UNIVERSITE

DE GENEVE Archive ouverte UNIGE

https://archive-ouverte.unige.ch

This version of the publication is provided by the author(s) and made available in accordance with the
copyright holder(s).

Prédiction de la pneumonie d'acquisition communautaire sévere, une
revue systématique

Marti, Christophe

How to cite

MARTI, Christophe. Prédiction de la pneumonie d’acquisition communautaire sévere, une revue
systématique. Doctoral Thesis, 2012. doi: 10.13097/archive-ouverte/unige:23991

This publication URL:  https://archive-ouverte.unige.ch/unige:23991
Publication DOI: 10.13097/archive-ouverte/unige:23991

© This document is protected by copyright. Please refer to copyright holder(s) for terms of use.

Last deposit update in Archive ouverte UNIGE on 14.03.2023 18:44


https://archive-ouverte.unige.ch
https://archive-ouverte.unige.ch/unige:23991
https://doi.org/10.13097/archive-ouverte/unige:23991

- UNIVERSITE

FACULTE DE MEDECINE

Section de médecine clinique,

Département de médecine interne,
réhabilitation et gériatrie

Service de Médecine interne
générale

Thése préparée sous la direction du Professeur Arnaud Perrier

" Prédiction de la pneumonie d’acquisition communautaire
sévere, une revue systématique"

Theése

Présentée a la Faculté de Médecine
de I"Université de Genéve
pour obtenir le grade de Docteur en médecine

par

Christophe Albéric MARTI

de

Ruppoldsried (BE)

Thése n° 10688

Geneve Octobre 2012



i) UNIVERSITE
DE GENEVE

FACULTE DE MEDECINE

DOCTORAT EN MEDECINE

Thése de :

Christophe MARTI
originaire de Ruppoldsried (BE)

Intitulée :

Prédiction de la pneumonie d’acquisition
communavutaire sévere, une revue systématique

La Faculté de médecine, sur le préavis de Monsieur Arnaud Perrier, professeur ordinaire au
Département de médecine interne, réhabilitation et gériatrie, autorise I'impression de la
présente thése, sans prétendre par I& émetire d'opinion sur les propositions qui y sont

énoncées.

Genéve, le 30 octobre 2012

Thése n° 10688

Henri Bounameaux
Doyen

N.B.- La the¢se doit porter la déclaration précédente et remplir les conditions énumérées
dans les '"Informations relatives & la présentation des théses de doctorat & I1'Université
de Geneve".



Table des matieres :

Remerciements 4
Résumé 5
Introduction

1. La pneumonie d’acquisition Communautaire 7
A. Définition
B. Epidémiologie
C. Pronostic

2. La prédiction de la sévérité dans la PAC 10
A. Prédiction de la mortalité
B. Prédiction de ’'admission aux soins intensifs

Prediction of severe community acquired pneumonia: a systematic review and

meta-analysis 15

1. Abstract
A. Introduction
B. Method
C. Results
D. Conclusions
2. Introduction
3. Materials and Methods
A. Search strategy and study selection
B. B. Study inclusion and data extraction
C. Quality assessment
D. Data analysis
4. Results
A. Scores (Pneumonia severity index, CURB-65, CRB-65, CURB, ATS 2001,
ATS-IDSA 2007, SMART-COP, SCAP score, others.)



B. Quality assessment and source of heterogeneity
5. Discussion

A. Strengths

B. Limitations

C. Conclusions

6. References.
Conclusion et perspectives 27
Annexes 30

1. Définition des différents scores
2. Forrests plots des sensibilités et spécificités pour I'issue admission aux
soins intensifs

3. Evaluation qualitative des études

Bibliographie 47



Je remercie,

Le professeur Arnaud Perrier pour sa confiance et son soutien ;
Le Docteur Nicolas Garin pour son aide ;

Yasmina et Malik.



Résumé

La pneumonie d’acquisition communautaire (PAC) est un probléme de santé majeur
dont la gravité peut aller d’'une infection bénigne spontanément résolutive a une
affection inflammatoire sévere pouvant entrainer le déces. Le lieu de prise en charge
des patients avec une PAC est étroitement corrélé avec le pronostic et est un
déterminant majeur des colts du traitement. Différents scores de prédiction de
sévérité ont donc été développés afin de prédire la mortalité de ces patients et de
guider leur éventuelle admission. L’objectif de notre étude est d’effectuer une revue
systématique de la littérature afin de comparer la performance de ces scores pour
identifier les patients nécessitant une admission aux soins intensifs. Cette revue
systématique de 8 scores démontre que les scores récemment développés sont
supérieurs au PSIl et au CURB-65 et peuvent constituer une aide au jugement clinique,

en particulier grace a leur bonne valeur prédictive négative.

Total 146 mots



Introduction

1. La Pneumonie d’acquisition Communautaire

A. Définition

La pneumonie d’acquisition communautaire (PAC) est une infection pulmonaire aiglie
acquise dans la communauté, par opposition a la pneumonie acquise a I’hopital
(hospital-acquired pneumonia) ou dans un établissement de soins (healthcare-
associated pneumonia). Le rationnel de cette distinction repose sur les différences
entre ces populations, en particulier en ce qui concerne les étiologies bactériennes et

le taux de résistance aux antibiotiques.

Les symptomes et signes cliniques de la pneumonie (Tableau 1) ont une sensibilté
médiocre avoisinant les 50% [1] D’aprés les recommandations de la British Thoracic
Society [2], le diagnostic de pneumonie est établi en présence d’un infiltrat
pulmonaire a la radiographie du thorax chez un patient présentant des signes ou
symptdmes évocateurs. Les criteres d’inclusion de la plupart des études sur la PAC se

basent sur cette définition et excluent généralement les patients immunosupprimés.



Signe observé RV+ RV-

Anamnése
- Fiévre 1.7-2.1 0.6-0.7
- frissons 1.3-1.7 0.7-0.9
Signes vitaux
- Tachypnée (>25/min) 1.5-3.4 0.8
- Tachycardie (>100/min) 1.6-2.3 0.5-0.7
- Hyperthermie (>37.8°) 1.4-4.4 0.6-0.8
Auscultation
- Matité a la percussion 2.2-4.3 0.8-0.9
- Rales 1.6-2.7 0.6-0.9
- egophonie 2.0-8.6 0.8-1.0

Tableau 1. Valeur de 'anamneése et de I’examen clinique pour le diagnostic de PAC [1]

RV= Rapport de vraisemblance.

B. Epidémiologie

L'incidence de la pneumonie communautaire est d’environ 5 a 6 cas pour mille
habitants par année dans les pays industrialisés [3]soit environ trente-cing mille cas
par année en Suisse et cing cents mille aux Etats-Unis. Cette incidence progresse avec
I’age et présente des variations saisonnieres avec une incidence hivernale

augmentée.

Le pathogéne le plus fréquemment incriminé est le pneumocoque ou Streptococcus
pneumoniae. Néanmoins, les étiologies virales (Influenza, parainfluenza, virus
respiratoire syncytial, adénovirus) sont fréquentes et peuvent atteindre 20%
lorsqu’elles sont recherchées systématiquement par des méthodes moléculaires.[4]
Cette répartition étiologique varie selon les zones géographiques, la population
étudiée (Patients ambulatoires ou hospitalisés) et les méthodes diagnostiques

utilisées.



Le tableau 2 illustre les pathogenes identifiés dans une série Européenne de 3524

patients [5].

Patients Ambulatoires | hospitalisés | Soins
intensifs

Total 514 2521 488
Pathogene identifié 31% 41% 53%
Streptococcus pneumoniae | 11% 18% 23%
Haemophilus influenzae 1.6% 2.1% 1.6%
Legionella pneumophila 1.9% 3.5% 4.3%
Mycoplasma pneumoniae 5.3% 1.3% 1.2%
Chlamydia pneumoniae 1.9% 1.3% 1.6%
Staphyloccus aureus 0.2% 0.7% 1.2%
Pseudomonas aeruginosa 0.2% 1.5% 2.5%
Virus respiratoires 2.9% 4.9% 2%

Tableau 2 : Pathogeénes identifiés chez des patients avec PAC selon le type de prise

en charge [5]

C. Pronostic

La pneumonie d’acquisition communautaire est une maladie fréquente caractérisée
par un large spectre de sévérité allant d’une infection bénigne spontanément
résolutive a une affection inflammatoire sévére pouvant entrainer une défaillance
d’organes multiple. La mortalité annuelle attribuable est d’environ 60’000 décés par
année aux Etats-Unis. Associée a l'influenza, elle représente la septieme cause de

mortalité en Amérique du Nord.



