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Abstract

Background

Respiratory failure worsens the outcome of acute pancreatitis (AP) and underlying factors

might be early detectable.

Aims

To evaluate the prevalence and prognostic relevance of early pleuropulmonary pathologies

and pre-existing chronic lung diseases (CLD) in AP patients.

Methods

Multicentre retrospective cohort study. Caudal sections of the thorax derived from abdomi-

nal contrast enhanced computed tomography (CECT) performed in the early phase of AP

were assessed. Independent predictors of severe AP were identified by binary logistic

regression analysis. A one-year survival analysis using Kaplan-Meier curves and log rank

test was performed.

Results

358 patients were analysed, finding pleuropulmonary pathologies in 81%. CECTs were per-

formed with a median of 2 days (IQR 1–3) after admission. Multivariable analysis identified

moderate to severe or bilateral pleural effusions (PEs) (OR = 4.16, 95%CI 2.05–8.45,

p<0.001) and pre-existing CLD (OR = 2.93, 95%CI 1.17–7.32, p = 0.022) as independent
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predictors of severe AP. Log rank test showed a significantly worse one-year survival in

patients with bilateral compared to unilateral PEs in a subgroup.

Conclusions

Increasing awareness of the prognostic impact of large and bilateral PEs and pre-existing

CLD could facilitate the identification of patients at high risk for severe AP in the early phase

and thus improve their prognosis.

Introduction

Acute pancreatitis (AP) is one of the most frequent reasons for hospital admissions due to gas-

trointestinal diseases with increasing incidence and remains to be a major clinical and eco-

nomic burden for health care systems in industrialised countries [1–3].

Three severity grades depending on the development and duration of organ failure and

local or systemic complications are distinguished according to the revised Atlanta Classifica-

tion. Particularly severe AP with infected pancreatic necrosis is associated with high mortality

rates [4]. Furthermore, AP can be divided into an early and late phase. The early phase usually

lasts for about one week and is characterised by systemic inflammatory response syndrome

(SIRS), whereas the late phase is defined as persistent systemic inflammation or by local com-

plications [4].

Organ failure can manifest in different systems, whereas respiratory failure is particularly

common and associated with increased in-hospital mortality [5–7]. Previous studies suggested

that chest pathologies such as pleural effusions and pulmonary infiltrations, detected radio-

graphically in the first 24 hours of AP, might be associated with a necrotising course of AP and

increased mortality risk [8–10]. Pleural effusions, detectable in chest radiography, are included

in the BISAP- and PANC 3-Score, predicting in-hospital mortality or severity of AP, respec-

tively [11, 12]. However, all existing scores show modest accuracy in predicting worse outcome

[13]. As such, in order to improve the scoring systems, it will be necessary to identify new pre-

dictors or to specify the existing ones more accurately.

Due to the prognostic relevance of respiratory failure, this study aims to investigate the

occurrence of early pleuropulmonary pathologies detected in contrast enhanced computed

tomography (CECT) of patients with AP. Furthermore, these findings and pre-existing pulmo-

nary comorbidities are evaluated as independent predictors for the development of severe AP

to enable more accurate early identification of these patients in the future.

Methods

Data collection

In total, data of 395 patients hospitalised with AP in the period from January 2010 to Decem-

ber 2018 from seven European centres were screened for eligibility. Only patients with their

first episode of AP, absent chronic pancreatitis and CECT imaging performed in the early

phase of AP were included. Patients of this study have also partly been reported in two recent

publications with distinct outcomes [14, 15]. After the screening process, 358 patients were

included in the study (S1 Table), whereas 37 patients were excluded for the following reasons:

underlying chronic pancreatitis or preceding episodes of AP (n = 17) or no CECT imaging in

early phase of AP (n = 20). AP was diagnosed following guideline recommendations if at least

two of the following three criteria were met: 1. acute abdominal pain, 2. increased serum
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amylase/ lipase level (elevated�3 times of the upper limit) or 3. characteristic morphological

findings of AP in imaging [16].

