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RESUME

CONTEXTE : Chez les patients traités par laparostomie avec pansement aspiratif, le bénéfice clinique de la mise en place
d’une nutrition entérale précoce reste débattu. L'objectif principal de cette étude était de comparer les devenirs clinique
(taux de fermeture abdominale et d’incidence de complications intra-abdominales) selon la stratégie nutritionnelle regue

par le patient durant la premiére semaine de réanimation.

METHODE : Durant 5 ans, tous les patients en laparostomie bénéficiant d’une prise en charge nutritionnelle avec une durée
de séjour en réanimation = 8 jours ont été inclus de fagon rétrospective. Le critére de jugement principal était un critére
composite défini par une fermeture abdominale retardée > 8 jours et/ou une complication abdominale secondaire (abces
intra-abdominal, hernie de la paroi abdominale, fuite anastomotique). Un score de propension était établi entre les deux
groupes sur la probabilité de recevoir une nutrition entérale précoce. Une analyse logistique multivariée a été ensuite
utilisée pour tester I'association entre le devenir clinique et différentes modalités de stratégies nutritionnelles (nutrition
entérale vs aucune nutrition par voie orale durant la premiére semaine de laparostomie, nutrition entérale précoce vs

tardive, normaux vs faibles apports caloriques/protéiques).

RESULTATS : Durant la période d’étude, 171 patients ont été inclus et 50% ont présentés une fermeture abdominale
retardée et/ou une complication abdominale secondaire. Le taux de fermeture abdominale retardée ou de complication
abdominale secondaire était significativement plus faible chez les patients ayant regu une nutrition entérale par rapport a
ceux n’ayant regu aucune nutrition par voie orale (40 vs. 61%, p = 0.007) avec un OR aprés ajustement avec score de
propension a 0.49 [95%Cl : 0.25 — 0.98]. Aucune autre association statistique significative n’a été retrouvée entre d’autres

stratégies nutritionnelles et le critére de jugement principal.

CONCLUSION : Chez les patients en réanimation traités par laparostomie avec pansement aspiratif, la mise en place d’une
nutrition entérale durant les 7 premiers jours aprées la chirurgie était associée a un meilleur devenir clinique. Des études
complémentaires sont nécessaires pour mieux définir les apports caloriques et protéiques optimaux durant la phase aigué

apres mis en laparostomie.



ABSTRACT

BACKGROUND & AIMS: In critically ill surgical patients treated with negative pressure therapy (OA/NPT), the association
between early enteral nutrition and clinical outcome is still debated. The main objective was thus to assess the effect of
the nutritional support on clinical outcome (abdominal wall closure rate or fistula formation) within the first week of critical

illness.

METHODS: Over a 5-year period, every critically ill patient who underwent nutritional support while treated by OA/NPT
with an ICU length of stay > 8 days was retrospectively included. The main study outcome was a composite criterion, defined
as delayed abdominal closure > 8 days and/or secondary abdominal complications (secondary anastomotic leak, intra-
abdominal abscess and fascial dehiscence). Inverse probability of treatment weight (IPTW) was derived from a propensity
score model. Multivariable logistic regression was then used to test the association between clinical outcome and different
modalities of nutritional support (enteral nutrition vs. nil per os during the first week after OA/NPT, early vs. late enteral

nutrition, normal vs. low caloric/protein intake).

RESULTS: Over the study period, 171 patients were included and 50% underwent delayed abdominal closure and/or
secondary abdominal complications. The rate of delayed abdominal closure or secondary abdominal complications was
significantly lower in patients who received enteral nutrition versus those who remained nil per os (40 vs. 61%, p = 0.007),
with an IPTW-adjusted OR of poor clinical outcome of 0.49 [95%Cl: 0.25 — 0.98]. There was no other statistical association

between modalities of nutritional support and the study outcome.

CONCLUSION: In critically ill patients with OA/NPT, the use of enteral feeding within 7 days after surgery was associated
with better clinical outcome. Further studies are mandatory to better define the adequate energy and protein intake during

the acute phase after OA/NPT.



Introduction

1. Laparostomie et thérapie a pression négative : bénéfices attendus et conséquences potentielles

1.1. Principes thérapeutiques et indications retenues

La laparostomie est une technique chirurgicale ou les différents fascias de la paroi abdominale sont délibérément non
remis en continuité de fagcon temporaire afin de prévenir ou traiter I'élévation de pression intra-abdominale.
Elle est réalisée a I'aide d'un pansement positionné sur la cavité abdominale congu pour protéger les visceres exposés

tout en exergant une pression négative localisée attirant les bords de la plaie vers le centre du site.

