






PREDICTORS OF COMPLICATED STAPHYLOCOCCUS A UREUS BACTEREMIA 

A RETROSPECTIVE VALIDATION STUDY 

Pramod Krishnamurthy, MD 

APPROVED: 

Committee Member 

cg{~t!~ cf &&'p 

D 



Krishnamurthy, P ., Predictors of Complicated Staphylococcus aureus Bacteremia (SAB): 

A Retrospective Validation Study. Master of Public Health (Epidemiology), April 2008, 

57 pp., 9 tables, I illustration, bibliography, 39 titles. 

SAB often has a complicated clinical course and it is important to identify those at 

risk for complications to guide management. We conducted a validation study of a 

clinical prediction tool that uses a scoring system to predict the likelihood of developing 

complicated SAB. 

Chapter I is a review of background literature and rationale for our study. Chapter II 

has sections describing the study design, methods, eligibility criteria, statistical analysis 

and a summary of the results. 

We observed significantly higher complications among patients with SAB in our 

validation study. The prediction tool is not a valid predictor of complicated SAB and we 

recommend better prediction models to accurately predict complications of SAB. 
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CHAPTER I 

BACKGROUND AND RATIONALE 

Background 

Staphylococcus aureus is a common organism causing bloodstream infection and 

often associated with a complicated course contributing to high morbidity and mortality. 

Despite the use of multiple new antibiotics, the mortality for Staphylococcus aureus 

Bacteremia (SAB) is still very high ranging from 20-40% (1). The high morbidity and 

mortality associated with SAB can be explained by the frequent complicated course that 

these patients experience. Complications often take the form of foci of 

infection/abscesses distant from the original site of infection, resulting from 

hematogenous spread of the organism and these distant infectious foci or abscesses are 

often referred to as "metastatic" complications. These abscesses cause subsequent spread 

of bacteria and seeding of the organism in different anatomic locations such as bone, 

{ spine, heart valves etc causing serious organ damage. It is very crucial to detect these 

' 
abscesses and treat them to prevent the development of recurrent bacteremia which can in 

turn cause severe sepsis and death. The risk of seeding in locations distant to the portal 

of entry and causing multiple deep seated tissue abscesses in patients with SAB ranges 

from 11-53%(2, 3). The optimal management of patients with SAB involves early 

detection of such ''metastatic" complications and their appropriate treatment. 

A clinician treating SAB should have a high index of suspicion for the occurrence of 

these complications. The management of these bloodstream infections is often dependent 

on complicated algorithms based on clinical, microbiological and radiological criteria. 
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The routine use of echocardiography in the management of SAB aimed at identifying 

endocarditis is recommended. This is based on the results of studies where endocarditis 

was not clinically suspected but found to be present in a significant number of patients 

who underwent echocardiography ( 4, 5). There have been multiple studies looking at risk 

factors for complicated SAB. Clinical factors used to predict the risk of complications 

and recurrence include the presence of a removable focus of infections such as an 

invasive line, the initial response to therapy as indicated by duration of fever and the 

presence of a deep focus of infection such as an abscess, osteomyelitis or endocarditis 

{6,7,8,9). The presence or absence of these risk factors determines the duration of therapy 

in these patients with SAB. 

Current guidelines of therapy are based on the classification of patients with SAB 

into one of three clinical categories i.e., simple, uncomplicated or complicated 

bacteremia. Simple bacteremia is defined as bacteremia due to a removable focus of 

infection such as a vascular catheter in which there is no evidence of deep seated 

infection or endocarditis by clinical and by transesophageal echocardiogram {TEE) 

performed within seven days of the onset of therapy. Uncomplicated bacteremia is 

defined as bacteremia occurring in patients with cardiac valvular abnormalities that 

predispose to endocarditis, in whom vegetations are absent when TEE is performed five 

to seven days after the onset of therapy. These patients lack signs of deep seated 

infections and have negative surveillance cultures within three days or more after starting 

antibiotic therapy. At Rochester General Hospital the standard duration of therapy for 

simple bacteremia secondary to both Methicillin Resistant Staphylococcus Aureus 
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(MRSA) and Methicillin Sensitive Staphylococcus Aureus (MSSA) involves 2 weeks of 

intravenous antibiotic therapy. Community acquisition, the presence of fever for more 

than 3 days, positivity of surveillance blood cultures drawn within 46-72 hours after 

initiation of therapy and presence of deep seated infection including endocarditis are 

factors which are associated with increased duration of therapy with intravenous 

antibiotics. This determination is based on the results of an observational cohort study of 

724 patients with SAB conducted at Duke University by Fowler et al (8) between 1994 

and 1999 (8). 

In this study, Fowler et al, studied 724 patients admitted to Duke University Medical 

Center, a tertiary care teaching center in Durham, North Carolina. They identified 

patients with SAB from January 2004 to December 2005, through reports of blood 

cultures positive for Staphylococcus aureus from the microbiology department. Using a 

standard protocol, the authors then evaluated all these patients with a standard protocol 

within 36 hours of the detection of bacteremia. Patients less than 18 years of age, with 

polymicrobial infections, and those with neutropenia were excluded. They collected 

information regarding demographic characteristics, medical history, physical examination 

findings and other co-morbidities. All patients were followed up 12 weeks after the initial 

positive blood culture for the development of the primary outcome which was 

"complicated bacteremia." "Complicated bacteremia" was defined as the presence of 

either (1) mortality attributed to SAB, (2) complicated infection present at the time of the 

initial hospitalization, (3) embolic stroke, or (4) recurrent infection within the 12-week 

follow up period. "Complicated infection at the time of initial hospitalization," was 
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defined as the presence of a site of infection remote from the primary focus caused by 

either (a) hematogenous seeding including but not limited to infectious endocarditis, 

septic arthritis, deep tissue abscesses, vertebral or sacral osteomyelitis, epidural abscesses 

or (b) extension of infection beyond the primary focus including septic thrombophlebitis 

of abscess. 

Statistical analysis in the Fowler study included the development of two 

multivariate logistic regression models (8). The first model was a "full prognostic model" 

which included about 25 different predictors based on clinical judgment and published 

literature. The authors used a backward selection method and a type I error rate of0.01, 

to detect 4 clinical variables that predicted the occurrence of"complicated bacteremia.". 

Other methods of selecting variables for prediction, such as Bayesian modeling and the 

inclusion of a priori evidence, receiver operating characteristics (ROC), and "best-subset" 

algorithms, may have yielded better predictors of"complicated bacteremia" (26, 27). 

Using a backward selection model, 4 variables were identified by the authors (8). 

These were "community acquired SAB" (OR 3.1 0; 95% CI 1.96-4.87), "skin examination 

findings suggesting the presence of acute systemic infection" (OR 2.04; 95% CI 1.30-

3.18), ''persistent fever at 72 hours after the initial positive blood culture" (OR 2.23; 95% 

CI 1.55-3.12) and ''positive follow-up blood culture result drawn at 48-96 hours after the 

initial positive blood culture" (OR 5.58; 95% CI, 3.93- 7.95). Based on the value of the 

coefficients of the identified predictors, the authors assigned scores to each of these 

variables. "Community acquisition", "skin exam findings suggestive of acute systemic 

infection" and ''persistent fever at 72 hours" had coefficients of3.10, 2.04 and 2.23 
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respectively and were assigned I point each. "Positive follow-up blood culture at 48-96 

hours" had a coefficient of 5.58 and was assigned 2 points. Cases with these four risk 

factors were scored accordingly and based on their presence or absence, a clinical 

prediction model to predict "complicated bacteremia" was developed. They found that 

when none of these risk factors (score =0) were present the rate of"complicated 

bacteremia" was as high as 16% over 12 weeks in their study population. When all of 

these risk factors were present (score= 5) the likelihood of"complicated bacteremia" was 

close to 100%. 