La mortalité globale des patients avec PAC est estimée a 5%.[6] Elle est étroitement
corrélée avec le lieu de prise en charge. Elle est inférieure a 1 % parmi les patients
traités en ambulatoire, et s’éleve a 35% chez les patients avec PAC admis aux soins

intensifs [6-7]

Le large éventail de sévérité est une résultante de facteurs liés au pathogéne (charge
bactérienne, facteurs de virulence) et a I’h6te. D'importantes recherches ont été
menées au cours des dernieres années afin d’identifier certains polymorphismes dans
les genes codant pour des médiateurs de I'inflammation (tumor necrosis factor,
interleukine 1, interleukine 10 ou enzyme de conversion de I'angiotensine) ou des
molécules impliquées dans la reconnaissance bactérienne (mannose-binding lectin,
CD 15, récepteurs toll-like) pouvant expliquer la variabilité de la réponse
inflammatoire[8]. De méme, certains traitements chroniques, tels que les statines et
les inhibiteurs du systeme rénine-angiotensine pourraient avoir un effet modulateur

sur la réponse inflammatoire[9].

En dehors de sa mortalité attribuable habituellement mesurée a 28 jours, la PAC
possede un impact pronostique a plus long terme, en particulier chez le sujet agé.
Dans une étude de patients avec un age moyen de 69.9 ans, les patients admis avec
un diagnostic de PAC avaient une mortalité de 50% a 34 mois [10]. Cette surmortalité
est probablement partiellement attribuable aux conséquences de la PAC. Néanmoins,
elle illustre également le fait que cette pathologie est fréquemment un marqueur de
vulnérabilité de I’hote et survient parfois comme un événement terminal lors d’une

détérioration préalable de I’état de santé.



2. La prédiction de la sévérité dans la PAC

A. Prédiction de la mortalité

En 1993, la British Thoracic Society identifiait trois facteurs associés a la mortalité a
30 jours chez les patients avec PAC : I’élévation de I'urée (>7mmol/l), une pression
artérielle diastolique inférieure a 60 mmHg, et une fréquence respiratoire
supérieure a 30/min. La présence de deux de ces facteurs multipliait par 21 le risque

de mortalité[11].

La combinaison de ces trois facteurs avec la présence d’une altération de |'état
mental (confusion) et un age avancé (>65 ans) est a I'origine du développement du
score CURB-65 en 2003 [12]. Depuis lors, ce score a été validé sur plusieurs cohortes
incluant plus de 15’000 patients au total [13]. Une version simplifiée du score ne
prenant en compte que les parametres cliniques, le CRB-65 a été développée pour la
médecine de premier recours et validée sur prés de 400’000 patients [13]. Les taux de
mortalité pour les différentes catégories de ces deux regles de prédiction sont

illustrés dans la figure 1

Mortalité selon le Mortalité selon CRB-
CURB-65 65
25.00% 40.00%
20.00% -
15.00% - 30.00% -
0, .
10000 1 = Mortalité & 30 20.00% - N
0.00% - selon le CURB- 10.00% - selon CRB-65
N L9 65
& o8 o 0.00% -
& & & CRB-65CRB-65CRB-65
> > 0 12 34

Figure 1. Mortalité observée selon la catégorie du CURB-65 et CRB-65 d’apres [13]
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Dans cette méme méta-analyse, les performances diagnostiques globales de ces
deux scores exprimées sous forme d’aire sous la courbe atteignaient 0.80 pour le

CURB-65 et 0.79 pour le CRB-65 pour prédire la mortalité a 30 jours.

Parallelement au développement de la regle de la société thoracique britannique,
I’équipe de MJ Fine a développé en 1997 un modele de prédiction de sévérité, le
Pneumonia Severity Index (PSI ou score de Fine) sur une cohorte multicentrique de

14’199 patients[14].

Ce score incluant des variables démographiques, les co-morbidités et des données de
I’examen clinique (cf Annexe 1) a depuis lors été validé sur au moins 33 cohortes
incluant 81797 patients[13]. Les taux de mortalité pour les différentes catégories de

ce score sont illustrés dans le tableau 4.

Mortalité selon le PSI
30.00%
25.00%
20.00%
15.00% »
® Mortalité selon le PSI

10.00%

5 00% I

0.00% —— .

PSI I-11I PSI IV PSIV

Figure 2. Mortalité a 30 jours selon le PSI [13]

La performance diagnostique globale du PSI pour prédire la mortalité a 30 jours
exprimée sous forme d’aire sous la courbe atteignait 0.81 dans une revue

systématique récente[13].
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Par ailleurs, I'utilisation de ce score dans la pratique a également été validée par
différentes études, dont trois essais randomisés [15-17]. D’apres ces études,
I"utilisation du PSI permet de réduire le taux d’hospitalisation sans augmentation des
complications éventuelles en proposant un traitement ambulatoire aux patients non

hypoxémiques avec un PSl de | a lll.

Les performances diagnostiques de ces différentes regles de prédiction sont donc
similaires pour prédire la mortalité a 30 jours. Le CURB-65 possede I'avantage d’une
plus grande simplicité d’utilisation, alors que le PSI a fait I'objet d’études
d’'implémentation et pourrait identifier une proportion légérement plus importante

de patients dans la catégorie a risque faible [18].

Les recommandations internationales préconisent donc I'utilisation de ces deux

scores comme aide a la décision d’admettre les patients avec PAC [19].

Une prise en charge ambulatoire peut étre envisagée chez des patients avec un
CURB-65de 0 ou 1 ouun PSldelalll, enl'absence d’hypoxémie et de contre-

indication liée au contexte social ou a d’éventuelles comorbidités.
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B. Prédiction de I’admission aux soins intensifs.

Parmi les patients avec PAC nécessitant une hospitalisation, environ 10 a 20 pour
cent vont nécessiter une admission aux soins intensifs. Lidentification de ces patients
est une étape cruciale en termes d’utilisation adéquate des ressources et de sécurité.
En effet, les soins intensifs sont une ressource coliteuse et parfois limitée. D’autre
part, certaines études suggerent qu’un retard d’admission aux soins intensifs pourrait

avoir un impact délétere sur le pronostic [20-21].

Dans la premiere de ces études, Restrepo et al.ont mis en évidence une mortalité
augmentée chez les patients admis secondairement (>24h) aux soins intensifs. L’odds
ratio pour la mortalité a trente jours était de 2.6 (95%IC 1.2-5.5) dans le groupe tardif
par rapport au groupe de patients admis précocement malgré un ajustement pour les
autres facteurs pronostiques dans une analyse multivariée. Une seconde étude
francaise [21] arrive a des conclusions similaires avec un odds ratio de 2.3 (IC 1.11-
4.77) pour la mortalité a 28 jours dans le groupe de patients admis secondairement
par rapport aux patients admis directement aux soins intensifs malgré une correction

par un score de propension.

Bien que la validité de ces données soit limitée par le caractere rétrospectif de ces
études, il est vraisemblable qu’un retard d’admission aux soins intensifs puisse avoir

un impact défavorable sur la survie.

Les regles de prédiction de la mortalité a 30 jours telles que le PSI et le CURB-65
accordent une place prépondérante a I’age et aux comorbidités. Par ailleurs, les
cohortes de dérivation de ces scores ne tenaient pas compte des patients avec des
éventuelles limitations thérapeutiques. En effet, certains patients, en particulier agés
ou souffrant de comorbidités importantes, peuvent documenter leur décision de ne
pas étre réanimés ou admis aux soins intensifs en cas de maladie sévere. Dés lors, ces
patients identifiés comme séverement malades par le PSI ou le CURB-65 ne sont dans

13



la pratique pas admis aux soins intensifs. On assiste dans ce cas a une divergence
entre la mortalité prédite et la susceptibilité d’étre admis aux soins intensifs
entrainant une altération de la spécificité des scores de prédiction de la mortalité
lorsqu’ils sont utilisés pour prédire I'admission aux soins intensifs. Dans ce contexte,
I’American Thoracic Society a proposé en 1993 des critéres de sévérité pour les
patients avec PAC motivant une admission aux soins intensifs [22]. Ces criteres ont
depuis été révisés a deux reprises [19; 23]. En parallele, différentes régles de
prédiction de la pneumonie sévere ont été proposées telles que le SMART-COP en
Australie [24], le score SCAP en Espagne [25], le REA-ICU index en France [26] ou des
adaptations du CURB-65 [27] ou du PSI [28] Ces scores sont décrits de facon détaillée

dans I'annexe 1 Appendice 2 (p.28 et suivantes)

Par ailleurs, une importante littérature s’est récemment intéressée a la valeur
pronostique de différents biomarqueurs susceptibles d’améliorer la capacité
discriminative de ces régles de prédiction telles que la procalcitonine, I'endothéline-1,

la copeptine ou la proadrenomédulline.[29-31].

L’objectif de notre recherche était donc d’identifier systématiquement dans la
littérature médicale les scores cliniques existants pour prédire la pneumonie
d’acquisition communautaire sévere et d’effectuer une méta-analyse de leur

performance pronostique lorsque des données suffisantes le permettaient.

En absence de consensus général, nous avons admis comme définition de la PAC
sévere, I'admission aux soins intensifs, la nécessité d’une ventilation invasive, le

recours a un traitement vasopresseur ou la mortalité précoce.

