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Résumé en Francais :

La mesure du sur-risque de déces liés a une infection nosocomiale est génée 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
déces 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 I’évolution initiale des malades comme facteur
de confusion dans I’analyse de la relation entre infection nosocomiale et mortalité.  Nous
avons montré que, indépendamment des scores de gravité a 1’admission, les patients qui
évoluent le plus mal ont un risque accru d’infection nosocomiale et bien-siir de décgs. Dans le
but d’ajuster sur 1’évolution de la gravité en cours de s€jour, nous avons validé les scores de
dysfonction d’organes LOD et SOFA en cours de s€jour. Nous avons crée un score de gravité
baptis€é TRIO basé sur la gravité a ’admission et 1’évolution au cours des 3 premiers jours de
réanimation et donc particulicrement adapté a la population exposée au risque d’infection
nosocomiale Dans un deuxi¢me 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 modele de Cox marginal, étude de
cohorte avec utilisation de modeles de Cox avec covariables dépendantes du temps). Enfin, a
partir de ces résultats, nous avons exposé brievement quels pourraient étre les développements
statistiques utilisables pour améliorer la précision de I’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 conditional logistic 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 ’UFR ou du laboratoire : Département de biostatistique et
d’informatique médicale (DBIM) Hopital St Louis- 1 av Claude Vellefaux 75475 Paris
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Introduction : Intérét de ’estimation de la mortalité induite par les infections

nosocomiales ?

L’estimation du retentissement des événements iatrogénes survenant chez les malades de
réanimation sur leur pronostic représente 1’un des objectifs de la recherche épidémiologique
en réanimation.

Cette estimation apparait nécessaire pour mieux évaluer les actions de prévention a mettre en
ceuvre et pour orienter les priorités de recherche .

Actuellement, 1’hopital 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 I’un des parameétres potentiels qui permettraient
de mesurer la qualité des soins. Il est devenu ainsi obligatoire de surveiller les infections
nosocomiales en France (Décret n°88-657 du 6 mai 1988 (JO du 8 mai 1988), Circulaire
n°263 du 13 octobre 1988 (BO 88/45), Circulaire Direction Générale de la Santé
(DGS)/VS/VS2 - DH/EO1 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 tres rapidement décidé d’intégrer ce type d’indicateurs dans son référentiel (Manuel
d’accréditation de I’ANAES : Qualité et prévention, Février 1999).

Cependant, son utilisation en réanimation comme indicateur de résultats est loin d’étre simple.
En effet, afin d’étre un bon indicateur, plusieurs conditions doivent étre réunies :

(1) L’événement doit étre fréquent et entrainer une morbidité et une mortalité importantes.
Cependant, nombreux sont les travaux contradictoires concernant la mortalité et la morbidité
attribuables a I’infection nosocomiale en réanimation. Il semble, en effet, que I’infection

nosocomiale en réanimation soit la plus fréquente chez les patients les plus graves (EPIC



study par exemple 2). Il devient donc difficile de décider si les patients les plus graves
déceédent avec une infection nosocomiale ou du fait d’une infection nosocomiale

(2) L’événement doit étre facile a détecter, de diagnostic aisé et reproductible

(3) La surveillance de cet événement doit étre simple

(4) Cet événement doit étre évitable’.

Les responsables du Comité Technique national des Infections Nosocomiales (CTIN) ont,
pour I’instant, décidé de ne pas recommander ’utilisation de ce type de marqueur de qualité

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

Nous avons centré notre travail de recherche sur la relation qui existe entre 1’infection
nosocomiale et la mortalité des patients de réanimation.

Dans une premiére partie, nous avons rappelé et discuté 1’estimation des sur-risques de déces
et du risque attribuable.

Dans une deuxiéme partie, nous avons développé les données de la littérature concernant le
sur-risque de déces li€ aux pneumonies nosocomiales en réanimation. Nous avons montré, a
partir des données de la littérature, la diversité des estimations retrouvées et énuméré les
causes probables des divergences.

Dans une derniére partie, nous avons résumé les développements réalisés pendant la thése qui
ont essentiellement concerné la prise en compte des facteurs de confusion dans I’analyse de
la relation entre infection nosocomiale et mortalit€. = 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 deuxi¢éme temps, nous avons utilisé
ces outils dans différentes applications avec différentes méthodologies statistiques (€tude
exposés-non expos€s appariés avec analyse par régression logistique conditionnelle ou

modeéle de Cox marginal, étude de cohorte avec utilisation de modeles de Cox avec



covariables dépendant du temps). Enfin, & partir de ces résultats, nous avons exposé
brievement quels pourraient étre les développements statistiques utilisables pour améliorer la

précision de I’estimation du sur-risque de mortalité associée aux infections nosocomiales.

I Mortalité attribuable : Définitions, Principe d’estimation

1.1 Définitions *°

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 étre attribué a 1’exposition, et s’écrit

formellement comme

p(u)-PW(E)
T )

M

ot P(M) est la probabilité de maladie dans la population, et P(M|E_ )‘ est la probabilité de

maladie théorique dans la méme population aprés suppression de ’exposition. Le risque
attribuable prend en compte non seulement la force d’association entre 1’exposition et la
maladie, mais aussi la prévalence de I’exposition dans la population. En effet, on peut

appliquer le théoréme de Bayes a (1) et obtenir :

P(E XRR -1)

= 1+ PE YRR 1) @

c’est a dire une fonction de la prévalence de I’exposition, P(E ), et du risque relatif,

P(MIE)
P(ulE)
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2) Mortalité attribuable

Le concept de mortalité attribuable est défini comme le risque attribuable, quand le décés se
substitue a la maladie. Elle est donc définie comme la proportion de décés qui puissent étre

attribués a une exposition donnée :

A P(D)-POIE
~ P(D)

)

ot P(D) est la probabilité de décés dans la population, et P (D‘F J est la probabilité de déces

théorique dans la méme population aprés suppression de 1’exposition. Dans un contexte de
mortalité, le facteur d’exposition est en regle dit « facteur pronostique ».
La mortalité attribuable est souvent interprétée comme la proportion de déces qui puissent étre
supprimés si le facteur d’exposition était totalement supprimé de la population. Cette
interprétation doit cependant étre prudente, car 3 conditions doivent étre réunies pour sa
validité :

- Destimation doit étre non biaisée (voir section 1.2)

- le facteur d’exposition doit étre causal et non seulement associé au déces

- la suppression de I’exposition ne doit pas modifier la distribution d’autres facteurs

pronostiques.

1.2 Estimation

La mortalité attribuable peut étre estimée a partir des divers types d’études cliniques :
- études de cohorte
- études transversales

- études cas-témoins

11



En effet, toutes les quantités intervenant dans 1’équation (3) peuvent étre estimées a partir de
ces études, sauf pour les études cas-témoins, pour lesquelles on ne peut qu’appliquer
1’équation (2) et estimer P(E ) a partir de la proportion des sujets vivants qui avaient le facteur
pronostique étudié, en supposant de plus que le décés est rare, justifiant ’estimation du risque

relatif par un odds ratio (OR). Autrement, on peut aussi écrire d’apres 1’équation (3) :

PEIDYRR -1)
" RR

MA

“)

et estimer directement la quantité P(E ]D) a partir des individus décédés, et le risque relatif

(RR) a partir de I’odds ratio.

Enfin, il faut que I’échantillon de population dans lequel est conduit 1’étude de cohorte soit
strictement représentatif de la population globale. Cette condition peut étre difficile a réaliser
et a vérifier par exemple en réanimation ou la catégorie de malade admis varie d’un service a
’autre, d’un hdpital a ’autre et méme d’un pays a I’autre. La prévalence de 1’exposition, dans
ces conditions, peut étre différente d’une cohorte a une autre, conduisant a 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 étre 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
I’association entre le facteur étudié et la mortalité. Ainsi, si on veut estimer la mortalité
attribuable au facteur X, en présence d’un autre facteur X,, I’estimation non ajustée n’est
valide que si au moins une des deux conditions suivantes est satisfaite :

- X et X, sont distribués de fagcon indépendante dans la population

- L’exposition au facteur X, n’augmente pas, a elle seule, le risque de décés (X; n’est

pas un facteur pronostique).

2) Estimation ajustée

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

biais€ de la mortalité attribuable.

- Méthode de Mantel-Haenszel

Cette approche permet I’ajustement sur un (ou plus de un) facteur qualitatif & 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 1’odds ratio dans une étude cas-témoin) et de la prévalence de 1’exposition
chez les individus décédés, comme formulée dans I’équation (4).

Si I’estimation ponctuelle est simple, ’estimation de la variance est plus complexe.
L’hypothése sous jacente a cette approche est I’existence d’un risque relatif (odds ratio)

commun ou homogene entre les strates, qui conduit a2 une absence d’interaction entre les
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facteurs d’ajustement et le facteur pronostique étudié. S’il existe une telle interaction,

I’estimateur de Mantel-Haenszel est biaisé.

- Méthode de la somme pondérée
Cette approche permet I’ajustement sur un (ou plus de un) facteur qualitatif a plusieurs
classes, définissant J strates différentes au sein de la population. Elle consiste a écrire la

mortalité attribuable comme une somme pondérée sur les diverses strates :

MA = N w,MA, )
1

ou MA et w; 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 I’'inverse de la variance de MA sur la

strate j rapportée a la somme sur I’ensemble des strates.

Cette approche ne fait pas d’hypothése 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 modeéle de régression
Cette approche a €té proposée initialement par Bruzzi et al (6). En exprimant la mortalité

attribuable de la facon suivante :

MA =1-% % p;/RR;; (6)
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c’est a dire comme une somme sur les strates j des facteurs d’ajustement et sur tous les
niveaux d’exposition (en regle, simplement deux, présence et absence du facteur pronostique).

La quantité¢ p; représente la proportion de sujets décédés qui avaient le niveau d’exposition i
et la strate d’ajustement j, et RRI.“ représente le risque relatif de décés pour le niveau

d’exposition i dans la strate d’ajustement j.
Ce modele est trés général °. 11 s’applique 2 tous les types d’études a partir desquelles on

peut estimer p; a partir des proportions observées correspondantes, et estimer RR,.“ a partir

des coefficients estimés par la méthode du maximum de vraisemblance dans un modéle de
régression (qu’il s’agisse d’un modele de régression logistique — conditionnel ou non — ou
d’un modele de régression de Poisson). Il permet de tester des hypothéses et sélectionner les
modeles (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 p; et les RRI.“.

1- lité i - 3 :

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 2 la pneumonie nosocomiale '. Une analyse exposés non exposés a été
effectuée sur 135 patients ventilés avec une pneumonie et 135 patients t€moins ayant la
méme indication a la ventilation mécanique, le méme statut immunologique et cardiaque, le
méme age, la méme probabilité de déces prédite (par le score SAPS II) a I’admission et le
méme score de Glasgow a ’admission. Le taux brut de mortalité des patients ayant présenté

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

estimation, non pas de la mortalité attribuable, mais de P(D}E :—P(D[E : La mesure

effectuée est celle de la mortalité attribuable chez les exposés

En fait, connaissant I’incidence de la pneumonie nosocomiale dans la cohorte suivie (141
patients, 12.3%), la proportion de déces attribuable dans la population P(D) — P(D|non 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 régle un sur-risque de déces grace a des
modeles multiplicatifs et non un risque attribuable. C’est plut6t la variabilité des estimations

de ce sur-risque de décés qui va étre étudiée dans les pages suivantes.

1-4 Effet de I’erreur de mesure de I’exposition sur le sur-risque de déces

En supposant que les méthodes diagnostiques soient sans erreurs, la prévalence vraie de la
maladie est disponible.

En fait I’estimation de la prévalence de la maladie dépend de I’erreur de mesure du test
diagnostic.

On montre que :

Per=EPHVP((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 ’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 a une sousestimation

obligatoire du sur-risque de déces associé 2 cette pathologie®.

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

Pexemple de la pneumonie

II-1 Risque de décés attribuable a la pneumonie nosocomiale, résultats obtenus dans la

littérature

La mortalit¢ des patients atteints de pneumonie nosocomiale acquise sous ventilation
mécanique (VAP) est élevée : de 25 % a 76 % selon les séries °.

De nombreux paramétres influencent le pronostic de ces patients 1015 De nombreux facteurs
sont liés au terrain sous-jacent : age, immunodépression, présence d’une maladie chronique
grave et la gravité. Le facteur pronostique le plus fréquemment retrouvé est la sévérité de la
maladie aigué telle qu’elle est évaluée par les scores de gravité généraux (SAPS II, Apache II

® ou méme aprés 3 jours de séjour en réanimation

ou III, MPMo) mesurés 2 I’admission '
(MPM72 ). Les patients qui ne s‘améliorent pas en réanimation ont un risque plus élevé de
présenter une pneumonie et de mourir 1,

De nombreuses études ont essayé de répondre a la question : est-ce que la pneumonie
nosocomiale, de son seul fait, augmente le risque de décés chez le malade de réanimation ?

La plupart des auteurs retrouvent un sur-risque de déces associé a 1’acquisition des

pneumonies nosocomiales. Cependant, d’autres auteurs retrouvent des résultats opposés et en
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particulier aucune différence de mortalité entre les patients ayant présenté une pneumonie et

les autres *> '8! (Tableau 1).
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Tableau 1 : Estimations de la « mortalit€ attribuable » a la pneumonie nosocomiale retrouvées dans la littérature a 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 controles attribuable Criteres d’appariement
Cunnion clinique 20 Chir. 55% 5% 23.2 (NA), p<0.002 50% 2:1
1996 * Unité durée de séjour>48 heures
Cunnion clinique 20 Med 55% 75% 15.1 (NA) p<0.002 47.5% 2:1
1996 2 Unité, Durée de séjour>4_ heures
Fagon 1993 | Brosse + LBA 48 ventilés 542 % 27.1% 2.0 (1.61-2.49) 27.1% 83-11:1
B 45.9) age, SAPS, symptdme principal, date, durée de VM
Baker 1996 | Brosse + LBA 62 Trauma 24% 24% 1.0 0% Age, sexe, score de gravité, nombre de diagnostic & la sortie
13
Heyland Brosse+LBA 173 Polyvalente 237 % 17.9% 1.3 (p>0.05) 5.8% (-2,4- 14) | 1:1 med/chir apache II , durée de d’exposition
1999 multicentrique
18
Craig 1984 54 polyvalente 20.4% 5.6% 3.6 (p<0.001) 14.8 % (?) 1:1
% 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) (modele 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,
» score apache, durée d’exposition
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Une seule étude cas-témoin appariée a été publiée *. Elle concerne 108 patients décédés (cas)
qui ont été comparés a 108 patients vivants (témoins) appariés (mémes dge, méme gravité :
score APACHE II, et méme 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 corticoide était différent entre les
vivants et les morts. Les facteurs de risque d’acquisition d’une pneumonie en analyse de
régression logistique montrait que I’utilisation d’une antibiothérapie était associée au risque

de pneumonie (OR : 2.69 (IC 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 mémes en fonction des
pays, des régions et méme des unités de soins.

Les discordances tiennent a la méthode du diagnostic bactériologique (allant des
prélevements proximaux qualitatifs sensibles et peu spécifiques aux prélevements
quantitatifs distaux sous fibroscopie plus spécifiques mais probablement moins sensibles).
Le type de prélevement utilisé explique des variations d’incidence de 1’exposition tres

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

nosocomiales

Nb Critéres Incidence | Mortalité
Auteurs

patients diagnostiques
Réanimation
Salata 87 *° 51 Clinique-autopsie 41 76
Craven 86 % 233 clinique 21 55
Langer 89 % 724 clinique 23 44
Fagon 89 567 Brosse 9 71
Kerver 87 *° 39 clinique 67 30
Driks 87 %! 130 clinique 18 56
Torres 90 > 322 Clinique+brosse 24 33
Baker 96 ** 514 Brosse/LBA 5 24
Kollef 93 * 277 Clinique 16 37
Fagon 96 >* 1118 Brosse LBA 28 53
Timsit 96 *° 387 Brosse LBA 15 57
Cook 98 ! 1014 | Clinique + brosse 18 24
Tejada Artigas 2001 *° 103 LBA 22 44

Brosse

SDRA
Sutherland 95 ¥’ 105 Brosse LBA 15 38
Delclaux 97 *® 30 PDP LBA 60 63
Chastre 98 *° 56 Brosse LBA 55 78
Meduri 98 ¥ 94 Brosse LBA 43 52
Markowicz 2000 *! 134 Brosse LBA 37 57
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Par exemple, dans la série de Cook et coll 23 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 1’ulcére de stress.
* Pneumonie clinique : infiltrat radiologique nouveau, et au moins 2 des signes
suivants : température >38°5 ou <36°5, hyperleucocytose > 10 000/mm’ ou
leucopénie < 3 000/mm’, aspiration purulente, micro-organisme(s) isolé dans
’aspiration trachéale.
* Pneumonie probable : pneumonie clinique et brosse de Wimberley > 10°
CFU/ml ou culture du LBA > 10* cfu/ml ou liquide pleural positif ou histologie
pulmonaire retrouvant une pneumonie histologique ou un abces.
* Pneumonie certaine : abcés radiologique ou histologique avec bactériologie
positive du tissu pulmonaire ou d’une ponction a I’aiguille.
En fonction de la définition, I’incidence des pneumonies nosocomiales variait de plus

de 20% a moins de 1% (figure 1).

Ranitidine Sucralfate.

Clinique E] Probable B Certaine

Figure 1 : Estimation de I’incidence de la pneumonie nosocomiale en fonction de la

définition (d’aprés Cook et al, *')
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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 facon considérable (tableau 3).

Tableau 3 : Influence de la définition (clinique, probable, certaine) sur 1’estimation du risque

relatif (RR) et du risque attribuable (RA) de la pneumopathie nosocomiale (d’aprés Cook et

al, ¥
Critéres |Ranitidine |Sucralfate [RR (IC95%) |RA(IC95%)% P
N Pn/ N Pat | 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 (0.77-155)10.8 (-2.5-4.1) }0.64
Certaine | 5/596 0/604 Non défini 0.8 (0.1-1.6) 0.03

De méme, dans les réseaux nationaux de surveillance des infections nosocomiales, les

définitions ne sont pas consensuelles ** (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 (CDC)
Pays Belgique France Pays Bas Espagne Allemagne Etats-unis
Patients inclus > 48 hewres del|> 48 heures de|> 48 heures de|> 24 heures de | tous tous

séjour séjour séjour séjour
Définition d’une | Plis de 2 jours aprés | Plus de 2 jours | Non présent & | Non en incubation | Non en incubation | Non en incubation

acquisition Dentrée aprés lentrée Padmission & Padmission a I’ admission & Uadmission

Diagnostic Clinique Clinigue + | Clinique Clinigue Clinique Clinique
prélévements distaux

Quelle Uniquement la | Uniquement la | Toutes Toutes Toutes Toutes

infection ? premiére premiere
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Enfin, en France, au travers d’un questionnaire envoyé a I’ensemble des réanimateurs
(enquéte NOSOREF), nous avons retrouvé une grande variabilité des méthodes utilisées. Pour
utiliser I’infection nosocomiale comme marqueur de qualité, il faut en effet connaitre la
maniére dont elle est recueillie et analysée en routine en France. I est trés probable que la
maniére de la diagnostiquer (constitution du numérateur) et la maniére de la rapporter 4 un
dénominateur soient variables d’un endroit a 1’autre.

Trois réflexions sont a la base de cette étude: (1) Les définitions proposées ne sont pas
toujours adaptées a la pratique quotidienne de chacun ; (2) La facon dont le diagnostic des
infections nosocomiales est fait n’est pas toujours homogene et (3) Le dénominateur utilisé et
utilisable est variable en fonction des unités. Cette enquéte n’a pas pour but de proposer une
définition applicable par tous mais plutdt de connaitre les pratiques, et d’identifier les
différents schémas de surveillance utilisés en France.

Au total, 480 questionnaires ont ét€ adressés a I’ensemble des centres de réanimation frangais
(double envoi postal). Deux cent cinquante (52%) questionnaires écrits sont évaluables. Un
échantillon aléatoire de 150 des 230 non répondeurs a €té interrogé par téléphone a 1’aide d’un
questionnaire simplifi€. Une analyse descriptive des résultats concernant 1’organisation de la
surveillance, le dépistage de la colonisation 4 germe multirésistant et le diagnostic d’infection
nosocomiale a été réalisée. Une tentative de réduction du nombre de variables grice 2 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
prélevements bactériologiques sont réalisés aprés mise en route d’une antibiothérapie
probabiliste & large spectre jamais (28% des centres), rarement (40%), parfois (17%) souvent

(15%). Ce résultat peut avoir des conséquences importantes dans I’évaluation de 1’incidence
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de la maladie car une antibiothérapie probabiliste peut négativer les prélévements
bactériclogiques **.

L’utilisation des méthodes diagnostiques était variable d’un centre & 1’autre et variable en
fonction des régions C-Clin en France **. 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 DPopposé, 1’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, ’essentiel de la variabilité des pratiques
est 1i€ au type d’établissement de soins (prélévements distaux plus fréquents dans les

structures hospitalo-universitaires).

I1-2-2 La gravité des épisodes de pneumonies nosocomiales est variable en fonction de

paramétres liés au malade et li€s a la pneumonie

Facteurs liés a I’hote (tableau 5)

La maladie sous-jacente : I’4ge, I’immunodépression, I’état antérieur (mesuré par le
score de Mc Cabe), sont des facteurs de risque retrouvés dans la littérature.
La cause d’admission en réanimation modifiec aussi la mortalité des pneumonies
nosocomiales, les patients porteurs d’une pneumonie ayant un pronostic plus défavorable

18, %51 si ce sont des malades de

s’ils sont admis aprés une chirurgie non programmée
réanimation médicale 2 2. Par ailleurs, chez les patients de chirurgie cardiaque ' et les
patients traumatisés 13.46 ]a mortalité associée 2 la survenue d’une pneumonie nosocomiale
apparait moindre.

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

mécanique. Ainsi, certains auteurs mentionnent une proportion plus importante de déces



d’infection nosocomiale chez les patients ventilés pour une maladie neuro-musculaire que
chez les patients ventilés pour un choc cardiogénique * .
Les patients présentant un syndrome de détresse respiratoire aigué de ’adulte (SDRA) ont,

eux-aussi, un risque plus important de pneumonie nosocomiale et de mortalité 2374

Il est
généralement admis que I’infection nosocomiale, la pneumonie en particulier, est une
cause fréquente de décés dans ces circonstances.

Le r6le de la maladie sous-jacente dans le sur-risque de déces associ€é a la pneumonie
nosocomiale doit étre aussi considéré. Certains patients sont si sévéres qu’un sur-risque de
déces est tres difficile 2 mettre en évidence. A 1’opposé, les patients les moins sévéres ont
une immunité respectée qui permet une réponse adéquate de [’hdte & I’agression

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

intermédiaire que le sur-tisque potentiel de décés est le plus probable *7 .

Tableau 5 : Facteurs endogénes influencant la mortalité des pneumonies nosocomiales sous

ventilation mécanique

Maladie sous jacente
Maladie rapidement fatale
Age>60 ans
Immunodépression
Chirurgie (non cardiaque)

Gravité de la maladie aigué

SAPS

APACHEII

Transfert d*une aufre unité de court séjour
Gravité au moment de la pneumonie
SAPS

Température

Lymphocytes

Dysfonctions d’organes

Etat de choc

Aggravation respiratoire

Infiltrats bilatéraux

Intubation

Antibiothérapie préalable
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Sévérité de la pneumonie
Plusieurs études ont montré que la gravité des patients (telle que mesurée par les scores de
., . 16,35, 48 . , 35 ; P 16 15 ",
gravité , les scores de dysfonction d’organes ™, Ia présence d’un choc ™, ’intensité

de I’activation de la cascade inflammatoire ' *)

le jour de la pneumonie était associée a la
mortalité de ces patients. Ces éléments suggerent qu’il est nécessaire d’utiliser la gravité
comme paramétre d’appariement ou d’ajustement lorsque I’on cherche a estimer la
mortalité des pneumonies nosocomiales. L’importance de ce facteur de confusion et la

difficulté a 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 a un sur-risque de décés 0,

A I’opposé, dans I’étude exposés-non exposés de Fagon et al *'ou dans I’étude de cohorte
de Kollef et coll **, Pseudomonas sp. et Acinetobacter baumanni était les germes présents
dans les pneumonies associés avec le plus grand sur-risque de déces 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 & ce type de germes
surviennent le plus souvent tardivement pendant le sé€jour chez des patients pour lesquels le
statut immunitaire est plus profondément altéré.

Le Staphylocoque doré résistant & la méticilline (SDMR) est, lui aussi, associé a une
mortalité plus élevée que le staphylocoque doré sensible {SDMS) 2, Cependant, les

patients qui présentent une pneumonie 2 SDMR sont plus dgés, ont plus souvent de

maladies sous-jacentes °>, ont recu plus souvent des antibiotiques, ont plus souvent un
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cathéter central, et sont hospitalisés depuis plus longtemps 3, De plus, aucune étude
expérimentale n’a pu mettre en évidence de facteurs de virulence particuliers liés a la
méticillino-résistance.

On peut d’autant plus s’interroger sur le sur-risque de déces induit par la méticillino-
résistance que ce résultat peut étre 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 décés retrouvé pour certains germes pourrait étre, en partie, li€ 4 une moindre efficacité

des antibiotiques disponibles.

Antibiothérapie instituée
Trois types d’antibiothérapie inefficace sont définis dans la littérature, (1) I’antibiothérapie
inadéquate (I’antibiotique utilisé n’est pas actif in vifro sur le germe retrouvé) et (2)
I’antibiothérapie inadaptée (malgré une dose et une adéquation correcte, le patient
s’aggrave sous traitement). Enfin (3) l’antibiothérapie inefficace est définie par la
persistance du germe malgré I’antibiothérapie.

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

responsables de la pneumonie survient fréquemment car la pneumonie est une maladie
fréquemment associe a des germes multirésistants. Les traitements sont inadéquats
initialement dans 25 2 45% des cas %,

11 existe parfois une confusion entre les deux rendant bien difficile I’interprétation de
57,60

certaines études

Le role de ’adéquation de I'antibiothérapie est variable en fonction des études

(Tableau 6).
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Tableau 6: Estimation de 'odds ratio (OR) de la mortalité intra-unité de soins
intensifs (ICU) ou intra-hospitaliére (hdpital) selon le type d’antibiothérapie instituée pour

la pneumopathie nosocomiale

Référence Adéquate Inadéquate OR (IC95%) p

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

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

Tregui 2002°° | 21/74 (28.4%) | 23/33 (69.7%) | 5 .8 (2.17-5.83) (hépital) |<0.01

Ajusté : 7.68 (4.50-13.09) | <0.001

De plus, méme lorsque l’adéquatioﬁ est basée sur une définition précise, les résultats
des études récentes sont discordants. Il faut noter que dans I’étude de Iregui et al, *°
I’adéquation était mesurée sur I’ensemble des germes isolés de 1’aspiration trachéale alors
que dans ’étude de Dupont et al>*, I’adéquation était mesurée sur les germes retrouvés en
quantité significative dans les prélévements distaux. Pour expliquer ces discordances, il
faut noter que (1) le nombre de germes différents retrouvés grace a la premiere technique
est beaucoup plus important que le nombre de germes retrouvés par la seconde ', (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.

Rdle de Iantibiothérapie inadaptée

La non guérison des symptOmes est associée avec un sur-risque de décés de fagon
constante.
Celle-ci est définie par la persistance de signes de sepsis sévére et du choc ou des

défaillances d’organes. Cependant, il est difficile de connaitre la part respective de la
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pneumonie nosocomiale, de la maladie sous-jacente, de I’apparition d’une éventuelle autre

affection nosocomiale dans la pérennisation des symptémes.

Réle de I’antibiothérapie inefficace

Dans la majorit€ des cas, la mise en route d’une antibiothérapie adéquate entraine une

stérilisation rapide des voies aériennes inféricures > ®. La persistance de germes est plus

fréquente avec P. aeruginosa et avec le SDMR ®.. Il ne semble pas que la persistance du
q p

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

T1-2-3 La méthode statistique utilisée est variable d’une étude i autre

Exposés-non exposés ou cohorte

Les études exposés-non exposés, appari€es ou non, ne permettent de contrdler qu’un
nombre limité de facteurs, dépendant du nombre de cas et de I’importance du nombre de
patients non exposés potentiels. Certains facteurs pronostiques peuvent ne pas étre
contrdlés entre les exposés et les non exposés et/ou des patients non exposés peuvent ne
pas étre trouvés dans la population non-exposée potentielle.

Un exemple de [a variabilité de la mesure du sur-risque de déces ou de la mortalité
attribuable a ét€ publié dans la littérature.

Le sur-risque de décés et la mortalité attribuable des hémorragies digestives cliniquement
importantes ont ét€ évaluées en réanimation sur 1666 malades (59 hémorragies digestives,
3.5% IC 95% : 2.7-4.6%) selon 4 méthodes : **

1- Taux brut de mortalité
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.

exposés-non exposés : 1:1 apparié sur durée d’exposition, les dysfonctions d’organes 3
jours avant le saignement, la sévérité a 1’admission (APACHE II), le diagnostic a
I’admission et la durée de ventilation mécanique. L’estimation du sur-risque de décés
€tait basée sur la méthode de Mantel-Haenszel ol chaque strate était une paire.

Sur la cohorte de malade, les facteurs de risque de décés ont été estimés grice 4 un
modele de Cox. Les patients étaient censurés a 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=0.10, une sélection des variables pronostiques a &té réalisée en pas 2 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 mémes méthodes que (2).

Analyse utilisant un modéle de Cox en introduisant I’hémorragie digestive comme une
covariable dépendante du temps sans autres covariables.

De la méme maniére que précédemment, les variables pronostiques ont été
sélectionnées. Le nombre de dysfonctions d’organes au temps t 4 été introduit dans le
modele comme une covariable dépendante du temps. Enfin, ’hémorragie digestive a
¢t¢ introduite dans le modéle final comme une derniére covariable dépendante du

temps.

Ces 4 types d’estimation aboutissent & des résultats de Risque relatif allant de 1.0 a 4.0

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

d’analyse réalisée (d’aprés 64)

DC en réanimation Estimation du RR (IC|Risque attribuable
95%) (IC95%)
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%)

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

)

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

Voir le texte ci avant pour le détail des modeéles utilisés

La méthode brute (1) ignore totalement les facteurs confondants pouvant entrainer 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 critéres d’appariement et (3) peut
sélectionner des variables liées et entrainer ainsi un sur-appariement.

Les analyses multivariées (3,5) peuvent ne mettre en évidence qu’une partie des facteurs
pronostiques confondants, et I'oubli de certaines variables fondamentales peut altérer
I’estimation du risque. Les phénomeénes de sur-ajustement sont possibles. Enfin, dans le
cas des modeles pour données censurées, ’estimation peut étre biaisée si la force de

mortalité de 1’événement n’est pas constante au cours du temps.
p
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Etude de cohorte : Choix du modéle

Les modeles de régression logistique et le modele de Cox sont les deux modeles 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 modele logistique mesure le rapport des c6tes (ou odds ratio, OR) aprés une durée fixe
d’exposition.

P(D|E ,/P(DIE,

P(E)P(DIE)

P(DIE]
P(olE)

Pour le déces : OR =

Alors que le risque relatif RR =

1’odds ratio ne peut donc s’interpréter comme un risque relatif que si le décés est rare.

Prenons par exemple la pneumonie nosocomiale :

Son incidence est de '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’étre négligeable mais correspond & une estimation plausible en
réanimation. Dans ces conditions, I’'OR est égal a 3 alors que le risque relatif est & 2. Ces
divergences peuvent expliquer des différences dans ['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 1’estimation de 1’odds ratio (OR) et du risque relatif (RR) de
mortalité des pneumonies, lorsque I’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 10 i0 20
Pas de pneumonie 20 60 30
30 70 100

OR=(10/10)/(20/60)=3

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

Ce calcul peut étre généralisé a différentes valeur de 1’odds ratio et différentes valeurs

de la prévalence.

OR=RR(——_1—?ROR?ﬁ) ou Ry est le risque de décés chez les malades indemnes de

pneumonie.
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Tableau 9: valeur de odds ratio en fonction da risque relatif et de ka
Proportion de décds chez les patients indemnes de pneumonie

Valeur du risque relatif
2 3 4 5 8

Ry
Valeur de I’odds ratio

1% 202 3.06 4.13 521 8.61
5% 211 3.35 4.75 6.33 12.67
10% 2.25 3.86 6.00 9.00 36.00
15% 243 4.64 850 17.00 +«x
20% 2.67 6.00 16.00 +o 4+«
25% 3.00 9.00 +x 4x JL'

Hazard ratio versus Risk ratio

- Le modeéle de Cox mesure des rapports de risques ‘instantanés’ sur un intervalle
petit en faisant I’hypothése que ce rapport est constant au cours du temps.

- Ona:

e MHZ=E Atz = =E" =exp[ﬁ (z = E]
RR = HR A(t}Z=E) exp[ﬁx(Z—E)] exp(6.)

si I’exposition (Z) est codée 1 et que la non exposition est codée 0.
L’estimation de HR est finalement la moyenne des HR (t).
Enfin, & noter une fois encore que I’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 1’événement

Le modéle logistique ne prend pas en compte le temps de suivi des individus, ne
modélisant que la probabilité d’événement. A 1’opposé, le modele de Cox modélise le
risque instantané d’événement au cours du temps, prenant en compte les durées de
suivi variables d’un individu & l'autre. Les malades qui n’ont pas développé
I’événement en fin de suivi sont considérés comme exclus-vivants a cette date
(définissant une censure a droite). Le modele de Cox fait cependant I’hypothése que
cette censure est non informative, c’est 4 dire que la censure est indépendante du
risque instantané d’acquérir un événement.

Pour ’exemple qui nous intéresse, la censure la plus courante est la sortie de
réanimation. On fait I’hypothése que le risque instantané de survenue du décés pour
les individus sortis vivants de réanimation n’est pas modifié par la sortie, donc qu’il
est le méme que celui d’un individu resté en réanimation,

Les modéles sont t ils équivalents ?

Les facteurs de risques identifiés par les deux modéles seront probablement similaires
si I’événement est rare (OR = RR), si I’effet des facteurs de risque est faible et la
durée de suivie est courte.

Les durées de suivi en réanimation sont cependant trés variables d’un patient a [’autre.
Tl semble donc préférable d’utiliser un modele pour données censurées. Cependant, i
est Join d’étre évident que la censure en réanimation soit non informative. La mortalité
post-réanimation a ét€ évaluée par de nombreuses études et est trés variable allant de 0
& plus de 30% en fonction notamment des pays et des ressources en soins intensifs.%.
II est donc pour I'instant difficile de choisir le «bon » modele. Chacun est une
simplification de la réalité et présente des imperfections. Les méthodes disponibles

pour vérifier les hypothéses sous-jacentes aux modéles sont peu puissantes. Il est
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probable que I’on puisse disposer d’estimation fiable si plusieurs types d’approches

donnent des résultats similaires (donc robustes).