Traditionally community acquisition of S aureus has been associated with higher 

chances of developing a metastatic infection and thus a more prolonged course defining a 

"complicated bacteremia" ( 13 ). Patients with a community route of acquisition in the 

study were three times more likely to develop a complicated infection than those that had 

a hospital acquired disease (OR 3.1 0). A "skin exam suggestive of acute systemic 

infection" which was also identified as a risk factor for a complicated infection included 

the presence of petechiae, vasculitis, infarcts, ecchymoses or pustules~ These findings 

typically suggest the presence of peripheral dissemination of septic emboli and immune 

complexes which are pathophysiologically a result of deep seated infections thus defining 

a "complicated bacteremia". Patients with a "skin exam suggestive of a deep seated 

infection" were twice as likely to develop a "complicated bacteremia" as compared to 

those without such a skin exam (OR 2.04). Persistent fever at 72 hours after initial blood 

cultures turned positive, is suggestive of a persistent bacteremia, the presence of a focus 

of infection or immune complex manifestation of the bacteremia and has been explained 
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as being associated with a higher chance of dissemination of infection as compared to 

patients with a transient bacteremia and quicker defervescence. In this study, patients 

with persistent fever were twice as likely to develop a "complicated bacteremia" than 

patients who were not febrile at 72 hours after the initial blood culture turned positive. A 

repeat blood culture at 48- 96 hours after the initial positive blood culture, despite 

antibiotic therapy is evidence of a persistent bacteremia and has been shown to be 

associated with the occurrence of a secondary metastatic infection in patients with S 

aureus bacteremia (13). In this study, patients with a "positive follow up blood culture at 

48-96 hours" were more than five times as likely to develop a "complicated bacteremia" 

than patients without positive follow up blood cultures at 48-96 hours" (OR 5.58). 

The clinical prediction model incorporating these risk factors is used by clinicians at 

our hospitals and elsewhere to predict the risk for complicated bacteremia in patients with 

blood cultures positive for Staphylococcus aureus and hence to determine duration of 

antibiotic therapy at discharge. This however has not been validated in an independent 
•),. 

population (Level N evidence) ( 1 0). It has been internally validated in the original study 

population using a bootstrap resampling analysis and provided good discriminant ability. 

The bootstrap is a sampling method for statistical inference. It assumes the concept that 

the distribution of the statistic of interest can be approximated by estimates from repeated 

samples from an approximation to the unknown population. Using this concept, the 

model was validated in multiple different random samples of cases within the same 

database i.e. the derivation cohort and the ability of the model to accurately predict those 

with and without complicated SAB was estimated in each of these S811)ples. This 
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discriminant ability characterized by the "c" index was averaged across the different 

bootstrap random models to obtain bias corrected c index. 

As mentioned earlier, multiple different predictors for "complicated SAB" have 

been identified in different studies. Community acquisition of the organism has been 

~j;. identified as an independent predictor for the development of metastatic infectious 

complications. In a retrospective study done by Lautenschlager et al., (12) metastatic 

infectious complications and thus complicated bacteremia was more commonly 

associated with community acquisition than hospital acquisition. In another study done 

by Lesens et al (13), looking at risk factors for metastatic infection in patients with 

Staphylococcus aureus bacteremia with and without endocarditis, a community acquired 

SAB was found to be an independent predictor of a metastatic infection without 

endocarditis with an OR 4.2, 95% CI: (1.4- 12.3). This has also been found in multiple 

other studies done by different authors (14, 15, and 16). 

Persistent bacteremia has been found to be an independent risk factor for mortality 

in multiple different studies. In a study done by Chower et al (17) the authors assessed 

the clinical significance of persistent bacteremia in 299 episodes ofbacteremia and found 

that persistent bacteremia in cultures drawn on two different calendar days to be an 

independent predictor of mortality with an OR of 1.7 (1.2-2.4). In another multi-center 

study in France done by Lesens et al.(l8), the investigators sought to assess the 

prognostic value of persistent S aureus bacteremia and found that it was significantly 

associated with an increased frequency of metastatic complications (p<O.OOI). These 

findings are further supported by observations ofRaad II et al.(l9), when they found that 
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persistent fever and/or bacteremia for greater than 3 days was associated with an 

increased occurrence of early complicated SAB requiring prolonged therapy in cases of 

catheter related SAB. 

Other identified risk factors for complicated SAB include APACHE II scores, a 

nonspecific illness severity indicator (20), presence of an intravascular device (21 ), the 

absence of an identifiable focus of infection ( 12, 14 ), and hemodialysis among patients 

with catheter related SAB (22). 

Despite the identification of multiple independent risk factors which have been 

associated with complicated SAB (metastatic infection or mortality) only one study (8) 

has incorporated these risk factors into a prediction tool which may be used to identify 

those as risk for complicated SAB. Identification of these patients would indicate longer 

courses of antibiotic treatment thus affecting outcomes and overall prognosis. In this 

study we will assess the validity of the existing prediction model among patients admitted 

with SAB at Rochester General Hospital in Rochester, New York. 

Rationale 

Although multiple studies in the past have identified risk factors that predict 

complicated courses in their patient populations with Staphylococcus aureus bacteremia, 

only one study has incorporated these risk factors into a clinical prediction tool that can 

be used by clinicians in their care for patients with Staphylococcus aureus bacteremia. 

This study was published in 2003 by Fowler et al. (8), who prospectively studied 724 

cases of Staphylococcus aureus bacteremia at Duke University Medical Center and 

devised a clinical prediction tool that can be easily applied in clinical practice. Although 
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used by many clinicians, this tool has not been validated in an independent patient 

population. 

According to McGinn et al., ( 1 0) there are many reasons why clinical decision rules 

are not ready for clinical use unless validated appropriately. He states that there could be 

associations between predictors and outcomes entirely due to chance. There might also be 

associations idiosyncratic to the population in which the rule is derived and might not 

exist in other populations thus limiting the applicability of the rule in practice ( 1 0). 

Statistical methods such as bootstrapping deal with the first of the two problems, i.e. that 

of chance. As described above the authors did a bootstrap to overcome the role of chance 

but this still does not deal with the second problem of finding associations idiosyncratic 

to the derivation cohort. Ideally, to overcome this problem, clinical prediction models 

should be validated in an independent population prior to being applied in clinical 

practice. 

In this study we validated the prediction rule derived by Fowler et al. (8), and 

estimated the accuracy of the tool in predicting complications in patients with different 

combinations of risk factors. We used an existing database of patient information at 

Rochester General Hospital, Rochester, New York for this purpose. 
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CHAPTER II 

MANUSCRIPT 

Introduction 

Identifying patients with Staphylococcus aureus bacteremia who are at risk for the 

development of complications is imperative to its appropriate management. Management 

of patients with SAB not only includes treatment with prolonged courses of antibiotics 

but also extensive investigatory and diagnostic measures aimed at identifying sites of 

"metastatic" abscesses. If such abscesses are found, treatment may include aggressive 

and major surgical intervention in addition to antibiotic therapy to optimize clinical 

outcomes. Over 80% of patients with untreated SAB die (29) and despite current 

available therapy, mortality is still considerably high and ranges from 20 to 40% (1 ). 

Such high mortality observed in these cases may be directly due to sepsis with resulting 

shock and other significant contributors including acute renal failure, disseminated 

intravascular coagulation often referred to as DIC, acute respiratory distress syndrome 

(ARDS), endocarditis leading to valvular dysfunction (18). 

