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Résumé en Français:
La mesure du sur-risque de décès liés à une infection nosocomiale est gênée par la diversité
des définitions utilisées, la présence de nombreux facteurs confondant et risques en
compétition. Nous avons développé les données de la littérature concernant le sur-risque de
décès lié aux pneumonies nosocomiales en réanimation. Nous avons montré, la diversité des
estimations retrouvées et énuméré les causes probables des divergences. Notre recherche a
porté sur la prise en compte de la gravité et de l'évolution initiale des malades comme facteur
de confusion dans l'analyse de la relation entre infection nosocomiale et mortalité. Nous
avons montré que, indépendamment des scores de gravité à l'admission, les patients qui
évoluent le plus mal ont un risque accru d'infection nosocomiale et bien-sûr de décès. Dans le
but d'ajuster sur l'évolution de la gravité en cours de séjour, nous avons validé les scores de
dysfonction d'organes LOD et SOFA en cours de séjour. Nous avons crée un score de gravité
baptisé TRIO basé sur la gravité à l'admission et l'évolution au cours des 3 premiers jours de
réanimation et donc particulièrement adapté à la population exposée au risque d'infection
nosocomiale Dans un deuxième temps, nous avons utilisé ces outils dans différentes
applications avec différentes méthodologies statistiques (étude exposés-non exposés appariés
avec analyse par régression logistique conditionnelle ou modèle de Cox marginal, étude de
cohorte avec utilisation de modèles de Cox avec covariables dépendantes du temps). Enfin, à
partir de ces résultats, nous avons exposé brièvement quels pourraient être les développements
statistiques utilisables pour améliorer la précision de l'estimation du sur-risque de mortalité
associée aux infections nosocomiales.

Titre en anglais: Estimation of attributable mortality associated with ICU-acquired
nosocomial infection with special emphasis on evolution of severity in ICU.
Résumé en anglais:
The estimation of the over-risk of death associated with nosocomial infection is difficult
because of the inaccuracy of the definition used, a numerous of confounding factors and
competing events. We discussed data available in the literature concerning the over-risk of
death associated with ICU-acquired nosocomial pneumonia. We have shown that the risk
estimation is highly variable and described the reasons for such variability. The target of our
work was to take into account the severity on admission and the evolution of the severity as
confounding factor of the relationship between nosocomial infection and death. We have
shown that, independently of severity scores on admission, patients with the worst evolution
have an increased risk of nosocomial infection and of mortality. In an attempt to adjust on
these confounding factors we validate the accuracy of LOD and SOFA scores measured
during the ICU stay. We also built a new score named TRIO based on severity on admission
and evolution of the severity during the first 3 days particularly adapted to the population
exposed to nosocomial infections. We used these tools in various examples using various
statistical methods (exposed-unexposed studies with marginal Cox model with time­
dependent covariates or conditionallogistic regression). Finally, we briefly described the
statistical tools able to improve the measurement of the risk estimations.

Discipline: Epidémiologie et santé publique

Mots clés: cox, régression logistique conditionnelle, risque compétitif, pneumonie
nosocomiale, réanimation, infection, facteur confondant, mortalité attribuable.

Intitulé et adresse de l'UFR ou du laboratoire: Département de biostatistique et
d'informatique médicale (DBIM) Hôpital St Louis- 1 av Claude Vellefaux 75475 Paris
CEDEX 10
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Introduction: Intérêt de l'estimation de la mortalité induite par les infections

nosocomiales ?

L'estimation du retentissement des événements iatrogènes survenant chez les malades de

réanimation sur leur pronostic représente l'un des objectifs de la recherche épidémiologique

en réanimation.

Cette estimation apparaît nécessaire pour mieux évaluer les actions de prévention à mettre en

œuvre et pour orienter les priorités de recherche 1.

Actuellement, l'hôpital se transforme. Il est devenu nécessaire d'évaluer la qualité des soins

que nous prodiguons afin de les améliorer.

L'infection nosocomiale en réanimation est l'un des paramètres potentiels qui permettraient

de mesurer la qualité des soins. Il est devenu ainsi obligatoire de surveiller les infections

nosocomiales en France (Décret n088-657 du 6 mai 1988 (JO du 8 mai 1988), Circulaire

n0263 du 13 octobre 1988 (Ba 88/45), Circulaire Direction Générale de la Santé

(DGS)NSNS2 - DH/E01 n° 17 du 19 avril 1995 (Bulletin Epidémiologique Hebdomadaire

(BEH) n° 28, 1995). L'Agence Nationale d'Accréditation et d'Evaluation en Santé (ANAES)

a très rapidement décidé d'intégrer ce type d'indicateurs dans son référentiel (Manuel

d'accréditation de l'ANAES : Qualité et prévention, Février 1999).

Cependant, son utilisation en réanimation comme indicateur de résultats est loin d'être simple.

En effet, afin d'être un bon indicateur, plusieurs conditions doivent être réunies:

(1) L'événement doit être fréquent et entraîner une morbidité et une mortalité importantes.

Cependant, nombreux sont les travaux contradictoires concernant la mortalité et la morbidité

attribuables à l'infection nosocomiale en réanimation. Il semble, en effet, que l'infection

nosocomiale en réanimation soit la plus fréquente chez les patients les plus graves (EPIC
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study par exemple 2). Il devient donc difficile de décider si les patients les plus graves

décèdent avec une infection nosocomiale ou du fait d'une infection nosocomiale

(2) L'événement doit être facile à détecter, de diagnostic aisé et reproductible

(3) La surveillance de cet événement doit être simple

(4) Cet événement doit être évitable3
.

Les responsables du Comité Technique national des Infections Nosocomiales (CTIN) ont,

pour l'instant, décidé de ne pas recommander l'utilisation de ce type de marqueur de qualité

en réanimation car les points 1, 2, (3) et 4 restent très discutés.

Nous avons centré notre travail de recherche sur la relation qUI existe entre l'infection

nosocomiale et la mortalité des patients de réanimation.

Dans une première partie, nous avons rappelé et discuté l'estimation des sur-risques de décès

et du risque attribuable.

Dans une deuxième partie, nous avons développé les données de la littérature concernant le

sur-risque de décès lié aux pneumonies nosocomiales en réanimation. Nous avons montré, à

partir des données de la littérature, la diversité des estimations retrouvées et énuméré les

causes probables des divergences.

Dans une dernière partie, nous avons résumé les développements réalisés pendant la thèse qui

ont essentiellement concerné la prise en compte des facteurs de confusion dans l'analyse de

la relation entre infection nosocomiale et mortalité. Dans un premier temps, nous avons

développé des outils permettant la comparabilité de la gravité des sous groupes de patients

exposés au risque de pneumonie nosocomiale. Dans un deuxième temps, nous avons utilisé

ces outils dans différentes applications avec différentes méthodologies statistiques (étude

exposés-non exposés appariés avec analyse par régression logistique conditionnelle ou

modèle de Cox marginal, étude de cohorte avec utilisation de modèles de Cox avec
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covariables dépendant du temps). Enfin, à partir de ces résultats, nous avons exposé

brièvement quels pourraient être les développements statistiques utilisables pour améliorer la

précision de l'estimation du sur-risque de mortalité associée aux infections nosocomiales.

1 Mortalité attribuable: Définitions, Principe d'estimation

1.1 Définitions 4,5

1) Risque attribuable

Le « risque attribuable» est une mesure qui permet d'évaluer les conséquences en termes

de santé publique d'une association entre un facteur d'exposition et une maladie. Il est

défini comme la proportion de malades qui peut être attribué à l'exposition, et s'écrit

formellement comme

P(M)-PWIE)
RA = -----,------,----'------

P(M)
(1)

où P(M) est la probabilité de maladie dans la population, et PWIE) est la probabilité de

maladie théorique dans la même population après suppression de l'exposition. Le risque

attribuable prend en compte non seulement la force d'association entre l'exposition et la

maladie, mais aussi la prévalence de l'exposition dans la population. En effet, on peut

appliquer le théorème de Bayes à (1) et obtenir:

RA = P(E XRR - 1)
l+P(EXRR -1)

(2)

c'est à dire une fonction de la prévalence de l'exposition, P(E), et du risque relatif,
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2) Mortalité attribuable

Le concept de mortalité attribuable est défini comme le risque attribuable, quand le décès se

substitue à la maladie. Elle est donc définie comme la proportion de décès qui puissent être

attribués à une exposition donnée :

P(D)-P(DjK]
MA = P(D) (3)

où P(D) est la probabilité de décès dans la population, et P(DIE] est la probabilité de décès

théorique dans la même population après suppression de l'exposition. Dans un contexte de

mortalité, le facteur d'exposition est en règle dit «facteur pronostique ».

La mortalité attribuable est souvent interprétée comme la proportion de décès qui puissent être

supprimés si le facteur d'exposition était totalement supprimé de la population. Cette

interprétation doit cependant être prudente, car 3 conditions doivent être réunies pour sa

validité:

l'estimation doit être non biaisée (voir section 1.2)

le facteur d'exposition doit être causal et non seulement associé au décès

la suppression de l'exposition ne doit pas modifier la distribution d'autres facteurs

pronostiques.

1.2 Estimation

La mortalité attribuable peut être estimée à partir des divers types d'études cliniques:

études de cohorte

études transversales

études cas-témoins
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En effet, toutes les quantités intervenant dans l'équation (3) peuvent être estimées à partir de

ces études, sauf pour les études cas-témoins, pour lesquelles on ne peut qu'appliquer

l'équation (2) et estimer P(E) à partir de la proportion des sujets vivants qui avaient le facteur

pronostique étudié, en supposant de plus que le décès est rare, justifiant l'estimation du risque

relatif par un odds ratio (OR). Autrement, on peut aussi écrire d'après l'équation (3) :

(4)

et estimer directement la quantité p(EID) à partir des individus décédés, et le risque relatif

(RR) à partir de l'odds ratio.

Enfin, il faut que l'échantillon de population dans lequel est conduit l'étude de cohorte soit

strictement représentatif de la population globale. Cette condition peut être difficile à réaliser

et à vérifier par exemple en réanimation ou la catégorie de malade admis varie d'un service à

l'autre, d'un hôpital à l'autre et même d'un pays à l'autre. La prévalence de l'exposition, dans

ces conditions, peut être différente d'une cohorte à une autre, conduisant à des difficultés de

généralisation (5).

1) Estimation non ajustée

A partir des trois types d'études considérées précédemment, il est simple d'obtenir une

estimation non ajustée (<< brute ») de la mortalité attribuable, en appliquant les équations soit

(3), soit (4). Une estimation de la variance peu être obtenue par la delta-méthode, ce qui

permet alors d'obtenir un intervalle de confiance pour la mortalité attribuable, en supposant la

normalité asymptotique de MA (bien que d'autres méthodes aient été proposées).
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Les estimateurs non ajustés de la mortalité attribuable sont en général biaisés, car ils omettent

de prendre en compte d'autres facteurs pronostiques, facteurs de confusion dans la mesure de

l'association entre le facteur étudié et la mortalité. Ainsi, si on veut estimer la mortalité

attribuable au facteur XI, en présence d'un autre facteur X2, l'estimation non ajustée n'est

valide que si au moins une des deux conditions suivantes est satisfaite :

Xl et X2 sont distribués de façon indépendante dans la population

L'exposition au facteur X2 n'augmente pas, à elle seule, le risque de décès (X2 n'est

pas un facteur pronostique).

2) Estimation ajustée

Différentes approches statistiques ont été proposées pour calculer un estimateur ajusté non

biaisé de la mortalité attribuable.

Méthode de Mantel-Haenszel

Cette approche permet l'ajustement sur un (ou plus de un) facteur qualitatif à plusieurs

classes, définissant J strates différentes au sein de la population.

Elle est basée sur la formulation de la mortalité attribuable comme une fonction du risque

relatif (ou de l'odds ratio dans une étude cas-témoin) et de la prévalence de l'exposition

chez les individus décédés, comme formulée dans l'équation (4).

Si l'estimation ponctuelle est simple, l'estimation de la variance est plus complexe.

L'hypothèse sous jacente à cette approche est l'existence d'un risque relatif (odds ratio)

commun ou homogène entre les strates, qui conduit à une absence d'interaction entre les
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facteurs d'ajustement et le facteur pronostique étudié. S'il existe une telle interaction,

l'estimateur de Mantel-Haenszel est biaisé.

Méthode de la somme pondérée

Cette approche permet l'ajustement sur un (ou plus de un) facteur qualitatif à plusieurs

classes, définissant J strates différentes au sein de la population. Elle consiste à écrire la

mortalité attribuable comme une somme pondérée sur les diverses strates:

MA = ~w.MA.LJ J J
J

(5)

où MA j et w j sont respectivement les mortalités attribuables spécifiques de la strate j et

la pondération correspondante. Différents indices de pondération ont été discutés, depuis

la prévalence de sujets décédés dans la strate j, ou l'inverse de la variance de MA sur la

strate j rapportée à la somme sur l'ensemble des strates.

Cette approche ne fait pas d'hypothèse de RR (ou OR) commun. En effet, les RR (ou OR)

sont estimés séparément dans chaque strate, permettant de tenir compte d'une éventuelle

interaction.

Sa principale limite réside dans un biais sur petits échantillons.

Estimation ajustée basée sur un modèle de régression

Cette approche a été proposée initialement par Bruzzi et al (6). En exprimant la mortalité

attribuable de la façon suivante:

MA = 1- 2 2Pij /RRi1j
J '

(6)
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c'est à dire comme une somme sur les strates j des facteurs d'ajustement et sur tous les

niveaux d'exposition (en règle, simplement deux, présence et absence du facteur pronostique).

La quantité Pij représente la proportion de sujets décédés qui avaient le niveau d'exposition i

et la strate d'ajustement j, et RR j1j représente le risque relatif de décès pour le niveau

d'exposition i dans la strate d'ajustement j.

Ce modèle est très général 6. Il s'applique à tous les types d'études à partir desquelles on

peut estimer Pij à partir des proportions observées correspondantes, et estimer RR jjj à partir

des coefficients estimés par la méthode du maximum de vraisemblance dans un modèle de

régression (qu'il s'agisse d'un modèle de régression logistique - conditionnel ou non - ou

d'un modèle de régression de Poisson). Il permet de tester des hypothèses et sélectionner les

modèles (notamment par l'introduction de termes d'interaction). Enfin, il généralise les

approches ajustées et non ajustées.

L'estimation de la variance est plus complexe, car elle doit tenir compte de la corrélation

entre les Pij et les RR i1j .

1-3 Mortalité attribuable: Mesures effectuées en réanimation

Mortalité attribuable dans les revues de réanimation.

Une étude de cohorte portant sur 1144 malades ventilés plus de 48 heures a recherché la

mortalité attribuable à la pneumonie nosocomiale 7. Une analyse exposés non exposés à été

effectuée sur 135 patients ventilés avec une pneumonie et 135 patients témoins ayant la

même indication à la ventilation mécanique, le même statut immunologique et cardiaque, le

même âge, la même probabilité de décès prédite (par le score SAPS II) à l'admission et le

même score de Glasgow à l'admission. Le taux brut de mortalité des patients ayant présenté

une pneumonie était de 41%, alors qu'il n'était que de 14% chez les témoins appariés. La
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mortalité attribuable a été estimée à 27%, soit la différence entre ces deux taux qui définit une

estimation, non pas de la mortalité attribuable, mais de P (D lE ~ - P (D lE:' La mesure

effectuée est celle de la mortalité attribuable chez les exposés

En fait, connaissant l'incidence de la pneumonie nosocomiale dans la cohorte suivie (141

patients, 12.3%), la proportion de décès attribuable dans la population P(D) - P(Dlnon E) et

plus que de 19.2%.

Ainsi, malgré des titres évoquant la mesure d'un risque attribuable (ici, «Mortality rate

attributable to ventilator-associated nosocomial pneumonia in an adult intensive care unit: a

prospective case-control study»), deux définitions distinctes sont donc confondues, la

mortalité attribuable chez les exposés (ici 27%) et la mortalité attribuable dans la population

(dans cet exemple 19.2%).

Enfin, les études publiées en réanimation mesurent en règle un sur-risque de décès grâce à des

modèles multiplicatifs et non un risque attribuable. C'est plutôt la variabilité des estimations

de ce sur-risque de décès qui va être étudiée dans les pages suivantes.

1-4 Effet de l'erreur de mesure de l'exposition sur le sur-risque de décès

En supposant que les méthodes diagnostiques soient sans erreurs, la prévalence vraie de la

maladie est disponible.

En fait l'estimation de la prévalence de la maladie dépend de l'erreur de mesure du test

diagnostic.

On montre que:

Per fJ:rJ: ((Se+Sp-1)Pe)+(1-Sp)

FP : Faux positifs, VP : Vrais positifs,

Per estimation de la prévalence en présence d'une erreur,

Pe : prévalence vraie.
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On surestime les prévalences faibles en présence d'une erreur ce d'autant que la spécificité est

faible.

Si la pneumonie survient chez 10% des malades, et que l'on utilise un test avec une sensibilité

Se de 90% et une spécificité Sp de 80% (chiffre parfaitement plausible concerant les tests

utilisés pour faire le diagnostic de pneumonie nosocomiale, voir plus loin) la prévalence

mesurée sera de 27%!!. Cette surestimation de la prévalence conduira à une sousestimation

obligatoire du sur-risque de décès associé à cette pathologié.

II· Estimation de la mortalité attribuable aux infections nosocomiales en réanimation:

l'exemple de la pneumonie

II-1 Risque de décès attribuable à la pneumonie nosocomiale, résultats obtenus dans la

littérature

La mortalité des patients atteints de pneumonie nosocomiale acquise sous ventilation

mécanique (VAP) est élevée: de 25 % à 76 % selon les séries 9.

De nombreux paramètres influencent le pronostic de ces patients 10-15. De nombreux facteurs

sont liés au terrain sous-jacent: âge, immunodépression, présence d'une maladie chronique

grave et la gravité. Le facteur pronostique le plus fréquemment retrouvé est la sévérité de la

maladie aiguë telle qu'elle est évaluée par les scores de gravité généraux (SAPS II, Apache II

ou III, MPMo) mesurés à l'admission 16 ou même après 3 jours de séjour en réanimation

(MPM72 15). Les patients qui ne s'améliorent pas en réanimation ont un risque plus élevé de

, . d . 17presenter une pneumome et e mounr .

De nombreuses études ont essayé de répondre à la question : est-ce que la pneumonie

nosocomiale, de son seul fait, augmente le risque de décès chez le malade de réanimation ?

La plupart des auteurs retrouvent un sur-risque de décès associé à l'acquisition des

pneumonies nosocomiales. Cependant, d'autres auteurs retrouvent des résultats opposés et en

17



particulier aucune différence de mortalité entre les patients ayant présenté une pneumonie et

les autres 13, 18-21 (Tableau 1).
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Tableau 1 : Estimations de la «mortalité attribuable» à la pneumonie nosocomiale retrouvées dans la littérature à partir d'études exposés-non

exposés dans une cohorte

Référence Méthodes Nombre de Type de Mortalité Mortalité OR (IC95%) Mortalité Nombre témoins :nombre de pneumonies

diagnostiques pneumonies patients pneumonie contrôles attribuable Critères d'appariement

Cunnion clinique 20 Chir. 55% 5% 23.2 (NA), p<0.0ü2 50% 2 :1

1996 22 Unité durée de séjour>48 heures

Cunnion clinique 20 Med 55% 7.5% 15.1 (NA) p<0.002 47.5% 2 :1

1996 22 Unité, Durée de séjour>4_ heures

Fagon 1993 Brosse + LBA 48 ventilés 54.2 % 27.1% 2.0 (1.61-2.49) 27.1% (8.3- 1 :1

23 45.9) age, SAPS, symptôme principal, date, durée de VM

Baker 1996 Brosse + LBA 62 Trauma 24% 24% 1.0 0% Age, sexe, score de gravité, nombre de diagnostic à la sortie

13

Heyland Brosse+LBA 173 Polyvalente 23.7% 17.9% 1.3 (p>0.05) 5.8% (-2,4- 14) 1:1 med/chir apache II, durée de d'exposition

1999 multicentrique

lB

Craig 1984 54 polyvalente 20.4% 5.6% 3.6 (p<O.OOI) 14.8 % (?) 1 :1

24 Age, sexe, diagnostic, facteur de risque, intervention

chirurgicale

Bercault Brosse 135 Ventilés 41 14 2.7 (1.8-3.1) (régression 27% (?) 1 :1

2001 logistique) Age, immunodépression, Cause d'admission, score de

7 2.1 (1.2-3.6) (modèle Glasgow, durée d'exposition au risque

de Cox)

Papazian Brosse 85 Ventilés 40 38.8 1.3 (p>0.05) 1.2% (?) 1 :1

1996 diagnostic indication de la ventilation mécanique, age sexe,

20 score apache, durée d'exposition
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Une seule étude cas-témoin appariée a été publiée 25. Elle concerne 108 patients décédés (cas)

qui ont été comparés à 108 patients vivants (témoins) appariés (mêmes âge, même gravité:

score APACHE II, et même durée d'exposition au risque). Le nombre de patients ayant

présenté une pneumopathie était strictement identique entre les vivants et les morts (39

patients: 36.1%).

Dans cette étude, le nombre de patients avec un traitement corticoïde était différent entre les

vivants et les morts. Les facteurs de risque d'acquisition d'une pneumonie en analyse de

régression logistique montrait que l'utilisation d'une antibiothérapie était associée au risque

de pneumonie (OR: 2.69 (lC 95%:1.44-5.03)).

II-2 Causes potentielles des divergences retrouvées dans la littérature

II-2-1 Définition des pneumonies nosocomiales : variable et non consensuelle

Malgré de nombreuses tentatives de consensus internationaux sur le diagnostic des

pneumonies nosocomiales, les définitions ne sont pas toutes les mêmes en fonction des

pays, des régions et même des unités de soins.

Les discordances tiennent à la méthode du diagnostic bactériologique (allant des

prélèvements proximaux qualitatifs sensibles et peu spécifiques aux prélèvements

quantitatifs distaux sous fibroscopie plus spécifiques mais probablement moins sensibles).

Le type de prélèvement utilisé explique des variations d'incidence de l'exposition très

importantes (Tableau 2).
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Tableau 2: Estimations rapportées dans la littérature des incidences de pneumonie

nosocomiales

Nb Critères Incidence Mortalité
Auteurs

patients diagnostiques

Réanimation
Salata 87 26 51 Clinique-autopsie 41 76
Craven 86 27 233 clinique 21 55
Langer 89 28 724 clinique 23 44
Pagon 89 29 567 Brosse 9 71
Kerver 87 30 39 clinique 67 30
Driks 87 31 130 clinique 18 56
Torres 90 32 322 Clinique+brosse 24 33
Baker 96 13 514 Brosse/LBA 5 24
Kollef 93 33 277 Clinique 16 37
Pagon 96 34 1118 Brosse LBA 28 53
Timsit 96 35 387 Brosse LBA 15 57
Cook 98 11 1014 Clinique + brosse 18 24
Tejada Artigas 2001 36 103 LBA 22 44

Brosse

SDRA
Sutherland 95 37 105 Brosse LBA 15 38
Delclaux 97 38 30 PDPLBA 60 63
Chastre 98 39 56 Brosse LBA 55 78
Meduri 98 40 94 Brosse LBA 43 52
Markowîcz 2000 41 134 Brosse LBA 37 57
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•

•

Par exemple, dans la série de Cook et coll 42, 3 définitions de pneumonies nosocomiales

acquises sous ventilation mécanique ont été utilisées. Dans cette étude, 800 patients ont été

randomisés pour recevoir du sucralfate ou de la ranitidine en prophylaxie de l'ulcère de stress.

Pneumonie clinique: infiltrat radiologique nouveau, et au moins 2 des signes

suivants: température >38°5 ou <36°5, hyperleucocytose > 10 000/mm3 ou

leucopénie < 3 000/mm3
, aspiration purulente, micro-organisme(s) isolé dans

l'aspiration trachéale.

Pneumonie probable: pneumonie clinique et brosse de Wimberley > 103

CFU/ml ou culture du LBA > 104 cfu/ml ou liquide pleural positif ou histologie

pulmonaire retrouvant une pneumonie histologique ou un abcès.

• Pneumonie certaine: abcès radiologique ou histologique avec bactériologie

positive du tissu pulmonaire ou d'une ponction à l'aiguille.

En fonction de la définition, l'incidence des pneumonies nosocomiales variait de plus

de 20% à moins de 1% (figure 1).

25
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~ Clinique CI Probable • Certaine

Figure 1 : Estimation de l'incidence de la pneumonie nosocomiale en fonction de la

définition (d'après Cook et al, 41)
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Le risque relatif de pneumonie nosocomiale et surtout la fraction de risque attribuable

au type de prophylaxie utilisée variait ainsi de façon considérable (tableau 3).

Tableau 3: Influence de la définition (clinique, probable, certaine) sur l'estimation du risque

relatif (RR) et du risque attribuable (RA) de la pneumopathie nosocomiale (d'après Cook et

Critères Ranitidine Sucralfate RR(IC 95%) RA(IC 95%) % P

NPn/NPat N Pn/N Pat

Clinique 132/596 107/604 1.25 (0.95-1.57) 4.4 (-0.1-9.0) 0.06

Probable 58/596 54/604 1.09 (0.77-1.55) 0.8 (-2.5-4.1) 0.64

Certaine 5/596 0/604 Non défini 0.8 (0.1-1.6) 0.03

De même, dans les réseaux nationaux de surveillance des infections nosocomiaIes, les

définitions ne sont pas consensuelles 43 (tableau 4).

Tableau 4 : Discordances des définitions d'infections nosocomiales en réanimation dans 6

réseaux européens

Nom du réseau NSIH-ICU REA-SE PREZIES-ICU ENVIN-UCI KISS-ICU NNIS (CDe)

Pays Belgique France Pays Bas Espagne Allemagne Etats-unis

Patients inclus > 48 heures de > 48 heures de > 48 heures de > 24 heures de tous tous

séjour séjour séjour séjour

Définition d'une Plus de 2 jours après Plus de 2 jours Non présent à Non en incubation Non en incubation Non en incubation

acquisition l'entrée après l'entrée l'adm ission à l'admission à l'admission à l'admission

Diagnostic Clinique Clinique + Clinique Clinique Clinique Clinique

prélèvements distaux

Quelle Uniquement la Uniquement la Toutes Toutes Toutes Toutes

infection? première première
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Enfin, en France, au travers d'un questionnaire envoyé à l'ensemble des réanimateurs

(enquête NOSOREF), nous avons retrouvé une grande variabilité des méthodes utilisées. Pour

utiliser l'infection nosocomiale comme marqueur de qualité, il faut en effet connaître la

manière dont elle est recueillie et analysée en routine en France. II est très probable que la

manière de la diagnostiquer (constitution du numérateur) et la manière de la rapporter à un

dénominateur soient variables d'un endroit à l'autre.

Trois réflexions sont à la base de cette étude: (1) Les définitions proposées ne sont pas

toujours adaptées à la pratique quotidienne de chacun; (2) La façon dont le diagnostic des

infections nosocomiales est fait n'est pas toujours homogène et (3) Le dénominateur utilisé et

utilisable est variable en fonction des unités. Cette enquête n'a pas pour but de proposer une

définition applicable par tous mais plutôt de connaître les pratiques, et d'identifier les

différents schémas de surveillance utilisés en France.

Au total, 480 questionnaires ont été adressés à l'ensemble des centres de réanimation français

(double envoi postal). Deux cent cinquante (52%) questionnaires écrits sont évaluables. Un

échantillon aléatoire de 150 des 230 non répondeurs a été interrogé par téléphone à l'aide d'un

questionnaire simplifié. Une analyse descriptive des résultats concernant l'organisation de la

surveillance, le dépistage de la colonisation à germe multirésistant et le diagnostic d'infection

nosocomiale a été réalisée. Une tentative de réduction du nombre de variables grâce à une

analyse factorielle des correspondances est en cours.

L'objectif final est de décrire les pratiques en France, de définir un petit nombre de questions

simples qui résument les pratiques de routine et les attitudes des médecins réanimateurs. Les

prélèvements bactériologiques sont réalisés après mise en route d'une antibiothérapie

probabiliste à large spectre jamais (28% des centres), rarement (40%), parfois (17%) souvent

(15%). Ce résultat peut avoir des conséquences importantes dans l'évaluation de l'incidence
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de la maladie car une antibiothérapie probabiliste peut négativer les prélèvements

bactériologiques 44.

L'utilisation des méthodes diagnostiques était variable d'un centre à l'autre et variable en

fonction des régions C-Clin en France 45. Ainsi, les techniques les plus spécifiques (direct du

lavage alvéolaire avec pourcentage de cellules infectées) ne sont réalisées que par le quart des

réanimations. A l'opposé, l'aspiration trachéale qualitative (technique sensible mais peu

spécifique) est utilisée seule pour le diagnostic des pneumonies nosocomiales dans 30% des

centres. En analyse factorielle des correspondances, l'essentiel de la variabilité des pratiques

est lié au type d'établissement de soins (prélèvements distaux plus fréquents dans les

structures hospitalo-universitaires).

II-2-2 La gravité des épisodes de pneumonies nosocomiales est variable en fonction de

paramètres liés au malade et liés à la pneumonie

Facteurs liés à l'hôte (tableau 5)

La maladie sous-jacente: l'âge, l'immunodépression, l'état antérieur (mesuré par le

score de Mc Cabe), sont des facteurs de risque retrouvés dans la littérature.

La cause d'admission en réanimation modifie aussi la mortalité des pneumonies

nosocomiales, les patients porteurs d'une pneumonie ayant un pronostic plus défavorable

s'ils sont admis après une chirurgie non programmée 18, 19ou si ce sont des malades de

réanimation médicale 20, 23. Par ailleurs, chez les patients de chirurgie cardiaque 18 et les

patients traumatisés 13,46, la mortalité associée à la survenue d'une pneumonie nosocomiale

apparaît moindre.

Un autre élément qui décrit bien la population d'étude est la cause de la ventilation

mécanique. Ainsi, certains auteurs mentionnent une proportion plus importante de décès
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d'infection nosocomiale chez les patients ventilés pour une maladie neuro-musculaire que

chez les patients ventilés pour un choc cardiogénique 28 •

Les patients présentant un syndrome de détresse respiratoire aiguë de l'adulte (SDRA) ont,

eux-aussi, un risque plus important de pneumonie nosocomiale et de mortalité 28,37-41. Il est

généralement admis que l'infection nosocomiale, la pneumonie en particulier, est une

cause fréquente de décès dans ces circonstances.

Le rôle de la maladie sous-jacente dans le sur-risque de décès associé à la pneumonie

nosocomiale doit être aussi considéré. Certains patients sont si sévères qu'un sur-risque de

décès est très difficile à mettre en évidence. AI'opposé, les patients les moins sévères ont

une immunité respectée qui permet une réponse adéquate de l'hôte à l'agression

bactérienne et donc un moindre sur-risque de décès. C'est pour les patients de gravité

intermédiaire que le sur-risque potentiel de décès est le plus probable 47 .

Tableau 5 ; Facteurs endogènes influençant la mortalité des pneumonies nosocomiales sous

ventilation mécanique

Maladie sous jacente
Maladie rapidement fatale
Age>60 ans
Immunodépression
Chirumie (~on cardiaaue)
Gravité de la maladie aiguë
SAPS
APACHE II
Transfert d'une autre unité de court séjour
Gravité au moment de la pneumonie
SAPS
Température
Lymphocytes
Dysfonctions d'organes
Etat de choc
Aggravation respiratoire
Infiltrats bilatéraux
Intubation
Antibiothéranie nréalable
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Sévérité de la pneumonie

Plusieurs études ont montré que la gravité des patients (telle que mesurée par les scores de

gravité 16,35,48, les scores de dysfonction d'organes 35, la présence d'un choc 16, l'intensité

de l'activation de la cascade inflammatoire 12,49) le jour de la pneumonie était associée à la

mortalité de ces patients. Ces éléments suggèrent qu'il est nécessaire d'utiliser la gravité

comme paramètre d'appariement ou d'ajustement lorsque l'on cherche à estimer la

mortalité des pneumonies nosocomiales. L'importance de ce facteur de confusion et la

difficulté à la mesurer sera développée plus loin.

Germes en cause

Il existe certainement des différences de mortalité en fonction du germe responsable de la

pneumonie. Ainsi, les germes comme Haemophilus influenzae ou Streptococcus ssp ne

sont pas associés à un sur-risque de décès 50.

A l'opposé, dans l'étude exposés-non exposés de Fagon et al 51ou dans l'étude de cohorte

de Kollef et coll 33, Pseudomonas sp. et Acinetobacter baumanni était les germes présents

dans les pneumonies associés avec le plus grand sur-risque de décès estimé. Cependant,

bien qu'il soit difficile d'estimer les facteurs de virulence des micro-organismes, des

germes comme A. baumanni ont peu de facteurs de virulence et ont été longtemps

considérés comme des germes commensaux. Les pneumonies à ce type de germes

surviennent le plus souvent tardivement pendant le séjour chez des patients pour lesquels le

statut irumunitaire est plus profondément altéré.

Le Staphylocoque doré résistant à la méticilline (SDMR) est, lui aussi, associé à une

mortalité plus élevée que le staphylocoque doré sensible (SDMS) 52. Cependant, les

patients qui présentent une pneumonie à SDMR sont plus âgés, ont plus souvent de

maladies sous-jacentes 52, ont reçu plus souvent des antibiotiques, ont plus souvent un
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cathéter central, et sont hospitalisés depuis plus longtemps 53. De plus, aucune étude

expérimentale n'a pu mettre en évidence de facteurs de virulence particuliers liés à la

méticillino-résistance.

On peut d'autant plus s'interroger sur le sur-risque de décès induit par la méticillino­

résistance que ce résultat peut être expliqué par des variables confondantes. En effet, la

vancomycine, traitement de référence des SDMR, diffuse beaucoup moins bien et a une

activité moindre que la méticilline, traitement de référence des SDMS. Ainsi, le sur-risque

de décès retrouvé pour certains germes pourrait être, en partie, lié à une moindre efficacité

des antibiotiques disponibles.

Antibiothérapie instituée

Trois types d'antibiothérapie inefficace sont définis dans la littérature, (1) l'antibiothérapie

inadéquate (l'antibiotique utilisé n'est pas actif in vitro sur le germe retrouvé) et (2)

l'antibiothérapie inadaptée (malgré une dose et une adéquation correcte, le patient

s'aggrave sous traitement). Enfm (3) l'antibiothérapie inefficace est définie par la

persistance du germe malgré l'antibiothérapie.

Rôle de l'antibiothérapie inadéquate: un traitement initial inactif sur les germes

responsables de la pneumonie survient fréquemment car la pneumonie est une maladie

fréquemment associée à des germes multirésistants. Les traitements sont inadéquats

initialement dans 25 à 45% des cas 32,54-59.

Il existe parfois une confusion entre les deux rendant bien difficile l'interprétation de

certaines études 57,60.

Le rôle de l'adéquation de l'antibiothérapie est variable en fonction des études

(Tableau 6).
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Tableau 6: Estimation de l'odds ratio (OR) de la mortalité intra-unité de soms

intensifs (ICU) ou intra-hospitalière (hôpital) selon le type d'antibiothérapie instituée pour

la pneumopathie nosocomiale

Référence Adéquate Inadéquate OR (lC95%) P

Dupont 2001°- 21/55 (38%) 27/56 (48%) 1.5 (0.7-3.2) (lCU) 0.38

26/55 (47%) 34/56 (61%) 1.7 (0.8-3.6) (hôpital) 0.21

Iregui 2002'6 21/74 (28.4%) 23/33 (69.7%) 5 .8 (2.17-5.83) (hôpital) <0.01

Ajusté: 7.68 (4.50-13.09) <0.001

De plus, même lorsque l'adéquation est basée sur une définition précise, les résultats

des études récentes sont discordants. TI faut noter que dans l'étude de Iregui et al, 56

l'adéquation était mesurée sur l'ensemble des germes isolés de l'aspiration trachéale alors

que dans l'étude de Dupont et a154
, l'adéquation était mesurée sur les germes retrouvés en

quantité significative dans les prélèvements distaux. Pour expliquer ces discordances, il

faut noter que (1) le nombre de germes différents retrouvés grâce à la première technique

est beaucoup plus important que le nombre de germes retrouvés par la seconde 61, (2) la

population d'étude était différente (mortalité du groupe correctement traité 28% vs. 47%),

enfin (3) aucun ajustement n'était réalisé sur la sévérité de la pneumonie.

Rôle de l'antibiothérapie inadaptée

La non guérison des symptômes est associée avec un sur-risque de décès de façon

constante.

Celle-ci est définie par la persistance de signes de sepsis sévère et du choc ou des

défaillances d'organes. Cependant, il est difficile de connaître la part respective de la
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pneumonie nosocomiale, de la maladie sous-jacente, de l'apparition d'une éventuelle autre

affection nosocomiale dans la pérennisation des symptômes.

Rôle de l'antibiothérapie inefficace

Dans la majorité des cas, la mise en route d'une antibiothérapie adéquate entraîne une

stérilisation rapide des voies aériennes inférieures 62.63. La persistance de germes est plus

fréquente avec P. aeruginosa et avec le SDMR 62. li ne semble pas que la persistance du

germe responsable de la pneumonie soit associée à un moins bon pronostic.

II-2-3 La méthode statistique utilisée est variable d'une étude à l'autre

Exposés-non exposés ou cohorte

Les études exposés-non exposés, appariées ou non, ne permettent de contrôler qu'un

nombre limité de facteurs, dépendant du nombre de cas et de l'importance du nombre de

patients non exposés potentiels. Certains facteurs pronostiques peuvent ne pas être

contrôlés entre les exposés et les non exposés et/ou des patients non exposés peuvent ne

pas être trouvés dans la population non-exposée potentielle.

Un exemple de la variabilité de la mesure du sur-risque de décès ou de la mortalité

attribuable a été publié dans la littérature.

Le sur-risque de décès et la mortalité attribuable des hémorragies digestives cliniquement

importantes ont été évaluées en réanimation sur 1666 malades (59 hémorragies digestives,

3.5% IC 95% : 2.7-4.6%) selon 4 méthodes: 64

1- Taux brut de mortalité
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2- exposés-non exposés: 1:1 apparié sur durée d'exposition, les dysfonctions d'organes 3

jours avant le saignement, la sévérité à l' admission (APACHE II), le diagnostic à

l'admission et la durée de ventilation mécanique. L'estimation du sur-risque de décès

était basée sur la méthode de Mantel-Haenszel où chaque strate était une paire.

3- Sur la cohorte de malade, les facteurs de risque de décès ont été estimés grâce à un

modèle de Cox. Les patients étaient censurés à 28 jours. Les patients sortis dans un

autre service de court séjour étaient considérés vivants sans événements, les patients

sortis vers une autre réanimation étaient censurés le jour de leur sortie. Au risque

a=O.lO, une sélection des variables pronostiques a été réalisée en pas à pas. Les

coefficients de la régression au dernier pas ont été utilisés pour créer un score utilisé

pour apparier les patients ayant saigné et les autres. L'estimation des risques a utilisé

les mêmes méthodes que (2).

4- Analyse utilisant un modèle de Cox en introduisant l'hémorragie digestive comme une

covariable dépendante du temps sans autres covariables.

5- De la même manière que précédemment, les variables pronostiques ont été

sélectionnées. Le nombre de dysfonctions d'organes au temps t à été introduit dans le

modèle comme une covariable dépendante du temps. Enfin, l 'hémorragie digestive a

été introduite dans le modèle final comme une dernière covariable dépendante du

temps.

Ces 4 types d'estimation aboutissent à des résultats de Risque relatif allant de 1.0 à 4.0

(tableau 7).
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Tableau 7 : Estimation du risque relatif (RR) et du risque attribuable de décès selon le type

d'analyse réalisée (d'après 64)

VOIr le texte Cl avant pour le detazl des modeles utlbses

DC en réanimation Estimation du RR (lC Risque attribuable

95%) (lC95%)

Taux brut de mortalité (1) 2.2 (1.6-2.9) 24 % (11.3-36.6%)

(20.9% vs 45.8%)

Exposés-non exposés apparié (2) 2.9 (1.6-5.5) 30.3% (15.2-45.3%)

Exposés-non exposés apparié (3) 1.8 (1.1-2.9) 20.3% (4.3-36.4%)

Modèle de Cox analyse univariée 4 .1 (2.6-6.5) -

(4)

Modèle de Cox: analyse ajustée (5) 1.0 (0.6-1.7) -

, . .. ,

La méthode brute (1) ignore totalement les facteurs confondants pouvant entraîner une

estimation biaisée. L'étude exposés-non exposés (2) risque de ne pas tenir compte de

facteurs de confusion importants qui n'ont pas servi de critères d'appariement et (3) peut

sélectionner des variables liées et entraîner ainsi un sur-appariement.

Les analyses multivariées (3,5) peuvent ne mettre en évidence qu'une partie des facteurs

pronostiques confondants, et l'oubli de certaines variables fondamentales peut altérer

l'estimation du risque. Les phénomènes de sur-ajustement sont possibles. Enfin, dans le

cas des modèles pour données censurées, l'estimation peut être biaisée si la force de

mortalité de l'événement n'est pas constante au cours du temps.
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Etude de cohorte: Choix du modèle

Les modèles de régression logistique et le modèle de Cox sont les deux modèles les plus

fréquemment employés. Ils sont tout les deux sous-tendus par une relation log-linéaire

entre le risque d'événement et les covariables explicatives.

Risque relatif et Odds ratio

Le modèle logistique mesure le rapport des côtes (ou odds ratio, OR) après une durée fixe

d'exposition.

, , p(DIE;/P(l>IE;
Pour le deces : OR = P (D lE )/P (D lE )

Alors que le risque relatif

l'odds ratio ne peut donc s'interpréter comme un risque relatif que si le décès est rare.

Prenons par exemple la pneumonie nosocomiale :

Son incidence est de l'ordre de 20%. Imaginons que la mortalité des patients avec une

pneumonie soit de 50% et que la mortalité du groupe sans pneumonie soit de 25% (tableau

8).

La mortalité est loin d'être négligeable mais correspond à une estimation plausible en

réanimation. Dans ces conditions, l'OR est égal à 3 alors que le risque relatif est à 2. Ces

divergences peuvent expliquer des différences dans l'estimation obtenue et dans les

éventuels facteurs de risque (ou d'ajustement) sélectionnés (si ceux-ci sont retenus en

fonction de la valeur du risque).
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Tableau 8: Comparaison de l'estimation de l'odds ratio (OR) et du risque relatif (RR) de

mortalité des pneumonies, lorsque l'incidence de la pneumonie est de 20% et la mortalité des

exposés et non exposés est respectivement de 50% et 25% (RR=2)

Décédés Vivants Total

Pneumonie

Pas de pneumonie

10

20

30

10

60

70

20

80

100

üR=(10/10)/(2D/60)=3

RR=(10/(1O+1O))/(20/(20+60)=2

Ce calcul peut être généralisé à différentes valeur de l'odds ratio et différentes valeurs

de la prévalence.

OR=RR(l!"t!Œ) ou Ra est le nsque de décès chez les malades indemnes de

pneumonie.
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Tableau 9: Valeur de l'odds ratio en fonction du risque relatif et de la
Proportion de décès chez les patients indemnes de pneumonie

Valeur du risque relatif

2 3 4 5 8

Valeur de l'odds ratio

1% 2.02 3.06 4.13 5.21 8.61
5% 2.11 3.35 4.75 6.33 12.67
10% 2.25 3.86 6.00 9.00 36.00
15% 2.43 4.64 8.50 17.00 +oc

20% 2.67 6.00 16.00 +oc +oc

25% 3.00 9.00 +oc +oc +oc

Hazard ratio versus Risk ratio

Le modèle de Cox mesure des rapports de risques' instantanés' sur un intervalle

petit en faisant l'hypothèse que ce rapport est constant au cours du temps.

Ona:

~[,8x(Z=En ()
= exp ,8x

exp [,8x (Z = E)]

si l'exposition (Z) est codée 1 et que la non exposition est codée o.

L'estimation de HR est finalement la moyenne des HR (t).

Enfin, à noter une fois encore que l'interprétation du hazard ratio comme risque relatif

suppose la fonction de risque constante au cours du temps et le risque absolu faible
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Distribution du délai d'événement versus distribution de la prévalence de l'événement

Le modèle logistique ne prend pas en compte le temps de suivi des individus, ne

modélisant que la probabilité d'événement. A l'opposé, le modèle de Cox modélise le

risque instantané d'événement au cours du temps, prenant en compte les durées de

suivi variables d'un individu à l'autre. Les malades qui n'ont pas développé

l'événement en fin de suivi sont considérés comme exclus-vivants à cette date

(définissant une censure à droite). Le modèle de Cox fait cependant l'hypothèse que

cette censure est non informative, c'est à dire que la censure est indépendante du

risque instantané d'acquérir un événement.

Pour l'exemple qui nous intéresse, la censure la plus courante est la sortie de

réanimation. On fait l'hypothèse que le risque instantané de survenue du décès pour

les individus sortis vivants de réanimation n'est pas modifié par la sortie, donc qu'il

est le même que celui d'un individu resté en réanimation.

Les modèles sont t ils équivalents?

Les facteurs de risques identifiés par les deux modèles seront probablement similaires

si l'événement est rare (OR ~ RR), si l'effet des facteurs de risque est faible et la

durée de suivie est courte.

Les durées de suivi en réanimation sont cependant très variables d'un patient à l'autre.

