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Clinical outcomes of health-care-associated infections and
antimicrobial resistance in patients admitted to European
intensive-care units: a cohort study

Marie-Laurence Lambert, Carl Suetens, Anne Savey, Mercedes Palomar, Michael Hiesmayr, Ingrid Morales, Antonella Agodi, Uwe Frank,
Karl Mertens, Martin Schumacher, Martin Wolkewitz

Summary

Background Patients admitted to intensive-care units are at high risk of health-care-associated infections, and many
are caused by antimicrobial-resistant pathogens. We aimed to assess excess mortality and length of stay in intensive-
care units from bloodstream infections and pneumonia.

Methods We analysed data collected prospectively from intensive-care units that reported according to the European
standard protocol for surveillance of health-care-associated infections. We focused on the most frequent causative
microorganisms. Resistance was defined as resistance to ceftazidime (Acinetobacter baumannii or Pseudomonas
aeruginosa), third-generation cephalosporins (Escherichia coli), and oxacillin (Staphylococcus aureus). We defined
20 different exposures according to infection site, microorganism, and resistance status. For every exposure, we
compared outcomes between patients exposed and unexposed by use of time-dependent regression modelling. We
adjusted results for patients’ characteristics and time-dependency of the exposure.

Findings We obtained data for 119 699 patients who were admitted for more than 2 days to 537 intensive-care units in ten
countries between Jan 1, 2005, and Dec 31, 2008. Excess risk of death (hazard ratio) for pneumonia in the fully adjusted
model ranged from 1-7 (95% CI 1-4-1-9) for drug-sensitive S aureusto 3-5 (2-9—4-2) for drug-resistant P aeruginosa. For
bloodstream infections, the excess risk ranged from 2-1 (1-6-2-6) for drug-sensitive S aureus to 4-0 (2-7-5-8) for drug-
resistant P aeruginosa. Risk of death associated with antimicrobial resistance (ie, additional risk of death to that of the
infection) was 1-2 (1-1-1-4) for pneumonia and 1-2 (0-9-1-5) for bloodstream infections for a combination of all four
microorganisms, and was highest for S aureus (pneumonia 1-3 [1-0-1-6], bloodstream infections 1-6 [1-1-2-3]).
Antimicrobial resistance did not significantly increase length of stay; the hazard ratio for discharge, dead or alive, for
sensitive microorganisms compared with resistant microorganisms (all four combined) was 1-05 (0-97-1-13) for
pneumonia and 1-02 (0-98-1-17) for bloodstream infections. P aeruginosa had the highest burden of health-care-acquired
infections because of its high prevalence and pathogenicity of both its drug-sensitive and drug-resistant strains.

Interpretation Health-care-associated bloodstream infections and pneumonia greatly increase mortality and
pneumonia increase length of stay in intensive-care units; the additional effect of the most common antimicrobial
resistance patterns is comparatively low.
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Figure: Excess length of stay (days) in intensive-care units related to pneumonia and bloodstream infections (all four microorganisms combined)

(A) Exposure is pneumonia with drug-sensitive microorganisms. (B) Exposure is pneumonia with drug-resistant microorganisms. (C) Exposure is bloodstream
infection with drug-sensitive microorganisms. (D) Exposure is bloodstream infection with drug-resistant microorganisms. Weights were calculated by the
distribution of time until group membership (not exposed vs exposed) became definite, and show the contribution of events occurring at the corresponding time to
the overall estimate (in days, see tables 4 and 5). The difference between the two lines does not depend on the weights. ICU=intensive-care unit.
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Semirecumbent Position
86 patients randomized (Drakulovic, Lancet 1999,354 ,
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Supine| SR P
. Clinical 34% 8% 0.003
pneumonia
. Microbiological | 239, 59, 0.01
pneumonia

Only independent factor : supine position : OR=5.7, C1 95% : 1.1. — 39.9
Under - used in clinical practice (Cook, CCM 2002)