Fowler et al (8) prospectively studied 724 patients with SAB admitted to Duke 

University between September 1994 and December 1999. All patients were assessed for 

multiple risk factors and then followed up for a period of 12 weeks after .the initial 

positive blood culture to ascertain the development of any one of four pre-decided 

outcomes i.e. attributable mortality, embolic stroke, complicated infection at the time of 

presentation and recurrent bacteremia at 12 weeks after the initial blood culture. These 

patients were evaluated initially at presentation for the presence of multiple clinical risk 
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factors. On multivariate regression modeling, 4 risk factors were found to be significant 

predictors of a complicated SAB; "community acquisition", "persistent fever at 72 hours 

after the initial positive blood culture", "skin exam findings suggestive of an acute 

systemic infection" and "persistent positive follow up blood cultures at 48-96 hours after 

the initial blood culture". The first three had estimated measures of association of OR of 

3.08, 2.0, and 1.80 respectively. A persistently positive follow-up blood culture was 

strongly predictive of a "complicated SAB" with an OR of 4.94 (95% CI; 3.3 7-7 .25). 

On review of the results obtained by Fowler et al (8) it can be noted that patients 

with a SAB score of 0 i.e. absence of all risk factors, still had a 16% chance of 

developing a "complicated SAB". Patients with one risk factor (SAB score of 1) had a 

30% chance of a "complicated SAB", and with progressive increase in the SAB score the 

chances of a "complicated SAB" rose higher (SAB score of 5 had almost a 100% chance 

of developing a "complicated SAB"). 

This prediction tool was validated internally using a bootstrap analysis which 

provided good discriminant function. However it has not been validated externally and 

provides level IV evidence (10), limiting its applicability. The relationship between 

variables and outcomes idiosyncratic to the study population being studied are not dealt 

with by bootstrapping. We decided to validate this clinical prediction tool in an 

independent study population; a retrospective patient database gathered from medical 

records of patients with SAB admitted to Rochester General Hospital, Rochester, NY 

from January 2004 to December 2005. 
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Methods 

Study Design 

We conducted a retrospective validation study of an existing clinical prediction tool 

using an existing dataset of information of patients admitted with SAB to Rochester 

General Hospital (RGH). 

Population 

The dataset which we analyzed consisted of a random sample of adult patients 

hospitalized at RGH with SAB from January 2004 to December 2005, caused by both 

Methicillin Sensitive (MSSA) and Methicillin Resistant (MRSA) Staphylococcus aureus. 

RGH is a 600-bed tertiary care community hospital in Rochester, New York which serves 

a large proportion of citizens residing in Monroe County in New York State and 

frequently patients residing in neighboring counties as well. According to the 2000 

census the population of Monroe County is approximately 735,343, with 79% being 

White, 14% African American, and 2.4% from other races. The per capita income was 

$22,821. Patients who fulfilled the following eligibility criteria were included in the data 

set to be analyzed. 

Inclusion criteria -

a) All patients with at least one blood culture positive for either MSSA or MRSA, 

admitted to RGH from January 2004 to December 2005. 

b) Patient must have been alive at the time of positivity of the blood culture 

c) No positive blood culture for Staphylococcus aureus within the 12 weeks prior to the 

index positive blood culture 
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Exclusion criteria -

a) Polymicrobial infection 

b) Age younger than 18 years (30, 31, 32) 

c) Neutropenia at the time of infection (33, 34, 35, 36, 37, 38) 

The original dataset was collected by the owners with approval from the IRB at RGH and 

we obtained written permission to use this database for our analysis (Appendix 5). 

Eligible patients were identified from the microbiology database at RGH. Of these 

patients, a random sample was selected based on estimates from statistical sample size 

calculations. Electronic medical record system (Clinical Care System- CCS) and paper 

records were reviewed to extract the data. Data collected included age, gender, race, 

dates ofhospitalization and discharge, dates and sites of blood culture collection and 

dates the cultures returned positive. Information regarding predictive factors and 

eligibility criteria such as age, previous positive blood culture within 12 weeks, white cell 

count and results of index blood culture were obtained either from CCS or extensive 

medical record review. Information regarding follow-up blood cultures was extracted for 

a period of 12 weeks. Vital signs at the time of admission- fever {T >38C), heart rate, 

blood pressure, cardiac murmurs, "skin findings suggestive of an acute systemic 

infection" (Appendix 3) and routine laboratory data including total white cell count with 

a differential, and arterial blood gas analysis results if done, were extracted. Further, the 

database contained information on the development of the outcomes of interest i.e. 

"embolic stroke", "the presence of a complicated infection at the time of presentation" 

(Appendix 3), the recurrence ofSAB bacteremia within 12 weeks of the index bacteremia 
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and mortality within 12 weeks after the index culture. Mortality data was obtained for 

100% of patients enrolled. Other data was missing about 35-50% of the time. Data was 

entered onto a data collection form specifically designed for this study (Appendix 2). To 

ascertain out ofhospital mortality during the 12-week period of follow up, the Social 

Security Death Index public database was used. Such data was de-identified and all 

possible patient identifiers were destroyed i.e. (Appendix I). A complicated SAB was 

defined as the presence of any one of the following criteria: complicated infection at 

initial presentation, 12 week mortality, recurrent SABat 12 weeks or embolic stroke. 

Patients with more than one criteria for complicated SAB were considered only once as a 

complicated SAB. 

Statistical Analysis 

Descriptive statistics were used to assess the population characteristics. We report 

means with standard deviations for age and "total white cell count". Categorical variables 

such as gender, race, baseline characteristics of health status including diabetes, HIV 

status, renal disease etc are reported in terms of the number and percentage of patients 

affected. The number of patients with different scores is reported in terms of percentages 

of total. For each patient, the SAB score was calculated by summing the scores for the 

variables identified by Fowler et al (8). Patients got 1 point for "community acquired 

SAB", "skin examination findings suggesting the presence of acute systemic infection", 

and "persistent fever at 72 hours" and 2 points for ''positive follow-up blood culture 

result at 48-96 hours" for a maximum score of 5 points. For each patient, we determined 

if they reached any of the pre-specified outcomes ;"attributable mortality'', "complicated 
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infection at the time of hospitalization", "embolic stroke" or "recurrent SAB infection 

within a twelve week follow-up period". If a patient met the criteria for any of these 

outcomes, he/she was considered positive for a complicated SAB. If a patient did not 

meet criteria for any of the outcomes, he/she was considered negative for a complicated 

SAB. 

We calculated sensitivities and specificities for all values of the SAB score (39). 

Table 3 is a two by two table depicting positives and negatives both true and false for 

each value of the SAB score. To calculate operating characteristics for the different 

categories of a SAB score, we used a cumulative method of categorizing patients who 

were positive on the test. While calculating operating characteristics for the four different 

SAB scores, subjects that were positive on the test and outcome under categories of the 

scores less than the one of interest were considered as negatives. For example, for the 

calculations of indices for a SAB score of2, only subjects with a score of2 and above i.e. 

2, 3 and 4 were considered as positives and patients with a score less than 2 i.e. score of 1 

and 0 were negative. Similarly to calculate the indices for a SAB score of3, patients with 

a score of 3 and 4 were considered positive and those with a score of 0, 1 and 2 were 

considered negatives. Thus our categories of SAB score included : (i) score 5 alone, (ii) 

scores 5 and 4 together, (iii) scores 5, 4 and 3 together, (iv) scores 5, 4, 3, and 2 together, 

(v) scores 5, 4, 3, 2 and 1 together and (vi) score 0. We further calculated positive (PPV) 

and negative (NPV) predictive values for all the categories of SAB scores. We identified 

a subset of patients who had complete predictor information available and performed 

similar analyses on this subset. Complicated infection at the time of hospitalization was 
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excluded as one of the outcomes to obtain a modified complicated SAB which was 

defined as the presence of any one of the following; recurrent SAB, embolic stroke or 

mortality at 12 weeks. Using this modified complicated SAB as the outcome we 

calculated sensitivity and specificity for all values of the SAB score. 

