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ABSTRACT 
 

Objective: The bacterial bloodstream infections in the surgical patients after their 

procedures at Boston Children’s Hospital and potential risk factors have never 

been evaluated. The goal of this study is to determine potential risk factors and 

ascertain whether the current practices of the Department of Anesthesiology are 

effective in preventing the transmission of infection.  

Methods: We analyzed all Boston Children’s Hospital surgical patients from 

2012 who had blood cultures drawn within 48 hours of being in the operating 

room. From this, we attempted to identify risk factors for the infections through 

multivariate logistic regression. We compared the infection rate at Boston 

Children’s Hospital to a national benchmark (10%) using a test of binomial 

proportions to determine if current practices are effective.  
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Results: 35,451 patients underwent surgery at Boston Children’s Hospital in 

2012. Out of 494 patients who had blood cultures drawn within 48 hours of 

surgery, 21 subsequently developed bloodstream infections. Age, gender, race, 

admission location, length of stay, and surgical procedure type were not 

predictive factors (p>0.05). American Society of Anesthesiology score prior to 

surgery may be a risk factor (p=0.041). The infection rate at Boston Children’s 

Hospital was significantly less that the national benchmark (p=0.00). 

Conclusion: Since the infection rate at Boston Children’s Hospital is significantly 

less than the national benchmark, no changes in practice by the Department of 

Anesthesiology are currently necessary. However, additional studies are required 

to verify this finding. 
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INTRODUCTION 

In the United States, nosocomial infections affect about 10% of all patients 

and regulations have been put in place to prevent these developments from 

occurring (NNIS System Report, 2004; Loftus et al., 2008). Common sites of 

infection include the urinary tract, lower respiratory tract, and surgical sites (see 

Figure 1) (Chalmers and Straub, 2006). Another frequently diagnosed 

nosocomial infection is bloodstream infections (BSI). If a patient is suspected of 

suffering from a BSI, a blood culture is performed. Fever is a frequent symptom 

of BSIs and it is the most common reason for culturing blood. Other signs of a 

BSI include poor functional status, low serum albumin levels, and renal failure 

(Chandrasekar, 1994).  

When carrying out a blood culture, a 0.05-30 mL blood sample is taken 

depending on age and the size of the patient (Chandrasekar, 1994). In pediatric 

patients, a lesser volume of blood is required for culture because the magnitude 

of bacteremia is greater in children and neonates (Weinstein, 1996). The sample 

is then placed in a medium and incubated either aerobically or anaerobically. 

Growth is observed to determine whether bacteria are present in the blood 

(Chandrasekar, 1994). A negative blood culture result signifies that there are no 

bacteria in the blood. A positive blood culture is an abnormal result, indicating the 

existence of an infection. The type of bacteria can then be determined, which 

allows the physician to administer the proper treatment (“Blood Culture”, n.d.).  
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Figure 1. Common Sites of Nosocomial Infections. The distribution of 

nosocomial infections based on the location of the infection (figure taken from 

Chalmers and Straub, 2006). 

 

Treatment involves the administration of antibiotics. The specific antibiotic 

prescribed is determined by the causative agent. For example, infections caused 

by Staphylococcus aureus are usually treated using methicillin, while patients 

suffering from an infection caused by Pseudomonas aeruginosa receive 

empirical combination therapy (Lodise et al., 2003; van Delden, 2007).  

In an analysis of the Surveillance and Control of Pathogens of 

Epidemiological Importance (SCOPE), it was determined that there are 

approximately 250,000 cases of nosocomial BSI annually in the United States 

(Wisplinghoff et al., 2004). There are 60 cases per 10,000 hospital admissions 

where the central venous line (CVL) was determined to be the cause of infection, 
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and 50.5% of these infections occurred in the intensive care unit (ICU). The most 

commonly reported infections were caused by coagulase-negative staphylococci 

(CoNS), Staphylococcus aureus, enterococci, and Candida (see Table 1) 

(O’Grady et al., 2002). The most frequent primary conditions included 

malignancy (17.5%), cardiac conditions (15%), and gastrointestinal conditions 

(13.5%). In addition, 13.5% of the total number of BSI cases occurred in pediatric 

patients (Pittet, Tarara, & Wenzel, 1994). Of these cases, 46.8% were due to 

coagulase negative Staphylococci, 10.5% to Candida species, and 10.0% to 

Staphylococcus aereus (Wisplinghoff et al., 2003).  

In Pediatric Intensive Care Units (PICU) across the United States, BSIs 

made up 28% of nosocomial infections found in patients (Elward et al., 2005). It 

was found that intravascular devices were the most frequent potential factors 

predisposing a pediatric patient to a BSI. CVLs were in place in 75% of these 

patients, while 25% of patients had peripheral intravenous (IV) catheters. Of the 

patients diagnosed with BSI, 62% suffered from a primary BSI. A primary BSI is 

an infection in which no source of infection could be determined. A secondary 

BSI is one in which something else was determined to be the cause of the 

infection. In 23% of patients, IV catheters were determined to be the cause of 

infection resulting in a secondary BSI (Richards et al., 1999).  
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Table 1. Common BSI Causing Organisms. Various organisms that are the 

most common causes of BSIs in the United States described as number of BSIs 

per 10,000 admissions and the percentage of BSIs caused by the pathogen 

(table adapted from Wisplinghoff et al., 2004).  

