
Th erapeutics, Pharmacology and Clinical Toxicology52

THE ROLE OF RISK FACTORS “CARMELI SCORE” AND INFECTIVE 
ENDOCARDITIS CLASSIFICATION IN THE ASSESSMENT OF 
APPROPRIATE EMPIRICAL THERAPY

1Assistant Professor, PhD MD, University of Medicine and Pharmacy “Iuliu Haţieganu” Cluj-Napoca, University 
Hospital of Infectious Diseases Cluj-Napoca
2Professor, PhD MD, University of Medicine and Pharmacy  “Carol Davila” Bucharest, “Prof. dr. Matei Balş” 
National Institute of Infectious Diseases Bucharest
3Professor, PhD MD, University of Medicine and Pharmacy “Iuliu Haţieganu” Cluj-Napoca, University Hospital of 
Infectious Diseases Cluj-Napoca
 4 Associated Professor, PhD MD, University of Medicine and Pharmacy “Iuliu Haţieganu” Cluj-Napoca, Depart-
ment of Epidemiology, University Hospital of Infectious Diseases Cluj-Napoca
5Assistant Professor, Drexel University, Hahnemann Hospital, Philadelphia, PA 19102 USA

Adriana Slavcovici1, A. Streinu-Cercel2, Doina Ţăţulescu3, Amanda Rădulescu4, Simona Mera1, C. Marcu1, 
D. Vesbianu5, Adriana Topan1

Th erapeutics, Pharmacology and Clinical Toxicology
Vol XIII, Number 1, March 2009
Pages: 52-56
© Copyright reserved 2009
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Abstract. Introduction: Invasive medical procedures, increasing life span, immunosenescence and antibiotic use 
have changed the epidemiological and bacteriological profi le of infective endocarditis (IE) with direct consequences 
in the assessment of appropriate empirical therapy.
Objective: Th e aim of the study was to classify IE according to predictive factors for drug resistant or multidrug 
resistant microorganisms in order to establish the appropriate therapeutic options. Th e study represents an attempt 
to apply Carmeli’s risk stratifi cation (used for the management of severe infections) in IE. 
Materials and methods: We performed a retrospective study comprising of 270 consecutive episodes of IE admitted 
in the University Hospital of Infectious Diseases Cluj-Napoca during 1998-2008. Th e diagnosis of IE was established 
upon modifi ed Duke criteria. Risk factors were ranked with 1, 2 or 3 points according to Carmeli’s risk stratifi ca-
tion including: the degree of contact between the patient and the health care system (invasive procedures – present 
or absent), prior antibiotic treatments and patient characteristics (age, comorbidities, immune status). Th e highest 
fi nal score allowed us to classify IE in three strata: IE with score 1, 2 or 3. For each risk category we evaluated the 
etiology and resistance patterns. 
Results: Using Carmeli scoring system we found 111 (41%) IE score 1 (community acquired IE), 87 (32%) IE with 
score 2 (IE associated to health care assistance or community acquired but with increased prediction of multidrug 
resistance), 72 (27%) IE stratifi ed with “Carmeli score” 3 (usually nosocomial IE). Blood cultures were positive in 
50.5% of score 1 IE and the identifi ed strains were: 41% oral streptococci, 30.4% staphylococci (9% MRSA), 7% 
enterococci. Among score 2 we found 63% IE with positive blood culture: 23.6% staphylococci (16.4% meti-R), 29% 
oral streptococci, 9% other streptococcal strains, 21.8% Enterococcus spp and 18% Gram negative rods.  Among score 
3 IE we found 80.5% positive blood cultures. Th e identifi ed strains were: 46.50% staphylococci (13.8% MRSA), 19% 
Enterococcus spp., 7% Streptococcus spp. (other oral streptococci), 10.3% Gram negative rods mostly resistant to the 
classical antibiotics. Multidrug resistant strains had a signifi cantly higher prevalence in score 2 and 3 IE (21.8% and 
25.8% respectively, p=0.007). We found signifi cant correlations between the IE with score 2 and 3 and prosthetic 
valves, enterococcal or staphylococcal etiology and MDR.  
Conclusions: We found signifi cant diff erences in the etiology and resistance patterns in risk stratifi ed IE classifi ed 
with “Carmeli score” 1, 2 or 3 that are essentially valuable in the assessment of the appropriate empirical therapy.
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n the past decade, major changes in the epide-
miological and bacteriological profi le of infec-

