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I. Introduction 

 

Acute pancreatitis (AP) is an inflammatory process that affects the pancreas and extra-pancreatic 

tissue. Alcohol and gallstones are the most common causes of acute pancreatitis and account for 

40-50% of cases.1,2 Gallstones are more often found in women and alcohol in middle-aged men.2 

Other causes are drugs, endoscopic retrograde cholangiopancreatography (ERCP), hypercalcemia, 

hypertriglyceridemia, infection, genetics, autoimmune diseases and (surgical) trauma.2 

 

AP is one of the most common gastrointestinal causes for hospitalization.3 In addition, its 

incidence is increasing worldwide, which has a significant impact on health systems.4,5 For 

example, it represents an estimated annual cost of approximately $2.6 billion in the United States 

alone.6 

 

At the 1992 Atlanta symposium, AP was divided into two groups, "mild" and "severe", based on 

clinical and biochemical findings.7 In 2012, this classification was revised and a new 

morphological classification was established on the basis of imaging results.8,9 AP has been 

divided into two groups: "edematous interstitial pancreatitis" and "necrotizing pancreatitis". This 

revised classification identifies two phases of the disease: "early" and "late". In addition, the 

severity of the disease has been classified as mild, moderate or severe depending on the absence 

or presence of organ failure, collections and decompensation of comorbidity.8 Severe AP was 

defined as persistent organ failure for more than 48 hours.  

Most patients develop mild AP with limited involvement and usually resolve within a week.  

Approximately 20% of patients develop moderate to severe AP, with necrosis of pancreatic or 

peripancreatic tissue, organ failure, or both, and a significant mortality rate ranging from 35% to 

50%.10,11,12  
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The first two weeks of AP are defined as an "early" phase with a pro-inflammatory response 

resulting in a systemic inflammatory response syndrome (SIRS). If the SIRS is severe, it can lead 

to an early multiple organ dysfunction syndrome (MODS). Then, the "late" phase is a transition 

from a pro-inflammatory response to an anti-inflammatory response; the patient is at risk of 

translocation of the intestinal flora and the development of secondary infection of the necrotic 

tissue, which can lead to sepsis and late MODS.13 Pleuro-pulmonary complications are common 

in AP, and respiratory dysfunction, represented by acute lung injury (ALI) or acute respiratory 

distress syndrome (ARDS), is a major component of MODS, with frequent recourse to respiratory 

assistance.14  Other pleuro-pulmonary complications include arterial hypoxia, atelectasis, 

pneumonia, pleural effusion, but ARDS is the most serious consequence of lung involvement in 

AP.15 It is secondary to a significant systemic inflammatory response with increased permeability 

of the endothelial barrier, with leakage of protein-rich exudate to the alveolar space and interstitial 

tissues, compromising oxygenation and gas exchange.16 

 

The definition of ARDS was established at the Berlin Conference in 2012 and is based on several 

elements: aggravation of respiratory symptoms in less than a week, the presence of bilateral 

alveolar opacities on the X-ray which is not of cardiac origin and finally the PaO2/FiO2 ratio 

which also defines the severity.17 It should be noted that this definition is not the one used to define 

respiratory failure in AP. The Marshall score is used to define severity of pancreatitis and is based 

solely on the PaO2/FiO2 ratio8, so it includes all pulmonary complications.  

Indeed, ARDS is a secondary disorder to direct or indirect pulmonary aggression and is not specific 

to AP. It is also found in case of pneumonia, severe burns and sepsis, for example.18 It worsens the 

prognosis of patients and is linked to a significant mortality rate ranging from 35% to 46% 

depending on the severity (mild to severe).19  
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Over the years, knowledge about ARDS and therapeutics has evolved significantly. It has been 

proposed number of ventilatory interventions such as lower tidal volumes20 higher positive end-

expiratory pressure (PEEP)21 or adjunctive therapies as neuromuscular blockade22, prone 

positioning23 and finally extracorporeal membrane oxygenation (ECMO).24 These therapies apply 

regardless of the original etiology of ARDS. 

 

Prediction of ARDS still remains one of the most important challenges in critically ill patients. 

Various scoring systems have been developed to predict the development of ARDS in such 

critically ill patients.25,26 Very few studies have evaluated risk factors for prediction of ARDS in 

patients with AP and any score have been developed.27,28 To our knowledge, no study has 

specifically evaluated incidence of ARDS in AP. 

 

The main objective of this study was to determine the incidence of ARDS in patients with AP in 

intensive care unit (ICU). The secondary objectives were to determine the risk factors responsible 

for the development of ARDS and to assess the different therapies applied in ICU in case of AP 

with ARDS. 

 

II.  Materials and methods 

1. Study design  

 

We conducted a retrospective analysis of prospectively collected data of all patients with AP 

consecutively admitted to a 16-bed mixed medical-surgical adult ICU in a university teaching 

hospital between July 2009 and July 2020. 
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2. Inclusion criteria 

 

All consecutive patients with AP were included. AP was identified based on the Atlanta 

Classification revised in 2012.8 This required two of the following three criteria: 

- abdominal pain consistent with pancreatitis (either acute, severe, epigastric pain radiating 

into the back), 

- serum lipase activity (or amylase activity) at least three times greater than the upper limit 

of normal, 

- characteristic findings of AP on a computed tomography (CT) scan, preferably injected or 

another type of imaging (magnetic resonance imaging (MRI), transabdominal ultrasound). 

 

Only moderately severe or severe AP were considered8, defined as follows: 

- moderately severe if there was transient organ dysfunction (< 48 hours), and/or local 

complications and/or exacerbation of comorbidity, 

- severe if presence of one or more organ dysfunctions for more than 48 hours. 

In this case the presence of organ failure (OF) was assessed by modified Marshall scoring system 

(Appendix 1).8 

 

ARDS was identified based on the Berlin criteria consensus definition (17):  

- timing: onset within 1 week of a known clinical insult or new or worsening respiratory 

symptoms, 

- chest imaging: bilateral opacities, not fully explained by effusions, lobar/lung collapse or 

nodules, 

- origin of edema: respiratory failure not fully explained by cardiac failure or fluid overload.  

