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Clinical case
❖ 67 yr old male

❖ Admitted from 6S after 2 days worsening dyspnea despite NIV

❖ RR 38; P/F ratio 28; O2 Sat 89%

❖ Temp 39; CVS W.N.L.; CRP and PCT high; Creat 129

❖ CXR LLL infiltrates

❖ PMH

❖ COPD

❖ DM II

❖ Steroids - inhaled recently oral

❖ Recently started on neuroleptics

❖ Hospitalized 6/52 ago for infective exacerbation of COPD

❖ Rx Augmentin

What are your main considerations?
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Definition

❖ Symptoms of an acute lower respiratory tract illness

developing outside of or within the first 48 hours of 
hospital

❖ New focal chest signs 
❖ At least one systemic feature
❖ No other explanation for the illness

❖ Severe CAP 
❖ Best defined as needing ITU admission



❖ Hospital-acquired pneumonia (HAP) 
❖ A respiratory infection develops > than 48 h after hospital admission
❖ HAP with mechanical ventilation = ventilator-associated pneumonia (VAP)

❖ Health Care–Associated Pneumonia (HCAP) 
❖ Risk of MultiDrug-Resistant (MDR) pathogens, Pseudomonas and increased 

mortality
❖ Hospitalisation for 2 days or more < 90 days 

❖ Residence in a nursing home or extended care facility
❖ Indwelling intravascular device

❖ Chronic dialysis; home wound care; or a family member with an MDR pathogen

Current Infectious Disease Reports 2009, 11:349–356 AJRCCM 2005;171:388-416 Lancet Infect Dis 2011; 11: 248–52
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Severe Community Acquired Pneumonia“Known knowns”



CAP - A deadly disease

❖ 1st cause of death from infection

❖ 1st cause of severe sepsis

❖ 6th commonest cause of death 

worldwide

❖ ITU mortality - 25-40% 

Mortality has changed little since introduction of penicillin !!!

 JAMA 1999; 281: 61–66.



Effects of treatment

1938
“outcomes compared in 200 patients with lobar pneumonia treated 
+/- sulphonamide.

Striking is the fact that three-quarters survived without 
antibiotics!”
Lancet 1938; ii: 14–9

 “Although antibiotherapy was adequate in 92.3% of cases, 
hospital mortality reached 28.8%.”
Mongardon et al. Critical Care 2012, 16:R155

2012



Arch Intern Med. 2003;163:317-323

1 in 3 survivors of CAP will be dead in the following 
year
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Acute pneumonia and the cardiovascular system 
Vicente F Corrales-Medina, Daniel M Musher, Svetlana Shachkina, Julio A Chirinos

Although traditionally regarded as a disease confi ned to the lungs, acute pneumonia has important eff ects on the 
cardiovascular system at all severities of infection. Pneumonia tends to aff ect individuals who are also at high 
cardiovascular risk. Results of recent studies show that about a quarter of adults admitted to hospital with pneumonia 
develop a major acute cardiac complication during their hospital stay, which is associated with a 60% increase in 
short-term mortality. These fi ndings suggest that outcomes of patients with pneumonia can be improved by 
prevention of the development and progression of associated cardiac complications. Before this hypothesis can be 
tested, however, an adequate mechanistic understanding of the cardiovascular changes that occur during pneumonia, 
and their role in the trigger of various cardiac complications, is needed. In this Review, we summarise knowledge 
about the burden of cardiac complications in adults with acute pneumonia, the cardiovascular response to this 
infection, the potential eff ects of commonly used cardiovascular and anti-infective drugs on these associations, and 
possible directions for future research.

Introduction 
Pneumonia and cardiac disease are leading causes of 
morbidity and mortality worldwide.1–5 Community-
acquired pneumonia aff ects more than 5 million adults, 
and causes 1·1 million hospital admissions and more 
than 60 000 deaths every year in the USA.1,2 Cardiac 
disease aff ects more than 30 million US adults and leads 
to 5 million hospital admissions and more than 
300 000 deaths every year.3,6 Disease burdens in Europe 
are similar.4,5,7 Pneumonia and cardiac disease often 
coexist in the same patients.8 For example, more than 
half of elderly patients admitted to hospital with 
pneumonia also have a chronic cardiac disorder—an 
association that will become more prevalent as the 
population continues to age.8

Investigators have reported a high incidence of cardiac 
complications during the course of community-acquired 
pneumonia, and have shown that these events are 
independently associated with increased short-term 
mortality.9 In view of this association, full appreciation of 
the magnitude of this problem and an understanding of 
the cardiovascular consequences of this infection are 
important. In this Review, we summarise the present 
knowledge about the burden of cardiac complications in 
adult patients with pneumonia, the cardiovascular 
response to acute pneumonia, and the potential eff ects of 
commonly used cardiovascular and anti-infective drugs 
on these associations. We also discuss potential areas for 
future research.

Burden of cardiac complications in patients with 
pneumonia
For several decades, investigators have noted that acute 
respiratory infections, including pneumonia, often 
precede the development of acute cardiac events, and a 
causal relation has been proposed.10,11 For acute coronary 
syndromes specifi cally, this association satisfi es most of 
Bradford Hill’s criteria for causality and is discussed 
elsewhere.11,12 The high prevalence of cardiac arrhythmias 
after an episode of pneumonia and the temporality of this 
association also suggest a causal role for pneumonia in 

cases of pneumonia-associated arrhythmias.9 Although a 
similar argument can be made for the association between 
pneumonia and heart failure, this relation is probably 
more complex. Results of clinical studies suggest that 
patients with heart failure have reduced immunological 
responses, and experimental evidence indicates that 
pulmonary congestion can promote the growth of 
common bacteria such as Streptococcus pneumoniae 
(pneumococcus) and Staphylococcus aureus in the lungs.13–15 
Epidemiological data also suggest that pre-existing heart 
failure is a risk factor for the development of pneumonia.16 
Therefore, the cause–eff ect relation between pneumonia 
and heart failure might be bidirectional. A causal relation 
between infections in other organs, such as the urinary or 
gastrointestinal tracts, and acute cardiac events has also 
been suggested, but has not yet been characterised.17,18

Although acute cardiac events have been recognised as 
important complications in patients with pneumonia 
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Search strategy and selection criteria

We searched Medline (from 1946 to May 15, 2012), Scopus 
(from 1950 to May 15, 2012), and Embase (from 1947 to 
May 15, 2012) databases, using detailed search strategies 
(appendix). We developed search methods to capture clinical 
and experimental evidence of cardiac complications in patients 
with pneumonia, and the eff ects of pneumonia on the human 
cardiovascular system, the consequences of commonly used 
cardiovascular drugs on the outcomes of patients with 
pneumonia, and the eff ects of available antibiotics on the 
cardiovascular system. Only articles in English, Spanish, Russian, 
German, French, and Chinese were included. Articles in 
languages other than English were translated by medical 
doctors profi cient in those languages. Then, relevant articles 
were reviewed in their entirety and discussed by the 
investigators to establish their relevance to this Review. When 
appropriate, we preferred to cite comprehensive reviews of the 
literature rather than many individual reports. Similarly, our 
Review focuses on conceptual syntheses of data, rather than 
detailed descriptions of original research.

See Online for appendix

Lancet published online January 16, 2013



Critical Care 2006, 10:S1

 301,871 total admissions in the 
UK’s  ICNARC Case Mix Database

6%

94%

15% of Ealing ITU admissions 
due to CAP



ITU
34.9%

17,869 CAP cases in the 
UK ICNARC Case Mix Database

Hospital
49.4%

Critical Care 2006, 10:S1
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Pathology
CAP lung

Normal lung



Pathology

Normal lung Infected lung



A Progressive disease

Critical Care 2008, 12(Suppl 6):S2 

Illness progression in first 72 hrs = increased risk for death

Local
 Infection LRTI, mild pneumonia

 Pulmonary spread Acute respiratory failure

 Systemic
 spread  Sepsis  Severe 

sepsis
 Septic 
shock

Multiple 
organ 
failure



Why do patients with severe CAP die?

❖ MOF strongest association with Risk of Death:
❖ Shock - X 13
❖ Acute Renal Failure - X 4.8
❖ APACHE score > 24 - X 2.22

❖ Beware the first 72 hours

❖ Mortality of severe CAP has unchanged in 40 years 

❖ Uncertain why immunocompetent patients die despite 

adequate antibiotics

❖ We should be seeking adjuvant therapies

Intensive Care Med (2009) 35:430–438



16% from irreversible respiratory failure

74% ** from sepsis and multiple organ failure

Am Rev Respir Dis. 1985 Sep;132(3):485-9.

Compare with cause of death in ARDS

Severe CAP is a 
systemic disease



Pathogenesis

Example

“Current use of antipsychotics associated 
with ~ 60% increase in the risk of 
pneumonia”

J Am Geriatr Soc. 2008;56(4):661-666.

Aspiration



Pathogenesis of CAP- Change in mouth flora
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Common aetiologies of severe CAP

None 25 - 50%

S. pneumoniae

S. aureus

Legionella species

Gram-negative bacilli

H. Influenzae

File TM Lancet 2003;362:1991-2001



Common etiologies of ITU CAP in UK

world.53 [II] A similar figure of 23.5% was found in a multicentre
South Asian study.54 [Ib]

Studies from Chile55 [Ib] and Nicaragua56 [Ib] report a similar
pathogen spectrum to previous European studies.
Evidence of legionella infection was found in 31.7% of non-

consecutive pneumonia cases in Trinidad57 [II] and 5.1% of 645
consecutive cases in Brazil.58 [Ib] An incidence of 5.2% for C
pneumoniae was found by the same group,58 [II] with a frequency
of 8.1% being found in a Canadian study.59 [II] In 62% of these
cases an additional pathogen was also found.
An outpatient study in Arizona found evidence of coccidioi-

domycosis in 29% (16–44%) of 55 cases.60 [II]

Studies from south and east Asia found high frequencies of S
pneumonia,61 62 [Ib] C pneumonia61 [Ib] and Gram-negative bac-
teria61 62 [Ib] and Haemophilus influenzae63 [Ib] in Thailand. In
China, H influenzae was the predominant pathogen in one
study,64 [Ib] but S pneumoniae andM pneumoniae in another.65 [Ib] S
pneumoniae followed by H influenzae predominated in Japan,66 [II]

and S pneumoniae followed by M pneumoniae in Taiwan.67 [Ib]

S pneumoniae and Klebsiella pneumoniae were found to be the
most frequent causes of CAP in the ICU on an Indian Ocean
island.68 [Ib]

3.5 Is the aetiology different in specific population groups?
Elderly subjects
Three UK studies (two using a definition of ‘‘elderly’’ of
.65 years of age but excluding those aged .79 years (quoted
in Venkatesan et al69 [Ib]) and one study using a definition of
.75 years37 [Ib]) have reported data on the comparative
frequency of pathogens in elderly subjects compared with that
in a younger population. The results are combined in fig 3. For
most pathogens their frequency is the same in young as in old
subjects, but M pneumoniae and legionella infection are less
frequent in elderly people. [Ib] M pneumoniae and other atypical
pathogens were found to occur more frequently in patients aged
,60 years in one other study.70 [Ib] H influenzaemay also be more
commonly identified in elderly patients [II]. Gram-negative
enteric bacilli were no more common in elderly patients [III],
although this has been reported in at least one other study.71 [II]

No difference in the frequency of pathogens according to age
was found in one study of patients with severe CAP.72 [III]

One study from Spain compared the aetiology in those aged
.79 years and ,80 years and confirmed the previous findings
of less M pneumoniae and legionella infection and more
aspiration and unknown aetiology in the elderly patients, but
did not confirm a greater frequency of S pneumoniae in elderly
subjects (fig 4).73 [Ib]

Patients with chronic obstructive pulmonary disease (COPD)
There are no relevant UK studies and no new data. H influenzae
and M catarrhalis may be more frequent. One Danish study
directly compared those with and without COPD and found no
difference in pathogen frequency; however, numbers were small
so real differences may have been missed.74 [II] A Spanish study
which focused on patients with COPD but with no control
group found a pathogen distribution similar to that described in
studies of CAP in the general population.75 [II] A further Spanish
study found S pneumoniae, Enterobacteriaceae, Pseudomonas
aeruginosa and mixed infections to occur more frequently in
those with chronic lung disease.75 [Ib] In one study COPD was
found more frequently in patients with bacteraemic pneumo-
coccal pneumonia than other CAPs.76 [Ib]

Table 2 Studies of community acquired pneumonia (CAP) conducted in the UK

Where managed

Community Hospital Intensive care unit

1 study* (n=236) 5 studies{ (n= 1137) 4 studies{ (n= 185)

Streptococcus pneumoniae 36.0 (29.9 to 42.1) 39 (36.1 to 41.8) 21.6 (15.9 to 28.3)

Haemophilus influenzae 10.2 (6.3 to 14.0) 5.2 (4.0 to 6.6) 3.8 (1.5 to 7.6)

Legionella spp 0.4 (0.01 to 2.3) 3.6 (2.6 to 4.9) 17.8 (12.6 to 24.1)

Staphylococcus aureus 0.8 (0.1 to 3.0) 1.9 (1.2 to 2.9) 8.7 (5.0 to 13.7)

Moraxella catarrhalis ? 1.9 (0.6 to 4.3) ?

Gram-negative enteric bacilli 1.3 (0.3 to 3.7) 1.0 (0.5 to 1.7) 1.6 (0.3 to 4.7)

Mycoplasma pneumoniae 1.3 (0.3 to 3.7) 10.8 (9.0 to 12.6) 2.7 (0.9 to 6.2)

Chlamydophila pneumoniae ? (?) 13.1 (9.1 to 17.2) ? (?)

Chlamydophila psittaci 1.3 (0.3 to 3.7) 2.6 (1.7 to 3.6) 2.2 (0.6 to 5.4)

Coxiella burnetii 0 (0 to 1.6) 1.2 (0.7 to 2.1) 0 (0 to 2.0)

All viruses 13.1 (8.8 to 17.4) 12.8 (10.8 to 14.7) 9.7 (5.9 to 14.9)

Influenza A and B 8.1 (4.9 to 12.3) 10.7 (8.9 to 12.5) 5.4 (2.6 to 9.7)

Mixed 11.0 (7.0 to 15.0) 14.2 (12.2 to 16.3) 6.0 (3.0 to 10.4)

Other 1.7 (0.5 to 4.3) 2 (1.3 to 3) 4.9 (2.3 to 9.0)

None 45.3 (39.0 to 51.7) 30.8 (28.1 to 33.5) 32.4 (25.7 to 39.7)

Values are mean (95% CI) percentages.
*Reference 39[Ib].
{References 10[Ib], 11[Ib], 13[Ib], 14[Ib], 68[Ib].
{References 20[Ib], 21[Ib], 65[Ib], 72[II].

Table 3 Pathogens which are more common as a cause of community
acquired pneumonia in certain geographical regions

Pathogen Geographical area References

Legionella spp Countries bordering the
Mediterranean Sea

27[II], 378[II]

Coxiella burnetii North-west Spain 389[II]

Coxiella burnetii Canada 390[II]

Klebsiella pneumoniae South Africa 391[II], 392[II]

Burkholderia pseudomallei South-east Asia and
northern Australia

93[II], 393[II], 394[II], 395[II]

Gram-negative enteric
bacilli

Italy 379[II]

Mycobacterium
tuberculosis

Non-industrialised countries 93[II], 94[II]

BTS guidelines

Thorax 2009;64(Suppl III):iii1–iii55. doi:10.1136/thx.2009.121434 iii13

BTS Guidelines Thorax 2009;64(Suppl III):iii1–iii55

1

3

2

The references for the ITU aetiologies are either irrelevant or old

*



Common etiologies of ITU CAP
number of records to 98. Of these, 46 primary articles dealt with
aetiology, and the remaining focused on topics such as morbidity
and mortality, antibiotic resistance and health-related quality-of-
life issues.

The countries or regions included as keywords to identify
articles specific to the European region as defined by the WHO
were: Albania, Andorra, Austria, Belarus, Belgium, Bosnia,
Bulgaria, Crete, Cyprus, the Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Greenland, Hungary, Iceland,
Ireland, Italy, Kazakhstan, Kosovo, Latvia, Lichtenstein,
Lithuania, Luxembourg, Macedonia, Malta, Moldova, Monaco,
The Netherlands, Norway, Poland, Portugal, Romania, Russia,
the Russian Federation, Sardinia, Scotland, Siberia, Sicily,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Tajikistan,

Turkmenistan, Ukraine, the UK, Uzbekistan, the Vatican, Wales
and Yugoslavia.
The references listed in the primary articles that formed the

database were reviewed to validate the accuracy of the database
search and to identify articles that were missed in the initial
search. The database was sorted by the keywords ‘epidemi-
ology ’, ‘aetiology ’, ‘incidence’, ‘mortality ’, ‘morbidity’, ‘antibi-
otic resistance’ and ‘health-related quality-of-life (HRQOL)’ to
identify articles addressing these topics.
The literature search was updated on 15 April 2009. Fifty new

studies published in 2008 and 2009 were identified using the
terms ‘community-acquired pneumonia’ or ‘hospital-acquired
pneumonia’ or ‘pneumococcal pneumonia’.1 When sorted
according to keywords, two new studies8 9 were selected.