ABThera™ Open Abdomen NPT System

__— Tubing Set

Interface Pad v
To ABThera™ Negative

Pressure Source -
Perforated Foam Layer (125 mmHg)

Adhesive Open

Abdomen Drape\

Visceral Protective Layer

Overlaps > 8-10 cm—-i

Right Left
Paracolic Paracolic

Gutter . Gutter

Schéma du systéme ABThera utilisée chez les patients en laparostomie [1]

Selon les dernieres recommandations internationales [2] les indications de laparostomie peuvent étre divisées en trois
catégories. La premiére est anatomique et concerne I'impossibilité a rapprocher les fascias en cas d’cedeme viscérale ou de
délabrement pariétal trop important. La deuxiéme est physiologique liée aux défaillances circulatoires et métaboliques
(hypothermie, acidose, coagulopathie) risquant d’étre aggravées en cas de syndrome du compartiment abdominal. Enfin la
derniére est logistique en cas de nécessité de ré-intervention programmée pour effectuer un retrait de packing, une
réévaluation de la viabilité intestinale en contexte d’atteinte vasculaire digestive artériel ou veineux ou bien un

rétablissement de la continuité du tractus digestif.



1.2 Avantages et inconvénients :

Depuis maintenant plusieurs années la laparostomie a permis des améliorations significatives en terme de survie [3]
dans un large éventail de conditions chirurgicales traumatique et non traumatique (péritonite grave, urgences vasculaires)
principalement dans le contexte de syndrome du compartiment abdominal ou intégrée dans une stratégie de damage-
control chez les patients polytraumatisés.

Elle permet une meilleure protection abdominale des organes digestifs vis-a-vis du traumatisme, réduit le risque de
contamination septique et assure une meilleure gestion liquidienne via I'évacuation de I'ascite résiduel permettant de

réduire I'cedéme viscéral et donc le risque de récidive d’hyperpression abdominale.

De plus, de récentes études [1,4] sur I'adjonction d’une technique d’aspiration par thérapie négative ont montrées un
possible bénéfice sur la réduction de I'inflammation et du SIRS via le drainage exsudats intra-abdominaux source de
cytokines pro-inflammatoires. De méme en limitant la rétraction des berges musculo-aponévrotiques elle permet une

fermeture cutanée précoce en comparaison avec d’autres techniques non aspiratives.

Cependant son utilisation n’est pas dénuée d’effets secondaires. De nombreuses études retrouvent une morbidité
importante associée a son utilisation en lien notamment avec une fermeture abdominale retardée > 8 jours [5,6].

En effet, passé ce délais, on assiste a un remodelage inflammatoire des tissus intra-péritonéaux [7] a I'origine de
complications potentiellement sévéres ( abces intra-abdominaux, fuite anastomotique, fistule entéro-atmosphérique ). De
méme I'absence de traction pariétale suffisante est a la base d’une rétraction latérale des fascia abdominaux favorisant
I'apparition d’hernies abdominales importantes.

La prise en charge de ces complications est source de nombreuses réadmissions hospitalieres [8] et opérations
chirurgicales supplémentaires entrainant un surcolt financier et une durée d’hospitalisation en réanimation plus

importante [6].

Bien qu’ayant permis une amélioration significative dans la survie des patients, la laparostomie expose a des
complications a court et long termes significatives conditionnant le pronostic des patients en bénéficiant. Celles-ci
sont principalement corrélées au délai de fermeture abdominale. Toute action thérapeutique permettant d’améliorer
ce parametre est ainsi d’'une importante capitale pour réduire la mortalité, les différentes complications et la durée

de séjour liées a la laparostomie.



2. Stratégies nutritionnelles chez les patients en laparostomie :

2.1. Réponse métabolique a I'agression :

La compréhension de la réponse métabolique en situation d’agression (traumatismes, chirurgie) a évolué au cours des

derniéres années. Elle est divisée en trois phases coincidant avec celles de la stratégie de damage control.

Une premiére phase dite PRECOCE (= anciennement « ebb » phase) s’étendant sur 24-48H correspondant a une
période d’état de choc marqué par des troubles de la macro-microcirculation importants associés a des phénomeénes
d’ischémie reperfusion a I'origine de potentielles dysfonctions d’organes. Le débit cardiaque, la consommation en oxygene
ainsi que la demande énergétique y sont généralement réduites. Il existe une néoglucogenese a partir des réserves
protéiques musculaire mais aussi adipeuse. Les apports nutritionnels ne permettent pas de réprimer ce phénomene

adaptatif. Pendant cette phase les apports caloriques et protéiques sont généralement inutiles.