CDC : level ll

European consensus : supine position must be avoided (Hubmayer,
ICM 2002)



Feasibility and effects of the semirecumbent position to prevent
ventilator-associated pneumonia: A randomized study*

Christianne A. van Nieuwenhoven, MD: Christine Vandenbroucke- Grauls, PhD; Frank H. van Tiel, PhD:;
Hans C. A. Joore, MD; Rob J. M. Strack van Schijndel, MD; Ingeborg van der Tweel, PhD;

Graham Ramsay, PhD; Marc J. M. Bonten, PhD

Context: Reducing aspiration of gastric contents by placing
mechanically ventilated patients in a semirecumbent position has
been associated with lower incidences of ventilator-associated
pneumonia (VAP). The feasibility and efficacy of this intervention
in a larger patient population, however, are unknown.

Objective: Assessment of the feasibility of the semirecumbent
position for intensive care unit patients and its influence on
development of VAP.

Design: In a prospective multicentered trial, critically ill pa-
tients undergoing mechanical ventilation were randomly assigned

to the semirecumbent position, with a target backrest elevation of

45°, or standard care (i.e., supine position) with a backrest
elevation of 10°. ~

Main Outcome Measures: Backrest elevation was measured con-
tinuously during the first week of ventilation with a monitor-linked
device. A deviation of position was defined as a change of tie
randomized position >5°. Diagnosis of VAP was made by quantif
tive cultures of samples obtained by bronchoscopic techniques.

Results: One hundred nine patients were assigned to the

supine group and 112 to the. semirecumbent group. Baseli
characteristics were comparable for both groups. Average eley
tions were 9.8° and 16.1° at day 1 and day 7, respectively, for 1|
supine group and 28.1° and 22.6° at day 1 and day 7, respective|
for the semirecumbent group (p < .001). The target semirecur
bent position of 45° was not achieved for 85% of the study tim
and these patients more frequently changed position than supin
positioned patients. VAP was diagnosed in eight patients (6. 5%)
the supine group and in 13 (10.7%) in the semirecumbent grot
(NS), after a mean of 6 (range, 3-9) and 7 (range, 3-12) day
respectively. There were no differences in numbers of patien
undergomg enteral feedm receiving stress ulcer prophylaxis, |
developing dlity : duraticn |

gadiidtion and mtenswe care unit stay between the gro®

Conclusions: The targeted backrest elevation of 45° for se
recumbent positioning was not reached in the conditions of tt
present randomized study. The achieved difference in treatme:
position (28° vs. 10°) did not prevent the development of V!
it Care Med 2006; 34:396-402)
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Figure 4
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& 443 patients

VAP/1000 vent.days
17.6% / 15.8%

Closed Open




VAP : Closed or Open Tracheal Suction System

Deppe 1990
Johnson 1994 =
Combes 2000 n

Zeitoun 2003 ]
Rabitsh 2004
Topeli 2004
Lorente 2005
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Lorente 2006 T

TOTAL

CRIT CARE MED 2007:35: 260
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Susbglottic Suctioning

Sub glottic Aspiration Controls
Studies Odds ratio
(95% Cl)
Mahul (1992) —I— 0.36 (0.15,0.84) PRC
Valles (1995) —-— 0.47 (0.22,1.00) PRC

Kollef (1999) — 0.59 (0.24,1.43) PNR
Bo (2000) —— 0.36 (0.13,1.01) PRC

Smulders (2002) - 0.22 (0.06,0.81) PRC
ALL (95%Cl) ‘ 0.41 (0.27,0.61)

! 1

1 1 10

Odds ratio

NO heterogeneity (p=0.77). z=4.31 p<0. 0001

859 patients included: 20% VAP control group vs 10% sub —
glottic aspiration group .
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Intermittent Subglottic Secretion Drainage
and Ventilator-associated Pneumonia
A Multicenter Trial