RESULTS
Aetiology
Forty-six primary articles with the word ‘aetiology ’ or ‘etiology ’
in the title, abstract or keywords, or with a discussion of aeti-
ology of CAP in the body of the article were identified and
analysed.2 5 10e53 Most of these were prospective studies
conducted in a hospital setting. The studies included in this
analysis were not weighted to correct for differences in sample
size. The 46 studies were from the following European coun-
tries: Spain (19), France (7), Italy (3), The Netherlands (3), the
UK (3), Denmark (2), Germany (2), Switzerland (2), Estonia (1),
Finland (1), Ireland (1), Slovenia (1) and Turkey (1). The studies
used a variety of techniques to detect aetiological agents,
including microbial cultures (blood, sputum, pleural fluid,
bronchoalveolar lavage, aspirates from transthoracic needle
aspiration and homogenised lung biopsy samples), immunoas-
says (urine, sputum, serum and pleural fluid) and nucleic acid
amplification techniques. Data are presented as percentage
means from the included studies, as was done previously.54

These studies confirmed that numerous microbial pathogens
cause CAP, and the most frequently isolated pathogen in most
European countries is Streptococcus pneumoniae (table 1, table 2,55

figure 2).

Antibiotic resistance
Antibiotic resistance has important clinical and economic
implications. The failure of empiric antibiotic treatment due
to resistance can increase the cost of treatment if a more
expensive class of antibiotics or longer hospitalisation time is
required. The proliferation of resistant strains of S pneumoniae
and other pathogens in the past 15 years threatens the successful

Figure 1 Flow diagram of the literature search strategy.

Table 1 Frequency of isolation of causative organisms of community-acquired pneumonia in Europe by country* 2 5 10e53 55

Pathogen

Percentage means of frequency of isolation in each country

Denmark Estonia Finland France Ireland Italy Slovenia Spain Switzerland Netherlands Turkey UK Germany

Streptococcus pneumoniae 26.1 25.8 68.3 37.2 37 11.9 17.7 33.7 48.9 44.5 25.5 42.1 40

Haemophilus influenzae 10.7 2.4 6.6 10.3 18 5.1 2.9 5.3 14.6 12.3 44.9 12.3 8

Legionella spp. 4.3 0 0 2.0 0 4.9 2.9 12.9 8.6 6.7 0 9.1 3.1

Staphylococcus spp. 1.6 4.3 0 11.7 0 6.5 0 3.2 9.1 1.0 1.0 2.6 5

Moraxella catarrhalis 1.1 12.0 4.4 3.3 10 1.0 2.9 2.7 5.5 1.0 12.2 0.8 0

Gram-negative bacilli 2.7 41.6 0 16.8 0 24.3 1.5 7.9 4.7 9.4 4.1 2.6 7

Mycoplasma pneumoniae 9.5 6.2 16.34 0.7 1.3 7.0 32.4 8.4 9.7 14.0 0 5.3 5.6

Chlamydophila spp. 1.6 5.3 20.2 1 0 2.4 26.5 7.2 3.2 7.6 0 5.9 1.3

Coxiella burnetii 0 0 0 0.2 0 0.4 0 6.2 0 0.7 0 0.3 0

Viruses 6.3 0 15.9 1.7 0 11.6 0 5.9 0 16.5 0 18.6 9

No pathogen identified 59.8 52.4 39.8 35.6 39.4 67.3 39.8 56.8 67.1 35.3 40.6 38.4 NR

*Data are presented as percentage means of frequency of isolation of the respective pathogens from the studies included.
NR, not reported.

72 Thorax 2012;67:71e79. doi:10.1136/thx.2009.129502
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treatment of CAP.56 Several studies estimated the increase in
antibiotic resistance among CAP-related pathogens in Europe
(table 3).33 41 46 57e67 Although many studies found no signifi-
cant correlation between antibiotic resistance and mortality, half
of the studies59 60 62e64 66 67 documented appreciable increases in
resistance to commonly used antibiotics. Three studies57 59 63

following the evolution of S pneumoniae antibiotic resistance
over time documented appreciable increases in resistance of
S pneumoniae to commonly used antibiotics.

Bruinsma and colleagues investigated penicillin and erythro-
mycin resistance in invasive S pneumoniae using data from the
European Antimicrobial Resistance Surveillance System (EARSS)
from 26 countries between 1999 and 2002.56 Results showed that
10% of S pneumoniae isolates were penicillin non-susceptible (NS),
17% were erythromycin-NS and 6% were co-resistant. Twenty
percent of penicillin-NS S pneumoniae and 33% of erythromycin-
NS S pneumoniae occurred in children aged <5 years. Of the
penicillin-NS S pneumoniae isolates, 78% had intermediate resis-
tance to penicillin; 97% of isolates with reduced susceptibility to
erythromycin were fully resistant.56 Penicillin and erythromycin
non-susceptibility varied greatly between countries. Overall,

single penicillin non-susceptibility decreased and dual non-
susceptibility increased, indicating a shift toward combined non-
susceptibility with erythromycin. The highest percentage of
penicillin non-susceptibility was in southern European countries
and exceeded 30% in France, Israel and Spain. For both penicillin-
NS and erythromycin-NS S pneumoniae, the highest percentage of
resistance was in Mediterranean countries. Co-resistance was
highest in Spain (18%) and Luxembourg (12%), followed by
Belgium, Israel and Croatia with 10%. The highest percentages of
fully resistant strains were in Bulgaria (11%), Spain (11%), Israel
(6%) and Luxembourg (6%).56

Results showed an overall 5.3% annual decrease in single
penicillin non-susceptibility. Single erythromycin non-suscepti-
bility increased for all European countries included in the study
(5.9%/year), except for the UK. Isolates with dual non-suscep-
tibility increased by 7.6%/year. When analysed individually, no
countries showed a significant increase in single penicillin non-
susceptibility. However, countries with the lowest percentage of
erythromycin and dual non-susceptibility in 1999 (eg, Finland)
had the highest rates of increase. When the regression model for
this study was extrapolated from 1999 to 2006, single penicillin
non-susceptibility decreased from 4.8% to 3.6%; single erythro-
mycin non-susceptibility increased from 14.6% to 20.4%;
and dual non-susceptibility increased from 5.4% to 8.9%.56

These results are consistent with data from another antibiotic
resistance surveillance project.68

Clinical burden of disease: morbidity and mortality
Incidence
Studies3e5 8 24 28 69e77 show that the incidence of CAP in Europe
varies by country, age and gender (table 4). In all studies, the
incidence increased sharply with age and was appreciably higher
in men than in women. Trotter and colleagues also observed that
the incidence of hospital admission increased between
1997e1998 and 2004e2005 across all age groups.5 Although
several outpatient and inpatient studies were conducted in
different regions in Spain, no conclusions can be drawn about
regional differences in incidence within a country because the
studies were conducted during different time periods and may
have had different designs.

Mortality and associated risk factors
Table 53e5 8 9 12e14 18 21 22 24 35 37e39 42e44 46 49 50 58 59 61e64 66 67 69e71

73 75 77e87 summarises mortality studies in patients with CAP.
Mortality varied from <1% to 48% and was not related to anti-
biotic resistance. Some variables associated with mortality were
age$65 years, female gender, use of oral corticosteroids, hospital-
acquired lower respiratory tract superinfections, polymicrobial
pneumonia, pleural effusion, intensive care unit (ICU) admission,
atypical pneumonia, nosocomially acquired pneumonia, recent
hospitalisation, serious underlying disease, acute renal failure,
bacteraemic pneumonia, ineffective initial therapy, multilobar
involvement, impaired alertness and septic shock. A long-term
follow-up study (median¼9.2 years) conducted in Finland found
that elderly patients treated for CAP in both ambulatory and
hospital settings had significantly higher risks of death and death
related to pneumonia and cardiovascular conditions for several
years following a diagnosis of pneumonia than the elderlywithout
pneumonia.88 The risk for pneumonia-related mortality was
almost threefold higher if pneumonia was pneumococcal.

Effects of CAP on quality of life
Three studies documenting the effects of CAP on HRQOL were
identified.65 69 89 When measuring the time it took for patients

Table 2 Aetiology of community-acquired pneumonia in Europe by
treatment setting2 5 10e53 55

Pathogen

Percentage means

Outpatient Hospital Intensive care unit

S pneumoniae 38 27 28

M pneumoniae 8 5 2

H influenzae 13 6 7

Chlamydophila pneumoniae 21 11 4

Staphylococcus aureus 1.5 3 9

Enterobacteriaceae 0 4 9

Pseudomonas aeruginosa 1 3 4

Legionella spp. 0 5 12

C burnetii 1 4 7

Respiratory viruses 17 12 3

Unclear 50 41 45
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Figure 2 Frequency of causative organisms of community-acquired
pneumonia (CAP) in Europe. Data are presented as percentage means of
frequency of isolation of the respective pathogens from the studies
included.
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treatment of CAP.56 Several studies estimated the increase in
antibiotic resistance among CAP-related pathogens in Europe
(table 3).33 41 46 57e67 Although many studies found no signifi-
cant correlation between antibiotic resistance and mortality, half
of the studies59 60 62e64 66 67 documented appreciable increases in
resistance to commonly used antibiotics. Three studies57 59 63

following the evolution of S pneumoniae antibiotic resistance
over time documented appreciable increases in resistance of
S pneumoniae to commonly used antibiotics.

Bruinsma and colleagues investigated penicillin and erythro-
mycin resistance in invasive S pneumoniae using data from the
European Antimicrobial Resistance Surveillance System (EARSS)
from 26 countries between 1999 and 2002.56 Results showed that
10% of S pneumoniae isolates were penicillin non-susceptible (NS),
17% were erythromycin-NS and 6% were co-resistant. Twenty
percent of penicillin-NS S pneumoniae and 33% of erythromycin-
NS S pneumoniae occurred in children aged <5 years. Of the
penicillin-NS S pneumoniae isolates, 78% had intermediate resis-
tance to penicillin; 97% of isolates with reduced susceptibility to
erythromycin were fully resistant.56 Penicillin and erythromycin
non-susceptibility varied greatly between countries. Overall,

single penicillin non-susceptibility decreased and dual non-
susceptibility increased, indicating a shift toward combined non-
susceptibility with erythromycin. The highest percentage of
penicillin non-susceptibility was in southern European countries
and exceeded 30% in France, Israel and Spain. For both penicillin-
NS and erythromycin-NS S pneumoniae, the highest percentage of
resistance was in Mediterranean countries. Co-resistance was
highest in Spain (18%) and Luxembourg (12%), followed by
Belgium, Israel and Croatia with 10%. The highest percentages of
fully resistant strains were in Bulgaria (11%), Spain (11%), Israel
(6%) and Luxembourg (6%).56

Results showed an overall 5.3% annual decrease in single
penicillin non-susceptibility. Single erythromycin non-suscepti-
bility increased for all European countries included in the study
(5.9%/year), except for the UK. Isolates with dual non-suscep-
tibility increased by 7.6%/year. When analysed individually, no
countries showed a significant increase in single penicillin non-
susceptibility. However, countries with the lowest percentage of
erythromycin and dual non-susceptibility in 1999 (eg, Finland)
had the highest rates of increase. When the regression model for
this study was extrapolated from 1999 to 2006, single penicillin
non-susceptibility decreased from 4.8% to 3.6%; single erythro-
mycin non-susceptibility increased from 14.6% to 20.4%;
and dual non-susceptibility increased from 5.4% to 8.9%.56

These results are consistent with data from another antibiotic
resistance surveillance project.68

Clinical burden of disease: morbidity and mortality
Incidence
Studies3e5 8 24 28 69e77 show that the incidence of CAP in Europe
varies by country, age and gender (table 4). In all studies, the
incidence increased sharply with age and was appreciably higher
in men than in women. Trotter and colleagues also observed that
the incidence of hospital admission increased between
1997e1998 and 2004e2005 across all age groups.5 Although
several outpatient and inpatient studies were conducted in
different regions in Spain, no conclusions can be drawn about
regional differences in incidence within a country because the
studies were conducted during different time periods and may
have had different designs.

Mortality and associated risk factors
Table 53e5 8 9 12e14 18 21 22 24 35 37e39 42e44 46 49 50 58 59 61e64 66 67 69e71

73 75 77e87 summarises mortality studies in patients with CAP.
Mortality varied from <1% to 48% and was not related to anti-
biotic resistance. Some variables associated with mortality were
age$65 years, female gender, use of oral corticosteroids, hospital-
acquired lower respiratory tract superinfections, polymicrobial
pneumonia, pleural effusion, intensive care unit (ICU) admission,
atypical pneumonia, nosocomially acquired pneumonia, recent
hospitalisation, serious underlying disease, acute renal failure,
bacteraemic pneumonia, ineffective initial therapy, multilobar
involvement, impaired alertness and septic shock. A long-term
follow-up study (median¼9.2 years) conducted in Finland found
that elderly patients treated for CAP in both ambulatory and
hospital settings had significantly higher risks of death and death
related to pneumonia and cardiovascular conditions for several
years following a diagnosis of pneumonia than the elderlywithout
pneumonia.88 The risk for pneumonia-related mortality was
almost threefold higher if pneumonia was pneumococcal.

Effects of CAP on quality of life
Three studies documenting the effects of CAP on HRQOL were
identified.65 69 89 When measuring the time it took for patients

Table 2 Aetiology of community-acquired pneumonia in Europe by
treatment setting2 5 10e53 55

Pathogen

Percentage means

Outpatient Hospital Intensive care unit

S pneumoniae 38 27 28

M pneumoniae 8 5 2

H influenzae 13 6 7

Chlamydophila pneumoniae 21 11 4

Staphylococcus aureus 1.5 3 9

Enterobacteriaceae 0 4 9

Pseudomonas aeruginosa 1 3 4

Legionella spp. 0 5 12

C burnetii 1 4 7

Respiratory viruses 17 12 3

Unclear 50 41 45
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Figure 2 Frequency of causative organisms of community-acquired
pneumonia (CAP) in Europe. Data are presented as percentage means of
frequency of isolation of the respective pathogens from the studies
included.
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Pneumococcal CAP in ITU New slide?

Introduction: Community-acquired pneumonia (CAP) account for a high proportion of ICU admissions, with 
Streptococcus pneumoniae being the main pathogen responsible for these infections. However, little is known on 
the clinical features and outcomes of ICU patients with pneumococcal pneumonia. The aims of this study were to 
provide epidemiological data and to determine risk factors of mortality in patients admitted to ICU for severe
S. pneumoniae CAP.
Methods: We performed a retrospective review of two prospectively-acquired multicentre ICU databases (2001- 
2008). Patients admitted for management of severe pneumococcal CAP were enrolled if they met the 2001 
American Thoracic Society criteria for severe pneumonia, had life-threatening organ failure and had a positive 
microbiological sample for S. pneumoniae. Patients with bronchitis, aspiration pneumonia or with non-pulmonary 
pneumococcal infections were excluded.
Results: Two hundred and twenty two patients were included, with a median SAPS II score reaching 47 [36-64]. 
Acute respiratory failure (n = 154) and septic shock (n = 54) were their most frequent causes of ICU admission. 
Septic shock occurred in 170 patients (77%) and mechanical ventilation was required in 186 patients (84%); renal 
replacement therapy was initiated in 70 patients (32%). Bacteraemia was diagnosed in 101 patients. The 
prevalence of S. pneumoniae strains with decreased susceptibility to penicillin was 39.7%. Although 
antibiotherapy was adequate in 92.3% of cases, hospital mortality reached 28.8%. In multivariate analysis, 
independent risk factors for mortality were age (OR 1.05 (95% CI: 1.02-1.08)), male sex (OR 2.83 (95% CI: 
1.16-6.91)) and renal replacement therapy (OR 3.78 (95% CI: 1.71-8.36)). Co-morbidities, macrolide 
administration, concomitant bacteremia or penicillin susceptibility did not influence outcome.
Conclusions: In ICU, mortality of pneumococcal CAP remains high despite adequate antimicrobial treatment. 
Baseline demographic data and renal replacement therapy have a major impact on adverse outcome.

Mongardon et al. Critical Care 2012, 16:R155
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So many guideline....so little evidence!