Il semble donc préférable d'utiliser un modèle pour données censurées. Cependant, il

est loin d'être évident que la censure en réanimation soit non informative. La mortalité

post-réanimation a été évaluée par de nombreuses études et est très variable allant de 0

à plus de 30% en fonction notamment des pays et des ressources en soins intensifs.65
•

Il est donc pour l'instant difficile de choisir le «bon» modèle. Chacun est une

simplification de la réalité et présente des imperfections. Les méthodes disponibles

pour vérifier les hypothèses sous-jacentes aux modèles sont peu puissantes. Il est
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probable que l'on puisse disposer d'estimation fiable si plusieurs types d'approches

donnent des résultats similaires (donc robustes).

II-2-4 Le principal facteur de confusion, l'évolution du malade en cours de séiour

La gravité des patients, liée à la mortalité, est considérée comme un des principaux facteurs

de risque d'infedion nosocomiale.

La gravité mesurée par les scores de gravité généraux utilisés en réanimation est un facteur de

risque de pneumonie nosocomiale et un facteur de risque de décès, si bien que la gravité des

patients de réanimation joue le rôle de facteur de confusion dans l'appréciation de la relation

entre la pneumonie et le décès. De fait, de nombreuses études exposés-non exposés ont utilisé

un appariement ou un ajustement sur des scores de gravité généraux mesurés à l'admission

comme le SAPS II ou l'APACHE 13,16.17,20,23,

La prise en compte de la gravité initiale est logique. Cependant, l'utilisation de scores de

gravité généraux comme témoin de la gravité des malades induit probablement un biais.

En effet, ces scores ont été construits sur de grandes populations de malades dont la durée de

séjour en réanimation était dans plus de la moitié des cas inférieure à 3 jours. Comme, par

définition, la pneumonie nosocomiale ne peut pas survenir avant la n ème heure

d'hospitalisation, la population exposée au risque d'infection nosocomiale n'est pas le reflet

de la population générale de réanimation. Il est de plus démontré 66 que les propriétés des

scores, en particulier leur discrimination, sont rapidement altérées si la durée de séjour

s'allonge. Ainsi, au 14ème jour, le score de gravité à l'admission n'est plus un prédicteur de

mortalité hospitalière 66 (tableau 10).
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Tableau 10 : Utilisation des ressources et performance des modèles de survie en fonction de la

durée de séjour en réanimation (adapté de 66)

ras II et séjours prolongés

<1 jonr <4 jours >7 jours >14 jours >30 jours

% patients 41% 81% 10% 4%
% journées 8% 34% 52% 33%
SAPS II vivants 21 22 38 35
SAPS II décédés 55* 50* 43* 38
AUC-ROC 0.91 0.87 0.62 0.59

(*J: p<0.05

1%
13%
32
33

0.54

Base de données finlandaise, 23953 Patients,
40.6% Post-op.

Durée de séjour médiane: 1.3 jours

De plus, les scores de gravité sont mal corrélés à la durée de séjour en réanimation 67, 68 et

donc au temps d'exposition au risque de pneumonie nosocomiale. La durée d'exposition au

risque et en particulier la durée de ventilation est pourtant le principal facteur de risque de

pneumonie nosocomiale,

Pendant la première semaine d'hospitalisation en réanimation, la gravité le dernier jour où

elle est disponible est le prédicteur de la survie le plus important. Sur la base APACHE III, 69

le score de gravité physiologique le jour même contribuait pour 54% dans la prédiction de

mortalité, alors que le score mesuré à l'admission n'expliquait que 5% du modèle.

Il devient donc probable qu'un ajustement utilisant la gravité à l'admission, même s'il est

associé à un ajustement sur la durée d'exposition au risque, est insuffisant. A l'extrême, les

scores de gravité initiaux ne sont plus capables de distinguer parmi les patients avec une

pneumonie nosocomiale à P. aeruginosa ceux qui vont survivre de ceux qui vont décéder 16.

De plus, l'ajustement sur les scores initiaux ne tient pas compte de l'évolution des patients

entre leur arrivée en réanimation et le moment où ils sont suspects de pneumonie,
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On conçoit qu'il faille tenir compte de l'évolution de la gravité des patients entre l'admission

et le jour, parfois très éloigné, où ils vont être atteints d'une pneumonie.

A l'heure actuelle, très peu d'études ont tenté d'évaluer l'évolution de la gravité dans les

premiers jours de réanimation comme facteur de risque d'acquisition d'une infection

nosocomiale et tenté de tenir compte de l'évolution de la gravité dans l'estimation de la

mesure de la surmortalité associée aux infections nosocomiales.

Dans une étude récente, Girou et coll 17ont cependant confirmé que les patients qui allaient

présenter une pneumonie nosocomiale s'aggravaient alors que ceux qui n'allaient pas en

présenter amélioraient leurs dysfonctions d'organes en cours de séjour en réanimation. Dans

cette étude le seul facteur de risque dynamique de pneumonie nosocomiale était la persistance

d'une défaillance neurologique à 13 (figure 2).

~

u
12J...,- ........- - ->- -,-:::-'

4! -1 ~ +1 ~ +tl +JI +5

Figure 2: Evolution du score de gravité APACHE II de malades admis en réanimation selon

qu'ils ont ou non développé une infection nosocomiale (d'après 16)

Cependant, aucune étude ne permet de démontrer que des scores de gravité ou de dysfonction

d'organes, validés le plus souvent le jour de l'admission, sont utilisables comme paramètre

d'ajustement reflétant la gravité en cours de séjour. Il est d'ailleurs important de mentionner

qu'aucun score de dysfonction d'organes ou de gravité, mesurable de façon quotidienne, n'a
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été complètement validé. Certains travaux préliminaires ont étudié la valeur respective des

différentes dysfonctions d'organes dans le pronostic des patients 69-72.

Les patients développent de nombreux événements indésirables et infections nosocomiales qui

peuvent être liés à la mortalité

Nous avons étudié 35 les conséquences de la pneumonie nosocomiale sur une cohorte de

387 patients consécutifs (168 décès) ventilés plus de 48 heures. Les patients ont été suivis de

leur admission à la sortie de la réanimation. En cas de suspicion clinique de pneumonie

nosocomiale, les patients bénéficiaient d'une fibroscopie avec brosse de Wimberley et lavage

alvéolaire. En fonction des résultats de ces examens, les patients recevaient un traitement

antibiotique adapté ou non. Parmi les 387 patients, 112 (28.9%) ont présenté une suspicion

clinique de pneumonie (SusPN) et la pneumonie a été confirmée chez 56 d'entre eux (C-PN).

Un modèle de Cox a été construit en ajustant sur les covariables pronostiques présentes

dans les 48 premières heures d'hospitalisation et en introduisant séparément puis

simultanément la pneumonie clinique et la pneumonie clinique confirmée par les

prélèvements comme 2 covariables dépendantes du temps. Dans cette analyse, seul le premier

épisode de pneumonie a été pris en compte. Après ajustement sur le score de Mc Cabe,

l'APACHE II, le choc dans les 48 premières heures, l'utilisation de sédatif, et l'absence de

nutrition entérale dans les premières 48 heures, SusPN (HR= 2.1 p=O.OOOl) et C-PN (HR=1.8,

p=O.007) étaient associées à un risque plus élevé de décès. Cependant, si les deux covariables

étaient introduites simultanément dans le modèle, seule la suspicion clinique de pneumonie

était associée au pronostic, la confirmation n'apportant pas de valeur pronostique

supplémentaire. Enfin, avec ou sans ajustement sur les paramètres pronostiques au moment de

la suspicion de pneumonie, la mortalité des patients avec une SusPN non confirmée et avec

une C-PN était identique (figure 3 ; HR=1.0 , P=O.96).

40



Ce résultat troublant peut être lié à plusieurs facteurs :

1- Les patients suspects de pneumonie nosocomiale (pneumonie clinique) ont tous une

pneumonie, que les prélèvements bactériologiques soient positifs au seuil retenu ou

non. Les prélèvements quantitatifs distaux seraient alors peu sensibles. Une

littérature considérable et très contradictoire sur le diagnostic des pneumonies

nosocomiales ne permet pas d'éliminer formellement cette hypothèse 9. Cependant,

de nombreuses études post mortem ont confirmé l'absence de pneumonie

histologique chez des patients ayant une pneumonie clinique 73-75, la moitié des

patients ayant des pneumonies cliniques non confirmées bactériologiquement ont

guéri en l'absence de traitement antibiotique.

2- La pneumonie nosocomiale prouvée bactériologiquement n'entraîne pas de sur­

risque de décès. En fait c'est le terrain sous-jacent, l'évolution des patients en

réanimation qui sont responsables du décès. Les patients mourraient non pas d'une

pneumonie nosocomiale mais avec une pneumonie nosocomiale. Cette hypothèse est

difficile à accepter complètement car on sait créer une pneumonie nosocomiale

mortelle chez l'animal, et la prévention de la pneumonie nosocomiale peut limiter la

mortalité des patients, au moins dans certains cas 76.

3- Enfin, les patients ayant une pneumonie nosocomiale clinique non confirmée

bactériologiquement peuvent avoir d'autres pathologies grevant tout autant le

pronostic et responsable de fièvre, d'un état septique sévère et d'un infiltrat

radiologique nouveau.
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Pneumonie confirmée (n=56)

Pneumonie non confirmée (n=56)

30%

20%

0% .j-----+------r---------i---------i--------i-------i

o 20 30 sn
jours

Dèces chez les patients avec une pneumonie clinique confirmée bactériologiquement ou non (Daprès 35)

Figure 3 : estimation de la survie des malades avec pneumonie suspectée, qu'elle soit

secondairement confirmée ou non

Il existe en effet de nombreux arguments pour penser que d'autres événements indésirables

peuvent jouer un rôle de facteurs confondants plus ou moins évidents.

Ainsi, l'extubation accidentelle des patients entraîne un risque de décès immédiat par

difficulté de réintubation et un risque d'inhalation massive de micro-organismes lors de la

réintubation en urgence, et donc en conséquence de pneumonie nosocomiale. L'hémorragie

digestive par ulcère de stress entraîne la mise en route d'un traitement anti-acide entraînant

une élévation du pH de l'estomac favorisant la pullulation microbienne gastrique. A la faveur

de micro-inhalation et d'un reflux toujours présent, le traitement anti-H2 est ainsi un facteur

de risque reconnu de pneumonie nosocomiale 9.42.
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En conclusion, La mortalité attribuable des infections nosocomiales, de nombreuses

questions ...

L'évaluation du sur-risque de décès associé à l'infection nosocomiale ou plus

généralement à l'événement indésirable en réanimation est bien difficile.

Concernant l'infection nosocomiale,

1- Les définitions utilisées sont variables selon les études, les pays ou les

régions.

2- L'incidence estimée est variable en fonction des populations explorées

(facteurs de risque particulier, case-mix, gravité (facteurs endogènes»

3- L'impact sur la mortalité est variable en fonction de la virulence des germes

en cause, la précocité et l'adéquation du traitement antibiotique

4- La liaison entre infection nosocomiale et mortalité est difficile à établir car

de nombreux événements intercurrents sont des événements pronostiques ou

même sont des facteurs de risque d'infection ...

S- Les modèles utilisés sont imparfaits et assortis d'hypothèses sous-jacentes

fortes parfois difficilement vérifiables.

Une infection surajoutée est à l'évidence responsable d'une certaine morbi-mortalité.

Cependant, il est probable que l'estimation de la sur-mortalité associée à l'infection

nosocomiale (à condition qu'elle soit correctement et précocement traitée) ait été sur-évaluée

dans la littérature car les études publiées n'ont pas pris en compte le fait que les patients qui

développent une infection nosocomiale sont les patients qui évoluent mal et qui sont le plus à

risque d'autres événements intercurrents 77.
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III- Développements réalisés dans le cadre de la thèse

III-i Développement et validation des modèles pronostiques utilisables chez les malades

exposés aux infections nosocomiales

La population des patients exposés au risque d'infection nosocomiale n'est pas celle qui a été

utilisée pour valider les scores pronostiques utilisés en réanimation.

Cette première réflexion a abouti à la conception et à la création d'un score de gravité chez les

patients hospitalisés en réanimation plus de 3 jours calendrier, qui sont les seuls qui, par

définition, sont à risque d'infection nosocomiale. Ce travail a été réalisé sur la base

multicentrique OUTCOMEREA et validée sur un échantillon externe de malades inclus dans

24 réanimations françaises (cf. annexe! : Timsit IF, Fosse IP, Troché G, De lassence A,

Alberti C, Garrouste-Orgeas M, Azoulay E, Chevret S, Moine P, Cohen Y - Accuracy of a

composite score using daily SAPSII and LOD scores for predicting hospital mortality in ICU

patients hospitalized for more than 72 hours- Intens Care med 2001; 27:1012-1021).

Une population de 893 malades hospitalisés plus de 72 heures dans 4 services a été utilisée

pour construire le modèle. Il s'agissait d'une population d'âge médian de 66 ans. Six cent

vingt-huit (70%) patients étaient hospitalisés pour un motif médical. Quatre-cent vingt (47%)

patients provenaient d'une autre unité de cours séjour. Le taux de mortalité en réanimation

était de 22.7 % et le taux de mortalité à l'hôpital de 30%. Les dysfonctions d'organes ont été

définies grâce au score de gravité SAPSII et au score de dysfonction d'organe LOD, mesurés

les 3 premiers jours d'hospitalisation.

Les paramètres pronostiques ont été inclus dans un modèle de régression logistique. La

gravité le premier, le deuxième et le troisième jour, les maladies chroniques, l'état antérieur,

la notion de transfert d'une autre unité étaient les paramètres pronostiques les plus importants.
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Dans un but de simplification et d'utilisation du modèle final, les scores tels qu'ils onté été

publiés plutôt que leurs composantes ont été utilisés. De plus, pour éviter des phénomènes de

muIticolinéarité78
, plutôt que les scores eux-mêmes, ce sont les variations de scores entres JI

et J2 et entre J2 et 13 qui ont été introduites dans le modèle. Enfin, dans un premier modèle,

les maladies chroniques ont été introduites séparément, dans un deuxième modèle, nous

n'avons introduit qu'une variable binaire indiquant la présence d'au moins une maladie

chronique. Le choix entre les deux modèles non emboîtés a été effectué sur le critère

d'Akaike 79.

La calibration du modèle a été mesurée grâce à la méthode de Hosmer-Lemeshow8o
• La

discrimination du modèle a été évaluée par l'utilisation de courbes ROC 81.

Nous avons comparé les propriétés du modèle créé à celles des scores LOD et SAPS Il

mesurés à l'admission.

La validation du modèle s'est effectuée en 2 phases: un rééchantillonnage de la base initiale

par la technique du bootstrap (500 échantillons indépendants) et une validation sur une base

de 392 malades consécutifs hospitalisés dans 24 autres centres de réanimation en France.

L'analyse a été effectuée grâce aux logiciels S.A.S. 6.12 (SAS institute, Cary, Ne) et au

logiciel MedCalc 5.00 (Medcalc, Ghent, Belgium) .

Le modèle créé (tableau 11) a été comparé aux modèles pronostiques classiques (SAPS Il et

MPM 72). Sa discrimination était meilleure que celles des scores mesurés à l'admission. Sa

calibration, même dans l'échantillon de validation externe, était satisfaisante (tableau 12).

Tableau 11 : Modèle pronostique pour la mortalité hospitalière développé à partir d'une
régression logistique (échantillon de construction, n= 893, 268 décès hospitaliers)

Parametres Odds ratio P Odds ratio
IC95% (Wald) IC95%

.(Bootstrap)
Intercept -4.44 0.0001
Transfer from ward (0/1) 0.5543 1.74 r1.25-2.421 0.001 1 r1.253-2.4531
LOD àl' admission 0.1536 1.16 [1.085-1.2531 <0.0001 1 r1.093-1.2761
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SAPS II à l'admission 0.0388 1.04 r1.027-1.0531 <0.0001 [rI.026-1.0531
Maladie chronique (0/1) 0.8507 2.34 rI.677-3.2691 <0.0001 rTl.622-3.2961
Augmentation du SAPS 0.4161 1.516 [1.04-2.22] 0.032 [1.055-2.373]
entre 13 et 13
Augmentation du LOD 0.6940 2.00 [1.29-3.11] 0.0002 [1.292-3.019]
entre 13 et 13

Tableau 12: comparaison des performances des différents modèles (scores TRIO, SAPS II et

MPM 72) de prédiction de la mortalité hospitalière

AUC-ROC (95 % CI) Hosmer-Lemeshow C statistic
(p value)

Echantillon de construction

SAPS II 0.744 (0.714-0.773) 37.4 (0.001)
LOD at admission 0.681 (0.646-0.714) 21.2 (0.01)
MPM72 0.786 (0.757-0.812) 22.3 (0.01)
Score TRIO 0.794 (0.766-0.820) 5.56 (0.70)
Echantillon de validation

SAPS II 0.741 (0.688-0.789) 19.8 (0.02)
LOD at admission 0.725 (0.668-0.777) 32.2 (0.002)
MPM72 0.814 (0.774-0.854) 18.2 (0.03)
Score TRIO 0.826 (0.780-0.861> 7.14 (0.5)

Nous proposons d'utiliser cet outil pour mesurer la gravité lors des tentatives d'estimation de

la mortalité attribuable à un événement survenant après la 72èmeheure.

Commentaires sur le choix des variables: L'utilisation du score de dysfonction d'organes

LOD et du score de sévérité SAPS II simultanément dans un modèle composite doit être

discutée. En effet, ces deux modèles ont été conçus sur la même base de données, les items

qui les composent ne sont, que pour une partie, différents. A priori, ces deux scores sont

colinéaires. Nous aurions pu décider de ne pas les introduire simultanément dans le modèle.

Nous avons fait le choix opposé car (1) les seuils utilisés pour les variables les composant ne

sont pas identiques, (2) la proportion de la variance du SAPS II expliquée par le score LOD

n'était que de 60%, et (3) lorsque les 2 variables étaient simultanément introduites dans le

même modèle, les 2 covariables étaient sélectionnées, le modèle convergeait et la déviation
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standard des estimateurs était petite. Il est probable que ce résultat retrouvé sur la base SAPS

II et sur la base European Sepsis (données non publiées) soient expliquées par les interactions

entre les variables constituant les scores qui ne sont pas prises en compte.

III-2 Validation de l'utilisation des scores de dysfonction d'organes LOD et SOFA mesurés

quotidiennement en cours de séjour en réanimation : (cf. annexe 2 Timsit JF, Fosse JPh,

Troche G, De lassence A, Alberti C, Garrouste Orgeas M, Bornstain C, Adrie C, Cheval C,

Chevret S for the Outcomerea study group - Calibration and discrimination by daily LOD

scoring comparatively to daily SOFA scoring for predicting hospital mortality in critically iII

patients - Crit Care Medicine 2002; 30:2003-2013)

Afin de palier à l'absence de tout type de données concernant les scores mesurant les

dysfonctions d'organes dans leur utilisation quotidienne, une validation du score de SOFA et

du score LOD mesuré entre le premier et le septième jour calendaire a été réalisée.

La base de données comportait 1685 malades (511 décès hospitaliers, SAPS II médian à

l'entrée: 38) pour lesquels les différents éléments des scores étaient saisis de façon

quotidienne par des médecins seniors dans 6 services de réanimation français.

La performance de ces scores a été mesurée au jour J en tenant compte des malades encore

hospitalisés à J+1. La discrimination des 2 scores de JI à 17 était satisfaisante (aire sous la

courbe ROC entre 0.729 et 0.784). Il n'y avait pas de différence de discrimination entre les 2

scores. La cohérence interne des points attribués pour chaque dysfonction d'organes, chaque

jour et pour chacun des 2 scores était correcte. De même, la mortalité observée augmentait

avec le nombre de dysfonctions d'organes retrouvé. La calibration des modèles originaux était

mauvaise et nécessitait une recalibration en introduisant le score global dans un modèle de
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régression logistique. Dans ces conditions et quel que soit le jour, les 2 scores étaient

correctement calibrés.

Cependant, la part respective des différentes dysfonctions d'organes dans les 2 scores n'était

pas identique. Le poids de la défaillance hématologique était plus important dans le score

LOD et augmentait au fur et à mesure des jours. Le poids de la défaillance neurologique était

plus important avec le score SOFA. Pour cette raison, l'introduction des points respectifs

obtenus pour chaque dysfonction d'organes permettait d'obtenir une meilleure discrimination

des deux scores et une bonne calibration.

Cette étude montre que la discrimination de ces scores mesurés de façon quotidienne reste

correcte et similaire à celle de la mesure initiale.

Nous considérons que les scores de gravité initiaux (même mesurés au troisième jour) sont

des marqueurs insuffisamment discriminants de la mortalité des patients hospitalisés

beaucoup plus longtemps. Ces résultats autorisent d'utiliser le score LOD ou le score SOFA à

un jour donné (au moins dans la première semaine) comme facteur d'ajustement ou

d'appariement dans les études de cohorte ou exposés-non exposés réalisées pour estimer le

sur-risque de mortalité associé à des événements survenant tard au cours de l'hospitalisation.

III-3 Utilisation des scores évolutifs comme facteur d'ajustement

III-3-1 : Etude de cohorte exposé-Non exposés appariée avec analyse par régression logistique

conditionnelle: Impact des pneumonies nosocomiales à germes réputés peu pathogènes sur le

pronostic des patients de réanimation. (cf annexe 3: Lambotte 0, Timsit JF, Garrouste­

Orgeas M, Misset B, Benali A, Carlet J - Distal bronchial samples with commensals in

suspected ventilator-associated pneumonia - Chest 2002; 1387-1397)
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Nous avons réalisé une étude de cohorte pour évaluer les conséquences en termes de

mortalité des pneumonies à germes réputés peu pathogènes.

Sur un collectif de 1955 patients consécutifs hospitalisés, pendant une période de 10 ans,

en réanimation à l'hôpital St Joseph et ventilés, 369 (18.9%) ont présenté une pneumonie

nosocomiale. Pour 33 (32 patients) de ces épisodes, les seuls germes retrouvés étaient réputés

peu pathogènes (Staphylocoques coagulase négatif, streptocoques non hémolytiques,

Neisseria spp, Haemophilus (non influenzae». Pour 28 des 32 patients, l'ensemble des

données des dossiers était disponible et il n'existait pas d'immunodépression. Dans 22 cas, un

traitement antibiotique dirigé contre ces bactéries a été mis en route.

Pour évaluer les conséquences de cet événement:

Les dossiers ont été revus par 3 médecins experts, de façon indépendante.

L'évolution des scores de dysfonction d'organes au moment de l'événement a été

reconstituée

Une étude exposé- non exposé a été réalisée:

Pour un taux brut de mortalité de 35% des patients, 2 témoins par cas étaient nécessaires

pour mettre en évidence une augmentation du risque de décès d'un facteur 2 avec une

puissance de 0.80 et un risque d'erreur de type 1 de 0.05.

Chaque patient porteur d'une pneumonie a donc été apparié avec 2 patients n'ayant pas fait

de pneumonie nosocomiale, de même mortalité prédite (±1O%), de même sexe, hospitalisé

pendant la même période, ventilé mécaniquement au moins aussi longtemps que les patients

porteurs d'une pneumonie au moment où celle-ci a été acquise.

La sélection des témoins a été réalisée à partir du fichier du service à l'aide d'une macro­

commande écrite sous SAS. Les témoins indemnes de pneumonie nosocomiale étaient

sélectionnés automatiquement en partant du cas ayant la durée d'exposition au risque la plus

courte.
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Pour chaque patient porteur d'une pneumonie et leurs témoins respectifs, le score de

dysfonction d'organe LOD a été relevé à l'admission, le jour de la pneumonie (pour les

témoins, le jour correspondant à la même durée de ventilation mécanique) 3 jours et 7 jours

avant la pneumonie.

Les 3 experts ont retenu à l'unanimité le diagnostic de pneumonie nosocomiale dans 23

cas.

Le score LOD s'aggravait significativement au moment de la pneumonie chez les cas alors

qu'il restait inchangé chez les témoins appariés.

Dix des 28 cas sont morts (36%), dans 2 cas avec une pneumonie à l'histologie.

Une régression logistique conditionnelle a été effectuée en utilisant la procédure

GENMOD de SAS 6.12. Dans ces conditions, la pneumonie nosocomiale n'entraînait pas de

sur-risque de décês (OR: 1.19 (lC 95% : 0.41-3.46» mais était associée à une augmentation

significative de la gravité (telle que mesurée par les scores de dysfonction d'organe) et à une

prolongation du séjour en réanimation moyenne de 6 jours.

III-3-2 : Etude de cohorte exposé-non exposés appariée avec analyse par modèle de Cox

marginal: Mortalité induite par les bactériémies sur cathéters avec prise en compte de la

gravité en cours de séjour avant l'événement (cf. annexe 4: Soufir L, Timsit JF, Mahe C,

Cadet J, Regnier B, Chevret S - Attributable mortality and morbidity of catheter related

bacteremia in critically ill patients - A matched risk adjusted cohort study. Infect Control

Hosp Epidemiol 1999;20:396-401)

L'infection bactériémique liée au cathéter semble être un bon candidat comme marqueur

de qualité des soins dans les services de réanimation. En effet, (1) sa définition est

relativement consensuelle, (2) les facteurs de risque sont essentiellement liés au cathéter et
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peu au terrain et à la gravité sous jacente. Afin d'être un bon indicateur qualité, il restait à

savoir si on pouvait imputer à l'infection bactériémique liée aux cathéters un risque de décès.

Nous avons réalisé une étude de cohorte exposé-non exposé cherchant à évaluer la

surmortalité des septicémies sur cathéter veineux centraux en réanimation. Nous avons utilisé

les bases de données de 2 services de réanimation suivant prospectivement les infections liées

aux cathéters, cultivant l'ensemble des cathéters centraux et ayant les mêmes stratégies de

diagnostic et de traitement. Sur 3587 patients, 42 ont présenté une infection de cathéter (11.7

pour 1000 admissions). Pour 38, les dossiers permettaient de reconstituer l'ensemble des

scores de gravité à l'admission et en cours de séjour. Les sujets exposés et les non exposés

étaient appariés sur la gravité à l'admission et la durée d'exposition au risque. Nous avons par

ailleurs mesuré la gravité des exposés 3 et 7 jours avant la septicémie sur cathéter et nous

l'avons comparée à la même mesure effectuée chez les non exposés. Nous avons pu utiliser

un modèle de Cox marginal permettant la prise en compte de l'appariement 82.

Cette étude a montré que les scores de gravités étaient plus élevés chez les exposés que

chez les non exposés 3 et même 7 jours avant la date de l'infection de cathéter. L' odds ratio

de décès chez les exposés, ajusté sur la gravité à l'admission était estimé à 2.1 (IC à 95% ;

1.08 - 3.73). Mais, après ajustement sur l'évolution des scores de gravité et leur valeur 3 et

même 7 jours avant l'infection, le sur-risque de décès n'était plus que de 1.3 (lC à 95% ; 0.69-

2.46).

Commentaires:

Le modèle de Cox marginal permet de tenir compte de l'appariement et utilise une

estimation de la variance robuste prenant en compte la corrélation entre délais de survie d'une

même paire. Il est d'ailleurs intéressant de noter que dans ce travail, l'appariement sur la

gravité initiale n'améliore que très peu la ressemblance entre les paires. Cet appariement
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pouvant même être considéré comme superflu. Il est pour l'instant classique mais pourrait être

rediscuté.

Par ailleurs, l'ajustement sur la gravité 3 ou 7 jours avant l'infection nosocomiale est

critiquable. En effet, il n'est pas certain que la gravité 3 jours avant l'infection ne soit pas due

à la phase « d'incubation » de la maladie. Cependant, les scores 7 jours avant l'infection ne

sont pas influencés par celle-ci.

III-3-3 : Etude de cohorte avec analyse par modèle de Cox tenant compte de l'évolution de

la gravité les 4 premiers jours - Impact des pneumonies nosocomiales tardives sur la mortalité

des patients de réanimation. - Prise en compte de l'effet centre et de l'effet de l'adéquation

initiale de l'antibiothérapie (cf. annexe 5: Moine P, Timsit IF, de Lassence A, Troche G,

Fosse IP, Alberti C, Cohen Y, for the outcomerea study group - Mortality associated with

late-onset pneumonia in ICU: Result of a multi-center cohort study - Intensive Care Med

2002;28:154-163)

Comme nous l'avons vu, la surmortalité induite par les pneumopathies nosocomiales

en réanimation reste l'objet d'une importante controverse. La sévérité initiale des patients,

l'évolution de cette gravité au cours du séjour, la durée de séjour en réanimation avant la

survenue de la pneumopathie et les infections nosocomiales concomitantes sont autant de

facteurs influençant la mortalité en réanimation. De plus, la morbi-mortalité induite par les

pneumopathies nosocomiales est largement influencée par la population affectée (case-mix),

la stratégie diagnostique, le délai avant le diagnostic, le délai avant la mise en route d'une

antibiothérapie, le microorganisme causal et l'efficacité de l'antibiothérapie initiale. Les

pneumopathies nosocomiales tardives (PNT) (survenant plus de 96 heures après l'admission

en réanimation) pourraient ainsi induire une surmortalité liée à la plus grande fréquence de
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micro-organismes multirésistants et un risque plus important d'antibiothérapie inadéquate

inefficace. Le but de ce travail est l'étude des facteurs de risque de mortalité des patients en

réanimation, notamment des pneumopathies nosocomiales tardives, en prenant en compte tout

particulièrement la sévérité initiale et l'évolution de la sévérité au cours des quatre premiers

jours post-admission et le caractère adéquat de l'antibiothérapie empirique initiale prescrite

dans le cadre de ces pneurnopathies nosocomiales tardives.

Il s'agit d'une étude prospective, opérationnellement, multicentrique, conduite dans 4

réanimations médicales et chirurgicales pendant 18 mois. Les patients âgés de plus de 16 ans

et hospitalisés plus de 96 heures en réanimation sont inclus. Les éléments cliniques,

biologiques, radiologiques et thérapeutiques, et la sévérité (SAPS II et LOD score) sont

enregistrés quotidiennement de l'admission à la sortie de réanimation des patients. Le recueil

est standardisé et effectué quotidiennement par les médecins seniors après mise au point

concertée de l'ensemble des définitions. Une pneumonie nosocomiale tardive est suspectée

devant l'apparition après plus de 96 heures post-admission en réanimation d'une nouvelle

image radiographique pulmonaire persistante associée à au moins un des éléments cliniques

ou biologiques suivants : Sécrétions trachéobronchiques purulentes; hyperthermie> 38°5C

ou hypothermie < 36°5C ; ou leucocytose > 10x109Il ou < 4x109Il. Une fibroscopie

bronchique est alors réalisée avec un PDP dirigé ou un brossage protégé ou un lavage

bronchoalvéolaire avant toute modification de l'antibiothérapie. Une pneumonie nosocomiale

tardive est confirmée si les seuils de culture sont respectivement s 103 cfu/ml, s 103 du/ml et

s 104 cfu/ml.

Sept cent soixante quatre patients hospitalisés plus de 96 heures en réanimation sont

étudiés. Le taux de mortalité globale est de 25 %. 89 patients (12 %) ont développé une

pneurnopathie nosocomiale tardive (69 patients (77.5 %) ont développé leur pneumopathie 7
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jours ou plus après leur admission). Le taux de mortalité de cette population est 47 %. Le taux

de mortalité standardisé (TMS) des patients présentant une pneumopathie nosocomiale tardive

est 1,55 pour un TMS de 0,84 chez les patients ne développant pas de pneumopathie. Les

facteurs de risque en analyse multivariée d'acquisition d'une pneumopathie nosocomiale

tardive dans cette population sont l'existence d'une pneumonie à l'admission en réanimation

(OR 2,79 ; lC 95% 1,42-3,65 : p = 0,0006) et un LOD score à 48 heures post-admission> 4

(OR 2,58 ; IC 95% 1,65-4,05 : p < 10-4). Les facteurs de risque de mortalité dans cette

population de réanimation hospitalisée plus de 96 heures sont, en analyse multivariée, une

score McCabe > 1, la sévérité des 24 premières heures post-admission mesurée par le SAPS

II, l'aggravation de cette sévérité au cours des 4 premiers jours mesurée par une augmentation

du SAPS II entre 11 et J2, J2 et 13, et 13 et J4. Après ajustement sur les paramètres

pronostiques sélectionnés, la survenue d'une pneumonie nosocomiale tardive est

significativement associée à un sur-risque de mortalité (HR = 1,53, le 95% 1,02 - 2,3 ; P =

0,04) dans cette population. Néanmoins, lorsque le caractère adéquat, ou non adéquat, du

traitement antibiotique empirique initial est introduit dans le modèle, le sur-risque de mortalité

n'est observé que si le traitement antibiotique initial est inadéquat (HR = 1,69, lC 95% 1,08­

2,65 ; P =0,022) et non lorsque l'antibiothérapie initiale était adéquate (HR = 1,44, lC 95%

0,75-2,76 ; P = 0,27). Ces résultats justifient pleinement l'utilisation après prélèvements à

visée bactériologiques d'une antibiothérapie à large spectre en première intention chez les

patients hospitalisés en réanimation depuis 4 jours et suspects de développer une

pneumopathie nosocomiale tardive.

III-3-4 Evaluation des conséquences de l'acquisition d'un portage ou d'une infection à

staphylocoques aureus résistant à la meticilline (SARM) en réanimation (cf. annexe 6

Garrouste-Orgeas M, Timsit JF, Kallel H, Benali A, Dumay MF, Paoli B, Misset B, Carlet J -
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Colonization with methicillin resistant Staphylococcus aureus (MRSA) in ICU patients :

impact upon morbidity , mortality and glycopeptide use - Infect Control Hosp epidemiol

2001; 22: 687-692)

D'autres indicateurs de qualité infectieux pourraient être utilisés en réanimation.

L'acquisition de Staphylocoques aureus résistant à la meticilline (SARM) est directement

liée à une transmission manuportée. La mesure de cette variable est simple et sa définition

claire et consensuelle. L'acquisition de SARM est considérée comme un des paramètres

de qualité des soins à surveiller en réanimation. Les conséquences du portage de SARM

sur le pronostic sont cependant insuffisamment évaluées.

But de l'étude; Evaluation des conséquences du portage de SARM chez les patients de

réanimation: Mortalité, risque d'acquisition d'infection à staphylocoques dorés,

consommation de Glycopeptides.

Méthodes: Le portage nasal de SARM est réalisé chez tous les patients à l'admission et

toutes les semaines dans l'unité de réanimation de l'hôpital saint Joseph. Par ailleurs, un

suivi prospectif de l'ensemble des infections nosocomiales à staphylocoques méticilline

sensible (SASM) et résistants (SARM) est effectué. Enfin, l'utilisation quotidienne de

glycopeptides de chaque patient était surveillée par le comité du médicament.

Nous avons évalué, grâce à un modèle de Cox, le sur-risque de décès induit par le portage

à l'admission ou l'acquisition de SARM. Cette variable était introduite dans le modèle

comme une covariable dépendante du temps.

Afin d'apprécier la morbidité de l'acquisition d'un SARM, nous avons aussi effectué un

autre modèle afin d'évaluer le risque de survenue d'une infection à staphylocoque doré.

55



Enfin, nous avons évalué quelle était la consommation de glycopeptides associée au

portage de SARM sans infection, celle associée à une infection à SARM et celle des

patients n'étant pas colonisés à SARM.

Cette étude ne retrouve pas de sur-risque de décès associé au portage de SARM. Par

contre, le portage de SARM est associé à une plus forte incidence d'infection nosocomiale

à Staphylococcus aureus et entraîne une augmentation significative des prescriptions

empiriques et des prescriptions documentées de glycopeptides.

Commentaires: La mortalité est peut être un marqueur très peu sensible des conséquences

des événements indésirables. Dans cette étude, il n'existe certes pas de conséquences

directes du portage de SARM pour le patient mais ce portage augmente l'utilisation

probabiliste de vancomycine.

L'utilisation accrue de vancomycine a été associée avec l'augmentation du risque

d'acquisition de germes multirésistant (entérocoques résistant à la vancomycine (BRY) en

particulier) et à un certain nombre d'effets secondaires.

III- 3- 5 Evaluation des conséquences des extubations iatrogènes sur l'acquisition des

pneumopathies nosocomiales et le pronostic des patients de réanimation. Utilisation d'un

modèle de Cox avec covariables dépendantes du temps. (cf annexe 7: Delassence A,

Alberti C, Azoulay E, Le Mierre E, Cheval C, Vincent F, Cohen Y, Garrouste Orgeas M,

Adrie C, Troche G, Timsit IF for the Outcomerea study group - Impact of unplanned

extubation and reintubation after weaning on nosocomial pneumonia risk in the intensive

care unit - Anesthesiology 2002; 97 : 148-156)

56



Sur un collectif de 750 (7953 jours de ventilation mécanique) patients ventilés suivis

prospectivement, les conséquences des extubations iatrogènes comme facteur de risque de

pneumonie nosocomiale et comme facteur pronostique ont été étudiées. La durée médiane

de ventilation était de 7 jours. La mortalité en réanimation était de 36.8% (276 décès) et à

l'hôpital de 43.9% (329 décès).

Cent cinquante et un patients ont eu au moins un épisode d'extubation iatrogène (16.4

pour mille jours de ventilation mécanique) (51 auto-extubations chez 38 patients, 24

extubations accidentelles chez 22 patients, et 56 échecs d'extubation programmée chez 45

patients) . L'influence de l'extubation iatrogène sur la survenue d'une pneumonie

nosocomiale et la mortalité en réanimation ont été évaluées grâce à un modèle de Cox

avec covariables temps dépendant. La survenue de pneumonie nosocomiale était plus

fréquente après extubation accidentelle qu'après les autres extubations iatrogènes.

L'extubation iatrogène augmente le risque de pneumonie (BR 1.8, IC 95%: 1.15-2.8,

p=0.009). Cette augmentation du risque est entièrement due à l'effet des extubations

accidentelles sur la survenue des pneumonies (HR= 5.3, IC 95% : 2.8-9.9, p < 0.001).

L'extubation iatrogène n'influence pas la mortalité, mais elle est associée à une durée plus

longue de ventilation mécanique.

Cette étude montre que les extubations iatrogènes sont associées à une certaine morbidité

et à un allongement de la durée de séjour. Les extubations accidentelles bien que

n'influençant pas directement le risque de décès augmentent le risque de pneumonie

nosocomiale (HR : 5.28 IC95% : 2.83-9.89).

Bien que non développés dans l'article, certains problèmes non résolus d'estimation

doivent rester en mémoire. Le succès d'extubation programmée est défini par l'absence de

réintubation dans les 48 heures chez un survivant. Il existe donc deux relations opposées

entre cette variable et la mortalité. (1) si un malade décède encore intubé car trop sévère, il
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n'est pas considéré comme en échec d'extubation programmée puisque l'extubation n'a

pas été tentée. (2) Le groupe «non exposé» de cette étude comporte donc deux

populations très différentes de patients: les patients trop sévères qui ne vont jamais être

extubés et qui vont mourir et les malades extubés avec succès qui sortiront de réanimation

vivants après un temps de suivi court pour la très grande majorité d'entre eux.

IV Discussion. Perspectives

IV-1 : ajustement, appariement, interaction

Ce travail montre les limites de la mesure du sur-risque de décès attribuables aux

évènements nosocomiaux en réanimation.

La manière dont est porté le diagnostic des infections nosocomiales est très

variable d'un centre à l'autre. Cette variabilité influence l'incidence de la

maladie et l'estimation du sur-risque.

- TI existe de nombreux facteurs de confusions qu'il faut essayer de prendre tous en

compte. Cependant, ces facteurs de confusions sont souvent trop nombreux pour

permettre un appariement. Un ajustement sur les facteurs de confusions pourrait être

réalisé. La liste des éléments à prendre en compte nécessiterait un échantillon de

malades très grand.

- De plus, Il faut probablement prendre en compte les interactions entre facteur de

risque et gravité.

Par exemple, l'impact de l'adéquation de l'antibiothérapie initiale sur la mortalité des

pneumonies nosocomiales est probablement variable en fonction de la gravité des

patients le jour de la pneumonie. L'impact pronostic est probablement faible lorsque

le patient est peu grave, un retard thérapeutique de 24 heures n'étant pas

préjudiciable. Lorsque, à l'opposé, la gravité des malades est extrême, l'adéquation de
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l'antibiothérapie n'empêcherait pas l'issue fatale, et c'est probablement pour les

strates de gravité intermédiaire que l'impact de l'adéquation de l'antibiothérapie serait

la plus importante83. Les résultats préliminaires d'une étude en cours sur la base

OUTCOMEREA sur 142 premiers épisodes de pneumonies nosocomiales vont dans

ce sens.

IV-2 : Risques compétitifs:

De plus, La multiplicité, la simultanéité et enfm la dépendance des événements en

réanimation conduit naturellement à s'intéresser aux modèles à risques compétitifs plus

récemment développés. En effet, à l'évidence, les malades de réanimation sont soumis à

plusieurs risques simultanément et pour l'instant, aucun des modèles développés dans les

revues destinées aux réanimateurs n'ont exploré ce domaine.

Evaluation de l'incidence des pneumonies nosocomiales en fonction de la gravité à

l'admission. Prise en compte du décès en réanimation comme un risque compétitif

Le sur-risque de décès n'est probablement pas le même en fonction de la gravité des

malades à l'admission en réanimation. En effet, les malades les moins graves ont un risque

faible d'acquisition de la pneumonie nosocomiale et la pneumonie nosocomiale influence peu

leur pronostic vital. A l'opposé, l'impact sur les malades les plus graves d'une pneumonie

nosocomiale est probablement faible, compte tenu du risque de décès important inhérent à la

maladie sous-jacente.

Il est admis que la gravité initiale mesurée à l'admission en réanimation est, après la

durée de ventilation mécanique, le facteur de risque principal des pneumonies nosocomiales.

Cependant, ce résultat a été obtenu sur des études de cohorte utilisant des modèles de

régression logistique ou sur des études utilisant des modèles de survie classique. Or la durée
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de ventilation mécanique n'est pas corrélée linéairement avec la gravité initiale, les durées de

ventilation les plus longues étant observées chez les patients de gravité intermédiaire. Si les

patients décédés sont censurés, on conçoit volontiers que, lorsque l'on veut évaluer le risque

de pneumonie, par strate de gravité à l'admission, la censure par décès soit informative. En

effet, lorsque l'on estime la probabilité de survenue d'une pneumonie nosocomiale, on fait

l'hypothèse que les sujets décédés avant la pneumonie nosocomiale auraient eu (s'ils étaient

restés vivants) la même probabilité de développer une pneumonie que le reste de

l'échantillon. De même, après extubation, le risque d'acquisition d'une pneumonie

nosocomiale est diminué d'un facteur 10 à 100. Il n'y a donc pas d'indépendance entre la

censure (décès, extubation ou sortie vivant du service) et la pneumonie nosocomiale.

En réanimation, si l'on s'intéresse au risque d'acquisition d'une pneumonie

nosocomiale, le décès précoce du patient survenant avant la pneumonie est donc un risque

compétitif dans l'étude de la survenue d'une pneumonie. Lorsque l'on étudie l'événement

«acquisition d'une pneumonie », la censure des patients au décès ou à la sortie vivant de

réanimation ignore cette compétition (la population des malades n'étant supposée être

soumise qu'au seul risque de pneumonie). Il serait préférable d'estimer la survenue de

l'événement «acquisition d'une pneumonie nosocomiale» dans une population soumise à

plusieurs risques en compétition (pneumonie, décès avant pneumonie).

Deux mesures probabilistes sont utilisables dans ce contexte de compétition : (1)

incidence cumulée, i.e., la probabilité marginale d'acquisition d'une pneumonie au temps t et

(2) la probabilité d'acquisition d'une pneumonie nosocomiale au temps t conditionnellement

au fait que le patient n'est pas décédé en t. La figure 4 présente une illustration sur un

exemple des estimations de ces deux fonctions (comparativement à celle obtenue à partir de

l'estimateur de Kaplan Meier).

60



0.8 ~
1.. :

0.4

0.2 -

0.0

Incidence conditionnelle

l-KM

,.....
~_ r--'.-- In_Cl_·d_en_C_e_cu_m_u_Ié_e_

r/
r

o 20 40 60 80 100
vtemps

Incidence des pneumonies nosocomiales pour les patients de réanination ayant un SAPS
II à l'admission supérieur à 55. (baseoutcomerea, n=249)

Figure 4: Comparaison des différentes approches de modélisation de l'incidence de

pneumonie nosocomiale en fonction de la prise ou non de la compétition

Les perspectives de recherche sont les suivantes.

But: Vérifier si la gravité initiale est un facteur de risque de pneumonie nosocomiale

chez les patients ventilés, en comparant les résultats obtenus avec des modèles de survie

classiques (en censurant les patients à l'extubation ou au décès) et ceux obtenus avec des

modèles prenant le décès et/ou l'extubation comme un risque compétitif.

Méthodes: Construction d'un modèle pronostique en stratifiant sur la gravité à l'admission

telle que mesurée par le score SAPS II et évaluation de la sur-mortalité induite par la

pneumonie nosocomiale en introduisant la pneumonie comme une covariable dépendante du

temps. Utilisation de modèles à risques proportionnels à risques compétitifs S4
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Les premiers résultats de cette approche montrent que la prise en compte du décès

comme risque compétitif influence l'estimation du risque de pneumonie nosocomiale associé

à la gravité (tableau 12).

Quatre strates de SAPS II successives sont prédéfinies. La variable est transformée en

3 variables discrètes à 2 classes.

