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Chest computed tomography semi-quantitative pleural effusion 
and pulmonary consolidation are early predictors of acute 
pancreatitis severity
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Background: To study the predictive value of semi-quantitative pleural effusion and pulmonary 
consolidation for acute pancreatitis (AP) severity.
Methods: Thorax-abdominal computed tomography (CT) examinations were performed on 309 
consecutive AP patients in a single center. Among them, 196 were male, and 113 were female, and the 
average age was 50±16 years. The etiology of AP was biliary in 43.7% (n=135), hyperlipidemia in 22.0% 
(n=68), alcoholic in 7.4% (n=23), trauma in 0.6% (n=2), and postoperative status in 1.6% (n=5) cases; 24.6% 
(n=76) of patients did not have specified etiologies. The prevalence of pleural effusion and pulmonary 
consolidation was noted. The pleural effusion volume was quantitatively derived from a CT volume 
evaluation software tool. The pulmonary consolidation score was based on the number of lobes involved in 
AP. Each patient’s CT severity index (CTSI), acute physiology and chronic health evaluation II (APACHE 
II) scoring system, and bedside index for severity in acute pancreatitis (BISAP) scores were obtained. The 
semi-quantitative pleural effusion and pulmonary consolidation were compared to these scores and clinical 
outcomes by receiver operator characteristic (ROC) curve and area under the curve (AUC) analysis.
Results: In the 309 patients, 39.8% had pleural effusion, and 47.9% had pulmonary consolidation. The 
mean pleural effusion volume was 41.7±38.0 mL. The mean pulmonary consolidation score was 1.0±1.2 
points. The mean CTSI was 3.7±1.8 points, the mean APACHE II score was 5.8±5.1 points, and the mean 
BISAP score was 1.3±1.0 points; 5.5% of patients developed severe AP, and 13.9% of patients developed 
organ failure. Pleural effusion volume and pulmonary consolidation scores correlated to the scores for the 
severity of AP. In predicting severe AP, the accuracy (AUC 0.839) of pleural effusion volume was similar to 
that of the CTSI score (P=0.961), APACHE II score (P=0.757), and BISAP score (P=0.906). The accuracy 
(AUC 0.805) of the pulmonary consolidation score was also similar to that of the CTSI score (P=0.503), 
APACHE II score (P=0.343), and BISAP score (P=0.669). In predicting organ failure, the accuracy (AUC 
0.783) of pleural effusion volume was similar to that of the CTSI score (P=0.473), APACHE II score 
(P=0.119), and BISAP score (P=0.980), and the accuracy (AUC 0.808) of the pulmonary consolidation score 
was also similar to that of the CTSI score (P=0.236), APACHE II score (P=0.293), and BISAP score (P=0.612).
Conclusions: Pleural effusion and pulmonary consolidation are common in AP and correlated to the 
severity of AP. Furthermore, the pleural effusion volume and pulmonary consolidation lobes can provide 
early prediction of severe AP and organ failure.

Keywords: Acute pancreatitis (AP); pleural effusion; pulmonary consolidation; organ failure

Submitted Nov 29, 2019. Accepted for publication Dec 24, 2019.

doi: 10.21037/qims.2019.12.14

View this article at: http://dx.doi.org/10.21037/qims.2019.12.14

463

https://crossmark.crossref.org/dialog/?doi=10.21037/qims.2019.12.14


452 Peng et al. Pleural effusion and pulmonary consolidation predict pancreatitis severity

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2020;10(2):451-463 | http://dx.doi.org/10.21037/qims.2019.12.14

Introduction

Acute pancreatitis (AP) is an inflammatory disorder that leads 
to a wide range of local and systemic pathophysiological 
changes, and can have myriad clinical manifestations and 
prognoses (1). AP is a dynamic process with 2 overlapping 
phases of the disease: the early phase, which lasts 1 week, and 
the following late phase, which lasts for weeks to months (2). 
In the early phase, the severity of AP primarily depends on 
the presence and duration of organ failure due to a systemic 
inflammatory response (2), but is not correlated with the 
infection or the extent of necrosis. Thus, the prediction of 
severe AP and organ failure in the early phase is particularly 
important to evaluate the prognoses of AP.

AP can cause extensive local and systemic pathophysiological 
changes. Thoracic complications in AP patients include pleural 
effusion, pulmonary consolidation, atelectasis, pericardial 
effusion, elevated diaphragms, mediastinal pseudocysts, and 
pulmonary embolism (3-6). Of these, pleural effusion and 
pulmonary consolidation are common and are important 
causes of morbidity, posing diagnostic and therapeutic 
challenges (3). In 22–29% of the deaths of patients with AP, 
intrathoracic complications are the major factor, while they are 
the contributing factor in a further 29–39% of deaths (3).