IDSA/ATS Guidelines for CAP in Adults • CID 2007:44 (Suppl 2) • S27

S U P P L E M E N T A R T I C L E

Infectious Diseases Society of America/American
Thoracic Society Consensus Guidelines on the
Management of Community-Acquired Pneumonia
in Adults

Lionel A. Mandell,1,a Richard G. Wunderink,2,a Antonio Anzueto,3,4 John G. Bartlett,7 G. Douglas Campbell,8

Nathan C. Dean,9,10 Scott F. Dowell,11 Thomas M. File, Jr.12,13 Daniel M. Musher,5,6 Michael S. Niederman,14,15

Antonio Torres,16 and Cynthia G. Whitney11

1McMaster University Medical School, Hamilton, Ontario, Canada; 2Northwestern University Feinberg School of Medicine, Chicago, Illinois;
3University of Texas Health Science Center and 4South Texas Veterans Health Care System, San Antonio, and 5Michael E. DeBakey Veterans
Affairs Medical Center and 6Baylor College of Medicine, Houston, Texas; 7Johns Hopkins University School of Medicine, Baltimore, Maryland;
8Division of Pulmonary, Critical Care, and Sleep Medicine, University of Mississippi School of Medicine, Jackson; 9Division of Pulmonary and
Critical Care Medicine, LDS Hospital, and 10University of Utah, Salt Lake City, Utah; 11Centers for Disease Control and Prevention, Atlanta,
Georgia; 12Northeastern Ohio Universities College of Medicine, Rootstown, and 13Summa Health System, Akron, Ohio; 14State University of New
York at Stony Brook, Stony Brook, and 15Department of Medicine, Winthrop University Hospital, Mineola, New York; and 16Cap de Servei de
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EXECUTIVE SUMMARY

Improving the care of adult patients with community-

acquired pneumonia (CAP) has been the focus of many

different organizations, and several have developed

guidelines for management of CAP. Two of the most

widely referenced are those of the Infectious Diseases

Society of America (IDSA) and the American Thoracic

Society (ATS). In response to confusion regarding dif-

ferences between their respective guidelines, the IDSA

and the ATS convened a joint committee to develop a

unified CAP guideline document.

The guidelines are intended primarily for use by

emergency medicine physicians, hospitalists, and pri-

mary care practitioners; however, the extensive litera-

ture evaluation suggests that they are also an appro-

Reprints or correspondence: Dr. Lionel A. Mandell, Div. of Infectious Diseases,
McMaster University/Henderson Hospital, 5th Fl., Wing 40, Rm. 503, 711
Concession St., Hamilton, Ontario L8V 1C3, Canada (lmandell@mcmaster.ca).

This official statement of the Infectious Diseases Society of America (IDSA)
and the American Thoracic Society (ATS) was approved by the IDSA Board of
Directors on 5 November 2006 and the ATS Board of Directors on 29 September
2006.
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Clinical Infectious Diseases 2007; 44:S27–72
! 2007 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2007/4405S2-0001$15.00
DOI: 10.1086/511159

priate starting point for consultation by specialists.
Substantial overlap exists among the patients whom
these guidelines address and those discussed in the re-
cently published guidelines for health care–associated
pneumonia (HCAP). Pneumonia in nonambulatory
residents of nursing homes and other long-term care
facilities epidemiologically mirrors hospital-acquired
pneumonia and should be treated according to the
HCAP guidelines. However, certain other patients
whose conditions are included in the designation of
HCAP are better served by management in accordance
with CAP guidelines with concern for specific
pathogens.

Implementation of Guideline Recommendations

1. Locally adapted guidelines should be imple-
mented to improve process of care variables and
relevant clinical outcomes. (Strong recommen-
dation; level I evidence.)

It is important to realize that guidelines cannot always account for individual
variation among patients. They are not intended to supplant physician judgment
with respect to particular patients or special clinical situations. The IDSA considers
adherence to these guidelines to be voluntary, with the ultimate determination
regarding their application to be made by the physician in the light of each patient’s
individual circumstances.
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BACKGROUND
Since the 1998 European Respiratory Society
(ERS) lower respiratory tract infection (LRTI)
guidelines [1] were published, the evidence on
which they were based has increased and the
methods for guideline development have been
refined. Against this background, these new
guidelines have been developed.

A systematic literature search was performed to
retrieve relevant publications from 1966 through
to December 31, 2002, which critically appraised
and rated the pertinent clinical evidence,

summarised these ratings in levels of evidence,
and translated the best available evidence into
graded clinical recommendations (table 1).

The following text is a summary of the recom-
mendations themselves and a discussion of the
evidence on which the recommendations are
based, under the following sections: Manage-
ment outside hospital; Management inside
hospital for community-acquired pneumonia;
Exacerbations of COPD; and Exacerbations of
bronchiectasis and prevention of infection. These
sections, togetherwith fullmethodological details,
definitions, background information regarding
descriptive epidemiology, microbiology, risk
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BACKGROUND
Since the 1998 European Respiratory Society
(ERS) lower respiratory tract infection (LRTI)
guidelines [1] were published, the evidence on
which they were based has increased and the
methods for guideline development have been
refined. Against this background, these new
guidelines have been developed.

A systematic literature search was performed to
retrieve relevant publications from 1966 through
to December 31, 2002, which critically appraised
and rated the pertinent clinical evidence,

summarised these ratings in levels of evidence,
and translated the best available evidence into
graded clinical recommendations (table 1).

The following text is a summary of the recom-
mendations themselves and a discussion of the
evidence on which the recommendations are
based, under the following sections: Manage-
ment outside hospital; Management inside
hospital for community-acquired pneumonia;
Exacerbations of COPD; and Exacerbations of
bronchiectasis and prevention of infection. These
sections, togetherwith fullmethodological details,
definitions, background information regarding
descriptive epidemiology, microbiology, risk
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Introduction

Community-acquired pneumonia (CAP) remains a serious
illness with a significant impact not only on individual patients
but also on society as a whole. Guidelines for the initial anti-
biotic management of CAP were developed in Canada in 1993
and subsequently by the American Thoracic Society (ATS) that
same year and by the Infectious Diseases Society of America
(IDSA) in 1998 [1–3]. Each of these sets of guidelines has its
own strengths and weaknesses, but individually and collectively
they have helped to organize and codify our approach to the
patient with CAP. Perhaps most important, they have high-
lighted the weaknesses and deficiencies in this area and have
raised important questions for present and future research.

As a result of developments in the past several years, it be-
came clear that our guidelines should be updated and revised.
This document is a joint effort by the Canadian Infectious
Disease Society (CIDS) and the Canadian Thoracic Society
(CTS) and we hope that it will be the first of many such
collaborations.

Methods

A committee was established that was composed of members
from both the CIDS and CTS, plus additional colleagues from the
United States with strong interests in CAP. The members were
divided into 3 teams, each of which was responsible for 1 of 3
sections. These were (1) epidemiology, risk factors, and etiology;
(2) diagnosis; and (3) treatment. The committee met for 2 days in
Toronto in January 1999, and then each team proceeded to develop
a draft of its section. These drafts were then circulated among the

Received 2 May 2000; electronically published 7 September 2000.
a Participating members of the Canadian Community-Acquired Pneu-

monia Working Group are listed at the end of the text.
Reprints or correspondence: Dr. Lionell A. Mandell, Division of Infec-
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pus, 711 Concession St., Hamilton, Ontario L8V 1C3, Canada (lmandell
@fhs.csu.mcmaster.ca).
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! 2000 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2000/3102-0004$03.00

committee members, and a revised version was sent to colleagues
in the United States, Europe, and Israel for review. This document
was then finalized on the basis of their input.

Relevant articles published during 1966 to the present were re-
trieved from MEDLINE with use of the MeSH terms “exp pneu-
monia/,” “community-acquired,” “nursing home,” “human, “ran-
dom,” “clinical trial,” “exp antibiotics/,” and “English language.”
In addition, abstracts from the annual International Conference
on Antimicrobial Agents and Chemotherapy and IDSA meetings
held in 1997, 1998, and 1999 were reviewed. For the section on
epidemiology and etiology, we searched the terms “community-
acquired pneumonia” and “etiology” (simultaneously) and found
968 citations.

We applied a hierarchical evaluation of the strength of evidence
modified from the Canadian Task Force on the Periodic Health
Examination [4]. Well-conducted randomized, controlled trials con-
stitute strong or level I evidence; well-designed controlled trials
without randomization (including cohort and case-control studies)
constitute level II or fair evidence; and expert opinion, case studies,
and before-and-after studies are level III (weak) evidence. Through-
out these guidelines, ratings appear as roman numerals in paren-
theses after each recommendation.

None of these categories are readily applied to studies of the
etiology of pneumonia. Instead, we applied the categories defined
by Marston et al. [5] to indicate the degree of certainty that a given
etiologic agent has caused the pneumonia: definite, probable, or
possible. Unfortunately, most of the studies examined for this doc-
ument were reported before publication of Marston’s article.

An examination of the articles on etiology of pneumonia led to
a decision to use a small number of articles (for the group of
patients requiring admission to the hospital—the largest group) in
which the authors used comprehensive methods to try to establish
an etiologic diagnosis. It was felt to be important to present the
data in tables that allow the reader to see the range of various
pathogens identified in each study rather than to use a summary
table. Searches of the subsets of patients treated on an ambulatory
basis, in nursing homes, or in intensive care units (ICUs) yielded
small numbers of studies, which are reported in their entirety.

For the section on diagnosis, a set of explicit criteria for inclusion
and exclusion were applied for selecting articles used for the evi-
dence-based portion of this section. Inclusion criteria required that
each article report original research on patients with CAP and that

“...... more eminence based then evidence based”



Guidelines - International comparison

Current Opinion in Infectious Diseases 2007, 20:170–176

Best Level 
Evidence 21% 15% 9.6%

US guidelines “mainly based on European studies”

UK guidelines scope “not aimed at patients with known 
predisposing conditions such as cancer or 

immunosuppression admitted with pneumonia “
ITU patients are routinely excluded from CAP trials



Last word on guidelines

‘‘it is important to recognise that these 
are simply guidelines ...... it 
remains the responsibility of the 
physician ......to make the best 
judgement for an individual patient’’

British Thoracic Society CAP guidleines - 2009



What they agree on

❖ Score, score, score............!!!
❖ Diagnostic approach
❖ Time is of the essence

❖ Antibiotic administration
❖ ITU admission

❖ Don’t miss target with antibiotic therapy
❖ Risk factors for MDRs

❖ “Protect’’ our antibiotics
❖ De-escalate



Severity of illness scores



Severity of CAP - Scores

❖ Determine:

❖ Entry to ITU

❖ Antibiotic treatment

Almost all major decisions depend on initial severity 
assessment



Severity scores for CAP

❖ CURB-65

❖ Pneumonia Severity Index (PSI)

❖ CAP PIRO (for ITU mortality)

Current Infectious Disease Reports 2009, 11:343–348



Severity scores for CAP

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,
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PSI                     

CURB-65                     

CRB-65                     

CURB                     

CORB                     

ATS 1993                     

ATS 2001                     

ATS/IDSA 
2007 

                    

SMART-
COP 

                    

SCAP                     

REA-ICU                     

Figure 2 Components of the main severity scores. Criteria used in the score appear as shaded areas. BP, blood pressure; HR, heart rate; RR,
respiratory rate; T, temperature.

Table 2 Operative characteristics of the principal scores to predict ICU admission at their usual cut-off (95% CI)
Sensitivity Specificity NLR PLR DOR

PSI ≥ 4 75.0 (71-78) 48.0 (44-52) 0.53 (0.46-0.6) 1.5 (1.4-1.6) 2.9 (2.4-3)

CURB-65 ≥ 3 56.2 (41-70) 74.2 (68-79) 0.64 (0.51-0.79) 2.1 (1.6-2.7) 3.6 (2.2-5.8)

CRB-65 ≥ 3 34.2 (18-55) 90.6 (89-92) 0.72 (0.54-0.97) 3.6 (1.9-6.9) 5.0 (2.0-12.7)

CURB ≥ 2 76.8 (48-92) 68.6 (53-81) 0.35 (0.18-0.70) 2.3 (1.9-2.7) 5.5 (3.7-8.2)

ATS 2001 69.5 (61-77) 90.1 (82-95) 0.37 (0.30-0.46) 7.3 (4.4-12.2) 24.6 (13.1-46.4)

ATS 2007 83.8 (48-97) 77.7 (46-93) 0.22 (0.08-0.66) 3.8 (1.7-8.6) 17.6 (13.1-24.1)

ATS 2007a 57.0 (46-68) 90.5 (84-95) 0.48 (0.38-0.6) 5.9 (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) 1.8 (1.2-2.6) 14.9 (6.7-33.1)

SMART-COP 79.0 (69-87) 64.2 (30-66) 0.15 (0.03-0.91) 2.6 (1.3-5.3) 14.9 (8.6-25.7)

DOR, diagnostic odds ratio; NLR, negative likelihood ratio; PLR, positive likelihood ratio. aMinor criteria.

Marti et al. Critical Care 2012, 16:R141
http://ccforum.com/content/16/4/R141
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CURB-65

Lim WS Thorax 2003;58:377-382

1 point given for each of: Confusion
Urea (>7mmol/L)
Respiratory rate (>=30)
BP (SBP <90 or DBP 
<60)
Age (>=65)

Risk 
class Mortality (%) Recommended site of care

0 0.7 Outpatient
1 2.1 Outpatient

2 9.2 Short hospital stay/supervised outpatient

3 14.5 Hospital, assess for ITU

4 40 Hospital, assess for ITU

5 57 Hospital, assess for ITU



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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Figure 3 SROC curve and area under the curve (AUC) of Pneumonia Severity Index (PSI) and CURB-65 to predict ICU admission.
Individual studies are represented by a number indicating the cut-off used. Their place on the diagram represents the sensitivity and specificity
of the individual study. Diamonds represent meta-analytic test statistics for each cut-off.
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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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Figure 4 Pooled discriminative performance of the principal
scores for severe CAP compared with Pneumonia Severity
Index (PSI) and CURB-65 ROC curve.
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Prediction of severe community-acquired
pneumonia: a systematic review and meta-analysis
Christophe Marti1*, Nicolas Garin1,2, Olivier Grosgurin1, Antoine Poncet3, Christophe Combescure3,
Sebastian Carballo1 and Arnaud Perrier1

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% (CI, 61 to 77) and 84% (48 to 97) and a specificity of
90% (CI, 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% CI, 84 to 95) and moderate sensitivity (57% CI, 46 to 68).
SMART-COP and SCAP score have good sensitivity (79% CI, 69 to 97, and 94% CI, 88 to 97) and moderate
specificity (64% CI, 30 to 66, and 46% CI, 27 to 66). Major differences in populations, prognostic factor
measurement, and outcome definition limit comparison. Our analysis also highlights a high degree of
heterogeneity among the studies.

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].

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

* Correspondence: christophe.marti@hcuge.ch
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Gentil 4, 1211 Geneva 14, Switzerland
Full list of author information is available at the end of the article

Marti et al. Critical Care 2012, 16:R141
http://ccforum.com/content/16/4/R141

© 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.

“New severity scores for predicting the need for ITU such as ATS/IDSA 
minor criteria, SCAP score and SMART-COP have better discriminative 

performances compared with PSI and CURB-65”
Marti et al. Critical Care 2012, 16, R141



Severity assessment tools to guide ICU admission in CAP

Meta-analysis of 6 studies using CURB-65

❖ Mortality prediction - moderate

❖ ITU admission - poor

Intensive Care Med (2011) 37:214–223

Severity scores are better for predicting hospital mortality then 
need for ITU

Intensive Care Med (2011) 37:1409–1420



CURB-65 not great for the sickest

Score Sensitivity Specificity PPV NPV AUC %

PSI IV+V 77 53 18 95 0.68

CURB-65 >3 50 71 19 93 0.64

Intensive Care Med (2011) 37:214–223



Mono v combination antibiotics for severe infection

greater reduction in bacterial count with the combination versus
that with each of the agents alone.86 In studies comparing the
same ! lactam this is directly tested, but the effect of increasing
the antibiotic spectrum cannot be separated from a synergistic
effect. In studies comparing different ! lactams the spectrum of
coverage was similar in both arms. However, synergism can be
examined only indirectly. If we assume that the aminoglycoside
offers more than its additional coverage, the combination arm
should perform as well, or better, than the broader spectrum !

lactam monotherapy. With the former design we did not detect
an advantage to the combination, while with the latter we found
an advantage to monotherapy.

