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Abstract Few recent studies have assessed the epidemi-

ology of health care-associated infections (HAIs) in the

pediatric population after cardiac surgery. A retrospective

cohort study was performed to assess the epidemiology of

several types of HAIs in children 18 years of age or

younger undergoing cardiac surgery from July 2010 to June

2012. Potential pre-, intra-, and postoperative risk factors,

including adherence to the perioperative antibiotic pro-

phylaxis regimen at the authors’ hospital, were assessed by

multivariable analysis using Poisson regression models.

Microorganisms associated with HAIs and their suscepti-

bility patterns were described. Overall, 634 surgeries were

performed, 38 (6 %) of which were complicated by an HAI

occurring within 90 days after surgery. The HAIs included

7 central line-associated bloodstream infections (CLAB-

SIs), 12 non-CLABSI bacteremias, 6 episodes of early

postoperative infective endocarditis (IE), 9 surgical-site

infections (SSIs), and 4 ventilator-associated pneumonias

(VAPs). Mechanical ventilation (rate ratio [RR] 1.07 per

day; 95 % confidence interval [CI] 1.03–1.11;

p = 0.0002), postoperative transfusion of blood products

(RR 3.12; 95 %, CI 1.38–7.06; p = 0.0062), postoperative

steroid use (RR 3.32; 95 % CI 1.56–7.02; p = 0.0018), and

continuation of antibiotic prophylaxis longer than 48 h

after surgery (RR 2.56; 95 % CI 1.31–5.03; p = 0.0062)

were associated with HAIs. Overall, 66.7 % of the patho-

gens associated with SSIs were susceptible to cefazolin, the

perioperative antibiotic prophylaxis used by the authors’

hospital. In conclusion, HAIs occurred after 6 % of cardiac

surgeries. Bacteremia and CLABSI were the most com-

mon. This study identified several potentially modifiable

risk factors that suggest interventions. Further studies

should assess the role of improving adherence to periop-

erative antibiotic prophylaxis, the age of transfused red

blood cells, and evidence-based guidelines for postopera-

tive steroids.

Keywords Surgical-site infections � Health care-

associated infections � Cardiac surgery � Antimicrobial

prophylaxis

Introduction

In the United States, 36,000 children are born each year

with congenital heart disease, and currently, 1.3 million

children and adults are alive with a history of congenital

heart disease [36]. Despite advances in survival,
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postoperative infections remain a significant cause of

morbidity and mortality in children undergoing cardiac

surgery for both congenital and acquired heart disease [25].

The postoperative course of 2.7–8 % of these patients is

complicated by a hospital-associated infection (HAI) such

as a surgical-site infection (SSI) or a bloodstream infection

(BSI) [25, 34]. These HAIs can contribute to increased

hospital length of stay (LOS) and medical expenses [35].

Postoperative mediastinitis, for example, is associated with

an increased mortality rate, a prolonged LOS, and poor

long-term quality of life [3, 34].

In recent years, numerous patient safety and quality

interventions have been implemented in efforts to reduce

HAIs. These include strategies to prevent central line (CL)-

associated bloodstream infections (CLABSIs) and ventila-

tor-associated pneumonia (VAP) in both pediatric and

adult populations [19]. In addition, perioperative antibiotic

prophylaxis regimens have been shown to decrease the risk

of SSIs [4, 6, 16], but specific recommendations for peri-

operative prophylaxis in pediatric populations are extrap-

olated largely from adult data [5].

This study aimed to describe the epidemiology of

postoperative HAIs including SSIs, CLABSIs, BSIs, post-

operative endocarditis, and VAP among children under-

going cardiac surgery; to delineate the causative organisms

and their resistance patterns; and to evaluate potential risk

factors for HAIs in this population, including adherence to

an institutional perioperative antimicrobial prophylaxis

regimen.

Methods

Study Design and Study Site

We performed a retrospective study of children undergoing

cardiac surgery from July 1, 2010 to June 30, 2012 who

were admitted postoperatively to the pediatric cardiac

intensive care unit (PCICU) at NewYork-Presbyterian

Morgan Stanley Children’s Hospital, Columbia University

Medical Center (CUMC). The PCICU has 14 beds and

approximately 650 annual admissions. Institutional Review

Board approval from CUMC was granted to perform this

study with a waiver of informed consent.

Inclusion and Exclusion Criteria

Surgical procedures were eligible for inclusion if they were

performed for patients 18 years of age or younger, if the

indication was congenital or acquired heart disease

including heart transplantation, and if the patient was

admitted postoperatively to the PCICU.

Surgical procedures were excluded if they were per-

formed in patients older than 18 years of age, if a pace-

maker was implanted (because the perioperative

prophylaxis regimen is different for such procedures), or if

the patient died 24 h or less after surgery. Case finding was

performed by review of the electronic operating room

manager for procedures performed during the study period.