Jean-Claude Lacherade'!, Bernard De Jonghe', Pierre Guezennec?, Karim Debbat3, Jan Hayon*, Antoine Monsel’,
Pascal Fangio'!, Corinne Appere de Vecchi'!, Cédric Ramaut5, Hervé Outin', and Sylvie Bastuji-Garin®

'Medicosurgical Intensive Care Unit, Poissy Saint-Germain Hospital, Poissy; “Medicosurgical Intensive Care Unit, André Mignot Hospital,
Le Chesnay; *Medicosurgical Intensive Care Unit, Hospital of Avignon, Avignon; “Medicosurgical Intensive Care Unit, Poissy Saint-Germain
Hospital, Saint-Germain en Laye; *Mobile Intensive Care Unit, Poissy Saint-Germain Hospital, Poissy; and ®University Paris 12, Laboratoire
d’Investigation Clinique, Equipe d’Accueil 4393 and Department of Clinical Research and Public Health, Henri-Mondor Hospital,
Assistance Publique-Hopitaux de Paris, Créteil, France

AJRCCM 2010 182 910-917
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Susbglottic Suctioning
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Continuing Medical Education Articles

Saline instillation before tracheal suctioning decreases the

incidence of ventilator-associated pneumonia*
Pedro Caruso, MD, PhD; Silvia Denari, PhD; Soraia A. L. Ruiz, RT; Sergio E. Demarzo, MD, PhD;

Daniel Deheinzelin, MD, PhD

LEARNING OBJECTIVES
On completion of this article, the reader should be able to:
1. Describe technique for tracheal installation of saline.

3. Use this information in a clinical setting.

pertaining to this educational activity.

2. Explain benefits and outcomes of tracheal installation of saline.

The authors have disclosed that they have no financial relationships with or interests in any commercial companies

All faculty and staff in a position to control the content of this CME activity have disclosed that they have no financial
relationship with, or financial interests in, any commercial companies pertaining to this educational activity.

Lippincott CME Institute, Inc., has identified and resolved all faculty conflicts of interest regarding this educational activity.
Visit the Critical Care Medicine Web site (www.ccmjournal.org) for information on obtaining continuing medical education credit.

Objectives: To compare the incidence of ventilator-associated
pneumonia (VAP) with or without isotonic saline instillation before
tracheal suctioning. As a secondary objective, we compared the
incidence of endotracheal tube occlusion and atelectasis.

Design: Randomized clinical trial.

Setting and Patients: The study was conducted in a medical
surgical intensive care unit of an oncologic hospital. We selected
consecutive patients needing mechanical ventilation for >72 hrs.
Patients were allocated into two groups: a saline group that received
instillation of 8 mL of saline before tracheal suctioning and a control
group which did not. VAP was diagnosed based on clinical suspicion
and confirmed by bronchoalveolar lavage quantitative culture. The
incidence of atelectasis on daily chest radiography and endotracheal
tube occlusions were recorded. The sample size was calculated to a
power of 80% and a type | error probability of 5%.

Measurements and Main Results: One hundred thirty patients
were assigned to the saline group and 132 to the control group.

The baseline demographic variables were similar betwee
groups. The rate of clinically suspected VAP was similar in bot
groups. The incidence of microbiological proven VAP was signi
icantly lower in the saline group (23.5% x 10.8%; p = 0.00§
(incidence density/1 000 days of ventllatlon 21.22 x 9.62; p -«
0.01). Using the Kao e_proportion ¢
paties dining without VAP was higher in
7= 0.02, log-rank test). The relative risk reduction of VAP in
saline instillation group was 54% (95% confidence interval, 18%
%) and the number needed to treat was eight (95% confideng
intery The incidence of atelectases and_snggtlichie:
tube occlusuon Were
Conclusions: Instlllatlon of |sotomc salme before tracheal suc
tioning decreases the incidence of microbiological proven VAF
(Crit Care Med 2009; 37:32-38)
Key Worps: pneumonia; ventilator-associated pneumonia; pre
vention; respiratory therapy
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Risk of vap