Weaknesses of the study
The quality of included studies was poor overall. We did not
detect bias induced by any of the measures assessed. We could
not obtain data on all cause fatality for 33% of studies. It is
unlikely that missing results would shift the results for studies

Relative risk
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(%)
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01 Same β lactam
Abrams 1979
Cardozo 2001
Sandberg 1997
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D'Antonio 1992
Kljucar 1990
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Dupont 2000
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Total events: 74 (monotherapy), 75 (combination therapy)
Test for heterogeneity: χ2=5.68, df=8, P=0.68, I 2=0%
Test for overall effect: z=0.14, P=0.89

02 Different β lactam
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Total (95% CI)
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Test for heterogeneity: χ2=32.50, df=30, P=0.34, I 2=7.7%
Test for overall effect: z=1.22, P=0.22
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0.41 (0.09 to 1.92)
2.44 (0.72 to 8.26)
0.69 (0.27 to 1.76)
1.25 (0.57 to 2.74)
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0.64 (0.11 to 3.66)
0.46 (0.09 to 2.36)
2.43 (0.49 to 12.13)
0.77 (0.18 to 3.22)
0.41 (0.10 to 1.60)
1.33 (0.34 to 5.21)
0.38 (0.11 to 1.34)
1.20 (0.40 to 3.61)
0.91 (0.34 to 2.44)
1.41 (0.54 to 3.67)
0.62 (0.27 to 1.42)
0.36 (0.16 to 0.83)
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0.74 (0.39 to 1.40)
0.58 (0.31 to 1.09)
0.82 (0.47 to 1.45)
1.09 (0.62 to 1.92)
1.70 (1.03 to 2.79)
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0.27
0.50
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2.65
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3.72
4.10
5.84
6.02
7.07
7.07
8.81
9.85
73.73

100.0

Study
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Monotherapy
No/Total

Combination
therapy
No/Total

Fig 2 All cause fatality in comparison of ! lactam monotherapy v ! lactam-aminoglycoside combination therapy for treatment of sepsis. Log scale of relative risks
(95% confidence intervals), random effect model. Studies ordered by weight
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No Mortality Difference ??? 

BMJ 2004; 328: 668 – 679



clinical failure risk represents a substan-
tial portion of the heterogeneity in the
aggregate meta-analysis. No other strati-
fication resulted in a similar decrease of
I2 in all strata (Table 2).

The 12 studies that were stratified into
septic shock/critically ill and nonseptic
shock/noncritically ill datasets were ex-
amined (Fig. 3). Pooled ORs for the eight
studies split by the presence or absence of
shock (27,28,34,42,46,54 –56) and the

four studies split by the presence or ab-
sence of critical illness (25,26,29,60)
demonstrated a significant advantage to
combination therapy in the more ill
group but did not demonstrate evidence
of a similar trend in the less ill groups.
Consolidation of the combined shock and
critically ill datasets demonstrated simi-
lar results (OR, 0.51; 95% CI, 0.36–0.72;
p ! .0002; I2 ! 0%). Pooled ORs for the
consolidated nonshock/noncritically ill

show an absence of any beneficial effect
with combination therapy (OR, 1.06; 95%
CI, 0.76–1.47; p ! .7178; I2 ! 19.1%).
Consolidation of all datasets yields a
trend toward superiority of combination
therapy that fails to reach significance
(OR, 0.76; 95% CI, 0.57–1.02; p ! .0622;
I2 ! 33.8%). The I2 value for study het-
erogeneity is substantially reduced by
splitting the 12 datasets into shock/
critically ill and nonshock/noncritically
ill groups. As can be seen by examination
of the datasets used in this analysis (25–
29, 34, 42, 46, 54–56, 60) in Figure 2, the
OR describing mortality/clinical failure
with combination therapy for the septic
shock or otherwise more critically ill sub-
set of the individual datasets was shifted
to the left (i.e., favoring combination
therapy) relative to the matching nonsep-
tic shock/noncritically ill dataset in 10 of
the 12 datasets excluding only the studies
of Harbarth et al (42) and Garnacho-
Montero et al (55).

To further examine statistical hetero-
geneity in the aggregate meta-analysis
and potential sources of variation in in-
dividual dataset results, additional strati-
fied meta-analyses were performed (Table
2). Observational (non-RCT) studies (49
datasets) demonstrate a high level of het-
erogeneity and fail to show evidence of a
benefit of combination therapy. A similar
lack of evidence of efficacy is apparent
whether examining prospective observa-
tional data (15 datasets) or retrospective
cohort studies (34 datasets) (Tables 1 and
2). RCTs (13 datasets) demonstrate no
significant benefit of a combination strat-
egy despite low heterogeneity (Tables 1
and 2). Exploratory subgroup analyses to
determine whether findings would differ
by limiting the analysis to studies pub-
lished during or before 1992 (29 datasets)
or during or after 1993 (33 datasets),
when more potent antimicrobials became
available for serious infection demon-
strated similar results (Tables 1 and 2).

Stratification by other criteria includ-
ing use of "-lactam as sole primary ther-
apy, aminoglycosides as the sole second-
ary agent, clinical syndrome (bacteremia,
nonbacteremia, community-acquired
pneumonia, hospital-acquired pneumo-
nia/ventilator-associated pneumonia),
Gram stain characteristic of pathogen,
specific pathogen (Pseudomonas, Kleb-
siella, Streptococcus pneumoniae), and
end point (hospital mortality, 7- to 30-
day mortality, clinical failure) also
showed no significant reduction in heter-

Figure 2. Analysis of studies comparing combination antibiotic therapy with monotherapy for reducing
mortality of life-threatening infections associated with sepsis. Note the gradual shift of the odds ratio
from the right to the left as monotherapy mortality increases. The size of the squares is proportional
to the reciprocal of the variance of the studies. a, Nonshock or noncritically ill stratified dataset. b,
Shock or critically ill stratified dataset. c, Modified dataset provided by study authors.

1656 Crit Care Med 2010 Vol. 38, No. 8

Crit Care Med 2010 Vol. 38, No. 8

Increasing 
Mortality

<15% mortality favors 
Mono-therapy

>25% mortality favors 
Combination therapy

15-25% mortality
 No difference

This is why we stratify for Risk of Death

EALING ITUs
R.o.D. = 47%



Last word on severity scores for sCAP

“In our experience, physicians ...must 
make decisions or recommendations for 
individual patients, always consider 
physiologic data when they assess 
patients and make clinical judgments 
about prognosis, but they consider other 
non quantifiable things, too.”

Crit Care Med 2011 Vol. 39, No. 3

Use a score as a drunkard uses a lamppost....
more for support than illumination



Diagnosis



Diagnosis

For all severe cases of CAP 

❖ Blood cultures (before antibiotics)

❖ Sputum cultures (before antibiotics)

❖ Urinary antigens

❖ Pneumococcus

❖ Legionella

❖ Pleural tap

❖ Atypical screen, TB, etc

Microbiological diagnosis not found -->25-60%



Blood cultures

❖ Best sign of severity of illness

--> 3 X increased mortality

❖ Pathogen targeted therapy

❖ Greater certainty than sputum or serology

❖ Only positive in 14% (low diagnostic yield)

Fine MJ et al JAMA 1996;275:134Chalasani NP et al Chest 1995;108:932-936 Rello J, et al Chest 2009 



Sputum cultures

❖ Need good quality - ex. at time of ETT

❖ Ask for Legionella

❖ Failure to detect Staph.aureus or Gram neg. is strong 
evidence against

❖ Many of the commonly seen pathogens unaffected by a 
single dose of antibiotic (unlike Strep. pneumonia)

Chalasani NP et al Chest 1995;108:932-936 IDSA/ATS Guidelines for CAP in Adults • CID 2007:44 (Suppl 2) • S27

***



Urinary antigens

Pneumococcal

❖ Detects pneumococcal pneumonia after antibiotics

❖ 44% of Strep. pneumonia diagnosed on urinary antigens

❖ Sensitivity 50-80%

❖ Specificity 90%

❖ Still positive after 3 days

Legionella

❖ Sensitivity 70-90%

❖ Specificity 90%

❖ Positivity from day 1 - lasts weeks

❖ Is insufficient to rule out

Arch Intern Med. 2011 Jan 24;171(2):166-72.

http://www.ncbi.nlm.nih.gov/pubmed/20876397?dopt=Abstract#
http://www.ncbi.nlm.nih.gov/pubmed/20876397?dopt=Abstract#


Quantitative bacterial load in blood

❖ Compare viral load in management (HIV, Hep C)

❖ Recent assay detects pneumococcal DNA (PCR)
❖ 2 X as sensitive as blood cultures

❖ Specificity 100%

❖ Results in < 3hrs

❖ Load - strong predictor of risk of shock/death

❖ Bacterial load challenges paradigm of host response as cause of mortality

❖ Same seen in meningococcaemia

❖ Therefore a significant new diagnostic and prognostic tool

Chest 2009;136:832–840. Am J Respir Crit Care Med Vol 183. pp 157–164, 2011



Pleural tap

❖ Tap all pleural  parapneumonic effusions

❖ If pH <7.2 or pus --> drain

“Never let the Sun set on a parapneumonic effusion”



Outline of lectures

❖ Definition
❖ The “known knowns”
❖ Pathology
❖ Guidelines
❖ Treatment
❖ Ealing Hospital and CAP
❖ Conclusion



Principles of treatment

"Father of modern medicine."
Sir William Osler (1849-1919)

“Pneumonia is one of the diseases in which a timely venesection 
may save life.... to be of service it should be done early.... in a full 
blooded, healthy man with a high fever and bounding pulse the 
abstraction of from twenty to thirty ounces of blood (1.5 to 2 pints) is 
in every way beneficial.”

Did they say 
“modern 
medicine”???

'The Principles and Practice of Medicine'-1923

http://en.wikipedia.org/wiki/Medicine
http://en.wikipedia.org/wiki/Medicine
http://en.wikipedia.org/wiki/The_Principles_and_Practice_of_Medicine
http://en.wikipedia.org/wiki/The_Principles_and_Practice_of_Medicine


Principles of treatment

In 1938 outcomes compared in 200 patients 
with lobar pneumonia treated +/- 
sulphonamide. 

sulphonamide treated group - 
mortality from 27% -> 8%.

Striking is the fact that three-quarters survived 
without antibiotics!

Lancet 1938; ii: 14–9



Principles of treatment

❖ Early admission to ITU
❖ Early antibiotics
❖ Appropriate antibiotics
❖ Antibiotic stewardship
❖ Optimise pharmacokinetics/dynamics
❖ Adjunctive therapies



Cost of delayed admission to ITU

...45% of  patients with CAP who ultimately require 
ICU ...initially admitted to non-ICU setting...

Direct Admission Delayed Admission

Crit Care Med 2009; 37:2867–2874 Chest 2010;137;552-557

0

0

0

0

11%

23%

Mortality



Cost of delayed admission to ITU

Chest 2010;137;552-557

552
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     Community-acquired pneumonia (CAP) continues 
to be associated with signifi cant morbidity and 

mortality, accounting for more than 1 million hospital 
admissions per year in the United States. Pneumonia 
and infl uenza together are ranked as the eighth lead-
ing cause of death in the United States,  1   and mortal-
ity rates in those admitted to the ICU have been 
reported higher than 35%. The most vulnerable 
patients include the elderly and those with comorbidi-
ties such as COPD and congestive heart failure.  1-7   

 Up to 36% of patients with CAP admitted to the 
hospital require ICU admission. These patients carry 
the highest morbidity, mortality, and cost of all patients 
with CAP.  8   The mortality in these patients has been 
reported to be as high as 58%.  9-11   Direct admission to 
an ICU is usually required for patients who present in 

septic shock requiring vasopressors, and/or acute 
respiratory failure requiring intubation and mechanical 
ventilation.  3,7,9,12-16   However, limited data are available 
regarding the outcomes of patients with CAP who are 
not directly admitted to the ICU, such as those trans-
ferred from the general medicine ward.  3,8,12,17   Delayed 
ICU transfers may represent rapidly progressive pneu-
monia that was not obvious on admission.  3   Therefore, 
our aim was to determine the association of early vs 
late ICU admission with 30-day mortality after adjust-
ing for other potential confounders. 

 Methods 

 This is a retrospective cohort study of patients hospitalized with 
CAP at two academic tertiary care hospitals in San Antonio, Texas. 

  Background:    Limited data are available on the impact of time to ICU admission and outcomes for 
patients with severe community acquired pneumonia (CAP). Our objective was to examine the 
association of time to ICU admission and 30-day mortality in patients with severe CAP. 
  Methods:    A retrospective cohort study of 161 ICU subjects with CAP (by International Classifi ca-
tion of Diseases, 9th edition, codes) was conducted over a 3-year period at two tertiary teaching 
hospitals. Timing of the ICU admission was dichotomized into early ICU admission (EICUA, 
 direct admission or within 24 h) and late ICU admission (LICUA,  !  day 2). A multivariable analy-
sis using Cox proportional hazard model was created with the primary outcome of 30-day mortal-
ity (dependent measure) and the American Thoracic Society (ATS) severity adjustment criteria 
and time to ICU admission as the independent measures. 
  Results:    Eighty-eight percent (n 5 142) were EICUA patients compared with 12% (n 5 19) LICUA 
patients. Groups were similar with respect to age, gender, comorbidities, clinical parameters, 
CAP-related process of care measures, and need for mechanical ventilation. LICUA patients had 
lower rates of ATS severity criteria at presentation (26.3% vs 53.5%;  P  5 .03). LICUA patients 
(47.4%) had a higher 30-day mortality compared with EICUA (23.2%) patients ( P  5 .02), which 
remained after adjusting in the multivariable analysis (hazard ratio 2.6; 95% CI, 1.2-5.5;  P  5 .02). 
  Conclusion:    Patients with severe CAP with a late ICU admission have increased 30-day mortality 
after adjustment for illness severity. Further research should evaluate the risk factors associated 
and their impact on clinical outcomes in patients admitted late to the ICU. 
 CHEST 2010; 137(3):552–557

  Abbreviations:  ATS 5 American Thoracic Society; CAP 5 community-acquired pneumonia; EICUA 5 early ICU 
 admission; LICAU 5 late ICU admission 

 Late Admission to the ICU in Patients 
With Community-Acquired Pneumonia 
Is Associated With Higher Mortality 
  Marcos I.   Restrepo ,  MD ,  MSc ,  FCCP ;  Eric M.   Mortensen ,  MD ,  MSc ;  Jordi   Rello ,  MD ,  PhD ; 
 Jennifer   Brody ,  MD ; and  Antonio   Anzueto ,  MD  

 © 2010 American College of Chest Physicians
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admitted directly to the ICU or within 24 h, respec-
tively. Despite the numerical longer length of hospital 
stay, there were no statistically signifi cant differences 
among groups. 

 Several epidemiologic studies have focused on 
patients with severe CAP directly admitted to the 
ICU, but limited data are available regarding the 
time of ICU admission and its impact on clinical 
outcomes.  3,4,9,15,17,21-24   Our data are provocative in 
showing that despite the broad use of severity illness 
scores directed to assist clinicians on which patients 
require ICU admission, there are a number of patients 

were similar among EICUA patients directly admit-
ted to the ICU and those admitted within 24 h of pre-
sentation ( Fig 2  ). In addition, LICUA had a similar 
survival curve whether admitted between days 2 and 
4 or between days 5 and 9; however, both LICUA sub-
groups had lower survival rate compared with both 
EICUA subgroups ( Fig 2  and  Table 3 ). 

 Discussion 

 The main fi nding of our study was that patients 
with severe CAP admitted to the ICU after 24 h of 
hospital admission have a much higher mortality 
compared with those with direct admission within 
24 h of presentation. In addition, the survival curves 
suggest that those patients with late admission to the 
ICU, whether in days 2 to 4 or 5 to 9 had similar rates 
of higher mortality when compared with patients 

 Table 2— Etiologic Diagnosis With an Identifi able 
Pathogen Causing Disease in CAP of Patients With 

EICUA vs LICUA  

Microorganisms EICUA (n 5 57) LICUA (n 5 8) 

 Streptococcus pneumoniae 21 (36.8) 2 (25.0)
 Staphylococcus aureus 12 (21.1) 4 (50.0)
   Methicillin-resistant  S aureus 2 (5.8) 0
 Pseudomonas aeruginosa 8 (14.0) 0
 Haemophilus infl uenzae 3 (5.3) 0
 Escherichia coli 1 (1.8) 0
 Klebsiella pneumoniae 2 (3.5) 1 (12.5)
 Proteus mirabilis 1 (1.8) 1 (12.5)
Other  a  3 (5.3) 0
Polymicrobial 6 (10.5) 0

Values are given as N (%). No comparisons showed statistical signifi cant 
differences among the groups. Percentages have been rounded and 
may not sum 100.
 a Other consists of  Aspergillus  spp,  Haemophilus parainfl uenzae , and 
 Enterococcus  spp.

 Table 3— Cox Survival Analysis Results  

Groups HR 95% CI  P  Value

Early vs late ICU admission  
 EICUA (reference value) … … …
 LICUA 2.6 1.2-5.5 .02
 ATS severe criteria 1.8 0.9-3.3 .08
Subgroup analysis
 EICUA (direct admission) 
  (reference value)

… … …

 EICUA (within 24 h) 0.9 0.4-1.9 .8
 LICUA (2-4 d) 2.5 1.0-5.9 .04
 LICUA (5-9 d) 2.5 0.6-10.9 .2
 ATS severe criteria 1.8 0.9-3.3 .08

Patients with CAP admitted early vs those admitted late to the ICU and 
the subgroup analysis with those patients with direct admission to the 
ICU (as the reference value), within 24 h, 2-4 d after admission, or 
5-9 d after presentation to the ICU, adjusted for severity of illness (ATS 
severe CAP criteria). HR 5 hazard ratio. See Table 1 for expansion of 
other abbreviations.