Le modèle de Cox classique est réalisé grâce à la procédure PHREG de SAS, le

modèle à risques compétitifs est construit sous SPlus grâce à la procédure cmprsk récemment

développée par R Gray84 (Mathsoft, Seattle, WA).

L'interprétation des résultats est dans ce cas délicate. En effet, en tenant compte de la

force de mortalité, le risque de survenue de pneumonie nosocomiale chez les patients les plus

graves est significativement diminué par rapport aux catégories de gravité initiale

intermédiaire et basse. Cependant, le modèle à risques compétitifs considère que chez les

patients décédés, le risque de survenue de pneumonie est nul, et décrit la réalité observée.

L'interprétation de ce résultat pour le praticien hospitalier est difficile et doit être relative dans

la mesure où effectivement ces résultats ne sont interprétables que dans une population

soumise à deux risques (pneumonie, décès avant pneumonie). Ainsi, les malades les plus

graves développent effectivement moins de pneumonie nosocomiale que les malades moins

sévères (HR= 0.64, IC à 95% : 0.42-0.97), mais par l'intermédiaire d'une augmentation de

leur risque de décès avant pneumonie (HR= 3.41 , IC à 95% : 2.28-5.12).
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Tableau 13 : Comparaison de l'estimation du sur-risque de pneumonie nosocomiale associé à la catégorie de SAPS II selon la prise en compte du

décès avant pneumonie comme un risque compétitif de l'événement d'intérêt

Nb Hazard ratio (/C95) p Hazard ratio (IC95) p Hazard ratio(/C95) p Hazard ratio(/C95) p

pneumonie/nb pneumonie Décès en Pneumonie Décès

Décès réanimation Compétitif' Compétitif'

SAPS //<39 47143 1 1 1 1

(N=308)

38<SAPS//<49 44/61 1.108 (0.74-1.67) 0.62 1.60 (1.09-2.37) 0.02 1.055(0.70-1.59) 0.79 1.52 (0.95-2.47) 0.072

(n=213)

48<SAPS//<58 39/57 1.321 (0.87-2.00) 0.19 1.95 (1.31-2.90) 0.0009 1.16(0.77-1.73) 0.49 1.96 (1.21-3.16) 0.005

(n=171)

SAPS// >57 41/131 0.77(0.51-1.17) 0.21 2.49 (1. 76-3.50) <10~ 0.64(0.42-0.97) 0.04 3.41 (2.28-5.12) <10-"

(n=253)

(*) prise en compte du décès et de la pneumonie comme risque compétitif
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Dans l'exemple ci dessus, nous avons vu comment le modèle à risques compétitifs modifie

grandement les estimations des covariables du modèle de Cox (tableau 13). Afin d'interpréter

les résultats de ce type d'analyse, il apparaît donc fondamental de présenter les probabilités de

tous les événements en compétition. 85 Si l'on s'intéresse à l'effet de la gravité à l'admission

sur le risque de survenue d'une pneumonie, l'utilisation d'un modèle à risques compétitifs

peut être très délicat d'interprétation si la gravité affecte aussi le risque en compétition (ici le

risque de décès).85

Autres approches: Une autre approche pourraient être d'utiliser la probabilité

conditionnelle d'événement au cours du temps. Cette fonction représente la probabilité pour

un sujet de présenter un événement j au temps t sachant qu'il n'a pas présenté un événement k

au temps t (proba G/non k)).

Si Rj et Rk sont les deux risques en compétition, la distribution de probabilité conditionelle

de Rj est donnée par:

CPRj(t) = Pr [Rjau temps t (1- Pr (Rkau temps t )j] = Qj-KM 1[I-Qk_KM (t):

Intuitivement, si le modèle est destiné à déterminer les facteurs de risque de pneumonie

nosocomiale pour une utilisation quotidienne, la prise en compte des malades

conditionnellement au fait qu'ils soient vivants serait plus logique.

IV-3 Applications des résultats - indicateurs de qualité - Performances

Si les modèles conditionnels paraissent mieux adaptés à la prédiction individuelle pour

répondre à la question: «mon malade est t il à risque de présenter une pneumopathie

nosocomiale? » les modèles à risque cumulés sont probablement plus utiles en santé publique

pour modéliser le risque d'acquisition de pneumonie nosocomiale en fonction du type de

population soigné. Les comités de lutte contre l'infection nosocomiale nationaux (C-Clin

Paris Nord: Groupe REACAT http:Üwww.jussieu.fr/cclin/reanimation.html) ou
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internationaux comme HELICS (Hospital in Europe Link for infection control through

surveillance http://helics.univ-lyonl.fr) réfléchissent à la réalisation de scores composites qui

permettrait d'utiliser la pneumonie nosocomiale ou d'autres évènements iatrogènes comme

indicateur de résultats dans les unités de soins intensifs. Des modèles logistiques ont ainsi été

proposés. Les modèles multivariés pour données censurées à risque compétitifs sur le même

principe que celui montré précédemment pourraient permettre de prendre en compte à la fois

la gravité initiale et la durée d'exposition au risque pour estimer cette mesure. Ce type

d'ajustement, associé à une meilleure définition de l'infection, à une homogénéisation de la

prise en charge, pourrait permettre d'utiliser l'infection nosocomiale pour l'évaluation de la

performance (ou benchmarking) des unités.
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Abstract In most databases used ta
bnild general scverity scores the
median duration of intensive care
unit (leU) stay is less than 3 days.
eonseqnently, these scores are not
the most appropriate tools for mea­
suring prognosis in studies dealing
with leU patients hospitalized for
more than 72 h.
Purpose: Ta deveJop a new prog­
nostic model based on a general se­
verity score (SAPS II), an organ
dysfunction score (LOD) and evo­
lution of bath scores during the first
3 days of leu stay.
Design: Prospective multicenter
stndy.
Setting: Twenty-eight intensive care
units (leUs) in France.
Patients: A training data-set was
created with four leUs dnring an
18-month period (893 patients).
Seventy percent of the patients were
medical (628) aged 66 years. The
median SAPS II was 38. The leU
and hospital mortality rates were
22.7 % and 30 %, respectively. For­
ty-seven percent (420 patients) were
transferred from hospital wards. In
this population, the calibration
(Hosmer-Lemeshow chi-square:
37.4, P ~ 0.001) and the discrimina­
tion [area under the ROC curves:

0.744 (95 % CI: 0.714-D.773)] of the
original SAPS II were reJatively
poor. A validation data set was cre­
ated with a random panel of 24
French leUs during March 1999
(312 patients).
M easurements and main results: The
LOD and SAPS II scores were cal­
culated during the fust (SAPS1,
LODI), second (SAPS2, LOD2).
and third (SAPS3, LOD3) calendar
days. The LOD and SAPS scores al­
terations were assigned the value
"1" when scores increased with time
and "0" otherwise. A mnltivariable
logistic regression mode! was nsed
ta select variables measnred dnring
the first tliree calendar days, and in­
dependently associated with death.
Selected variables were: SAPS II at
admission [OR: 1.04 (95 % CI:
1.027-1.053) per point], LOD [OR:
1.16 (95 % CI: 1.085-1.253) per
point], transfer from ward [OR: 1.74
(95 % CI: 1.25-2.42)], as weil as
SAPS3-SAPS2 a1terations [OR:
1.516 (95 % CI: 1.04-2.22)], and
LOD3-LOD2 alterations [OR: 2.00
(95 % CI: 1.29-3.11)]. The final
model has good calibration and dis­
crimination properties in the train­
ing data set [area under the ROC
curve: 0.794 (95 % CI: 0.766-0.820),
Hosmer-Lemeshowe statistic: 5.56.
P ~ 0.7]. In the validation data set,
the model maintained good accura­
cy [area under the ROC curve: 0.826
(95 % CI: 0.780-0.867), Hosmer­
Lemeshow e statistic: 7.14, P ~ 0.5].



Conclusions: The new model using
SAPS II and LOD and their evolu­
tion during the fust calendar days

has good discrimination and cali­
bration properties. We propose its
use for benchmarking and evaluat-
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ing the over-risk of death associated
with ICU-acquired nosocomial in­
fections.

Introduction

General severity scores such as SAPS II [1], APACHE
II [2] or MPM24 [3] have been developed for use at spe­
cifie time periods during the 1CU stay. They measure se­
verity of illness using data collected during the fust 24 h
after admission to the ICU. These models have been de­
veloped in consecutive ICU patients with a relatively
short length of stay in the ICU.

Severity adjustment is considered important to en­
sure the comparability of different groups. In observa­
tional studies on outcomes (mortality, complication,
length-of-stay) severity scores are mainly used to con­
trol for differences in patients' risk profiles. At time,
these general severity scores have been used for specifie
subgroups of [CU patients and/or for time periods dif­
ferent to the one for which theywere developed. For ex­
ample, studies dealing with the over-risk of death of
nosocomial events have used either SAPS II [4], MPMII
[8] or Apache II/III [5, 6, 7] for adjustment and/or
matching. However, only severity of illness at admission
in the ICU has been used in most studies. This kind of
general severity score should be questioned because it
has been built on general ICU populations and not on
populations exposed to the risk of nosocomial events
(i.e., hospitalized for at least 72 hl.

The accuracy of prognostic systems is generally as­
sessed by measuring how weil the mode! distinguishes
patients who will die from patients who will survive (dis­
crimination) and the degree of correspondence between
observed and predicted mortality (calibration) across
the entire range of risks and witmn subgroups of pa­
tients.

In fact, the accuracy of prediction of these general
scores is maintained at an acceptable level only in pa­
tients who stay in the ICU for a short period of time [9,
ID). The progressive decrease in discrimination power
is probably explained in part by the fact that the progno­
sis of [CU patients changes over time if their clinical
condition becomes either more complex or with no or
partial response to treatment. In the extreme case, gen­
erai severity scores measured on admission do not re­
main associated with prognosis of patients with ICU-ac­
quired nosocomial infections who stay in the ICU for a
long time [7,8,11]. To measure the over-risk of death in­
duced by nosocomial infections, which, by definition,
occur after 72 h of stay in the ICU, we need to use prog­
nostic models built on ICU patients hospitalized at least
during that period of time.

In an attempt to improve the prognostic value of se­
verity scores after 3 days of ICU stay, Lemeshow et al.

developed MPM 72 [10], a score based on the recalibra­
tion of the MPMII [3] using information ascertained at
admission and clinical and biological variables assessed
during the third ICU day. However, the predictive accu­
racy of the MPMII was worse at 72 h (area under the
ROC curve, 0.752) as compared with 24 h (area under
the ROC curve, 0.836) probably because this model did
not take into account the evolution of patients until ad­
mission [12].

This model, not widely used in France, is, unlike the
SAPS II mode!, primarily based on conditions, and
changes from the diagnosis at admission and other
case-mix issues could lead to subsequent variations of
its performance [13].

The purpose of our study was to develop a new tool
which can be used for benclunarking and adjusting the
over-risk of death associated with ICU-acquired infec­
tion and other ICU-acquired iatrogenic events. For pur­
poses of data reduction, improvement of reliability, and
ease of use, we decided to introduce severity indices
previously created by others (namely SAPS II and
LOD) and already measured in many French ICUs.

Methods

This cahort studywas conducted prospectively during an 18~month

period within the medical and surgical IeUs of four university-af­
filiated teaching hospitals: one medical leU in Hôpital Louis Mou­
rier (Colombes, France), two medical and surgical ICUs in Hôpital
Saint Joseph (paris, France), and Hôpital Avicenne (Bobigny,
France), and one surgical leU in Hôpital Antoine Béclère (Cla­
mart, France). AlI patients over 16 years of age and hospitalized
in the lCU for more than 48 h were entered in the database. For
the purpose of this study, we used data collected for patients hospi­
talized for at least four calendar days in the lCU.

Data collection and baseline data

We recorded prospectively clinical, biological, and therapeutic
data from the day of admission ta leU discharge. The investigators
were closely involved in the database setting. AlI codes and defini­
tions were created prior to the study start. Report fonns were com­
pleted by senior physicians and were aIl reviewed by another inves­
tigator before computation. Using the keyed data, the Simplified
Acute Physiulogic Score (SAPS II) [1] .ud the LOD score [14]
were computed. The chronic health status, assessed using the
Knaus classification [2], was also recorded, as weIl as the diagnosis
and the main symptoms at admission. Transfer from ward was de­
fined as an acute-bed-hospital stay of more than 24 h before leU
admission [15].

We then created a second external validation set. We randomly
selected 30 lCUs from around France. The multi-stage randomiza~

tion of the units was perfonned according ta the proportion of
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Ieus from university hospîtals, general hospitals or private clinics
and to the proportion of rnedical surgical or medical·surgical
ICUs in France. Selected feUs had to eoraIl a maximum of twenty
consecutive patients hospitalized for at least four calendar days
and admitted to the leU in March 1999. Twenty-four ICUs finally
agreed to participate to the validation set creation. The same data
were recorded prospectively by the centers for their consecutive
patients. Again, another investigator reviewed ail the report forms
before their computation. An audit was perfonned by the study
monitors of a clinical research organization on a random basis of
10 % of the patients in each lCU.

There were no missing clinical data. Aceording to SAPS II and
LOD definitions, missing initial biological data were treated as a
nonnal value. Ta calculate daily severity scores, missing values
were scored as zero when biological data were not estimated at
any time. In other cases, missing biological parameters were as~

sumed to be unchanged.

Statistical analysis

Model building

SAPS II and LOD scores were measured by the investigators as
previously reported [1, 14]. SAPS Il and LOD ar day 1, day 2, and
day 3 were computed using clinical and biological data recorded
during each calendar clay in the training data set.

Variables assaciated with death were selected using Fisher's ex­
act test or the Mann-Whitney test.

AIl variables were introduced as dummy variables except
SAPS II and LOD scores at admission (after checking for log-Hn­
earity asswnption). The McCabe score was not introduced into
the model because of paor inter-observer reproducibility. Score al­
terations rather than daily sCOres were introduced in the model at
the tirst step to avoid averfitting. Only the directions of changes
were included on the basis of the non-parametric madeling using
generalized additive models [16]. According to the plot of the esti­
mated functions for each score alteration using smoothing splines,
the direction of change was the most important predictor ta delin­
eate two groups of interest (low- and high-risk groups). Alteration
of severity scores took the value "1" when scores increased and
the value "0" otherwise.

As the ICU population changed over time with an increasing
number of patients with chronic illnesses, the latter parameter
was also introduced into the initial full mode!. Chronie iIIness was
either encoded as a binary covariate (presence or absence, one or
more than one) or by introducing separately each chronic illness
as dummyvariables. The best mode! was chosen by taking the low­
er value of the Akaikes information criterion [17]. Pooled interac­
tion tests were perfonned to check for the additivity assumption
[18].

A multivariable logistie regression model with a stepwise selec­
tion procedure was used ta select variables, measured during the
tirst three calendar days, independently assaciated with hospital
death. Only signiticant variables in the univariate analysis were in­
troduced into the mode! at the first step.

Our primary assessment of model perfonnance was the good­
ness of fit of the models on the training data set. Goodness of fit
was evaluated by the Hosmer-Lemeshow C statistic, and calibra~

tion curves [19]. Lower Cvalues and higher Pvalues are associated
with a better fit. A good fit was defined as P > 0.05 for the C statis­
tic. The calibration curves of actual vs predicted mortality across
deciles of predicted probabilities of death provide a visual depic­
tion of the model calibration. We also assessed the model's dis­
crimination (the ability of the model ta separate survivars and

nan-survivors) using the receiver operating characteristics (ROC)
area under the curve (AUC). A ROC-AUC of 1 is a perfect dis­
crimination and a ROC-AUC of 0.5 is random chance. Compari­
sons between ROC-AUC were perfonned using HanIey and
McNeil's method [20].

Madel validation

InternaI validation on the training data-set was perfonned by boot­
strapping, which, by taking a large number (500 independent repli~

cates) of samples with the replacement from the original one, pro­
vides nearly unbiased estimates of predictive accuracy. External
validation was pertormed using the second data set and using the
same tools.

Eventually, MPM72 was measured using clinical and biological
data of the third calendar day [la] and was compared ta the final
model.

Results

Training and validation data sets

Eight hundred and ninety-three (893) patients hospital­
ized for at least four calendar days were entered in the
training data set. Three hundred and twelve (312) pa­
tients from 24 ICUs were entered in the extemal valida­
tion data set.

Case-mixes of the training and the validation cohorts
are shawn in Table 1. The training and validation co­
harts were statistically different in tenu of diagnosis,
rate of patients transferred from hospital ward, and evo­
Iution of SAPS II and LOD during the first 3 days of
ICU course.

Variables separately associated with hospital mortal­
ity (Table 2) were introduced in a muItivariable model
(i.e., SAPS II, LOD, chronic illness, transfer from
ward, LOD1-LOD2 alterations, LOD2-LOD3 altera­
tians, SAPS1-SAPS2 alterations, and SAPS2-SAPS3 aI­
terations).

In the first model, chronic illness was introduced as a
dummy variable and, in the second one, each chronic ill­
nesses were introduced separately.

In the last step of the stepwise selection procedure at
the 5 % level in the first modeI, the SAPS II score and
LOD score at admission remained associated with prog­
nosis as weU as the aIteration of severity scores (Ta­
ble 3). Moreover, transfer from hospital ward [21, 22]
and chronic illness remained related ta death [21].

When chronic illnesses were introduced separate1y,
only hepatic disease [OR: 4.34 (95 % CI: 2.45-7.7)], car­
diac disease [OR: 1.67 (95 % CI: 1.03-2.70)], and immu­
nosuppression [OR: 2.07 (95% CI: 1.31-3.27)] were as­
sociated with death, whereas renal and pulmonary
chronic diseases were not. The other variables remained
in the final mode!. The Akaike criterion was higher in
the second model (AIC = 1113.2 vs AIC = 1105.2). Con­
sequently, the fust model was retained.



1015

Table 2 Prognostic factors in the training cohort (univariable ana­
lyses). Results are expressed as median (25th_75'h percentiles) or
number (%) for quantitative and qualitative variables, respectively

Alive Dead P value
(n = 625) (n = 268)

Table 1 Training and validation cahoTt characteristics. Results are
expressed as median (2Stb_75!h percentiles) or number (%) for
quantitative and qualitative variables, respectively

Training Validation P valueb

data set data set
(n =893) (n =312)

Symptom at leU admission
Muiti-system organ· failUTe 30 (3) 8 (3) 0.3
Septie shock 70 (8) 23 (7) 0.6
Other shock 92 (11.5) 32 (11) 0.6
Respiratory failuTe 310 (34.5) 92 (30) 0.09
COPD exacerbation 75 (8) 17 (5.5) 0.1
Renal failure 54 (6) 9 (3) 0.04
Coma 115 (13) 31 (10) 0.2
Trauma 17 (2) 25 (8) < 10-'
Scheduled surgery 37 (4) 28 (9) 0.002
Other 93 (10) 44 (14) 0.08
Medical 628 (70) 193 (61.7) 0.02
Scheduled surgery 83 (9) 40 (12.9)
Emergency surgery 182 (21) 79 (25.4)
Age 66 (49-75) 64 (50-76) 0.1
Transier from ward 420 (47) 176 (56) 0.005
Chronic illness 428 (48) 143 (46) 0.4
Hepatic 72 (8.1) 15 (4.8) 0.06
Pulmonary 174 (19.5) 65 (20.8) 0.7
Cardiac 100 (14.5) 43 (13.8) 0.5
Renal 14 (1.6) 10 (3) 0.1
Immunosuppression 122 (13.7) 39 (12.6) 0.6
More than one 61 (6.8) 32 (10)

McCabe score
Nonfatal 473 (53) 186 (60) 0.08
Fatal < 5 years 317 (35.5) 95 (30.7)
Fatal < 1year 55 (11.5) 29 (9.3)

SAPS admission 38 (28--52) 36.5 (27-50) 0.23
LOD admission 5 (2-7) 5 (2--6) 0.18
lCU stay (days) 7 (7-14) 7 (4--14) 0.7
Hospital stay (days) 22 (12--42) 23 (13--42) 0.8
SAPS day 1 35 (26--45) 37 (29--47) 0.01
SAPS day2 35 (25--45) 37 (27--47) 0.03
SAPS day3 33 (23--44) 37 (26--46) 0.03
LOD day 1 5 (2-7) 4 (3--6) 0.01
LOD day2 5 (3--7) 4 (3--6) 0.002
LODday3 4 (2-7) 4 (2--6) 0.006
SAPS3-SAPS2 alterationa 280 (31.4) 106 (34) 0.44
LüD3-LOD2 alterationa 178 (19.9) 66 (21.2) 0.04
leU deaths 203 (22.7) 70 (22.5) 0.9
Hospital deaths 268 (30) 84 (27) 0.3

Symptom at leu admission
Multi-system organ failure
Septic shock
Other shock
Respiratory failure
COPD exacerbation
Renal failure
Coma
Scheduled surgery
Trauma
Other
Transfer from ward
Medical
Scheduled surgery
Emergency surgery
Age
Chronic illness
Hepatic
Pulmonary
Cardiac
Renal
Immunosuppression
More than one

McCabe score
Non-fatal
Fatal < 5 years
Fatal < 1 year

SAPS admission
LOD admission
Age
leU stay (days)
Hospital stay (days)
SAPS day1
SAPSday2
SAPSday3
LOD day1
LODday2
LOD day3
LüD1-LüD2 alterationa*
SAPS1-SAPS2 alterationa*
LOD2-LOD3 alterationa*
SAPS2-SAPS3 alterationa*

13 (41) 17 (59)
48 (69) 22 (31)
51 (56) 41 (44)

221 (71) 310 (29)
60 (80) 75 (20)
32 (59) 54 (41)
73 (63.5) 115 (36.5)
30 (81) 7 (19)
15 (88) 2 (12)
82 (88) 11 (12)

268 (63.8) 152 (36.2)
441 (70.2) 187 (29.8)

65 (78.3) 18 (21.7)
119 (65.4) 63 (34.6)
64 (45-73) 70 (57-77)

257 (41) 171 (63.8)
31 (43) 55 (32)

119 (68) 39 (39)
61 (61) 4 (29)
10(71) 54(44)
68 (56) 54 (44)
36 (59) 25 (41)

389 (82) 84 (17.7)
188 (59.3) 129 (40.7)
48 (46.6) 55 (53.4)
35 (25--47) 51 (37--63)

4 (2-7) 6 (4--8)
64 (45-73) 70 (57-77)

7 (4--11) 11 (6-19)
24 (15--44) 18 (10--42)
33 (23--42) 41 (51-32)
31 (21--41) 45 (35-57)
29 (20--39) 43 (35--58)

4 (2-7) 6 (4--8)
4 (2-7) 7 (5-9)
4 (2--6) 7 (4--8)

182 (29) 108 (40)
259 (41) 149 (55)
103 (16.5) 75 (28)
176 (19.7) 104 (38.8)

< 0.0001

0.0002
0.14

10-'
< 10-5

< 10-5

0.6
0.05
1
0.0004
0.06

<10-'

< 10-4
<10-'
<10-'
< 10-4

0.002
<10-'
<10-'
<10-'
<10-'
<10-'
<10-'

0.002
0.0002
0.0002
0.003

a Alteration of severity scores took the value "1" when scores in­
creased and the value "0" otherwise
h Fisher's exact test or Mann-Whitney test as appropriate

The overall mode! calibration was good (training
database: goodness of fit statistic = 5.56 with 8 dt,
P = 0.70) (Fig. 1). The area under the ROC curve
(AUe model = 0.794, 95 % confidence inter­
val = 0.766--0.820) was improved as compared ta the
AUe of SAPS II (area under the ROC curve for SAPS
II = 0.744, 95% confidence iuterval = 0.714-- 0.773,
P < 10-4) (Fig. 2) but remaiued tao imperfect ta make
individua! predictions (concordauce of predicted proba-

a Alteration of severity scores took the value "1" when scores in­
creased, and the value "0" otherwise

bilities and observed responses: 75.5 % applying a deci­
sion criterion of 50%, in 80.5% of the pairs formed by
a survivor and a non-survivor patient; the surviving pa­
tient had a smaller probability of dying than the patient
that did not survive).

In the external validation data set, the mode! re­
mained well calibrated (goodness of fit statistic = 7.14
WÎth 8 dt, P = 0.55). The discrimination of the mode! in
the extemal data set was good (area under the ROC
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Table 3 Results of the logistic
regression (training cohort,
n:::: 893, 268 hospital deaths)

Parameter ûdds ratio
estimate 95 % cr

Pvalue
(Wald)

ûdds ratio
95% CI
(Bootstrap)

Intercept -4.44
Thaosfer from ward (0/1) 0.5543 1.74 (125-2.42)
LOD at admission 0.1536 L16 (1.085-1.253)
SAPS II admission 0.0388 1.04 (1.027-1.053)
Chronic iUness (0/1) 0.8507 2.34 (1.677-3.269)
SAPS2-SAPS3 alteration 0.4161 1.516 (1.04-2.22)
LOD2-LOD3 alteration 0.6940 2.00 (1.29-3.11)

0.0001
0.001

< 0.0001
< 0.0001
< 0.0001

0.032
0.0002

(1.253-2.453)
(1.093-1.276)
(1.026-1.053)
(1.622-3.296)
(1.055-2.373)
(1.292-3.019)

Ta compute the probabiIity of hospîtal mortality:
(1) compute the lagit:
Logit = (-4.44) + 0.5543 (Thansfer) + 0.1536 (LOD) + 0.0388 (SAPS II) + 0.8507 (Chronic ilIness) +
0.4161 (SAPS2-SAPS3 a1teration) + 0.6940 (LOD2-LOD3 alteration);
(2) calculate the probability of hospital mortality [P(death)J:
P(death) = (eLogit)/(l+eLogil) where e:::: 2.7182818 (the base of the naturallogarithm).
An ExceiR 4.0 calculation file is available on http://www.outcomerea.org

Table 4 Calibration and discrimination of the final model as com­
pared to SAPS II and MPM 72 in predicting hospital death

curve = 0.826, Table 4) and very signifieantly improved
(P < 1Q-4) as eompared ta the original SAPS II or LOD
scores (Fig. 3).

The performance of the MPM72 was slightly lower in
the training and the external validation data sets with a
lower AUC-ROC (Table 4) and a lower fit (goodness
of fit statistie = 22.3 with 8 df, P < 0.01).

Discussion

Most of the CUITent research with prognostic scoring
systems has focused on predictions which use data
from the first ICU day. The severity of the acute dis­
ease has been associated with a higher risk of nosoco­
mial infection [23, 24] and iatrogenic events [25]. As
the severity of the acute disease could have acted as a
confounding factor, severity scores have been proposed
for risk stratification and quality assurance [26]. Conse­
quently, these scores have been used ta adjust the over­
risk of death related ta nosocomial pneumonia or bac­
teremia or any other nosacomial events which only oc-

Aue-ROC Hosmer-Lemeshow
(95% CI) Cstatistic (Pvalue)

curred after 72 h of ICU stay, by definition [4, 5, 6, 7,
8,27].

However, these models are not adequate for risk
stratification of diseases occurring after 72 h of ICU
stay, since they have been buil! using the overall popula­
tion of patients. As the ICU stay was less than 3 days for
15-50 % of the patients in these data sets [1, 10, 22, 28,
29], the accuracy of these models is poor for patients
hospitalized in the ICU for longer periods [9, 10]. The
poor calibration and discrimination properties of the
original SAPS II in the training and the validation data
set of our study corroborate this assumption.

In studies dealing with long-stay ICU patients, sever­
ity scores calculated at admission no longer remained
related with death. In the study from Ferraris et al. [30]
involving 110 patients hospitalized for atleast 72 h, the
occurrence of nosocomiai sepsis, iatrogenic events, and
the development of renal failure in the ICU - but not
the APACHE II at admission - were associated with
ICU outcome.

Similarly, the mean APACHE II score [7] and MPM
II score [8] at admission were not different in patients
who died and patients with clinical resolution of an epi­
sode of nosocomial pneumonia; and initial APACHE
II, MODS, and OSF scores were not able ta differenti­
ate those patients with ICU-acquired septic shock who
died from those who did not [11].

A few data from previous publications indicated that
the use of severity scores calculated on the third ICU
stay in this population is more accurate. The study
from Girou and coworkers illustrated perfectlythis find­
ing [27]. She carefully matched, for initial severity of iII­
ness (as assessed by APACHE II and age) and duration
of exposure ta the risk, 42 ICU patients with nosocomial
infections with 42 controls. Patients were strictly similar
in terms of severity at admission ta contraIs; however,
the observed death rate of case-patients was higher
than for the controls (58.5% vs 14.6%, P < 0.001). AI-

37.4 (0.001)
21.2 (0.01)
22.3 (0.01)
5.56 (0.70)

19.8 (0.02)
32.2 (0.002)
18.2 (0.03)
7.14 (05)

0.741 (0.688-0.789)
0.725 (0.668-0.777)
0.814 (0.774-0.854)
0.826 (0.780-0.867)

0.744 (0.714-0.773)
0.681 (0.646-0.714)
0.786 (0.757-0.812)
0.794 (0.766-0.820)

Training set
SAPS Il
LOD at admission
MPM72
Final model

Validation set
SAPS Il
LOD at admission
MPM72
Finalmodel



Fig.! Observed and predicted
mortality of the final model in
the training and the external
validation data set. Training
data set: MPM72: goodness of
fit statistic :::: 22.3 with 8 dt
CP < 0.01) (circle and dotted
Une); final model: goodness of
fit statistic:::: 5.56 with 8 dt
(P = 0.70) (black line). Valida­
tion data set: final model:
goodness of fit statistic :::: 7.14
with 8 dt (P = 0.5) (triangle and
dotted line)
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though initial severity scores were not able to predict
mortality, the APAeHE II and the SAPS scores of
case-patients calculated on the third day of leU admis­
sion, before nosocomial infection occurred, were signifi­
cantly higher than those of controls.

Based on these observations, our purpose was to use
data available at admission and their evolution during
the flIst 2 days of leU stay to deve!op a prognostic mod­
e! with reasonable calibration and discrimination prop­
erties.

In clinical trials, it is important to have properly cali­
brated models for risk stratification and for measuring
severity-adjusted efficacy [31J. Our model discriminates
as well as MPM72, with a better fit [10], probably be­
cause we took into account the dynamics of the evolu­
tion of severity during the first 3 days of leU stay.

Mortality prediction models are almost always over­
specifie for the patient samples upon which they were
developed, and thus, performance usually deteriorates
when models are applied to different population sam­
pIes [32]. This evaluation is usually performed using
cross-validation, dividing the original population ran-

domly into two groups, development and validation.
However, this process can be misleading, as the case
mix of both groups (development and validation sam­
pIes) can be expected to be rather similar. ln our study
we performed two types of validation. We first used the
bootstrap method to test the robustness of the beta esti­
mates of the prognostic covariates. Then, we tested the
prognostic models in a completely new external popula­
tion, independent of the original. The external popula­
tion was composed of the fust patients admitted for at
least four calendar days in 24 randomly chosen leUs in
France. Il differed from the original population for vari­
ous case-mix issues. Our final model was well fitted in
the external validation group, which gave strength to
our conclusions. Il remains to be evaluated in other
countries.

We found that organ dysfunction and general severi­
ty scores are not closely linked as that they added prog­
nostic information at leU admission. This is probably
because these two models may not necessarily converge
for their probability estirnates in individual patients,
even though they are using the same outcome measures
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Fig.2 ROC curve the original
SAPS II, LOD score, MPM72,
and the final model in the trai~

Ding data set. Original SAPS II:
area under the ROC curve :::
0.744 (95 % confidence Înter­
val = 0.714-0.773) (black line).
New mode!: area under the
ROC curve = 0.794 (95% con­
fidence interval = 0.766-0.820)
(thin dotted fine). Area under
the ROC curve was signifi­
cantly improved CP < 0.0001) as
compared ta original LOD
(gray line) and SAPS II (black
line) but was not significantly
improved as compared to
MPM72 (dotted line) 60

40

20

o 20 40 60
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[31]. Il probably reflects interactions between variables
that are used in these general composite scores.

Il would have been possible ta use a mode! such as
MPM72, built with data obtained at day 3 and without
taking into account the evolution between day 1 and
day 3. The discrimination of the MPM72 is quite similar
ta that obtained with our new model in the training pop­
ulation and was slightly lower compared ta the valida­
tion population. However, MPM72 was not weil cali­
brated and overestimated the probability of death
(Fig. 1). However, the main potential interest of the use
of the combination of old tools is the potential increase
in the reliability of case-mix and physiologie measure­
ments. An important indicator of the quality of a scien­
tific measure is ta yield consistent, reproducible results.
In France, physicians usually measure the SAPS II score
and are familiar with the definitions used in the SAPS II
score calculation. Il is a strong point for using this strat-

egy in countries already extensively using it, as user vari­
ability is improved by the provisions of clear rules and
definitions and by training for data collection [33].

Several organ dysfunction scores have been built in
the past few years ta describe individual organ dysfunc­
tian, from mild dysfunction ta severe failure, that could
be used ta measure the evolution of organ dysfunction
over time. These systems enable repetitive evaluation
and could have been used in the present study. Differ­
ences between maximum and initial MODS score [11]
or SOFA [28] score also have good accuracy in predict­
ing prognosis of leU patients. In the paper from Vin­
cent et al. [34],20% of the survivors increased their to­
tal SOFA scores within the first week of leU stay, while
44 % of the non-survivors did not. In this study, the au­
thors concluded that reguJar repeated scoring enable
the patients' condition and disease development ta be
monitored and better understood. In the same way, the
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working group of the European Society of Intensive
Care Medicine fonnd that the difference between the
maximum SOFA score and the SOFA score calculated
at admission is a strong prognostic predictor even after
correction for total admission SOFA score [28].

These kinds of organ dysfunction scores are consid­
ered as complementary to the general severity scores
such as SAPS II. We used the LOD score because it is
the sole organ dysfunction score designed for this but
also for predicting morta/ity, although it has not been
validated after the first 24 h of ICU stay. However, we
previously reported that the evolution of the LOD score
from admission was associated with prognosis of ICU
patients independently of the appearance of a catheter­
related bacteremia [4].

Other multivariate logistic regression equations were
developed ta create daily estimates of hospital mortality
using the APACHE III system [22] and found results

very similar to ours. First, the variables entered in the
model at admission (i.e., acute physiology score, age,
previous hospital stay before ICU admission, and chron­
ic health status) have also been found to contribute ta
day 3 prediction. Second, the criteria contributing to
day 3 prediction were not onIy the day 3 physiology
score (54 %), but also the change in acute physiology
score from day 2 to day 3. The discrimination of the
day 3 model was excellent and better than those we ob­
tained using the SAPS II and LOD systems. However,
even patients who left the ICU on the third day (alive
or dead) were entered in this ana/ysis, which artificially
led to a better discrimination of the final mode!. Eventu­
ally, the logistic regression equation was not published
and a comparison with our model was not possible.

The increase of LOD and SAPS II scores from day l
ta day 2 and from day 2 ta day 3 were also associated
with the prognosis, and this was observed, independent-
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Iy of the initial LOD score. However, the amount of
variation of the SAPS II and LOD scores showed no
log-linear relationship ta the risk of death. A decrease
of bath scores did not provide significant information
for the prognosis. On the contrary, an increase in these
scores was associated with an increased risk of death.
For this reason, instead of the change of score, we used
the direction of changes.

When introduced in the muitivariable model, day 1
and day 2 changes were not selected. As in the study
from Wagner et al. [22], only the more recent changes
were retained for the admission variables. This finding
probably indicated that the present tendency is more
predictive than the full time-course.

In conclusion, our mode1, which uses very cornmon
and easy ta ascertain severity and organ dysfunction
scores, could be used for adjusting over-risk of death re­
Iated ta ICU-acquired nosocomial events. It might also
be usefui for mortality benchmarking in ICU patients
hospitalized for more than 3 days.
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Calibration and discrimination by daily Logistic Organ Dysfunction
scoring comparatively with daily Sequential Organ Failure Assessment
scoring for predicting hospital mortality in critically ill patients*

Jean-François Timsit, MD; Jean-Philippe Fosse, MD; Gilles Troché, MD; Arnaud de Lassence, MD;
Corinne Alberti, MD; Mané Garrouste-Orgeas, MD; Caroiine Bornstain, MD; Christophe Adrie, MD, PhD;
Christine Cheval, MD; Sylvie Chevret, MD, PhD; for the OUTCOMEREA Study Group, France

Objective: The Logistic Organ Dysfunction (LOD) score has characteristics (ROC) area under the curve (AUC; a ROC-AUC of 1
been provad effective in evaluating severity during the Iirst day in indicates faultless discrimination and a ROC-AUC of 0.5 indicates
an intensive care unit but has not been evaluated later. Ta the effects of chance alone). Because calibration of bath scores
evaluate attributable mortali!y related ta nosocomial events, or- was poor at ail time points (p < .001), customization was per-
gan dystunction scores !hat remain accurate throughout the . formed using the total score (modell) or separate introduction of
tensive care unü stay are needed. The objective of this stu h dysfunction (model 2). The performance of customized LOD
ta evaluate how accurately daily LOD scoring predicts SOFA scores on a given day in predicting mortality was
comparatively with daUy Sequential Organ FaUure in those patients who spent at least one more calendar
(SOFA) scoring. intensive care unit. The original LOD and SOFA scores

Design: Prospective multicenter study. tory ROC-AUC values (0.720 ta 0.766). Internai con-
Selting: Six intensive care units in France. bath scores was acceptable (p < 10-4 for each organ
Panents: A total of 1685 patients with intensive care ction). Affer customization, the original scores calibrated

longer than 48 hrs were included in this s!udy (51 between days 1 and 7. Discrimination by bath scores was
deaths). Median age was 66 yrs, and median Simplified etter with model 2 (AUC-ROC, 0.729-0.784).
Physiology Score Il at admission was 38. For each patient, Conclusion: Daily LOD and SOFA scores showed good accuracy
senior physician recorded the variables need,dt1P~~~'\c:~'t~istency, and they could be used ta adjust se­
dysfunction scores daUy !hroughout the inteosiv aîli jij li ~l veli!y. rleveJits occurring in the intensive care unit. (Crit Care

Intervennons: None. .L.t 1·'1 Me 02; 302003-2013)
Measurements and Main OFA a.n'1.LOO scores.were os: sever~ s",-organ dysfunction; organ faUure;

computed daiiy during the Iirst IfalidraTrt\va},evll~ed$'jnte lr~ o~j{c,t Logistic Organ Dysfunclion; Se-
based on goodness-of-Iit by ~tmilsîiiiwltlü-iquàreque gan-FaihJre nt; calibralion; discrimination;
statistic (Iower chi-square vaiues and higher p values indicate receiver operating characteristic curves; logistic regression; eus­
better lit) and discrimination based on the receiver operating tomization

Médicale (CB), Hôpital St Louis, Paris, France; and the
Service de réanimation polyvalente, Hôpital Delafon­
taine, Saint Denis, France (C. Adrie).
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MGO) and the Service de réanimation de chirurgie
vasculaire (CC), Hôpital St Joseph, Paris, France; the
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The accuracy of severity sYnallhltflhftJmpdibltlSeng ICU stays, during whlch nosocomial
used to prediet mortallty in m- acro':'t~':,l:\l1f~nge ol"rfs.Sr:;li.and~m mfections are common (3-5). Further~
tensive care unit (leU) pa- pat.~~H"I~~,Hined at more, an important goal is ta adjust
tients is generally assessed adrllSsln'Mt@s~~i~~NlOW ac- (match) risk on severity of illness based

based on discrimination between surui- ceptable accuracy only in patients with on severity measurements provided by
vors and nonsurvivors (discrimination) brief JeU stays (1-2). They are not weil well~calibrated models used during the
and on correspondence beh-veen observed correlated with mortality in patients with leU stay before the event of interest (6).

Many studies have shawn that severity
scares computed during the ICU stay
were independent predietors of death. In
particuJar, the number of organ system
failures on the clay of nosocomiaI infec­
tion onset was closely aS50ciated with
martality in studles of the attlibutable
probablIit)' of martality Induced by cath­
eter~related infections (7-9) or n050cO­
rnial pneumonia (4, 10). Moreover, daUy
severity scores explained a far greater
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proportion of the probability of mortality
than severity scores at admission (11, 12).
A daily organ dysfunction score for risk
adjustment or matching would he valu­
able. However, little is known about the
statistical properties of organ dysfunction
scores measured throughout the leU stay
(13). The purpose of our study was to
evaluate the performance of two organ
dysfunction scores (the Logistic Organ
Dysfunction [LODI (14) and the Sequen­
tial Organ Failure !\ssessment [SOFA[
(15) scores) computed daily during the
first seven leU days.

<11)'--4
<JO'\
<10"-4
<lO-·l

<10-4

.OOS

<10,4
<1O-.t
<10- 4

<lO--1
.os
<10-4

.37
<ID-- 4

.0006
<10'"4

p Value
Dead

(n = 511)

165 (32)
346 (681

45 (8.8)
47 (9.2)

321 (623)
51 )

1

36 (7)
63 (13)
66 (13)

157130)
32 (6)
33 (6)
84117)
24 (5)
3 (0.5)

1312.5)
301159)
:J69 (72)

37 (7)
1091211
70 (57-77)

Alive
(n = 1174)

693 (59)
391133)

90 (B)
35 {25--47)
64 (48-74)

() {4-1l}
23 (13--421

714 (61)
460 (39)
4113.5)
65 (5.5)

462 (39)
50 (4)

219 (IS)
107 (9)
II (1)

134 (II)
52 (41

28 (2)
81 i7I
92 (SI

367 (31)
113 (10)
59 (5)

154 (13)
125 III!
23 (2)

132 (II)
580147)
799168)
17SI16.6)
204 (17.4)

64 {45-73)

This cohort study \Vas conducted during a
24-month period in the ICDs of six teaching
hospitals in or near Paris, France. Two reus
were medical (Louis Mourier Hospital. Co­
lombes, and Saint Louis Hospital, Pans), two
were medical and surgical (Saint Joseph Hos­
pital, Paris, and Avicenne Hospital, Bobigny),
and tv.'o were surgica1 (Antoine Béclère Hos­
pital. Clamart. and Saint Joseph Hospital, Par­
is). AI! patients who were > 16 yrs old and
spent >48 hrs in the participatîng reus were
included in the database.

Data Collection and Baseline Data. We
prospectiveIy recorded clinical, laboratory,
and therapeutic data fram leu admission to
leu discharge. The invesligators were c10sely
involved in setting and compîling the data-

leu. intensive care unit; COPO. chronic obstn tiv1pB~~tf'SA1~~~.,ëute base. Ali codes and definitions were estab-
Physiology Score. . 1 l- 1i '4~\...) j! lished before data collection. Report forms

Univariable analyses. Hesllits are expressed as median (25th-75th percentiles) or number (%) for "vere completed daily by senior physicians and

quantitative and Qualitative variab ttel:[.,'Filh~X". l'1\':jÙClC.tk:t:or ~?- sts V i~~f~ved by another investigator before
used for statistical analyses. .L '/''\JVîJ (1 Lr\..J1'~bThe data were entered iuto a com-

Clinical status at lCU admission
Multiple system organ failure
Septic shock
Other shock
Respiratory failure
COPO exacerbation
Renal failure
Coma
Scheduled surgery
Trauma
Other

Transter From ward
Medical
Scheduled surgery
Emergency surgery
Age
Sex

Male
Female

Hematologie malignancy
Metastatic cancer
Chronic illness

Hepatie
Pu!monary
Cardiovascular
Renal
Immunosuppression
More than one

Ne Cabe score
Nüt fatal
Fatal <5 yrs
Fatal <1 yr

SAPS Il at admission
Age
JCU st:ay, days
Hospital sby, days

Table 1. Prognostîc factors in the training eohort

Table 2. Performance of the daily Logistic Organ Oysfunction (LOD) score compared with the daily Sequential Organ Failure Assessment (SOFA) score

LOD Score SOFA Score

No. of Deaths ~Iwauthqrjzed UseCoefficient
(95% CI)

Day (%) lntercept (Bootstrap) ,
tercept (Bootstrap) AUe-ROC Hl~tat (P) R'

511 -2.198 0.319 0.726 10.4 (.16) .19 -2.18 0.231 0.720 4.55 (.8) .19
l:lO.31 W.268-{).373) (0.203-0.260)

2 473 -2.27 0.360 0.742 12.21.06) .22 -2.26 0258 0.742 II.l 1.2) .22
(30.1) 10.268-0.4111 (0.216-0.287)

3 42S -2.22 0.362 0.752 10.2 (.I11 .23 ··2.27 0.267 0.762 9.94 (.27) .25
132) (0.309-Q.419) (0.239-0.302)

4 387 -2.20 0.377 0.754 3.9 (.7) .li -2.15 0.267 a.i66 10.5 (.2:JI .26
(34.41 (0.301-Q.4491 10.228-0.312)

5 344 -2.05 0.360 0.739 7.7 (.4) .20 -].94 0.243 0.746 13.6 1.091 .23
(36.3) (0.294-<l.449) (0.203-0.286)

6 319 -2.20 0.417 0.756 5.7 (.611 .26 -2.01 0.282 0.763 12.2 (.14) .27
(39.3) (O.329-{).516) 10.236-0.349)

7 294 -1.92 0.369 0.736 9.81.19) .22 -1.76 0.271 0.746 7.3 (.51 .24
(421 (0.289-0.472) (0.199-0.295)

Cl. confidence interval; AUC-ROC, area under the cUlve-receiver operating characteristks; HLstat, Hosmer-Lerneshow statistic.
Scores \Vere caJculated on a given calendar day (n), and only patients with intensive care unit stays of at least n + 1 calendar days were induded.
No statistîcally signîficant differences in disclimination were found between the daily LOD scores and the daily SOFA scores.
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Table 3. Distribution of severity levels of organ dysfunetions on days 1, 3, and 7

No. of Patients (Hospital Mortality, %)

Organ score Neurologie CardiovascuJar Renal Hematologie Pu!monary Hepatlc

SOFA
Day 1

0 1093 (23) 712 (21) 858(231 1042 (261 734 (24) 1:-lï5 (27)
1 245 (36) 423 (30) 315 (281 31;)(311 100 (23) 148 (43)
2 129 (361 168 (271 170 (45) 200 (40) 538 (30) 129 (48)
3 143 (49) 187 (41) 165 (40) 87 (52) 254 (45) 21 (62)
4 70 (74) 195 (57) 177 (44) 43 (421 59 (641 12 (501

Day 3
0 880 (23) 625 (211 729 (22) 791 (26) 651 (23) 1064 (28)
1 210 (41) 297 (30) 197 (381 268 (351 46 (9) 122 (39)
2 III (4.1) 107 (31) 127 (44) 175 (371 397 (37) 112 (53)
3 37 (04) 145 (47) 101152) 73164) 208 (50) 25 (56)
4 48 (931 162 (66) 182 (45) 29 (52) 34 (68) 13 (69)

Day 7
0 423 (31) 309 (301 381 (33) 484 (34) 308 (361 524 (381
1 139 (50) 138 (42) 75 (44) 97 (45) 21 (24) 60 (43)
2 591561 56143) 79(541 81 (681 217 1461 82 (54)
3 45 (67) 64 (64) 62 (53) 26 (77) 137 (511 2Ü (651
4 34 (911 83 (721 103 (59) 12 (75) 17 (53) 14 (93)

LOD
Day 1

0 1255 (241 1538 (29) 773 (20) 1424 (28)
1 233 (;19) 144 (47) 738 (B7) 261 (43)
3 127149) 3 (661 174 (49.5)
5 70 (74)

Day 3
0 1024 (25) 1225 (30) 577 (23) ll44 (29)
1 193 (45) 110 (59) 644 (41) 192 (47)
3 71 (551 1 (0) 115 (58)
5 481941

Day 7
0 516 (35) 541 (37) 109 (26) 658 (40) 191123) 319 (48)
1 112 (521

mi~PINt!uTT
42 (711 436 (49) 75 (60)

3 38 (66) OH 73 (53)
5 34 (91)

è(o < lO-4), indicating good internal
e. The ma'<Îmal value for the hematologic and

Mode12: Logit organ dysfunction score (Day
n) = Un + Sn (cardiovascular) + Xn (pul­
monary) + On (neurologie) + E.n (hemato~

logic) + <!>n (renall + Jin (hepatic).