Computed tomography (CT) is commonly used to 
diagnose AP and determine the extent of AP with high 
accuracy and sensitivity (6). CT scans are fast and have a 
high spatial resolution (7). CT severity index (CTSI) can 
assess the severity of AP, especially local complications (4-6). 
However, the use of contrast agents may induce significant 
alterations in the microcirculation of the pancreas and 
adversely affect the course of AP (8). The acute physiology 
and chronic health evaluation II (APACHE II) scoring 
system can determine the systemic complications of AP (9).  
The bedside index for severity in acute pancreatitis 
(BISAP) score is a simple and accurate method for the early 
identification of patients at increased risk for in-hospital 
mortality and morbidity (10). However, APACHE II and 
BISAP scores are difficult to calculate because a great deal 
of baseline data needs to be collected.

A chest radiograph is the primary imaging modality for 
evaluating pleural effusion and pulmonary consolidation in 
the setting of pancreatitis. Typically however, the radiographs 
are taken at the bedside (portable), and due to the inadequate 
positioning and supine nature, mild-to-moderate effusions 
may be missed. Due to image overlap, a subtle pulmonary 
consolidation may be ignored. Ultrasound has some 
limitations in the diagnosis of lung consolidation because 

of gas interference. Currently, CT volumetry is considered 
the gold standard for the accurate volume measurement of 
pleural effusion in patients (11). CT is helpful for the accurate 
evaluation of pleural effusion and pulmonary consolidation in 
AP patients. However, to our knowledge, most of published 
articles adopted qualitative analysis instead of quantitative 
analysis (6,12,13). Only Liu et al. (4) measured the thickness 
of the pleural effusion and pulmonary consolidation on axial 
CT images in quantitative fashion. However, the scanning 
range of CT imaging in their study did not include the whole 
chest. Thus far, there is no report evaluating pleural effusion 
volumetry by CT in AP patients.

The purpose of this study includes the following: (I) 
evaluating the prevalence of pleural effusion and pulmonary 
consolidation in AP based on chest CT images; (II) 
analyzing the relationship between pleural effusion volume 
or pulmonary consolidation lobes and the severity of AP 
based on the CTSI, APACHE II scoring system, and BISAP 
score; (III) evaluating the utility of the pleural effusion 
volume or pulmonary consolidation lobes for predicting 
severe AP and organ failure in the early phase of AP.

Methods

Ethics statement 

This study (including contrast-enhanced CT) gained 
approval from the Institutional Review Board in Panzhihua 
Central Hospital. All the patients signed informed consent 
before undergoing CT scans. 

Patient population

Consecutive patients with AP in Panzhihua Central 
Hospital between July 2017 and August 2018 were included 
in this study. AP was diagnosed using the 2012 Atlanta  
standard (14). The inclusion criteria for patients were as 
follows: (I) acute onset, (II) in-patient, (III) first occurrence 
of AP, (IV) excluding other causes of amylase elevation, 
and (V) taking thorax-abdominal CT examination within 2 
days of onset. A total of 377 AP patients met the inclusion 
criteria in the study. The exclusion criteria in this study 
were as follows: (I) pre-existing pleural effusion (n=18), (II) 
hypoproteinemia (n=7), (III) chronic pancreatitis (n=34), 
and (IV) tumors or inflammation of intra- or retroperitoneal 
(n=9). Finally, 309 patients were enrolled in the study. 
Among them, 196 were male, 113 were female, and the 
average age was 50±16 years. 
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Laboratory and clinical data

Baseline data collected included APACHE II and bedside 
index for severity in AP (BISAP) within 24 hours of 
admission to the hospital. According to the APACHE II 
score, the AP patients were classified as mild (0–7 points) 
or severe (≥8 points) (9). According to the BISAP score, the 
AP patients were classified as mild (0–2 points) or severe  
(≥3 points) (10).

The 2012 revised Atlanta standard defined the 
classification of AP into 3 degrees of severity: mild (absence 
of organ failure and the absence of local or systemic 
complications), moderately severe (presence of transient 
organ failure or local or systemic complications in the 
absence of persistent organ failure), and severe AP (presence 
of persistent organ failure) (14). Transient organ failure was 
defined as organ failure lasting ≤48  hours, and persistent 
organ failure was defined as organ failure lasting >48  hours. 
Organ failure can be assessed by respiratory, cardiovascular, 
and renal systems (14), and based on the modified Marshall 
scoring system, organ failure was defined as a score of 2 or 
higher in 1 of the 3 organ systems. 

CT imaging technique

All patients underwent CT scans with a double-source 
scanner (SOMATOM Definition, Siemens Healthcare, 
Forchheim, Germany). The parameters of chest CT were as 
follows: 120 kVp, 100 mAs, a detector with a configuration 
of 64 mm×0.6 mm, pitch size of 1.2, gantry rotation time 
of 0.5 s, section thickness of 8.0 mm, and a standard 
reconstruction algorithm. The scans covered the range from 
the top to the bottom of the lung. The unenhanced chest 
CT scan was performed on all patients at the same time as 
abdominal CT.