AP and ARDS diagnosis were retrospectively reviewed by two residents. 
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Were excluded from the analysis:  

- AP transferred from another ICU due to lack of data on complications. 

- Minor patients. 

3. Data collection 

 

All the data were collected retrospectively through the hospital's computer software. 

Characteristics of the patients at admission 

- Demographic parameters: age (years), weight (kg), height (cm), body mass index (BMI, 

kg/m²), 

- Medical history: current smoker, chronic alcoholism, hyperlipidemia, chronic obstructive 

pulmonary disease (COPD), heart failure, chronic respiratory disease, systemic arterial 

hypertension, coronary artery disease, chronic renal disease, diabetes mellitus, cirrhosis, 

- Simplified Acute Physiologic Score II (SAPS 2) and Sequential Organ Failure Assessment 

(SOFA) index was calculated at 24 hours after admission in ICU (appendix 3). 

Biological results in the first 48 hours of AP hospitalization (worst values)  

- Ionogram: natremia (mmol/L), kaliemia (mmol/L), calcemia (mmol/L), albumin (g/L), 

bicarbonate (mmol/L), 

- Renal: urea (mmol/L), creatinine (µmol/L), 

- Lactate (mmol/L), 

- Inflammatory: C-reactive protein (CRP, mg/L), procalcitonin (PCT, ng/L), 

- Hepatic: total bilirubin (mg/L), alanine aminotransferase (ALAT, international units 

(IU)/L), aspartate transaminase (ASAT, IU/L), gamma-glutamyl transferase (GGT, IU/L), 

alkaline phosphatase (ALP, IU/L),  

- Pancreatic: serum lipase (IU/L),  

- Hematological: prothrombin ratio (PR, %), factor V (FV, %), leukocytes (G/L), 

hemoglobin (g/dL) and platelets (/mm3). 
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Characteristics of AP 

- First attack of AP,  

- Interstitial edematous AP or necrotizing AP, presence of pancreatic or peripancreatic 

necrosis and Computed Tomography Severity Index (CTSI) score (appendix 4), 

- Severity of AP:  moderately severe or severe, 

- Complications of pancreatitis: infected pancreatic necrosis, venous or arterial thrombosis, 

- Surgical, radiological or endoscopic intervention. 

Characteristics of ARDS and therapeutics 

- Delay between pancreatitis and ARDS and the delay between hospitalization in ICU and 

ARDS, 

- Use of non invasive ventilation (NIV) defined as primary NIV if used before intubation or 

not and as secondary NIV if used after extubation, 

- Duration of primary and secondary NIV, 

- Use of invasive ventilation and its duration, 

- Arterial blood gas parameters of the first three days: PaO2 (mmHg), PCO2 (mmHg), pH, 

bicarbonates (mmol/L), 

- Ventilation parameters of the first three days: tidal volume (mL/kg), PEEP (cmH2O), 

respiration rate (RR), plateau pressure (cmH2O), 

- Use of adjunctive treatments: neuromuscular blockade, prone positioning, nitric oxide 

(NO), high frequency oscillation (HFO), tracheotomy. 

Main therapeutics used during 

- Vasopressor and duration of vasopressor support, 

- Renal replacement therapy (RRT), 

- Transfusion of Red Blood Cells (RBC), Fresh Frozen Plasma (FFP) and Platelets with the 

number of each, 

- Antibiotic therapy and antifungals and their classes, 
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- Use of patient-controlled epidural analgesia (PCEA), 

- Corticosteroid replacement therapy. 

- Type of feeding: enteral (NE) or parenteral (NPE) 

Outcomes 

- Stay in the ICU and in the hospital in days. 

- Mortality in ICU and in hospital. 

4. Statistical analysis 

 

First, a descriptive analysis was performed in overall AP. Second, two univariate analysis were 

done according to ARDS or not in patients with AP and according to severity of ARDS, reporting 

the variables descripted above (see data collection). Quantitative variables were expressed as mean 

[standard deviation (SD)] and compared using the Student t test or Wilcoxon test as appropriate 

(Gaussian or non-Gaussian variables). Qualitative variables were expressed as numbers (%) and 

compared using the chi-square test or Fisher test as appropriate. In case of missing values, the 

number of missing values was clearly stated for each variable, and no replacement method was 

used. 

Third, multivariate Cox regression was performed to assess the predictors of ARDS among 

patients with AP. Interactions between variables were tested. Age, SAPS II, SOFA score, 

comorbidities, and variables with p-value<0.20 in univariate analysis were a priori planned to be 

entered in the model, and a backward selection was performed to select the final model (p < 0.05 

to remain in the final model).29 For continuous variables, the best threshold for each variable was 

determined using the Youden index.30 Hazard ratio (HR) was provided for each variable included 

in the final model Kaplan Meier analysis was performed to determine the survival lifetimes in 

ICU, and a log-rank test was used to compare the two curves of  the variables found in the final 

multivariate Cox model.  
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The statistical analysis was performed with the help of statistical software: SAS and R (SAS, 

version 9.3, SAS Institute; Cary, NC and R, version 2.14.1). P value of 0.05 was considered 

statistically significant. 

III.  Results  

Patient selection 

 

 

From July 2009 to July 2020, 242 patients with AP were admitted in the ICU. After excluding 

pancreatitis patients who had an extended stay in another ICU and minor patients, the analysis was 

performed on 170 patients. Figure 1 presents the flow chart of the study. 

Incidence of ARDS 

 

 

Ninety ARDS (52%) were reported for all moderately severe and severe patients with AP. Among 

these 90 patients, there were 8 (9%) mild ARDS, 45 (50%) moderate ARDS and 37 (41%) severe 

ARDS. 

Characteristics of PA with ARDS or not  

 

 

Table 1 presents the clinical characteristics of the patients with AP, overall and according to the 

presence of ARDS or not. In case of ARDS, patients with AP had a higher BMI (29.2± 5.41 kg/m2 

vs 26.7±5.01 kg/m2, p<0.01) and were more treated for hyperlipidemia (38% vs 22%, p=0.031). 