In mode! 2, cardiovascular, pulmonary,
neurologie. hematalogic. renaJ, and hepatic
represent the point assigned to each organ
dysfunction in the original mode!.

Customizing the organ components in­
volves fitting a new logistic regression equa-

puter and used to compute the LOD and i'iA Stati;Jlt4tiL Analysi§~ 0Hgan.. sf~~on Model1: Logit organ dysnmction score (Day
scores and the respective contributiOUnaU'InO.IE.· CUse n) = Url + (f3n (total score on day n).
each organ failure (cardiovascuJar, pulmo- oratory data recorded on cac calendar day.
na1)1, hematologic, neurologie, renal, and he- DayDïS§,dl.§ll~fl~tIJ~aJelom the Wben using this strategy of customization,
patic) to each of the MO scores, as described timiJ01âtitNiJi~ ~tn:iU day; all the calibration of the original mode! does not
elsewhere (14, 15). We alsa recorded the diag- other days were calendar days from 8 am to 8 change, but the calibration improves. In
nosis. main symptoms at admission, and am. The value of daily LOD and SOFA scores model 2, each organ component of the score
chronic health status assessed using the clas- on any given day was assessed in patients who was introduced separately (second-Ievel cus-
sificatian by Knaus et al (16). Transfer from spent at least one additional calendar day in tomizationJ.
another ward was defined as a stay in an acute the leU.
bed ward for >24 hrs immediately before leU To assess internai consisteney of the two
admission. leU and hospital mortaiity were scores, we evaluated mortality rates associated
recorded. There were no missing c1inical data. with involvement of cach organ system and
In keeping with published descriptions of the with each Jevel of organ failure. Kendall's 'b

SOFA and LOD, initial missing laboratory test correlation coefficient was used to investigate
results were recorded as normal. For daily associations among involvements of the six
severity score computations, missing values organ systems. Logistic regression was used to
far laboratory tests that were not perfonned create two customîzed models for eaeh score.
were recorded as nonnal, and those for labo- Madel 1 involved customizing the total score
ratal)' tests done previously were recorded by obtained with the original mode! (first-level
carrying the last available value forv.md. customization).
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Distribution OF LOD daily scores
Distribution of SOFA daily scores
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which involves analyzing a large number {SOI)

independent replicates) ofsubsamples with re­
placement from the full sample. Bootstrap­
ping provides nearly unbiased estimates of
prediction accuraCY.

RESULTS

400

200

o .J-!.w_w.~-L..-L...L.c-l-.J.....,...cL,-J::l

1800

1600

1400

1200

Ë 1000

i
'" 800z

800

SOFA SOFA SOFA SOFA SOFA SOFA SOFA
1234567

ie Organ Dysfunction (LOD) and Sequential Organ Failure .4.ssessment ISOF.4.)

statistic. We also assessed discrimination (the
ability of the mode] to separate survivors and
nonsurvivorsl using the receiver operating
characteristics (ROC) area under the curve
(AUC). AROC·AUC of 1 indicates perleet dis·
crimination, and an ROC-AUe of 0.5 indicates
the effeets of chance alone. Themethod of
Hanley and MeNeil (19) was used to compare
ROC-AUe values. Data were analyzed using
SAS 8.0 (SAS Institute, Cary, NC) and Medeale
5.00 (Medcalc, Chent, Belgium).

Model Validation. InternaI validation of the
data set was performed by bootstrapping,

200 1
01

LOD1 LüOZ LOD3 l004 LODS LODS LOD7

20,0%

40.0%

100.0%

tion with data collected From the specifie leu
in which the model will be used so that the
customized mode1 cont.:1ins the same variables
as the original model but with coefficients that
are unique to a given JeU (17l.

We used various tests to evaJuate the per­
formance of daily LOD and SOFA scores. Our
prima!)' assessment of model performance was
goodness-of-fit as evaluated by the Hosmer­
Lemeshow statistic and by calibration CUlVes
(18). Lower Hosmer~LemeshO\v values and
higher p values indicate better fit. Cood fit was
defined as p > .05 for the Hosmer-Lemeshow

Atotal of 1685 patients with ICU stays
of >48 hrs were inciuded in the OUT­
COMEREA database. Table 1 shows the'me;'. Median age \'l.'a5 66 yrs (quartileIl .' quartile 3, 76 yrs). Median lCU
sÎay ength was 6 days (quartile], 4 days;
quartile 3, 14 days). The lCU mOltality

Number of organ dysfunction (LOD definitions) rate was 22.5%, and the hospital rnortal-

E:lDay1 (n=1685) elOay2 (n=1570) '~Day3 (n=1336) .Oay4 (r'I=1125) ~DayS (n=949} IIDay6 (0=811) B1Day7 {o"'700} ity rate \\las 30.30/0. The mean severity

Figure 2. Percentage of deaths accordintltIM~I"~ft9.1MIstil~ ~rofile of patie?ts Încreased over time. as
Dysfunction (LOD) system: mortality rate'~ !tdlIfl:ffl;~o~~~~!furltfdïi~~ct~tih~wn by the mcrease in observed mor­
given organ is defined as 2:1 points forthat organ on da~7). The ~.~cltm:~rm~._ge teslJrr trends tahty (rom 30.3% on day l ta 40% on.day
was highly significant (p < 10-4 ) on aU 7 days. r rOn1UIl:eU 7 (Table 2). However. the correlatIons

between organ dysfunction scores and
fCU length of stay was very poor. The
daily LOD or SOFA scores never ex­
plained >12.5% of the variance of the
leU length of stay.

According ta SOFA definitions, the
number of organ dysfunctions on day 1was
0, 1,2,3, or >3 in 6%,20%, 25%,23%, and
26% of patients, respectlvely. Cardiovaseu­
lar (58%), pulmonary (56.4%), and renal
(49%) dysfunctlons were more common
than hematologie (38%), neurologie
(35%), and hepatic (18%) dysfunetions.
Similarly, accDrding ta the LOD defini·
tions, the number of organ dysfunctions on

1800

1600 ---.,-_."-_._.~~

.>10
1400 010

69
1200 08

Jâ 1000
1!17

i 1llI6

'" 800 .•.._---_. lllI5
Z El4

800 1llI3

02
400 iii1

.0

Figure 1. Repartition of patients induded in the analyses according ta L
scores.
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Figure 5. Daily Sequential Organ Failure Assessment (SOR4.) score and hospital mortality.

day l was 0, l, 2, 3, or >3 in 9%, 25%,
.......- .._...-.-, 29%, 23%, and 14% of patients, respec·

tively, With the LOD system, renal (78%)
and pulmonary (54%) dysfunctions were
more cornmon than cardiovascular (32%),
neurologie (25%), hepatic (15,5%), and he·
matologic (9%) dysfunctions, The distribu·
tion of patients aecording to the type and
severity level of organ dysfunctions was
more homogeneous \Vith the SOFA score
than the LOD score, particularly for hema­
tologie dysfunction (leve! 3) and cardiovas·
cular dysfonction (leve!s 3 and 5) (Table 3),
The number of patients with each LOD
daily score are in Figure 1. Hospital mor-
tality rates by number of organ dysfunc­
tions are shawn in Figures 2 and 3. They
increased with the number of organ dys­
functions by bath scoring systems (Table 3,
Figs, 4 and 5), The observed mortality at a
given SOFA level and, to a lesser extent, a
given LOD level increased with the length
of JCU stay (Figs, 4 and 5),

LOD scores on days L 3, and 7 showed
good internaI consistency (Table 3). Sim·
ilar results were obtained with the SOFA
system, except that observed hospital
mortaHty related ta pulmonary dysfunc­
tion did not increase between days 0 and
2 and that observed hospital mortality
related ta reuaI dysfunction was similar
from clay 1 ta clay 4. Correlation analysîs
(Kendall's Tb correlation coefficient)
showed strong positive correlations

>7 among the sÎx LOD scores for most organ
'" I~~qn~nts between da, 1 and day 5,

IIDay1 (n=16S5) IlDay2 (1'F'1570) 80ay3 (n=1336) .Day4 (lF'1125) ll!Day5{n=$4S) BDay6{1'F611) .Day? (rr-700)j;. ·do. J ~~lv there were few significant
"W AL>L.JU ~1 W:i.U "l....I' '" IIJ-i "" 1 ~(,'

Figure 4. Daily Logistic Organ Dysfunetion (LOD) scores and hospita1 mortality. Obsel'\'ed mortality carrela ons amon~ organ components
was consistently higher than mortality predicted by the original LOD score, indicating poor fit on days 6 and 7. Wlth the SOFA system.
(Hosmer-L-emeshow chi-square = 221. p < .00l). correlation analysis showed strong posi-

tive correlations on ail days except for
.~.= ~__.__."_"" ,_,.,""""_. ""_ pulmonary vs. liver dysfunction on aIl

i,i&ys and for pulmonary vs. hematologîc
-----" dysfunction on days 1, 2, and 4,

Discrimination by the LOD and SOFA
scores \'vith and without customization by
separate introduction of each organ com­
ponent (mode! 2) is shawn in Tabtes 2
and 4, respectively, The AUC-ROC values
of both uncustomized organ dysfunction
scores were very similar. ranging from
0,720 ta 0,763. Alter customization, the
range was 0.729-0.784. No significant
differences in discrimination were
found on any day between the two
scores customized using either mode!.
With the LOD score, the improvement
in discrimination obtained using model
2 (as compared with model 1) was sig·
nificant only on days l, 2, and 3. The

Figure 3. Sequential Organ Fai/ure Assessment (SOR4.) system: mortality rate (%) and number of
organ dysfunctions (dysfunction of a given organ is defined as ~1 points for that organ) on days 1 to
7. The Cochran-Armitage test for trends \-\-'as highIy significant (p < 10~4) on ail 7 days.

c '! ::: r--------- m

-------------
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Table 4. Logistlc regression models with vital status at hospital discbarge as the dependent variable and the organ dysfunction components measured on
day n as the explanatory variables

LOD SOFA

Variable
~

Estimate
OR (95% Cl) (95%

CI: Bootstrapl
~

Estimate
OR (95% CI) (95%

CI: Bool~trap)

Day 2: 473 nonsurvivors/1097 survivors (30.1%)
Constant -2.17

Hepatic dysfunction 0.486

1.28 1.10-1.50
1.291.13-1.53
1.20 I.l0-1.32
1.19 I.ll-1.28
I.l71.05-1.31
1.171.06-128
1.281.15-1.34
1241.17-1.32
1.52 1.39-1.67
1.52 1.42-1.65
1.201.11-1.31
1.20 1.13-1.29

HLstat: 11, p = .2, AUe: 0.729

1.3051.112-1.555
1.3041.098-1.587
1.321.19-1.46
1.260 1.120-1.400
1.1440.999-1.304
1.1440.987-1.303
1.370 ].2]8-1.452
1.3701.210-1.480
1.6201.48-1.87
1.7401.520-1.970
1.2161.113-1.328
1.220 1.090-1.332

HI..stat: 11.3. p = .19, AUC: 0.773

0.191

0.125

0.275

0.188

0.161

0.238

0.400

0.183

--2.29
0.273

-2.16
0.248

-2.27
0.177 1.191.03-1.41

1.20 1.04-1.41
0.210 1.25 1.13-1.37

1.241.1::l-1.;)7
0.175 1.181.06-1.35

].191.06-1.35
0.265 1.33 1.18-1.39

1.331.17-1.37
0.484 1.671.50-1.85

1.661.52-1.85
0.208 1.25 1.15-1.35

l.251.16-1.36
HLstat: 8.3. p = .4. AUC: 0.752

oc:)]
N~8

1.63 1.18-2.27
1.661.09-2.29
1.59 1.39-1.84

1.38-1.84
2.:17
2.57

1.54 1.14-2.09
1.53 1.17-2.05
1.331.17-1.51
1.321.17-1.50
1.82128-'4.58
1.80 1.31-2.65
1.53 1.32--1.7ï
1.541.31-1.77
1.42 1.30-1.55
1.411.30-1.S;)
1.281.18-1.38
1.281.11-1.19

HLstat: Il, 3p ~ .19, AUe: 0.733

0.38:1

0.432

0.240

0.462

0.465

0.246

0.351

0.599

0.427

0.285

-2.18
0.533 41.196-2.-158

.7381.147-2.469

:t:IPpn\r~71' .
2.0291.417-3.189

1~'O.
l' .9
1 . 1
1.6461.475-I:853

0.279 1.3221.211-1.443
1.3211211-1.448

HLstat: 23.3, p = .003. AUC: 0.761

Neurologie dysfunetioo

Hematologie dysfunction

Cardiovascular dysfunction

Renal dysfunction

Henal dysfunction

Neurologie dysfunction

Hematologie dysfunetion

Cardiovaseular dysfunction

Pulmonary dysfunction

Hematologie dysfunction

Neuro!ogie dysfunction

Renal dysÎunction

Cardiovascular dysfunction

Pulmonary dysfunction

Dav :~: 428 nonsun'ivorS/908 sUl'vivors (32%)
Constant

Hepatie dysfunction

Pulmanary dysfunction

Day 1: 511 nonsurvivors/1174 survivors (30.3%)
Constant -2.12-

Hepatic dysfunetion 0.425

-2.20
0.223 1.2481.053-1.482

1.261 W20-1,.j90
0.303 1.341.21-1.51

1.3101.166-1.454
0.196 1.2151.054-1.402

1.2171.050-1.420
0.30S 1.36 1.24.1-1.503

1.403 1.240-1.520
0.503 1.661.51-1.94

1.7001.510-1.950
0.137 1.141.051-1.267

1.141.038-1.274
HLstat: 7.3, p = 7.3, JJ = .5, AUC: G.n9

0.204

0.285

0.460

Cardiova~cu!ar dysfunction

Neuro!ogie dysfunction

Renal dysfunetion

Hematologie dysfunction

Pu[monary dysfunction

Day 4: 387 nonsurvÎvors/738 sun'ivors (34.4%)
Constant -2.15 n

Hep.,;c dysfunction nauthonl:B:Dj

0.501Prohl~~~:~
0.825 lIiD'.311j~

2.410 1.311-4.023
1.601.020-1.426
1.2191.005-1.464
].5851.389-1.8]0
1.6111.397-1.853
1.33 1.185-1.426
1.307 1.189-1.446

HLstat Il, p ~ .18, AUe: 0.760
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Table 4. Continued

LOD SOFA

Variable
~

Estimate
OR (95% cn (95%

Cl: Bootstl'ap)
~

Estimate
OR (95% CI) (95%

Cl: Bootstrap)

1.1880.96-1.44
1.1900.967-1.420
Ll30.945-1.23
1.120.92-1.36
1.4681.21-1.79
1.510 ].185-1.90
1.371.19-1.52
1.117 1.186--1.504
1.781.53-2.10
1.801.51-2.19
1.171.05--1.33
Ll82 1.04-1.35

HL5tat: 6.3. p ~ .62. AUC: 0.768

0.316

0.374

0.07

-1.71
0.162

-1.95
0.157 1.1660.977-l.a91

1.1810.966-1.399
0.142 1.151.02-1.30

1.140.979-1.256
0.237 1.2781.101-1.486

1.297 LlO6--1.484
0.:129 1.3761.242-1.524

1.380 1.236--1.530
0.538 1.7481.522-2.006

1.7601.540-2.030
0.141 1.1571.047-1.279

1.1571.036--1.293
HLstat: 14.4, p := .07, AUC: 0.763

-2.01
0.231 1.2701.046--1.543

1.2671.090--1.550
0.141 1.1501.012-1.308

1.1601.003-1.332
0.287 1.3411.126--1.598

L:l41 1.139-1.596
0.336 1.381 1.235-1.545

1.3831.213-1.560
0,636 1.891.644-2.242

1.90 1.646--2.290
0.182 1.2011.076--1.340

1.202 1.082-1.345
HLsl:at: 11, p = .17, AUC: 0.784

2.991.382-3.189
2.1021.420-3.346
1.486 1.227-1.800
1.4871.212-1.803

81.023-;J.162
0.987-4.118

5&-1.674
. -1.817

115
9

0.392

0.313

0.585

0.578

0.:;36

-1.93
0.522 1.7191.156-2.555

1.7121.167-2.634
0.353 1.4341214-1.694

1.4321.223-1.696
0.969 2.6041.515-4.476

2.693 1.530-4.760
0.443 1.5241.211-1.918

1.521 1.158-2.152
0.493 1.341.403-1.896

1.6361.374-1.98ï
0.234 1.2261.113-1.352

1.2341.120-1.342
HLstat: 13.:3, p = .10, AUC: 0.749

--Z.II
0.725

-1.77
0.609 .189-2.896

2 1.215-:3.283
0.299 .3421.093-1.650

tIPPIN!t4~tT
1!52.1.
1.~.1· :
1. 1.1-.
1.2661.096-1.411

HLstat: 14, P ~ .08, AUC: 0.746

CardiovascuJar dysfunction

Pulmonary dysfunction

Neurologie dysfunction

Hematologie dysfunction

Renal dysfonction

Hematologie dysfunction

Cardiovascular dysfunction

Neurologie dysfunction

Pulmonary dysfunction

Hematologie dysfunction

Renal dysfunction

Pulrrionary dysfunction

Renal dysfunction

Neurologie dysfunction

Cardiovascular dysfunction

Day 7: 294 nonsurvivors/406 sun,ivors (42%)
Constant

Hepatic dysfunction

Day 5: 344 nonsun!ivorsf605 survivors (36.3%)
Constant

Hepatic dysfunction

Day 6: 319 nonsuf\.'ivors/492 survivors (39.3%)
Constant

Hepatic dysfunction

LOD, Logistic Organ Dysfunction: SOfA. Sequential Organ FaiJure Assessment: OR, odds ratio; CI, confidence interval: HLstat, Hosmer-Lemeshow
statîstic: AUC, area under the curv·e-receivijf~i~t;arJ~~~._m; ~~ \1 1

Only patient'> with intensive care unitU)~~1i~sl.uucecwS8JYSis. Day n is the nth calendar day in the lCU
(day 1) is the ca1endar day of leU admission). The respective contributions of each organ dysfunetion to each score \Vere tested using logistic regression
i~ th~ p~tie~ts v,'ith lCU stays ofat least n + 1 days. The~~~~_~~ value>.05 indicates good calibration. AUe measures overall
dtscnmmatlon by the modeL r fi· U 1·... i QI lot:U

irnprovernent was more marked with
the SOFA score and was significant ev­
ery day from day 1 to day 7. ROC curves
at day 1,3, and 7 with bath scores are in
Figure 6.

This improvement in discrimination
was probably due to variations in the rel­
ative influence of each organ dysfunction
in the mode!. For the LOD system. the
relative impact of points obtained for he­
matologic dysfunction was higher than
that of points for other dysfunctions and

increased with time. For the SOFA score,
points for neurologie and cardiovascular
dysfunctions had more impact than
points for other dysfunctions (Tables 3
and 4). Each daily organ dysfunction
score remained independently associated
with mortality (Table 4).

The predictive equation of the original
LOD system (14) did not provide a satisfac­
tOl}' fit (Hosmer~Lemeshow chi-square,
364, p < 10-'). The original model under­
estimated the observed hospital mortality

at each LOD score level. Mter customiza­
tion, both the LOD and the SOFA showed
satisfactory calibration with model 1 (Table
2) and model 2 (Table 4). Observed vs. ex­
pected hospital mortality for day 1, 3, and 7
model are in Figure ï.

Seven hundred patients were hospital­
ized for >8 days. Daily LOD scores from
day 1 to d.y 7 were very significantly
higher in nonsurvivors (Fig. 8). The total
score remained higher in nonsurvîvors
but decreased in survivors. LOD and

Crit Care Med 2002 Vol. 30, No. 9 2009



LOO and SOFA st Day1 LOD and SOFA a! Dayl

LOO~ 1: AUc-llOC: 0.136 9S%CI (0 701-0, 761!)
LOD o>odel2.: AUe-ROC; 0,14S",AC! (0,1114111)
SOFA modell: AL'>ROC; o.7-I69mcJ (0.712-0,178) ,

• SoMmodeI2.: AUC.;wc, 0J'6795%Cl (O.73+o7'n)
20

50

LOD and SOFA al Day 3

LOD modeI 1: AUC-ROC: C,7519S%C! (C.72li-ll17S)
LOOmodd 2, AUC-!tOC: C.759 9ffiCl (O,1l6--(I.1&2) .
SOFA 0lt><Iel 1: AlJC-ItOC: 0.162 9S%CI (O.7.lS-ll78S'J '

••• SOFA m<>deI2: AUe·ROC: C.7719S%C!(O.1~-o,794) :
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Figure 6. Receiver operating characteristics (ROC) curves of the customized dail)' Logistic Organ Dysfunction (LOm and Scquential Organ Failure
Assessment (SOR4) scores. AUe, area under the curve: black dotted fine, LOD model 1: black line. LOD mode! 2; gray dotted fine, SOFA model1: gray
fine, SOFA mode! 2. Sec the text for the definitions of models land 2.
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Figure 8. Changes in Sequential Organ F'ailure Assessment (SOF.4) and Logistic Organ Dysfunction
(LOD) score$ in patients with intensive care unit (JCL-~ stays of ;:;::8 days. Ali differences bet"'veen
survivors and nonsurvivors were highly significant (p <. 10"'4). Grey bars, survivors (0 = 406); black
bars, nonsurvivors (n = 294). Data prescnted as mean ::!: so.

DISCUSSION

ing hospital mortality of critically ill pa­
tients, We al50 compared the character­
ization of multiple organ dysfunction by
~e SOFA and LOD scores. These scores
't';ere designed using very different meth­

ods: The LOD system was derived from a
multiple logistic regression mode! (14),
whereas the SOFA system was developed
during a consensus conference (15) and
tested in a prospective multicenter study
(131. Moreover, the SOFA score wa5 spe­
cifically designed to better describe mul­
tiple organ failure (or morbidity), and it
includes several therapeutic variables
(5uch as inotropic support). It has been
found useful in cardiac (20) and trauma
patients (21). On the contrary, the LOD
score ,,·vas designed as a tao! for evaluatw

ing the probability of mortality based on
organ dysfunction on the day of Jeu ad­
mission, not for measuring the severity of
each organ dysfunction day after day.

Evolution of SOFA score wlth leU stay .
(duratton of atay:> 7diif$, n=700)

SOFA1 SOFA:! SOFA3 SOFA04 SOFA:i SOFI'6 SOFA?

.~.l<lNWrsm~

ln this study, we assessed the accuracy
of daily LOD and SOFA scores in predict-

survivors (62% vs. 42%. respectively, p <
]0-4) during the same period.

"""10,
•,
•,,,
2,
o

Evolution of LOD SoCOre wlth /CU atay
(tIuratlon of$tlty >7 d$V*: n...,OIl)

l.oo 1 LC:O2 LOO :1 LOO 4 LOO 6 LOO li LOO 7
.~Sl.I"AIoDrlIEJSUn.iIo::lr:I;

SOFA scores were highest on day 2 (25th
percentile, day 0; 75th percentile, day 4).
Finally, the SOFA score decreased more
in survivors than in nonsurvivors from
day 1 ta day 7 (65% vs. 42%, respectively,
p < ]0-"). Similarly, the LOD score de­
creased more in survivors than in oon-
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nating survivors From nonsurvivors than tians. The leU mortality should have
first-Jeve! custornization. in which the been used alternately as the end point of
relative contributions of the organ dys- înterest. The assessment of leU mortality
functions are pooled. is readily availabJe without any additional

We performed an internaI validation effort. The discrimination of bath scores
using the bootstrap method that provides were sIightly higher \'vhen using it (data
an unbiased estimate of covariate effect. not shawn). However, hospital mortality
It means that our mode! i5 still valid if is thought tü he a more reasonable ap­
another independent sample of the same proach because it is Dot skewed by differ­
population (same case mix, severity, and ent leU discharge practices, which may
mortality) is seiected. However, it re- vary across regions and cauntries and
mains ta be validated in another JeU pop- give erroneous mortality figures. For ex­
ulation, In ather institutions where the ample. the post-leu mortality ranged be­
case mix is different, calibration should tv..'een 0% and 63.2% in 23 Austrian leUs
be used. Bath first and second level cali- (22). This variability supports the use of
bration could be used. The second one hospital mortalîty.
should improve the disclimination of the During the tirst lCU week, severity on
score. the eurrent day is the most important

Although tools predicting outcomes predictor ofhospital mortality. For exam­
for a group of patients are useful for plan- pie, in a study by Wagner et al. (12), the
ning and evaluating care and for obtain- acute physiology score on the current day
ing comparable patient populations in contributed 54% of hospital mortality
dînical trials, t 'ame tools may lack prediction as compared with only 5% for
accuracy for the course of the acute physiology score at admission.
these pati urvival of crit- Using the multi-processing model (MPM)
ically iiI end on the (11) or the Acute PhysÎology and Chronic

Nevertheless, a recent article by Metnitz occur nges in Health Evaluation (APACHE) III (12),
et al. (22) suggested that the LOD score exis evelop- prediction of the probability of mortality
was effective in quantitating the severity ment ms play a obtained from the score calculated on the
of each organ failure on the first lCU day. role also. n dysfunction current day \-lias not significantly im-

In our large database study, we found as a clinical ores such as the proved by those obtained from the previ-
that bath the LOD and the SOFA scores Multiple Org nction Scale (23), ous day (11). Discrimination using daily
characterized the progression of multiple Organ Dysfun and/or Infection (24), customized MPM II scores ranged from
organ dysfunction during the nrst JCU JL09~ A ~<.I<~d 0.787 ta 0.823 and was better than pre-
week. Bath scores showed good internallIDaj~)" t~ ,ion,' co', 'Sion: val~ diction in our study wlth the LOD and
conslstency; for each of the six organ ~ft, an~ cdY!\,ct lj ed,"rna con- SOFA (Il). However, in our study, pa-

dysfunctions, m?rtality inCl11<lS.en. :if!.Ofl~~"~rab'Îl. IAve 9.lJ.r 91]'etK~r.,l4.ents ~~.. a dîed or who \Vere discharged
one level of seventy ta the nex\'yla61, ~J.. '. .'. ~t,~ts,~~ar ~' 1.. ' ~~~he .cur:ent day w:re not en~ered
Moreover, after first-level custari{{za ~ l' Y l &Me~m tRe . "1- l'A ~ult1vanate analysIs, and thIs ar-
bath scores were reasanably accurate in cal course of an individual patient, to tificially decreased discrimination by
predicting hospital mortality. First~level describe the acuity of an iIlness at a given bath scores.
customization models {which are based time point (and, by inference, ta make In studies of longwstay lCU patients,
on the total organ dysfunction score) are optimal decisions regarding the number severity scores at admission failed ta pre­
extremely easy ta compute. The firstld"••gll'l"h~.;~ilulèdet mortaIity.ln a study by Ferraris et al.
customized versions of the hvo s~ l t§j3qm.rt\)j1ifh~~rri~~~.-~~~f 110 patients with lCU stays of ~72 hrs,
us~d. in .our study ~h?wed simi~ar dis- ap~tigIJ.Ptflh! I!loi~ ~a~fferent o~cu.rrence i~ the lCU of nosocomial.sep~
cnmmatlûn for predIetmg mortaiity durw poplTaJl)UD~)fl:lo.ce the SIS, Iatrogemc events. and renaJ fallure
ing the nrst ICU week. system has been tested and validated on was associated with lCU mortality,

k5 previously reported, aggregate that population. Only subsequently can \\,hereas APACHE Il at admission was not.
scores may be misleading because it can- the equation be used to examine outcome Similarly, neither the mean APACHE
not be established that each organ's total difference and ta identify areas of poten- II score (3) nor the mean MPM Il SCore
score carries the same \'veight. We found tial improvement of the quality of care. (4) at admission differed between patients
that relative contributions were greatest The accuracy of these scores, even reca- with fatal or c!inically resolved nosoeo~

for hernatologic dysfunction with the librated, remains too low ta alla\\' reliable mial pneumonîa. In ICU-acquired septic
LOD sCore and for neurologie dysfunc- individual mortality prediction (Appen- shock, the APACHE Il, Multiple Organ
tian with the SOFA score. Moreover, the dixes 1 and 2). Dysfunetion Scale. and Organ System
impact of hematoiogic dysfunetion in the Daily organ score could aIso be used to Failure scores failed to discriminate be­
LOD system increased From one day ta determine the baseline severity of illness t\.veen survivors and nansurvivors (5).
the next. These findings explain why sec- for patientsenrolled in c1inical trials and A few data in the Jiterature suggest
and-Iev?I customization, in which each ta quantify their response ta therapy (25) that severity scores calculated through­
point per organ dysfunction is introduced and thus could serve as a basis for eval- out the leU stay may he more accurate in
separateiy,. is more effective in discrimi- uation of specifie therapeutic interven- predicting death of patients with nosoco-
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mi.l infection. Girou et al. (10) studied
42 leu patients with nosocomiai infec~

tions and 42 contrais matched on base~

line severity of illness (as assessed by the
APACHE Il score at admission and age)
and duration of risk exposure. Although
baseline severity of illness was identical
in the cases and controis, mOltality was
58.5% in the cases as compared with
14.6% in the con trois (p < .001).
Whereas severity scores at admission
faUed to predict mortality, the APACHE Il
score and the Simplified Acute Physiol­
ogy Score in the cases on the third leu
day, before the occurrence of nosocomial
infection, were signÎficantiy higher than
those in the contrais. Sirnilarly, we pre~

viously reported that the LOD score mea~

sured 3 or 7 days before the diagnosis of
catheter-reJated bacteremia was associ­
ated with mortality in leu patients inde­
pendently from severity· at admission (8).
Finally, both the daily LOD score and the
daily SOFA score accurately predict leU
mortality at any time during the first ICU
week and should be used ta estimate the
contribution of severity of the underlying
iIlness ta the risk of death.
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APPENDIX 1. Logislie Organ Dysfunelion Score (14)

5

4

~lOO and mechanical
ventilation

3

~270

10-19.9 (O.6o-1.19J ~20 (::::1.20)
oc

~141 (~1.60)

or
~JO

3

2:50.0

2::'!4.2 (2:2.0)
or
>3

::::140
or

240-269

6-9.9 (0.36-0.591
oc

106-140 (1.20-1.591

CPAP, continuous positi,:e airway pressure; IPAP, inspiratory positive

o

14-15

2.5-49.9
and
~50

:1O-139
and

90-239

NoMV
No CPAP
No IPAP

<6 «0.36)
and

<lO6 «1.20)
and

0.75-9.99

!.. 'pp. $.. N!~ ~-r-r~ " '-Ji",. 1 ' Pl" 1"

~400 ~ j _" , i1:. 0 ~~1 l .~200 and mcchanical
ventilation

Pulmonal'}'
Pao;>,ifI('2' mm Hg >400

APPENDIX 2. Sequenlial Organ

o

Fe, functional c.îpacity; SBP. systolic blood pressure: MV, me
airway pressure.

5 3

Neurologie
Glasgow Coma Score 3-5 6-8 9-13

Cardiologie
Fe, beats/min <30

oc
SBP. mm Hg <40 40-69 70.......99

Henal
Urea nitrogen, mmoliL (glL)

Creatin, f.1molll. (mgÎdL)

Urine output, L <0.5 0.5-0.74
Purmonar)'

Pao'l (mm Hgj/Froz on MV,>u CPM <ISO 2::150
oc
Pao2 (kPa)JFro2 <19.9 ;:::19.9

Hematologie
Leukocytes, XI0"i1. <1.0 U]c2.4

oc
Platelets, Xl(l9/L <50

Hepatologie
Bilirubin, j.Lmol/L (mg/dL)

Prothombin time secs above standard (%)

:;;:20

<6

>440 or <200 mUday

>]2
>'204

Dopamine>15 or epinephrine
>0.1 or norepinephrine
>0.1 Gamma/kg/mn"

102-204
Dopamine ~5 or
Epînephrine ~O.l or
Norepinephrine =:s0.1U9le'"Kglmn"

Jlll~2$ . 6-9

~'JQ.ted:;00-440 oc <500 mUday

sJê,Q(
V

2-5.9
33-101

Dopamine =::;5 gamma or
Dobutamine"

13-14

1.2-1.9
20-32

Mean blood pressure
<70 mm Hg'

110-170

15

<1.2
<20

<110

>150
Hematologie

Platelet~ (gig<i;'L)

Hepatologie
Bilirubin, mg/dl...
j-LmollL

Cardiovascular

Neurologie
Glasgow

Renal
Creatin, J..LmollL
Urine output

" Norepinephrine, epinephrine, dopamine. and dobutamine administered for at least ] hr.
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The Significance of Distal Bronchial
Samples With Commensals in
Ventilator-Associated Pneumonia*
Colonizer or Pathogen?

Olivier Lambotte, MD; jean-François Timsit, l'l'ID; MoiTé Garrollste-Orgeas, "'ID;
Benoit Misset, MD; Adel Benali, ZHD; and jean Cartet, MD

Study objective: Ta investigate the l'ole oforopharyngeaI and cutancous commensal microorgan­
isms (OCCs) as a cause of ventilator-a..or;;sociated pneumonia (VAP).
Des'ign: Retrospective analysis of the medicai and microbiologic.'Ù records.
SeUing: One medicaI~surgicaIleu.
Patient..~: AIl VAP episorles recorded during a IO-year period werc re"iewed. AIl patients with
suspected VAP underweut bronchoscopywith protected-spccimen brnsh (PSB) sampling and BAL
before any change in antibiotic thcmpy was made. OCC-VAP was deflned as VAP with signiflcant
growth in quantitative cultures (PSB }ielded ;:" 103 cfu/mL and/or BAL }ielded ;:" 104 efu/mL) of
oces only. Three experts rc"iewed tlle episodes. E::\,..posed patients (ie, those with OCC-VAP) and
unexposed patients (je, patients without VAP) matched on condition severity at leu admission
tmd medumical ventilation duration \Vere compared.
Result<: Twenly-nine epi.odes in 28 patients with ;:" W' cfu/mL OCCs in BAL fluid and/or
;;:: l O;~ dU/mL OCCs in PSB specimens were found. AIl patients in these episodes h~ld new radiologie
lung infutrates, ,vith 26 episodes involving purulent traeheaI aspirates, 23 episodes invoh.ing

. temperatures ~ 38.5"C, and 18 episodes involving ;;: 11,000 Ieukoc}1:es/v.L. The main oces found
! were non-fl-hemoI}1ic Sb-eptococcus spp (n = 12), Neisseria spp (n =7), and coagulase-negative

Staph,..iococcus spp (n =6). Other possible rea.ions for fever and the presence of ncw chest infiltrates
were fOlmd in 20 and 1.7 palicnts, respeclively. Histologie evidence of pneumonia ,"vas found in 2 of 1

the 10 patients who died. The three experts agreed on the diaguosis for 23 patients. In the OCC-VAP
group only, the mean (± SD) Iogisfic organ dysfuncfion (LOD) scores increased siguificantly (LOD
score, 2 ± 4; P = 0.008) during the 3 days before hronchoscopy, and leu stay duration was longer
than in the unexposed group. The exposedlunexposed Shldy found no difference in nlortality.
Conclusion: OCCs ma)' behave like classic nosocomial pathogcns in criticaIly üI patients.

(CREST 2002; 122:1389-1399)

K<.'Y words; BAL; cm.gula.'ie-negati..,c staphyJocoed: Neisseria ~pp; nO!:iocomial infcd:ion; protectt.'f.1-specimen bnlsh:
StH'ptOCOCCIlS epidermidis: StreptO(;OCCliS spp: ventilator-associated pneumonia

Abbreviations: CGNS = c:oagllJase-neglltive Staphyloeoceus; CI = confidence intel"val.; CPIS = dinicaJ pulmonaryinfcction
score; ICO =:: intracelluJar organi'im; HvfV::::: inv:.lsive mechanicaJ ventilation; LOD =:: logistic org,m dystllllCtJOll score;
~HC "= minimum inhibitOJ}' concenh"ation; acc = oroplu.u)"llgeal or ('utuneous eommens-al rnieroorgnnism; OH = odds
ratio; PSB = protected-specimen bmsh: SAPS "= simpliHed aente physiolOê" score; VAP =ventih'ltor-associated pneumonia

The diagnosis of ventilator-associated pneumonia
(VAP) is often difficult because mtmy other

conditions ean produce sepsis and new lung infll­
trates in eritieall)' il! patients l ,2 Signifîeant numbers

'"From the Héanimation polyvalente COrs. Lambotte, Timsit,
Garrouste-Orgeas. rvlisset,. ,rnel Cadet), and the Laboratoire dt
i\:licrobiologie (Dr. Benali), Hôpital Saint-Joseph, Pluis. France.
M<lnUSclipt rcceived Septemher 5, 2001; revi<;ion tieecptcd
March 5, 2002.
Correspondence to: Jean-François Timsft, Aff), Réaninurtio1l
mf-tiîcale et infectieuse. 46 me Henri Huchard 75018, Paris,
Fnmce; e-mail: jeanlrancoÎs.tim..<."it@bch.ap-hop~paris.fr

www.chestjournal.org

of a nosocomiaI pathogen in quantitative cultures of
bronchial specimens convert a suspicion of VAl) to a
near certainly, A protected-specimen brush (PSB)
culture sbowing at least 10" dlv'mL, a positive result
of a BAL Huid smear, or a BAL fJuid culture with at
least lU' cftv'mL is specifie l"I' VAP in patients
withollt recent cha.nges in antimicrobial therapy2.3

The organisms 11l0st often responsible for VAP are
methicillln-resisttmt Staphylococcus uureus, Pseudo­
mona,.') aenlginosa, A.cinetobacter baul1wrmii, and
Enterohaeteriaceae, ln early-onset VAP, Streptococ-
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cas pnL'11;numiae, Haenwphilus irljlaen;:.lœ, and me­
thicillin-sensitive S allTeUS are causative pathagens.

Significant grO\vih of oropharyngeal or cutaneous
commensal microorganisms (aCes) in quantitative
cultures of distal bronchial specimens are more
dimcult ta interpret. Because their 'il1llence is low,
OCCs are "idely believed ta be nonpathogenic.4 The
presence in distal bronclüal specimens of micraor­
ganisms snch as Neisseria spp, Corynebacterium
spI', or coag"lase-negative StaphylococcllS (CGNS)
is often considered to indicate lung colonization or
specimen contamination.

However. there is ample e\idence that these same
species can produce various infections in both im­
munocompetent and immunocompromised hosts.5-1.O
Numerous studiesll ,12 have sho"" that criticalJy il!
patients have complex deficiencies in both cellular'and
humonù immmülv. Moreover, OCCs have been found
in lung culllires i~postmOltem sb.ldies,13,14 These data
may prompt ICU physicians to treat patients with
OCCs in distal hronchial specimens.

.Most shHlies investigating the potential role of
OCCs as lung pathogens"'"l have reported the rate
of oce recovery in series of patients with VAP. The
rneaning of significant growth in quantitative cul­
tures of OCCs has been neither investigated in depth
nor discussed in reviews or consensus conferences
about VAP."",2;)

To e,'alliate the mearling of oCC-positive qllanti~

tative distal branchial cultures in patients with sus­
pected VAP, we retrospectively revie\ved the records
of patients with VAP inc111ded in the database of our
leu. We identified those patients in whom only one
or more OCCs were found in significant concentra­
tions in distal branc1üal cultures (OCC-VAP). We
evaluated the degree of confidence with which ex­
perts diagnosed VAP caused by aecs in these
patients, and we condllcted an exposed/unexposed
stndy to look for organ dysfunction and/or excess
mortality associated with OCC-VAP.

MATERlALS AND METHüDS

Study Population

For the la..~t 10 years, all patients v.1th nosocomÎfù infections
seen in our lCU ha<,.'C been prospectively recorded in a computer
database. Our lO-bed polyvalent lCU is in a 465-bcd teaching
hospital that sen'es bath as a refEnal center and a~ a primaI)' care
center. VAP prophyla.us \Vas carried out in cornpliance with the
guidelines of the Comité Technique des Infections Nosocomia­
les.24 In particular, endotracheal suctioning wa.q perfonned at 3-h
intervals at a pressure of < -80 cm H::P llsing a stelile
disposahle catheter that was handk~d with sterile compresses and
nonsterue gloves by nurses who \vashed their hands before and
after the procedure.

1390

''\le w\1ewed an VAP episodes recorded henveen August L
1990, and August L 2000. and selected the records of patients
with signifiC'<ffit growth in quantitative cultures of distal branchial
spedmens of aces only. \\lc exduded patients 'kith AIDS,
neutropenia (ie, < 500 neutrophilslJ.l-L), hcmatologic malignan+
cies, or a change in antimicrobiaJ thempy within :3 days heforc the
bronchoscopy that provided. the diagnosis of VAF. For eaeh case
of VAP, wc rccorded body tempemture, peripheral Jcukot.')'te
count, the presence of il. punùent tracheal aspimte, and the
presence of:l new chest radiograph infiltratt: 'vvithin 4.8 h befon:­
the bronchoscopy. A chnical rmlmonary infection senre (CPIS)
was cdculated for eaeh patient.25

Dt'finition..~· and Diagnosis of oc- "'~4.P

VAP was denned as .illV lower respiratorv tract infection that
deve1opt.'·d ~ 48 h arter 'JeU admission ln patients receiving
invasive rnedwnical ventilation (Ir-.·1V). A dinical suspicion of
pneumonia \\-~J.S denned as the pre-sence of a new or persistent
lung deflsity s('cn on chest radiographs \>;:ltll one or more of the
follm'oling eonditions: temperature of > 38.5°C or < 36.5"'C;
peripheral 1eukocytc count of > 11,000 œllslJ.l.L or < 5,000
cens/p.L: and the presence of purulent endotrachea.l aspirate. Ali
patients \.vith clinica.l.ly suspccted pneumonia undcnvcnt fiberop­
tic bronchosC'opy \vith PSB sampling and BAL before any change
in antibiotic tberapy \\'as HHlde. Specimens were coHected and
processed as described clscwhere.21'\ The study team v.ras very
familial' \vith these techniques, which have .Ilot been changed in
the last 10 years. VAP \-vas cliagnosed if the PSB speeimen }ielded
~ 103 cfu/mL and/or the BAL fluid yielded ;:::: ID" cfu/mL.
Legionelb pncllmonia was diagnosed hased on a positive result of
a qualitative culturc, urinluy antigen tf~st, or serum antibody test
for the organisrrL Chlamydia spp and tvlycoplasma spp were
tested for in a few patients, none of whom had positive [('sults.

aCe-VAP W<lS de/ineel <lS the presence of VAl' \Vith signific.mt
growth ln quantitative cultures of aces only. The organisms
wen: as follo,,·/s: Strcptococcus sPI' other than ~-bernol}'tic

streptococci (groups A, C, and G, and S pncumoniae); Neisselia
spp: Moraxella catarrludis; Corynchadcrimn spp: Haemopbîlus
spp other than H injlllcn;::,ae: and CGNS other than Staphylococ­
cw; lugdunensis. Cases of VAP "vith the grO\'.'th of one or more
accs and at least one organism known ta he pathogenie were
excluded.