The parameters of CT for the upper abdomen were  
120 kVp, 200 mAs, a detector with a configuration of  
64 mm× 0.6 mm, pitch size of 1.2, a gantry rotation 
time of 0.5 s, section thickness of 5.0mm, and a standard 
reconstruction algorithm. First, the unenhanced abdomen 
CT scans were performed, and then contrast material 
(Iopamiron 300,  Schering,  Berl in,  Germany) was 
administered at a flow rate of 3–5 mL/s. The scans extended 
from the diaphragmatic dome to the iliac crest. Of the 
309 AP patients, 224 had both an unenhanced abdominal 
scan and contrast-enhanced scan, while 85 had only an 
unenhanced abdominal scan. The 85 patients with only an 
unenhanced abdominal CT scan underwent an additional 

plain MR scan in the same period or within 72 hours of the 
CT scanning to identify the pancreatic necrosis.

CT image analysis

The CT image data were delivered to the post-processing 
station (Syngo MMWP VE 31H, Siemens Healthcare, 
Forchheim, Germany). The CT image was reviewed by two 
observers, one with 3 years’ experience in interpreting chest 
and abdominal CT imaging and the other with 7 years’ 
experience. Both reviewers were blinded to the clinical 
outcome and laboratory data.

The volume of pleural effusion was calculated using a 
semi-automated volumetric software with contour limiting 
and threshold analysis on an Easyvison workstation (Volume, 
Syngo MMWP VE 31H, Siemens Healthcare, Forchheim, 
Germany). A threshold analysis was used to obtain the 
calculated volume. First, the electronic cursor was used to 
select the crude outlines of the region in each CT slice, 
including the pleural fluid and surrounding margin. Then, 
the Hounsfield value of each voxel in the selected area was 
measured using system software, and all the voxels with 
the Hounsfield values in the range of “−50 to 100” were 
considered as pleural fluid. Each image slice from the CT 
imaging was analyzed and evaluated individually using the 
above steps. Next, the total volume of the pleural effusion 
was calculated using a computer program by summing all 
the delineated regions and the total slice thickness (Figure 1).  
The pleural effusion volume was the sum of the bilateral 
pleural effusion volume.

The severity of pulmonary consolidation on CT 
was graded according to the number of the lobes of the 
pulmonary consolidation. On CT images, we divided the 
pulmonary consolidation into 5 lobes: the upper lobe of the 
right lung, the middle lobe of the right lung, the inferior 
lobe of the right lung, the upper lobe of the left lung, and 
the inferior lobe of the left lung. The number of pulmonary 
consolidations in each lobe was recorded separately. Each 
lobe with a pulmonary consolidation was assigned 1 point. 
No pulmonary consolidations were assigned 0 points. 
The severity of the pulmonary consolidation on CT was 
scored between 0 and 5 points according to the lobes of the 
pulmonary consolidation.

The severity of AP was evaluated using the CTSI in the 
contrast-enhanced CT (5,6). AP was graded as mild (0–3 
points), moderate (4–6 points), or severe (7–10 points) based 
on the CTSI (6). The CTSI for 85 patients who took only 
an unenhanced abdominal scan was evaluated by combining 
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the plain MR images with the CT images.

Statistical analysis

Results of the pleural effusion volume and pulmonary 
consolidation scores were given as the mean of the 2 raters. 
The kappa (k) statistic was used to estimate the inter-
rater agreement for the prevalence of pleural effusion and 
pulmonary consolidation. 

Quantitative results were expressed as either the median 
or the mean ± standard deviation (SD). Continuous variables 
were compared with Student’s t-tests or Mann-Whitney U 

tests, Kruskal-Wallis H, and Student-Newman-Keuls test. 
Categorical variables and rank variables were presented as 
percentages and compared by the Chi-squared test. 

Correlation analyses between pleural effusion volume 
or pulmonary consolidation scores and different scoring 
systems, between pleural effusion volume or pulmonary 
consolidation scores and the length of hospitalization, 
and between pleural effusion volume or pulmonary 
consolidation scores and severity of organ failure, were 
completed with Spearman’s rank correlation tests. A 
Spearman’s correlation coefficient with an absolute value 
with a range of 0.090–0.099 was defined as indicating no 

Figure 1 Using the Syngo MMWP VE 31H workstation software to semi-automatic measure the volume of pleural effusion. (A) A sample 
of axial computed tomography (CT) scans on the patient's right side with a crude outline is drawn with an electronic cursor. The pink 
highlighted pixels within the outlined region have the CT densities of −50 to 100 Hounsfield units; (B) coronary reconstruction; (C) sagittal 
reconstruction with cursor-marked regions for volume calculation; (D) volume of pleural effusion.

A

C

B

D
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correlation, those with a range of 0.10–0.29 were defined 
as a weak correlation, those with a range of 0.30–0.49 were 
defined a moderate correlation, and those with a range of 
0.50–1.0 range were defined as a strong correlation.

Receiver operating characteristic (ROC) analysis was 
performed to examine the predictive effect of pleural 
effusion volume, pulmonary consolidation, and scorings for 
predicting severe AP and organ failure. The discriminative 
powers of the pleural effusion volume and pulmonary 
consolidation scores were visualized using ROC curves, 
including the area under the curve (AUC), with a 95% 
confidence interval (CI). Additionally, the AUC values of 
the two parameters were compared using the z-test. 

