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Stellingenn behorend bij het proefschrift 

Community-acquiredd pneumonia 

AA clinical approach to hospital admission, diagnosis and treatment 

1)) De opnameduur in het ziekenhuis is voor een groot deel verantwoordelijk voor 
dee kosten die gepaard gaan met de behandeling van een patiënt met 
community-acquiredd pneumonia. Om deze kosten te reduceren zou in de 
idealee situatie een patiënt uit het ziekenhuis moeten worden ontslagen op de 
dagg van switch van intraveneuze antibiotische behandeling naar orale 
therapie. . 

2)) In elk ziekenhuis moet sneldiagnostiek naar de verwekker van een 
longontstekingg kunnen worden uitgevoerd. 

3)) Bronchoalveolaire lavage moet bij elke ernstig zieke patiënt met een 
community-acquiredd pneumonia in een vroeg stadium van opname worden 
overwogen. . 

4)) Een pneumococcenantigeentest zou tot het standaardonderzoek van sputum 
moetenn behoren. 

5)) Het gebruik van scoringsmodellen, zoals de PSI of CURB-65 score, kan 
eenn goede inschatting geven van de ernst van een community-acquired 
pneumonia.. Om te bepalen of een patiënt op basis van deze modellen 
thuiss kan worden behandeld is het oordeel van de behandelend arts 
onmisbaar. . 

6)) De initiële behandeling van een patiënt met community-acquired pneumonia 
dientt bij voorkeur uit één antibioticum te bestaan, mits er géén indicatie tot 
opnamee opp de Intensive Care aanwezig is. 

7)) In een land als Nederland behoort maximaal één richtlijn voor de behandeling 
vann community-acquired pneumonia te bestaan. 

8)) Om sneller te kunnen promoveren kan een artikel beter naar een lager 
ingeschatt tijdschrift worden gestuurd: de kans op acceptatie is groter en goed 
onderzoekk wordt altijd opgemerkt, waar het ook verschijnt. 

9)) Inspanning leidt tot ontspanning. 
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ChapterChapter l 

Community-acquiredd pneumonia 

Community-acquiredd pneumonia (CAP) remains a common and serious 
illness.. In the United States of America (USA) CAP is the sixth leading 
causee of death and the most important cause of death due to an infectious 
disease.1'22 Despite the modern health care system mortality rate among 
hospitalisedd patients is averaged at 14%; the mortality rate of patients with 
severee CAP (SCAP), defined as patients referred to the Intensive Care Unit 
(ICU),, is higher and is estimated to be around 37%.3 In the Netherlands 
Bohtee etal. reported a mortality rate of 8% in 334 hospitalised patients with 
CAPP studied between 1991 and 1993.4 Vegelin et al. identified a mortality 
ratee of 42% in 62 patients with SCAP admitted to an ICU in the Netherlands 
betweenn 1992 and 1996.5 Risk factors for developing CAP were associated 
withh smoking status, number of cigarettes smoked per day and lifetime 
smokingg habits, high alcohol intake, previous respiratory infection, and 
chronicc bronchitis. 

Aetiology y 

Inn 25-50% of patients with CAP the aetiologic pathogen cannot be identified, 
despitee elaborate microbiological investigations.4,7* 10 Results from 
thesee studies show that the most common pathogen was Streptococcus 
pneumoniae,pneumoniae, present in 15-48% of the CAP population. The other important 
causess of CAP consisted of infections with Haemophilus influenzae (7-11%) 
andd Mycoplasma pneumoniae (3-16%). The proportions of mixed infections 
consistingg of "typical" and "atypical" bacterial infections reported from 
thee Netherlands by Bohte et al.A (10%) and the results from the British 
populationn studied by Lim et al.m (27%) differed. The most frequent 
causess of SCAP in ICU-patients were S. pneumoniae (15-38%); Legionella 
pneumophilapneumophila (5-30%), gram-negative enteric bacteria ([GNEB] 7-25%) and 
StaphylococcusStaphylococcus aureus (7-io%).5'u"13 
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GeneralGeneral introduction 

Hospitall  admission decision 

Inn the current guidelines for the management of adults with CAP, the decision 
aboutt hospitalisation is generally based on the assessment of pneumonia 
severity.. A severity assessment based on prognostic variables available at 
thee time of admission could help to identify not only a subgroup of low risk 
patients,, who could be treated at home, but also a subgroup of patients at 
increasedd risk of admission to the ICU or death from CAP. Furthermore, 
severityy assessment could help to guide the choice of antibiotic therapy. 

Thee pneumonia severity index (PSI) was designed to identify low risk 
patientss with CAP.14 The British Thoracic Society rule (BTSr) was developed 
too recognise patients with SCAP.15 

PneumoniaPneumonia severity index 
Manyy low risk patients who could actually be treated at home are still 
hospitalised.. This is due to the tendency of physicians to overestimate 
thee risk of complications in CAP.1 In 1997 Fine et al. developed a PSI by 
whichwhich low risk patients with CAP could be identified.14 The reason for 
developingg such a severity score was to enable the physician to make an 
objectivee assessment of the risk of mortality and to aid in the decision on 
hospitalisation.. An important consequence of applying the PSI is that using 
outpatientt treatment in low risk patients with CAP may result in a reduction 
off  hospital admissions and consequently to a reduction in financial costs. 

Thee PSI stratifies patients with CAP into five risk classes according to 
aa two-step model, based on variables such as age, sex, comorbid illness, 
vitall  sign abnormalities, and the eventually of some abnormal laboratory 
andd radiographic findings. A number of points is assigned to each variable, 
dependingg on the gravity of its association with mortality. Patients, who 
scoree </= 70 points are stratified in class I and II ; they have a low risk of 
mortalityy and could be safely treated at home. Hospitalisation during a short 
periodd could be considered for patients stratified in risk class II I (71-90 
points);; patients from risk class IV and V O91 points) have a high risk of 
mortalityy and should be hospitalised. 

Finee et al. validated the prediction rule with data from a database of 
380000 patients and with data from the PORT study (2287 patients).14 

However,, limitations of the PSI have been addressed by others. Marras 
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etet al. investigated the reasons for admission of low risk patients, where 
treatmentt of comorbid illness, failure of outpatient antibiotic therapy and 
sociall  circumstances were reasons for hospitalisation.17 

Anotherr study assessed whether applying the PSI could safely increase 
thee proportion of low risk patients treated at home. Of the 166 identified 
loww risk patients, only 94 (57%) were treated as outpatients and 72 (43%) 
weree admitted. In a later study the reasons for admission of this patient 
groupp were described.19 Predictors for hospital admission, after multivariate 
analysis,, were age >/= 65 years, multilobar pneumonia and the presence of 
comorbidd conditions. Interestingly, the physicians' self-reported reasons for 
admissionn were also described. The presence of other active comorbidities 
andd the clinical judgment that the pneumonia was worse than the PSI score 
indicatedd influenced the decision to hospitalise low risk patients. 

Lackk of response to outpatient antibiotic therapy was also mentioned as 
aa reason for admitting low risk patients. ' 

Thesee observations show that a considerable percentage of low risk 
patientss were admitted to the hospital for several reasons, not taken into 
considerationn in the PSI. 

Thee PSI was developed from a study population characteristic of the 
locall  health care system in hospitals in the USA. When applying the PSI 
inn the Netherlands, one has to consider that the health care system in the 
Netherlandss is different from that of the USA. Most patients in our country 
initiall yy visit their general practitioner (GP). If necessary, the GP subsequently 
referss patients to the hospital. The presence of comorbidity, the severity of 
diseasee and treatment failure are important in this context. When making 
thiss decision, the GP generally does not have at his disposal the results of 
laboratoryy examinations needed for the PSI. The decision to hospitalise is 
thereforee based on clinical judgement. However, there is clearly a need for a 
simplee tool to make this decision more objective. This applies especially to 
thee first step of the PSI, in the form of information about age, co-morbidity 
andd abnormal vital signs. However, this information is insufficient for 
stratificationn into classes III , IV and V, which require the availability of 
laboratoryy tests and a chest X-ray. Under these circumstances the PSI does 
nott seem to be an adequate instrument for the GP in the Netherlands to use. 
Whetherr the PSI should be adapted for this situation could be an area for 
futuree research. 
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BritishBritish  Thoracic Society rule 
Inn 1987 The British Thoracic Society (BTS) developed a rule (BTSr) based on 
severityy criteria to predict short-term mortality in adults admitted to hospital 
withh CAP.15 Patients had a 21-fold increased risk of death if they met two of the 
threee following criteria at admission: respiratory rate >/= 30/min, diastolic 
bloodd pressure </= 60 mm Hg, blood urea concentration > 7 mmol/1. The 
BTSrr showed a sensitivity in predicting mortality of 88% and a specificity 

off  79%-
Inn a retrospective validation study by Farr et ah the three risk factors, 

describedd in the BTSr, were independently associated with death from 
pneumonia,, confirming the value of the BTSr.22 Sensitivity was 70% and 
84%% specific in predicting mortality. 

Neilll  et ah performed a modification of the BTSr (mBTSr) criteria by 
addingg confusion as a prognostic marker for mortality.9 Patients with CAP 
hadd a 36-fold increased risk of death if two or more variables of the mBTS 
criteriaa (respiratory rate >/= 30/min, diastolic blood pressure </=6o mmHg, 
bloodd urea concentration of > 7.0 mmol/1, and confusion) were present at 
thee time of admission. In this prospective study the mBTSr identified 19 of 
thee 20 patients who died as having SCAP, while clinical judgment showed 
aa sensitivity of 63% in predicting mortality. Physicians did not seem to 
recognisee the significance of a raised respiratory rate as an indication of 
SCAP.. Compared to the BTSr the mBTSr showed a higher sensitivity of 95%, 
withh a lower specificity of 71%. 

Inn a retrospective validation study performed by Lim et ah the BTSr had 
aa sensitivity of 52% and specificity of 79% in predicting mortality, compared 
withh a sensitivity of 66% and specificity of 73% for the mBTSr.23 Compared 
too the two studies9,15 already described before there was a lower percentage 
off  sensitivity. Lim et ah described that this difference in sensitivity may 
bee explained by the relatively large proportion of elderly patients in their 
studyy (48% aged >/=75 years) and by the retrospective design of the study. 
However,, in their validation study they confirmed the predictive value of 
threee of the four factors (diastolic blood pressure </=6o mmHg, excepted) 
includedd in the mBTSr in predicting mortality in patients with CAP. 

Theree are however some limitations in applying the (m)BTSr in clinical 
practice.. The (m)BTSr was developed to predict mortality and consequently 
identifyy patients with SCAP, who need to be hospitalised. It did not focus on 
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thee identification of low risk patients, who could be treated at home. False-
positivee results could be obtained in patients with chronic renal failure, 
inn whom a high blood urea concentration can be expected. The (m)BTSr 
performedd poorly in patients aged >/= 75 years. In this population the BTSr 
showedd a sensitivity of 50% with a specificity of 64%, while the mBTSr 
resultedd in a sensitivity of 67% and specificity of 58%.24 Because of this 
result,, adding age as a variable to this scoring model could be considered. 
Anotherr limitation of this model could be the absence of taking into account 
comorbidity,, which is a known risk factor for mortality in the PSI score. 

Guideliness for  the management of immunocompetent 
adultss wit h CAP 

Inn the past decade many guidelines concerning the management of CAP 
havee been published, and these have been recently revised by different 
organisations.25"311 The rationale for developing these guidelines was to offer 
aa useful tool for the practising physician. Unfortunately, much controversy 
existss about the ideal approach to the management of CAP. This dispute is 
especiallyy reflected by the the American Thoracic Society (ATS) promoting 
ann empirical strategy with broad-spectrum antibiotic therapy25,2 versus 
thee Infectious Disease Society of America (IDSA) advocating a more 
pathogen-directedd approach.27'2 Interestingly, the guidelines are primarily 
consensus-based.. Until now these guidelines have not been prospectively 
validatedd and compared with other therapeutic antibiotic regimen(s) in a 
clinicall  setting. 

ATSATS guidelines 
Inn the ATS guidelines of 1993 for the management of adults with CAP it is 
recommendedd that the choice of initial antibiotic therapy should be guided 
primarilyy by the severity of illness together with information relating to 
thee range of organisms responsible locally for infection and the presence of 
eitherr coexisting disease or advanced age.25 The ATS guidelines were revised 
inn 2001. The recommendation for antibiotic therapy was then based on the 
presencee of certain modifying factors that increased the risk of infection 
withh specific pathogens. 
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Onee of the controversies surrounding the ATS guidelines is related to 
thee recommendation that diagnostic testing should be limited. The main 
argumentt against a pathogen-directed approach was the lack of sensitivity 
andd specificity of the routine diagnostic methods currently employed.32"3 

Sputumm examination by Gram's stain and culture were for this reason not 
recommendedd by the ATS as an aid to directing initial therapy. In different 
studiess it has also been shown that in 25-50% of patients with CAP the 
aetiologicc pathogen could not be identified.4'7"10 Therefore, an empirical 
approachh to initial antimicrobial therapy, covering most pathogens, was 
necessaryy according to the ATS. In the ATS guidelines of 2001 an exception 
wass made for patients being referred to the ICU, for whom aggressive efforts 
att establishing an aetiologic diagnosis were recommended. 

Tabl ee 1: Therapy according to ATS guidelines of 2001 

Placee of therapy Presencee of 
cardiopulmonary y 

disease e 

Presencee of 
modifying g 

factors s 

„„„ . . 

.Outpatients s 

II :: Outpatients 

IH.b:: Hospitalised 
patients s 

IV.a:: ICU-admitted 
patients s 

IV.b:: ICU-admitted 
patients s 

-- Advanced generation macrolide or 
doxycycline e 

+/-- Beta-lactam + macrolide or doxycycline; 
orr antipneumococcal fluoroquinolone 
(usedd alone) 

Ill.a:: Hospitalised 
patients s , , 

Intravenouss azithromycin alone 
orr intravenous antipneumococcal 
fluoroquinolonefluoroquinolone (used alone) 

+/--

+/--

+/--

Intravenouss betalactam + intravenous 
orr oral macrolide or doxycycline; 
orr intravenous antipneumococcal 
fluoroquinolonee (used alone) 

Intravenouss betalactam + either 
intravenouss macrolide (azithromycin) or 
intravenouss fluoroquinolone 

Selectedd intravenous antipseudomonal 
betalactamm + intravenous 
antipseudomonall  fluoroquinolone or 
Selectedd intravenous antipseudomonal 
betalactamm + intravenous aminoglycoside 
++ either intravenous macrolide 
(azithromycin)) or Intravenous 
nonpseudomonall  fluoroquinolone 
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Accordingg to the ATS guidelines of 2001 (table 1) all CAP patients fall into one 
off  four groups, each with a list of likely pathogens and suggested empirical 
therapy.. Stratification was based on assessment of 
a)) Place of therapy: outpatient or hospital setting 
b)) Presence of cardiopulmonary disease 
c)) Presence of modifying factors (which include risk factors for infection 

withh penicillin-resistant and other drug-resistant pneumococci, enteric 
gram-negativee bacteria, and Pseudomonas aeruginosa) 
AA limitation of applying the ATS guidelines is the concern that using 

empiricall  antibiotic therapy for any infection can lead to the widespread 
usee of potent, broad-spectrum antibiotics and in doing so may add to the 
problemm of antimicrobial resistance.37"40 

IDSAIDSA guidelines 
Thee IDSA developed guidelines which advocated an attempt towards a 
moree pathogen-directed treatment.27,2 The importance of establishing 
thee aetiologic diagnosis was heightened by the increasing concern for 
antibioticc overuse and microbiologic resistance.37"40 The IDSA believed 
thatt aetiologic tests did not only help to guide treatment in individual 
patients,, but also provided an essential sampling of the community's 
CAPP patterns. Moreover, by performing microbiological investigations 
epidemiologicall  important organisms (e.g., Legionella pneumophila, drug-
resistantt S. pneumoniae and methicillin-resistant Staphylococcus aureus) 
mayy be detected. Furthermore, knowledge of the causative pathogen may 
bee an advantage when failure on antibiotic treatment occurs.41 The IDSA 
guideliness provided recommendations for pathogen-specific treatment in 
casess in which the aetiology was established or strongly suspected. 

Recommendedd diagnostic studies for hospitalised patients included 
bloodd cultures, Gram's staining and cultures of expectorated sputum and 
thoracentesiss with stain and culture if pleural fluid was present. Selected 
patientss should have microbiological studies for tuberculosis (specimens 
investigatedd for acid-fast bacilli [Ziehl-Neelsen] and cultured for 
MycobacteriumMycobacterium tuberculosis [Lowenstein Jensen media]) and Legionella 
infectionn (urinary Legionella antigen test, serological investigation, 
Legionellaa culture [BYCE media]). Other diagnostic tests (urinary 
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pneumococcall  antigen test, sputum pneumococcal antigen test) for specific 
microbiall  pathogens were recommended, but these tests were not considered 
forr routine use. Transtracheal aspiration, transthoracic needle aspiration 
andd bronchoscopy should be reserved for selected patients. 

Ann argument against a pathogen-directed approach is that atypical 
bacteriall  pathogens such as L. pneumophila, M. pneumoniae and C. 
pneumoniae,pneumoniae, for which the prevalence ranges from 8 to 63%, cannot be 
identifiedd during the first days of treatment with conventional microbiological 
methods.10'35,42,433 As a consequence, routine cultures wil l not be adequate 
inn the case of mixed infections, such as combinations of typical and 
atypicall  bacterial pathogens.44 However, some studies showed that the 
lackk of demonstrating these atypical microorganisms, with the exception of 
L.L. pneumophila, did not result in a significantly higher mortality or clinical 
failuree percentage.45"47 To increase the detection rate of L. pneumophila 
infection,, the urinary antigen test for this pathogen is recommended as 
routinee diagnostic investigation in ICU-patients, considering the strong 
associationn between legionella infection and the need for admission to an 
ICU.44 The IDSA guidelines recommended covering this microorganism by 
antibioticc therapy in ICU-patients, when no pathogen had been identified. 
Thiss strategy in ICU-patients is emphasised by the results obtained in 
studiess in which L. pneumophila was found as the second most common 
pathogen,, after S. pneumoniae, in this patient population.11"13'49 

Thee IDSA recommended starting empirical therapy if the pathogen 
wass unknown (table 2). This should include considerations of disease 
severity,, the patient's age, clinical features, comorbidity, previous antibiotic 
therapy,, and epidemiology. This strategy was directed towards providing 
adequatee antibiotic therapy while awaiting the results of microbiological 
investigations.. The IDSA did not recommend guiding therapy on clinical 
symptomss and signs of CAP only, because of the lack of specificity of clinical 
andd radiographic features for particular organisms.50'51 
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Tabl ee 2: Recommendations for empirical therapy according to IDSA guidelines of 

2000 0 

Placee of treatment 

Outpatients s 

Therapy* * 

Macrolide,, doxycycline, or fluoroquinolone (gatifloxacin, 
levofloxacin,, moxifioxacin) with enhanced activity against S. 
pneumoniae. pneumoniae. 

Inpatients s 

ICUU admitted patients 

Extendedd spectrum cephalosporin (ceftriaxone, cefotaxime) 
pluss a macrolide or a beta-lactamase inhibitor (ampicillin-
sulbactam,, or piperacillin-tazobactam) plus macrolide or 
aa fluoroquinolone alone. 

Extendedd spectrum cephalosporin or a beta-lactamase inhibitor 
pluss either fluoroquinolone or macrolide. 

**  Exceptions were made for patients with structural lung disease, beta-lactam allergy and 
suspectedd aspiration. 

Microbiologicall  investigation 

Obtainingg a microbiologic diagnosis is an important goal in the ideal 
managementt of pneumonia (pathogen-oriented antimicrobial therapy). The 
bestt opportunity for establishing an aetiologic diagnosis is by collecting 
specimenss before antibiotics are administered. The most common 
investigationss generally used will be discussed 

SputumSputum culture 
Sputumm specimens are obtained at admission from patients with CAP for 
Gram'ss stain and culture. The quality of a sputum specimen is reflected by 
thee Gram's stain findings, which could assist in the later interpretation of 
sputumm culture. The specimen is considered of adequate quality when > 25 
polymorphonuclearr leucocytes and < 10 squamous cells are present at IOOX 

magnificationn in a Gram's stain. Contrary findings are suggestive of material 
obtainedd from the upper airways. 

Sputumm specimens can be obtained in only about 60% of the study 
population.4'10,466 In the study by Rosón et al.46, 210 of the 343 (61%) 
sputumm specimens obtained were shown by Gram's stain to be of adequate 
qualityy The Gram's stain provided a presumptive diagnosis in 175 (83%) of 
2100 cases. 
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Inn another study performed by Gleckman et al. results of sputum Gram's 
stainn predicted 40 of 47 (85%) positive blood cultures.52 These results 
suggestt that an adequate sputum Gram's stain can be used as a reliable 
indicatorr to guide initial antibiotic therapy. 

SputumSputum S. pneumoniae antigen detection 
Too increase detection of S. pneumoniae infection sputum can be investigated 
forr the presence of pneumococcal antigen (PCA).53'54 The PCA consist of 
pneumococcall  capsular antigen. Cross-reactions with oral streptococci 
mayy theoretically occur in sputum samples and should be considered when 
interpretingg sputum PCA test results. However, antigen concentration 
producedd by oropharyngeal specimens is in most cases too low for detection, 
andd this decreases the possibility of false positive results in sputum samples 
off  patients with CAP.53 

Inn two studies a positive PCA test was found in about 36% of all 
expectoratedd sputa.44'55 Macfarlane et al showed in their study that latex 
agglutinationn was a more sensitive method for detection of PCA in sputum 
thann countercurrent Immunoelectrophoresis (CIE).44 By performing a PCA 
detectionn in sputum, in addition to sputum culture, the diagnostic yield of 
sputumm can be increased. 

UrinaryUrinary  S. pneumoniae antigen test 
Thee sensitivity of diagnosing S. pneumoniae infection can be increased by 
performingg an immunochromatographic (ICT) membrane assay to detect 
PCAA in urine (NOW ICT Streptococcus pneumoniae, Binax, Portland, Maine, 
USA).. The PCA consist of C-polysaccharide, a specific cell wall component of 
alll  pneumococcal types. The results of this test in patients with a definitive 
diagnosiss of pneumococcal pneumonia showed a sensitivity of 80-87%.56"58 

Thiss sensitivity was lower (61%) when the urinary antigen test was compared 
withh all (presumptive and definitive diagnosis) identified S. pneumoniae 
infections.. This low sensitivity percentage could be explained by the 
conditionn that a bactaeremic infection has to be present before a urinary 
PCAA test becomes positive. The test showed a specificity of 97% in control 
populations.. Antibiotic therapy, initiated in the hospital after a positive 
urinaryy PCA test, had no influence on the presence of positive results of 
thee urinary test for several weeks following pneumococcal pneumonia.59 
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However,, the effect of outpatient antibiotic therapy, before collecting urine, 
onn the result of the urinary PCA test was not investigated. A limitation 
off  the urinary test is that in countries with a high percentage of drug-
resistantt S. pneumoniae infections cultures are needed in order to establish 
susceptibilityy for antibiotic therapy. 

TheThe urine L. pneumophila antigen test 
Thee urine ICT was developed for detection of L. pneumophila serogroup l, 
whichh is the cause of most Legionella infections (80%) causing CAP.4 In the 
outbreakk of legionnaires' disease (LD) in 1999 in the Netherlands the urine 
ICTT showed a sensitivity of 72% and after concentration of the urine samples 
aa not statistically significant increase in sensitivity to 81%. ° Yzerman et al. 
demonstratedd an association between sensitivity and clinical severity. ° A 
highh sensitivity was seen in patients with SCAP, while the urinary antigen 
testt was less reliable in milder cases of LD. Plouffe et ah showed that the 
urinee ICT had a specificity of 99%. 

Sincee L. pneumophila is an infrequent cause of CAP in our region, the 
urinee ICT does not have to be performed on all patients admitted with 
CAP.. Instead, the urine ICT is indicated when a L. pneumophila infection 
iss considered in the differential diagnosis or as a routine diagnostic 
investigationn in patients referred to ICU, considering the strong association 
betweenn legionella infection and the need for admission to an ICU.4 ' 

Thesee test results wil l remain positive for weeks even in the presence of 
adequatee antibiotic therapy.4 

BloodBlood cultures 
Inn about 16% of the study population a pathogen can be identified by blood 
cultures.10'' 3 However, the sensitivity of blood culture is significantly 
limitedd by prior administration of antibiotics.15 Mortality rates are higher 
inn patients with a positive blood culture.15 

Somee authors have debated the value of blood cultures in CAP. 3" 5 The 
mainn argument for being reserved in obtaining blood cultures consisted 
off  the observation that, besides the low yield of positive cultures, these 
rarelyy lead to adaptations and narrowing of antibiotic therapy. It has been 
suggestedd that blood cultures should only be obtained in selected patients 
withh a high risk of mortality. To emphasise this assumption Waterer et al. 
showedd that the yield of blood cultures increased with PSI score. 3 
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BronchoscopicBronchoscopic investigation 
Fiberopticc bronchoscopic investigation (FOB) can be performed with 
techniquess such as bronchoalveolar lavage (BAL) or protected specimen 
brushh (PSB). When performing microbiological investigation by FOB, 
resultss of cultures can be difficult to interpret due to possible oropharyngeal 
contamination.. Quantitative cultures of the bronchial samples, with cut-off 
valuess of io4 CFU/ml for BAL fluid and io3CFU/ml for PSB samples, should 
differentiatee contamination from infection. ' 7 

Thee value of FOB was mainly investigated in selected patient populations, 
andd with low number of patients. ' In one study FOB resulted in a 
diagnosticc sensitivity of 34% (not compared to definitive diagnoses) in 
unselectedd patients with a lower respiratory tract infection or CAP. 7 

Inn literature it has been suggested that FOB should be performed in 
patientss with SCAP, where unusual pathogens (i.e. Pneumocystis carinii, 
MycobacteriumMycobacterium tuberculosis') are suspected to be present or when in case 
off  therapy failure no pathogen is identified with routine microbiological 
investigations.. Ortqvist et al. showed that the diagnostic sensitivity of 
FOBB in patients with therapy failure was 41% (not compared to definitive 
diagnoses). . 

SerologicalSerological research 
Serologicall  research has, apart from providing epidemiological information, 
noo immediate clinical function. Paired sera are necessary to demonstate 
aa rise in antibody titre, thereby establishing a diagnosis. Results can be 
obtainedd after 2 or 3 weeks. Furthermore, the clinical significance of the 
lackk of demonstrating atypical microorganisms by serological research, 
withh the exception of L. pneumophila, has to be questioned. In some studies 
inadequatee treatment directed towards atypical microorganisms did not 
resultt in a significantly higher mortality or clinical failure percentage.45"47 
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Switchh from intravenous to oral antibioti c therapy 

Traditionally,, hospitalised patients with uncomplicated CAP were discharged 
afterr finishing a course of intravenous (IV) antibiotic therapy. During the 
pastt decade there has been a tendency to switch to per os (PO) antibiotics in 
ann earlier phase of treatment. Theoretically, antibiotic switch from IV to PO 
agentss may be beneficial to the patient because of a corresponding decline in 
complications,, such as thrombophlebitis, and a possibility of earlier patient 
mobilisation.. Furthermore, a switch could improve cost-effectiveness by 
reducingg length of hospital stay (LOS) and treatment costs. 9 

Switchingg to PO therapy needs to be as safe and as effective as completing 
aa course of IV antibiotic therapy. Even with effective antibiotics, CAP can 
bee a severe illness, as evidenced by the high percentages of ICU admissions 
andd the high mortality figures.3'14 Therefore, it is necessary to determine at 
whatt stage it is safe to switch to PO therapy. 