I1-2-4 Le principal facteur de confusion, I’évolution du malade en cours de séjour

La gravité des patients, liée a la mortalité, est considérée comme un des principaux facteurs
de risque d’infection 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 déces, si bien que la gravité des
patients de réanimation joue le réle de facteur de confusion dans I’appréciation de la relation
entre la pneumonie et le déces. De fait, de nombreuses études exposés-non exposés ont utilisé
un appariement ou un ajustement sur des scores de gravité généraux mesurés 4 ’admission
comme le SAPS II ou " APACHE *1617:20:3,

La prise en compte de la gravité initiale est logique. Cependant, I'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 & 3 jours. Comme, par

‘M heure

définition, la pneumonic nosocomiale ne peut pas survenir avant la 72
d’hospitalisation, la population exposée au risque d’infection nosocomiale n’est pas le reflet
de la population générale de réanimation. I! est de plus démontré 6 que les propriétés des
scores, en particulier leur discrimination, sont rapidement altérées si la durée de séjour

s’allonge. Ainsi, au 14°™ jour, le score de gravité 2 1’admission n’est plus un prédicteur de

mortalité hospitaliére ® (tableau 10).
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Tableau 10 : Utilisation des ressources et performance des modeles de survie en fonction de la

durée de séjour en réanimation (adapté de %)

IGS II et séjours prolongés

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

% paticnts 41% 81% 10% 4% 1%
% journées 8% 34% 52% 33% 13%
SAPS Il vivants 21 22 38 35 32
SAPS H décédés 55* 50# 43%* 38 33
AUC-ROC 0.91 0.87 0.62 0.59 0.54
{(*): p<0.05

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 2 la durée de séjour en réanimation >

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 premiere semaine d’hospitalisation en réanimation, la gravité le dernier jour ol
elle est disponible est le prédicteur de la survie le plus important. Sur la base APACHE III, *
le score de gravité physiologique le jour méme contribuait pour 54% dans la prédiction de
mortalité, alors que le score mesuré a I’admission n’expliquait que 5% du modéle.

Il devient donc probable qu’un ajustement utilisant la gravité a ’admission, méme s’il est
associé i un ajustement sur la durée d’exposition au risque, est insuffisant. A I'extréme, les
scores de gravité initiaux ne sont plus capables de distinguer parmi les patients avec une
pneumonie nosocomiale a P. aeruginosa ceux qui vont survivre de ceux qui vont décéder 1,

De plus, I’ajustement sur les scores initiaux ne tient pas compte de 1’évolution des paticnts

entre leur arrivée en réanimation et le moment ot ils sont suspects de pneumonie.
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On congoit qu’il faille tenir compte de I’évolution de la gravité des patients entre 1’admission
et le jour, parfois trés ¢loigné, ol ils vont &tre atteints d’une pneumonie.

A Pheure actuelle, trés peu d’études ont tenté d’évaluer P’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 I’évolution de la gravité dans I’estimation de la
mesure de la surmortalité associée aux infections nosocomiales.

Dans une étude récente, Girou et coll 'ont 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 a J3 (figure 2).
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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’aprés 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 1’admission, sont utilisables comme paramétre
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 facon quotidienne, n’a
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été complétement validé. Certains travaux préliminaires ont étudié la valeur respective des

différentes dysfonctions d’organes dans le pronostic des patients 72,

Les patients développent de nombreux événements indésirables et infections nosocomiales qui
peuvent étre liés & la mortalité

Nous avons étudié ** les conséquences de la pneumonie nosocomiale sur une cohorte de
387 patients consécutifs (168 déces) ventilés plus de 48 heures. Les patients ont ét€ suivis de
leur admission a 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 modele de Cox a été construit en ajustant sur les covariables pronostiques présentes
dans les 48 premieres heures d’hospitalisation et en iniroduisant séparément puis
simultanément la pneumonie clinique et la pneumonie clinique confirmée par les
prélévements comme 2 covariables dépendantes du temps. Dans cette analyse, seul le premier
épisode de pneumonie a ét¢ pris en compte. Aprés ajustement sur le score de Mc Cabe,
PAPACHE II, le choc dans les 48 premiéres heures, ’'utilisation de sédatif, et I’absence de
nutrition entérale dans les premiéres 48 heures, SusPN (HR= 2.1 p=0.0001) et C-PN (HR=1.8,
p=0.007) étaient associées a un risque plus élevé de déces. Cependant, si les deux covariables
étaient introduites simultanément dans le modéle, seule la suspicion clinique de pneumonie
était associ€e au pronostic, la confirmation n’apportant pas de valeur pronostique
supplémentaire. Enfin, avec ou sans ajusternent sur les paramétres 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=0.96).
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Ce résultat troublant peut étre 1ié & plusieurs facteurs :

1-

Les patients suspects de pneumonie nosocomiale (pneumonie clinique) ont tous une
pneumonie, que les prélévements bactériologiques soient positifs au seuil retenu ou
non. Les prélevements quantitatifs distaux seraient alors peu sensibles. Une
littérature considérable et trés contradictoire sur le diagnostic des pneumonies
nosocomiales ne permet pas d’éliminer formellement cette hypothése °. Cependant,
de nombreuses études post mortem ont confirmé P’absence de pneumonie
histologique chez des patients ayant une pneumonie clinique ™, la moitié¢ des
patients ayant des pneumonies cliniques non confirmées bactériologiquement ont
guéri en ’absence de traitement antibiotique.

La pneumonie nosocomiale prouvée bactériologiquement n’entraine pas de sur-
risque de déces. En fait c’est le terrain sous-jacent, I’évolution des patients en
réanimation qui sont responsables du décés. Les patients mourraient non pas d’une
pneumonie nosocomiale mais avec une pneumonie nosocomiale. Cette hypothése est
difficile & accepter complétement car on sait créer une pneumonie nosocomiale
mortelle chez 1’animal, et la prévention de la pneumonie nosocomiale peut limiter la
mortalité des patients, au moins dans certains cas ,

Enfin, les patients ayant une pneumonie nosocomiale clinique non confirmée
bactériologiquement peuvent avoir d’autres pathologies grevant tout autant le
pronostic et responsable de figvre, d’un état septique sévére et d’un infiltrat

radiologique nouveau.
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Déces chez les patients avec une pneumonie clinique confirmée bactériologiquement ou non (Daprés 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 réle de facteurs confondants plus ou moins évidents.

Ainsi, ’extubation accidentelle des patients entraine un risque de décés 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 ulcere de stress entraine la mise en route d’un traitement anti-acide entrainant
une ¢lévation du pH de I’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 > *2.
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En_conclusion, La mortalité attribuable des infections nosocomiales. de nombreuses

questions ...

L’évaluation du sur-risque de déceés associé & l’infection nosocomiale ou plus

généralement a I’ événement indésirable en réanimation est bien difficile.

Concernant I’infection nosocomiale,

1-

Les définitions utilisées sont variables selon les études, les pays ou les
régions.

I’incidence estimée est variable en fonction des populations explorées
(facteurs de risque particulier, case-mix, gravité (facteurs endogénes))
L’impact sur la mortalité est variable en fonction de la virulence des germes
en cause, la précocité et ’adéquation du traitement antibiotique

La liaison entre infection nosocomiale et mortalité est difficile a établir car
de nombreux événements intercurrents sont des événements pronostiques ou
méme sont des facteurs de risque d’infection ...

Les modéles utilisés sont impatfaits et assortis d’hypothéses sous-jacentes

fortes parfois difficilement vérifiables.

Une infection surajoutée est a I’évidence responsable d’une certaine morbi-mortalité.

Cependant, il est probable que l’estimation de la sur-mortalité associée a I’infection

nosocomiale (2 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 4

risque d’autres événements intercurrents *
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III- Développements réalisés dans le cadre de la thése

III-1 Développement et validation des modéles pronostigues ufilisables 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 premicre réflexion a abouti a la conception et a 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 a 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 francaises (cf. annexel : Timsit JF, Fosse JP, 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 seﬁices a €té utilisée
pour construire le modele. Il s’agissait d’une population d’dge 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 a I’hopital de 30%. Les dysfonctions d’organes ont été
définies grice au score de gravité SAPSII et au score de dysfonction d’organe LOD, mesurés
Ies 3 premiers jours d’hospitalisation .

Les paramétres pronostiques ont été inclus dans un modéle de régression logistique. La
gravité le premier, le deuxiéme et le troisi€éme jour, les maladies chromiques, 1 ‘€tat antérieur,

la notion de transfert d’une autre unité étaient les parametres pronostiques les plus importants.
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Dans un but de simplification et d’utilisation du modéle final, les scores tels qu’ils onté été
publiés plutdt que leurs composantes ont été utilisés. De plus, pour éviter des phénoménes de
multicolinéarité78, plutdt que les scores eux-mémes, ce sont les variations de scores entres J1
et J2 et entre J2 et J3 qui ont ét€ introduites dans le modéle. Enfin, dans un premier modele,
les maladies chroniques ont été introduites séparément, dans un deuxiéme modéle, nous
n’avons introduit qu’une variable binaire indiquant la présence d’au moins une maladie
chronique. Le choix entre les deux modéles non emboités a été effectué sur le critdre
d’Akaike ™.

La calibration du modéle a 6té mesurée grice 3 la méthode de Hosmer-Lemeshow™. La
discrimination du modgle a été évaluée par I’utilisation de courbes ROC *.,

Nous avons comparé les propriétés du modele créé a celles des scores LOD et SAPS II
mesurés 2 1’admission.,

La validation du modele 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 grice aux logiciels S.A.S. 6.12 (SAS institute, Cary, NC) et au
logiciel MedCalc 5.00 (Medcalc, Ghent, Belgium) .

Le modele créé (tableau 11) a été comparé aux modéles pronostiques classiques (SAPS 1I et
MPM 72). Sa discrimination était meilleure que celles des scores mesurés 4 1’admission. Sa

calibration, méme dans 1’échantillon de validation externe, était satisfaisante (tablean 12).

Tableau 11 : Modele pronostique pour la mortalité hospitaliere développé a partir d’une
régression logistique (échantillon de construction, n= 893, 268 déces 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 [1.25-2.42] 0.001 [1.253-2.453]
LOD a1’ admission 0.1536 1.16 J1.085-1.253] |<0.0001 |[1.093-1.276]
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SAPS I & Padmission ] 0.0388 1.04 [1.027-1.053] [<0.0001 |[1.026-1.053]

Maladie chronique (0/1) |0.8507 2.34 [1.677-3.269] |<0.0001 |[[1.622-3.296]
Augmentation du SAPS|0.4161 1.516 {1.04-2.22] |0.032 [1.055-2.373]
entre J3 et J3

Augmentation du LOD |{0.6940 2.00 [1.29-3.11] 0.0002 [1.292-3.019]
entre I3 et I3

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

MPM 72} de prédiction de la mortalité hospitaliére

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

(p value)
Echantillon de construction
SAPS I 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 11 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 (0.780-0.867) 17.14 (0.5)

Nous proposons d’utiliser cet outil pour mesurer la gravité lors des tentatives d’estimation de
la mortalité attribuable  un événement survenant aprés la 72""heure.

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

LOD et du score de sévérité SAPS Il simultanément dans un modele composite doit étre
discutée. En effet, ces deux modéles ont ét€ congus sur la méme 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 modéle.
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

méme modeéle, les 2 covariables étaient sélectionnées, le modeéle 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.

HI-2 Validation de I'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 ill

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

Afin de palier & I’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 LLOD mesuré entre le premier et le septiéme jour calendaire a été réalisée.

La base de données comportait 1685 malades (511 décés hospitaliers, SAPS II médian 2
Ientrée : 38) pour lesquels les différents éléments des scores étaient saisis de fagon
quotidienne par des médecins seniors dans 6 services de réanimation frangais.

La performance de ces scores a ét€ mesurée au jour J en tenant compte des malades encore
hospitalisés & J+1. La discrimination des 2 scores de J1 & J7 était satisfaisante (aire sous la
courbe ROC entre 0.729 et 0.784). 1l n’y avait pas de différence de discrimination entre les 2
scotes, La cohérence interne des points attribués pour chaque dysfonction d’organes, chaque
jour et pour chacun des 2 scores était correcte. De méme, la mortalité observée augmentait
avec le nombre de dysfonctions d’organes retrouvé. La calibration des modéles originaux était

mauvaise et nécessitait une recalibration en introduisant le score global dans un modele 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 & mesure des jours. Le poids de la défaillance neurologique était
plus important avec le score SOFA. Pour cette raison, I’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 fagcon quotidienne reste
correcte et similaire a celle de la mesure initiale.

Nous considérons que les scores de gravité initiaux (méme mesurés au troisiéme jour) sont
des marqueurs insuffisamment discriminants de la mortalité des patients hospitalisés
beaucoup plus longtemps. Ces résultats autorisent d’utiliser Ie score LOD ou le score SOFA a
un jour donné (au moins dans la premiere 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 a des événements survenant tard au cours de I’hospitalisation.

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

I11I-3-1 : Etude de cohorte exposé-Non exposés appariée avec analyse par régression logistique
conditionnelle: Impact des pneumonies nosocomiales 4 germes réputés peu pathogénes sur le
pronostic des patients de réanimation. (cf annexe 3: Lambotte O, 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 a germes réputés peu pathogénes.

Sur un collectif de 1955 patients consécutifs hospitalisés, pendant une période de 10 ans,
en réanimation a 1’hopital 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 pathogénes (Staphylocoques coagulase négatif, streptocoques non hémolytiques,
Neisseria spp, Haemophilus (non influenzae)). Pour 28 des 32 patients, ’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 fagon indépendante.

L’évolution des scores de dysfonction d’organes au moment de 1’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 déces 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 méme mortalité prédite (x10%), de méme sexe, hospitalisé
pendant la méme période, ventilé mécaniquement au moins aussi longtemps que les patients
porteurs d’une pneumonie au moment ol celle-ci a été acquise.

La sélection des témoins a été réalisée a partir du fichier du service a 1’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 a ’admission, le jour de la pneumonie (pour les
témoins, le jour correspondant a la méme durée de ventilation mécanique) 3 jours et 7 jours
avant la ppneumonie.

Les 3 experts ont retenu a I’'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 a I’histologie.

Une régression logistique conditionnelle a été effectuée en utilisant la procédure
GENMOD de SAS 6.12. Dans ces conditions, la pneumonie nosocomiale n’entrainait pas de
sur-risque de décés (OR : 1.19 (IC 95% : 0.41-3.46)) mais était associée a une augmentation
significative de la gravité (telle que mesurée par les scores de dysfonction d’organe) et & une

prolongation du séjour en réanimation moyenne de 6 jours.

HI-3-2 : Etude de cohorte exposé-non exposés appariée avec analyse par modele de Cox
marginal: Mortalité induite par les bactériémies sur cathéters avec prise en compte de la
gravité en cours de séjour avant I’événement (cf. annexe 4 : Soufir L, Timsit JF, Mahe C,
Carlet 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 étre 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 li€s au cathéter et
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peu au terrain et a la gravité sous jacente. Afin d’étre un bon indicateur qualité, il restait &

savoir si on pouvait imputer a I’infection bactériémique liée aux cathéters un risque de déces.

Nous avons réalis€é une étude de cohorte exposé-non exposé cherchant a 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 ’ensemble des cathéters centraux et ayant les mémes 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 1’ensemble des
scores de gravité a I’admission et en cours de séjour. Les sujets exposés et les non exposés
étaient appari€s sur la gravité 4 I’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
I’avons comparée a la méme mesure effectuée chez les non exposés. Nous avons pu utiliser
un modéle de Cox marginal permettant la prise en compte de Pappariement %2,

Cette étude a montré que les scores de gravités étaient plus €élevés chez les exposés que
chez les non exposés 3 et méme 7 jours avant la date de I’infection de cathéter. L’ odds ratio
de déces chez les exposés, ajusté sur la gravité & I’admission était estimé & 2.1 (IC a4 95% :
1.08 — 3.73). Mais, aprés ajustement sur 1’évolution des scores de gravité et leur valeur 3 et
méme 7 jours avant I’infection, le sur-risque de décés n’était plus que de 1.3 (IC 4 95% : 0.69-
2 46).

Commentaires :

Le modéle de Cox marginal permet de tenir compte de ’appariement et utilise une
estimation de la variance robuste prenant en compte la corrélation entre délais de survie d’une
méme paire. 1l est d’ailleurs intéressant de noter que dans ce travail, I’appariement sur la

gravité initiale n’améliore que trés peu la ressemblance entre les paires. Cet appariement
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pouvant méme étre considéré comme superflu. Il est pour I’instant classique mais pourrait &tre
rediscuté.

Par ailleurs, I’ajustement sur la gravité 3 ou 7 jours avant I’infection nosocomiale est
critiquable. En effet, il n’est pas certain que la gravité 3 jours avant I’infection ne soit pas due
a la phase «d’incubation » de la maladie. Cependant, les scores 7 jours avant I’infection ne

sont pas influencés par celle-ci.

III-3-3 : Etude de cohorte avec analyse par modele de Cox tenant compte de 1’évolution de
la gravité les 4 premiers jours — Impact des pneumonies nosocomiales tardives sur la mortalité
des patients de réanimation. — Prise en compte de I’effet centre et de I’effet de 1’adéquation
initiale de 1’antibiothérapie (cf. annexe 5 : Moine P, Timsit JF, de Lassence A, Troche G,
Fosse JP, Alberti C, Cohen Y, for the outcomerea study group ~ Mortality associated with
late-onset pneumonia in ICU: Result of a multi-center cohort stu.dy — Intensive Care Med

2002:28:154-163)

Comme nous 1’avons vu, la surmortalité induite par les pneumopathies nosocomiales
en réanimation reste l'objet d'une importante controverse. La sévérité initiale des patients,
I'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 influencant 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 I'antibiothérapie initiale. Les
pneumopathies nosocomiales tardives (PNT) (survenant plus de 96 heures aprés 1'admission

en réanimation) pourraient ainsi induire une surmortalité liée & 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 I'étude des facteurs de risque de mortalité des patients en
réanimation, notamment des pneumopathies nosocomiales tardives, en prenant en compte tout
particuliérement la sévérité initiale et 1'évolution de la sévérité au cours des quatre premiers
jours post-admission et le caractere adéquat de I'antibiothérapie empirique initiale prescrite

dans le cadre de ces pneumopathies nosocomiales tardives.

11 s'agit d'une étude prospective, opérationnellement, multicentrique, conduite dans 4
réanimations médicales et chirurgicales pendant 18 mois. Les patients dgés de plus de 16 ans
et hospitalisés plus de 96 heures en réanimation sont inclus. Les é&léments cliniques,
biologiques, radiologiques et thérapeutiques, et la sévérité (SAPS II et LOD score) sont
enregistrés quotidiennement de I'admission a la sortie de réanimation des patients. Le recueil
est standardisé et effectué¢ quotidiennement par les médecins seniors aprés mise au point
concertée de 'ensemble des définitions. Une pneumonie nosocomiale tardive est suspectée
devant l'apparition aprés plus de 96 heures post-admission en réanimation d'une nouvelle
image radiographique pulmonaire persistante associée i au moins un des éléments cliniques
ou biologiques suivants : Sécrétions trachéobronchiques purulentes ; hyperthermie > 38°5C
ou hypothermie < 36°5C ; ou leucocytose > 10x10°/1 ou < 4x10°1. Une fibroscopie
bronchique est alors réalisée avec un PDP dirigé ou un brossage protégé ou un lavage
bronchoalvéolaire avant toute modification de 1'antibiothérapie. Une pneumonie nosocomiale
tardive est confirmée si les seuils de culture sont respectivement < 10° cfu/ml, < 10° cfu/ml et
= 10" 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

pneumopathie nosocomiale tardive (69 patients (77.5 %) ont développé leur pneumopathie 7

53



jours ou plus aprés 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 pneumopathic nosocomiale
tardive dans cette population sont l'existence d'une pneumonie a 1'admission en réanimation
(OR 2,79 ; IC 95% 1,42-3,65 : p = (,0006) et un LOD score & 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 premicres heures post-admission mesurée par le SAPS
IT, l'aggravation de cette sévérité au cours des 4 premiers jours mesurée par une augmentation
du SAPS II entre J1 et J2, J2 et I3, et I3 et J4. Aprés ajustement sur les paramétres
pronostiques sélectionnés, la survenue d'une pneumonie nosocomiale tardive est
significativement associée a un sur-risque de mortalité (HR = 1,53, IC 95% 1,02 - 23 ;p =
0,04) dans cette population. Néanmoins, lorsque le caractére adéquat, ou non adéquat, du
traitement antibiotique empirique initial est introduit dans le mod¢le, le sur-risque de mortalité
n'est observé que si le traitement antibiotique initial est inadéquat (HR = 1,69, IC 95% 1,08-
2,65 ; p = 0,022) et non lorsque I’antibiothérapie initiale était adéquate (HR = 1,44, IC 95%
0,75-2,76 ; p = 0,27). Ces résultats justifient pleinement l'utilisation aprés prélévements a
visée bactériologiques d'une antibiothérapie a large spectre en premiére intention chez les
patients hospitalisés en réanimation depuis 4 jours et suspects de développer une

pneumopathie nosocomiale tardive.

IMI-3-4 Evaluation des conséquences de I’acquisition d’un portage ou d’une infection a

staphylocoques aureus résistant a 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 étre utilisés en réanimation.
L’acquisition de Staphylocoques aureus résistant i la meticilline (SARM) est directement
liée & 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 parametres
de qualité des soins & surveiller en réanimation. Les conséquences du portage de SARM
sur le pronostic sont cependant insuffisamment évaluées.

But_de 1’étude : Evaluation des conséquences du portage de SARM chez les patients de
réanimation : Mortalité, risque d’acquisition d’infection & staphylocoques dorés,
consommation de Glycopeptides.

Méthodes : Le portage nasal de SARM est réalisé chez tous les patients 4 I’admission et
toutes les semaines dans Iunité de réanimation de ’hépital saint Joseph. Par ailleurs, un
suivi prospectif de I’ensemble des infections nosocomiales a staphylocoques méticilline
sensible (SASM) et résistants (SARM) est effectué. Enfin, I'utilisation quotidienne de
glycopeptides de chaque patient était surveillée par le comité du médicament.

Nous avons évalué, grace 3 un modele de Cox, le sur-risque de déces induit par le portage
a I’admission ou I’acquisition de SARM. Cette variable était introduite dans le modéle
comme une covariable dépendante du temps.

Afin d’apprécier la morbidité de I’acquisition d’un SARM, nous avons aussi effectué un

autre modéle afin d’évaluer le risque de survenue d’une infection a staphylocoque doré.
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Enfin, nous avons évalué quelle était la consommation de glycopeptides associée au
portage de SARM sans infection, celle associée & une infection & SARM et celle des
patients n’étant pas colonisés 2 SARM.

Cette étude ne retrouve pas de sur-risque de décés associé au portage de SARM. Par
contre, le portage de SARM est associé a une plus forte incidence d’infection nosocomiale
a Staphylococcus qureus et entraine une augmentation significative des prescriptions
empiriques et des prescriptions documentées de glycopeptides.

Commentaires : La mortalité est peut étre un marqueur trés 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 1’utilisation
probabiliste de vancomycine.

L'utilisation accrue de vancomycine a été associée avec 1’augmentation du risque
d’acquisition de germes multirésistant (entérocoques résistant a la vancomycine (ERV) en

particulier) et & un certain nombre d’effets secondaires.

[I- 3- 5 Evaluation des conséquences des extubations iatrogénes sur 1’acquisition des
pneumopathies nosocomiales et le pronostic des patients de réanimation. Utilisation d’un
modele 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 JF 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)
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Sur un collectif de 750 (7953 jours de ventilation mécanique) patients ventilés suivis
prospectivement, les conséquences des extubations iatrogénes 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 déces) et a
I’hopital de 43.9% (329 déces).

Cent cinquante et un patients ont eu au moins un épisode d’extubation iatrogeéne (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 I’extubation iatroggéne sur la survenue d’une pneumonie
nosocomiale et la mortalité en réanimation ont été¢ évaluées grice a un modeéle de Cox
avec covariables temps dépendant. La survenue de pneumonie nosocomiale €tait plus
fréquente apreés extubation accidentelle qu’aprés les autres extubations iatrogénes.
L’extubation iatrogéne augmente le risque de pneumonie (HR 1.8, IC 95%: 1.15-2.8,
p=0.009). Cette augmentation du risque est entiérement due a l’effet des extubations
accidentelles sur la survenue des pneumonies (HR= 5.3, IC 95% : 2.8-9.9, p < 0.001).
L’extubation iatrogene n’influence pas la mortalité, mais elle est associée & une durée plus
longue de ventilation mécanique.

Cette étude montre que les extubations iatrogénes sont associées a une certaine morbidité
et 4 un allongement de la durée de séjour. Les extubations accidentelles bien que
n’influencant pas directement le risque de décés augmentent le risque de pneumonie
nosocomiale (HR : 5.28 IC95% : 2.83-9.89).

Bien que non développés dans larticle, certains problémes non résolus d’estimation
doivent rester en mémoire. Le succeés d’extubation programmée est défini par 1’absence de
réintubation dans les 48 heures chez un survivant. Il existe donc deux relations opposées

entre cette variable et 1a mortalité. (1) si un malade décéde encore intubé car trop sévére, il
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n’est pas considéré comme en échec d’extubation programmée puisque 1’extubation n’a
pas été tentée. (2) Le groupe «non exposé » de cette étude comporte donc deux
populations trés différentes de patients : les patients trop sévéres qui ne vont jamais étre
extubés et qui vont mourir et les malades extubés avec succés qui sortiront de réanimation

vivants apres un temps de suivi court pour la trés 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 déces attribuables aux

événements nosocomiaux en réanimation.

- La maniére dont est porté le diagnostic des infections nosocomiales est trés
variable d’un centre a4 D’autre. Cette variabilit¢ influence 1’incidence de la
maladie et I’estimation du sur-risque.

- II 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 étre
réalisé. La liste des éléments & prendre en compte nécessiterait un échantillon de
malades trés grand.

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

risque et gravité.

Par exemple, I’'impact de 1’adéquation de I’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, a ’opposé, la gravité des malades est extréme, 1’adéquation de
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I’antibiothérapie n’empécherait pas 1’issue fatale, et c’est probablement pour les
strates de gravité intermédiaire que I’impact de 1’adéquation de I’antibiothérapie serait
la plus importante™. Les résultats préliminaires d’une étude en cours sur la base
OUTCOMEREA sur 142 premiers épisodes de pneumonies nosocomiales vont dans

CC SEns .

IV-2 : Risques compétitifs :

De plus, La multiplicité, la simultanéité et enfin la dépendance des événements en
réanimation conduit naturellement & s’intéresser aux modeles a risques compétitifs plus
récemment développés. En effet, 2 Pévidence, les malades de réanimation sont soumis 2
plusieurs risques simultanément et pour ’instant, aucun des modéles développés dans les

revues destinées aux réanimateurs n’ont exploré ce domaine.

Evaluation de Pincidence des pneumonies nosocomiales en fonction de la gravité a
’admission. Prise en compte du décés en réanimation comme un risque compétitif

Le sur-risque de décés n’est probablement pas le méme en fonction de la gravité des
malades & I’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 ’opposé, I'impact sur les malades les plus graves d’une pneumonie
nosocomiale est probablement faible, compte tenu du risque de décés important inhérent a la
maladie sous-jacente.

Il est admis que la gravité initiale mesurée a ’admission en réanimation est, apres la
durée de ventilation mécanique, le facteur de risque principal des pnenmonies nosocomiales.
Cependant, ce résultat a été obtenu sur des études de cohorte utilisant des modeles de

régression logistique ou sur des études utilisant des modeles 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 congoit volontiers que, lorsque 1’on veut évaluer le risque
de pneumonie, par strate de gravité a 1’admission, la censure par décés soit informative. En
effet, lorsque I’on estime la probabilité de survenue d’une pneumonie nosocomiale, on fait
I’hypothése que les sujets décédés avant la pneumonie nosocomiale auraient eu (s’ils étaient
restés vivants) la méme probabilitt de développer une pneumonie que le reste de
I’échantillon. De méme, aprés extubation, le risque d’acquisition d’une pneumonie
nosocomiale est diminué d’un facteur 10 & 100. Il n’y a donc pas d’indépendance entre la
censure (déces, extubation ou sortie vivant du service) et la pnenmonie nosocomiale.

En réanimation, si Pon s’intéresse au risque d’acquisition d’une pneumonie
nosocomiale, le décés précoce du patient survenant avant la pneumonie est donc un risque
compétitif dans I’étude de la survenue d’une pneumonie. Lorsque ’on étudie 1’événement
« acquisition d’une pneumonie », la censure des patients au décés ou a la sortic vivant de
réanimation ignore cette compétition (la population des malades n’étant supposée &tre
soumise qu’au seul risque de pneumonie). Il serait préférable d’estimer la survenue de
I'événement « acquisition d’une pneumonie nosocomiale » dans une population soumise a
plusieurs risques en compétition (pneumonie, décés 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 a celle obtenue 4 partir de

P’estimateur de Kaplan Meier).
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Figure 4: Comparaison des différentes approches de modélisation de I’incidence de

pneumonie nosocomiale en fonction de 1a prise ou non de la compétition

Les perspectives de recherche sont les sujvantes.

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 modeles de survie
classiques (en censurant les patients a I’extubation ou au décés) et ceux obtenus avec des
modéles prenant le décés et/ou P’extubation comme un risque compétitif.

Méthodes : Construction d’un modéle pronostique en stratifiant sur la gravité & 1’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 modéles a risques proportionnels & risques compétitifs 5
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Les premiers résultats de cette approche montrent que la prise en compte du décés
comme risque compétitif influence 1’estimation du risque de pneumonie nosocomiale associé
a la gravité (tableau 12).

Quatre strates de SAPS II successives sont prédéfinies. La variable est transformée en
3 variables discrétes & 2 classes.

Le modele de Cox classique est réalisé grice a la procédure PHREG de SAS, le
modele a risques compétitifs est construit sous SPlus grice i la procédure cmprsk récemment
développée par R Gray® (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 modéle & risques compétitifs considére que chez les
patients décédés, le risque de survenue de pneumonie est nul, et décrit Ia réalité observée.
L’interprétation de ce résultat pour le praticien hospitalier est difficile et doit &tre relative dans
la mesure ol effectivement ces résultats ne sont interprétables que dans une population
sournise a deux risques (pneumonie, décés avant pneumonie). Ainsi, les malades les plus
graves développent effectivement moins de pneumonie nosocomiale que les malades moins
sévéres (HR= 0.64, IC a 95% : 0.42-0.97), mais par 'intermédiaire d’une augmentation de

leur risque de déces avant pneumonie (HR= 3.41, IC 4 95% : 2.28-5.12)).
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Tableau 13 : Comparaison de 1’estimation du sur-risque de pneumonie nosocomiale associ€ a la catégorie de SAPS II selon la prise en compte du

décés avant pneumonie comme un risque compétitif de ’événement d’intérét

Nb

Hazard ratio (I1C95)

Hazard ratio (IC95)

D p Hazard ratioIC95) |p Hazard ratio(IC95) |p

pneumonie/nb | pneumonie Déces en Preumonie Déces

Déces réanimation Compétitif* Compétitif*
SAPS  [1<39|47/43 1 1 1 I
(N=308)
38<SAPSII<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 11.52(0.95-2.47) 0.072
(n=213)
48<SAPSII<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 11.96 (1.21-3.16) 0.005
(n=171)
SAPSIT >57141/131 0.77(0.51-1.17) 0.21|2.49 (1.76-3.50) <107 0.64(0.42-0.97) 0.04 |3.41(2.28-5.12) <10
(n=253)

(*) prise en compte du décés et de la pneumonie comme risque compétitif
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Dans I’exemple ci dessus, nous avons vu comment le modéle a risques compétitifs modifie
grandement les estimations des covariables du modéle de Cox (tableau 13). Afin d’interpréter
les résultats de ce type d’analyse, il apparait donc fondamental de présenter les probabilités de
tous les événements en compétition. * Si I'on s'intéresse 2 ’effet de la gravité 2 I’admission
sur le risque de survenue d’une pneumonie, 1’utilisation d’un modéle a risques compétitifs
peut étre trés délicat d’interprétation si la gravité affecte aussi le risque en compétition (ici le

. P 85
risque de déces).

Autres _approches: Une autre approche pourraient étre 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 (jjnon k)).

Si R; et Ry sont les deux risques en compétition, la distribution de probabilité conditionelle

de R; est donnée par :
CPR,(£) = Pr[ R au temps t (1-Pr(R,au temps t)]] =0 s 1= Qs O
Intuitivement, si le modele est destiné & 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 modeles conditionnels paraissent mieux adaptés a la prédiction individuelle pour
répondre a la question: «mon malade est t il & risque de présenter une pneumopathie
nosocomiale? » les modeles & 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 I’infection nosocomiale nationaux (C-Clin

Paris Nord: Groupe REACAT  http/www.jussieu.fr/cclin/reanimation.html)  ou
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internationavx comme HELICS (Hospital in Europe Link for infection control through

surveillance http://helics.oniv-lyon.fr) réfléchissent a la réalisation de scores composites qui

permettrait d’utiliser la pneumonie nosocomiale ou d’autres événements iatrogénes comme
indicateur de résultats dans les unités de soins intensifs. Des modeles logistiques ont ainsi été
proposés. Les modeles multivariés pour données censurées a risque compétitifs sur le méme
principe que celui montré précédemment pourraient permettre de prendre en compte a la fois
la gravité initiale et la durée d’exposition au risque pour estimer ceite mesure. Ce type
d’ajustement, associé¢ 4 une meilleure définition de 1’infection, & une homogénéisation de la
prise en charge, pourrait permettre d’utiliser I’infection nosocomiale pour I’évaluation de la

performance (ou benchmarking) des unités.
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patients hospitalized for more than 72 h
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Abstract In most databases used to
build general severity scores the
median duration of intensive care
unit (ICUJ) stay is less than 3 days.
Consequently, these scores are not
the most appropriate tools for mea-
suring prognosis in studies dealing
with ICU patients hospitalized for
more than 72 h.

Purpose: To develop a new prog-
nostic model based on a general se-
verity score (SAPS II), an organ
dysfunction score (LOD) and evo-
lution of both scores during the first
3 days of ICU stay.

Design: Prospective multicenter
study.

Setting: ‘Twenty-eight intensive care
units (ICUs) in France.

Patients: A training data-set was
created with four ICUs during an
18-month period (893 patients).
Seventy percent of the patients were
medical (628) aged 66 years. The
median SAPS II was 38, The ICU
and hospital mortality rates were
22.7% and 30%, respectively. For-
ty-seven percent (420 patienis) 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. 0.714-0.773)] of the
original SAPS II were relatively
poor. A validation data set was cre-
ated with a random panel of 24
French ICUs during March 1999
(312 patients).