Suit une deuxiéme phase dite TARDIVE (= anciennement « flow phase ») d’une durée variable démarrant aprés
stabilisation hémodynamique. Elle correspond a une période d’augmentation de la dépense énergétique et
d’hypercatabolisme entrainant un état dit d’auto-cannibalisme adaptatif associant un débit cardiaque et une
consommation d’oxygene accrus ainsi qu’une accélération du renouvellement protéique et une accentuation de la
dégradation des protéines musculaire pour servir de substrat au cerveau et tissus lésés. L’apport calorico-protéique permet
de réduire l'intensité de cette néoglucogenése. Il doit étre entrepris précocement et se faire de fagon progressive pour

atteindre la cible a la fin de la premiére semaine de I'agression.

Enfin une troisieme phase anabolique dite de RECUPERATION pouvant s’étendre jusqu’a un an. Selon la sévérité de
I'agression initiale celle-ci aménera au début du processus de guérison avec reconstitution des réserves caloriques et
protéiques de I'organisme ou bien a un état de catabolisme inflammatoire continu [9] source de complications et
d’hospitalisation prolongée. La période de récupération doit s’Taccompagner d’une optimisation de I'apport protéique et

énergétique et s’intégrer dans une stratégie de réhabilitation plus large.



2.2 Particularités nutritionnelles du patient en laparostomie :

Lorsque le tube digestif est integre avec ou sans suture et qu’aucun élément évocateur d’ischémie n’est mis en
évidence, la nutrition entérale doit étre débutée passer la phase précoce. Cependant sa mise en route est difficile,
I’'hypercatabolisme engendré par I'agression initiale se rajoutant aux nombreux effets métaboliques propres a la

laparostomie.

D’une part I'hyperperméabilité capillaire majeure engendrée par le SIRS initial associée a la réanimation liquidienne
intense des premieres 24H contribuent a la formation d’un important cedéme viscérale a I'origine d’un iléus paralytique et
d’une réduction de la perfusion intestinale favorisant la survenue d’ischémies mésentériques. En outre, les fréquentes
interruptions d’administrations (reprises chirurgies, imagerie, ... ) participent a une administration sous-optimale de la
nutrition entérale. La nutrition parentérale permet d’assurer un apport calorico-protéique complémentaire afin d’atteindre

les objectifs nutritionnels.

D’autre part sur le plan protéique, I'exposition viscérale en contexte inflammatoire entrainent des pertes liquidiennes
riches en protéines de I'ordre de 30g/L [10] altérant les processus de cicatrisation et électrolytiques [11] accentuant le
risque de survenue de syndrome de renutrition inapproprié dans cette population ou l'incidence de la dénutrition est

élevée.

Ainsi de par les problématiques physiologiques et anatomiques complexes qu’elle engendre, I'obtention d’apports

caloriques et protéiques en adéquation avec la demande de I'organisme est particulierement difficile.

2.3 Etat des lieux des stratégies nutritionnelles chez le patient en laparostomie :

Les recommandations internationales [2,12] préconisent aujourd’hui une mise en route précoce de la nutrition
entérale en présence d’un tube digestif viable et fonctionnel avec des apports caloriques journaliers entre 20-30kcal/Kg et
protéiques entre 1,3 et 2,5g/Kg. Cependant celles-ci sont basées sur des études limitées et de faibles qualité

méthodologique.



Du fait du risque d’intolérance, la nutrition entérale fut pendant longtemps instaurée apres fermeture abdominale
compléte. A I'origine, de nombreuses réticences chirurgicales et médicales concernant le risque de majorer I'cedeme
viscéral et d’altérer la perfusion intestinale chez les patients sous vasopresseurs. De nombreuses études ont depuis

démontré le cOté slr de sa mise en place [13,14] en présence d’un tube digestif integre.

Sur le plan physiologique, la nutrition entérale a démontré de nombreux effets positifs sur le maintien de la capacité
d’absorption et de la diversité microbienne intestinale en luttant contre I’atrophie villositaire [15]. Elle a par ailleurs une
action circulatoire en augmentant la circulation splanchnique[16] via le phénoméne d’hyperhémie intestinale postprandiale
et immunitaire en participant a I'atténuation la réponse inflammatoire provoquée par I'agression initiale. Malgré cela leurs

traductions en termes d’impact clinique est source de résultats hétérogenes.

Concernant les bénéfices d’une introduction précoce (< 48H) aprés obtention d’une stabilité hémodynamique, les
études retrouvent des résultats discordants. D’une part une étude suggere une réduction de I'incidence des pneumopathies
acquises sous ventilation mécanique [17] alors que d’autres retrouvent des taux similaires de complications infectieuses
[13,18,19]. D’autre part certaines retrouvent un taux de fermeture abdominal plus important [13,19] alors que d’autres ne

retrouvent aucun impact [17,18].

La question du délai et du niveau des objectifs d’apports énergétiques et protéiques chez cette population particuliere
reste elle aussi débattue. De nombreuses études récentes, dans des populations principalement médicales [20,21],
comparant des stratégies de nutrition permissives (faibles apports nutritionnel) et standards (apports voisin de la dépense
énergétique) ne rapportent aucune différence en terme de mortalité et de complications. Sachant que I'obtention
d’apports adéquats est particulierement difficile chez ces patients, I'impact de différents régimes caloriques reste une

question a explorer.