 

Once antibiotic therapy has begun, there is usually a gradual resolution of 

signs and symptoms of the infection (Chandrasekar, 1994). However, these 

infections cause excess morbidity and significantly prolong the length of stay 

(LOS) for the patient. Infections have been shown to increase the LOS in the 

Surgical Intensive Care Unit (SICU) by 8 days and increase the hospital LOS by 

24 days (see Table 2) (Pittet et al., 1994). BSIs are also a cause of mortality in 

pediatric patients. The crude mortality ranges from 11-29% in patients with 

Pathogen BSIs per 10,000 
admissions 

Percentage of BSIs 

CoNS 15.8 31.3 

Staphylococcus aureus 10.3 20.2 

Enterococcus species 4.8 9.4 

Candida species 4.6 9.0 

Escherichia coli 2.8 5.6 

Klebsiella species 2.4 4.8 

Pseudomonas 
aeruginosa 

2.1 4.3 

Enterobacter species 1.9 3.9 

Serratia species 0.9 1.7 

Acinetobacter species 0.6 1.3 
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monomicrobial BSI and mortality in patients with polymicrobial BSI is 12% 

(Richards et al., 1999). Crude mortality rates can also vary depending on the 

organism causing the infection and the admission location of the patient. BSI 

caused by Pseudomonas aeruginosa were found to have the highest crude 

mortality rate and patients located in the ICU had a higher mortality rate 

compared to ward patients (see Table 3) (Wisplinghoff et al., 2004).  

 

Table 2. SICU and Hospital Stays. The LOS in the SICU and the overall 

hospital stay in patients with BSI are compared those found in patients without 

BSI. The median and mean are provided for both locations (table adapted from 

Pittet et al., 1994). 

 Patients with BSI Patients without BSI 

SICU Stay (days)   

Median 15 7 

Mean 22 13.6 

Hospital Stay (days)   

Median 54 30 

Mean 70 33 

 

 

Additionally, these infections are associated with a substantial economic 

burden. Extra healthcare costs can overall total more than $40,000 per 

bacteremia survivor, causing an additional $4.5 billion in healthcare costs 

annually (Wisplinghoff et al., 2004; Wisplinghoff et al., 2003; Koff et al., 2009). 
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These infections are largely preventable and regulations have been put in place 

to prevent these developments from occurring (Maki, 1977). 

 

Table 3. Crude Mortality Rates in BSI Patients. The crude mortality rates are 

given based on which organism was determined to be the cause of 

monomicrobial BSI. The rates are also given depending on admission location 

(adapted from Wisplinghoff et al., 2004).  

 Crude Mortality, % 

Organism Total ICU Patients Non-ICU Ward 

CoNS 20.7 25.7 13.8 

Staphylococcus 
aureus 

25.4 34.4 18.9 

Enterococcus 
species 

33.9 43.0 24.0 

Escherichia coli 22.4 33.9 16.9 

Klebsiella 
species 

27.6 37.4 20.3 

Pseudomonas 
aeruginosa 

38.7 47.9 27.6 

Enterobacter 
species 

26.7 32.5 18.0 

Serratia species 27.4 33.9 17.1 

Acinetobacter 
baumannii 

34.0 43.4 16.3 

 

 

According to the Centers for Disease Control and Prevention (CDC), three 

main techniques are important in preventing the transmission of infections from 

provider to patient. These include aseptic technique, proper hand hygiene, and  
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appropriate barrier techniques. Hand hygiene can be achieved through the use of 

an alcohol-based, waterless product or by using an antibacterial soap and water 

with adequate rinsing. Appropriate barrier techniques may involve the use of a 

cap, sterile gloves, mask, sterile gown and/or sterile drape depending on the 

procedure (O’Grady et al., 2002). However, surveys have suggested that 

anesthesia personnel inconsistently adhere to preventative measures. When 

analyzing the hand hygiene practice of anesthesiologists randomly selected from 

the membership of the American Society of Anesthesiologists (ASA), it was  

determined that anesthesiologists had the worst adherence to hand hygiene 

across various medical specialties, with only 23% practicing proper technique 

(Tait and Tuttle, 1995; Pittet et al., 2004). When proper hand hygiene techniques 

were implemented by anesthesia personnel, the percentage of cases with 

intravenous tubing contamination decreased from 32.8% to 7.5%. In addition, 

cases involving healthcare associated infections decreased from 17.2% to 3.8% 

(Koff et al., 2009). Therefore, hand hygiene is a simple solution when it comes to 

preventing bacterial infections.  

The Department of Anesthesiology at Boston Children’s Hospital has 

implemented protocols that improve efficiency and decrease costs while 

continuing to prevent transmission of bacterial infections. These include adhering 

to aseptic technique and proper hand washing. Anesthesia technologists are 

responsible for IV bag spiking. This involves inserting a needle that is attached to 
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tubing into a port on the IV bag. The IV tubing is also primed in order to eliminate 

any bubbles that have form within the tubing.  

The steps used by anesthesia technologists when spiking IV bags are as 

followed: 

1. Perform hand hygiene. 

2. Don clean gloves. 

3. Spike IV solution with the administration set. 

4. Prime tubing carefully by gravity to remove all air.  

5. Label IV tubing with start date and time, and discard date and time. 

6. Label the IV solution if an RN adds any medication. Include the 

following information on the label: the name and amount of the 

medication, start date and time, discard date and time, and RN initials. 

IV bags are spiked in the morning and are discarded if not used within 24 

hours. This is a change from years previous to 2009, in which IV bags were spike 

by residents or fellows during operating room (OR) preparation before surgery 

and used within one hour. By preparing IV bags in the morning, efficiency in the 

operating room can be improved (Dolan et al., 2010). Operating room 

preparation accounts for 10% of OR time wasted. Time wasted is defined as time 

in which a scheduled OR was not busy with a patient (Weinbroum et al., 2003). 

