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I’aspect tres particulier de la pédiatrie. Une bien belle conclusion de ces 5 années !

A I’équipe paramédicale et médicale de bloc opératoire de Saint Eloi qui m’a permis de me plonger
dans le grand bain en étant interne séniorisé mais en étant toujours bien entouré et en sachant que
je pourrai compter sur chacun d’entre vous a tout moment. L’aventure va se poursuivre pendant
les deux prochaines années et ce sera avec un grand plaisir !

A ma famille

A mes parents, vous avez été et tes mes piliers qui m’ont permis d’étre 1a ot j’en suis aujourd’hui.
Vous m'avez apporté énormément dans tous les domaines de vie grace a votre éducation, a vos
valeurs et a votre soutien permanent. En effet méme si tout n’a pas toujours été facile notamment
pendant mes études, vous avez su étre la et m’aider a votre maniere afin que je puisse avancer. Je
vous en serai eéternellement reconnaissant. Je vous aime.

A Fabienne, car tu as été comme une seconde mére pour moi. Tu as toujours été présente tout au
long de mon enfance méme si je n’étais pas I’enfant le plus sage. Tu es une personne bienveillante
et toujours disponible pour les autres.
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A mes freres et soeurs, Audrey, Florence et Frédéric. Méme s’il n’a pas toujours été facile de
se voir ou passer du temps ensemble, j’apprécie chaque moment passé¢ a vos coOtés et les
nombreuses discussions que nous avons pu avoir. Merci également pour votre soutien dans les
moments clés de mes études.

A mon oncle et ma tante, Laurent et Catherine, mes cousins, Sophie et Antoine. Malgré la
distance nous avons réussi a passer de trés bons moments en famille que ce soit a Paris ou au Cap
Bénat que vous avez su rendre si agréable. Je suis admiratif de toi Laurent devant cette force de
travail qui t’as permis de réaliser tant de choses en une seule vie.

A mon grand pere et ma grand-mere. Vous n’étes pas peut étre pas la aujourd’hui physiquement
mais vous I’étes dans mon cceur. Grace a votre ouverture d’esprit et votre motivation vous avez
dépassé le cadre médical et accompli tellement d’autres choses tout en s’occupant de votre
famille... Je me souviens encore du jour ou j’ai dit que je voulais faire médecine et ou tu allais
m’acheter des livres de P1... Je ne peux que te dédier ce jour et te dire encore merci.

A mes amis

Jean-Sébastien “ JS”. 26 ans que I’on se connait ...On a vécu beaucoup de choses ensemble : des
vacances, des soirées, une année de médecine, un bon paquet de conneries et méme une start up !
Tu as poursuivi dans cette voie et je dois dire que tu m’impressionneras toujours par ton coté
autodidacte qui t’as permis d’étre 1a ou tu es aujourd’hui. Je te remercie également pour ces heures
de débat et discussion qui méme si on n’a pas toujours été d’accord, m’ont beaucoup apporté dans
mon développement personnel. Une amitié prévue pour durer encore longtemps !

Stijn. Beaucoup de gens nous demandent si on est fréres et je dirai que finalement au fond oui.
Quand je pense qu’a la base tu voulais faire médecine et moi des études de commerce ! Finalement
les rbles ont été inversés et tu as quitté Nimes :) Malgré cela notre amitié est restée toujours aussi
forte et a été ponctué par de nombreuses soirées improbables/mémorable et des sacrées sessions
de fous rire sur des blagues parfois (bien) nulles. Je te remercie d’étre 1a aujourd’hui et de me
donner cette chance d’étre témoin de ton mariage.

Tersh pour tous ses grands repas que 1’on s’est fait pendant notre année de colocation, a base de
cordons bleus et d’Ice tea. Je te remercie d’avoir apporté une grande contribution a ma réussite en
m’aidant tout au long de mes études et notamment en P1 et D4. Bon courage pour ta grande carriere
universitaire (et blogueur ?) qui s’annonce !

Thomas. On a failli te perdre en bolivie et je dois dire que cela m'aurait rendu bien triste car je
t’aime autant que tu n’aimes pas les anesthésistes. Je tiens avant tout a te remercier de m’avoir
niti¢ a la musculation. J’espére que 1’on puisse travailler un jour ensemble quand tu auras enfin
pris la bonne décision de revenir dans la région.