Severall  studies have been performed to determine the timing criteria 
forr conversion from IV to PO antibiotics—in some studies, the criteria 
forr switching therapy were based on a fixed duration of IV antibiotic 
therapy,, ranging from l to 3 days,70"82 whereas in other studies patients 
weree converted to PO antibiotics after they had reached a state of clinical 
stability.799 2 A clinical cure after switch therapy has been observed in 
84%-100%% of the patients in the different studies.70'72'74"80 However, 
importantt limitations, such as the absence of reports of the severity of CAP, 
thee inclusion of patients with lower respiratory tract infections other than 
CAP,, the use of a single antibiotic agent, and the exclusion of patients with 
atypicall  bacterial pathogens, were present in most of these studies.70"7 

Inn a study by Castro-Guardiola et ah patients with non-SCAP had a 
moree favourable outcome after treatment with PO therapy alone (failure 
rate,, 10%) compared with a switch to PO therapy after 72 hours without 
feverr (failure rate, 32%). Furthermore, they showed that patients with SCAP 
couldd switch to PO therapy after 48 hours without fever (failure rate, 25%) 
insteadd of being treated with IV therapy alone (failure rate, 24%). 

Forr PO therapy to be successful, it is important to consider that the 
POO formulation possesses similar pharmacodynamic (dosage, dosing 
frequencyy and concentration of the antibiotic at the site of infection) and 
pharmacokineticc (absorption, distribution, metabolism and elimination) 
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propertiess as the received IV therapy. 3' 4 For example, antibiotics such 
ass ciprofloxacin, clindamycin and doxycycline possess good bioavailability 
(goodd absorption that promises to provide adequate blood levels) of 
80-100%,, macrolides, amoxicillin, amoxicillin-clavulanate and penicillin 
aree oral drugs that possess moderate bioavailability of 50-80%, cefuroxime 
hass a bioavailability of < 50%. 

Thee high cure rate found in the different studies could probably be 
explainedd by the inclusion of low-risk patients (PSI risk classes I and II) . 
Accordingg to the PSI, these patients could safely be treated at home.3 

However,, different studies have described reasons for admitting low-risk 
patientss on selected occasions.17'19'20' 5 This leads to the question whether 
thesee low-risk patients, once hospitalised, could be treated exclusively 
withh PO antibiotics. Some studies comparing PO and IV therapies have 
shownn encouraging results for certain groups treated with PO antibiotics 
alone.. 9'73, Unfortunately, in these studies only a small number of 
patientss were included, and the severity of CAP was not reported. In the 

82 2 studyy reported by Castro-Guardiola et aL patients with non-severe CAP 
experiencedd no difference between therapy with PO antibiotics alone or on 
IV-to-POO switch therapy. 

Hospitall  discharge decision 

Traditionally,, the decision for hospital discharge is based on clinical 
judgment.. Some authors have suggested that a patient could be discharged 
directlyy after the switch from IV to PO therapy. 7' 9 Often, the only reason 
forr prolonged hospitalisation is to be sure that a patient does not suffer a 
clinicall  failure after the start of PO antibiotic therapy. Currently, insufficient 
evidencee is available to justify an observation of patients for some days in the 

Q-tt O n O Q 

hospitall  after a switch to PO antibiotic therapy. ' These assumptions 
aree emphasised by the results obtained in the different studies investigating 
switchh from IV to oral therapy, in which percentages of clinical cure ranged 
fromm 84-100%.7°"71'74" ° These results strongly suggest that there are no 
clinicall  consequences whether patients are receiving oral antibiotic therapy 
att home or in the hospital, cure rate percentages wil l be similar. 
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However,, on some occasions, patients cannot be discharged immediately 
afterr the switch to PO therapy. For example, some patients have to remain 
hospitalisedd for a longer period because of treatment of comorbid illnesses 
orr because of social circumstances.20,90 

Thee ATS guidelines of 2001 recommend that in the absence of any 
unstablee coexisting illnesses, or other life-threatening complications, the 
patientt should be discharged home on the same day that clinical stability 
occurss and oral therapy is initiated.2 

AA closer assessment of hospital discharge criteria could lead to a 
reductionn in LOS, which may reduce medical care costs and improve 
patients'' comfort. ° '91'92 
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Ai mm of the study 

1)) The PSI was designed to identify low risk patients with CAP, who could 
bee treated as outpatients.14 In chapter  2 we describe an investigation 
off  whether the PSI could adequately predict the severity of CAP and 
couldd be used as a severity of illness classification system. Furthermore, 
reasonss that may influence the decision to admit low risk patients were 
analysed. . 

2)) The (m)BTSr was developed to identify patients with a high risk of 
mortality,, who need to be hospitalised. It did not focus on the identification 
off  low risk patients, who could be treated at home.9'15 In chapter  3 we 
describee the further development of the mBTS assessment tool to enable 
stratificationn of patients presenting to hospital with CAP into mortality 
riskk groups that might be suitable for different management options. 

3)) In the past decade many guidelines concerning the management of CAP 
havee been published, and these have recently been revised by different 
organisations.25"311 The guidelines are primarily consensus-based. Until 
noww these guidelines have not been prospectively validated and compared 
withh other therapeutic regimen(s) in a clinical setting. Therefore, we 
performedd a prospective randomised study, in which a pathogen-
specificc approach was compared with empirical treatment consisting of 
broad-spectrumm antibiotics according to the ATS guidelines of 1993 in 
hospitalisedd patients with CAP. This study is described in chapter  4. 

4)) Obtaining of a microbiologic diagnosis is an important goal in the ideal 
managementt of pneumonia. In chapter  5 we describe the evaluation of 
differentt microbiological tools to identify a causative agent in hospitalised 
patientss with CAP according to the PSI. Especially, we assessed whether 
thee implementation of the urinary PCA test and FOB would increase the 
numberr of identified microorganisms. In addition, the influence of the 
severityy of CAP and of outpatient antibiotic therapy on the diagnostic 
outcomee of the various microbiological tests was investigated. 
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5)) Theoretically, switching therapy from IV to PO agents could improve 
cost-effectivenesss by reducing LOS and treatment costs.52 In chapter  6 
wee describe a method for switching from IV to PO antibiotics in clinical 
practicee in patients with CAP and we investigated whether differences 
weree found in the duration of parenteral treatment and length of hospital 
stayy between the 5 risk classes of the PSI after the therapy switch. 
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Abstract t 

Thee aim of the present study was to investigate whether the pneumonia 
severityy index (PSI) could adequately predict the severity of community-
acquiredd pneumonia (CAP) and could be used as a severity of illness 
classificationn system. Furthermore, reasons that may influence the decision 
too admit low risk patients were analysed. 

Inn a prospective study 260 patients with CAP were included. Stratification 
inn five risk classes according to the PSI was compared with parameters that 
aree closely related to severity of CAP. 

AA significant difference in severity parameters, such as length of stay 
(pp <0.00i) and simplified acute physiologic score and acute physiologic and 
chronicc health evaluation II score (p<o.ooi) was found between the five risk 
classes.. Furthermore, a positive British Thoracic Society (BTS) rule and 
modifiedd BTS rule score was significantly more prevalent in the higher risk 
classess (p<o.ooi). The patient population had an average 30-day mortality 
off  10% and a mean Intensive Care Unit (ICU) admission rate of 8%. The 
mortalityy rate and ICU admission rate significantly differed between the five 
riskk classes (p<o.ooi), in which the highest ICU admission rate (40.9%) and 
thee highest mortality percentage (40.9%) were both found in risk class V. 

Severall  clinical factors (n=64), such as an exacerbation of chronic 
obstructivee pulmonary disease in 17 patients and clinical appearance of 
beingg il l in 16 patients, lack of improvement on outpatient antibiotic therapy 
(n=i5)) and social circumstances (n=3) were reasons that influenced the 
decisionn to hospitalise low risk patients (n=82). 

Thee results show that the PSI adequately predicted the severity of CAP 
andd can be used as a severity of illness classification in CAP. Clinical and 
sociall  factors other than those mentioned in the PSI have to be considered 
whenn making the decision to hospitalise patients with CAP. 
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Introductio n n 

Mostt patients with community-acquired pneumonia (CAP) are treated as 
outpatients,, but many low risk patients who could actually be treated at home 
aree still hospitalised. The reason arises from the tendency of physicians to 
overestimatee the risk of complications in CAP.1 In 1997 Fine et ah developed 
aa pneumonia severity index (PSI) by which low risk patients with CAP can be 
identified.. The reason for developing such a PSI was to enable the physician 
too make an objective assessment of the risk of mortality and to improve the 
decisionn about hospitalisation. 

Thee PSI stratifies patients with CAP according to a two-step model, 
basedd on variables as age, sex, comorbid illness, vital sign abnormalities, 
andd some laboratory and radiographic abnormalities, into five risk classes. 
Patientss stratified in class I and II have a low risk of mortality and can be 
safelyy treated at home. The PSI can be used as a tool additional to the clinical 
judgementt of the physician. An important consequence of applying the PSI 
iss a reduction in financial costs, using outpatient treatment in low risk 
patientss with CAP, thereby resulting in a reduction of hospital admissions. 

Ass a risk classification system the PSI has the potential, apart from 
identifyingg low risk patients, to be used as a tool in which processes of care 
andd the outcome of different management strategies could be evaluated and 
comparedd with other studies. It was decided to assess prospectively whether 
thee PSI could adequately stratify patients in the different risk classes when 
evaluatingg the severity of CAP in our health care system, and could therefore 
servee as a severity of illness classification system. Furthermore, reasons 
thatt may influence the decision to admit low risk patients (risk class I and 
II )) were analysed. 
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Methods s 

Thiss prospective observational study was performed in the Departments of 
Pulmonaryy Diseases and Internal Medicine at the Medical Center Alkmaar, 
aa teaching hospital with 900 beds. Between December 1998 and November 
2000,3033 hospitalised patients were included. As it is common in our health 
caree system, the majority of patients first consult their general practitioner 
(GP),, and from this population a selected group was referred to our hospital. 
Forty-threee patients were initially misdiagnosed and were subsequently 
excludedd from the study. The results from 260 patients could be evaluated. 

Patientss who fulfilled the following inclusion criteria for CAP were 
enrolledd in the study after giving written informed consent: 1) age of at least 
188 years old; 2) clinical presentation of an acute illness with two or more 
off  the following symptoms suggesting CAP: presence of fever, dyspnoea, 
coughingg (with or without expectoration of sputum), chest pain; 3) presence 
off  a new consolidation on the chest radiograph. Patients were excluded 
fromm the study if one of the following criteria applied: presence of severe 
immunosuppressionn (HIV infection; high dose of immunosuppressive 
agents,, like prednisone > 35 mg/day; chemotherapy); presence of 
malignancy;; pregnancy or breastfeeding; documented severe allergy for 
antibiotics;; presence of obstruction pneumonia; CAP presenting within 8 
dayss after hospital discharge. 

Patientss were stratified into the five risk classes of the PSI according to 
thee classification of Fine et al.2 The primary aim of this study was to assess 
whetherr the PSI could adequately predict severity of CAP and was therefore 
comparedd with length of hospital stay (LOS), duration of intravenous 
antibioticc treatment (ABiv), total duration of antibiotic therapy (ABtot), 
intensivee care unit admission (ICU), 30-day mortality, simplified acute 
physiologicc score (SAPS),3 acute physiologic and chronic health evaluation 
(APACHE)) II score,4 positive British thoracic society (BTS) rule5, positive 
modifiedd British thoracic society (mBTS) rule and the results of the 
pneumoniaa patient outcomes research team (PORT) prospective cohort 
study.2 2 

Reasonss that influenced the decision to hospitalise patients stratified 
inn class I and II were analysed. These reasons were based on the personal 
judgementt of the physician about the clinical or social situation of the patient 
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att the moment of admission. The treating physician was not aware of the PSI 
riskk class stratification. 

Al ll  data necessary for calculating the PSI2 were prospectively collected 
att admission at day 1 by the investigator (MMvdE). SAPS score, APACHE 
Ilscore,, BTS and mBTS score were calculated within 24 hours after admission. 
Dataa concerning LOS, ABiv, ABtot, ICU admission and 30-day mortality 
weree obtained during hospitalisation and at 30-day follow-up. Information 
concerningg the cause of 30-day mortality after discharge was obtained from 
thee GP. The investigator was not involved in the decision making process 
conductedd by the treating physician, with respect to duration of antibiotic 
therapyy and the decision of hospital discharge. No criteria for discharge 
weree given to the treating physician. These data were recorded in a SPSS 
11.55 (Chicago, USA) spreadsheet for Windows (Microsoft, USA). 

StatisticalStatistical analysis 
Dataa were compared and analysed with one-way analysis of variance 
(ANOVA)) with post hoc Bonferroni correction for continuous variables and 
withh chi-square test for nominal data using SPSS Version 11.5. Data are 
expressedd as means with standard deviation or as absolute number. A result 
off  p < 0.05 was considered to be significant. 
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Results s 

Demographicc data from the 260 patients included in the study are presented 
inn table 1. The mean age was 64 years; 200 patients (77%) were aged > 50 
years.. The male and female populations were almost equally distributed 
(54%% versus 46%, respectively). Only 6 patients (2%) were admitted from 
nursingg homes. The most common co-morbidity was chronic obstructive 
pulmonaryy disease (COPD), present in 103 patients (40%), followed by-
diabetess mellitus (10%), asthma (9%), and congestive heart failure (8%). 

Tablee 2 details the assignment of patients into the five risk classes. 
Ninety-twoo patients (35%) with CAP were assigned to class IV, followed by 
644 patients (25%) stratified in class III and 59 patients (23%) in class II . 
Patientss assigned to a lower risk class were generally younger than patients 
classifiedd in a higher risk class. 

AA significant difference in LOS was seen between the five different risk 
classess (p <o.ooi). Patients stratified in class V remained in the hospital for 
thee longest period, with a mean stay of 19.9 days. A difference between the 
riskk classes was also seen in duration of ABiv (p=0.007), while no significant 
differencee was found in length of ABtot (p=o.i4). 

Thee PSI was compared with APACHE II score and SAPS score. The scores 
obtainedd from these two general predicting scoring systems increased 
significantlyy with the stratification in the five risk classes (p<o.ooi) (table 
3).. However, no significant difference in APACHE II and SAPS score was 
seenn between risk class IV and V. A positive BTS and mBTS score was 
significantlyy more prevalent in the higher risk classes. In contrast to the 
APACHEE II and SAPS score, a significant difference in positive BTS and 
positivee mBTS score was present between patients stratified into risk class 
IVorV(p<o.ooi). . 

Thee patient population had an average 30-day mortality of 10% and a 
meann ICU admission rate of 8%. The highest ICU admission rate (40.9%) 
andd the highest mortality percentage (40.9%) were both found in risk class 
V.. The mortality rate and ICU admission rate significantly differed between 
thee five risk classes (p<o.ooi). Regarding the prediction of mortality in the 
presentt study population, stratification in risk class V showed a sensitivity 
off  33%» a specificity of 94%, a positive predictive value of 41% and a negative 
predictivee value of 92% (data not shown). 
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Tablee 4 shows the reasons for admission of the 23 patients (9%) of class I 
andd of the 59 patients (23%) of class II . The reasons for admission (in order 
off  prevalence) were: acute chest pain in 30 patients (37%) (in most cases the 
presencee of a suspected pulmonary embolism needed to be excluded); an 
exacerbationn of COPD in 17 patients (21%); clinical appearance of being il l 
inn 16 patients (20%); no improvement on oral outpatient antibiotic therapy 
inn 15 patients (18%) and hypoxemia in 1 patient (1%). Three patients (4%) 
couldd have been treated at home, but preferred treatment in a hospital for 
sociall  reasons. 

Agee is a very important variable i n the PSI. According to the two-step model 
patientss > 50 years can directly be placed in risk class II-V. Seven patients 
(3%)) aged < 50 years old were hospitalised because of a clinical appearance 
off  being ill , although they did not score enough points for stratification 
inn a higher risk class (class III-V) . Two of these patients - besides having 
clinicall  signs of severe CAP - were suspected of having meningitis. With 
radiologicall  imaging the diagnosis of lung abscesses was confirmed in two 
patients,, and a prolonged course of intravenous antibiotics was prescribed. 
Att presentation three other patients displayed a combination of symptoms, 
whichh made hospitalisation necessary. 

Inn some studies low risk patients are defined as patients stratified in risk 
classs I to III. 7"9 Three patients (4.7%) stratified in risk class II I died; two 
off  them had a Legionella pneumophila infection. In the other patient no 
pathogenn could be identified. All three patients showed a positive mBTS 
score.. In risk class II one patient died because of the presence of multi-
organn failure caused by pneumonia and confirmed meningitis. 
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Tabl ee 1: Demographic characteristics of the 

Variables s 

Meann age, years (+/- SEM) 

ss 50 years 

>> 50 years 

Sex x 

Male e 

Female e 

Nursingg home residents 

Comorbidity y 

Chronicc obstructive pulmonary disease 

Asthma a 

Congestivee heartt failure 

Ischemicc heart disease 

Cerebrovascularr acccident 

Otherr neurologic disorder 

Liverr disease 

Renall  disease 

Diabetess mellitus 

mokini i 

smoke e 

smoke e 

ex-sm< < 

non-si i 

Alcohol: : 

drinkerr (> 3 units/day) 

non-drinker r 

studyy population (n=26o) 

Numberr (%) 

644 (1.1) 
600 (23%) 

2000 (77%) 

140 0 

120 0 

6 6 

103 3 

23 3 

20 0 

17 7 

4 4 
20 0 

2 2 

2 2 

25 5 

(54%) ) 
(46%) ) 

(2%) ) 

(40%) ) 

(9%) ) 
(8%) ) 

(7%) ) 
(2%) ) 

(8%) ) 

(1%) ) 

(1%) ) 

(10%) ) 

Smoking: : 
smokerr (a 10 cigarettes/day) 
smokerr (< 10 cigarettes/day) 
ex-smoker r 
non-smoker r 

l l l i l ;;  :I.i 4 *  A ; *  ,1 :>" ff  8 ,,..c >..» 1, 

74 4 

9 9 
79 9 
87 7 

(28%) ) 

(3%) ) 
(30%) ) 

(33%) ) 

12 2 

232 2 

(5%) ) 
(89%) ) 
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Tabl ee 2: Comparison of the five risk classes of the pneumonia severity index 

concerningg age, length of hospital stay and duration of antibiotic treatment 

Riskk class 

Age,, years 
(range) ) 

LOS,, days 
(SD) ) 

ABiv ,, days 
(SD) ) 

ABtot,, days 
(SD) ) 

I I 
(n=23) ) 

38.6 6 
(30-50) ) 

7-4 4 
(3-9) ) 

3-6 6 
(2-5) ) 

9-7 7 
(2.6) ) 

I I I 

(n=59) ) 

49-0 0 
(19-78) ) 

10.0 0 
(6.3) ) 

4-8 8 
(2.9) ) 

11.0 0 
(6.9) ) 

II I I 
(n-64) ) 

68.3 3 
(26-90) ) 

12.7 7 

(9-9) ) 

4-5 5 
(2.0) ) 

9.6 6 

(3-5) ) 

IV V 
(n=92) ) 

74-0 0 
(34-97) ) 

15-8 8 
(u.5) ) 

6.3 3 
(5-3) ) 

11.1 1 

(5-5) ) 

V V 
(n=22) ) 

78.2 2 

(51-91) ) 

19-9 9 
(22.3) ) 

6.2 2 
(5-2) ) 

8.6 6 

(5-5) ) 

Overall* * 
(n=26o) ) 

64.1 1 

(19-97) ) 

13-3 3 
(u.5) ) 

5 3 3 
(4-1) ) 
10.4 4 

(5-3) ) 

p-value* * 

<< 0.001 

<< 0.001 

0.007 7 

0.14 4 

LOSS = length of stay; ABiv = duration of intravenous antibiotic use; ABtot = total duration 
off  antibiotic therapy. All results are expressed as mean values with standard deviation 
(SD),, with exception of age (range). *p-values calculated with one-way analysis of variance 
(ANOVA)) for comparison of the risk classes. 

Tabl ee 3: Severity assessment in the five risk classes of the pneumonia severity 

index x 

Riskk class 

SAPS S 

APACHEE II 

BTS,, n (%) 

mBTS,, n (%) 

III  II I IV V Overall* 
(n=23)) (n=59) (n=64) (n=92) (n=22) (n=26o) p-value e 

3-1 1 

5-0 0 

0 0 

5-7 7 

8.9 9 

3(5) ) 

7-7 7 

12.2 2 

7(H) ) 

10.2 2 

15-8 8 

299 (32) 

12.1 1 

18.1 1 

19(86)* * 

8.1 1 

12.2 2 

588 (22) 

<< 0.001 

<< 0.001 

<< 0.001 

4(7)) 9(14) 41(45) 22(100) 

ICU,, n (%) 

Mortality,, n (%) 

PORTT ICU % 

0 0 

0 0 

4-3 3 

22 (3-4) 

11 (1-7) 

4-3 3 

11 (1.6) 

33 (4-7) 

5-9 9 

100 (11) 

144 (15-2) 

11.4 4 

99 (40.9) 

99 (40.9) 

17.3 3 

22(8) ) 

277 (10) 

9.2 2 

<< 0.001 

<< 0.001 

<< 0.001 

0.6 6 

766 (29) 

2(8: : 

7(10 0 

9.2 2 

5-2 2 

<< 0.001 

0.99 9.3 27 

SAPSS = simplified acute physiologic score; APACHE = acute physiologic and chronic 
healthh evaluation; BTS = British thoracic society rule; mBTS = modified British thoracic 
societyy rule; ICU = intensive care unit; PORT = pneumonia patient outcomes research 
teamm study. All results are expressed in absolute numbers, with the exception of SAPS 
andd APACHE score, which are expressed as mean values. *p< 0.001 compared to risk 
classs IV, after chi-square test calculation. *p-values for comparison of the risk classes 
calculatedd with one-way analysis of variance (ANOVA) for SAPS and APACHE score and 
chi-squaree test calculation for BTS, mBTS, ICU and mortality. 
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Tablee 4: Reasons for hospital admission of patients stratified in class 

Reasonss for admission 

Acutee chest pain, n (96) 

Exacerbationn COPD, n (96) 

Clinicall  appearance of being ill , am am 
Lackk of improvement on oral antibiotic therapy, n (96) 

Hypoxemia*,, n (96) 

Sociall  circumstances, n (96) 

Classs I 
(n=23) ) 

122 (52) 

1(4) ) 

4d7) ) 

6(26) ) 

0 0 

0 0 

Classs II 
(n=59) ) 

188 (30) 

166 (27) 

122 (20) 

9(i5) ) 

1(2) ) 

3(5) ) 

COPDD = chronic obstructive pulmonary disease. *p02 < 60 mm Hg 

Discussion n 

Thee present study showed that the PSI could predict severity of CAP 

adequately.. When predicting mortality and ICU admission, the PSI 

adequatelyy stratified patients with CAP in the five different risk classes. The 

highestt ICU admission and mortality rates were found in risk class IV and 

V.. This is in accordance with the results of the PORT study2 and the results 

publishedd by Ewig et al.m and Roson et al.11. APACHE II , SAPS, positive 

BTSS and mBTS score showed increasing trends across all 5 risk classes. 

Noo difference between the risk classes was seen in the total duration of 

antibioticc use, reflecting the general opinion of treating CAP with a course 

off  antibiotics during 7-10 days, irrespective of the severity of CAP.12 Acute 

chestt pain, exacerbation of chronic obstructive pulmonary disease, clinical 

judgementt overruling the PSI, lack of improvement on oral outpatient 

antibioticc therapy and social circumstances were reasons that influenced 

thee decision to hospitalise low risk patients. 

Thee PSI was originally developed to identify low risk patients with CAP, 

basedd on risk of death within 30 days. Validation of the prediction rule was 

performedd with data from a database of 38,000 patients and with data from 

thee PORT study.2 The primary aim of our study was to determine whether 

thee PSI could also serve as a specific severity of illness classification system 

forr CAP. Therefore, we validated the PSI with several other severity outcome 

parameterss besides risk of death. We consider that the use of the PSI as a 

II  and II 

Overall l 
(n=82) ) 

300 (37) 

177 (21) 

166 (20) 

155 (18) 

1(1) ) 

3(4) ) 
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severityy of illness classification system is important, because the composition 
off  a study population with CAP wil l become clearer. In this way processes 
off  care and outcomes in management can be evaluated,13 furthermore 
differentt studies of CAP can be compared more precisely on their outcome. 
Ourr results together with the results of the PORT study2 and the results of 
thee studies performed by Ewig et al. (10) and Roson et al. n suggest that the 
PSII  can also be used as a specific severity of illness classification system for 
CAP.. It can serve as a system to stratify patients into classes of comparable 
severityy by analogy with the APACHE II and SAPS scoring systems. 

Accordingg to the PSI the decision to hospitalise a patient with CAP is 
basedd only on the severity of CAP. In the present study five reasons were 
foundd that played an important role in the decision to admit the 82 patients 
(32%)) stratified in class I and II . These were: a) acute chest pain; b) the 
presencee of COPD; c) lack of improvement on oral outpatient antibiotic 
therapy;; d) clinical judgement overruling the PSI; e) social circumstances. 
Thesee factors are not mentioned in the PSI, but it is important to consider 
themm when making the decision whether or not to hospitalise a patient 
withh CAP. For example, the presence of COPD as co-morbidity in CAP is 
oftenn considered to be an important risk factor leading to admission and 

.. v . i;6-7;ii-i2;i4-i 8 

mortality. . 
Anotherr reason for hospital admission in this study was a lack of response 

too initial therapy started by a GP. This is also mentioned as a hospital 
admissionn criterion in a study performed by Menendez et al? and by the 
Europeann Study on CAP Committee.19 

Ann important point that should also be taken into consideration when 
usingg the PSI is the variable of age. In this scoring system age has a major 
influencee on risk class stratification, because of the high amount of points 
assignedd to it. In the present study a number of young patients who hadd the 
appearancee of being very ill , and for whom hospitalisation was necessary, 
weree stratified in a low risk class. The clinical judgement of the treating 
physiciann in these cases overruled the predictive value of the PSI. The 
majorr influence of age in the PSI is also brought to attention in the current 
guideliness of the American Thoracic Society.20 

Marrass et ah also investigated reasons for the admission of low risk 
patients.. Comorbid illness, failure of outpatient antibiotic therapy and social 
circumstancess were mentioned as reasons for hospitalisation. Although this 
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wass a retrospective study these results were very similar to the outcomes of 
thiss present prospective study. Another study9 assessed whether applying 
thee PSI could safely increase the proportion of low risk patients treated at 
home.. Of the 166 identified low risk patients, only 94 (57%) were treated 
ass outpatients and 72 (43%) were admitted. In a later study the reasons for 

18 8 admissionn of this patient group were described. Predictors for hospital 
admission,, after multivariate analysis, were age >= 65 years, multilobar 
pneumoniaa and the presence of other comorbid conditions. Interestingly, 
thee physicians' self-reported reasons for admission were also described. The 
presencee of other active comorbidities and the clinical judgment that the 
pneumoniaa was worse than the PSI score indicated influenced the decision 
too hospitalise a low risk patient. This observation underlines the fact that 
aa considerable percentage of patients has to be admitted to the hospital for 
severall  reasons, despite stratification in a lower risk class. 