Concernant la nutrition parentérale, bien que celle-ci permette |'obtention plus rapide d’apports caloriques optimaux,
elle expose a la survenue d’un syndrome de renutrition inapproprié. Sur le plan physiologique, elle entraine une atrophie
des muqueuses intestinales favorisant la translocation bactérienne. Ainsi elle est recommandée uniquement en cas
d’intolérance prolongée de la nutrition entérale ou bien chez les patients présentant un état de dénutrition sévere

préexistant avant leur mise en laparostomie



Du fait de I'hypercatabolisme important chez les patients en laparostomie, la mise en place d’un support
nutritionnel adapté aux besoins du patient est primordiale pour accélérer les possibilités de fermeture abdominale et
réduire l'incidence des complications intra-abdominales. Cependant aucune stratégie nutritionnelle (délais
d’introduction, régime hypo/hyper calorique-protéique) n’a démontré de supériorité particuliere dans la littérature

existante.
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Problématique et hypothése de travail

Les patients en laparostomie avec pansement aspiratif sont sujets a un hypercatabolisme justifiant un support

nutritionnel adapté. La littérature sur le sujet est limitée et de faible qualité méthodologique.

On émet les hypotheéses que le type de nutrition (entérale/parentérale), son délai d’introduction (précoce/tardif) et

le niveau d’apports calorico-protéiques sont susceptibles d’influencer le devenir de ces patients.



Objectifs du travail

L'objectif principal de cette étude était de comparer les devenirs clinique (taux de fermeture abdominale et
d’incidence des complications intra-abdominales) chez les patients de réanimation en laparostomie avec pansement

aspiratif selon la stratégie nutritionnelle regue par le patient.

Les objectifs secondaires étaient les suivants :
- Analyser I'impact de différents niveaux d’apports caloriques et protéiques sur le devenir des patients de
réanimation chirurgicale en laparostomie
- Analyser le délai de fermeture abdominale selon le délai d’introduction et le type de nutrition mise en place

( précoce/tardif, entérale/parentérale)
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INTRODUCTION

For several years, open abdomen associated with negative pressure therapy (OA/NPT) has become one of the leading
strategies to treat or prevent intra-abdominal hypertension in critically ill patients after a wide range of trauma and non-
trauma surgical conditions [1]. However, its use remains controversial as delayed abdominal closure has potential for
severe side effects while increasing resource utilization (especially entero-atmospheric fistula and frozen abdomen). Early
abdominal closure is thus of paramount importance in order to reduce mortality, complications and length of stay linked

to the OA/NPT [2].

In critically ill patients with OA/NPT, optimizing nutrition still represents a complex challenge due to uncertainties
regarding the energy needs at different phases of the metabolic response [3—-5]. On the one hand, critically ill patients
with OA/NPT are characterized by hyper-metabolic conditions and significant nitrogen loss which should justify high
caloric and protein requirements [2,6]. In this context, the prompt introduction of enteral nutrition is thought to improve
fascial closure rates and reduce infectious complications in patients with OA/NPT [7-9]. On the other hand, other authors
reported conflicting findings and rather recommend hypocaloric nutrition given the risk of refeeding syndrome in the

early phase of acute illness [8,10,11].

Little evidence is thus available to define the adequate energy and protein intake during the acute phase of illness [12].
The main objective of this study was thus to assess the effect of the nutritional support on clinical outcome (abdominal

wall closure rate or fistula formation) within the first week after OA/NPT in critically ill surgical patients.



METHODS

1. Study design, population and settings

This retrospective cohort study was conducted in a 25-bed Surgical and Trauma Intensive Care Unit (ICU) of a University
Hospital (CHU Pellegrin, Bordeaux, France). Over a 5-year period (from January 2015 to December 2019), were eligible for
inclusion every adult patient treated by OA/NPT with an ICU length of stay > 8 days after surgery. During this period,
nutrition-related parameters were daily collected into a large ICU database as part of the standard care in every critically
ill patient. Patients were excluded when data on nutritional provision were incomplete. The study protocol was declared
to the Data Protection Officer in accordance with the French legislation. The observational character of the present study
was confirmed by the Institutional Review Board (N°IRB: CE-GP-2020-29). The patients and/or next of kin were informed

about the potential inclusion of their anonymized data for retrospective studies, and none expressed opposition.