Edouard pour avoir été un bindme solide pendant la D4, me motivant quand je commencais a
craquer. Mais surtout pour tous les autres moments plus sympas que 1’on a passé ensemble pendant
l'externat et I’internat : les soirées, les sessions Fifa et Mario Kart (désolé encore pour les défaites),
les voyages multiples que 1’on a pu faire avec un bon paquet de mésaventures mais resteront
toujours des tres bons souvenirs.

Leo car tu as su gérer notre super D4 avec Edouard en nous permettant de penser a autre chose

(gréce a beaucoup de Fifas aussi !) et d’avoir été 1’organisateur hors pair de ce grand voyage post
DA4.
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Basile, pour toutes ces soirées meémorables et notamment aux fétes de Bayonne. Merci pour
I’accueil a Hossegor méme si au final je ne suis jamais devenu un grand surfeur a ton image :)

Arthur car on sait que 1’on ne va jamais s’ennuyer a tes cotés et que malgré que tu vas raler un
peu tu seras toujours motivé pour faire les choses et encore plus si c’est une soirée. Un urgentiste
de renom en devenir !

Axelle toi qui a supporté toutes mes histoires et qui a su me remonter le moral en D4 avec tes repas
incroyable (spéciale dédicace au tiramisu :))

Ariane, pour m’avoir montré la voie vers 1’anesthésie réanimation alors que méme je me moquais
de toi. C’est toujours un plaisir de passer du temps avec toi et de discuter méme si des fois je peux
étre ““ un petit con”.

A mes bons vieux : Luca, j’ai eu la chance d’abord d’étre ton bras droit a I’internat de Nimes
pour organiser quelques petites soirées assez mythiques ! Puis par la suite on est resté proche pour
mon plus grand bonheur car je sais que je peux toujours compter sur toi et que c’est toujours un
plaisir de passer du temps avec toi. Je te kiff ! Profite bien de la réunion, Oliv, pour le plus jeune
papa des Youka. Merci pour toutes ces expressions que tu nous a appris et qui ont permis d’enrichir
notre vocabulaire. Tu as d’abord été un coloc hors pair : toujours fin dans le choix des films, une
cuisine 3 étoiles a chaque fois, des séances de sport si douces... et maintenant tu es un pére au top
avec une si belle fille. Bravo ! Assani, car sans toi il manquerait quelque chose dans le groupe. Tu
me fais réver depuis 5 ans a travers tes multiples vies que tu nous partage sur le groupe mais aussi
sur les réseaux grace aux hashtags et aux story. Et puis je t’aime méme si tu es un footix (amateur
de Paris, du Real le lendemain a quand le barca?) ! Seb, notre philosophe et artiste du groupe.
Toujours présent pour boire un “little drink” mais aussi dans les moments plus difficiles. Encore
de belles soirées de champions league en perspective en ta compagnie:), Simon car on ne t’appelle
pas la loose pour rien mais a chaque fois c’est un régal de passer du temps avec toi !

Mehdi, pour ton ambition a devenir roi de la thrombectomie mais aussi pour ces grandes seances
de sport a “refaire le monde”. Hate de réaliser tous nos grands projets immobiliers ensemble !

Simon, car avec toi je sais que ce sera toujours ““ tranquille” et que tu seras autant 1a quand il faudra
faire un déménagement que pour aller boire une biére.

Arthur, car I’internat aurait été tellement plus ennuyeux si je ne t’avais pas rencontré. Un semestre
d’orthopédie et de pédiatrie ensemble et c’est parti pour le projet de travailler ensemble a la
clinique du ... ;) Coeur coeur love ! Hugo un étre a part qui nous aura permis de progresser dans
beaucoup de domaines artistiques (et en médecine ?) mais qui mangque encore un peu de niveau au
squash, ne lache rien !

Karim, un bon vieu parmi les bons vieux avec une garantie d’étre sir de toujours se marrer. Une
si belle occasion de rater alors que tu aurais pu étre notre co-chef, ce n’est que partie remise !