Diflererrtinl Diagnosis

Patients \Vith suspccted VAP were routine1y screened for other
causes of]nng demitv and fever. The defillit.ions of these causes
\:r,'Cf0 adaptecl From ileduri et ~Jl and are listed l)(llow.

1. Ate]eetasis: resolution of pulmonary densities \-<,.ithin 48 h
of bronchoscopy without antihiotic thempy;

2. Congestive hcart failure: hemodynamic e\.idcnce of in­
c:reased plÙmonary artel}' occlusion pressure or resolution
of pulmonar)' densities \\-ithin 48 h after bronchoscopy
and luter diuretic therapy initiation;

3. Deep venous thrombosis: positive Doppler ultrasound
findings in the lower limb veins followed by treatment
\vith anticoagulant agents;

4. Pulmonary embolism: suggestive Hndings on a ventûation­
perfusion scintignlIn or angio-CT lung scan foUowcd by
anticoagulant therapy;

5. Drug fever: resoiution of fever \vith d111g \\iithdrawal and
recurrenee of fever with the administration of a drug of
the sarnc dass; ~

6. SUrgiclÙ site infection: cl.ischarge of pus l'rom a surgical
wound.
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ï. Cath0tef-relatcd infection: ==: Hi' cfiumL in scmigtlanti­
tative cultures of the catheter tip '.vith at least one blood
cult.ure yielding the same micfoorganism and/or at lea~t

ptu-tial sepsis improvement after catheter rcmoval;
8. Peritonitis: positi\'e findings of cultures of a peritoneal

fluid aspirate;
9. Sinusitis: definitive diagnosis cOllsists of bath a CT scan

showing a sinus aidl11id level or density and a positive
mmd.Ilary flSpirate culhtre; presnmptive diagnosis consists
of 1.{ CT scan sho'."ing an air-fluid level or densit)' in aU the
sinusE's and no sinus àspir~te àvttilable;

10. Urimuj/ tract infection: urinal)' culture yie1ding
W 5 cf0mL: •

11. Intra-abdominal infection: intra-abdominal abscess or anv
abdominal ultl'llsouud aud/or CT scan findlngs that led t~
surgcry: and

12. A.HDS: new bilateral puhnon..uy infùtrates on the chest
radiograph. Pao/fraction of inspired o~l'gen rdtio of
:5 200 mm Hg, i.md a requirement for mechanical venti­
lation, v,ithout heart fallure.

In aU patients, blond and I.uint~ cultures were perfonncd within
3 days before undergoing tho bronchoscopy. Central venons lines
were routinely changed in patients witb loC",ù inflammation,
prolongcd llnexphlined fcver, (lwVor positive blood clliture~. A
sinus CT scan W ..15 l)L"rrorn\(~d only if there \\1as a pumlent
posterior nasal ddp. Abdominal CT scaus, uJtrasound scuns,
venous Doppler ultrasound stlldies, and investigations f()r pul­
Tlwnary embolisrn werc p<'lforTlK'd as inclicated.

Medictd Record Rfriev; hy Senior Ph!J8ici1lHS

Each ("1.~e \1/a5 indcpendently and hlindly l"C\·icwed hy threc
senior physidans v,.'ith ('xtensive {~xperieTlce in the' managmlle'Tü nf
VAl'. Each of thesl' C\}lt:rts '.n1.~ ;1.~ked ta an5wcr the fi)l1mving flve
qu('stions: (n Do you h('lieve the prebronchoscopy findings
indicatc a suspicion of VAr? (la) Ho"" confident <lre you that
l'our previolls answer is correct (on a four-item wrlxù scale. fi'om
limited confidencc to complete confidence!? (2) Do YOD bdicve
that the Hndings, induding the microbiologieal reslùts, indicate a
diagnosis of VAP? (2a) Ho\V confident are l'ou that your pre\ious
answer is conwt (samc sC'lùe ..1.<; in question la)? and (:}) \Vould
YOli have givcn antihiotîcs se1œted for activity ag<tinst one or
more aCes? T0 agrce or to reject the possible VAP dh1gnosis.
experts llSOO ,1rgUllK'nts adapted from a prc"ious report [rom our
team,'2ô wruch '.vere based on the l'ecovery of the patient \vith or
without effective antirnicrohial tl1erapy and on a proven or
suspected lùtemate diagnosis.

Data Analysis

To fmd out whether OCC-VA}> wus associated \vith inCl·eased
îllness scverity, wc' dctermined the logistic organ dysfulletion
(LOD) score2.; at IGU admission. :3 days bef{)re undergoing the
bronchscopy (D3). and on the day of the bronchoscopy (DO). \\le
e:-;timated the risk of mortalitv related to oce"VAP in an
exposedJunexposed analysis. Un(~p()scd lXit.ients were deftned as
patients in '.....h0111 VAP had neither been diagnosed nor sus­
pected.

Assuming a :3,5% mmt"ùity rate in non-VAP patients (le,
patients recci"ing It...1V but free of VA1'), and given that onl)' 28
patients had aCC-VAP, t\'..'O no-VAl' patients per OCC-VAP
patient were needed ta detect a hvofold rnort,ùity increasc in
OCC-VAP patient<;, \Vith a power of 80% ,md a type 1 cnOf rate
of ,5%. A list of no-VAP patients wa<; rctrieved t'rom the {'htaba<;e.
Each aCC-VAl' patient \\'a<; matched with two no-VAP patients
on the follO\o"ing characteri5tics: calendar period of ICU hospi-
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t<ùization; f~rV duration (reguired,in no-VA.P patients, to he at
le<l.st C:'qual to that in the COITC:'sponding aCC-VAP patient before
the da}' thel' unden.vent the hronchoscopy); predicted mortality
t1.~ asscssed bl' simplified acutc physiology score (SAPS) II score
at ICU admission (:::::: 10%); and sex. Appropriate noNAP pati(,Tlt<;
werc identifled by n.."'.ie"dng the d ...lt<J:r<lse records of ail patients
admitted ta t.he ICU during the study period, except for those
with aCC-VAP. A software macro (SAS; SAS Institute; Carv,
Ne) was used ta select no-VAP patients \\ithout input l'rom the
invcstigators. The medical records of no-VAP patients \Vere
rc'.iewed to calculate the LOD store at ICU admission, LOD
score aiter the Tce stay duration at which the matched OCC­
VAP patient underwent hronchoscopy (LOD-DO; ie, '.vhen the
fIVIV duration \v;:t., eqmù to that in the matched OCC>VAP
patient), and 3 days before DO (ie, LOD-D3t

Slatistica[ Analysis

Patient characte11stics ..1re presE'nted ,,1.<; the mean :!: 5D or No.
(pcrcentages). Two-way ;malysis of V:lllanCe on 1'anks weTe used
for continuous datà and a two-covariates logistic modd for
qualitative data (in both cases. one factor was (:~pOSUf(' and the
other was the triplet fonned by each ÛCC-VA}> patient and tl1E'
two matched no-VA? patients). Surv:iv~ù in OCC-VAP and no­
VAP patients was compllred using conditionallogistic rE'gression.
A \Vikoxon test for paircd data was done tu compare LOD $core.~

heforl' and at the time orOCe-VAP. A..11 statisticlù tests were run
hy a statistical Sofh\'aœ package (SAS. version 6.12; SAS fnsti­
tute,!. Ali tests were hvo-sided, llnd p nùues 5:; 0.05 \Vere

consideree!. to be statisticaHy significant.

RESULTS

l'Al' Patients

Three thousand f1ve hundred flfty-four patients
were admitted to our lCU during the 10-year study
peliod. Of these, 1,955 patients (55%) received IMV,
and 292 patients had 369 episodes of l'Al'. There
were 77 episodes of polymicrobial pneumonia "vith
the signifieant growth of one or more dassic noso­
comial pathogens and one or more OCCs. These
cases were not includec1 in the OCC-l'Al' category.
ThiIty-three episodes of OCC-VAp oceurred in 32
patients, accounting for 9% of ail VAP cases (3.3 of
.369 cases). The overall rate of occurrence of OCC­
VAP was 0.9 per 1,000 patients admitted ta the lCU.
Four OCC-VAP episoc1es in four patients were ex­
cluded because of incomplete data (n = 2) or be­
cause the patients had AlDS (n = 2). This left 29
OCC-VAp episodes in 28 patients (16 men and 12
women) who had a mean age of 68 ± 10 years (age
range, 34 to 82 vears). T\ventv-flve patients had
chr~mic ('andition~ including the follawing: heart
failure (6 patients); COPD (five patients, including
one receiving long-term oral gluco('orti.coid therapy
of < 0.5 mg!kg/d); vasculitis (caused by rhellmatoid
arthlitis in two patients, \Vegener granlliomatosis in
one patient, and giant cell mtelitis in one patient)
requiling glucocorticoid therapy of > 0.5 mg/kg/d
and/or trnmunosuppressive therapy (je, cyclophos-
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phamide or methotrexate); diabetes mellitus (four
patients) or a solid malignancy treated ,,1thout che­
motherapy (si' patients).

AIl 28 patients received IMV for a mean duration
of 23 ± 20 davs. Ten cases of OCC-VAp occurred
before the si-cth ICU day, and 19 cases occurred
heyond the sixth ICU d~y. Of the 29 episodes of
OCC-VAp, 10 occulTed "i.thin the first 5 days of the
patient receiving IMV.

AU 29 OCC-VAl' episodes were characterized bya
new chest infiltrate, 26 by a pU11llent tracheaI aspi­
rate, 23 by a fiever of 38.5°C, and 18 by a leukocvte
count of >11,000 cells/fLL. Two, thrée, or fou; of
these S}1nptoms were present in 29, 17, and 8
episodes, respectively. The mean CPIS was
7.6 ± 1.95, and the median CpIS was 8. The CPIS
was > 6 in 20 cases. Bacteriologie data are shown in
Table 1. Both l'SB sampling and BAL were per­
lormed in 22 episodes. In eight episodes, both the
l'SB and the BAL fluid cultures were positive and
the BAL Huid smear showed > 5% intracellular
organisms (ICOs); in five episodes, both cultures
were positive but the BAL Huid smear showed < 5%
ICOs; in f'lUr episodes, either the l'SB specimen or
the BAL fluid culture was positive with > 5% ICOs;
and in 12 episodes, either the l'SB or the BAL Huid
culture \Vas positive and < 5% ICOs \;vere observed.
ln two patients, an autopsy peIfonned within 3 days
aEter the bronchoscopy showed histologic evidenœ
of pnellmonia. In the patient in \;t/hom the lung \Vas
cultured, no OCCs were recovered, but effective
antihiotic therapy \Vas gîven between the Ume l'hat
the patient underwent bronchoscopy and death. In
two other patients who had OCC-VAl' witb the
presence of CeNS, a CT SCall showed lung ab­
scesses.

Forty-seven OCCs were recovered during the 29
episoe!es of OeC-VAp, 34 in concentrations above
the cntoff, e!efining positive quantitative culhlres
(Table 2). In 10 episodes, more than one oce was
recovered, and 9 of these 10 episodes occulTed
w1thin 8 days artel' intubation. The mean hacterial
index25 was' 5.8 (median, ,5; SD, 2.7) for the 29
episodes and 8.3 ± 2.8 for the 10 PolYlllicrobiaI
episodes.

In six episodes with CeNS, no other organisms
were found. Streptococcus epülerrnidis was in­
volvee! in l'ive cases. The nllmbers of patients with
l'wo, three, or four criteria for a clinical suspicion
of VAl' were two, three, and one, respectively.
One of these six episodes occurred in a patient
receiving glllcocorticoid ther"py, > 1 mgtkg, and
methotrexate therapy lor rheumatoid arthritis.
Five episades occurred > 5 days after intubation.
Only in two episoe!es did the BAL Hllid smear
show> 2% ICOs, and although ail l'SB cultures
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were positive, only two episodes had BAL fluid
cultures with > 104 cfn/mL. In three episodes,
community-acquired pneumonia had been the
reason for leu admission and was a possible cause
for the lung infiltrate, heart l'ailme was present in
two other episodes, whereas in the remaining
episode there was 110 alternative diagnosis. Lung
abscesses were dernonstrated bv CT scans in hvo
patients who had VAl' with S ;pideTmidis. TInee
of these six patients received antibiotics that were
active agaînst the recovered aces. One patient
died of a cause considered to be unrelated to
OCC-VAp.

Nine of the 11 strains of CGNS recovered in the
stud)' \vere resjstant ta methicillin and fluoroquino­
lones. and 8 straîns were resistant ta gentamicin. The
minimum inhibitory concentration (MIC) of vanm­
mycin was always <. 8 fLgtmL. Except for a ,5tn7Jto­
COCCllS oralis isolate with a lügh amoxicillin MIC
(4 mg/mL) that \-vas responsihle for a Jack ofresponse
to antibiotic therapy, ail the Sh'eptoeoccus strains
\Vere sensitive ta aJnoxi.ciIHn. AJ.l Gram-negative rods
were sensitive to third-generation cephalospOlins or
co-amoxicIav (one strain of 1\1 catardwlis and h:vo
strains of HaemoTJhilus parairifluenzae produced il

13-lactamase).
The possible causes for disagreement behveen

experts are shovm in Table 1. Twenty-three alterna­
tive causes of new radiologie infiltrates were found in
17 episodes, and 28 alternative causes of fever were
f,mnd in 20 episodes. In 11 episocles, there was an
alternative explanation to both the fever and the new
radiologie infUtrate. OIlly in four episodes was there
no alten1ative diagnosis for the [ever or new radio­
logie infUtrate.

The physicians in charge of the patients decidecl to
treat 22 episodes, although the antimicrobial agents
usecl were active against the OCCs in only 20
episodes. Of the seven patients who were not treated
for the bronchoscopy Hndings, two had another
infection for which thev receivecl antibiotics that
were active against the bronchial OCCs. Ten of the
28 patients died. An autopsy was peIformed in l'ive
patients. In two of these fîve patients, histologie
eviclence of pneumonia was found. In the three other
patients, death occurrecllater, after the resalutian of
the VAl'.

Therefore, l'ive patients did not receive an antimi­
crobial agent and twa others received Inadequate
antimicrobial therapy. Among these seven patients,
three diecl and lung abscesses were diagnosed in two.
An 80-year-old woman (Table l, case 4) had a
community-acquired pneumococcal pneumonia \:vith
shock and acute renaI failure; 16 days IMer, VAl' was
suspectecl and methicillin-resista~t S epidermidis
found in l'SB specimens and BAL Jluid. She re-
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Table I-Bacteriologic Results and Rea..'wtl..~ for D;sagreement~~*

Case PSB BAL
Intmct'11111ar

Organisms. %
Experts Agreed on

Diagnosis? Cause of DisagrcE'1l1ent

20 :2 X lO" JJ catan-hali.\'

.22t 2 X ]1y1 CeNS

No ne\\' mdiologie infiltrate
for l expelt

CHF i,PCWP > 18 mm
Hg) cxplaining symptoms
lor l expert

Ahcess possibly due to CAP
Rccoverl' withollt AB

Altel11ate Dg (])VT)
Atelectasis

VAP byOCCs
VAP ")'oees
VAPbyOCCs
Disagreed

VAP bl' accs
VAP byOCCS
VAP byaCCs

VAr hyaCes
VAP hy oces
VAP by OCCs
VAP by oces
VAP h1'aCes
No VAP hl' OCCs 5Sl and DVT 0l1:plaining

symptoms for 3 experts
Disagreed MI \Vith ARDS explaining

symptoms for 1 expert
Disagreed CHF expluining SjlJIptoms

for 2 ell:perts
No VAP byaCes CAP c:qJlained abcess

recovelY \vithout AB

No VAP b'l üces Necroti7..ing pancreatitis

VAP hl' OCC~

No VAP bl' oces Reeovery without AB,
CHF, UTI, <lnd DVr,
e:x-plaining symptolllS

No VAP hy OCCs RC::'C(lVCI} ""iÙlOut AB
No VAP hy aces Unresolved CAP
No Y'AP by OCCs CAP and atelf~dilsis

rc('()very WîthOllt ,'\B

Disagreed
No VAP hy OCCs

VAP by oces

Disa'2;reed

VAP br üCCs
Disagreed
No VAP by OCCs

()

o

o

:]

o

o
JO

o

7
2

o

2ï
28

2.·5

10
80
o

40

26

20
J
10

]00

104 N ml/casa, 2 X 102 Cï-streptococci
5 X 104 S oï(/lis, 5 X 10" S sangllîs

105 Neisseria
]0" S epidermidis

107 M catardwlis
1OC> Af catarrhalis
ND

ô.5 X ]():1 }J catarrlwlis

lOS I-l pflraillj!uelt;;a. > W'" N .whflaw

8 X 10.1 a-strcptococci

2.8 X 10"1 S epilÛ:rmidis

Hf li paminjlllcllza
ND
ND
:3 x 1(}4 S umlis
103 li fJaminflucllza
1.15 X W' n-streptoeoeô

104 C striatmlt, 2..') X lO2 CGNS.
.'5 X 1O~2 ll-streptococ:ci, 2.5 x Hl><

11 parainjluenzil

104 a-streptococci, 2,6 x Hf
StaphylococclIs hominis ]0"' !Ii
mucosa, 8 X ll.f li parainjluell;;a

104 !Ii' eiorlgaft1
10:J S epid~llidis

ND

L5 X 104 Neisseria
10"5 S oralis, 6 lOz Streptococcus miUs
Î x Hi' a-streptococci, lO3 Neisseria,

.2 x 1O:} CGNS, 10"'
CorynehacterillIll

:3 x H):l S epiderlllidîs
2 X l(Yl S omlis, 2 X 1O~] S salivllrius

o
7 X 10:' S l'pillermidis
5..5 X 10" S epùh>nJlidis

1{p Neisscri,l
104 S uralis
lfi' a-streptococci, 10'l

Neisseria, 102 CeNS

Gx H,' 5 epidl'rm.idis
:2 x 10:' S om/is',

2 x ID'} StrqJtocOCClls

salit/anus
t04 Corynchacterîum stTiatum,

2.5 X 1(f CGNS, 5 X 102.
a-streptocoC'cL 2.5 X Ilf
H parrJinjluenzfl

S X 1O~ 5 salir.m1I1s_
20 S cpùhJrmirlLv

ND

21 8 X l(jl ü-strcptococt:i

23 .2 X lÜ' At clItarrhalis
24 Hr Ji ('([tGlTha/is

25 2..7 X JO.1 Neisseria muC'Osu,
4 X 10'> Strwptococcus mitis
8 X 102 CNS, ·4 x lif
Nâsset1a e/rmgrtta

26 0
271 ND
28 3.,) X Hi' Neisseria
29 S X 10" S epidennidis

14 Jo';" H }Jrlnlinflucn7J.1
15 7.2 x 10:1 ""1 CfitarrhalLç
]6 !05 H paminflwm::.a
17 3 x JO" S oralis
18 10:; H pamir!flucnz(/

18 ND

12 10" li pantirtjhumz;a.
](f Nci!iscria sub{lava

13 5 X lO" S epid~;,rmî~lis

9
10
II

8

61

"

*Dg = diagnosb; J)VT = deep \:enOllS thrornbosis: PE = pUlmOlUll} ernbollsm; CAP = conununity-acquired pneurnonia; UT1 = nrin<U"}'
tr.Jct infection; CI-IF = congestive heali F.tilure; dis = dL~ease; SST sl.lrgk:aI site infection; lvn = mesentcric infarction; ND = Hot dOlle;
PC\VP = plllmonary capillnry wedge pressure>; AB = antihiotics.

f Lung absœss.
tVAP diagnosis confinned by po,tmortem hiswlogy.

ceived a 48-h course of a thircl-generation cephalo­
sporin, developed a lung abscess 1 week later, and
clied JTom multiple organ failure 14 days after the

occurrence of aCC-VAP. No autopsy was per­
formeel. A 44-vear-olel man (Table l, case 1.7) was
admitteel tn cl;e lCU ft)]' meningnencephalitis: had
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Table 2-i\licroorganülTlls Recovered in Sîgnificant
Amounts From Quantitative Distal Cultllres in 29

Episodes ofacc-VAP

S oralis isolated in PSB specimens and BAL fluid 15
dav, later, and was treated with amoxicillin. Unfc)r­
hl;;ately, the streptococcal strain had a reduced
sensitivii:)- to amoxicillin (MIC, 4 [LgimL) ,md was
still isolated 6 days later in specimens fi-om a PSB
procedure and in fluid l'rom BAL, which had been
performed because of insufficient or ponr improve­
ment. Cefotaxime was prescribed. The patient died 2
months after the leu admission from multiple org<ln
f~rilure in the setting of Pseudomonas bacteremia. A
70-vear-old woman"(Table l, case 27) was admitted
ta the lCU for acute respiratory huure l weele after
undergoing a pneumonectomy procedure for hmg
cancer. A bronchoscopy was performed on the dayof
leu admission, but no antibiotic therapy was pre­
scribed. A pulmonary elnho1ism \-vas sllspected,
shock developed. and the patient died the next day.
S oralis and St-reptocOCCllS sanguis were isolated
frolY! the BAL f1uid. An autopsy showed histologie
findings of pneumonia \"ithout pulmonary ernbolL
The four other patients survived (Table 1, cases 5, 9,
13, and 22), but three patients had clifTerent differ­
ential diagnoses (heart failure, two pahents; atl'lec­
tasis, one patient). The last patient, admitted to the
ICU for inhalation pneumonia, developed a lung
abscess after receh1ng 10 days of mech,mical venti­
lation. S epidermidis was recovered from BAL fluid
and PSB specimens. The abscess was drained, but
the pus was sterile.

The three e'1'erts who reviewed the 29 episodes
agreed, before reacling the PSB specimen ,rod BAL
fluid test results, that VAP was a possibility in 12
episodes but couId be mled out in 4 others. In these
16 episodes. confidence \Vith the diagnosis was al­
rnost complete or was complete in 44% and 14% of
episodes, respectively. Conceming the PSB and BAL
findings, the three experts agreed on 23 episodes
(VAP caused by OCCs, 14 episodes; no-VAP caused
by OCCs, 9 episodes). Confidence was almost com­
plete and was complete in 44% and 28% of episodes,
respectively. The patients in whom the 14 episodes
occurred that were considered bv ail tl"'ee senior
ph)'sicians to be VAP caused by accs were treated

lVlicroorganîsms

Sh'eptocoCC'us spp
Neisscria spp
CeNS
fI parainflw:nzae
Ai catarrhalis
Coryneboctelium .~tri(Jtum

No.

12
7
6
4

4
1

\Vith antihiotics, \vhich were ineffective for the re­
covered micfoorganisms in one Episode. AlI tlll'ee
experts agreed that treatment was necessarl' in 16
episodes and were unnecessary in 7 episodes. The
data on the disagreement among are reported in
Table 1. The main reason for disagreement among
the experts was Ille relevance of a potentüù diŒer­
ential diagnosis. A description of patient subsets is
provided in Table 3. Ali three episodes caused by
H parainjluenzae onll' and three of four episodes
caused by !vI catarrhalis only were categOl1zed bl' ail
tluee physicians as VAP caused bl' OCCs. In con­
tT<lst, in none of the episodes "ith CGNS only did ail
three physîcians agree on a diagnosis of VAP caused
bv OCCs. The rnean number of ICOs in BAL Huid
s;nears was significantly different in Episodes for
which ail three expelts gave a diagaosis of VAP
cansed by OCC than in the other episodes.

occ-VA?INo- VA? Stlldy

The development of OCC-VAP was associated
witll a signifîcant increase in disease seveIity', as
assessed fiv the LOD score (LOD-3D, :3.8 et 2..5;
LOD-DO. '5.9 :t 2.7; l' = 0.llI8). During the corre­
sponding hospitalization days, no signiHcant increase
\Vas found in the no";VAP group_

N0-VAP patients were m,ltchecl ta OCC-VAP
p"tients by SAI'S II score at ICU admission and by
1MV duration (which had to be as long or longer as
in the OCC-VAP patient) [Table 4J. Matching was
alwavs sllc:cessfnl t"r SAPS II score and 1MV dura­
tion.'The cmcle in-ICU death rate was 36% (10 of 29
patients) among the OCC-VAl' patients and 36% (20
of 58 patients) among Ille no-VAP patients. We
round no di.Œerences between OCC-VAl' and no­
VAP patients, except for the LOD score on the day
of OCC-VAI' (or on the corresponding clay in the
matched no-VAP patient). OCC-VAP was not asso­
ciated with excess mortalitv in the OCC-VAP/no­
VAP study (odds ratio [OR], 1.19; 95% confîdence
interval [CIJ, 0.41 ta 1.72; l' = 0.75) even after
further adjustment on the LOD score 3 days earlier
(OR, 1.19; 95% CI, 0.41 to 3.46; P = 0.8). l1le mean
ICU stay was 6 days longer in the OCC-VAP patients
than in the no-VAP patients.

DISCUSSION

We are not aware of earlier stuelies speciflca]])'
designed to investigate tlle role for OCCs in the
pathogenesis ofVAP. However, OCCs accounted for
9% of VAP episodes that were recorded in our
IO-vear database and have heen found consistentlv in
mi~robiological series repOlted in the Iiterature~ In
series of patients with VAP diagnosed using either a
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Tahle 3-Compari~oI1.'tBetween the Actu.al Management afthe OCC-VAP Epi.·wdes and the Conciusion.'t of Three
Experts lVho Reviewed the l\fedical Records Retrospectively*

Epis(xks Epis(XICS Diilgnosed
Treated acc- untn~ted occ- Diagnosed as VAP As Not Episodes Episodes Not
VAP Episodes VAP EpL~odes br OCCst VAP accst Requilillg ATt Requiring ATt

Variables (n = 22) (u = 7) (n = 14) (n = 9} (II ~ 16) (n = 7'j

Baderiul index 7.6::t 5.1 .5::t 2.4 6,5::t 2.5 8.25 ::t ;.2.5 6,1,5 ± 2.,5 9.8:!: 7B
leOs ln BAL 19.6 ± 28,5 4 == HL') 31..'5 ± 3104 0.01 :!: 0,0.3 27:± .30.8 OJJ2:!: 0.04
lIighest body temperature :3R2:!: 0.7 38.2 ::!: 1.2 39.2 :!: 0.9 .3,':1.4 ± 1 39.2:!: 0.8 38.5 ± 1
Highest periphe-ral ]2.886::!: 4,910 13,18.5 ± 6,405 12,528 ± 4,847 14,54-4 ± .'5,939 1L881 == 4,876 16,271 ± .'5,.'56..'5

leukocyte connt
PUllllent aspirdtcsfd 13 ±7.2 8:±7 12.7 == 8A 9,4:!: 6.1 12.G ± 804 7.6 == 7.3
Age, yr 68 ::!: 11 6,5,3 ± 6.1 66 ± Il 65 ± 7.1 68 :±: 12 65 ±S
SAPS II score 37.4:!: 15.8 39.6 ± 18 :15.6 ± 19.5 .36.7 ± 10.7 37.25 ± 19..) .32.7 ± 8.4
PolymicrobiaI VAP 8 (36) 1 (l4i 4 (28) :3 (:1:3.1 -1 (2.5,\ :) (,j2i
H IWJ"'ainjlu(muw V!\P 3 (4) 0 ,3 (21) () 3 (19i (l

Streptococci.Ù VAI> 2 (9) 2 (28i 2 (14) l (lli 2 (12.5) l (14)
CGNS VAP 4 (18) '.2 (28) 0 -4 (44) 1 H'l) :2 (28)

Neisseria spp VAP 2 (9) l (l ,1) 2 (l4i I(lU :2 (12.5) 1 (14)
iU c(Jtan1wlü VAP 3 (14) l (14) 3 (21) () 4 (25) (l

"'ValUt:;s givell as me<ln ± SD and No. (%). AT - antîmicrobial thcrapy.
tTh<' thrce experts agfeed about only 2:3 of the episodes repolted in the table.

THminV~l')iveV:'}-17 or an invasive stratebryr,17-21 OCCs
contributed 2·.6 to 36% of organisms recovered in
significant concentrations. Interestingly, studies
comparing histologie and microbiologieal criteria fôr
VAP clilgnosis have yielclecl conflicting data. In two
studies,28.2B sihrnifieant oee growth was not found in
cultures of biopsies l'rom lungs \Vith histologie pneu­
monia, whereas in t:\vo others 13.1.1 OCCs contributed
8% and 10%, respectivel)', of the microorganisllls
recovered in significant amounts in lung biopsy
cultures. OCCs accounted for O%,2!.1 1.l%,:!8 and
60% 13 of the significant cultures of distal samplings
in VAl' episodes \vith histologie findings of pneumo­
nia. Moreover, accs are chiefly encountered in
poly,nicrobia[ VAP. Finally, the meaning of signifî­
cant growth in quantitative cultures of accs only
remains unclear.

For respiratory infection to OCCUf, at least one of
the three following factors must be present: immu­
nodeficiency in the hast; an inoculum of microorgan­
isms into the lower respiratDI)' tract that is large
enol.lgh to ovenvhelm the host's immune system; or
a highly virulent organism. One or more of these
three factors were present in our exposedpatients.

Many ICU piltients have prevalent underlying
factors assoCÎated vvith immunodeficiency, sneh as
diabetes mellitus or g[ucocorticoid thenipy. These
factors increase the risk of infections and noninfec­
tious life-threatening events. More impOltantly,
tl,ere is ample evidence that critical illness is associ­
ated \-vith immune defense impairment. Impair­
ments in neutrophil functions including decreased
chemota.x:is, pOOl' opsonization, and a limited baete-
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ricidal effect have been reported in ICU patients.3o

Anergy is comll1on in critically ill patients.3L32 A
large body of data sllggests that, during sepsis, the
early inflammatory phase that 15 driven by inflamma­
tory cytokine production is counterb,ùanced by a
subsequent anti-intlammatory phase (the compensa­
tory anti-inf1ammatory response sY~1drome), which
can lead to imrnunocle1:1ciencv,11 ivloreover, manv
studies 12.33,;)4 have found impainnent of local irr:­
mune defenses in the lungs; endotracheal intubation
provides microorganisms with direct access to the
distal airways and impairs coughing and mueociliary
function. Furthermore, sepsis i5 associated \vith de­
creased neutrophil rec111itment and impaired alveo­
lar macrophage function. Finally, cytokine network
dysregulation "itl, interIeukin-lO production may
lead to local imlllunosuppression.35 Interestingly, in
a Shldy21 of VAP in trauma patients, a population in
which ,ùmndant evidence ofimmunosuppression has
been reported. 45% of the microorganisms were
accs. In addition, therapy with glucocortieoids is
being used increasingly in ICUs for the treatment of
various conditions,36 resulting in additional îmmll110­
suppression.

al' the acc-VAP episodes in our study, 76%
occun-ed \vithin 8 davs after intubation or extuba­
tian. suggesting that ti,e inhalation of orophaI)01geal
secretions occuning during these procedures Of

caused during the folIO\ving days by swallowing
dvsfunction may increase the risk of aCC-VAP. A
sindv by Valles' and coworkers37 of continuous suh­
glotlic ;ecretioll aspiration in intubated patients sup­
ports this hypothesis. Continuous aspiration \Vas
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Table 4--$,ubjects bteluded. in th.e ExposediUnexposed Study*

Variables

SAPS JI score
Transfer From hospital ward

Age, )T

Gendcr
fI:Iale
Fetmùe
No surgery
Elective surgery
Emergenc.y surgery
LOD score

On hospital admission

Day 3
Day 0

Main'dia~nosis on hospital (admission;
:~\'llJltipic organ fai.lul'e
ShOl'k
Acute respimtory E.uJure
Coma
Other

Duration of IGG star- cl
In-TeU deaths

OCC-VAP
(n = 28)

33.3 =16
21 (75)

H7.6 ± 10

J6
12
14

\J
.s

6.2 ±. 3.8

3.8 :t 2.5
5.93:t 2.7

2
8

JO
2
6

26.9 :t 22
10 (J6)

NoVAP
\n = 56)

39.2 ± 15.2
37 (66)

67.8 ± 9

42

J4
26
1:3
J7

4.8 ± 2.6
4.4 ±. L9
4.-4:t 1.9

4
]7
28

4
:20.3 :t 19

20 (36)

p Vaillet

0.26
0.15
0.93

0.08

0.48

0.07
0.87
0.0009

0.024
l

*Values giVC'1l as nlean :t SD or No. ({)hl, unlcss othcnvise indiçatcd.
fChanl.eteristics of patit'mts \vere cOinpared I1sing tWO-Wil)' amùysis of v~llian('C on runks br continuous dnta and a two-eovariates lOi',ristîc mode!
for qu.tlitativc data (in hoth cases, one factor was m.-posurc and the other \Wl~ the hiplet cOInposcd of an OCC-VAP p.l.tient <l.fl(.l two matched
No-VAP patient;;).

~lssociatedwith significant reductions in the numbers
of Gram-positive cocci and Haemophilus sPI' and in
tl,e incidence of VAl' dnring the first 5 days of IMV,
as \ve11 as \'i!ith a signiflcantly greater volume of
subglottic secretions aspirated claily in the patients
",thout VAl'. The pathophysiology ofCGNS-VAp is
unclear. Although unIikelv, we cannot exclude con­
tamination lw o~ganisms ~n the hands of the nurses
who perforn1'ed ~\ipirations. Hematogenous seeding
is another possibility.

Oropharyngeal microorganisms such as viridans
streptococci,8.l0 Il parainfluenzae,7 Neisseda Spp,5.G
and kI catarrhalis38 have been described in pa­
tients \.Vi.th community-acquired pneumonia, and
Nf catarrhalis has been described in those ",th
nosocomüù pneumonia.39 Vhidans streptococ­
ci 'O,13'4 and, less ireguently, kI cat{trrhalis'38 have
been reported to cause lethal pneumonia. In patients
",th VAl' caused by oropharyngelll microorganisms,
vi.ri,dans streptococci have been recovered From
blood, lü abscess pus," and postmortem lung biopsy
speeimens l ."3.1-1; Al catarrhalis·'38 has been recovered
from blood; ,me! N mueosa has been recovered
from pleural f1uid:1O Most of these patients were
immunodeficient (although those patients with
AIDS or hematologic malignancies were not in­
cluded), but some had normal immune defenses,
These clinical data are supported by in Ditro
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findings sncb as the presence of protease produc­
tion hy viridans streptococci.·u

Our study pro\1des six sources of support for the
possibility tlMt OCCs may cause VAI'. First, f"i' 14 of
the 29 patients, the three experts who independently
and blindly re\1ewed the medical records all gave a
diagnosis of OCC-VAl', lllthough the distal bronchial
samples showed only one or more aces. Second, a
microhiological diagnosis of OCC-VAP was associ­
ated vvith a significant increase in LOD scores during
the 3 days before tl,e bronchoscopy, whereas no
signiflcant change was seen in the matched no-VAl'
patients during the cOlTesponding hospitalization
days (1' = 0.18 [Wileoxon test]). Moreover, ICU stay
duration was signiflcantly longer Ül the OCC-VAp
group. However, the cnIde mortality rate \I/as iden­
tical amoug OCC-VAl' and no-VAl' patients, and,
after adjusbllent for severity scores, no excess mor­
talitywas foundin the OCC-VAp patients (OR, 1.19;
9.5% CI, 0.41 to 3.46; l' = 0.8), The power of the
exposedJnnexposed stndy was perhaps too small to
detect a smal! increase in mortl,litv in the OCC-VAp
group. Third, the CPIS was > 6 i;1 20 cases and was
6 in 4 additive cases. Fourth, postmortem histologie
finrlings were consistent with VAP caused by OCCs
in i:wo patients, and CT scans of the chest showed
lung abscesses in two other episodes. Fifth, the
results of both l'SB specimen and BAL f1uid cultures
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were ahove d,e cutoffs in 13 episodes. Moreover, the
presence of > 5% ICOs in 40% of OCC-VAp pa­
tients establishes that these pathogens can mount a
signifieant local inf1ammatory response. Finally, the
outeomes for the seven patients not treatecl or
inefficiently treated ,1re worrying. TInee patients
died, one widl histologie findings that were consis­
tent with VAI' and one after the development of a
lung abscess.

However, the signifieant growth of OCCs in distal
branchial samples may ref1ect the contamination of
the samples dllling collection or the nonpathogenic
eolonization of the lung. We used standard sampling
techniques that are designed ta minimize the risk of
contamination .2<; In Il OCC-VAl' epjsodes, there
was ,mother condition that could have e>q)lained
hoth the fever and dIe new radiographie infIltrates.
However, alternative diagnoses are often present in
patients ,"vith VAP caused hy classic nosocomial
pathogens.] The percentage of sguamous epithelial
cells. an indicator of orophar}1Jgeal contamination,
\va') < 1% in aIl episodes. Another issue i5 the
speciflcity of positive distal samples fi)r the diagnosis
of VAl'. In a study'2 of mechanimHy ventilated
patients \vithout signs or symptorns of pulmonary
infection and "ithout radiographic infiltrates, the
specillcities of l'SB specimen and BAL fluid cultures
were low (59% and 6.5%, respectively), and the rate
of false-positive results was high (41% and 35%,
respectivel)'), when 103 du and 104 clùJmL, respec­
tivel)'. were used as the cutoffs for l'SB specimen
and BAL f1uid cultures. However, d,e patients re­
ceived antibiotics before sample collection:12 In con­
trast, in a stndy'·1 comparing d,e l'SB procedure and
BAL in patients with no reeent ,mtibiotic therapy
changes, the speciflcities of the l'SB procedure and
BAL for the cliagnosis of VAl' were 89% and 78%,
respectively. the" standard being histologie and mi­
crobiolob~e lung specimen findings immediately aiter
death. In addition, a recent meta-analysis3 showed
that l'SB specimen and BAL f1uid cultures are
reliable for the diagnosis of VAl', partieularly in
patients vlith no reeent antimîcrobial treatment
change. Moreover, in 14 of the episodes. dle results
of at least two microbiologieal tests (eg, BAL fluid
smears, BAL f1uid cultures, and/or l'SB specimen
cultures) were positive. This lends strength to our
finclings, as specificity has been shown to he better
when d,e results of two or aH three tests are
positive.26

Finally, the degree of confIdence with the defInite
diagnosis between experts was good in only 56% of
cases. This was due mainly to the high numher of
patients with possible or probable alternate diag­
noses. Moreover, the confidence in the quantitative
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haeteriologic resnlts has been probably decreased by
the known low pathogenieity of encountered miero­
organisms

Final1v, the main issue i5 the relevance of our
Hnding; to the h'eatment of patients with suspected
OCC-VAI'. Unneeessary antibiotic therapy in a pa­
tient \vith lung colonization can induce the emer­
gence of drug-resistant strains, but a failure to treat
VAl' increases d,e risk of morbidity'" and mOltality.
Oropharyngeal organisms are susceptible ta co­
amoxic1av or third-generation cephalosporins and,
conseguent!y, the American Thoracic Society guide­
lines for VAP management22 are valid. CGNS was
the only microorganlsm in five patients v.ith VAP
occurling more than 5 days al'ter intubation. In
patients with late-onset VAl', d,e flnding of Gram­
positive cocci on BAL fluid smears should lead to the
administration of vancomvcin because it can refle..ct
pneumonia caused by a ~ethicil1in-resistant S au­
rellS. Consequently, when identification studies show
that the Gram-positive organism is a CGNS, dIe
problem is not whether vancomycin should he added
ta the antibîotic regimen but whether vancornvcin
should he continuee!. Bemuse mast CGNS st;ains
are resistant to co-amoxiclav, cephalosporins, and
methicillin, the recoverv of a ceNS sOInetimes leads
to vancomyci.n prescliption. Hovvever, few data are
avallahle on the padlOgenicity of CGNS in the lungs,
whieh rem,ùns a matter of debate.' Very few well­
dOCllmented case reports of CGNS pneu~10niahave
been reported: one case of Staphylococcus sapro­
phyticus pneumonia iD an leU patientl.5; one case of
StaphylococcllS cohnii comlllunity-acquired pneu­
monia in an AIDS patientl6~ and one case of
S epidermidis VAl' with histologic tîndings of pneu­
monia.13 In our stndv, there W~lS no ,ùtenlative
diagnosis in one of Ol;r CGNS cases, ,md the two
patients widllung ahscesses had S el'iderrnidis as the
only distal bronchial microorganism. Consequently,
in a criticall)! ill patient whose status is deteriorating
and who has signiflcant amounts of CGNS in distal
bronchial quantibltive culhlres with no tîm] e\·iclence
of another cause, we believe that antibiotics against
CGNS should be given.

In conclusion, OCC~VAp accounted for 9% of
VAl' episodes in our study and was associated with
worsening organ dysfunction scores. Although alter­
native conditions explaining chest abnormalities and
fever are common, a ne\v radiographie infiltrate \Vith
signillcant growth in distal bronchial cultures of
commensal microorganisms only is highly suggestive
of VAl'. We suggest that such a condition should be
svstematicallv treated except in the case of a stable
patient ,,~th' a strong alternative diagnosis for the
lung infIltrate and fever for which the treatment
should he discussed case hy case. OCCs may have
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the same deleterious effects as c1assic nosocomial
pathogens in cIitically ill patients.
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ATTRIBUTABLE MORBIDITY AND MORTALITY OF

CATHETER~RELATED SEPTICEMIA IN CRITICALLY ILL

PATIENTS: A MATCHED, RISK~ADJUSTED,

COHûRT STUDY

,-,
Lillit Soonr, l\ofD; Jean·Fm.llÇ:ols 'Tlmsit r MD~ Cédric Mabc. -,...m; J~au Carlet. MD; B~~mar'd l~egn1er, MD; Sylv1c Ch~V'I'et, :MD. PhD

All5TD.ACT ---------,-- _

OBJECIT\rE: 1"0 determiTlt.: lhe attributable ri5k cu ùc--dth 5rudy, wHh udjustrne.nt {lD ma~çhiT1g vmiab[-es and progJlo:itir; lôIL"tûrs
duc liJ {:::l.tfleœr·reJ<tt~l:l sC!>ûE:et'nia (CRS) ln ,-Titic:ally il] patients ur mortali1}~

whe:J tal.-ins: Ùl.to OCCOlmt: :;;evLTiLy {Jf lllne::!s durlPiJl<" 'lbe Latem:live- RESULTS: CRS (:J1TTLplic:aœd L17 J1er 100 reu adnti~si{)Jls

L.-at"e unit acli') 5l..ay but bef1lre CRS. durin,g the sludy }leriod. Twcn1y (5.1%) i}fthe CHS cases werc 3!iSO-

DIISIGN': Palrw:istf-mntC'l1ed n::,n expo!5t."{l-(]ll~lOSed Sl11dl~ dated widl septic SilOCk. Cfb ....·<15 aSSl)d31~d >vith iL 2BIX. jJlCrE'<'Ise
SE1TIN'G: lO-bed medk:31-5urKLL-a1 ICU and an 18-hl.;ll in SAPS H, etude leU m()r1aJUy r...œs (t".aJll exposed "ITld unc:x:-

m~dtcal lCU_ lmst~ patients were 50% t1nd 21%, respectr.-eh,: CRS n~mailled asso·
PATIENTS.;: Padents admitfcd tt'l eEt1ler IeU beLw...~eu d:ated w,th murtality even wbcll iIdjl!l~red OLl other pr()l,.'Jlo~liJ: fi:lt:-

J,::muary 1. 1990,.and D(;l;;ctnb~( :U. 1~95, wen: ~li:h>i.bl~. Exposed tilT:! at leU .adrni:5sÉcln (relative lisk IRRJ. :L01; 95% cOQfider.u:;:e
l~a:tiellts. were dcfint:d as pnûen(5 wilb CRS: unexposeri l.::oulroJ~ inten'rll [cr,d. l.Ol:!-3,73~ P=:O:J.). f31lowever• .attE:'r ndjmi-1mcnl 00
were s~!e(:tcd accoli"ding- to mmChlU" wnabLes, se...~riti' liCo·res ctllcu!l3ted ht;~WeeJl IeU admi~5il}n altt! 1 we.ek

METHDDS: MatchitJ~ \'a:l'iables wert- dla~Qosjs at ICU hi~Iare CRS. the intrca~d mortlütr ""'riS nQ !~;.nK~:1'" st~nifit-J;nt (RR.
:i:l.d"O.tisslÛfi. Jeng(h (If centl'ai C<l.tllef.l:::ril.::!timl belon:: the Ln.(~:l;;lûm. lAi: CI,,~, d.7~2.Gl:p-.:rn.
.McCOl,bl; Seote, Simplifiea Acate Physîolob'ic &::LJn: (SAi~) II at CONCLUSION: Cl~S l:; ôlJ:5soc:inüffi "";lh :-;u:b~equent mor-
admission. <Jg-e, ::md sende.r. Severi!y -s.::o~s {3..o\PS n, Or~<m. bldfty and mnrla1ity in the leU. e...çn ,...ltCl) Lldjusted on ::5:e'o'crily r.u..:-
~!cct~ Failure SOOT~, Ors:<:u~ DysfuncHon l:llld Infet."tion Score, rlntl toP,; at leU "rlmis~imL Howev-er, .dtaf :J.rljusllncllt ajl s~...'erity f.'1.I;:'
Loglstil;: Otgtill D3--sfuncêonSy~telU) were colcu1.tlt.cd COUI" Umes10r lor.i dunng the [CU ::;l.ay and beCore the evcn!.., J:]lde W<L'S only 0\
each patient; thi: day (lf leu .adm;ssi[')[., the day of CRS ntt~et, and tram:l tm'.'t1td CRS-attrlbut;;biè' mottaHt}.';, The oI".'YQlutiLm Di patient
3 and î odars before CRS, ),(atehùl.g ',\'<'15 $l,l<,."Ct,:ssftr] f(lr 38 expo~C'd séYerit]," Sh()llld b~: U1keIllnto aœom~t ....,h:~'l eV3fua'ting ~xcel:i!s mOl"-
patit:Jlts_Smtistî.ca~ apal~jsw.as based ':.m l'I:lI11'P<lTamel::rictt~~~ [urepi· taUty jnd~c:ed b~r n{lsooomial t.':venrs in leu p"ticnll:: (/nje.tl CO./llll"ol
demi,alogical uafa and on Cox's mudels for the expo~ed-lJnexpo~ed Hosp Epitiémiall'999;20:396-401)_

Ûltheœr·relaléd septicemia (CRS) rep"eseot!< the
mo~t frequentiy life-threatening complication ofcentral vas­
cular catheter use. l .2

Several sb.l.dies have rcported tbat j in ful2: intens~-e­

care unit (ICU), llloodstream in!ect1ons al'" ~.ociar.dwith
an illcre~eln morbidity, morblitj' (10%-40%) .Iength ofho,;­
pitaJ .cay, and unaUy in medica! cosls." Howevcr. the con·
sequences lncluced hl' eatheter-rel.ted bloodslreSlI1 infec­
tions an morhidity and mortali!:}" ha"'"t! not beell cJearly e\"al­
u.tl'd and remain under debale. Most .tudies'·'" !Jave sug­
gested that CRS js associated will, a !ower allrihutable mOle

tal,ty tllan other .eplÎŒIlIlas, hut sorne have found CRS ro
be associall'd with marked morbidity.,o,1I

These cootraveI5iaJ rcsulm are explail1ed ill pnrt by
the difiiCllllies ln estimaling lhe mortality atlributable to
CRS. Notobly, panents' c<>morbidilies. cimer pree:cislen( or

OCCUrJiDJl" during llle KU silly, have ne"er beco taken inlo
,",coull[ as J)oteotia1 confoullcii"Jl" f.otano in e.tlmating the
possible """ess of morlafity due [0 CIlS. Ooe mighl <lI.tici­
pate that a patient r~nJaîningvery sick (JOï whatever rea·
son) will have a higher risk to develop • no~ocomlal infec·
don than a paliem severely aick 3t admission but hnpruving
quickly, Thus, we asscsscd tb.. imjlllct: of CRS on Teu mor­
lnli1y, paylng p.rffeul.,. anclltiofi ln confoundÎlIg factors.