Management of medical nutrition therapy was consistent with the up-to-date recommendations [12]. Briefly, enteral
nutrition (EN) was introduced as soon as possible in presence of viable and functional gastrointestinal tract after
hemodynamic stabilization [7,8]. The caloric delivery was progressively increased up to 80-100% of estimated needs,
determined by adjusted weight-based predictive equations. A theoretical target > 20 - 25 kcal/kg/day was considered
adequate during the acute phase (i.e. the first seven days) following surgery. Parenteral nutrition (PN) was implemented
when enteral feeding was contraindicated, if patients did not tolerate EN or when patients did not meet their nutritional
targets within five to seven days. The caloric targets were updated by our dedicated dietician nutritionist, depending on
adjusted body-weight, previous nutritional status and ICU-related medical conditions [12]. The caloric targets were
lowered and increased progressively in patients at risk of refeeding syndrome (RFS), defined as poor nutritional status
previous admission (weight loss > 10% within 6 months, BMI < 20, ongoing oncological disease, chronic infectious disease

or malabsorption syndrome...) or a starved state > 48h before introduction of nutritional support [13].



2. Data collection, definitions and outcomes

For each patient, the following variables were retrospectively collected in the ICU medical record: demographic data,
body mass index (BMI) and adjusted body weight (ABW), comorbidities (according to Charlson comorbidity index), poor
nutritional status before admission (weight loss > 10% within 6 months, BMI < 20 kg/m?, ongoing oncological disease,
chronic infectious disease or malabsorption syndrome), Simplified Acute Physiology Score (SAPS) at ICU admission,
modalities of surgical management (type of initial surgery [emergency or scheduled surgery, traumatic or non-traumatic
surgery], time and indication for OA/NPT [prophylactic OA or secondary abdominal complication after initial surgery], use
of mesh-mediated fascial traction, number of surgical revisions and total duration of OA/NPT before definitive fascial
closure) and other ICU-related conditions (SOFA [Sequential Organ Failure Assessment] score, use of continuous renal-

replacement therapy [CRRT], cumulated fluid balance and use of epidural analgesia).

Caloric intakes, including calories from propofol or glucose infusion, were monitored daily and averaged during the first
week after OA. Mean percentage of energy target achievement and cumulative energy deficit were calculated according
to a theoretical target > 20 kcal/kg/day. Were also collected the time of initiation of EN and PN, the use of parenteral
omega-3 fatty-acid (FA)-containing lipid emulsion, the cumulated protein, glucose and lipid intakes. Temporarily
contraindications of EN were defined as follows: temporarily closed loops, gastric aspiration, bowel ischemia, bowel
obstruction, high-output fistula, uncontrolled shock or upper Gl bleeding) [2]. The occurrence of refeeding
hypophosphatemia was defined as a drop of phosphatemia below 0.65 mmol/L within 72 h of the commencement of

nutritional support [10].

The main study outcome was a composite criterion, defined as delayed abdominal closure > 8 days after OA/NPT and/or
secondary abdominal complications after OA/NPT (secondary anastomotic leak, intra-abdominal abscess and fascial
dehiscence) [7]. Secondary study end-points were the total duration of OA/NPT before definitive fascial closure, the time
before transit recovery after OA/NPT, the duration under mechanical ventilation after OA/NPT, the occurrence of
ventilator-acquired pulmonary infections (VAP) after OA/NPT, the in-hospital mortality and the ICU or hospital lengths of
stay. The impact of nutritional support on outcome measures was assessed, considering different groups of patients

(Table 1).



3. Statistical analysis

Results are expressed as mean * standard deviation or median (25% to 75% interquartile range) for continuous variables
and as absolute or relative frequencies for categorical variables. The data distribution was analyzed by a Shapiro-Wilk
test. Univariate analysis was first conducted to assess the association between modalities of nutritional support and
clinical outcome. Comparisons between continuous variables were performed using the Student t test or the Mann—

Whitney test and categorical variables were compared using the chi-square test or Fisher’s exact test as appropriate.

To adjust for potential baseline differences between the treatment and control groups, a propensity score analysis was
performed to predict the conditional probability for an individual patient to receive a prompt introduction of
normocaloric enteral nutrition. The covariates included in the propensity score model were as follows: poor nutritional
status before admission, temporarily closed loops, ischemic bowel disease, occurrence of refeeding hypophosphatemia
and SOFA score at day 2. Inverse probability of treatment weighting (IPTW) was used for estimating the average

treatment effect on time-to-event outcomes.

A multivariable logistic regression was then used to test the association between modalities of nutritional support
(enteral nutrition vs. nil per os during the first week after OA/NPT, early vs. late enteral nutrition, normal vs. low
caloric/protein intake) and the main study outcome, adjusting for covariates selected on an a priori basis: SAPS 2 at ICU
admission, indication for OA/NPT (prophylactic OA vs. complicated surgery), maximal SOFA score and cumulated fluid
balance at day 7. The covariates included in the model were known to be clinically relevant and particular attention was
paid to interactions and multicollinearity [14]. A sample size of 150 patients was needed to limit potential sparse-data
bias, assuming a 30% rate of poor clinical outcome with at least 5 dichotomous covariates incorporated in the model

(including the exposure of interest) [15].

