dependent upon experience of the operator
and is unsuitable for obese AP patients due to the
echo attenuation. On the contrary, chest CT is
extremely sensitive in detecting even minimal
amounts of pleural effusion, and it can indicate
infected pleural effusion (the so called “split pleura
sign” on the chest CT [37]); (2) different number of AP
patients were included among the studies and the
patients’ clinical conditions varied largely. In this pre-
sent study, we included the largest cohorts of AP
patients (n¼ 465) and 222 (47.7%, 222/465) of them
were diagnosed as moderately severe (n¼ 195, 41.9%,
195/465) or severe (n¼ 27, 5.8%, 27/465) AP.

Up to now, there is a lacking of a widely recog-
nized grading system for pleural effusion quantifica-
tion. However, several systems of classification of
effusion size on chest radiography, ultrasonography,
and CT have been proposed in the literature [44–47].
For example, in a study by Mironov et al. [45], on the
basis of visual estimation, pleural effusion occupying
less than one-third, one-third to two-thirds, and more

than two-thirds of the visualized hemithorax were
characterized as small, moderate, and large size,
respectively. In another study, Moy et al. depicted a
simple and two-step method for pleural effusions
quantification on chest CT images by the usage a
three-point grading standard [46]. As per their pro-
posal, the first, second, and third or fourth antero-pos-
terior quartile pleural effusions were defined as small,
moderate, and large in size. For borderline cases, the
upper limits of small and moderate pleural effusion
were defined as the antero-posterior depth of 3.0 and
10.0 cm thresholds, respectively. When it comes to the
mechanisms, several mechanisms have been described
in the literature contributing to the formation of pleu-
ral effusion in patients with AP [37,48]. Of these, the
transdiaphragmatic lymphatic blockage have been
described the most [37]. There may also be a disrup-
tion of pancreatic duct which leads to the leakage of
pancreatic enzymes and the formation of a pancreati-
copleural fistula. The latter is more likely to occur if
the duct disruption is posteriorly into the retroperito-
neum. Exudation of fluid into the pleural cavity from
the subpleural diaphragmatic vessels may also cause
pleural effusion [37]. In addition, anatomy may also
play an important role in the occurrence of pleural
effusion in patients with AP. As there are some ana-
tomical channels between the thoracic cavity and
abdominal cavity, the inflammation of pancreas and
surrounding areas may enter the thoracic cavity along
these anatomical pathways [49].

In our study, we did not report the radiation dose
for the following reasons: (1) relationship between
radiation dose and AP is not the area of discussion in
this study. Some publications have focussed on
exploring the relationship between radiation dose and
AP but more from the perspective of medical imaging
technology rather than diagnostic view [50–52]. (2)
since there is only limited data on the radiation dose
from CT in patients with AP, it may be another poten-
tial topic in our future study.

Nevertheless, the authors still think that the radi-
ation dose in our cohort of 465 AP patients was at an
acceptable level (e.g. the U.S. Food and Drug
Administration recommend that radiation dose for the
chest and abdomen should be <7 and 8 mSv, respect-
ively) [53,54]. At the authors’ hospital, a standard chest
CT scanning range is from the lung apex to the bilat-
eral costophrenic angle; and for standard upper
abdominal CT scan, it is from diaphragmatic dome to
bilateral iliac crest. As a result, if a separate standard
chest and upper abdominal CT scan is performed for
an individual, there will be some overlapping
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coverage, which can definitely increase the radiation
dose. By contrast, the unenhanced chest and upper
abdominal CT scan in our 465 AP patients were per-
formed in one examination. Therefore, the overlapping
coverage is avoided which would obviously decrease
the radiation dose. In addition, we also applied novel
techniques (e.g. SmartmA, CARE Dose 4D, Iterative
Reconstruction) to reduce radiation during CT scan.
These radiation reduction techniques have been
shown to decrease the radiation dose while maintain-
ing the image quality [55–57].

While interpreting the outcomes of this present
study, some limitations should be clarified as well.
First, retrospective nature of this present study may
decrease its power of convincingness. Second, only AP
patients with complete early thoracic and abdominal
CT examinations were enrolled which may introduce a
selection bias to this study. Third, there were variable
intervals between the CT examinations and the onset
of AP which may have an effect on the accuracy of
CTSI and EPIC scores. Finally, we did not differentiate
between moderately severe and severe AP, neither
between transient nor persistent organ failure for
evaluation. Nevertheless, no benefit has been shown
to different treatment of these AP patients [15,17]. In
addition, this present study was a multi-institutional
one from three AP centres, and a complete compari-
son had also been performed between PEV and CRP
levels, and Ranson, BISAP, Marshall, APACHE II, CTSI,
and EPIC scoring systems. As a result, all the above
mentioned limitations of this present study would
have a little influence on its main conclusions.

Conclusion

All in all, pleural effusion is a common chest finding in
patients with acute pancreatitis. Pleural effusion volume
quantified on chest CT examination positively associ-
ated with the duration of hospitalization, CRP levels, as
well as Ranson, BISAP, Marshall, APACHE II, CTSI, and
EPIC scoring systems. Pleural effusion volume can be a
reliable radiologic biomarker in the prediction of sever-
ity and clinical outcomes of acute pancreatitis.
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