The clinical data were collected from patient files at each centre, coded and transferred as

fully anonymised data for analysis. The 1-year survival rate was only available for the centre of

Halle, Germany. The ethics committee of the Martin-Luther-University Halle-Wittenberg pro-

vided ethical approval on the 17th of February 2021 (Number: 2021–037). The study was also

approved previously by all local institutional review boards of participating centres (Kaunas

Regional Biomedical Research Ethics Committee; Regional ethics committee at Lund Univer-

sity (2009/415); East Tallinn Central Hospital Research committee (1.1-19/48-12); Comitè Ètic

d’Investigació Clı́nica (CEIC)—Parc de Salut MAR (2013/5069/I); Ethics Committee of the

HUS Hospital district, Finland; Local ethics committee of the University Hospital for Emer-

gency Medicine “Pirogov”, Bulgaria) [14, 15]. According to their decisions, gaining informed

consent was not required due to the retrospective character of this study.

Pleuropulmonary changes

To evaluate pleuropulmonary changes, caudal sections of the thorax captured on CECT of the

abdomen were analysed. Thorax CECTs were additionally screened for pathologies, when

available. Images were analysed with the programmes PACS (Picture Archiving and Commu-

nication System, Dedalus Healthcare Systems Group, Florence, Italy) and InVesalius 3.1 (Cen-

tro de Tecnologia da Informação Renato Archer, Campinas, SP, Brazil). The CECT scans were

reviewed (I.L.) and findings subsequently verified by an experienced radiologist (J.D.) and pul-

monologist (S.E.) regarding the following findings: presence of pleural effusions (PEs) includ-

ing localisation and amount, presence of dystelectases and/ or pleural contrast enhancement

and elevation of the diaphragm on the left side. Elevation of the hemidiaphragm was analysed

by comparing the height of the left and the right portion. Fig 1 shows exemplary pleuropul-

monary findings and illustrates how the amount of PE was determined.

For this purpose, the area dorsal to the midline of the thorax was divided into three parts

with similar size. PE was classified as “low” if it remained dorsal line 2, “moderate” if it was

exceeding line 2, but not line 3 and “severe” if it was exceeding line 3. This pleural fluid quanti-

fication method was adopted from the study of Lo Gullo et al., in which grading of pleural

fluid on postmortem transverse CT images correlated significantly with the volume of pleural

fluids on autopsy [17].

Statistical analysis

The collected data was analysed using SPSS statistics software version 27 (IBM Inc., Armonk,

NY, USA). Categorical variables were reported as frequency, percentages and continuous vari-

ables as median with interquartile range (IQR Q1 –Q3). Independent samples were compared

applying the Mann-Whitney U or Pearson’s chi-square test, as appropriate. To identify inde-

pendent predictors of severe AP, potential variables with significant associations were identi-

fied in univariable analysis. A two-sided p-value <0.05 was considered statistically significant.

All variables showing a p-value <0.05 in univariable analysis were included in a multivariable

regression model, in which variables were selected by forward elimination. In addition, to

compute adjusted odds ratios, all variables significant in univariable analysis were included in

a regression model together with age and gender using the full model approach. Because sev-

eral variables describing PEs were significantly associated, the most significant variable (i.e.

combination of localisation and amount) was included. Survival analysis was performed using

Kaplan-Meier curves and log-rank test.
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Results

Patient characteristics

In total, 358 patients from seven European centres were enrolled in this study. The baseline

characteristics are shown in Table 1. A majority of the patients (165/358, 46.1%) developed a

moderately severe AP, whereas 41.1% (147/358) had a mild and 12.8% (46/358) a severe dis-

ease course according to the revised Atlanta Classification [4]. S1 Table summarises the differ-

ent study centres with their respective proportion of recruited patients. AP was most

commonly caused by biliary obstruction (132/358, 36.9%), followed by alcohol consumption

(115/358, 32.1%). A pre-existing chronic lung disease (CLD), such as chronic obstructive lung

disease (COPD), asthma, interstitial or emphysematous lung pathologies was documented in

31 cases (31/358, 8.7%).

As complication of AP, 23.5% (84/358) of the patients showed cardiovascular, respiratory

or renal failure, of which 54.8% (46/84) had persistent (>48h) and 45.2% (38/84) transient

(<48h) organ failure. 34 (9.5%) patients required artificial (invasive and non-invasive) ventila-

tion. The overall in-hospital mortality was 5.6% (20/358). Patients with severe AP had a higher

in-hospital mortality (16/46, 34.8%) than patients with mild (1/147, 0.7%) or moderately severe

AP (3/165, 1.8%).