La publication issue de ce travail est présentée dans le chapitre qui suit.
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Abstract

Introduction: Severity assessment and site-of-care decisions for patients with community-acquired pneumonia
(CAP) are pivotal for patients’ safety and adequate allocation of resources. Late admission to the intensive care unit
(ICU) has been associated with increased mortality in CAP. We aimed to review and meta-analyze systematically
the performance of clinical prediction rules to identify CAP patients requiring ICU admission or intensive treatment.

Methods: We systematically searched Medline, Embase, and the Cochrane Controlled Trials registry for clinical trials
evaluating the performance of prognostic rules to predict the need for ICU admission, intensive treatment, or the
occurrence of early mortality in patients with CAP.

Results: Sufficient data were available to perform a meta-analysis on eight scores: PSI, CURB-65, CRB-65, CURB, ATS
2001, ATS/IDSA 2007, SCAP score, and SMART-COP. The estimated AUC of PSI and CURB-65 scores to predict ICU
admission was 0.69. Among scores proposed for prediction of ICU admission, ATS-2001 and ATS/IDSA 2007 scores
had better operative characteristics, with a sensitivity of 70% (Cl, 61 to 77) and 84% (48 to 97) and a specificity of
90% (Cl, 82 to 95) and 78% (46 to 93), but their clinical utility is limited by the use of major criteria.

ATS/IDSA 2007 minor criteria have good specificity (91% Cl, 84 to 95) and moderate sensitivity (57% Cl, 46 to 68).

heterogeneity among the studies.

SMART-COP and SCAP score have good sensitivity (79% Cl, 69 to 97, and 94% Cl, 88 to 97) and moderate
specificity (64% Cl, 30 to 66, and 46% Cl, 27 to 66). Major differences in populations, prognostic factor
measurement, and outcome definition limit comparison. Our analysis also highlights a high degree of

Conclusions: New severity scores for predicting the need for ICU or intensive treatment in patients with CAP, such
as ATS/IDSA 2007 minor criteria, SCAP score, and SMART-COP, have better discriminative performances compared
with PSI and CURB-65. High negative predictive value is the most consistent finding among the different prediction
rules. These rules should be considered an aid to clinical judgment to guide ICU admission in CAP patients.

Introduction

Community-acquired pneumonia (CAP) is a major health
problem. In the United States, 500,000 adults are hospita-
lized annually for CAP [1], of whom 10% to 20% are
admitted to the intensive care unit (ICU) [2]. Because site
of care is a major determinant of costs, clinical prediction
rules have been developed to identify patients with low
mortality who can be safely treated as outpatients [3].

* Correspondence: christophe.marti@hcuge.ch

'Department of Internal Medicine, Rehabilitation and Geriatrics, University
Hospitals of Geneva and Geneva Faculty of Medicine, Rue Gabrielle Perret-
Gentil 4, 1211 Geneva 14, Switzerland

Full list of author information is available at the end of the article

( BiolMed Central

Since 1993, efforts have been made to identify severe
community-acquired pneumonia (SCAP) requiring
admission to the ICU because the ICU is an expensive
and scarce resource. Concurrently, delay in ICU admis-
sion of CAP patients has been shown to be associated
with increased mortality [4-6]. In 1993, the American
Thoracic Society (ATS) proposed a definition of severe
CAP requiring ICU admission [7]. Since then, these cri-
teria have been updated twice [8,9], and various clinical
prediction rules have been developed to predict SCAP
[10-12]. In addition to the variety of the prediction rules,
the assessment of their validity is further hampered by
the absence of a unique definition of SCAP and the inclu-
sion of ICU admission or intensive treatment in the

© 2012 Marti et al,; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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definition, which exposes prediction rules for SCAP to
incorporation bias [13].

The goal of our search was to review systematically
the performance of existing clinical prediction rules to
identify in the Emergency Department patients with
CAP requiring ICU admission or intensive treatment.

Materials and methods

Search strategy and study selection

We systematically searched Medline, Embase, and the
Cochrane Controlled Trials registry by using the follow-
ing key words: community-acquired pneumonia AND
(decision tree OR clinical prediction rule OR clinical pre-
diction score OR clinical decision rule OR clinical deci-
sion score OR management studies OR outcome studies
OR ICU admission OR ICU need OR invasive manage-
ment OR severity assessment). The search was performed
for articles in English, French, Italian, Spanish, and Ger-
man languages and limited to articles with an abstract
and completed on the first of March 2012. To ensure a
comprehensive literature search, we examined reference
lists from retrieved articles and reference literature
(guidelines and systematic reviews) and questioned
experts in CAP for possible missing studies.

Study inclusion and data extraction

Eligible studies were prospective or retrospective studies
evaluating clinical prediction rules in adult immunocom-
petent patients with CAP to predict the need for ICU
admission, intensive treatment, or early mortality (< 14
days). The evaluation had to be performed during the
first 24 hours after hospital admission. Studies addressing
specific patient subgroups based on etiology or age were
excluded. A prediction rule was defined as the combina-
tion of two or more clinical or biologic markers. Four
investigators (CM, NG, SC, and OG) evaluated studies
for possible inclusion. All studies were evaluated inde-
pendently by at least two investigators. Nonrelevant stu-
dies were excluded based on title and abstract. For
potentially relevant studies, the full text was obtained,
and two investigators (CM, NG) independently assessed
study eligibility and extracted the data on study design,
patient characteristics, and outcomes. Disagreements
were resolved by consensus or by discussion with a third
reviewer (AP)

Quality assessment

We used modified quality criteria based on the guidelines
for assessing quality in prognostic studies [14]. Two
investigators (CM, NG) assessed study quality indepen-
dently. Each of six items was scored from 0 to 2. Studies
with a total quality score between 11 and 12 were consid-
ered “good,” between 9 to 10, “moderate,” and 8 or less
was considered “poor.”

Page 2 of 12

Data analysis

For each score, the diagnostic performances (sensitivity,
specificity, likelihood ratios, and diagnostic odds ratios)
to predict different definitions of SCAP (ICU admission,
early death, or intensive treatment) at the usual cut-off
were pooled by using the method of the inverse of the
variance. Random effects were systematically introduced
[15]. Heterogeneity was measured by the I-square index
[16] and tested with the Cochran test. Potential heteroge-
neity factors were explored by subgroup analyses for the
Pneumonia Severity Index (PSI) (only score with more
than 10 studies). A sensitivity analysis was conducted to
check the robustness of the pooled sensitivities and speci-
ficities by removing each study, one by one. The R pack-
age “meta: Meta-analysis with R, version 1.6-1” was used
for these analyses. For the PSI and CURB-65 (Confusion,
Urea, Respiratory Rate, Blood pressure, Age > 65 years)
scores, a summary ROC curve was assessed by the
approach proposed by Moses et al. [17]. As several sensi-
tivities and specificities were reported in the studies at
different cut-offs, we used a linear mixed model with a
correlation structure to take the dependence of the mea-
sures into account. The 95% confidence intervals of the
areas under the curves were obtained by bootstrap. This
analysis was performed with S-plus 8.0 for Windows.
The significance level was 0.05 for all analyses. Forest
plots of the Sensibility and Specificity were used for the
graphic display of the results.

Results

The search retrieved a total of 5,249 references, among
which 1,005 duplicates were identified. Of the 4,244
remaining articles, 3,966 were excluded based on title
and abstract (Figure 1). Full texts were obtained for the
remaining 278 articles. Ten did not contain original data,
13 concerned only ICU patients, 204 did not meet inclu-
sion criteria, 18 were review articles, and 33 satisfied
inclusion criteria. Three articles [18-20] were identified
by manual search of the references, leading to a total of
36 included articles [5,10-12,18-50]. Main characteristics
of included studies are detailed in Table 1.

Scores

We identified 11 main severity scores based on 20 vari-
ables. Components of the main severity scores are illu-
strated in Figure 2. Sufficient data were available to
perform a meta-analysis on eight scores: PSI, CURB-65,
CRB-65 (Confusion, Respiratory Rate, Blood pressure, Age
> 65), CURB (Confusion, Urea, Respiratory rate, Blood
pressure), ATS 2001 criteria, ATS/Infectious Disease
Society of America (IDSA) 2007 criteria, SCAP score
(Severe Community-Acquired Pneumonia), and SMART-
COP (Systolic Blood pressure, Multilobar infiltrate,
Albumin, Respiratory Rate, Tachycardia, Confusion, low
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5249 screened references |

1005 duplicat

4244 titles and abstracts analyzed |

—> | 3966 non relevant

278 full texts analysed |

245 excluded :
e not meeting inclusion criteria, n = 204
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Figure 1 Study flow chart.
.

Oxygen, low PH) (Table 2) Score definitions are included
in the Additional file 1. Forrest plots for specificity and
sensitivity of the eight scores for the prediction of ICU
admission are provided in Additional file 2.