  Figure  1. Cox survival curves of patients with community-acquired 
pneumonia admitted early vs those admitted late to the ICU. 
EICUA 5 early ICU admission; LICAU 5 late ICU admission.   

  Figure  2. Cox survival curves of patients with community-
acquired pneumonia admitted directly, within 24 h, 2 to 4 days 
after admission, or 5 to 9 days after presentation to the ICU. See 
Figure 1 legend for expansion of abbreviations.   

 © 2010 American College of Chest Physicians
 by guest on June 20, 2011chestjournal.chestpubs.orgDownloaded from 



Principles of treatment

❖ Early admission to ITU
❖ Early antibiotics
❖ Appropriate antibiotics
❖ Antibiotic stewardship
❖ Optimise pharmacokinetics/dynamics
❖ Adjunctive therapies



Cost of delayed antibiotic treatment

not receive effective antimicrobials before
death and 558 were on antimicrobial
therapy that was either proven (defined
pathogen) or adjudicated (undefined
pathogen) effective for the infection
thought to underlie septic shock before
the onset of hypotension. Of the remain-
ing 2,154 patients who received effective
antimicrobials only after onset of hypo-
tension, mortality rate was 58.0%.

Over the first 6 hrs after the onset of
recurrent or persistent hypotension, each
hour of delay in initiation of effective
antimicrobial therapy was associated with
mean decrease in survival of 7.6% (range
3.6–9.9%; Fig. 1). Survival was 82.7% if
effective antimicrobials were adminis-
tered within 30 mins of initial evidence of
hypotension, 77.2% in the second half
hour (79.9% aggregate in the first hour),
and 42.0% in the sixth hour. The median
time to implementation of effective anti-
microbial therapy following the first on-
set of recurrent/persistent hypotension
was 6 hrs (25–75% interval, 2.0–15.0 hrs;
Fig. 1). Average times were 13.51 ! 0.45
(SE) hrs.

On univariate analysis, the delay from
initial recurrent or persistent hypoten-
sion to administration of effective antimi-
crobial therapy was a critical determinant
of survival to ICU and hospital discharge
(each p " .0001 by log rank analysis). By
the second hour after onset of persistent/
recurrent hypotension, in-hospital mor-
tality rate was significantly increased rel-
ative to receiving therapy within the first
hour (adjusted odds ratio 1.67; 95% con-
fidence interval, 1.12 #2.48; Fig. 2). The
odds ratio of death continued to climb
with progressive delays to a maximum
value of 92.54 (95% confidence interval,
44.92–190.53) with delays $36 hrs after
onset of hypotension (Fig. 2). When delay
to initiation of effective antimicrobial
therapy was assessed as a continuous
variable, the adjusted odds ratio was
1.119 (per hour delay) (95% confidence
interval 1.103–1.136, p " .0001); that is,
every hour delay was associated with an
approximately 12% decreased probability
of survival compared with the previous
hour over the entire observation period
(Fig. 3).

In multivariate analysis with other
management variables including effec-
tiveness of initial antimicrobial therapy,
choice and magnitude of early fluid re-
suscitation, single vs. multiple drug class
antimicrobial therapy, and choice and ra-
pidity of initiation of initial vasopressor/
inotropic support, time to effective anti-

Figure 1. Cumulative effective antimicrobial initiation following onset of septic shock-associated
hypotension and associated survival. The x-axis represents time (hrs) following first documentation of
septic shock-associated hypotension. Black bars represent the fraction of patients surviving to hospital
discharge for effective therapy initiated within the given time interval. The gray bars represent the
cumulative fraction of patients having received effective antimicrobials at any given time point.

Table 3. Suspected primary microbiologic pathogens in septic shock

Pathogen No. of Patients % Total

Gram-negative organisms 930 47.9
Escherichia coli 435 22.4
Klebsiella species 131 6.7
Pseudomonas aeruginosa 115 5.9
Enterobacter species 80 4.1
Haemophilus influenzae 44 2.2
Proteus species 25 1.2
Acinetobacter species 21 1.1
Serratia species 20 1.0
Stenotrophomonas maltophila 16 0.8
Morganella morganii 14 0.7
Citrobacter species 13 0.7
Neisseria meningitidis 6 0.3
Burkholderia cepacia 3 0.2
Haemophilus parainfluenzae 3 0.2
Other Gram-negative bacilli 8 0.4

Gram-positive organisms 731 38.3
Staphylococcus aureus 302 15.6
Streptococcus pneumoniae 170 8.8
Streptococcus faecalis 77 4.0
Group A Streptococcus species 69 3.6
Other %-hemolytic streptococci 43 2.2
Viridans streptococci 37 1.9
Streptococcus faecium 29 1.5
Bacillus species 5 0.3
Corynebacterium jeijkeium 5 0.3
Staphylococcus lugdunensis 1 0.3

Yeast/fungi 160 8.2
Candida albicans 91 4.7
Candida glabrata 18 0.9
Aspergillus/Mucor species 14 0.7
Blastomyces species 10 0.5
Candida tropicalis 4 0.2
Candida parapsilosis 4 0.2
Candida krusei 3 0.2
Cryptococcus neoformans 1 0.1
Histoplasma species 1 0.1
Other unidentified yeast 13 0.6

Anaerobes 69 3.6
Clostridium difficile 46 2.4
Bacteroides fragilis 15 0.8
Other clostridia 8 0.4

Legionella species 8 0.4
Mycobacterium tuberculosis 11 0.6

1592 Crit Care Med 2006 Vol. 34, No. 6

8% more die with each hours delay!
Crit Care Med 2006; 34:1589–1596
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p = 0.001). A large number of other observational studies using 
similar forms of early quantitative resuscitation in comparable 
patient populations have shown significant mortality reduction 
compared to the institutions’ historical controls (Supplemental 
Digital Content 2, http://links.lww.com/CCM/A615). Phase III 
of the SSC activities, the international performance improve-
ment program, showed that the mortality of septic patients 
presenting with both hypotension and lactate ≥ 4 mmol/L was 
46.1%, similar to the 46.6% mortality found in the first trial cited 
above (15). As part of performance improvement programs, 
some hospitals have lowered the lactate threshold for triggering 
quantitative resuscitation in the patient with severe sepsis, but 
these thresholds have not been subjected to randomized trials.

The consensus panel judged use of CVP and SvO
2
 targets 

to be recommended physiologic targets for resuscitation. 
Although there are limitations to CVP as a marker of 
intravascular volume status and response to fluids, a low CVP 

generally can be relied upon as supporting positive response to 
fluid loading. Either intermittent or continuous measurements 
of oxygen saturation were judged to be acceptable. During 
the first 6 hrs of resuscitation, if ScVO

2
 less than 70% or SvO

2
 

equivalent of less than 65% persists with what is judged to be 
adequate intravascular volume repletion in the presence of 
persisting tissue hypoperfusion, then dobutamine infusion (to a 
maximum of 20 μg/kg/min) or transfusion of packed red blood 
cells to achieve a hematocrit of greater than or equal to 30% in 
attempts to achieve the ScvO

2
 or SvO

2
 goal are options. The strong 

recommendation for achieving a CVP of 8 mm Hg and an ScvO
2
 

of 70% in the first 6 hrs of resuscitation of sepsis-induced tissue 
hypoperfusion, although deemed desirable, are not yet the 
standard of care as verified by practice data. The publication 
of the initial results of the international SSC performance 
improvement program demonstrated that adherence to CVP 
and ScvO

2
 targets for initial resuscitation was low (15).

TABLE 5. Recommendations: Initial Resuscitation and Infection Issues 

A. Initial Resuscitation

1.  Protocolized, quantitative resuscitation of patients with sepsis- induced tissue hypoperfusion (defined in this document as hypotension 
persisting after initial fluid challenge or blood lactate concentration ≥ 4 mmol/L). Goals during the first 6 hrs of resuscitation:

a) Central venous pressure 8–12 mm Hg

b) Mean arterial pressure (MAP) ≥ 65 mm Hg

c) Urine output ≥ 0.5 mL/kg/hr

d) Central venous (superior vena cava) or mixed venous oxygen saturation 70% or 65%, respectively (grade 1C). 

2. In patients with elevated lactate levels targeting resuscitation to normalize lactate (grade 2C).

B. Screening for Sepsis and Performance Improvement

1.  Routine screening of potentially infected seriously ill patients for severe sepsis to allow earlier implementation of therapy (grade 1C). 

2. Hospital–based performance improvement efforts in severe sepsis (UG).

C. Diagnosis

1.  Cultures as clinically appropriate before antimicrobial therapy if no significant delay (> 45 mins) in the start of antimicrobial(s) (grade 
1C). At least 2 sets of blood cultures (both aerobic and anaerobic bottles) be obtained before antimicrobial therapy with at least 1 drawn 
percutaneously and 1 drawn through each vascular access device, unless the device was recently (<48  hrs) inserted (grade 1C).

2.  Use of the 1,3 beta-D-glucan assay (grade 2B), mannan and anti-mannan antibody assays (2C), if available and invasive 
candidiasis is in differential diagnosis of cause of infection.

3. Imaging studies performed promptly to confirm a potential source of infection (UG).

D. Antimicrobial Therapy

1.  Administration of effective intravenous antimicrobials within the first hour of recognition of septic shock (grade 1B) and severe 
sepsis without septic shock (grade 1C) as the goal of therapy.

2a.  Initial empiric anti-infective therapy of one or more drugs that have activity against all likely pathogens (bacterial and/or fungal or 
viral) and that penetrate in adequate concentrations into tissues presumed to be the source of sepsis (grade 1B).

2b. Antimicrobial regimen should be reassessed daily for potential deescalation (grade 1B).

3.  Use of low procalcitonin levels or similar biomarkers to assist the clinician in the discontinuation of empiric antibiotics in patients 
who initially appeared septic, but have no subsequent evidence of infection (grade 2C).

4a.  Combination empirical therapy for neutropenic patients with severe sepsis (grade 2B) and for patients with difficult-to-treat, multidrug- 
resistant bacterial pathogens such as Acinetobacter and Pseudomonas  (grade 2B). For patients with severe infections 
associated with respiratory failure and septic shock, combination therapy with an extended spectrum beta-lactam and either an 
aminoglycoside or a fluoroquinolone is for P. aeruginosa bacteremia (grade 2B). A combination of beta-lactam and macrolide for 
patients with septic shock from bacteremic Streptococcus pneumoniae infections (grade 2B).

(Continued)
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Delicate balancing act

Appropriate antibiotics Antibiotic stewardship



Principles of treatment

❖ Early admission to ITU
❖ Early antibiotics
❖ Appropriate antibiotics
❖ Antibiotic stewardship
❖ Optimise pharmacokinetics/dynamics
❖ Adjunctive therapies



Inadequate antimicrobial therapy -get it right first time or people die!

CHEST / 118 / 1 / JULY, 2000
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Importance of getting it right first time

Variable Relative Odds Ratio

Underlying 
Diseases 3.09

Shock 2.85

Bacteraemia 2.63

Ineffective initial antibiotic 4.71

Leroy et al. Intensive Care Medicine (1995) 21:24-31



Appropriate antibiotics

Empirical “best guess” based on:
❖ Severity of illness (scores)
❖ Past antibiotics

❖ (<90 days) - most important factor

❖ Past hospitalization
❖ (<90 days)

❖ Co-morbidities
❖ Local resistance patterns
❖ Other

❖ past flu

❖ travel



Severity of illness

❖ Determines aetiology

❖ ITU differs from general ward

❖ Legionella and Staph. aureus more frequent in ITU

❖ Gram negative may be more frequent in severely ill



clinical failure risk represents a substan-
tial portion of the heterogeneity in the
aggregate meta-analysis. No other strati-
fication resulted in a similar decrease of
I2 in all strata (Table 2).

The 12 studies that were stratified into
septic shock/critically ill and nonseptic
shock/noncritically ill datasets were ex-
amined (Fig. 3). Pooled ORs for the eight
studies split by the presence or absence of
shock (27,28,34,42,46,54 –56) and the

four studies split by the presence or ab-
sence of critical illness (25,26,29,60)
demonstrated a significant advantage to
combination therapy in the more ill
group but did not demonstrate evidence
of a similar trend in the less ill groups.
Consolidation of the combined shock and
critically ill datasets demonstrated simi-
lar results (OR, 0.51; 95% CI, 0.36–0.72;
p ! .0002; I2 ! 0%). Pooled ORs for the
consolidated nonshock/noncritically ill

show an absence of any beneficial effect
with combination therapy (OR, 1.06; 95%
CI, 0.76–1.47; p ! .7178; I2 ! 19.1%).
Consolidation of all datasets yields a
trend toward superiority of combination
therapy that fails to reach significance
(OR, 0.76; 95% CI, 0.57–1.02; p ! .0622;
I2 ! 33.8%). The I2 value for study het-
erogeneity is substantially reduced by
splitting the 12 datasets into shock/
critically ill and nonshock/noncritically
ill groups. As can be seen by examination
of the datasets used in this analysis (25–
29, 34, 42, 46, 54–56, 60) in Figure 2, the
OR describing mortality/clinical failure
with combination therapy for the septic
shock or otherwise more critically ill sub-
set of the individual datasets was shifted
to the left (i.e., favoring combination
therapy) relative to the matching nonsep-
tic shock/noncritically ill dataset in 10 of
the 12 datasets excluding only the studies
of Harbarth et al (42) and Garnacho-
Montero et al (55).

To further examine statistical hetero-
geneity in the aggregate meta-analysis
and potential sources of variation in in-
dividual dataset results, additional strati-
fied meta-analyses were performed (Table
2). Observational (non-RCT) studies (49
datasets) demonstrate a high level of het-
erogeneity and fail to show evidence of a
benefit of combination therapy. A similar
lack of evidence of efficacy is apparent
whether examining prospective observa-
tional data (15 datasets) or retrospective
cohort studies (34 datasets) (Tables 1 and
2). RCTs (13 datasets) demonstrate no
significant benefit of a combination strat-
egy despite low heterogeneity (Tables 1
and 2). Exploratory subgroup analyses to
determine whether findings would differ
by limiting the analysis to studies pub-
lished during or before 1992 (29 datasets)
or during or after 1993 (33 datasets),
when more potent antimicrobials became
available for serious infection demon-
strated similar results (Tables 1 and 2).

Stratification by other criteria includ-
ing use of "-lactam as sole primary ther-
apy, aminoglycosides as the sole second-
ary agent, clinical syndrome (bacteremia,
nonbacteremia, community-acquired
pneumonia, hospital-acquired pneumo-
nia/ventilator-associated pneumonia),
Gram stain characteristic of pathogen,
specific pathogen (Pseudomonas, Kleb-
siella, Streptococcus pneumoniae), and
end point (hospital mortality, 7- to 30-
day mortality, clinical failure) also
showed no significant reduction in heter-

Figure 2. Analysis of studies comparing combination antibiotic therapy with monotherapy for reducing
mortality of life-threatening infections associated with sepsis. Note the gradual shift of the odds ratio
from the right to the left as monotherapy mortality increases. The size of the squares is proportional
to the reciprocal of the variance of the studies. a, Nonshock or noncritically ill stratified dataset. b,
Shock or critically ill stratified dataset. c, Modified dataset provided by study authors.
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Increasing 
Mortality

<15% mortality favors 
Mono-therapy

>25% mortality favors 
Combination therapy

15-25% mortality
 No difference

This is why we stratify for Risk of Death

EALING ITUs
R.o.D. = 47%



Impact of previous antibiotic therapy

Recent antibiotic exposure (<90 days) associated:

❖ Most important factor in antibiotic resistance

❖ Greater administration of inappropriate antibiotics

❖ Increased hospital mortality

 “Clinicians caring for patients with severe sepsis or septic 
shock should consider recent antibiotic exposure when 
formulating empiric antimicrobial regimens”

Crit Care Med 2011; 39:1859 –1865



Recent hospitalization

Risk of MDR Pathogens

Morbidity and Mortality

CAP

HAP, VAP

HCAP

Craven D Curr Opin Infect Dis 2006;19:153-160



Co-morbidities

❖ COPD

❖ “There are no relevant UK studies and no new data”

❖ Diabetes

❖ “No new data were found”

❖ Alcoholic patients

❖ “There are no UK studies”

❖ Steroids

❖ “There are no UK studies and no new data”

❖ Aspiration pneumonia

❖ “There are no UK studies”

“since 2001 only one additional study of adults admitted to 

hospital with CAP has been published”

Thorax 2009;64(Suppl III):iii1–iii55. doi:10.1136/thx.2009.121434

UK guidelines - 



Co-morbidities

❖ MDRs more frequent
❖ COPD

❖ Strep. pneumonia

❖ H. influenza

❖ Pseudomonas, Staph. aureus

❖ Gram neg.

❖ Diabetes
❖ Bacteraemic pneumococci

❖ Alcoholic
❖ Bacteraemic pneumococci

❖ Gram neg.

❖ Anaerobes (? kissable?)