Fig 1. Exemplary representation of CECT imaging (mediastinal window) with unilateral dystelectasis (green) and

severe, bilateral pleural effusions (red). Pleuropulmonary changes were analysed in the caudal sections of the thorax

captured on the abdominal CECT (contrast enhanced computed tomography) scan. Thorax CECTs were additionally

screened for pathologies, if available. The size of pleural effusions was determined in the transverse plane of the lung and

mediastinal window. The area dorsal the midline of the thorax was divided into three parts similar in size (blue lines).

Pleural effusions were classified as “low” if they remained dorsal line 2, as “moderate” if exceeding line 2, but not line 3

and as “severe” if exceeding line 3.

https://doi.org/10.1371/journal.pone.0263739.g001
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Early pleuropulmonary findings in acute pancreatitis

The median time between CECT imaging and admission was 2 days (IQR 1–3), with no signif-

icant differences between the severity groups (Table 2). In total, 81% (289/358) of all patients

showed pleuropulmonary changes in CECT imaging (Fig 2). 76.3% of the patients showed

dystelectases (273/358, 76.3%), from which 90.5% (247/273) were bilateral. More than half of

Table 1. Baseline characteristics of the study population (n = 358).

Severity of acute pancreatitis (n = 358) †

Total Mild Moderately severe Severe

n = 358 (100.0%) n = 147 (41.1%) n = 165 (46.1%) n = 46 (12.8%)

Gender (%)

• Female 146 (40.8) 56 (38.1) 71 (43.0) 19 (41.3)

• Male 212 (59.2) 91 (61.9) 94 (57.0) 27 (58.7)

Age (years)� 58 (45–72) 62 (48–73) 55 (42–67) 62 (47–76)

Aetiology (%)

• Biliary 132 (36.9) 60 (40.8) 60 (36.4) 12 (26.1)

• Alcohol 115 (32.1) 40 (27.2) 62 (37.6) 13 (28.3)

• Idiopathic 75 (20.9) 31 (21.1) 34 (20.6) 10 (21.7)

• Others�� 36 (10.1) 16 (10.9) 9 (5.5) 11 (23.9)

BMI (kg/m2)� 28.0 (24.8–31.3)1 27.7 (24.7–30.8)2 28.6 (25.6–32.0)3 27.5 (24.5–31.1)4

CLD (%)

• No 324 (90.5) 134 (91.2) 154 (93.3) 36 (78.3)

• Yes 31 (8.7)5 12 (8.2)6 11 (6.7) 8 (17.4)7

Ventilation (%)

• No 323 (90.2) 146 (99.3)9 161 (97.6) 16 (34.8)

• Yes 34 (9.5)8 - 4 (2.4) 30 (65.2)

Organ failure (%)

• No 274 (76.5) 147 (100.0) 127 (77.0) -

• Yes 84 (23.5) - 38 (23.0) 46 (100.0)

• Transient 38 (10.6) - 38 (23.0) -

• Persistent 46 (12.8) - - 46 (100.0)

In-hospital mortality (%)

• No 338 (94.4) 146 (99.3) 162 (98.2) 30 (65.2)

• Yes 20 (5.6) 1 (0.7) 3 (1.8) 16 (34.8)

Abbreviations: BMI = Body Mass Index, CLD = Chronic Lung Disease (chronic obstructive pulmonary disease, asthma, fibrosis or emphysema)

† According to the revised Atlanta classification

� Median (IQR)

�� Others: Post-ERCP pancreatitis, autoimmune pancreatitis, pancreatitis due to lipid metabolic disorders or medication

Missings:
1 60 (16.8%)
2 30 (20.4%)
3 27 (16.4%)
4 3 (6.5%)
5 3 (0.8%)
6 1 (0.7%)
7 2 (4.3%)
8 1 (0.3%)
9 1 (0.7%)

https://doi.org/10.1371/journal.pone.0263739.t001
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the patients showed PEs (195/358, 54.5%). PEs also appeared mostly bilateral (150/195,

76.9%). If unilateral (45/195, 23.1%), PEs occurred particularly in the left pleural cavity (36/45,

80%). If PEs were prevalent, the amount was classified as low, moderate or severe in 48.2%

(94/195), 30.3% (59/195) and 21.5% (42/195) of the cases, respectively. Pleural enhancement

and an elevated left diaphragm was found in 12% (44/358) and 10% (35/358) of the patients,

respectively. Overall, the occurrence of pleuropulmonary changes increased with the severity

of AP. For example, PEs were found in 35%, 65% and 76% in mild, moderately severe and

severe AP, respectively.