Statistical analysis was performed using commercially 
available software (SPSS 13.0 version, Chicago, IL, USA), 
except for the comparison of the AUC of the two scoring 
systems, which was done with MedCalc 11.6 (MedCalc 
Software, Mariakerke, Belgium). P values ≤0.05 were 
considered significant.

Results

Patient characteristics

A total of 309 patients were included. Baseline demographic 
and clinical characteristics are depicted in Table 1. According 
to the 2012 revised Atlanta standard, 57.0% (176/309) of 
patients were considered to have mild AP, 37.5% (116/309) 
of patients were considered to have moderate-severe AP, 
and 5.5% (17/309) of patients were considered to have 
severe AP. According to the modified Marshall scoring 
system, organ failure was present in 43 patients, of whom 
26 and 17 patients had transient organ failure and persistent 
organ failure, respectively. Respiratory failure was observed 
in 34 patients, of whom 21 and 13 patients had transient 
and persistent organ failure, respectively. Renal failure was 
present in 7 patients, of whom 5 and 2 patients had transient 
and persistent organ failure, respectively. No patients had 
cardiovascular failure. More than 1 organ system failed in 2 
enrolled patients. The mean APACHE II score was 5.8±5.1 
points (range, 0–33 points), the mean BISAP score was 
1.3±1.0 points (range, 0–5 points), and the mean CTSI was 
3.7±1.8 points (range, 0–10 points).

Table 1 Baseline demographic and clinical characteristics of 309 AP 
patients 

Parameter Datum

Patient characteristics

Age (years), mean [SD] 50 [16]

Sex, n (%)

Women 113 (36.6)

Men 196 (63.4)

Cause of AP, n (%)

Biliary 135 (43.7)

Hyperlipidemia 68 (22.0)

Alcoholic 23 (7.4)

Trauma 2 (0.6)

Postoperative status 5 (1.6)

Unknown 76 (24.6)

Severity outcomes

Clinical outcomes, n (%)

Mild AP 176 (57.0)

Moderate-severe AP 116 (37.5)

Severe AP 17 (5.5)

Organ failure 43 (13.9)

Length of hospitalization (day), median [range] 13.4 [1–80]

Death 8 (2.6)

CTSI, n (%)

Mild (0 to 3) 128 (41.4)

Moderate (4 to 6) 164 (53.1)

Severe (7 to 10) 17 (5.5)

APACHE II score, n (%)

Mild (<8) 224 (72.5)

Severe (≥8) 85 (27.5)

BISAP score, n (%)

Mild (<3) 271 (87.7)

Severe (≥3) 38 (12.3)

Unless otherwise indicated, data are numbers of patients, with 
percentages in parentheses.
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Pleural effusion and pulmonary consolidation on CT

There was a good agreement between the observers 
regarding the presence of pleural effusion (κ =0.906, 
P=0.000) and pulmonary consolidation (κ =0.832, P=0.000) 
on the CT imaging.

In 309 AP patients, 39.8% (123/309) had pleural 
effusion (Figures 2-4). Among the 123 patients with pleural 
effusion, 4.9% (6/123) had right pleural effusion, 30.1% 
(37/123) had left pleural effusion, and 65.0% (80/123) had 
bilateral pleural effusion (among the 3 groups, P=0.000; 
between right and bilateral, P=0.000; between left and 
bilateral, P=0.000; and between right and left, P=0.000). 
The mean pleural effusion volume was 41.7±38.0 mL 
(range, 0–1,079 mL). 

In 309 AP patients, 47.9% (148/309) had pulmonary 
consolidation (Figures 2,3). The pulmonary consolidation 
usually occurred in bilateral lower lobes of the lung. The 
specific distribution details are listed in Table 2. The mean 
pulmonary consolidation score was 1.0±1.2 points (range, 
0–5 points).

The correlation of pleural effusion and pulmonary 
consolidation with each scoring system and the day of 
hospital duration

The prevalence of pleural effusion and pulmonary 
consolidation for each group of different scoring systems 
is shown in Table 3 (for each group, P=0.000). The pleural 

Figure 2 CT images of a 60-year-old male with moderately severe AP. (APACHE II score of 15 points, CTSI of 4 points, BISAP score of 2 
points, and without organ failure). (A) Chest axial image CT showing right pleural effusion and right pulmonary consolidation; (B) abdomen 
contrast CT. The arrows show the local complication (acute necrotic collection).

Figure 3 CT images of a 70-year-old female with moderately severe AP (APACHE II score of 12 points, CTSI of 4 points, BISAP score of 4 
points, and with transient organ failure). (A) Chest axial image CT showing bilateral pleural effusion and bilateral pulmonary consolidation; 
(B) Abdomen contrast CT. The arrows show the pancreatic necrosis.