99 patients NO ANTIBIOTIC

FAILURE OF SUBGLQ ASPIRATION 7.521.48 — 38.07

CLOW CUFF PRESSURE 4.23 1.12-15.92

PRIOR HISTORY OF CARDIAC DISEF A7 0.58 - 8.09

Am J RESPIR CRIT CARE MED 1996; 154: 111
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TYPE HUMUDIF.  INCIDENCE VAP (%)

Martin 1990  HDP + 7 19 ) -

Roustan 1992  HDP + 9 15 -
Dreyfuss 1995 HDP + 10 11 =
Branson 1996  HGS HW 6 5 -

1997 HGS

Hurni

Boots 1997  Mixte

Kollef 1998  HGS HW 9 10 -
Memish 2001  HGS + 11 16 -
Lacherade 2005  Mixte HW 25 19 —
Boots 2006  Mixte HW 13 12 -
Lorente 2006 HGS HW 40 16 <

CRIT CARE MED 2007; 35: 2843




Reduced burden of bacterial airway colonization with a novel
silver-coated endotracheal tube in a randomized multiple-center
feasibility study*

Jordi Rello, MD, PhD; Marin Kollef, MD; Emili Diaz, MD, PhD; Albert Sandiumenge, MD;
Yolanda del Castillo, MD; Xavier Corbella, MD; Regina Zachskorn, Dipl-Stat

100 Table 3. Colonization rates in tracheal aspirate in the per-protocol set

:“é RIC Control Relative Risk Reduction
j?; 0.75 Threshold Group Group (95% CI) p Value®
% No. of patients with colonization/
% total (%)
e 0.50 =10° cfu/mL 14/37 (38) 16/30 (53)  0.29 (—0.151 to 0.693) 23
5 . =10° cfu/mL 8/37 (22) 12/30 (40)  0.46 (—0.088 to 0.970) A2
= by No. of days with colonization/
8 total (%)
s =10° chadas upaas . e ——— 4
E
it 61 52 35 28 22 18 6 RIC (n)

0.00 '6° '50 ?2 ?0 .10 ! l‘°°""°' ("? RIC, respiratory infection control; CI, confidence interval; cfu, colony-forming units.

0 1 2 3 4 5 6 7 “p value determined by Fisher’s exact test for rates by patients and Wilcoxon's test for rates by days.
Time (days)

Rello J, Crit Care Med , 2006;34:2766



€ Prospective , open-label , controlled study
€ 100 patients. Cefuroxime 1.5gx2. Placebo




Oropharyngeal Decontamination
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Mortality

0-4

Standard treatment

31%

¢
w
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Hospital mortality
o
e

0-1- , .
Logrank statistic 5-86
p=0-02

O_ | | [ I | |
0 28 56 84 112 140

Time after randomisation (days)

Numbers of patients at risk (De Jonge,

SDD 457 383 360 354 350 348 Lancet 2003)
Non-SDD 460 363 331 324 318 318



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Decontamination of the Digestive Tract
and Oropharynx in ICU Patients

A.M.G.A. de Smet, M.D., J.A.J.W. Kluytmans, M.D., Ph.D., B.S. Cooper, Ph.D.,
E.M. Mascini, M.D., Ph.D., R.F.J. Benus, M.D., T.S. van der Werf, M.D., Ph.D.,
J.G. van der Hoeven, M.D., Ph.D., P. Pickkers, M.D., Ph.D., D. Bogaers-Hofman, L.C.P.,
N.J.M. van der Meer, M.D., Ph.D., AT. Bernards, M.D., Ph.D., EJ. Kuijper, M.D., Ph.D.,
J.C.A. Joore, M.D., M.A. Leverstein-van Hall, M.D., Ph.D., A.J.G.H. Bindels, M.D., Ph.D.,
A.R. Jansz, M.D., R.M J. Wesselink, M.D., Ph.D., B.M. de Jongh, M.D., Ph.D.,
P.J.W. Dennesen, M.D., Ph.D., GJ. van Asselt, M.D., Ph.D., L.F. te Velde, M.D.,
|.H.M.E. Frenay, M.D., Ph.D., K. Kaasjager, M.D., Ph.D., F.H. Bosch, M.D., Ph.D,,
M. van lterson, M.D., S.F.T. Thijsen, M.D., Ph.D., G.H. Kluge, M.D., Ph.D.,