Table 2. Early pleuropulmonary findings in patients with acute pancreatitis (n = 358).

Severity of acute pancreatitis (n = 358) †

Total Mild Moderately severe Severe

n = 358 (100.0%) n = 147 (41.1%) n = 165 (46.1%) n = 46 (12.8%)

Timing of CECT

after admission (days)� 2 (1–3) 2 (1–3) 2 (1–4) 2 (1–3)

Pleural effusion (%)

• None 163 (45.5) 95 (64.6) 57 (34.5) 23.9)

• Total 195 (54.5) 52 (35.4) 108 (65.5) 76.1)

• Bilateral 150 (41.9) 31 (21.1) 88 (53.3) 67.4)

• Unilateral 45 (12.6) 21 (14.3) 20 (12.1) (8.7)

• Right 9 (2.5) 6 (4.1) 3 (1.8) (0.0)

• Left 36 (10.1) 15 (10.2) 17 (10.3) 4 (8.7)

Amount of pleural effusion (%)

• None 163 (45.5) 95 (64.6) 57 (34.5) 23.9)

• Low 94 (26.3) 39 (26.5) 43 (26.1) 26.1)

• Moderate 59 (16.5) 6 (4.1) 41 (24.8) 26.1)

• Severe 42 (11.7) 7 (4.8) 24 (14.5) 11 (23.9)

Dystelectasis (%)

• None 85 (23.7) 52 (35.4) 30 (18.2) (6.5)

• Total 273 (76.3) 95 (64.6) 135 (81.8) 93.5)

• Bilateral 247 (69.0) 76 (51.7) 129 (78.2) 91.3)

• Unilateral 26 (7.3) 19 (12.9) 6 (3.6) (2.2)

• Right 12 (3.4) 9 (6.1) 3 (1.8) (0.0)

• Left 14 (3.9) 10 (6.8) 3 (1.8) 1 (2.2)

Pleural enhancement (%)

• None 314 (87.7) 135 (91.8) 141 (85.5) (82.6)

• Total 44 (12.3) 12 (8.2) 24 (14.5) (17.4)

• Bilateral 32 (8.9) 6 (4.1) 19 (11.5) (15.2)

• Unilateral 12 (3.4) 6 (4.1) 5 (3.0) (2.2)

• Right 4 (1.1) 1 (0.7) 3 (1.8) (0.0)

• Left 8 (2.2) 5 (3.4) 2 (1.2) 1 (2.2)

Elevated left diaphragm (%)

• No 323 (90.2) 129 (87.8) 153 (92.7) 89.1)

• Yes 35 (9.8) 18 (12.2) 12 (7.3) 5 (10.9)

Abbreviations: CECT = Contrast Enhanced Computed Tomography

† According to the revised Atlanta classification

� Median (IQR)

https://doi.org/10.1371/journal.pone.0263739.t002
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Pleuropulmonary predictors of severe acute pancreatitis

To identify possible predictors of severe AP, the study population was divided into patients

with mild and moderately severe (n = 312) versus patients with severe AP (n = 46) (S2 Table)

[4]. There were no significant differences in age (57 vs. 62 years (median), p = 0.187), gender

(female: 40.7% vs. 41.3%, p = 1.0) or BMI (28.1 vs. 27.5 (median), p = 0.36) between those

groups. Univariable analysis showed that the presence of PEs itself, a moderate or severe

amount, a bilateral localisation of PEs or a combination variable (presence of bilateral PEs or

moderate to severe amount of PEs) were associated with severe AP (S2 Table). Moreover, the

presence of bilateral dystelectases (p<0.001) or a known chronic lung disease (CLD, p = 0.036)

also showed an association with severe AP. Next, the multivariable analysis was performed

with two different approaches. All significant variables were included in a forward elimination