A B

A B
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effusion volume was strongly correlated with the CTSI 
score (r=0.574, P=0.000) and BISAP score (r=0.618, 
P=0.000), but weakly correlated with the APACHE II 
score (r=0.298, P=0.000) and the length of hospitalization 
(r=0.249, P=0.000). The pulmonary consolidation score 
was moderately correlated with the CTSI score (r=0.487, 
P=0.000), APACHE II score (r=0.348, P=0.000), and BISAP 
score (r=0.466, P=0.000), but weakly correlated with the 
length of hospitalization (r=0.216, P=0.000).

The utility of the pleural effusion volume and pulmonary 
consolidation scores for predicting the severe AP and organ 
failure

Increased pleural effusion volume and pulmonary 
consolidation scores were associated with the occurrence of 
severe AP (P=0.000) and organ failure (P=0.000, Table 4).

The AUCs of pleural effusion volume for predicting 
severe AP and organ failure were 0.839 (95% CI: 0.793–
0.878) and 0.783 (95% CI: 0.733–0.828), respectively; 
when the cutoff for severe AP was 52.2 mL or greater, 
the sensitivity and specificity were 82.35% and 84.93%, 
respectively; and when the cutoff for organ failure was 
47.3 mL or greater, the sensitivity and specificity were 
67.44% and 88.35%, respectively. The AUCs of pulmonary 
consolidation scores for predicting severe AP and organ 
failure were 0.805 (95% CI: 0.738–0.872) and 0.808 (95% 
CI: 0.760–0.850), respectively; when the cutoff for severe 
AP was 2 points or greater, the sensitivity and specificity 
were 94.12% and 62.67%, respectively; and when the cutoff 
for organ failure was 2 points or greater, the sensitivity and 
specificity were 88.37% and 67.29%, respectively (Figure 5).

Comparisons of the predictive values of pleural effusion 
volume and pulmonary consolidation scores and each 
scoring system for severe AP and organ failure

The CTSI scores, APACHE II scores, BISAP scores, and 
the length of hospitalization of patients with severe AP 
were significantly higher than those of patients with mild-
to-moderate severe AP (for CTSI scores P=0.000, for 

Figure 4 CT images of a 49-year-old male with severe AP (APACHE II score of 25 points, CTSI of 10 points, and BISAP score of 4 points, 
and with persistent organ failure). (A) Chest axial image CT showing left pleural effusion; (B) abdomen contrast CT. Triangles show the 
pancreatic necrosis, and arrows show local complications (acute necrotic collection). 

A B

Table 2 CT findings of pulmonary consolidation in AP (n=148)

The affected lobes Numbers of cases (%)

C 7 (4.7)

E 16 (10.8)

A + C 1 (0.7)

C + E 86 (58.1)

B + E 1 (0.7)

A + C + E 5 (3.4)

C + D + E 14 (9.5)

B + C + E 8 (5.4)

A + C + D + E 5 (3.4)

B + C + D + E 2 (1.4)

A + B + C + D + E 3 (2.0)

A: the upper lobe of the right lung; B: the middle lobe of the 
right lung; C: the inferior lobe of the right lung; D: the upper lobe 
of the left lung; E: the inferior lobe of the left lung. 
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Table 3 Pleural effusion, pulmonary consolidation, and the severity of AP from different scoring systems

Thoracic complication
CTSI APACHE II score BISAP

Mild (n=128) Moderate (n=164) Severe (n=17) Mild (n=224) Severe (n=85) Mild (n=271) Severe (n=38)

Pleural effusion, n (%)

Positive 8 (6.3) 101 (61.6) 14 (82.4) 38 (17.0) 52 (61.2) 89 (32.8) 34 (89.5)

Negative 120 (93.7) 63 (38.4) 3 (17.6) 186 (83.0) 33 (38.8) 182 (67.2) 4 (10.5)

Pulmonary consolidation, n (%)

Positive 25 (19.5) 108 (65.9) 15 (88.2) 89 (39.7) 59 (69.4) 118 (43.5) 30 (78.9)

Negative 103 (80.5) 56 (34.1) 2 (11.8) 135 (60.3) 26 (30.6) 153 (56.5) 8 (21.1)

P1 value 0.000 0.000 0.000

P2 value 0.000 0.000 0.000

P1 indicates the P value of the prevalence of pleural effusion in different scoring Systems; P2 indicates the P value of the prevalence of 
pulmonary consolidation in different scoring systems.

Table 4 Clinical characteristics of patients with severe AP and organ failure

Patient characteristics All patients
Severe AP Organ failure

P1 P2
No (n=292) Yes (n=17) No (n=266) Yes (n=43)

CTSI, mean (SD) 3.7 (1.8) 3.5 (1.6) 6.6 (2.5) 3.4 (1.6) 5.3 (2.1) 0.000 0.000

APACHE II, mean (SD) 5.8 (5.1) 5.2 (4.2) 15.3 (9.0) 4.8 (4.0) 11.7 (6.8) 0.000 0.000

BISAP, mean (SD) 1.3 (1.0) 1.2 (1.0) 2.8 (1.3) 1.1 (0.9) 2.32 (1.1) 0.000 0.000

Length of hospitalization (day), median [range] 13 [1–80] 11 [1–80] 17 [1–48] 11 [1–80] 17 [1–48] 0.027 0.000

Pleural effusion volume (mL), mean (SD) 41.7 (38.0) 35.1 (30.7) 156.0 (146.0) 25.4 (23.5) 137.4 (116.9) 0.000 0.000

Pulmonary consolidation scores, mean (SD) 1.0 (1.2) 1.0 (1.2) 2.4 (0.8) 0.8 (1.0) 2.4 (1.2) 0.000 0.000

P1 indicates the P value of the severe AP and no severe AP; P2 indicates the P value of the organ failure and no organ failure.