Inn the present study we did not analyse reasons for admission of patients 
fromm risk class III . The Infectious Diseases Society of America recommends 
too treat patients from risk class III as outpatients or to observe them for a 
brieff  period in the hospital. 1 The results showed a mortality percentage of 
4.77 (n=3) in this patient category, compared to a predicted mortality < 1% in 
thee PORT study. Interestingly all 3 patients had a positive mBTS score. 

Whenn interpreting the results one has to realise that the Health Care 
systemm in the Netherlands is different from other countries, like for example 
thee USA, which may influence the sort of study population referred to the 
hospital.. As is mentioned in the methods section many patients in our 
countryy initially visit the GP. When necessary, the GP subsequently refers 
patientss to the hospital. The presence of comorbidity (50% in our study) 
andd the severity of disease are in this context important. When making this 
decision,, the GP does not have the opportunity of obtaining the laboratory 
valuess needed in the PSI. The decision to hospitalise is therefore based on 
clinicall  judgement. However, there is clearly need for a simple tool to make 
thiss decision more objective. This applies especially to the first step of the 
PSI,, in the form of information about age, co-morbidity and abnormal vital 
signs.. But this information only is insufficient for stratification in class 
III ,, IV and V, which require the availability of laboratory tests and a chest 
X-ray.. Under these circumstances the PSI does not seem to be an adequate 
instrumentt for the GP in the Netherlands to use. Whether the PSI should be 
adaptedd for this situation could be an area for future research. 
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Inn conclusion, the PSI adequately stratified patients in the different risk 
classess according to severity of CAP and therefore can be used as a severity 
off  illness classification for CAP. This has important consequences for 
evaluatingg processes of care and outcomes of therapy in patients with CAR 
Thee present study has also demonstrated that the decision to hospitalise 
patientss with CAP cannot be based purely on the severity of CAP according 
too the PSI. Various reasons could influence this decision. In our opinion the 
variablee of age counts too heavily in the scoring of the PSI. As a consequence 
somee young patients with severe CAP wil l not be stratified in a higher risk 
class,, which is necessary for being admitted. Further research is needed to 
optimisee an adequate tool for the physician who has to make the difficult 
decisionn about admitting patients with CAP. 
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Abstract t 

Background::  In the assessment of severity in community acquired 
pneumoniaa (CAP), the modified British Thoracic Society (mBTS) rule 
identifiess patients with severe pneumonia but not patients who might be 
suitablee for home management. A multicentre study was conducted to derive 
andd validate a practical severity assessment model for stratifying adults 
hospitalisedd with CAP into different management groups 
Methods::  Data from three prospective studies of CAP conducted in the 
UK,, New Zealand, and the Netherlands were combined. A derivation cohort 
comprisingg 80% of the data was used to develop the model. Prognostic 
variabless were identified using multiple logistic regression with 30 day 
mortalityy as the outcome measure. The final model was tested against the 
validationn cohort. 

Results::  1068 patients were studied (mean age 64 years, 51.5% male, 30 
dayy mortality 9%). Age >/= 65 years (OR 3.5, 95% CI 1.6 to 8.0) and albumin 
<< 30 g/dl (OR 4.7, 95% CI 2.5 to 8.7) were independently associated with 
mortalityy over and above the mBTS rule (OR 5.2, 95% CI 2.7 to 10). A six 
pointt score, one point for each of Confusion, Urea > 7 mmol/1, Respiratory 
ratee >/=30/min, low systolic (<90mm Hg) or diastolic (</= 60 mmHg) 
Bloodd pressure, age >/=6s years (CURB-65 score) based on information 
availablee at the initial hospital assessment, enabled patients to be stratified 
accordingg to increasing risk of mortality: score 0, 0,7%; score 1, 3.2%; score 
2,, 3%; score 3,17%; score 4, 41.5% and score 5, 57%. The validation cohort 
confirmedd a similar pattern. 
Conclusions::  A simple six point score based on confusion, urea, respiratory 
rate,, blood pressure, and age can be used to stratify patients with CAP into 
differentt management groups. 
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Introductio n n 

Inn the assessment and management of community acquired pneumonia 
(CAP),, disease severity assessment is crucial, guiding therapeutic options 
suchh as the need for hospital or intensive care (ICU) admission, suitability 
forr discharge home, the extent of investigation and choice and route of 
antimicrobiall  agent. ' 

Thee Pneumonia Severity Index (PSI) developed by Fine et al in the 
Unitedd States (US) provides a means of stratifying groups of patients 
accordingg to their risk of mortality and features in recently published North 
Americann guidelines.1"3 Unfortunately, the Fine PSI is complicated to use 
requiringg computation of a score based on 20 variables, and hence may not 
bee practical for routine application in busy hospital emergency departments 
orr the primary care setting. In addition it is best validated for assessing 
patientss at low risk of death who may be suitable for home management 
ratherr than those with severe CAP at the time of hospital admission. 

Ann alternative severity assessment tool proposed by the British Thoracic 
Societyy (BTS) and modified by Neill et al (mBTS) which relies on 4 easily 
measurablee clinical features4 was developed mainly as a means of identifying 
patientss with severe CAP at high-risk of mortality. The presence of 2 or more 
off  the following features: mental confusion, respiratory rate > 30/minute, 
diastolicc blood pressure < 6ommHg and blood urea >j  mmol/1, predicted 
mortalityy with an overall sensitivity and specificity of about 80 % .5"7 However, 
thiss tool also has limitations, as by stratifying patients into only 2 groups 
(severee or non-severe), it does not identify patients at low risk of mortality 
whoo might be suitable for early hospital discharge or home management. The 
aimm of this study was to develop an assessment tool to enable stratification 
off  patients presenting to hospital with CAP into mortality risk groups that 
mightt be suitable for different management options. 
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Methods s 

StudyStudy institutions and subjects 
Forr this study, data from three large prospective studies of CAP were 

ftft  ft 

retrospectivelyy combined into a single dataset. ' Adults admitted as medical 
emergenciess with CAP to a) Nottingham City Hospital (UK) over a 18 month 
periodd from 4 October 1998, b) Christchurch and Waikato hospitals (New 
Zealand)) over a 12 month period from 26 July 1999 and c) Medical Centre 
Alkmaarr (the Netherlands) over a 2 year period from December 1998, were 
eligible.. All four participating study hospitals are teaching centres that 
admitt unselected adults for acute medical care. All subjects gave written 
informedd consent and ethical approval was obtained from local hospital 
ethicss committees. 

Inn all 3 studies, CAP was defined as an acute respiratory tract illness 
associatedd with radiographic shadowing on an admission chest radiograph 
(CXR)) consistent with infection which was neither pre-existing or of any 
otherr known cause. The following exclusion criteria applied: 1) pneumonia 
wass a) not the primary cause for hospital admission, b) an expected terminal 
eventt or c) distal to bronchial obstruction; 2) patients with tuberculosis, 
bronchiectasis,, solid organ and haematological malignancies or human 
immunodeficiencyy virus (HIV) infection; 3) patients who had been in 
hospitall  within the previous 14 days, were immunocompromised or had 
previouslyy been entered in the study and 4) nursing home residents. In 
Neww Zealand and the Netherlands, comorbid illness was defined along the 
liness of Fine et a/.3 Comorbid illness was defined similarly in Nottingham 
ass the presence of any of the following conditions for which the patient was 
underr active medical supervision or was receiving treatment at the time of 
hospitall  admission: chronic lung disease, cardiac disease (ischaemic heart 
disease,, cardiac failure, hypertension, atrial fibrillation), cerebrovascular 
diseasee (including previous transient ischaemic attacks), cognitive 
impairment,, diabetes mellitus, chronic liver disease, chronic renal disease 
andd inflammatory rheumatological disorders (excluding osteoarthiritis). 
Mentall  confusion was defined as a Mental Test Score of 8 or less (UK, NZ),9 

orr disorientation in person, place or time (the Netherlands). 
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Patientss were seen within 24 hours of admission by a study investigator 
andd then regularly in hospital and after discharge until their clinical and 
radiologicall  features had stabilised. The main outcome measure was 30-day 
mortality. . 

StatisticalStatistical analysis 
Dataa were analysed using SPSS Version 9.0 for Windows, Chicago, US. The 
combinedd dataset was randomly divided into 2 to create a derivation cohort 
comprisingg 80% of the data and a validation cohort with the remaining 
20%.. The derivation cohort was used to develop the severity assessment 
model.. The size of the derivation cohort that was required, was calculated 
too enable multiple logistic regression identifying 7 independent prognostic 
featuress with no fewer than 10 outcome events per independent variable, 
thuss avoiding the potential problem of overfitting of data.10 Based on an 
estimatee of 80% sensitivity and specificity, this sample size would also 
alloww the sensitivity and specificity of the mBTS rule to be determined with 
confidencee intervals of +/_ 3% in the derivation cohort and +/- 6% in the 
validationn cohort. 

Continuouslyy distributed variables were re-categorised into binary 
factorss using threshold values implicit in one or more of the existing severity 
predictionn rules. Based on the mBTS assessment tool, a 'CURB' severity 
scoree (Confusion, Urea > 7mmol/l, Respiratory rate > 30/minute and low 
Bloodd pressure (diastolic blood pressure (DBP) < 6ommHg or systolic blood 
pressuree (SBP) < tjommHg)) was calculated, one point given for each feature 
presentt (range 0 -4 points). The association between the CURB score and 
30-dayy mortality was examined and formed the basis for the development 
off  a new severity assessment tool for stratifying patients into distinct risk 
groups. . 

Thee univariate association between 30-day mortality and each potential 
predictorr variable, including the CURB score and each of the components of 
thee CURB score, was analysed using a chi-squared test. To avoid spurious 
associationss arising from multiple statistical tests, 12 predictor variables 
selectedd from the current literature as most consistently important in 
predictingg prognosis in CAP were examined.3"5'7'11"19 This established that 
eachh of the components of the CURB score is a predictor of mortality. 
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Independentt predictors over and above the CURB score were identified by 
enteringg the CURB score as a single variable plus each of the other potential 
predictorss into a backward logistic regression. The CURB score was 
categorisedd as below and above 2 in this model, a score of 2 or more being 
takenn to identify patients with severe CAR Following backward regression, 
eachh of the excluded variables was entered back into the suggested model to 
ensuree they had no effect on the final model. 

AA clinical prediction rule based on the CURB score and the newly 
identifiedd independent prognostic features was subsequently derived. In 
orderr to ensure the final prediction rule remained simple to use and practical, 
prognosticc features not usually available at the time of initial assessment on 
hospitall  admission were excluded from the model. All results were tested 
againstt the validation cohort. Results are expressed as odds ratios (OR) and 
pp values with 95% confidence intervals (CI), and using receiver operating 
curvess (ROC) to plot sensitivity against specificity. 

Results s 

Onee thousand and sixty eight patients, 550 (51.5 %) male, were studied. The 
meann (median, range) age of patients was 64.1 (69,17 to 100) years and 391 
(37%)) were aged 75 years and above. Baseline characteristics of patients 
fromm the 3 study centres were very similar (Table 1). 

Al ll  patients were treated with empirical antimicrobial agents according 
too local hospital guidelines. This usually comprised a beta-Iactamase 
stablee beta-lactam, in combination with a macrolide. Dutch patients 
weree randomised within 2 hours of admission to receive either empirical 
treatmentt according to the ATS guidelines or pathogen-directed treatment 
basedd on results of rapid microbiological tests (gram stain or antigen 
detection).. The intravenous route was used in 920 (86%) patients. Fifty-
fivefive (5%) patients were admitted to the ICU and 44 (4%) required mechanical 
ventilation.. The thirty-day mortality was 9%. 
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T a b l ee l : Deta i ls of s tudy cohor ts 

II  MÊÊË 
Numberr of patients 

Malee (%) 

Meann age (years) 

Agee > 65 years (%) 

Agee > 75 years (%) 

Priorr antibiotics 

United d 
Kingdom m 

362 2 

181(50) ) 

64.9 9 

2100 (58) 

140(39) ) 

125(35) ) 

New w 
Zealand d 

452 2 

2311 (51) 

63-5 5 

256(57) ) 

159(35) ) 

126(28) ) 

Netherlands s 

254 4 

1388 (54) 

64.1 1 

1555 (61) 

92(36) ) 

66(26) ) 

Comorbidd illnesses 

Al l l 

IO68 8 

5500 (51) 

64.I I 

621(58) ) 

3911 (37) 

3177 (30) 

,, . 
Chronicc lung disease 

Ischaemicc heart disease/ heart failure 

Cerebrovascularr disease 

Diabetess mellitus 

Dementia a 

Chronicc liver disease 

Finee PSI Risk Class* 

I I 

I I I 

II I I 

IV V 

V V 

f Ref [3] ] 

128(35) ) 

64(18) ) 

33(9) ) 

28(8) ) 

16(4) ) 

3d) ) 

121(27) ) 

96(21) ) 

54(12) ) 

54(12) ) 

24(5) ) 

6(1) ) 

126(50) ) 

37d5) ) 

4(2) ) 

25(10) ) 

nott known 

2(1) ) 

3755 (35) 

1977 (18) 

91(9) ) 

1077 (10) 

lKD D 

48(13) ) 

78(22) ) 

71(20) ) 

123(34) ) 

42(12) ) 

60(13) ) 

80(18) ) 

90(20) ) 

145(32) ) 

77(17) ) 

23(9) ) 

59(23) ) 

62(24) ) 

88(35) ) 

22(9) ) 

1311 (12) 

2177 (20) 

223(21) ) 

3566 (33) 

141(13) ) 

AssociationsAssociations with 30-day mortality 
Theree were 821 patients in the derivation cohort. Of the 29 patients with a 
systolicc blood pressure (SBP) of less than gommHg, 28 (97%) had a diastolic 
bloodd pressure (DBP) of 6ommHg or less. These 2 features were therefore 
combinedd as the presence of one or both, and analysed as a single variable 
(loww BP). Of the 11 features examined for an association with mortality on 
univariatee analysis, all except multilobar shadowing on CXR and pulse 
>i25/minutee were found to be significant (Table 2). Increasing age cohorts 
weree associated with increasing mortality. 

Serumm albumin < 30g/dl and age > 65 years were both independently 
associatedd with 30-day mortality after adjusting for CURB score (Table 3). 
Althoughh an association of temperature < 370 C with mortality was found 
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onn multivariate analysis, this onlyjust achieved statistical significance (OR 
1-9,, 95%CI 1.01 - 3.6, p< 0.047). Entering each of the other variables in turn 
backk into the resulting model did not alter the results. 

Tabl ee 2: Association of selected 

univariatee analysis 

Clinicall  feature 

Agee groups 

<500 years 

500 - 64 years 

655 - 74 years 

755 - 84 years 

855 years and above 

Agee a 65 years 

Agee > 75 years 

Temperaturee < 37 °C 

Pulsee > 125/min 

Respiratoryy rate 2 30/min 

Mentall  Confusion 

Ureaa > 7 mmol/1 

Albuminn < 30 g/dl 

Pa022 < 8 kPa 

Chestt x-ray: multilobar 

Chestt x-ray: effusion 

Loww blood pressure 
(SBPP <90 or DBP < 60 mmHg) 

clinicall  features with 30-day mortality on 

No. . O O pp value 

201 1 

145 5 

179 9 

190 0 

106 6 

475 5 

296 6 

206 6 

87 7 

277 7 

125 5 

358 8 

124 4 

267 7 

243 3 

116 6 

199 9 

reference e 

0.9 9 

3-0 0 

5-4 4 

10 0 

5-5 5 

4-3 3 

2-3 3 

1.6 6 

lall  1.7 
8.1 1 

5.66 § | 

4-9 9 

mni.8 8 
1.2 2 

IB' -"' 1-8 8 

2.4 4 

0.3-3-3 3 

1.1-7.8 8 

2.2-13.4 4 

4.0-25.4 4 

2.8-10.9 9 

2.6-7 7 

1.4-3.8 8 

0.88 -3 .2 

1.077 - 2.8 

4-88 - 13-7 

3.1-IO O 

2.8-8.4 4 

1.077 - 3.0 

0.7-2.0 0 

1.03-3.3 3 

1-4-3.8 8 

0.9 9 

O.03 3 

<0.001 1 

<0.001 1 

<0.0Ol l 

<0.001 1 

<0.OOl l 

0.14 4 

0.02 2 

<0.001 1 

<0.001 1 

<0.001 1 

0.03 3 

0.4 4 

0.04 4 

<0.001 1 

Tabl ee 3: Multivariate analysis using CURB as a binary variable (2 or more features 

== severe) to identify other factors that are independently associated with mortality. 

(n=637) ) 
I I 

inicall  feature 

Albuminn <30 g/dl 

Agee > 65 years 

Temperaturee < 37°C 

CURBB score > 2 (severe CAP) 

OR R 

4.7 7 

3-5 5 

1.9 9 

5-2 2 

95%CI I 

2.55 - 8.7 

1.66 - 8.0 

1.0088 - 3.6 

2.77 - 10.3 

pp value 

1 1 

0.003 3 

0.047 7 

1 1 
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DevelopmentDevelopment of practical clinical prediction rule 
Thee sensitivity and specificity of the mBTS rule (ie. a CURB score of 2 or 
more)) in the derivation cohort was 75% (95% CI 72 - 78%) and 69% (95% CI 
666 - 72%) respectively. Corresponding values in the validation cohort were 
74%% (95% CI 68 - 80%) and 73% (95% CI 67 - 79%). 

Basedd on the results of multivariate analysis, age > 65 years was added 
ass another adverse prognostic feature to the CURB score resulting in a 
6-pointt score (CURB-65, range 0-5) which allowed patients to be stratified 
accordingg to increasing risk of mortality ranging from 0.7% (score 0) 
too 40% (score 4) (Table 4). The numbers with a score of 5 (highest) were 
small;; of the 7 patients only 1 (14%) died. However, 3 (43%) others required 
mechanicall  ventilation in an intensive care setting and eventually survived. 
AA further model based only on clinical features, available from a clinical 
assessment,, without laboratory results (confusion, respiratory rate, blood 
pressuree and age - CRB65 score) was also tested and found to correlate well 
withh risk of mortality and need for mechanical ventilation. These models 
performedd equally well when applied to the validation cohort (Table 4). The 
sensitivities,, specificities and predictive values of the different rules for 
predictingg 30-day mortality are given in Table 5 and Figure 2. 
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Tabl ee 4: Relationship between number of core adverse prognostic features 

(CURB(CURB = Confusion, Urea > 7mmol/l, Respiratory rate >=30/minute, low Blood 

pressure:: systolic < 90 mmHg or diastolic =< 60 mmHg), age >= 65 years and risk 

off  mortality. 

Derivationn cohort (n=7i8) Validationn cohort (11=214) 

Features s 

CURB CURB 

CURB-65 CURB-65 

CRB-65** CRB-65** 

No. . 
present t 

0 0 

1 1 

2 2 

3 3 

IB' 4 4 
0 0 

1 1 

2 2 

3 3 

4 4 

5 5 

0 0 

1 1 

2 2 

3 3 

4 4 

Total l 
(%(% cohort) 

217 7 

247 7 

162 2 

85 5 

77 WE 
137 7 

187 7 

184 4 

138 8 

65 5 

7 7 

167 7 

2 66 6 

189 9 

85 5 

11 1 

Diedd (96) 

3(1-4) ) 

144 (5-4) 

23(14-2) ) 

28(32.9) ) 

1(14-3) ) 

1(0.7) ) 

4(2.1) ) 

17(9.2) ) 

20(14.5) ) 

26(40) ) 

1(14) ) 

2(1.2) ) 

144 (5-3) 

233 (12.2) 

288 (32.9) 

22 (18.2) 

MV*o r r 
Diedd (%) 

33 d-4) 

200 (8.1) 

288 (17.3) 

311 (36.5) 

4(57) ) 

11 (0.7) 

66 (3-2) 

244 (13.0) 

244 (17-4) 

277 (41-5) 

44 (57-1) 

22 (1.2) 

211 (7-9) 

288 (14.8) 

299 (34-1) 

66 (54-5) 

Total l 
(%(% cohort) 

55 5 

86 6 

46 6 

23 3 

4 4 

36 6 

54 4 

60 0 

42 2 

19 9 

3 3 

45 5 

78 8 

62 2 

26 6 

3 3 

Diedd (%) 

0 0 

5(5-8) ) 

8(17.4) ) 

6(26) ) 

1(25) ) 

0 0 

0 0 

5(8.3) ) 

9(21.4) ) 

5(26.3) ) 

1(33-3) ) 

0 0 

4(5-1) ) 

7(ii-3) ) 

88 (30.8) 

11 (33-3) 

MVor r 
Diedd (%) 

0 0 

66 (7-0) 

88 (17-4) 

77 (30.4) 

2(50) ) 

0 0 

11 (1-9) 

55 (8.3) 

99 (21.4) 

7(36.8) ) 

11 (33-3) 

0 0 

55 (6.4) 

77 (U-3) 

100 (38.5) 

11 (33-3) 

*MVV = mechanical ventilation 

**CRB-655 does not include urea and uses only clinical parameters available for patient 
assessmentt in the community. 
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T a b l ee 5: Test charac te r i s t i cs of ru les w i t h di f ferent p red ic t ion scores for 3 0 - d ay 

mor ta l i tyy in t he der iva t ion and va l ida t ion se ts of pa t ien ts hosp i ta l i sed w i t h CAP. 

No.. of features Sensitivity (%} Specificity (%) 

Der iva t io nn set ( N = 7 i 8) 

CURB B 

CURB-65 5 

,.. I : ,:. 1 ; ; ih-

CRB-65* * 

2 0 0 

22 1 

22 2 

23 3 

24 4 

SO O 

22 1 

22 2 

2 4 4 

25 5 

2 0 0 

22 1 

22 2 

S3 3 

2 4 4 

Val idat io nn set (11=214) 

CURB B 

CURB--

CRB-65 5 

100 .0 0 

95-7 7 

75-4 4 

4 2 .0 0 

1-4 4 

lOO.O O 

98.6 6 

92.8 8 

68.1 1 

39-1 1 

1.4 4 

100 .0 0 

97-1 1 

76.8 8 

43-5 5 

2.9 9 

0.0 0 

33-0 0 

68.9 9 

90.3 3 

99-1 1 

0 .0 0 

21.0 0 

49.2 2 

74-9 9 

93-1 1 

99.1 1 

0.0 0 

25-4 4 

64-3 3 

89.8 8 

98.6 6 

PPV(%) ) 

9.6 6 

13.2 2 

20.5 5 

31-5 5 

14-3 3 

9.6 6 

11.7 7 

16.2 2 

22.4 4 

37-5 5 

14.3 3 

9.6 6 

12.2 2 

18.6 6 

31-3 3 

18.2 2 

NPVi i 

na a 

98.6 6 

96.3 3 

93-6 6 

90.4 4 

na a 

99-3 3 

98-5 5 

95-7 7 

93-5 5 

90.4 4 

na a 

98.8 8 

96.3 3 

93-7 7 

90.5 5 

22 0 

22 1 

22 2 

2 3 3 

2 4 4 

2 0 0 

a ii  ' 

2 2 2 

2 3 3 

2 4 4 

S5 5 

22 0 

22 1 

>> 2 

2 3 3 

2 4 4 

100 .0 0 

100 .0 0 

75-0 0 

35-0 0 

5-0 0 

1 0 0 .0 0 

1 0 0 .0 0 

100 .0 0 

75.0 0 

30.0 0 

SO O 

100 .0 0 

100 .0 0 

8 0 .0 0 

45-0 0 

5-0 0 

0 .0 0 

28.4 4 

70.1 1 

89.7 7 

98.5 5 

0 .0 0 

18.6 6 

46.4 4 

74-7 7 

91.8 8 

99.0 0 

0.0 0 

2 3 .2 2 

61.3 3 

89.7 7 

99.0 0 

9-3 3 

12.6 6 

20 .5 5 

25-9 9 

25 .0 0 

9-3 3 

11.2 2 

16.1 1 

23-4 4 

273 3 

33-3 3 

9-3 3 

11.8 8 

17.6 6 

31.0 0 

33-3 3 

na a 
100 .0 0 

96.5 5 

93-0 0 

91.0 0 

na a 
1 0 0 .0 0 

1 0 0 .0 0 

96.7 7 

92.7 7 

91.0 0 

na a 
1 0 0 .0 0 

96.7 7 

94-1 1 

91.0 0 
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F igur ee 1: One-step strategy (CURB-bs) for stratifying patients with CAP into Risk 

Groupss according to risk of mortality at 30 days. 

CURB-65 CURB-65 
score e 

Treatment Treatment 
Options Options 

> > 

Anyy of: 
-- Confusion* 
-- Urea > 7 mmol/1 
-- Respiratory rate > 30/min 
-- Blood pressure (SBP < 9ommHg or DBP < 6ommHg) 
-- Age > 65 years 

r r 
00 or 1 

> > 

>r r 

2 2 

rr > 
GROUPP 1 

MortalityMortality low 
[i.5%] [i.5%] 

(11=324,, died= 5) 

yr yr 

33 or more 

rr  >r 

GROUPP 2 

MortalityMortality intermediate 
[9.2%] [9.2%] 

(n=i84,, died=i7) 

GROUPP 3 

MortalityMortality high 
[22%] [22%] 

(n=2io,, died=47) 

>rr  >r  >r 
Likel yy suitable 
forr  home 
treatment t 

Considerr  hospital 
supervisedd treatment 

Optionss may include 
a)) short stay in-patient 
b)) hospital supervised 

out-patient t 

Managee in hospital 
ass severe 
pneumonia a 

Assesss for ICU 
admissionn especially if 
CURB-655 score = 4 or 5 

**  defined as a Mental Test Score of 8 or less, or new disorientation in person, place or 

time. . 
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Discussion n 

Thiss is the largest cohort study of severity assessment in CAP conducted 
outsidee the US. The strength of this study lies in the large sample size, the 
prospectivee and systematic collection of relevant clinical information, the 
focusingg of statistical tests of association on selected clinical features based 
onn the current evidence-base (thus avoiding spurious associations) and the 
inclusionn of unselected adults of all ages. Furthermore, the study cohort 
comprisedd of patients admitted as unselected emergencies into public 
(ie.. government funded) hospitals in 3 countries with similar primary 
andd secondary health care systems. This should allow the results to be 
generalisedd to other countries, which share such health care systems, which 
differr to those in the US. 

Thee importance of mental confusion, low blood pressure, raised 
respiratoryy rate and raised urea as 'core' adverse prognostic features in 
patientss admitted to hospital with CAP is underlined. This study confirmed 
ourr previous finding in the UK subset of patients that a simple severity 
scoringg system based on these 4 adverse prognostic features {CURB score) 
correlatess well with mortality. 

Inn the development of a clinical prediction rule suitable for use in busy 
casualtyy departments or admission units, we sought to include clinical 
featuress of prognostic importance and which were easily measurable at 
thee time of initial assessment. Thus, although both age > 65 years and a 
loww serum albumin were identified as independent prognostic variables in 
additionn to the CURB score, the latter was not included in the final model 
ass it is not a routinely available test in many hospitals, particularly out-of-
hours.. In contrast, age is easy to determine and has been consistently found 
too be very strongly associated with prognosis in most studies of severity 
assessmentt in adults with CAP. Indeed, the determination of the score in 
thee Fine PSI is heavily influenced by age. 