Sample Size and Power Calculation 

We used a rule of thumb (23) commonly adopted in prognostic clinical 

epidemiology which dictates that 10 outcome events are required for every independent 

variable included in a multivariate logistic model. Based on an observed prevalence of 

40% of complicated bacteremia in previous studies (12) among patients with 

Staphylococcus aureus bacteremia (SAB), we needed 100 patients in our study. Since we 

would still need 1 0 patients per variable included in the model, the total sample size 

required would vary depending on the outcome rate i.e. if instead of 40%, the outcome 

rate was 60%, we would need a total of 68 patients and if the outcome rate was 20% we 

would need a total of200 patients in our study. 

Results 

We analyzed a database of 100 patients with SAB admitted to RGH from January 

2004 to December 2005. Demographic and clinical characteristics for these patients are 

presented in Table 1. The mean patient age was 66.8 years. 78% were white and 60% 

were male (Table 1 ). 38% of patients were diabetic and 15% were dialysis dependent. 

About a third of our patients (31 %) had some kind of prosthetic device. 19% had an 

orthopedic device and 12 had a cardiac device (pacemaker, implantable cardioverter 
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defibrillator -lCD, prosthetic valve or ring). Other clinical characteristics are described in 

Table I. 

Data on two predictors "persistent fever at 72 hours" and "community acquired 

SAB" was available in all patients. 66% of patients had information regarding skin 

examination, and 44 % of patients had blood cultures drawn between 48 and 96 hours 

(table 5). Among the 4 predictors of interest, persistent fever at 72 hours was the most 

common and was seen in 3I% of the patients. 16% of patients had community acquired 

SAB, I 0% had persistent bacteremia at 48-96 hours and 9% had a skin exam consistent 

with an acute systemic infection. There were no patients with a SAB score of 5. 

62% had the outcome of interest i.e. complicated SAB. Table 2 lists the diagnoses of 

patients with complicated SAB. A complicated infection at the time of presentation was 

seen in 40% of patients and was the most common type of complicated SAB. I2 week 

mortality was 30%. 36% of the study subjects had blood cultures drawn within I2 weeks 

after index positive blood culture and 9% of patients had a recurrent SAB. Only 2% had a 

known embolic stroke. 

Table 4 shows the operating characteristics for the four different SAB score 

categories. From table 4 it is evident that as the score increases, the sensitivity decreases 

and the specificity increases. The sensitivity for using SAB score I only was 48.3% and 

the corresponding specificity was 47.3%. The positive and negative predictive values for 

a SAB score of I were 60% and 36% respectively. The sensitivity for a SAB score of 4 

was 4.8% and the specificity was I 00%. All patients who had a score of3 and 4 had a 
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complicated SAB (positive predictive value of 100%). There were no patients with a 

score of5. 

Table l : Demo,.aphic and Clinical Characteristics 

Characteristic No. of subjects* 
Age, y 66.88 ± 18.9 ** 
Race 

White 78 
Black 17 
Other 4 

Male 60 
Hospital service 

Medical 70 
Surgical 30 

Route of acquisition 
Community 16 
Health care associated 43 
Hospital 41 

HIV positive 0 
Injection drug use 4 
Dialysis-dependent patient 15 
Diabetes mellitus 38 
Corticosteroid use 15 
Prosthetic devices 31 

Orthopedic 19 
Cardiac 12 

Persistent fever at 72 h 31 
Clinical evidence of central nervous system involvement 47 
Persistent SAB between 48-96 hours 10 
Septic shock (systolic blood pressure < 90 mm Hg) 32 
Skin examination f"mdings suggesting the presence of acute 
systemic infection 9 
Clinical evidence of embolic/autoimmune event 26 

Diastolic or new murmur 3 

Methicillin-resistant S aureus 60 

Presumed source of infection 
Intravascular device 32 

Skin 29 

Surgery 3 

No identifiable source 36 
• Actual number of subjects and percentages are same as total number of patlents ts 100 

•• Standard deviation 18.9 
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Table 2: Outcomes of 100 patients with Staphylococcus aureus bacteremia (SAB) 

Outcomes No. in%* 
Complicated SAB** 62 

Complicated infection at initial presentation 40 
Endocarditis 9 
Septic arthritis 9 
Deep tissue abscesses 6 
Pneumonia 3 
Spinal Osteomyelitis 3 
Surgical site infections 3 
Pericarditis 2 
Peritonitis 2 
Meningitis 2 
Psoas abscess 1 

12 week mortality 30 
Recurrent SAB at 12 weeks 9 
Embolic stroke 2 

Uncomplicated SAB 38 
• Actual number of subjects and percentages are same as total number of patients 1s 100 
••complicated bacteremia defmed as the presence of any one of the following criteria: complicated 
infection at initial presentation, 12 week mortality, recurrent SAB at 12 weeks or embolic stroke. Patients 
with more than one criteria considered only once as a complicated SAB. The total number may exceed 100 
as patients may have had more than one complication. 
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Table 3: Two by two table showing distribution of patients by SAB score value 

Complicated SAB* 

Present Absent 

Prediction rule** Positive 30; 20; 

SAB score>~ A= AI +A2+A3+A4+A5 B=Bl+B2+B3+B4+B5 

SAB Score 1 18; AI 17; Bl 

SAB Score2 5;A2 3; B2 

SAB score 3 4; A3 0; B3 

SAB score4 3;A4 0; B4 

SAB score 5 0; AS O;B5 

SAB scoreO 32;C 18; D 

Negative 

Total 62 (A+C) 38 (D+B) 

*Outcome is a "complicated SAB" in the study populabon i.e. data set 
•• Prediction rule is the original rule as devised by Fowler et al. A 'positive' prediction rule is a case in 
which there were one or more risk factors of interest and a 'negative' prediction rule is a case in which 
there were no risk factors of interest. 
-,]A SAB score was obtained as the sum of points assigned for the risk factors present for each subject i.e., 1 
point each for the presence of "community-acquired SAB", ''persistent fever at 72 hours", "skin exam 
suggestive of acute systemic infection" and 2 points for "persistent SAB between 48 and 96 hours" 
Sensitivity= AI A+C; Specificity= DIB+D; 
Positive Predictive Value (PPV) = A/A+B; Negative Predictive Value (NPV) = D/C+D 
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Table 4: Operating Characteristics for each category of SAB score 

Sensitivity Specificity PPV* NPV** 

(Sn) (Sp) 

SAB score 1 

(Using SAB Score 1,2,3,4&5) 48.3% 47.3% 60% 36% 

SAB score 2 

(Using SAB Score 2, 3,4&5) 19.3% 92.1% 80% 41.1% 

SAB score 3 

(Using SAB Score 3,4&5) 11.2% 100% 100% 40.8% 

SAB score 4 

(Using SAB Score 4 and 5) 4.8% 100% 100% 39.1% 

SAB score 5 

(Using SAB Score 5 alone) NA NA NA NA 
.. 

*Positive predictive value; •• Negative predictive value 
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Discussion 

Staphylococcus aureus is a common organism causing bacteremia and is associated 

with 20 - 40% mortality (1 ). Despite multiple antibiotics and prolonged courses of 

treatment the prevalence of complications in patients with SAB remains as high as 40% 

(12). Complicated SAB mandates prolonged antibiotic therapy for at least 4-6 weeks and 

longer in certain situations depending on the nature and site of "metastatic" 

complications. Thus it is important to identify patients at risk for developing 

complications from SAB. The clinical prediction tool derived by Fowler et al. (8) 

incorporates four previously identified clinical predictors of complicated SAB. In this 

study we attempted to validate the clinical prediction tool derived by Fowler et al. (8). 