Measurements and main results: The
LOD and SAPS II scores were cal-
culated during the first (SAPSI,
1.OD1), 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 multivariable
logistic regression model was used
to select variables measured during
the first three 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 well as
SAPS3-SAPS? alterations [OR:
1.516 (95% CI. 1.04-2.22)}, and
LOD3-LOD?2 alterations [OR: 2.00
(95% CI.1.29-3.11}]. The final
madel 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-Lemeshow C 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 C statistic: 7.14, P = 0.5].
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Conclusions: The new model using
SAPS II and LOD and their evolu-
tion during the first calendar days

imtroduction

General severity scores such as SAPS II [1], APACHE
II [2] or MPM24 [3] have been developed for use at spe-
cific time periods during the ICU stay. They measure se-
verity of illness using data collected during the first 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 ICUJ.

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 specific
subgroups of ICU patients and/or for time periods dif-
ferent to the one for which they were 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 IUIIL [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 h).

The accuracy of prognostic systems is generally as-
sessed by measuring how well the model 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 within 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,
- 10]. The progressive decrease in discrimination power
18 probably explained in part by the fact that the progno-
sis of ICU 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-
eral 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.

has good discrimination and cali-
bration properties. We propose its
use for benchmarking and evaluat-

ing the over-risk of death associated
with ICU-acquired nosocomial in-
fections.

developed MPM 72 [10}, a score based on the recalibra-
tion of the MPMII [3] using information ascertained at
admission and clinical and biclogical variables assessed
during the third ICU day. However, the predictive accu-
racy of the MPMII was worse at 72 it (area under the
ROC curve, 0.752) as compared with 24 h (area under
the ROC curve, (.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 model, 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 benchmarking 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 (mamely SAPS II and
1.OD) and already measured in many French ICUs.

Methods

This cohort study was conducted prospectively duning an 18-month
period within the medical and surgical ICUs of four university-af-
filiated tecaching hospitals: one medical ICU in Hopital Louis Mou-
rier (Colombes, France), two medical and surgical ICUs in Hopital
Saint Joseph (Pars, France), and Hopital Avicenne (Bobigny,
France), and one surgical ICU in Hépital Antoine Béclere (Cla-
mart, France). All patients over 16 years of age and hospitalized
in the ICUJ 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 ICU.

Data collection and baseline data

We recorded prospectively chnical, biological, and therapeutic
data from the day of admission to ICU discharge. The investigators
were closely involved in the database setting, All codes and defini-
tions were created prior to the study start. Report forms were com-
pleted by senior physicians and were all reviewed by another inves-
tigator before computation. Using the keyed data, the Simpliffed
Acute Physiologic Score (SAPS 1I) [1] and the LOD score {14]
were computed. The chronic health status, assessed using the
Knaus classification [2], was also recorded, as well 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 ICU
admission [15].

We then created a second external validation set. We randomly
selected 30 ICUs from around France. The multi-stage randomiza-
tion of the units was performed according to the proportion of
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1CUs from university hospitals, general hospitals or private clinics
and to the proportion of medical surgical or medical-surgical
ICUs in France. Selected ICUs had to enroll a maximum of twenty
consecutive patients hospitalized for at least four calendar days
and admitted to the ICU 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 all the report forms
before their computation. An audit was performed by the study
monitors of a clinical research organization on a random basis of
10 % of the patients in each ICU.

There were no missing clinical data. According to SAPS II and
LOD definitions, missing initial biological data were treated as a
normal value. To caiculate 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 at day 1, day 2, and
day 3 were computed using clinicai and biological data recorded
during each calendar day in the training data set.

Variables associated with death were selected using Fisher’s ex-
act test or the Mann-Whitney test.

All variables were introduced as dummy variables except
SAPS 1T and LOD scores at admission (after checking for log-lin-
earity assumption). The McCabe score was not introduced into
the mode! because of poor inter-observer reproducibility. Score ai-
terations rather than daily scores were introduced in the model at
the first step to avoid overfitting. Only the directions of changes
were included on the basis of the non-parametric modeling using
generalized additive models [16]. According to the plot of the esti-
mated functions for each score aiteration using smoothing splines,
the direction of change was the most important predictor to delin-
eate two groups of interest (low- and high-risk groups). Alteration
of sevetity 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 iflnesses, the latter parameter
was also introduced into the initial full model. Chronic illness was
either encoded as a binary covariate {presence or absence, one or
more than one) or by introducing separately each chronic iHiness
as dummy variables. The best model was chosen by taking the low-
er value of the Akarkes information criterion [17]. Pooled interac-
tion tests were performed to check for the additivity assumption
{18}

A multivariable logistic regression model with a stepwise selec-
tion procedure was used to select variables, measured during the
first three calendar days, independently associated with hospital
death, Only significant variables in the univariate analysis were in-
troduced into the model at the first step.

Our primary assessment of model performance was the good-
ness of fit of the models on the training data set. Goodness of {it
was evaluated by the Hosmer-Lemeshow C statistic, and calibra-
tion curves [19). Lower Cvalues and higher P values 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 to separate survivors and

non-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 performed using Hanley and
McNeil’s method [20].

Model validation

Internal validation on the training data-set was petformed by boot-
strapping, which, by taking a large number (500 independent repii-
cates) of samples with the replacement from the original one, pro-
vides nearly unbiased estimates of predictive accuracy. External
validation was performed using the second data set and using the
saine tools.

Eventually, MPM72 was measured using clinical and biological
data of the third calendar day {10} and was compared to the final
model,

Resuits

Training and validation data sets

Eight hundred and ninety-three (893} patients hospital-
ized for at least four calendar days were entered in the
traiming data set. Three hundred and twelve (312} pa-
tients from 24 ICUs were entered in the external valida-
tion data set.

Case-mixes of the training and the validation cohorts
are shown in Table 1. The training and validation co-
horts were statisticaily different in term of diagnosis,
rate of patients transferred from hospital ward, and evo-
lution 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 multivariable model
(i.e., SAPS I, LOD, chronic illness, transfer from
ward, LOD1-LOD?2 aiterations, LOD2-LOD?3 altera-
tions, SAPS1-SAPS?2 alterations, and SAPS2-SAPS3 al-
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 model, the SAPS I score and
I.OD score at admission remained associated with prog-
nosis as well as the alteration of severity scores (Ta-
ble 3). Moreovet, transfer from hospital ward [21, 22]
and chronic illness remained related to death [21].

When chronic illnesses were introduced separately,
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 model. The Akaike criterion was higher in
the second model (AIC = 1113.2 vs AIC = 1105.2). Con-
sequently, the first model was retained.



1015

Table 1 Training and validation cohort characteristics. Results are
expressed as median (25%-75% percentiles) or number (%) for
quantitative and qualitative variables, respectively

Table 2 Prognostic factors in the training cohort (univariable ana-
lyses). Results are expressed as median {2575 percentiles) or
rumber (% ) for quantitative and qualitative variables, respectively

Training  Validation P value®
data set data set
(n=893) (n=312)
Symptom at ICU admission
Multi-system organ failure 30 (3) 8(3) 0.3
Septic shock 70 (8) 23(7) 0.6
Other shock 92(11.5)  32(11) 0.6
Respiratory failure 310(345) 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) <
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
Transfer from ward 42047 176 (56) 0.005
Chronic illness 428 (48) 143 (46} 0.4
Hepatic 72(81)  15(4.8) 0.06
Pulmonary 174 (19.5)  65(208) 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(355) 95(30.7)
Fatal < 1 year 55(11.5y  29(9.3)
SAPS admission 38 (28-32) 36.5(27-50) 0.23
LOD admission 5(-7) 5(26) 018
ICU stay (days) 7(-14)  7(414) 07
Hospital stay (days) 22(12~42) 23(1342) 038
SAPS day 1 35 (26-45) 37 (29-47)  0.01
SAPS day 2 35 (25-45) 37 (27-47)  0.03
SAPS day 3 33 (23-44) 37 (26-46) 0.03
LOD day 1 57 4(3-6) 001
LOD day 2 5(3-7) 4(3-6) 0002
LOD day 3 4(2-7) 4 (2-6) 0.006
SAPS3-SAPS2 alteration® 280 (31.4) 106 (34) 044
LOD3-LOD2 alteration® 178 (19.9) 66 (21.2) 0.04
ICU deaths 203(22.7y  70(22.5) 0.9
Hospital deaths 268 (30) 84(27) 0.3

Alive Dead P value
(=625} (n=268)

Symptom at ICU admission < 0.0001
Multi-system organ failure 13 (41) 17 (59)
Septic shock 48 (69) 22 (31)
Other shock 51(56) 41 (44)
Respiratory failure 221(7) 310 (29)
COPD exacerbation 60 (80) 75 (20}
Renal failure 32 (59) 54 (41)
Coma 73(635) 115(36.5)
Scheduied surgery 30 (81) 7 (19)
Trauma 15 (88) 2(12)
Other 82 (8%) 11 (12)
Transfer from ward 268 (63.8) 152 (36.2) 0.0002
Medical 441 (70.2) 187 (29.8) 0.14
Scheduled surgery 65 (78.3) 18 (21.7)
Emergency surgery 119 (654} 63 (34.6)
Age 64 (45-73) 70(57-77) 10
Chronic illness 257 (41) 171 (638) <107
Hepatic 31(43)  55(32) <10
Pulmonary 119 (68)  39(39) 0.6
Cardiac 61 (61) 4(29) 0.05
Renal 10(71)  54(44) 1
Tmmunosuppression 68(56) 54 (44) 0.0004
More than one 36 (39) 25 (41) 0.06
MecCabe score <10

Non-fatal 389 (82) 84 (17.7)

Fatal < 5 years 188 (593) 129 (40.7)

Fatal < 1 year 43 (46.6)  55(53.4)
SAPS admission 35 (25-47) 51 (37-63) <10°
LOD admission 4(2-7) 6(4-8) <10
Age 64 (45-73) 70 (57-77) <107
ICU stay (days) 7411 11(6-19) <10
Hospital stay {days) 24 (15-44) 18 (10-42) 0.002
SAPS day 1 33(23-42) 41(51-32) <107
SAPS day 2 31 (2141) 45 (35-57) <10~
SAPS day 3 29 (20-39) 43(35-38) <107
LOD day 1 4(2-7) 6(4-8) <10
LOD day2 402-7)  T(5-9) <10
LOD day 3 4(2-6) 7@-8) <10¢
LODI1-LOD? alteration®* 182 (29) 108 (40) 0.002
SAPS1-SAPS2 alteration™ 259 (41) 149 (55) 0.0002
LOD2-LOD3 alteration®* 103 (16.5) 75 (28) 0.0002
SAPS2-SAPS3 alteration®* 176 (19.7) 104 (38.8) 0.003

4 Alteration of severity scores took the value “1” when scores in-
creased and the value “0” otherwise
t 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 8df,
P =070y (Fig. 1). The area under the ROC curve
(AUC model=0.794, 95% confidence inter
val = (.766-0.820) was improved as compared to the
AUC of SAPS II (area under the ROC curve for SAPS
I =0744, 95% confidence intervai=0.714- 0.773,
P < 10™) (Fig. 2) but remained too imperfect to make
individual predictions (concordance of predicted proba-

* 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 pawrs 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 model re-
mained well calibrated (goodness of fit statistic = 7.14
with 8 df, P = 0.55). The discrimination of the model in
the external data set was good (area under the ROC
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Table 3 Results of the logistic

g W Parameter  Odds ratio Pvalue {Odds ratio

regresgfozfggmm{lg Cgh‘mv estimate  95% CI (Wald) 95% CI

n =893, hospital deaths) (Bootstrap)
Intercept —4.44 0.0001
Transfer from ward (0/1) 0.5543 1.74(1.25-242) 0.001 (1.253-2.453)
LOD at admission 0.1536 1.16 {1.085-1.253) < 0.0001 (1.093-1.276)
SAPS II admission 0.0388 1.04 (1.027-1.053) < 0.0001 (1.026-1.053)
Chronic illness (0/1) 0.8507 234 (1.677-3.269) < (0.0001 (1.622-3.296)
SAPS2-SAPS3 alteration 0.4161 1.516 (1.04-2.22) 0.032 (1.055-2.373)
LOD2-LOD3 alteration 0.6540 2.00(1.29-3.11) 0.0002 (1.292-3.019)

To compute the probability of hospital mortality:

(1) compute the logit:

Logit = (-4.44) + 0.5543 (Transfer) + 0.1536 (LOD) + 0.0388 (SAPS I} + 0.8507 (Chronic illness) +
0.4161 (SAPS2-SAPS3 alteration) + 0.6940 (LOD2-LOD3 alteration);

(2) calculate the probability of hospital mortality [P(death)]:

P(death) = (e"#")/(1+e™°6") where e = 2.7182818 (the base of the natural logarithm).

An Excel? 4.0 calculation file is

Table 4 Calibration and discrimination of the final model as com-
pared to SAPS 1l and MPM 72 in predicting hospital death

AUC-ROC Hosmer-Lemeshow
(95% CI) C statistic (P valze)
Training set
SAPS I 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) 223 (0.01)
Final model 0.794 (0.766-0.820)  5.56 (0.70)
Validation set
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) 182(0.03)
Final model 0.826 (0.780-0.867) 7.14 (0.5)

curve = 0.826, Table 4) and very significantly improved
(£ < 10) as compared to the original SAPS Il 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 statistic = 22.3 with 8 df, P < 0.01).

Discussion

Most of the current research with prognostic scoring
systems has focused on predictions which use data
from the first ICU day. The severity of the acute dis-
case 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 to adjust the over-
risk of death related to nosocomial pneumonia or bac-
teremia or any other nosocomial events which only cc-

available on htip://www.outcomerea.org

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 72h of ICU
stay, since they have been built 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 Il 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 at least 72 h, the
occurrence of nosocomial 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 resoluntion of an epi-
sode of nosocomial pneumonia; and initial APACHE
II, MODS, and OSF scores were not able to differenti-
ate those patients with JCU-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 perfectly this find-
ing [27]. She caretully matched, for initial severity of ill-
ness (as assessed by APACHE I and age) and duration
of exposure to the risk, 42 ICU patients with nosocomial
infections with 42 controls. Patients were strictly similar
in terms of severity at admission to controls; however,
the observed death rate of case-patients was higher
than for the controls (58.5% vs 14.6%, P < 0.001). A}
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Fig. 1 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 df

(P < 0.01) (circle and doued
line); final model: goodness of
fit statistic = 5.56 with 8 df

(P =0.70) (black line). Valida-
tion data set: final model:
goodness of fit statistic = 7.14
with 8 df (P = 0.5) (triangle and
dotted line)

though initial severity scores were not able to predict
mortality, the APACHE II and the SAPS scores of
case-patients calculated on the third day of ICU 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 first 2 days of ICU stay to develop a prognostic mod-
el with reasonable calibration and discrimination prop-
erties.

In clinical trials, it is important to have properly cabi-
brated models for risk stratification and for measuring
severity-adjusted efficacy [31]. 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 ICU stay.

Mortality prediction models are almost always over-
specific for the patient samples upon which they were
developed, and thus, performance usually deteriorates
when models are applied to different population sam-
ples [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-
ples) can be expected to be rather similar. In 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 first patients admitted for at
least four calendar days in 24 randomly chosen ICUs in
France. It 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. It 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 ICU admission. This is probably
because these two models may not necessarily converge
for their probability estimates 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-

SAPS I
== New model

wemsmne LOD adm
MPM72

sksarben

ning data set. Original SAPS II:

area under the ROC curve =
0.744 (95 % confidence inter-
val = 0.714-0.773) (black line).
New model: area under the
ROC curve =0.794 (95 % con-
fidence interval = 0.766-0.820)
(thin dotted Iine}. Area under

the ROC curve was signifi-
cantly improved (P < 0.0001} as
compared to original LOD
{gray line) and SAPS II (black
Iine) but was not significantly
improved as compared to

MPM72 (dotted line)

Sensitivity

[31]. It probably reflects interactions between variables
that are used in these general compaosite scores.

It would have been possible to use a madel 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 stmilar
to that obtained with our new modei in the training pop-
ulation and was slightly lower compared to the valida-
tion population. However, MPM72 was not well 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 physiclogic measure-
ments. An important indicator of the quality of a scien-
tific measure is to yield consistent, reproducible results.
In France, physicians nsually measure the SAPS 11 score
and are familiar with the definitions used in the SAPS II
score calculation. It is a strong point for using this strat-

100-Specificity

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 to describe individual organ dysfune-
tion, from mild dysfunction to severe failure, that could
be used to 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 ICU 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 ICU stay, while
44% of the non-survivors did not. In this study, the au-
thors concluded that regular repeated scoring enable
the patients’ condition and disease development to be
monitored and better understood. In the same way, the
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Fig. 3 ROC curve the original
SAPS 11, LOD score, MPM72,
and the final model in the vali-
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dation external data set. Origi-

nal SAPS II: area under the 100
ROC curve = 0.741 (95 % con- 3
fidence interval = 0.688-0.789)

(black line). Final model: area

under the ROC curve = (.826

(95% confidence interval =

0.780-0.867) (thin dotted line). 80
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Area under the ROC curve was
significantly improved

(P < 0.0001) as compared to
original LOD (gray line} and
SAPS I (black line) but was
not signtficantly improved as

compared to MPM72 {dotted 60
line)

Sensitivity

40

working group of the European Society of Intensive
Care Medicine found 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 mortality, 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 to create daily estimates of hospital mortality
using the APACHE I system [22] and found resuits

100

100-Specificity

very similar to ours. First, the variables entered in the
model at admission (i.e., acute physiclogy score, age,
previous hospital stay before ICU admission, and chron-
ic health status) have also been found to contribute to
day 3 prediction. Second, the criteria contributing to
day 3 prediction were not only 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 analysis, which artificially
led to a better discrimination of the final model. 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 1
to day 2 and from day 2 to day 3 were also associated
with the prognosis, and this was observed, independent-
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ly of the initial LOD score. However, the amount of
variation of the SAPS II and LOD scores showed no
log-linear relationship to the risk of death. A decrease
of both 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 multivariable model, day 1
and day 2 changes were not selected. As in the study
from Wagner et al. [22], only the mozre 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 model, which uses very common
and easy to ascertain severity and organ dysfunction
scores, could be used for adjusting over-risk of death re-
lated to ICU-acquired nosocomial events. [t might also
be useful 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-Frangois Timsit, MD; Jean-Philippe Fosse, MD; Gilles Troché, MD; Amaud de Lassence, MD;
Corinne Alberti, MD: Maité Garrouste-Orgeas, MD; Caroline Bornstain, MD; Christophe Adrie, MD, PhD;
Christine Cheval, MD; Sylvie Chevret, MD, PhD; for the OUTCOMEREA Study Group, France

Objective: The Logistic Organ Dysfunctien {LOD) score has
been proved effective in evaluating severity during the first day in
an intensive care unit but has not been evaluated later. To
evaluate attributable mortaiity refated io nosocomial everts, or-
gan dysfunction scores that remain accurate throughout the |
tensive care unit stay are needed. The objective of this stfud
to evaluate how accurateiy daily LOD scoring prediets
comparatively with daily Sequential Qrgan Failure A

{S0FA) scoring.
Design: Praspective muliicenter study.

Seffing: Six intensive care units in Frange,
Patients: A total of 1685 patients with intensive care ugi
ionger than 48 hrs were included in this study (511
deaths). Median age was 66 yrs, and median Simplified Acdl
Physiaglegy Score if at admission was 38. For each patient, 2

senior physician recorded the variables needgd ??m%ﬁsﬁugq
%3 veggty

dysfunction scores daily throughout the intens

characteristics (ROC) area under the curve (AUC; a ROC-AUC of 1
indicates fauiiless discrimination and a ROC-AUG of 0.5 indicates
the effects of chance alone). Because calibration of both scores
was poor at all time points {(# < .001), customization was per-
formed using the total score {modei 1) or separate infroduction of
ch dysfunction {modei 2). The performance of cusiomized LOD
| SOFA scores on a given day in predicting mortality was
d in those patients who spent at least one more calendar
tntensive care unit. The griginai LOD and SOFA scores
tory ROC-AUC values (0.720 fo 0.766). Internal con-
KRty of both scores was acceptable {p < 10~ for each organ
nction). After customization, the otiginal scores calibrated
8l between days 1 and 7. Discrimination by both scores was
tier with model 2 {AUC-ROC, 0.729-0.784).
(,‘onclusian Daily LOD and SOFA scores showed good accuracy
amal_cggssstency, and they could be used to adjust se-
events occurring in the intensive care unif. {Crit Care

Interventions: None. 3932003—2013)

Measurements and Main OFA and LOD scores were : WU ns seyeri scuresﬁ,ﬁergan dysfunction; organ failure;
computed daily during the first s (fa!rﬁra% 3 l @ : ﬁ%% Logistic Organ Dysfunction; Se-
hased on goodness-of-fit by theé Hos #r-Lsmésho fuare . quent gﬁrémwﬁal re As nt; calibration; discrimination;

statistic (lower chi-square values and higher p values indicate
hetter fit) and discrimination based on the receiver operating

he accuracy of severity
used to predict mortafity in
tensive care unit (ICU) pa-
tients is generally assessed
based on discrimination between survi-
vors and neonsurvivors {discrimination)
and on correspondence hebween observed

ceptable accuracy only in patients with
brief FCU stays (1-2). They are not well
correfated with mortality in patients with

*See aiso p. 2151,
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Avicenne, Bobigny, France (JPF); the Département
d’Anesthésie Réarimation, Hopital Béclére, Clamart,
Frange {GTY; the Service de Réanimetion Médicale,
Hapital Louis Mourigr, Colombes, France (AdL); the
Département de Biostatistinue et d'Informatique Médi-
cale (C. Atberti, SC) and the Service de Réanimation
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receiver operaling characteristic curves; logistic regression; cus-
tomizatien

“bong ICU stays, during which nosocomial

fections are common (3-5). Further-
more, an important goal is to adjust
{match) risk on severity of illness based
oh severity measurements provided by
well-calibrated models used during the
ICU stay before the event of interest {(6).

Many studies have shown that severity
scores computed during the ICU stay
were independent predictors of death. In
particular, the number of ordan system
faifures on the day of nosocomial infec-
tion onset was closely associated with
mortality in studies of the atfributable
probability of mortality induced by cath-
eter-related infections {7-9) or nosoco-
mial pneumonia {4, 10). Moreover, daily
severity scores explained a far greater
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Tabie 1. Prognostic factors in the training cohovt proportion of the probability of martality
than severity scores at admission (11, 12).

Alive Dead : . ) .
i = 1174) tn = 511) » Value A fially organ d)sfunc:.tion score for risk
adjustment or matching would be valu-
Clinical status at 1CU admission <ig-+  able. However, little is known about the

Multiple system organ failure 28 (2} 36(7) statistical properties of organ dysfunction

Septic shock 81(7) 63 (13) scores measured throughout the ICU stay

Other shock 92 (8) 86 (13) 13). Th ; g

Respiratory failure 357 (31) 157 (30) {13). The purpose of our study was to

COPD exacerbation 113(10) 32 {6} evaluate the performance of fwo organ

; {1 { .

gena] failure zgg ?1)}3) gg ﬁl : dysfunction scores (the Logistic Organ

ONd 28 [ . H

Scheduled surgery 125 (11) 24 (5} Dystunctmn [L{[)D] (14_) and the Sequen-

Trauma 23 (2) 3(05) t]1a5} OrganA Fajlure A;szssrlnegt ‘[SOP&\I

Other 132(13) 13 {2.5) {15} scores} computed daily during the
Transter from ward 580 {47) 301 (59) <ip™* first seven ICU days_ "
Medical 799 (68) 369 (72) <107t
Scheduled strgery 178 (16.6) 7N
Emergency surgery 204 (17.4) 109 (21)

Age 64 {45-73) 70 (57-77) <+ METHODS
Sex 008 ) _

Male 714 (1) 165 (32} This cohort study was conducted during a

el 336 (68 ) Lo . o
Hemstologc malinancy iy 56 <104 gt i or mear P, France o 1008
Metastatic cancer 65 (5.5) 47 (3.2} <1074 dical (Loui - -
Chronic illness 462 (39) 321 (62.3) <1g-+  were medical (Louis Mourier Hospital, Co-

Hepatic 50 {4) 51 (10) <29t  lombes, and Saint Louis Hospital, Paris), two

Pu£n1_onary 219 (18} 08 were medical and surgical {Saint Joseph Hos-

gardxzovascular 3(1)5 g); <3 107*  pital, Paris, and Avicenne Hospital, Bobigny},

en 37 I : : y ~

Immunosuppression 134 (1) <1074 ar.ld fwo were sua;iglca} (Antoml;a Béd?re Hos

Move than one 52 (4) 0GR pital. Clamart, and Saint Joseph Hospita, Par-
Me Cabe score <1g~%  is). All patients who were >16 yrs old and

Not fatal : 693 (593 spent >48 hrs in the participating ICUs were

?ﬂgf :35 §r5 32{3) g?} included in the database.

3 ¥ I B . 271 T
SAPS 11 at admission 35 (25-47) <igs Data Collection and Baseline Data. We
Age 64 (48-74) <10 prospectively ‘recorded clinical, Iat_mratory_,
ICE stay, days 6 (4-11} <1~y and therapeutic data from ICU admission to
Hospital stay, days 23 (1342} <107%  ICU discharde, The investigators were closely

involved in setting and compiling the data-
ICL, intensive care unit; COPD, chronic obstruttiv p"@ " E’&%ﬁcute base. All codes and definitions were estab-
Physiclogy Score. i lished before data collection, Report forms

Univariable anaivses. Results are expressed as medlan 25th—rath percentlles) or number (%) for  were comp {eted daily by senior physicians and

guantitative and quafitafive variabl ? Figheys exact-fesks, or } n- i re wed by another investigator before
4 § ig_é }&&&%‘?’ E K %a The data were entered into a com-

used for statistical anaiyses.
Table 2. Performance of the daily Logistic Organ Dysfunction (LOD) score compared with the daily Sequential Organ Failure Assessment (SOFA) score

LOD Score SOFA Score

%Coefﬁmenﬁ

No. of Deaths {95% {95% CI)

Day (%) Intercept {Bootstrap} {Bootstrap) AUC-ROC  Histat (p) R?

1 511 ~2,198 0319 0.726 1041160 .19 —-2.13 0.231 0.720 4551(8) 19
(30.3 (6.268-0.373) {0.203-0.260)

2 473 -297 0.360 0.742 122¢06) .22 -3.26 0.258 0.742 111 {2 22
30.1} {0.268-0.411) (0.216-0.287)

3 428 —2.22 (.362 0.752 102611y 23 -2.27 0,267 0.762 99427y 25
(32) 6.309-0.419) {0.230-0.302}

4 87 - 2.20 0.377 0.754 3947 A7 -2.i3 0.267 0,766 105 (23 26
(34.4) 10.301-0.449} (0.228-0312)

5 344 -2.05 (.360 3,739 7.7 (4} 20 ~1.94 0.243 0.746 136 (09) 23
136.3) {0.294-0.449) {0.203-0.286)

[ 319 -2.20 0.417 0.756 5.7 (61} 26 —-2.01 0,282 0.763 12.2 (143 27
{38.3) {0.329-0.516} (0.236-0.349)

7 264 -192 .369 0.736 9.819) 22 -1.76 0.271 0,746 73 (5) 24
(42) {0.289-0.472) {0.199-9.265)

CI, confidence interval; AUC-ROC, area under the curve-receiver operating characteristics; HLstat, Hosmer-Lemeshow statistic.
Scores were calculated on a given calendar day (n), and only patients with intensive care unit stays of at least n + 1 calendar days were included.
No statistically significant differences in discrimination were found between the daily LOD scores and the daily SOFA scores.
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Tabie 3. Distribution of severity levels of organ dysfunctions ondays 1, 3, and 7

No. of Patients (Hospita! Mortality, %}

QOrgan score Neurologic Cardiovascular Renal Hematologic Pulmonary Hepatic
S0FA
Day 1
o 1683 (23) 712 (21) 858 {23) 1042 {26) 734 (24) 1375 (27}
1 245 (36) 423 430} 315 (28} 31361 100 {23) 148 {43)
2 129 (36} 168 (27) 170 (45} 200 (40) 538 (30 125 48)
3 148 (49) 187 {41) 165 {40} 87 (52) 2::4 {45} 21 (62)
4 70 (74) 195 (57} 177 (44) 43 {42} 59 {64) 12 {56}
Day 3
0 880 {23) 625 (21} 729 i22) 791 126} 651 (23) 1064 (28)
1 210 {41) 297 {30) 197 (383 265 (35} 46 (%) 122 (3%
2 111 (43} 107 (31} 137 {44) 175 (37) 397 (37) 112 (53)
3 87 (B4) 145 4% 101 (52) 73 464) 208 (50) 25 (56)
4 48 (93) 162 {66) 182 (45) 29 (52) 34 (68) 13169)
Day 7
{} 423 (313 309 (303 381 (33) 484 {34) 308 {36) 524 {38)
1 134 (50} 188 (42} 75 (44) 97 (45) 21 (24} 60 (43)
2 59 {56) 56 ¢43) 79 (54} 81 (6&} 217 (46) 82 (54}
3 45 (67} 64 {64) 62 {53} 26 (77) 137 {51) 20 {63)
4 34 (81} 83 (72) 163 (39) 12(73) 17 {53} 14 (93)
L.OD )
Day 1
0 1255 {24) 1152 {23 1538 (28) 773 {20) 1424 (28)
1 233 (39) 458 (44) 144 {47) 738 (37) 261 (43)
3 127 149) 3 {66} 174 (49.5}
5 70 {74}
Day 3
] 1024 {25) 1225 {30} 577 (23) 1144 (29)
1 163 (45} 114 (59) 644 (41) 192 (47
3 71 (55 11(0) 115 (58}
5 48 (94)
Day 7 ?
0 516 {35} 541(37; 109 (26) 058 (40) 191 (23} 319 (¢8)
H 112 (52) 42 {fi) 436 {49} 75 600
. % Dep mm
3 390

SOFA, Sequential Organ Fai
The Cochran-Armitage test for

3
A, Se iy &s?rg s Dy sf tlﬂ
i h1 %&% 7
consistency. The nmumbers in parentheses mdlca ST hserved osp ma hty for a gwen orﬁan

puter and used to cornpute the LOD and SOEA
scores and the respective contributio

each organ failure (cardiovascular, pulmo-

naty, hematologic, neurologic, renal, and he-
patic) to each of the two scores, as described
elsewhere (14, 15). We also recorded the diag-
nesis, main symptoms at admission, and
chronic health status assessed using the clas-
sification by Knaus et al (16}. Transfer from
another ward was defined as a stay in an acute
hed ward for >24 hrs immediately hefore ICU
admission. ICU and hospital mortality were
recorded. There were no missing clinical data.
In keeping with published descriptions of the
SOFA and LOD. initial missing Iaboratory test
results were recorded as normal. For daily
severity score computations, missing values
for Iaboratory tests that were not performed
were recorded as normal, and those for labo-
ratory tests done previously were recorded by
carrying the last available value forward.

Crit Care Med 2002 Val. 39, No. 9

=

n

calendar day.
fom the

¢ eftegt day; all
other days were calendar days fmm gamto 8
am. The value of daily LOD and SOFA scores
on arty given day was assessed in patients who
spent af least one addifional calendar day in
the ICU,

To assess internal consistency of the two
scores, we evaluated mortality rates associated
with involvement of each organ system and
with each level of organ failure. Kendall’s 7,
correlation coefficient was used Lo investigate
associations among involvements of the six
organ systems. Logistic regression was used to
create two customized models for each score.
Model 1 involved customizing the total score
obtained with the original model (first-level
customization).

%t i (p < 107%), indicating good internal
affure, The"maximal vaiue for the hematologic and
pulmenary components it the LOD score is 3 and for the hepatelogical component is 1 {see Appendix).

Model 1: Logit organ dysfunction score (Day
“n) = o, + (B, (total score on: day n}.

When using this strategy of customization,
the calibration of the original model does not
change, but the caijbration improves. In
model 2, each organ component of the score
was introduced separately (second-level cus-
tomization}.

Model 2: Logit ovgan dysfunction score (Day
nl = a, + B, {cardiovascular) + ¥, {pui-
monary) + 3, (neurologic) + e, (hemato-
logic) + &, (renal) + v, thepatic).

In mode! 2, cardiovascudar, pulimonary,
neurologic, hematologic, renal, and hepatic
represent the point assigned to each organ
dysfunction in the original model.

Customizing the organ components in-
volves fitting a new logistic regression equa-
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Distribution OF LOD daily scores

Distribution of SOFA daily scores
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Figure 1. Repartition of patients included in the analyses according to Logistic Organ Dysfunction {£0D) and Sequential Organ Failure Assessment (SO#4)

SCOTES.

Morlality [%}
o
=
=)
B3

40.0%

0.0% -

Nurrber of organ dysiunction (LCD definitions)
EDayt (n=1685) &Day2 {n=1570) £2Day3 (n=1336) MDayd (n=1125} @Day5 (=049} B Days (n=611) ADay7 (n=700)

Dysfunction (L0OD} system: mortality rate (%

given organ is defined as =1 points for that organ on days

was highly significant (p < 107} on all 7 days.

tion with data collected from the specific ICU
in which the model will be used so thaf the
customnized model contains the same variables
as the original model but with coefficients that
are unigque to a given ICY (17).

We used various tests to evaluate the per-
formance of daily LOD and SOFA scores. Our
primary assessinent of model performance was
goodness-of-fit as evaluated by the Hosmer-
Lerneshow statistic and by calibration curves
{18). Lower Hosmer-Lemeshow values and
hisher p values indicate better fit. Good fit was
defined as p > .05 for the Hosmer-Lemeshow

2006

statistic. We also assessed diserimination {the
ability of the model to separate survivors and
nonsurvivors) using the receiver operating
characteristics (ROC) area under the curve
(AUC}, A ROC-AUC of 1 indicates perfect dis-
crimination, and an ROC-AUC of .5 indicates
the effects of chance alone. The method of
Hanley and McNeil (19) was used to compare
ROC-AUC values, Data were analyzed using
SAS 8.0 {SAS Institute, Cary, NC) and Medcalc
5.08 {Medcalg, Ghent, Belgium).

Mode! Yafidation. Internal validation of the
data set was performed by bootstrapping,

R

B

which involves analyzing a large number (500
independent replicafes) of subsamples with re-
placement from the ful} sample. Bootstrap-
ping provides nearly unbiased estimates of
prediction accuracy.

RESULTS

A total of 1685 patients with ICU stays
of >48 hrs were included in the QUT-
COMEREA database. Table 1 shows the

i Median age was 66 yrs {quartile
1 33 yry; quartile 3, 76 yrs). Median ICU
stay fer gth was 6 days (quartile 1, 4 days;
quartile 3, 14 days). The ICU mortality
rate was 22.5%, and the hospital mortal-
ity rate was 30.3%. The mean severity
rofile of patients increased over time, as
own by the increase in ohserved mor-
tality from 30.3% on day 1 to 40% on day
7 {Table 2). However, the correlaticns
between organ dysfunction scores and
JCU length of stay was very poor. The
daily LOD or SOFA scores never ex-
plained >12.5% of the variance of the
ICU length of stay.