Agathe pour ces petits moments de discussions au réveil pendant la pédia. Merci pour ces
magnifiques plats cuisinés et d’avoir permis la survie des fauves a chaque fois que 1’on partait en
vacances. Diane, parce qu’avec Luca vous formez un beau couple et que je sais qu’a tes cotés il
est heureux :) Marie car méme si je suis “méchant” comme tu dis, tu sais qu’au fond je t’aime
bien car qui aime bien, chéatie bien ;) Marina, la reine du Mosquito, parce que tu es toujours
partante pour faire une petite soirée et pour votre grand projet avec Mehdi :)
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Helo , pour la maman que tu es devenu et gérant cela a la perfection, Charlotte parce que tout n’a
pas toujours été facile entre nous mais tu restes une personne que j’apprécie beaucoup, Laura, la
cardiologue du groupe (et la plus sage :) )

A toutes les personnes de 1’externat. Diane en souvenir des gouters chez toi et surtout d’un petit
séjour a Lisbonne mémorable ! Shanti, pour toutes les sous colles passées en D4 ou tu as été un
peu le moteur des trois, Hélene toi qui a pu constituer un dossier sur chacun d’entre nous
notamment grace aux milliers de photos que tu as, Aurore pour m’avoir supporté pendant toutes
ces années et cela dés les premiers jours dans I’amphi de P1, Yannis et Gab, pour ses grands
moments de soirées a vos cotés, Arthur et Benoit pour nous avoir toujours accueilli dans votre
coloc, Yohan car tu nous a bien fait rire tout au long de I’externat et que je n’oublierai pas toutes
les grandes théories gque tu as énoncé, Edouard pour I’orthopédiste que tu étais voué a devenir
depuis I’internat.

A ceux rencontrés pendant I’internat

Timothée et Auré, on n’était peut-étre pas trés bon mais on s’est bien marré, un premier semestre
de pur bonheur a vos c6tés pour louper un maximum de VVP puis de retour au DAR D (un petit
peu) meilleur mais toujours avec autant de plaisir a étre avec vous !

Clem, Mathieu, Charlotte et Charlotte, Amélie vous qui avez permis de rendre ce stage au DAR
B si doux malgré que I’on nous promit I’enfer ! Six mois juste parfaits !

Romain, toi qui es notre anesthésiste modéle mais un peu fragile en sport :) Yohan, une machine
de course qui a eu la bonne idée de partir & la Réunion.

Alex, merci pour ce semestre de maternité et d’avoir transmis cette passion du Japon, destination
faite 1 an apres et adorée ;)

Jessie, méme si j’avoue au début tu me faisais peur (en ler semestre ;)) par la suite j’ai pu apprécier
ta disponibilité et sympathie au DAR D. Ps : je ne valide toujours pas le chien !

Emmanuel, Marcy, Francois:;, Astrée, Pauline vous qui m’avez accepté en tant que Provincial
et permis d’apprécier mon semestre parisien. A tous les piccline que 1’on a pu poser et surtout a
ces nombreux verres post-stage a la Ménagerie !

Ludo car tu es pas souvent 1a mais quand tu I’es tu es toujours disponible, Arnaud merci de nous
avoir supporté les midis a I’internat malgré toutes les conneries que 1’on a pu dire, Clement parce
qu’il est la seule personne que je connaisse a réussir a avoir le style en trottinette électrique, Pierre
pour toutes les sessions péche que 1’on aurait di faire, rendez-vous a la Réunion, Laysa bravo pour
avoir survécu ces 3 mois passés au milieu de toutes les crapules de ce semestre.

Yassir, 6 mois (et bientot 2 ans) pass€ aupres d’une référence de 1’anesthésie réanimation (mais
aussi dans la vie ?). Parce que tu as participé indirectement a cette thése par toutes les heures
passées a coté pendant que je la travaillais. Fanny, 1 mois passé au DAR B et des apéros toujours
trés agréable. Yass a beaucoup de chances de t’avoir a ses cotés !

Mes futurs co chefs, Beber toi qui est toujours partant pour aller boire une petite biére et j’espére
qu’elles seront nombreuses, Adeline parce que tu ne sais pas encore ce que tu vas devoir endurer
avec nous en co chefs, Audrey parce que tu étais mon meilleur soutien pendant nos 6 mois
séniorisés et que tu sauves des chatons :)
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les soins/réanimation !

A toute I’équipe d’orthopédie de Lapeyronie que 1’on apprécie méme si I’on ne se comprend pas
toujours, Ben, Rémi, Salomé, Valentin, Doudou.