In the original study by Fowler et al. (8), patients with none of the predictors of 

interest (SAB score ofO), had a complication rate of about 16% over 12 weeks. In our 

study, patients with none of the predictors (SAB score of 0) had a complication rate of 

64% over 12 weeks. This is significantly different from what was observed in the 

derivation study. There may be many reasons to explain this. Firstly, our patient 

population was older with a mean age of 67 years as compared to the mean age of 

patients in the derivation study which was 58 years. Age in itself is an independent 

predictor for mortality related to SAB (28). In a study done by Lesens et al (28), age was 

found to be a significant risk factor for mortality from SAB. Patients in this study were 

found to have an increased risk for mortality of about 4% for every year increase in age 

(OR 1.04; CI 1.009 -1.07). In another study done by Mylotte et al. (25), patients older 

than 65 years of age had a two fold increased risk of mortality (OR 2.0; p 0.04) compared 
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to patients younger than 65 years. The added risk of mortality observed in our patients 

can be explained by factors other than age. Patients in our validation cohort had a higher 

percentage of prosthetic device use (31%) compared to what was observed in the 

derivation cohort ( 13% ). The presence of a prosthetic device significantly increases the 

possibility of developing a complicated outcome (9, 21 ). In the study by Mylotte et al 

(25) diabetes was also found to be an independent risk factor for mortality among patients 

with SAB (OR 2.4, p=O.l4). 38% of our patients were diabetic as compared to 31% of 

diabetic patients in Fowlers study. Another observation in the study done by Mylotte et al 

(25) was that patients with a respiratory source of infection were found to have a greatly 

increased risk of mortality (OR 5.8; p=0.0007). Among patients with a "complicated 

infection at presentation" 7.5% had pneumonia in our study, as compared to 1.5% in 

Fowler's study (8). It might be interesting to note here that one of our three patients with 

pneumonia died. Among the other differences were disparities in racial distribution. Our 

patient population were 78% Caucasian, 17% Black and although patients in Fowlers' 

study were only 56% White and 40 % Black, we believe our cohort is more closely 

representative of the overall national racial distribution of74% White and 12% Black. 

These differences in host characteristics between the two cohorts and difference in their 

risk factors for complicated SAB can explain the higher occurrence of complications 

observed in our cohort. 

As can be seen in Table 4, the sensitivity for a SAB score of 1 was 48.3% and 

decreased with an increase in the SAB score as the cut point. This was the highest 

sensitivity that was observed among the different categories of the SAB score. With such 
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a low calculated sensitivity, it can be deduced that the use of the SAB score to rule out 

the possibility of a complicated SAB in this cohort would not be recommended. The 

sensitivity decreases further with an increase in the SAB score (sensitivity for SAB score 

of2 is 19.3%), reflecting that when patients had more than one predictive factor, the false 

negative rate was as high as 80%. Consequently, the negative predictive value for a SAB 

score of2 remained low (41%). With a SAB score of 4 the sensitivity is very low at 4.8% 

and the false negative rate is about 95%. A score of 4 had a negative predictive value of 

only39%. 

It can be observed that the specificity for a SAB score of 1 was 47.3% and increased 

to 92% for a score of 2. It would be reasonable to conclude that in the presence of more 

than one candidate predictor variable, there was at least a 90% chance of having a 

complicated bacteremia i.e. a specificity of92%. When patients had a score of3 or 4, 

their chance of developing a "complicated SAB" was 100%. Although this is an 

interesting observation and alerts the clinician of the high possibility of developing a 

complicated SAB, it does not add much to what was already known from prior studies. 

One of the major utilities of this prediction rule in patient care is to identify a cohort of 

patients that are at low risk of developing complicated SAB, thus potentially limiting 

their treatment to shorter antibiotic courses and minimizing their diagnostic workup. 

From the results of the original study done by Fowler et al. it can be noted that patients 

with 2 or more points on the prediction rule had a 40% chance of developing a 

complicated bacteremia. This is a significantly high likelihood of developing a 

complicated SAB and would warrant a prolonged course of therapy and further 
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diagnostic and therapeutic measures. In our study even patients with none of the 

candidate predictors (SAB score 0) had a high lieklihood of complications (64%). From 

the observations in our cohort of patients one can reasonably argue that all patients with 

SAB are at very high risk of developing complications and warrant detailed diagnostic 

workups and prolonged courses of therapy. However, such prolonged antibiotic therapy 

and diagnostic workups are not simple enough to be instituted in all patients with SAB. 

Also, our patients as described earlier were different in many ways from those studied in 

Fowlers' study (8). It maybe appropriate at this point to suggest that patients with SAB 

are at very high risks of developing complicated outcomes and the likelihood of these 

complications depend on the population being studied. 

The authors in the derivation study used complicated infection present during the 

initial hospitalization as an outcome. We can argue that if at initial presentation a patient 

already had a complicated infection, using a prediction rule to identify patients at risk of 

complications does not have any clinical utility. Hence, in a sub analysis we modified our 

outcome by excluding "complicated at infection at presentation" as one of the outcomes 

to obtain a "modified complicated SAB". This "modified complicated SAB" was defined 

as the presence of any one of the following outcomes; ''mortality at 12 weeks", "embolic 

stroke" or ''recurrent SABat 12 weeks." 35% patients had a "modified complicated 

SAB" and table 5 shows the distribution of this outcome among patients with all values 

of the SAB score. Table 6 shows sensitivity and specificity for all values of the SAB 

score with ''modified complicated SAB" as the outcome. Using a ''modified complicated 

SAB" as the outcome of interest, a SAB score of 1 has a low sensitivity of 45.7% and the 
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sensitivity for higher scores decrease further. A SAB score of 1 had a negative predictive 

value of 62%. From the table it can be noted that these indices are not useful clinically to 

rule out a "modified complicated SAB" in patients with any combination of risk factors. 

Table 5: Two by two table showing distribution of patients by SAB score value 

using a "modified complicated SAB"* as an outcome 

Modified Complicated SAB* 

Present Absent 

Prediction rule** Positive 16;A 34;B 

SAB score >o,]" A=Al+A2+A3+A4+A5 B=Bl+82+83+B4+B5 

SAB Score 1 10; AI 25; 81 

SA8 Score 2 3;A2 5;82 

SA8 score 3 2; A3 2;83 

SAB score4 1; A4 2;84 

SAB score 5 0; AS 0; 85 

SAB score 0 19; c 31; D 

Negative 

Total 35(A+C) 65(D+B) 

. . * Outcome ts a "modtfied comphcated SAB" m the study populat10n 1.e. data set m which a poslttve 
outcome had one of the following present; "embolic stroke", "mortality at 12 weeks" or "recurrent SAB" 
•• Prediction rule is the original predictor rule as derived by Fowler et al (8). A 'positive' prediction rule is 
a case in which there were one or more risk factors of interest and a 'negative' prediction rule is a case in 
which there were no risk factors of interest. 
,A SAB score was obtained as the sum of points assigned for the risk factors present for each subject i.e., 1 
point each for the presence of "community-acquired SAB", "persistent fever at 72 hours", "skin exam 
suggestive of acute systemic infection" and 2 points for "persistent SAB between 48 and 96 hours" 
Sensitivity= AIA+C; Specificity= D/B+D; 
Positive Predictive Value (PPV) = A/A+B; Negative Predictive Value (NPV) = D/C+D 
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Table 6: Operating Characteristics for each category of SAD score 

(Modified complicated SAB~ 

Sensitivity Specificity PPV* NPV** 

(Sn) (Sp) 

SAB score 1 45.7% 47.6% 32% 62% 

(Using SAB Score 1, 2, 3 & 4) 

SAB score 2 17% 86% 40% 65.8% 

(Using SAB Score 2, 3 and 4) 

SAB score 3 9.3% 93.8% 42.8% 65.6% 

(Using SAB Score 3 and 4) 

SAB score 4 2.8% 96.9% 33.3% 64.9% 

(Using SAB Score 4 and 5) 

SAB score 5 NA NA NA NA 

(Using SAB Score 5 alone) 

~Modified complicated SAB had one of the following present; "embolic stroke", "mortality at 12 weeks" 
or "recurrent SAB"; "Complicated infection at presentation" was excluded as one of the outcomes in the 
modified complicated SAB 
*Positive predictive value; •• Negative predictive value 

Our study has many limitations. The retrospective nature of data collection 

introduces a misclassification bias in our results. Our follow up for complications were 

limited to patients who were readmitted to RGH as the database contained information 

from RGH only. Follow up for 12-week mortality data was 100% since it was obtained 

from the Social Security Death Index. We believe that since patients treated at RGH 

usually return to the same hospital for further follow up, it is unlikely that a significant 

number of these patients would have developed complications at different hospitals. 