tive endocarditis (IE) have been recorded. Th ese 
changes resulted from the dynamic factors involved 
in the development of the septic vegetation: the 
patient’s background, the source of bacteremia, the 
antibiotic resistance prevalence. Beside these, other 
predisposing factors emerged, such as intravenous 
drug use, valve prostheses, degenerative valve scle-
rosis and invasive procedures at risk for bacteremia. 
All these were echoed in healthcare-associated en-
docarditis and major shifts in the epidemiological 
profi le of IE [4]. In immunocompromised patients 
or patients with severe comorbidities, the multiple 
hospitalizations and the antibiotic resistance selec-
tion pressure represent a high-risk of colonization 
and infection with resistant or multidrug resistant 
strains. Consequently, signifi cant diff erences were 
reported between the etiology and the resistance 
phenotype in health care-associated endocarditis 
compared with community-acquired IE [1]. Th e 
study of this multifactorial complex has important 
implications in prophylaxis and empirical therapy 
of infective endocarditis.
Objective

Th e aim of the study was to propose a classi-
fi cation of infective endocarditis (IE) based upon 
the predictive factors for severe infections with 
resistant or multidrug resistant microorganisms. 
Th e study represents an attempt to apply Car-
meli’s risk stratifi cation (used for the management 
of severe infections) [3] in IE. Th e results of the 
study comprise an important database for empiri-
cal therapy in IE.
Methods

We performed a retrospective study on 270 con-

secutive episodes of IE admitted in the University 
Hospital of Infectious Diseases Cluj-Napoca during 
1998-2008. Th e diagnosis of IE was established upon 
modifi ed Duke criteria. Th e scoring and stratifi ca-
tion of IE was based upon the presence of Carmeli’s 
risk factors [3, 8]. Risk factors were ranked with 
1, 2 or 3 points according to the prediction for 
infection with susceptible, resistant or multidrug 
resistant microorganisms and to the prediction 
for community-acquired or health care-associated 
endocarditis respectively.

Th e risk stratifi cation included: the degree of 
contact between the patient and the health care 
system (invasive procedures – present or absent), 
previous antibiotic treatments and patient charac-
teristics (age, comorbidities, immune status). Th e 
highest numeric value represented the value of the 
score. Th e fi nal score allowed us to classify IE as 
it follows: score 1 IE (community-acquired IE with 
microorganisms susceptible to classic antibiotics), 
score 2 IE (probably health care-associated IE or 
community-acquired IE but with high probability 
of resistant or multidrug resistant strains) and 
score 3 (maximum prediction for nosocomial IE 
with resistant or multidrug resistant strains). Th is 
stratifi cation is summarized in table I.

For each group of IE we recorded the median 
patient age, etiology and resistance pattern, clini-
cal peculiarities, complications (embolic episodes, 
valvular destructions), in-hospital death and the 
surgical treatment’s timing. Blood cultures have 
been performed using the BacT/Alert ® system. 
For removed valves, BHI culture medium has been 
used. Microorganism typing and antibiotic resis-
tance pattern have been performed using either 
the API bioMerieux®, Vitek-2® or standard methods. 
Th e multidrug resistant strains (MDR) have been 

I

Risk factors for resistant or multi-resistant bacteria Points
Contact with the health care system Without contact 1

Contact without invasive procedures 2
Prolonged contact or with invasive procedures 3

Prior antibiotic treatment Without antibiotic treatment 1
With antibiotic treatment 2

Patient characteristics Young without comorbidities 1
Elderly +/- comorbidities 2
Immunodepressed:
AIDS,COPD, malignancies, 
other causes of immunodepression

3

SCORE (the highest value parameter) 1, 2 or 3

Table I – Th e stratifi cation of risk factors for infections with resistant or multidrug resistant bacteria
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considered the MRSA/MR-CNS or the strains 
displaying resistance to more than three antibi-
otic classes. Th e variables were inputted into the 
database using a protocol specifi cally devised and 
adapted for IE. Statistical analyses were performed 
using the EPIINFO6 software. 
Results

Between 1998-2008, 270 cases of IE were admit-
ted in the University Hospital of Infectious Diseases, 
Cluj-Napoca. Th e infection was located on native 
valves in 213 (79%) cases whereas in 57 (21%) cases 
it occurred on prosthetic valves. Th e overall median 
age was 52 years (range 7-89). 