When ARDS was associated with AP, patients were more severe with SAPS II score (58.5±18.7) 

and SOFA score (11.7 ±5.11) higher than without ARDS (31.5±13.5, p<0.001, and 4.67 ±3.43, 

p<0.001, respectively). There were no differences between patients with ARDS or not for age 

(62.1±14.5years vs 57.4±18.4) and gender (male sex 77%, 69 patients out of 90 vs 66%, 53 patients 

out of 80, p=0.13). The biological characteristics are presented on Table 2, according to the 

presence of absence of ARDS. There was no difference in serum lipase (2522 ±4521 IU/L vs 1992 
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IU/L ±3221, p=0.41). Regarding the markers of inflammation, there was no difference in CRP 

(p=0.11) but PCT was higher in case of ARDS (38 ±70.7 µg/L vs 12.9 ±28.2 µg/L, p=0.01). The 

liver function impairment reflected by PR (67±22.3% vs 57±28.0%, p=0.022) and FV (86±40.5% 

vs 59±38.1%, p=0.01) was significantly greater in patients with ARDS. 

In Table 3, there was a difference between patients with and without ARDS for vasopressors (80%, 

72 out of 90 patients vs 18%, 14 out of 80, p<0.001), RRT (39%, 35 patients out of 90 vs 5%, 4 

out of 80, p<0.001) and transfusion (68%, 61 patients out of 90 vs 19%,15 out of 80, p<0.001). 

Characteristics of pancreatitis according to the presence or absence of ARDS  

 

 

In Table 4, reporting the characteristics and complications of AP, overall and according to the 

presence of ARDS or not, ARDS was systematically present in case of severe AP (100%, p<0.001). 

The occurrence of ARDS was associated with the presence of necrotizing AP (63%, 57 patients 

out of 90 vs 38%, 30 patients out of 80, p<0.001) and with a higher CTSI score (6.08 ±2.96 vs. 

4.36 ±2.76, p<0.001). The etiology of pancreatitis did not differ between ARDS or not (Table 4). 

In terms of complications, the occurrence of infected pancreatic necrosis (30%, 27 patients out of 

90 vs. 8%, 6 patients out of 80 p<0.001) and venous thrombosis (36%, 32 patients out of 90 vs. 

19%, 15 out of 80, p=0.014) were more frequent in the case of ARDS (Table 4). 

In the therapeutic management of pancreatitis, there was more often a surgical intervention when 

ARDS was associated (30%, 27 patients out of 90 vs. 5%, 4 out of 80, p<0.01, Table 4). 

 

Ventilatory and therapeutic characteristics of patients with ARDS 

 

Table 5 evaluates the different ventilatory parameters and therapies according to the severity of 

ARDS. Ventilator management differed among the ARDS severity groups on the mean tidal 

volume: mild (7.83±1.68 mL/kg), moderate (7.31±1.15mL/kg) and severe (6.63±1.28mL/kg, 

p=0.01). There were 76 patients (91,4%) (Figure 2) with tidal volume under 8mL/kg. There was 
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no difference according to the severity of ARDS in set PEEP (p=0.14) and 77 patients (87%) 

received a PEEP of less than 12 cm H2O (Figure 3). 

The PaO2 (p<0.001, table 5) and pH (p<0.001, table 5) were significantly decreased in patients 

with increased ARDS severity category. There was no difference in PaCO2 (p=0.28, table 6). 

There was no significant difference in the use of adjunctive treatments (Table 5). The 

neuromuscular blockers were used in 53% (24 patients out of 45) of moderate ARDS and 54% (20 

patients out of 37) of severe ARDS. Prone position was used in 43% (16 patients out of 37) of 

cases in severe ARDS. 

Outcomes  

 

 

Table 6 and 7 described the outcomes. In patients with AP and ARDS, there was an increase in 

length of stay (21±33.4 days vs 6.8±6.14 days, p<0.001), mortality in ICU (48%, 43 patients out 

of 90  vs. 12%, 10 out of 80, <0.001) and hospitality mortality (51%, 46 patients out of 90 vs. 16%, 

out of 80, p<0.001)(Table 6). Figure 4 shows the Kaplan-Meier curves of ICU mortality. 

There was no significant difference in mortality in ICU (p=0.4) or in hospital (p=0.19), duration 

of invasive ventilation (p=0.41) or length of stay in ICU (p=0.12), according to ARDS severity 

(Table 7).  The length of stay in hospital decreased in patients with increased ARDS severity 

category (132 ±173 days vs 50.0±40.2 days vs 42.2 ±70.3 days, p=0.022). 

 

Multivariate Cox analysis 

 

 

After multivariate analysis, hyperlipidemia (HR=1.71 (95%CI, 1.1-2.62), p=0.0154), BMI> 

25kg/m2 (HR = 1.75 (95%CI, 1.085-2.93), p = 0.0271) and SOFA>6 (HR = 5.68 (95%CI, 3.3-

10.53), p<0.0001) were independently associated with ARDS onset in AP.  
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IV. Discussion 

 

In this retrospective study conducted in an ICU, ARDS appeared to represent an important 

complication of AP in ICU with an incidence of 52% (90 patients out of 170) and with a very high 

mortality of 51% in hospital. Our study is, to the best of our knowledge, the first one to assess the 

incidence of ARDS in AP, specifically in ICU. One major finding is that in AP, hyperlipidemia 

and overweight (BMI > 25kg/m2), defined by the World Health Organization (WHO) 

classification (annex 5), were associated with an increased risk of ARDS. 

First of all, therefore, when we look at our main result, we note a very high incidence of ARDS in 

pancreatitis, especially when the AP is severe (Table 1). Several pathophysiological explanations 

can help us to understand the reason for this. First, AP is associated with the activation of 

intracellular pancreatic enzymes such as trypsin, which are involved in the mediation of the SIRS. 