However it is still possible that a small number of such outcomes were missed and our 

study does not allow for follow up of such patients. However, this would underestimate 

27 



our observed number of outcomes. If we were to observe any more outcomes, the 

proportion of complicated SAB in our cohort would increase further than what we see 

now. Hence we believe that although this might be a limiting factor, it does not affect our 

conclusions. We used an existing database for our study. This database was collected by a 

single investigator and introduces the possibility of interobserver variability. Given the 

retrospective nature of the data collection, we were unable to perform a reliability study 

to obtain kappa values to quantify this interobserver variability. This might limit the 

reliability of the database and interpretation of results. We applied the same exclusion 

criteria as used by Fowler et al (8) and hence the prediction tool is not applicable for 

patients less than 18 years of age and among patients with neutropenia or polymicrobial 

bacteremia. Fowler et al. used "attributable mortality'', attributed to SAB as one of their 

outcomes. In our study, we used all cause mortality at 12 weeks as the outcome criteria. It 

is possible that we overestimated the "attributable mortality" (30%) in this study, 

however our occurrence of mortality is comparable to that described in the literature (1 ). 

Owing to the retrospective nature of the database used, risk factor information for 

each patient was limited to what was available on chart review. Table 9lists the 

percentage of patients in the database who had all data available on the risk factors of 

interest. Only 44% of patients had follow up blood cultures drawn and 66% of patients 

had documentation of a skin exam. It is possible that since we did not have predictor 

information on all patients, the number of cases with positive predictors may be 

underestimated. Table 8 shows operating characteristics for all values of the SAB score 

using a dataset of patients that had data on all 4 predictors. When predictor information 
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was available for all patients, the sensitivity for a SAB score of 1 was 78.2% as compared 

to 48.3% (table 4) in the entire dataset. Also, 41.6% of patients with a SAB score ofO had 

"complicated SAB" (graph 1) as compared to 64% of patients with a SAB score ofO in 

the entire cohort (table 3). Using a subset of patients with all predictor information 

available for analysis yielded the highest sensitivity for a SAB score of 1 (78.2%). Using 

this tool to predict complicated SAB would yield 20% false negatives, which is not 

clinically acceptable given the high mortality of complicated SAB. In this group, the 

likelihood of developing a complicated SAB was 1 00% if patients had a SAB score of 3 . 

or higher. 

Figure 1: Likelihood of"complicated SAB" among patients with different SAB scores 
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Table 7: Two by two table showing distribution of patients by SAB score value 

(using only cases with aU predictor information available) 

Complicated SAB* 

Present Absent 

Prediction rule** Positive 18;A S;B 

SAB score >o,j A=Al+A2+A3+A4+A5 B=Bl+B2+B3+B4+B5 

SAB Score 1 8; Al 4;Bl 

SAB Score 2 3;A2 1; B2 

SAB score 3 4;A3 O;B3 

SAB score 4 3; A4 0; B4 

SAB score 5 0; AS 0; B5 

SAB score 0 S;C 7;D 

Negative 

Total 23(A+C) 12(D+B) 

* Outcome IS a "complicated SAB" m the study population I.e. data set 
•• Prediction rule is the original rule as devised by Fowler et al. A 'positive' prediction rule is a case in 
which there were one or more risk factors of interest and a 'negative' prediction rule is a case in which 
there were no risk factors of interest. 
~ SAB score was obtained as the sum of points assigned for the risk factors present for each subject i.e., 1 
point each for the presence of "community-acquired SAB", "persistent fever at 72 hours", "skin exam 
suggestive of acute systemic infection" and 2 points for "persistent SAB between 48 and 96 hours" 
Sensitivity= A/ A+C; Specificity= D/B+D; 
Positive Predictive Value (PPV) = A/A+B; Negative Predictive Value (NPV) = D/C+D 
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Table 8: Operating Characteristics for each category of SAB score 

(using only cases with all predictor data available) 

Sensitivity Specificity PPV* NPV** 

(Sn) (Sp) 

SAB score 1 78.2% 58.3% 78.2% 58.3% 

(Using SAB Score 1, 2, 3 & 4) 

SAB score2 43.4% 91.6% 90.9% 47.8% 

(Using SAB Score 2, 3 and 4) 

SAB score 3 30.4% 100% 100% 42.8% 

(Using SAB Score 3 and 4) 

SAB score 4 13% 100% 100% 37.5% 

(Using SAB Score 4 and 5) 

SAB score 5 NA NA NA NA 

(Using SAB score 5 alone) 
.. . . 

*Positive predtctive value; •• Negative predtcnve value 

Table 9: Distribution of predictor information in available dataset 

Predictor of interest Number of cases with 
predictor information available* 

Community acquisition 100 

Persistent fever at 72 hours 100 

Skin exam suggestive of acute systemic infection 66 

Persistent SAB between 48-96 hours 44 

• Percentage and number of cases are same as total number of cases was 100 
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Conclusion and Recommendations 

Our hypothesis is that the true likelihood of complications in patients with SAB with 

no risk factors i.e. a SAB score of 0 is in the range of 16% as observed in the original 

derivation study done by Fowler et al. (8). We observed a much higher chance of 

complicated SAB (64%) among patients with no risk factors (SAB score 0). Among 

patients with all available predictor information, 42% of subjects with a SAB score of 0 

had a complicated SAB. 

Our results suggest that the clinical prediction tool derived by Fowler et al. is not a 

valid predictor for complicated Staphylococcus aureus bacteremia. A prediction model 

that accurately predicts complications of SAB in the future rather than in the present 

would have more clinical utility. 

32 



REFERENCES and BIBLIOGRAPHY 

I. Mylotte, JM, McDermott, C, Spooner, J. A Prospective study of 114 consecutive 

episodes of Staphylococcus aureus bacteremia. Rev Infect Dis 1987; 9:891. 

2. Lowy, FD. Staphylococcus aureus infections. N Engl J Med 1998; 339:520. 

3. Fowler, VG Jr, Justice, A, Moore, C, et al. Risk factors for hematogenous 

complications of intravascular catheter-associated Staphylococcus aureus 

bacteremia. Clin Infect Dis 2005; 40:695. 

4. Fowler, VGJ, Sanders, LL, Kong, LK, et al. Infective endocarditis due to 

Staphylococcus aureus: 59 prospectively identified cases with follow-up. Clin 

Infect Dis 1999; 28:106. 

5. Roder, BL, Wandall, DA, Frimodt-Moller, N, et al. Clinical features of 

Staphylococcus aureus endocarditis: A 1 0-year experience in Denmark. Arch 

Intern Med 1999; 159:462. 

6. Hartstein, AI, Mulligan, ME, Morthland, VH, Kwok, RY. Recurrent 

Staphylococcus aureus bacteremia. J Clin Microbiol 1992; 30:670. 

7. Fowler, VGJ, Kong, LK, Corey, GR, et al. Recurrent Staphylococcus aureus 

bacteremia: Pulsed-field gel electrophoresis findings in 29 patients. J Infect Dis 

1999; 179:1157. 

8. Fowler, VG Jr, Olsen, MK, Corey, GR, et al. Clinical identifiers of complicated 

Staphylococcus aureus bacteremia. Arch Intern Med 2003; 163:2066. 