According to SOFA definitions, the
number of organ dysfunctions on day 1 was
0,1,2,3,0r >3 in 6%, 20%, 25%, 23%, and
26% of patients, respectively. Cardiovascu-
lar {58%), pulmonary {56.4%), and renal
{48%) dysfunctions were more common
than hematologic {38%), neurclogic
{35%}, and hepatic (18%) dysfunctions.
Similarly, according to the LOD defini-
tions, the nurnber of organ dysfunctions on
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day 1 was 0, 1, 2, 3, or >3 in 9%, 25%,
29%, 23%, and 14% of patients, respec-
tively. With the LOD systemn, renal {78%)
and pulmonary (54%)} dysfunctions were
more common than cardiovascutar (32%),
neurclogic (25%}, hepatic (15.5%), and he-
matologic (9%) dysfunctions. The distribu-
tion of patients according to the type and
severity level of organ dvsfunctions was
more homogeneous with the SOFA score
than the LOD score, particudarly for hema-
telogic dysfunction (Jevel 3} and cardiovas-
cular dysfunction (levels 3 and 5) (Table 3).
The number of patients with each LOD
daily score are in Figure 1. Hospial mor-
tality rates by number of organ dysfunc-
tions are shown in Figures 2 and 3. They
increased with the number of organ dys-
functions by both scoring systems (Table 3,
Figs. 4 and 5). The observed mortality at a
givenr SOFA level and, to a lesser extent, a
given LOD level increased with the length
of ICU stay (Figs. 4 and 5}.

LOD scores on days 1, 3, and 7 showed
good internal consistency (Table 3). Sim-
ilar results were obtained with the SOFA
system, except that observed hospital
mortality refated to puirnonary dysfunc-
tion did not increase hetween days § and
2 and that observed hospital mortality
related to renal dysfunction was similar
from day 1 to day 4. Correlation analysis
(Kendail's 7, correlation coefficient)
showed strong positive correlations
among the six LOD scores for most organ
: nmgan,ents between day 1 and day 5.
% ok \%ly, there were few significant
correldfions among organ components
on davs & and 7. With the SOFA system,
correldtion analysis showed strong posi-
tive correlations on all days except for
pulmenary vs. liver dysfunction on ail

ays and for pulnonary vs. hematologic
dysfunction on days 1, 2, and 4.

Discrimination by the LOD and SOFA
scores with and without customization by
separate introduction of each organ com-
ponent (model 2} is shown in Tables 2
and 4, respectively. The AUC-ROC values
of both uncustornized ordan dysfunction
scores were very similar, ranging from
(.720 to 0.763. After customization, the
range was 0.729-0.784. No significant
differences in discrimination were
found on any day between the two
scores custornized using either model.
With the LOD score, the improvement
in discrimination obtained using moedel
2 (as compared with mode! 1) was sig-
nificant only on days 1, 2, and 3. The
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Table 4. Logistic regression medels with vital status at hospital discharge as the dependent variable and the organ dysfunction components meastred on

day n as the explanatory variables

LOD SOFA
g OR (95% C1) (95% B OR {95% CI) (95%
Variabie Estimate C1: Bootstrap} Estimate CI: Bootstrap}
Day 1: 511 nonsurvivers/1174 survivors (30.3%}
Constant -2,12 -2.16

Hepatic dystunction 0.425 1.54 1.14-2.09 0.248 1.28 1.10-1.50
1.53 1.17-2.05 1.29 1,13-153

Pulmarary dvsfunction 0.285 1.331,17-1.51 (.188 1.20 1.10-1.32
1.32 1.17-1.50 1191.13-1.28

Hematologic dysfunction (.599 182128258 0.161 117 1.05-1.31
1.80 1.31-2.65 1171.06-128

Cardiovascular dysfunction 0.427 1.53 1.32-1.77 238 1.28 1.15-1.34
1.54 1.31-1.77 124 1.17-1.32

Neurologic dysfunction 6351 1.42 1.30-1.55 400 1.52 1.39-1.67
1.41 1.30-1.35 1.52 1.42-1.65

Renal dysiunction 0.246 1.281,18-1.38 $.183 120 1.11-1.31
1.281.11-1.39 120 1.13-1.2%

HLstat; 11, 3p = .39, AUC: 0.733 HLstat: 11, p = .2, AUC: (.729
Day 2: 473 nonsurvivors/1097 survivors (30.1%)
Constant —-2.17 -2.27

Hepatic dysfunciion .486 0.177 119 1.03-1.41
120 1.04-1.41

Pulmonary dysfunetion 462 0.210 125 113137
1.24 1.13-1.37

Hematelogic dysfunction (1465 0.175 118 1.06-1.35
1.19 1.06-1.35

Cardiovascular dysfunction 0.383 0.265 133 1.18-1.39
133117137

Neurpiogic dysfunction 1432 0.484 1.87 1.50-1.85
1.66 1.52-1.85

Renal dysfunction 0,240 0.208 1.251.15-1.35

HLstat: 13.5
Day 3: 428 nonsurvivors/398 survivors (32%)
Constant -2.18
Hepatic dysfunction 0533
1.738 1.147-2, 469

Ll PPINES
k 3095 TA17-3.180
Cardiovascular dysfunction W gj@;’ o
Neurologic dysfunction / § %_, %ﬁ%

475-1.853

i
1.646 1.

Renal dysfunction (3.27% 1.322 1.231-1.443
132311

211-1.448
Histat: 233, p = 003, AUC: 0.761

Fokis

%.418—1.957

Pulmonary dysfunction

Hematologic dysfunction

Day 4: 387 nonsurvivors/738 survivors {34 4%}
Constant
Hepatic dysfunction

Pulmonary dysfunction

Hematologic dysfunction citid ) R
2410 1,311-4.023
1.60 1.020-1.426
1.219 1.005-1.464

Cardiovascular dysfunction

Neurologic dvsfunction 0.460 1.585 1.389-1.810
1.611 1.397-1.853
Renal dystunction 0.285 1.33 1.185-1.426

1.307 1.189--1.446
HLstat: 11, p = .18, AUC: 0.760

N

1.251.16-1.36

HLstat: 8.3. p = 4. AUC: 0.752

—~2.29
0.273

0.275

0.125

1.305 1.112-1.555
1.304 1.098-1.587
1.32 1.19-1.46
1.260 1.320-1.400
1.144 0.999--1.304
1.144 0.987-1.303
1.370 1.218-1.452
1.370 1.210-1.480
1.620 1.48-1.87
1740 1.520-1.870
1.216 1.113-1.328
1220 1.090-1.332

Hlstat: 113, p = .18, AUC: 0.773

~2.20
£.223

0.303
0.196
0.308
0.503
0137

1.248 1,053-1.432
1.261 1.020-1.49¢
134 1.21-1.31
1.310 1.166-1.454
1215 1.054-1.402
1.217 1.050-1.420
136 1.243-1.503
1.403 1,240-1.529
1.66 1.51-1.94
1.700 1.510-1.959
1.14 1.051-1.267
114 1.038-1.274

Hlstat: 7.3, p = 7.3, p = .5, AUC: 0,77
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Table 4. Continued

LOD SOFA
OR (95% CI) (85% OR (95% CI) (35%
Variable Estimate C1: Beotstrap) Estimate Cl: Bootstrap)
Day 5: 344 noasurvivers/805 survivors (36.3%)
Constant -1.93 —1.95
Hepatic dysfunction 0,522 1.719 1.156-2.555 0.157 1.166 0,8977-1.391
1.712 1.167-2.634 1.181 0.866-1.399
Pulmanary dvsfunction 0.353 1434 1214-1.654 0.142 115 1.02-1.30
) 1.432 1.223-1.686 1.14 0.979-1.258
Hematologic dystunction 0.969 2.604 1.5154.476 0.237 1278 1,101-1.488
2.693 1.530-4.760 1,297 1.106-1.484
Cardiovascular dysfunction 0.443 1524 1.211-1.918 0.329 1.376 1.242-1.524
1.521 1.158-2.152 1.380: 1.230~1.538
Neurciogic dysfunction 0.493 1.34 1.403-1.896 0.538 1.748 1.522-2.006
1.636 1.374-1.987 L760 1.540-2.030
Renal dysfunction 0.234 1.226 1.113-1.352 0.141 1157 1.047-1.279
1,234 1.120-1.342 1.3157 1.036-1.293

Day 6: 319 nonsurvivors/492 survivors {38.3%)
Constant
Hepatic dysfunction
Pulmonary dysfunction
Hematotogic dysfunction
Cardiovascular dysfunction
Neurologic dysfunction
Renal dysfunction
Day 7: 294 nonsurvivors/406 survivars (42%)
Constant i
Hepatic dysfunction
Pulmonary dysfunction
Hematologic dysfunction
Cardiovascular dysfunction
Neurologic dysfunction

Renaf dysfunction

Histat: 13.3, p = .10, AUC: 0.740

-2.11

0.725 2.991.382-3.189
2.102 1.420-3.346
1.486 1.227-1.800
1.487 1.212-1.803

HLstat: 14.4, p = .07, AUC: 3.763

~2.01

0.231 1270 1.046-1.543
1.267 1.080-1.550

0.141 1150 1.012-1.308
1.160 1.003-1.332

0.287 1.341 1.126-1.5688
1.341 1.139-1.596

0.336 1.38] 1.235-1.545
1.383 1.213-1.560

0636 1.89 1.644-2.242
1.90 1.640-2.264

0.182 1.201 1.076-1.340
1.202 1.082-1.345

HLstat: 11, p = .17, AUC: 0.784

-171

189-2.896 0.162 1.188 0.96-1.44
21.215-3.283 1.190 0.967-1.420

0.299 342 1.093-1.650 0.07 1.130.945-1.23

. 33 636, 1.12,0.92-1,36

143 Lf“ d% § 0374 1.468 1.21-1.79
: % . ; 1510 1.185-1.90

%6 1527 19 1 0.316 1.37 1.19-1.52
52 1.117 1.180-1.504

gg ‘-ipﬁ Noms 178 1.53-2.10

A1 39 1.80151-2.19

' 1.127-1402 * 1.17 1.05-1.33

1266 10961411 1182 1.04-1.35

Histat; 14, p = 08, AUC: 0.746

HLstat: 63, p = 62. AUC: 0.768

LOD, Logistic Organ Dysfunction: SOFA, Sequential Organ Fallure Assessment: OR, odds ratio; CI, confidence interval; HLstat, Hosmer-Lemeshow

statistic; AUC, area under the curve-reces
Cnly patients with intensive care unit

(day § is the calendar day of ICU admission). The res
in the patients with ICU stays of at least n -+ 1 days. The

discrimination by the model.

improvement 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 both 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 model. For the LOD system. the
relative impact of points obtained for he-
matologic dysfunction was higher than
that of points for other dysfunctions and

Crit Care Med 2002 Vol. 30, No. 9

increased with time. For the SOFA score,
points for neurologic 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
10D system {14} did not provide a satisfac-
tory fit (Hosmer-Lemeshow chi-square,
364, p < 107%). The original model under-
estimated the observed hospital mortality

dvsﬁmctmn
b value > .05 indicates good calibration. AUC measures overall

iysis, Day n is the nth calendar day in the ICU
ach score were tested using logistic vegression

at each LOD score level. After 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
maodel are in Figure 7.

Seven hundred patients were hospital-
ized for >8 days. Daily LOD scores from
day 1 to day 7 were very significantly
higher in nonsurvivors {Fig, 8}. The total
score remaingd higher in nonsurvivers
hut decreased in survivers. LOD and
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burs,

SOFA scores were highest on day 2 (25th
percentile, day (; 75th percentile, day 4),
Finally, the SOFA score decreased more
in survivors than in nonsurvivors from
day 1 to day 7 (65% vs, 42%, respectively,
p < 107%). Similarly, the LOD score de-
creased more in survivors than in non-

2010

408); black

survivors (629% vs, 42%, respectively, p <
1074 during the same period.
DISCUSSION

In this study, we assessed the accuracy
of daily LOD and SOFA scores in predict-

0% 20% 40%
aerds monakty
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-~ 4~ SOFA DayT (Mooen}

— 44— 100 Day7 (Madat2)
—-- Sofa Day7 (ModetZ}

iy *‘ailgi%eaig.lg?o:‘m and Logistic Organ Dysfunction

ing hospital mortality of critically ill pa-
tients, We also compared the character-
ization of multipte organ dysfunction by
¢ SOFA and LOD scores. These scores
ere designed using very different meth-
ods: The LOD system was derived from a
multipie logistic regression model (14},
whereas the SOFA syslem was developed
during a consensus conference (15) and
tested in a prospective multicenter study
{13). Moreover, the SQOFA score was spe-
cifically designed to better describe mul-
tiple organ failure (or morbidity), and it
includes several therapeutic variables
{such as inotropic support). It has been
found usefu] in cardiac (20} and trauma
patients (21}). On the contrary, the LOD
score was designed as a tool for evaluat-
ing the probability of mortality based on
organ dysfunction on the day of ICU ad-
mission, not for measuring the severity of
pach organ dysfunction day after day.

Crit Care Med 2002 Vol. 30, No. 9




Nevertheless, a recent article by Metnitz
et al. {22) suggested that the LOD score
was effective in quantitating the severity
of each organ faifure on the first ICU day.
In our large database study, we found
that both the LOD and the SOFA scores
characterized the progression of multiple
organ dysfunction during the first 10T
week. Both scores showed good internal
cansistency; for each of the six organ
dysfunctions, mortality mcr%a@seﬂ}f
one level of severity to the nexh ﬁlég)r?
Moreover, after first-level custom zattony
both scores were reasonably accurate in
predicting hospital mortality. First-level
customization models {which are based

on the total organ dysfunction score) are

extremely easy to compute, The first
customized versions of the two sc8
used in our study showed similar dis-
crimination for predicting mortality dur-
ing the first ICU week.

As previously reported, aggregate
scores may be misieading because it can-
not be established that each organ’s total
score carries the same weight, We found
that relative confributions were greatest
for hematologic dysfunction with the
LOD score and for neurclogic dysfunc-
tion with the SOFA score. Moreover, the
impact of hematologic dysfunction in the
LOD system increased from: one day to
the next. These findings explain why sec-
ond-level customization, in which each
point per organ dysfunction is introduced
separately, is more effective in discrimi-

Crit Care Med 2002 Vol, 30, No. 8

nating survivors from nonsurvivers than
first-level customization, in which the
relative contributions of the organ dys-
functions are pooled.

We performed an internal validation
using the bootstrap method that provides
an unbiased estimate of covariate effect.
It means that our model is stilt valid if
another independent sample of the sarme
population (same case imix, severity, and
mortality) is selected. However, it re-
mains to be validated in another ICU pop-
ulation, In other institutions where the
case mix is different, calibration shouid
be used, Both first and second level cali-
bration could be used. The second one
shouid improve the discrimination of the
score.

Although tools predicting outcomes
for a group of patients are useful for plan-
ning and evaluating care and for obtain-
ing comparable patiert populations in
chinical trials, t ame tools may lack
accuracy for g the course of
urvival of crit-
pend on the
anges in
evelop-
ions play a
gan dysfunction
seores such as the
unction Scaie {23),

have, d.
‘ion u) ssonce val-
ed con-

cal course of an mdzuldual patlent, to
describe the acuity of an illness at a given
time point {and, by inference, to make
optlma[ decisions redardmg the number

L]
lifferent
jce the
systern has been tested and validated on
that population. Only subsequently can
the equation be used to examine outcome
difference and to identify areas of poten-
tial improvermnent of the quality of care.
The accuracy of these scores, even reca-
librated, remains too low to allow reliable
individual mortality prediction (Appen-
dixes 1 and 2).

Daily organ score could also be used to
determine the baseline severity of iliness
for patients enrolled in clinical triafs and
to quantify their response to therapy (25}
and thus could serve as a basis for eval-
uation of specific therapeutic interven-

tions. The ICU mortality should have
heen used zlternately as the end point of
interest. The assessment of ICU mortality
is readily available without any additional
effort. The discrimination of both scores
were slightly higher when using it (dafa
not shown). However, hospital mortality
is thought to be a more reasonable ap-
proach because it is not skewed by differ-
ent ICUJ discharge practices, which may
vary across regions and countries and
give erroneous mortality figures. For ex-
ample, the post-ICU mortality ranged be-
tween 0% and 63.2% in 23 Austrian ICls
{22). This variability supports the use of
hospital mortality,

During the first ICU week, severity on
the current day is the most important
nredictor of hospital mortality. For exam-
ple, in a study by Wagner et al. (12}, the
acute physiology score on the current day
contributed 54% of hospital mortality
prediction as compared with only 5% for
the acute physiology score at admission.
[sing the muiti-processing model (MPM)
{11) or the Acute Phvsiology and Chronic
Health Evaluaton (APACHE) III (12),
prediction of the probability of mortality
obtained from the score calculated on the
current day was not significantly im-
proved by those obtained from the previ-
ous day (11). Discrimination using daily
customized MPM I scores randed from
0.787 to 0.823 and was better than pre-
diction in our study with the LOD and
SOFA (11). However, in our study, pa-

pr ve Qur etgrs ents ho died or who were discharged
, ? %E the current day were not entered
10 2]

A u!twanate analysis, and this ar-
tificially decreased discrimination by
both scores.

In studies of long-stay ICU patients,
severity scores at admission failed to pre-
ct mortality. In a study by Ferraris et al.
Bf 1310 patients with ICU stays of 272 hrs,
occurrence in the ICY of nosocomial sep-
sis, latrogenic events, and renal failure
was associated with ICU mortality,
whereas APACHE 11 at admission was not.

Similarly, neither the mean APACHE
1 score (3) nor the mean MPM 11 score
(4) at admission differed between patients
with fatal or clinically resolved nosoco-
mial pneumonia. In ICU-acquired septic
shock, the APACHE II, Multiple Organ
Dysfunction Scale. and Organ System
Failure scores failed to discriminate be-
bween survivors and nonsurvivors {5).

4 few data in the literature suggest
that severity scores calculated through-
ogt the FCU stay may be more accurate in
predicting death of patients with nosoce-
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mial infection. Girou et al. (10) studied
42 ICU patients with nosocomial infec-
tions and 42 controls matched on base-
fine severity of illness {as assessed by the
APACHE I score at admission and age)
and duration of risk exposure. Although
baseline severity of illness was identical
in the cases and controls, mortality was
58.5% in the cases as compared with
14.6% in the controls {p < .001).
Whereas severity scores at admission
faited to predict mortality, the APACHE 1I
score and the Simplified Acute Physiol-
08y Score in the cases on the third ICU
day, before the occurrence of nosocomial
infection, were significantly higher than
those in the controls. Similarly, we pre-
viously reported that the LOD score mea-
sured 3 or 7 days before the diagnosis of
catheter-related bacteremia was associ-
ated with mortality in ICU patients inde-
pendently from severity at admission (8}
Finally, both the daily LOD score and the
daily SOFA score accurately predict ICU
mortality at any time during the first ICU
week and should be used to estimate the
contribution of severity of the underlying
illness to the risk of death.
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APPENDIX 1. Logistic Organ Dysfunction Score (14)

5 3 1 ¢ I 3 3
Neurologic
Glasgow Coma Score 3-5 §-8 9-13 14-15 —_ — —
Cardiclogic
¥C, beats/min <30 e e 30-139 =140 o —_
or and or
SBP, mm Hg <40 40-69 7089 a0-239 240-264 =270 —
Renal .
Urea nitrogen, mmolfL (/1) —_ — —_ <6 (<0.36) 6-9.9 0.36-0.59) 10-18.9 (0.60-1.19; =20 (=1.20h
and or or
Creatin, mwmol/L (mgidL) — — — <106 (<120} 106-140 (1.20-1.59) =141 (=1.60) —
and o
Urine output, L <05 0.5-0.74 — 1.75-9.99 — =10
Pilmonary
Pav, (mm Hg)Fio, on MY, CPAP <150 =150 No My — — —
or No CPAP
Pao, {kPa)y/Fio, <199 =199 No {PAP — —_ —
Hematologic
Leukocytes, X10%1. — <10 L0224 2.5-49.9 =500 — —
ar and
Platelets, X10°/1. —_ — <50 =50
Hepatologic
Bilirubin, wmolL (mg/dL} e — —_ <342 (<2.0) =14.2 (=2.0) _ —
and or
Prathombin time secs above standard (%) — — (<25 3 (=25} >3 — —

FC, functional capacity; SBP. systolic blood pressure: MV, me
ainway pressure.

CPAP, continuous positive airway pressure; IPAP, inspiratory positive

APPENDIX 2. Sequential Organ Failure Assessr

0 1 3 4
T

Pulmonary % gm} %55 f"“”& ]

Pan,/Fioy. mm Hg 400 =400 imé J %200 and mechanical =100 and mechanical

ventilation ventilation

Hematologic f f 1y

Platelets (gigak) 150 %;éy; 1501 j} é <oy 1 Kcﬁ =2
Hepatologic %w 15 ?Qe ‘3% f i §.u g ?g;

Bilirubin, mg/dL <12 1 2-1.9 —5 g 6-11.3 >12

wmol/L <20 20-32 33-101 102204 =204
Cardiovascular Mean blood pressure Popamine =35 gamma or Dopamine 23 or Dopamine =15 or epinephrine

<70 mm Hg" Dobutamine® Epinephring =0.1 or >{11 or norepinephrine
Norepinephrine =0.1 =>0.1 Gamma'kgfmn®

Neurologic :

Glasgow 15 6-9 ‘ <f
Renal Y §% %%

Creatin, pmol/L <110 110-178 k : 00340 or <300 mL/day =440 or <200 mLAay

tUrine cutput

“ Norepinephrine, epinephrine, dopamine. and dobutamine administered for at least 1 hr.
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The Significance of Distal Bronchial
Samples With Commensals in
Ventilator-Associated Pneumonia*

Colonizer or Pathogen?

Olivier Lambotte, MD; Jean-Frangois Timsit, MD; Maité Garrouste-Orgeas, MD;
Benoit Misset, MD; Adel Benali, MD; and Jean Carlet, MD

Setting: One medical-surgical ICU.

Study objective: To investigate the role of oropharyngeal and eutaneous commensal microorgan-
isms (OCCs) as a cause of ventilator-associated pnewmonia (VAP).
Design: Retrospective analysis of the medical and microbiclogical records.

Patients: All VAP episodes recorded during a 10-vear period were reviewed. All patients with
suspected VAP underwent bronchescopy with protected-specimen brush (PSB) sampling and BAL
before any change in antibiotic therapy was made. OCC-VAP was defined as VAP with significant
growth in quantitative cultures (PSB yvielded = 10° cfu/mL and/or BAL yielded = 10* cfu/mlL) of
OCCs only. Three experts reviewed the episodes. Exposed patients (ie, those with OCC-VAP) and
unexposed patients (ie, patients without VAP) matched on condition severity at ICU admission
and mechanical ventilation duration were compared.
| Results: Twenty-nine episodes in 28 patients with = 10" cfwvmL OCCs in BAL fluid and/or
= 10? cfw/mL OCCs in PSB specimens were found. Al patients in these episodes had new radiclogic
lung infiltrates, with 26 episodes involving purulent tracheal aspirates, 23 episodes involving
temperatures = 38.3°C, and 18 episodes involving = 11,000 leukocytes/nL. The main OCCs found
were non—ﬁ-hemolyl‘ic Streptococcus spp (n = 12}, Neisseria spp (n= ), and coagulase-negative
Staphylococeus spp (n = 6). Other possible reasons for fever and the presence of new chest infiltrates
were found in 20 and 17 paticnts, respectively. Histologic evidence of pneumonia was found in 2 of
the 10 patients who died. The three experts agreed on the diagnosis for 23 patients. In the OCC-VAP
group only, the mean (% $D) logistic orgun dysfunction {LOD) scores increased significantly (LOD
score, 2 * 4; p = 0.008) during the 3 days before bronchoscopy, and ICU stay duration was longer
than in the unexposed group. The exposedfunexposed study found no difference in mortality.
Conclusion: OCCs may behave like classie nosocomial pathogens in critically ill patients.

{CHEST 2002; 122:1389-1399)

Key words: BAL; coagulwenegative staphylococet; Neisseria spp: nosocomial infection; protected-specimen brush;
Sireptococcus epidermidis: Streptococeus spp: ventilator-associated prewmonia

Abbreviations: CGNS = coagulase-negative Staphylococeus; CF = confidence interval; CPIS = clinical pulimonary infection
scove; TGO = intracellular organism; TMV = invasive mechanical ventilation; LOD = logistic organ dvstunction score;
MIC = minfimum inhibitory concentration; OCC = oroplmryngeai or cutaneous commensal microorganisim; O = odds
ratio; PSB = protected-specimen brmsh: SAPS = simplified acnte physiology score; VAP = ventilutor-associated pneumonta

The diagnosis of ventilator-associated pneumonia
{VAP} is often difficult because many other
conditions can produce sepsis and new lung infil-
trates in critically ill patients.!-? Significant numbers

*From the Réanimation polyvalente (Drs. Lambotte, Timsit,
Garroaste-Orgeas, Misset, and Carlet), and the Laboratoire de
Microbiologie (Dr. Benali}, Hopital Saint-Joseph, Paris, France.
Manuscript received September 3, 2061; revision accepted
March 5, 2002.

Correspondence t0: Jean-Frangols Timstt, MD. Réanimation
médicale et infecticuse. 46 rue Henri Huchard 75018, Paris,
France; e-mail: jean-francois.timsit@beh ap-hop-paris.fr

www.chestjournal.org

of a nosocomial pathogen in quantitative cultures of
bronchial specimens convert a suspicion of VAP to a
near certainty. A protected-specimen brush (PSB)
culture showing at least 10° chvmL, a positive result
of a BAL fluid smear, or a BAL fluid culture with at
least 10" chwmL is specific for VAP in patients
without recent changes in antimicrobial therapy.®?
The organisms most often responsible for VAP are
methicillin-resistant Staphiylococcus aureus, Pseudo-
monas aeruginosa, Acinetobacter bauwmanni, and
Enterobacteriaceae. In early-onset VAP, Streptococ-
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cus pneumonice, Hoemophilus influenzae, and me-
thicillin-sensitive § aureus are causative pathogens.

Significant growth of oropharyngeal or cutanecus
commensal microorganisms (OCCs) in quantitative
cultures of distal bronchial specimens are more
difficult to interpret. Because their virulence is low,
OCCs are widely believed to be nonpathogenic.* The
presence in distal bronchial specimens of microor-
ganisms such as Neisseria spp, Corynebacterium
spp. or coagulase-negative Staphylococcus (CGNS)
is often considered to indicate lung colonization or
specimen contamination.

However, there is ample evidence that these same
species can produce various infections in both im-
niunocompetent and immunocompromised hosts.5-¢
Numerous studies'’-2 have shown that critically il
patients have complex deficiencies in both cellular and
humoral immunity. Moreover, OCCs have been found
in hing cultures in postmortem studies,'314 These data
may prompt ICU physicians to treat patients with
OCCs in distal bronechial specimens.

Most studies investigating the potential role of
OCCs as lung pdthocensb 21 have reported the rate
of OCC recovery in series of patients with VAP, The
meaning of mmhcant growth i quantitative cul-
tures of OCCs i}ctﬁ been nmther investigated in depth
nor Chs(.uSSed in reviews or consensus COﬂ[@reﬂCeS
about VAP 2223

To evaluate the meaning of OCC-positive quanti-
tative distal bronchial cultures in patients with sus-
pected VAP, we retrospectively reviewed the records
of patients with VAP included in the database of our
ICU. We identified those patients in whom only one
or more OCCs were found in significant concentra-
tions in distal bronchial cultures (OCC-VAP). We
evaluated the degree of confidence with which ex-
perts diagnosed VAP caused by OCCs in these
patients, and we conducted an exposed/unexposed
study to look for organ dysfunction and/or excess
mortahh/ associated with OCC-VAP.

MATERIALS AND METHODS

Study Population

For the kst 10 years, all patients with nosocomial infections
seen in onr ICU have been prospectively recorded in a computer
database. Qur 10-bed polyvalent ICU is in a 465-bed teaching
hospital that serves both as a referral center and as a primary care
center. VAP prophylads was carried out in compliance with the
guidelines of the Comité Technique des Infections Nosocomia-
les.24 In particnlar, endotracheal suctioning was performed at 3-h
intervals at a pressure of < —80 cm M0 nsing a sterile
dispusable catheter that was hancled with sterile compresses and
nonsterile gloves by nurses who washed their hands hefore and
:iftf‘-r thfﬁ l.)!T)CCdﬂTC.
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Wo reviewed all VAP episodes recorded hetween Augnst 1,
1690, and August 1. 2600, and selected the records of patients
with mgmﬂcmt growth in quantitative cultures of distal bronchial
specimens of OCCs only. We excluded patients with AIDS,
neutropenia (fe, << 500 neutmph;]q/pL) hematologic walignan-
cies, or a change in antimicrobial therapy within 3 da_\-s boiom the
branchoscopy that provided the diagnosis of VAP, For each case
of VAP, we recorded body temperature, peripheral Jeukocyte
count, the presence of a purnlent tracheal aspirate, and the
presence of a new chest radiograph infiltrate within 48 h before
the bronchoscopy. A elinical pulmonary infection score {CPIS)
was caleulated for each patient.2®

Definitions and Diagnosis of OC-VAP

VAP was defined as any lower respiratory tract infection that
developed = 48 h after ICU admission in patients recebving
invasive mechanical ventifation (IMV). A clinical suspicion of
pneumonia was defined as the presence of a new or persistent
lung density scen on chest radiographs with one or more of the
following conditions: temperature of > 38.5°C or < 36.5°C,
peripherdl leukoeyte count of > 11,008 cells/pl. or < 5,000
cells/nl; and the presence of purident endotracheal aspirate. All
patients with clinicafly suspected pnenmonia underwent fiberop-
tic bronchoscopy with PSB sampling and BAL before any change
in antibiotic therapy was wade. Speermens were oollceted and
processed as described elsewhere.?® The study team was very
familiar with these techniques, which have not been changed in
the last 10 years. VAP was diagnosed if the PSB specimen vielded

2= 10° cfa/ml and/or the BAL fluid vielded = 10* efn/ml.
Leglcmelh pneumonia was diagnosed based on a positive result of
a qualitative culture, srinary antigen test, or sernm antibody test
for the organism. Chlamydia spp and Mycoplasma spp were
tested for in a few patients, none of whom had positive results.

OCC-VAP was defined as the presence of VAP with significant
growth in quantitative cultares of OCCs only. The organisms
were as follows: Streptococeus spp other than B-hemolytic
streptococel {groups A, C. and G, and § preumoniae); Neisseria
spp: Moraxella catarrhalis; Corynebacterium spp: Haemophilus
spp other than H influenzae: and CGNS other than Staphylococ-
cits lugdunensis. Cases of VAP with the growth of ene or more
QCCs and at least one organism known to be pathogenic were
exciuded.

Differential Diagnosis

Patients with suspected VAP were routinely sereened for other
causes of lnng density and fever. The de finitions of these causes
wore adapted from Meduri et al' and are listed below,

1. Atelectasis: resolution of pulmonary densities within 48 h
of bronehoscopy without antibictic therapy;

2. Congestive heart failure: hemodynamie evidence of in-
creased pulinonary artery occlusion pressure or resolution
of pulmonary densitics within 48 h after bronchoscopy
and after diuretic therapy initiation;

3. Deep venous thrombosis: positive Boppler ulfrasound
findings in the lower limb veins followed by treatment
with anticoagulant agents:

4. Pulmonary embolism: suggestive findings on a ventilation-
perfusion scintigram or angio-CT lang scan followed by
anticoagnlant therapy;

5. Drug fever: resolution of fever with drug withdrawal and
recurrence of fever with the administration of a drug of
the same class;

8. Surgical site infection: discharge of pus from a surgical
wound.
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. Catheter-rejated infection: = 10° cfu/mL in semiquanti-
tative cultures of the catheter tip with at least one blood
endture yielding the same microorganism and/or at least
partial sepsis improvement after catheter removal;

8. Peritonitis: positive findings of cultures of a peritoneal
fluid aspirate;

9. Sinusitis: definitive diagnosis cousists of both a CT scan
showing a sinus air-fluid level or density and 2 positive
maxillary aspirate culture; presumptive diagnesis consists
of u CT sean showing an air-fluid level or density in all the
sinuses and no sinus aspirate available;

10. Uriny  tract  infection: wurinary  culture  vielding
10° efu/mL:

11. Intra-abdominal infection: intra-abdominal abscess or any
ahdominal ultrasound and/or CT scan findings that led to
surgery: and

12. ARDS: new bilateral pulmonary infiltrates on the chest

radiograph, Paoy/fraction of inspired oxygen ratio of

= 200 mm Hg, and a requirement for mechanical venti-
lation, without heart fallure.

In all patients, biood and wrine eultures were perforined within
3 days before undergning the bronchoscopy. Central venous lines
were routinely changed in patients with local wflamsmation,
prolonged unexplained fever, andfor positive blood cultures, A
sinus CT scan was performed only i there was a pumlent
posterior nasal drip. Abdominal CT scans, ultrasound scans,
venous Doppler ultrasound stuclies, and mvestigations for pul-
moary enbolism wore performed as indicated.

Medical Record Review by Senior Physicians

Each case was independently and blindly reviewed by three

senior physicians with extensive experience in the management of

VAP. Each of these experts was asked to answer the following five
questions: {1} Do vou believe the prebronchoscopy Andings
indicate a suspicion of VAP? {la) How confident are you that
your previous answer is correct {on a four-itern verhal scale. from
limited confidence to complete confidence? (2) Do you beliove
that the findings. including the microbiological results. indicate a
diagnosis of VAP? (2u} How confident are vou that your previous
answer is correct {same scale as in queshon laj? and (3 Would
you have given antibiotics selected for activity against one or
more OCCs? To agree ot to reject the possible VAP diagnosis,
experts used argunicents adapted from 2 previous report from our
team, 2 which were based on the recovery of the patient with or
without effective antimicrobial therapy and on a proven or
suspected alternate diagnasis.

Data Analysis

Te find out whether OCC-VAP was associated with increased
illness severity, we determined the logistic organ dysfunction
(LOE) score® at ICU adhmission, 3 days before zmdergomg the
bronchscopy {123}, and on the day of the hronchoscopy (D0). We
estimated the risk of mortality related to OCC-VAP in an
exposed/umexposed analysis. Unexposed patients were defined as
patients in whom VAP had neither been diagnosed nor sus-
pected.