W. Pauw, M.D., ].W. de Vries, M.D., Ph.D,, J.A. Kaan, M.D., J.P. Arends, M.D.,
L.P.H.J. Aarts, M.D,, Ph.D,, P.D.]. Sturm, M.D., Ph.D., H.l.J. Harinck, M.D.; Ph.D.,
A. Voss, M.D., Ph.D., E.V. Uijtendaal, Pharm.D., H.E.M. Blok, M.Sc,,

E.S. Thieme Groen, M.D., M.E. Pouw, M.D., CJ. Kalkman, M.D., Ph.D.,
and M.J.M. Bonten, M.D., Ph.D.



Crude mortality Adjusted OR (CI 95 %)

26.9% 26.5% 27.5%

SDD : 0.83 (0.72 — 0.97)

P=0.02
SOD : 0.86 (0.74-0.99)
P =0.045
Standard Care : 1:00




Chlorhexidine

VAP

n
FOURRIER 2000 30
GRAP 2004 7
McNAUGHTON 2004* 91
FOURRIER 2005 114
KoEMAN 2006 127
TANTIPONG 2008 102

Type CHX

0.2% gel
0.12%
0.2% sol
0.2% gel
2%

2%

CHX

5(17%)
4 (57%)
8 (9%)
13 (11%)
13 (10%)
5 (9%)

Placebo

18 (60%)
3 (60%)
5 (6%)

12 (11%)

23 (18%)

10 (19%)

Intensive Care Med 2000; Heart Lung 2004; *Intensive Care Med 2004 (abstract); Crit Care Med 2005; AJRCCM 2006

Infect Control Hosp Epidemiol 2008.






lodine POVIDONE

90 -

s P = 0.001
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P=0.003 P=0.796

VAP % -

30 -
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|
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CRIT CARE MED 2006: 34: 1514




META ANALYSIS - RISK OF VAP

De Riso
Fourrier
Fourrier
Koeman

Mac Naughton
Segers
Seguin

BMJ 2007

1996
2000
2005
2006
2004
2005
2006

3173
5/30
131114
131127
21/101
35/485
3/36

9/180
13/30
12/114
23/130
21/93
67/469
25/62

Treatment + Treatment -

L]
—

TOTAL A

0,1 0,2 0,1 1 2 5 10



Non-invasive Ventilation
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B CARING FOR THE

CRITICALLY ILL PATIENT

Hydrocortisone Therapy for Patients

With Multiple Trauma
The Randomized Controlled HYPOLYTE Study

Antoine Roquilly, MD

Pierre Joachim Mahe, MD

Philippe Seguin, MD, PhD

Christophe Guitton, MD

Hervé Floch, MD

Anne Charlotte Tellier, MD

Laurent Merson, MD

Benoit Renard, MD

Yannick Malledant, MD, PhD

Laurent Flet, PharmD

Véronique Sebille, PhD

Christelle Volteau

Damien Masson, PharmD, PhD

Jean Michel Nguyen, MD, PhD

Corinne Lejus, MD, PhD

Karim Asehnoune, MD, Ph,,D,

Context The role of stress-dose hydrocortisone in the management of trauma pa-
tients is currently unknown.

Objective To test the efficacy of hydrocortisone therapy in trauma patients.