Aux deux personnes qui m’accompagnent au quotidien

Phil... ¢’est dur car il y a tellement de choses a dire ! Et pourtant cela ne fait “que” 5 ans... Je ne
pensais pas avoir une histoire d’amitié¢ aussi forte et vivre autant de choses en si peu de temps :
tellement de voyages, de soirées, d’histoires improbables, de séances de muscu, de stages
ensemble... Et c’est loin d’étre fini ! Deux ans d’assistanat nous attendent et je sais que 1’on va
régaler. Mais j’attends surtout la suite avec la longue carriére commune qui nous attends. Je suis
fier de passer ma these a tes cotés aujourd’hui. Merci d'étre 1a et d’étre toi <3

Lauriane, mon amour... un hippocup, un an a distance puis 6 mois a Montpellier puis un an et
demi a nouveau a distance et finalement maintenant un an et demi que 1’on vit ensemble. Je pense
que grace a toutes ces épreuves notre histoire est encore plus forte aujourd’hui ! Tu es une
personne facile a vivre au quotidien, toujours a I’écoute quand j’en ai besoin. Tout est si simple
avec toi:) Il y a encore de beaux projets qui nous attendent et j’ai hate de les réaliser avec toi !
Merci aussi pour ton soutien pendant ces longs mois de réalisation de la thése (et désolé d’avoir
été chiant par moment ...) Je n’ai qu’une chose a dire pour conclure : je t’aime mon amour !
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Abbreviations

ALAT alanine aminotransferase
AL acute lung injury
ALP alkaline phosphatase

AP acute pancreatitis
ARDS acute respiratory distress syndrome

ASAT aspartate transaminase

BMI body mass index

COPD chronic obstructive pulmonary disease

CRP c-reactive protein

CT computed tomography

CTSI computed tomography severity index

ECMO extracorporeal membrane oxygenation
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TNFa tumor necrosis factor-a

WHO world health organization
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. 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.'? Gallstones are more often found in women and alcohol in middle-aged men.?
Other causes are drugs, endoscopic retrograde cholangiopancreatography (ERCP), hypercalcemia,

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

AP is one of the most common gastrointestinal causes for hospitalization.® In addition, its
incidence is increasing worldwide, which has a significant impact on health systems.*° For
example, it represents an estimated annual cost of approximately $2.6 billion in the United States

alone.b

At the 1992 Atlanta symposium, AP was divided into two groups, "mild" and "severe", based on
clinical and biochemical findings.” In 2012, this classification was revised and a new
morphological classification was established on the basis of imaging results.>® 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.® 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.*® 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.!*  Other pleuro-pulmonary complications include arterial hypoxia, atelectasis,
pneumonia, pleural effusion, but ARDS is the most serious consequence of lung involvement in
AP.2 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.'®

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.’ 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 ratio®, 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.*® 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).*®
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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 volumes? higher positive end-
expiratory pressure (PEEP)? or adjunctive therapies as neuromuscular blockade??, prone
positioning?® and finally extracorporeal membrane oxygenation (ECMO).?* 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.?>% Very few studies have evaluated risk factors for prediction of ARDS in
patients with AP and any score have been developed.?’?® 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.

Il. 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 2012.2 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 considered®, 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).2

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/m?),

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 Il (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)

lonogram: natremia (mmol/L), kaliemia (mmol/L), calcemia (mmol/L), albumin (g/L),
bicarbonate (mmol/L),

Renal: urea (mmol/L), creatinine (umol/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, 1U/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 (/mm?3).
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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 (cmH-0),
respiration rate (RR), plateau pressure (cmH20),

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 Il, 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).2° For continuous variables, the best threshold for each variable was
determined using the Youden index.*° 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.

I1l. 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/m?
vs 26.7+5.01 kg/m?, 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 |1 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 1U/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 pg/L vs 12.9 £28.2 ug/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 Hz0 (Figure 3).

The Pao; (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/m? (HR = 1.75 (95%Cl, 1.085-2.93), p = 0.0271) and SOFA>6 (HR = 5.68 (95%Cl, 3.3-

10.53), p<0.0001) were independently associated with ARDS onset in AP.
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IVV. 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.3! 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-o (TNFa) are increased in AP and are involved in immune system activation, thereby
promoting systemic inflammation.®? Sathyanarayan et al. measured serum levels of IL-1, IL-6, IL-
10, TNF a 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 I1L-6 levels on day 3.% 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 ALL?" Polymorphonuclear infiltration into the lungs results from disruption of immune
activation (rat studies).3* 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.® 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).1%:%

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.3”® Lipotoxicity and the presence of a greater volume of intra
pancreatic adipocytes contribute to an increased inflammatory response.®® 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.*° 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 TNFa), increased production
of chemokines (including IL-8) and altered levels of adipocyte-produced hormones such as leptin
and adiponectin.*! 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% Cl 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.? In the case of AP it has been
attempted to score from markers of inflammation (TNF a, IL-6, IL-8, IL-10, and IL-1B )?’ or

ultrasonographic lung analysis.?®

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).%3

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.** 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.*>¢ 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.*’* 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.*® 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.>°