A p value < 0.05 was considered statistically significant. Statistical analyses were performed using XLSTAT 2015 for

Windows (Addinsoft Paris, France) and Stata software (StataCorp, College Station, US).



RESULTS

1. Characteristics of the population

During the study period, 192 patients were treated by OA/NPT but 19 had an ICU length of stay <7 days after surgery.
Moreover, 2 patients had incomplete nutrition-related data. Finally, 171 patients were included in the present study.
Overall, poor clinical outcome was reported in 85 patients (delayed abdominal closure, N = 57 [33%], anastomotic leak, N
=30 [18%], intra-abdominal abscess, N = 20 [12%], abdominal dehiscence, N = 5 [3%]). The main characteristics of the

population are reported Table 2.

2. Association between nutrition-related conditions and clinical outcome

In the non-adjusted population, the rate of poor clinical outcome was significantly lower in patients who received enteral
nutrition versus those who remained nil per os (40 vs. 61%, p = 0.007). However, the rate of poor clinical outcome did not
differ between patients who received early vs. late enteral nutrition (15 vs. 29%, p = 0.165). Moreover, the rate of
delayed abdominal closure and/or intra-abdominal complication did not differ according to the mean percentage of
energy target achievement and cumulative energy deficit over the first week after OA/NPT (Figure 1). Finally, there was
no statistical difference between the mean protein, glucose and lipid intakes between patients with good vs. poor clinical

outcome (Table 2).

In the propensity-matched population, the covariate-adjusted OR of poor clinical outcome in patients who received
enteral nutrition was 0.49 [95%Cl: 0.25 — 0.98]. There was no other statistical association between modalities of
nutritional support (early vs. late enteral or parenteral nutrition, normal vs. low caloric/protein intake) and the main
study outcome (Figure 2). In the multivariable regression model, the prophylactic OA/NPT was the only covariate

statistically associated with good clinical outcome (adjusted OR = 0.33 [95%Cl: 0.15 — 0.72]).



The use of EN was statistically associated with a lower rate of secondary intra-abdominal complications (adjusted OR =
0.43 [95%Cl: 0.21 — 0.87]) whereas there was no statistical difference regarding the rate of delayed abdominal closure
(adjusted OR = 0.61 [95%Cl: 0.31 — 1.20]). When considering the time before abdominal closure as a continuous variable,
the use of EN within the first week after OA/NPT was associated with a 7% (95%Cl: 1 — 15%) increase in the 28 days
OA/NPT free days. There was no other statistical association between modalities of nutritional support and the number of

days under OA/NPT before definitive fascial closure.



DISCUSSION

This study is one of the largest cohorts of critically ill patients with OA/NPT investigating the effect of the nutritional
support on clinical outcome (abdominal wall closure rate or fistula formation). Our results suggested that the use of EN
during the acute phase (i.e. the first seven days) following surgery was associated with a shorter duration under OA/NPT
and a lower rate of secondary intra-abdominal complications. However, neither the time of introduction nor the amounts

of caloric and protein intake were associated with clinical outcome.

In this concern, conflicting results are reported in the literature. On the one hand, Byrnes et al. suggested that early EN
was associated with a longer time with OA/NPT (7.1 vs 3.4 days), although this underpowered study was impaired by a
strong selection and interpretation bias [11]. This result was not confirmed by Dissanaike et al. who reported no effect of
immediate EN (within 36 hours) on abdominal closure rate [8]. On the other hand, Collier et al. were the first to report
earlier fascial closure rates with the initiation of EN before day 4 after injury [7]. However, this study was impaired by the
presence of multiple confounding variables. Accordingly, the Western Trauma Association (WTA) also reported higher
fascial closure rates (OR = 5.3; p < 0.01), decreased complication rates (OR = 0.46; p = 0.02), and decreased mortality (OR
=0.30; p = 0.01) in patients without intestinal injury who received EN before the closure of the abdomen [9]. Different
outcomes were reported in the sub-group analysis of patients with bowel injuries, suggesting the presence of intestinal
injury and the ICU-related conditions should be taken into account before starting nutritional support. In this context, our

results also suggested an independent association between the etiology of OA and clinical outcome.