This can be decreased by improving efficiency, which is crucial for increasing the 

cost effectiveness of the OR (Weinbroum et al., 2003). At Boston Children’s 
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Hospital, it is estimated that spiking IV bags in the morning saves an average of 

4 minutes per surgical case. There are approximately 100 surgeries performed 

per day, so this saves a significant amount of time. The cost of operating the OR 

is estimated to be $69 per minute. Since there are about 35,000 cases per year, 

this practice allows the hospital to save approximately $9,660,000 per year.  

Current practice saves both time and money, which benefits both the 

patient and the provider. At present, there is a pressure to continue to improve 

quality care and efficiency while lowering costs. Of 147 responding anesthesia 

departments across the United States, 73% reported feeling pressure from 

hospital administrations to reduce costs. The most common cost-saving activity 

among these departments was found to be improving OR utilization, with 90% 

reporting the use of this strategy (Archer and Macario, 2006). The 4 minutes 

saved per surgical case by spiking IV bags in the morning is a way that Boston 

Children’s Hospital has improved OR utilization.  

Intraoperative anesthesia hospital costs constitute 5.6% of the total cost of 

inpatient surgical procedures. It has been shown that substantial cost saving can 

occur if interventions address costs related to IV supplies and other expenses 

that change in relation to the volume of surgical cases (Macario et al., 1995). At 

Boston Children’s Hospital, costs due to discarded supplies are reduced since IV 

bags can be administered up to 24 hours after spiking and are therefore less 

likely to be discarded.   
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The Centers for Medicaid and Medicare Services (CMS) has recently 

implemented new regulations in regard to IV spiking. Current CMS regulations 

state that IV bags should not be spiked more than one hour before administration 

in order to prevent infection (USP-797, 2008). The justification for this guideline is 

that after microbial contamination occurs, the organism can begin to replicate 

within 1 to 4 hours (Dolan et al., 2010). By limiting the amount of time between 

spiking and administration, an increase in microbial population can be avoided 

(Clifford, 2011). However, there is a lack of data illustrating contamination in 

practice and linking this to patient infections, making it an unresolved issue 

(Loftus et al., 2008; Dolan et al., 2010). In addition, adhering to this guideline 

could impede the work flow and productivity in the operating room that has been 

established by spiking IV bags in the morning (Dolan et al., 2010). 

Other organizations have also provided recommendations with regards to 

IV spiking. The Association for Professionals in Infection Control and Prevention 

(APIC) supports adherence to proper aseptic technique, including hand hygiene, 

storing and preparing supplies in a clean environment, and assuring sterility. 

APIC emphasizes the importance of using infusion supplies on only one patient 

and do not advise IV preparation the night before or hours before use (Dolan et 

al., 2010). APIC recommends that IV solutions be prepared as close to 

administration as possible since recommending a definitive time frame is not 

plausible due to limited data (Dolan et al., 2010; Clifford, 2011). Furthermore, the 

Joint Commission (TJC) does not have a particular stance on this issue. 
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According to the Joint Commission Readiness for Infection Control and 

Prevention section IC.01.05.01 EP 1, it is expected that facilities will use 

nationally accepted evidence-based guidelines or follow the advice of clinical 

experts (Sweeney, 2010). Therefore, TJC does not require that an organization 

place a specific time restriction on the spiking of IV fluid bags. The CDC 

recommends adhering to aseptic technique and performing proper hand hygiene 

techniques, but makes no suggestions regarding timing of IV bag spiking 

(O’Grady et al., 2002). Therefore, CMS is the only organization upholding this 

guideline. Due to a lack of evidence and general consensus, Boston Children’s 

Hospital has not implemented this regulation.    
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OBJECTIVES 

 The primary objective of this study is to evaluate nosocomial bacterial 

infections that develop in the blood of surgical patients at Boston Children’s 

Hospital in 2012 through the analysis of blood culture results. From this, we aim 

to achieve the following goals:  

1. To compare the infection rate at Boston Children’s Hospital to a national 

benchmark 

2. To assess potential risk factors for these infections 

3. To evaluate the current protocols of the Department of Anesthesia  

4. To determine if Boston Children’s Hospital should consider implementing 

new protocols regarding infection prevention 

Bloodstream infections are a significant source of morbidity, increased 

LOS, increased healthcare costs, and mortality. Most of these infections are 

preventable. The incidence of BSIs in pediatric surgical patients at Boston 

Children’s Hospital has never been analyzed. This study will evaluate cases of 

bacterial BSI that have developed surgical patients at Boston Children’s Hospital. 

We will assess any potential risk factors that may have caused the positive blood 

culture and we will compare the infection rate to a national benchmark. From this, 

we can determine if any changes in current practice are necessary. Based on the 

lack of evidence to suggest otherwise, we hypothesize that the rate of infection at 

Boston Children’s Hospital is comparable or less than the national benchmark 
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and no change in practice by the Department of Anesthesiology is necessary at 

this time.  
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METHODS 

We conducted a retrospective chart review study looking at surgical 

patients during 2012 who had blood cultures drawn within 48 hours of being in 

the operating room (OR). Starting in 2009, regulations were put in place that 

allowed IV bags to be spike within 24 hours of administration. All patients who 

had any surgical procedures completed at Boston Children’s Hospital and had 

blood cultures drawn within 48 hours post procedure in 2012 were included. 

There were no exclusion criteria for this study. The variables being evaluated 

were part of routine patient care and were abstracted from the patient’s medical 

records. Consent was waived due to the fact that most of the patients had been 

discharged from the hospital at the time of the study.   