In the context of therapeutic management, it is interesting to make the link with a study published
in 2016 by Bellani and al.'® 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 AP without ARDS AP with ARDS
(n =170) (n=80) (n=90) p
Age, years 59.9 (16.6) 57.4 (x18.4) 62.1 (x14.5) 0.069
Male sex, No. (%) 122 (72%) 53 (66%0) 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 (x£17.2) 85.3 (+16.8) <0.01

BMI, kg/m? 27.9 (£5.34) 26.7 (£5.01) 29.1 (+5.41) <0.01

R

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
SAPS Il 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 (x£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 (x1.09) 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

Natremia, mmol/L
Kaliemia, mmol/L
Calcemia, mmol/L
Albumin, g/L
Bicarbonate, mmaol/L
Urea, mmol/L
Creatininemia, pmol/L
Lactate, mmol/L
CRP, mg/L

Procalcitonin, ng/L

Total bilirubin, mg/L
ALAT, IU/L
ASAT, IU/L
GGT, IU/L

ALP, IU/L

Serum lipase, IU/L

PR, %

FV, %
Leukocytes, G/L
Hemaoglobin, g/dL

Platelets, /mm3

Overall AP without ARDS AP with ARDS
(n=170) (n=80) (n=90) p
137 (+6.98) 135 (+5.28) 139 (+7.84) <0.001
419 (+1.03)  3.93 (+0.785) 4.44 (+1.17) <0.01
2.07 (£0.324)  2.14 (+0.295) 2.00 (+0.337) <0.01
27.7 (+5.88) 29.4 (5.51) 26.2 (+5.84) <0.001
20.8 (5.95) 21.8 (+5.91) 19.9 (+5.87) 0.049
13.6 (+8.41) 10.7 (+8.53) 16.2 (+7.39) <0.001
200 (+144) 152 (+132) 246 (+140) <0.001
5.54 (+6.11) 3.55 (+3.27) 7.27 (£7.38) <0.001
270 (+149) 249 (+149) 289 (+147) 0.11
26.2 (+55.8) 12.9 (+28.2) 38.6 (+70.7) 0.01
erbiology
57.0 (£88.9) 43.1 (+76.8) 70.2 (£97.9) 0.064
679 (+1657) 655 (+1978) 702 (+1289) 0.87
1339 (+3533) 1081 (+3823) 1584 (+3240) 0.39
326 (+375) 370 (+416) 284 (+328) 0.17
149 (+171) 144 (+145) 154 (+194) 0.74
2264 (+3938) 1992 (+3221) 2522 (+4521) 0.41
|Hematological biology |
61.9 (+25.8) 67.0 (+22.3) 57.1 (+28.0) 0.022
71.4 (£41.2) 85.5 (+40.5) 59.2 (+38.1) <0.01
187 (+1488) 15.4 (+7.87) 347 (+2063) 0.16
11.8 (+2.75) 12.2 (+2.60) 11.4 (+2.85) 0.055
175813 184274 (£111171) 167792 0.43
(£128273) (+142885)

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



Table 3. Non-ventilatory therapies during the stay, overall and according to the presence of
ARDS or not

Overall AP without ARDS AP with ARDS
(n =170) (n=80) (n=90) p
Vasopressor 86 (51%) 14 (18%) 72 (80%) <0.001
Duration of vasopressor support, d 2.61 0.500 (+1.35) 452 (£6.25) <0.001
(£5.03)
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 1.19 (+4.60) 412 (£6.26)  <0.001
(£5.71)
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

AP with
Overall AP without ARDS ARDS
(n =170) (n=80) (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
CTSl score 5.27 (+2.98) 4.36 (+2.76) 6.08 (x2.96) <0.001

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

|EtiologiesNo.o0)

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

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



Table 5. Ventilatory and Therapeutic Parameters by ARDS Severity

Overall
(n=90)

PaO2/FiO2 lower values,
mmHg

FiO2 0.672
(x0.187)

RR, cycles/min 24.7
(x6.06)

Tidal volume, mL/kg 7.10
(x1.30)

PEEP, cmH20 8.89
(x2.62)

Plateau pressure, cmH20 23.1
(x4.63)