Questions such as time for introduction (early vs. late EN) and amount of enteral nutrition (goal tube feeds vs trophic
feeds) remained to be investigated among patients with OA/NPT. In this regard, our results found no statistical
association between caloric and protein intake and clinical outcome. It is thus unlikely that the benefit of enteral feeding
derives from a better macronutriment intake. Our results are thus in accordance with former studies suggesting similar
outcomes between permissive underfeeding to those with standard enteral feeding [16-19]. The association with clinical
outcome may be explained by the other advantages of EN, such as improving vascular flow, reducing bowel edema,
maintaining bowel mucosal integrity and lessening septic complications [20-23]. Accordingly, our study may suggest that
i) a prompt introduction of EN at trophic levels after OA / NPT appears to be beneficial in the absence of contraindication
and ii) the caloric/protein intake should be progressively increased up given the risk of refeeding syndrome in the early

phase of acute illness.



However, our study was underpowered for an adequate assessment of outcome according to the protein delivery, with
very few patients with low (i.e. < 0.5 g/kg/day) protein intake. Recent studies suggested a strong association between
negative nitrogen balance, muscle depth loss and clinical outcome of critically ill patients [24]. Preserving a positive
nitrogen balance may be of paramount importance amongst patients with OA/NPT, where a negative nitrogen balance is
a common occurrence [6]. Of note, only 18% of patients reached the adequate protein requirement, which should be in
the range of 1.3-2.5g/Kg/day in this specific population. Whether the use of specific customized high-protein

concentration mixtures may improve clinical outcome in this specific population deserves further studies [25].

Several limitations should be reported. The main limitation relied on the retrospective design that could lead to selection
and interpretation bias. Although the multivariable regression in an IPTW propensity-matched population allowed
reducing the effects of confounding covariates between treatment groups, there is still a possibility that the observed
association is due to unrecorded or unobserved confounders. Moreover, there is no consensus statement on the
definition of delayed abdominal closure, arbitrarily fixed at 7 days in accordance with previous studies [26]. Finally, the
large majority of patients had adequate caloric and protein intakes, limiting the sample size for subgroup analysis

(underfeeding regimen vs. overfeeding and low vs. high protein intake).



CONCLUSION

In critically ill patients with OA/NPT, the use of enteral feeding within 7 days after surgery was associated with better
clinical outcome. The time of introduction of EN and the caloric/protein intakes were not associated with abdominal wall
closure rates or fistula formation, although our study was underpowered to assess the effect of high protein intake.

Further studies are mandatory to better define the adequate energy and protein intake during the acute phase after

OA/NPT.
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Table 1. Definitions used for nutritional support and clinical endpoints in critically ill patients with OA/NPT

Early Enteral Nutrition

Any patient receiving enteral feeds of at least 10 ml/h and/or 200 kcal/kg within the 48 first

hours after OA/NPT

Early Parenteral Nutrition

Any patient receiving parenteral nutrition of at least 10 ml/h and/or 200 kcal/kg within the

48 first hours after OA/NPT

Hypocaloric regimen (underfeeding)

Mean caloric intake < 70% of theoretical target over the first week after surgery

(theoretical caloric target = 20 kcal/kg/day)

Overfeeding

Mean caloric intake > 110% of theoretical target over the first week after surgery

(theoretical caloric target = 20 kcal/kg/day)

Low protein diet

Mean protein administration < 0.5 g/kg/day over the first week after surgery

Normal protein diet

Mean protein administration > 1.2 g/kg/day over the first week after surgery

Good clinical outcome

Early abdominal closure (i.e £ 7 days) and no intra-abdominal complication after OA/NPT

(secondary anastomotic leak, intra-abdominal abscess, and fascial dehiscence)

Poor clinical outcome

Delayed abdominal > 8 days after OA/NPT and/or secondary abdominal complications after

OA/NPT (secondary anastomotic leak, intra-abdominal abscess and fascial dehiscence)

All the definitions and terminologies are in accordance with the recent ESPEN terminology

recommendations [12].