Firsl. a case s!Udy was performed lu describc
paticnt~ "ilJ1 ICU-acquired CRS, locusing 0" the morbidity
of this infection. Then, a matched exposed-unexposed rel­
rospecti"e cuhort study "'''''' conducted, wirh 1.hree main
pUl"po~es: (1) to examine the ri.k of deatll ill patient. who
developed œnlral CRS mIeU, cOIllpared to «mlrols close­
ly nl:ltched on sev.mlY at ICU .dmissjo<l: (2) t<J ,,,,,,ch for
prngnostic facrors of rnortalily, either at leu admissIon or

FroM tire Cliniqrlp. rU "*':xfmati&t,I des ma.ladies il'.ft~tietJst.J Wrs. Ti,mit and&.g'JJÎ.fJr). Hôpital Unfl)mital'~ BicJJ6t Clfludf.-8.ernanJ; Sel1Jfc/J r.q
~(lni'm(J,floll po{)'Valent~ IlJrs.. SOMfir. Ti1.ns.i:r, (1~ft;[ üJne.tJ. Ilôpilal Saim-jI1SF.!JIr; Dijm7Umtt'l:t de BinsJlJtistif1ufI ct 1~1,finmG/.iq#B ftlMiealq. (Df'S. Mahé
f2Nd Ofqm'l!!'t), lIû#lal Uni~"6t1itr.l:l'nSoinl-Loui$. Pq~1. Fmnc&.

AI/!drm njJriat rtq:uet13 te ]-F Trmsil, Rdaliltmal'i~ f:1dY1JdSlltt. fltlp-ttrrl S(l~"ltJ(Jseph, lBS ,..~~ {?l1Jwwnrl UJ'J!J.era~d. 75(jlt1.fu~. Franct. ,
98-0A-135. Su:ifir L, T:imsit fF, ,vahl! C. Carin J, R~iJ?r BI ChtrJfct S, AJtn'hutrzlJle mOTMdit:t (}.1I.d nrorttJ~ity f)f.c{1/hl!le7·rda~td srtplfr;e'nù1. br

.c.n'/r.caUy fil pati'1Ju: li rlIIJ!CR('ii, ~o4k-a(}.iu5ip.d, ..aJwrl SlI.tdy, Infect Ccm'lrol IIo-~p Epidemiol 1999;20:396401.
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a!lrlblllJibl'e III CB5aîtér,~ QlI these litCllll'S.

MEI'HODS
A~.~ eobort, ~eJt]lO~

iltudy WlIR arriellll1ll InIm JsnWll'Y1.1~ v:.lleè!!llli­
31. 1$95. fu. two I€Us fu. PIirls;F~ the 10-1Jed medk:n..
~ !CU llt lhe Saint.jœepll Hœpll\Ù aIldthe 1Ued
~ leT] ut the Bicllit Claude Bernard H<>S\lilal The
10llJdy det!lgn is sil"..." fu. FJgtlre l,

1tl'
~

1
J ~:.1

1

l'tJ&nts
~ lèlJ'wÎde~ !brll~
~ w:lS ~e<l in llcth WlÎlS, willl declSÎ1lM tu
~~ lI/lIl III Sèl:rl or 1ltnll :wôbilllic llierapy
made by the llIIldical staif300ll ding 16 lliefollllWing ruIès;
~were~ andeultun!~ <!blllineltln
me ""enr <If~ ClIS, citheœr~ or mal­
limctilm.~t<f~ m.m me leU, or d<'1llh. CRS ""'"
~ ÎII tht case ni (1) purulence ofÙle<:lllheter fu.ser­
tlm1 site or (2) 0<.'X:lIl'rel1œ ,,(~(t~e"'3.'l5"Cl
or l1ypothcnnia {!enlper'atllre <l6.5"Cl a:!SIlcla!ed witIJ
eilhbr (al 31tœk. erythemD. or ll::llderne'lS al me insertion
slteof'theClllht:rer in !heJlhsenœ ol"mC'J' C<J1llleof~ ur
(h) positive bl<md rultures. e.the1l?r-'Îp $Jl«!IllalS """"

~dUlling " simplilîed q1J:lll!Îllllive brQÛl-dilution cu~

ture lecllnklue ~ausll' reptlrnd.Il I3rolli culture:< w<:re
~e<l ol1tD il"l"OOic .:Inti 3IllleI'omc llrotr l'htles, alld aIl
~ r<!<UV<!t'oo l'rtlIll.:lnY cullwoes were identilied.:md
the;r an1ililolk: ~llblIily delennined bystandard_tir
ods.Periplleml blood c:ulJures were ~nerlln lbe~""t ni
lever. bypolbermia; or any, "W" ai intectiou (eg. chills 1)r
51ltlden :sMcic) and pr<lCl!sseU br tbe'cllait."lll microbÙlWgy

-,.~ accortlillg ro Sl'lUldnrd llIetOOœ.
AlI patlents:wlro dèl!eloped JI. ŒS</lirlng.the S/UrlY

period. wlli!e",.J;njtred ln the lCl:1s'i:u~ the el1gible
~ paliemll fàr me _y. The~<>fCRS-.
<l5tllblishetl wf1en the~ÔIl of thetbree fll1l'owing
O"iletia werè :Iilliilled: (Il qmll1lltillve culture' of iilllhete!'
• ..tOI co1lllIy-îil_lit 11l';l:$/mL~ ÇI:> JI! lèast 11l1e
~ blootl i:Jùturl!' Positi.... willl the saine lllÎCril<>r­
glIllÎSm (or fW1:l bl!>fJd~jf the 'lIli<:rOorganlsm was."
coap~\Iè SJi:~1 00- 00 ~"IIidenCe of
lli'llw~wilh lhil'SJltIle~. klist'of.lhil' 4J!eJj.
gibl<!'~._~ by the IlO!lllCGIlIlal intection
mes.FilUrwere~mbec.ame t!l..m-clmrlscould llCll: he
I}blained ln~ $Verity illdlces. durlng Ùlll lCT1
CQUl'S!!. Tho oftbese ;4 }llIliel1lSd!ed'lÙlrÎn« Ihclr lCU $lay;

The meôil:al~ of palionts w!tb CRS were
revle"ed.wilhtePortQf{lp..gimdin;~of~1'b
lilllï; lWi.tcir.hll5jl!l:al !eIllttbsof stay;.wé• .rectlrrl­
eti fureaclJpOlllf:nt.~ biolQlJiœd$ianir~
lIl'I1~t.1ho~'llt~.m5e~se;lbnred/Ill
lhil'A<:nle ~lli.1lgJ:. lWi tbmnie Rœllh E'I'll1tmlîoo
QlPAcHE}11*",d!W\4"'1Ile IièveliJ;}'\1fmenmJ~r!nll: dis;
l!Jlœ'~fn MeCalle.3ntl~sctiterl .. {llli1àlal.
wl::lJmitl:Jy !ÎIllll <Jf 1lOnf:ùà.f)." tne~d Acute
f'bYslo~Sctlm·(,SApsl n.Utbem'llnberof"t'JlRI1'll!llnres