Thee overall sensitivity and specificity of the CURB-65 score is similar to 
thee mBTS severity assessment tool as seen in the Receiver Operating Curves 
(ROC)) in Figure 2. The advantage of the CURB-65 score is that it provides 
aa bigger range of sensitivities for specificity therefore enabling patients to 
bee stratified as possibly suitable for three different management options. 
Patientss with scores 0 and 1 are at low risk of mortality (<2%) and might 
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bee suitable for management as a hospital out-patient or by their general 
practitionerr (Figure 1). Patients with a score of 2 are at intermediate risk of 
mortalityy (9%) and should be considered for hospital-supervised treatment. 
Patientss with a score of over 2 are at high risk of mortality (> 19%) and 
correspondd to those patients who meet the mBTS criteria for severe CAP. 
Theyy should be treated in hospital. Initial care in an intensive care or high 
dependencyy unit may be appropriate in those with the highest scores. 

Figuree 2: Receiver Operating Curves for mBTS rule and CURB-65 score 
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Thesee 3 groupings are similar in terms of risk of mortality to the treatment 
groupss identified by the Fine PSI when applied to this study cohort - Risk 
Classs I - III , mortality <3.2%; IV, 12% and V, 32%. However, as discussed 
inn the Canadian and American Thoracic Society (ATS) guidelines, the Fine 
PSII  has practical limitations related to its complexity which may restrict its 
widespreadd adoption. Indeed, the ATS guidelines do not offer any algorithm 
forr the clinical assessment of disease severity.22 The advantage of the 
CURB-65CURB-65 severity assessment tool is that it is simple to use, relying on only 
55 (rather than 20) easily measurable features, all except urea being clinical 
observationss which could be made by health care workers in primary and 
secondarycare.Itmayalsobeusefulinthecommunityforgeneralpractitioners s 
whenn deciding on the need for hospital referral for patients with CAP, even 
iff  the blood urea is unavailable (Figure 3). In all instances, overall clinical 

mBTS S 

-- CURB-65 
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judgementt is crucial. Social factors and patient wishes wil l also influence 

wheree to manage a patient. Whether the proposed CURB-65 score can be 

appliedd in conjunction with different management strategies to improve 

clinicall  outcomes and health service utilisation requires further study. 

Figur ee 3: Strategy (CRB-65) for stratifying patients with CAP into Risk Groups 

inn the community using only clinical observations (when the result of blood urea 

wouldd not be available). 

CURB-65 CURB-65 
score e 

Anyy of: 
-- Confusion* 
-- Respiratory rate > 30/min 
-- Blood pressure (SBP < gommHg or DBP < 6ommHg) 
-- Age > 65 years 

V V 

GROUPP 1 

MortalityMortality low 
[1.2%] [1.2%] 

(n=i67,, died= 2) 

Treatment Treatment 

GROUPP 2 

MortalityMortality intermediate 
[8.15%] [8.15%] 

(n=455,, died=37) 

Options s 

Likel yy suitable 
forr  home treatment 

Likel yy need hospital 
referra l l 

1 1 
33 or 4 

GROUP3 3 

MortalityMortality high 
[31%] [31%] 

(n=96,, died=30) 

UrgentUrgent hospital 
admission admission 

*Definedd as a Mental Test Score of 8 or less, or new disorientation in person, place or 

t ime. . 
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Conclusions s 

Thiss study offers a simple clinical prediction rule based around the 5 clinical 
featuress of age, confusion, urea, respiratory rate and blood pressure {CURB-
6565 score) as a practical means of stratifying patients into low, intermediate 
andd high mortality risk groups. The size of the dataset and the consistency 
off  the findings in derivation and validation cohorts suggest that this rule 
couldd be applied with some confidence in practice, while undergoing further 
prospectivee evaluations. 
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Abstract t 

Background::  There is much controversy about the ideal approach to the 
managementt of community-acquired pneumonia (CAP). Recommendations 
differr from a pathogen-directed approach to an empirical strategy with 
broad-spectrumm antibiotic therapy. 
Methods::  In a prospective randomised open study performed between 
19988 and 2000 a pathogen-directed therapy (PDT) approach (n=i34) was 
comparedd with an empirical broad-spectrum antibiotic therapy (EAT) 
strategyy (n=i28) according too the ATS guidelines of 1993 in 262 hospitalised 
patientss with CAP. Clinical efficacy was primarily determined by the length 
off  hospital stay (LOS). Secondary outcome parameters for clinical efficacy 
were:: assessment of therapeutic failure on antibiotic therapy, 30-day 
mortality,, length of antibiotic therapy, resolution of fever, side effects and 
qualityy of life. 
Results::  No significant differences were found between the two therapy 
groupss in the intention-to-treat population and evaluable patient population 
concerningg LOS and secundary parameters as 30-day mortality and clinical 
failure,, except for the presence of side effects. In the intention-to-treat 
populationn PDT-patients remained hospitalised for an average of 14.3 days, 
EAT-patientss were hospitalised for an average of 13.2 days (p=0.75), while in 
thee evaluable patient population LOS was 13.7 days for PDT-patients versus 
12.88 days in the EAT-group (p=o.63). In the intention-to-treat population 
322 PDT-patients (21%) and 35 EAT-patients (23%) suffered a clinical 
failuree on antibiotic therapy (p=o.66; odds ratio=i.i3 [95% confidence 
interval=o.666 to 1.95]), 30-day mortality was observed in 12 PDT-patients 
(8%)) and 22 EAT-patients (15%) (p=o.07; odds ratio=i.99 [95% confidence 
interval=o.955 to 4.18]). Side effects, although not clinically significant, 
weree present in the evaluable patient population in 77 EAT-patients (60%) 
comparedd to 23 PDT-patients (17%) (95% CI, -0.5 to -0.3; P<o.ooi). 
Conclusions::  An EAT-strategy with broad-spectrum antibiotics for the 
managementt of hospitalised patients with CAP shows comparable clinical 
efficacyy as a PDT-approach. 

70 0 



AA comparison between pathogen-directed antibiotic therapy and empirical 
broadspectrumbroadspectrum antibiotic therapy 

Introductio n n 

Community-acquiredd pneumonia (CAP) remains a common and serious 
illness.11 In the past decade several guidelines concerning the management of 
CAPP have been published, and recently revised by different organisations.2"5 

However,, recommendations differ from a pathogen-directed approach to an 
empiricall  strategy with broad-spectrum antibiotic therapy. 

Thee main advantage of a pathogen-directed therapy is a careful use 
off  antibiotics, theoretically resulting in a reduction in adverse events 
andd a reduction of antimicrobial resistance. Moreover, by performing 
microbiologicall  investigations epidemiologically important organisms (e.g., 
LegionellaLegionella pneumophila, drug-resistant Streptococcus pneumoniae and 
methicillin-resistantt Staphylococcus aureus) may be detected. The main 
argumentt against a pathogen-directed approach is the lack of sensitivity 
andd specificity of the routine diagnostic methods currently employed.3'4' '9 

Sputumm examination by Gram's stain and culture were for this reason not 
recommendedd by the American Thoracic Society (ATS) guidelines as an aid 
too directing initial therapy.3,4 

Interestingly,, the guidelines are primarily consensus-based. Up to now 
thesee guidelines have not been prospectively validated and compared with 
otherr therapeutic regimen(s) in a clinical setting. We therefore performed 
aa prospective randomised study in which a pathogen-directed approach 
wass compared with empirical treatment consisting of broad-spectrum 
antibioticss according to the ATS guidelines of 1993 in hospitalised patients 
withh CAP. New ATS guidelines were presented in 2001, but were essentially 
nott different from the guidelines of 1993, with exception of Intensive Care 
Unitt (ICU) patients. In both ATS guidelines the use of empirical broad-
spectrumm antibiotic therapy was emphasised. 

Thee main outcome parameter in this study was the assessment of length 
off  hospital stay (LOS); secondary outcome measures were therapeutic failure 
onn antibiotic treatment, 30-day mortality, length of antibiotic treatment, 
resolutionn of fever, adverse events and quality of life. 
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Methods s 

Patients Patients 
AA prospective randomised study was performed between December 1998 
andd November 2000 in the Departments of Pulmonary Diseases and Internal 
Medicinee of the Medical Centre Alkmaar, which is a teaching hospital 
withh 900 beds. The medical ethics committee of our hospital approved 
thee study. Patients who fulfilled the following criteria were enrolled in the 
studyy after giving written informed consent: 1) age of 18 years or more; 
2)) clinical presentation of an acute illness with one or more of the following 
symptomss suggesting CAP: presence of fever (>= 38.o°C), dyspnoea, 
coughingg (with or without expectoration of sputum), chest pain; 3) presence 
off  new consolidation(s) on the chest radiograph. Patients were excluded 
fromm the study if one of the following criteria applied: presence of severe 
immunosuppressionn (HIV infection, high dose of immunosuppressive agents 
suchh as prednisone >35 mg/d, chemotherapy); presence of malignancy; 
pregnancyy or breastfeeding; documented severe allergy for antibiotics; 
presencee of obstruction pneumonia; pneumonia within 8 days after hospital 
discharge. . 

Ass is common in our health care system, the majority of patients first 
consultedd their general practitioner (GP), and from this population a selected 
groupp was referred to our hospital. A severity of disease assessment was 
performedd at admission using the Pneumonia Severity Index (PSI) by the 
investigatorr (MMvdE).10 The treating physician was not aware of the PSI 
riskk class stratification. 

StudyStudy Design 
Thee patients were randomised on admission, after giving informed consent, 
too one of the two treatment groups by means of cards in sealed envelopes. 
Thee empirical antibiotic therapy (EAT) group received antibiotic treatment 
accordingg to the ATS guidelines of 1993.3 The EAT-group received (3-lactam/ 
(3-lactamasee inhibitor plus erythromycin intravenously (IV). Ceftazidime 
andd erythromycin IV were given to patients referred to the ICU. Physicians 
weree blinded to the outcome of microbial studies in the EAT-group. The 
microbiologistt reported the results to the treating physician in case of 
failuree on antibiotic therapy or when a pathogen was identified that was 

72 2 



AA comparison between pathogen-directed antibiotic therapy and empirical 

broadspectrumbroadspectrum antibiotic therapy 

inadequatelyy covered according to microbial investigation by the empirical 
regimen. . 

Thee pathogen-directed therapy (PDT) group received IV therapy 
directedd at the pathogen suspected to be the causative agent as reported 
fromm routine microbial investigation or from clinical presentation (table 
l).. The results of a Gram's stain (presence of > 25 polymorphonuclear 
leucocytess and < 10 squamous cells at IOOX magnification) from sputum 
orr pleural fluid, pneumococcal antigen detection (latex agglutination; 
Murexx Diagnostics, Dartford, United Kingdom) in sputum or pleural fluid, 
LegionellaLegionella pneumophila serogroup 1 urinary antigen detection test (enzyme 
immunoassay,, Binax-NOW, Binax, Portland, Maine, USA) could be obtained 
withinn two hours of admission during 24 hours a day. 

Tablee 1: Recommendations for antibiotic therapy directed at clinical presentation 
inn pathogen-directed therapy group 

Clinicall  presentation 

Acutee illness, lobar infiltrate, elevated 
WBC**  with an increase in PNMs 

Mil dd illness, headache, upper airway 

Suspectedd pathogen Recommended 
antibioticc therapy 

StreptococcusStreptococcus pneumoniae Penicillin 

Atypicall  bacterial pathogen Erythromycin 
tractt symptoms, young age, travel 
too southern Europe, contact with 
animals s 

Comorbidd illness, alcohol abuse, 
aspiration n 

S.S. pneumoniae, Haemophilus 
influenzae,influenzae, Moraxella 
catarrhalis,catarrhalis, Gram negative 
Enterobacteriaceae, , 
anaerobes s 

Amoxicillin --
clavulanate e 

Influenzaa epidemic Staphylococcus aureus Flucloxacillin
gentamicin n 

*Whitee blood cells, polymorphonuclear leucocytes. Mycoplasma pneumoniae, 

LegionellaLegionella pneumophila, Chlamydia pneumoniae/psitacci. 

Outcome Outcome 
Clinicall  efficacy was primarily determined by the assessment of LOS. No 
criteriaa for discharge were given to the treating physicians, nor were they 
informedd about the contribution of LOS as an outcome parameter for this 
study. . 
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Secondaryy outcome parameters included therapeutic failure on antibiotic 
therapy.. Clinical failures were subdivided into patients showing an early 
failuree after adequate or inadequate therapy and patients showing a late 
failuree on antibiotic therapy. When signs and symptoms of pneumonia 
didd not improve on antibiotic treatment within 72 hours of therapy and 
persistedd or progressed thereafter, this was defined an early failure. If signs 
andd symptoms of pneumonia returned after 72 hours of admission following 
ann initially good response on antibiotic therapy or when patients died before 
thee 30-day follow-up, this was termed a late failure. When, in case of a 
failure,, no pathogen had been identified or when the subsequently isolated 
pathogenn had not been appropriately treated (according to microbial results 
andd antibiotic sensitivity patterns) from the start of therapy, this was termed 
aa failure on inadequate therapy. Other secondary outcome parameters 
includedd 30-day mortality, length of intravenous antibiotic therapy, total 
durationn of antibiotic therapy, resolution of fever, presence of adverse events 
andd quality of life. Adverse events were self-reported by the treating physician 
ass symptoms or signs that could not be attributed to the pneumonia alone 
afterr starting antibiotic therapy. A quality of life analysis was performed 
usingg the Short-Form 36 Health Survey (SF-36) scale and CAP Symptom 
Severityy score (SSC)12. The SF-36 questionnaire was administered during 
treatment,, and at the follow-ups of one month, 3 months and 6 months after 
treatment.. A higher SF-36 score reflected a higher sense of quality of life. 
Thee SSC included the presence of five symptoms (cough, dyspnoea, sputum 
production,, pleuritic chest pain and fatigue). The severity of each symptom 
wass scored on a 6-point scale (0= not present to 5 = severe). The SSC was 
calculatedd on days 1 and 7 of treatment and at follow-up 1 month, 3 months 
andd 6 months after treatment. A lower SSC indicated a better quality of life. 
Thee SF-36 and SSC score were calculated according to the method described 
byy Metlay et a/.1 The investigator (MMvdE) did not have any influence in 
thee management of patients with CAP. 

MicrobiologicalMicrobiological investigations 
Forr both groups a sputum specimen was obtained at admission for Gram's 
stain,, semi-quantitative culture and S. pneumoniae antigen; 3 sets of blood 
culturess were drawn and if clinical symptoms suggested, a urine sample for 
LegionellaLegionella spp. serogroup 1 antigen detection was obtained at admission, 
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preferablyy before the start of antibiotic treatment. A bronchoalveolar 
lavagee (BAL) specimen and protected specimen brush (PSB) with Gram's 
stain,, semiquantitative culture and S. pneumoniae antigen detection were 
performed,, after consent, when patients did not expectorate sputum within 
244 hours after admission or in case of clinical failure. Thoracentesis with 
Gram'ss stain, S. pneumoniae antigen detection and culture for aerobic and 
anaerobicc bacteria was performed when pleural fluid was present. Blood 
sampless for serology (Serion ELISA classic, Virion GmbH, Würzburg, 
Germany)) were obtained on days 1 and 14 of treatment for the detection 
off  antibodies to Mycoplasma pneumoniae, Chlamydia pneumoniae, L, 
pneumophilapneumophila serogroup 1-7, influenza A and B virus, parainfluenza virus 
1-3,, respiratory syncytial virus (RS) and adenovirus. After completing the 
study,, all patients were analysed for the presence of S. pneumoniae antigen 
(enzymee immunoassay, Binax-NOW, Binax, Portland, Maine, USA) in the 
urinee samples obtained at admission. 

Definitivee aetiology was defined as: a) identification of an aetiologic 
agentt from blood and/or pleural fluid, b) the detection of Legionella spp. 
antigenn in urine, c) the presence of S. pneumoniae antigen in pleural fluid, 
d)) a threefold increase in antibody titer of L. pneumophila serogroup 1-7, 
M.M. pneumoniae, C. pneumoniae, influenza A and B, parainfluenza virus 
1-3,, RS virus or adenovirus according to the manufacturer. Presumptive 
aetiologyy was defined as: a) a positive sputum, BAL or PSB culture by semi-
quantitativee methods, compatible with the organism(s) seen on a good 
Gram'ss stain specimen, b) detection of S. pneumoniae antigen in urine or 
sputum,, BAL or PSB specimen, c) a single elevated IgM titer of > = 17 U/ml 
forr M. pneumoniae. 

StatisticalStatistical analysis 
Thee patient sample size was calculated from the following assumptions: a 
reductionn of LOS for patients with CAP by 3.4 (23%) days by implementation 
off  EAT13 and a mean LOS of 14.9 days in our hospital with a standard 
deviationn of 10.2 days. A sample size of 240 patients (120 per group) was 
foundd to be necessary to detect this difference with a power of 80% and an 
alphaa error of 0.05. 

Ann intention-to-treat analysis of the primary study outcomes was 
performedd for all randomised patients. Furthermore, primary and secondary 
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outcomee parameters were measured for the evaluable study population. 
Student'ss t-test was used to compare continuous data; difference in LOS was 
calculatedd with Mann-Whitney test. Chi-square test was used to compare 
categoricall  data between the two treatment groups. Results were expressed 
ass means with standard deviation (SD). Differences in outcome between 
bothh treatment groups were calculated with 95% two-sided confidence 
intervalss (95% CI). A result of p < 0.05 was considered to be significant. 
Dataa were analysed using SPSS Version 11.5 for Windows, Chicago, USA. 

Results s 

BaselineBaseline characteristics 
Threee hundred and three patients were included in the study; all were 
hospitalised.. Thirty-five patients were initially misdiagnosed; 6 withdrew 
consentt and were subsequently excluded from the study. The results from 
2622 patients were evaluable for analysis; of these, 134 were assigned to the 
PDT-groupp and 128 to the EAT-group (figure 1). Patients from the PDT-
groupp were significantly younger than EAT-patients (mean age of 62.0 
yearss versus 66.7 years, respectively; p=o.03). Eighty-two patients (31%) 
stratifiedd in risk class I and II were hospitalised, from these significant more 
loww risk patients were present in the PDT-population (n=50 [37%] versus 
n=322 [25%], p=0.032) (table 2). 

Aetiology Aetiology 
Overall,, 196 microorganisms were identified. In 84 PDT-patients (63%) 
treatmentt could be directed at a presumptive or definite microbial 
diagnosis.. In 50 PDT-patients (37%) and 59 EAT-patients (46%) a pathogen 
couldd not be identified. The most common pathogen in both groups was 
S.. pneumoniae, present in 92 patients (35%), followed by M. pneumoniae 
inn 23 patients (9%) and Haemophilus influenzae identified in 19 patients 
(7%)) of the study population (table 3). No penicillin- or macrolide-resistant 
pneumococcall  strains were identified. In 18 of the 22 ICU-patients (82%) 
aa causative pathogen was identified. The microorganism most frequently 
identifiedd in this population was S.pneumoniae in 9 cases (41%), followed 
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byy L. pneumophila in 6 cases (27%) (data not shown). Overall, 157 patients 

(60%)) produced a sputum sample, in 44 samples (28%) a Gram's stain of 

adequatee quality was present. In the PDT-population 85 patients (64%) 

producedd a sputum sample, of which 25 (29%) were adequate specimens. 

Figur ee 1: Randomisation to treatment, withdrawal of informed consent and follow-

upp among 303 patients with community-acquired pneumonia 

3033 patients enrolled 

Randomisedd to pathogen-directed therapy, 
n=i52 2 

Randomisedd to empirical broad-spectrum 
antibioticc therapy, n=i5i 

I I 
Didd not meet inclusion criteria, 
n=i7: : 
-- exacerbation COPD*: l 
-- malignancy: 8 
-- congestive heart failure: 2 
-- pulmonary embolism: l 
-- immunosuppression: 2 
-- other: 3 

Withdrawall  of informed consent, 
n=i i 

I I 
Lostt to follow up at 4 weeks, n=i3 
30-dayy mortality, n=lo 
Patientss followed for 4 weeks, n =m 
Patientss followed for 6 months, n=99 

Patientss for intention to treat analysis, 
n=l52 2 
Analysiss of evaluable patient population, 
n=l34 4 

Didd not meet inclusion criteria, 
n=i8: : 
-- exacerbation COPD: 5 
-- malignancy: 8 
-- congestive heart failure: 2 
-- pulmonary embolism: 2 
-- immunosuppression: o 
-- other: 1 

Withdrawall  of informed consent, 
n=5 5 

I I 
Lostt to follow up at 4 weeks, n=i2 
30-dayy mortality, n=i8 
Patientss followed for 4 weeks, n=g8 
Patientss followed for 6 months, n=88 

I I 
Patientss for intention to treat analysis, 
n=i5i i 
Analysiss of evaluable patient population, 
n=i28 8 

*COPDD = Chronic obstructive pulmonary disease 
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Tabl ee 2: Baseline Characteristics 

Characteristicss PDT EAT* 

(n=i34)) (n=i28) 

Meann age, years (SD) 62.0 (18.5) 66.7 (17.2)* 

Sex,, n (%) 

Male e 

Female e 

Nursingg home residents, n (%) 

Outpatientt antibiotic therapy 

Comorbidity,, n (%) 

Chronicc obstructive pulmonary disease 

Asthma a 

Congestivee heart failure 

Ischaemicc heart disease 

Neurologicc disorder 

Liverr disease 

Chronicc renal disease 

Diabetess mellitus 

Smoking,, n (%) 

>>  10 cigarettes/day 

<< 10 cigarettes/day 

Ex-smoker r 

non-smoker r 

Alcoholl  intake, n (%) 

744 (55) 

600 (45) 

3(2) ) 

399 (29) 

477 (35) 

10(7) ) 

9(7) ) 

6(4) ) 

133 (10) 

2(1) ) 

0 0 

144 (10) 

255 (19) 

8 (6) ) 

466 (34) 

544 (40) 

677 (52) 

611 (48) 

3(2) ) 

299 (23) 

499 (38) 

133 (10) 

12(9) ) 

n(9) ) 

n (9) ) 

1(1) ) 

4 (3) ) 

12(9) ) 

355 (27) 

6(5) ) 

422 (32) 

455 (35) 

>> 3 units/day 

Pneumoniaa Severity Index, 

Riskk class 1 

Riskk class 2 

Riskk class 3 

Riskk class 4 

Riskk class 5 

n(°/„) ) 

5(4) ) 

155 (11) 

355 (26) 

311 (23) 

444 (33) 

9(7) ) 

7(5) ) 

8 (6) ) 

244 (19) 

333 (26) 

500 (39) 

133 (10) 

' ' 

'PDTT = pathogen-directed therapy group. EAT = empirical antibiotic therapy group. 
p== 0.03. No other significant differences in baseline values were found. 
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Tabl ee 3: Aetiology determined by routine microbiological research and serological 

investigation n 

Aetiology y 

StreptococcusStreptococcus pneumoniae, n (96) 

Definitive e 

Presumptive e 

MycoplasmaMycoplasma pneumoniae - Definitive, n (96) 

HaemophilusHaemophilus influenzae, n (96) 

Definitive e 

Presumptive e 

LegionellaLegionella pneumophila* - Definitive, n (96) 

GNEB*,, n (96) 

HI I 

Presumptive e 

StaphylococcusStaphylococcus aureus, n (96) 

Definitive e 

Presumptive e 

MoraxellaMoraxella catarrhalis - Presumptive, n (%) 

Virall  infection - Definitive, n (96) 

ChlamydiaChlamydia pneumoniae- Definitive, n (96) 

Other1,, n (96) 

Definitive e 

Presumptive e 

Mixedd infection , n (%) 

Unknown,, n (96) 

'PDTT = pathogen-directed therapy group. EAT = empirical antibiotic therapy group. 
°99 cases of Legionnaire's disease (6 PDT-patients, 3 EAT-patients) were the result of a 
visitt to a flower exhibition in Bovenkarspel, the Netherlands. 

*Gramm negative enterobacteriaceae: PDT: E-coli (2x). EAT, definitive diagnoses: E-coli 
(lx) ,, Enterobacter cloacae (IX) . EAT, presumptive diagnoses: E-coli (lx), Enterobacter 
aeruginosaa (ix), Klebsiella pneumoniae (lx), Citrobacter freundii (ix), Klebsiellla oxytoca 
(lx),, Morganella morgagnii (ix), E. cloacae (ix ). 

'PDT:: Haemophilus parainfluenzae (2x), Pseudomonas aeruginosa (ix), a-hemolytic 
Streptococcuss (ix). EAT, definitive diagnoses: Arcanobacterium haemolyticum (ix) and 
Streptococcuss group C (lx). EAT, presumptive diagnoses: P. aeruginosa (lx), Streptococcus 
groupp B (ix), Staphylococcus epidermidis (ix). 

**  Mixed infection consisted of a typical bacterial pathogen and a definitive atypical 
bacteriall  or viral pathogen. 

PDT" " 

(n=l34) ) 

499 (37) 

16 6 

33 3 

133 (10) 

133 (10) 

0 0 

13 3 

7(5) ) 

2(1) ) 

0 0 

2 2 

6(4) ) 

2 2 

4 4 

7(5) ) 

4 (3) ) 

K<1) ) 

4 (3) ) 

0 0 

4 4 

7(5) ) 

500 (37) 

EAT* * 
(n=i28) ) 

433 (34) 

15 5 

28 8 

10(8) ) 

6(5) ) 
. . :

3 3 

3 3 
7(5) ) 

9(7) ) 

2 2 

7 7 

4(3) ) 

4 4 

0 0 

0 0 

6(5) ) 

0 0 

5(4) ) 

2 2 

3 3 

10(8) ) 

599 (46) 

Total l 
(n=262) ) 

922 (35) 

31 1 

61 1 

23(9) ) 

19(7) ) 

3 3 

16 6 

14(5) ) 

11(4) ) 

9 9 

10(4) ) 

6 6 

4 4 

7(3) ) 

10(4) ) 

K<1) ) 

9(3) ) 

2 2 

7 7 

17(6) ) 

1099 (42) 
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LengthLength of hospitalisation, Clinical failure, 30-day Mortality 
Inn the intention-to-treat and evaluable study population, no significant 
differencee in LOS was detected between both treatment groups. In the 
intention-to-treatt population PDT-patients remained hospitalised for an 
averagee of 14.3 days, while EAT-patients were hospitalised for an average 
off  13.2 days (95% CI, -1.5 to 3.7; p=o.75), while in the evaluable patient 
populationn LOS was 13.7 days versus 12.8 days, respectively (95% CI, -1.9 to 
3.7;p=o.63)(table4). . 

Inn neither the intention-to-treat population nor the evaluable patient 
populationn was any significant difference found in clinical failures between 
thee two therapy groups (95% CI, -0.1 to 0.1; p=o.66 and 95% CI, -0.1 to 0.1; 
p=o.74,, respectively). In the evaluable population 26 PDT-patients (19%) 
andd 27 EAT-patients (21%) suffered a clinical failure on antibiotic therapy 
(tablee 4). In the PDT-group, a clinical failure occurred in 15 of 62 patients 
(24%)) who were treated according to rapidly obtained microbial results, and 
inn 11 of 72 PDT-patients (15%) who were treated according to a syndromic 
approachh (p=o.i9) (figure 2). In the EAT-group, mortality after inadequate 
treatmentt occurred in two patients with an S. aureus infection and in two 
otherr patients no pathogen could be identified (table 4). 