APACHE II scores P=0.000, for BISAP scores P=0.000, and 
for the length of hospitalization P=0.027; Table 4), and the 
aforementioned indicators were also significantly higher for 
patients with organ failure than those without organ failure 
(P=0.000, Table 4).

In predicting severe AP, the accuracy of pleural effusion 
volume was similar to that of the CTSI scores (P=0.961), 
APACHE II scores (P=0.757), and BISAP scores (P=0.906; 
Table 5), and the accuracy of pulmonary consolidation 
scores was also similar to that of the CTSI scores (P=0.503), 
APACHE II scores (P=0.343), and BISAP scores (P=0.669; 
Table 5). In predicting organ failure, the accuracy of pleural 
effusion volume was similar to that of the CTSI scores 
(P=0.473), APACHE II scores (P=0.119), and BISAP 
scores (P=0.980; Table 5), and the accuracy of pulmonary 
consolidation scores was also similar to that of the CTSI 

scores (P=0.236), APACHE II scores (P=0.293), and 
BISAP scores (P=0.612; Table 5). However, the accuracy of 
the APACHE II scores was significantly superior to that 
of the CTSI scores in predicting organ failure (P=0.009; 
Table 5).

Table 6 shows the AUCs, best cutoff, sensitivity, 
specificity, and P value of the pleural effusion volume, 
pulmonary consolidation scores, and different scoring 
systems in predicting severe AP and organ failure.

Pleural effusion volume and pulmonary consolidation 
scores for evaluating the severity of organ failure

The severity of organ failure was classified into no 
organ failure, transient organ failure, and persistent 
organ failure. According to the Kruskal-Wallis H and 
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Figure 5 ROC curves of the pleural effusion volume, pulmonary consolidation scores, and different scoring systems in predicting severe AP 
(A) and organ failure (B).
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Table 5 The differences of pleural effusion volume and different scoring systems in predicting severe AP and organ failure in 309 patients

ROC curve
Severe AP Organ failure

Z value P value Z value P value

Pleural effusion volume-CTSI 0.049 0.961 0.717 0.473

Pleural effusion volume-APACHE II 0.310 0.757 1.558 0.119

Pleural effusion volume-BISAP 0.118 0.906 0.026 0.980

Pulmonary consolidation scores-CTSI 0.669 0.503 1.184 0.236

Pulmonary consolidation scores-APACHE II 0.948 0.343 1.052 0.293

Pulmonary consolidation scores-BISAP 0.427 0.669 0.507 0.612

Pleural effusion volume-pulmonary consolidation 0.541 0.588 0.478 0.633

CTSI-APACHE II 0.310 0.757 2.607 0.009

CTSI-BISAP 0.140 0.889 0.760 0.447

APACHE II-BISAP 0.492 0.623 1.870 0.061

Student-Newman-Keuls test, the pleural effusion volume  
(25.4±23.5 mL) in the patients with no organ failure was 
lower than that (137.4±116.9 mL) of the patients with organ 
failure (P=0.000). Whereas the pleural effusion volume 
(156.8±146.8 mL) of patients with persistent organ failure 
was similar to that (134.2±127.9 mL) of transient organ 
failure (P=0.134). The pulmonary consolidation scores 
(0.8±1.0 points) in the patients with no organ failure were 

lower than those (2.4±1.2 points) of the patients with organ 
failure (P=0.000). Meanwhile, the pulmonary consolidation 
scores (2.4±0.8 points) of the patients with persistent organ 
failure were similar to those (2.4±1.4 points) with transient 
organ failure (P=0.807) (Tables 4,7).

Pleural effusion volume (r=0.308, P=0.000) and 
pulmonary consolidation scores (r =0.348, P=0.000) were 
moderately correlated with the severity of organ failure.
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Table 7 Comparison of pleural effusion volume and pulmonary consolidation scores in persistent and transient organ failure (n=43)

Patient characteristics
Organ failure

P value
Persistent (n=17) Transient (n=26)

Pleural effusion volume (mL) 156.8±146.8 134.2±127.9 0.134

Pulmonary consolidation scores 2.4±0.8 2.4±1.4 0.807

Table 6 Comparison of pleural effusion volume, pulmonary consolidation scores, and different scoring systems in predicting severe AP and organ 
failure (n=309)