The data was collected from electronic medical records in the PowerChart 

and Surginet programs. PowerChart and Surginet are the medical record 

programs utilized by Boston Children’s Hospital. The variables that were 

collected included name, medical record number (MRN), date of birth, age, 

weight, gender, race, admission location and diagnosis, hospital admission and 

discharge date, length of stay, date of surgery, surgical procedure type, surgical 

procedure start and stop time, amount of time between surgery end time and 

culture collection, blood culture source, and blood culture type. Race was 

categorized as Caucasian, African American, Asian, Native Alaskan or Native 

American, or other. Admission location was classified as either ward or ICU. 

Blood culture type was defined as being aerobic only, anaerobic only, aerobic 
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and anaerobic, or autopsy. Blood culture source specifies where the blood used 

in the culture was obtained from the patient. Surgical procedures were 

categorized according to which body system was affected. The procedures were 

classified as one of the following: 

1. Infectious    10. Skin (Plastic) 

2. Neoplasm    11. Musculoskeletal 

3. Endocrine/Metabolism  12. Congenital 

4. Hematological  13. Head, Ear, Eye, Nose, Throat   

5. Neurological        (HEENT)                                                                                                      

6. Circulatory    14. Cardiopulmonary 

7. Respiratory   15. Other, Insertion 

8. Gastrointestinal   16. Other, Removal 

9. Genitourinary   17. Other, Lumbar Puncture 

Some of the procedures did not fall into a body systems category and 

were classified as other. These included the insertion or removal of devices such 

as CVLs, and lumbar puncture, which is used to administer intrathecal 

medications.  

ASA scores were also collected. The scores were developed by the ASA 

and described the patient’s overall health prior to surgery.  
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The classification system was as follows: 

I. Patient is a completely healthy fit patient. 

II. Patient has mild systemic disease. 

III. Patient has severe systemic disease that is not incapacitating. 

IV. Patient has incapacitating disease that is a constant threat to life. 

V. A moribund patient who is not expected to live 24 hour with or without 

surgery. 

VI. A brain dead patient whose organs are being removed 

E. Emergency surgery (E is placed after the Roman numeral) (Daabiss, 2011) 

Blood culture results were documented to assess if the patient developed 

a subsequent bacterial infection. The results were classified as either positive or 

negative. If there was a positive blood culture result, the organism was then 

identified and any potential risk factors were determined.  

An infection rate of 10% was chosen as the national benchmark that the 

results from this study would be compared to (NNIS System Report, 2004). 

Power analysis indicated that a sample size of 450 patients would provide 80% 

power to ascertain whether the rate of bacterial infection is equivalent to the 

estimated 10% national benchmark within a 5% margin of equivalence using a 

test of binomial proportions with a one-sided alpha level of 0.05 (Machin et al., 

1997). Sample size was determined using the nQuery Advisor program (version 

7.0, Statistical Solutions, Saugus, MA).  
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Incidence of bacterial infection was compared to a national benchmark 

using a test of binomial proportions to assess equivalence. Multivariate logistic 

regression was applied to identify possible risk factors for infection and 95% 

confidence intervals (CIs) were calculated for significant predictive variables. 

Two-tailed values of p < 0.05 were considered statistically significant. A t-test 

was performed to determine if there was a significant difference in LOS between 

those infected and those uninfected. Statistical analysis was performed using 

SPSS software (version 19.0, SPSS Inc./IBM, Chicago, IL).  
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RESULTS 

 In 2012, 35,451 patients underwent surgery at Boston Children’s Hospital. 

A total of 494 patients had blood cultures drawn within 48 hours of being in the 

OR. The demographic data of the patients included in the study is summarized in 

Table 4. The patients ranged in age from 1 day to 32 years old. The mean age 

for all patients was 7.5 years. There were 272 males and 222 females. Most 

patients were Caucasian (59.7%). African Americans made up 7.1% of patients, 

while 3.6% of patients were Asian. 22.5% of patients were classified as other. 

Sixty-eight of these patients had more than one surgery after which blood 

cultures were taken. There were a total of 618 surgeries performed on the 494 

patients included in the study. Gastrointestinal surgeries were the most 

commonly performed procedure in the patients, followed by neoplasm and 

cardiopulmonary surgeries (see Table 7).  

Some patients had multiple blood cultures drawn within 48 hours after the 

surgery end time. There were a total of 816 blood cultures drawn from the 494 

patients. There were 792 negative blood cultures and 24 positive blood cultures, 

resulting in 21 patients being diagnosed with BSIs. Three patients had more than 

one positive blood culture. Table 8 summarizes the characteristics and results of 

the blood cultures drawn. Out of all the blood cultures performed, aerobic only 

blood cultures were carried out 32.5% of the time. There were no anaerobic only 

blood cultures performed. There were also two autopsy blood cultures taken. The 
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most common blood culture source was the CVL. However, the source was not 

specified for 286 of the blood cultures.  

 

Table 4. Demographic Information. This table illustrates the demographic 

information for all patients, and for those diagnosed with BSI compared to those 

without BSI.  

Characteristic All Patients 
(n=494) 

Patients with 
BSI 

(n=21) 

Patients without 
BSI 

(n=473) 

Age    

Median 4 5 4 

Mean +/- SD 7.5 +/- 7.2 6.2 +/- 5.7 7.6 +/- 7.2 

Sex    

Male 272 15 257 

Female 222 6 216 

Race    

Caucasian 295 14 281 

African American 35 0 35 

Asian 18 1 17 

Native Alaskan or 
Native American 

4 0 4 

Other 111 3 108 

Declined to 
Answer 

9 1 8 

Unable to Obtain 22 2 20 

 

Of the positive blood cultures, the most commonly identified organisms 

were Staphylococcus aureus and Staphylococcus not aureus, not lugdunensis. 