PSI

Twenty-four studies [5,18,19,21,22,24-26,32,34,36,39-52],
including 20,622 patients and 2,073 ICU admissions
(10.1%), evaluated the performance of PSI to predict ICU
need. A PSI score category of IV or more had a pooled
sensitivity of 75% and a specificity of 48%. A cut-off of V
increased specificity to 84% and decreased sensitivity to
38%. The global performance of PSI to predict ICU admis-
sion was modest, with an AUC of 0.69 (Figure 3). Signifi-
cant heterogeneity was present. Performance of PSI to
predict an alternative definition of SCAP, including mor-
tality, was superior, with a pooled sensitivity of 92.4% (CI,
89 to 95) and specificity of 56.2% (CI, 43 to 69) in four
cohorts including 3,195 patients [11,49].

CURB-65

CURB-65 was studied in nine cohorts [21,24,25,27,40,42,
47,49,50] including a total of 5,773 patients and 479 ICU
admissions (8.3%). At the usual cut-off value of 3 or more,
pooled sensitivity was 56%, and specificity, 74%. The global
performance of CURB-65 to predict ICU admission was
similar to PSI with an AUC of 0.69 (Figure 3). Significant
heterogeneity was present. The performance of CURB-65
to predict the need for ventilation or vasopressors was stu-
died in three publications [10,28,50] including 2,951
patients, 264 requiring intensive treatment. Results were
similar, with a pooled sensitivity of 57.2% (CI, 37 to 75)
and specificity of 77.2% (CI, 73 to 81).
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CRB-65
CRB-65 is a simplified version of the CURB-65 including
only clinical predictors. Two studies [40,50] including
2,078 patients and 122 ICU patients (5.8%) calculated the
performance of CRB-65 to predict ICU admission. For a
threshold of 3 or more, pooled sensitivity was 34%, and
specificity, 91%.
CURB (original BTS rule)
Performance of CURB to predict ICU admission was stu-
died in four cohorts [24,25,32,38] totaling 1,418 patients
and 161 ICU admissions (12.1%). Pooled sensitivity of a
CURB score of 2 or more to predict ICU admission was
76.8%, and specificity, 68.6%. Significant heterogeneity was
observed.
ATS 2001
The original ATS criteria for severe CAP published in
1993 [7] included 10 criteria. Some of these criteria were
assessed at admission, and others, at any time during clini-
cal course, limiting their use as a prediction rule. A new
set of criteria was proposed by Ewig in 1998 [33] and
adopted by the ATS in 2001. This prediction rule consists
of two major (mechanical ventilation or shock) and three
minor criteria (blood pressure < 90 mm Hg at admission,
PaO,/FiO, < 250 mm Hg, and multilobar involvement on
chest radiograph). The prediction rule is considered posi-
tive in the presence of one major or two minor criteria.
We identified eight studies [5,22,24,32,33,39,40,45,49]
including a total number of 7,116 patients with 908 ICU
admissions (12.8%). The pooled sensitivity was 69.5%, and
specificity, 90.1%. Pooled AUC could not be calculated
because of insufficient data. Performance of the 2001 ATS
criteria in comparison with PSI and CURB-65 is illustrated
in Figure 4. A supplementary study [11] validated this rule
to predict a composite definition of SCAP (in-hospital
death, mechanical ventilation, or shock) in three cohorts
including 2,897 patients and 252 SCAP (8.7%). Pooled sen-
sitivity of the ATS 2001 criteria was 52.7%, and specificity,
95.1%. One study validated the use of the ATS 2001 minor
criteria on a cohort excluding patients with therapeutic
limitations or major criteria [50]. Sensitivity and specificity
of two or more minor criteria to predict ICU admission
were 47% and 91%.
ATS-IDSA 2007
A new prediction rule was proposed by the ATS and the
Infectious Disease Society of America (IDSA) in 2007.
This rule, known as the ATS-IDSA rule, consists of two
major (mechanical ventilation or shock) and nine minor
criteria (Figure 2). The rule is considered positive in the
presence of one major or three minor criteria. We found
five publications evaluating this rule [23,39,42,49,50].
Two studies, including 2,400 patients and 266 ICU
patients (11%), validated the original rule to predict ICU
admission [39,49]. Pooled sensitivity was 84%, and speci-
ficity, 78%.



Table 1 Main characteristics of included studies

Study first Year of Studied scores End point Prevalence  Uni- versus Prospective/ Ambulatory/  Number NTBR Major criteria
author publication end point multicentric  Retrospective  Hospitalized excluded
Ananda- 2008 PSI/CURB-65 ICU admission 10.50% Uni R H 408 Included n
Rajah
Angus 2002 PSI/ATS 2001/ATS 1993/URB ICU admission 12.70% Multi P H 1,339 Included n
Brown 2009 IDSA-ATS 2007/SMART-COP/CURB-65/SCAP [T in ICU/IT/ICU  12.35% Uni R A+H 2413 Excluded n
admission
Buising 2006 PSI/ATS 2001/CURB/CURB-65 ICU admission/  6.60% Uni p A+H 392 Included n
death or ICU
Buising 2007 PSI/CURB/CURB-65/CORB Vent/vaso ICU  6.30% Uni p A+H 330 Included n
Calbo 2004 PSI ICU admission  3.30% Uni p H 362 Included n
Capelastegui 2006 CURB-65 ICU admission 4.09% Uni R H 1,100 Included n
Chalmers 2008 CRB-65/CURB-65 Vent/vaso 10.20% Multi P A+H 1,007 Excluded n
Chalmers 2011 IDSA-ATS 2007/SMART-COP/CURB-65/SCAP/  Vent/vaso 6.4% Uni p H 1,062 Excluded vy
CURB/CRB-65/PSI, ATS 2001 minor ICU admission 7.6%
Charles 2008 SMART-COP/CURB-65/PSI Vent/vaso 10.30% Multi p A+H 882 Included n
Davis 2010 SMART-COP/SMARTACOP Vent/vaso 21.00% Uni p H 184 Excluded n
Escobar 2008 Abbreviated PSI ICU admission 12.30% Uni R H 6,147 Included n
Espana 2006 ATS 2001/PSI/CURB-65/SCAP Death, vent, or ~ 7.10% Uni P A+H 1,057 Included n
septic shock
Death, vent or ~ 5.90% Uni p A+H 719 Included n
septic shock
Death, ventor ~ 11.9% Multi R H 1,121 Included n
septic shock
Espana 2010 SCAP/PSI/CURB-65 ICU admission  NA Multi R H 712 Included n
Ewig 2000 PSI ICU admission 9% Uni p H 232 Included n
Ewig 2004 ATS 2001/PSI/CURB/CRB/URB/ ICU admission 16.70% Uni p H 696 Excluded n
Ewig 1998 ATS 1993/ATS 2001 ICU admission 16% Uni p H 332 Excluded n
Feagan 2000 PSI ICU admission 13.60% Multi r H 858 Included n
Frei 2004 SBP/pH/O, saturation/pulse ICU admission  17% Uni r H 782 Included n
Fukuyama 20m IDSA-ATS 2007/SMART-COP/CURB-65/SCAP/ ICU admission  7.6% Uni p H 505 Excluded n
PSI/A-DROP Death, vent, or ~ 11.9%
septic shock
Garcia-Vidal 2008 PSI Early death 2.3% Uni p H 2457 Included
Garau 2008 PSI ICU admission 5% Multi r H 3,233 Included n
Kamath 2003 CURB ICU admission  10% Uni p H 100 Excluded n
Lamy 2004 PSI ICU admission  14% Uni r H 152 Included n
Liapikou 2009 IDSA-ATS 2007/ATS 2001/PSI ICU admission 1% Uni H 2,102 Excluded n(y)
Man 2007 PSI/CURB-65/CRB-65/ATS 2001 ICU admission 4% Uni H 1,016 Included n
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Table 1 Main characteristics of included studies (Continued)

Marrie 2007 PSI/CURB-65 ICU admission 10% Multi 3,675 Included
Neill 1996 CURB Mortality and 119% Uni p H 251 Excluded
ICU
Phua 2009 PSI/CURB-65/IDSA-ATS 2007 ICU admission  15% Uni p H 1,017 Excluded
Putinati 2003 PSI ICU admission 10% Uni p H 229 Included
Renaud 2007 PSI ICU admission  3.70% Multi p H 566 Included
PSI ICU admission 10.50% Multi p H 761 Included
Renaud 2009 REA-ICU Early ICU 4.40% Multi p A+H 4593 Excluded
admission < 3
Restrepo 2008 PSI/ATS 2001 ICU admission 19.90% Multi r 730 Excluded
Riley 2004 ATS 2001/PSI ICU admission  23.69% Uni r 498 Excluded
Roson 2001 PSI ICU admission 8% Uni p 533 Included
Shah 2010 CURB-65/PSI ICU admission  23.30% Uni p A+H 150 Included
Van der 2004 PSI ICU admission  8.00% Uni p H 260 Included
Eerden

A, ambulatory; H, hospitalized; ICU, intensive care unit; IT, intensive treatment; P, prospective; R, retrospective; n, number; y, yes; NTBR, not to be resuscitated; Vent, ventilation; Vaso, vasopressor.
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Figure 2 Components of the main severity scores. Criteria used in the score appear as shaded areas. BP, blood pressure; HR, heart rate; RR,

Four studies [23,39,42,50] evaluated the performance of
the minor criteria in a total of 6,412 patients including
650 ICU patients (10.1%). Pooled sensitivity was 57%,
and specificity, 90%. Significant heterogeneity was pre-
sent. Performance of the 2007 ATS-IDSA rule in com-
parison with PSI and CURB-65 is illustrated in Figure 4.
SMART-COP
Charles et al. [10] developed a prediction rule based on
eight weighted criteria (see Additional File 1). This rule
was validated in five external cohorts of pneumonia
patients and further adapted and validated in two
cohorts [29,50]. Pooled sensitivity of SMART-COP to

predict the need for vasopressors or mechanical ventila-
tion was 79%, and specificity, 68%.