Noo significant difference in mortality was seen between both treatment 
groupss in the intention-to-treat population and the evaluable patient 
populationn (95% confidence interval (CI), -0.14 to 0.01; p=o.07 and 95% CI, 
-0.144 to 0.01; p=o.09, respectively) (table 4). In the evaluable population, 
tenn PDT-patients (7%) died compared to 18 EAT-patients (14%). Eleven 
patientss of each group were referred to the ICU. From this subgroup 
significantlyy more EAT-patients died than PDT-patients (10 [91%] versus 5 
[45%]]  patients; 95% CI, -0.84 to -0.07; p=o.02). The real failures in the 
ICU-groupp consisted of 1 PDT-patient and 2 EAT-patients who were treated 
inadequatelyy and subsequently died (table 5). A significant difference 
(p=o.03)) in mortality was observed in the PDT-population between 72 
patientss (54%), who were treated according to a syndromic approach and 62 
patientss (46%) who received therapy directed at a pathogen suspected from 
rapidd routine microbiological investigations; mortality rate of 3% (n=2) vs 
13%% (n=8), respectively (figure 2). 
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F igur ee 2: Outcome of treatment strategies at admission and after obtaining 

microbiall  culture results in pathogen-directed therapy group 

PDTT = pathogen-directed therapy group, 
n=i34 4 

Therapyy at admission according to 
syndromicc approach*, n=72 (54%). 

Mortality,, n=2 (3%). 
Clinicall  failure, n=n (15%). 

n=49 9 

Noo pathogen identified, 
n=500 (37%)-

Mortality,, n=i (2%). 
Clinicall  failure, n=4 (8%). 

Therapyy directed at results of rapid 
microbiall  investigation*, n=62 (46%). 

Mortality,, n=8 (13%). 
Clinicall  failure, n=i5 (24%). 

n=6i i 

Therapyy according to microbial 
culturee results, n=84 (63%). 

Mortality,, n=9 (11%). 
Clinicall  failure, n=22 (26%). 

Overalll  outcome, n=i34. 

Mortality,, n=io (7%). 
Clinicall  failure, n=26 

*Recommendedd antibiotic therapy according to table 1. 
Thee results of a Gram's stain from sputum or pleural fluid, pneumococcal antigen 

detectionn in sputum or pleural fluid, Legionella pneumophila serogroup 1 urinary antigen 
detectionn test could be obtained within two hours of admission during 24 hours a day. 

Patientss in both groups were treated during a mean period of five days with 
IVV antibiotics and completed their treatment course after 10.8 days in the 
PDT-groupp and 9.9 days in the EAT-group. Patients were afebrile by day 3 
off  treatment (table 6). 

Thee presence of significant more low risk patients in the PDT population 
(p=o.03)) did not have significant influence on the outcome parameters. 
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Tabl ee 5: Reasons for clinical failure on adequate and inadequate antibiotic therapy 

inn patients referred to Intensive care unit 

Clinicall  failur e 

EarlyEarly failure on 
adequatee therapy 

PDT#,, n = 7 

EAT*,, n = 5 

Earlyy failure 
onn inadequate 
therapy y 

PDT,, n = 1 

EAT,, n = 2 

Latee failure 

EAT,, n = 4 

Causes s 
(n) ) 

Persistence e 
off  fever (3) 

Persistencee of fever and 
septicc shock (4) 

Persistencee of fever (1) 

Persistencee of fever and 
respiratoryy insufficiency (1) 

Persistencee of fever and 
septicc shock (2) 

Respiratoryy insufficiency (1) 

Respiratoryy insufficiency (1) 

Respiratoryy insufficiency (2) 

Exacerbationn of pulmonary 
orr cardiac comorbidity (3) 

Nosocomiall  infection (1) 

Mortalit y y 
(n) ) 

No o 

Yess (4) 

No o 

Yess (1) 

Yess (2) 

Yess (1) 

Yess (1)* 

Yess (2) 

Yess (3) 

Yess (1) 

LegionellaLegionella pneumophila (2); 
StreptococcusStreptococcus pneumoniae (xj 

S.S. pneumoniae (4) 

L.L. pneumophila (1) 

EscherichiaEscherichia coli (1) 

HaemophilusHaemophilus influenzae (1); 
L.L. pneumophila (1) 

S.S. pneumoniae (1) 

MoraxellaMoraxella catarrhalis +L. 
pneumophilapneumophila (i)t 

StaphylococcusStaphylococcus aureus (1); 
unknownn aetiology (l) 

S.. pneumoniae (2); 
unknownn aetiology (1) 

Unknownn aetiology (1) 

**  PDT = pathogen-directed therapy group, * EAT = empirical antibiotic therapy group, 

tt mixed infection. *Therapy initially consisted of amoxicillin-clavulanate. 
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Tabl ee 6: Secondary outcome parameters 

Variables s 

ABiv* ,, mean days (SD) 

ABB , mean days (SD) 

Timee to resolution of fever, mean 
dayss (SD) 

Adversee events, no. of patients (%) 

por r 

5-4(4.3) ) 

10.88 (5.5) 

2.99 (2-7) 

233 (17)1 

EAT* * 

5.1(3.8) ) 

9-99 (5-0) 

2-55 (2.5) 

7 7 ( 6 0 )" " 

95%% CI* 

-0.66 to 1.4 

-0.44 to 2.1 

-0.33 to 1.0 

-0.55 to -0.3 

p-value e 

0-47 7 

0.19 9 

0.24 4 

<0.001 1 

SF-366 , mean score (SD) 
{no.. of patients} 

Hospitalisation n 

30-dayy follow-up 

90-dayy follow-up 

180-dayy follow-up 

SSC##,, mean score (SD) 
{no.. of patients} 

Admission n 

Dayy 7 of treatment 

30-dayy follow-up 

90-dayy follow-up 

180-dayy follow-up 

60.22 (23.4) 58.3 (23-3) 
{72} } {59} } 

59-55 (21-5) 57-3 (20.5) 
{59} } {47} } 

66.77 (22.9) 67.2 (30.1) 
{50} } {35} } 

79.33 (22.4) 64.1 (20.1) 
{31} } {22} } 

-6.22 to 9.9 

-6.00 to 10.3 

-11.99 to 10.9 

+3.33 to 27.3 

0.65 5 

0.60 0 

0.93 3 

0.01 1 

49.88 (16.2) 47.0 (18.3) 
{110}}  {95} 

21.66 (14.2) 19.3 (12.5) 
{92} } 

13.00 (10.1) 
{107} } 

9-11 (9-7) 
{102} } 

7-4(9-8) ) 
{94} } 

{70} } 

11.22 (7.8) 
{95} } 

9-66 (9-6) 
{89} } 

9.99 (10.8) 
{85} } 

-1.99 to 7.6 

-1.99 to 6.5 

-0.77 to 4.4 

-3.33 tO 2.2 

-5.66 to 0.5 

0.24 4 

0.28 8 

0.15 5 

0.69 9 

'PDTT = pathogen-directed therapy group. Empirical antibiotic therapy group. 
95%% Confidence interval for difference. *Duration of intravenous antibiotic treatment. 

*Totall  duration ofantibiotictreatment. Adverse events in PDT-group were: gastrointestinal 
disturbancess (n=9), phlebitis (n=8), reversible deafness (n=5), reversible hair loss (n=5), 
urticariaa (n=2); adverse events in EAT-group were: gastrointestinal disturbances 
(n=42),, phlebitis (n=38), reversible deafness (n=i4), reversible hair loss (n=io), urticaria 
(n=2);; some patients had more than one adverse event. **Quality of lif e questionnaire. 
##Symptomm Severity Score. 
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AntibioticAntibiotic choice and adverse events 
Al ll  PDT-patients, except one, were started on IV monotherapy. Penicillin G 
wass used most frequently (n=54 [40%]), followed by amoxicillin-clavulanate 
(n=477 [35%]), erythromycin (n=i6 [12%]), amoxicillin (n=9 [7%]), cefuroxime 
(n=33 [2%]), other (n=5 [4%]). Antibiotic therapy was adapted in 25 PDT-
patientss (19%) to microbial culture results. Ten patients (7%) received two 
antibioticss during hospitalisation, because of adaptation to culture results 
orr clinical failure on monotherapy. The EAT-patients initially received a 
combinationn of erythromycin and amoxicillin-clavulanate (n=H2 [8896]), 
erythromycinn plus cefuroxime (n=8 [6%]), doxycycline plus amoxicillin-
clavulanatee (n=i [0.8%]) or erythromycin and ceftazidime (n=7 [5%]) as IV 
antibioticc treatment (data not shown). Four patients, who were referred to 
thee ICU during treatment, initially received erythromycin and amoxicillin-
clavulanate,, which was later replaced by erythromycin and ceftazidime. 

Significantlyy more adverse events were encountered in the EAT-group 
thann in the PDT-group, respectively in 77 patients (60%) and 23 patients 
(17%)) (95% CI, -0.5 to -0.3; p<o.ooi) (Table 6). The present adverse events 
inn the study did not have any significant clinical influence. 

Discussion n 

Inn the present prospective randomised study no significant difference in 
outcomee between a pathogen-directed approach and an empirical strategy 
withh broad-spectrum antibiotics as proposed by the ATS guidelines of 1993 
wass present in adult hospitalised patients with CAP. Only adverse events, 
althoughh not clinically significant, occurred significantly more often in the 
EAT-groupp than in the PDT-group (p<o.ooi). Both therapeutic regimens 
showedd no significant difference in LOS. Attention has to be made for the 
differencee in LOS between studies about CAP in Europe and USA.14"17 

Regionall  differences, like moree economic pressure in the USA, may explain 
thee variability in LOS. Treatment of comorbid illness, social indications, as 
lackk of immediate outpatient supportive care facilities prolonged hospital 
stayy in several cases in our study. These reasons have also been observed 
inn two other studies. °' It should be emphasised that in this study no 
criteriaa for discharge were given to the treating physician. The decision for 
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hospitall  discharge was based on clinical judgement. However, we have the 
opinionn that a closer evaluation of the hospital discharge criteria would 
havee led to a reduction in LOS. Some authors have suggested that in certain 
circumstancess a patient could be discharged directly after changing from IV 
too oral therapy.19"21 

Consideringg our secondary outcome parameters both treatment 
strategiess were successful in the evaluable patient population with only 
6%% and 4% early failures after inappropriate antibiotic prescriptions, due 
too which two (1%) and four (3%) patients died in the PDT-group and EAT-
group,, respectively. Patients in the EAT-group were significantly older than 
PDT-patientss (p=o.03), this could have influenced the results, since age is a 
knownn risk factor of mortality.10 The presence of significant more low risk 
patientss in the PDT population (p=0.032) did not have significant influence 
onn the outcome parameters. 

Inn a subanalysis a significant difference (p=o.02) in mortality between 
PDT-- and EAT-patients who had been admitted to the ICU wasobserved: 45% 
versuss 91%, respectively. It is difficult to find a solid explanation for this high h 
mortalityy percentage of EAT-patients. One possible explanation is that the 
studyy was not developed to detect a difference in mortality in ICU patients, 
thee relatively low number of ICU patients made it difficult to establish a 
firmm conclusion about this population. Seven EAT-patients (64%) received 
aa combination of ceftazidime and erythromycin and four patients (36%) 
initiall yy received a combination ofamoxicillin-clavulanate and erythromycin, 
whichh was later switched to ceftazidime and erythromycin when they were 
referredd to the ICU. Gleason et al.2 found an increased 30-day mortality 
percentagee after use of a (3-lactam/(3-lactamase inhibitor plus macrolide 
comparedd to other antibiotic options. In another study cephalosporin 
treatmentt was associated with a worse prognosis compared to penicillin 
therapy.233 In the ATS guidelines of 2001 a clear distinction in management 
hass been made between ICU-patients with and without riskfactors for P. 
aeruginosaaeruginosa infection. Ceftriaxone and cefotaxime are currently preferred 
ass cephalosporin medication for ICU-patients without risk factors for P. 
aeruginosaaeruginosa infection, instead of the recommended other third-generation 
cephalosporinss with anti-Pseudomonas activity, as ceftazidime, in the ATS 
guideliness of 1993.3'4 When analysing each ICU-patient individually, it is 
debatablee whether the two deaths caused by inappropriate treatment in the 
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EAT-groupp could have been overcome by a pathogen-directed approach. 
Eightt patients in the EAT-group died after adequate antibiotic treatment and 
theirr mortality could not be explained by the use of any particular antibiotic 
regimen.. Furthermore, four deaths in the EAT-population occurred after a 
latee failure caused by non-pneumonia related disorders. Some authors have 
remarkedd that the occurrence of mortality and clinical failure sometimes 
cannott be explained by the use of antibiotics alone.24'25 In some patients 
mortalityy is inevitable despite appropriate therapy. Austrian and Gold2 

describedd this moment as the situation in which patients have passed the 
physiologicc "point of no return". 

Ann argument against a pathogen-directed approach is that atypical 
bacteriall  pathogens such as L. pneumophila, M. pneumoniae and C. 
pneumoniae,pneumoniae, for which the prevalence ranges from 8 percent to 63 percent, 
cannott be identified by conventional microbiological methods during the 
firstfirst days of treatment.27"30 The results of this study showed that the lack 
off  demonstrating these atypical microorganisms, with the exception of 
L.L. pneumophila, in the PDT-group did not result in a significantly higher 
mortalityy or clinical failure percentage compared to the EAT-group; an 
observationn which has also been reported by others.31"33 To increase 
detectionn of L. pneumophila infection, the urinary antigen test for this 
pathogenn deserves implementation as a routine diagnostic investigation 
inn ICU-patients, considering the strong association between legionella 
infectionn and the need for admission to an ICU.34 

Inn our study we used a syndromic approach consisting of a combination 
off  symptoms obtained from literature suggestive for certain pathogens to 
selectt initial antibiotic therapy in the PDT-group, when microbiological 
resultss were not avalaible. Treatment according to a syndromic approach was 
remarkablyy associated with a lower clinical failure and mortality percentage 
thann treatment directed at results obtained by microbial investigation (15% 
vss 24% [p=o.i9] and 3% vs 13% [p=o.03], respectively). Seventy percent of 
thee patients, in whom a pathogen was identified after receiving treatment 
accordingg to a syndromic approach, had initially received adequate therapy. 
However,, from literature it is known that there are no single features 
sufficientlyy distinct to allow aetiology to be guessed accurately.29,35 

Adversee events occurred significantly more often in the EAT-group than in 
thee PDT-group, although they did not have any significant clinical influence. 
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Itt is very likely that the gastro-intestinal disturbances were caused by the 
usee of IV erythromycin. Furthermore, after changing from erythromycin IV 
too azithromycin in oral formulation the sensation of deafness experienced 
byy our study population improved. 

Thee guidelines of the ATS have recently been revised and were adapted to 
thee new developments in the area of CAR4 The ATS guidelines of 2001 are 
essentiallyy not different from the guidelines of 1993 for hospitalised patients 
withh cardiopulmonary disease. For ICU patients management depends on 
thee presence of risk factors for P. aeruginosa infection. New therapeutic 
optionss have been proposed, in which the use of the new fluoroquinolones 
aree becoming more prominent. 

Inn this study no penicillin resistant pneumococcal strains were 
identified.. In the Netherlands antibiotic usage is limited3 , which is 
reflectedd by a low prevalence of penicilin resistant pneumococcal strains 
(1.5%)) in 2002 (European Antimicrobial Resistance Surveillance System; 
www.earss.rivm.nl).. In the United States, the community-acquired S. 
pneumoniaepneumoniae isolates are generally more resistant to penicillin (i6.7%).37 

Wee recognise that this study has some limitations. Firstly, for logistical 
reasonss it was not possible to perform a double blind randomised study. 
Secondly,, the study was powered according to LOS and not according to 
mortality.. The reason for the choice of LOS was because of the lack of studies 
thatt investigated the effectiveness of implementing the ATS guidelines 
att the time (1998) we completed the study protocol. The only study on 
whichh we could base our power analysis was a study which correlated 
thee implementation of the ATS guidelines with LOS.13 We realised that 
LOSS would be influenced by non-pneumonia factors, such as treatment of 
comorbidityy or social circumstances. Given the observed mortality rates 
inn our study, 498 patients in each group (996 patients, overall) would be 
neededd to show a significant difference in mortality between the two groups. 
Forr practical reasons this number of patients could not be included within 
thee established period in which we performed our study. 

Thirdly,, in our study we implemented antibiotic therapy according to the 
ATSS guidelines of 1993 for the empirically treated group. New guidelines 
weree presented in 2001, but are not essentially different for hospitalised 
patients,, with exception of ICU-patients. Another limitation is the admission 
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AA comparison between pathogen-directed antibiotic therapy and empirical 
broadspectrumbroadspectrum antibiotic therapy 

off  low risk patients (risk class I-II) . In our study the presence of other active 
comorbiditiess and the clinical judgement that the pneumonia was worse 
thann the PSI score indicated influenced the decision to hospitalise a low risk 
patient. . 

Inn this study we have attempted to compare two different treatment 
strategiess in the management of community-acquired pneumonia. Although 
aa small number of patients were involved, our results showed that an empirical 
approachh with broad spectrum antibiotics demonstrated a comparable 
efficacyy to a pathogen-directed approach. We hope that more randomised 
clinicall  studies wil l follow, which are needed to show whether there are 
differencess in outcome between the different treatment strategies. 
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Abstract t 

Inn a prospective study, materialfor microbiological investigation was obtained 
fromm 262 patients with community-acquired pneumonia. These consisted 
off  sputum samples for Gram's staining, culture and pneumococcal antigen 
detection;; blood cultures; urine for Legionella pneumophila serogroup 
11 antigen test and pneumococcal antigen test: specimens from fiberoptic 
bronchoscopyy and blood for serological determination. In 158 patients 
(60%)) a pathogen was identified, with Streptococcus pneumoniae (n=97) 
ass the most common causative agent of community-acquired pneumonia. 
Inn 82% of the patients a positive Gram's stain on an adequate sputum 
specimenn (n=44) was confirmed by positive sputum culture. Streptococcus 
pneumoniaepneumoniae infections were detected principally when sputum examination 
wass performed on adequate specimens by Gram's stain and culture and on 
adequatee and non-adequate sputum specimens by pneumococcal antigen 
determinationn (n=58; 60%). The urinary pneumococcal antigen test was 
thee most valuable single test for detection of Streptococcus pneumoniae 
infectionss (n=52; 54%), when sputum pneumococcal antigen determination 
wass not performed. Fiberoptic bronchoscopy was of additive diagnostic 
valuee in 49% of the patients who did not expectorate sputum and in 52% 
off  those who suffered treatment failure. Sputum investigation by Gram's 
stain,, culture, and pneumococcal antigen detection was the most useful 
methodd for establishing an aetiological diagnosis of community-acquired 
pneumonia,, followed by urinary pneumococcal antigen test. Fiberoptic 
bronchoscopyy may be of additional value when treatment failure occurs. 
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Introductio n n 

Thee value of performing microbiological investigation in hospitalised 
patientss with non-severe community-acquired pneumonia (CAP) is discussed 
inn different guidelines.1'2 The main argument against the performance 
off  microbiological research is the lack of sensitivity and specificity of 
thee routine diagnostic methods currently employed.2"7 Furthermore, it 
iss known that in 25-50 percent of patients with CAP the aetiologic agent 
cannott be identified. ~12 In an era in which the antibiotic resistance of 
certainn pathogens is an increasing problem, careful use of antibiotics is 
recommended.13'144 In our opinion microbiological investigations can be 
usedd as an aid in choosing optimal therapy. Antibiotic therapy could be 
adaptedd and narrowed according to microbiological culture results. 

Anotherr advantage of performing microbiological investigation is 
thatt resistant strains of epidemiologicallly important organisms (e.g., 
LegionellaLegionella pneumophila, drug-resistant Streptococcus pneumoniae and 
methicillin-resistantt Staphylococcus aureus) may be detected. Moreover, 
thee identification of the causative agent may be important when failure on 
antibioticc treatment occurs.15 

Nextt to conventional methods such as sputum and blood cultures for 
identificationn of the causative agent, microbial yield could be increased 
byy using the rapid immunochromatographic urinary pneumococcal 
antigenn (PCA) test . The urinary PCA test yielded a sensitivity of 77-92% 
andd a specificity of 97-100% in patients with bacteremic pneumococcal 
pneumonia.11 " These results are encouragement towards application of 
thee test in clinical practice for improved identification of undetected S. 
pneumoniaepneumoniae infections. 

Fiberopticc bronchoscopy (FOB) is another diagnostic method, which 
couldd be used to improve microbiological yield, especially in patients who 
doo not expectorate sputum. Two studies have demonstrated that FOB can be 
valuablee in the case of non-resolving pneumonia or when treatment failure 

21,22 2 occurs. . 
Inn this study, we prospectively evaluated the diagnostic yield of different 

microbiologicall  tests in hospitalised patients with CAP. Especially, we 
assessedd whether the implementation of the urinary PCA test would 
improvee the number of pneumococcal pneumonia. The second objective was 
too assess whether FOB could improve the diagnostic yield in patients who 
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didd not expectorate sputum within 24 hours after admission, or in those in 
whomm treatment had failed. In addition, we investigated the influence of the 
severityy of CAP and that of outpatient antibiotic therapy on the diagnostic 
outcomee of the various microbiological tests. 

Materia ll  and Methods 

Patients Patients 
AA prospective randomised study was performed between December 1998 
andd November 2000 in the Departments of Pulmonary Diseases and Internal 
Medicinee of the Medical Centre Alkmaar, which is a teaching hospital with 
9000 beds. The local medical ethics committee approved the study. Patients 
whoo fulfilled the following criteria were enrolled in the study after giving 
writtenn informed consent: 1) aged 18 years or older 2) clinical presentation 
off  an acute illness with one or more of the following symptoms suggesting 
CAP:: presence of fever (> = 38.o°C), dyspnoea, coughing (with or without 
expectorationn of sputum), chest pain; 3) presence of new consolidation(s) 
onn the chest radiograph. Patients were excluded from the study if one of 
thee following criteria applied: presence of severe immunosuppression (HIV 
infection,, prednisolone > 35 mg/day or other immunosuppressive agents); 
presencee of malignancy; pregnancy or lactation; documented severe allergy 
forr antibiotics; presence of obstruction pneumonia; pneumonia developed 
withinn 8 days after hospital discharge. 

Thee assessment of the severity of CAP was performed using the 
Pneumoniaa Severity Index (PSI)23 and the CURB-65 severity score.24 

Patientss stratified in PSI classes I and II or patients with a CURB-65 score 
oo or 1 have a low risk of mortality. An intermediate risk of mortality can be 
consideredd for patients stratified in risk class II I or patients with a CURB-
655 score 2. Patients from risk classes IV and V or with a CURB-65 score 3-5 
havee a higher risk of mortality.25 

Antibioticc treatment ranged from a pathogen-specific therapy to broad-
spectrumm empirical treatment. The antibiotics most frequently used were: the 
combinationn of erythromycin and amoxicillin-clavulanate (43%); penicillin 
(21%);; amoxicillin-clavulanate (18%); erythromycin (6%), amoxicillin (3%) 
andd other (9%). 
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MicrobiologicalMicrobiological investigations 
Sputumm specimens were obtained at admission for Gram's stain (presence 
off  > 25 polymorphonuclear leucocytes and < 10 squamous cells at IOOX 

magnification),, semi-quantitative culture and S. pneumoniae capsular 
antigenn detection (latex agglutination test, Murex Diagnostics, Dartford, 
Unitedd Kingdom). Sputum PCA detection was performed on representative 
andd non-representative sputum samples. Three sets of blood cultures were 
obtainedd within one hour after admission and a urine sample for Legionella 
pneumophilapneumophila serogroup 1 antigen detection (Legionella Urinary Antigen 
EIA,, Binax, Portland, Maine, USA) was obtained. Bronchoalveolar lavage 
(BAL)) and protected specimen brush (PSB) were performed, after informed 
consent,, if patients did not expectorate sputum within 24 hours after 
admissionn or in case of treatment failure. Treatment failure was present 
whenn signs and symptoms of pneumonia did not improve on antibiotic 
treatmentt within 72 hours of therapy and persisted or progressed thereafter. 
BALL fluids (BALF) and PSB specimens were processed for Gram's stain, 
semiquantitativee culture and PCA detection (latex agglutination test). 
Thoracentesiss was performed if pleural fluid was present; this material was 
investigatedd by Gram's stain, PCA detection (latex agglutination test) and 
culturee for aerobic and anaerobic bacteria. If pleural fluid was detected at 
thee emergency room, it was tapped for microbial investigation before the 
administrationn of antibiotic therapy. Urine samples obtained on all patients 
att admission were analysed for the presence of S. pneumoniae cell-wall 
antigenn (NOW ICT Streptococcus pneumoniae, Binax, Portland, Maine, 
USA),, and were further tested after a fifty times concentration. Serology was 
performedd using enzyme linked immuno-assay (Serion ELISA classic, Virion 
GmbH,, Wiirzburg, Germany). Blood samples were drawn on days 1 and 14 
off  treatment, for the detection of antibodies to Mycoplasma pneumoniae, 
ChlamydiaChlamydia pneumoniae, L. pneumophila serogroup 1-7, influenza A and B 
virus,, parainfluenza virus 1-3, respiratory syncytial virus and adenovirus. 
Onn day 28 a third blood sample for serology determination was taken when 
aa not conclusive increase in antibody level was observed between the first 
twoo samples. 

Definitivee aetiology was defined as: a) identification of an aetiologic 
agentt from blood and/or pleural fluid, b) the detection of Legionella spp. 
antigenn in urine, c) the presence of S. pneumoniae antigen in pleural fluid, 
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d)) a threefold increase in antibody level of L. pneumophila serogroup 1-7, 
M.M. pneumoniae, C. pneumoniae, influenza A and B, parainfluenza virus 1-3, 
respiratoryy syncytial virus or adenovirus. 

Presumptivee aetiology was defined as: a) a positive sputum culture, 
BALFF or PSB culture by semi-quantitative methods (minimal presence 
off  less-moderate number of bacteria: > io4/ml-io5/ml bacteria at IOOX 

magnification),, compatible with the organism(s) seen on a good Gram's 
stainn specimen, b) detection of S. pneumoniae antigen in urine or sputum, 
BALL or PSB specimen, c) a single elevated IgM level of > 17 U/ml for M. 
pneumoniae. pneumoniae. 

S.S. pneumoniae resistance to penicillin was determined by an minimal 
inhibitoryy concentration (MIC) of > / = 2 ug/ml; and to macrolide antibiotics 
byy an MIC of > / = 2 ug/ml. 

StatisticalStatistical analysis 
Thee Chi-square test was used to compare categorical data. Data were analysed 
usingg SPSS Version 11.5 for Windows (Chicago, USA). All percentages were 
rounded.. A result of p < 0.05 was considered to be significant. 

Results s 

PatientPatient characteristics. 
Two-hundredd and sixty-two patients with CAP were included with a mean 
agee of 64 years. Gender was almost equally distributed (54% men versus 
46%% women). Only 6 patients (2%) were admitted from nursing homes. The 
mostt common co-morbidity was chronic obstructive pulmonary disease, 
presentt in 96 patients (37%), followed by diabetes mellitus (10%), asthma 
(9%),, and congestive heart failure (8%). 