Assuming a 35% mortality rate in non-VAP patients (e,
pationts receiving 1MV but free of VAP), and given that only 28
patients had OCC-VAP, two no-VAP patients per OCC-VAP
patient were needed to detect a twofold mortality increase in
OCC-VAP patients, with a power of 80% and a type T error rate
of 5%. A list of no-VAP patients was retrieved from the database.
Each OCC-VAP patient was matched with two no-VAY patients
on the following characteristics: calendar period of 1CU hospi-

www.chestiournal.org

talization; IMV duration {required, in no-VAP patients, to be at
least equal to that in the corresponding OCC-VAP patient before
the day they underwent the bronchoscopy}: predicted meortality
as assessed by simplified acute physiology scare (SAPS} I score
at ICU admission (% 10%); and sex, Appropriate no-VAP patients
were identified by reviewing the dutalyase records of all patients
admitted to the ICU during the study periad, except for those
with OCC-VAP, A software macro (SAS; SAS Institute; Cary,
NC} was nsed to select no-VAP patients without input from the
investigators. The medical records of no-VAP patients were
reviewed to calculate the LOD score at ICU admission, LOD
scote after the ICU stay durations at which the matched OCC-
VAP patient underwent bronchoscopy (LOD-DO; ie, when the
FMV daration was equal to that in the matched OCC-VAP
patient), anc 3 days before DO {ie, LOD-D3).

Statistical Analysis

Patient characteristics are prmeutod as the mean = SD or Ne.
{percentages). Two-way analysis of variance on ranks were used
for continnous data and a two-covariates logistic model for
cpalitative data {in both cases. ene factor was exposure and the
other was the triplet formed by each OCC-VAP patient and the
two matched no-VAP patients). Survival in OCC-VAP and no-
VAP patients was compared asing conditional logistie regression.
A Wilcoxon test for paired data was done to compare LOD scores
hefore and at the Hime of OCC-VAP. All statistica tests were i
by u stafistical software package {SAS, version 6.12; SAS Insti-
tute). All tests were two-sided, and p values =005 were
eonsidered to he statistically sigmificant.

RESULTS
VAP Pattents

Three thousand five hundred fifty-four patients
were admitted to our ICU during the 10-year study
period. Of these, 1,955 patients (55%) received IMV,
and 292 patients had 369 episodes of VAP. There
were 77 episodes of polymicrobial pneumonia with
the significant growth of one or more classic noso-
comial pathogens and one or more OCCs. These
cases were not included in the OCC-VAP category.
Thirty-three episodes of OCC-VAP occwred in 32
patients, accounting for 9% of all VAP cases (33 of
369 cases). The overall rate of occurrence of QCC-
VAP was 0.9 per 1,000 patients admitted to the ICU.
Four OCC-VAP episodes in four patients were ex-
cluded because of incomplete data (n = 2) or be-
cause the patients had AIDS (n = 2). This left 25
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 years). Twenty-five patients had
chronic conditions including the following: heart
failure (6 patients); COPD (five patients, mdudmg
one receiving long-term oral glucocorticoid therapy
of < 0.5 mgrkg/d); vasculitis {caused by rheumatoid
arthritis in two patients, Wegener granulomatosis in
one patient, and giant cell arteritis in one patient)
requiring glucocorticoid therapy of > 0.5 mg/kg/d
and/or immunosuppressive therapy {ie, cyclophos-
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phamide or methotrexate}; dizbetes mellitus (four
patients) or a solid malignancy treated without che-
motherapy (six patients).

All 28 patients received IMV for a mean duration
of 23 = 20 days. Ten cases of OCC-VAP occurred
before the sixth ICU day, and 19 cases occurred
beyond the sixth ICU day. Of the 29 episodes of
OCC-VAP, 10 occurred within the first 3 days of the
patient recetving IMV.

All 29 OCC-VAP episodes were characterized by a
new chest infiltrate, 26 by a purulent tracheal aspi-
rate, 23 by a fever of 38.5°C, and 18 by a leukocyte
count of > 11,000 cells/ul.. Two, three, or four of
these symptoms were present in 29, 17, and S
(*pisode:, respectivelv. The mean CPIS  was
7.6 = 1.95, and the median CPIS was 8. The CPIS
was > 6 in 20 cases. Bacteriologic data are shown in
Table 1. Both PSB sampling and BAL were per-
formed in 22 episodes. In eight episodes, both the
PSB and the BAL fluid cultures were positive and
the BAL fluid smear showed > 5% intracellular
organisms (ICOs); in five episodes. both cultures
were positive but the BAL flnid smear showed < 5%
ICOs; in four episodes, either the PSB specimen or
the BAL fluid enlture was positive with > 5% ICOs;
and in 12 episodes, either the PSB or the BAL fluid
culture was positive and < 5% ICOs were observed.
In two patients, an autopsy performed within 3 days

after the bronchoscopy showed histologic evidence

of pneumonia. In the patient in whom the lung was
cultured, no OCCs were recovered, but effective
antibiotic therapy was given between the time that
the patient underwent bronchmcopv and death. In
two other patients who had OCC-VAP with the
presence of CGNS, a CT scan showed lng ab-
SCESSES.

Forty-seven QOCCs were recovered during the 29
episodes of OCC-VAP, 34 in concentrations above
the cutoffs defining positive quantitative cultures
{Table 2). In 10 episodes, more than one OCC was
recovered, and 9 of these 10 episodes occurred
within 8 days after intubation. The mean bacterial
index® was 5.8 (median, 5 SD, 2.7} for the 29
episodes and 8.3 = 2.8 for the 10 polymicrobial
episodes.

In six episodes with CGNS, no other nrganisms
were found. Streptococeus epidermidis was in-
volved in five cases. The numbers of patients with
two, three, or four criteria for a clinical suspicion
of VAP were two, three, and one, respectively.
One of these six episodes occurred in a patient
receiving glucocorticoid therapy, > I mg/kg, and
methotrexate therapy for rheumatoid arthritis.
Five episodes occurred > 5 days after intubation.
Only in two episodes did the BAL fluid smear
show > 2% ICOs, and although all PSB cultures
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were positive, only two episodes had BAL fluid
cultures with > 10" cofwmL. In three episodes,
community-acquired pneumonia had been the
reason for ICU admission and was a possible cause
for the lung infiltrate, heart failure was present in
two other episodes. whereas in the remaining
episcde there was no alternative diagnosis. Lung
abscesses were demonstrated by CT scans in two
patients who had VAP with § epidermidis. Three
of these six patients received antibiotics that were
active against the recovered OCCs. One patient
died of a cause considered to be unrelated to
OCC-VAP,

Nine of the 11 strains of CGNS recovered in the
study were resistant to methicillin and fluoroquino-
lones, and 8 strains were resistant to gentamicin. The
minimum inhibitory concentration (\fEIC) of vanco-
mycin was always <8 wg/mL. Except for a Strepto-
coccus oralis isolate with a high amoxicillin MIC
(4 mg/mL} that was responsible for a lack of response
to antihiotic therapy, all the Streptococens strains
were sensitive to amoxicillin, All Gram-negative rods
were sensitive to third—generation cep!.]alospm’ins or
co-amoxiclav {one strain of M catarrhalis and two
strains of Haemophilus parainfluenzae produced a
B-lactamase).

The passible causes for disagreement between
experts are shown in Table I. Twenty-three alterna-
tive canses of new radiologic infiltrates were found in
17 episodes, and 28 alternative causes of fever were
found in 20 episodes. In 11 episodes, there was an
alternative explanation to both the fever and the new
radiologic infiltrate. Only in four episodes was there
no altemative diagnosis for the fever or new radio-
logic infiltrate.

The physicians in charge of the patients decided to
treat 22 episodes, although the antimicrobial agents
used were active against the OCCs in only 20
episodes. Of the seven patients who were not treated
for the bronchoscopy findings, two had another
infecton for which they received antibiotics that
were active against the bronchial OCCs. Ten of the
28 patients died. An autopsy was performed in five
patients. In two of these five patients, histologic
evidence of pneumonia was found. In the three other
patients, death occurred later, after the resolution of
the VAP.

Therefore, five patients did not receive an antimi-
crobial agent and two others received inadequate
antimicrobial therapy. Among these seven patients,

three died and lung abscesses were diagnosed in two.
An 80-vear-old woman (Table 1, case 4} had a
community-acquired pneumococcal pneumonia with
shock and acute renal failure; 16 days later, VAP was
suspected and methicillin-resistant S epidermidis
found in PSB specimens and BAL fluid. She re-
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Table I—Bacteriologic Resulis and Reasons for Disagreements*

Intracellular  Experts Agreed on

Cage PSB BAL Organisms. % Diagnosis? Cause of Disagreement
1 10% Neisseria 1.3 X 10* Neisseria 20 VAP by OCCs
2 10" S oralis 167 § oralis, 6 10° Streptococens mitis | Disagreed Alternate Dyg (DVT)
3 0P astreptococcd, 107 T X 1 astreptocoecd, 10° Neisseria, 10 No VAP by OCCs - Atelectasis
Neisserta, 10 CGNS 2 X 10° CGNS. 10°
Corvnebacterium
46X WP S epidermidis 3 X 10° 8 epidermidis 3 Disagreed Abcess possibly due to GAP
5 2x10°8 oralis, 2 X WP § oralis, 2 X HP S solivarius 0 No VAP by QCCs  Recovery without AB
2 X 10° Streptococcus
salivarins _
6t W0 Corynebacterium strictum, 10Y C strighunt, 25 X 102 CGNS. 25 Disagreed CHF (PCWP > 18 mm
2.5 X 102 CGNS, 3 X 10° 3 X 10% a-streptococd, 2.5 X 102 Hg) explaining symptoms
a-streptucecel, 2.5 X 10° H parainfluenza tor 1 expert
H parainfluenza
T 8% 107 S salivarius. 10" § salivarius 0 No VAP by OCCs  Neerotizing pancreatitis
M0 S epidermidis
§ ND 10* a-streptacoedd, 2.6 X 107 25 VAP by OCCs
Staphylococcus hominis 10° N
mugcosa, § X 1P H parainfluenza
9 0 W N elongata 0 No VAP by OCCs  Recovery without AB
10 7% 10° 8 epidermidis 16* § epidermidis 0 No VAP by OCGCs  Unresclved CAP
11 55X W' § epidernidis ND No VAP by OCCs  CAP and atelectasis
recovery without AB
12 WP H parainfluenza. 16° 1 parainfluenza. > W07 N subflava 100 VAP by OCCs
10 Neisseria sulflave
13 5% 10% S epidermicdis 2.8 X W 8 epidermidis 0 No VAP by OCCs  Becovery without AB,
CHF, UTI, and DVT,
explaining symptomns
14 107 H parainfluenza W H parainfluenza 40 VAP by OCCs
15 7.2 X 107 M catarrhaliy ND VAP by OCCs
16 105 H paratnfluenza ND VAP by OCCs
T 3 X 10* S oralis 3% 10" § oralis 0 VAP by OCCs
18 10° H parainflicnza 10° H parainfluenza 50 VAP by OCCs
19 ND 1.15 % 10" a-streptococet 0 No VAP by OCCs - SS1 and DVT explaining
symptoms for 3 experts
20 2 X 10* M catarhelis 6.5 X W0* M caterrhalis 1 Disagreed MI with ARDS explaining
symptoms for 1 expert
21 8 X 10 a-streptococct 8 X 10" a-streptococcd i Disagreed CHF explaining symptoms
for 2 experty
22t 2 X 1® CCNS 10" CGNS (t No VAP by OCCs  CAP explained abeess
recovery without AB
23 2 X 10° M cotarvhalis 107 M catarrhalis 0 VAP by OCCs
24 10° M catarrhalis 10° A catarrhalis 10 VAP by OCCs
95 2.7 X 10° Neisseria mucosa,  ND VAP by OCCs
4 X 17 Streptococous mifis
%X 10° CNS, 4 x 107
Nessserta elongnta
26 16* A mucosa, 2% 107 a-streptococc 27 VAP by OCCs
7L N 5 X 107 S orulis, 5 % 10% § sanguis 28 VAP by OCCs
98 3.5 X 1(° Neisseria 10° Neisseria 7 VAP by OCCs
29 8 X 10° S epidermidis 1067 § epidermidis 2 Disagreed Np new radiologic infiltrate

for | expert

*Dg = diagnosis; DVT = deep venous thrombosis: PE = pulmonary embolism; CAP = community-acquired preumonis; UT1 = nrinary
tract infection; CHEF = congestive heart falure; dis = disease; ST = swrgieal site infection; MI = 1mesenteric infarction; NID = not done;
PCWP = pulmonary capilfary wedge pressure; AB = antibiotics,

HLang ahscess,

VAP dizgnosis confinned by postmortem histology.

ceived a 48-h course of a third-generation cephalo-
sporin, developed a hung abscess 1 week later, and
died fromn multiple organ failure 14 days after the
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occurrence of OCC-VAP. No autopsy was per-
formed. A 44-year-old man (Table 1, case 17) was
admitted to the ICU for meningoencephalitis, had
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Table 2—Microorganisms Recovered in Significant
Amounts From Quantiiative Distal Cultures in 29
Episodes of QCC-VAP

Microorganisms No,

Streptococcus spp 12
Neisseria spp 7
CGNS G
H parginfluenzae 4
M cotarrhalis 4
Corynehacterinm striatum ]

S oralis isolated in PSB specimens and BAL fluid 15
days later, and was treated with amoxicillin. Unfor-
tunately, the streptococcal strain had a reduced
sensitivity to amoxicillin (MIC, 4 pg/mL) and was
still isolated 6 days Jater in specimens from a PSB
procedure and in fluid from BAL, which had been
performed because of msufficient or poor improve-
ment. Cefotaxime was prescribed. The patient died 2
months after the ICU admission from multiple organ
failure in the setting of Pseudomonas bacteremm A
T0-year-old woman (Table 1, case 27) was admitted
to the ICU for acute respiratory failure 1 weelk after
undergoing a4 pneumonectomy procedure for lung
caneer. A bmnchoscopv was performed on the day of
ICU admissmn but no antibiotic thempv was pre-
scribed. A pulmonary embolism was  suspected,
shock developed. and the patient died the next day.

S oralis and Streptococcus sanguis were isolated
from the BAL fluid. An autopsy showed histologic
findings of preumonia without pulmonary emboh

The four other patients survived (Table 1, cases 5, 9,

13, and 22), but three patients had dlﬁ"erent dlffel—
ential diagnoses (heart failure, two patients; atelec-
tasis, one patient). The last patient, admitted to the
ICU for inhalation pneumonia, developed a lung
abscess after receiving 10 days of mechanical venti-
lation. S epidermidis was recovered from BAL {luid
and PSB specimens. The abscess was draimed, but
the pus was sterile.

The three experts who reviewed the 29 episodes
agreed, before reading the PSB specimen and BAL
fluid test results. that VAP was a possibility in 12
episodes but could be ruled out in 4 others. In these
16 episodes. confidence with the diagnosis was al-
most complete or was complete in 44% and 14% of
episodes, respectively. Concerning the PSB and BAL
findings, the three experts agreed on 23 episodes
{VAP caused by OCCs, 14 episodes: no-VAP caused
by OCCs, 9 eplsocie:,) Confidence was almost com-
p]ete and was complete in 44% and 28% of episodes,
respectively. The patients in whom the 14 episodes
oceurred that were considered by all three senior
physicians to be VAP caused by OCCs were treated
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with antibiotics, which were ineffective for the re-
covered microorganisms in one episode. All three
experts dcrreed that treatment was necesmw in 16
episodes clnd were winecessary in eplsode'; The
data on the disagreement among are reported in
Table 1. The main reason for (hsagreement among
the experts was the relevance of a potential differ.
ential diagnosis. A descnp’ﬂon of patient subsets is
provided in Table 3. All three episodes caused by
H parainfluenzae only and three of four Lp]bOd(-‘S
caused by M catarrhalis only were categorized by all
three pbysmmns as VAP caused by OCCs. In con-
trast, in none of the episodes with CGNS only did all
three physicians agree on a diagnosis of VAP cansed
by OCCs. The mean number of ICOs in BAL fluid
smears was significantly different in episodes for
which all three experts gave a diagnosis of VAP
caused by OCC than in the other episodes.

OCC-VAP/No-VAP Study

The development of OCC-VAP was associated
with a significant increase in dlisease severity, as
assessed by the LOD score (LOD-3D, 3.8 £25;
LOD-DO. 5.9 = 2.7, p = 0.018). During the corre-
sponding hmpttakmhon days, no significant increase
was found in the no-VAP group.

No-VAP patients were matched to OCC-VAP
patients by SAPS 11 score at JCU admission and by
IMV duration (which had to be as long or longer as
in the OCC-VAP patient) [Table 4]. \Litchmo‘ Was
always successful for SAPS 1II score and IMV dum-
tion, The erude in-ICU death rate was 36% (10 of 29
patients) among the OCC-VAP patients and 36% (20
of 58 patients) among the no-VAP patients. We
found no differences between OCC-VAP and no-
VAP patients, except for the LOD score on the day
of OCC-VAP {or on the corresponding day in the
matched no-VAP patient). OCC-VAP was not asso-
ciated with excess mortality in the QCC-VAP/o-
VAP study (odds ratio [OR], 1.19; 95% confidence
interval [CI], 041 to 1.7% p=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). The mean
ICU stay was 6 days longer in the OCC-VAP patients
than in the no-VAP patients.

DiscussionN

We are not aware of earlier studies specifically
designed to investigate the role for OCCs in the
pathogenesis of VAP. However, OCCs accounted for
9% of VAP episodes that were recorded in our
10-year database and have been found consistently in
microbiological series reported in the literature. In
sertes of patients with VAP diagnosed using either a

Clinical investigations in Critical Care



Table 3—Comparisons Between the Actual Management of the OCC-VAP Episodes and the Conclusions of Three
Experts Who Reviewed the Medical Records Reirospectively®

Episedes Episedes Diagnosed
Treated OCGC- Untreated OCC-  Diagnosed as VAP As Not Episodes Episodes Not
VAP Episcdes AP Episodes by OCCst VAP OCCst  Regquiving ATT  Requiring ATt
Variahles in = 29) (n =7} n=14) (n =9} {n =16} in="7;
Bacterial index THER] 5x24 8o*+235 8§25 = 7.25 6l5x253 98 =75
ICOs in BAL 19.6 £ 385 4 %103 315+ 314 0.01 = 0,03 Tk 308 002 =004
Highest body temperature  39.2 0.7 362x12 392 =09 3541 39208 3851
T’Iig}lest peripheral 12.886 + 4910 13,185 + 6,405 12,598 + 4,847 14,5344 + 5939 11,881 = 4,876 16271 + 5,565
leukocyte count

Parlent aspiratesfd 13272 § & 127+ 54 94 £ 67 126 = &4 7.6
Age, yr 68+ 11 653 £ 6.1 66 & 11 65+ 7.1 68 £ 12 i}
SAPS 1T score 374158 396+ 18 356 155 368.7 = .7 3725 £ 193 327
Polymicrobial VAP 8 {36) L{14} 4(28) 3{33) 4 (23}
B parainflucnzoe VAP 34 0 3121} 0 318
Si‘reptocnccal VAP 2{% 2(28) 2{14} 1(11) 2{12.3)
CGNS VAP 4{18) 228 0 4 {44 11i6)
Neisseria spp VAP 26 {14} 2114) L 2(125}
M catarrhalis VAP 314 1114} 32 4] 4(23)

*Valucs given as mean = 8D and No. (%). AT = antimicrobial therapy.
#The three esperts agreed about only 23 of the episodes reported in the table.

noninvasive!®!7 or an invasive strategy,'™2! OCCs
contributed 2.6 to 36% of organisms recovered in
significant  concentrations. Interestingly, studies
mmparmg histologic and microbiological criteria for

VAP diagnosis ha»e yielded conﬁlctmg data. In two
studies’ 2820 significant OCC g growth was not found in
cultures of biopsies from lungs with histologic pneu-
monia, whereas in two othersi3H OCCs t,ontnbuted
8% und 10%, respectively, of the microorganisms
recovered in significant amounts in lung biopsy
cultures. OCCs accounted for 0%,2% 11%,28 and
60%'3 of the significant cultures of distal samplmgs
in VAP Fplsodes with histologic findings of pneumo-
nia. Moreover, OCCs are ehxeﬁx encountered in
polymicrabial VAP, Finally, the meaning of signifi-

ant growth in quantitative cultures of OCCs only
remains unclear.

For respiratory infection to occur, at least one of
the three following factors must be present: immu-
nodeficiency in the host; an inoculum of microorgan-
isms into the lower respiratory tract that is large
enough to overwhelm the host’s immune system; or
a highly virulent organism. One or more of these
three factors were present in our exposed patients.

Many ICU patients have prevalent underlying
factors associated with immunodeficiency, such as
diabetes mellitus or glucocorticoid therapy. These
factors increase the risk of infectious and noninfee-
tious life-threatening events. More importantly,
there is ample evidence that critical illness is associ-
ated with immune defense impairment. Impair-
ments in neutrophil functions including decreased
chemotaxis, poor opsonization, and a limited bacte-

www.chestjournal.org

ricidal effect have been reported in ICU patients.®
Anergy is common in crtically il patients?32 A
large body of data suggests that, chiring sepsis, the
e.;ul\ 1nﬂammat0n phase that is driven bv inflamma-
tory cytokine ploductlon is counterbalanced by a
subsequent anti-inflammatory phase (the compensa-
tory :mtl-mﬂdmmdtory response syndrome), which
can lead to immunodeficiency.!’ Moreover, many
stucies!2334 have found impairment of local im-
mune defenses in the lungs; endotracheal intubation
provides microorganisms W]th direct access to the
distal airways and impairs Coughnw and mucociliary
function. Furthermore, sepsis is associated with de-
creased neutrophil recrnitment and impaired alveo-
lar macrophage function. Finally, cytokine network
dysregulation with interleukin-10 produa’aon may
lead to local immunosuppression 3 Interestingly, in
a study?! of VAP in trauma patients, a populatzon in
which abundant evidence of immunosuppression has
been reported. 45% of the microorganisms were
OCCs. In addition, therapy with clucoeomcmds is
being used increasingly in ICUs for the treatment of
various conditions,? resultmd in additional immuno-~
suppression.

Of the OCC-VAP episodes in our study, 76%
occurred within 8 davs after intubation or extuba-
tion, suggesting that the inhalation of oropharyngeal
secretions occurring during these procedures or
caused during the following days by swallowing
dysfunction may increase the risk of OCC-VAP. A
study by Valles and coworkers®™ of continuous sub-
glottic secretion aspiration in intubated patients sup-
ports this hypothesis. Continuous aspiration was
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Table 4+—Subjects Included in the Exposed/Unexposed Study*

OCC-VAP No VAP
Variahles (n = 28} in = 36} p Valuet

SAPS If score 383+ 16 39.2+152 0.26
Transfer from hospital ward 21(75) 37 {66y 0.15
Age, yr §7.6 = 10 678+ 4 0.93
Gender
Male 16 42 0.08
Yemale 12 14
No surgery 14 26 (1.48
Elective surgery 9 13
Emergeney surgery 3 17
LOD score

On hospital admission 82358 4.8+ 95 0.07

Day 3 38%25 44+ 19 0.87

Day 0 3093327 4419 000048
Main diagnosis on hospital {admission}

\Iultzpk organ failure 2 4

Shock 8 ¥

Acute respiratory failure 10 28

Coma 2 3

Other 6 4
Duration of ICU stay, d 269 %22 203 %19 0,024
1n-1CU deuths 16136) 20 {36} 1

*Values given as mean £ 81 or No. (%), unless otherwise indicated.

tCharacteristics of patients were corapared using two-way analysis of variance on ranks for continuous duta and a two-covariates logistic model
for qualitative data {in hoth cases, one factor was exposure and the other was the triplet composed of an OCC-VAP patient and two matched

No-VAP patients},

associated with significant reductions in the aumbers
of Gram-positive cocei and Haemophilus spp and in
the incidence of VAP during the first 5 davs of IMV,
as well as with a significantly greater volume of
subglottic secretions aspirated dazlv in the patients
Wzth()ut VAP. The pathophysiology of CGNS-VAP is
unclear, Although unlikely, we cannot exclude con-
tamination by organisms on the hands of the nurses
who performed aspirations. Hematogenous seeding
is another possibility.

Oropharyngeal microorganisms such as viridans
streptacocel, 1 H parainfluenzae,” Neisseria spp,39
and M catarrhalis® have been described in pa-
tients with community-acquired pneumonia, and
M catarrhalis has been described in those with
nosocomial pneumonia®®  Viridans  streptococe-
cit0 1314 and, less frequently, M catarrhalis® have
been reported to cause lethal pneumonia. In patients
with VAP caused by oropharyngeal microorganisms,
viridans streptococei have been recovered from
blood,!® abscess pus,” and postmortem lung biopsy
specimens >4 M catarrhalis®® has been recovered
from blood; and N mucpse has been recovered
from pleural fluid.4® 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 wvitro
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findings such as the presence of protease produc-
tion b\‘ viridans streptococei !

Our study provides six sources of support for the
possibility that OCCs may cause VAP. First, for 14 of
the 29 patients, the three experts who independently
and blindly reviewed the medical records all gave a
diagnosis of OCC-VAP, although the distal brozzchxal
samples showed only one or more OCCs. Second, a
microbiological dmwm)m of OCC-VAP was associ-
ated with a significant increase in L.OD scores during
the 3 days before the bronchoscopy, whereas no
s1gmf1cant change was seen in the matched no-VAP
patients durmg the corresponding hospitalization
days {p = 0.18 [Wilcoxon test]). Moreover, ICU stay
duration was significantly longer in the OCC- VAP
group. However, the crude mortality rate was iden-
tical among OCC-VAP and no-VAP patients, and,
after adjustnlent for severity scores, no excess mor-
tality was found in the OCC-VAP patients (OR, 1.19;
95% CI, 0.41 to 3.46: p = 0.8). The power of the
exposed/unexposed study was perhaps too small to
detect a small increase in mortality in the QCC-VAP
group. Third, the CPIS was > 6 in 20 cases and was
6 in 4 additive cases. Fourth, postmortem histologic
findings were consistent with VAP caused by OCCs
in two patients, and CT scans of the chest showed
lung abscesses in two other episodes. Fifth, the
results of both PSB specimen and BAL fluid cultures
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were above the cutoffs in 13 episodes. Moreover, the
presence of > 5% ICOs in 40% of OCC-VAP pa-
tients establishes that these pathogens can mount a
significant local inflammatory response. Finally, the
outcomes for the seven patients not treated or
inefficiently treated are worrying. Three patients
died, one with histologic findings that were consis-
tent with VAP and one after the development of a
lung abscess.

Howe»er the significant growth of OCCs in distal
bronchial mmplfu; may reflect the contamination of
the samnples during collection or the nonpathogenic
colonization of thc, lung. We used standard sampling
techniques that are deslgned to minimize the risk of
contamination.2® In 11 OCC-VAP episodes, there
was another condition that could have explained
both the fever and the new radiographic infiltrates.
However, alternative diagnoses are often present in
patients with VAP caused hy classic nosocomial
pathogens.” The percentage of squamous epithelial
cells, an indicator of oropharyngeal contamination,
was < 1% in all episodes. Another issue is the
specificity of positive distal samples for the diagnosis
of VAP, In a study’? of mechanically ventilated
patients without signs or symptoms of pulmonary
infection and without zadmgmp]nc infiltrates, the
specificities of PSB specimen and BAL {luid cultures
were fow (39% and 65%, respectively). and the rate
of false-positive results was high (41% and 35%,
respectively), when 10° cfu and o chu/mlL, respec-
tively, were used as the cutoffs for PSB specimen
and BAL fluid cultures. However, the patients re-
ceived antibiotics before sample collection#2 Ins con-
trast, in a study™ comparing the PSB procedure and
BAL in patients with no recent antibiotic therapy
changes, the specificities of the PSB procedure and
BAL for the diagnosis of VAP were 89% and 78%
respectively, the standard being histologic and mi-
erobiologic lung specimen ﬁndmgq ;mmedmtely after
death. In addition, a recent meta-analysis® showed
that PSB specimen and BAL fluid cultures are
reliable for the diagnosis of VAP, particularly in
patieats with no recent antimicrobial treatment
change. Moreover, in 14 of the episodes, the results
of at least two microbiclogical tests {¢g, BAL {luid
smears, BAL fluid cultures, and/or PSB specimen
cultures) were positive. This lends strength to our

findings, as specificity has been shown to ) be better _

when the results of two or all three tests are
ositive 2
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 number of
patients with possible or probable alternate diag-
noses. Moreover, the confidence in the quantitative

www.chestjournal.org

bacteriologic results has been probably decreased by
the known low pathogenicity of encountered micro-
Ol’ganlsfﬂs

Finally, the main issue is the relevance of our
findings to the treatment of patients with suspected
OCC-VAP. Unnecessary antibiotic therapy in a pa-
tient with lung colonization can induce the emer-
gence of drug-resistant strains, but a failure to treat
VAP increases the risk of morbidity™ and mortality.
Oropharvngeal organisms are susceptible to co-
amoxiclav or third-generation cephalosporins and,
consequently, the Amenem Thoracic Society guide-
lines for VAP management?? are valid. CGNS was
the only microorganism in five patients with VAP
occurring more than 5 days after intubation. In
patients with late-onset VAP, the finding of Gram-
positive cocel on BAL fluid smears should lead to the
administration of vancomycin because it can reflect
pneumonia caused by a methicillin-resistant § au-
reus. Consequently, when identification studies show
that the Gram-positive organism is a CGNS, the
problem is not whether vancomycin should be added
to the antibiotic regimen but whether vancomyein
should be continued. Because most CGNS strains
are resistant to co-amoxiclay, cephalosporins, and
methicillin, the recovery of a CGNS sometimes leads
to \dnc,omvcm ple\(,nptmn However, few data are
available on the pathogenicity of CGNS in the lungs,
which remains a matter of debate S Very few well-
documented case reports of CGNS pneumonia have
been reported: one case of Staphylvcoceus sapro-
phyticus pneumonia in an ICU patient*; one case of
Staphylococeus cohnii commmunity-acquired pneu-
monia in an AIDS patient!é; and one case of
S epidermidis VAP with histologic findings of pnev-
monia.l® In our study, there was no alternative
diagnosis in one of our CGNS cases. and the two
patients with lung abscesses had S epidermidis as the
only distal bronchial microorganism. Consequently,
in a critically ill patient whose status is deteriorating
and who has significant amounts of CGNS in dlstal
bronchial guantitative cultures with no firm evidence
of another cause, we believe that antibiotics against
CGNS should be given.

In conclusion, QOCC-VAP accounted for 4% of
VAP episodes in our study and was associated with
worsening organ dysfunction scores. Although alter-
native conch’cmns escpla.mm@ chest abnormalities and
fever are common, a new radiographic infiltrate with
significant growth in distal bronchial cultures of
commensal microorganisms only is highly suggestive
of VAP. We suggest that such a condition should be
systematically treated except in the case of a stable
patient with a strong alternative diagnosis for the
lung infiltrate and fever for which the treatment
should be discussed case by case. OCCs may have
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the same deleterious effects as classic nosocomial
pathogens in critically ill patients.
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ATTRIBUTABLE MORBIDITY AND MORTALITY OF
CATHETER-RELATED SEPTICEMIA IN CRITICALLY 111
PATIENTS: A MATCHED, RISK-ADJUSTED,
COHORT STUDY

et
Liliz Soufir, MD; Jean-Feangois Timsit, MD: Cédric Mahe, MD: Jean Carlst, MD); Rernard Regnier, MD; Sylvie Chevret, MI3, PRD

ABSTRACT

QBIECTIVE: To determiny the attributoble risk af death
due o cathererrelated septicemia (CESY in critically 3] patents
whien taking nto account severily of ilness durtng the infensives
. vare ynit ICU} stay but befare CRS.

' DESHN: Palrwisematched (1:4) exposed-anesnosed sady.
; SETTING: i-bed medicalsurgical ICT and an 181aal
" medica {CU

PATEENTS: Tadentz admilicd to either ICU belwsen
Jeouary 1. 1890, and December 3E, 1998, were oligible. Exposed
patientz wers defined as patienls wilh CRS: unexposed conirald
were sefected accovding to matching wariables,

METHODS: Matchiug varishles warc dianosis at 1CU
ufnlssion, Jength of centrai catheferizton before the infection,
McCubw: Score, Simplified Acote Fhysiologie Scure (SAPS) 1T at
admission, oge, and pgendel Sewerily stores {SAPS [T, Orpam
Syslem Fallure Sogre, Organ Dysfunction and Tefection Score, and
Logistie Orpan Dysfonciion Systeny) were ¢aloulated four Wnes for
each patiem: the day of ICT admission, the day of CRS nuset, and
3 and 7 days hefore GRS, Matehing was steeussial far 38 exposed
patieits. Shtistical analy=is was hased g nanparametric fests fur epi

* demiglogical data and sn Cox's Mudeds for the exposeduncxpazed

shady, will adiustment on matching variables and prognostin factore
ul mprtaiity

RESULTS: CRS enmplicated L 1T per 300 TC1T admissions
durieg the study perfod, Twenty (53%) of the CIRS cases worp asso-
ciated with septic shock. CHS wos assactaied with o 28% increase
in SAPS . Crude ICU morigiily races feam exposed and wnex-
st patents were 30% and 21%, respectively. CRS remained assg-
ciated with snartaficy even when adjusted on other prommoslic fn-
turs at 1CU admissioe (relatlve risk [RR], 2.01; 55% confidence
interval [CL). LOKSTS; Pe0D). However, ater adiusiment on
severily seores calcubated berween ICU admission aml 1 week
bufare CES. the increwmsed mortality wos no ooger significant (RR,
L4L: Clg, 0.76-2.68: P-27).

COMCLUSION: CRS 15 associaled with subseguent mor
lidity and morLadity in e JCUL even when adjested on severtey fie-
tore at [CT7 admission. However, after adjusliment o sevarity -
lars durdng the [CU stay 2l before the event, thuere was gnly a
trend toward CRS-atribotsbie mortalitys The cvolotivn of patient
severity should he Laken into 2ecount when evabuating excess mon
tality ipduged by nosoopmial cwents in ICY patients (frkef Contrel
Hosp Epidernial 198%2(396-401).