Grading system AUC (95% CI) Cutoff Sensitivity (%) Specificity (%) P value

Severe AP

Pleural effusion volume (mL) 0.839 (0.793–0.878) ≥52.2 82.35 84.93 0.000

Pulmonary consolidation scores 0.805 (0.738–0.872) ≥2 94.12 62.67 0.000

CTSI 0.842 (0.796–0.881) ≥5 58.82 88.36 0.000

APACHE II 0.860 (0.817–0.897) ≥9 64.71 91.44 0.000

BISAP 0.833 (0.786–0.873) ≥2 88.24 66.44 0.000

Organ failure

Pleural effusion volume (mL) 0.783 (0.733–0.828) ≥47.3 67.44 88.35 0.000

Pulmonary consolidation scores 0.808 (0.760–0.850) ≥2 88.37 67.29 0.000

CTSI 0.754 (0.702–0.801) ≥4 93.02 46.99 0.000

APACHE II 0.853 (0.808–0.890) ≥6 90.70 64.66 0.000

BISAP 0.784 (0.734–0.829) ≥2 74.42 69.55 0.000

The correlation of pleural effusion volume and pulmonary 
consolidation scores with death

The mean pleural effusion volume for the patients without 
death was 39.0±36.0 mL, and it was 144.0±140.3 mL for 
the patients who died (P=0.000). The mean pulmonary 
consolidation score for the patients without death was 
1.0±1.1 points, and it was 3.0±1.1 points in the patients who 
died (P=0.000). There was a paucity of data for in-hospital 
mortality in our series, and this factor was therefore not 
considered in ROC analysis.

Discussion

In this study, we observed that pleural effusion and 
pulmonary consolidation were common in CT imaging of 
AP patients. Bilateral pleural effusion occurred much more 
often than the left and right types. The pleural effusion 
volume and pulmonary consolidation scores had a higher 

correlation with the CTSI and BISAP scores than those 
of APACHE II scores and the length of hospitalization. 
Our results demonstrated that pleural effusion volume and 
the number of consolidation pulmonary lobes are highly 
correlated with the occurrences of severe AP and organ 
failure. To our knowledge, this is the first study to evaluate 
and predict the severity of AP with semi-quantitative 
pleural effusion and pulmonary consolidation. Our findings 
may add the value to the use of CT as it may be used to 
predict the severity of AP earlier than commonly available, 
especially for severe AP and organ failure. 

There are several mechanisms underlying pleural 
effusion in pancreatitis. One of the mechanisms is 
transdiaphragmatic lymphatic blockage (3). There involves 
a possible disruption of the pancreatic duct, leading to 
the leakage of pancreatic enzymes and the formation of 
a pancreatic pleural fistula (3). The latter is more likely 
to occur if the duct disruption is near the posterior 
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retroperitoneum (3,15). Exudation of fluid into the pleural 
cavity from the subpleural diaphragmatic vessels may also 
cause pleural effusion (3). The etiology of pulmonary 
consolidation in AP patients is complex. Abdominal 
hypertension and systemic inflammatory response 
syndrome associated with AP are the main causes of early 
lung injury (7). Pancreatic proteolytic enzymes, along with 
inflammatory mediators released because of pancreatic 
injury, play a key role in pulmonary consolidation (3). 
Pancreatitis-associated protein (PAP) released by the 
pancreas can mediate lung inflammation through the 
induction of hepatic TNFalpha expression and subsequent 
increase in circulating TNFalpha (16). Increased levels of 
inflammatory markers such as IL-6, TLR4, iNOS, and 
pulmonary intravascular macrophages play a significant role 
in lung consolidation (17). Lung microvasculature is also 
inflamed in AP patients with pulmonary consolidation (17).

Based on the results in previous studies, the prevalence 
of pleural effusion in the patients with AP was in the range 
of 4–50% (3,4,6,17). In our study, the prevalence of pleural 
effusion in the AP patients was calculated to be 39.8%, 
which was consistent with the reports of other studies. In 
this study, all three types of pleural effusion were observed, 
including right, left, and bilateral pleural effusion. However, 
bilateral pleural effusion was most commonly observed 
(65%), which was similar to the results of a CT study 
and a chest X-ray study (4,18). In contrast, Maringhini  
et al. (19) found that left-sided effusion was observed most 
frequently (60%) by ultrasonography. The discrepancy in 
the results among different studies may be due to (I) the low 
number of cases (n=100) in the previous ultrasonography 
study; (II) ultrasonography was performed within 3 days of 
admission in the study by Maringhini et al. (19) while CT 
examination was performed within a 2-day window of the 
onset in this study; (III) obese patients were excluded in the 
ultrasonography study due to the challenges of ultrasound 
imaging of obese patients.

The prevalence of pulmonary consolidation was 47.9% 
in this study, which was consistent with the report of 
another CT study (4,12), whereas it was higher than that by 
chest radiograph (18). Moreover, in our study, pulmonary 
consolidation usually occurred in the bilateral lower lobes 
of the lung, which was consistent with the results of other 
CT studies (4).