❖ TB

❖ Ch Renal Failure (dialysis)
❖ MRSA

❖ Steroids
❖ Gram neg., ? legionella



Other considerations

❖ Recent history of “flu”

❖ 3% of “flu” get CAP

❖ 67% of post-flu CAP in ITU have staph. aureus

❖ If v. sick, cavitating lesions, bilateral

❖ Think PVL-MRSA

❖ Recent history of travel (< 2 weeks)

❖ Consider Legionella



Bacterial co-infection in influenza

JAMA, January 16, 2013—Vol 309, No. 3

67%

33%

“Flu” pneumonia in ITU

No coinfection Coinfection

45%

16%

39%

Micro organisms

Staph. aureus Strep. pneumonia Other



Bacterial co-infection in influenza

JAMA, January 16, 2013—Vol 309, No. 3

❖ Micro-organisms - colonise nasopharynx
❖ Staph. aureus - 45%  (62% are MRSA)
❖ Strep. pneumonia - 16%
❖ If HAP risk factors

❖ Pseudomonas
❖ Resistant Gram negatives

❖ Diagnosis
❖ Virus antigen tests - false negatives in 70%
❖ In severe “flu” CAP, cannot diagnose co-infection on clinical grounds

❖ Treatment
❖ Early (4-8 hrs of hospitalisation)

❖ Antivirals and antibiotics
❖ On target

❖ Beta-lactams and macrolide
❖ If severe (pleural effusion, leucopenia, haemoptysis, cavitating) - think MRSA

❖  add Vancomycin or Linezolid



Principles of treatment

❖ Early admission to ITU
❖ Early antibiotics
❖ Appropriate antibiotics
❖ Antibiotic stewardship
❖ Optimise pharmacokinetics/dynamics
❖ Adjunctive therapies



But by being too aggressive you may prepare tomorrows problems
Translate

Your health, your choices

The rise of drug-resistant E. coli
Behind the Headlines
Brought to you by the NHS Knowledge Service

Tuesday February 19 2008

E. coli are common and usually harmless bacteria

Scientists have warned that E. coli, a frequent cause of  infection, is becoming resistant to antibiotics and the reistance problem could become as big as
MRSA, the Daily Mail and other newspapers report. According to the newspapers, experts say there is growing concern as healthy non-hospitalised
people have become infected with the antibiotic-resistant form of the bug. They highlight the need to restrict the overuse of antibiotics when treating
coughs and colds.

This story is not based on a new study, but on a review of the current knowledge in this area. E. coli occurs naturally in the human gut; however, certain
strains can lead to infections. As has happened with other bacteria, such as MRSA, there have been cases where strains of E. coli develop resistance to
commonly used antibacterial drugs. At present, infections from virulent forms of E. coli in the community are rare.

This story highlights again the dangers of overusing antibiotics, and suggests caution when using them to treat minor infections that would clear up
naturally in the course of time.

Where did the story come from?

The article was written by Dr Johann Pitout and Kevin Laupland of University of Calgary, Canada. The authors have previously received research grants
from Merck Frosst Ltd Canada and AstraZeneca Canada Inc, and Wyeth Pharmaceuticals Canada, Ltd. The study was published in the peer-reviewed
medical journal: The Lancet Infectious Diseases.

What kind of scientific study was this?

This narrative review discusses different methods of diagnosing and treating infections caused by multi-drug resistant E. coli and other bacteria within the
same group. These bacteria are able to produce enzymes called Extended-Spectrum Beta-Lactamases (ESBLs) that stop certain antibiotics from working,
among which are some of the most widely used in hospitals.

In particular, the authors discuss a need for doctors in the community to be aware of these resistant bugs and that the infections caused by them could fail
to respond to normal treatment.

The authors discuss methods of laboratory detection of the bacteria and specific treatment issues. They also carry out a search of an electronic database
to identify clinical trials that have investigated the effectiveness of certain antibacterial drugs.

What were the results of the study?

The authors initially discuss a particularly virulent form of bacteria that produce a distinct group of ESBLs (CTX-M enzymes). These bacteria are resistant
to the groups of antibiotics that are commonly used to treat these types of infections (penicillins and cephalosporins) and also to certain higher classes of
antibiotics normally reserved for more severe infections (e.g. fluoroquinolones, co-trimoxazole and gentamicin). Infections from bacteria that produce
these enzymes have not been restricted to vulnerable people in hospital, but have also been found in the community, particularly in certain European and
South American countries.

They state that infection with CTX-M producing E. coli in the community normally causes urinary infections. The most vulnerable people are those with
kidney or liver problems, diabetics, the elderly, those with repeat infections, and those who have recently been hospitalised or in nursing home care. Less
commonly, cases of stomach and blood infection have also been recorded. In Israel, 14% of patients admitted to hospital with blood poisoning were found
to have been infected with CTX-M E. coli, with resistance to the higher classes of antibiotics in 61-64% of cases. Similar findings were obtained in another
small number of cases that occurred in Spain over a four-year period.

The authors also report on the different laboratory methods that are available to detect ESBL producing bacteria, and report that following US Clinical and
Laboratory Standards Institute and UK Health Protection Agency guidelines gives a high lovel of accuracy (above 90%) of detecting these infections.

They also say that the treatment of multi-drug resistant bacterial infection is difficult. Serious community infections are usually treated based on clinical
symptoms rather than following laboratory confirmation of the exact organism and its drug sensitivities, and the antibiotics that are normally used (e.g.
cephalosporins) are ineffective for multi-drug resistant infection.

The standard antibiotic regimens that are used vary between different health trusts and countries. Failed treatment or a delay in effective treatment is
associated with a poorer outcome of the infection and a more prolonged illness. Additional problems can occur when antibiotics found to be effective
against the bacteria in the laboratory are not actually effective in the patient.

Drug resistant E.coli - Health news - NHS Choices http://www.nhs.uk/news/2007/Pages/DrugresistantEcoli.aspx
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Antibiotic exposure and resistance development in Pseudomonas
aeruginosa and Enterobacter species in intensive care units

David S.Y. Ong, MD, PharmD; Irene P. Jongerden, MSc; Anton G. Buiting, MD, PhD;
Maurine A. Leverstein-van Hall, MD, PhD; Ben Speelberg, MD, PhD; Jozef Kesecioglu, MD, PhD;
Marc J.M. Bonten, MD, PhD

Nosocomial infections are as-
sociated with increased mor-
bidity and mortality in pa-
tients treated in intensive

care units (ICUs) (1). To treat these in-
fections, many patients need antibiotic
treatment, but this is also considered an
important cause of emerging antibiotic
resistance (2, 3). In ICUs, the problem of
antibiotic resistance is even more urgent
because of high vulnerability of patients,
many invasive procedures, high antibiotic-

selective pressure, and high prevalence of
resistant bacteria (2). When infections
are caused by antibiotic-resistant bacte-
ria, in-hospital mortality rates and length
of hospital stay are higher compared to
those for infections caused by antibiotic-
susceptible bacteria (4).

Infections caused by antibiotic-resis-
tant bacteria in the ICU are almost always
preceded by colonization, which may re-
sult from either endogenous or exoge-
nous acquisition (5). In case of endoge-

nous acquisition, a patient is already
colonized with, initially, undetectable
bacterial numbers, which rank increase
above detection limits, for instance, be-
cause of selective antibiotic pressure.
However, it is also possible that antibiot-
ic-susceptible bacteria acquire resistance
mechanisms (or start to express resis-
tance traits), changing their phenotype
from susceptible to resistant (6). Again,
antibiotic exposure is believed to be crit-
ical for this process.

Exogenous acquisition is caused by
microorganisms from the ICU environ-
ment, either inanimate or animate. Re-
sistant bacteria may be transferred
from patient to patient, most frequently
through temporarily contaminated
hands of healthcare workers (7). Al-
though antibiotic-selective pressure
may facilitate events of cross-transmis-
sion, lapses in adherence to basic hy-
giene measures must be considered
crucial for this mode of transmission of
antibiotic resistance.

Objectives: We quantified the association between antibiotic
exposure and acquisition of antibiotic resistance in Pseudomo-
nas aeruginosa and Enterobacter species in intensive care unit
patients.

Design: Prospective cohort study.
Setting and Patients: In 1201 patients, respiratory tract colo-

nization was determined through regular screening on admission,
twice weekly, and on discharge. Primary outcome was the ac-
quisition of antibiotic resistance in previous antibiotic sensitive P.
aeruginosa and Enterobacter species, with acquisition attribut-
able to cross-transmission excluded based on genotyping and
epidemiologic linkage. Cox regression analysis, adjusted for
covariates, was performed to calculate hazard ratios of pa-
tients exposed to antibiotics compared to patients not exposed
to antibiotics.

Methods and Main Results: In total, 194 and 171 patients were
colonized with P. aeruginosa and Enterobacter species, respec-
tively. Two or more cultures per episode were available for 126
and 108 patients. For P. aeruginosa, ceftazidime exposure was
associated with 6.3 acquired antibiotic resistance events per 100

days of exposure, whereas incidence rates were lower for cipro-
floxacin, meropenem, and piperacillin-tazobactam. In multivariate
analysis, meropenem, ciprofloxacin, and ceftazidime were signif-
icantly associated with risk of resistance development in P.
aeruginosa (adjusted hazard ratio, 11.1; 95% confidence interval,
2.4–51.5 for meropenem; adjusted hazard ratio, 4.1; 95% confi-
dence interval, 1.1–16.2 for ciprofloxacin; adjusted hazard ratio,
2.5; 95% confidence interval, 1.1–5.5 for ceftazidime). For Entero-
bacter, ceftriaxone and ciprofloxacin exposure were associated
with most antibiotic resistance acquisitions. No significant asso-
ciations were found in multivariate analysis.

Conclusions: Meropenem exposure is associated with the
highest risk of resistance development in P. aeruginosa. Increas-
ing carbapenem use attributable to emergence of Gram-negative
bacteria producing extended-spectrum !-lactamases will en-
hance antibiotic resistance in P. aeruginosa.

Trial Number: ISRCTN75875670 (http://www.controlled-
trials.com/ISRCTN75875670). (Crit Care Med 2011; 39:000–000)

KEY WORDS: antibiotics; antibiotic resistance; Enterobacteriace-
ae; intensive care; Pseudomonas spp
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The reason why this deadly E coli makes
doctors shudder
It is past time for health authorities to curb the antibiotic misuse
that created the resistance of this aberrant E Coli strain

Maryn McKenna
guardian.co.uk, Sunday 5 June 2011 20.03 BST

Cucumbers on offer at a market in Berlin, Germany, after lab tests showed the E coli bacteria on Spanish cucumbers
were not the cause for the outbreak in Germany. Photograph: Britta Pedersen/EPA

The massive outbreak of E coli O104 in Europe has infected more than 1,800 people and
left more than 500 with the potentially deadly complication known as haemolytic-
uremic syndrome. It has leapfrogged borders to at least 13 countries and killed about 20
of its victims. As health authorities try to trace the outbreak to a food that can be
removed from the market, it has focused international attention on the complex paths
that agricultural produce follows in an era of global trade.

One aspect of the epidemic, though, has received little notice: this aberrant strain is
resistant to multiple classes of antibiotics. Among all the urgent issues raised by this
outbreak, that drug resistance should ring the loudest warning bells – and prompt
serious consideration of curbing the vast overuse of antibiotics that has created it.

The reason why this deadly E coli makes doctors shudder | M... http://www.guardian.co.uk/commentisfree/2011/jun/05/deadly...
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“if you reproduced every 20 
minutes, you would get smart 

quickly, too”

Perspective   

The NEW ENGLAND JOURNAL of MEDICINE

december 16, 2010

n engl j med 363;25 nejm.org december 16, 2010 2377

          Articles from
the NEJM Archive are 
available at NEJM.org

pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa, and entero-
bacter species), and others.1 For 
the most part, these organisms 
owe their superbug status not to 
enhanced pathogenicity or viru-
lence (although some are capa-
ble of causing overwhelming dis-
ease in the proper setting) but to 
their resistance to multiple anti-
microbial agents.

The most recent reports of 
superbugs in the professional and 
lay literature discuss NDM-1, which 
stands for New Delhi metallo-
beta-lactamase 1 and actually 

refers not to a single 
bacterial species but 
to a transmissible 

genetic element encoding multi-
ple resistance genes that was ini-
tially isolated from a strain of 

klebsiella obtained from a patient 
who acquired the organism in 
New Delhi, India.2 Subsequently, 
organisms in the Enterobacteria-
ceae family containing this genetic 
element (or variants thereof) have 
been found widely throughout 
India, Pakistan, and Bangladesh 
and are now turning up in Britain 
and, in rapid order, many other 
countries around the world. The 
spread of these organisms has 
prompted widespread concern be-
cause some of them are resistant 
to all antimicrobial agents except 
the polymyxins.

Concern about antimicrobial 
resistance in bacteria is not new, 
however. This fact is clearly re-
f lected in articles published 50 
years ago in the Journal. A 1960 
editorial accompanying an article 

on novobiocin and tetracycline (see 
box) decried the overuse of anti-
biotics and the irrational use of 
fixed combinations of antimicro-
bials, which were widely manufac-
tured and prescribed by the phar-
maceutical industry at that time. 
Another article on the transmissi-
bility of staphylococci noted that 
the administration of tetracycline 
to hospitalized patients increased 
the rate of nasopharyngeal colo-
nization with S. aureus, much of 
which showed resistance to tetra-
cycline. Another Journal editorial 
on antibiotic resistance quoted a 
study from Hammersmith Hospi-
tal clearly showing that limiting 
the use of antimicrobial agents 
in the hospital setting was asso-
ciated with a decrease in resis-
tance to penicillin and tetracy-
cline among staphylococci.

Thus, as of 50 years ago, most 
of the important principles con-
cerning the nature, dissemination, 
and potential control of antibiotic 
resistance were known: the role 

NDM-1 — A Cause for Worldwide Concern
Robert C. Moellering, Jr., M.D.

The past several years have seen a number of re-
ports of superbugs: methicillin-resistant Staphy-

lococcus aureus, the so-called ESKAPE organisms (an 
acronym for Enterococcus faecium, S. aureus, Klebsiella 
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Avoid poor antibiotic stewardship

❖ De-escalate

❖ Good microbiological diagnosis is essential !!

❖ Short courses

❖ PCT guided?



Local ecology - Pneumoccocal resistance to penicillin

http://ecdc.europa.eu/en/activities/surveillance/EARS-Net/database/Pages/graph_reports.aspx

Peni resistant St.Pneumonia:
Netherlands 0.5%

UK 1.5%
Spain 9.2%

US 16%

http://ecdc.europa.eu/en/activities/surveillance/EARS-Net/database/Pages/graph_reports.aspx
http://ecdc.europa.eu/en/activities/surveillance/EARS-Net/database/Pages/graph_reports.aspx


Principles of treatment
❖ Early admission to ITU
❖ Early antibiotics
❖ Appropriate antibiotics
❖ Antibiotic stewardship
❖ Optimise pharmacokinetics/

dynamics
❖ Adjunctive therapies



Why correct dosing matters



Pharmacokinetic/dynamic parameters of antibiotics
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LOW EXPOSURE TO ANTIBIOTICS ENABLES DEVELOPMENT OF RESISTANCE

Crit Care Med 2008; 36: 2433-2440



INSUFFICIENT ANTIBIOTIC CONCENTRATIONS IN THE EARLY PHASE OF SEPSIS

Taccone et al Critical Care 2010

Adequate = % of time the serum drug concentration > 4 X MIC of Pseudomonas  
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Principles of treatment

❖ Early admission to ITU
❖ Early antibiotics
❖ Appropriate antibiotics
❖ Antibiotic stewardship
❖ Optimise pharmacokinetics/dynamics
❖ Adjunctive therapies



Adjunctive therapies

❖ Consider that despite appropriate antibiotics, mortality 
has changed little

❖ Look for adjunctive therapies

❖ Macrolides

❖ Steroids

❖ NIV



Macrolides



Why a macrolide?

At sub-mimimum inhibitory concentration
❖ Immunomodulation

❖ inhibits pro-imflammatory cytokines
❖ inhibits Quorum Sensing

❖ Inhibits pneumolysin
❖ Panbronchioloitis (Japan)

❖ survival rates at 10 yrs with low dose macrolides 
15%-->90%



Macrolide combination therapy - does it work?
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“...macrolides should be obligatory in all cases of severe community-
acquired pneumonia. With odds ratios for death ranging from two to six 
times greater in non-macrolide-treated patients”

Brown, Chest 2003 Intensive Care Med (2010) 36:562–564

Monotherapy + Macrolide



Pneumolysin inhibition
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Journal of Antimicrobial Chemotherapy (2007) 60, 1155–1158



Pneumolysin inhibition-even in resistant organisms
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Macrolides-Quorum Sensing

❖ Quorum Sensing = bacterial cell to cell communication
❖ Major factor in:

❖ virulence

❖ biofilm formation

❖ Seen in:
❖ Staph. aureus, Strep. pneumonia. E.coli and 

Pseudomonas

❖ In 30-50% of severe sepsis/septic shock
Critical Care 2010, 14:181.
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Steroids



Steroids for CAP?