Design, Setting, and Patients Multicenter, randomized, double-blind, placebo-
controlled HYPOLYTE (Hydrocortisone Polytraumatise) study. From November 2006
to August 2009, 150 patients with severe trauma were included in 7 intensive care
units in France.

Intervention Patients were randomly assigned to a continuous intravenous infu-
sion of either hydrocortisone (200 mg/d for 5 days, followed by 100 mg on day 6 and
50 mg on day 7) or placebo. The treatment was stopped if patients had an appropri-
ate adrenal response.

Main Outcome Measure Hospital-acquired pneumonia within 28 days. Second-
ary outcomes included the duration of mechanical ventilation, hyponatremia, and death.

Results One patient withdrew consent. An intention-to-treat (ITT) analysis in-
cluded the 149 patients, a modified ITT analysis included 113 patients with cortico-
steroid insufficiency. In the ITT analysis, 26 of 73 patients (35.6%) treated with
hydrocortisone and 39 of 76 patients (51.3 %) receiving placebo developed hospital-
acquired pneumonia by day 28 (hazard ratio [HR], 0.51; 95% confidence interval [Cl],
0.30-0.83; P=.007). In the modified ITT analysis, 20 of 56 patients (35.7%) in the
hvdrocortisone group and 31 of 57 patients (54.4%) in the placebo group developed
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Figure 2. Kaplan-Meier Curves for Hospital-Acquired Pneumonia
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Implementation of guidelines for management of possible
multidrug-resistant pneumonia in intensive care: an
observational, multicentre cohort study

Daniel H Kett, Ennie Cano, Andrew A Quartin, Julie E Mangino, Marcus J Zervos, Paula Peyrani, Cynthia M Cely, Kimbal D Ford, Ernesto G Scerpella,
Julio A Ramirez, and the Improving Medicine through Pathway Assessment of Critical Therapy of Hospital-Acquired Pneumonia (IMPACT-HAP)
Investigators™

Summary

Background The American Thoracic Society and Infectious Diseases Society of America provide guidelines for
management of hospital-acquired, ventilator-associated, and health-care-associated pneumonias, consisting of
empirical antibiotic regimens for patients at risk for multidrug-resistant pathogens. We aimed to improve compliance
with these guidelines and assess outcomes.

Methods We implemented a performance-improvement initiative in four academic medical centres in the USA with
protocol-based education and prospective observation of outcomes. Patients were assessed for severity of illness and
followed up until death, hospital discharge, or day 28. We included patients in intensive-care units who were at risk
for multidrug-resistant pneumonia and were treated empirically.

Findings 303 patients at risk for multidrug-resistant pneumonia were treated empirically, and prescribed treatment
was guideline compliant in 129 patients and non-compliant in 174 patients. 44 (34%) patients died before 28 days in
the compliance group and 35 (20%) died in the non-compliance group. Five patients in the compliance group and
seven in the non-compliance group were lost to follow-up after day 14. Kaplan-Meier estimated survival to 28 days was
65% in the compliance group and 79% in the non-compliance group (p=0-0042). This difference persisted after
adjustment for severity of illness. Median length of stay and duration of mechanical ventilation did not differ between
groups. Compliance failures included non-use of dual treatment for Gram-negative pathogens in 154 patients and
absence of meticillin-resistant Staphylococcus aureus coverage in 24 patients. For patients in whom pathogens were
subsequently identified, empirical treatment was active in 79 (81%) of 97 of patients receiving compliant therapy
compared with 109 (85%) of 128 of patients receiving non-compliant therapy.

Interpretation Because adherence with empirical treatment was associated with increased mortality, we recommend
a randomised trial be done before further implementation of these guidelines.
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Figure 2: Guideline-compliant empirical treatment outcomes for 28-day mortality for key subpopulations
CPIS=clinical pulmonary infection score. APACHE=acute physiology and chronic health evaluation.
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Conclusion 2

Do not forget the simpliest
and most effective methods :
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