A uniform grading standard for pleural effusion is 
currently lacking (4,11,18-21). In a previous study, the 
small, medium, and large effusions were defined as the 
effusions whose sizes were less than one-third, one-third to 

two-thirds, and more than two-thirds of the thoracic cage, 
respectively (20). Moy et al. (21) proposed that the small, 
medium, or large effusion can be best classified by the 
anteroposterior quartile and the maximum anteroposterior 
depth of the clavicle midline in the CT image. Liu et al. (4)  
measured the thickness of pleural effusion in the axial 
image and quantified the volume of effusion using pleural 
effusion/thoracic. The CT volumetry was considered as 
the gold standard for the volume of pleural effusion (12). 
Previous studies have reported the prevalence of pulmonary 
consolidation in AP (3,4,17,18), but none performed 
quantitative evaluation except for Liu et al. (4). However, 
the scanning range of CT imaging in their study did not 
include the whole chest. To our knowledge, ours is the first 
study to evaluate and predict the severity of AP with semi-
quantitative pleural effusion and pulmonary consolidation 
by using chest CT.

The  p l eura l  e f fu s ion  vo lume  and  pu lmonary 
consolidation scores had a higher correlation with the CTSI 
and BISAP scores than those of APACHE II scores and 
the length of hospitalization. However, Liu et al. (4) found 
the pleural effusion/thoracic thickness and pulmonary 
consolidation/thoracic thickness on CT strongly correlated 
to EPIC and BISAP scores, and moderately correlated to 
APACHE II scores and CTSI scores. The reasons for this are 
as follows: (I) pleural effusion and pulmonary consolidation 
reflect the thoracic changes, while CTSI focuses on the 
local pancreatic condition. There are some anatomical 
channels between the thorax and the abdomen (5). So the 
inflammation of the pancreas and surrounding areas may 
go into the chest along these anatomical pathways; (II) 
the BISAP score was calculated by pleural effusion and 
other methods (10); (III) the APACHE II scores directly 
focus on the overall manifestation of the patients (9); 
(IV) the days of hospital stay duration may not accurately 
represent morbidity because other factors may prolong 
the length of stay (22). Therefore, the pleural effusion 
volume, pulmonary consolidation scores, and the above 
three scoring systems can be correlated, and thus be used to 
evaluate the AP severity from different aspects.

Previous studies have compared the prevalence of pleural 
effusion in mild AP with that in severe AP and reported 
that pleural effusions are observed most often in severe 
AP (4,23). Maringhini et al. (19) used ultrasonography and 
multivariate analysis to demonstrate that pleural effusion is 
an accurate, independent predictor of severity. Liu et al. (4)  
compared the ratios of pulmonary consolidation with 
thoracic thickness on CT between mild and severe AP 
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and indicated that bilateral pulmonary consolidation can 
indicate severe AP. However, they classified AP into 2 
degrees of severity: severe and mild. According to the 2012 
revised Atlanta classification, AP was defined into 3 degrees: 
mild, moderately severe, and severe AP. Raghu et al. (18)  
claimed the development of consolidation correlates with 
the occurrence of respiratory failure. Based on the 2012 
revised Atlanta classification, our results revealed that 
pleural effusion volume and consolidation pulmonary lobes 
are highly correlated with the occurrences of severe AP 
and organ failure in the early stage, and that they have the 
accuracy to CTSI, APACHE II, and BISAP scores. This is 
the first study to predict the occurrences of the severe AP 
and organ failure with semi-quantitative pleural effusion 
and pulmonary consolidation by using chest CT.

We found that pleural effusion volume and consolidation 
pulmonary lobes demonstrated a moderate correlation 
with the severity of organ failure, and no significant 
differences were present in the pleural effusion volume 
and consolidation pulmonary lobes between transient and 
persistent organ failure. Huang et al. (13) revealed that the 
exudation of pleural effusion increased within 1 week but 
declined at time intervals of within 2 weeks and longer. 
The early phase of AP lasts 1 week, and the severity of 
AP primarily depends on the presence and duration of 
organ failure due to a systemic inflammatory response (2).  
Dombernowsky et al. (12) suggested that acute lung injury 
is possibly, associated with systemic inflammation. So, 
the duration of organ failure is related to the duration of 
systemic inflammation and not the presence of pleural 
effusion and pulmonary consolidation. In this study, we also 
discovered that the increased pleural effusion volume and 
pulmonary consolidation scores were associated with the 
occurrence of death.

In addition to these promising findings, some limitations 
to this study should also be addressed. Firstly, there was a 
variable interval between CT examination and the onset of 
AP. The variation of the interval can influence the change 
of CTSI. To minimize the variation of the interval, the CT 
scan was performed within 48 hours of admission. Secondly, 
the APACHE II score was obtained from several nurses and 
physicians. However, the calculation of the APACHE II 
score by different professionals might have led to variations 
between the different observers (9,24). However, this 
variation had little influence on the evaluation of pleural 
effusion and pulmonary consolidation from the CT imaging 
and on the main conclusions of the study.

Conclusions

In summary, pleural effusion and pulmonary consolidation 
in the CT imaging of AP patients could be commonly 
observed and thus are correlated to the severity of AP. 
The volume of pleural effusion and the lobe number of 
pulmonary consolidations can act as early predictors of 
severe AP and organ failure.
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