Two studies evaluated this rule to predict ICU admis-
sion [49,50], with a pooled sensitivity of 79% and specifi-
city of 64% on 1,567 patients including 112 ICU
admissions (7.1%).

SCAP score

Espana et al. [11] derived and validated a prediction rule
based on eight weighted criteria (see Additional File 1).
Pooled performance of this rule on three cohorts totaling
3,402 patients (SCAP, 9%) to predict a composite defini-
tion of SCAP (in-hospital death, mechanical ventilation,

Table 2 Operative characteristics of the principal scores to predict ICU admission at their usual cut-off (95% Cl)

Sensitivity Specificity NLR PLR DOR
PSI > 4 75.0 (71-78) 48.0 (44-52) 0.53 (0:46-0.6) 1.5 (14-1.6) 29 (24-3)
CURB-65 > 3 56.2 (41-70) 74.2 (68-79) 0.64 (0.51-0.79) 1(16-27) 36 (2.2-58)
CRB-65 > 3 34.2 (18-55) 90.6 (89-92) 0.72 (0.54-0.97) 6 (1.9-6.9) 50 (20-12.7)
CURB > 2 76.8 (48-92) 686 (53-81) 0.35 (0.18-0.70) 3 (1.9-2.7) 55 (3.7-82)
ATS 2001 69.5 (61-77) 90.1 (82-95) 0.37 (0.30-0.46) 3 (44-12.2) 246 (13.1-46.4)
ATS 2007 83.8 (48-97) 77.7 (46-93) 0.22 (0.08-0.66) 8 (1.7-86) 17.6 (13.1-24.1)
ATS 2007° 57.0 (46-68) 90.5 (84-95) 048 (0.38-0.6) 9 (3.8-9.3) 13.1 (7.7-22.3)
SCAP 93.8 (88-97) 45.6 (27-66) 0.13 (0.06-0.26) 8 (1.2-26) 149 (6.7-33.1)
SMART-COP 79.0 (69-87) 64.2 (30-66) 0.15 (0.03-0.91) 6 (1.3-5.3) 149 (8.6-257)

DOR, diagnostic odds ratio; NLR, negative likelihood ratio; PLR, positive likelihood ratio. *Minor criteria.
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Figure 4 Pooled discriminative performance of the principal
scores for severe CAP compared with Pneumonia Severity
Index (PSI) and CURB-65 ROC curve.

or shock) was 92% (0.83 to 0.97) for sensitivity and 64%
(0.5 to 0.76) for specificity.

Pooled performance of the SCAP score to predict ICU
admission in two recent cohorts [49,50] was similar in
terms of sensitivity (94%) but lower regarding specificity
(46%)

Other scores
Renaud et al. [12] proposed a prediction rule (REA-ICU
index) based on 11 predictors (see Additional File 1).
This rule was derived to predict early ICU admission
(day 1 to day 3), excluding patients with an obvious ICU
indication at admission and patients with therapeutic
limitations (not to be resuscitated, NTBR order) and vali-
dated on four North American and European prospective
multicenter cohorts including 6,560 patients. AUC was
0.81 (CI, 0.78 to 0.83) on the overall population.

An abbreviated version of the PSI was tested on an
administrative database [30], and some authors proposed
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to modify the CURB rule to include an oxygenation para-
meter [25] (CORB). These scores have not been validated
in other cohorts.

Quality assessment and sources of heterogeneity
We completed quality assessment according to the cri-
teria developed by Hayden et al. [14].

Nine studies were considered good (scores > 11); 23,
moderate (9 to 10); and four poor (< 8) quality (see
Additional file 3). Important differences were observed
in terms of design, populations, and ICU admission
rates. Twenty-nine studies included only hospitalized
patients, and seven included both hospitalized and
ambulatory patients. Patients with therapeutic limita-
tions (NTBR order) were excluded in 15 of 36 studies,
and patients with an obvious indication for ICU, in
three [12,42,47]. ICU admission rate varied from 3.3%
[26] to 23.9% [45], and receipt of intensive treatment in
the ICU was highly variable (16% to 100% [25,33]).
When multiple measures of the same variable were
available, as for vital signs, the measure introduced into
the prediction rule was the first available one in four
studies, the most abnormal one in five, and not specified
in the majority of studies.

We performed an analysis to identify sources of hetero-
geneity for the only score (PSI) evaluated in at least 10
studies. Analyses did not reveal any significant factor of
heterogeneity for sensitivity. Three factors influenced
specificity: inclusion of NTBR patients decreased specifi-
city; studies of good quality or high prevalence (= 15%)
showed higher specificity. Nevertheless, the NTBR factor
is highly correlated with the quality of the study (the
NTBR patients were more frequently excluded in high-
quality studies) and the prevalence (NTBR patients were
more frequently excluded in studies with a high preva-
lence). NTBR exclusion is suspected to be the main fac-
tor explaining the heterogeneity observed in the
specificity. The association between specificity and preva-
lence or quality may be caused by the correlation with
NTBR exclusion.

Sensitivity analysis showed that the conclusions of the
meta-analyses were robust and not caused by a single
study. Sensitivity and specificity did not vary by more
than 10%, except for CURB score: the study by Ewig [32]
has a lower sensitivity and higher specificity than do
other studies, but only four studies were included in this
analysis.

Discussion

In this systematic review of clinical prediction rules to
predict severe CAP, PSI and CURB-65 have similar per-
formances to identify patients requiring ICU admission.
A PSI score of 4 or more is more sensitive (75% versus
56%) but less specific (47% versus 74%) than a CURB-65
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score of 3 or more. These two scores, derived and vali-
dated to predict 30-day mortality, perform poorly to pre-
dict ICU admission, with an estimated AUC of 0.69. This
performance is inferior to their original application: AUC
for prediction of 30-day mortality was 0.80 in a recent
systematic review [53].

Some explanations are available for this difference.
These prediction rules, and especially the PSI, are heavily
weighted by comorbidities and age and tend to consider
as severe, patients in whom CAP is a terminal event.
In many cohorts, the mortality rate is higher than the
ICU admission rate, suggesting that an important pro-
portion of patients with CAP die without being consid-
ered for ICU admission [21,39]. Age, a major component
of these scores, is often negatively associated with ICU
admission or intensive treatment [12,25,41] Exclusion of
patients with therapeutic limitations may improve the
specificity of these scores for ICU admission. In our het-
erogeneity analysis, PSI specificity increased from 45% to
56% when studies including NTBR patients were
excluded (P = 0.008).

A new generation of scores, specifically developed to
predict ICU admission, focuses on the severity of the
pneumonia itself rather than on age and comorbid con-
ditions. Overall, the performance of these scores seems
superior to that of the PSI or CURB-65, particularly
regarding specificity (90.1% and 90.5% for the ATS 2001
score and ATS/IDSA 2007 minor criteria versus 48.0%
and 74.2% for PSI and CURB-65).

When considering scores derived over time, secular
trends must be considered. Use of noninvasive ventilation
(NIV) for severe CAP has increased over the last decade.
This might have changed the proportion of patients
receiving invasive mechanical ventilation. However, NIV
was explicitly included in the definition of mechanical
ventilation in most studies using that end point
[10,25,29]. As the efficacy of NIV in alleviating respira-
tory failure for CAP patients is still debated, NIV is unli-
kely to have induced a major bias in the performance of
the prediction rules over time. Furthermore, the principal
scores (SCAP rule, SMART-COP, ATS 2007, and REA-
ICU) have been proposed recently, at a time during
which NIV for respiratory failure was routinely used.

Inclusion of major criteria in the ATS rules (mechani-
cal ventilation and shock) improves their diagnostic per-
formance but is not useful clinically, because these
patients have an obvious indication for ICU admission.
However, use of the minor criteria only does not seem
to reduce the specificity of the ATS/IDSA 2007 score, as
suggested by our results, with a pooled specificity of
90.5%. In a recent prospective cohort excluding patients
with major criteria or therapeutic limitations, ATS-IDSA
minor criteria had an AUC of 0.85 to predict ICU
admission [50].
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SMART-COP, REA-ICU, and SCAP scores seem to
have operative characteristics similar to the ATS minor
criteria but are less extensively validated. Also, confi-
dence intervals are wide, and the use of different defini-
tions of severe CAP limits comparison. Not surprisingly,
these prediction rules share an important proportion of
their predictive variables, as illustrated in Figure 2. Use
of these three rules is more difficult than that of the
ATS minor criteria, because of the weighting of the dif-
ferent predictive factors and the use of age-adjusted cut-
offs.