Table 2. Main characteristics of the population

Overall population

Good clinical outcome

Poor clinical outcome

N = 171 (100) N = 86 (50) N = 85 (50) P
Demographic and anthropometric data
- Age (years) 63 [50 - 70] 65 [51 - 73] 62 [48 - 67] 0.043
- Male sex 139 (81) 71(83) 68 (80) 0.668
- Body mass index (kg/m?) 27 [24 -31] 26 [24 -30] 28 [24 -31] 0.312
- Adjusted body weight (kg) 77 (66 — 84] 76 [64 — 81] 77 [67 - 85] 0.303
Medical history
- SAPS 2 at ICU admission 47 [36 — 64] 47 [35-63] 48 [37 - 66] 0.601
- Charlson comorbidity index 4[1-5] 4[1-5] 4[1-6] 0.991
- Poor nutritional status before admission 67 (39) 31(36) 36 (42) 0.398
Type of initial surgery before OA/NPT
- Emergency surgery 117 (68) 63 (73) 54 (64) 0.171
- Traumatic surgery 48 (28) 29 (34) 19 (22) 0.098
Time and indication for OA/NPT
- Prophylactic OA 115 (67) 65 (76) 50 (59) 0.020
- OA for secondary abdominal complication (*)
o  Secondary peritonitis 33(19) 10 (12) 23 (27) 0.011
o  Ischemic bowel disease 22 (13) 8(9) 14 (16) 0.162
o Abdominal Compartment Syndrome 21(12) 9 (10) 12 (24) 0.467
o Intra-abdominal bleeding 18 (11) 8(9) 10 (12) 0.600
Number of surgical revisions before fascial closure 3[2-4] 2[1-3] 4[3-5] <0.0001
Total duration of OA/NPT before fascial closure 6[3-10] 4[2-5] 10[6-13] <0.0001
Nutrition-related conditions over the first week after OA/NPT
- Use of enteral nutrition 94 (55) 56 (65) 38 (45) 0.007
o Early enteral nutrition 35 (20) 22 (26) 13 (15) 0.096
o Late enteral nutrition 59 (35) 34 (40) 25 (29) 0.164
- Use of parenteral nutrition 165 (96) 81 (94) 84 (99) 0.099
- Early parenteral nutrition 134 (78) 66 (77) 68 (80) 0.605
- Use of parenteral omega-3 FA containing lipid emulsion 44 (26) 20 (23) 24 (28) 0.456
- Temporary contraindication of early enteral nutrition 107 (63) 53 (62) 54 (64) 0.797
- Occurrence of refeeding hypophosphatemia 39 (23) 26 (30) 13 (15) 0.020
- Mean caloric intake (kcal/kg/day) 19 [15 - 24] 19 [15 - 24] 19 [15 - 24] 0.749
o Underfeeding 46 (27) 26 (30) 20 (24) 0.323
o  Overfeeding 46 (27) 23(27) 23(27) 0.963
- Mean protein intake (g/kg/day) 0.9[0.7-1.1] 0.9[0.7-1.1] 0.9[0.7-1.1] 0.994
o Low protein diet 19(11) 8(9) 11 (13) 0.449
o Normal protein diet 30(18) 15 (17) 15 (18) 0.972
- Mean glucose intake (g/kg/day) 2.1[1.7-2.6] 2.1[1.6-2.6] 2.1[1.7-2.6] 0.932
- Mean lipid intake (g/kg/day) 0.7 [0.6-0.9] 0.7[0.5-0.9] 0.7[0.6-0.9] 0.439
Other surgical and medical conditions over the first week after OA/NPT
- Cumulated fluid balance (L) 4[0-7] 3[0-7] 4[0-8] 0.307
- Maximal SOFA score (without neurologic component) 10 [8-12] 9[8-11] 10[7-12] 0.471
- Use of CRRT 59 (35) 23(27) 36 (42) 0.032
- Early use of mesh-fascial traction 89 (52) 30 (35) 59 (69) <0.0001
- Early use of epidural analgesia 48 (28) 25 (29) 23 (27) 0.770
Other study outcomes
- Secondary VAP after OA/NPT 46 (27) 26 (30) 20 (24) 0.323
- In-hospital mortality 31(18) 8(9) 23 (27) 0.003
- Time before transit recovery 7[4-10] 7[4-9] 7 [4-10] 0.412
- Duration under mechanical ventilation 9[5-17] 8 [5-14] 12 [6-18] 0.009
- ICU length of stay 20 [14 -32] 19 [12 - 26] 22 [16 - 38] 0.002
- Hospital length of stay 34 [22 -61] 32 [20-58] 38 [23-62] 0.066

Results expressed as median [interquartile 25 — 75] or number (percentage)




Figure 1. Mean percentage of energy target achievement (A) and Cumulative Energy Deficit (B)

Mean percentage of energy target achievement (%)

Cumulative Energy Deficit (kcal/kg)

over time between patients with good (blue lines) vs. poor (red lines) clinical outcome
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Figure 2. Covariate-adjusted OR of poor clinical outcome (delayed abdominal closure, secondary anastomotic leak,
intra-abdominal abscess and fascial dehiscence) according to different modalities of nutritional support (use of EN vs. Nil
per OS, early vs. late enteral nutrition, normal vs. low caloric/protein intake) in the propensity-matched population of

critically ill patients with OA/NPT.
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Conclusion

La mise en place d’une stratégie nutritionnelle adaptée aux besoins du patient est devenu une pratique standard dans
les unités de réanimation chirurgicale. Elle revét d’une importance toute particuliere chez les patients en laparostomie
considérés comme en état de stress hyper-catabolique. L'introduction d’une nutrition entérale durant les 7 premiers jours
apres la chirurgie est associée a un meilleur devenir clinique. Des études complémentaires sont nécessaires pour mieux

définir les apports caloriques et protéiques optimaux durant la phase aigué aprés mis en laparostomie.
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