Trypsin, once activated, can damage the pulmonary vascular endothelium and thus increase its 

permeability.31 As a result, there is extravasation of fluids into the alveoli. The increase in alveolar 

fluid interferes with gas exchange, leading to refractory hypoxemia, which is an essential feature 

of ARDS. Second, several pro-inflammatory cytokines such as IL-1, IL-6, IL-8 and tumor necrosis 

factor-α (TNFα) are increased in AP and are involved in immune system activation, thereby 

promoting systemic inflammation.32 Sathyanarayan et al. measured serum levels of IL-1, IL-6, IL-

10, TNF α in the first few days in patients with AP. They found that by day 3 the level of IL-6 was 

significantly higher in patients with severe AP than in those with mild AP. Patients with organ 

failure also had higher IL-6 levels on day 3.33 In another study, combined IL-6 and IL-8 values 

greater than 251 pg/ml had 90% sensitivity and 100% specificity for predicting the development 

of ALI.27 Polymorphonuclear infiltration into the lungs results from disruption of immune 

activation (rat studies).34 Exposure of these neutrophils to various inflammatory mediators results 

in an increased immune response. Studies have also shown that IL-8, in the alveolar spaces of 

patients with ARDS, is a chemo-attractor and assists in the recruitment of neutrophils into the 
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lungs.35 The final step is neutrophil degranulation, which releases various substances that cause 

acute lung injury. 

In terms of the clinical characteristics of the patients, a greater proportion of men in the population 

of our study was observed, which is consistent with what is found in other studies (Table 1).10,36 

We have suggested that overweight was associated with ARDS development in patients with AP. 

That finding can be linked with the different results about obesity in ICU. Indeed, obesity has been 

shown to be a marker of poor prognosis, with visceral obesity in particular predisposing to the 

development of organ failure.37,38 Lipotoxicity and the presence of a greater volume of intra 

pancreatic adipocytes contribute to an increased inflammatory response.39 In a study published in 

2015, it was shown that this lipotoxicity was probably mediated by triglycerides. In the study they 

had shown that the higher was the level, the more severe and defective the pancreatitis was. This 

factor was independent and was adjusted in a multivariate analysis.40 The other explanation is that 

obese patients have chronic alterations of circulating inflammatory mediators from adipose tissue. 

They have higher levels of circulating cytokines (including IL-6 and TNFα), increased production 

of chemokines (including IL-8) and altered levels of adipocyte-produced hormones such as leptin 

and adiponectin.41 This is consistent with the fact that in our study a higher proportion of ARDS 

was found in patients with hyperlipidemia (38% vs 22%) (Table 1). 

It should be noted that regardless of acute pancreatitis, ARDS is more often found in patients with 

higher BMI. In a 2010 study published in Thorax, it was established that BMI was associated with 

ARDS in a multivariate analysis (OR 1.24 per SD increase; 95% CI 1.11 to 1.39).42 

BMI and hyperlipidemia are the two independent factors found in the multivariate analysis with 

the SOFA score. However, no other factors were found and it was not possible to make a predictive 

score for the risk of developing ARDS in AP because of too low sample size. Several scores exist 

to predict the risk of developing ARDS in any disease. The most widely used at present is the LIPS 
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(Lung Injury Prediction Score), which includes chronic alcoholism, obesity, hypoalbuminemia, 

according to FiO2, alcohol respiratory rate, diabetes and acidosis.25 In the case of AP it has been 

attempted to score from markers of inflammation (TNF α, IL-6, IL-8, IL-10, and IL-1β )27 or 

ultrasonographic lung analysis.28 

In the analysis we found on biological parameters that PCT was more frequent in the development 

of ARDS but not CRP which is known to be a marker of pancreatitis severity. In the study by Rau 

and al in 2007, it was already shown that PCT was superior to CRP in predicting the occurrence 

of necrosis infections, multiple organ dysfunction or surgical management (Table 2).43 

ARDS was more present in necrotizing pancreatitis such as the presence of necrosis collection or 

infected pancreatic necrosis (Table 3). This supports what Garg PK and al showed in their study 

where it was found that organ dysfunction was more often present in cases where necrosis was 

extensive or where the necrosis was infected.44 However, it remains unclear whether ARDS is 

secondary to the inflammatory response that would be exacerbated by the development of necrosis, 

or whether it simply reflects the severity of acute pancreatitis in the same way as necrosis and its 

complications. Other complications include the presence of more venous thrombosis (Table 3). 

There are currently no studies that have investigated a possible causal link between the two. 

However, a study conducted by Easler et al in 2014 showed a high frequency of 

portosplenomenteric thrombosis in necrotic pancreatitis, with 53% of them developing 

thrombosis.45,46 We can therefore in our study think that this higher number is more related to the 

presence of necrosis which would be responsible for ARDS and thrombosis. 

Surgical treatment also appears to be higher when ARDS was developed (Table 3). We do not 

differentiate in our case the surgical indication which can be multiple: hemorrhage of pancreatic 

origin, necrosectomy or other intervention not related to pancreatitis. However, it is known that 

surgery in severe pancreatitis is a morbid procedure associated with complications in 34% to 95% 

of patients, and mortality in 11% to 39% of patients.47,48 In the same way, abdominal surgery is 
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known to be associated with ARDS in view of the inflammation resulting from the latter, and the 

resulting muscular damage, particularly diaphragmatic damage, which will favor its 

development.49 This therefore confirms the need to delay surgery as long as possible and to try to 

be as minimally invasive as possible (endoscopic or radiological treatment) to reduce 

complications and mortality.50 

In the context of therapeutic management, it is interesting to make the link with a study published 

in 2016 by Bellani and al.19 This epidemiological study aimed to gather information on ARDS in 

terms of its recognition and management. It was shown that only 60% of ARDS was recognized, 

and in the case of severe ARDS, nearly 20% were still not recognized. In our study we noted a low 

percentage of mild ARDS (8.9%) and maybe it can link to a lack of identification of the syndrome 

in this case. With regard to management in their study, low tidal volume ventilation is the most 

frequently performed intervention. In our case 77% of the patients were ventilated between 6 and 

8mL/kg while in their study one third were ventilated at more than 8mL/kg (Table 5). However, 

when we look at the use of PEEP, neuromuscular blockade or prone position, we find similar 

statistics with a lack of application of these therapies which are recommended by most learned 

societies. Thus, there is an opportunity to improve the recognition of ARDS and its management 

in the context of pancreatitis as well. 