By using the Carmeli scoring system we found 
111 (41%) episodes of IE having score 1 (commu-

nity-acquired), 87 (32%) IE having score 2 and 72 
(27%) IE having score 3 (most likely nosocomial). 
Th e distribution of the microbiological and clinical 
fi ndings as well as the surgical treatment of score 
1, 2 and 3 IE are summarized in Table II. Th e sig-
nifi cant correlations identifi ed between the three 
categories of IE and several other characteristics 
are presented in Table III. Embolic events, severe 
valvular destructions, cases requiring surgical treat-
ment and in-hospital death did not correlate with 
IE stratifi cation (p>0.05).  
Discussions

Even in the modern era of advanced diagnostic 
assay, improved antibiotic therapy and curative 
surgery, IE remains an evolving infection with high 

Table II – Overview of the microbiological, clinical and therapeutic characteristics in the 
three studied subgroups 

Table III – Th e signifi cant correlations identifi ed between the three categories of IE and 
several other characteristics

CHARACTERISTICS IE SCORE-1 IE SCORE-2 IE SCORE-3
IE no. (%) 111 (41%) 87 (32%) 72 (27%)
IE on prosthetic valves (%) 9 (8%) 19 (22%) 29 (40%)
IE on native valves (%) 102 (92%) 68 (78%) 43 (60%)
Median age (range) 47 (7 – 64) 65 (19–68) 52 (21–89) 
Sex ratio (M/F) 2/1 1.5/1 1.6/1
IE with positive cultures 56 (50.4%) 55 (63%) 58 (80.5%)
Oral streptococci 23 (41%) 16 (29%) 2 (3.4%)
Other streptococcal strains (gr. B, C, D, S.pneumoniae) 5 (9%) 5 (9%) 4 (7%)
Staphylococcus spp. 17 (30.4%) 13 (23.6%) 27 (46.5%)
MRSA  5 (9%) 9 (16.4%) 8 (13.8%)
Enterococcus spp. 4 (7%) 12 (21.8%) 12 (20.7%)
Gram-negative bacteria (E.Coli, Ps.aeruginosa, Serratia, 
H.infl uenzae) 3 (5%) 10 (18%) 6 (10.3%)
Other strains (Gram-positive rods, Candida spp.) 2 (3.5%) 2 (3.6%) 4 (7%)
Multidrug resistant microorganisms 6 (10.7%) 12 (21.8%) 15 (25.8%)
Sudden onset 41 (37%) 24 (27.6%) 44 (61%)
Cutaneous petechiae 24 (21%) 16 (18.4%) 14 (13.4%)
Major embolism 18 (16%) 18 (20%) 19 (26%)
Valvular rupture or abscess 28 (25%) 20 (23%) 16 (22%)
In-hospital death 6 (5%) 5 (5.7%) 7 (9.7%)
Surgical treatment during acute infection 23 (21%) 20 (23%) 17 (23.6%)
Surgical treatment during convalescence 27 (24%) 15 (17%) 16 (22%)

CORRELATIONS OR (95% Cl) p
Prosthetic valve IE and score 2, 3 IE vs.  score 1 IE OR 4.9 (2.18 - 11) p=0.000
Positive cultures and score 2, 3 IE vs. score 1 IE OR 2.4 (1.4 - 4) p=0.0005
Oral Streptococci and score 1 IE vs. score 2,3 IE OR 2 (1 - 4.2) p=0.05
Staphylococcus spp. and score 2, 3 IE vs. score 1 IE OR 3.3 (1.5 - 7) p=0.001
Enterococcus spp. and score 2, 3 IE vs. score 1 IE OR 4.7 (1.5 - 16) p=0.004
Gram-negative bacteria and score 2, 3 IE  vs. score 1 IE OR 4 (1 - 17) p=0.03
MDR and score 2, 3 IE vs. score 1 IE OR 3.58 (1.3 - 10) p=0.007
Sudden onset and score 2, 3 IE vs. score 1 IE OR 2.68 (1.4 - 5) p=0.001



 Year XIII, Vol.13, Number. 1/2009      55

ORIGINAL PAPERSCarmeli score and infective endocarditis classifi cation

mortality and morbidity [7]. Nosocomial infection 
accounted for endocarditis in 22% with a mortality 
greater than 50% [2].  

In the present study we aimed to apply Car-
meli’s risk stratification (used for the manage-
ment of severe infections) in IE.  Th e statistical 
analysis of the risk factors for severe infections 
and its correlation with the resistance pattern of 
the isolated strains allowed the stratifi cation of 
severe infections in three distinct groups: score 1  
(community-acquired infections), score 2 and score 
3, most likely healthcare-related infections [3]. By 
using the Carmeli scoring system in IE we found 
just over 40% score 1 IE, most likely community-
acquired strains, susceptible to usual antibiotics. An 
important proportion of the endocarditis episodes 
has been represented by score 2 IE (32%) and score 
3 IE (27%). In the score 3 IE group fell the patients 
with invasive procedures, previous antibiotic treat-
ments or immune disorders and with increased risk 
of infection with resistant and multidrug resistant 
microorganisms. Several previous reports estimate 
the prevalence of nosocomial IE ranging between 
21.5% - 29% [4,6], a fi gure resembling closely that 
of score 3 IE. Since age over 65 is an item receiving 
two points in the Carmeli score, the median age 
was higher in the score 2 IE.  