33 



9. Watanakunakom, C. Increasing importance of intravascular device-associated 

Staphylococcus aureus endocarditis [editorial; comment]. Clin Infect Dis 1999; 

28:115. 

10. McGinn, TG, Guyatt, GH, Wyer, PC, Naylor, CD, Stiell, IG, Richardson, WS. 

Users' Guides to the Medical Literature; XXII: How to Use Articles About 

Clinical Decision Rules. JAMA.(2000;284(1):79-84) 

11. Kerlikowske, K, Grady, D, Barclay, J, Sickles, EA, Ernster, V. Likelihood Ratios 

for Modem Screening Mammography: Risk of Breast Cancer Based on Age and 

Mammographic Interpretation. JAMA.1996; 276(1):39-43. 

12. Lautenschalger, S, Herzog, C, Zimmerli, W. Course and outcome of bacteremia 

due to Staphylococcus aureus: Evaluation of different case definitions. Clin Infect 

Dis 1993; 16:567 

13. Lesens, 0, Hansmann, Y, Storck, D, Christmann, D. Risk factors for metastatic 

infection in patients with Staphylococcus aureus bacteremia with and without 

endocarditis. Eur J Int Med 2003;14:227-231 

14. Nolan, CM, Beaty HN, Staphylococcus aureus bacteremia. Am J Med 

1976;60:495-500 

15. Bayer, AS, Lam, K, Ginzton, L, Norman, DC, Chiu CY, Ward, JI. Clinical, 

serologic, and echocardiographic findings in patients with and without 

endocarditis. Arch Intern Med 1987;147:457-62. 

16. Mirimanoff, RO, Glauser, MR. Endocarditis during Staphylococcus aureus 

septicemia in a population of non-drug addicts. Arch Intern Med 1982; 142:1311-3 

34 



17. Chowers, MY, Gottesman, B, Paul, M, Weinberger, M, Pitlik, S, Leibovici, L. 

Persistent Bacteremia in the Absence of Defined Intravascular Foci: Clinical 

Significance and Risk Factors. Eur J Clin Microbiollnfect Dis 2003;22:592-596 

18. Lesens, 0, Hansmann, Y, Brannigan, E, Remy, V, Hopkins, S, Martinot, et al. 

Positive surveillance blood culture is a predictive factor for secondary metastatic 

infection in patients with Staphylococcus aureus bacteremia. J Infect 

2004;48:245-252 

19. Raad II, Sabbagh, MF. Optimal duration of therapy for catheter-related 

Staphylococcus aureus bacteremia: A study of 55 cases and review. Clin Infect 

Dis 1992;14:75-82 

20. Yzerman, EP, Boelens, HA, Tjhie, JH, et al. Delta APACHE II for predicting 

course and outcome of nosocomial Staphylococcus aureus bacteremia and its 

relation to host defense. J Infect Dis 1996;173:914 

21. Dugdale, DC, Ramsey, PG. Staphylococcus aureus bacteremia in patients with 

Hickman catheters. Am J Med 1990;89:137 

22. Fowler, VG Jr, Justice, A, Moore, C, et al. Risk factors for hematogenous 

complications of intravascular catheter-associated Staphylococcus aureus 

bacteremia. Clin Infect Dis 2005;40:695 

23. Haynes, RB, Sackett, DL, Guyatt, GH, Tugwell, P. Determining Prognosis and 

Creating Clinical Decision Rules. Clinical Epidemiology: How to do Clinical 

Practice Research. Chapter 9; 346-348. 

35 



24. Jacobson, MA, Gallermann, H, Chambers, H. Staphylococcus aureus bacteremia 

and recurrent staphylococcal infection in patients with acquired 

immunodeficiency syndrome and AIDS-related complex. Am J Med 1988;85: 172 

25. Mylotte, JM, Tayara, A. Staphylococcus aureus Bacteremia: Predictors of 30-Day 

Mortality in a Large Cohort. Clin Infect Dis 2000;31: 1170. 

26. Austin, PC, Tu, JV. Automated variable selection methods for logistic regression 

produced unstable models for predicting acute myocardial infarction mortality. 

Journal of Clinical Epidemiology 2004; 57: 1138. 

27. Murtaugh, PA. Methods of variable selection in regression modeling. 

Communications in Statistics- Simulation and Computation 1998; 27(3): 711. 

28. Lesens, 0, Methlin, C, Hansmann, Y, Remy, V, Martinot, M, Bergin, C, Meyer, 

P, Christmann, D. Role of comorbidity in mortality related to Staphylococcus 

aureus bacteremia: A prospective study using the Charlson Weighted Index of 

Comorbidity. Infect Control Hosp Epidemiol2003; 24: 890. 

29. Roder, BL, Wandall, DA, Frimodt-Moller, N, Esperson, F, Skinhoj, P, Rosdahl, 

VT. Clinical features of Staphylococcus aureus Endocarditis. Arch Intern Med 

1999; 159: 462. 

30. Suryati, BA, Watson, M. Staphylococcus aureus bacteraemia in children: a 5-year 

retrospective review. J Paediatr Child Health 2002; 38: 290-294; 

31. Hill, PC, Wong, CG, Voss, LM et al. Prospective study of 125 cases of 

Staphylococcus aureus bacteremia in children in New Zealand. Pediatr Infect Dis 

J 2001; 20: 868-873. 

36 



32. Miser, JS, Miser, A W. Staphylococcus aureus sepsis in childhood malignancy. 

Am J Dis Child 1980; 134: 831-833. 

33. Venditti, M, Falcone, M, Micozzi, A et al. Staphylococcus aureus bacteremia in 

patients with hematologic malignancies: a retrospective case-control study. 

Haematologica 2003; 88:923-930. 

34. Espersen, F, Frimodt-Moller, N, Rosdhal, VT, Jessen, 0, Faber, V, Rosendal, K. 

Staphylococcus aureus bacteremia in patients with haematological malignancies 

and/or agranulocytosis.Acta Med Scand 1987; 222: 465-470. 

35. Lodise, TP, McKinnon, PS, Swiderski, L, Rybak, MJ. Outcomes analysis of 

delayed antibiotic treatment for hospital acquired Staphylococcus aureus 

bacteremia. Clin Infect Dis 2003; 36: 1418-1423. 

36. Elting, LS, Rubenstein, EB, Rolston, KV, Bodey, GP. Outcomes ofbacteremia in 

patients with cancer and neutropenia: observations from two decades of 

epidemiological and clinical trials. Clin Infect Dis 1997; 25: 247-259. 

37. Lowy, FD. Staphylococcus aureus infections. N Engl J Med 1998; 339: 520-532. 

38. Gonzalez-Barca, E, Carratala, J, Mykietiuk, A, Fernandez-Sevilla, A, Gudiol, F. 

Predisposing factors and outcome of Staphylococcus aureus bacteremia in 

neutropenic patients with cancer. Eur J Clin Microbiol Infect Dis 2001; 20: 117-

119 

39. Sackett, DL, Richardson, WS, Rosenberg, W, Haynes, RB. Evidence-based 

Medicine. How to practice and teach EBM. Section 3bl; 118-128. 