The current study had some limitations. First, the design was a single-center with a retrospective 

analysis, which limits the generalizability of the results. However, the data were collected 

prospectively with the ICU software and we have tried to be as exhaustive as possible. Missing 

data were considered using a best-worst case analysis, which allowed complete case analysis. 

Moreover, it was an expert center oriented towards gastrointestinal diseases with the risk of 

recruitment bias on a more severe population of acute pancreatitis compared to other ICU. The 

analysis covered a long period of 11 years (2009 to 2020) with a modification of techniques and 

practices according to new studies and recommendations. It is therefore possible that the lack of 
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recognition and use of recommended therapies was mainly observed in the period of the beginning 

of the study. It would be interesting to see the evolution of practices over time. Similarly, due to 

the retrospective aspect of the study, the diagnosis could have been made in excess, particularly in 

the face of hypoxemia (Pa02/Fi02 ≤ 300) secondary to infectious lung disease or atelectasis, with 

some difficulty in differentiating it from ARDS. However, we checked every X-rays and we used 

Berlin criteria to define every ARDS. Finally, the study lacked of power due to the small number 

of patients. In fact, three independent factors have been shown to develop ARDS, but it was 

difficult to achieve a predictive score with the number of patients we had. 

V. Conclusion 

 

ARDS occurs in more than half of severe AP and is associated with high mortality. Overweight, 

hyperlipidemia and initial severity are associated with the occurrence of ARDS after survival 

analysis. Preventive and pre-emptive management of ARDS based on these risk factors may be 

the subject of future work to improve the prognosis of patients with AP. 
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Tables 

 

Table 1.  Baseline clinical characteristics of patients, overall and according to the presence of 

ARDS or not 

  

Overall 

 (n =170) 

AP without ARDS  

(n = 80) 

AP with ARDS 

(n = 90) p 

 Clinical Features         

Age, years 59.9 (16.6) 57.4 (±18.4) 62.1 (±14.5) 0.069 

Male sex, No. (%) 122 (72%) 53 (66%) 69 (77%) 0.13 

Female sex, No. (%) 48 (28%) 27 (34%) 21 (23%) - 

Height, cm 171 (±9.26) 170 (±10.3) 172 (±8.21) 0.17 

Weight, kg 81.7 (±17.4) 77.5 (±17.2) 85.3 (±16.8) <0.01 

BMI, kg/m² 27.9 (±5.34) 26.7 (±5.01) 29.1 (±5.41) <0.01 

 Patient history, No. (%)         

Chronic alcoholism 65 (38%) 36 (45%) 29 (32%) 0.087 

COPD 14 (8.2%) 6 (7.5%) 8 (8.9%) 0.74 

Cirrhosis 14 (8.2%) 9 (11%) 5 (5.6%) 0.18 

Coronary artery disease 16 (9.4%) 5 (6.2%) 11 (12%) 0.18 

Diabetes mellitus 36 (21%) 20 (25%) 16 (18%) 0.25 

Systemic arterial hypertension 73 (43%) 31 (39%) 42 (47%) 0.3 

Hyperlipidemia 52 (31%) 18 (22%) 34 (38%) 0.031 

Heart failure 13 (7.6%) 4 (5%) 9 (10%) 0.22 

Chronic renal disease 13 (7.6%) 6 (7.5%) 7 (7.8%) 0.95 

Chronic respiratory failure 3 (1.8%) 2 (2.5%) 1 (1.1%) 0.6 

Current smoker 65 (38%) 25 (31%) 40 (44%) 0.077 

 Scores         

SAPS II score at 24h 45.8 (21.3) 31.5 (±13.5) 58.5 (±18.7) <0.001 

SOFA score at 24h 8.41 (5.64) 4.67 (±3.43) 11.7 (±5.11) <0.001 

Liver SOFA 1.05 (1.15) 0.812 (±1.13) 1.27 (±1.14) <0.01 

Coagulation SOFA  0.765 (0.987) 0.600 (±0.836) 0.911 (±1.09) 0.037 

Cardiovascular SOFA  1.74 (1.82) 0.750 (±1.34) 2.62 (±1.75) <0.001 

Neurological SOFA  1.47 (1.76) 0.463 (±1.01) 2.37 (±1.81) <0.001 

Renal SOFA 1.38 (1.30) 0.850 (±1.06) 1.86 (±1.32) <0.001 

Respiratory SOFA 2.06 (1.24) 1.20 (±0.848) 2.82 (±1.01) <0.001 

Quantitative values are expressed as mean (±SD), and qualitative values are numbers (percentage 

of group)  

AP acute pancreatitis, ARDS acute respiratory distress syndrome, BMI body mass index, COPD chronic obstructive 

pulmonary disease, SAPS 2 simplified acute physiology score 2,  SOFA sequential organ failure assessment 
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Table 2. Biological characteristics in the first 48 after admission, overall and according to the 

presence of ARDS or not 

  

Overall  

(n =170) 

AP without ARDS 

 (n = 80) 