Staphylococcus aureus was the cause of 4 BSI cases, while Staphylococcus not 

aureus, not lugdunensis was the cause of 5 BSI cases. The only other organism 

to appear in more than one patient was Streptococcus viridans, which was found 
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in two cases. Other organisms included Streptococcus pyogenes, 

Stenophomonas maltophilia, Enterococcus gallinum, Enterobacter cloacal, 

Staphylococcus warmeri, Moraxella nonliquefaciens, and Citrobacter freundil 

(see Table 9). Other cases did not provide specific organisms, but were classified 

as Pantoea species and gram positive cocci in pairs. The mean rate of BSI was 

0.59 episodes/1000 surgical procedures.  

Of those patients diagnosed with BSI, 15 were male and 6 were female. 

The mean age of these patients was 6.2 years of age. 66.7% of these patients 

were Caucasian. Patients without BSIs had a mean age of 7.6 years and were 

also predominantly Caucasian (see Table 4).  

The admission locations and LOS characteristics are summarized in Table 

5. There was a large range in LOS among the patients. Six patients had not been 

discharged at the time of data collection and were not included in the LOS 

analysis. The shortest LOS was 0 days and the longest LOS was 341 days. The 

mean LOS for patients diagnosed with BSI was 40.8 days and uninfected 

patients had an average LOS of 28 days. However, the results of a t-test showed 

no statistically significant difference in LOS between the two groups (p=0.891). 

The number of infected patients in the ICU was 3 and 18 of the infected patients 

were located in the ward.  

 

 



 21 

Table 5. Hospital Stay Characteristics. The admission locations, as well as the 

median and mean LOS, are summarized for all patients, patients with BSI, and 

patients without BSI. The admission location was categorized as either ICU or 

ward. The LOS was increased in patients with BSI when compared to those 

without BSI.  

Characteristic All Patients 
(n=494) 

Patients with 
BSI 

(n=21) 

Patients without 
BSI 

(n=473) 

Admission 
Location 

   

Ward 441 18 423 

ICU 53 3 50 

LOS    

Median 13 14 13 

Mean +/- SD 27 +/- 40 40.8 +/- 57.2 27 +/- 39 

 

 

There were 28 surgeries performed on patients who would subsequently 

be diagnosed with a BSI and 590 surgeries in the individuals who did not develop 

a BSI (see Table 7). The most common ASA score prior to surgery for patients 

who would be diagnosed with BSI was III. Emergent ASA scores occurred 27.4% 

of the time in infected patients, but only 7.1% of the time in uninfected patients. 

Uninfected patients also most frequently had a score of III. There were no cases 

in which a patient was classified as V, VI, or VIE (see Table 6). The most 

common surgical procedures performed in patients who would be diagnosed with 

BSI were cardiopulmonary, followed by gastrointestinal. In patients who did not 
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develop a BSI, gastrointestinal surgeries were the most common, accounting for 

14.7% of those performed (see Table 7).  

 

Table 6. ASA Scores. The ASA scores assigned to the patients prior to each 

surgery are summarized in this table. A score with “E” after the Roman numeral 

indicates an emergency surgery. These scores describe the health status of the 

patient prior to surgery (Daabiss, 2011). There were 618 surgeries performed on 

the 494 patients, so there was a total 618 scores assigned in all the patients prior 

to surgery.  

ASA Score All Patients 
(n=618) 

Patients 
Diagnosed 

with BSI 
(n=28) 

Patients not 
Diagnosed with 

BSI 
(n=590) 

I 12 0 12 

II 97 4 93 

III 347 10 337 

IV 104 8 96 

V 0 0 0 

VI 0 0 0 

IE 4 0 4 

IIE 6 0 6 

IIIE 21 4 17 

IVE 25 2 23 

VE 2 0 2 

VIE 0 0 0 
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Table 7. Surgical Procedure Information. The surgeries were classified 

depending on which body system was affected, or as other if the surgery did not 

apply to a specific body system. There were 618 surgeries performed on the 494 

patients included in the study. The most common surgeries performed on all 

patients were gastrointestinal. Insertion and removal of devices were also 

common surgeries. 

Surgical Procedure 
Type 

Surgeries 
Performed 

on All 
Patients 
(n=618) 

Surgeries 
Performed 
on Patients 
Diagnosed 

with BSI 
(n=28) 

Surgeries 
Performed on 
Patients not 

Diagnosed with 
BSI 

(n=590) 

Infectious 38 3 35 

Neoplasm 76 2 74 

Endocrine/Metabolism 1 0 1 

Hematological 2 1 1 

Neurological 10 1 9 

Circulatory 5 0 5 

Respiratory 37 1 36 

Gastrointestinal 91 4 87 

Genitourinary 38 0 38 

Skin (Plastic) 20 0 20 

Musculoskeletal 40 0 40 

Congenital 8 0 8 

HEENT 55 2 53 

Cardiopulmonary 73 6 67 

Other, Insertion 58 3 55 

Other, Removal 47 3 44 

Other, Lumbar 
Puncture 

19 2 17 
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Table 8. Blood Culture Results. A summary of blood culture results, including 

the types and sources, is found in this table. There were 816 blood cultures 

drawn from the 494 patients in the study.   