37 



APPENDICES 

38 



APPENDIX A 

39 



Log of Subjects 

IDIUIN Last Name First Name RGHMR# SSN DateofSAB 

1 

2 

3 

4 
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Data Abstraction Sheet 

DEMOGRAPIDCS Patient ID/UIN: ___ _ 

Age __ _ 

If Age<l8, Stop further data collection 
Sex ----------------------------------------------------------------- M 
Race ----------------------------------------------------------------- W 
0 
DO A---------------------------------------------------------------- I I 
DOD --------------------------------------------------------------- I I 

Date oflndex Blood Culture Collection xxlx.x/xxxx 
xxlxxlxxxx 

F 
B 

Date Index Blood Culture turned positive (D 0) 
Index Blood Culture Result: 1- MSSA 2- MRSA 
lf3, Stop further data collection 

H 

3- Polymicrobial 

Index Blood Culture Drawn from 
specified 

1- Peripheral 2- Central 3- Not 

Prior SA bacteremia < 12 weeks 
If yes, Stop further data collection 

1- Y 2- N 

Labs on DO WBC : : If < 1.0 stop further data collection Bands >I 0%; 
CT Head done 1-Yes 2- N If Yes, new embolic stroke 

pCo2<32: 1- Y 2- N 3-Not done ECHO done 
Evidence of Endocarditis 

YES NO 
!Follow up Blood Culture Drawn (48- 96 hours after DO) -1 2 
f Y, was it positive -1 2 

!Blood Culture drawn between 2-12 weeks after DO -1 2 
~fY, recurrent or persistent Staph -1 2 

ORDERS SECTION YES NO 
Antibiotics given prior to BC drawn -1 2 
Empiric Treatment -1 2 
f empiric, appropriate antibiotic therapy -1 2 

Pressors used -1 2 
Medicine Service -1 2 
Housestaff coverage -1 2 

BPI SECTION 

Admission Secondary to Staph infection 1-Y 2 -N 
Antibiotic treatment 2 weeks prior to Admission 1- Y 2 - N 3- Unknown 

1- Y 2-N 
1-Yes 2- No 
1- Yes 2 - No 
1- Yes 2- No 

Blood Culture Drawn after 48 hours of Admission, unless symptoms on admission 1- Y 2- N 

PMB 1-YES 2- NO 3-Unknown 
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~IV -1 2 3 
Diabetes -1 2 3 
Prosthetic Devices -1 2 3 fyes 1 Cardiac 2 Orthopedic 
IHemodialysis dependent -1 2 3 fYes 1- ,2- 3- k4-

fistula Quinton IPD catheter lJnknown 
History of Murmur -1 2 3 
History of injection drug use -1 2 3 
Corticosteroid use -1 2 3 fyes, II- High 12- Low T3- Unknown 

ID Consult Requested 1- y 2-N 

PROGRESS NOTES SECTION (D 0 +/ _ 3 days) 

CNS involvement : 1 = none, 2= disoriented/confusion/mental status changes, 3= coma, 

Persistent fever at 72 hours 1- Y 2 - N 
Number of days of fever from DO __ _ 
Presumed source of infection: 

~------------------~ 1- Central line 
2- peripheral line 
3- skin lesion 
4- surgery 
5-unknown 

If Line, was it removed 
Surgical Debridement considered ? 

1- y 
1- y 

2-N 
2-N 
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IfYes, was it done 

Planned length of Antibiotic treatment 
Alive at 12 weeks (SSI index/ CCS) 
If No, cause of mortality known 
If yes, cause ----------------

1- y 2-N 

weeks 
1- Y 2- N 
1- Y 2- N 

44 



APPENDIXC 

45 





Definitions 

1. Community acquired SAB : Positive Blood Culture obtained within 72 hours of 

admission of a patient without extensive health care contact or Blood Cultures 

drawn less than 48 hours after admission. 

2. Hospital acquired SAB: Positive Blood Culture obtained after more than 72 hours 

of hospitalization or blood cultures drawn more than 48 hours after admission 

unless symptoms were present on admission. 

3. Health Care Associated SAB: Positive Blood Culture obtained within 72 hours of 

hospitalization from a patient with extensive contact with the health care system 

(nursing home residence, organ transplantation, hemodialysis dependence, 

presence of an indwelling intravascular catheter, or surgery within the past 30 

days) 

4. Fever: Temperature greater than 38 C by any of the following routes- tympanic, 

oral, axillary or rectal. 

5. CNS involvement: Presence of disorientation, confusion, mental status changes, 

coma, or documentation of a new neurological deficit at the time of initial 

evaluation. 

6. Sg>tic Shock: The presence of2 or more of the following, tem~ature >38 Cor< 

36 C, heart rate >90/min, respiratory rate >20 /min, arterial PC02 <32 mm Hg, 

leukocyte count > 12,000 cells/microliter or< 4000 cells/microliter or with > 10% 

band fonns with persistent hypotension with systolic BP <90 mm Hg or the 

documented use of pressor agents. 
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7. Skin exam findings suggestive of acute systemic infection include: petechiae, 

vasculitis, infarcts, ecchymoses or pustules. 

8. Embolic event include documentation of one or more of the following: septic 

pulmonary emboli (radiographically), conjunctival hemorrhage, Janeway lesions, 

Roth Spots, Osler nodes, evidence of glomerulonephritis and clinically evident 

emboli to sites other than the CNS. 

9. Neutropenia: White blood cell count <1.0 X 103 cells/microliter at the time of 

admission 

10. Polymicrobial infection: More than one organism isolated from the initial blood 

culture. 

11. Prosthetic device: 

1. Orthopedic 

ii. Cardiac including permanent pacemaker, AICD, supporting valve 

ring, prosthetic cardiac valve. 

12. Removable source of bacteremia: Intravascular device including intravascular 

catheter or synthetic hemodialysis graft presumed to be the source of SAB 

13. Appropriate antibiotic therapy: Initiation of parenteral antibiotic therapy to which 

the organism had documented susceptibility from the day before to 2 days after 

the initial positive blood culture result. 

14. Diabetes Mellitus: Documented history of diabetes mellitus or use of insulin or 

oral hypoglycemic agents prior to hospitalization. 
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15. Steroid use: Use of long-term low-dose steroid or short-term high-dose steroid at 

the time of admission. 

16. Infectious Endocarditis: Positive blood cultures with echocardiographic evidence 

of valvular involvement. 

17. Complicated SAB: Presence of one or more of the following 

a) Complicated Infection at the time of hospitalization: Site of infection remote 

from the primary focus caused by 

1. Hematogenous seeding including but not limited to infectious 

endocarditis, septic arthritis, deep tissue abscesses, vertebral or sacral 

osteomyelitis, epidural abscesses. 

2. Extension of infection beyond the primary focus including septic 

thrombophlebitis or abscess 

3. Recurrent bacteremia within 12 weeks of initial positive blood culture. 

b) Embolic Stroke : Radiological evidence of an acute thromboembolic event. 

c) Attributable mortality: Included all patients who died with persistent signs or 

symptoms of systemic infection, positive blood culture results, or a persistent 

focus of infection in the absence of another explanation for death 

d) Recurrent infection: SA isolated from the blood or other sterile body site within 

12 weeks of the initial episode of bacteremia. 
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vlaHealth 
Rochester 
General 
HospitaJ 

March 17, 2008 

Lori Fischbach MPH, PhD 

Pennission to use database 

Assistant Professor of Epidemiology 
University ofNorth Texas Health Science Center 
School of Public Health 
3500 Camp Bowie Blvd., CBH-320 
Forth Worth TX 76107 

Dear Doctor Fischbach, 

1425 Portland A venue 
Rochester, NY 14621-3095 

585 922 4000 
www. viahealth.org 

I am Pramod Krishnamurthy's research mentor at Rochester General Hospital. His 
project, Predictors of Complicated Staphylococcus Aureus (SA) Bacteremia: A 
Retrospective Validation Study, involves data originally collected at Rochester General 
Hospital. This project was approved by our IRB, the Clinical Investigations Committee, 
and its study number is CIC 954-A-06-1. 

Pramod collected the data himself and has the right to publish the data for his MPH thesis 
as well as in peer-reviewed journals. He has an electronic version of the data set which 
he can use for the required analyses; it has been de-identified to prevent breech of 
confidentiality according to HIPPA regulations. 

Please feel free to contact me with any questions or concerns. My e-mail is 
ruth.kouides@viahealth.org and my office phone is 585-922-4632. 

Sincerely, 

~~dPrU£;-
Ruth W. Kouides, MD, MPH 
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