Fig 2. Distribution of early pleuropulmonary findings in CECT imaging from patients with acute pancreatitis (n = 358). Proportions of all

pleuropulmonary findings in the study population with subdivisions into the different grades of acute pancreatitis (AP) are depicted in (a). The median

timing of CECT imaging was 2 days after admission. Graphs (b) and (c) show the detailed localisation and severity of pleural effusions (PEs) and (d) the

distribution of dystelectases. In total, 81% (289/358) of patients had pleuropulmonary changes in CECT imaging and the occurrence mostly increased with

severity of AP, e.g. approximately one-third of patients with mild AP showed PEs (52/147, 35%), whereas PEs appeared in 76% (35/46) in patients with

severe AP. In most cases (273/358, 76%) the detected findings were dystelectases. More than 90% (247/273, 91%) of dystelectases appeared bilateral. Pleural

enhancement was found in 12% (44/358) and an elevation of the left diaphragm in 10% (35/358). More than half of the patients had PE (195/358, 54%), that

was mostly (150/195, 77%) bilateral. If unilateral, PE was observed particularly in the left pleural cavity (36/45, 80%). When PE was prevalent, its amount was

classified as low, moderate or severe in 48% (94/195), 30% (59/195) and 22% (42/195) of the cases, respectively.

https://doi.org/10.1371/journal.pone.0263739.g002
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model which showed that known CLD (OR = 2.927, 95% CI 1.171–7.319, p = 0.022) and mod-

erate to severe or bilateral PEs (OR = 4.163, 95% CI 2.052–8.448, p<0.001) were independent

predictors for severe AP (Table 3). Additionally, a full model approach was used to obtain age

and gender adjusted odds ratios (aOR). Here, known CLD (aOR = 2.582, 95% CI = 1.014–

6.578, p = 0.047) and moderate to severe or bilateral PEs (aOR = 3.027, 95% CI = 1.405–6.521,

p = 0.005) were again identified as independent predictors for severe AP.

One-year survival

Survival data was only available for the subpopulation from the centre of Halle, Germany

(n = 90). During the one-year follow up 16 patients died (16/90, 17.8%). The aetiology was bili-

ary obstruction in four patients, alcohol consumption in three, idiopathic in four and other

causes (e.g. post-ERCP, autoimmune, medication) in five patients. Of the 16 patients, severity

according to the revised Atlanta classification was classified as severe in ten and as moderately

severe or mild in three patients, respectively. Overall, the median time to death after admission

was 104 days (IQR 11–174). Survival data represent the all-cause mortality, information about

the specific cause of death was not available.

Kaplan–Meier analysis and log rank test were performed for patients with none or unilat-

eral PEs (n = 59) versus patients with bilateral PEs (n = 31, Fig 3). While there was no differ-

ence in 30d mortality (p = 0.4), log rank test showed a significant worse one-year survival in

patients with bilateral PEs. 11.9% (7/59) of patients with none/ unilateral PE and 29% (9/31)

with bilateral PEs died during 12 months of follow up (p = 0.04).

Moreover, independent predictors of severe AP identified in multivariable analysis demon-

strated a tendency of worse one-year survival in log rank test (“known CLD” vs. “no CLD”,

p = 0.07 and the subgroup of “moderate to severe or bilateral PEs” vs. “none, mild or unilateral

PEs”, p = 0.07).

Table 3. Predictors of severe acute pancreatitis: Multivariable analysis (n = 358).

Severe AP † (full model approach) Severe AP † (forward elimination)

aOR p-value 95% CI OR p-value 95% CI
Gender

• Female 1 (ref)

• Male 1.005 0.990 0.504–2.002 - - -

Age

• <60 years 1 (ref)

•�60 years 1.045 0.898 0.533–2.051 - - -

Known CLD

• No 1 (ref) (ref)

• Yes 2.582 0.047 1.014–6.578 2.927 0.022 1.171–7.319

Dystelectasis

• None/unilateral 1 (ref)

• Bilateral 2.673 0.092 0.852–8.392 - - -

Pleural effusion localisation and amount (%)

• None/mild/Unilateral 1 (ref) (ref)

• Severe/moderate/bilateral 3.027 0.005 1.405–6.521 4.163 <0.001 2.052–8.448

Abbreviations: CLD = Chronic Lung Disease (chronic obstructive pulmonary disease, asthma, fibrosis or emphysema), CI = Confidence Interval, OR = Odds Ratio,

aOR = adjusted Odds Ratio, ref = reference

† According to the revised Atlanta classification; Severity was dichotomised into severe versus mild and moderately severe acute pancreatitis.

https://doi.org/10.1371/journal.pone.0263739.t003
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Compared to the patients for whom survival data was not available (n = 268), there were no

significant differences in age, BMI and the severity of the pancreatitis. However, the subgroup

from Halle contained significantly more male patients (64/90 (71%) vs. 148/268 (55%),

p = 0.008), the aetiology of the pancreatitis was less frequently alcohol (20/90 (22%) vs. 95/268

(35%), p = 0.02) and there were more CLD prevalent (15/90 (17%) vs. 16/268 (6%), p = 0,002).