Positive blood cultures remain the cornerstone 
of diagnosis. In the score 2 and 3 IE groups, etiol-
ogy has been more accurately identifi ed by means 
of blood or valve culture compared to group 1 
(p=0.0005). Th is was probably due to a larger in-
oculum, a more suggestive clinical picture leading 
to higher suspicion and earlier diagnosis as well 
as the carrying out of blood cultures before any 
antibiotic therapy. In this group, IE was associated 
with invasive procedures, immunosenescence or 
immunodepression and various comorbidities re-
sulting in high CFU bacteremia. Negative cultures 
arise most commonly as a consequence of prior 
antibiotic administration or infection with fastidi-
ous organisms [7].

Th e prevalence of the identifi ed microorganisms 
and the multidrug resistance were diff erent between 
score 2 or 3 IE groups and score 1 IE. As expected, 
the prevalence of oral streptococci was high in 
score 1 IE represented by community-acquired 
endocarditis with important risk of infection from 
dental foci. Staphylococcus spp., the major agent of 
nosocomial infections had a higher prevalence in 
score 3 IE (46.5%, p=0.001), our data being congru-
ent with other studies [1]. We noticed a signifi cant 

association between score 2 and 3 IE and Entero-
coccus spp. or gram-negative bacteria (p=0.004 
respectively p=0.03). Multidrug resistant strains had 
a signifi cantly higher prevalence in score 2 and 3 IE 
compared with score 1IE (21.8% respectively 25.8% 
vs. 10.7%, p=0.007). Th is was considered to be due 
to the risk factors included in the scoring system 
for these two categories: advanced age with immu-
nosenescence, severe comorbidities with immune 
disorders and invasive procedures [1,10] known 
to be associated with bacteremia (cystoscopy or 
bladder catheterization, gastrointestinal procedures, 
cardiovascular procedures, and surgical incision 
through infected skin).  

Th e sudden onset – acute cases have been much 
more frequent in score 3 IE (61%, p=0.002). As 
briefl y mentioned above, these infectious episodes 
are frequently nosocomial endocarditis produced 
either after invasive procedures or in immunode-
pressed patients. Other features concerning the 
clinical course were registered in similar proportions 
(with no signifi cant diff erences, p>0.05) in all three 
categories of IE.

Clear indications for surgical treatment are: 
failure of appropriate antimicrobial treatment, the 
presence of major complications of IE: persistent 
fever and bacteremia despite appropriate antibiotic 
treatment, acute valvular regurgitation with haemo-
dynamic decompensation, development of abscesses 
or fi stulae caused by local spread of infection, 
involvement of highly resistant to treatment mi-
croorganisms (eg. fungi, Brucella, Coxiella spp.) or 
with potential for rapid tissue destruction, cerebral 
or recurrent embolism [9, 7]. In the current analysis 
we found that an important percentage of score 1, 
2 and 3 endocarditis required surgical treatment, 
either in the early stage of the acute infection (21%, 
23%, 23.6%) or during convalescence (24%, 17%, 
22%), without any signifi cant correlation between 
these risk groups.

In our study in-hospital mortality rate did not 
diff er signifi cantly between the studied groups. 
Other researchers have noted the poor progno-
sis of IE acquired in the hospital, with mortality 
rates of 40%–56% [5]. Th e current data suggest 
the presence of other factors that impact on the 
clinical course and outcome as well as the timing 
for surgical intervention. Among these one may 
consider: underdiagnosed endocarditis, delayed 
antibiotic therapy, the characteristics of the infec-
tive agents, pharmacogenomic and immunogenetic 
characteristics of the patients.
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Conclusions
Our data show an increased proportion of score 

2 and 3 endocarditis, most likely health care-associ-
ated infections. Signifi cant diff erences are recorded 
regarding both etiology and antibiotic resistance 
pattern (essential in initiating the empiric therapy) 
in score 2 and 3 IE compared to score 1 IE. Th e 
clinical course, the need for surgical treatment as 
well as the in-hospital mortality were similar, ir-
respective of the IE stratifi cation.
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