Although the new generation of scores seems to have
enhanced operative characteristics to predict ICU
admission, their clinical utility is still debated. With a
10% prevalence of severe CAP and 57% sensitivity, even
a specificity of 91% (as reached by the ATS-IDSA 2007
minor criteria) will lead to a positive predictive value of
only 41%, leading to an important overuse of ICU
resources. High negative predictive value is the most
consistent finding among the different studies, suggest-
ing that these scores could be more relevant to exclude
the presence of a severe CAP than to aid in performing
triage in patients for ICU admission. However, this high
negative predictive value is mainly due to the low preva-
lence of severe patients. With a pooled sensitivity of
57%, the ATS-IDSA 2007 minor criteria would fail to
identify almost one half of the patients with severe CAP,
an unacceptably high proportion.

CAP is a complex and evolving inflammatory disease
and critical clinical deterioration can result from various
processes: respiratory failure, circulatory failure, destabili-
zation of a preexisting comorbidity, appropriateness of
initial antibiotic therapy, or hospital-acquired illnesses. It
is not surprising that no single clinical rule has sufficient
operating characteristics to be useful in this wide spec-
trum of evolution profiles.

The new generation of clinical prediction rules focuses
on the early detection of respiratory and circulatory fail-
ure. Inclusion of various biomarkers such as procalcito-
nin [54], endothelin-1 [55], co-peptin [56], pro-atrial
natriuretic peptide [57,58], or adrenomedullin [59] is
hoped to improve this detection. Nevertheless, these bio-
markers will probably fail to predict clinical deterioration
due to hospital-acquired complications or decompen-
sated comorbidities. It is even dubious whether they will
detect circulatory or respiratory failure in patients
admitted in the very early course of their disease.

In our view, rather than a definitive response to severity
assessment, clinical prediction rules in patients with CAP
should be considered an aid to clinical judgment particu-
larly useful for less-experienced clinicians. Some of the
included variables are consistently associated with a grim
evolution, and their identification in an individual patient
should alert for this possibility and trigger its timely
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reassessment and a thorough evaluation for intensive
care or high-dependency-unit admission.

Strengths

Our review incorporates the most recent published stu-
dies and updates the systematic review by Chalmers
et al. [60]. We also used somewhat different inclusion
criteria and data analysis. We did not include subgroups
of patients based on age or pathogen, leading to the
noninclusion of three studies [61-63]. Among the 40
studies included in the two systematic reviews, 24 were
included in both, 12 in our work only, and four in the
study by Chalmers et al. only. We decided against
aggregating different definitions of SCAP, in an attempt
to limit heterogeneity, and computed the performances
of the prediction rules for the different definitions of
SCAP. We included large recent studies [49,50] and
could estimate the pooled performance of the more-
recent prediction rules, SMART-COP and SCAP score.
This allows direct comparison between recent prediction
rules. Although included studies differed partially
between our systematic review and that by Chalmers et
al., our final results are very similar, mutually strength-
ening their validity.

Limitations

An important limitation of systematic reviews is their
dependence on the quality of the included studies.
Although the majority of included studies were consid-
ered of good or moderate quality, several pitfalls remain
in the prediction of severe CAP. First, as already dis-
cussed, two biases are highly prevalent in these studies:
inclusion in the studied population of patients not at
risk for ICU admission (patients with therapeutic limita-
tions); and use as a predictor of a surrogate of the out-
come (use of mechanical ventilation and vasopressors,
which are universally delivered only in an intensive or
intermediate care unit).

Second, no universally accepted definition exists of
severe CAP. The most frequently used proxy, ICU
admission, is heavily influenced by ICU beds availability,
local ICU admission policy, or subjectivity of the ICU
specialist’s evaluation. Use of a subjective decision such
as ICU admission as a gold standard might lead to cir-
cular reasoning, because a perfect rule would be the one
fitting usual practice. However, alternative definitions of
SCAP, such as receipt of intensive treatment, do not
seem to modify importantly operative characteristics of
the prediction rules [23].

Third, definition of a “false positive” ICU admission is
unclear: some patients might benefit from ICU admis-
sion even if they are not receiving vasopressors or
mechanical ventilation (for example, through better fluid
resuscitation).
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Fourth, some of the studied rules have been fully
incorporated in expert society recommendations. This
might lead to contamination of ICU admission practices,
further leading to an overestimation of their accuracy.

Finally, major heterogeneity was present among
included studies, limiting the validity of the meta-
analysis.

Conclusions

PSI and CURB-65 do not have sufficient operating char-
acteristics to be useful for making ICU triage decisions
in severe CAP. Newer rules, specifically conceived to aid
in identifying severe CAP, perform better but still have
insufficient test characteristics to be a major help in
everyday decisions. Recent clinical prediction rules
should be considered an aid to clinical judgment to
guide ICU admission in CAP patients. Clinical trials
evaluating this issue should exclude patients who are
not candidates for ICU admission and predicting factors
that make ICU admission mandatory. Inclusion of new
biomarkers, dynamic reassessment of the severity scores,
and impact studies evaluating their use would deserve
evaluation in future clinical research.

Key messages

« Identification of severe community-acquired pneu-
monia (SCAP) should allow admission of patients at
the appropriate level of care.

« Traditional severity scores, the PSI and CURB 65,
perform poorly to identify patients requiring ICU
admission.

+ New dedicated scores have better operative charac-
teristics and could be useful adjuncts to clinical
judgment.

Additional material

Additional file 1: Definition of the different scores. This file contains
the detailed components and cut-offs values of the different prediction
rules (PSI, CURB-65, ATS-2001, IDSA/ATS 2007, SCAP score, SMART-COP,
and REA-ICU).

Additional file 2: Forrest plots of sensitivity/specificity of the
different scores to predict ICU admission. This file contains the Forrest
plots of the eight meta-analyzed scores (PSI, CURB-65, CURB, CRB-65,
SMART-COP, SCAP score, ATS-2001, and IDSA/ATS 2007) for the outcome
ICU admission.

Additional file 3: Study quality assessment. Global and detailed
quality assessment for each included study is provided in this file.
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community-acquired pneumonia; CURB: confusion, urea, respiratory rate,
blood pressure; ICU: intensive care unit; IDSA: Infectious Disease Society of
America; NIV: noninvasive ventilation; NTBR: not-to-be resuscitated; PSI:
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severe community-acquired pneumonia; SMART-COP: systolic blood
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Conclusions et perspectives

L’évaluation de la sévérité est un point crucial dans la prise en charge des patients

avec PAC. Cette évaluation est déterminante en termes de sécurité et d’utilisation

adéquate des ressources. Par ailleurs, les examens complémentaires recommandés

ainsi que le type d’antibiothérapie préconisé varient également selon les différentes

classes de sévérité. (cf tableau 3)

Type de prise en
charge

Ambulatoire

Hospitaliere

Soins intensifs

Diagnostic

Symptémes
Infiltrat Radiologique

Hémocultures
Culture expectorations

Hémocultures avant TTT
Aspirats bronchiques
Recherche urinaire Legionella
et S. pneumoniae

Lavage broncho-alvéolaire
Sérologies (Legionella,
S.Pneumonia, influenza)

Traitement
empirique

Macrolide/
doxycycline

B-lactame + macrolide
Ou
Quinolone respiratoire

B-lactame + Azythromycine
Ou

Quinolone respiratoire

Envisager de couvrir le

Pseudomonas

Tableau 3. Recommandations de la société américaine des maladies infectieuses et

de la société thoracique américaine [19]

Concernant la décision de I'admission a I’'h6pital des patients avec PAC, le bénéfice de

I"utilisation du PSI est bien établi. En ce qui concerne la prédiction de I'admission aux
soins intensifs, neuf scores distincts, le PSI, le CURB-65, le CRB-65, le CURB, le score
de I’ATS 2001, le score 2007 de I’ATS-IDSA, le score SCAP, le SMART-COP et le REA-
ICU ont fait I'objet d’une validation satisfaisante, dans au moins une cohorte distincte

de leur cohorte de dérivation. En revanche, aucune de ces regles de prédiction n’a

fait 'objet d’études d’'implémentation. Les résultats détaillés de notre méta-analyse

pour I'issue admission aux soins intensifs sont disponibles dans I'annexe 2.
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Notre travail a permis de mettre en évidence la supériorité des regles de prédiction
récentes par rapports au PSl et au CURB-65 comme l'illustre la figure 3.