Aetiology Aetiology 
Overall,, pathogens were identified in specimens from 158 patients (60%). 
Thee most common pathogen was S. pneumoniae, present in 97 patients 
(37%),, followed by M. pneumoniae in 23 patients (9%) and Haemophilus 
influenzaeinfluenzae identified in 19 patients (7%) (table 1). The prevalence of the 
threee most common pathogens was not significantly higher in a high risk 
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classs (PSI class 4 or 5, or CURB-65 score 3-5) compared to a lower risk 
classs (data not shown). No penicillin- or macrolide-resistant S.pneumoniae 
strainss were identified. Mixed infection, consisting of the combination of 
aa bacterial pathogen plus an atypical bacterial pathogen (M. pneumoniae, 
L.L. pneumophila, C. pneumoniae) or respiratory virus was present in 17 
patientss (6%). 

Tabl ee 1: Results of microbiology research from 262 patients 

Aetiology y 

StreptococcusStreptococcus pneumoniae 

MycoplasmaMycoplasma pneumoniae 

HaemophilusHaemophilus influenzae 

LegionellaLegionella pneumophila 

StaphylococcusStaphylococcus aureus 

MoraxellaMoraxella catarrhalis 

ChlamydiaChlamydia pneumoniae 

Gramm negative enterobacteriaceae* 

Virall  pathogens* 

Other* * 

Mixedd infection* 

Unknown n 

Definitive e 
diagnosis,, n 

j ^ ff  31 
23 3 

UHHHH H 
14 4 

6 6 

1 1 

2 2 

to o 

2 2 

9 9 

Presumptive e 
diagnosis,, n 

66 6 

MlHIIfflll l l 

4 4 

7 7 

11 1 

3 3 

27 7 

:,, ,-, m

Total1, , 
n(%) n(%) 

977 (37) 

23(9) ) 

19(7) ) 

14(5) ) 

10(4) ) 

7(3) ) 

1(<1) ) 

13(5) ) 

10(4) ) 

5(2) ) 

366 (14) 

1044 (40) 

Inn some patients more than one pathogen was present 
Definitivee diagnoses: E-coli (lx); Enterobacter cloacae (lx). Presumptive diagnoses: 

E-coliE-coli (3x); Enterobacter aeruginosa (lx); Klebsiella pneumoniae (lx); Citrobacter 
freundiifreundii (lx), Klebsiellla oxytoca (lx), Morganella morganii (lx); Pseudomonas 
aeruginosaaeruginosa (2x), E. cloacae (lx ). *Adenovirus (n=7), Parainfluenza 1-3 virus (n=2), 
Respiratoryy syncytial virus (n=i). 
Definitivee diagnoses: Arcanobacterium haemolyticum (lx) and Streptococcus group C 

(lx) .. Presumptive diagnoses: Streptococcus group B (lx), Haemophilus parainfluenzae 
(2X) ) 

**  Mixed infection consisted of a typical bacterial pathogen and a definitive atypical 
bacteriall  or viral pathogen in 17 patients (7 definite and 10 presumptive); in 19 patients 
mixedd infections consisted of double infections with typical bacterial pathogens 
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DiagnosticDiagnostic yield of microbiological investigations 
Sputumm examination of representative samples (n=44) had the highest 
diagnosticc yield for detecting the causative pathogen (table 2); cultures were 
positivee in 36 cases (82%). In 52 of the 97 pneumococcal infections (54%) 
thee diagnosis was established by positive urinary PCA test. In 6 of the 52 
patientss (12%) the test was positive only after the urine was concentrated 50 
times.. Blood cultures were positive in 40 patients (16%). Patients who were 
stratifiedd in PSI class IV or V showed a higher diagnostic yield from sputum 
examination,, consisting of Gram's stain investigation, culture and PCA 
detectionn (p=o.03) than patients stratified in PSI classes I to III . A CURB-65 
scoree of 3-5 did not show this significant difference compared to a CURB-65 
scoree of 0-2. A urinary Legionella antigen test was positive in a statistically 
higherr number of patients with a CURB-65 score of 3-5 compared to a 
scoree of 2 or lower (10% [9/94] versus 2% [3/168], respectively; p=o.oo4). 
Althoughh the diagnostic yield of the other microbial investigations was not 
significantlyy different between the PSI risk classes or CURB-65 scores, 
moree patients with an aetiological diagnosis were identified in the higher 
severityy scores. 

Pretreatmentt with antibiotics resulted in a significant lower detection 
off  pathogens in PCA in sputum (p=o.oi), urinary PCA test (p=0.05) and 
bloodd culture (p=o.03). In the other microbiological investigations the 
identificationn of microbial pathogens was not influenced by outpatient 
antibioticc therapy (table 3). 

IdentificationIdentification of Streptococcus pneumoniae infections 
Thee 97 pneumococcal infections were mainly identified by urinary PCA test 
(n=52;; 54%), by sputum PCA test (n=so; 52%) or by blood culture (n=30; 
33%)) (Fig. 1). Combining sputum culture with sputum PCA detection 
andd positive Gram's stain determination increased identification of S. 
pneumoniaepneumoniae infection to 58 patients (60%). When the urinary PCA test 
wass compared with blood culture and sputum examination (Gram's stain, 
culturee and PCA detection), urinary PCA test provided a sole diagnosis of 
S.S. pneumoniae infection in 31% of the positive urinary tests (16/52). The 
urinaryy PCA test was positive in 22 of the 30 patients (73%) with a positive 
bloodd culture of S. pneumoniae infection. 
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Tabl ee 3: Influence of outpatient antibiotic therapy on diagnostic outcome 

No.. positive/total tests (%) Outpatientt antibiotic 
therapy y 
(n=68) ) 

38/688 (56) 

8/399 (21) 

7/88 (88) 

Noo outpatient 
antibioticc therapy 

(n=i94) ) 

120/1944 (62) 

36/1188 (31) 

33/366 (92) 

Diagnosticc outcome 

Adequatee sputum specimen / 
totall  no. of sputum samples 

Positivee sputum Gram's stain specimen/ 
adequatee sputum specimen 

Sputumm culture / adequate sputum specimen 

Sputumm pneumococcal antigen / 
totall  no. of sputum samples 

Urinaryy pneumococcal antigen 

Bloodd culture 

Urinaryy Legionella antigen test 
'JMHB KK 1 
Serology y 

Bronchoscopy y 

*p=0.oi;; 1,p=°-°5; #p=0.03 
Bronchoalveolarr lavage fluid and protected specimen brush culture + pneumococcal 

antigenn detection 

7/88 (88) 

6/399 (15) 

8/688 (12) 

5/666 (8) 

5/688 (7) 

10/688 (15) 

10/211 (48) 

29/366 (81) 

44/1188 (37)* 

44/1944 (23)1 

35/1888 (19)* 

7/1944 (4) 

24/1944 (12) 

22/433 (51) 

FiberopticFiberoptic bronchoscopic investigation 
AA FOB was performed, after consent, in 64 patients (24%), of whom 37 
(58%)) did not expectorate sputum within 24 hours after admission and 
277 (42%) suffered treatment failure within 72 hours after admission (Fig. 
2).. FOB provided a microbial diagnosis in 18 patients (49%) who did not 
expectoratee sputum and in 14 patients (52%) who presented with treatment 
failure.. No important complications, such as worsening of respiratory 
failuree and admission to intensive care unit, were observed during and after 
performingg FOB. 

Overall,, bacterial pathogens were identified by culture and PCA detection 
fromm BALF in 31 patients (48%). Culture of BALF resulted in a microbial 
diagnosiss in 27 patients (42%). Pneumococci were identified by PCA in 
BALFF in 8 patients (13%), confirmed by culture in 4 patients (6%). Protected 
specimenn brush was performed in 25 patients (40%). In 7 of the 8 patients 
thee same pathogen was identified by PSB as in BALF. 
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Figur ee l : Comparison of different microbiological techniques for detection of 

Streptococcuss pneumoniae infection 

Sputumm culture, 11=15 Sputumm pneumococcal antigen test, n=50 

Sputumm positive Gram's stain, n=l9 

Sputumm examination 
(positivee Gram's stain, 
culturee and 
pneumococcal l 
antigen),, n=58 

Bloodd culture, n=30 

Urinee pneumococcal antigen, n=52 

Sputumm culture, n=i5 Bloodd culture, n=30 

Urinee pneumococcal antigen test, n=52 
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F i g u r ee 2: O u t c o me of fiberopic bronchoscopy as d iagnos t ic in te rven t ion in pa t ien ts 

w i t hh negat ive s p u t um cu l t u re or t rea tment fa i lure 

FOB**  as diagnostic procedure, 11=37 
Positivee result in 18 patients (49%) 

FOBB in treatment failure, n=27 
Positivee result in 14 patients (52%) 

BAL#,, n=37 
positivee culture: 
155 patients (41%) 

PCAtt positive: 
55 patients (14%): 
-- 2 new established 

diagnoses s 
-- 3 diagnoses similar 

too BAL culture 

PSB*,, n=i8 
positivee culture: 
66 patients (33%): 
-11 new established 

diagnosis s 
-- 5 diagnoses similar 

too BAL culture 

i i 
PCAA positive: 
11 patient (6%) 
(similarr to BAL 
culture) ) 

BAL,, n=27 
positivee culture: 
122 patients (44%) 

PCAA positive: 
33 patients (11%) 
-- 2 new established 

diagnoses s 
-11 diagnosis similar 

too BAL culture 

PSB,, n=7 
positivee culture: 
oo patients 

PCAA positive: 
11 patient (14%) 
(similarr to 
BALL culture) 

*Fiberopticc bronchoscopy; Bronchoalveolar lavage; 'Pneumococcal antigen; 'Protected 

specimenn brush. Characterist ics for FOB as diagnostic procedure: no sputum production, 

n=23;; inadequate sputum sample, n=i3; adequate sputum specimen, n= i. Characteristics 

forr FOB procedure in clinical failure: no sputum production, n= i6; inadequate sputum 

sample,, n=9; adequate sputum specimen, n=2 

AdditionalAdditional value of microbiological investigations 
Inn 14 patients (5%) the urinary PCA test provided an additional diagnosis 
comparedd to the other diagnostic tests. Sputum examination, combining 
thee PCA detection in sputum with positive Gram's stain findings and 
culture,, resulted in the highest yield as sole diagnostic test and provided 
aa new diagnosis in 42 patients (27%). Fiberoptic bronchoscopy, which was 
performedd in selected patients who did not expectorate sputum or who 
presentedd with treatment failure, provided ann additional microbial diagnosis 
inn 16 patients (25%) (table 4). 
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Tabl ee 4: Additional value of microbiological investigations in patients with 

community-acquiredd pneumonia 

Microbiological l 
Investigation n 

Sputumm Gram's stain* 

Sputumm culture* 

Sputumm PCA* 

Totall  sputum 

Urinaryy PCA 

Bloodd culture 

Bronchoscopy y 

Solee positive diagnostic test/ 
no.. of patients in which the 

testt was performed (%) 

17/444 (39) 

15/444 (34) 

15/1577 (10) 

42/1577 (27) 

14/2622 (5) 

7/2544 (3) 

16/644 (25) 

Solee positive diagnostic test/ 
totall  no. of patients (%) 

17/2622 (6) 

15/2622 (6) 

42/2622 (16) 

14/2622 (5) 

7/2622 (3) 

16/262(6) ) 

*Adequatee specimen. 
Pneumococcall  antigen, determined in adequate and non-adequate sputum specimens. 
Sputumm Gram's stain specimen + culture + pneumococcal antigen test. 
Bronchoalveolarr lavage and protected specimen brush culture + pneumococcal antigen 

detection. . 

Discussion n 

Performingg the described microbiological investigations in patients with CAP 
resultedd in the detection of pathogens in 60% of the study population. This 
percentagee was comparable to results reported by others, '10 but considerably 
lowerr than in two other studies where extensive microbiological investigation 
wass performed to identify microorganisms in CAP (ji%-y5%).n'12 A 
lowerr microbial yield in the present study may be explained, by not using 
microbiall  investigations as viral culture, polymerase chain reaction to 
virall  pathogens and atypical bacterial pathogens, as Legionella, serological 
testingg for pneumococcal infection and for Legionella species other than L. 
pneumophilapneumophila serogroups 1-7. Some pathogens, as Legionella,2 which may 
developp rise of antibody level after many weeks of infection, might not be 
detectedd in the study. 

Noo important differences concerning the frequency of detection of 
variouss causative agents were noted in these studies. In the present study 
S.. pneumoniae was the most common pathogen of CAP, as has also been 
demonstratedd by others. '10~12 The other important causes of CAP in this 
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studyy were infections with H. influenzae and M. pneumoniae. Remarkable 
wass the low percentage of C. pneumoniae found in our study (<i%) and 
inn the study performed by Bohte et al. (3%).10 Lim et al. detected this 
microorganismm in 13% of a British study population [12]. The proportion 
off  mixed infections consisting of "typical" and "atypical" infections also 
differedd between our results (6%), those of Bohte et al. (10%) and the 
resultss reported by Lim et al. (27%).12 This difference in prevalence could 
bee explained by the use of elaborate serological investigation by the latter 
group. . 

Inn the present study we demonstrated that sputum investigation, which 
consistedd of culture combined with Gram's stain and PCA detection, 
showedd the highest diagnostic yield (n=77; 49%); followed by urinary PCA 
testt (n=52; 20%) and blood culture (n=40; 16%). The value of sputum 
investigationn is generally underestimated, perhaps due to the fact that 
sputumm specimen could be obtained in only 60% of the study population, 
aa figure which is similar to other studies.10'12'27 The quality of the Gram's 
stainn sputum sample could assist in the later interpretation of sputum 
culture.. In our study sputum samples suitable for an adequate Gram's stain 
weree followed by a positive sputum culture in 82% of the cases. This result 
iss comparable to results described in the study by Rosón et al. (83%).2y 

Gleckmann et al. showed that sputum Gram's stain predicted 40 of 47 (85%) 
positivee blood cultures. These results suggest that a good Gram stain on 
ann adequate sputum specimen can be used as a reliable indicator to guide 
initiall  antibiotic therapy. 

Too increase detection of S. pneumoniae, we investigated the value of 
sputumm PCA test and urinary PCA test. Cross-reactions with oral streptococci 
mayy theoretically occur in sputum samples and this should be considered 
whenn interpreting sputum PCA test results. However, false positive PCA 
resultss in sputum due to cross-reacting oral flora is in any event unlikely, 
becausee the amount of antigen produced by these microorganisms is usually 
farr too low.29 The PCA test was performed in all 157 representative and non-
representativee sputum specimens. In 32% of these specimens the antigen 
testt turned out to be positive. This percentage was also observed in two other 
studies,, in which 36% and 37%, respectively, of all expectorated sputa by 
CAPP patients yielded a positive PCA test.30'31 By performing PCA detection 
inn sputum, in addition to culture, the diagnostic yield increased by 24%. 
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Thee urinary PCA test was the most valuable investigation in identifying 
S.S. pneumoniae infections compared to blood culture and sputum culture. 
Thee results of the urinary PCA test in patients with a definitive diagnosis of 
pneumococcall  pneumonia showed a lower sensitivity (73%) than described 
inn other studies (77-92%).1 "20 This difference in sensitivity for patients with 
aa definite diagnosis of pneumococcal pneumonia is unclear, considering 
alsoo that severity of pneumonia had no influence on positive results for the 
urinaryy test. In a study performed by Gutierrez et ah,19 no differences in the 
predictivee value of the urinary PCA test according to the PSI classification 
weree observed. However, Rosón et al2° showed that the urinary PCA test was 
moree sensitive for patients with high- risk pneumonia. Our study showed 
thatt outpatient antibiotic therapy resulted in a significant lower percentage 
off  positive urinary PCA test, a result which was also observed by Gutierrez et 
al.al.1919 Prior antibiotic therapy also influenced the outcome of blood culture in 
ourr study. This could explain the influence of outpatient antibiotic therapy 
onn the result of the urinary PCA test, considering that a urinary PCA test 
iss more sensitive for bacteremic than for nonbacteremic patients.1 '19,2° A 
possiblee limitation of the urinary test could be that cultures are needed in 
orderr to determine susceptibility and guide therapy in countries with a high 
percentagee of drug-resistant S. pneumoniae. 

Inn 16% of the study population a pathogen could be identified in blood 
culture,, which is similar to results by others.10'32 Some authors have debated 
thee value of blood cultures in CAP.32"34 The main argument for being more 
reservedd in the taking of blood cultures consisted of the observation that, 
besidess the low prevalence of positive cultures, positive cultures rarely lead 
too adaptation and narrowing of antibiotic therapy. It was suggested that 
bloodd cultures should only be obtained in selected patients with the greatest 
riskk of mortality. To emphasise this assumption Waterer et a/.32 showed 
thatt the yield of pathogens from blood cultures increased with PSI score. 
Wee did not observe a significant difference in yield from blood cultures 
betweenn the low PSI risk classes I-II I and the high risk classes IV-V, or in 
loww and high severity assessment according to the CURB-65 score. For this 
reasonn we believe that blood cultures should be obtained at admission in all 
hospitalisedd patients. 

Apartt from epidemiological reasons, serological research has no 
importantt clinical function, because results cannot usually be obtained in 
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lesss than two weeks. The clinical significance of the lack of demonstrating 
atypicall  microorganisms, with the exception of L. pneumophila, has to be 
questioned.. In our study mixed infections consisting of typical and atypical 
pathogenss were observed in only 6% of the study population. However, this 
lownumbercouldpartiallybeexplainedbytheuseoflesselaborateserological l 
investigation.. Furthermore, from different studies it has been reported that 
inadequatee treatment against atypical microorganisms did not result in a 
significantlyy higher mortality or clinical failure percentage.27'35,3 

Inn patients suffering treatment failure the use of FOB resulted in a 
microbiall  diagnosis in 14 patients (52%). This percentage is comparable 
too the result obtained by Örtqvist et al.,22 who reported a diagnosis by 
FOBB in 54% of the patients with treatment failure. In patients who did not 
expectoratee an adequate sputum specimen within 24 hours (11=37) FOB 
providedd an additional diagnosis in 49% of the cases. BAL, in contrast to 
PSB,, was responsible for the detection of bacterial pathogens in the majority 
off  cases (97%). The results could have clinical implications for performing 
FOB,, when treatment failure occurs and no pathogen has been identified 
fromm routine microbiological investigations. Moreover, the present results 
showedd that prior antibiotic therapy did not have an influence on the 
outcomee of FOB and that no important complications were observed. 

Antibioticc therapy can be narrowed, and consequently antimicrobial 
resistancee can remain limited, when a microbiological diagnosis is 
obtained.. This should be an important goal in the ideal management 
off  CAP. In this study no penicillin resistant pneumococcal strains were 
identified.. In the Netherlands antibiotic usage is limited,37 which is 
reflectedd by a low prevalence of penicillin resistant pneumococcal strains 
(1.5%)) in 2002 (European Antimicrobial Resistance Surveillance System; 
www.earss.rivm.nl)) in contrast to the United States of America [38]. 
Therefore,, it is surprising that some authors observed that a specific 
microbiologicall  diagnosis did not usually result in adaptation of the initial 
empiricall  antibiotic treatment.3,33'34 

Inn this study we showed that several microbiological investigations 
providedd additional useful information in patients with CAP. The results 
indicatee that sputum investigation by Gram's stain, culture, and PCA 
detectionn was the most useful test for the (rapid) diagnosis of CAP, followed 
byy urinary PCA test and blood cultures. The urinary PCA test deserves 
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implementationn as routine diagnostic investigation in hospitalised patients 
withh CAP. It may be useful in guiding pathogen-directed antimicrobial 
therapyy besides conventional microbiological investigation, especially when 
sputumm specimens are not available. Invasive procedures, such as FOB, can 
bee of value in addition to blood cultures and sputum studies when treatment 
failuree has occurred. 
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Abstract t 

Background::  In patients with community-acquired pneumonia (CAP), 
switchingg from parenteral to oral antimicrobial agents offers advantages 
overr IV therapy alone, including improved cost-effectiveness through 
reductionss in the length of hospital stay and treatment costs. 
Objective::  The aim of this study was to determine whether a method for 
applyingg switch therapy in daily practice could be used in patients with 
CAPP and whether differences were found between the five risk classes of the 
Pneumoniaa Severity Index concerning duration of parenteral treatment and 
lengthh of stay after applying switch therapy. 
Methods::  In a prospective observational study, switch to oral antibiotic 
therapyy was performed when the patient's temperature had been normalized 
forr 72 hours and respiratory symptoms (dyspnea, coughing and thoracal 
pain)) had improved. 
Results::  One hundred and eighty patients with CAP were included. Clinical 
curee was seen in 174 patients (97%). Overall, patients with CAP switched on 
dayy 5 of treatment. After conversion to oral antibiotics CRP decreased in 
alll  risk classes and was normalized by follow-up. Patients from risk class V 
remainedd hospitalized for a significantly longer period than patients from 
riskk classes I-IV (p<o.ooi). 
Conclusions::  The results of this study show that criteria for switch to oral 
therapy,, consisting of an absence of fever for 72 hours and a reduction in 
respiratoryy symptoms, showed a high success rate in patients with CAP. 
Furthermore,, patients with a lower risk of mortality had a shorter length of 
hospitall  stay than high risk patients. 
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Introductio n n 

Traditionally,, hospitalizedpatientswithuncomplicatedcommunity-acquired 
pneumoniaa (CAP) have generally been treated with a course of intravenous 
(IV)) antibiotic therapy. Patients were normally discharged after completing 
thiss course. During the past decade there has been a tendency to switch 
too oral antibiotics in an earlier phase of treatment. Theoretically, switch 
therapyy from IV to oral agents benefits the patient, because of a decline 
inn complications such as thrombophlebitis, and there is the possibility of 
mobilizingg patients sooner. Furthermore, it could be cost-effective because 
thee hospital stay can be shortened, and less expensive treatment can be 
used.1 1 

Switchh therapy needs to be as safe and as effective as a complete course 
off  IV antibiotic therapy. Regardless of the presence of effective antibiotics 
CAPP can still be a severe illness, as evidenced by the high percentages of 
Intensivee Care Unit (ICU) admissions and the high mortality figures.2'3 

Therefore,, it is necessary to determine at what stage it is safe to switch to 
orall  therapy, and which patients can be considered candidates for switch 
therapy.. Several studies have been performed in order to determine the right 
momentt for conversion from parenteral to oral antibiotics. In some studies 
thee criteria for switch therapy were based on a fixed duration of IV antibiotic 
therapy,, ranging from one to three days.4"12 In other studies conversion to 
orall  antibiotics was performed after reaching a state of clinical stability.13"1 

However,, important limitations, such as the absence of reporting the severity 
off  CAP, the presence of patients with lower respiratory tract infections other 
thann CAP, the use of a single antibiotic agent and the exclusion of patients 
withh atypical bacterial pathogens were present in most studies. 

Therefore,, we have attempted to develop a method for performing switch 
too oral therapy in daily practice. A prospective observational study was 
thereforee performed, investigating whether switch to oral therapy could be 
appliedd in patients with CAP who had been afebrile for 72 hours and whose 
respiratoryy symptoms had improved. Furthermore, the relation between the 
pneumoniaa severity index (PSI) and the duration of IV antibiotic treatment 
ass well as length of hospital stay (LOS) were investigated after applying 
switchh therapy. 
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Patientss and Methods 

SettingSetting and patient selection 
AA prospective observational study was performed between December 
19988 and November 2000 in the Departments of Pulmonary Diseases 
andd Internal Medicine of the Medical Center Alkmaar, which is a teaching 
hospitall  with 900 beds. The study protocol was approved by the medical 
ethicall  committee of our hospital. Patients who fulfilled the following 
criteriaa were enrolled in the study after giving written informed consent: 
1)) age of 18 years or older 2) clinical presentation with an acute illness 
includingg one or more of the following symptoms suggesting CAP: 
presencee of fever (temperature >= 38 C), dyspnea, cough (with or without 
expectorationn of sputum), chest pain; 3) presence of a new consolidation 
onn the chest radiograph. Patients were excluded from the study if they met 
onee of the following criteria: severe immunosuppression (HIV infection; 
highh dose of immunosuppressive agents, like prednisone > 35 mg/day; 
chemotherapy);; presence of malignancy; pregnancy; documented severe 
allergyy for antibiotics; presence of obstruction pneumonia; signs of 
pneumoniaa within 8 days after previous hospital discharge. Furthermore, 
fromm a pharmacokinetic and pharmacodynamic point of view, patients 
weree excluded from switch therapy if they had been referred to the ICU 
beforee switch therapy could be performed, or if empyema, lung abscess or a 
statee of abnormal gastro-intestinal absorption was present.17 Patients who 
couldd not ingest oral antibiotics were also excluded from switch therapy. 
Iff  patients were referred to the ICU after switch had been performed, they 
weree included in the study. Comorbidities were defined as diseases that were 
activelyy treated at the moment of admission. 

AntibioticAntibiotic treatment and time of conversion to oral antibiotic 
therapy therapy 
IVV antibiotic treatment ranged from a pathogen-specific therapy to broad-
spectrumm empirical treatment. The IV antibiotics most frequently used 
were:: the combination of erythromycin and amoxicillin-clavulanate (46%); 
penicillinn (20%); amoxicillin-clavulanate (18%); erythromycin (6%) and 
amoxicillinn (3%). Patients received the same oral drug after switch as was 
usedd in parenteral form. An important consideration was that the oral drug 
possessedd good pharmacodynamic and pharmacokinetic properties.1 '19 
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Conversionn to oral therapy was performed when the patient's temperature 
hadd been normalized (temperature < 38°C) for 72 hours and when 
respiratoryy symptoms had improved. Respiratory symptoms were denned 
ass coughing with or without production of sputum, thoracal pain and 
dyspnea.. Improvement of respiratory symptoms was determined by clinical 
judgementt of the treating physician. If these conditions were not fulfilled 
beforee performing switch therapy, this was defined as a protocol violation. 

AssessmentAssessment of clinical outcome after switch therapy 
Patientss were considered cured when a good clinical response was observed 
onn oral therapy and when signs and symptoms of pneumonia were improved 
att follow-up, one month after discharge. If signs and symptoms of pneumonia 
returnedd after switch to oral therapy or if patients were admitted to the ICU 
afterr switch had been performed or if patients died before follow-up this 
wass considered to be a failure. C-reactive protein (CRP) and white blood 
celll  count (WBC) were determined on days 1, 2, 7 and 14 of treatment and 
att follow-up. 

SeveritySeverity classification 
Patientss were stratified into the 5 risk classes of the PSI.3 All data necessary 
forr calculating the PSI were prospectively collected at admission. A 
comparisonn was made between the different risk classes concerning day of 
switchh therapy, total duration of antibiotic use, LOS, CRP and WBC count 
andd clinical failure. No criteria for discharge were given to the treating 
physician,, nor were they informed about the contribution of LOS as an 
outcomee parameter for this observational study. 

MicrobiologicalMicrobiological investigations 
Onn admission a sputum specimen for Gram's stain (presence of 
>> 25 polymorphonuclear leukocytes and < 10 squamous cells per low-
magnificationn flied [xio]) , semi-quantitative culture and Streptococcus 
pneumoniaepneumoniae antigen detection (latex agglutination, Murex, Dartford, Kent, 
UK)) was obtained; 3 sets of blood cultures were drawn and on clinical 
suspicionn a urine sample for Legionella pneumophila type I antigen detection 
(immunoenzymaticc method, Binax-NOW, Binax, Portland, Maine, USA) was 
obtained,, preferably before the start of antibiotic treatment. If indicated, 
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bronchoalveolarr lavage (BAL) and protected specimen brush (PSB) were 
performed;; specimens were investigated by Gram's stain, quantitative 
culturee and S. pneumoniae antigen detection. All patients were analysed 
forr the presence of S. pneumoniae antigen (Binax-NOW, BINAX, Portland, 
Maine,, USA) in the urine samples obtained at admission. Thoracentesis 
withh Gram's stain, S. pneumoniae antigen detection and culture for aerobic 
andd anaerobic bacteria was performed when pleural fluid was present. 
Bloodd samples for serology (Serion ELISA classic, Virion GmbH, Wiirzburg, 
Germany)) were obtained at day l and 14 of treatment to detect antibodies 
too Mycoplasma pneumoniae, Chlamydia pneumoniae, L. pneumophila, 
influenzaa A virus and influenza B virus, parainfluenza virus 1-3, respiratory 
syncytiall  virus (RS) and adenovirus. 