AP with ARDS 

(n = 90) p 

 Ionogram and renal     

Natremia, mmol/L 137 (±6.98) 135 (±5.28) 139 (±7.84) <0.001 

Kaliemia, mmol/L 4.19 (±1.03) 3.93 (±0.785) 4.44 (±1.17) <0.01 

Calcemia, mmol/L 2.07 (±0.324) 2.14 (±0.295) 2.00 (±0.337) <0.01 

Albumin, g/L 27.7 (±5.88) 29.4 (±5.51) 26.2 (±5.84) <0.001 

Bicarbonate, mmol/L 20.8 (±5.95) 21.8 (±5.91) 19.9 (±5.87) 0.049 

Urea, mmol/L 13.6 (±8.41) 10.7 (±8.53) 16.2 (±7.39) <0.001 

Creatininemia, µmol/L 200 (±144) 152 (±132) 246 (±140) <0.001 

Lactate, mmol/L 5.54 (±6.11) 3.55 (±3.27) 7.27 (±7.38) <0.001 

CRP, mg/L 270 (±149) 249 (±149) 289 (±147) 0.11 

Procalcitonin, ng/L 26.2 (±55.8) 12.9 (±28.2) 38.6 (±70.7) 0.01 

 Liver biology     

Total bilirubin, mg/L 57.0 (±88.9) 43.1 (±76.8) 70.2 (±97.9) 0.064 

ALAT, IU/L 679 (±1657) 655 (±1978) 702 (±1289) 0.87 

ASAT, IU/L 1339 (±3533) 1081 (±3823) 1584 (±3240) 0.39 

GGT, IU/L 326 (±375) 370 (±416) 284 (±328) 0.17 

ALP, IU/L 149 (±171) 144 (±145) 154 (±194) 0.74 

Serum lipase, IU/L 2264 (±3938) 1992 (±3221) 2522 (±4521) 0.41 

 Hematological biology     

PR, % 61.9 (±25.8) 67.0 (±22.3) 57.1 (±28.0) 0.022 

FV, % 71.4 (±41.2) 85.5 (±40.5) 59.2 (±38.1) <0.01 

Leukocytes, G/L 187 (±1488) 15.4 (±7.87) 347 (±2063) 0.16 

Hemoglobin, g/dL 11.8 (±2.75) 12.2 (±2.60) 11.4 (±2.85) 0.055 

Platelets, /mm3 175813 

(±128273) 

184274 (±111171) 167792 

(±142885) 

0.43 

Quantitative values are expressed as mean ±SD, and qualitative values are numbers (percentage 

of group)  

AP acute pancreatitis, ARDS acute respiratory distress syndrome, ALAT alanine aminotransferase, ASAT aspartate 

transaminase, ALP alkaline phosphatase, CRP C-reactive protein, FV factor V, GGT gamma-glutamyltransferase, 

PR prothrombin ratio 
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 Table 3. Non-ventilatory therapies during the stay, overall and according to the presence of 

ARDS or not 

  

Overall 

 (n =170) 

AP without ARDS 

 (n = 80) 

AP with ARDS 

(n = 90) p 

Vasopressor 86 (51%) 14 (18%) 72 (80%) <0.001 

Duration of vasopressor support, d 2.61 

(±5.03) 

0.500 (±1.35) 4.52 (±6.25) <0.001 

Antibiotics, No. (%) 158 (93%) 70 (88%) 88 (98%) 0.01 

Antifungal, No. (%) 48 (28%) 6 (7.5%) 42 (47%) <0.001 

Corticoids, No. (%) 69 (41%) 14 (18%) 55 (61%) <0.001 

Length of corticoids, d 2.73 

(±5.71) 

1.19 (±4.60) 4.12 (±6.26) <0.001 

RRT, No. (%) 39 (23%) 4 (5%) 35 (39%) <0.001 

Transfusion, No. (%) 76 (45%) 15 (19%) 61 (68%) <0.001 

PCEA, No. (%) 9 (5.3%) 5 (6.3%) 4 (4.4%) 0.74 

Quantitative values are expressed as mean ±SD, and qualitative values are numbers (percentage 

of group)  

AP acute pancreatitis, ARDS acute respiratory distress syndrome, PCEA patient controlled epidural analgesia, RRT 

renal replacement therapy 
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Table 4. Characteristics and complications of acute pancreatitis, overall and according to the 

presence of ARDS or not 

  

Overall  

(n =170) 

AP without ARDS 

 (n = 80) 

AP with 

ARDS 

(n = 90) p 

Moderately severe, No. (%) 48 (28%) 48 (60%) 0 (0%) <0.001 

Severe, No. (%) 122 (72%) 32 (40%) 90 (100%) <0.001 

Necrotic, No. (%) 87 (51%) 30 (38%) 57 (63%) <0.001 

Edematous, No. (%) 83 (49%) 50 (62%) 33 (37%) <0.001 

CTSI score 5.27 (±2.98) 4.36 (±2.76) 6.08 (±2.96) <0.001 

First pancreatitis attack, No. (%) 144 (85%) 64 (80%) 80 (89%) 0.11 

 Etiologies No. (%)         

Alcohol 48 (28%) 24 (30%) 24 (27%) 0.63 

Gallstones 67 (39%) 28 (35%) 39 (43%) 0.27 

Metabolic 9 (5.3%) 6 (7.5%) 3 (3.3%) 0.31 

Post ERCP 10 (5.9%) 7 (8.8%) 3 (3.3%) 0.19 

Other 35 (21%) 19 (24%) 16 (18%) 0.34 

 Complications  No. (%)         

Necrosis collection 120 (71%) 47 (59%) 73 (81%) 0.01 

Infected pancreatic necrosis 33 (19%) 6 (7.5%) 27 (30%) <0.001 

Arterial thrombosis 5 (2.9%) 1 (1.3%) 4 (4.4%) 0.37 

Venous thrombosis 47 (28%) 15 (19%) 32 (36%) 0.014 

 Treatments, No. (%)         

Surgical treatment 31 (19%) 4 (5.3%) 27 (30%) <0.001 

Endoscopic treatment 15 (8.8%) 7 (8.8%) 8 (8.9%) 0.97 

Radiological treatment 17 (10%) 7 (8.8%) 10 (11%) 0.61 

Quantitative values are expressed as mean (±SD), and qualitative values are numbers (percentage 

of group) 

AP acute pancreatitis, ARDS acute respiratory distress syndrome, CTSI computed tomography severity index, ERCP 

endoscopic retrograde cholangiopancreatography  
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Table 5. Ventilatory and Therapeutic Parameters by ARDS Severity 

  

Overall 

(n= 90) 

Mild ARDS 

(n = 8) 

Moderate 

ARDS  

(n = 45) 

Severe 

ARDS  

(n = 37) p 

PaO2/FiO2 lower values, 

mmHg 

  232 (±21.7) 133 (±29.2) 74.8 (±15.7) <0.001 

Ventilator parameters for the 

first 48 hours 

          

FiO2 0.672 

(±0.187) 

0.470 

(±0.0636) 

0.599 (±0.142) 0.798 

(±0.170) 

<0.001 

RR, cycles/min 24.7 

(±6.06) 

26.2 (±6.89) 24.4 (±7.28) 24.6 (±4.05) 0.25 

Tidal volume, mL/kg 7.10 

(±1.30) 