Sa02, %. 95.4
(£3.48)
PaO2, mmHg 90.9
(£36.5)
PCO2, mmHg 41.5
(£9.11)
Bicarbonates, mmol/L 22.0
(£5.35)
pH 7.34
(x0.114)
Primary NIV 73 (47%)
Secondary NIV 40 (26%)
Neuromuscular blockade 47 (28%)
Prone positioning 33 (20%)
Nitric oxide 4 (2.4%)
Tracheotomy 11 (7%)
HFO 4 (2.5%)

Mild ARDS
(n=8)
232 (+21.7)

0.470
(+0.0636)
26.2 (+6.89)
7.83 (+1.68)
7.65 (+1.56)

19.8 (+3.42)

98.7 (+0.563)

116 (+13.2)

41.9 (+7.78)
24.1 (+3.88)

7.39
(+0.0866)

5 (62%)
4 (50%)
2 (25%)
1 (12%)
0 (0%)
1 (12%)
0 (0%)

Moderate
ARDS
(n =45)

133 (£29.2)

0.599 (+0.142)

24.4 (+7.28)
7.31 (+1.15)
8.72 (+2.68)

23.2 (+4.95)

97.0 (£1.79)
97.7 (£29.9)
39.7 (+6.70)

22.6 (5.58)

7.36 (+0.0949)

23 (51%)
22 (49%)
24 (53%)
16 (36%)
0 (0%)
5 (11%)
1 (2.2%)

Severe
ARDS
(n=37) p

74.8 (+15.7) <0.001

0.798
(+0.170)

24.6 (+4.05) 0.25

<0.001

6.63 (x1.28) 0.01
9.40 (+2.70) 0.14

23.7 (+4.28) 0.27

92.7 (3.60) <0.001
71.1 (+14.2) <0.001
43.8 (+11.4) 0.28

21.0 (¢5.28) 0.21

729  0.023
(£0.127)

16 (43%) 0.54
10 (28%) 0.13
20 (54%)  0.33
16 (43%)  0.29
4(11%)  0.088
5(14%) 0.9
3(8.3%)  0.54

Quantitative values are expressed as mean (xSD), 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



Table 6. Outcome, overall and according to the presence of ARDS or not

Overall
(n =170)

ICU length of stay, d 16.0 (26.1)
ICU mortality, No. (%) 53 (31%)
Length of stay outside ICU, d 21.7 (46.7)

Hospital length of stay, d  39.7 (£59.1)

Hospital mortality, No. (%) 59 (35%)

AP without ARDS
(n=80)

6.86 (+6.14)
10 (12%)
16.2 (+18.3)
23.5 (+20.9)

13 (16%)

AP with ARDS
(n=90)

24.1 (+33.4)
43 (48%)
26.7 (+61.7)
54.2 (+76.3)

46 (51%)

p
<0.001

<0.001

0.13
<0.001

<0.001

Quantitative values are expressed as mean (xSD), 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

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 16.6 (£33.7)  9.53(+8.54) 16.6 (£34.1) 041
ventilation, d 12.6 (£21.7)

ICU length of stay, d 24.1 (£33.4) 28.6(x45.4) 247 (x¥27.3) 225(+£37.9) 0.12

ICU mortality, No. (%) 57 (40%) 3 (38%) 19 (42%) 21 (57%) 0.4
Hospital length of stay, d  54.2 (x76.3) 132 (¥173) 50.0 (£40.2) 42.2 (x70.3) 0.022
Hospital mortality, No. (%) 46 (51%) 3 (38%) 20 (44%) 23 (62%) 0.19

Quantitative values are expressed as mean (xSD), and qualitative values are numbers (percentage
of group).

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

49



Figures

242 patients with AP received in ICU

v

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

l

A 4

ARDS

80 patients with AP without

90 patients with AP and

ARDS

\ 4

A 4

8 patients with mild
ARDS

Figure 1. Flow-chart

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 H-0.