Discussion

To predict the outcome in AP there is still a deficiency in reliable parameters or scores. As

such, this international, multicentre, retrospective study with a large set of patients aimed to

investigate pleuropulmonary pathologies on CECT in the early phase of AP, which might be

used for severity prediction in the future. In our cohort, pleuropulmonary pathologies were

found frequently and in particular bilateral and larger PEs correlated with a more severe

course of the disease.

Overall, pleuropulmonary changes were detected in more than 80% of our patients and

thus more often compared to previous reports, where the prevalence ranged from 14 to 48%

[7, 8, 18–21]. Most of the former studies, however, analysed chest X-rays instead of CECTs,

which are less sensitive in detecting pleuropulmonary pathologies [22]. Furthermore, the

Fig 3. Bilateral pleural effusions in the early phase of acute pancreatitis are associated with worse one-year survival. Kaplan–

Meier curves of patients with none or unilateral pleural effusions (PEs) (n = 59) versus patients with bilateral PEs (n = 31) in the

early phase (median 2 days after admission) of acute pancreatitis (AP) are shown. Survival data was only available for a subgroup

of patients (study centre Halle, Germany, n = 90). Hospitalised patients with AP were followed up for one year after admission.

Overall, 16 patients (18%) died during follow up. Of patients with none/ unilateral PEs 12% (7/59) died, whereas 29% (9/31) of the

patients with bilateral PEs died. Log rank test showed significant worse one-year survival in the group of patients with bilateral PEs

compared to none/ unilateral PEs (p = 0.04).

https://doi.org/10.1371/journal.pone.0263739.g003
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presence and amount of PEs in the early phase of AP increases over time and consequently

measurements at earlier time points in former studies might also explain the divergent results

[23]. Lastly, a different proportion of patients with severe AP in the reports with lower preva-

lence of pleuropulmonary findings could also explain discordant data, as we and others

showed that these findings are more common in the severe disease course [10]. A recent single

centre study of 309 consecutive AP patients analysed CECTs performed within the first two

days after symptom onset and reported an occurrence of PEs and pulmonary consolidations in

40% and 48%, respectively, a finding closer to the prevalence rates observed in our cohort [18].

Consistent with our findings, increased PE volume and pulmonary consolidation were signifi-

cantly associated with occurrence of severe AP and organ failure, but no multivariable analysis

was performed in this study.

As such, our data showed for the first time that bilateral and/ or moderate to severe

amounts of PEs, detected in the early phase of AP, are independent predictors of severe AP,

whereas other observations like pleural enhancement or an elevated left hemidiaphragm are

not.

The presence of PEs was identified as a predictor in former works and this variable was

included in prognostic tools such as the Panc3 and the BISAP score [12, 24]. Of note, for the

Panc3 score, the presence of PEs in the retrospective validation cohort of 238 patients was

determined via chest X-ray, whereas the BISAP index was based on a large population-based

database comprising >30.000 patients with AP, where PEs from both chest X-ray or CECT

were noted. Although the correlation of PEs with severity in AP may be strong in general, a

prospective comparison of existing prognostic scores revealed modest accuracy in predicting

persistent organ failure at admission with areas under the curve ranging from 0.57 to 0.72 [13].

Here, our findings suggest that PEs should be differentiated with regard to their prognostic sig-

nificance, as the presence of PEs in itself was no independent risk factor of severe AP. Thus,

small and unilateral PEs can probably be neglected and should not be included in prognostic

scores and a more specific inclusion of “predictive” PEs (i.e. bilateral and larger PEs) might

improve prognostic accuracy. In line with our results, Peng and colleagues have shown, that

the accuracy of the PE volume alone in predicting severe AP was comparable to the APACHE

II and BISAP scores [18].

Our results also reveal that a known chronic lung disease (e.g. chronic obstructive pulmo-

nary disease or asthma) is an independent predictor of severe AP in multivariable analysis.