Catheterrelated septicemia (CRS) represents the
most frequently fife-threatening complcation of central vas-
cular catheter uge

Several studies have reporied that, in the intensive-
care unit (ICU), Maodsoream infections ars associared with
an [ncrease in morbidity, tertality (10%-40%), length of bos-
pitad stay; and finally in medical costs# However. the con-
serjuences induced by catheterrelated bloodstream infec-
tions on torbidity and mottality have not been clearly eval-
uated and remain ander debate, Mast studies’* have sag-
gested that CRS is associated with a lower aitributable meor-
taliy than cifier seplicemias, but same have found CRS o
be associated with marked morbidify 01

These conotroversial results are explained in part by
the difficulties in estmating the mortabty atimbutable to
CRS. Notably, putienis' comarbidilies, either preexdstent or

occuering during the FCU giay, have never been taken into
aceount as potential sonfounding factors in estimating the
possible excess of moriafty due to CRS, Ooe might antici-
pale thatr & patfent resmsining very sick {for whatever rea
son) will have a higher risk to develop a nosecomial infec
tion than a puliens severely sick at admission bat [mproving
quickly, Thns, we agsessed the impact of CRS on ICH mor-
tality, payihg pariicular attention to confounding factors.
First. a case study was performed o describe
patients with ICH-aoquired CRS, focusing on the morbidity
of this infection. Then, 2 matched exposed-unexposed rel-
rospactive cohort study was conducted, with three main
purposes: (1) to examine the risk of death 1y patients who
develeped central CES in ICH, cempared to controls elose-
fr matched on severity at ICU admission; (2} to search for
prognastic factors of mortality, ejther ar 11T admission or

Frow tite Cliniqne de réunivigtivy dos maladies infeorieses (s, Thnsit and Rognier), Hépital Universitairs Biche! Claude-Bernard; Servico de
vienimation pofralente (M= Svafir, Thnglt, and Carles), Hapia! Saint-fosabl; Déburioment de Binstatistinny of Puprrmetiyne Midieale (Drs. Moke

exd Cheoret), IIGpital nfversituire SeinlLokis, Pevis, Fronce

Address repisind requesn 10 -F Thmsit, Rianimation polyuolsute, Fdpitel Saiee Juseph, 185 rig Aaymond Lusserand, 75614 Paris, Pranee. |
O8-0A-135. Suwfir L, Timsit &F, Make C, Carlgr J, Ragnter B, Chevest 8, Attrihutadle marbidgity and wertaiity of cnitster-relatd stptivemia o
oiicetly # patients & wealched, rith-arjusied, cokor! shidy, Infoct Control Huwsp Epidemiof 19927396491,
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during ICU stayy and ﬁs} 10 assesy. iimmlmmriﬁmf death
attribumble to CRS after sdfusting on these factors.

METHODBS

A prospective, matched colivrt, exposeduterposad
study was carried out fom Javary 1, 1980, 't December
31, 1995, in two 10T Iir Piirks, Finpee: the 10%ed medical-
siargical JCUT ot the SafntToseph Hospital and the 18hed
miedieal ICL! ot the Bichar Claude Bernard Hospital The
m&y&w@amshamin?xgﬁmi,

Potlents.
Prospective 1C1 wide survelilase: Br nosocomial

m&@nammﬁmﬁmbnﬂzm&mdmmm
m%cmhemwdmmwmmcmmm
mdeﬁy%m&mﬂsmfmﬁmgm the following Tales;
zuthetors wers temoved and uliure specimens obisined in
the wvent of Suspetted CRS, Cathersr vselessmess dr mal
fanction, patient dhaharye from the 1ICT, or denth, CRS was
suspectsd in this Case of (1) purulence of the catheter inser-
“ton site or (2) ocvurrence of fvir emperature =38:57C)

or hypothermia (temperature <385°C) associated with

dther () shock, erythems, or tenderness 2t the insértion

gite of the cutheter in the absence ofeiheramse of sepis o
b} pesitive Hood cultures, Canhew-t:g specémeas Wi
processed using u sinplified quantitative broth-dilation. cubk
fure lechnique yrewuuslsf repuried ¥ Broth cultures were
subenitared onte:serobic and anserchic agar plares, and all
orgacisms recovered from any coltures wers Henitified and
their antibiotic susceptibility determined by stuodird mwith-
aﬁ&?&m&m blood oultures wers olytsined in the event of
fever, hypnthermis; or any.signs of infection: (eg, chills or
_sudden shock} and processed by the cinical microbiology
" “tiboratory scooviing o standard methods.

All patients who developed g CIS dyring the study
period while ndmited in e iClls mmﬁsrﬁ the eligihie
wsaedmﬁemﬁ}r&xesmigmﬁ fagnnaisaf CRS was
estabiished when the mibination of the three following
c:mn were faiﬁii& (13 qﬁmﬂm.-mﬂnﬂa of fsﬁzeter

@k paﬁmm Wi ymvxdeé by the mmmsai mfeman
Hes, Four wereeschided because their charts could notbe
ghtained to-caloulite severity indices. during the ICU
m%ﬁﬁm&%mﬁemﬁmmﬁﬁrfmw

'&mi.‘ar nﬂnfamﬂ” &E:&Siimpiiﬁ%é éa::ma
‘?h?ﬁalogm&mr& fEAPS} L5 the nimber of organ Sllures

fx
R
i ;
| et
s
;Qlw
RATERI + .
!«i:f:m LY
o S e s S
i Lox ] T st
ey T B b e
ulorEali & & Tyt
i | ! i
FIOERE. 1, Ench ICU patint whi ﬁmﬁﬁ I TR Dt Emin

{8p-caliag Bxpdsed natenty mmmmmmmm
He wms- 103, wiic had- M sume. dEdnesn Simmited- Sous Pl
Scorny {2300 and MoCabe veiues ot 10U Mewssiin, ae g oF cfersrs-
‘i, Uay 1) vt Surdaty OF INISGlGy T paser pEtonm Ao P g
newricneng awhLAT that ngth of Setheaniation- it s Dy 3l day
T mmr 4o 3oar 7 dave before ddy 0. resneciively, unlEss patieny wesy
Wby ay e 10U, &rmmmiwmmmh%smum Parmma
ooty Pasligpaie 1), st e Gl O SR, ASDrevstie: 1T, it
sore unit SAPS 1, Simplifide feum Physelope Seo il

valunted by the Cegan System Fatlars (O8F) score)f and
by the Organ Dysfunctions and Infection (ODINY -svore ¥
and the Logistic Organ Dysfunetion (LOD} System score,?
These sewerity scores were calculated for the period within.
48 hours of ICU admission, the day of the CRS the day
when the central catheler was removed, called diy 03, and

3 nnd 7 dzxys befire the mfecmn fmwﬁvei}, 6&}' 3 aﬁri

five caimrzs, z‘esuks aaf ?aiﬂn& cuit%ms. fzsmpm&m{s}
pmhagm(&} and manapement of chthetsr sepste alio were

Thamumoieaahmmmfm&emmsmmi-
as either “complicated” or “uncomplicited:” Septicemia:
waaammﬁmﬁmmﬁm&ﬁﬁm MW§f

fantsim a.rsweﬁtzrshanka.'

Mmgammmm‘mwdim patients
{i, tio CRE} with a-central venous Hne s 30% sud given that
the pumber of exposed patients was ltied 1o 35, the esti
mnted number of unexposed contols needed per exposed
mﬁmmmkamﬁmmmﬂm withg
power of 80% and 2 typetzfrmraﬁr%m& The medid

-eoding: fles provided /5t of tmexpoted patients with el
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TABLE 3.
mammmwmﬁm Lﬁ&m&&%} R WA AN
PencENT

Suljerts i ] <]
Mearige, v £33 =16 B
Male 1 55 YiE S 74
Thellabe i _
Hunfatal 30 1285 19 Om
Uittty in] <5 5 27 7y 5 {70 e
Ultirmmetedy futad <1 y 1. 4@
Clonle disease 123 13 an K4
Somanodeficiooy 3] ¥ s A8
Dtretiis 38 3 3
M diagnnes §
Candlclogy 2 {5 13
COPT &£2% W En
Other pulonary 3 {38y (L)
Otk tredining 1y 15
Schedaled nugery 0 426). o0 a3
Unschedujed sargery g i R
Cardigvascuinr surgnry T {18 8 an
Digestive sargery g (15 H R
(rther murgery 218 § 65}
ALICT admiszon
Tramsfor Som ether ward o B VA5 3B 50 5
3APS | BRI 485230 45
GPIY soore 2334 24=LY T
PSP srare 12=tkg lézl 3
LOE soore &7=348 $.Ie2S 5

Ablreptacing CRIFLL, stanis wbwrmctie ity S B0, Jaikiis Tt
Dyehinetisy Sysins STV Orga Dyshasnnn s infisctins seare: B5F. Ubgen Swtem

o, Pl sroes: SATS G Pt Acusie Piysiakght Scam 115D, s devsntiom,

* % Vald Thot o Flsisey's Exact Test me wgwanrisnt, Sluss sve rxprssied st 06 for guailizares
wthabi yomay 255 for waaetinive s,

ther evidenceof m{mm&m wor Bloodsteesm
infection ot any Gme duringtheir 1CU stay,
MMt%&%mmmmm
umexponed patents he e from Jamwary 1990 fo-
Dwember}g&ﬁmﬁwmmm with respert to the ful
mmgmamﬁmgﬁimﬁasém of central catheterization.
{Ma@zm%&mmmdmmﬁmaw

ian, predigted m&&ywmsm&by&aﬁ%ﬁmmﬁ
aﬁm&w&w& (10%), and MeCabe classification. T case of
more thn two availsble controls, age (=10 yedrs) 2ad gen-
&mmamd&adﬁﬁmmimm&mgm&b}asm&im&m
i best controls.

M&ﬁimi mrda nf ﬁﬁmpas&d ;mizems w&re

mwmmmmmm Iazf'atm
dayaf:hems@:h&dcasesmfmm {he, wiien the lengily of
contral cathaterization wag équnl to that of the worrespond-

“Peible 1. T

ingease), s&amﬁe&%m&&mﬁ?ém&hmmws

'lﬂfﬁﬁﬁﬁn ﬁﬂte {mmm respectively). For sample,

a%@;lﬁ&y&aﬁm&ﬁ

mmﬁﬁlﬁ}aﬂﬂmmmmm
BEOVER. oty

twodacter ana!yws;;f ‘vaﬁnm:e mmﬁm\&f s:m&hmwnsfiam

-mmgammmmwdmmmm

On both cases, sxposure definied ome ficwr and the
triples—eof the patient with. his oo mm‘ﬁam&hesmnﬁ
ﬁﬂe}a

Eatiration 4f overall servival dince day § ased, the
Kaplan-Meiez method. To compiare survival bétween
expased and mexmsé&;:mmmé i extimare a relarive
risk of death attributable to CRS, 3 mulbesise penersiizs
titz of the Cox model was nsed!™ that takies into acconat the
correlution of the survival imes of the exposed matent and
the two assgocinted umexposed patipntys induced by the
matching,

We used twossided tests, with P values of 05 or less
denoting ‘statisticnl sigmificancé. A Fortrm program was
nsed {orthe multivariate generalization of the Cox model, ™
and the SAS safiware (version 5.0% SAS Institute, fnc,
Cary, NC) was used otherwise,

RESTLTS
Cusze Study-
Betwoen Tanuary 1, 1990, and December 31, 1905, 3

otal of 3,587 patients weps admitted to the two WUs

During this period; 42 paients developed central CRS, for

_mm&mceafﬁ.?wiﬁmmﬁmm

Four of the 42 pafients were exciuded begmume their
rharts-could not Be stined. The mais charzcteristics of
merwmﬁig%mﬁmmaﬂﬂh atdiriasion dre shown In
oe el mzmadma}gzmm aned 15
werzsargmimt&

- Themesn (= standard devintion) duration from 1CU
arpissdon to’ diagnosis of GRS was 188:9.6 days. The
méms ducation of centrsi vathetedization before the lafec.
mnmlmﬂﬁéa;mmmmm dusntion of centeal
cothetatization with the i ng cathester bedore the nfec-
immﬁg*ﬁs&ange%@mdaya 7

i Bilicam itj meﬁmmmw&mm&ﬁﬂf
Swummmxs ere TessknE to metiiclin. Frveof the
ﬁmmsdxﬁsmaﬂuemndum&mdﬁm B
Tacmmases, The medim ntimber of posifive bloed cullures
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was 4. The median duration of pesitive biaod cultitres wter
catheter withdrawal was 1 day. Ar the Sme of catheter
removal, 18 patients received antimicrobisl themapy for vars
ious other reasons. Microorganisnms pecovered fdm
catheter cultures sever wers susceptible w© the previous
antinderabial therapy,

Of the 38 patfents, 29 received appropriste therapy
immediately after cotheter remeoval, 1 died from septic
shock hefore the resuits of blood culture was known and
without receiving effective antaticrobials, and the 8
remzining patents were given delayer appropriste therapy,
ance susceptiity et results were availabls,

Complications occurred in 33 of 38 patients; includs
oy majnr events'in 2% (Table 1), Between 7 days before the
infection and day of infeciion, the mean of SAPS T and of
the 10D seores increased by 12 and 1.8 points, respective
Iy {P=.00% Figure 2, Inmnstrexcre—onit mortafiey wos 7%
for 3 gurans tacteremia snd 36% for bacteremin nvalving
other microgrganismy (7= 14], Intensive-care-unit morali-
ty was nol different betwern pmients appropristely and
inzppropriately meated.

Ezposed-Unexposed Matohied Cohort

Metchimge, OF 3,587 patients hospitalized In the same
KU during the study period, 483 possible controls were
identiffed based on the main dlagnosiy at [CU adrissfon,
the sbsence of catheter-related infection, and the absence
of bacteremis. ARl syposed padents bur | were mmched
specessiully with J unexposed controls; the remuining
exposed patient, with 48 days of central catheterizasion,
could be matched successfudly with only 1 unexposed
patient, The mzin characteristies of expdsed and onex
poszd patients are shewn in Table 1. AR severity scores
. easured in the mposed group at the fime of misiton
© were significanidy higher than those of unexposed patients
at the correspumding day of cathetedzation (Firars 21
‘White the mean severity score decreased from ICU adinis
sion o day 0 in unexposed patients, It was stable or even
slightly imcreased In the weposed group.

| Twenty (54%) and 82 {708} assecomiul Wfections
pecurred between 10U admission and day ( iy exposed and
unexposed patients, respectively ‘The rate of assocomial
nfertions (F~15) and the mts of nposocomial prewmonias
{P=12) before diy § did got diifer for expozed ad wnex
posed patents,

WWW@?&E%MMMIWJ&%
resenting 2 cepde ICY mortality wte of 50.0% (85% coult
dence interval [CL], 341%45.9%); 16 unexposed patiants
died in {CU, for ¥ mortality rate of 21.3% (CL, LL3%31.3%).
The observed hospital martality was 528% (CL,, 36.7%
BA.5%) in eeposed patients, sibstmadally shove the hospital
morisiity rate ohserved I usesposed patlents, 27% (CL,,
ITRETE; P 00T,

The hosprinf mortality of exposed patents was high-
er, afhough corsignificamly, o the expected moriality
as predicted by SAPS 1 (45.9%) or by the LOD score ar JCU
admizsion (35.4%). 1o comtrast, the cbserved mortality of
the noperposed: group was lower than the expedted mor-

.
2.8

2L N %
1.8 O _ N T’__/,’é

1 P R IR -
23 ODIN

a

Adm 2.7 0-3 fxg ]
19

4 i N M I e R T E
21

.| Lops

Adm. o7 D-3 59

FIEHRE 2. Comparison of maen sevamy sooms for aaposed and uapessd
paatisrts Frorm indeniin-gire-uik Sdmisson I aete of infoction, te mesn
gaiin of sl ety scores (BNGRC 10 SW/SESe 0 the dvposed indocted
oNrDams, whamas 1§ was muighly unthanged W e ureappsad patiens. T
astmmishy man sigviicors diformnnen - Ditween sxpased @0H singuposed
patiants {8051, ADbrevations: Adm, sdmission; B, day (0, gy X 7,
day J7 LEDS, Logiste Organ Dyunstion Systeny TGN, ey Dhpfantssnn
ol fisenan some USF Drgsn Systam Walure ao0rs; SAPS 4, Shrpiifed
Acuts Pensitlope Soom il

tality as predicted by the SAPST (observed, 27%; expected,

48% P2 05), For elght desths £21%), the physichns in
_chisrge-of the patient corsidered that the ﬁﬂﬁm the main

come of death,
Rasedd o ICI] survival reles, the cigk of demsh was
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TABLE 3

TABLE 2

oML AT OF Qﬁﬁm&-ﬁm Seroosaa _fis'nw;wn Brerss Moniarer Bg v Coteysh-Ressran

Carplcationst No. [%} of Episodes SEFTIEMIL

Mane EE S Sk ' ; = B £

Minor & {185 Unndfusted A AIEIEE B

Major oo 1 Afinated for progaostle wekdiles 20 USRS um
Beurys segmis 3% {605 of JCU admissinn
Suptic shock L Arfhaued for prognostic warizbles L4l oTsest
Supparstive thrombephlebits 263 befare day. 3 _
Metastate infertions’ % @us Adiusted for, progmodtis varkibles, L3 0fkRaE 42
Endiarditie 3 F9 inchuilng those xesessed it day 3

Dieatty i 1 CRE® , & a1 T

Dreath int the frst wesit ster RS 6 83 bt el R el ik

€1 - O ntlumiromialod .

* S gy e b,

+ Procnis. & showt. 14w, & athey catoiee 3 vy s B arin 3, itrnsbdnmsind
itewctm, 3

+ The prysicians i chare of Ty sl
matiemrs demh.

§ shoiee LR directy.cy fu

significantly moreased in exposed. 23 compared o unex-
posed patients. with a relative risk (RR) of 2,06 1, L16
3.68; P=0); Tabie 3). The estmmied relative risk of death
wax then sdjusted on risk fictors, as sssessed of ICU admis
sion and durleg the followsup, Hoth with and without infor-
mation gathered at D3 {possibly reflecting the underiying
but undbgmosed bacteremis). The multivarinble Cox
model found age, ciwonic disesve, the LOD score at D47,
and the SAFS'TE &t D3 1o be significantly associated with
surcome (Tabie 3).

Adpustment vg hese prognostic covarfates markedly
modified the results) the estimated adjnsted relative risk of
desth of meposed over mexmseﬁ patients was not sigaif
cantly different from 1, whether #e infdrmation. gatherad
at D3 was ncorporated in the model (RR, 13: Tl 063
2.46; Po.42) urnat {BR, 1.4; CL, 07626 P=27).

DISCUSSIONS

This study was vondurted to assess the attributable
morkidity and mrmﬁtynf ICE CRS, using 2 cohort design.
‘We focused on the estimation of the relative risk of death in
patients with €RS {exposed patiemis) compared to that of
sipnilar but unexposed patients, using -4 matched exposeds
ummseﬁximmaﬁowedusieﬁisﬂnmhtﬁﬁmw
tality atirfbutuble ta CRS from that unvelated 1o CRS, by
mmtehing en. ﬁzepmgmm::ﬁarmmn collectéd At ICH
sdmission and the duration of sxposures.

The righ 6f 7CU death in patients with CRS was-estl-
mated to be o spproximately twofold treate compared
to that of unekposed patisuby, Adiusting for all progrostie

~ infurmiztion collected at ICU admission did not modify the
resiits. (Table 3). Moreover, CRS was associated with a
substantis] obServed morbidity More than twe thirds of
mmmm&m severg sepsis or saptic
shock This finding i3 in accordunce: with, data of Girsed
and coworkers;l who classified eight of nine CRSs as
majr istrogenic events, This bkely is expluined, a8 least

Izsrtialiy, by the low nuidence of ﬁmgmmgaggﬁm
sinphrylococel bactersmin in our geries, with 8 suensy
?mmg the most frequently iskited: grar-poditive orgaism
i both renters. This résultis T apposition m:mmﬁ s@ms
in which cosgulisenegative staphylocoosl represe
most of the recoversd grom-positlvs cocel® but ia accor
dance with others 285 In the Tatler serivs, coagulise-
negitive staplivicececsl CRS was rove; whereas cathotor
eolonization with the same mivroorganism wos Fequent,
Anather possible explonation of these resulls is the high
prevalence of methiciliinresistant .5 gurens in Europenn
hmﬁa&--mﬂ particularhy in France 2 This shnorned colo-
nizing cutansoes flora may have replaced the norma coags
wiaseregative: staphylocoedd ICNSY and thus may hove
mzrenased the risk of 8 mwreiy cabeterrelsted infecton,
However, we cannot miude that # lapge fraction of ONS
bactéreinia went undiignosed bevause of the absence of
Sinieal signs of sepsis’ and subsaguent blood cultures.
Only 12 4% of bipod tnltures posttive for CNS have boen
foumd 5y Be. clinically important in & previous report®
Finally, the incidence of CRS in this series ool hove heen

falsddirrerduced by the requirement for haast twe positdve

hlood eultures o disgnoese cosgulise-negative staphylococ-
cﬁmﬁm%mﬁc@amddhmﬁmgesmﬁmm
i¥ of oy resules

However, the main result of this stady is that the
mmﬂ%mmmﬁymmﬁﬁe&@me
incorporation. of proguestic infnrmation githered during
the 1CH ‘stay, sven when e¥cluding the mfrmation en
severity 3 davs before Infection (day 3 severity sonres
right Have been influenced by the incubation phase of the
mﬁec&msm:e&memseﬁmﬁmts} n-either ease, the
risk of denth in exposed patients was no-longer significant:
by différent from that of unexposed patients: The sitending
ohvsiclans considered that £RS was the humediate cruse
of death of eight patients [Table 2); sur results suggest
that, had these patients pot disd of €RS, many of them
would Have been expected o have died from other causes,

Dirr resuits do mtsumﬁﬂmmmaihywﬂ:msia
twofnld increased risk of mortality stnfbutable to. CRS, bur

-are comsistent with 4 rélitively smaller influssee of CRS on
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ATTRIBUTARLE Moramiry or ORE 41

mor tafify. Wecan make no defiisite cnochision on this peint
becmuse of the relatively. small number of wents studled,
oyt the final relathee risk of death of 1.41 & consistent with
 14% o 20% increszed mortalily dssooiared with ORS

Our results sugges: that the bcrossed moeriaifly
ohierved In patients who developed CRS s explained most-
i by incressing severity of their illness before infection,
Thix is seen in Flgurs 3 which shows 2 less favornble
course of severlly scores after ICU pdmilssion in OIS
patfents than in unexposed patients: Pesslaten! srgun fail-
ares and severity of patieats probably put them af Higher
risk of sithgeqgpent infertion™®

These dmn ruise difficult questions show the Gmits
of exposedunexposed mudles In ynmasking figk of death
of nesecomied events fn oritically 1§ patienis, The exact rolp
that nesscumia] infections pliy io worsening the outcome
o }CU patients is difheult to asdess_ In critieally I patients
whose clnlca] status Is severs enough bo reéguire [ntensive
care, death is frequent mmd due to various casses. Thus,
afthough the rares of nosocomial infection and mortaliy o
the 10U are lugh, the assessment of responsibilis amony
severs] shared rsk fctors that confound the relafonship
remaigs difficult. Adustenents asing ondy basedine mforma
tion probably are inacourate, because they do not ke inn
secount the risk course during the ICL stav Simdlacly, o
previous report from our groiup aboul nosccomial prevme-
ma in the ICU showed that, although gosocomial preame-
ma was associited wath 4 twafold incredse i the risk of
deqil, patienis suspected o have nosocomil pnewmenis
had = morially similar to pstients o whom npoenmonia was
demonstroted. &

{ne may guestion the acearacy of adivstments sing
pither severity or srgan dysfunction sceves calculated dup-
ing the KU siav, 38 thess scores were constrycted rom
duta collected on the first day of the ICU smy, Predicted
mortlity a5 assessed by SAPS T and LOD were diffarmit,
reflecting the poor secarscy of this Kad of severity scores
in predicting death of a particulir subgroup of 10U
patients. Howsver, proviously published studies™ showed
that an-incresse in the APACHE I seore after nosocomial
bactereni significantly currelatss with outeome,

Ta contluds, the present study showed that severity
of Tnvies bafre the onset of bacteremis is related closely
+ the risk of death. mdependently of severity st admission
and gecurrence of bacteremia. “This resuit strongly groues
for the incorporation of IC keourse severity trends in sy
analyses of the risk of mormiity due by mirogenic dventa
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Mortality associated with late-onset
pneumonia in the intensive care unit:
results of a multi-center cohort study

Abstract Objecrive: To evaluate the
attributable mortality associated with
late-onset nosocomial pneumnonia
(L.OP) while taking into account the
severity at admission, the evolution
of the patients during the first 4 days
after admission to the ICU and the
appropriateness of initial empiric an-
tibiotic treatment. Design: Multicen-
ter cohort study with prospective
standardization of diagnostic inter-
ventions when nosocomiial pneumo-
nia develops. Serring: Medical and
surgical ICUs of four university-affil-
iated teaching hospitals. Patients:
Seven hundred sixty-four consecu-
tive patients requiring ICU hospital-
ization for at least 4 days. Main out-
come measures: The clinical and bio-
logical data as well as the therapeutic
data and the outcome were prospec-
tively recorded from the day of ad-
mission to ICU discharge. Simplified
Acute Physiologic Score (SAPS )
and Logistic Organ Dysfunction
{LOD) score were collected and
computed within the first 4 calendar
days of ICU admission. Variables as-
sociated with the outcome were se-
lected using a stepwise Cox model,
The time to acquisition of the 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 1, SAPS
II 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 of LOP 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 ap increased risk of mortality
(HR=1.69, 95% I 1.08-2.65,
p=0.022), whereas appropriately
treated LOP did not (HR=1.44, 95%
C10.75-2.76, 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 Multicenter -
Aftributable mortality - Late-onset
prewmonia - Nosocomial pneumnonia -
Adeguate or inadequate antibiotic
treatment
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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 highly predictive factor of a poor outcome
and of proionged hospitalization [1, 2, 3]. Variables that
may influence the extent to which nosocomial pneumo-
niz increases morbidity or mortality include the patient
population affected, timing of the onset of pneumonia,
diagnostic strategy. causative organism and adequacy of
initia! therapy. For example, several studies have sug-
gested that specific microorganisms responsible for ven-
tilator-asscciated preumenia {e.g., Pseudomonas aerugi-
nosa ot Acinetobacter species) were important determi-
nants of patient outcome [4, 5, 6].

It has also been demonstrated that in pneumonia oc-
curring more than 96 h after ICU admission, namely
late-onset pneumonia (LOP), there was an increased
fikelihood of infection with resistant gram-negative or-
ganisms including Pseudomonas aeruginosa and Acine-
tobacter species [7, 8]. Then LOP may carry a high rigk
of mortality and morbidity, probably because cases are
often caused by resistant organisms which are difficult to
treat, and may result i delayed or ineffective antibiotic
therapy, However, LOP occurred in patients staying in
the ICU for days, often with persistent very high severity
of illness and this could be a very important confounding
factor. We therefore performed a prospective study to
evaluate risk factors for death in patients admitted to an
ICU for more than 96 h, and particularty the association
between LOP and mortality. Our particular concern was
to take into account illness severity on admission, but
also daily variation of illness severity within the first
4 days on the ICU and appropriateness of initial empiric
antibiotic treatmient, in evaluating the specific attribut-
able mortaltity associated with pneuvmonia.

Methods
Criteria for eligibility

This study was conducted during an 18-month period within the
medical and surgical ICUs of four university-affiliated teaching
hospitals: one medical ICU in Hépital Louis Mourier (Colombes,
France), two medical-surgical ICUs in Hopital Saint Joseph (Paris,
France) and in Hépiral Avicenne {Bobigny, France), and one surgi-
cal ICU in Hépital Antoine Béclére (Clamart, France). Consecu-
tive patients older than 16 years and hospitalized in the ICU for at
least 5 calendar days were sligible for the smdy.

Data collection and baseline data

During the study peried (January, 1997 to July, 1998), all the pa-
tients hospitalized for more than 48 h in [CU were followed for the

appearance of nosocomial infections. In those patients, we record-
ed prospectively the clinical and biological data as well as the ther-
apeutic dara from the day of admission to FCU discharge, The in-
vestigators were particularly involved in the data base creation. All
codes and definitions were created prior to the study start. Senior
physicians completed report forms. Another investigator reviewed
all the report forms before they were keved. For each patient, sian-
dardized forms were completed at ICU adinission and daily until
ICU discharge or death. The following data were recorded: diagno-
sis, main clinical features and laboratory findings, treatment mo-
dalities, especially respiratory support, antimicrobial treatments.
nosocomial pneamonia and outcome. From the data collected with-
in the first 4 calendar days (Ds) of ICU admission, the Simplified
Acute Physiolegic Score {SAPS II) [9] and the Logistic Organ
Dysfunction {LOD} score [10] were computed. Chronic health sta-
tus was assessed using the Kxnaus classification [11]. McCabe score
[12] was also recorded, Diagnosis of nosocomial preurnonia was
reported together with the results of microbiological tests from the
protected distal samples. All changes in the clinical and therapeutic
course were recorded. Only those patients hospitatized in a [CU for
at least 5 calendar days were entered in this study.

Late-onset preumonia

At the beginning of the study investigators decided to use the
same following definitions of nosocomizl pnesmonia: LOP {oc-
curring more than 96 h after admission) {6, 7, 13] was suspected
by the staff physicians according to the appearance of persistent
pulmonary infiltrates on the chest X-ray and at least one of the fol-
lowing clinical or biological findings [14]: (1) purulent tracheal
secretions, (2) body temperature higher than 38.5°C or lower than
36.5°C, ¢3) white blood cell count more than 10x10%1 or less than
4x10%/1. When pneumonia was suspected, fiberoptic bronchoscopy
with protected specimen brush and/or bronchoalveolar lavage or
single-sheeted blind plugged telescopic catheter were performed
for each patient [15, 16, 17, i8], Confirmed LOP was defined, ac-
cording to the recommendations of the First International Consen-
sus Conference on the Clinical Investigation of Ventilator Associ-
ated Pneumonia [19], by a positive protected specinien brush
(2103 cfw/mi), by a positive plugged telescopic catheter
(2103 cfu/ml) or by a positive cukture of bronchoalveolar lavage
flaid (2104 cfu/mi}. None of the parients received any new anti-
microbials before respiratory bacterioiogical procedures. Previous
antibiotic use was defined as antibiotic administration for more
than 48 h prior to the suspicion of pneumonia.

Therapeutic decisions were left to the discretion of the atiend-
ing physictans and discussed daily with the medical staff in each
center. No common therapeutic regimens were recommended in
any case. When infection was strongly suspected because of clini-
cal signs of severe sepsis and/or septic shock, the patient’s physi-
cian prescribed empiric antimicrobial therapy without delay.
Treatment was further adapted or ordered according to the resulis
of bacterial pulmonary cultures, susceptibility testing of antimicr-
obials and/or clinical response. An “uncovered” icroorganism
was considered when an isolated microorganism was not suscepti-
ble to any of the antibiotics administered. Inappropriate inital av-
tibiotic treatment was defined by the isolation of at least one
pathogen with a significant threshold in the bacteriological sam-
ples resistant or intermediate to the antibiotics prescribed. Al pa-
tients were monitored until their discharge from the hospital and
changes in the clinical and therapeuric course were recorded.

Statistical anaiysis

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 ICU discharge or
death defined the end point.
Prognostic covariates were
measured at admission. Severi-
ty scores were computed dur-
ing the first 4 caiendar days.

ICU admission:
Severity scores

ICU
discharge or
death

. Organ dysfunction scores
Alteration of scores between Chronic illnesses Occurrence of late-
consecutive calendar days: Diagnosis omset
when a score increased, it was neumonia
given the value of 1, otherwise P
the value was 0. Finally, the
time to acquisition of late-onset
pneumonia was intreduced as a ‘ >
time-dependent covariate in the D
ayl Day2 Day3 Day4 time

model (st dar-day)  (Znd calendar-day)  (3rd calendar-day)  (dth calendar-day)

Duyl SAPS Day2 SAFS Day3 SAPS Dayd SAPS

Dayi LOD Day2 LOD Day3 LOD Day4 LOD

SN

Alteration

Alteration

Alteration

between Day2  between Day3  between Day4

and Day!

The main end paint was the overall survival from the date of
inclusion (the 5th calendar day after ICU adimission). Patients who
were discharged alive from the }CU were no further evaluated af-
ter their discharge. The Kaplan-Meier estimate of survival was
computed. We first studied the prognostic value for death of sever-
al baseline characteristics, assessed within the first 5 days of ICU
admission, including demographic characteristics {age, sex, chron-
ic underlving disease, history of COPD, associated neoplasm, as-
sociated inununosuppression and MceCabe score), cause of 1ICU
admission and diagnosis severity of the patients on admission
(SAPS II, LOD score, Glasgow coma scale), sevenity of the pa-
tients” conditions within the first 4 catendar days (SAPS Il and
LOD score were computed daily), and severity alterations (SAPS
H and LOD score alterations between days 1 (D1} and 2 (D2},
days 2 and 3 (D3), and days 3 and 4 (D4)) (Fig. 1). All variables
were introduced as dummy variables except SAPS I (after check-
ing for log-linearity assumption}.

Score alterations rather than daily scores were introduced into
the model at the first step to avoid over-fitting. Only the directions
of changes were included or the basis of the non-parametric mod-
eling using generalized additive proportional hazard (PH) models
[20]. According to the plot of the estimated functions for each
score alteration using smoothing splines, the direction of change
was the most 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 “07 otherwise.
Search for prognostic factors was based on the log-rank test,
which compares the distribution of survival times in several sub-
sets. Variables found to be associated with the outcome by the log-
rank test at the 5% level, i.e., influencing the survival time, were
then entered into a Cox model. Severity score alteration instead of
days 1-4 severity scores were used to avoid over-fitting. A back-
ward procedure allowed for sequentially selecting the variables
that were significantly related to the outcome, as tested by the
likelihood ratio test at the 5% level. Thus, variables that did not
add predictive information to the remainders were not kept in the
model. Hazard ratios were computed (with 95% confidence inter-
val} and were used to measure relative risk.