Critical Care 2008, 12:R76

“Available studies do not support the 
recommendation of corticosteroids as a 
standard of care for patients with severe 
CAP”

But.....



...but long term outcomes?

Critical Care 2008, 12:R76
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two groups (1.49 vs. 1.15, P 5 0.09). No association was seen
between abnormal vital signs at hospital discharge and 1-year
mortality (20.6 vs. 16.5% for subjects with at least one abnormal
vital sign and those without abnormal vital signs, P 5 0.12).

Furthermore, of the 307 deaths at 1 year, only 49 (16%) were
associated with abnormal vital signs at hospital discharge.

The presence of severe sepsis during hospitalization did not
influence the associations between IL-6 and IL-10 with survival
(interaction P 5 0.07 and 0.45 for IL-6 and IL-10, respectively).
The HRs for subjects with and without severe sepsis were similar
to that in the full analysis (Table 2), although the small sample
precluded statistical significance for the severe sepsis subgroup.
We also performed sensitivity analyses by restricting the analyses
to subjects with a cytokine measurement within 48 hours (n 5
1,440), subjects who did not develop organ dysfunction during the
hospital course (n5 904), and those discharged home (n5 1,371).
In these analyses, the HRs remained unchanged for the associ-
ations between both cytokines and 1-year survival (Table 3).

Cytokines and Cause-specific Mortality

Of the 307 deaths, a cause of death was obtained for 300 (98%)
subjects. Cardiovascular disease and cancer were the most
common causes of death and accounted for a third and a fourth
of deaths (Table 4). Infections, renal failure, and chronic re-
spiratory disease accounted for 11, 6, and 16% of deaths, re-
spectively. Table 4 presents the estimated geometric means
(obtained from a Tobit model) for IL-6 and IL-10 for each cause
of death. We used a competing risk analysis to estimate the
association between the individual cytokines and cause-specific
mortality. The association between circulating IL-6 and cause-
specificmortalitywas statistically significant (P5 0.008), whereas
the association between IL-10 and cause-specific mortality was
not significant (P 5 0.54). Circulating IL-6 concentrations at
hospital discharge were higher among subjects who subsequently
died of cardiovascular diseases, renal failure, infections, and
cancer compared with other causes of death.

Subjects with chronic health conditions have higher circulat-
ing inflammatorymarker concentrations and they aremore likely
to die of the same cause. This relationship may confound the
association between increased IL-6 concentrations and cause-
specific mortality. Therefore, we analyzed causes of death
stratified by presence or absence of the chronic health condition
(TableE1 in the online supplement).More than a third of subjects
who died of cardiovascular causes did not have cardiovascular
disease. Deaths due to cancer and renal failure were more

Figure 2. Failure plots for circulating IL-6 (A) and IL-10 (B) concentrations and mortality over 1 year. High and low concentrations are the 10th and
90th percentiles of cytokine concentrations. Using the Gray’s model, the hazard ratios are estimated over 10 intervals (with 11 time nodes) over
1 year and hazard ratios over five representative periods are shown. P values are obtained from the Gray’s survival model.

Figure 3. Varying hazard ratios with 95% confidence intervals (CI) for
IL-6 (A) and IL-10 (B) and risk of death over 1 year. The hazard ratios are
shown over 10 intervals (with 11 time nodes), based on the Gray’s
model. For IL-6, the 95% CI is above 1 for 100 days, whereas for IL-10
the 95% CI is above 1 for 177 days or approximately 6 months.

Yende, D’Angelo, Kellum, et al.: Biomarkers and Postdischarge Mortality 1245

Persistent inflammation, defined as elevated circulating levels of IL-6 and IL-10 at hospital discharge 
after community-acquired pneumonia, is associated with all-cause and cause-specific mortality over 
one year, despite resolution of clinical signs of an acute infection.

Am J Respir Crit Care Med Vol 177. pp 1242–1247, 2008
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Dexamethasone and length of hospital stay in patients 
with community-acquired pneumonia: a randomised, 
double-blind, placebo-controlled trial
Sabine C A Meijvis, Hans Hardeman, Hilde H F Remmelts, Rik Heijligenberg, Ger T Rijkers, Heleen van Velzen-Blad, G Paul Voorn, 
Ewoudt M W van de Garde, Henrik Endeman, Jan C Grutters, Willem Jan W Bos, Douwe H Biesma

Summary
Background Whether addition of corticosteroids to antibiotic treatment benefi ts patients with community-acquired 
pneumonia who are not in intensive care units is unclear. We aimed to assess eff ect of addition of dexamethasone 
on length of stay in this group, which might result in earlier resolution of pneumonia through dampening of 
systemic infl ammation.

Methods In our double-blind, placebo-controlled trial, we randomly assigned adults aged 18 years or older with 
confi rmed community-acquired pneumonia who presented to emergency departments of two teaching hospitals in 
the Netherlands to receive intravenous dexamethasone (5 mg once a day) or placebo for 4 days from admission. 
Patients were ineligible if they were immunocompromised, needed immediate transfer to an intensive-care unit, or 
were already receiving corticosteroids or immunosuppressive drugs. We randomly allocated patients on a one-to-one 
basis to treatment groups with a computerised randomisation allocation sequence in blocks of 20. The primary 
outcome was length of hospital stay in all enrolled patients. This study is registered with ClinicalTrials.gov, number 
NCT00471640.

Findings Between November, 2007, and September, 2010, we enrolled 304 patients and randomly allocated 153 to the 
placebo group and 151 to the dexamethasone group. 143 (47%) of 304 enrolled patients had pneumonia of pneumonia 
severity index class 4–5 (79 [52%] patients in the dexamethasone group and 64 [42%] controls). Median length of stay 
was 6·5 days (IQR 5·0–9·0) in the dexamethasone group compared with 7·5 days (5·3–11·5) in the placebo group 
(95% CI of diff erence in medians 0–2 days; p=0·0480). In-hospital mortality and severe adverse events were infrequent 
and rates did not diff er between groups, although 67 (44%) of 151 patients in the dexamethasone group had 
hyperglycaemia compared with 35 (23%) of 153 controls (p<0·0001).

Interpretation Dexamethasone can reduce length of hospital stay when added to antibiotic treatment in non-
immunocompromised patients with community-acquired pneumonia.

Funding None.

Introduction
The mainstays of treatment for community-acquired 
pneumonia are early diagnosis and initiation of 
appropriate antibiotic therapy.1 Despite preventive 
measures such as vaccination and advances in antibiotic 
treatments, community-acquired pneumonia has a high 
rate of mortality and morbidity and is associated with 
signifi cant health-care costs.2 Adjunctive therapy for 
community-acquired pneumonia might help to reduce 
disease severity.

In community-acquired pneumonia, locally produced 
pulmonary cytokines are needed to control and eliminate 
the primary infection. However, organ dysfunction can 
result from a systemic infl ammatory response.3 
Therefore, a balanced cytokine response needs to be 
suffi  cient to control the local infection but not be 
excessive, to prevent systemic eff ects. An ideal 
intervention would reduce the systemic complications of 
the infl ammatory response without aff ecting the 
resolution of local infl ammation.

Corticosteroids are very potent inhibitors of 
infl ammation.4 They switch off  genes that encode 
proinfl ammatory cytokines and switch on genes that 
encode anti-infl ammatory cytokines. Treatment with low-
dose corticosteroids downregulates proinfl ammatory 
cytokine transcription, which prevents an extended 
cytokine response and might accelerate the resolution of 
systemic and pulmonary infl ammation in the early phase 
of community-acquired pneumonia.5,6

Although not all studies show a benefi cial eff ect of 
corticosteroids, these hormones are widely given as 
adjunctive therapy in patients with sepsis and septic 
shock.7 By contrast with the large number of studies 
about sepsis and septic shock, there are few controlled 
trials of corticosteroids as adjunctive treatment to 
antibiotics in pneumonia, and these trials have produced 
variable results.8–10

We postulated that adjunctive treatment of community-
acquired pneumonia with intravenous dexamethasone 
might change the immune response and thereby reduce 

“laboratory models ... characterised systemic inflammation as short-lasting. 
The fundamental idea that treatment should be continued until disease resolution 
was omitted from the design of glucocorticoid trials in sepsis.

longitudinal measurements have shown that persistent elevation of circulating concentrations of 
inflammatory cytokines over time is the central pathogenetic process contributing to 
morbidity and mortality in community-acquired pneumonia, sepsis, and acute respiratory 
distress syndrome

increased concentrations of tumour necrosis factor (TNF) α and interleukin 6 persisted for 
weeks after clinical resolution of pneumonia, .....and predicted subsequent 90-day and 1-
year mortality (mostly cardiovascular).....adds excess mortality for years.

patients with community- acquired pneumonia discharged from hospital— 
irrespective of initial severity—still have long-lasting, subclinical, low-grade 
systemic inflammation.

We strongly urge future trials to extend the duration of anti-inflammatory treatment to 
achieve biological resolution and prevent rebound inflammation

So watch
 this sp

ace!
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Dear Editor,
In a preliminary randomized trial of
patients with severe community-
acquired pneumonia (CAP), we
reported that glucocorticoid treatment
was associated with attenuation of
systemic inflammation and improve-
ment in pulmonary and
extrapulmonary organ dysfunction
[1]. Response to glucocorticoid
treatment—ineffective, effective, or
toxic—is influenced by drug dosage
and duration of administration. In
CAP, the effect of duration of glu-
cocorticoid treatment on systemic
inflammation and clinical outcome is
unknown. We hypothesized that
longer duration of treatment prevents
rebound systemic inflammation and
clinical deterioration.

We conducted a post hoc analysis
of 51 patients meeting American
Thoracic Society criteria for severe
pneumonia [2] recruited in two sepa-
rate randomized trials [3, 4]. CAP
patients with acute respiratory dis-
tress syndrome (ARDS) received
methylprednisolone (1 mg/kg/day)
for more than 21 days [3], patients

without ARDS received hydrocorti-
sone (240 mg/day) for 7 days [4].
Patients receiving glucocorticoids
[methyprednisolone (n = 18) and
hydrocortisone (n = 15)] were com-
pared to placebo (n = 18).

Baseline characteristics were sim-
ilar between the two groups, with the
exception of a higher proportion of
patients requiring mechanical venti-
lation in the steroid group (97 vs.
78%; p = 0.05). As shown in Fig. 1,
by study day 7, those randomized to
glucocorticoids had significant
improvements in C-reactive protein
(CRP) levels, a higher proportion of
extubated patients (64 vs. 28%;
p = 0.02), a lower multiple organ
dysfunction syndrome (MODS) score
(0.66 ± 1 vs. 1.4 ± 1; p = 0.05),
and a non-significant change in mor-
tality (7 vs. 22%; p = 0.17). The
extubation rate was similar in the
methylprednisolone and hydrocorti-
sone group (61 vs. 67%).

After discontinuation of hydrocor-
tisone treatment, 7 (44%) patients had
rebound systemic inflammation

(three- to fivefold increase in CRP)
and associated clinical deterioration
(3 had worsening MODS and 3
required re-intubation). To the con-
trary, continuation of
methylprednisolone treatment was
associated with a sustained anti-
inflammatory effect without re-exac-
erbation of respiratory failure.
Overall treatment was associated with
reduction in median (IQR) duration of
mechanical ventilation [5.5 (4.5) vs.
10.0 (6.0); p = 0.05] but no signifi-
cant change in duration of hospital
stay [11.0 (9.0) vs. 15.5 (16.0);
p = 0.43] or intensive care unit (ICU)
survival (82 vs. 72%; p = 0.49).

Our findings, in agreement with the
recent literature for patients without
CAP [5], indicate that the initial bio-
logical and physiological benefits
observed during glucocorticoid
administration may be lost if discon-
tinuation of treatment is not preceded
by slow tapering. For this reason a
recent consensus statement [5] rec-
ommended that glucocorticoid

Fig. 1 C-reactive protein levels and proportion of patients breathing without assistance.
Changes over 14 days in patients with severe CAP randomized to methylprednisolone (red
squares 21 days duration), hydrocortisone (blue triangles 7 days duration), and placebo
(green circles). *On day 7, discontinuation of hydrocortisone treatment without tapering
was associated with rebound in CRP levels and loss (in comparison to continuous
methylprednisolone administration) of the early positive extubation trend

Intensive Care Med (2011) 37:1553–1554
DOI 10.1007/s00134-011-2274-5 CORRESPONDENCE

Intensive Care Med (2011) 37:1553–1554

Steroids stopped
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The American Journal of Medicine Volume 124, Issue 8 , Pages 724-730, August 2011

“plasma IL-10 levels were shown to be significantly 
and independently related to risk for cardiac-related 
death or nonfatal myocardial infarction over a 5-year 
follow-up period”

http://www.amjmed.com/issues?issue_key=S0002-9343%2811%29X0008-6
http://www.amjmed.com/issues?issue_key=S0002-9343%2811%29X0008-6


Journal of Antimicrobial Chemotherapy (2008) 62, 661–668

APC for CAP?

“There was no evidence suggesting a 
survival benefit by the administration of 
activated protein C”

Jury 
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JAMA, July 13, 2011—Vol 306, No. 2

APC for CAP?
❖ PROWESS trial - (APACHE >25 only) the absolute decrease in mortality was 6.1%

❖ Subsequent trial - survival benefit not observed

❖ In the first 3 trials, the rate of serious bleeding was approximately 1 patient in 20.

❖ In a postlicensure survey, the rate of serious bleeding was more than 3-fold higher than in the 

original trials.

❖ Fatal events associated with the agent increased significantly and the risk of death was 

approximately 1 in 150

❖ After initial enthusiasm for the use of activated protein C,  evidence suggests that the risks 

of this agent may potentially outweigh its benefits.

❖ The treatment effect has thus been inconsistent and activated protein C is now being 

reassessed in 2 new prospective trials.



Non invasive ventilation



Non invasive ventilation

“... demonstrated no benefit between patients with and 
without NIV in terms of in-hospital mortality and length of 
hospital stay.”

Journal of Antimicrobial Chemotherapy (2008) 62, 661–668

BTS GUIDELINES FOR THE MANAGEMENT OF COMMUNITY ACQUIRED PNEUMONIA IN ADULTS 

“In patients with severe CAP who received NIV, over 50% 
will improve but later require intubation. Therefore very 
close observation is required and only in an HDU or ITU”

ICU mortality rate was 39% in COPD patients initially 
intubated and 50% in those who did not respond to 
noninvasive ventilation

Eur Respir J 2006, 27:1210- 1216.



Tissue Factor InhibitorDisplay Settings: Abstract

Performing your original search, tissue factor in community acquired pneumonia trial, in PubMed will retrieve 10
records.

Am J Respir Crit Care Med. 2011 Jun 1;183(11):1561-1568. Epub 2011 Feb 4.

Recombinant Tissue Factor Pathway Inhibitor in Severe Community-acquired
Pneumonia: A Randomized Trial.
Wunderink RG, Laterre PF, Francois B, Perrotin D, Artigas A, Vidal LO, Lobo SM, Juan JS, Hwang SC, Dugernier T,
Larosa S, Wittebole X, Dhainaut JF, Doig C, Mendelson MH, Zwingelstein C, Su G, Opal S; on behalf of the CAPTIVATE
Trial Group.
Division of Pulmonary and Critical Care Medicine, Northwestern University Feinberg School of Medicine, 676 North St. Clair Street,
Suite 14-044, Chicago, IL 60611. r-wunderink@northwestern.edu.

Abstract
Rationale: Severe community-acquired pneumonia (sCAP) is a leading cause of death worldwide. Adjunctive therapies for
sCAP are needed to further improve outcome. A systemic inhibitor of coagulation, tifacogin (recombinant human tissue
factor pathway inhibitor) seemed to provide mortality benefit in the sCAP subgroup of a previous sepsis trial. Objectives:
Evaluate the impact of adjunctive tifacogin on mortality in patients with sCAP. Methods: A multicenter, randomized,
placebo-controlled, double-blind, three-arm study was conducted from July 2005 to June 2008 at 188 centers in North and
South America, Europe, South Africa, Asia, Australia, and New Zealand. Adults with sCAP were randomized to receive a
continuous intravenous infusion of tifacogin 0.025 mg/kg/h, tifacogin 0.075 mg/kg/h, or matching placebo over 96 hours.
Measurements and Main Results: Severity-adjusted 28-day all-cause mortality. Of 2,138 randomized patients, 946, 238,
and 918 received tifacogin 0.025 mg/kg/h, tifacogin 0.075 mg/kg/h, and placebo, respectively. Tifacogin 0.075 mg/kg/h was
discontinued after the first interim analysis according to prespecified futility criterion. The 28-day all-cause mortality rates
were similar between the 0.025 mg/kg/h (18%) and placebo groups (17.9%) (P = 0.56). Greater reduction in prothrombin
fragment 1+2 and thrombin antithrombin complexes levels relative to baseline throughout the first 96 hours was found with
tifacogin 0.025 mg/kg/h than with placebo. The incidence of adverse events and serious adverse events were comparable
between the tifacogin 0.025 mg/kg/h and placebo groups. Conclusions: Tifacogin showed no mortality benefit in patients
with sCAP despite evidence of biologic activity.