Except for APACHE II, this variable is not included in any other prognostic score used for AP

patients, and has not been reported often yet. Recently, He and co-authors investigated risk

factors of moderately severe and severe AP in elderly patients (�60 years) and identified pre-

existing pulmonary disease (OR 7.1) besides known predictors such as increased haematocrit

level (OR 3.7) or PE (OR 5.0) to correlate with severity [25]. Because respiratory insufficiency

is the most common organ failure in AP, it seems to be particularly crucial for the prognosis

[5, 7, 25, 26].

Our observations are strengthened by another relevant endpoint, as we demonstrate in a

subpopulation of 90 patients that bilateral PEs were significantly associated with impaired

one-year survival in log rank test (p = 0.04). Noteworthy, there has also been a tendency for

the subgroup of moderate to severe or bilateral PEs (p = 0.07) and CLD (p = 0.07) that however

did not reach statistical significance most likely due to the small sample size investigated. Simi-

larly, Dombernowsky et al. have shown, that AP patients with respiratory failure had an

increased 30-day mortality [7]. Independent predictors of respiratory failure were age and a

history of smoking, whereas an association with chronic obstructive lung disease was found in

univariable, but not in multivariable analysis in this study.
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The underlying pathophysiology for respiratory impairment in AP might be systemic

inflammation that leads to a release of vasoactive and pro-inflammatory substances promoting

an increasing permeability of the lung barrier with leakage of fluid into the alveolar spaces [7].

This respiratory impairment might additionally be exacerbated by pleuropulmonary patholo-

gies, such as larger or bilateral PEs, with respiratory failure as consequence leading to a more

severe individual course of the disease. Otherwise, the development of PEs may be related to

an increased capillary permeability of the pleura induced by inflammatory processes in close

proximity to the diaphragm, so that proteolytic enzymes from the pancreatic secretion may

even harm the lung directly [21, 27]. Here, pancreaticopleural fistula may also cause severe

effusions in AP patients [28]. Although, several concepts for the development of pleuropul-

monary pathologies in AP have been postulated, further research is needed to increase under-

standing of the underlying mechanisms.

Our study comes along with several limitations that are to a large extent due to its retrospec-

tive nature. First, there might be a substantial selection bias, as only hospitalised patients with

a CECT in the early phase of the disease were included. This selection might result in overrep-

resentation of severe AP cases in our study population and thereby overrate numbers of pleur-

opulmonary findings. Next, cranial sections of the abdominal CECT were analysed in most

cases and consequently pleuropulmonary pathologies in the apical parts of the lungs were not

recorded. As no imaging was performed before the episode of AP, it is elusive whether pleuro-

pulmonary pathologies were newly acquired or pre-existing. Due to the retrospective data

acquisition from patient files, probably not all previously known chronic lung diseases have

been included. Furthermore, only the date of hospital admission was recorded and therefore

the timing of the CECT related to symptom onset could not be specified. Finally, regarding

survival analysis, as the data was only available for a subgroup of patients the results might not

be representative for the entire cohort.

One of the relevant findings reported in our cohort is, that in contrast to unilateral and

small PEs, bilateral and moderate to severe PEs are independent predictors of severe AP. Addi-

tionally, patients with a known CLD are at increased risk and as such need close surveillance.

The implementation of these variables in prognostic scores could improve their predictive

accuracy, which should be tested in prospective studies. For the diagnosis and classification of

PEs, the abdominal CECT seems practical, however, ultrasound is more readily available, safe,

fast, and almost equivalent in terms of diagnostic accuracy [22]. As a consequence, one might

suggest assessing PEs by ultrasound in the early phase of AP routinely to substantiate the risk

of a severe disease course. In addition, there may be therapeutic implications to improve the

outcome: A consequent screening and drainage of larger PEs may reduce the rate of respira-

tory failure, however robust data in this regard is lacking and could be addressed by further

investigations.

In summary, larger and bilateral PEs, detected in the early phase of AP and pre-existing

CLD are independent predictors of a severe disease course. In addition, patients with bilateral

PEs show a significant worse one-year survival. The proposed impact of these pathologies on

the severity of AP seems substantial, but needs to be investigated in larger prospective studies,

that also evaluate the prognostic capacity of the correlations.
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