Characteristic Blood 
Cultures 

Drawn from 
All Patients 

(n=816) 

Blood Cultures 
Drawn from 

Patients 
Diagnosed with 

BSI 
(n=47) 

Blood 
Cultures 

Drawn from 
Patients not 
Diagnosed 

with BSI 
(n=759) 

Culture Results    

Negative 792 33 759 

Positive 24 24 0 

Blood Culture 
Type 

   

Aerobic 265 25 240 

Anaerobic 0 0 0 

Both 549 31 518 

Autopsy 2 1 1 

Blood Culture 
Source 

   

Portacath 30 1 29 

CVL 292 19 273 

Peripherally 
Inserted Central 
Catheters (PICC) 

49 5 44 

Peripheral 24 4 20 

Venous 92 7 85 

Arterial 35 2 33 

Percutaneous 3 0 3 

Femoral Line 5 0 5 

Not Specified 286 19 267 
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Table 9. Incidence of Bacterial Organisms. The various organisms that were 

found in the blood of surgical patients through a blood culture diagnosis are 

given, along with the percentage of BSI cases that were due to that organism. 

There were 21 cases of BSI in the 494 patients included in the study. The most 

commonly found organism was Staphylococci. 

Organism Number (%) of BSI Cases Caused 
by Organism 

Staphylococcus aureus 4 (19.0) 

Streptococcus viridans 2 (9.5) 

Streptococcus pyogenes 1 (4.8) 

Staphylococcus not aureus, not 
lugdunensis 

5 (23.8) 

Stenotrophomonas maltophilia 1 (4.8) 

Enterococcus gallinum 1 (4.8) 

Gram positive cocci in pairs 1 (4.8) 

Enterobacter cloacal 1 (4.8) 

Staphylococcus warmeri 1 (4.8) 

Moraxella nonliquefaciens 1 (4.8) 

Citrobacter freundil 1 (4.8) 

Pantoea species 1 (4.8) 

Bacillus species not anthracis 1 (4.8) 

 

 

Multivariate logistic regression was applied to identify possible risk factors. 

These results showed that age, gender, race, LOS, and surgical procedure type 

are not predictive factors since all had p>0.05 (see Table 10). On the other hand, 

ASA score had a p=0.041 (95% Confidence Intervals: 3.46, 3.73). This suggests 

that an emergent ASA score prior to surgery may be a risk factor for 

development of BSI in surgical patients.  
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Table 10. Predictive Factors. A multivariate logistic regression was performed 

to determine potential risks factors for BSI. All characteristics except for ASA 

score were determined to not be factors in the development of BSI in surgical 

patients. 

Characteristic P value 

Age 0.326 

Gender 0.090 

Race 0.577 

Admission Location 0.797 

LOS 0.844 

Surgical Procedure Type 0.303 

ASA 0.041 

 

 

The rate of infection was compared to a national benchmark through a test 

of binomial proportions to assess equivalence. At Boston Children’s Hospital, 21 

out of 35,451 surgical patients developed a BSI. Therefore, the BSI rate was 

found to be 0.059%. The national benchmark used was 10% (NNIS System 

Report, 2004). The infection rate at Boston Children’s Hospital was shown to be 

significantly lower than the national benchmark of 10% (p=0.00). 
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DISCUSSION 

 Through a retrospective chart review, we analyzed the incidence of 

bacterial bloodstream infections in pediatric surgical patients at Boston Children’s 

Hospital. We were then able to assess potential risk factors for these infections. 

By comparing the incidence to the national benchmark, we were able to 

determine if the current procedures used are sufficient in preventing infection.  

 

Potential Risk Factors 

 Many potential risk factors for BSI were analyzed during this study. One of 

those factors was age. There was a large age range among the study patients. 

The youngest patient was 1 day old and the oldest was 32 years old. Of the 

patients diagnosed with BSI, the youngest was 6 days old, while the oldest 

patient was 17 at the time of surgery. Although the patients with BSI had a lower 

mean age, the results of the study suggest that age is not a factor in the 

development of BSI (p=0.326). A previous study found that very young patients 

(<1 year old) were at a greater risk of developing BSI (Wisplinghoff et al., 2003), 

but those results were not consistent with the results of the current analysis. This 

could be due to the fact that this study only considered surgical patients, while 

the previous study looked at patients across all specialties.  

Another factor investigated was race. The majority of patients were 

Caucasian. The other races included African-American (7.1%), Asian (3.6%), 

Native Alaskan/Native American (0.8%), and other (22.5%). 1.8% of patients 
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chose not to disclose and race was unable to be obtained in 4.5% of patients. 

The distribution of race was similar to this in both the patients with BSI and the 

patients without BSI, with Caucasian being the most common race. The results 

show that race is not a predictive characteristic (p=0.577). The results may have 

been different had minorities made up a larger percentage of the patients.  

This study also looked at gender. The patients were evenly distributed 

among males and females. There were 272 males and 222 females. In spite of 

this, 15 males were diagnosed with BSI while only 6 females acquired the 

infection. However, gender did not prove to be a predictive factor (p=0.090). No 

previous findings were found to indicate that race or gender could be a factor in 

the development of BSI.  