PMID: 21297074 [PubMed - as supplied by publisher]

PubMed
U.S. National Library of Medicine
National Institutes of Health

LinkOut - more resources

Recombinant Tissue Factor Pathway Inhibitor in Sev... [Am J... http://www.ncbi.nlm.nih.gov/pubmed/21297074
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2,138 randomized patients studied.
Tifacogin (recombinant human tissue factor pathway inhibitor) 
showed no mortality benefit in patients with sCAP despite 

evidence of biologic activity.



CA-MRSA pneumonia
❖ Epidemiologically, genotypically and phenotypically 

distinct from hospital acquired MRSA
❖ May represent healthcare associated CAP
❖ Suspect if:

❖ unresponsive CAP
❖ post ‘flu’ 
❖ haemoptysis
❖ cavitation
❖ very ill

❖ Most contain the gene for Panton-Valentine leucocidin
❖ a toxin associated with necrotizing pneumonia and 

shock
❖ abscess formation and empyema
❖ Therefore look out for cavitary lesions

❖ Suspect if patient v. toxic or drop in leucocytes
❖ Rx

❖ Linezolid (or Vanc), Clindamycin, Rifampicin
❖ IgG



CA-MRSA CAP?
Recently, increasing numbers of cases of methicillin-resistant Staphylococcus aureus 
(MRSA) pneumonia have been reported, particularly in association with influenza virus 
infection.49,50 Mortality rates appear somewhat higher than for non-MRSA severe CAP 
(as opposed to severe sepsis) at 26% – 33%, the clinical course is more rapid and the 
recovery period is prolonged, with some patients requiring months of critical care support 
despite single-organ failure.51 Community-acquired MRSA has greater susceptibility to 
antibiotics (with the exception of b-lactams), and is characterized by the presence of a type 
IV staphylococcal cassette chromosome mec element (SCCmecIV) and the expression of 
genes governing production of Panton–Valentine leucocidin (implicated as a causative 
agent in cavitation).52,53 Case reports have described a disease process characterized by 
high fever, severe necrotizing pneumonia with haemoptysis, leu- copenia, respiratory 
failure and shock. In patients presenting with particularly severe CAP, especially in the 
presence of hae- moptysis, shock and an influenza-like prodromal illness, MRSA should be 
considered. The recent Infectious Diseases Society of America/American Thoracic Society 
guidelines recommend either vancomycin or linezolid for CAP due to community-acquired 
MRSA. Linezolid may be preferred due to its superior lung penetration.

J Antimicrob Chemother 2011; 66 Suppl 2: ii11–ii23
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Figure 1. Effect of antibiotics on growth and PVL production in methicillin-resistant Staphylococcus aureus (MRSA) strain 1560. Antibiotics were
added, at the final concentrations indicated, at the mid-log phase of growth; this time is designated Time 0. Samples were obtained at Time 0 and
at various times up to 34 h after antibiotic treatment for quantitation of MRSA (A), detection of PVL mRNA by northern blotting (B), and detection
of PVL protein by western blotting (C), as described in Materials and Methods. The panel beneath the northern blot shows ethidium bromide–stained
RNA that was transferred to the nylon membrane and photographed to illustrate that equivalent amounts of RNA were loaded per lane. Naf-1 and
Naf-2 in the northern blot (B) denote nafcillin at 2.0 and 0.2 mg/mL, respectively. Data shown are from 1 representative experiment of 2 that were
performed with this community-acquired MRSA strain. Data for MRSA concentration represent the means of duplicate plate counts at each time
point; the discrepancy between replicates is too small to be visible. Cln, clindamycin; Lin, linezolid; Naf, nafcillin; rLukF-PV, recombinant Panton-
Valentine leukocidin F component.

diately inhibited growth: in clindamycin-treated cultures, bac-
terial viability remained static for 24 h, after which time a slow
killing ensued; linezolid was slowly bacteriocidal from 4 to 24
h, after which time growth resumed such that the bacterial
concentration at 34 h was only slightly less than that in un-
treated control cultures. Vancomycin decreased bacterial via-
bility by 10 h, after which time near log-phase growth resumed.

mRNA for PVL was strongly expressed in mid-log–phase
cultures before the addition of antibiotics (i.e., time 0 h) (figure
1B). In untreated control cultures, production of PVL mRNA
continued at 10 h but disappeared by 24 h. In contrast, van-
comycin decreased PVL mRNA expression by 10 h. However,
when this culture resumed near-log growth (at 10–24 h), PVL
mRNA was again strongly expressed; by 34 h, mRNA expression

remained detectable although significantly reduced. At 10 h,
the amount of PVL mRNA in the nafcillin-, clindamycin-, and
linezolid-treated cultures was not significantly different from
that in the untreated control culture; however, by 24 h, when
mRNA was no longer apparent in the untreated control culture,
it remained significantly expressed in the vancomycin-treated
culture and modestly expressed in the linezolid-, clindamycin-,
and 2-mg/mL–nafcillin-treated cultures. By 34 h, mRNA in
these cultures had waned but was still discernible in all but the
untreated control culture.

Production of PVL in untreated control cultures was mea-
surable by western blot as bacteria approached stationary phase
(at 4 h) (figure 1C), with little additional toxin accumulation
in the supernatant thereafter. In contrast, clindamycin and li-
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Failure to respond

❖ May take up to 72 hours for temperature to normalize
❖ Exclude:

❖ Wrong antibiotic
❖ Wrong diagnosis
❖ Wrong dosage
❖ Viral, fungal or opportunistic pathogen
❖ Unusual pathogen
❖ Superadded complication
❖ Complicated pleural effusion/empyema
❖ Other infection

❖ Endocarditis
❖ Purulent pericarditis
❖ Septic arthritis
❖ Meningitis
❖ Etc



What about Ealing?



Severe Community Acquired Pneumonia
UK’s ICNARC Case Mix Database vs Ealing ITU

Critical Care 2006, 10:S1
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Some future audits ?

❖ CURB-65 score done on entry
❖ Were the appropriate cultures/diagnostic tests performed 

prior to antibiotics  (ex. urinary antigens)
❖ Delay before ITU entry when admission was appropriate 

for ITU
❖ Delay until appropriate antibiotic therapy
❖ Appropriateness of antibiotics
❖ Were patients stratified (ex. COPD, Hemodialysis, etc)



Clinical case
❖ 67 yr old male

❖ Admitted from 6S after 2 days worsening dyspnea despite NIV

❖ RR 38; P/F ratio 28; O2 Sat 89%

❖ Temp 39; CVS W.N.L.; CRP and PCT high; Creat 129

❖ CXR LLL infiltrates

❖ PMH

❖ COPD

❖ DM II

❖ Steroids - inhaled recently oral

❖ Recently started on neuroleptics

❖ Hospitalized 6/52 ago for infective exacerbation of COPD

❖ Rx Augmentin

What are your main considerations?



Recap

❖ CAP still a “Killer”
❖ Severity scoring is the main starting point
❖ Get cultures off early

❖ Blood
❖ Sputum
❖ Urinary antigens

❖ If ETT, get good aspirate to micro
❖ Antibiotics on time and on target
❖ Get dosing right...for ITU patient
❖ Know your local microbiologic ecology



Download :
http://www.jvsmedicscorner.com

???



Marik - CAP



Marik - CAPHealth care associated pneumonia 
(HCAP)

❖ Distinguish patients from an acute or chronic health 
care facility from pneumonia developed in community

❖ HCAP includes:
❖ Hospital acquired pneumonia
❖ Ventilator acquired pneumonia

❖ Distinction important:
❖ High risk of:

❖ Multi drug resistant (MDR) micro-organsims and MRSA
❖ Pseudomonas
❖ ESBL producing -Klebsiella
❖ Acinetobacter
❖ Enterobacter
❖ Enterococcus

❖ Strongly consider de-escalation therapy
❖ Ex. Meropenem or Tazocin 

PLUS 
❖ Aminoglycoside or levofloxacin

PLUS
❖ Vancomycin or Linezolid



Marik - CAP

Complicated pleural effusion/empyema

“Never let the sun set on a pleural effusion complicating 
pneumonia...”

❖ Distinguish between a benign para-pneumonic effusion and an 
early empyema

❖ Drain if:
❖ pH <7.2 (most sensitive indicator)
❖ Glucose < 2.22 mmol/L
❖ WBCs > 10,000/mL



Marik - CAP
❖ 6th leading cause of death in US
❖ About 20-35% of hospitalised CAP need ITU

❖ 1 in 3 will die!
❖ 1 in 5 will be in septic shock

❖ 60 will die
❖ Risk of death

❖ Severity at presentation
❖ Co-morbidities



Marik - CAP

❖ COPD
❖ Asthma
❖ Diabetes
❖ Renal insufficiency
❖ CHF
❖ CAD
❖ Malignancy
❖ Alcoholism
❖ >70 yrs old
❖ Chronic liver disease

Co-morbidities

Co-morbidities increase risk of death
and

alter the aetiological organisms



Marik - CAP

❖ Depends on severity and presence of co-
morbidities

❖ In severe CAP - 60% have isolated a pathogen
❖ Strep. pneumonia (15-46%)
❖ Legionella (0-23%)
❖ Staph aureus (0-22%)
❖ H. Influenza (0-14%)
❖ Gram negatives (4-25%)
❖ Polymicrobial (17%)
❖ “Atypicals” (2-33%)

❖ Chlamydia pneumoniae
❖ Mycoplasma pneumoniae
❖ Legionella

Aetiology



Marik - CAP

❖ Strep. pneumonia
❖ COPD
❖ Seizures
❖ CHF

❖ Gram negatives
❖ Residence in long term facility
❖ Cardiopulmonary disease
❖ Recent antibiotics
❖ Multiple medical co-morbidities

❖ Pseudomonas aeruginosa
❖ Broad spectrum antibiotics for >7 days in past month
❖ Structural lung disease
❖ Steroids
❖ Malnutrition
❖ Undiagnosed HIV
❖ Neutropenia

❖ Legionella
❖ AIDS
❖ Haematological malignancy
❖ End stage renal disease

Associated with co-morbidities (some examples)



Marik - CAP

❖ Blood cultures
❖ Urinary antigens for Legionella and Strep. 

pneumonia
❖ Expectorated sputum
❖ Intubated require fresh endotracheal aspirate
❖ Screening for HIV
❖ Nasopharyngeal swab for influenza during 

outbreak (PCR)

Diagnostic tests for severe CAP



Marik - CAP

❖ Pulmonary embolism
❖ Pulmonary malignancy
❖ Tuberculosis
❖ Radiation pneumonitis
❖ Drug induced pneumonitis (amiodarone, etc)
❖ Eosinophilic pneumonia

Non-infectious diseases masquerading as CAP



Marik - CAP

❖ Risk of Community acquired MRSA
❖ Add Vancomycin or linezolid

Initial antibiotic treatment
❖ 1st Choice

❖ Beta lactam (ex. taz, augmentin, etc)
❖ PLUS
❖ Clarithromycin or respiratory fluoroquinolone(levofloxacin)

❖ Penicillin allergy
❖ Respiratory fluoroquinolone
❖ PLUS
❖ Aztreonam

❖ Risk of Pseudomonas infection
❖ Anti-pneumococcal, anti-pseudomonal beta-lactam

❖ Tazocillin
❖ Meropenem

❖ PLUS
❖ Levofloxacin OR Tazocin

❖ OR
❖ Aminoglycoside and Macrolide

❖ OR
❖ Aminoglycoside and levofloxacin (anti-pneumoccoal fluoroquinolone)

❖ Penicillin allergy
❖ Aztreonam

❖ PLUS
❖ Aminoglycoside and levofloxacin (anti-pneumoccoal fluoroquinolone)



Non-ICU ICU Pseudomonal Risk* 
�-lactam (IV or IM) + 
macrolide (IV or Oral) 
 

or 
 

�-lactam (IV or IM) + 
doxycycline (IV or 
Oral) 
 

or 
 

Quinolone 
monotherapy (IV or 
Oral) 

�-lactam  (IV) + macrolide 
(IV) 

or 
�-lactam (IV) + quinolone (IV)
 
If documented �-lactam 
allergy: 
Quinolone (IV) + Clindamycin 
(IV) 

or 
Quinolone (IV) + Vancomycin 
(IV) 

*In addition to the antibiotics listed under 
ICU, if the patient had a secondary ICD-9 
code of bronchiectasis, or a positive response 
to the bronchiectasis question, or malnutrition 
[as reflected by a serum albumin below 3], 
these antibiotics would also be considered 
acceptable: 
 
Antipseudomonal �-lactam (IV) + 
Antipseudomonal quinolone (IV)  

Or 
Antipseudomonal �-lactam (IV) + 
Aminoglycoside (IV) + either a  
[Macrolide (IV)  or 
Antipneumococcal quinolone (IV)] 
 
If documented �-lactam allergy:Aztreonam 
(IV) + Aminoglycoside (IV) + 
Antipneumococcal quinolone (IV) 

 

 

Initial Antibiotic Selection- inpatient

Adapted from IDSA: Update of Practice Guidelines for the Management of Community Acquired 
Pneumonia in Adults. CID 2003;37:1405-1432

Adapted from IDSA: Update of Practice Guidelines for the Management of Community Acquired 
Pneumonia in Adults. CID 2003;37:1405-1432



Initial Antibiotic Selection
30-day mortality - Community-dwelling Patients (14,150 patients)

Ref
0.069
0.406
0.037
0.008
0.002
0.506
0.689

Reference
0.63 (.39-1.04)
1.13 (.85-1.51)
0.78 (.62-.98)

1.51 (1.11-2.04)
0.74 (.61-.89)
0.90 (.67-1.22)
1.12 (.65-1.94)

277/3072 (9.0)
19/431 (4.4)
73/844 (8.6)

121/1716 (7.1)
80/445 (18.0)

231/3618 (6.4)
63/723 (8.7)

17/158 (10.8)

3rd generation cephalosporin*
Macrolide monotherapyI
2nd generation cephalosporin
Quinolone monotherapy>
At least 1 aminoglycoside
Cephalosporin + macrolide>
Cephalosporin + quinoloneI
ß-lactam/ß-lactamase inhibitor + 
macrolideI

P Value

Adjusted Odds 
RatioS

aOR (95% CI)
30-day mortality

N/D (%)Initial Antibiotics

*monotherapy with cefotaxime or ceftriaxone.

3Results adjusted for age, gender, neoplastic disease, cardiovascular disease, altered mental status, respiratory rate > 30/min, systolic BP < 
90 mmHg, temperature < 35C or > 40C, pulse > 125/min, blood pH < 7.35, BUN > 10.7 mmol/L, sodium < 130 mEq/L, hematocrit < 30%, pO2 < 60 
mmHg, pleural effusion, admission to ICU in the first 24 hours after arrival, antibiotics administered within the first 4 hours after arrival, and US 
census region.

WThese antibiotic combinations include patients receiving either oral or parenteral macrolides or quinolones.

Bratzler DW. Houck PM, et al. [abstract] American Thoracic Society, 2003.



Organisms Causing CAP in Hospitalized 

Patients Requiring ICU Admission

: Overall up to 10% of admitted patients with CAP 

are brought to the ICU

C 30% caused by Streptococcus pneumoniae
C 50-60% have an unknown etiology

C Other reported organisms

: Legionella
: H.influenza
: S.aureus
: P.aeruginosa (underlying bronchiectasis)

: Enterobacteriacae (underlying bronchiectasis)

American Thoracic Society 2001. Am J Respir Crit Care Med Vol.163.1730-1754.



See his carefully

Summary:
Current Practice Guidelines 

4 Antibiotic timing and antibiotic choice represent 
practice guidelines based on best available current 
evidence
< These are retrospective, observational trials and expert 

(committee) opinion.
4 In some studies the measure of effect, although, statistically 

significant may be small

< These guidelines are not based on extensive 
prospective, randomized controlled trials

4 Antibiotic timing



Pathogens Retrieved
by Blood Culture

! Prospective 
study

! 19 Canadian 
hospitals

! 760 patients
: 43 with (+) 

blood 
cultures

S. pneumoniae 68%

Other  5%

Staph. aureus 11%

Enterobacteriacae 16%
Campbell SG et al. Chest 2003;123:1142-1150.



Conclusion
) Sixth  leading cause of death overall and the number one 

cause of death from infectious disease in the USA
) Even with modern medical care the case mortality is 12%
) Typical and a typical pathogens must be considered in the 

choice of antibiotic therapy.
C PSI should be used for risk stratification
C Initial antibiotic choice should take into account 

history, comorbidities and risk stratification.
) Diagnostic tests include sputum gram stain and culture, 

blood cultures, Legionella urinary antigen test and 
pneumococcal urinary antigen.

) For patients on parental antibiotics, a switch to oral therapy 
should be made as soon as possible.