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, PaCO?2,
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, Cl 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, Cl 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, Cl 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/m?).
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Annex

Annex 1
Score de Marshall
(Marshall and al, Crit Care Med 1995)
Organ system 4] 1 2 3 4

Respiratory (Pa0,/Fi0,) >400 301-400 201-300 101-200 <101
Renal® (serum creatinine, mmol/L) <134 134-169 170-310 311-439 >439
Renal® (serum creatinine, mg/dL) <1.4 1.4-1.8 1.9-3.6 3.6-4.9 >4.9
Cardiovascular (systolic blood pressure, mm Hg)' =90 <90 and <90 and <90, <90,

For nonventilated patients, the Fi0, can be estimated from below:

fluid responsive

not fluid responsive pH<7.3 pH<7.2

Supplemental oxygen, L/min Fi0, (%)

Room air 21

2 25

4 30

6-8 40

9-10 50

Annexe 2

Criteres de Berlin
(Ferguson et al. Intensive Care Medecine. 2012)
&

Moderate ARDS

8 €CCOLF
E | HFO |
"E | Prone Position |
E Meninvasive Ventilation NH.I!'II!FI"II.III;EI...IHIF Blukaﬁé ......... |
% | Higher PEEP |
px Low - Moderate PEEP |

E Low Tidal Volume Ventilation |
g Increasing Severity of Injury "

250 200

150
Pa0,/FiO,

100 50
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The Berlin Definition of ARDS

Mild

| Moderate

| Severe

Timing

Within 1 week of a known clinical insult or new/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; need objective

assessment to exclude hydrostatic edema if no sk factor present

Oxygenation PaO, /
FO

2

200-300 PEEP/CPAP = 5 cm H20

100-200 PEEP =5
cm H20

<100 PEEP = 5
em H20

Modified From: ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E, et al. Acute respiratory distress syndrome:
the Berlin Defintion. JAMA. 2012 Jun 20, 307(23):2526-33

Annexe 3

Scores de gravité

SAPS 2

(Le Gall JR et al. JAMA. 1993)

Variables

Score

26 13 12 11

2 0 I

4

HR (beats/min) <40
SBP (mmHg)
Temperature (°C)
PaO /FiO, only if
VENT or CPAP
Urine output (L/day)
Urea (g/L)

TLC

Potassium

Sodium

Bicarbonate
Bilirubin (mg/dl)
GCS

<70

<0.5

<l

<6 6-8

70-99

<100 100-199 =200

0.5-0.999

<3
<125
<I5

9-10 1-13

15-19

40-69 70-119
100-199
<39

=|

<0.6

1-19.9

349
125-144 =145
>20

<40

14-15

0.6-1.7

40-59.9

>1.8

Age Score

Chronic disease

Score

Type of admission

<40

40-59

60-69

70-74

75-79

>80

SAPS Il score
Mortality risk %

0

7

12
15
16
18
29
10

Metastatic cancer
Hematological malignancy
AIDS

40
25

9
10
17

52
50

64
75

Scheduled surgical
Medical
Emergency surgical

77
90

GCS: Glasgow coma score, HR: Heart rate; SBP: Systolic blood pressure; PaO, (mm Hg) arterial oxygen tension; FiO,: Fractional concentration of inspired oxygen; VENT.
Ventilator, CPAP; Continuous positive airway pressure; TLC: Total leukocyte count; AIDS: Acquired immunodeficiency syndrome. Probability of death, P may be calculated using
the following equation; P=(e“¥)/( | +&'#); Logit=-7.7631+0.0737 (score)+0.9971 (log [score+1])
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Score SOFA

Vincent et al. Intensive Care Medecine .1996

Systern Score
0 2 3 4

Respiration

PaO,/FIO,;, mmHg =400 (53.3) <400 (53.3) <2300 (40) <200 (26.7) with <100 (13.3) with

(kPa) respiratory support respiratory support

Coagulation

Platelets, X 10° pL=! =150 <150 <100 <50 <20

Liver

Bilirubin, mg dL™! < 1.2 (20) 1.2-1.9 (20-32) 2.0-59 (33-101) 6.0-11.9 (102-204) =120 (204)

{pmol L")

Cardiovascular MAP =70 mmHg MAP<70 mmHg Dopamine<5or Dopamine 5.1-15 Dopamine = |5 or
dobutamine (any  or epinephrine<0.1 epinephrine > 0.
dose)? or norepinephrine=0.1*  or norepinephrine > 0.12

Central Nervous System (CNS)

Glasgow Coma Scale |5 13-14 10-12 69 <6

score®

Renal

Creatinine, mg dL™' <12 (110) 1.2-1.9 (110~ 2.0-34 (171- 3.5-4.9 (300-440) =5.0 (440)

(pmol L") 170) 299)

Urine output, mL <500 <200

per day

FIO,: fraction of inspired oxygen; MAP: mean arterial pressure; PaO,: partial pressure of oxygen.
*Catecholamine doses are given as pgkg™ ' min™' for at least | h.
bGlasgow Coma Scale scores range from 3 to |5; higher score indicates better neurological function.