Thee microbial diagnosis was established by: 1. Identification of a 
pathogenn from blood, representative sputum, BAL, PSB, and/or pleural 
fluid.fluid. 2. Presence of detectable pneumococcal antigen in sputum, BAL, 
PSB,, pleural fluid and/or urine. 3. Threefold rise in antibody titers of L. 
pneumophila,pneumophila, M. pneumoniae, C. pneumoniae, influenza A virus and 
influenzaa B virus, parainfluenzavirusi-3, RS virus, or adenovirus or a single 
elevatedd IgM titer of > = 17 U/ml for M. pneumoniae. 

StatisticalStatistical analysis 
Dataa were compared and analyzed with one-way analysis of variance 
(ANOVA)) with post hoc Bonferroni correction for continuous variables and 
chi-squaree test for nominal data using SPSS Version 11.5 for Windows (SPSS 
Inc,, Chicago, Illinois, USA). Data were expressed as means with standard 
deviation.. Variables were considered to be clinically meaningful when 
pp < 0.05. 
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Results s 

PatientPatient characteristics 
Threee hundred and two patients were initially included; 42 patients did not 
havee pneumonia according to the inclusion criteria and were consequently 
misdiagnosedd at admission and excluded. Another 80 patients were not 
eligiblee for switch therapy, from this group 50 patients did not fulfil l the 
criteriaa for starting oral therapy. The results of the remaining 180 patients 
weree evaluated (figure 1). 

Figuree 1: Flow diagram of inclusion and primary outcome. 

3022 patients enrolled 

422 patients misdiagnosed: 
-- lungcancer (n = 7) 
-- bronchitis (n = 6) 
-- congestive heartfailure (n 
-- pulmonary embolism (n = 
-- other (n = 22) 

== 4) 
3) ) 

4 4 
2600 patients with CAP' 

800 patients excluded for switch therapy: 
-- ICU admission before performing switch therapy (n = 22) 
-- Lungabscesses (n = 2) 
-- Empyema (n = 6) 
-- Protocol violation (n = 50): 

-- Switch to oral therapy > 
-- Switch to oral therapy < 

722 hours without fever (n = 
722 hours without fever (n = 

2 2) ) 

2 8) ) 

i i 
1800 patients with CAP 
included d 

Clinicall  failure 

Riskk class I: 
Riskk class II : 
Riskk class III : 
Riskk class IV: 
Riskk class V: 

n n 

n n 
n n 
n n 
n n 
n n 

== 6 (3%) 

== 0 (0%) 
== 1 (2%) 
== 1 (2%) 
== 4 (6%) 
== 0 (0%) 

Clinicall  cure: n = 174 

'CAPP = community-acquired pneumonia. 
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Thee main demographic characteristics of the study population are described 
inn table l. The median age of the patients was 69 years (range 19-97 years). 
Malee and female populations were almost equally distributed (52% versus 
488 %). The most common comorbidity was chronic obstructive pulmonary 
diseasee (COPD), present in 77 patients (43%), followed by diabetes mellitus 
inn 19 patients (11%) and asthma in 19 patients (11%). 

Tabl ee 1: Demographic cha 

Variables s 

Patients s 

Age,, range (years) 

Male e 

Female e 

Nursingg home resident 

Respiratoryy symptoms 

Dyspnea a 

Chestt pain 

Coughing g 

Comorbidity y 

racteristicss of the study popul; 

Chronicc obstructive pulmonary disease 

Asthma a 

Congestivee heart failure 

Ischaemicc heart disease 

Cerebrovascularr accident 

Otherr neurologic disorder 

Liverr disease 

Renall  disease 

Diabetess mellitus 

Smoking g 

aa 10 cigarettes/day 

<< 10 cigarettes/day 

ex-smoker r 

Alcohol l 

>> 3 units/day 

'' '  * : 

ition. . 

no.. {%) 

180 0 

69a.. 19-97 

933 (52) 

87(48) ) 

6(3) ) 

1099 (61) 

112(62) ) 

1677 (93) 

777 (43) 

199 (11) 

13(7) ) 

12(7) ) 

2(1) ) 

12(7) ) 

3(2) ) 

3(2) ) 

199 (11) 

400 (22) 

7(4) ) 

688 (38) 

8(4) ) 

C-reactivee protein (mg/L) 

Whitee blood cell count (io9/L)b 

amediann value, mean value  SD. 

1599 7 

13.88  6.9 
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Etiology Etiology 
Inn 93 patients (52%) a microbial diagnosis could be established. The most 

commonn pathogen in all risk classes was S. pneumoniae, present in 64 

patientss (36%), followed by Haemophilus influenzae identified in 14 patients 

(8%)) and M. pneumoniae in 11 patients (6%) (table 2). 

Tablee 2: Etiology determination by routine microbiological research and serological 

investigation. . 

Etiologyy Class I, n Class II, n Class III , n Class IV, n Class V, n Total, 
== 14 =44 

Streptococcus Streptococcus 
pneumoniae,pneumoniae, no. {%) 
HaemophilusHaemophilus influenzae, 
no.. (%) 
Mycoplasma Mycoplasma 
pneumoniae,pneumoniae, no. {%) 
StaphylococcusStaphylococcus aureus, 
no.. (%) 
LegionellaLegionella pneumophila, 
no.. (%) 
MoraxellaMoraxella catarrhalis, 
no.. (%) 

E-coli,E-coli, no. (%) 

ChlamydiaChlamydia pneumoniae, 
no.. (%) 
Haemophilus Haemophilus 
parainfluenzae,parainfluenzae, no. (%) 

33 (21) 16 (36) 

11 (7) 6 (14) 

3(21) ) 

1(7) ) 

0 (0) ) 

2(14) ) 

1(7) ) 

0 (0) ) 

0 (0) ) 

1(2) ) 

0 ( 0) ) 

0 (0) ) 

1(2) ) 

0 ( 0) ) 

0 ( 0) ) 

2 (5) ) 

2(4) ) 

1(2) ) 

0 (0) ) 

1(2) ) 

0 (0) ) 

1(2) ) 

1(2) ) 

5(8) ) 

2(3) ) 

2 (3) ) 

1(2) ) 

2 (3) ) 

O(O) ) 

0 ( 0) ) 

0 (0) ) 

0 (0) ) 

1(9) ) 

0 (0) ) 

0 (0) ) 

0 (0) ) 

0 (0) ) 

11(6) ) 

4(2) ) 

3(2) ) 

5(3) ) 

3(2) ) 

11 (0.5) 

3(2) ) 

Adenovirus,, no. (%) O (o) o (o) 

11 (7) o (o) Parainfluenzaa virus, 
no.. {%) 
Etiologyy unknown, 
no.. (%) 4(29) ) 

ClinicalClinical  outcome 
Switchh to oral therapy was successfully performed in 174 patients (97%). 

Switchh therapy failed in six patients (3%) (figure 1). In two patients 

respiratoryy symptoms increased after switch to oral therapy, caused by 

progressivee symptoms of COPD. In three other patients, a relapse of fever 
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occurredd after conversion to oral antibiotics. In one of these patients, the 
orall  antibiotic initially started was replaced by another oral antibiotic; the 
otherr two patients continued on the same oral antibiotic. All five patients 
weree clinically cured at follow-up, one month after discharge. The sixth 
patientt died after 16 days of hospitalization due to non-CAP related cardiac 
disease.. No significant difference in the number of clinical failures was 
foundd between the five different risk classes (p=o.6). No failures occurred 
inn risk classes I and V. 

Whenn applying the criteria for switch therapy in the study population, 
conversionn to oral antibiotic therapy was performed after a mean of 4.6 days 
off  IV therapy (table 3). After classification into the five PSI risk classes, oral 
antibioticc therapy was initiated on day 5 of treatment in patients stratified 
intoo class I-II I and class V. Patients stratified into risk class IV switched to 
orall  antibiotics on day 6 of treatment. Overall, the duration of antibiotic 
therapyy was 10 days, with no significant difference between the five risk 
classes. . 

Besidess clinical response, the efficacy of applying the criteria for switch 
therapyy were supported by a decrease in CRP (figure 2) and WBC count. After 
conversionn to oral antibiotics CRP declined in all risk classes. Normalization 
off  CRP was observed on day 14 in risk class I, II and III . The WBC returned 
too normal in all risk classes 14 days after starting IV antibiotic treatment. 

Thee mean LOS for all patients with CAP was 12.3 days (table 3). High risk 
patientss stratified in risk class V remained in the hospital for a significantly 
longerr period (23.5 days) than patients from risk classes I-IV (8.3, 9.7,11.6 
andd 14 days respectively; p<o.ooi). A significant difference in LOS was also 
seenn between patients stratified into risk class IV compared to risk class II 
(p=0.004).. Reasons for the prolonged LOS in patients from the higher risk 
classess were treatment of comorbid conditions and social circumstances, 
ass waiting for referral to a nursing home. The presence of comorbid illness 
showedd an increasing trend across the risk classes (p=o.oo4) (table 3). 
Furthermoree patients with comorbidities had to remain in the hospital for a 
longerr period than those without comorbidities (mean of 14.1 days and 10.2 
days,, respectively; p=0.001) (figure 3). 
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Tablee 3: Duration of total and intravenous antibiotic therapy, length of 
hospitall  stay and presence of comorbid illness in patients with community-
acquiredd pneumonia, stratified into five risk classes of the pneumonia 
severityy index. 

,.""  :T ;: "  _, 

Abiva,, days 
) ) 

AB b,, days 
) ) 

LOScc days 
) ) 

Comorbidity, , 
no.. of patients (%) 

Classs I, n 
nn = i 4 

4.0 0 
) ) 

9-5 5 
) ) 

8.3 3 
) ) 

3(21) ) 

Classs II , n 
nn = 44 

4-5 5 
) ) 

9-8 8 
) ) 

9-7 7 
) ) 

199 (43) 

Classs III , 
nn = 46 

4-4 4 
) ) 

9-3 3 
) ) 

11.6 6 
) ) 

299 (63) 

Classs IV, n 
111 = 65 

5-0 0 
) ) 

10.3 3 
) ) 

I4 d d 

) ) 

422 (65) 

Classs V, n 
nn = n 

4-5 5 
) ) 

8.6 6 
) ) 

23-5e e 

) ) 

8(73) ) 

Total, , 
NN = i8o 

4-6 6 
) ) 

9.8 8 
) ) 

12.3 3 
) ) 

101(56) ) 

p-value e 

0.14 4 

0.40 0 

<0.001 1 

0.004 4 

Dataa are expressed as mean values  standard deviation, with exception of comorbidity 
whichh is expressed as absolute number. 
aABivv = length of intravenous antibiotic therapy. 
ABB = total duration of antibiotic therapy. 

cLOSS = length of stay; p=0.004 compared to risk class II , ep< 0.001 compared to risk 
classs I-IV , after post-hoc Bonferroni correction. 
Calculatedd with one-way analysis of variance, with exception of comorbidity which was 
calculatedd with chi-square test. 
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Figur ee 2: Results of CRP during treatment in the five risk classes of the pneumonia 

severityy index (mean; 95% confidence intervals). 
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Figur ee 3: Kaplan-meier curve showing length of hospital stay for patients with and 

withoutt comorbidity. 
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Discussion n 

AA method for performing an early switch to oral antibiotic therapy was 
prospectivelyy studied in 180 patients with CAP. Clinical failure on switch to 
orall  therapy occurred in only six patients (3%); five patients were clinically 
curedd by follow-up, one month after discharge. The sixth patient died after 
166 days of hospitalization due to non-CAP related cardiac disease. Following 
thee criteria set down, it was decided to count this patient as a failure, 
althoughh whether this patient was a clinical failure of switch therapy could 
bee a point for discussion. No significant difference was observed between 
thee five risk classes concerning day of starting oral therapy. The clinical 
successs of switch to oral therapy can be supported by the course of the WBC 
countss and CRP. CRP is a sensitive marker of pneumonia. A persistently 
highh CRP level suggests antibiotic treatment failure.20'21 After conversion 
too oral antibiotics CRP decreased in all risk classes and was normalized by 
follow-up.. The WBC counts were reduced in all risk classes after starting 
IVV antibiotic treatment and normalized on follow-up, one month after 
discharge.. The results of this study are comparable to the results reported 
inn other studies (clinical cure 84%-ioo%).4~ ' -9'11'12'14 

Whenn we designed the protocol, reports in the existing literature showed 
thatt patients switched after being treated for 2-5 days with IV antibiotic 
therapy.. Traditionally, patients were treated with IV antibiotics solely. 
Therefore,, it was decided to convert to oral antibiotics when the patient's 
temperaturee had been normalized for 72 hours and when an improvement 
off  respiratory symptoms was seen. The reason for choosing these criteria 
wass because of the limitations we encountered in literature concerning the 
applicationn of a safe way for performing switch therapy in daily practice. We 
realizedd that 72 hours after normalization of fever is a long period before 
performingg switch to oral therapy. In a study performed by Castro et al. 
patientss with non-severe CAP had a favorable outcome after treatment with 
orall  therapy alone (failure of 10%) compared to switch to oral therapy after 
722 hours without fever (failure of 32%).*  Furthermore, Castro et al. showed 
thatt patients with severe CAP could switch to oral therapy after 48 hours 
withoutt fever (failure of 25%) instead of being treated with IV therapy alone 
(failuree of 24%). The percentages of therapy failure are higher than the 
resultss of our study. This could partly be explained by the more elaborate 
criteriaa for therapy failure used in the study of Castro et al. 
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Thee high cure rate of the present study could partly be explained by the 
inclusionn of low risk patients (32%), stratified in risk class I and II . According 
too the PSI these patients could safely be treated at home.3 The patients in 
ourr study were hospitalized because of various reasons, like treatment of 
comorbidd illness (56%) or lack of improving on outpatient antibiotic therapy 
(18%).. The percentage of these low risk patients in our study population is 
similarr to a study performed by Roson et al. Moreover, in other studies 
reasonss for admitting low risk patients are described.23'24 This leads to 
thee question as to whether these low risk patients, once hospitalized, could 
exclusivelyy be treated with oral antibiotics. Some studies, comparing oral 
withh IV therapy, showed encouraging results for certain groups being 
treatedd with oral antibiotics alone.1'7'25 Unfortunately, these studies were 
nott performed on large numbers of patients and the severity of CAP was 
nott reported in these patient populations. Castro et al.1 showed in the 
studyy described above, that in patients with non-severe CAP no difference 
wass seen between initial therapy with oral antibiotics or starting with IV 
antibiotics. . 

AA significant difference in LOS was seen between the risk classes I, II 
andd II I and the risk classes IV and V. One of the reasons for a prolonged LOS 
inn the higher risk classes was treatment of comorbid illness. Furthermore, 
sociall  indications, as lack of immediate outpatient supportive care facilities 
prolongedd hospital stay in several cases. It should be emphasized that this 
studyy had an observational character and that no criteria for discharge were 
givenn to the treating physician. The decision for hospital discharge was based 
onn clinical judgement. Patients from class I and II usually remained in the 
hospitall  for three to four days after switch to oral therapy. Some authors 
suggestt that a patient could be discharged directly after changing from IV 
too oral therapy.2 "2 Often, the only reason for prolonged hospitalization 
iss to be sure that a patient does not suffer a clinical failure after starting 
orall  antibiotic therapy. At this moment, insufficient evidence is available to 
justifyy observing patients for some days in the hospital after switching them 
too oral antibiotic therapy. On some occasions patients cannot be discharged 
immediatelyy after switch to oral therapy. In the present study some patients, 
especiallyy from risk class IV and V, had to remain hospitalized for a longer 
periodd because of treatment of comorbid illness and social circumstances, 
ann observation that is also described in two other studies.23,29 However, 
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iff  patients are discharged immediately after antibiotic switch is initiated, 
thann it is advisable to implement an early follow-up visit. Although the study 
wass not designed to evaluate criteria for hospital discharge, attention has 
too be made for the difference in LOS between studies about CAP in Europe 
andd USA.14'22'23,30 Regional differences, like more economic pressure in the 
USA,, may explain the variability in LOS. A closer evaluation of the hospital 
dischargee criteria, as mentioned earlier, could lead to a reduction in LOS, 
whichh wil l reduce medical care costs and wil l eventually improve patients' 
comfort.14'30'31 1 

Inn several studies about switch therapy a single antibiotic agent, often 
consistingg of a broad-spectrum second or third generation cephalosporin, 
wass chosen.4" ' ~12 In contrast, in the present study antibiotic therapy ranged 
fromm a pathogen-directed to empirical broad-spectrum therapy, reflecting 
dailyy practice. Of the six patient failures, four had received empiric antibiotic 
broad-spectrumm therapy and two had received a pathogen-directed therapy. 
Thesee results are encouraging for the application of switch therapy with 
differentt antibiotics. 

Inn summary, the results of this study show that criteria to perform 
switchh to oral therapy in daily practice, consisting of an absence of fever 
forr 72 hours and a reduction in respiratory symptoms, can be applied in 
patientss with CAP. The encouraging results from this study could partly be 
explainedd by the inclusion of patients from PSI risk class I and II , who in 
mostt instances could be treated at home. In the future, possible alternatives 
mayy be evaluated. We speculate that in patients where CRP is frequently 
monitored,, switch to oral therapy may be initiated when CRP starts declining 
too normal. Furthermore, discharge maybe possible once parenteral therapy 
iss discontinued. Further research is needed to determine whether patients 
fromm risk class I and II could solely be treated with oral antibiotic therapy. 
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Summary y 

Thiss thesis deals with several aspects, which are of importance for the 
managementt of patients with community-acquired pneumonia (CAP). 
Ann overview of recent developments in the area of CAP is provided in 
chapterr  1. 

Ann important issue in the approach to a patient with CAP is the hospital 
admissionn decision. Fine et al. developed in 1997 the pneumonia severity 
indexx (PSI), which was designed to identify low risk patients with CAP, 
whoo could be treated as outpatients. In chapter  2 we showed that the 
PSII  adequately stratified patients in the different risk classes according to 
severityy of CAP and therefore can be used as a severity of illness classification 
forr CAP, by analogy with general classification systems as the Simplified 
Acutee Physiologic Score (SAPS) and Acute Physiologic And Chronic Health 
Evaluationn II score (APACHE II) . This has important consequences for 
evaluatingg processes of care and outcomes of therapy in patients with CAP. 
Furthermore,, we demonstrated that the decision to hospitalise patients with 
CAPP cannot be based purely on the severity of CAP according to the PSI. 
Variouss reasons, such as an exacerbation of chronic obstructive pulmonary 
disease,, clinical appearance of being ill , lack of improvement on outpatient 
antibioticc therapy and social circumstances, could influence this decision. 

Inn contrary to the PSI, the British Thoracic Society rule (BTSr) was 
developedd to predict mortality and as a consequence could identify high risk 
patients,, who need to be hospitalised. It did not focus on the identification 
off  low risk patients, who could be treated at home. In chapter  3 we further 
developedd the BTS assessment tool to enable stratification of patients 
presentingg to hospital with CAP into mortality risk groups that might be 
suitablee for different management options. The association between 30-day 
mortalityy and each potential predictor variable was studied in collected 
dataa from three large prospective studies in England, New Zealand and the 
Netherlands.. From these data a simple prediction rule based on five clinical 
featuress consisting of confusion, urea > 7mmol/l, respiratory rate >/=3o/ 
min,, diastolic blood pressure </= 60 mmHg and age >/=6s years (CURB-65 
score)) was developed. A point was assigned to each present variable. Patients 
withh a CURB-65 score of o or 1 were defined as low risk patients and could 
bee treated as outpatients. In patients with a score of 2 a short hospital stay 
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couldd be considered. Patients with a score of 3 or higher were recognised as 
havingg severe CAP (SCAP) and should be managed in the hospital as SCAR 
Forr general practitioners, the result of urea is often not available. Instead, 
theyy can use a CRB65 score, in which patients with a score of 1 or higher 
shouldd be referred to the hospital. 

Inn chapter  4 we investigated the outcome of two treatment strategies 
inn hospitalised patients with CAP. We describe that a pathogen-directed 
therapyy (PDT), consisting of antibiotic therapy directed at microbial culture 
resultss or ,when unavailable, clinical features showed an equal clinical 
efficacyy as an empirical broad spectrum antibiotic therapy (EAT) according 
too the American Thoracic Society (ATS) guidelines of 1993 in hospitalised 
patientss with CAP. However, treatment according to EAT strategy was 
associatedd with a higher 30-day mortality rate in patients who had been 
admittedd to the Intensive Care Unit (ICU) compared to a PDT approach 
(91%% [10/11] versus 45% [5/11], respectively; p=o.02). Moreover, side effects 
weree present in 60% (77/128) of the EAT-patients compared to 17% (23/134) 
PDT-patientss p<o.ooi). 

Thee obtaining of a microbiologic diagnosis is an important goal in the 
ideall  management of pneumonia. The value of different microbiological 
toolss to identify a causative pathogen in hospitalised patients with CAP is 
evaluatedd in chapter  5. In 157 patients (60%) a pathogen was identified, 
withh Streptococcus pneumoniae (n=97) as the most common causative agent 
off  community-acquired pneumonia. Sputum investigation by Gram's stain, 
culturee and pneumococcal antigen detection was the most useful method 
forr establishing an aetiological diagnosis (n=77/157; 49%) of community-
acquiredd pneumonia. The urinary pneumococcal antigen test was the most 
valuablee single test for detection of Streptococcus pneumoniae infections 
(n=52/97;; 54%), when sputum pneumococcal antigen determination was 
nott performed. Fiberoptic bronchoscopy was of additive diagnostic value in 
49%% (n=i8/37) of the patients who did not expectorate sputum and in 52% 
(n=i4/27)) of those who suffered clinical failure. 

Theoretically,, switching therapy from intravenous to oral agents could 
improvee cost-effectiveness by reducing length of stay and treatment costs. 
Thee results described in chapter  6 show that criteria to perform switch 
too oral therapy in daily practice, consisting of an absence of fever for 72 
hourss and a reduction in respiratory symptoms, can be applied in patients 
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withh CAP. Clinical cure after switch was seen in 97% (174/180). Overall, 
patientss with CAP switched on day 5 of treatment. Patients from risk class 
VV remained hospitalised for a significantly longer period than patients from 
riskk classes I-IV (p<o.ooi). 

Discussion n 

Community-acquiredd pneumonia (CAP) remains a common and serious 
illness.. Despite the modern health care system, CAP is the sixth leading 
causee of death and the most important cause of death due to an infectious 
diseasee in the United States.1' To control mortality rate and to improve 
management,, many guidelines have been published in the past decade by 
differentt organizations.3"9 

Whenn dealing with a patient with CAP, the physician has to make the 
importantt decision about hospital admission. Without contradiction, the 
decisionn to hospitalise is based on clinical judgement. However, many low 
riskk patients who could actually be treated at home are still hospitalised. 
Thee reason arises from the tendency of physicians to overestimate the risk 
off  complications in CAP.10 To enable the physician to make an objective 
assessmentt of the risk of mortality and to improve the decision about 
hospitalisation,, Fine et al. developed in 1997 a pneumonia severity index 
(PSI)) by which low risk patients with CAP can be identified.11 According to 
thee PSI the decision to hospitalise a patient with CAP is based only on the 
severityy of CAP. The PSI stratifies patients with CAP according to a two-
stepp model, based on 20 variables as age, sex, comorbid illness, vital sign 
abnormalities,, and some laboratory and radiographic abnormalities, into 
fivee risk classes. Patients with a low risk of mortality are stratified in risk 
classs I and II , patients with an intermediate risk of mortality are classified in 
riskk class III , and patients with a high risk of mortality are stratified in risk 
classs IV and V. However, the PSI is not very easy to use in clinical practice 
(especiallyy for the general practitioner) because of the calculation of these 
manyy variables. Also we discovered that age is an important factor in the 
outcomee of the PSI, since we had stratified young patients with a severe 
pneumoniaa in a low risk class. When applying the PSI we identified that 
certainn reasons, like the presence of comorbid illness, clinical judgment of 
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thee patient and social circumstances, played an important role in the decision 
too admit low risk patients stratified in class I and II . Moreover, in other 
studiess similar reasons for admitting low risk patients were described.12"14 

Ann alternative for the PSI, is the CURB-65 score. With this simple prediction 
rule,, based on five clinical features (confusion, urea > 7mmol/l, respiratory 
ratee >/=30/min, diastolic blood pressure </= 60 mmHg and age >/=6s 
years),, patients presenting to hospital with CAP could also be stratified into 
differentt mortality risk groups. An advantage compared to the PSI is that the 
fivefive clinical features are easily measurable at the time of admission. When 
thee assessment of urea is not possible, general practitioners could apply a 
CRB655 score to decide whether or not to hospitalise a patient with CAP. 
Wee are of the opinion that applying the PSI or CURB-65 score in general 
practicee wil l reduce the number of unnecessary admissions of patients with 
CAP,, and therefore wil l reduce health care costs. The score models can also 
bee used to guide the decision to start oral or intravenous (IV) antibiotic 
therapy.. One has to consider the option to start oral therapy in a low risk 
patient,, who has to be hospitalised for other reasons (as described before) 
thann the treatment of pneumonia. 

Whenn hospitalised, the guidelines differ in their approach to the ideal 
managementt of CAP. This dispute is especially reflected by the Infectious 
Diseasee Society of America (IDSA) advocating a pathogen-directed therapy 
(PDT)) approach,5' consisting of antibiotic therapy directed at microbial 
culturee results, and the American Thoracic Society (ATS) promoting an 
empiricall  strategy with broad-spectrum antibiotic therapy (EAT).3'4 The 
mainn argument of the ATS against a pathogen-directed approach is the lack 
off  sensitivity and specificity of the routine diagnostic methods currently 
employed.3,4'15"199 Sputum examination by Gram's stain and culture were for 
thiss reason not recommended by the ATS guidelines as an aid to directing 
initiall  therapy.3'4 However, in an era, in which resistance of certain 
pathogenss becomes an increasing problem, a careful use of antibiotics is 
recommended.. ' 1 In this view, performing microbiological research could 
bee used as an aid in choosing optimal therapy. Antibiotic therapy could 
bee adapted and narrowed according to microbiological culture results. 
Moreover,, by performing microbiological investigations epidemiologically 
importantt organisms (e.g., Legionella pneumophila, drug-resistant 
S.S. pneumoniae and methicillin-resistant Staphylococcus aureus) may be 
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detected.. Furthermore, knowledge of the identity of the causative pathogen 
mayy be an advantage when failure on antibiotic treatment occurs. 2 In 
ourr study we compared a PDT strategy with EAT treatment according to 
thee ATS guidelines of 1993. Furthermore, we have investigated the value 
off  intensive diagnostic microbiological investigation in patients with CAP. 
Thee results of this thesis showed that no significant difference in outcome, 
besidess less presence of adverse events in favor of PDT, between the PDT 
approachh and EAT strategy was present in adult hospitalised patients 
withh CAP. Moreover, we emphasised in this thesis the value of performing 
sputumm examination and implementing the urinary pneumococcal antigen 
testt to increase diagnostic yield in low and high risk patients with CAP. 
Furthermore,, we showed that fiberoptic bronchoscopy may be of additional 
valuee when treatment failure occurs. Because of these results we have the 
opinionn that performing microbiological research should be an important 
partt of the approach to a patient with CAP and that antibiotic therapy should 
bee adapted and narrowed when a pathogen is identified. 