Various aspects of the patients’ hospital stays were also shown to play no 

role in whether or not they are diagnosed with BSI. Overall, 441 patients were 

admitted to the ward and 53 patients were admitted to the ICU. 14.3% of patients 

diagnosed with BSI were admitted to the ICU. This was determined to not be a 

risk factor (p=0.797). LOS was also not a predictive factor (p=0.844). The median 

LOS for patients with BSI was 14 days, and 13 days for patients without BSI. The 

mean LOS increased from 27.0 days to 40.8 days when a patient was infected 

with a BSI. This is consistent with previous findings that BSI increases LOS 

(Pittet et al., 1994). However, in this study, the increase was not found to be 

significant. This could be due to the large standard deviations found for both the 

patients with BSI (+/- 57.2) and patients without BSI (+/- 39).  
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This study did not examine admission diagnoses as a potential 

predisposing factor. It has been shown that congenital diseases can be a factor 

in the development of BSI in pediatric patients (Elward and Frasier, 2006). This 

could be an area of analysis in future studies.     

The surgical procedures performed on the patients had no effect on 

whether or not the patients were diagnosed with BSI (p=0.303). The most 

commonly performed surgeries in all patients were gastrointestinal. This was also 

the case in the patients who were not diagnosed with BSI. Patients who 

developed BSI also frequently had gastrointestinal surgeries, but 

cardiopulmonary surgeries were the most common in this group. The insertion 

and removal of various intravascular devices, such as CVL and PICC, were also 

very common surgical procedures performed. Together, these insertion and 

removal procedures accounted for 17.0% of the surgeries performed. In some of 

the cases, the removal was due to the device being infected. This has been 

shown to be a factor in the development of BSI in pediatric ICU patients (Elward 

et al., 2005), which could be a reason why there were many patients who had 

blood cultures performed after this procedure.    

ASA scores were also analyzed as a potential risk factor. There were no 

previous studies found where ASA scores were investigated in relation to 

acquiring BSI. Prior to surgery, an ASA of III was assigned in 56.1% of cases, 

indicating that most patients have a severe systemic disease that is not 

incapacitating (Daabiss, 2011). 9.4% of cases were classified as emergency 
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surgeries, with IVE being the most common score among these procedures. 

Emergency cases made up a greater proportion of the surgeries performed on 

the patients that developed BSI compared to those who did not. Emergency 

surgeries made up 21.4% of the surgeries performed on patients who were 

diagnosed with BSI, while these surgeries only accounted for 8.8% of the cases 

in patients without BSI. However, there were only 28 surgeries performed on 

patients who developed BSI compared to 590 in patients without BSI, which 

could account for this. Multivariate logistic regression indicated that an emergent 

ASA may be a potential risk factor for developing BSI (p=0.041). Since there 

were some scores that no patients were classified as, further research with a 

larger subject group is required to confirm this finding.  

 

Blood Culture Characteristics 

Previous studies found the most commonly identified organism to be 

CoNS. They also found Staphylococcus aureus to be another common cause of 

BSI (Wisplinghoff et al., 2004). In this study, there were no cases of BSI in which 

CoNS was found to be the source. The two most common organisms identified 

were Staphylococcus aureus and Staphylococcus not aureus, not lugdunensis. In 

the latter, the species of Staphylococcus was not recorded in the medical 

records, so there is a chance that the organisms could have been CoNS. 

However, there is no way to determine if this is true. Many of the other common 

causes of BSI were not found in these patients. Escherichia coli, Klebsiella, 
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Pseudomonas aeruginosa, and Acinetobacter are all commonly found organisms 

in BSI patients (Wisplinghoff et al., 2004), but were not identified in these blood 

cultures. If previous years at Boston Children’s Hospital were also analyzed in 

order to identify more BSI cases, these organisms may be found. All of the BSI 

cases identified in these patients were monomicrobial. This is consistent with 

previous findings that a majority of BSI cases (87%) are caused by only one 

organism (Wisplinghoff et al., 2004). 

The characteristics of the blood cultures taken were also collected. A 

majority of the blood cultures were collected from a CVL (36.8%). Other common 

sources included venous sources, PICC, and port-a-cath. However, in 35.0% of 

the blood cultures drawn the source was not specified, so this characteristic was 

not useful in the analysis.  

Multiple blood culture types were used to determine whether or not there 

were bacteria in the blood. The most common blood culture type was both 

aerobic and anaerobic (67.3%). Aerobic only blood cultures made up 32.5% of 

the blood cultures. Similar distributions were seen in both patients diagnosed 

with BSI and those who were not. There were no anaerobic only blood cultures 

performed. This is consistent with recent findings that anaerobic only blood 

cultures are not necessary in most cases. It was determined that it is more 

effective to perform either aerobic only or anaerobic and aerobic cultures since 

the anaerobic organisms are not very common in BSI patients (Weinstein, 1996). 
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Comparison to National Benchmark 

 The BSI rate in surgical patients at Boston Children’s Hospital in 2012 was 

found to be 0.059%. There were 35,451 patients who underwent surgery at 

Boston Children’s Hospital that year and 21 of those patients were diagnosed 

with BSI. Through a test of binomial proportions, the equivalence of this rate 

compared to the national benchmark of 10% was assessed. The test yielded a p 

value of 0.00, indicating that the infection rate in surgical patients at Boston 

Children’s Hospital is significantly less than the national benchmark. 

  

Implications for Current Practices  

The results of this study indicate that the current practices of the 

Department of Anesthesiology at Boston Children’s Hospital are sufficient in 

preventing bloodstream infections in surgical patients. The current practices were 

implemented as a way to reduce costs by a significant amount. They also 

increase OR efficiency by reducing turnover time. Since the rate of infection at 

Boston Children’s Hospital is significantly less than the national benchmark, it 

can be said that the practices are efficient in preventing bacterial infections in 

surgical patients.  