_1., ""'" leu _, _0"""",",",,~_
l!Y).~'~~'.'~~;.twQ~'~!'tt$~

100 ",... ;œ, - ",","","'m.~",~Atut$I P~lOljI<
S<:otOI."wlond Mt:Ca""""","4l;œ--.,..",.;~1lI'_
~, ~tl ~tn-~~ ~lrlf@(:tJtID-i1T~~l1m~fJdi)l(te:r~
~~~!t~,!3f thm: 1ëngm at~e:tliBtJnn-_[ru:ID~ Day 3'iH1d~

1 """r\03"'T~"""''''''9. _Y. ~~'_"'"
~)(l.,tnèJCU"for'Wi1crnDfrr:sJM~~;~ u~,~
~:~-!JlrtJI'~,~,Œ-tJèRu\'~mr.Q!:,~~
naœ \Jl1it·$.iWS 11. $lrnptJiiedAl:lJtEi ~.stt!rl$-'ll

~altlJlled 5y the Otgaa S;rsœm fllilure IDSFl m:ore,16 and
0, the Organ DystimctiltlJl! Md l'nilernQll(OPlNl'llCore,"
<Illd llie ÙlgjSÛ"O~Dysfundian (LOD) ~$Core.J·
These severitysœres were'C4lculllted lqr the ll'-'rioowllbîn
4,~ hours u1 leu admi5SiQl1,. the dJ!.Yoîthe CB5 (the dlly
whell lbe. cenJr.ll Clltheierwas~~dJtrf). and
:; and 7 IDly5 bdb,e lbe lnfe,clion Jl17Ipi!f:!j"";y. dtly :; lUId
dJ!.Y 7; 1'\g'ure 1). Wllen t!J!;~~wiihln1heJîm3
'01' 7) .<illy1i ul lé.tJ~ ,lhii ~siun. ·,score waa
te!llinedll$the \1;IÎW'qt~ day 3' (or<illy 1) ''SCt1l'e. The
calhell:T ~, u wcll lI$ lWiet!liill mte, lhoelnlJlrvaI
~~".lJeœrplildmioJ(fttillld~.rem.qf'lttlJlltita­
live llllltures. rei!!1lIs ni1\lllOd ~llO!llpl1tlJll!llll(a}.
~($).allrl~<1f~~œWlll'è

~.
,Thl'Iœurse"t..ach~e"'~~"""<eû

llS· cillJ.eI" ~eomp1icated~ or "lIn<Xll!lP!leale!l,'se~ia

wal>e<1~un:œJn~l{ tl!eR"'llfe ttll.of
septlcshack (>rlo<:al~ JlIld~"'1Î~of~
la!lÏ& I<l illsla/Itfocl~~~ and 'IlIl~
sh~ ~dtâ l:heltisertlÔllilil,e~~ D
mlm.irœlJllill~I··~.~ilmÎ,~ 5iJp.
~Ilot .!hé1l!tltld 'i'l!"!'*ll.~ t!)e'~ site.
p~l)ili$,~.d~ ôtlllfêé!itllltâil'dÎii"
tlInillifi!;or~.5b.O~

U"","-"",,"Œ~ .
1\$Ilming a mortll!ilyrnieofullell'ose'Heu patients

{Je. no eRS} with a.centrnl_us line~ iIlllj,gîlren tllllt
titelMllber af expoaed. plIlients _limlle<ll.l138, the lm­
1llllIl!d number of!l1l~ 'llOlltrQlS~ ~~
palienttn1ll11ll38Kli twofuliUllae_inmk.af~willu
power of8ll\li ""d a type t emr ot 5% waa 2. Them~
Clldfu.g lllllS provided ll.llstni l!lll!XjlOiled pafienls wilb



ingœse).also œlled D-Q:'lllà3cand7~befo..,.lbe~·li
infec!iœ date (tl;3mM, 1!llIll"MÎYely),P""eannpl", if
1lll~ pIllÎent had il cm 1lÎfer 16 diw of Œ!lIn!l
-$~ \llf!l1 ~ 1) mr lbe~
p"1lent W<llIlrlDé tIœ 1ll!ll .<!lIY of~ _ 3l1lld
_ 1 W<llIlrl he lbe 7lh and 3rIl ~.of œlheœrizatioa.
~.~I).Aamrlbe~~ Wl!en
lbe1tmli!llof~on _I_!llan 3 (or 7) ••
~. 1!l:Otl!5 lit lCU~ _ used IDt !llose
scores.'. ._

Sta&tltml~.·

~ Qi plI!lenllt~..~ usiIIga
f.WO"iactor~<If\'llfÏlnl.Ce ...~l'çr/JQIllÎllUt!l'~­
andll'lÙlga~~~mr~_

\ln !lothCll!1e!l,~d~ W1~ .~.. aldlbe
~ the patleut wi!Jl ms~ è;ntm~'s.œ1lr1
one).

~<ifovér.ll~·~ daylJ u8Ed,lJ1e
KapIan.Ml?ier lII<lthod. '" ~,,~ ô_n
~ ."d W14!lI:IlllSèd:jlIl\Î@ls "".ho caIimlItea reIali>"
riak <>tdœlh "llt;lltltah!e.u>CRS.I1~~
tion otthe CCx model~nllIl!tJSthat1::lkeo mlaa=UIll !Il"
ct>rrehtt!nn of the survll,allinles",the exp_d Jllllientmld
the two a5\ltlCÎIlled Ullel<PQaed palienll; induÇed br th"
ma!l:l:li!lg.

WeU!led1Wll-Sided~. wi!llPYlÙlles nt.oo or lel>l
dl!IlQling<~signrfltince A FllT'lnin ll!OllrnIll WllS
ulfed far the multw.u:mte~lll}ftl,,: ~ lIliIdt:L'"
1lnd the SAS !!Illltwa:r<- ~,,6.O!t; SAS frustitute. lne,.
Cary, Ne) Wil$1l$edo~
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MatclWrg. Of 3.51l1potlenlS b<l'spilafu!ed ln me same
lCU during the !!Indy perlot!, 4O:l pOllSible controls lVere
irlentificl based on the main diallJlosis nt leU admission.
me absence of cnIlteter....elated i.rrl'<:t.'tioll. and the ah,-;enœ
of bll<.'lerenn.. AJJ ""lIOsed palÎenls but l were mmd",rl
sncœssiulJy wirh 2 UIlexposed control>; fhe femaining
expose<! patient. wilh {9 dol'" of c-"ntral c;lrholeriz;ttioo.
œwd he mmcbed s:ucC<!5SlI.Uly wim "nty 1 un"""lJOSl'.d
pntlent The ImiÎn~ cl exposed and une<­
posetl patients are !!hmvn inTabl~ L AJJ ~erity SCOrœ
measured in rh" exposed liYOOll .u me !lme l'lt~o
were ~anlly hlgbt'l" tban tho"",,,1 tJ:l1elCPOsed Jl'!,tiellts
at rho e"rresponding claY olc;lmeœriz3tion W'll'IT" 2).
Wbfle theme:an ........rlty SCOre~ trnm ICU alÙllis'
sian la da1' 0 in ttnexpllscd patients., lt ...... stable or- èvell
sllglrtly illJ.':f'ea.'lerlln thé~ groUp.

Twenty (54'10) and 52 (ïO%) nOllQcami;d lnfecOOns
oc<:llrl"edb~1CU admission mod clay0 in exposed nnrl
unexposed patients. ~Iy,; The raie nf nnsoonmial
lnfe<:llaru; (p-.15l and the t:Ilè al' l1050Cnnlial )ltlCllmnnias
(J'-.l2)~ day Il didoot dliier for exp"'leli and un",,·
pose<! patients.
~ N"meœen tll rh!! il8 <:aOO:s died in lev. rel>

r-esenlillg a crurlJl; leU lOOI'lllllly t:Ilè of ;;0.0% (9$ CllQ!i.
dLmœ inlernlJ lCI"J. 3U'lHiS.9\ll); 16 UllexpiJsed l'Olienli'
dJed ltdCU. [or-ll'morlllllly raie 01'21.3'% (cr,., 11.3'iII'3U%).
The oJJ.!en-edhospil:Jl morlality ""'" saô% (CIw 31i'1'l';o
SIlJ,%) ÎI1~sed palÎetl!s.llU~y "b<lVé the hospital
ll'lDrIllllly J:'l1U!' ob!!erved in ttrelpnsed patients. 27'lî (Cr,..
17'lî-S"N; -"".0CIl).

Tbe lwspimlllllltlalilymexpused pllll...!s Wlll' bigl>­
ér, although nonsignmc:Wiy. _ the ~ed mortall!y
MPred'i<;:!ed.by SAI?S Il (.jS.;ll\) orbylhel',OD ",,"œ.allC1J
OOmlilSlnl'l {ll5A%).1ll coolrtlsl. IDe observe<! morlalily M
mi! nooexpnsed groop wns 1_'Ü!aO the ~ed mor·

"'US 4. T1le merli:m duraIJon ofpnsl!M1 bl(lQ<j culture:<..
athe'"$ withdrn.w;ù was lday. Al the lime of~
removal. 18 pal.î",,!sr~ "lItimJerollia1l1J""'"l'fwnat.
lous "th...,. r""-«ms. Mlcroorg.nistml recOllered frOm
catheter rul1:ures oover were !ill~ceptible m the grevions
anlimicrobi:Il tberapy.

or lbe 3S patleul:s. 29 r_iwd appruPriale !bexapy
lmmedintell' afier œtheter œrnnval•. l dœd ~.~
~hud: before the resulls ai blond cufi:ure WllS lmoWll :wd
williout reœlvlng èfi<lClÏVe anrlmiaobiali;. and the 8
rerrntinîng~WI!tl:glven delayedappr<!llriate therapy.
once !illsc:ept;1lilil}r test resullswern~.

Complications OCl::W'red ln S3 m311 Jl'!,tiellts; l"cludo
ing mnj'or evenlSm 29 \fable 2). Between 7 days bet""" the
i.rrl'<:t.'1Îl1l1111ld da}" 01' iotection, t!le m""" of SAPS II ""d of
the LOD "'ores m.:re-d by 12 and 1.8 points.~
11' U'<.OOl: FIgIlre 21. Intelll1ive=re-unitmorlality "'3!l 6.."%
fur 3 1J1l"'U,I !h'lCt...-emia and 36'i!i foc bm:\<!l'1'mm lnvolving
other m:i=ofJl'lJlisms (P=J4). InterIsi'l'!Xal'e-unlt mort:Jli.
ty was _ differe:rlt bètwe"" palÎ"lll!l appropnaœly and
lŒlppmprintely !renled.
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; The~!il~ lIifhlt·1lIdtiid llill~:thiltoCGS~.,,·-:lJJflribu~ W Ibo!'_..,-

signiJicanrly incrensed in expooed. as <:imrpare<I lu unm!.­
ll"serl patrents, wilh " re~ rIsk (RRl of 2.06 (a,.. 1.16­
3.68; p..Ill: Table 3). The "SIÎIm1letl relative ri.k 01 death
wasllien atlJw;t<!<l on rIsk fuctu.... ilS~seûat leU admiS'
sion and durlng the lollow'lip. llmll wilh ond wilhoût infur­
nmtion galhereci al D.;i (possihly' rcl1ecting the UlIderlying
lM undTagnosed battteremiai. The multivarinble Cox
model round age, chromé dJsease. the'LOD 'SCore nI D·7.
and the SAPSll al D-3 lO !le sign;:lïœnlly 3S1l<lCÎaled wllh
0""'0"'" (!'allIe 3l.

Adi\1lllmel;t "lllh~ prugn<1lilÎCc0variates lnarlœdly
mqdJjied meresults;the~ adjusœd relative riOlk of
death of e:q>esed.<lver~d.J,lallents _ Mt$~­
cantly dllferenl !rom 1. whetflerthe infurtmllitm~
al D-3 wail mœrptlr.mi<!in the mOOel tu. t.a: Cr,.. a.a:;.
2..16: p•.42) MDlII \l'll.1.4: Cr;",O.7/i'4;/l; p..:};1),

DISCUSSION

'I"lJis~-.ccnt:ludi!d l:l> """'!SS the lWrlbubillle
marbidilyaadmo~oflCtl CRS. m;;nga"oirondesign.
~focm<ed<ln the~oonolthe relirtiv" ril;koldœthln
paIîent5 wilh cm; (~jllltielltsl.compnred l:l>tbatol
slmila:r bu! unexposed paIîent5,m;inga~lldex;»sed­

~.d~'I"lJis~lIlll:l> dlstillgulsh the mol'
talli;y attrll:luinb!e li> ClS frl>m.that llnJ'<!laled III CRS, lly
emleningiQtll!le ~inllmnaIiQn œlie<:lè<l nt leO
admlssirlll ond -Ille âurationof~.

The ril;k6HCU kaihln p;1tlenlS With ClS-'e$li·
'll13Illd l:l> he llII~twl>f6ld~e<)11Jll>lred
lO tItot ofun~palieni!4 AdjUStingfor:ûl llfOgnOjïtie

'1nfllrmalloo~l~ at:ICIJ~ dld DlItmodifY-IlIe
~ Cfahm::l).M4_, CBS '""" ...~ wlth.a
$l!b!lJlO'Wo~ ""'r~ Mon! ÛIall twl> thin:ls of
lhcse~wereaJ!SO<"iatedwith severe seps\s or llep1i~
sllool<. '1'hlsl1ndÎllg'isin accordlmœ witb, daJa of Giraud
aOO etrworlœrs;:ll who cla;roilied elghtof nin", CRS!! as
mai!1r ÎIltI'olllillÎc evenls. 'I"lJis 1lkelY i~ expliûnlld, st l~st

partla1ly, by !he 1_ lncld<mœ ol C~_l!egati""
~hy.kK'Occi bacreremm in ouriiltllÎel, wlth.5 aJtI'_
bêing!he mosl freqmmtlyiSQ1ll.teil.gtlmI;~fhœ<>rgMism
ln he!h renlers. This rémllt IsillOjJp0WDlI li> ilQ"", series
ln wilieh coogufuse-n.,gntiYe stlphyloco«;,.~
fill>Sl 01 me recov"nod =-Ill>"d~ Cll~'ci;· bllt ln _""
dam:e with others."",,,,,,,:ci ln l!Ielatlel' "'''.t'S, c""!!~
n!"~ smpliylococcal CRS "'a" l"llœ; whéreàs Ollhé'l!J"

coloniznôon with l1Ie :lame mlcroorg;mism WllS fre<luenL
.-'ùl<llher possible e><plamuioo of th""" l'!!Swts î.!he hîgh
prewlence <li methi~t.S a_ in Europearr
hoopîllllsand parrlcûaclyin Frunœ,4I This abnormaJ coIn­
nizing ~1.!taneous flol"'llllllY have reJll:ll:e<i me nortllâl c",,!!,
ulal;e,tIell'dlivestapnylncoœi {Cl'lSJand mûS may ''''''''
~. lhe rIsk. 0' S "''''el'If cilth_·related i~n.
I1~WI! <=nol ê«:lude. tItot " .~ frncti91l ol CNS
ba<;t:mmln wmlt 1l1!dîllgnœeil~ of the ah_ of
cliniclll $lgnsof sepsisl and ~ent blDlldeu1tures.
Ollll'l2..4\\1otbloodcnlttttespœllive1!ot OlS Il_ !leen
foond ln be clinical.Iy~tin "~ réjllll"t'"
FInaIly, me int:idènce <1fi"CRSln t!lislJelÎescoùlii b_ b..".
~iTl'duœdllythe reqllÎferllen'lfnratmasttwo positive
hfuod eulturelttotflJ'!gllllSe~~~'OC·
ClIl~ Th_ ~coùld1imitthegeo~
t::rofoUH~

fl"~. !.Ile 1IlIÛIl l'eOU11 at .tl1i$ Jltltdl' '" that me
~ lll<lTtJlity,;ftRsWU"marltélllymodlJIed llylhe
illcê~ olpr.~r~t1~.dllring
the.ICll $il'. eV!mWlren ~Jl the ln(Qrnt1ldon On
s.-.ril)r ~ Ilaf$b~ lnfectiol1 (dayc3'~ sœt>!S
mlllht:!lave'been iniluenced·llj'the1ncubal:lnn phase ofthe
~Proœl1i in ~paIîent51: ineîtlh!r éilSe, the
~of dêllthîn elIpOlledpalÎèn""_nnml\F~
ly dlfierentfnm> thatofIlJ1l!Xll'lsedJlali"llI$;The aUaading
phl'slcims <:onsiderédthatOllSwas the~ _
ofdeath ol eighl patient;. ffilbte<lJ; o;rr~1ts Sllll'll"!lt
lbat. l!ad.' these J,lall!'l$ Ilot dill<l- ot CRS. T!1'mY ·ofthm:
_ldhave~~l:l>!lave~1n>mother~

0llt~tsd9!Il:!l1\llWOrttheinitlal~ofa
twnf!lliiin~ risk"<if~ slllÎllllt1llJe l:l> CRS,bUl
t!recons!lilent withuèla1:iVely !lI1liilIer inIlumceofCRS <ln
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martalily. Wec:w Irulke n" delinit" cOll"lllsion nn tl:fis p"Îllt
bec.u"" of the reWively smnll numller Ilf~ omdled.
but the linlÙ relntive risk of death nrU1 ù>"tm~with
'" 10'.\\ tll :!(l% incn:aseri murmliiy ass«lalOO wltIJ CRS-

am- ~sul\3 .sugge$l tIJ:1l the in<u:l>JOO mnrtalil:y
nb~rved ln l"'liellls who ~1"P"'l CRS.is. èltplainecl !OOSt·

ly by ÎllCl"eô$ing' _erity ôf!hw ilInlffis before l:nlèd:îDa
Thi. is seen in Figure 2.. whlcl1 shows a le<l~ w..rornllle
0::<><1...., nt severity ;':OI'eS nfter KU ntl.mJo,,'un ln CRS
patlCtlls thnn in Ul1""llosed patients, Pers_ urgm œil.
ures and _rit;; of p:llel1lS lll"obably put tbemlli higber
ri$l< afs~"'ml inlection.'"

These dllls mise cll!tkult <j1le.<till"" ilhotlt~ limiŒ
of expo",,<!-wle~5l:lldles ln ""'MSking rlilk Qf cleulh
or nosocomilll events in cr'..lically III palÏtmll'l, 'l.'lre -""1: mle
that mJ_-omlal lllkctiims play in wor;;ening th. aU!I.:'OMe
ôf leu patients is ûiiJkuJt Il) """""". in mlically il! pallents
"'hase dinh::al st.1tll:< is """"te ellou/lÙ ru ,,"!ul,.. intensive
car", denIh ls frequenl :md clu\? Il) varillUS C'USéS. 'Thug,
althllO/lÙ the rares of no"",-'Omialinfeçtinn and m"rllllit;; in
the leU are high. the asses5Inent of responsihffity amang
""vera! share<l ri,", la"Wl"S th;JJ:comound the relntinnship
r"""",,s difticult. i\rlju5UnCllts llSingonly haseline illforl'na·
tion probnhll' .11"e illaITllrn!e. because th",!, ml Ml t:tk" lmo
,e"ounl tlIe ri';K coume during th... leu sPy, Similarly. J

previous report frmD our group about n"'"'~'tlmlal ~neum.,.
nia in the lCU sho\'Il:d tha~ altllllugh O<lll<l"pmial pnewtlo.
nia ""asas~ 'Vith , tw<>fpld mcre"". in the risl, of
dearh. patients susJleOl.'d lO have oo:;ocomio! pnc'IJlMnia
hnd a mottality simllar to patients in wham pcerunonm.~
tlemnn5lrnted"

One m:11' question the ,",'Cur...:y ofadiWltmenl!! tl;Jillg'
either severlty' or orgllll <!ysllmctionscurescalcuJated dur­
mg me leU stay; ... !heSé scores '/lem rotlStrtlCted Ii"om
daJ:;> colleclOO on thellrst dny of me [CU ll1aj'. f'redicœd
lMrt:ilit;; "" """essed bySAPS II and LOO were diil'mlnt.
rel!l'ctingthe lJ"or aeCllfllCY of tl:fis lcind af ~rity scoreS
in predicling dentlt of a llarne:uwsuhgrQuP al [CU
l'3Ûetlts,H~ previOllSly publlshel! slu<lies'''''' snowed
tbat: ml· incr;:as.e in the APACHE II'SCorI< aftèr oooocomiai
bacreremla .igullicmtlyco~with nuteUrtl!!,

Tl) condude, the present study snawed Ùl:1l ""''''riJ.lI
of 1I!nL<\;s Ilefme !lu! 0llse1: ni bacteremia Is relaœd clnsely
fil fhn ri.k of âMtb, ind_dent!y01 severity III admission
and occurrence aibi!ctel"ern!a !1ùsresuit strongly litgues
lm'ihll incorporarloo of lCU<:ourS<' :«"Ieril1 trends ln any
analyses oi~ risk p( morl!ll!ly due tr> Îll.Irogenicmllts,
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Abstract Objective: To evaluate the
attributable mortality associated with
late-onset nosocomial pneumonia
(LOP) while taking into account the
severity at admission, the evolution
of the patients during the first 4 days
after admission to tbe [CU and the
appropriateness of initial empiric an­
tibiotic treatment. Design: Nlulticen­
ter cohort study with prospective
standardization of diagnostic inter­
ventions when nosocomial pneumo­
nia develops. Setting: Medical and
surgical ICUs offour university-afiil­
iated teaching hospitals. Patients:
Seven hundred sixty-fbur consecu~

tive patients requiring ICU hospital­
ization for at least 4 days. Main out­
come measures: The clinicaland bio­
logical data as weil as the therapeutic
data and the outcome were prospec­
tively recorded from the day ofad­
mission to ICU discharge. Simplified
Acute Physiologie Score (SAPS II)
and Logistic Organ Dysfunction
(LOD) score were collected and
computed within the first 4 calendar
days oflCU admission. Variables as­
sociated with the outcome were se­
lected using a stepwise Cox model.
The time to acquisition ofthe first
LOP was then introduced in the final
model as a time-dependent covariate.
The analysis was stratified by ICU
center. Finally, as initial antibiotic
therapy could have an impact on the
increased risk of death induced by
LOP, the Cox model was applied
again introducing LOP immediately
adequately treated and LOP not im­
mediately adequately treated as two

different time-dependent covariates.
Results: Late-onset pneumonia devel­
oped in 89 patients (12%). A
McCabe score of more than l, SAPS
Il score and increases in SAPS be­
tween days 1 and 2, days 2 and 3,
and days 3 and 4 were significantly
associated with an increased risk of
death. When the time to acquisition
of the first episode ofLOP was intro­
duced into the Cox model, the LOP
occurrence was associated with in­
creased mortality, even adjusted over
the selected prognostic parameters
and after stratification by center (haz­
ard ratio (HR)=1.53, 95% CI
1.02-2.3,p=0.04). When LOP imme­
diately adequately treated and LOP
not immediately adequately treated
were separately introduced into the
Cox model, inappropriately treated
LOP remained significantly associat­
ed with an increased risk of mortality
(HR~1.69, 95% CI 1.08-2.65,
p=o.on), whereas appropriately
treated LOP did not (HR=l.44, 95%
CI 0.75-2.76,p~0.27).Conclusion:
These data suggest that, in addition
to severity scores, the underlying
medical conditions and the evolution
of severity within the first 4 days in
ICU, late-onset pneumonia indepen­
dently contribute to ICU patient mor­
tality when empirical antibiotic treat­
ment is not immediately appropriate.

Keywords MuIticenter·
Attributable mortality . Late-onset
pnemnonia . NosocomiaI pneumonia .
Adequate or Inadequate antibiotic
treatment



Introduction

The extra mortality induced by nosocomial pneumonia
in ventilated patients remains a controversial issue in the
literature. Previous studies have reached conflicting con­
clusions regarding whether the severity of the underlying
illness or the development of nosocomial pneumonia
was the most high1y predictive factor of a poor outcome
and of prolonged hospitalization [1, 2, 3]. Variables that
may influence the extent to which nosocomial pneumo­
nia increases morbidity or mortality include the patient
population affected, timing of the onset of pneumonia,
diagnostic strategy, causative organism and adequacy of
initial therapy. For example, several studies have sug­
gested that specifie microorganisms responsible for ven­
tilator-associated pneumonia (e.g., Pseudomonas aenJgi­
nosa or Acinetobacter species) were important detenl1Î­
nants of patient outcome [4, 5, 6].

It has also been demonstrated that in pneumonia oc­
curring more than 96 h after leU admission, namely
late-anset pneumonia (LOP), there was an increased
likelihood of infection with resistant gram-negative or­
ganisms inc1uding Pseudonlonas aenlginosaand Acine­
tabactcr species [7, 8]. Then LOP may carty a high risk
of mortality and morbidity, probably because cases are
often caused by resistant organisms which are difficult to
treat, and may result in delayed or ineffective antibiotic
therapy. However, LOP occulTed in patients staying in
the leU for days, otten with persistent very high severity
of illness and this could be a very important confounding
tàctor. We therefore perlormed a prospective study to
evaluate risk làctors for death in patients admitted to an
leU for more than 96 h, and particu1arly the association
between LOP and mortality. Our particular COllcern was
to take into account il1ness severity on admission, but
also daily variation of illness severity within the tirst
4 days on the leU and appropriateness of initial empiric
antibiotic treatment, in evaluating the specifie attribut­
able mortality associated with pneumonia.

Methods

Criteria for eligibility

This study was conducted during an 18-month period within the
medical and surgical IeUs of four university-affiliated teaching
hospitals: one medical ICU in Hôpital Louis Mourier (Colombes,
France), two medical~surgical ICUs in Hôpital Saint Joseph (Paris,
France) and in Hôpital AvÎcenne (Bobigny, France), and one surgi­
cal leU in Hôpital Antoine Béclère (Clamart, France). Consecu­
tive patients older than 16 years and hospiralized in the ICU for at
least 5 calendar days were eligible for the study.

Data collection and baseline data

During the study periad (January, 1997 ta July, 1998), a11 the pa­
tients hospitalized for more than 48 h in leU \Vere fol1owed for the
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appearance of nosocomial infections. In thase patients, wc record~

ed prospectively the clinical and biological data as weIl as the ther­
apeutic data frorn the day of admission to leU discharge, The în­
vestigators were particularly involved in the data base creation. AlI
codes and definitions were created prim ta the study start. Senior
physicians completed report fomls. Another investigator reviewed
aIl the report forms before they were keyed. For each patient, stan­
dardized fonns were completed at ICU admission and daily until
leU discharge or death. The following data were recorded: diagno­
sis, main clinical features and laboratory findings, treatrnent mo­
dalities, especially respiratory support, antimicrobial treatments,
nosocomiaJ pneumonia and outcome. From the data collected with­
in the first 4 calendar days (Ds) of JeU admission, the Simplified
Acme Physiologie Score (SAPS II) [9] and the Logistic Organ
Dysfunction (LOD) score [IOJ were computed. Chronie health sta­
ms was assessed using the Knaus classification [II]. McCabe score
[12] was aiso recorded. Diagnosis of nosocomial pneumonia was
reported together \Vith the results of microbiological tests from the
protected distal samples. Ail changes in the clinical and thempeutic
course \Vere recorded. Only those patients hospitalized in a leU for
at least 5 calendar days were entered in this study.

Late~onset pneumonia

At the beginning of the study invesrigators decided to use the
same following definitions of nosocomial pneumollia: LOP (oc­
currillg more than 96 h after admission) [6, 7, 13] was suspected
by the staff physicians aecording ta the appearance of persistent
pulmonary infiltrates on the ehest X-ray and at least one of the fol­
lowing clinical or bioJogical fil1dings [14]: (1) purulent tracheal
secretions, (2) body temperature higher than 38.S"C or lower than
36.SoC, (3) white blood cclI count more than IOxI09/1 or less Than
4x109/L When pneumonia \vas suspected, fiberoptic bronchoscopy
with protected specimen brush andior bronchoalveolar lavage or
single-shected blind plugged telescopic catheter were perfonned
for each patient [15, 16, 17. 18]. Continned LOP was defined, ae­
cording to the recommendations of the First International Consen~
sus CO~lference on the Clinieal Investigation of Ventilator Associ­
ated Pneumonia [19], by a positive protected specimen brush
(~J03 cfu/ml), by a positive plugged teleseopic catheter
(~:l03 cfu/m1) or by a positive culture of bronchoalveolar lavage
tluid (~1()4 cfu/ml). None of the patients received any new anti­
mierobials before respiratory baeteriological procedures, Previous
antibiotic use was defined as antibioric administration for more
than 48 h prior to the suspicion ofpneumonia.

Therapeutic decisions were left to the discretÎon of the attend~

ing physicians and discussed daily with the medical staff in eaeh
center. No cornmon therapeutic regimens were recommended in
any case. When infection was stfongly suspected because of clini­
cal signs of severe sepsis andfor septic shock, the patient's physi­
cian prescribed empirie antimicrobial therapy without delay.
Treatment was further adapted or ordered according ta the results
of bacterial pulmonary cultures, susceptibility testing of antîmÎcr­
obials and/or clinical response. An "uncovered" microorganism
was eonsidered when an isolated microorganism was not suscepti~

ble to any of the antibiotics administered. Inappropriate initial an­
tibiotic trcatment was defined by the isolation of at least onc
pathogen with a significant threshold in the bacteriological sam­
pies resistant or intem1ediate to the antibioties prescribed. AlI pa­
tients were monitored until their discharge from the hospital and
changes in the clinical and therapeutic course \'vere recorded.

Statistical analysis

Patients with and without LOP were compared using Mann
Whitney or Fischer exact test, as appropriate. A stepwise logistic re­
gression was computed to select independent risk factors for LOP.
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Fig. 1 Study design: the occur­
rence of leU discharge or
death defined the end point.
Prognostic covariates were
measured at admission. Severi­
ty scores were computed dur­
ing the firs! 4 calendar days.
Alteration of scores between
consecutive calendar days:
when a score increased, it was
given the value of l, otherwise
the value was O. Finally, the
time to acquisition of late-onset
pneumonia was introduced as a
time-dependent covariate in the
model Day!

(hl çalendar-day)
Dayl SAPS
Dayl LOD

Day2
(2ndcalendar..œy)

DayZSAPS
Day2 LOD

Day3
(3rd calendar-day)

Day3SAPS
Oay3 LOD

Day4
(41h calendar·day)

Oay4SAPS
Oay4LOD

Occurrence oflate·
onset

pneumonia

ICU
discharge or

death

time

Alteration
between Day2

and Dayl

Alteration
between Day3

and Day2

Alteration
between Day4

and Day3

Table 1 Patients' characteristics at admission and within the first
24 h after admission (n=764) (COPD chronic obstructive pulmow
nary disease)

initial antibiotic therapy could have an impact on the extra risk of
death induced by LOP, the Cox model was applied again whiie
LOP immediately adequately treated and LOP not immediately
adequate1y treated were introduced simultaneously as two time­
dependent covariates. Leveis of significance were represented by
p values derived frOID two-sided tests. A p value of 0.05 or less

The main end point \Vas the overall survival from the date of
inclusion (the 5th calendar day after JeU admission). Patients who
\Vere discharged alive from the leU \Vere no further evaluated af·
ter their discharge. The Kaphm-Meier estimate of survival was
computcd. We tirst studied the prognostic value for death of sever­
al baselînc charactcristic5. assesscd wirhin the tirst 5 days of JeU
admission, including demographic characteristics (age, sex, chron­
ic underlying disease, history of COPD, associated neoplasm, asw
sociated immunosuppression and MeCabe score), cause of ICU
admission and diagnosis severity of the patients on admission
(SAPS II, LOD score. Glasgow coma scale), severity of the pa­
tients' conditions withîn the first 4 ealendar days (SAPS II and
LOD score \Vere computed daily), and severity a!terations (SAPS
II and LOD score alterations between days 1 (Dn and 2 (D2),
clays 2 and 3 (D3), and days 3 and 4 (D4)) (Fig, 1), Ali variables
were introduced as dummy variables except SAPS fI (afier checkw
ing for log-linearity assumption).

Score alterations rather than daiIy scores were inrroduced into
the model at the first step ta avoid over-titting. Only the directions
of changes were included on the basis of the non-parametric mod­
eling using generalized additive proportional hazard (PH) mode1s
[20]. According ta the plot of the estimated functions for each
score alteration using smoothing splines, the direction of change
\Vas the mûst important predictor to delineate two groups of inter­
est (low- and high-risk groupS). Alteration of severity scores took
the value "1" when scores increased and the value "0" otherwise.
Search for prognostic factors was based on the log-rank test,
which compares the distribution of survival times in severa! sub­
sets. Variables found to be associated with the outeome by the log­
rank test at the 5% level, i.e., influencing the surviva! time, were
then entered inta a Cox modeL Severity score alteration instead of
days 1--4 severi!)' scores were used to avoid overwfitting. A backw
ward procedure allowed for sequentially selecting the variables
that \vere significantly related ta the outcome, as tested by the
1ikelihood ratio test at the 5% Ievel. Thus, variables that did not
add predictive information ta the remainders were not kept in the
mode!. Hazard ratios were computed (",1.th 95% confidence inter­
val) and were used ta measure relative risk.

As a second step, the time ta acquisition of the first LOP was
introduced in the final modei as a time-dependent covariate. The
analysis was stratified by center, as lCU mortality and LOP inci­
dence were different among the centers. The Gail and Simon test
was used to cvaluate the interaction betwcen HR of morta1.itv as­
sociated with nosocomial pneumonia and center [21]. FinaÜy, as

Age (years; mean ± SD)
Sex MlF, n (%)
Diagnosis, n (%)

COPD
Other pulmonary
Cardiology
Neurology
Other medical specialty
Digestive surgery
Other surgery
Trauma

Diagnostic category, n (%)
Scheduled surgery
Emergency surgery
Medical

5AP5 II, mean ± SD
MacCabe score, n (%)

~5 years
<5 years
<1 year

Chronic illness, n (%)
Previous history of COPD, n (%)
Immunosuppression, n (%)
Septic shocklother shock at admission, n (%)
Pneumonia at admission, n (%)
Acute renal failure at admission, n (%)
Glasgow coma score <8 at admission, n (%)
Admission from other units, n (%)

Number(%)
or mean (5D)

63±17
460 (60)/304 (40)

68 (9)
275 (36)
166 (22)
100 (13)
134 (18)
201 (26)

79 (10)
26 (3)

72 (9)
159 (21)
533 (70)

42±1O

388 (51)
287 (37)

89 (12)
375 (49)

68 (9)
107 (14)
66 (9)/79 (10)

148 (19)
48 (6)
94 (12)

398 (52)
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Table 2 Characteristics of the patients with late·onset nosocomial pneumonia<> (LOD logistic organ dysfunction, D day)

Age (year)
Sex MlF
Admission diagnosis

Medicine
Scheduled surgery
Emergency surgery

SAPS II score
SAPS DI
SAPSD2
lucrease in SAPS between D 1and D2b

SAPS D3
lucrease in SAPS between D2 and D3b

SAPS D4
lncrease in SAPS benveen D3 and D4b

SAPS D5
LOD score Dl
LOD score D2
lucrease in LOD score benveen Dl and D2e

LOD score D3
lucrease in LOD score betwcen 02 and D3 c

LOD score D4
lucrease in LOD score between D3 and D4c

LOD score D5
i\1acCabe score>1
Chronic iUness
Previous history of COPD
Immunosuppression
At admission

Septie shock
Other shock
Pneumonia
Coma

Admission from other nuits
Days in leu when pneumonia developed
Duration of mechanical ventilation
Length ofICU stay
Totallength ofhospital stay
Expected probability of death according ta SAPS II
leU deaths
Hospital deaths

Patients with late~onset Patients without p values
pneumonia n=89 late~onset pneumonia

n~675

66±14 62±18 0.05
66(74)/23(26) 394(58)/281 (42) 0.5

60 (67) 473 (70) 0.2
5 (6) 67 (10)

24 (27) 135 (20)
45±13 41±18 0.02
40±14 37±16 0.1
39±12 33±16 <0.0001
42 (47) 204 (30) 0.002
37±12 32±l6 <0.0001
27 (30) 215 (32) 0.8
36±12 31±17 <0.0001
30 (34) 222(33) 0.9
36±11 32:!:18 <0.0001

4.5±2.8 3.7:::.2.8 0.005
4.2±2.2 3.3±2.5 <0.0001

29 (33) 164 (24) 0.09
4.1±2.5 3.0±2.5 <0.0001

23 (26) 164 (24) 0.8
4.1±2.4 3.0=2.6 <0.0001

22 (25) 168 (25) 0.9
3.9±2.1 3.2±3.0 0.0003

50 (561 326(48) 0.2
47 (56) 328 (481 0.5
20 (22) 48 (7) 0.001
12 (13.5) 95 (14) 0.6

Il (12) 65 (10) 0.5
9(10) 91 (13) 0.4

35 (39) 126 (19) 0.00012
14 (15) 77 (11) 0.5
51 (57) 320 (47) 0.09
12±IO NA
27.5±20 7.3±11 <0.0001
33±24 12±13 <0.0001
52±34 30±28 <0.0001
36±24 33±28 0.8
42 (47) 146 (22) <0.0001
50 (56) 189 (28) <0.0001

a Values are reported as means ± SD and n (%) for quantitative and
qualitative variables, respectively. Comparison was performed us­
illg Mann~Whitney or Fisher exact test as appropriate
b Number of patients who had an increase in SAPS II within the
first 4 days post~admission in leU - i.e. ben.veen Dl and D2. D2
and D3, ,md D3 and D4

was considered to indicate statistical significance. Statistical anal­
ysis was performed using SAS (Statistical Analysis System,
Carey, N.C.) sothvare package.

Resu/ts

Population

A total of 764 patients requiring lCU hospitalization for
at least 5 calendar clays were consecutively admitted to
the four different rcus. Patients' baseline characteristics

CNumber ofpatîents who had an increase in LOD score within the
first 4 days post-admission in leU - i.e. between Dl and Dl, 02
and D3 and D3 and D4

are shown in Table 1. Eighty percent of these patients re­
quired mechanical ventilation within the first 24 h after
admission. The median duration oflCU stay and hospita1
stay was 9 clays (range 5-126) and 24 days (range
5-249), respectively.

Late-onset pneumonia

Late-onset pneumonia developed in 89 patients (12%).
In 69 (77.5%) cases, it occurred 7 days or more post-ad­
mission. The general characteristics of this population
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Table 3 Microorganisms recovered from first episodcs of late~on~

set pneumonia

and the selected risk factors for the occun-ence of LOP in
univariable analysis are shawn in Table 2. Of the vari­
ables selected, two remained significantly associated
with the occurrence ofLOP in the rnultivariable analysis:
pneumonia at admission (odds ratio (OR)=2.79, 95% CI
1.42~3.65; p~0.0006) and a median LOD score at D2
greater than 4 (OR=2.58, 95% CI 1.65-4.05;p<IOA).

At the time of the LOP suspicion, 50 of the 89 pa­
tients had already received antimicrobials (amoxicillin:
10; amoxicillin/clavulanate: 10; third generation cepha­
losporins: 9; ureidopeniciJlin: 4; imipenem: 2; aminogly­
cosides: 4; fluoroquinolones: 10; glycopeptides: 7; mac­
rolides: 6; metronidazole: 5; fluconazole: 7; other: 6).

Gram-positive

Staphy/ococcus aureus (SA)
Oxacillin-sensitive SA
Oxacillin-rcsistant SA

Coagulase negative Staph}'lococcus
Streptococcus plleumoniae
Streptococcus species
OrheT Gram-positive

Gram-negative bacreria (GNB)

Haemophilus species
Pseudomonas aeruginosa/species
Acinetobacrer bal/manI/fi
Escherichia coli
Enterobacier cloacae
Klebsiella species
Other Enterobacteriaceae 1 GNB

Anaerobes
Candida/yeas!

Total (microorganisms/epîsodes)

36

19
5

14
8
1
6
2

71

8
2711

1
9
7
5
6i7

1
2

110/89

One hundred ten organisms were recovered from the
protected distal samples of patients with LOP (Tahle 3).
The initial antibiotic treatment was with one antibiotic in
Il cases, with two in 34 cases and consisted of three or
more antibiotics in other cases. The initial empiric anti­
biotic therapy instituted was considered immediately ef­
fective or appropriate in 34/89 cases (38%). lt was effec­
tive in 60/89 (68%) cases in the first 24 h.

The overall lCU mOltality of the total population (i.e.,
requiring lCU hospitalization for at least 5 calendar
days) was 25% (188 deaths). Overall lCU mortality was
47% among LOP patients and 22% among patients with­
out episodes of LOP. The standard mortality ratio was
1.55 for LOP patients and 0.84 for patients without epi­
sodes of LOP.

Prognostic analyses

Table 4 summarizes the results of the univariable prog­
nostic analyses. Other covariates, (particularly previous
history of COPD and pneumonia at admission) were not
associated with lCU death. Of the variables selected as
prognostic by the log-rank test, five remained signifi­
cantly associated with a poor outcome in the final Cox
model: McCabe score more than 1, SAPS II and increas­
es in SAPS between Dl and D2, D2 and D3, and D3 and
D4 (Table 5). When the occun-ence of the first episode of
LOP was introduced into the Cox model as a time-de­
pendent binary covariate, it was assoeiated with an in­
creased risk of mortality. even adjusted over the selecred
prognostic parameters and after stratification by center
(HR~1.53, 95% CI 1.02-2.3,p~0.04). When LOP imme­
diately adequately treated and LOP not immediately ade­
quately treated were separate1y introduced into the Cox

Table 4 Prognostic factors of
patients hospitalized in lCU for
more than 96 h (univariate
analysis)a

Number of
deaths
n~188

Number of
patients alive
n~576

p
(log-rank test)

a Values are reported as means
± SD and n (%) for quantitative
and qualitative variables, re~
spectively
b Number of patients who had
an increase in SAPS II within
the first 4 days post-admission
in leU ~ i.e. between Dl and
D2. D2 and D3 and D3 and D4
C Number of patients who had
an încrease in LOD score witb w

in the first 4 days postwadmis­
sion in leU ~ i.e. between Dl
and D2, D2 and D3 and DJ and
D4

Age (years)
MacCabe score>1
Chronie illness
Irnmunosuppression
SAPS II score

SAPSDI
SAPS D2
SAPS D3

Inerease in SAPS between Dl and D2b

Inerease in SAPS between D2 and D3b

Inerease in SAPS between D3 and D4b

LOD score Dl
LOD score D2
LOD score D3
fl1crease in LOD score bcrn:een Dl and D2c
{nerease in LOD score benveen 02 and D3c

Increase in LOD score between D3 and D4c

Admission from other unîts

68±15
128 (68)
119 (63)
37 (20)
52±IS
43±17
44±20
44±20
88 (47)
73 (39)
SO (43)
4.7±2.9
5.1±3.5
5.1±3.3

61 (32)
66 (35)
64 (34)

100 (53)

61±18
248 (43)
256 (44)

70 (12)
25±16
29±13
2ï±13
26±14

166 (29)
169 (29)
ln (30)

2.5±2.0
2.2.±2.0
2.2±2.0

129 (22)
121 (21)
126 (22)
271 (47)

<10-4

<W-4
<10-4

0.02
<10.4
<10·-4
<10-4
<10-4

0.0006
0.02
0.0017

<10-4
<10-4
<10---4

0.0017
0.0019
0.0018
0.002
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Table 5 Prognostic factors of patients hospitalized in ICU more than at least 5 calendar days (multivariable analysîsY'I (HR hazard ratio.
Cl confidence interval)

MacCube score>1
SAPS Il score
Increase in SAPS betv.:een Dl and D2d

Iocrease in SAPS bem'een D2 and D3d

Increase in SAPS bet\veen D3 and D4d

Latewonset pneumonia occurrenceb

Late~onset pneumonia appropriately treatedC

Late~onset pneumonia inappropriately treatedC

First modelb Second modelc

JI value HR (95% cn p value HR 195% Cl)

<l(Y4 2.43 (1.7J.-3.44) <10"' LI2 (151-··2_99)
<10-4 1.03 (1.02-1.04) <104 1.03 (1.02-1.04)

0.004 156 (L16-2_11) <10--\ LOI (1.41\-2.74)
<1 ()-4 1.84 (1.40···250) <10--\ 1.97 (1.44-2.69)
<10"' 1.80 (1.33-2.44) 0.004 1.56 (J.I6-2.1I)

0.04 1.54 (1.10-2.30)
0.27 1.44 (0_75--2.76)
0_022 1.69 (1.08·-2.65)

a AlI variables significant in the univariate analysis were intro~

duced i11to a Cox mode!. Ta avoid over-fittillg, score alterations
rather than daily scores \Vere inrroduced in the multivariate mode!
at the first step. Analysis was stratified by center
1;1 The acquisition of the tirst nosocomial pneumonia was in1To~

duced in the first final model as a tirne-dependent covariate simul­
tanconsly with the five previously selected covariates

C As initial antibiotîc therapy could have an impact on the in­
creased risk of death induced by LOP, the Cox model was applied
again while introducing LOP immediately adcquately treated and
.lOP not immediately adequately treated as two different time-de~

pendent covariates (second model)
d Number of patients who had an increase in SAPS II within the
tirst 4 calendar days in ICU .. i.e. between Dl and 02, 02 and D3
and D3 and D4

Table 6 Baseline characteristies and cnIde ourcomes of the four leU populations

ICUs. centers 1 Il III IV
11=235 11=245 Jl=93 ,,-=191

Age (l'cars; mean ± SO) 66±16 64±17 590,23 60±16
Diagnosis.ll (%)

MOF/shock 65 (28) 48 (20) 29 (31) 32 (16)
Acute respiratory failure 82 (35) 93 (38) Il (12) 81 (42)
COPD exacerbation 28 (12) 35 (14) 1 (1) 4 (2)
Acme Tenai failuTe II (5) 15 (6) Il (12) II (6)
Coma 31(13) 34 (14) 6 (6) 22 (12)
TTauma 1 (0.4) 1 (OA) 9 (l0) 3 (2)
Other 17 (7) 19 (8) 26 (28) 38 (20)

Diagnostic category. n (%)
Medical 153 (65) 210 (86) 33 (35) 137 (72)
Scheduled surgery 32 (14) 4 (2) Il (12) 25 (13)
EmePJcncy surgery 50 (2I) 31 (13) 49 (53) 29 (15)

SAPS Il (mean ± SD) 41.3±15 44±16 33±16 46±9
MacCabc score, n (%)

~5 yeaTS 72 (30) 129 (53) 72 (77) 115 (60)
<5 years 144 (61) 83 (34) 13 (14) 47 (25)
<1 year 19 (9) 33 (13) 8 (9) 29 (15)

Chronic illnessa, n (%)
None 113(48) 108 (44) 64 (69) 104 (54)
Respiratory 54 (23) 68 (28) 7 (8) 31 (16)
Cardiac 42 (18) 39 (16) 2 (2) 9 (5)
Repatie 12 (5) 19 (8) 15 (16) 12 (6)
ImmnnosuPPTession 27 (Il) 32(13) 8 (9) 40 (21)

Pneumonia at admission, 11 (%) 53 (22.5) 64 (26.1) 6 (6.4) 38 (19_8)
Admission from other units, n (%) 135 (58) 100 (41) 57 (61) 74 (39)
Duration ofmechanical ventilation (days) 13±14 10±16 6±13 7±ll
Length ofsray in leU (days) 16±17 14 ±16 14_±20 12±12
Totallength of stay in hospital (days) 36±31 33±34 33±30 28±21
ICUlhospital mortality rates (%) 28/38 17/25 25/33 30/34
PTcdicted hospital mortality % (SAPS II) 32±32 36±28 21±20 39±18

II According to Knaus dcfinitions

p

0.003
<10"'

<10--4

<10"'
<10-4

<10--4

10""'
10-<

<10·-4
0.6
0.3
0.004/0.01

<10--4



160

Table 7 Late-onset pneumonia in the four different [CU populations

reus. centers JI III IV P

Late-onset pneumonia, 11 (%) 45 (19) 22 (9) II (12) 11 (6) 0.0003
Duys in leU when pneumonia developed (mean ± SD) 13±10 9±2 12=17 14±9 0.5
High·risk germsa, n (%) 22 (49) Il (50) 3 (27) 7 (64) 0.1
Initial appropriate antibiotic coverageb 19(42) 9 (41) 4 (36) 2 (18) 0.26
24 h appropriate antibioric coverageb 30 (67) 17 (77) 6 (55) 7 (64) 0.9
Late-onset pneumonia occurrence 0.08'

Hazard ratiod 2.95 1.07 1.86 0.149
95% Confidence interval 1.7-5.2 0.39-2.9 0.65-5.3 0.02-1.2
p value 2.10'" 0.89 0.24 0.07

aOxacillin-resîstant Staphylococclis aureus, Pseudomollas aerugi­
nosa ûr Acinerobacrer species
bApproprîate antibiotic Trcarment was considered when ;le least
one effective drug was included in the antibiotic treatment. Values
are reported as Il (%)

model, LOP not immediately adequately treared re­
mained significantly associated with an increased risk of
mortality (I-IR=1.69, 95% CI 1.08-2.65, p=0.022),
whereas LOP immediately adequately treated did not
(HR=1.44, 95% CI 0.75-2.76.p=0.27].

late-anset pneumonia according to intensive care unit

Differences in baseline characteristics and crude out­
comes between the four leU populations are shown in
Table 6. Incidence of LOP (p=0.0003) and mortaliry rate
(p=0.003) among the different lCU populations were sta­
tisticaUy different (Tables 6 and 7). The adequacy of the
initial empîric antibiotic therapy was not different among
centers. Among the different centers, antibiotic therapy
was appropriate in 55-77% of the episodes in the tirst
24 h. The LOP occurrence was not always associated
with increased mortality among the different lCUs. The
HRs, even adjusted over the selected prognostic parame­
ters, were different among the lCUs, ranging from 0.149
(95% CI 0.02-1.2) ta 2.95 (95% Cl 1.7-5.2) (Table 7).
I-Iowever, the center effect did not reach statistical signif­
icance (p=0.08, Gail and Simon test).

Discussion

While most clinicians believe that nosocomial pneumo­
nia is responsible for a high mortality, considerable con­
troversy remains in the literature regarding both the inci­
dence and the effect upon prognosis of nosocomial pneu­
monia in the lCU setting. Our large prospective mu1ti­
center study was designed to evaluate attributable mor­
tality associated with LOP after careful adjustment for
the severity at admission, the evolution of severity dur­
ing the tirst 4 days of lCU stay and the appropriateness
of initial empiric antibiotic treatment. We found that
pneumonia on lCU admission and a median LOD score

C The Gail and Simon test was used to evaluate the interaction be~

tween hazard rario of mortality associated with nosocomial pneu­
mania and center
d Adjusted for the pre-selected covariates (see Table 6)

greater than 4 at D2 post-ICU admission were associated
with an increased risk of the occurrence oflate-onset no­
socomial pneumonia. Moreover, the severity assessed by
SAPS II at admission, as well as the evolution of severi­
ty within the tirst 4 calendar clays in lCU. were associat­
ed with an increased risk of death in the lCU. After ad­
j ustment for these selected prognostic parameters - i.e.
M-cCabe score more than l, SAPS II and increases in
SAPS II within the first 4 calendar clays post-admission
in lCU - LOP occurrence was associated with a 1.58­
fold increased risk of death in patients hospitalized in
leUs. Nevertheless, when appropriateness of initial em­
piric antibiotic treatment was introduced into the Cox
model, inappropriately treated LOP l'emained signiti­
cantly associated \vith an increased risk of death in pa­
tients hospitalized in lCUs, whereas appropriately treat­
ed LOP did not.

In previous studies targeting the issue of mortality [2,
4,22,23,24,25,26,27], confounders and secondary ex­
posures as factors influencing the outcome of leU pa~

tients with or without nosocomial pneumonia - i.e. daily
assessment of severity, length of stay before infection
and other nosocomial infections - were not total1y ex­
cluded. Since severity of illness assessed by SAPS II or
APACHE II is considered to be one of the main prognos­
tic factors in leU patients, most of those srudies have
only used severity of iUness at admission to the lCU to
adjust and pair controls to cases. Very few studies have
100ked at trends in severity in the tirst few clays in the
lCU as a prognostic factor and tried to adjust for this
very important confounding factor. In a recent study,
Soufir et al. [28] showed, in a case control study, Ihat ad­
justing for severity at 3 or 7 days before the onset of a
nosocomial bacteremia dramaticaUy decreased the attrib­
utable mortality of this event when compared to the one
found when adjusting only for admission severity. In our
study, we made particular efforts to adjust the estimation
for the initial prognostic factors but also for the evolu­
tion of the risk during lCU stay. Dynamic risk factors



were assessed, especially daily assessment of severity,
using either general severity indices or organ dysfunc­
tion scoring systems, within the first 4 calendar days in
ICU. We found that severity indices measured on admis­
sion, such as SAPS Tl, ard daily increase of this illness
severity score \vithin the first 4 days post-admission
were associated with an increased risk of death in leUs.
Furthermore, even after adjustment for these selected
prob,111ostic parameters, LOF was associated with an in­
creased risk of death.

The reality of an attributable mortality due to noso­
comial pneunlOnia is still debated [2, 4, 22, 23, 24, 25,
26, 27]. The occurrence of nosocomial pneumonia was
shawn to achieve a 1.8- ta 4-fold increase in the risk of
death [2, 4, 22, 24]. However, these results differ li'om
those of Papazian and co-workers [25], Bregeon and
colleagues [27] and Baker and colleagues [26]. ln these
three studies, survival was similar among patients with
pneumonia and contraIs. Diftèrences across these
different studies may be partly explained by differences
in patients, methods and diagnostic strategies. Criteria
used to define pneumonia were not standardized and
this could account for a large degree of variabilîty
in the reported estimates of pneumonia incidence. mor­
tality ond increased length of hospitol stay in the litera­
ture.

In our study, the manner of diagnosing nosocomial
pneumonia was prospectively standardized among the
centers. This study used stringent objective diagnostic
criteria for the diab'1losis of pneumonia. However, the in­
cidence rates of LOP were higher in centers wîth in­
creased mortality induced by LOr (centers 1 ond III in
Table 5). These results could be explained by dilYerences
among the various tcams in their manner of suspecting
pneumonio. One might conc1ude that LOP wos under-di­
agnosed in some centers, leading ta an underestimation
of the risk of death ossociated with LOP. The accuracy of
chest X-ray in diab1110sing new pulrnonary infiltrate is
known ta be 10w [29, 30]. Similorly, c1inical findings do
not improve the 10w diagnostic accuracy [30]. However,
we carefu11y designed this study ta standardize our rou­
tine practice. We discussed the results with a11 the inves­
tigators ta find any differences in the manner of diagnos­
ing pneumonia ard this hypothesis seems unlikely. Un­
fortunately, audits were not performed in the ICUs to
eonfinn this hypothesis.

The diagnostic accuracy of the bacteriological sample
procedures might have influenced the results. Centers I
and n preferentially used fibroscopically directed sam­
pIes ard centers III and IV preferentially used blind
plugged telescoping catheters. In a11 cellters, a specimen
that yielded 103 cfu/ml or more was required to make the
diagnosis. However, the difference in the diagnostic ac­
curacy of these techniques appeared tao smooth ta ex­
plain the difference observed [31, 32, 33]. Moreover,
centers using the same quantitative culture techniques
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have totally different incidence rates and risks of mortal­
ity induced by LOP.

In our study~ the increase in mortality associated with
LOP varies among centers. The HRs of LOP for induc­
ing death! even adjusted over the selected prognostic pa­
rameters. were between 0.149 and 2.95. However, this
observable center effect did not reach statistical signifi­
canee. These discrepant results could not clearly be ex­
plained by various baseline characteristics being signifi­
cantly different among the centers (Table 6). For exarn­
pIe, Heyland et al. have recently shawn that tlle attribut­
able inerease in mortality was largely seen in medical
patients, with essentially no effect seen in surgical pa­
tients [23]. The two centers in our study that showed the
highest HRs of death (2.95 in center 1 and 1.86 in center
III) enrolIed 65% and 35% sur<Jical patients, respective­
ly, compared ta 14% ard 28% surgical patients enrolled
in the centers with either no effect (center Il: HR: 1.07)
or even 'protective effect' (center IV, HR: 0.15) of LOP
on mortality. Fmthennore. neither the high-risk genn ­
i.e. PseudomonGs aerllginosa, Acinetobacter species and
Staphylococcus aureIlS - incidence [4, 5, 6, 34] nOf an
initial inappropriate empiric antibiotic treatment [23, 35,
36, 37] could explain these differences arnong the cen­
ters. The discrepancies of the resulis among centers
strongly argue for the stratification of the statistical ana­
lyses in further multicenter stndies in this field.

The main tinding of our study is the major effect of
an inappropriate initial empüic antibiotic treatment on
LOP mortality. After adjustment for the selected prog­
nosric parameters - i.e. .McCabe score more than L
SAPS Il ard increases in SAPS 11 within the first 4 cal­
endar days post-admission to ICU - LOP occurrence was
significantly and independently associated with an iu­
creased risk of death in patients hospitalized in ICUs.
Nevertheless, when the initial empilic antibiotic treat­
ment was approprîate, the occurrence of LOr was no
longer significantly associated with an increased risk of
death, whereas inappropriately treated LOP was. These
results are in accordance with previous reports [35, 38,
39]. ln studies specially devotetl ta attributable nosoeo­
mial pneumonia mortality [2, 4, 22, 23, 24, 25, 26, 27],
the appropriateness of initial artimicrobial therapy as
such was rarely mentioned. In other studies providing
this information, the percentage of patients who received
inappropriate initial antibiotic therapy varies greatly,
from 10% ta 73% [23, 28, 35, 37, 38, 39, 39, 40, 41].
These differences in initial antibiotic tllerapy appropri­
ateness could partly explain the controversy conceming
the reality of an attributable mortality due ta nosoco111ial
pneumonia [2,4,22, 23, 24, 25, 26, 27].

Fina]]y, many studies looking at the outcome of noso­
comial pneumonîa Of! more specifically, at the attribut­
able mortality of this disease have been performed. Nev­
ertheless, the increased mortality induced by nosocomial
pneumonia in ventilated patients remains a controversial
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issue in the literature. In our multicenter study, the main
interesting finding is that the rnoltaJity attributable to
LOP, after adjusting for baseline factors - i.e. initial
prognostic factors, but also severity of iJlness in the first
4 days of leU stay - is dependent on the appropriateness
of the initial empiric antibiotic treatrnent. These resuJts
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might justify clinicians considering the early use of
hroad-spectmm antibiotic therapy in their patients with
suspected LOP.
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plt'c:.:

RESl.JtTS~-{j:w lht;II.l~md'furty~fuur P<i1Îl*.l1t:: 17m-, rmêd:l'al
p;,;tienbJ Wi'f{' indutled in thr (ntiily~j'S_ Men:n ;lgv wa~ fil '.ë: lt}
Yea;~5: 111:<"'..m Simpiifir.>d Anltt' Phy~jokl~k $çnro:: (S':\.P$) n Wil~

:~.fiA'=:lfJ~ and nU;i:Hi!r1iCU smyw.t!'4 {-'juge,"1-19;;'0 dr.:)i}\; l'wu hun·
dr-ecl ibirlyo,üxle Tl-atienl'S {'.!2'JO diedil1 rll(" ft1]. Fifty,iour paIJf;nl"

Ml'lllieillilHesistam Staphywcoc<us alL"'U", (MRSA)
has emerged·as acause ofèndtmk nosOCOIrii;al infections
tl,roughout th!! worId. Among the ~Ol1sequenccs of <'><ten·
sivt: gIYCùpeptide uS{",wmeomyt'irrresistant, enterocoe·d
srede.' and. more re"l'n!ly. glycopeptlde-intermediate S
aureusk' are har!>ingers ofa tl''\lor th<:rapeutlc prllblem for
the tl;ird millennium. renderlng inlervenliollS to ellminate
MRSA. or al leàlll 10 Hm;! the spread oi MRSA. mOl..
imporlalll than eVer. Th~ resruts or the European
Prevalent. ar Infection in !nl,,"sive Core (EPlC)" study
reporled that the Jlighest prevalencc of MRSA .trai"s W3i5

found l:n Ital:; (81%) l\Ild FranC'" (7S,6%), ~'loreover. MRSA
str.ùls 'vere ""demie in severa! health cente"", hum unÎls.
dla!\J1iÎS center,;, long-lf:rm-care fu<:ilities. amI intensive

Lft: t'X,} W,'n" {-ldanii.t'd with MRSA \Hlmdmix;joTI, and 52 (tD',l'-') ul
U.~t.; 1Z1l.'tILlif(>d \fI?:SAn,lull-Lzatjofl in ItU' KIr Thift)'-iiVl' r"'tii("fll~

dl'v'f'jopi"ll.i'l WlaJ 01 42 S {JutiJù inre..:ûoos f':Z MRS!.... 10 mdhi·
t'i!lill·1>U~('l.i4ihli'i. Aft~r laClOT1:' :i$':'iK'i.at.::dwi1tl [h{' dt'Vl'!ülmWl)l (J;

lm S iIll-"J# illl..-L'Ü{)Il W(,'r{' atlju~jl:d for ln ,lrllul1ivatiiltt:, C0X rrmdtl
(S/\PSH .·36: hm;nrrl n<lîo [HRL U),1; f:Jt'!J: ti~dt' Ql~f1d('r lIn. :';,:;;
}1*.051. MRS:\ l"illoniz'tll!lf1. incrt';\.."i'd ;ht, l'lsk Llf S aurt'u.\ il1/n1iull
IBR :L.....t P~)r.IU:~f, \ms..\ t·ül(l.JIiZluïon dhhrnlltlf]Hl~nl't' ICt nwr·
:.dily (Hl< 1.1);, P~.9-1I, (;fynJllt'pÜth~~ ';,o't'fl' u;<,'l'd in Il_,n (If lb,;
pmit'lll:. (l 1:1/ I.Cl,U? fm a Olt'IHflfl àur:ttll:m uf;) da;.:::) V.1r ]l.l1il'llh
with no \'Ok'lttZi.lii'.lI1, MI':SA. {:U!H.lliz_;ttJon m~'ldtn:s::·i1mL and H.-'t'­
.l<,'qutri·d 1'.JJti·\ çu!.. nI7...llull, rt·spt.·{.11\c{'Jy-, g!yt'llfK'püdl' li:'",' twr
UlI)!j IHI~Dil;ll.d.'1Ys .....1~ 37, L :!.15.2. alld 118;S (1î1}'~, Mttl)}\ C1t!o

niz;;ltina Jler :-4..' jn(n';l~'r! !Yj' :t1}.!old Ille li:!:>r Hf gJyt:vpl'miüI's in
Ï';'1HSA"'l'o}tmizcd !ktli('n!~. l."'i'{;'U·W1H'11 ,tri ':\'Hi:SA LI11erl.îrlll wa'!'..llül

dt'utuH:i>traü.--d, \"llfllP;l1'l"-t'J Lü Mfk'QhmizL'-tiFl[tîeru~

CONCU7S10NS: In mt%' unit, MRSA {:r'~ml~za!itm Jtn,'ady
111(:rt'a~~d th!." ri:,!{ nf S flHt~'U$.. Îni'C'Ctlon andof Qlyçl)p!;'Jl-Ji.d~1IN' ill

(:u/t,niJ.<ed ;md nmh;:oltmi.red r<J1h'lllS, withmn jn!hl('fldll~ 1ft
mtw!aUly. MltiAl"ulolllZ<ltillll.înt1tu."I'If.'t'd Rlyço[lC-pLide UJU; t'-Vt.ïl if
:af1MH$.I\:~[Üfo'(lkm was !lût dtmo~lHtt'i1kd: thus. an MRSA Cllll.1fÛ]

ttto&,rram i!iiv...:lrran1l'-fJ to dl"i.T("at't~ vatleomycln Vse .md in jimi!gly~

COpt1Jlidt: l'è~51l.\nr(' in gl·~m·po:sltnr(' cDcci (Jnjtu:1 Cmrtrnl lliJ$fI
J::püfrmiol :WlJl:22:nR7cli92),

c.re euÎls (leUs), The epiœmlology 01 slapÎl}'lococoù tol­
ouixationin ICUp-atients;a.nô itsc:1in;(~,a]cùnsequt'nces a1'1"
.1i1l p"ürly undersWod. becllu,,, rew delllUed epidemlolQg­
Ical sludiêS havé beenéarried out in. thl$ Betting, ln partie­
urar.the elleer olMRSA cùlonization an patient mortallty
isbrrgely unkno..'TI~

ln our hospitll, whett l\ffiSA has Ileon endemic ior
man)' yCltrs, we evalualed the consequences or MRS.I\. col·
oniza.tion lU a large çOhurl ofcritic.lly ill patient. ta "",'es>
th" relation belween 1141'&11. eolonizatÎon ,md Il,. 0=1r­

renee of S auteusnosocomial iniecHousi ta examine the
iniluence of MRSA coloni:zation on morllllity, and 10 e''l1~

ua!e the impact of MRSA col,miz3'tion on glycopeptide
use;

FJTirJ1TM "SiJr'ûu,'rXR&t'nimaiWll Po1ytllûim:ttJJ)r&,,: (kl""usts-orgt(iS; Ti~; J<,aJji!k 1\lisut, and, earleJ: Ms, Dumay and .Ms., PaoW iffld tlu
Strvrc.'4'..l1~M..k,roN&I.ogiJ!.Id...hJ1caIt:·(Dt.. B~#AliJ. H6piJlJf Sa,mtJrJ$.rlJh/ a1Jd thtJ);jp".• ttcm~fffltdl. Biqnati$tiqu-~ et lit[ormatÙ]Jl:r.: médicak (lJr. T:nrsiJJ,
Hqpita/~inl-ÙJrds;FtJri;;;Prar...ce. . ... .. . .... , . . . .

M4~ nprin.t.fWflUeststo Mait; CarrrJu,m.Orr;r:(1$, I"l'm, Wiii-Urk Rb:mimJtr'mrPiJlyr.-af.enw, FfJlltmfûttt HiJpital SliiMtJ!)!t1ph.. 18;) Rue RaYfflmuJ
I~etijtifI~·.7[#Î14 farn.Frlmct,

1JO..rJA,T/4. Of.lrroltSlewOigeasM" Tiersil}F; Kaii~l H,. Bt.ni1ŒArl'mmaylyg.; ItuJl.i-B; ltfisset B,f:arit!j.Co{rmi.wdullw.ifb nilt1hidUilt-f'oiilimt
Stilp]1ylocOCC\is:aJ,J:rntiS ln leU p.çUents: mvrnù1ity, m&rt4ift)l; (J~r1I:tb'ClYpepli4eJt$1t tnfec:tContru-l Hosp E;j:Rd<!rrtilli 2001;22:,68ic./J92.
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METHODS

Btudy Population
This prospective study was conducted in a medical­

surgical ICU having 10 single-bed rooms at the Fondation
Hôpital Saint Joseph (paris, France), a 46()'bed. adult, ter­
tiary-eare, university-affiliated hospital. From July 1, 1995
to July 1. 1998, ail consecutive patients who were admitted
in the !CU were enrolled in the study and evaluated for
MRSA colonization. Only the first ICU admission during
the same hospital stay was included in the analysis.

For each patient, we exlracted trom the ICU data­
base the following parameters: age, gender, severity of ill­
ness on admission using the Simplified Acute Physiologie
Score (SAPS) Il,' need for mechanical ventilation during