As a second step, the time to acquisition of the first LOP was
introduced in the final model as a time-dependent covariate. The
analysis was stratified by center, as ICU mortality and LOP inci-
dence were different among the centers. The Gail and Simon test
was used to evaluate the inferaction between HR of mortality as-
sociated with nosocomial pneumonia and center {211 Finally, as

and Day2

and Day3

Table 1 Patients’ characteristics at admission and within the first
24 h after admission (»=764) (COPD chronic obstructive pulmo-
nary disease)}

Number (%)
or mean {SD)

Age (years; mean + SD) 63£17
Sex M/F, n (%) 460 {60 304 (40)
Diagnosis, n (%)

corD 68 (9)

Gther pulmonary 275 (36)

Cardiology 166 (22)

Neurology 100:(13)

Other medical specialty 134 (18)

Digestive surgery 201 (26)

Other surgery 79 (10)

Trauma 26 (3)
Diagnostic category, # (%)

Scheduled surgery 72 (%)

Emergency surgery 159 (21)

Medical 533 (70)
SAPS II, mean £ 8D 4210
MacCabe score, n (%)

25 years 388 (51)

<5 years 287 (37)

<1 year 89 (12)
Chronic illness, n (%) 375 (49)
Previous history of COPD, n (%) 68(9)
Immunosuppression, # (%) 107 (14)
Septic shock/other shock at admission, 7 (%) 66 (9)/ 79 (10}
Pneumonia at admission, n (%) 148 (19)
Acute renal failure at admission, n (%) 48 (6)
Glasgow coma score <8 at admission, # (%) 94 (12)
Admission from other units, z (%) 398 (52)

initial antibiotic therapy could have an impact on the extra risk of
death induced by 1L.OP, the Cox model was applied again while
LOP immediately adequately treated and LOP not immediately
adequately treated were introduced simultancously as two time-
dependent covariates. Levels of significance were represented by
p values derived from two-sided tests, A p value of 0.05 or less
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Table 2 Characteristics of the patients with late-onset nosocomial pneumonia® (LOD logistic organ dystunction, D day)

Patients with late-onset Patients without p values
preumonia #=8% late-onset pneumonia
=675

Age (year) 66=14 62+18 0.05
Sex M/F 66(74)23(26) 304(58)/281(42) 0.5
Admission diagnosis

Medicine 60 (6T) 473 (70) 0.2

Scheduled surgery 5¢{6) 67 (10)

Emergency surgery 2427 135 (20)
SAPS I score 45513 41+{8 0.02
SAPS DI 40£14 37E16 0.1
SAPS 2 39+12 33=1§ <(3.0001
Increase in SAPS between D] and D2% 42 (47) 204 (30) 0.002
SAPS D3 37=12 3216 <(.0601
Increase in SAPS between D2 and D3k 27(30) 215032 0.8
SAPS D4 3612 31%17 <0.0001
Increase in SAPS between D3 and D4b 304{34) 222 (3% 0.9
SAPS D5 RIEIN: 32=18 <0.0001
LOD score DI 4.5+2.8 3.7=28 0.005
LOD score D2 42422 33223 <0.0001
Increase in LOD score between D1 and D2¢ 29 (33) 164 (24) 0.09
LOD score D3 4,125 3.0=25 <0.000¢
Increase in LOD score between D2 and D3¢ 23 (26) 164 (24) 0.8
1.OD score D4 41524 30526 <0,0001
Increase in LOD score between D3 and D4 22 (25) 168 (25) 0.9
LOD score DS 3.9=2.1 3.2+3.0 0.0003
MacCabe score >1 30 (563 326 (48) 0.2
Chronic iliness 47 (56) 328 (48) 0.5
Previous history of COPD 2022) 48 (7) 0.00{
Immunosuppression 12 {13.5) 95 (14) 0.6
At admission

Septic shock (12} 65 (10) 0.5

Other shock 916y g1 (13 0.4

Preumonia 35 (39} 126 (i%) (.00612

Coma 14 (15) 77{1 0.5
Admissien from other units 51 (37 320 (47 0.09
Days in ICU when pneumonia developed 1210 NA .
Duration of mechanical ventilation 27.5x20 7.3=11 <0.6001
Length of ICU stay 33424 12=13 <(.0001
Totat length of hospitai stay 5234 30+28 <(.0001
Expected probability of death according o SAPS II 3624 33428 0.8
ICU deaths 42 47y 146 (22) <0.0001
Haospital deaths 50 (56) 189 (28) <0.0001

2 Values are reported as means = SD and # (%) for quantitative and
qualitative variables, respactively. Comparison was performed us-
ing 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 ICU — L.e. between D1 and D2, D2
and D3, and D3 and D4

was considered to indicate statistical significance. Statistical anal-
ysis was performed using SAS (Statistical Analysis System,
Carey, N.C.) software package.

Results
Population
A total of 764 patients requiring ICU hospitalization for

at least 5 calendar days were consecutively admitted to
the four different ICUs. Patients’ baseline characteristics

¢ Number of patients who had an increase in LOD score within the
first 4 days post-admission in ICU - i.e. between DI and D2, D2
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 of ICU stay and hospital
stay was 9 days (range 5-126) and 24 days (range
5-249), respectively.

Late-onset paeurnonia

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 episodes of late-on-
et pneumonia

Gram-positive 36
Staphylococcus aureus {SA) 19
Oxacillin-sensitive SA 5
Oxacillin-resistant SA 14
Coagulase negative Staphyloceccus 8
Streprococeus preumoniae {
Streprococcus species &
Other Gram-positive 2
Gram-negative bacteria {GNB) 71
Haemophtius species 8
Psendomonas aeruginosaispecies 2741
Acinetobacter baumannit H
Escherichia colf 9
Enterobacter cloacae 7
Klebsiella species 3
Other Enterabacteriaceae | GNB 647
Anaerobes 1
Candidaiveast 2
Total (microorganisms/episodes) 110/39

and the selected risk factors for the occurrence of LOP in
univariable analysis are shown in Table 2. Of the vari-
ables selected, two remained significantly associated
with the occurrence of LOP in the multivarable analysis:
pnewmonia 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<10-4),

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; ureidopenicillin: 4; imipenem: 2; aminogly-
cosides: 4; fluoroquinolones: 10; glycopeptides: 7; mac-
rolides: 6; metronidazole: 5; fluconazole: 7; other: 6).

One hundred ten organisms were recovered from the
protected distal samples of patients with LOP (Table 3).
The initial antibiotic treatment was with one antibiotic in
11 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%). It was effec-
tive in 60/89 {68%) cases in the first 24 h,

The overall ICU mortality of the total population (i.e.,
requiring ICU hospitalization for at least 5 calendar
days) was 25% (188 deaths). Overall ICU 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 suramarizes the results of the univariable prog-
nostic analyses. Other covariates, {particularly previous
history of COPD and pneumonia at admission) were not
associated with ICU 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 IT and increas-
es in SAPS between DI and D2, D2 and D3, and B3 and
D4 {Table 5). When the occurrence of the first episode of
I.OP was introduced into the Cox model as a time-de-
peadent binary covariate, it was associated with an in-
creased risk of mortality, even adjusted over the selected
prognostic parameters and after stratification by center
(IR=1.53, 95% C1 1.02-2.3, p=0.04). When LOP znme-
diately adequately treated and LOP not immediately ade-
quately treated were separately introduced into the Cox

Table 4 Prognostic factors of
patients hospitatized in ICU for
more than 96 h (univariate
analysig)

2 Values are reported as means
+ SD and n (%) for quantitative
and qualimtive variables, re-
spectively

b Number of patients who had
an increase in SAPS I within
the first 4 days post-admission
in ICU - i.e. between D1 and
D2, D2 and D3 and D3 and D4
¢ Number of patients who had

an increase in LOD score with-
in the first 4 days post-admis-
stan in ICU — 1., between D21
and D2, D2 2nd D3 and D3 and

Number of Number of
deaths patients alive (log-rank test)
=188 =376
Age (vears) 68:=13 61=18 <104
MacCabe score >} 128 (68) 248 (43) <104
Chronic iliness {19 {63} 236 (44) <104
Immunosuppression 3720 70(12) 0.02
SAPS I score 52=18 2516 <10~
SAPS D 43=17 26413 <10
SAPS D2 44220 2713 <{0~
SAPS D3 4420 2614 <14
Increase in SAPS between D1 and Db 88 (47) 166 (29) 0.0006
Increase in SAPS between D2 and D3P 73(3% 169 (29) 0.62
Increase in SAPS between D3 and D4P 80 (43) 172 (30) 0.0017
LOD score D1 4.7£2.9 2.5£2.0 <]+
LGD score D2 S1£35 2220 <10~
LOD score D3 5.1+3.3 2.2=2.0 <] o
Increase in LOD score between D1 and D2¢ 61 (32) 129 (22) 0.0017
Increase in LOD score between D2 and D3¢ 66 (35) 121 {21) 0.0019
Increase in LOD score between D3 and D4 64 (34) 126 (22) 0.0018
Admission from other units 100 (53) 271 (47 0.002

b4
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Table 5 Prognostic factors of patients hospitalized in ICU more than at least 5 calendar days (muitivariable analysisy (#R hazard ratio.

Ci confidence interval)

First modei® Second model

p value HR (93% CI} p value HR (95% CI)
MacCabe score >1 <104 2.43 (1.72--3.44) <104 2.12{1.51-2.99)
SAPS II score <|p 1.03 (1.02-1.04) <10~ 1.03 (1.02-1.04)
Increase it SAPS between D1 and D2d 3.004 1.56 (1.16-2.11) <10- 2.01 (1.48-2.74)
Increase in SAPS between D2 and D3d <jo 1.84 (1.40--2.30) <Py 1.97 (1.44-2.69)
Increase in SAPS between D3 and D4d <34 1.80(1.33-2.44) 0.004 .56 (3.16-2.11)
Late-onset pneymeonia occurrenced .04 1.54 (1.10-2.30) - -
Late-onset preamonia appropriately treatede - - 0.27 1.44 (0.73-2.76)
Late-onset pneuronia inappropriately trearede 06.022 1.69 (1.08-2.65)

a Al variables significant in the univariate analysis were intro-
duced into a Cox meodel. To avoid over-fitting, score aiterations
ratirer than daily scores were introduced in the multivariate mode!
at the first step. Anaivsis was stratified by center

bThe acquisition of the first nosocomial pneumonia was intro-
duced in the first final model as a time-dependent covariate simul-
taneonsiy with the five previously selected covariates

¢ As initia]l antibiotic 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 adequately treated and
LOP not immediately adequately treated as wwo different dme-de-
pendent covariates (second model}

4 Number of patients who had an increase in SAPS II within the
first 4 calendar days in ICU - i.e. between D1 and D2, D2 and D3
and D3 and D4

Table 6 Baseline characteristics and crude cutcomes of the four ICU populations

ICUs, eenters 1 1 i1 v J2)
=233 n=2453 =43 =191
Age (years; mean = S} 6616 6417 39=23 60=16 0.603
Diagnosis. i (%) <[
MOF/shock 65 {28) 48 (20) 2931 32 (16)
Acute respiratory failure 82 (35) 93 (38) 11(12) 31 (42)
COPD exacerbation 28 (1) 5 I(1) 4 (2)
Acute tenal failure 1 (5) 15 (6} 11412} 11 (6}
Coma 31{13} 34 (14) G (6) 22{12)
Trauma 1{04) 1{04) 9 (10) 3(2)
Other 17 (%) 19 (8) 26 (28) 38 (20)
Diagnostic category. z# (V0) <10
Medicat 153 (63} 210 (86) 33(35) 137 (72)
Scheduled surgery 32{14 4(2) 11(12) 25(13)
Emergency surgery 50021 31{13 49 (53) 29 (13)
SAPS If (mean = SD) 41315 44x16 33216 469 <10
MacCabe score, # (%% <10
25 years 72 (30) 129 (53) 72¢77) 115 (60)
<5 years 144 {61) 83 (34) 13(14) 47 (25)
<1 year 19 (%) 333 3 (%) 29(15)
Chronic iliness®, » (%) <10+
Nene 113 {48) 108 (44) 64 (69) 104 (54)
Respiratory 54 (23) 68 (28) 7(8) 31 (16)
Cardiac 42 (18) 39 (16) 22 9(%)
Hepatic 12 (5} 19 (8} 13 {16) 12 (6
Immunosuppression 27{11) 32(13) 3(9) 40 (21
Pneumonia at admission, # (%) 33{22.%) 64 (26.1) 6(6.4) 38 (19.8) 10~
Admission from other units, r (%) 135 (58} 100 41) 37 (61 74 (39) 10+
Duration of mechanical ventilarion {days) 13x14 10£16 6=13 7+11 <104
Length of stay in [CU (days) 1617 14 =16 14420 12£12 0.6
Total length of stay in hospital (days) 3631 33234 33230 28+21 0.3
1CU/hospital mortality rates (%) 28/38 [7/25 25/33 30/34 0.004/0.0¢
Predicted hospital mortality % (SAPS II) 3232 3628 2120 39+i8 <1+

2 Agcording to Knaus definitions
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Table 7 Late-onset pneumonia in the four different [CU populations

{CUs, centers [

i

1L

v P

Late-onset pneumonia, n (%} 45 (19} 22(9) 1112} 11 (&) 0.0003
Days in {CU when preumonia developed (mean £ SD) 1310 92 12=17 14+9 0.3
High-risk germs®, n (%) 22 (49} 11 (50) 3427 7 (64} 0.1
Initiat appropriate antibiotic coverage® 19 (42} 94D 4{36) 2(13} 0.26
24 h appropriate antibiotic coverage® 3067y 17(77) 6{85) 7 (64) 0.9
Late-onset pneunionia oCcuIrence 0,08«

Hazard ratiod 2.95 1.67 1.86 0.149

95% Confidence interval 1.7-5.2 0.39-2.9 0.65-5.3 0.02-12

p value 2,104 0.39 0.24 0.07

4 Oxacillin-resistant Staphviococcus aureis, Pseudomonas aerugi-
nosa or Acinerobacrer species

b Appropriate antibiotic treatment was considered when ar least
one effective drug was included in the antibiotic treatment. Values
are reported as # (%)

model, LOP not immediately adequately treated re-
mained significantly associated with an increased risk of
mortality (HR=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-onset pneumonia according to intensive care unit

Differences in baseline characteristics and crude out-
comes between the four ICU populations are shown in
Table 6. Incidence of LOP (p=0.0003) and mortality rate
{p=0.003) among the different ICU populations were sta-
tistically different (Tables 6 and 7). The adequacy of the
initial empiric antibiotic therapy was not different among
centers. Among the different centers, antibiotic therapy
was appropriate in 35-77% of the episodes in the first
24 h. The LOP occurrence was not always associated
with increased mortality among the different ICUs. The
HRs, even adjusted over the selected prognostic parame-
ters, were different among the ICUs, ranging from 0.149
(95% CI 0.02-1.2) to 2.95 {95% CI L.7-5.2) {Table 7).
However, the center effect did not reach statistical signif-
1cance {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 literanire regarding both the inci-
dence and the effect upon prognosis of nosocomial pneu-
monia in the ICU setting. Our large prospective multi-
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 first 4 days of ICU stay and the appropriateness
of initial empiric antibiotic treatment. We found that
pneumonia on ICU admission and a median LOD score

¢ The Gail and Simon test was used to evaluate the interaction be-
tween hazard ratio of morality associated with nosecomial pneu-
monia and center

d Adjusted for the pre-selected covariates (see Table 6)

greater than 4 at D2 post-IC1J admission were associated
with an increased risk of the cccwrrence of late-onset no-
socomial pneumonia. Moreover, the severity assessed by
SAPS II at admission, as well as the evolution of severi-
ty within the first 4 calendar days in ICU, were associat-
ed with an increased risk of death in the ICU. After ad-
justment for these selected prognostic parameters - ie.
McCabe score more than 1, SAPS I and increases in
SAPS I within the first 4 calendar days post-admission
in ICU — L.OP occurrence was associated with a 1.58-
fold increased risk of death in patients hospitalized in
ICUs. Nevertheless, when appropriateness of initial em-
piric antibiotic treatment was introduced into the Cox
model, inappropriately treated LOP remained signifi-
cantly assoclated with an increased risk of death m pa-
tients hospitalized in ICUs, whereas appropriately treai-
ed LOP did not.

In previous studies targeting the issue of mortality [2,
4,22 23,24, 25,26, 271, confounders and secondary ex-
posures as factors influencing the cutcome of ICU pa-
tients with or without nosocomial pneumonia — i.e. daily
assessment of severity, length of stay before infection
and other nosocomial infections — were not totally ex-
cluded. Since severity of illness assessed by SAPS Tl or
APACHE 1 is considered to be one of the main prognos-
tic factors in ICU patients, most of those studies have
only used severity of illness at admission to the ICU to
adjust and pair controls to cases. Very few studies have
looked at trends in severity in the first few days in the
ICU 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 contro! study, that ad-
justing for severity at 3 or 7 days before the onset of a
nosocomial bacteremia dramatically 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 ICU stay. Dynamic risk factors
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were assessed, especially daily assessment of severity,
using either general severity indices or crgan dysfunc-
tion scoring systems, within the first 4 calendar days in
ICU. We found that severity indices measured on admis-
sion, such as SAPS 11, and daily increase of this iflness
severity score within the first 4 days post-admission
were associated with an increased risk of death in ICUs.
Furthermore, even after adjustment for these selected
prognostic parameters, LOP was associated with an in-
creased risk of death.

The reality of an atuibutable mortality due to noso-
comial pneumonia is stil debated [2, 4, 22, 23, 24, 25,
26, 27]. The occurrence of nosocomial pnewmonia was
shown to achieve a 1.8« to 4-fold increase in the risk of
death [2, 4, 22, 24]. However, these results differ from
those of Papazian and co-workers [23], Bregeon and
colleagues [27] and Baker and colleagues [26]. In these
three studies, survival was similar among patients with
pneumonia and controls. Differences 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 variability
in the reported estimates of pneumonta incidence, mor-
tality and increased length of hospital stay in the litera-
ture.

In our study, the manner of diagnosing nosocomial
preumonia was prospectively standardized among the
centers. This study used stringent objective diagnostic
criteria for the diagnosis of pneumonia. However, the in-
cidence rates of LOP were higher in centers with in-
creased mortality induced by LOP (centers { and 1] in
Table 5). These results could be explained by ditferences
among the various teams in their manner of suspecting
pneumonia. One might conclude that LOP was under-di-
agnosed in some centers, leading o an underestimation
of the risk of death associated with LOP. The accuracy of
chest X-ray in diagnosing new pulmonary infiltrate is
known to be low [29, 30]. Similarly, clinical findings do
not improve the low diagnostic accuracy [30]. However,
we carefully designed this study to standardize our rou-
tine practice. We discussed the results with all the inves-
tigators to find any differences in the manner of diagnos-
ing pneumonia and this hypothesis seems unlikely. Un-
fortunately, audits were not performed in the ICUs to
confirm this hypothesis.

The diagnostic accuracy of the bacteriological sample
procedures might have mfluenced the results. Centers I
and II preferentially used fibroscopically directed sam-
ples and centers II and IV preferentially used blind
plugged telescoping catheters. In all centers, a specimen
that yielded 103 cf/mi or more was required to make the
diagnosis. However, the difference in the diagnostic ac-
curacy of these techniques appeared too smooth 1o ex-
plain the difference observed [31, 32, 33). Moreover,
centers using the same quantitative culture techniques

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-
cance. These discrepant results could not clearly be ex-
plained by various baseline characteristics being signifi-
cantly different among the centers (Tzble 6). For exam-
ple, Heyland et al. have recently shown that the attribut-
able increase in mortality was largely seen in medical
patients, with essentiailv 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 I and 1.86 in center
i) enrolled 65% and 353% surgical patients, respective-
ly, compared to 14% and 28% surgical patients enrolled
in the centers with either no effect (center I: HR: 1.07)
or even ‘protective effect’ (center IV, HR: 0.15) of LOP
onr mortality, Furthermore, neither the high-risk germ —
i.e. Pseudomonas aeruginosa, Acinetobacter species and
Staphvlococcus aureus — incidence [4, 3, 6, 34] nor an
initial inappropriate empiric antibiotic treatment {23, 35,
36, 37] could explain these differences among the cen-
ters. The discrepancies of the results among centers
strongly argue for the stratification of the statistical ana-
lyses in further multicenter studies in this field.

The main finding of our study is the major effect of
an inappropriate initial empiric antibiotic treatment on
LOP mortality. After adjustment for the selected prog-
nostic parameters - i.e. McCabe score more than 1,
SAPS {1 and increases in SAPS IT within the first 4 cal-
endar days post-admission to ICU — LOP occurrence was
significantly and independently associated with an in-
creased risk of death in patients hospitalized in 1CUs.
Nevertheless, when the initial empiric antibiotic treat-
ment was appropriate, the occurrence of LOP 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]. In studies specially devoted to attributable nosoco-
mial pneumonia mortality [2, 4, 22, 23, 24, 25, 26, 27},
the appropriateness of initial antimicrobial therapy as
such was rarely mentioned. In other studies providing
this information, the percentage of patienis who received
inappropriate initial antibiotic therapy varies greatly,
from 0% to 73% [23, 28, 35, 37, 38, 39, 39, 40, 411.
These differences in initial antibiotic therapy appropri-
ateness could partly explain the controversy concerning
the reality of an atributable mortality due to nosocomial
puneumonia {2, 4, 22, 23, 24, 253, 26, 27].

Finally, many studies looking at the outcome of noso-
comial pneumonia or, more specifically, at the attribut-
able mortality of this disease have been performed. Nev-
ertheless, the increased mortality induced by nosocomial
pheumonia 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 mortality attributable to
LOP, after adjusting for baseline factors - i.e. initial
prognostic factors, but also severity of illness in the first
4 days of ICU stay - is dependent on the appropriateness
of the inifial empiric antibiotic treatment. These results

suspected LOP,

might justify clinicians considering the early use of
broad-spectrum antibiotic therapy in their patients with
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has emerged as acagse of ewdemie nosocomial nfections
thraughout theworld. Among the consequenices of expen-
sive glycopeptide use, vagcomycinresistant. enterocosci
species! and, niore recently, glycopeotile-intermedinte S
aurens gre harbingers of a major therapegtic problem for
the third millennium, rendering interventions to aliminate
MRSA, or af least to Hmit the spread of MESA. more
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influence of MKSA colonizaden on mortality, and to eval
pate the impact of MRESA colonization on glveopeptide
e,
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METHODS
Study Population

This prospective study was conducted in a medical-
surgical [CU having 10 single-bed rooms at the Fondation
Hépital Saint Joseph (Paris, France), a 460-bed, adult, ter-
Hary-care, university-affiliated hospital. From July 1, 1995
to July 1, 1998, all consecutive patieats who were admitted
in the ICU 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 extracted from the ICU data-
base the following parameters: age, gender, severity of ill-
ness on admission using the Simplified Acute Physiologic
Score (SAPS) II7 need for mechanical ventilation during
the first 24 hours, reason for ICU admission, transfer from
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 reason for glycopeptide use was reviewed
retrospectively by one of the investigators (HK).

As this study was only epidemiological and no inva-
sive measures were required to study patients, the
Institutional Review Board of Fondation Hépital Saint
Joseph waived the need for informed consent.

Micrabiological Surveillance

The detection of MRSA colonization was assessed on
nasal samples coilected 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 also
were assessed. Samples were obtained using premoistened
cotton-tipped swabs,

MRSA were detected by their ability to grow cn
Chapman agar containing 4 mg/L.of 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 their ability to ferment manni-
tol and a positive reaction to coagulase.

Definitions of Colonization and Infection

Colonization was considered i one nasal sample was
positive for MRSA. Colonization was reported as [CU-
acquired only if there was no history of prior MRSA colo-
nization or infection and no positive sampie had been
detected on admission, plus at least one surveillance sam-
ple yielding MRSA after 48 hours of hospitalization.
Colonization on admission included patients known to have
been colonized outside of the ICU.

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 from either a broncho-alveolar lavage (10* colony-
forming units [CFUs]/mL)? or a plugged telescopic-brush
catheter (10* CFUs/mL)? A diagnosis of catheterrelated
infection was established if there were general signs of

infection together with culture of the catheter tip yielding at
least 10° CFUs/mL."" The other types of MRSA infections
were defined according to Centers for Disease Control and
Prevention (CDC) standard definitions.!!

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 all admitted
patients for MRSA; isolation of all patients until they are
proven not {o be colonized; identification of MRSA patients
by adding a flag in their chart; and reinforced barrier
precautions with gloves and gowns for all 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 antibictic choice for infections depended on ¢lini-
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
continuaton form to continue the drug after 72 hours,
Subseguent 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 {or uncensored data and the log-rank
test for censored data. Comparison between the consumgp-
tion of glycopeptides per 1,000 days during non-colonized,
colonized, and infected periods was performed assuming a
Poisson distribution within each of the groups. All of the
variables tested were introduced urnder their native coding
inte the multivariate models except age and SAPS 11, which
were categorized according to the median value observed
in the entire sample.

Risk factors for MRSA carriage at admission.
An unconditional logistic regression analysis was performed
with variables recorded on ICU admission with a P value of
=.2, as assessed by univariate analysis, to control for aff con-
founding factors. Variables were introduced into the logistic
regression in a backward manner to construct the final
maodel; the significance level for staying in the model was 0.1.

Risk factors for ICU death. The main endpoint
was overall survival from the ICU. Patients who were dis-
charged alive from 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 H, gender, trans-
fer from ward, tracheal intubation, reason for ICU admis-
sion). The search for prognostic factors was based on the
jogrank test, which compares the distribution of survival
times in several subsets. Variabies found to be associated
with the outcome (ie, influencing 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 model. A backward pro-

cedure allowed us to select sequentially the variables that
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were significantly related to outcome, as tested by the like-
lihood ratio test at the 10% level. Hazard ratios (HRs) were
computed (with 95% confidence intervals [CL,]) and were
used to measure relative risk. As a second step, MRSA
acquisition was introduced in the final model, The risk of
death (ie, the probability that an individual [i] died at a time
[t], conditional on his having survived to that time) on p
explanatory covariates, Zi(t), was expressed through the
Cox model as follows:

i (t.ZD =0 exp(BLEZ[L]+B2tZ12[1)+..co. oo +BOLZIN[]),

where the p covariates appearing in the model with a cor-
responding Bp coefficient either were assessed at baseline
(Zi(t)=Z1), such as SAPS Il or intubation, or were time-
dependent (eg, the acquisition of MRSA). The time-depen-
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 {or
computing [CU death.

Statistical analyses were performed using BMDP
(BMDP, Los Angeles, CA}. Levels of significance were rep-
resented by P values derived from two-sided tests. Uniess
indicated, a P value of <.05 was considered to indicate sta-
listical significance.

RESULTS
Colonization

From July 1, 1995 to July 1, 1998, 1,044 patients were
admitted to the ICU and constituted the study group. The
1,044 patients had a mean age of 6118 years and 741
(71%) of them were medical patients. The mean SAPS II
score was 36.4x20. We obtained a total of 2,104 surveil-
lance samples (mean, 2.01 per patient; median, 1; range, 1-
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 [CU-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 characteristics of the colonized and non-colo-
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 admission: transfer from wards
{odds ratio [OR], 2.7%; CI,, 1.4-5.58; P=.002) and intubation
at admission (OR , 2.89; C1,, 1.51-5.53; P=.004).

Risk Factors for S aureus Infection
A total of 42 § qurews infections occurred in 35
patients: 32 were MRSA and 10 were methiciilin-sensitive S

1.0

MRSA at admission n=54
MRSA ICU zequisition n=52
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FIGURE. Kaplan-Meier estimates of patients free from methicillin-resistant
Staphyiccoccus aureus {(MRSA) colonization during their intensive care unit
(ICU) stay.

aurens {IMSSA] ventilator-associated pneumonias, 6;
catheter-related infections, 4}, MRSA infections included 14
ventilator-associated pneumonias, 10 catheter-related infec-
tions or primary bacteremias, 4 urinary infections, 3 wound
infections, and 1 sinusitis. Among these 35 patients, 29
(83%) were colonized with MRSA. Seven patients were col-
onized and infected on the same day. For the remaining,
the median time between the detection of colonization and
the diagnosis of § aureus infection was 12.5 (range, 1-66)
days.

In univariate analysis, patients with S gureus infec-
tions were more often 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 ifl on ICU admission
(SAPS 11 score, 43.5 vs 36.2; P=.04) and more frequently
intubated (35/35 vs 544/1,009; P<.001). S aureus infections
accurred more frequently in patients colonized with MRSA
on admission (7/35 vs 46/1,009; P<.001).

When the first episode of infection was taken into
account, only three variables were independently associat-
ed with the occurrence of S gureus infections: SAPS II
score >36 (HR, 1.64; Cl,, 0.83.39; P=.09), male gender
(HR, 2.23; Cl, 1-4.95; P=.05), and colonization with MRSA
(HR, 3.84; Cl, 1.80-8.08; P=.0003).

Risk Factors for ICU Mortality

The crude ICU mortality was 231 (22%) of 1,044,
Crude ICU death was higher in colonized compared to non-
colonized patients (37.7% vs 20.4%; P=.0001; Table) and in
infected compared to non-infected patients (15/35 vs
221/1,009; P=.003). Eight variables were significantly asso-
ciated with ICU mortality in univariate analysis (age, male
gender, transfer from wards, SAPS I score, OMEGA score,
intubation before ICU admission and during the first 24
hours of ICU stay, reason for admission, and MRSA colo-
nization on agmission) and were considered for inclusion in
the multivariate model. Only two factors were retained in
the multivariate analysis as independently associated with




540 INFECTION CONTROL ANT Hoserral ErpeMiLoGy

Newember 201

TABLE
DimaoGaaeine ang Copead. DATR 2oR, METIROIL e RENSToowt STUrETLOONCTUS AR ens COToNIZED s NoN-Coronesen FATIENTS
Variable Lolanized Muwn-Colonized =
Mumber 106
Aua v 5534128 !
Gender (naledemala) 4 34
SAPS IT (+SD} $L10=154 i
Merhanical ventistion, no. 1% 5 (05X T
R_easnn for WU admission, ac. (%1

Mediozl S8R G (730 N

Scheduled surgery 11 {11.3% 91 LTS

Unscheduled surgery 7 {3500 L0 i
OMEGA 533,41 30 9835152 ]
Transfer from wards, an. (%) T3 073 A (47.5% el
|ength of stay, d (=500 3 FATHLE 7302 (EEI]
LGV merrafity, no. 0% 40 37,741 182 20450 HLLE

Aserrearzaia LH, wrrnnes cam anis SAPS D Sanpliticd dear Phyrorgis Rree S0 sandard, deddiam

* Fnennewere clamsifieg e g o ~ergical aeloniasmn when hiy w
| Thie sthepssity wf - woe wak detersnined v the French OMERA wnees-
awb Bt e e satrorkes, The CMEGS S uywresd I desis. recotded oy oy
gt The (IMEGA F scpeatved 11 gras eeepedad avery siite they v poe i ensd

paelad o wliin o serk Betord aratter UL somissisn and as Wning & aaedeshabieian Goer e,

iz srare doscribes 47 dizgnnsic asd eracendie e, Seigrsed o s U St GEmesing B v et wiile aad
g 4 8y veen thegh rhey kad Deen perfurmomd covas] s G i
+ 26 ity eis o ondoscopis oF FGearasiic jeaeeiboret P DFIRGD 5 roporad 8 b neorees s sy b

nes 1 3 censl e ur v e

Sy g et wenlEECON e CORTITANS ONiWngs The nkd G0 rorr o choined e acedicg il IMELL pnain

ICL mortalite: SAPS 1T =36 (HR. 4.26; Ci,, 285836
Fo 001y and intubation during the first. 24 hours of 104
stay (HR. 2.67: Cl,, 201-6.88: P=000L) . MRSA colonization
did not influence moctality (HR 105 Cl,, G.7 1144 Fatidy
whien it was foreed into the Cox model at the fast step,

Use of Glycopeptides

Of the 1044 paticnts, 119 (1L4%) recetved a gly
cupeptide, mainly viancamycin, for a median duralion ol 3
{range, 1-47) days. with a median daily dose of 1 g. 0f the
32 MRSA infections, 30 (04%F were treated with a gly-
copeplide. The noncolonized patients received glycopep
tides for 37.7 davs per LU hospitaldays, mainly for
erugirical use (36), prophylaxis (3); and infections {coagu-
lasenegutive staphvlococck 8; enterncocd, 2). Among the
46 uses of empirical ireatment, glycopeptide way stopped {n
4% heurs in 27 patients after negative cultures oad coolin-
wed inthe 19 remaining cases [or mmore than 48 honrs, with
7o docamented nfection.

The 54 patients colonized with MESA on admission
received 235.2 duys of glycopeptide per 1000 huspital-days.
Glycopeptides. were nsed for MRSA infections in 11
patients ind empirically W 16 others: 13 patients received
empirical ghreopeptides for more than 45 hours.

The 32 padents with [CU-acquired colonization
receved 118.53 daysof glycopeptide per 1,000 hospital-days.
The reasons for glycopeplide use were as follyws: MRSA
infections. 19: empirical reatment, 1& prophylazis, 1: und
selective digestive decontamination. 1. Fourteen (78%) of
18 instances of empirical glycopeptide use were for less
than 48 hours,

The number of days. of glycopeptide wge per 1LOGY
hospitalization days was inflaenced by MRSA Infections

(1392 belare ve 522.4 after MRSA Infections 13 patients oni
onjzed wits MRS on admisdon, and 29.3 before ws 21403
wfter MRSA infections in patients with [0 U -scouired MRSA
colonization). loterestingly, MRSA staws slony ingrozsed
by more than threcdold the gsie of glycopeptides in v
m:-:*ed nml-l’nlt_cié_'d MRSA patients compared 1o nen<ato-
nized palipxats (1170 v 556 dowsA 5000 Bespirabadays.
Pe ooty

PISCUSSION

Our study was andertaken to examine, i@ large
cohior of ICU patients, the effects of MRSA colonizatios
om the oeeurrence of S ourens infections: Lhe use of gy
sopeptides, and outcome. We found thar MESA coluniza-
tion was a risk fctor for the developrment of $ guress nfeo
tinn, sugyesting {as have others™) thal tases of MRESA d4
not replace, but rather add, 1o the cases due W ME5A
MESA colanization Uwreased greatly the use of glveopeys
tides n colonized and non-colomized. patients. The crude
€1 mortakity of MRSA-<colonized patienis was hizher than
tHat of nonvolenized patients. However, MRBA acquisifion
during [CU stay was not an independent risk factor for ICU
death.