Afterr admission, one has to consider whether the patient with CAP has 
too be treated with a course of IV antibiotic therapy or can start with oral 
medication.. As is described before oral therapy could be considered in 
loww risk patients, who are hospitalised for other reasons than the severity 
off  pneumonia. Some studies, comparing oral with IV therapy, showed 
encouragingg results for certain groups being treated with oral antibiotics 
alone.23'244 Patients, who are stratified in a higher risk class, according to the 
PSII  or CURB-65 score model, should receive a course of IV therapy. During 
thee past decade there has been a tendency to switch to oral antibiotics in 
ann earlier phase of treatment. Switch therapy from IV to oral agents wil l 
resultt in a decline in IV-related complications such as thrombophlebitis, 
andd could be cost-effective because of a shorter length of hospital stay 
(LOS)) and less expensive treatment. Many studies have been performed 
inn order to determine the right moment for conversion from parenteral to 
orall  antibiotics.25"29 However, important limitations, such as the absence 
off  reporting the severity of CAP and the inclusion of patients with lower 
respiratoryy tract infections other than CAP, were present in these studies. 
Becausee of these reasons one could not decide at which day switch therapy 
couldd be applied in all risk classes. In our study, we found that switch to 
orall  antibiotic therapy can be applied in all risk classes, when an absence of 
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feverr for 72 hours and a reduction in respiratory symptoms is present. The 
encouragingg results from this study (failure in 3% of the population) could 
partlyy be explained by the inclusion of patients from PSI risk class I and II . 

Thee decision for hospital discharge was based on clinical judgement. 
Thiss decision depends on factors as treatment of comorbid illness, social 
indicationss or the present clinical situation of the patient. We actually 
thinkk that in some occasions the LOS can be shortened, which wil l lead 
too reduction in health care costs. In our study patients from PSI class I 
andd II usually remained in the hospital for three to four days after switch 
too oral therapy. Often, the only reason for prolonged hospitalisation is to 
bee sure that a patient does not suffer a clinical failure after starting oral 
antibioticc therapy. Some authors suggest that a patient could be discharged 
directlyy after changing from IV to oral therapy.30"32 At this moment we also 
havee the opinion that insufficient evidence is available to justify observing 
patientss for some days in the hospital after switching them to oral antibiotic 
therapy.. After implementing these criteria in our study a reduction of three 
orr four days of LOS could have been established for low risk patients. A 
closerr evaluation of the hospital discharge criteria, could lead to a reduction 
inn LOS, which wil l reduce medical care costs and wil l eventually improve 
patients'' comfort.33'34 
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Nederlandsee samenvatting 
Ditt proefschrift behandelt enkele aspecten die van belang zijn voor de 
behandelingg van patiënten met een longontsteking (pneumonie) die buiten 
hett ziekenhuis is ontstaan. 

Eenn overzicht van recente ontwikkelingen op het gebied van de 
behandelingg van de longontsteking wordt beschreven in hoofdstuk 1. 

Eenn belangrijk onderwerp in de benadering van een patiënt met een 
longontstekingg is de beslissing tot opname in het ziekenhuis. Fine et al. 
hebbenn in 1997 een specifiek scoremodel, de "Pneumonia Severity Index" 
(PSI),, ontwikkeld om de ernst van een longontsteking te kunnen inschatten. 
Dee PSI is ontwikkeld om patiënten met een longontsteking te herkennen 
diee een laag risico hebben hieraan te overlijden. Deze groep patiënten zou 
opp grond van deze score in aanmerking komen voor thuisbehandeling. In 
hoofdstukk 2 laten we zien dat de PSI de patiënten juist inschaalt in 5 
verschillendee risicoklassen, die de ernst van een longontsteking aangeven. 
Dee PSI kan daarom ook gebruikt worden als een classificatiesysteem om de 
ernstt van de longontsteking in te schatten, naar analogie van twee andere 
algemenee scoringssystemen die de ernst van een ziekte kunnen inschatten 
tee weten de Simplified Acute Physiologic Score (SAPS) and Acute Physiologic 
Andd Chronic Health Evaluation II score (APACHE II) . Het voordeel van 
hett gebruik van zo'n classificatiesysteem voor longontstekingen is dat een 
studiepopulatiee transparanter wordt en dat verschillende studieuitkomsten 
opp een overzichtelijkere manier met elkaar vergeleken kunnen worden. 
VerderVerder tonen we in dit hoofdstuk aan dat de beslissing om een patiënt met 
eenn longontsteking al dan niet op te nemen niet alleen gebaseerd kan zijn op 
dee PSI score. Verschillende omstandigheden, zoals een acute verslechtering 
vann een patiënt met chronisch obstructief longlijden, de erg zieke indruk bij 
presentatie,, onvoldoende effect van antibiotische voorbehandeling door de 
huisarts,, en sociale omstandigheden, kunnen ertoe leiden dat patiënten met 
eenn laag risico op mortaliteit toch in het ziekenhuis worden opgenomen. 

Inn tegenstelling tot de PSI is de British Thoracic Society rule (BTSr) 
ontwikkeldd om ernstig zieke patiënten met een longontsteking te herkennen 
diee een hoog risico hebben om te overlijden. In hoofdstuk 3 hebben we de 
BTSrr verder ontwikkeld om naast patiënten met een ernstige longontsteking 
ookk patiënten met een laag risico op mortaliteit te kunnen herkennen. Het 
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verbandd tussen sterfte binnen 30 dagen na opname en elke potentiële 
voorspellendee variabele voor sterfte is bestudeerd op basis van gegevens die 
verkregenn zijn uit drie grote prospectieve onderzoeken uit Engeland, Nieuw-
Zeelandd en Nederland. Uit deze gegevens is een eenvoudig instrument voor 
dee voorspelling van mortaliteit ontwikkeld die gebaseerd is op de volgende 5 
klinischevariabelen:verwardheid,, ureum >7mmol/l, ademhalingsfrequentie 
>/== 30/minuut, diastolische bloeddruk </= óommHg en leeftijd >/= 65 
jaarr (CURB-65 score). Bij aanwezigheid van een variabele wordt een punt 
aann deze variabele toegekend. Patiënten met een CURB-65 score van o 
off  1 zijn gedefinieerd als "laag risico patiënten". Deze categorie patiënten 
komenn in aanmerking voor thuisbehandeling. Bij patiënten met een score 
vann 2 kan een korte ziekenhuisopname aanbevolen worden. Bij patiënten 
mett een score van drie of hoger dient rekening te worden gehouden met de 
aanwezigheidd van een ernstige longontsteking, waarbij ziekenhuisopname 
niett uitgesteld kan worden. Voor huisartsen zal de bepaling van het ureum 
vaakk niet mogelijk zijn. Huisartsen kunnen gebruik maken van een CRB65 
score,, bestaande uit de overige vier variabelen, waarbij patiënten met een 
scoree van 1 of hoger in aanmerking komen voor ziekenhuisopname. 

Inn hoofdstuk 4 hebben we de uitkomst van twee behandelingsmethoden 
onderzochtt bij in het ziekenhuis opgenomen patiënten met een 
longontsteking.. Een op de ziekteverwekker (pathogeen) gerichte therapie 
(PGT),, bestaande uit antibiotische therapie gericht op de resultaten van 
microbiologischh onderzoek of, wanneer deze niet beschikbaar zijn, gericht 
opp de meest waarschijnlijke verwekker op grond van de klachten en overige 
klinischee informatie van de patiënt, is vergeleken met een empirische 
breedspectrumm antibiotische therapie (EAT) volgens de richtlijnen van de 
Amerikaansee Longartsen Vereniging (American Thoracic Society = ATS) 
uitt 1993. We beschrijven dat de PGT even effectief is al de EAT voor in 
hett ziekenhuis opgenomen patiënten met een longontsteking. Echter na 
analysee van de subgroep patiënten die opgenomen waren op de Intensive 
Caree Unit, blijkt behandeling volgens de EAT strategie gepaard te gaan met 
eenn hoger sterftecijfer, vergeleken met een PGT benadering (91% [10/11] 
versuss 45% [5/11], respectievelijk; p=o.02). Bovendien zijn er significant 
meerr bijwerkingen aanwezig in de EAT-populatie vergeleken met de PGT-
patiëntenn (60% [77/128] versus 17% [23/134], respectievelijk; p<o.ooi). 
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Hett verkrijgen van een microbiologische diagnose is een belangrijk 
doell  in de behandeling van een patiënt met longontsteking. De waarde van 
verschillendee microbiologische onderzoeken om een ziekteverwekker aan 
tee tonen bij in het ziekenhuis opgenomen patiënten met een longontsteking 
iss geëvalueerd in hoofdstuk 5. Sputum onderzoek, bestaande uit analyse 
vann het Gram preparaat, sputumkweek en bepaling van het pneumococcen 
antigeenn blijkt de meest waardevolle test te zijn om een aetiologische diagnose 
(77/1577 = 49%) te kunnen aantonen, gevolgd door de urine pneumococcen 
antigeenn sneltest (52/262 = 20%). Fiberoptisch bronchoscopisch onderzoek 
kann een rol spelen bij patiënten die therapiefalen tonen op de ingestelde 
antibiotischee behandeling, bij 14 van de 27 patiënten (52%) met therapiefalen 
bijj  wie bronchoscopisch onderzoek werd uitgevoerd is een pathogeen 
geïdentificeerd. . 

Theoretischh zou het omzetten van intraveneuze (IV) naar orale (PO) 
antibiotischee behandeling moeten leiden tot kostenbesparing door afname 
vann de opnameduur in het ziekenhuis en behandelingskosten. De resultaten 
diee beschreven zijn in hoofdstuk 6 laten zien dat criteria om IV naar PO 
therapiee om te zetten, bestaande uit een koortsvrije periode van 72 uur en een 
afnamee van luchtwegklachten, veilig kunnen worden toegepast bij patiënten 
mett een longontsteking. Genezing na de omzetting naar orale therapie is 
waargenomenn bij 97% (174/180) van de patiënten. In het algemeen heeft de 
omzettingg naar orale antibiotica op dag 5 van de opname plaatsgevonden. 
Patiëntenn uit de hoogste PSI risicoklasse (V) hebben een significant langere 
periodee in het ziekenhuis doorgebracht dan patiënten uit risicoklassen I-IV 
(p<o.ooi). . 
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Discussie e 

Eenn longontsteking (pneumonie) die buiten het ziekenhuis wordt verkregen 
(CAP)) blijf t een veelvoorkomende en ernstige aandoening. Ondanks de 
modernee gezondheidszorg, staat de longontsteking nog steeds op de zesde 
plaatss van doodsoorzaken en is het de belangrijkste doodsoorzaak tengevolge 
vann een infectieziekte in de Verenigde Staten.1'2 Om de behandeling van een 
patiëntt met een longontsteking te verbeteren en daarmee het sterftecijfer 
omlaagg te krijgen hebben verschillende organisaties de afgelopen jaren vele 
richtlijnenn vervaardigd.3"9 

Alss een arts te maken krijgt met een patiënt met een longontsteking, 
moett deze de belangrijke beslissing nemen de patiënt al dan niet in het 
ziekenhuiss te laten behandelen. Deze beslissing wordt genomen op grond 
vann het klinisch oordeel over deze patiënt. Veel patiënten met een laag 
mortaliteitsrisico,, die in principe thuis behandeld kunnen worden, blijken 
echterr toch opgenomen te worden in het ziekenhuis. De oorzaak hiervan ligt in 
dee neiging van artsen de kans op complicaties bij de patiënt te overschatten. 
Err bestond dus een behoefte aan een instrument op basis waarvan de arts 
eenn objectief oordeel kan vellen over de kans op sterfte. Daartoe zijn twee 
methodess ontwikkeld, die aan deze behoefte voldoen. De eerste methode, de 
Pneumoniaa Severity Index (PSI), is in 1997 door Fine et al. beschreven.11 De 
PSII  is ontwikkeld om patiënten met een longontsteking te herkennen die een 
laagg risico hebben om te overlijden. Deze patiëntencategorie zou namelijk in 
aanmerkingg kunnen komen voor thuisbehandeling. De PSI deelt patiënten 
inn 5 risicoklassen (oplopend in klasse van laag naar hoog risico) volgens 
eenn twee stappen model, gebaseerd op 20 variabelen zoals leeftijd, geslacht, 
comorbiditeit,, vitale parameters zoals bloeddruk en hartfrequentie, en een 
aantall  laboratorium en radiologische afwijkingen. Het grote nadeel van de 
PSII  is dat deze methode gebruik maakt van zeer veel variabelen, waardoor het 
modell  minder makkelijk toepasbaar blijkt te zijn in de dagelijkse klinische 
praktijkk (met name voor huisartsen). Tevens is gebleken dat leeftijd een zeer 
grotee invloed heeft op de uitkomst van dit scoremodel. In ons onderzoek 
hebbenn wij namelijk onder meer aangetoond dat jonge mensen met een 
ernstigee pneumonie in een lage risicoklasse worden ingedeeld. Daarnaast 
hebbenn we ontdekt dat bepaalde omstandigheden, zoals de aanwezigheid 
vann co-morbiditeit naast de longontsteking, het klinisch oordeel over 
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dee patiënt en sociale indicaties, een belangrijke rol kunnen spelen in de 
beslissingg om patiënten met een laagg sterfterisico (PSI klasse I en II) toch te 
latenn opnemen. Ook in andere studies zijn omstandigheden beschreven om 
patiëntenn uit lage risicoklassen op te laten nemen.12* 14 Een alternatief voor 
dee PSI is de in onze studie beschreven CURB-65 score. Met dit eenvoudige 
instrument,, bestaande uit 5 klinische variabelen (verwardheid, ureum 
>> 7mmol/l, ademhalingsfrequentie >/= 30/minuut, diastolische bloeddruk 
</== 6ommHg en leeftijd >/= 65 jaar) kunnen patiënten die zich presenteren 
mett een longontsteking ook geclassificeerd worden in verschillende 
risicogroepen.. Een voordeel ten opzichte van de PSI is dat de 5 klinische 
variabelenn makkelijk te meten zijn als de patiënt zich presenteert. Als het niet 
mogelijkk is om het ureum te laten bepalen, kan de huisarts gebruik maken 
vann de CRB65 score om te beslissen tot ziekenhuisopname of niet. Uiteraard 
magg het toepassen van een beslisregel nooit leiden tot het achterwege laten 
vann het klinisch oordeel over een patiënt op het moment van presentatie. Het 
kann echter wel als een additief hulpmiddel gebruikt worden om de beslissing 
tott thuisbehandeling van een patiënt met een pneumonie te ondersteunen. 
Wijj  zijn van mening dat het toepassen van de CURB-65 of PSI score zal 
leidenn tot een reductie in het aantal onnodige ziekenhuisopnames, hetgeen 
kann resulteren in een reductie van de gezondheidszorgkosten. Het toepassen 
vann deze scoremodellen kan ook invloed hebben op de behandelingsmogel 
ijkheden.. Als namelijk besloten wordt om een patiënt met een lage risico 
inschattingg om bepaalde redenen toch op te laten nemen in het ziekenhuis, 
kann besloten worden deze patiënten op grond van hun risicoscore te 
behandelenn met orale in plaats van intraveneuze antibiotica. 

Tussenn richtlijnen van diverse organisaties, aangaande de behandeling 
voorr patiënten met een longontsteking die in het ziekenhuis opgenomen 
worden,, bestaat geen duidelijke consensus. Er bestaat met name een 
verschill  in strategie tussen de richtlijn van de Infectieziekten Vereniging 
vann Amerika, die een behandeling gericht tegen de ziekteverwekker 
(pathogeen)) voorstaat5, en de Amerikaanse Longartsen Vereniging (ATS), 
diee in zijn richtlijn een empirische strategie met breed-spectrum antibiotica 
voorschrijft.3'44 De waarde van het uitvoeren van microbiologisch onderzoek 
bijj  patiënten met een niet ernstige longontsteking die in het ziekenhuis 
wordenn opgenomen wordt bediscussieerd in de richtlijnen van de ATS.3'4 Het 
belangrijkstee argument tegen het uitvoeren van microbiologisch onderzoek 
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iss het gebrek aan sensitiviteit en specificiteit van de huidige microbiologische 
onderzoeken.3'4,15~199 Echter, in een periode waarin resistentie van bacteriën 
tegenn antibiotica een steeds belangrijker probleem wordt, is zorgvuldig 
gebruikk van antibiotica aan te raden.20'21 In dit opzicht zou het uitvoeren 
vann microbiologisch onderzoek gebruikt kunnen worden om op deze manier 
dee optimale therapie te kiezen. Antibiotica kan dan worden aangepast en 
versmaldd op grond van de microbiologische kweekresultaten. Bovendien 
kunnenn door het uitvoeren van microbiologisch onderzoek epidemiologisch 
belangrijkee microorganismen (zoals bijvoorbeeld Legionella pneumophila, 
antibiotica-resistentee Streptococcus pneumoniae and methicilline-
resistentee Staphylococcus aureus) worden opgespoord. Tevens kan kennis 
overr de identiteit van de ziekteverwekker een voordeel zijn, wanneer de 
patiëntt niet op de ingestelde antibiotica reageert. In onze studie hebben 
wijj  een pathogeen gerichte behandeling vergeleken met een empirische 
breedspectrumm behandeling volgens de ATS richtlijnen van 1993. Eveneens 
hebbenn wij de waarde van het uitvoeren van uitgebreid microbiologisch 
onderzoekk onderzocht. Onze resultaten laten zien dat er geen significant 
verschill  in uitkomst is tussen beide behandelingsstrategieën, behalve het 
vóórkomenn van significant minder bijwerkingen bij de pathogeen gerichte 
benadering.. Wij hebben voorts in onze studie de waarde van het uitvoeren 
vann sputumonderzoek aangetoond, evenals de verhoogde microbiologische 
opbrengstt na het introduceren van de urine pneumococcen antigeen 
sneltestt als routine onderzoek bij opgenomen patiënten met CAP. Eveneens 
iss gebleken dat het uitvoeren van fiberoptisch bronchoscopisch onderzoek 
vann waarde kan zijn bij patiënten die niet reageren op de ingestelde 
antibiotischee therapie. Op grond van deze resultaten zijn wij van mening 
datt het gerechtvaardigd is om uitgebreid microbiologisch onderzoek uit te 
voerenn bij een patiënt met CAP en het antibioticabeleid aan te passen zodra 
eenn ziekteverwekker is geïdentificeerd. 

Bijj  het starten van antibiotische therapie bij een patiënt met een 
longontstekingg kan worden overwogen de patiënt oraal of intraveneus (IV) 
tee behandelen. Zoals al eerder is beschreven zou orale antibiotische therapie 
overwogenn kunnen worden bij patiënten met een laag risico op mortaliteit, 
diee om bepaalde redenen in het ziekenhuis worden opgenomen. Sommige 
studies,, die orale antibiotica met IV therapie vergeleken hebben, hebben 
bemoedigendee resultaten laten zien voor bepaalde groepen patiënten die 
alleenn met orale antibiotica zijn behandeld.23'24 Bij patiënten met een 
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hogerr mortaliteitsrisico volgens de PSI of CURB-65 score zal volgens de 
huidigee inzichten intraveneuze therapie gestart dienen te worden. Een 
volledigee IV therapie blijkt niet meer nodig te zijn. Het tijdig omzetten van 
IVV naar orale antibiotische therapie kan resulteren in een kostenbesparing 
doorr kortere opnameduur in het ziekenhuis en lagere behandelingskosten 
enn in een afname van IV-gerelateerde bijwerkingen. De duur van de 
intraveneuzee behandeling en het moment van switch naar orale therapie is 
inn verschillende studies onderzocht.25* 29 Een groot nadeel van de diverse 
studiess is dat de ernst van de pneumonie niet wordt weergegeven, zodat geen 
goedd oordeel gegeven kan worden over de vraag of switchtherapie bij alle 
risicoklassenn toegepast kan worden. In onze studie hebben wij laten zien dat 
IVV therapie kan worden omgezet naar orale antibiotica bij alle risicoklassen 
alss sprake is van een koorts vrij e periode van 72 uur en een afname van 
dee luchtwegklachten. De goede resultaten van deze studie (therapiefalen bij 
3%% van de studiepopulatie) zijn voor een deel te verklaren uit opname van 
patiëntenn uit PSI klassen I en II . 

Dee beslissing tot ontslag uit het ziekenhuis wordt in het algemeen 
overgelatenn aan het klinisch oordeel van de behandelend arts. Het ontslag 
hangtt namelijk van vele factoren af, zoals de behandeling van (indien 
aanwezig)) co-morbiditeiten naast de behandeling van CAP, de thuissituatie 
(iss er voldoende thuishulp aanwezig?) en de klinische situatie van de patiënt. 
Tochh zou de opnameduur, die voor een belangrijk deel de hoogte van de 
opnamekostenn bepaalt, in een aantal omstandigheden bekort kunnen 
worden.. In onze studie is gebleken dat patiënten uit PSI risicoklasse I en 
III  gemiddeld drie tot vier dagen na omzetting naar orale therapie in het 
ziekenhuiss opgenomen bleven. De enige reden om deze patiënten langer in het 
ziekenhuiss te houden na de switch naar orale therapie is vaak de bezorgdheid 
datt de klachten weer terugkeren. Sommige auteurs suggereren echter om een 
patiëntt direct te ontslaan na omzetting naar orale antibiotica.30"32 Wij zijn 
eveneenss van mening dat op dit moment geen harde aanwijzingen bestaan 
omm patiënten nog enige dagen in het ziekenhuis te houden na omzetting 
naarr orale therapie. Dit zou betekenen dat patiënten met een laag risico op 
mortaliteitt in onze studie gemiddeld drie tot vier dagen eerder ontslagen 
haddenn kunnen worden. Een meer nauwkeurige evaluatie van ontslagcriteria 
zouu dus in het algemeen kunnnen leiden tot een afname van de opnameduur, 
hetgeenn vervolgens zal leiden tot een afname in gezondheidszorgkosten en 
eenn grotere tevredenheid bij de patiënt.33'34 
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hebtt gedaan om alle resultaten van het serologisch onderzoek te verkrijgen. 
Ikk wil je daarvoor nogmaals hartelijk bedanken. 

Weii  Shen Lim, thanks for your main contribution to the development of 
thee CURB 65 score. It has been a pleasure to meet you and to work with you. 
Maybee in the future we could do some further research together in this very 
interestingg field of pneumonia. 

Yvettee Holloway, we hebben elkaar helaas nooit ontmoet, maar alleen 
viaa e-mail contact gehad. Door jouw inspanningen werden de artikelen 
taalkundigg en inhoudelijk altijd sterk en zeer snel verbeterd. Bedankt voor 
jee belangrijke bijdrage aan dit proefschrift. 

Tjeerdd van de Ploeg, ik ken niemand die zo enthousiast over statistiek en 
mett name SPSS kan uitleggen als jij . Uitspraken als "..Ja, dat is het mooie 
aann SPSS.." of "..het is toch prachtig wat SPSS allemaal voor je uitrekent..." 
zall  ik niet snel vergeten. Ik ben blij dat je een vast plekje in het MCA hebt 
verworven. . 

Voortss gaat mijn dank uit naar prof. dr. P.J. van den Broek, dr. M.F. 
Peeters,, prof. dr. P. Speelman, prof. dr. C.M.J.E. Vandenbroucke-Grauls en 
dr.. T.S. van der Werf voor het kritisch lezen van het manuscript en voor het 
zittingg nemen in de promotiecommissie. 

Dee afgelopen periode heb ik mijn vriendenkring aardig verwaarloosd. 
Gelukkigg wisten julli e waar ik mee bezig was en dat het einde in zicht kwam. 
Ikk vind het geweldig dat julli e er op deze belangrijke dag bij kunnen zijn. 
Vanaff  vandaag ben ik er ook weer bij! 

Papp en mam, ik ben ontzettend dankbaar voor alle steun, vertrouwen 
enn gezelligheid die ik bij julli e altijd kon vinden. Het kopje koffie stond 
altijdd klaar. Het boekje is nu eindelijk af! We drinken er vanavond een glas 
champagnee op. 

Lievee Mir, het laatste dankwoord gaat naar jou uit. Je weet niet hoe 
belangrijkk je voor mij geweest bent in deze periode. Met alle emoties kon ik 
bijj  je terecht. Het door jou georganiseerde weekendje in Domburg om mij 
voorr de laatste schrijf periode op te laden zal ik nooit vergeten. 

154 4 



CurriculumCurriculum vitae 

Curriculu mm vitae 

Mennoo M. van der Eerden werd geboren op 16 maart 1972 te Amsterdam. Van 
19844 tot 1990 bezocht hij het Ignatius Gymnasium te Amsterdam, waarna 
hijj  in 1991 zijn propedeuse Rechtsgeleerdheid behaalde aan de Universiteit 
vann Amsterdam. In 1998 behaalde hij zijn arts-examen aan de Universiteit 
vann Amsterdam. Tijdens zijn studie Geneeskunde verrichtte hij van 1994 
tott 1995 wetenschappelijk onderzoek naar het fenotype van lymfocyten bij 
patiëntenn met chronische hepatitis B en C op de afdeling Infectieziekten van 
dee Universita di Parma in Italië onder supervisie van Dr. Ferrari. In 1998 
deedd hij een keuze co-schap Kinderoncologie in het Children's Hospital of 
Philadelphiaa in de Verenigde Staten. Onder begeleiding van dr. W.G. Boersma 
starttee hij in 1998 met zijn promotieonderzoek als arts-onderzoeker aan de 
vakgroepp Longziekten van het Medisch Centrum Alkmaar. Van 2001 tot 2003 
werdd de vooropleiding Interne geneeskunde in het ziekenhuis Hilversum 
doorlopen.. Thans volgt hij de opleiding tot longarts in het Medisch Centrum 
Alkmaar.. In 2004 heeft hij de Pieter van Foreest prijs van het Medisch 
Centrumm Alkmaar gewonnen wegens het wetenschappelijk werk: "Defining 
communityy acquired pneumonia severity on presentation to hospital: an 
internationall  derivation and validation study". 

155 5 














	Cover
	Stellingen behorend bij het proefschrift
	Titlepage
	Abbreviations
	Contents
	Chapter 1 General Introduction
	Chapter 2 Prospective evaluation of Pneumonia Severity Index in hospitalised patients with community-acquired pneumonia
	Chapter 3 Defining community acquired pneumonia severity on presentation to hospital: An international derivation and validation study
	Chapter 4 A comparison between pathogen-directed antibiotic therapy and empirical broad-spectrum antibiotic therapy in patients with Community-acquired pneumonia: a prospective randomised study
	Chapter 5 The value of intensive diagnostic microbiological investigation in low and high risk patients with community-acquired pneumonia
	Chapter 6 Evaluation of an algorithm for switching from IV to PO therapy in clinical practice in patients with community-acquired pneumonia
	Chapter 7 Summary & Discussion Samenvatting & Discussie
	Chapter 7 Summary and Discussion
	Chapter 7 Nederlandse samenvatting
	Chapter 7 Discussie
	Referenties
	Dankwoord
	Curriculum vitae
	Cover