the first 24 hours, reason for !CU admission, transfer trom
wards. duration of ICU stay, and ICU mortality.

A computerized pharmacy database was used to
determine the patient's daily use of glycopeptides during
ICU stay. The r€3S0n for glycopeptide use was reviewed
retrospectively by one of the investigators (HK).

As this study was aoly epidemiological and no inva­
sive rneasures were required to study patients, the
Institutional Review Board of Fondation Hôpital Saint
Joseph waived the need for informed consent.

Microbiological Surveillance
The detection of MRSA colonization was assessed on

nasal samples collected on the admission day or within the
first 48 hours of ICU stay, and every Tuesday until MRSA
was detected. Samples of wounds in surgical patients <llso
were assessed. Samples were obtained using premoistened
cotton~tipped swabs.

MRSA were detected by their ability to grow on
Chapman agar containing 4 mg/Lof oxacillin after incuba~

tion for 24 hours at 37°C. As a presumptive test, Pastorex
Staph-plus (Sanofi Diagnostics Pasteur SA. Marnes-La
Coquette, France) was used. Isolates were confirmed for
identification as S aureus by theîr ability to ferment manni­
tol and a positive reaction to coagulase.

Definitions of Colonization and Infection
Colonization was considered if one nasal sarnple was

positive for MRSA Colonization was reported as ICU­
acquired only if there was no history of prior MRSA colo­
nization or infection and no positive sample had been
detected on admission, plus at least one surveillance sam­
pie yielding MRSA after 48 hours of hospitalization.
Colonization on admission included patients known ta have
been colonized outside of the lCU.

S aureus nosocomial infections were infections
occurring at least 48 hours after ICU admission, without
incubation on admission. Ventilator-associated pneumonia
was defined by a new and persistent infiltrate on chest radi~

ograph and a positive quantitative culture of a distal sam­
pling trom either a broncho-alveolar lavage (10' colony­
fonning units [CFUsJ/mL)8 or a plugged telescopic-brush
catheter (103 CFUs/mL)-' A diagnosis of catheter-related
infection was established if there were general signs of

infection together with culture of the catheter tip yielding at
least 10' CFUs/mL,lO The other types of MRSA infections
were defined according to Centers for Disease Control and
Prevention (CDC) standard definitions. tl

Infection Control Program
From the time of the study until the present, the fol­

lowing infection control program to limit the spread of
MRSA has been used in the unit: screening of an admitted
patients for MRSA; isolation of ail patients until they are
proven not to be colonized: identification of MRSA patients
by adding a tlag in their chart; and reinforced barrier
precautions with gloves and gowns for aIl contacts. Hand
washing with a 10% povidone-iodine antiseptic preparation
is performed before and after each patient contact. Nasal
decontamination with mupirocin was not used.

The antibiotic choice for infections depended on clini­
cal conditions, microbiological results, and the physician's
discretion. However, to regulate the use of glycopeptides, we
instituted a policy that required completion of a glycopeptide
continuation form to continue the drug after 72 hours.
Subsequent therapy was based on culture-documented resis­
tant organism or, in case of negative cultures, reevaluation
and approval by the senior physicians of the unit.

Statistical Analysis
Bivariate analyses used the Mann-Whitney or

Fisher's Exact Test for uncensored data and the log-rank
test for censored data. Comparison between the consump­
tion of glycopeptides per 1,000 days during non-eolonized,
colonized, and infected periods was performed assuming a
Poisson distribution within each of the groups. AlI of the
variables tested were introduced under their native coding
into the multivariate models except age and SAPS II, which
were categorized according to the median value observed
in the entire sampIe.

Risk factors for MRSA carnage at admission.
An unconditionallogistic regression analysis was performed
with variables recorded on leU admission with a P value of
~.2, as assessed by univariate analysis, to control for all con­
founding factors. Variables were introduced inta the logistic
regression in a backward manner to construct the final
model; the significance level for staying in the model was 0.1.

Risk factors for Jeu death. The main endpoint
was overall survival trom the !CU. Patients who were dis­
charged alive trom the ICU were censored at the time of
their discharge. The Kaplan-Meier estimate of survival was
computed. We first studied the prognostic value for death of
several baseline characteristics (age, SAPS Il, gender, trans­
fer trom ward, tracheal intubation, reason for !CU admis­
sion). The search for prognostic factors was based on the
log-rank test, which compares the distrihution of survival
times in severa! subsets. Variables found to be associated
with the outcome (ie, iniluencing the survival time) by the
log-rank test at the 5% level were then entered into a Cox
model. Thus, variables that did not add any information to
the remainders were not kept in the mode!. A backward pro­
cedure allowed us to select sequentially the variables that
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FIGURE. Kaplan-Meier estimates of patients free from methiciltin-resistant
Staphylococcus aureus (MRSA) colonization during their intensive care unit
(leU) stay.
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Risk Factors for ICU Mortality
The crude ICU mortaIity was 231 (22%) of 1,044.

Crude ICU death was higher in colonized compared to non­
colonized patients (37.7% vs 20.4%; P·.OOOl; Table) and in
infected compared ta non-infected patients (15/35 vs
22111,009; P•.003). Eight variables were significantiyasso­
ciated with ICU mortality in univariate analysis (age, male
gender, transfer from wards, SAPS II score, OMEGA score,
intubation before ICU admission and dnring the first 24
hours of ICU stay, reason for admission, and MRSA colo­
nization on admission) and were considered for inclusion in
the multivariate mode!. Only two factors were retained in
the multivariate analysis as independently associated with

aureus ([l'viSSA] ventilator-associated pneurnonias, 6;
catheter-related infections, 4). MRSA infections included 14
ventilator~associated pneumonias. 10 catheter·related infec­
tions or primary bacteremias. 4 urinary infections. :{ wound
infections. and 1 sinusitis. Among these 35 patients. 29
(S:{%) were colonized with MRSA Seven patients were col­
onized and infected on the same day. For the remaining,
the median tille between the detection of colonization and
the diagnosis of S aureus infection was 12.5 (range. 1-66)
days.

In univariate analysis. patients with S aureus infec­
tions were more otten male (28/35 vs 605/1,009: P•.02)
and transferred from a hospital ward (24/35 vs 504/1,009:
P·.036). They were more severely il! on ICU admission
(SAPS II score, 43.5 vs 36.2: P•.04) and more frequently
intubated (35/35 vs 54411,009; P<.OOI). S aureus infections
occurred more frequently in patients colonized with MRSA
on admission (7/35 vs 46/1,009; P<,OOI).

When the first episode of infection was taken into
account. only three variables were independently associat­
ed with the occurrence of S aureus infections: SAPS II
score >36 (HR, 1.64: CI95, 0,3-3.39; P·.09) , male gender
(HR, 2.23; CL", 1-4.95; P·.OS), and colonization with MRSA
(HR, 3.84: CI", 1.8Q.8.08; P•.0003).

RESULTS

Colonization
From July 1, 1995to July l, 1998, 1,044 patients were

admitted ta the lCU and constituted the study group. The
1,044 patients had a me.n age of 61:!:18 years and 741
(71%) of them were medical patients. The mean SAPS Il
score was 36.4:!:20. We obtained a total of 2,104 surveil­
lance samples (mean, 2.01 per patient; median, 1; range. l~

28). One hundred forty-eight samples (7%) were positive
from the nasal site. The median ICU stay was 4 (range, 1­
193) days. Of the 1,044 patients, 106 (10.1%) had MRSA col­
onization. Of the 106 MRSA cases, 54 (5,1%) were imported
and 52 (4.9%) were ICU-acquired, with a ratio of acquired to
imported of 0.96. The Figure displays the proportion of
ICU patients remaining free from MRSA colonization, by
duration of ICU stay. The Table shows the demographics
and clinical charaeteristics of the colonized and non-eolo..
nized patients. In a stepwise logistic regression that includ­
ed age, severity on admission (using the SAPS II score),
need of endotracheal tube before admission, the medical
status of the patient, and having been transferred from a
ward, only two factors remained independently associated
with MRSA colonization on adITÙssion: transfer from wards
(odds ratio [OR], 2.79; CI95' 1.4-5.58; P·.002) and intubation
at admission (OR, 2.89; CI95' 1.51-5.53; P·.004).

Risk Factors for S aureus Infection
A total of 42 S aureus infections occurred in 35

patients: 32 were MRSA and 10 were methicillin-sensitive S

where the p covariates appearing in the model with a cor­
responding r3P coefficient either were assessed at baseline
(Zi(t)·Zi), such as SAPS II or intubation, or were time­
dependent (eg, the acquisition of MRSA). The time-<lepen­
dent variables took the "0" value before MRSA acquisition
and took the "1" value between the time of MRSA acquisi­
tion and the time of ICU discharge.

Risk factors for S aureus infection. The time
to acquisition of the first MRSA infection was computed.
The statistical procedure used was similar to that used for
computing [CU death.

Statistical analyses were perforrned using BMD P
(BMDP, Lo'::> Angeles, CA). Levels of significance were rep­
resented by P values derived from two..sided tests. Unless
indicated. a P vaiue of ~.05 was con,::>idered to indicate 5ta­
tistical significance.

were significantly related to outcome, as tested by the like­
lihood ratio test at the 10% leve!. Hazard ratios (HRs) were
computed (with 95% con.lidence intervals [CI

95
]) and were

used ta measure relative risk. As a second step, MRSA
acquisition was introduced in the final moder. The risk of
death (ie, the probability that an individual [il died at a time
ft], conditional on his having survived to that time) on p
explanatory covariates, Zi(t), was expressed through the
Cox mode! as follows:

"'i (t.Zi) .",0 (t) e.~p(j31tZl [tJ+j32tZi2 [t]+ +j3ntZin [t]),
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,~,t,,,·.'<J~'"" IlJi, ll\l:~,n!J.<n a.~"Jnil:;'i.~li. Si!ll~IiHl·t ,,,'M' i'hf'..<),:,.•;k '·~>;or".,~['_ slane.:m': J\,,><';j("l1I
• pv.;~m:\-'~~~ d~~ifirttl ai"Jltr>-i:~1: ~ ""'T~i< .....1...'11:,,; ... '''(1 wll,.n :1I,w W'1:'i": .:<~~lt'i. '>11 '~'1;hiR j ,,",,'ll~'tLof".(,H\-<"l~1' Kt:- U::mj~,~ibn .mu 'l~ lm_in;: " FlIl',li...,' ,,,bl;",-liUi oJrJ1N'..,l",',
l '3lJe :;:l1~n'j;I'J ,,(, '" ,. W"J':; d~l~rcnÎlled .='!-. ih.~ F~rld: !J'Mr:;J.;,.l, ... ·ll"\'~ ;1k. '<":,lr~ ,i,·"aibe:. ·ri' .jb:o;nvt>iÎl·_MYJ l!lI'fX"",.;i'· ,w"'~_ ""jqr,:Hlm-.-m J W X ;;<.}\:;:;t~, JJ:-~;;,..Jilll: 1'1 Ir-. '., c.,".;'" ... ,,, j, _""il

"",1 nl1<\,~"r'_1lOf,1 th~ ;:;lti!~. :'h~ 1.1,\1 1;:1;A ~ ?['.111\"-:: 5 dfll!:l. rel:'Or:lI'U.'jr.';'· ';~".>l <i.winl: ~ "'J<!. ,,-'Orn '1I~I:.:<:h rhf.l' Ii;l!! f:~.'r. ;x~iE,lT::l-::'ci :-<'\~,.'~1 ',iIIU:~ "'" l' cl:'. "",' >'il 1- ,~~m:lllill~ 'Jr '-'J~'j('.1",:.

,!;-uJr.li. Th~ {)::-fEGA ;. _'<1:.•·,0'" 11 ,1~,l"" r.',~rd~d·~~ry ·Jzr~ ..h~j· "'7"~" Ilu ""..1 ~",,'(;', ;,r. ,jif,l>.'li~ nr ~n,t.:m:6~k<:.<: ni::'-;...~no"'k p_,,"'I0..,," Pl'" )1,lEl~·'. ~ r,'pl,r';,-d'>; il',!!'..,. Fl".'-"'''- '"." ,''''
:~.ln, ~';11'.~·,,~,,!,.,.1 ~'·"'f~c:.l,l "r l:tm:inum:û r:.-)lIitl;~.n~! ]1,. ·."I~I ,.iM I:.C,', ,,:cr~· ':<1 .,ht:.:IÎr..e~ ~. W-1JiI'1: ,il (.l\lJ:o:·!;~ .' "",~

ICl: morla1ilY: SliPS Tl ,36 (HI<. 4.26; Ci.,';' ~.8'~ô.31i;

P<.OOf)1) anrl intubation dUrlllg' -the ùn:;t 24 hours of leU
",al' (Hl{. 3.6ï; CL•• 2.01·Ii.AA; P<"ü()()l), M!<SA coloni>arioo
did oülinl1uenœ !llOnal;", rHR. 1.111; (I.". O.ïl·LH; P-.94)
wh-f'rl it was fürced intu the COK modei al the laslslep.

Use ofGlycopeptide8
Of the L044 patients. 119 (1 L4'},) reœived " glr·

L-u{J('Ptide, main}y vancomycm. for a medial1 rJuraUOH of j.

(,"nge. 14ï) clay,. wlth " median dally dose oi 1 g. Of rh~

32 MRSA infectinns. 30 (94%) were treated witha gly·
mpeptide.111(> non...eolollize-rl palien[3 r-tcdvedgiytnpep"
tid{'B for 37.7 days per LO~)I) hüspitaI-<t<lYs, IIlainl)~ for
eI11pirit41l1se (46), pmphylaxi'.:i (5), and lnfect[om; (cangu,.
lase--neg-aLÎve ~(aphyloC'ocd. 8: ent.ero<:ncc..Î,. ::1), Among the
16 I.tsesofempirical Lr-eaunent, glyco-peptide wa!:istoppeti!n
4.'; huurs in 2ï' patients after negadV(~ l.,:ulrures .. and contÎn­
UE.'Ü in the 19 remaining cases for more than .J.8 hours, with
no documentcd lnü"crion.

The 54 patients eoli)nizerl _with MRSA onac1missinrJ
received 2352 day> uf glyc9Peptide lier 1,00Qhu$pita!·.days.
Glycopeptides W'ere used .for MRSA infection. in 11
patient.. and emplrically in 16 others; [3 pat1ents t'eceived
empirica1glycnpeptides for IJ,ore rhan 48 homc•.

'The 52 patients wilh I(U·acquired cnlcni.alion
rééelved llK3daysof g!ycopeptide~per1.000 hosjl1Ial'-!:la"s~

The reasons for glycopeplide use 'litre "" foll,ms: Mf,SA
lniection$. 19: empirical trealmenl, 18; prophylaxis. 1: and
selective dige.tive deruntaminalion. 1. Fourtl'ell (78%) of
lB installces of empirical g'lycopepticle use ...-ere for 1"$$
[han olS houcs.

TIle number Qf da):" of gl)'copeptide use per 1.ü()j.l
hO$pitafuation d.}" wasiniluenced bl' MRSA Inf"ction$

(139,.2 lx>{ore vS .522.4 after\lRSA infectioElsin pi:)tir-n!::; cni
onl:red wirh f",,1RSA: on acimissil)JJ, and 2'9.? befort' V::o. :!4b..)
ailer l\'lRSA Înic(tions ln fhîtients wtth KT·~("qulré\i MRS,4,
colon:Î.zaumt). Illtcrestjngly,1VIRSA status alulLv inçn:''::~i'·cJ

hy more than thn..dold 1ht." IjS!:'" nf glycopeptidc~ in 1."0;1'1·

tlÎzed, nOJ1~YUt"ck'tl i\.·fRSA patjems compnreû lo,nŒh'U{II'

nizt'dpat4k~Ib U p.l vs ::i,;'~.G day;-;./l,OOI'J ho~pîml-day~.

P-d)OGl). ';

f) f seL!55r0 N

OHrstudy \""Li~ unJt.'rtJkcn tnexamine, jua larg(,,'
t:ohùtt or Ier .patients, ,the 'effects uf !\,rRSA -t,~ol{)ni'7.aüüc

on the: mx:urrenccof Saureus infections: !.he U::it' or g1y·
l.~opeptlde~, and outcuJUe. We lùund That h{RSAcu1tm.i;{~I"

lüm -\Va-s a riskf~ctor for the rIevelopIT!l'nt of Saurrus Inif'{'
tion, ~u.[.;gesl.ing {:as ha...·e J)ther~c:) thal-ca~s uf .\'mSA d"
not l"eplaee. but rallier aùd, tü (he ca,::-.e::! due Lü .\IS~A

MT<S,A, eo-ionlzatÎoo ül1.:rea~~Jgrendy the: use of glyc.opcy­
tith:~ inçolonized -and non·colonizeà patif-nt;>;. The c('ucl~J

leu mortalitY!Ji MRSA-coJonized patienls ""B high~r thon
that of non-culQuÏlc<f-pattents_ HoW'ever. 1YIRSA acqi1t~itiüE,

during reu stay was nO( all indepencienlrisk factorior ICI.'
cleath.

Our sludy showed thallO% oi lel.' paue"I, had MRSA
colOllizatiofi; wiili a ratl-o ui aèquired to împfJrted cases uL
0.96. Our incidenc.e ofMRSAcoloni.ratioil -wa-"3 iu lifte w-ith a
reœ:nt report in leU patients in tlles,1ffie area in ft'"drlçe. l? Tl)
cleline the high.risk l"'pufutiiJll havfug MRSA co\mill:auoll un
admi""wn bettcr, we anall"'ed the chanlcteristlcs oi theSf
patients. in a mulu,".u1iiblé mode!. 'Ne found thot MRSA cok>
nimtion wasrecovered more'nfteninp.aûems re:terr~-d from
wards (QR, 2.79) atld1llpaûem;; intuooted b",,,re lCU ad",;".
sIon (OR, 2.89). Further study is needed to deve10p atld vaU,
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d<>le a score aIlowing us to discrimin<>le patients al: risk fur
iY1RSA wlonization on admlssi<}IL

Previous studies have reported lhat higher severity
of illness 00 admis"i~n was a predlspo"ing factor fur the
acquisition ofnoMtomial infections.h ,r:5 H.igher severity of
illness on admission and M:RSA cùlonizauonwere round to
be inde-pendent nsk -factors for the Qccurre:t1ce of S aurrns
(cither MSSA or MRSAJ infections. EJghty·tbree perceot of
the inkt'lL'<1 patients wcrc prcviOllSIy or sim" lIaoeously col·
onized \Vith MRSA. Severa! siumes found nasal S "wellS
cardage ta he a risk factor for acq:uiring.s aurettS infections.
in medical1fl.ltl and SUl'gicaP~:t! patients. High~leYeJ nasal
carriage oi S 111mi/" was found to be ail independent risk
fa<:tor for developiofi ,ur!Jfcal·sile infections wilh S
àurellS,21 ft is tUllikeij" !hat the pwpensity of MRSA to tâvor
S aurl!U' ioiections is ltigher til:illl1ll't of MSS.Ic The spe·
cifie mIe of-rvrRSA]n favnring- S au}'eus inleoctions in the ICU
probably 18 due tn the hlgh number of p-'&ient.;:; who
receivt'Ù anumicrobîals in the leU. Most of thr .antib~creri~

alli ut:!iCd an: iR'live againsl 'MSSA ~trains an cl mJght prevent
MSSA infe~tions_l5 In 109t>, for 5~,~ of the pati.eut;.,.rcU--d<lY~.

the patients received al leasl une antinticrobiai atlÎv('
a!fainst MSS,", (co-amnxkl:w. tazobacrum. third-generation
C'C'phalosporins, imipenem, fluoroquinolones. or QX3.d1HnL
Our database did tWI provide indiviriuai information ahout
the use of thes.e antimi<.:rubials, ~nd furrher :Study tS ne-ed·
C'd to contitm \his h)'1}othrsi;;;.

The LTude rnurtaJit.y in Dur lCO ~..,)hr.l1"t was 2:2'i',; mol'­
tality rates amQng the pr.il.icnt~ \Vith l;.'ùlonization .and infec­
tion were :~~:t\'1 and 43'X., respecLiveiy_ Factors in<1l.:pend,,'ntly
as.'1oCÎmeri with rCE mortalitywen: thû$c prevlüusly
reported in reu patients: sC'\I(>rity 1)[ tllrH.~S8 t)n admis...:;iotl
and need for mechnnical \1entilatiorL.t311lt:' relation befween
MR."iA colonization .and morrality" deserves f1.Jrtber enm·
meut AlthOt,gh ;h~ crud~ !CU mortality ai MRSA"'ùlo­
ni:1.ed palient::; was sigHwcantly higher than for non·cuitl~

nized patient...:; (33W~ v'S 2f.r%) , we l'ouml lhat acquisition of
MRSA did not JnJJuenc~ mürtality in .leU pati~nt.'l;. eVr=n iD.
the presence uf an inJection, Ulis r,sut! migh! he beClllse
patients frw of MRSA iniections !:oHld have .3nother noso­
eùmial inie'l'tiorl 01' otner rlyn:amic' eve-nts occurring duriQ~

feu star that could In11.uel'lce outcom'f.'.J4 Out s.tudy
asst~:ssed only lhe comK"l1W::~H:_e'Sof MT<$,'\ çolonization and
infectiou.

Few sttldle$ have amùyzed separately l!te çoltlllJzed
(nan.it1fet:ted) and it1fected p.'lIlenh> with MRSA as a (actar
fur lCU mnrta1ily. In a etudy by Gire« et <>1'" (ha! differenti·
ated carriage (nne MRSA·positiVé nasal or œtaneottS sam·
ple), caionization (ane MR$A.p<>sitive clinIcat ,"""pIe with­
out sigllS of infeetiQn), and MIlSA infection, the Inortallty
(33% vs 38% ln our study) among carrier patieIJ[' W-dS sig·
niikantly 1""" tfum the mortality in MRSAoeoloaized ar
MRSA~llfucted patients (45% vs ;;Î%, respectiveiy). In a
sntali population of buro patients, a rnse-control ,tudy dld
not deroonStrole " difference in rnortality betweeo cola·
nized and infeeted patienrs whh rvŒSA"

Yaneomycm "se was Jargely dependent 00 wheth""
or not MIlSA was ""demie in the unit'" The canee,." tha!

glywpeptide use shoulcl be a public health priority has
in<ensilied since the fust report of glycopeptid.,.intermed~
ate S aureus. being isolated in 1996.1i Moreover; vall­

comycin use was demonstrated as a nsk.factor for acquir­
iug vancomycin-fë$.ÎStailt ertterococci 2~ ln 1995, the
Huspital Infection Control Practiées Advisory Committee­
recnmmendations for the control of van.t"omycin·resiSEant
enterococci emphasized' vnncom;.rcin restriction as crucial
tti prevent the sptead of vançomycin tesistance.:t' Sevl'rai
methods have béen proposed ta restrict IlaIlcomyéin U"",

such as a vam:omycin continuation form, JI} Stop ordt.'Ts.and
edut.'ationaJ ioterventions,;:It·:J,3 but the effects of these
appe'reG to be transiem"l1 Ollrstlldy showed ti"t MRSA
carnage inl1uenced p;1ycupepûde USe in both ntm-colorUzed
and colnolzed patients,e-ven when :In infection was not
d"mollotratèd. Ulis sllggests <hat the be,t appro""h to Iunit
lhespread of gfycopt'ptidc n'SÎstam.'l' wiB be {.'oncuTl1itant

me<iSu.es to decrease Nll{SA. calunizatiûIl pres\:.ttIre. inap-­
propriatf' vancomycin use. and perhap5 control of bnJad~

::;pectrum anrimicrobîlli use as suggesl€'d by :Ylonnet et.aP'
MRSt\ control pmgyarnR in hospitals have been more orten
disr;usscd than il11plcmenred. det"pitf' recfnt ~tudies show­
ing: !he bencfils of n:dudng I"fRSA ca.rrjflg~:':' A reC'ent
cO':.'!t·benelîl analysb demuu~tràtt'd th-at a .\II{Sf\ tOlHrol
proR:ram was beneiklat cumparc.'!Î (0 nu i~lit::lti{Hl wIll'n
\ifRSA cnloni7.;ltînn on admi::;sion rang:~ù frlJ!U 1% tu 7',~J,3~

An antibiolic·cuntro[ pmg:ranl could be ilnnthl;"1" important
measure to limit MR5."\ sprea& A recent ~tUl::ly;17 talled li)

aemoHsirare that prior total anlimicrobial L15CY."dS ;} n'3k
fa(,~tür ror Ml{SA l~ûl(Jnii.a.tion. but prior ùuoroquinolone use
w~s jdenrified as a risk factor for the acquisition üfMR5A
co]onizarinn_~ui

TH conclusion. our :'Itudy demQn~trJ.led thal Ml&.
C'ukmi7..ation im.Tea:ied the risk. of merhldHin-reslstant and
mcthldHin·sus.:eptible S aur€ll,S infections .....ilhout irwut"llc·
ing !CU rnortallty_ MRSA eolonizali(ln infillenced glycnpep­
ride use, in bath n(}n'·c()l[)niz~ and Lolonizcd llo-Q-init":t1x',d
;\lRSA patrents. Ao."'Ordjngly.stncl meaSllres- tu limü MRS.A.
colorüz.:rtion should he the comerstooe nflnfectkm r...ontrol
pmgrams to regulate gTycnpepLide u&:",
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Impact ofUnplanned Extubation and Reintubation after
Weaning on Nosocomial Pneumonia Risk in the Intensive
Care Unit

A Prospective Multicenter Study
Arnaud de Lassence, M.D.,· Corinne Alberti, M.D.,t Élie houlay, M.D.,:!: Eric Le Miere, M.D.,§ Christine Cheval, M.D.,1i
François Vincent, M.D.,# Yves Cohen, M.D.,·· Mailé Garrouste-Orgeas, M.D., tt Christophe Adrie, M.D.,:!::!:
Gilles Troche, M.D.,§§ Jean-François Tirosit, M.D.,IIII for the OurCOMEREA Study Group##

Background: The authors prospectively evaluated the occur­
rence and outcomes of unplanm..."d exttlbations (self--extubation
and accidental o:tubation) and reintulYAtion after weaning. and
exam:ined the hypothesis that these events may differ regarding
their influence on the risk of nosocomial pneumonïa.

~ffelhods: Data were taken from a prospective, 2-yr database
including 750 mechanically ventilated patients from six inten·
sive care units.

Results: One hundred five patients (14%) e:xperienced at le-a..t
one episode ofthese 3 (."Vents; 51 self--extllbations occur:red in 38
patients, 24 accidentaI extubations in 22 patients, and 56 rein­
tubations after weanIng in 45 patients. The incidence density- of
these 3 event... was 16.4 per 1,000 mechanicaI ventilation days.
Reintubation within 48 h was: needed consistently after acciden­
tai e~..tubation but was unnecessary in 37% of self-t"rtUbated
patients. Unplanlu."d extubation and reintubation after weaning
were associated with longer total mechanical ventilation (17 vs.
6 clays:; P < 0.0001), intensive care unit stay (22 vs. 9 days; P <
0.0001), and hospital stay (34 l'S. 18 days; P < 0.0001) than in
control group, but did not influence intensive cace unit or
hospital mortality. The inddence of nosocomial pneumonia
was significantly higher in patients with unplanned e:"..tubatioll
or reinnlbation after weaning (27.6% vs. 13.8%; P = 0.002). In a
Cox modcl adjustlng on severity at admission, unpiaIlIK"d extu­
bation and relntubation alter wcaning increased the rlsk of
nosocomial pneumonia (relative risk, 1.80:; 95% confidence in·
te:rval, 1.15-2.80; P = 0.009). This risk increase was entirely
ascribable to accidentai exrobation (relative risk, 5.3; 95% con­
fidence interval, 2.8-9.9: P < 0.001).

CQncutsioll: AccidentaI e.nubation but Ilot self-extubatiOll or
reinmbation alter weaning increased the risk of nosocomial
pneumonia. These 3 events may deserve evaluation a.... an indi­
cator for quaIity-of-care stndies.
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MECHANlCU ventilation via tracheal intubation is
widely used in intensive care units ([CUs). Reported
complications of mechanical ventilation include nosoco~

.n'liai pneumonia, voh.ttrauma, and barotrauma. Compliw

cations related ta the endotracheal tube itself1 consist
chietly of reintubation after weaning and unplanned ex­
tubation br the patient (selfweÀ'tubatîon) or caregivers
(accîdentaI extubation). Unplanned extubatiol1 is the
most common endotracheal tube accîdent,l accaunting
for about 10% (3-16%) of extubations and require rein­
tubation in 60% of cases. 2

-
5 Predisposing factors and

prevention have been extensively studied.3,<i.6 Despite
the development of predictive indices for weaning or
extubation, planned exmbation fails in 2-19% of cas­
es. 7

-
14 In a recent case-eontrol study investigating the

impact of unplanned exulbation on the outcome of
patients receiving mechanical ventilation, Epstein et
al. 1'5 found that either fOfm of unplanned extubation \vas
assodated with longer times on mechanical ventilation
and in the leU and hospital but not with increased
mortality.

Reintubation has heen recognized as a leading risk
factor for nosocomial pneumonia. 16 The risk of nosoco­
mial pnelUnonia after reintubation may he associated
with factors related to the reintubation procedure itself
Of to factors related to the previous e:X1:ubation event.
Both the rate of reintubation and the circumstances of
priar extubation vary across these three categories. No
prospective studies specifically designed to eva1uate the
impact of each of these categories Oll the occurrence of
nosocomial pneumonia have been pl.lblished.We con­
ducted a prospective ffil.llticenter study to evaluate the
impact of reintuhation after weaning, of self-cÀ'1uhation,
and of accidentaI extubation on the risk of nosocomial
pneulTIonia.

Patients and Methods

Eligibility Criteria
A prospective study in a mlùticenter database (OUT­

COMEREA®) was conducted during a 2-yr peliod in six
French medical or surgicaI ICUs. Starting in January
199ï, ail patients who were nider than 16 yr, had an ICU
stay 1ell!,rth longer than 48 h, and received mechanicaI
ventilation at any time during the leU stay were entered
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in the study. Patients who were tracheostomized at leU
admission ",~re excluded from the analyses.

Definitions and iUeasurements
Method of Data Collection. Data were collected

dail)' by senior physicians in each particîpating unit. For
each patient, an investigator used these data ta complete
a case report fOml. All codes and definitions wcre estab­
lished prior ta study initiation. Before entry juto the
database, each case report fonn was reviewed br a
member of the steering committee.

Collected Variables. The case report forms contained
no infonnation identifying the patient. They were used
to record age, sex, and admission category (medical,
scheduled surgery, or ullscheduled surgery); underlying
disea.'ies according to SAPS II definîtions1!; other C0111or·

bidities including respiratory, cardiovascular, hepatic,
renaI, and immunosl.1ppression using APACHE Il defini~

tians 18; and severiry of illness at lCU admission and daily
cluring the leU stay as mea..'mrecI using the SAPS TI and
LOD f)ystcm. 19

AlI patients were screened claUy throughout the leU
stay for suspected nosocomial pneumonia and for se1f­
extubarion, accidentai extubation, or reintubation after
weaning. Self·extubation was defined as deliberate extu­
bation by a patient for whom the intensi'\'ists considered
that intubation was beneficial, acddental extubatiol1 as
inadvertent extubation by an lCU caregiver during pro­
cedures at the bedside, and reimubation afterweaning as
a need for reintubation within 48 h :tfter planned cxtu­
bation. The need for noninvasive mechanical ventilation
alone was not considered as an e.:\.mbation failure.

The sedative regimen used in the ovenvhelming ma­
jority of patients included a combination of a benzodi­
azepine and an opioid. The level of sedation WJ.S rou­
tinely titrated to achieve a Ramsay score of 2-3 and was
tailored to the needs of each patient depending on the
presenting condition.20

,ll In patients with clinical im­
provement in the initial cause of their respiratory failure,
four \videiy accepted criteria for a trial of extubation
were evaiuated daily: a ratio of the pmiial pressure of
arterial oxygen over the fraction of inspired oxygen
above 200, a positive endMexpiratory pressure below
5 cm H,O, adequate coughing during suctioning. and
absence of infusion of sedatives 'with a Glasgow corna
score greater than 14. 22 In addition, in the overwhelnl­
ing majorit)' of patients subjected ta a trial of extuhation,
the ratio of respiratory frequency over tidal volume was
equal to or lower than 105 breaths per minute per
liter.23 Planned extllbation was performed only after a
sucœssful T-tube trial of 20 -30 tnin.

The sedated Glasgow coma score was defined as the
value tmly observed, including etIect of sedation, and
the expecred Glasgow coma score was defined as the
v~ùue of the score expected if the patient was not re·
ceiving sedative drugs.

Ane:.'thesiology, V 9ï, No 1, Jui 2002

149

Clinkal suspicion of nosocomial pneumonia was based
on the criteria described by Andrews et al.2.4 Nosocomial
pneumonia ~'aS defined as pneumonia occurring after at
least 48 h of mechanical ventilation, according to the
recommendations of the First International Consensus
Conference on the Clinical Investigation of VentilatorM

Associated Pneumonia.25 The diagnosis of nosocomial
pneumonia was based on a chest .radiograph showing
new pulmonary infiltrates not otherwise explained, pos­
itive results of quantitative cultures of a plugged te1e­
scopie catheter or protected-specimen brush specimen
(> 103 cfu/ml) or of a bronchoalveolar lavage specimen
(> 10' du/ml), and at least two of the follo"'ing criteria:
fever greater than 38"C, purulent bronchial secretions,
or peripheralleukocyte count greater than 1O,000/mm3 .

Finally. length of mechanical ventilation, length of ICU
and hospital stays, and outcomes at JCV and hospital
discharges were recorded.

Statistlcal Ana(vsis
Results were expressed as numerical v---alues and per­

centages for categOlical variables, and as medians and
quaniles (25th-75th percentile) for continuons vari~

ables. Comparisons were based on the Fisher exact test
or chi-square test for categoricaJ data and on paired
Wilcoxon tests or Krusk~tl":\Vallis tests for continuons
data where appropriate. The relation between iatrogenic
events and nosocomial pneumonia wa.'5 computed using
a Cox model with a time-dependent covariate. Time to
nosocomial pneumonia was deftned as the interval from
mechanical ventilation initiation to the first nosocomial
pneumonia episode even if nosocomial pneumonia oc­
curred after successful exntbation. In patients who
had nosocomial pneumonia episodes before and aiter
unplôumed extubation and reintubation after weaning
(n = 5), this time wa.."i defined as the interval between
mechanical ventilation initiation and the nosocomial
pneumonia episode after event. Nosocomial pneumonia
episodes rhat occurred before unplanned exrubation or
reintubation after weaning 'were entered into the model
as a dichotomous variable. Patients who had no nOSQCO­
mial pneumonia episodes were censo.red at lCU dis­
charge. Time to the tirst self-extubatlon, accidentai ex~

tubation, or reinrubation after weaning, and tune to the
fust nosocomial pneumonia episode were computed 115­

ing Kaplan-Meier estimates.
Time to occurrence of the firsr event (unplanned ex­

tubation or reintubation after 'weaning) and each cate­
gory of event were successively introduced into the Cox
model as time-clependent covariates. In addition, the
follO'wing vatiables were stlKtied: Si\.PS II and LOD on the
first mechanical ventilation day, occurrence of pnemIlo­
nia before mechanical ventilation or within 48 h airer
mechanical ventilation, enterai feeding, antiacicl and an­
tibiotic therapy within 48 h after mechanicM ventilation,
Knau.") comorbidities, main reasons for leU admission,
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Fig. 1. Time to the first event. RAW = :reîntubation after weaning; DE = unplanned extubatiofi; AB = accidentaI e21."tUbation; SE =
sclf-extubation.

and whether the patient was transferred to the leu from
a w-ard. These variables have been reported to affect the
risk of mechanicai ventilation-related pneumonia.26 A
stepwise forward procedure was used to select variables
for cutry into the modeL Results at the last step are
reponcd.

Factors associated with hospttal mortality werc evalu­
ated lIsing a Cox mode! in which unplanned extubation
or reintubation after weaning were entered as a time­
dependent covariate in addition to the follo\ving patient
characteristics at leu admission: SAPS Il and LOD. Knaus
comorbidities, reasons for leU admission, and whether
the patient was transferred from a ward. Stepwise for­
ward selection was useel. At the last step, unplanned
extubation and reintubation mer weaning were forcecl
into the model to allow an estimation of its effects
adjusted on patient characteristics.

AIl statistical tests were two-tailed, and P values less
than 5% were considered significant. Statistical tests
were performed using the SAS 8.00 (SAS Inc., Cary, NC)
and S-plus 2000 (MathSoft Inc., Seattle, WA) software
packages for personal compurers.

Results

During the 2-yr study period, 1,227 patients were ad­
mitted for longer than 48 h to the participating ICUs.
Duril1g their leu stay, 750 patients required conven­
tional mechallîcal ventilation for more than 24 h, înclud­
ing 567 (75.6%) who were ventilated on leU admission.
The median dur.tion of ventilation was 7 days (25th­
75th percentile: 3-]4 days). Overall, 7,953 patient-ven­
tilation days were investigated, excluding days of venti­
lation through a tracheostomy and days of noninvasive
ventilation.
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Of the 750 ventilated patients, 105 (J4.0%) experi­
enced 131 event.-.;, V\iith 51 self-extubations, 24 acciden­
taI extubations, and 56 reinUlbations after wealling,
yielding incidence density rates of 6.4, 3.0, and 7.0 per
1,GOO intubation days, respectively. Twenty-three pa­
tientS experienced more than one category of event. 11le
fust event wa,., self-extubation in 38 patients, with a
median time to occurrence since mechanical ventilation
initiation of 3 days (25th-75th percentile: 2- 6); acciden­
taI extubation in 22 patients, with a median time of 3
days (25th-75th percentile: 1-4); and reinmbation after
·weaning in 45 patients, with a medîan time of 8 days
(25th-75th percentile: 6-ll) (fig. ]).

The 105 patients with unplanned extubatîon or reîn­
ttÙJation afterweaning and the 645 patienc") without
tmpl;umed extubation or reintubation after weaning
(contraIs) differed regarding the main causes of leU
admission and the presence of three comorbidities,
namely, respiratory, cardiovascular, and îmmunosup­
pression (table 1). The SAPS Il and LOD scores on the
dar· before events were significantly higher in the acci­
dentaI extubation group, whereas the P02/FI02 ratio and
the sedated Glasgow coma scorewere significantly
lower (table 2).

""'hen we recorded the maximum daily SAPS Il and
LOD score values during the 2 clays preceding and the 3
days following the event, we found a significant increase
in these values only in the reinUlbation after weaning
subgroup, in whicll the maximum daily scores were
significantly higher after the event than on the clay be­
fore the event cP < 0.0] andP = 0.03 for the SAPS Il and
LOD, respectiveJy).

Five patients with unplanned extuhation or reintuba­
tion after weanîng (3 planned extubation fallure and 2
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Table 1. Population Characterlstîcs on leu Admlssioll

Median (25th-75th PercentiJe) MV Population Control RAW + UE
[n (%)] (n = 750) (n = 645) (n = 105)

Age 67 (54-75) 67 (53-75) 70 (56-76)
Sex (male) 478 (63.7) 408 (63.3) 70 (66.7)
Main rsasan for admission

Coma 137 (18.3) 113 (17.5) 24 (22.9)
Acute respîratory failure 226 (30.1) 189 (29.3) 37 (35.2)
Shock 173 (23.1) 154 (23.9) 19 (18.1)
MOF 48 (6.4) 42 (6.5) 6 (5.7)
Trauma 11 (1.5) 10 (1.5) 1 (1.0)
COPD 52 (6.9) 39 (6.0) 13 (12.4)
Other 103 (13.7) 98 (15.2) 5 (4.8)

Admission category
Medical 464 (61.9) 394(61.1) 70 (66.7)
Scheduled surgery 97 (12.9) 85 (13.2) 12(11.4)
Unscheduled surgery 189 (25.2) 166 (25.7) 23 (21.9)

Chronic disease
None 406 (54.1) 356(54.9) 50 (49.0)
Respiratory 146 (19.5) 118 (18.3) 28 (26.7)
Cardiovascular 87 (11.6) 65 (10.1) 22 (21.0)
Hepatic 52 (6.9) 49(7.6) 3 (2.9)
Renal 11 (1.5) 10 (1.5) 1 (1.0)
lmmunosuppression 107 (14.3) 99 (15.3) 8 (7.6)

SAPS Il 47 (35-58) 46 (35-58) 49 (37-58)
MV on admission 567 (75.6) 484 (75.0) 83 (79.0)
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P Value

0.21
0.7
0.01

0.55

0.04
0.001
0.08
0.63
0.04
0.26
0.37

ICU = intensive care unit: MV = mechanical ventilation; RAW = reintubation after weaning; UE = unplanned extubation; MOF = multiple organ fellure; COPO =
chronic obstructive pulmonary disease: SAPS = SimplJfied Acute Physiologie Score.

se]f~extubations)were treated with noninvaslve mechan­
kaI ventilation.

Complications of Unde.sirable Extubatiorl
Reintubation ",ithin 48 h ~l.fter the event wa..'i required

in aU accidentai extubations but in only 24 of 38 (63.2%)
self·extubations. Among the 91 patiems \vho unde.rwent
reintubation, including relntubation afterwe'Jning, sLx
(5.7%) were tracheostomized witl1in 48 h after event
(reintubation after weaning: 1: accidentaI extubation: 1:
and self-exrubation: 4).

Among the 750 patiems, 125 (16.7%) acquited 163
episodes of nosocomi:ù pneumonia (table 3). The crude
incidence of nosocomial pneumonia was significantly
higher in the patients with unplanned extubation or
reintubation afterweaning (36 of 10;; 34.3%) than in the
controis (S9 of 645; 13.S%) (P < 0.01). This significam
difference persisted after exclusion of nosocomial pneu­
moula episodes that preceded the first event (29 of lOS;
27.6%; P = 0.0003).

NosocomiaI pneumonia after event was significantJy
more common in the accidental extubation subgroup
(lI of 22; 50%) than in the reintubation after wea.lling
subgroup (11 of 45; 24.4%) and self-e,,'tubatiou subgroup
(7 of 3S, lS.4%) (P = O.OZ). Wheu introduced in a Cox
model as a time-dependent covariate, unplanned extuba~

tion and reintubation after weaning increased the risk of
nosocomial pneumonia (relative risk, 1.80; 95% confi­
dence interval, U5-2.S0; P = 0.(09) even after adjust­
ment on Sl\.PS II and LOD on the liest mecha.nical venti­
lation day, enteraI feeding, gastric protection by
antihistamine type 2 receptors and proton pump inhib­
itors, and antimicrobial therapy within 48 h after me­
chanical ventilation initiation (table 4, which shows only
significam variables).

When we studied these three categories of events
separately, we found that the increase in nosocomiaI
pneumonia risk associated with unplanned extubation
and reintubation after weaning was entirely attributable

Table 2. Severity and Underlying Conditions 24 11 before the FIr.."t Event

RAW + UE RAW AE SE
Events (n = 10S) ln ~ 45) (n = 22) ln ~ 38) P Value

SAPS Il 39 (32-48) 39 (31-49) 48 (38-57) 38 (32-44) 0.027
LOD score 4 (2-1» 4 (2-1» 7 (5-7) 4 (2-1» 0.008
Expected Glasgow Coma Score 15 (13-15) 15 (14-15) 14 (6-15) 14 (12-15) 0.04
Sedated Glasgow Coma Score 13 (7-15) 15 (13-15) 6 (3-13) 12 (7-15) < 10-3

Pao21Flo2 ratio 273 (212-363) 314 (247-367) 228 (192-316) 278 (222-360) 0.05
Oral intubation 95 (90.5) 43 (95.8) 18(81.8) 34 (89.5) 0.16

RAW = reintubation afterweaning; UE = unplanned extubation; AE = accidentai extubation; SE = seif-extubation; SAPS = Simplified Acute Physiologie Score;

LOD = logistic organ dysfunction; Pao2 = arterial oxygen tension; FI02 = fraction of inspired oxygen.
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Table 3. Risk Factors for Nosocomial Pneumonia Occurrlng after the Beginning of Mechanical Ventilation

Variables RR 95% CI P Value RR 95% Cl P Value

Ali events (RAW + UE) 1.80 1.15-2.80 0.009
AE 5.28 2.83-9.89 < 10-3

SAPS li at MV 0.99 0.98-1.00 0.044 0.99 0.97-1.00 0.03
Enterai feeding at MV 1.77 1.23-2.53 0.002 1.85 1.30-2.65 0.0007

AR = rîsk ratio; Cl =confidence intenlal; RAW = reintubation afterweaning; UE = unplanned extubation; AE =accidental extubation; SAPS =Simplifiee! Acute
Physiologie Score; MV = mechanical ventilation.

to an association with accidental extubation (relative
risk, 5.28; 95% confidence interval, 2.83-9.89; P < 0.01;
table 3). Conversely, no associations \vith nosocomiaI
pneumonia were found for reintubation after self-extu­
bation (relative risk, ] .83; 95% confidence interval, 0.85­
3.96; P ~ 0.12) or reintubation mer weaning (relative
risk, 1.35; 95% confidence imerval, 0.7-2.61; P = 0.36).
Figure 2 shows that accidentaI e.."(nlbations are at earIier
risk of nosocomial pneumonia and that the proportion of
patients \vith nosocomial pneumonia is higher with ac­
cidentaI extubations.

H()~1)ital Outcomes of Unclesirable E:xtllbation
Total mechanical ventilation dur-ation was significantly

longer in the unplanned extubation and reinntbation
after weaning groups (l11edian, 17 days; 25th-75tl1 per­
centile: 8 -2-1) than in the control group (median, 6 days;
25th-ï5th percentile: 3-12) (P < 0.01). Signific:U1! dif­
ferences in the same direction were found for leU and
hospital length of stay (table 4). Moreover, mechanical
ventilation duration was significantly higher in the sub­
group with reintuhatian mer weaning than in the orher
['wa subgroups. Tracheostomy was perfomled in a larger
proportion of patients with unplanned extuhation or
reinrubation after weaning (22.9%; reimubation after
v;reaning: 13; accidentai extubation: 5; and self·extuba­
tion: 6) than of comrols (6.0%; n = 39) (P < 0.01). The
avenU additional mechanicaI ventilation durations after
the firs! event were 11 days (range, 7-16 days), 7 days

(range, 5-13 days), and 4 days (range, 1-13 days) for
reintubation mer weaning, accidentai extubation, and
self-extubation, respectively.

Unplanned exulbation or reintubation after \ve-aning
did not influence leU or hospital morraIity rates (table
4), even mer adjustment on SAPS II at leu admission,
comorbidities, and reasons for JCU admission.

Discussion

Self-extubation, accidentai extubation, and reinmba­
t10n after weaning are conlmon in the leU. These three
categories of events put patients at significant risk of
morbidity and C:Ul contribute to death.:5 Altl10ugh Ul1­

planned exrubation or reinUlbation after weaning have
been exrensively investigated sinee 1990. most studies
focused on incidence, risk factors, prevention, and pre­
diction of early reintubation. Data on adverse events,
inc1uding nosocomial pneumonia, are sparse. Adverse
event rares after unplanned extubation have ranged from
5% to 28%,27 and life-threatening complications have
been reported. AlI studies of dle outcorne of unplanned
e..uubatiol1 u.'led a retrospective case.control design.ï.lU 5, 16

We report the fust large, prospective, multicenter study
evaluating the occurrence and outcomes of all tltree cate~

gories of evems, with the primary objective of looking lor
nosocomial pneumonia rate differences possibly related ro
clifferences in reinrubation rates or to differences in dle
cïrcllmstances surrounding Ot..wbation.

Table 4. Duration of Mechanical Ventilation, Length of Stay, and Mortality Rate among iSO Mechanically Ventllated Patients

Median (01-02) Ali Control Group RAW + UE RAW AE SE
[n(%)] ln " 750) (n = 645) (n = 105) P Value (n = 45) (n" 22) (n = 38) P Value

Ventilation
Duration of MV 713-14) 6 (3-12) 17 (8-24) < 0.001 21 (14-28) 12 (7-19) 13 (5-21) 0.005
CumuJated MV days 7,953 6,020 1,933 1.021 345 567
Duration of MV before event 5 (3-12) 9 (4--15) 4 (2-6) 4(2-8)
Duration of MV after event 8 (4--15) 11 (7-16) 7 (5-13) 4 (1-13)

Mortality
JCU mortality rate 276 (36.8) 245 (38.0) 31 (29.5) 0.10 14 (31.1) 9 (40.9) 8 (21.1) 0.25
Hospital mortatity rate 329 (43.9) 286 (44.3) 43 (41.0) 0.52 20 (44.4) 12 (54.5) 11 (29.0) 0.12

LOS
ICU LOS (days) 10 (6-20) 9 (5-17) 22 (11-40) < 0.001 27 (18-43) 19 (9-Zl5) 18 (10-36) 0.04
ICU LOS before event 6 (3-14) 9 (4--16) 4 (4--6) 6(3-8)
ICU LOS after event 15 (8-27) 16 (10-29) 11 (7-34) 14 (8-24)
Hospital LOS (days) 21 (10-37) 18 (9-33) 34 (22-54) < 0.001 38 (25-68) 31 (16-45) 30 (18-49) 0.11

AAW = reintubation after weaning; UE = unplanned extubation; AE = accidenta! extubation; SE = self-extubation; MV = mechanical ventilation; ICU = intensive
care unit; LOS = length of stay.
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Fig. 2. Time to occurrence of the first
nosocomial pneumonia episode in each
of the three categories (lime to ftrst nos-­
ocomial pneunlonia was computed from
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occurring after event). NP = noso<:omiaJ
pneumonia; RAW = reintubation after
weaning; AE = accidental exmbatiom
SE = self-e:xwbation.
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The limitations of this study need to be discussed.
Ficst. the use of continuous intravenous sedatiollis asso­
ciated with the prolongation of mechanical ventilation
and a greater incidence of reintubation, and could be a
risk factor for nosocomial pneumonia.28 W'e did not use
daily înremlption of sedative drug infusion as suggesœd
by Kress et al,29 since the results of their study had not
been published at the time the data on our patients were
collected. Sedative dnlg interruption may in.fluence the
rate of unplanned extubation. Second, the lCU patients
in the present smdy were ail hospitalized for longer than
48 h. Consequently, the self-extubation subgroup was
fiot representative of the overal1 population with tllis
event, which often oceurs shonly after lCU admission of
suicidaI or postsurgicai patients. This probably Ied us to
lmderestimate the proportion of self-extubated patients
who did not requîre reintubation. Third, among patients
with unplanned extubation, those with accidentai extuba­
tion were significanrIy more Iikely to require reintubation
than those with self-ext:ubation.4 The rate of accidentaI
e.."'l..'tubation was higher in our unplanned extubation
group (37%) than in other series (0 _22%).2-6.]5.27.30 This
explains why the overd.ll reintubation rate among pa­
tients with unplanned extubation (77%) was at the
upper end of the range reported in the literature
(30_88%),z--f·6.15.27.30.31 Fourth, the Consensus C01uer-

ence criteria from 1993 that we used for dütgnosis of
ventilatory associated pneumonia couid be viewed as
out-of-date. However, ali patients were simHarly
screened for diagnosis of nosocomial pneumonla.

In our population, incidence rates \vere 4.8% for self~

extubation and 2.8% for accidentaI extubation (7.6% for
unplanned extubation). 'lllese rates are sirnHar to the
3-16% rates of self-exrubation found in other stud­
ies.3,4,6.15.30,32-35 Our incidence rate of reinrubation after
weaning was 6%, which is within the 2-19% range re­
ported in the literature?-]-l,22 This wide range reflects
differences in the rime to reinntbation used to define

reinmbation aIter weaning (from within 24 h to within
72 h of planned exrubation).

Recent srudies have mea.."iured the frequen<...-y of UI1­

planned extubation as incîdence densities. Values ranged
from 1.6 ro 40 per 1.000 mechanical ventilation days,
which is in agreement "'-ith our value of 9.4.1.2.15,31.35-37

In agreement with mûst previous studies, we found no
increase in mortality in the patients who experienced
unplanned exmbation or reintubation after weaning, as
compared with the controI5.:),15,27,30,33.38 ,39 The recent
Iiterarure found that reintubation was assocîated-\\'1th an
increase in morrality rate..4·7.'ll,;"$] ln the present srudy.
the mo1ttlity rate was l10nsignificantly higher in the
patients with accidentai exrubation or reintubation after
weaning, aIl of whom required reintubation. Severa! re­
cent series found that mortality was significantly higher
in patients with reintubation after weaning,7,S.lO,ll rang~

ing from 32% to 43%, in keeping with our findings;
mortality was only 4 - 12% in successfully eXUlbated
patients.7.8.10.11.16

Our study hypothesis was that the rate of nosocomial
pneumonia wûuld vary across these three categories as a
result of differences in reintubatioll rates or in the CIT­
cumstances surroundlng the previous extubation. Rein­
tubation can introduce colonized oropharyngeaI secre~

tians into the Iower airways.40 Torres et al 16 reported
that reintubation was among the 1110st significant risk
factors for nosocomial pneumonia, with a sixfold risk
increase. However, these smilles failed ta distinguish
between the risk of nosocomial pneumonia associated
with reintubation per se and the risk assodated with the
circumstances of extubation. Our findings support a role
for these drcumstances: aithough we found nosocomiai
pneumonia rate differences across categories, those dif­
ferences did not mirror reintubation rates. The reintuba~

tion rate was far lower in the self-extubation category,
and the rate of nosocomial pneumonia \Vas also lower in
these patients. However, aH patients with reintubation
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aiter weaning or accidental extubation reguired reintu­
bation, but nosocomial pneumonia was far more COffi­

mon in the accidentaI extubation category. Severa! fac­
tors may expIain these differences. The pathogenesis of
nosocomial pneumonia is related to aspiration of pha­
ryngeal contents or gastric contenëJ inta the distal air­
ways. Factors that may affect the risk of nosocomial
pneumonia after unplanned extubation or reinmbation
after weaning inc1ude altered glottic fimction after sev­
eral days of intubation. trauma related to the inflated
tube cuff in lmplanned extubation, priar level of seda­
tian, levei of consciousness after extubation,42 presence
of a nasogastric tube during the extubation period, ·i.3

body position, and rime spent eÀ'tubated. J6 Reintubation
aiter weaning occurred when the patients were awake,
whereas in our accidenta] extubation subgroup :Ilter­
ations in consciausness were present in mast patients
(median. sedated Glasgow coma score, 6) and the median
Pao2/Flo2 ratio \-vas significantIy lower than in the other
two groups. Both parameters have been fmInd to be
associated with reintubation.4 Although by definition re­
intubation .is always perfonllcd mer reintubation aftcr
wcaning, removal of the hlbe in this situation 1s done under
optimal conditions. incJuding stomach emptying, previolls
cessation of enteraI feeding, carefiù airways sucrioning,
deflation of the tube cuff, and close monitoring. Most
studies of nosocomial pneumonia rates in patient." with
unplanned exnliJution'7,H.lO,J l.l6 found no significant asso­
ciation3.5,ï,27 bm induded few'7·27 or nâ~'s patients \\'ith

a(:ddental e);.'tUbation. Acc.ident:ù extubations may occur
in sicker patients with heavier workload and therefore
more opportunities of manipulations leading to acciden­
tai events. However, in the Cox mode1 we used, adjust­
ment on severi!}' and organ failure scores has been per­
fonned. Therefore, this study shows clearly that
accidentaI extubation remains an independent predictor
of nosocomial pneumonia, adjusted on patients severity.

Tot.1.l mechanical ventilation duratioll was significantly
longer in our self-exrubation, accidentaI exrubation, and
reinrubation after weaning subgroups than in the con­
traIs, and ail three events were significantly associated
with longer lCU and hospital stays. Moreover, although
the seJf-exrubated patients were 1ess likely to undergo
reintubation, their mechanical ventilation length, leU
stay length, and hospital stay length were significantly
longer than in the contraIs. In keeping with our findings,
Epstein et al.7 reported than mechanical ventilation du­
ration was abolit 2 weeks longer in patients who under­
went reintubatioll. In contrast, in a case-col1trol study by
Chevron and coworkers:4 total mechanical ventilation
length wa.,s significantly lower in patients with than with­
out unplanned e:Ktubation (9 days and 16 days, respec­
tively). This discrepancy may be ascribable in part to tile
low reintub:ltion rate (37%) in the srudy by Chevron et
al.-+ and in part to exclusion from our study of patients
with [CU stays shorter th;:111 48 h. Nevertheless, it has
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been suggested that unplanned eÀ'tUhation not followecl
by reintubation indicates that planned extubation was
overdue and that this may translate into a higher rate of
ventilator-related complications, a longer leU stay, and
higher costs.34

Given that llnplanned extubation and reintubation af­
ter weaning were associatecI ~ith longer durations of
mechanical ventilation and hospital stay, these events
are markers for suboptimal quality of care. Both reintu­
bation after weaning ("'i.th its risk of health status de te·
noration) and accidentaI exrubation (with its risk of
nosocomial pneumonia) can be reduced by improving
the quality of care. Self-exmbation i5 also partIy prevent­
able. 1 Initiation of a continuous quality improvement
program was followed by a decrease in the self-extuba­
tion rJ.te from 2.6% to 1.2% per patient-ventilator day.36
It has been suggested that unplanned e}"'LUbation should
be viewed as quaHty-control issues.44 These events cor~

respond ta different facets of suboptimal care. Acciden­
t~ù extubation may be related to less-thau-ideal nursing
care. In a recent study, accidental cxtubation was the
fOllrth most common incident obsetyed in feUs with
nurse understaffing:-i5 In a study that ll..<;:ed tIle PRNREA

score, Chevron et al.·-i demonstrated that accidental ex­
tubatiol1 \Va.s not related to the nurse work:1oad, suggest­
ing that thL., event may be a consequence of faulty
nursing care and could be used as an indicator for nurs­
ing carc quality. Self-extubation without subsequent re­
intubation may indicate that intubation was maintained
too long because the intensivists underestimated the
patient's ahility to tolerate weanin~ reintubation after
weaning may retlect overestitnation of this ability. At­
tempts to prevent self-extubation may result either in
premature planned extubation responsible for an il1­

crease in the rate of reintubation after we:ming or in
increased use of deep sedation responsible for an in~

crease in mechanical ventilation duration.46 In both
cases, mechanical ventilation duration would be in­
creased. \Vhether clinical judgment used alone or in
combination with mechanical respiratory indices, such
as frequency/tidal volume, is effective in predicting suc­
cessful e..'.."tubation remains controversial. tO.12-14,23,·J7

Continuons quality control programs should evaluate
clinical procedures, including clinical indicators, predic­
tive weaning indexes based on pulnlonary fimction pa­
rameters, and daily routine evaluatiol1 of criteria for a
trial of extubation, the goal be.ing to extubate patients as
saon as possible but not toO soon. 13,14.22,29 ,47 It would
be of interest to evaluate bath self-extubatiol1 and rein­
tubation after weaning as part of a continuous qualit:y
improvement program to determine the ratio of self­
extnbation over reintubation airer weanlng that mini­
mizes ventilator days, length of stay, and mechanical
ventilation-related complications. To be relevant, a qual­
ity ind.icator ShOlÙd be a common event that is associated
wîth morbidity, easy to detect prospectively, and ame~
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nable to prevention.-i8 Unplanned extubation and rein­
tubation after ,veaning meet all of these requirementfi
and consequently deserve evaluation as quality indicator
for quality improvement programs.
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