Cur study showed that 1% of ICL) patients had MESA
colonization; with a rafio of acquired w imparsed cases of
0.96; Otr incidence of MRSA colonization was n fine with »
recent report in ICU palients i the winde aren I France. To
define the high-risk pupulation having MRSA colonizulion vn
admission butter, we analyzed the churactetistics of thess
patients in 1 multivariible model, We found that MRSA ko
nizsion was recovered more often in palients referved from
wards (OR, 2795 and i patiencs intubated betore 1CU admis
sion {OR; 2357, Further stwdy is aeeded to develop and vali-



Vsl 22 No. 11

MERSA CotoNtzarion v ICH ParesTs 891

date a score allowing us fo discriminate patents at risk for
MEBRA colonization on admissior,

Previous studies have reported that higher severity
of Hiness on admission was a predisposing factor for the
aeyuisition of nosscomial infections.}+5 Higher severity of
Hness on wimission and MESA colomization were found Lo
be independent risk factors for the geturrence of § qurens
{either MSSA or MRSA) infections. Eighty-three percent of
the nfected matients were previously or simuBaneously col-
onized with MESA Several stodies found naszt § aswrvus
carrizge to be a risk faetor lor acquiting 8 awrews fnfections
in medical™® and surgical®® patients. High-level nasal
carriage of 3 gurens was found to he an indepeadent risk
factar for developing surgicabsite infections with 5
anrews.? It is unlikely that the propeasity of MESA to faver
5 aurens infections i higher than that of M5SA The spe-
cific role of MRSA in favoring 8 qurens infections inthe [CU
probably is due te the high number of paients who
reveived antmivrobials in the ICUL Most of the anfibacteri-
aly used are active against MSSA strains and might prevent
MSSA infections. '® [n 1908, for 52% wf the pattent-ICTUdays,
the pmients received al least coc anthmicrobal active
apainst MS3A (co-amnxiclaw, tazobactam, third-generation
cephalosporins, imipenem, flunroquinelones, or axacilling.
Cur database did not provide individual information almot
the use of these antimicrobials, and urther study s need-
id o confirm this ypothesis,

The crude mortality in our [CU eohart was 22%: mor-
tality raies among Lhe patents with colonizaton and infec
tion were 38% and 434, respectively. Faclors independently
associmed with ICU mortality were those previously
reported in ICU patients: severity of Hlness on mdmission
and need for mechanical ventilaion® The relation betwenn
MESA colonization and mortality deserves further com-
ment. Although the ecrude ICU mortafity of MRSAcode-
nized palients was significantly higher than for noncolu-
pized patients (38% v 20%), we found that acguisition of
MRSA did not nuence moriality in ICU patiends, even io
the presence of an infection. Tlis result might be because
patients free of MRSA infections could have atother noso-
comial miecthon or ather dynarie events occurnng during
ICY stay that vould influence outcome™ Owr study
sasessed only the conserueuces of MRSA colonization and
infection,

Few studles have analyzed separately the colonized
{nandnfected) and infected patients with MRSA as a factor
for ICU martality, In a study by Girou et ai*™ that different-
atedd carriage (ane MRSA-pusitive nasal or cutaneous sam-
pla}, colonization fone MRSA-positive clinfeal sample with-
out signs of infection), 2nd. MRSA micction, the mortaliy
(3% vs 38% In our study) among carrier pafients was sig-
nificantly less than the mortality in MRSA-colonized or
MRSA-nfected patients (45% vs 57% respectively). In a
small population of burn patients; a case-control study did
not demwnsireie o difference in mortality hetween colo-
nized and fected patienrs with MESAS.

Vaneamycin use was largely dependent on whether
or not MRSA was endemic in the wnit.® The concern thal

glycopeptide use should be a public health priosity has
inmastiied since the first report of ghreopeptidedntermedi-
ate § aureus being isolated in 19967 Moreover van-
comycin use was demonstrated as a risl factor for acyuir-
lng vancomycin-resistant enterococcl® ln 1985, the
Hospits] Infection Contrel Practices Advisery Commitiee
recommengdations for the control of vancomyeinresistant
enterococel emphasized vancomnyrin resiriction as crucial
to prevent the spread of vancomyoin resistance™ Several
methtods have been proposed 1© restricl vancomyveln use,
such as a vancomyen contineation form,* stop orders, and
educationa interventions,"® but the effects of these
appeared 1o be ansient™ Our study showed that MRSA
carmiage mfuenced glycopeptide use In both noncolonized
amdl colonized patients, even when an infection was nat
demonstrated, This sugpests that the best approach to tamit
the gpread of glveppeptide resistance will be concormtant
measnres 1o decrease MRSA colenizdtion pressure, g
propriate vanconmyein use, and perhaps control of broad-
spectrum anfimicrobial use as suggested by Monnet etal
MRSA control programs in hospitals have been more often
thscussed thao implemenred, despite recent studies shew
ing the benefils of reducing MESA carriage™ A recent
rost-beneft analysis demonstrated that o MESA coutrod
program was benefciyl compared wono Botation when
MTSA enlonization on admission ranged from 1'% 1o TH5
An antibiotic-control program could be annther important
measure b Hinit MRSA spread, 4 recent study® Giled w
demonstrare that prior total anlimderobial ose was a nisk
factoe for MI5A colonization, but prior dusroguinolone use
was dentitterd 2z a risk factor for the acquisition of MRE3A
colanization ®#

In conclusion, our study demonstrated thal MESA
cofonizition increased the risk of methiciilio-resisiant and
methicillin-susceptibie 5 aurens Infectians withoat infuenc-
g ICU mortality, MESA volonization influenced glrenpeg
Hde use, in botk nonolonized and colonized non-afected
SRSA patients, Accordingly, strict messures o mit MESA
colnmization shoald ke the cornerstone of infecson contrnl
programs 1o regilate giveopeptide use,
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Impact of Unplanned Extubation and Reintubation after
Weaning on Nosocomial Pneumonia Risk in the Intensive

Care Unit

A Prospective Multicenter Study

Arnaud de Lassencs, M.D.,* Corinne Aiberti, M.D., % Elie Azouday, M.D.,§ Eric Le Miere, M.D.,§ Christine Cheval, M.D.
Frangois Vincent, M.D.,# Yves Cohen, M.D.,"" Malté Garrouste-Orgeas, M.D., T+ Christophe Adrie, M.D.,1%
Giiles Troche, M.D..§§ Jean-Francois Timsit, M.D.,}|| for the OUTCOMEREA Study Group##

Background: The authors prospectively evaluated the occur-
rence and outcomes of unplanned exiubations (selfexmbation
and accidental extubation) and reintubation after weaning, and
examined the hypothesis that these events may differ regarding
their influence on the risk of nosocominl pnewmonnia,

Methods: Data were taken from a prospective, 2-yr database

“including 730 mechanically veniilated patients from six inten.
sive care units.

Resuits: One hundred five paiients (14%) experienced at least
one episode of these 3 events; 51 self.extubations occurred in 38
patients, 24 accidental extubations in 22 patients, and 56 rein-
tubations after weaning in 45 patienss. The incidence density of
these 3 events was 16.4 per 1,000 mechanical ventilation days.
Reintubation within 48 h was needed consistently after acciden-
tal extubation but was unnecessary in 37% of self-extubated
patients. Unplanned exiubation and reintibation after weaning
were associated with longer total mechanical ventifation (17 vs.
6 days; P < 0.0001), intensive care unit stay (22 vs. 9 days; P <
0.0001), and hosphtal stay (34 vs. 18 days; P < 0.0001) than in
control grooap, but did not influence intensive care unit or
hospital mortality. The incidence of nosocomial pnewmonia
was significantly higher in patients with unplanned extabation
or reintubation after weaning (27.6% ps. 13.8%x 7 = 0.002). Ina
Cox model adjusting on severity at admission, nnplanned extu-
bation and reintubation after weaning Increased the risk of
nosocomial pnermonia (relative risk, 1.80; 95% coafidence in-
terval, 1.15-2.80; P = 0.009). This risk increase was entirely
ascribable to accidental extabation (relative risk, 5.3; 95% con-
fdence interval, 2.8-9.9; P < 0.001).

Conclusion: Accidental extubation but not self-extubation or
reinmbation after weaning increased the risk of nosocomial
paenmonia. These 3 events may deserve evaluation as an indi-
cator for quality-of-care studies.
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MECHANICAL ventilation #ia tracheal intubation is
widely used in intensive care units (ICUs). Reported
complications of mechanical ventilation include nosoco-
mial pneumonia, voluirauma, and barotrauma. Compli-
cations related to the endotracheal tube itself' consist
chiefly of reintubation after weaning and unplanned ex-
tubatdon by the patient (selfextubation) or caregivers
{accidental extubation). Unplanned extubation is the
most common endotracheal tube accident,’ accounting
for about 10% (3-16%) of extubations and require rein-
tubation in 60% of cases.””> Predisposing factors and
prevention have been extensively studied >*¢ Despite
the development of predictive indices for weaning or
extubation, planned extubation fails in 2-19% of cas
es.”"" In a recent casecontrol study investigating the
impact of unplanned extubation on the outcome of
patients receiving mechanical ventilation, Epstein e
al.'® found that either form of unplanned extubation was
associated with longer times on mechanicul ventilation
and in the ICU and hospital but not with increased
mortality.

Reintubation has been recognized as a leading risk
factor for nosocomial pn(:‘:umonia.16 The risk of nosoco-
mial pnewmonia after reintubation may be associated
with factors refated 1o the reintubation procedure itself
or o factors related to the previous extubation event.
Both the rate of reintubation and the circumstances of
prior extubation vary across these tliree categories, No
prospective studies specifically designed to evaluate the
impact of each of these categories on the occurrence of
fosocomial pneumonia have been published. We con-
ducted a prospective multicenter study to evaluaie the
impact of reintubation after weaning, of self-extubation,
and of accidental extubation on the risk of nosocomial
pneumonia.

Patients and Methods

Eligibility Criteria

A prospective study in a multicenter database (OUT-
COMEREA®) was canducted during a 2-yr period in six
French medical or surgical ICUs. Starting in January
1997, all patients who were older than 16 yr, had an ICU
stay length longer than 48 h, and received mechanical
ventilation at any time during the ICU stay were entered
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in the study. Patients who were tracheostomized at ICU
admission were excluded from the analyses.

Definitions and Measurements

Method of Data Collection. Data were collected
daily by senior physicians in each participating unit. For
each patient, an investigator used these data to complete
a case report form. All codes and definitions were estab-
lished prior to study initiation. Before entry into the
database, each case report form was reviewed by a
member of the steering committee.

Collected Variables. The case report forms contained
no information idenrifving the patient. They were used
to record age, sex, and admission category {(medical,
scheduled surgery, or unscheduled surgery); underlying
diseases according to SAPS I definitions'”; other comor-
bidities including respiratory, cardiovascular, hepatic,
renal, and immunosuppression using APACHE 0 defini-
tions'®; and severity of illness at ICU admission and daily
during the ICU stay as measured using the SAPS II and
LOD systr:m_w

All patients were screened daily throughout the ICU
stay for suspected nosocomial pneumonia and for self-
extubation, accidental extubation, or reintubation after
weaning, Self-exrubation was defined as deliberate extuy-
bation by a patient for whom the intensivists considered
that intubation was beneficial, accidental extubation as
inadvertent extubation by an ICU caregiver during pro-
cedures at the bedside, and reintubation after weaning as
4 need for reintubation within 48 h after planmed extu-
bation. The need for noninvasive mechanical ventitation
alone was not considered as an extubation failure.

The sedative regimen used in the overwhelming ma-
jority of patients included a combination of a benzodi-
azepine and an opioid. The level of sedation wus rou-
tinely titrated to achieve a Ramsay score of 2-3 and was
railored to the needs of each patient depending on the
presenting condition.”®*! In patients with clinical im-
provement in the initial cause of their respiratory failure,
four widely accepted criteria for 4 tral of extubation
were evaluated daily: a ratio of the partial pressure of
arterial oxygen over the fraction of inspired oxygen
above 200, a positive end-expiratory pressure below
5 cm H,0, adequate coughing during suctioning, and
absence of infusion of sedatives with a Glasgow coma
score greater than 14.%% In addition, in the overwhelm-
ing majority of patients subjected to a trial of extubation,
the ratio of respiratory frequency over tidal volume was
equal to or Jower than 105 breaths per minute per
liter.?® Planned extubation was performed only after a
successful T-tube trial of 20-30 min.

The sedated Glasgow coma score was defined as the
value truly observed, inchiding effect of sedation, and
the expected Glasgow coma score was defined as the
value of the score expected if the patient was not re-
ceiving sedative drugs.
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Clinical suspicion of nosocomial pneumonia was based
on the criteria described by Andrews ef af.** Nosocomial
pneumoniz was defined as pneumonia occiuring after at
least 48 b of mechanical ventilation, according to the
recommendations of the First International Consensus
Conference on the Clinical Investigation of Ventilator-
Associated Pneumonia.®® 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 tele-
scopic catheter or protected-specimen brush specimen
= 10° cfu/mb) or of a bronchoalveolar lavage specimen
(> 107 cfu/mb), and at feast two of the following criteria:
fever greater than 38°C, purudent bronchial secretions,
or peripheral leukocyte count greater than 10,000/mm”.

Finally, length of mechanical ventilation, length of ICU
and hospital stays, and outcomes at ICU and hospital
discharges were recorded.

Statistical Analysis

Results were expressed as numerical vidues and per-
centages for categorical variables, and as medians and
quartiles ¢(25th-75th percentile) for continuous vari-
ables. Comparisons were based on the Fisher exact test
or chisquare test for categorical data and on paired
Wilcoxon tests or Kruskal-Wallis tests for continuous
data where appropriate. The relation between iatrogenic
events and nosocontial pneumonia was computed using
a Cox model with a time-dependent covariate. Time to
nosocomial pnenmonia wis defined as the interval from
mechanical ventilation initiation to the first nosocomial
preumania episode even if nosocomial pneumonia oc-
curred after successful extubation. In patients who
had nesocomial pnewmonia episodes before and after
unplmned extubation and reintubation after weaning
(n = 5), this time was defined as the interval between
mechanical ventilation initiation and the nosocomial
pneumonia episode after event. Nosocomial pneumonia
episodes that occurred before unplanned extubation or
reintubation after weaning were entered into the model
as a dichotomous variable. Patients who had no nosoco-
mial pneumonia episodes were censored at ICU dis
charge. Time to the first self-extubation, accidental ex-
tubation, or reintubation after weaning, and time to the
first nosocomial pneumonia episode were computed us-
ing Kaplan-Meier estimates.

Time 1o occurrence of the first event (unplanned ex-
tubation or reintubation after weaning) and each cate-
gory of event were successively introduced into the Cox
model as time-dependent covariates. In addition, the
following variables were studied: SAPS If and LOD on the
first mechanical ventilation day, occurrence of pneumo-
nia before mechanical ventilation or within 48 h after
mechanical ventilation, enteral feeding, antiacid and an-
tibiotic therapy within 48 h after mechanical ventilation,
Knaus comorbidities, main reasons for ICU admission,
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Proportion free of UE and RAW

Fig. 1. Time to the first event, RAW = reintubation after weaning: UE = unplanned extubation; AE = accidental extubation; SE =

self-extubation.

and whether the patient was transferred o the ICU from
a ward. These variables have been reported to affect the
risk of mechanical ventilation-related pnf:un1011ia.26 A
stepwise forward procedure was used 1o select variables
for entry into the model, Results at the last step are
reported.

Factors associated with hospital mortality were evalu-
ated using 2 Cox model in which unplanned exmbation
or reintubation after weaning were entered as a time-
dependent covariate in addition to the following patient
characteristics at [CU admission: SAPS 1T and LOD, Knaus
comorbidities, reasons for 1CU admission, and whether
the patient was transferred from a ward. Stepwise for-
ward selection was used. At the fast step, unplanned
extubation and reintubation after weaning were forced
into the model to allow an estimation of its effects
adjusted on patient characteristics,

All statistical tests were two-tailed, and £ values less
than 3% 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 computers.

Results

During the 2vyr study period, 1,227 patients were ad-
mitted for longer than 48 h to the participating ICUs,
During their ICU stay, 750 patients required conven-
tional mechanical ventilation for more than 24 b, inchad-
ing 567 (75.6%) who werc ventilated on ICU admission.
The median duration of ventilation was 7 days (25th-
75th percentile: 3-14 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 {14.0%) experi-
enced 131 events, with 51 selfextubations, 24 acciden-
tal extubations, and 536 reintubations after weaning,
yielding incidence density rates of 6.4, 3.0, and 7.0 per
1,000 muubation davs, respectively. Twenty-three pa-
tients experienced more than one category of event. The
first event was selfextubation in 38 patients, with a
median time to occurrence since mechanical ventilation
initiation of 3 days (25th~75th perceuntile: 2- 8); acciden-
tal extubation in 22 patients, with a median time of 3
days (25th-75th percentile: 1-4); and reintubation after
weaning in 45 patients, with a median time of 8 days
(25th-75th percentile: 6-11) (fig. 1).

The 105 patients with unplanned extubation or rein-
tubation after weaning and the 643 patients without
unplanned extubation or reintubatdon after weaning
{controls) differed regarding the main causes of ICU
admission and the presence of three comorbidities,
namely, respiratory, cardiovascular, and immunosup-
pression (table 1). The SAPS I and LOD scores on the
day before events were significantly higher in the acci-
dental extubation group, whereas the Po,/Fio, ratio and
the sedated Glasgow coma score were significantly
lower (table 2).

When we recorded the maximum daily SAPS II and
10D score values during the 2 days preceding and the 3
days following the event, we found a significant increase
in these values only in the reintubation afier weaning
subgroup, in which the maximum daily scores were
significantly higher after the event than on the day be-
fore the event (P < 0.01 and P = (.03 for the SAPS T and
LOD, respectively).

Five patients with unplanned extubation or reintuba-
tion after weaning (3 planned extubation faflure and 2
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Table 1. Population Characteristics on 1CU Adinission
Median (25th~75th Percentile} MV Population Control RAW + UE
[n %) n = 750) (n = G45) {n = 105) P Value

Age 87 (54-75) 67 (53~75) 70 (56-76) 0.29
Sex (male) 478 (63.7} 408 {63.3) 70 (88.7) 0.7
Main reason for admission 0.04

Coma 137 (18.3) 113 (17.5) 24 (22.8)

Acute respiratory failure 228 (30.1) 189 (29.3) a7 (35.2)

Shock 173 (23.1} 154 {23.9) 18 {18.1)

MOF 48 {6.4) 42 (8.5) 8{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) 54.8)
Adrnission category .55

Medical 484 (61.9) 394 (81.1) 73 {66.7)

Scheduied surgery 97 (12.9) 85 (13.2) 12(11.4)

Unscheduled surgery 189 (25.2) 168 (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 (28.7) 0.04

Cardiovascular 87 (11.6) 88 (10.1) 22 21.0) 0.001

Hepatic 52 (8.9) 48 (7.6} 329 0.08

Renat 11 (1.5} 10 (1.5} 1(1.0) 0.83

Immunosuppression 107 (14.3) 89 {15.3) 8 (7.6} 0.04
SAPS H 47 (35~58) 46 {35-58) 49 (37-58) 0.28
MV on admission 567 (75.8) 484 {75.04 83 (7.0} 0.37

ICU = intensive care unit: MY = mechanical ventilation; RAW = reintubation after weaning; UE = unplanned extubation; MOF = multiple organ failure; COPD =
chronic obstructive pulmonary disease; SAPS = Simplified Acute Physiologic Score.

self-exrubations) were treated with noninvasive mechan-
ical ventilation,

Complications of Undesirable Extubation

Reintubation within 48 h after the event was required
in all accidental extubations but in only 24 of 38 (63.2%)
self-extubations. Among the 91 patients who underwent
reintubation, inchuding reintubation after weaning, six
(5.7%) were tracheostomized within 48 h after event
(reintubation after weaning: 1; accidental extubation: 1;
and seif-extubation: 4).

Among the 750 patients, 125 (16.7%) acquired 163
episodes of nosocomial pneumonia (table 3). The crude
incidence of nosocomial pnewnonia was significantly
higher in the patients with unplanned extubation or
reinmbation after weaning (36 of 105; 34.3%) than in the
controls (8% of 645; 13.8%) (P < .01). This significant
difference persisted after exclusion of nosocomial preu-
monia episodes that preceded the first event (29 of 105;
27.6%; 7 = 0.0003).

Nosocomial pnenmonia after event was significantly
more common in the accidenta] extubation subgroup
(11 of 22; 50%) than in the reintubation after weaning
subgroup (11 of 45; 24.4%) and selfextubation subgroup
{7 of 38, 18.4%) (P = (.02). When introduced in a Cox
model as a time-dependent covariate, uaplanned extuba-
tion and reintubation after weaning increased the risk of
noscconial pneumonia {relative risk, 1.80; 95% conft-
dence interval, 1.15-2.80; 2 = 0.009) even after adjust-
ment on SAPS [ and LOD on the first mechanical venti-
lation day, enteral feeding, gastric protection by
antihistamine type 2 receptors and proton pump inhib-
itors, and antimicrobial therapy within 48 h after me-
chanjical ventilation initiation (table 4, which shows only
significant variables).

When we studied these three categories of events
separately, we found that the increase in nosocomial
preumonia risk associated with unplanned extubation
and reintubation after weaning was entirely attriburabie

Table 2. Severity and Underiying Conditions 24 & before the First Evemt

RAW + UE RAW AE SE

Events in = 105} n = 48) n=22} {n= 38} F Value
SAPS Il 39 (32-48) 39 (31~49) 48 (38-57) 38 (32-44) 0.027
LOD score 4 (2-8) 4 (2-6) 7 (5-1) 4 (2-6) 0.008
Expected Glasgow Coma Score 15{13~15) 15 (14-15) 14 (615} 14 (12-15) 0.04
Sedated Glasgow Coma Score 13 (7-15) 15 (13-15) 8(3-13) 12 (7-15) <1073
Pao,/Fio, ratio 273 (212-363) 314 (247-367) 228 (192-316) 278 (222-360) .05
Oral intubation 95 (90.5) 43 (95.8) 18(81.8) 34 (89.5) 0.16

RAW = reintubation after weaning; UE = unplanned extubation; AE = accidental extabation; SE = seff-extubation; SAPS = Simplified Acute Physiologic Score;
LOD = logistic organ dysfunction; Pag, = arterial oxygen tension; Fio, = fraction of inspired oxygen.
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Table 3. Risk Factors for Nosocomial Pnenmonia Occurring after the Beginning of Mechanical Ventilation

Variables

AR 95% Cl P Value RR 95% C! P Value
All events (RAW + UE) 1.80 1.15-2.80 0.008
AE 5.28 2.83-%.89 <107
SAPS il at MV 0.99 0.28-1.00 0.044 0.89 0.97-1.00 0.03
Enteral feading at MV 1.77 1.23-2.53 0.002 1.85 1.30-2.85 0.0007

RR = rigk ratio; ! = confidence interval; RAW = reintubation after weaning; UE = unplanned extubation; AE = accidentat extubation; SAPS = Simplified Acute

Physiclogic Score; MV = mechanical ventilation.

to an associarion with accidental extubation (relative
risk, 5.28; 95% confidence interval, 2.83-9.89; P < 0.01;
table 3). Converscly, no associations with aosocomial
pncumonia were found for reintubation after self-exm-
bation (relative risk, 1.83; 95% confidence interval, 0.85-
3.96; P = (0.12) or reintubation after weaning (relative
risk, 1.35; 95% confidence interval, 0.7-2.61; P = (.36).
Figure 2 shows that accidental extubations are at earlier
tisk of nosocomial paeumonia and thar the proportion of
patients with nosocomial pneumonia is higher with ac-
cidental extubations.

Hospital Ouwicomes of Undesirable Extubation

Total mechanical ventilation duration was significantly
longer in the unplanned extubation and reintubation
atter weaning groups {median, 17 days; 25th-75th per
centile: 8 -24) than in the control group (median, 6 days;
25th-75th percentile: 3-12) (P < 0.01). Significant dif-
ferences in the same direction were found for ICU and
hospital length of stay (table 4). Moreover, mechanical
ventilation duration was significantly higher in the sub-
group with reintubation afrer weaning than in the other
two subgroups. Tracheostomy was performed in a larger
proportion of patienis with unplanned extubation or
reintubation after weaning (22.9%; reintubation after
weaning: 13; accidental extubarion: 5; and selfextuba-
rion: &) than of controls (6.0%; n = 39) (P < 0.01). The
overall additional mechanical ventilation durations after
the first event were 11 days (range. 7-16 days), 7 days

(range, 5-13 days), and 4 days (range, 1-13 days) for
reintubation after weaning, accidental extubation, and
self-extubation, respectively.

Unplanned extubaton or reintubation after weaning
did not influence 1CU or hospital mortality rates (table
4), even after adjustment on SAPS 11 at ICU admission,
comorbidities, and reasons for 1CU admission.

Discussion

Selfextubartion, accidental extubation, and reinruba-
tion after weaning are common in the ICU. These three
categories of events put patients at significant risk of
morbidity and can contribute to death.’ Although un-
planned extubation or reinmbation after weaning have
heen extensively investigated since 1990, most studies
focused on incidence, risk factors, prevention, and pre-
diction of early reintubation. Data on adverse events,
including nosocomial paeumonia, are sparse. Adverse
event rates after unplanned extubation have ranged from
5% to 28%,% and life-threatening complications have
been reported. All studies of the outcome of unplanned
extubation used a retrospective case-control design,”#1>'¢
We report the first large, prospective, multicenter study
evaluating the cccurrence and outcomes of all three cate-
gories of events, with the primary objective of looking for
nosocomial pneumonia rate differences possibiy related o
differences in reintuhation rates or to differences in the
circumstances surrounding exmbation.

Table 4. Duration of Mechanical Ventilation, Length of Stay, and Mortality Rate among 750 Mechanically Vemtilated Patients

Median {Q1-Q2) All Conirol Group RAW + UE RAW AE SE
In (95}] n = 750) (n = 645) {n = 105) P Valug =45 n=22) {n = 38) P value

Ventilation

Buration of MV 7 {314} 5{3-12) 17 (8-24) <0001 21(14-28) 12(~19) 13{E21) 0.008

Cumulated MV days 7,953 6,020 1,933 1.021 345 567

Duration of MV before event — — 5(312) g {4-15) 4 (26} 4 (2-8)

Duration of MV after event — -— 8 (4-15) 11 (7-16) 7 (513 4{1-13)
Maortality

1CU 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 mortality rate 329 {43.9) 286 (44.3) 43 (41.0) 052 20 (44.4) 12 {54.5) 11 {28.0} 0.12
LOS

ICU LOS (days) 10 {6-20) g (5-17) 22 (11-40) <0.001 271843} 19(8-35 18(10-38) 004

ICU LOS before event — — 8314 g (4-16) 4 (4-8) 6 (3-8)

[CU LOS after event — — 156 {8-27) 16 (10-29) 11 (7-34) 14 (6-24)

Haospital LOS (days) 21 (10-37) 18 (8-33) 34 (22-54) < 0.00%1 38(25-88) 31(16-45) 30{18-49) 011

RAW = reintubation after weaning; UE = unplanned extubation; AE = accidental exiubation; SE = self-extubatiory, MV = mechanical ventilatior; ICU = intensive

care unit L.OS = length of stay,

Anesthesiotogy, V 97, No 1, jul 2002



EXTUBATION AND NOSOCOMIAL PNEUMONIA

153
o ]
g —d?:
a i .
a hmshay’ L
Fig. 2. Time to occurrence of the first 2= be,
nosocomial pneuamonia episode in each o a7 f
of the three categories (time to first nos- E ’u
ocomizl pneumonia was computed from 5 ——
day of event to nosocomial pnenmonia §_ =
occurring alter event). NP = nosocomial g | lemaaa S
pneumonia; RAW = reintubation after - i —— RAW
weaning; AE = accldental exaubation: o N ——== AE
SE = seif-extubation. ST — GE
o
(=]
T T T T T
0 20 20 40 50 50
Days

The lmitations of this study need to be discussed.
First, the use of continuous intravenous sedation is asso-
ciated with the prolongation of mechanical ventilation
and a greater incidence of reintubation, and could be a
risk factor fot nosocomial pneumonia.™ We did not use
daily interruption of sedative drug infusion as suggested
by Kress e al.,*? since the results of their study had not
been published at the time the data on our patients were
collected. Sedative drug interruption may influence the
rate of unplanned extubation. Secend, the ICU patients
in the present study were all hospitalized for longer than
48 h. Consequently, the selfextubation subgroup was
not representative of the overall population with this
event, which often occurs shortly after ICU admission of
snicidal or postsurgical patients. This probably led us to
underestimate the proportion of self-extbated patients
who did not require reintubation, Third, among patients
with unplanned exmibation, those with accidental extuba-
tiont were significantly more likely to require reintnbation
than those with self-exaibation. The rate of accidental
extubation was higher in our unplanned extubation
group (37%) than in other series (0 -22%),2%1%2730 Thjs
explains why the overall reintubation rate among pa-
tents with unplanned extubation (77%) was at the
upper end of the range reported in the literature
(30 - 88%).2-+&15273031 Eourth, the Consensus Confer-
ence criteria from 1993 that we used for diagnosis of
ventilatory associated paoeumonia could be viewed as
out-ofdate, However, all patients were similarly
screened for diagnosis of nosocomial pneumonia.

In our population, incidence rates were 4.8% for self-
extubation and 2.8% for accidental extubation (7.6% for
unplanned extubation). These rates are similar to the
3-16% rates of selfextubation found in other stud-
ies >+6-13:30.32-35 Oy incidence rate of reintubation after
weaning was 6%, which is within the 2-19% range re-
ported in the literature.”"**? This wide range reflects
differences in the time to reintubation used to define
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reintubation after weaning (from within 24 h to within
72 h of planned extubation).

Recent studies have measured the frequency of un-
planned extubation as incidence densities. Values mnged
from 1.6 to 40 per 1.000 mechanical ventilation days,
which is in agreement with our value of 9.4.15153135-57

In agreement with most previous studies, we found no
increase in mortality in the patients who experienced
unplanned extubation or reintubation afier weaning, as
compared with the controls 13739333839 The recent
literature found that reintubation was associated with an
increase in mortality rate *7*1*! In the present study,
the mortality rate was nonsignificandy higher in the
patients with accidental exrubation or reintubation after
weaning, all of whom required reintubation. Several re-
cent series found that mortality was significantly higher
in patients with reintubation after weaning,” %% rang-
ing from 32% to 43%, in keeping with our findings;
mortality was only 4-12% in successfully extubated
patients.-'"&w‘} 1.16

Our study hypothesis was that the rate of nosocomial
prneumonia would vary across these three categoriesasa
result of differenrces in reintubation rates or in the cir
cumstances susrounding the previous extubation. Rein-
tubation can introduce colonized oropharyngeal secre-
tions into the lower airways,*® Torres ef al'® reported
that reintubation was among the most significant risk
factors for nosocomial pneumonia, with 2 sixfold risk
increase, However, these studies failed to distinguish
between the risk of nosocomial pneumonia associated
with reintubation per se and the sk associated with the
circumstances of extubation. Our findings support a role
for these circumstances: although we found nosocomial
pnreumonia 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 nosocommial prneumonia was also fower in
these patients. However, all patients with reintubation
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after weaning or accidental extubation required reintu-
bation, but nosocomial pneumoenia was far more com-
mon in the accidental extubation category. Several fac-
tors may explain these differences. The pathogenesis of
nesocomial pneumonia s related to aspiration of pha-
ryngeal contents or gastric content* into the distal air-
ways. Factors that may affect the risk of nosocomial
pnenmonia after unplanned extabation or reintubation
after weaning include altered glottic function after sev-
eral days of intubation. trauma related to the inflated
tube cuff in unplanned extubation, prior level of seda-
tion, level of consciousness after extubarion,* presence
of a nasogastric tube during the extubation period,*®
body position, and time spent extubated.'® Reintubation
after weaning occurred when the patients were awake,
whereas in our accidental extubation subgroup akter-
ations i1 consciousness were present in most patients
(median. sedated Glasgow coma score, 6 and the median
Pao,/Fio, ratio was significantly lower than in the other
two groups. Both parameters have been found to be
associated with reintubation.* Although by definition re-
intubation is always performed after reintubation after
weaning, removal of the tube in this sitnation is doune under
optimal conditions. including stomach emptying, previous
cessation of emteral feeding, careful airways suctioning,
deflation of the tube cuff, and close monitoring. Most
studies of nosocomial pneumonia rates in patients with
unplanned extubation” %11 found no significant asso-
ciation™™ "% but included few™*” or no>* patients with
accidental extubation. Accidental extubations may occur
in sicker patients with heavier workload and therefore
more opportunities of manipulations leading to acciden-
tal events. However, in the Cox model we used, adjust-
ment on severity and organ failure scores has been per-
formed. Therefore,
accidental extubation remains an independent predictor
of nosocomial pneumonia, adjusted on patients severity.

Total rnechanical ventilation duration was significantly
longer in our self-extubation, accidental extubation, and
reintubartion after weaning subgroups than in the con-
trols, and all three events were significantly associated
with longer ICU and hospiral stays. Moreover, although
the selfexmmbated patients were less likely to undergo
reintubation, their mechapical ventilation length, ICU
stay length, and hospital stay length were significantly
longer than in the controls. In keeping with our findings,
Epstein et @l reported than mechanical ventilation du-
ration was about 2 weeks longer in patients who under-
went reintubation. Inn contrast, in a case-control study by
Chevron and coworkers,” total mechanical ventilation
length was significantly lower in patients with than with-
out unplanned extubation (9 days and 16 days, respec-
tively). This discrepancy may be ascribable in part to the
low reintubation rate (37%) in the study by Chevron et
al* and in part to exclusion from our study of patients
with ICU stays shorter than 48 h. Nevertheless, it has
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this study shows clearly that

been suggested that unplanned extubation not followed
by reintubation indicates that planned extubation was
overdue and that this may translate into a higher rate of
ventilatorrelated complications, a longer ICU stay, and
higher costs.>*

Givern that unplanned extubation and reintubation af-
ter weianing were associated with longer durations of
mechanical ventilation and hospital stay, these events
are markers for suboptimal guality of care. Both reintu-
bation after weaning (with s risk of health status dete-
rioration) and accidental exmbation (with its risk of
nosocomial pneumonia) can be reduced by improving
the quality of care. Self-extubation is also partly prevent
able." Initiation of a continuous quality improvement
program was followed by a decrease in the self-extuba-
tion rate from 2.6% to 1.2% per patient-ventilator ciay'.56
It has been suggested that unplanned extubation should
be viewed as quality-control issues.** These events cor
respond to different facets of suboptimal care. Acciden-
tal extubation may be related to less-than-ideal nursing
care. In a recent study, accidental extubation was the
fourth most common incident observed in 1Cls with
nurse understaffing.*® in a study that used the PRNgg,
score, Chevron et al* demonstrated that accidental ex-
tubation was not related w the nurse worldoad, suggest-
ing that this event may be a conseguence of faulty
nursing care and could be used as an indicator for nurs
ing care quality. Selfextubation without subsequent re-
intebation may indicate that intubation was maintained
too long because the intensivists underestimated the
patient’s ability to tolerate weaning; reintubation after
weaning may reflect overestimation of this ability. At
tempts 1o prevent seifextubation may result either in
premature planned exwbaton responsible for an -
crease in the rate of reintubation after weaning or in
increased use of deep sedation responsible for an in-
crease in mechanical ventilation duration.*® In both
cases, mechanical ventilation duration would be in-
creased. Whether clinical judgment used alone or in
combination with mechanical respiratory indices, such
as frequency/tidal volume, is effective in predicring suc-
cessful extubation remains controversial 0127142347
Continuous quality control programs should evaluate
clinical procedures, including clinical indicators, predic-
tive weaning indexes based on pulmonary function pa-
rameters, and daily routine evaluation of criteria for a
trial of extubation, the goal being to extubate patients as
soon as possible but not too soon. > 24 11 would
be of interest to evaluate both self-extubation and rein-
tubation after weaning as part of a coatinuous quality
mprovement program to determine the ratic of self
extubation over reintubation after weaning that mini-
mizes ventilator days, length of stay, and mechanical
ventilation-~related complications. To be relevant, a qual-
ity indicator should be 2 common event that is associated
with morbidity, easy to detect prospectively, and ame-



EXTUBATION AND NOSOCOMIAL PNEUMONIA

135

nable to prevention.® Unplanned extubation and rein-
tubation after weaning meet all of these requirements
and consequently deserve evaluation as quality indicator
for quality improvement programs.
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