7.83 (±1.68) 7.31 (±1.15) 6.63 (±1.28) 0.01 

PEEP, cmH2O 8.89 

(±2.62) 

7.65 (±1.56) 8.72 (±2.68) 9.40 (±2.70) 0.14 

Plateau pressure, cmH2O 23.1 

(±4.63) 

19.8 (±3.42) 23.2 (±4.95) 23.7 (±4.28) 0.27 

Arterial blood gas in the first 

48 hours 

          

SaO2, %. 95.4 

(±3.48) 

98.7 (±0.563) 97.0 (±1.79) 92.7 (±3.60) <0.001 

PaO2, mmHg 90.9 

(±36.5) 

116 (±13.2) 97.7 (±29.9) 71.1 (±14.2) <0.001 

PCO2, mmHg 41.5 

(±9.11) 

41.9 (±7.78) 39.7 (±6.70) 43.8 (±11.4) 0.28 

Bicarbonates, mmol/L 22.0 

(±5.35) 

24.1 (±3.88) 22.6 (±5.58) 21.0 (±5.28) 0.21 

pH 7.34 

(±0.114) 

7.39 

(±0.0866) 

7.36 (±0.0949) 7.29 

(±0.127) 

0.023 

Adjunctive treatments,  

No. (%) 

          

Primary NIV 73 (47%) 5 (62%) 23 (51%) 16 (43%) 0.54 

Secondary NIV 40 (26%) 4 (50%) 22 (49%) 10 (28%) 0.13 

Neuromuscular blockade 47 (28%) 2 (25%) 24 (53%) 20 (54%) 0.33 

Prone positioning 33 (20%) 1 (12%) 16 (36%) 16 (43%) 0.29 

Nitric oxide 4 (2.4%) 0 (0%) 0 (0%) 4 (11%) 0.088 

Tracheotomy 11 (7%) 1 (12%) 5 (11%) 5 (14%) 0.9 

HFO 4 (2.5%) 0 (0%) 1 (2.2%) 3 (8.3%) 0.54 

Quantitative values are expressed as mean (±SD), and qualitative values are numbers (percentage 

of group)  

AP acute pancreatitis, ARDS acute respiratory distress syndrome, FiO2 fraction of inspired oxygen, HFO high 

frequency oscillation, NIV non-invasive ventilation, PEEP positive end-expiratory pressure, RR respiration rate  
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Table 6. Outcome, overall and according to the presence of ARDS or not 

  

Overall 

(n =170) 

AP without ARDS  

(n = 80) 

AP with ARDS  

(n = 90) p 

ICU length of stay, d 16.0 (26.1) 6.86 (±6.14) 24.1 (±33.4) <0.001 

ICU mortality, No. (%) 53 (31%) 10 (12%) 43 (48%) <0.001 

Length of stay outside ICU, d 21.7 (46.7) 16.2 (±18.3) 26.7 (±61.7) 0.13 

Hospital length of stay, d 39.7 (±59.1) 23.5 (±20.9) 54.2 (±76.3) <0.001 

Hospital mortality, No. (%) 59 (35%) 13 (16%) 46 (51%) <0.001 

Quantitative values are expressed as mean (±SD), and qualitative values are numbers (percentage 

of group).  

AP acute pancreatitis, ARDS acute respiratory distress syndrome, ICU intensive care unit. 
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Table 7. Outcome according to ARDS severity 

 

 
Overall  

(= 90) 
Mild ARDS 

(n = 8) 
Moderate ARDS 

(n = 45) 
Severe ARDS 

 (n = 37) p 

 Ventilatory outcome      

Duration of primary NIV, d 2.27 (±3.80) 3.17 (±5.38) 1.74 (±3.72) 1.62 (±3.18) 0.54 

Duration of secondary NIV, d 3.55 (±6.80) 5.12 (±6.29) 3.52 (±7.47) 2.29 (±6.78) 0.052 

Duration of invasive 

ventilation, d 12.6 (±21.7) 
16.6 (±33.7) 9.53 (±8.54) 16.6 (±34.1) 0.41 

 Other outcome      

ICU length of stay, d 24.1 (±33.4) 28.6 (±45.4) 24.7 (±27.3) 22.5 (±37.9) 0.12 

ICU mortality, No. (%) 57 (40%) 3 (38%) 19 (42%) 21 (57%) 0.4 

Hospital length of stay, d 54.2 (±76.3) 132 (±173) 50.0 (±40.2) 42.2 (±70.3) 0.022 

Hospital mortality, No. (%) 46 (51%) 3 (38%) 20 (44%) 23 (62%) 0.19 

Quantitative values are expressed as mean (±SD), and qualitative values are numbers (percentage 

of group).  

AP acute pancreatitis, ARDS acute respiratory distress syndrome, ICU intensive care unit, NIV non invasive 

ventilation 
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Figure 1. Flow-chart 

  

242 patients with AP received in ICU 

72 patients excluded: 

- 3 patients under 18 years 

- 55 patients from another ICU 

- 14 patients with data missing 

170 patients with moderate or severe AP 

80 patients with AP without 

ARDS 

90 patients with AP and 

ARDS 

8 patients with mild 

ARDS 

45 patients with moderate 

ARDS 
37 patients with severe ARDS 
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Figure 2. Values of tidal volume per predicted body weight during the first three days of ventilation 

in patients with ARDS and AP. 76 patients (91,4%) had tidal volume under 8mL/kg. 

 
PBW predicted body weight. 
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Figure 3. Values of PEEP used during the first three days of ventilation in patients with ARDS and 

AP. 77 patients (87%) received a PEEP of less than 12 cm H2O. 

 
PEEP positive end-expiratory pressure.   
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Figure 4. Ventilator parameters and arterial blood gas in ARDS patients with AP. In this figure we 

show the mean values with standard deviation according to ARDS severity for : pH, PaO2, PaCO2, 

tidal volume and PEEP. There was a significant difference in PaO2, pH and tidal volume but not 

in PaCO2 and PEEP. 

 

ARDS acute respiratory distress syndrome, PEEP Positive end-expiratory pressure. 
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Figure 5. The survival curve of patients with AP and ARDS vs patients with AP without ARDS. 