If Boston Children’s Hospital were to implement the new regulations, their 

costs would increase not only because of wasted OR time, but they would also 

be required to hire additional anesthesia technologists, which would also drive up 

costs. Currently, anesthesia technologists are assigned to certain ORs and are 
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responsible for the turnovers in those specific rooms. If the technologists were 

required to spike IV bags during each room turnover, they would need to be 

assigned to fewer ORs in order to ensure that turnover time is not excessive and 

delays do not occur due to missing equipment. In order for this to occur, more 

technologists would need to be hired.  

The procedures that were implemented are cost-effective and do not 

compromise the healthcare given to the patients. Based on these results, the 

Department of Anesthesiology does not have reason to change their current 

procedures.  

 

Limitations 

There are some limitations to this study. The study was only performed at 

one center and other locations that utilize the same procedures may have 

different bacterial infection rates. This could be due to various levels of 

adherence by personnel. In addition, there could be various levels of adherence 

among the personnel at Boston Children’s Hospital. We only analyzed data from 

one year and we can not assume that the infection rates in previous years were 

the same. Additional years should be investigated in order to obtain trend data.   

There were also very few cases of BSI in these surgical patients. This 

made it difficult to identify potential risk factors since there were so few cases to 

analyze. If a study were to include patients from previous years, more cases 

could be evaluated and the results from this study could be verified.  
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Our study also only analyzed at a specific subgroup of surgical patients. 

There were an additional 34,957 patients who underwent surgery but did not 

have blood cultures drawn within 48 hours. In order to include these patients in 

determining the rate of infection, it was assumed that these patients did not 

develop BSI despite the lack of blood cultures to confirm this.  

The study is also limited because there were no previous studies that 

determine the BSI rate in the specific group of patients we looked at. Therefore, 

there was no national benchmark in which we could directly compare the 

determined infection rate in this study to. The nosocomial infection rate for all 

adult and pediatric patients in the United States is 10% (NNIS System Report, 

2004). An infection rate of 10% was used as the national benchmark because it 

was the only value that included all of the criteria for the patients who were 

analyzed. Previous studies reported BSI rates in all patients due to specific 

factors, such as CVL days, but no overall rate for BSI in pediatric surgical 

patients could be found. A more comparable national benchmark would verify the 

conclusions drawn from this study. 

This study also did not take into account the sensitivity of blood cultures. 

Cancer patients are at a high risk for severe infections due to 

immunosuppression. These patients are neutropenic and the diagnosis of BSIs in 

these patients is challenging. It was found that approximately half of all BSI 

cases in these patients have negative blood culture results (Carrigan et al., 

2004). Sensitivity also decreases significantly when the blood samples are taken 
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after the start of antimicrobial therapy. This is particularly true in neutropenic 

patients receiving prophylactic antibiotics (Peters et al., 2004; Weinstein, 1996; 

Varani et al., 2009). Therefore, BSI should be considered in these patients even 

if the blood cultures are negative (Weinstein, 1996). Many of the patients in this 

study had admission diagnoses involving oncology, including acute myeloid 

leukemia, acute lymphocytic leukemia, and Wilm’s tumor. In all but three of these 

patients, the blood cultures were negative following surgery. However, some of 

these patients could have had false negative blood cultures. Further analysis 

could take into account the admission diagnosis for each of the patients. This 

study also did not analyze whether or not patients were given antibiotics before 

surgery and/or prior to the blood culture draw. This could have been an additional 

source of false negatives.  

Furthermore, blood cultures display very low sensitivity for the diagnosis of 

BSI in neonates (Paolucci et al., 2009). This is due to the low bacterial load in the 

bloodstream of neonates and the small blood volume available from these 

patients (Mylotte and Tayara, 2000). Our study included 22 neonates, 21 of 

which had negative blood culture results. Therefore, some of the patients could 

have suffered from BSI despite the negative results.  

The sensitivity of blood cultures is further reduced when the bacteria are 

fastidious. Fastidious bacteria include Streptococci (Varani et al., 2009; Weistein, 

1996). However, both Streptococcus pyogens and Streptococcus viridans were 
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both identified as causes of BSI from blood cultures, so this was likely not a 

factor in this study.    

 

Future Studies 

Further studies could analyze the infections that occurred from when the 

protocols were first implement in 2009 to the present. Studies could also look at 

the infections from 2004-2007 at Boston Children’s Hospital. From 2004-2007, IV 

bags were spiked by residents or fellows close to the surgery start time and were 

administered within one hour, as opposed to the up to 24 hours limit that is 

currently in practice. The results from 2004-2007 could then be compared to 

those from 2009-2012 to see if the change in procedure has led to an increase in 

the incidence of bacterial bloodstream infections in surgical patients. From this, it 

could be determined if spiking an IV bag up to 24 hours before administration is 

associated with an increased risk of bacterial infection in patients. Boston 

Children’s Hospital would then have additional evidence regarding whether or not 

the current CMS regulations should be implemented. It would be difficult to 

determine the specific causes of the infections when doing a retrospective 

analysis, so this would offer an effective alternative which would allow the same 

goals to be achieved.    

 

 

 



 37 

Conclusion 

Overall, this study provides a useful starting point for future studies 

analyzing the infections in pediatric surgical patients at Boston Children’s 

Hospital. These results serve as preliminary data regarding the procedures 

followed by the Department of Anesthesiology. These findings help verify that the 

Department of Anesthesiology has implemented regulations that effectively 

prevent infection while maximizing cost efficiency and patient care. Further 

studies are needed to confirm this finding. By looking at previous years in 

addition to 2012, a larger group of patients can be examined which will better 

allow potential risk factors to be determined and to examine whether the current 

practices provide the best patient care at this time.  
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