1.0

o
_____

08
|

0.6
I

— Ps
===+ CURB-65

Sensitivity

04

CRB-65

CURB

ATS-2001

ATS-2007 Minor criteria
ATS-2007 Major criteria
SMART-COP

SCAP

X e PpEE >

0.0
I

T T T T T T
0.0 0.2 04 086 08 1.0

1 - Specificity

Figure 3: Performances des principaux scores pour I'issue admission aux soins
intensifs par rapport a la courbe ROC du PSI et CURB-65

Parmi ces scores, les regles de prédiction développées par I’American Thoracic
Society semblent avoir les meilleures capacités discriminatives. Néanmoins, leurs
performances sont artificiellement améliorées par I'utilisation de criteres majeurs tels
gue le recours a une ventilation invasive ou a un traitement vasopresseur qui sont
des indications évidentes et universellement reconnues a une admission aux soins
intensifs.

A l'opposé, certains auteurs [32]ont choisi d’exclure les patients avec critéres majeurs
de leurs cohortes, afin de pouvoir appliquer leur regle de prédiction a des patients
pour lesquels I'indication aux soins intensifs est réellement indécise.

Ces différences de population, telles que I'inclusion de patients avec critéres majeurs
de sévérité ou avec des restrictions thérapeutiques, limitent la comparaison des
performances entre les différentes regles de prédiction.

Enfin, La limite majeure de cette littérature est 'utilisation, dans la majorité des
études, d’une pratique habituelle (I'admission aux soins intensifs) comme définition
de référence de la pneumonie sévere. Ainsi, il n’est actuellement pas possible
d’exclure que la sensibilité imparfaite de ces regles de prédiction ne résulte de
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patients inutilement admis aux soins intensifs dans la pratique clinique. L'utilisation
d’une telle définition de référence comporte un risque de raisonnement circulaire
dans lequel une regle de décision aux caractéristiques diagnostiques parfaites
n’aurait par définition aucun impact sur la pratique.

A notre avis, les recherches futures devraient prendre en considération les points
suivants :

- Focalisation de la question de recherche sur la population d’intérét : les
patients avec PAC sans criteéres majeurs de sévérité et susceptibles d’étre
admis aux soins intensifs ;

- Utilisation d’une définition de référence la plus objective possible : recours
effectif a un traitement intensif plutét que I'admission en réanimation ;

- Etudes d’implémentation afin de mesurer I'impact réel de |'utilisation de ces
régles de prédiction ;

- Inclusion de nouveaux bio-marqueurs, et évaluation de l'utilisation dynamique

des scores de prédiction dans le but d’optimiser leur performance
diagnostique.
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ANNEXES

1. Définition des différents scores

I. Pneumonia Severity Index (PSI)

Facteur de risque Points attribués

Démographiques

Hommes Age (Années)

Femmes Age (Années) -10

Comorbidités

Patient institutionnalisé +10
Néoplasie +30
Maladie hépatique +20
Insuffisance cardiaque +10
Antécédent d’AVC +10
Insuffisance rénale +10

Examen clinique

Confusion +20
Tachypnée > 30 par minute +20
Pression artérielle systolique < 90 mmHg +20
Température <35 °Cou=40°C +15
Tachycardie >125 par minute +10

Laboratoire et radiographie

PH artériel < 7.35 +30
Urée >30mg/dl +20
Sodium < 130 mmol /L +20
Glucose > 250 mg / dL +10
Hématocrite <30 % +10
Pa02 < 60 mmHg +10
Epanchement pleural +10

Total des points

Considérer une admission aux soins intensifs pour les patients avec un PSI > 91 (Classe > IV)




Il. CURB-65 /CRB65/CURB

Prédicteur Points attribués
Confusion 1
Urée> 7mmol/I 1
Frégquence Respiratoire > 30/min 1
Pression artérielle systolique < 90 mmHg ou 1

(Blood pressure )

Pression artérielle diastolique < 60 mmHg

Age > 65 ans 1

Considérer une admission aux soins intensifs pour les patients avec un CURB65 >3. Le CRB65 et le
CURB sont des versions simplifiées du CURB-65. Considérer une admission aux soins intensifs pour

les patients avec un CURB ou un CRB-65 >2.

Ill. Critéres de I’ATS 2001

CRITERES MAJEURS

- Nécessité d’'une ventilation mécanique

- Choc septique
CRITERES MINEURS

- Pression artérielle systoligue <90mmHg
- Infiltrat multilobaire a la radiographie thoracique
- Pa02/Fi02 <250 mmHg

L’admission aux soins intensifs est recommandée en présence d’un critere majeur ou 2 critéres

mineurs.




IV. Critéres de ’ATS-IDSA 2007
CRITERES MAJEURS

- Nécessité d’une ventilation mécanique

- Choc septique
CRITERES MINEURS

- Fréquence respiratoire > 30/minute

- Pa02/Fi02 <250mmHg

- Infiltrats multilobaires a la radio du thorax
- Confusion/désorientation

- Urée >20mg/dl (7 mmol/ L)

- Leucocytes <4000 /mm?

- Thrombocytes <100,000 /mm?

- Hypothermie (température <36 degrés C)

- Hypotension nécessitant un remplissage volémique

L’admission aux soins intensifs est recommandée en présence d’un critéere majeur ou 3 critéres

mineurs.
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V. SMART-COP

Prédicteur Points attribués
Pression artérielle Systoligue <90 mmHg 2
Infiltrat Multilobaire 1
Albumine <35g/I 1
Fréquence Respiratoire 1

- Age<50ans=>25/mn
- Age>50ans=>30/mn

Tachycardie > 125/min 1
Confusion 1
Oxygénation 2

- Age <50 ans =Pa02 <70mmHg ou
Sat.0,<93%

- Age >50 ans = Pa02 <60mmHg ou
Sat.0, sat <90%

PH <7.35 (artériel) 2

L’admission aux soins intensifs est recommandée pour les patients avec un score > 5 points.




VI. Score SCAP (ou CURXO 80)

Prédicteur

Points attribués

PH artériel <7.30 13
Pression artérielle < 90mmHg 11
Frégquence respiratoire > 30 /min 9
Altération du status mental 5
Urée> 30 mg/dL 5
Pa02 <54 mmHg ou 6
Pa02 /Fi02 < 250 mmHg

Age > 80 ans 5
Infiltrat multilobaire ou bilatéral 5

Considérer I'admission aux soins intensifs en présence d’un score > 10
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VIl. Index REA-ICU

Prédicteur

Points attribués

Sexe masculin 1
Comorbidités 1
Fréquence Respiratoire > 30/min 1
Leucocytes <3 or > 20 G/L 1
Fréquence cardiaque> 125/min 1
Age <80 ans 1
Infiltrats multilobaires ou épanchement pleural 2
Saturation de I'O2 <90% ou Pa0, <60mmHg 2
PH artériel <7.35 2
Urée > 11mmol/L 2
Sodium < 130 mmol/L 3

Cette régle a été dérivée et validée pour prédire I'admission précoce aux soins intensifs ( < 3jours).

Aucune valeur seuil n’a été proposée. Les patients avec un score de 7a 8 points ont un risque

d’admission précoce aux soins intensifs de 11-12.25%, les patients avec un score > 9 points ont un

risque estimé d’admission précoce aux soins intensifs de 27.1 a 32.4%.
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2. Forest Plots des sensibilités et spécificités pour I'issue admission aux soins intensifs dans

notre méta-analyse

Figure 1: Sensibilité d’un PSI >4 pour prédire I'admission aux soins intensifs

Study Events Total Proportion 95%-Cl1 W{random)
Ananda-Rajah 2008 ary 43 & 0.86 [0.72; 0.95] 2.7%
Angus 2002 124 170 — = 0.73 [0.66; 0.79] T.2%
Buising 2006 22 26 e 0.85 [0.65; 0.96] 2.0%
Buising 2007 20 26 e 077 [0.56;,0.91] 2.5%
Calbo 2004 12 15 080 [0.52; 0.96] 1.5%
Ewig 2004 75 30 e 083 [0.74;, 0.90] 4.5%
Feagan 2000 35 114 — i 077 [0.68;, 0.85] 5.0%
Garau 2008 106 162 — 0865 [0.58, 0.73] T.4%
liapikou 2009 182 232 - 078 [0.73, 084] T.5%
Man 2007 28 41 —_— 0868 [0.52, 082] 3.9%
Marrie 2007 274 374 - 073 [068 0.78] 3.6%
Fhua 2009 113 156 = 072 [0.65 0.79] T.0%
Futinati 2003 18 24 - 075 [0.53, 0.90] 2.5%
Renaud 2007 13 21 062 [0.38 082] 2.6%
Renaud 2007 51 30 — 076 [0.65 0.85] 5.2%
Restrepo 2008 102 145 — =t 070 [062 078] T.0%
Riley 2004 55 39 — 056 [045 066] 5 5%
Roson 2001 as 44 — 0.80 [0.65; 0.90] 3.4%
Shah 2010 as 35 e 1.00 [0.90;1.00] 0.0%
Wan der Eerden 2004 19 22 —_— 086 [0.65 0.97] 1.6%
Chalmers 2011 B3 31 — 0.78 [0.67; 0.86] 5.1%
Ewig 2000 18 21 e 086 [0.64; 0.97] 1.6%
Fukuyama 2011 29 31 e 084  [0.79; 0.99] 1.2%
Larmy 2004 15 21 0.71 [048; 0.89] 2.4%
Random effects model 2073 = 0.75 [0.71;0.78] 100%