There was a significant difference in survival curves based on Kaplan-Meier analysis (p<0.0001). 

 

AP acute pancreatitis, ARDS acute respiratory distress syndrome, HR hazard ratio, CI confidence interval. 
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Figure 6. The survival curve of patients with AP and SOFA<6 vs patients with AP and SOFA≥6. 

There was a significant difference in survival curves based on Kaplan-Meier analysis (p<0.0001). 

 
AP acute pancreatitis, ARDS acute respiratory distress syndrome, HR hazard ratio, CI confidence interval, SOFA 

sequential organ failure assessment. 
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Figure 7. The survival curve of patients with AP and hyperlipidemia vs patients with AP without 

hyperlipidemia. There was a significant difference in survival curves based on Kaplan-Meier 

analysis (p=0.0152). 

 
AP acute pancreatitis, ARDS acute respiratory distress syndrome, HR hazard ratio, CI confidence interval. 
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Figure 8. The survival curve of patients with AP and BMI<25 vs patients with AP and SOFA≥25. 

There was a significant difference in survival curves based on Kaplan-Meier analysis (p=0.0097). 
 

AP acute pancreatitis, ARDS acute respiratory distress syndrome, HR hazard ratio, CI confidence interval, BMI body 

mass index (kg/m2). 
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Annex 

 

Annex 1 

Score de Marshall 

 

 

(Marshall and al, Crit Care Med 1995) 

 

 
 

Annexe 2  

 

Critères de Berlin 

(Ferguson et al. Intensive Care Medecine. 2012) 
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Annexe 3 

Scores de gravité 

SAPS 2 

(Le Gall JR et al. JAMA. 1993) 
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Score SOFA 

 
Vincent et al. Intensive Care Medecine .1996 

 
 

 

Annexe 4 

 

Score CTSI 

 

Balthazar and al, Radiology 1990. 
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Résumé de l’étude 

 
 

Introduction 

La pancréatite aiguë (PA) est la pathologie gastro-intestinale responsable du plus grand nombre 

d’hospitalisations, dont l’incidence est en augmentation dans le monde (entre 5 et 80 pour 100 000 

personnes selon les pays). La pancréatite aiguë sévère, caractérisée par une dysfonction d’organe prolongée, 

est grevée d’une mortalité allant jusqu’à 50%. Parmi les dysfonctions d’organe, la dysfonction respiratoire 

est la plus fréquente, et le syndrome de détresse respiratoire aiguë (SDRA) représente l’atteinte respiratoire 

la plus grave. Pourtant, son incidence et ses facteurs de risque de développement ont été très peu étudiés. 

 

Objectifs de l’étude 

L’objectif principal était de définir l’incidence du SDRA dans la pancréatite aiguë. Les objectifs secondaires 

étaient de décrire le pronostic et la prise en charge du SDRA, ainsi que de définir les facteurs de risques 

associés au développement d’un SDRA. 

 

Matériels et méthodes 

Une étude mono centrique rétrospective a été réalisée au CHU de Montpellier incluant tous les patients 

consécutifs atteints d’une pancréatite aigüe sévère hospitalisés en réanimation entre 2009 et 2019. Les 

caractéristiques cliniques et biologiques ont été recueillies dans les 72 heures suivant le début du SDRA 

ainsi que les différentes thérapeutiques employées. Le pronostic a été évalué par la survenue de 

complications associées à la pancréatite aiguë dont la mortalité à l’hôpital. Une analyse de survie a été 

réalisée et la mortalité hospitalière selon la survenue d’un SDRA ou non évaluée par un test de Log Rank, 

avec calcul de l’hazard ratio (HR) et de son intervalle de confiance à 95% (IC) par modèle de Cox univarié. 

Un modèle multivarié de Cox avec calcul des HR a ensuite été réalisé afin d’établir les facteurs de risque 

de survenue d’un SDRA au cours de la pancréatite aiguë. 

 

Résultats 

Cent soixante-dix patients ont été inclus. L’incidence du SDRA était de 52% (90 patients) avec 9% de 

SDRA léger (8 patients), 50% de SDRA modéré (45 patients) et 41% de SDRA sévère (37 patients). La 

survenue d’un SDRA était associée à la présence d’une pancréatite nécrotique (57 patients sur 90, 63% vs 

30 patients sur 80, 38%, p<0,001), la survenue d’une infection de nécrose (27 patients sur 90, 30% vs 6 

patients sur 80, 8%, p<0,001) et d’une thrombose veineuse (32 patients sur 90, 36% vs 15 patients sur 80, 

19%, p=0,014). La mortalité hospitalière était significativement plus élevée en cas de survenue d’un SDRA 

(46 patients sur 90, 51%) qu’en l’absence de SDRA (13 patients sur 80, 16%, p<0,001). La prise en charge 

du SDRA était marquée par une utilisation de volume courant plus bas lorsque ce dernier est plus grave 

(7.83 mL/kg (±1.68) si léger vs 7.31mL/kg (±1.15) si modéré vs 6.63mL/kg (±1.28) si sévère, p=0,01). 

Dans la forme sévère du SDRA, les curares étaient utilisés chez 20 patients parmi les 37 patients (54%) et 

le décubitus ventral était utilisé chez 16 patients parmi ces 37 patients (43%). Trois facteurs de risque 

indépendants de développement d’un SDRA étaient retrouvés : un indice de masse corporelle (IMC) > 25 

kg/m² (HR 1,75, IC 1,085-2,93), une hyperlipidémie (HR 1,71, IC 1,1-2,62) et un score Sequential Organ 

Failure Assessment (SOFA) à l’admission >6 (HR 5,68, IC 3,3-10,53). 

 

Conclusion 

Un SDRA survient dans plus de la moitié des pancréatites aiguës sévères et est associé à une mortalité 

élevée. Un IMC>25 kg/m², une hyperlipidémie et la sévérité initiale sont associés à la survenue d’un SDRA 

après analyse de survie. Une prise en charge préventive et préemptive du SDRA basée sur ces facteurs de 

risque pourra faire l’objet de futurs travaux afin d’améliorer le pronostic des patients atteints de pancréatite 

aiguë. 
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