Annexe 4

Score CTSI

Balthazar and al, Radiology 1990.
Balthazar grade

Balthazar grade Appearance on CT CT grade points
Grade A Normal CT 0 points
Grade B Focal or diffuse enlargement of the pancreas 1 point
Grade C Pancreatic gland abnormalities and peripancreatic inflammation 2 points
Grade D Fluid collection in a single location 3 points
Grade E Two ar more fluid collections and/for gas bubbles in or adjacent to pancreas 4 points
Necrosis score
Mecrosis percentage Paints
Mo necrosis 0 points
0-30% necrosis 2 points
30-50% necrosis 4 points
Over 50% necrosis 6 points

*The numerical CTSI has a maximum of ten points and is the sum of the Balthazar grade points and pancreatic necrosis grade points.

Annexe 5
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WHO CLASSIFICATION OF WEIGHT STATUS

WEIGHT STATUS
Underweight

Normal range
Overweight

Obese

Obese class |
Obese class Il

Obese class Il

BODY MASS INDEX (BMI), kg/m’

<18.5
18.5-24.9
250299
230
30.0-34.9
35.0-=39.9
240
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SERMENT

> En présence des Maitres de cette école, de mes chers condisciples et
devant Ceffigie d’Hippocrate, je promets et je jure, au nom de ["Etre
supréme, d étre fidele aux lois de [honneur et de la probité dans [exercice
de la médecine.

> Je donnerai mes soins gratuits a [indigent et n'exigerai jamais un salaire
au-dessus de mon travail.

» Admis (e) dans Uintérieur des maisons, mes yeux ne verront pas ce qui s’y
passe, ma langue taira les secrets qui me seront confiés, et mon état ne
servira pas a corrompre les meeurs, ni d favoriser le crime.

> Respectueux (se) et reconnaissant (e) envers mes Maitres, je rendrai a
leurs enfants ['instruction que j ai recue de leurs péres.

» Que les hommes m’accordent leur estime si je suis fidéle a mes promesses.
Que je sois couvert (e) d opprobre et méprisé (e) de mes confréres si j'y
manque.
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Résumé de I’étude

Introduction

La pancréatite aigué (PA) est la pathologie gastro-intestinale responsable du plus grand nombre
d’hospitalisations, dont ’incidence est en augmentation dans le monde (entre 5 et 80 pour 100 000
personnes selon les pays). La pancréatite aigué severe, caractérisée par une dysfonction d’organe prolongée,
est grevée d’une mortalité allant jusqu’a 50%. Parmi les dysfonctions d’organe, la dysfonction respiratoire
est la plus fréquente, et le syndrome de détresse respiratoire aigu€¢ (SDRA) représente |’atteinte respiratoire
la plus grave. Pourtant, son incidence et ses facteurs de risque de développement ont été trés peu étudiés.

Objectifs de I’étude

L’objectif principal était de définir I’incidence du SDRA dans la pancréatite aigué. 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 aigiie sévére 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 a la pancréatite aigu€ dont la mortalité a I’hopital. Une analyse de survie a été
réalisée et la mortalité hospitali¢re selon la survenue d’un SDRA ou non évaluée par un test de Log Rank,
avec calcul de I’hazard ratio (HR) et de son intervalle de confiance a 95% (IC) par modele de Cox univarig.
Un modéle 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 aigué.

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 séveére (37 patients). La
survenue d’un SDRA était associée a 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 hospitaliere était significativement plus élevée en cas de survenue d’un SDRA
(46 patients sur 90, 51%) qu’en 1’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 (x1.68) si léger vs 7.31mL/kg (£1.15) si modéré vs 6.63mL/kg (£1.28) si séveére, p=0,01).
Dans la forme sévere 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) a I’admission >6 (HR 5,68, IC 3,3-10,53).

Conclusion

Un SDRA survient dans plus de la moitié des pancréatites aigués séveéres et est associé a une mortalité
élevée. Un IMC>25 kg/m?, une hyperlipidémie et la sévérité initiale sont associés a la survenue d’un SDRA
apreés analyse de survie. Une prise en charge préventive et préemptive du SDRA basée sur ces facteurs de
risque pourra faire 1’objet de futurs travaux afin d’améliorer le pronostic des patients atteints de pancréatite
aigueé.

Mots clés: SDRA, pancréatite, aigué, épidémiologie, incidence, pronostic, mortalité
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