Heterogeneity: Isquared=>57.6%, tau-squared=0.0704, p=>0.00719 :
[ ! I I I I 1

04 05 06 07 08 09 1
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Figure 2: Spécificité d’un PSI >4 pour prédire 'admission aux soins intensifs
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Figure 3: Sensibilité d’'un CURB-65 > 3 pour prédire I'admission aux soins intensifs
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Figure 4: Spécificité d’'un CURB-65 > 3 pour prédire I'admission aux soins intensifs
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Figure 5: Sensibilité d’'un CRB-65 2 3 pour prédire I'admission aux soins intensifs
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Figure 6: Spécificité d’'un CRB-65 2> 3 pour prédire I'admission aux soins intensifs

Study Events Total Proportion
hdan 2007 880 975 0.90
Chalmers 2011 893 981 ; 091
Random effects model 1956 —i:——;— 0.91

Heterogeneity: I-squared=0%, tau-squared=0, p=0.5572 :
[ I I |

0ss 0% 091 082
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Figure 7: Sensibilité d’'un CURB 2 2 pour prédire I'admission aux soins intensifs

Study Events Total Propottion
Buising 2006 22 26 ——'— 0.85
Buising 2007 24 2T — 089
Ewig 2004 47 98 ——— 048
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Figure 8: Spécificité d’'un CURB 2 2 pour prédire I'admission aux soins intensifs

Study Events Total

BEuising 2006 206 3/ ————

Buising 2007 181 307 —————

Ewig 2004 409 494 —
Kamath 2003 55 30 —
Random effects model 1257 —'f——__————————'—

Heterogeneity: lsquared=906.3%, tau-squared=0.4387, p<0.0007
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Figure 9: Sensibilité du score de I’ATS 2001 pour prédire I'admission aux soins intensifs
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Figure 10: Spécificité du score de I’ATS 2001 pour prédire I’admission aux soins intensifs

Study Events Total Proportion
Angus 2002 246 1169 - 072
Euising 2006 320 366 T 0&7y
Ewig 2004 568 580 = 098
Ewig 1998 268 284 . 0.94
liapikou 2009 1680 1867 080
Man 2007 576 97h —— 5 059
Restrepo 2008 h48 5854 ) 0.94
Riley 2004 aga 382 P 085
Random effects model 6208 *il} 0.90
Heterogeneity: Isquared=98.9%, tau-squared=1.063, p<0.0007 :
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Figure 11: Sensibilité du score de I’ATS 2007 pour prédire I'admission aux soins intensifs

Study Events Total Propotrtion
liapikou 2009 1687 235 ———— 0.71
Fukuyama 2011 29 31 0.94
Random effects model =00 084
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Figure 12: Spécificité du score de I’ATS 2007 pour prédire I'admission aux soins intensifs

Study Events Total Proportion
liapikou 2009 1637 1867 - 0.55
Fukiyama 2011 188 267 — 063
Random effects model 2o

Heterogeneity: I-squared=99%, tau-squared=1.01T7, p<0.0007
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Figure 13: Sensibilité des criteres mineurs de I’ATS 2007 pour prédire I'admission aux soins
intensifs (=3 criteres mineurs)

Study Events Total Proportion 95%-Cl W(random)
Brown 20089 161 298 —'—— 054 [048 080] 27 5%
liapikou 2009 47 M5 ——— | 041 [0.32,050] 24.8%
FPhua 2009 91 156 — e 058 [0.50; 066] 2589%
Chalmers 2011 £ a1 — = 075 [064 034] 21.8%
Random effects model 650 -i:—————- 057 [0.46;0868] 100%

Heterogenaity: I-squared=86.6%, tau-squared=0.1875, p<0.0007 |
[ I ! I 1

o4 05 06 07 08
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Figure 14: Spécificité des criteres mineurs de I’ATS 2007 pour prédire I'admission aux soins
intensifs (>3 critéres mineurs)

Study Events Total Proportion 85%-Cl W{random)
Erowyn 20093 2009 2115 - 095 [0.84 098] 25.0%
liapikou 2009 1637 1805 — - 091 [0.89 092] 252%
Fhua 20089 T80 861 — 091 [0.88, 092] 24 7%
Chalmers 2011 806 931 ——+——— 082 [0.80,0.85] 25.2%
Random effects model 5762 — 050 [0.84;0.94] 100%
Heterogeneity: I-squared=97.5%, tau-squared=0.345, p<0.0007 :
I T T 1
03 085 09 095
Fropaortion
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Figure 15: Sensibilité du score SMART-COP pour prédire I'admission aux soins intensifs

Study Events Total Proportion 95%-Cl Wirandom)
Chalmers 2011 64 81 079 [0B9 087] 100%
Fukuyama 2011 N 21 — 100 [0.89;1.00] 0%
Random effects model 112 —-{__FF 0.79 [0.69;0.87] 100%

Heterogeneity: -squared=0%:, tau-squared=0, p=1 :
[ I I I I I I

07 075 08085 09 0985 1
Proportion

Figure 16: Spécificité du score SMART-COP pour prédire I’admission aux soins intensifs

Study Events Total Proportion 95%-Cl Wirandom)
Chalmers 2011 775 981 = B 079 [0.76,0.82] 50.2%
Fukuyama 2011 123 267 ——+— 046 [040,052] 49.8%
Random effects model —tea— 0.64 [0.30;0.88] 100%

Heterogeneity: l-squared=99%, tau-squared=1.089, p<0.0001
[ I I I

04 05 06 07 08
Proportion

Figure 17: Sensibilité du score SCAP pour prédire I'admission aux soins intensifs

Study Events Total Proportion 95%-Cl W{random)
Chalmers 2011 76 81 094 [0.86,0.98] 715%
Fukuyama 2011 29 3 094 [0.79 0.99] 255%
Random effects model 112 —-=——_——:} 094 [0.87;0.97] 100%

Heterogeneity: l-squared=0%, tau-squared=0, p=0.9565
[

| :|
08 085 09 085
Proportion
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Figure 18: Spécificité du score SCAP pour prédire I'admission aux soins intensifs

Study Events Total Proportion
Chalmers 2011 549 981 — e 056
Fukuyama 2011 94 267 ———r | 035
Random effects model 1243‘=:::—_::=— 0.46

Heterogeneity: l-squared=97.2%, tau-squared=0.3507, p<0.0007
[ l T T |

03 035 04 045 05 055
Proportion

95%-C| W{random)

[0.53; 059
[0.29 0.41]

[0.27; 0.66]

50.9%
49.1%

100%
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3. Evaluation qualitative des études

Study Participation Attrition Prognostic Outcome Confounding Analysis Quality
factor measurement | measurement score
measurement (total)
Ananda-Rajah 2 1 1 2 1 2 9
2008
Angus 2002 2 2 2 2 1 2 11
Brown 2009 2 2 1 2 1 1 9
Buising 2006 2 2 2 2 2 2 12
Buising 2007 1 2 2 2 1 2 10
Calbo 2004 1 2 1 1 1 2 8
Capelastegui 2 2 1 2 1 2 10
2006
Chalmers 2008 2 2 1 1 2 2 10
Chalmers 2011 2 2 1 2 2 2 11
Charles 2008 2 2 2 1 2 2 11
Davis 2010 1 2 2 1 2 2 10
Escobar 2008 1 2 1 1 1 2 8
Espana 2006 2 2 1 1 1 2 9
Espana 2010 2 2 1 1 1 1 8
Ewig 2000 2 2 1 2 1 2 11
Ewig 2004 2 2 2 2 1 2 11
Ewig 1998 2 2 1 2 1 2 10
Feagan 2000 2 2 1 2 1 2 10
Frei 2004 2 2 1 2 1 2 10
Fukuyama 2011 2 2 1 2 1 2 10
Garau 2008 2 2 1 2 1 2 10
Garcia-Vidal 2008 | 2 2 1 1 1 2 10
Kamath 2003 1 2 1 2 1 2 9
Lamy 2004 1 2 1 2 1 1 8
liapikou 2009 2 2 1 2 1 2 10
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Man 2007 2 2 2 2 10
Marrie 2007 2 2 2 2 10
Neill 1996 2 2 1 2 9
Phua 2009 2 2 2 2 11
Putinati 2003 2 2 1 2 9
Renaud 2007 2 2 2 2 10
Renaud 2009 2 2 2 2 10
Restrepo 2008 2 2 2 1 9
Riley 2004 2 2 2 2 11
Shah 2010 1 2 2 2 9
Shin 2007 2 2 1 2 10
Van der Eerden 2 2 2 2 11

2004
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