Infection Prevention and Control Strategies for HAIs

New York State has mandatory reporting to the Centers for

Disease Control and Prevention’s (CDC) National

Healthcare Safety Network (NHSN) for CLABSIs that

occur in all intensive care units (ICUs), including the

PCICU. Our PCICU participated in the National Associa-

tion of Children’s Hospitals and Related Institutions

(NACHRI) CLABSI reduction collaboration [15]. Insertion

and maintenance bundles for CLs have been in use since

2006 and 2008, respectively. We also have had a VAP

prevention program since 2010 but do not report VAPs to

NHSN. Our PCICU also participates in the Society of

Thoracic Surgeons (STS) database [16] and has had a local

quality initiative to reduce SSIs since 2011.

Case Findings and Definitions for HAIs

The study team reviewed the electronic medical records

(EMRs) of all the subjects for 90 days after surgery to

confirm HAIs independently. For the study, NHSN HAI

case definitions were used [21]. Briefly, CLABSIs were

defined as a blood culture positive for a known pathogen

(or two cultures positive for a common skin contaminant)

in a patient with a CL and symptoms (e.g., fever, chills, or

hypotension) unrelated to another infection. Additionally,

in this study, the definition of primary bacteremia was

broadened to include a positive blood culture for which an

attending physician prescribed a course of intravenous

antibiotic therapy.

In this study, SSIs were defined by clinical evidence of a

wound infection (e.g., fever and drainage), and VAPs were

defined as a combination of signs and symptoms of

infection (e.g., fever and elevated white blood cell count),

worsening gas exchange, and radiographic changes in a

mechanically ventilated patient. Early postoperative IE was

defined as a positive blood culture with echocardiographic

evidence of vegetations and/or embolic phenomena within

8 weeks of cardiac surgery.

During the study period, CLABSIs, SSIs, and VAPs

were assessed in real time by the Department of Infection

Prevention and Control and the cardiac surgical team

(SSIs). As all positive blood cultures are reviewed for

possible CLABSIs by the Department of Infection Pre-

vention and Control, primary bacteremias in patients
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without CL and episodes of early postoperative infective

endocarditis (IE) also were captured. Potential HAIs were

discussed, and disagreements were resolved by consensus.

The causative pathogens and their antimicrobial suscepti-

bility also were collected.

Potential Risk Factors for HAIs

Potential preoperative risk factors were abstracted from the

electronic medical record and included demographic

characteristics (e.g., age, sex, race, ethnicity); body mass

index (BMI); chronic medical conditions including cardiac

disease requiring medication (e.g., furosemide); extracar-

diac disease including chronic kidney disease, asplenia,

and polysplenia; chromosomal abnormalities (e.g., Di-

George syndrome, Williams syndrome, trisomy 21); and

prior immunosuppression (e.g., the use of immunosup-

pressant medication or steroids).

The potential intraoperative risk factors included use of

deep hypothermic circulatory arrest, use of intraoperative

steroids, and transfusion of blood products (including

packed red blood cells, platelets, or fresh frozen plasma),

as well as the durations of cardiopulmonary bypass (CPB),

aortic cross-clamp, and surgery.

The potential postoperative risk factors included the use

of invasive devices (e.g., pacing wires, CLs, and chest

tubes), receipt of blood products or steroids, and delayed

closure of the sternal wound. The durations of parenteral

nutrition and mechanical ventilation also were calculated.

We measured compliance with our hospital’s perioper-

ative antibiotic prophylaxis regimen. The parameters

included correct agent (i.e., cefazolin), correct dose (i.e.,

30 mg/kg; maximum dose, 2 g), correct timing (i.e., within

60 min before incision), intraoperative redosing for surgery

longer than 4 h, and correct duration (i.e., discontinuation

within 48 h after the surgery end time). Continuation of

antibiotics or broadening antibiotic coverage for a sus-

pected infection were not considered an incorrect duration

of prophylactic antibiotics. Vancomycin (15 mg/kg) was

prescribed for patients who had previous colonization or

infection with methicillin-resistant Staphylococcus aureus

(MRSA) or allergy to b-lactam agents. Vancomycin and

gentamicin were prescribed postoperatively for patients

with delayed sternal closure and discontinued within 24 h

after chest closure.

Statistical Analysis

Statistical analysis was performed using SAS 9.3 (version

9.3 for Windows; SAS Institute, Inc., Cary, NC). The risk

for HAI was regressed on the aforementioned pre-, intra-,

and postoperative risk factors using Poisson regression

models in PROC GENMOD (SAS version 9.3; SAS

Institute, Inc., Cary, NC). An offset corresponding to the

log of person-time was included in the model to provide

rate ratios. Patients were censored 90 days after surgery or

at the time of the HAI diagnosis, whichever came first.

For medical devices (e.g., CL), person-time was accu-

mulated until the device was removed. If more than one

surgical procedure was performed within 1 week, risk fac-

tors attributable to the first surgery were analyzed. If two or

more surgical procedures were performed more than 1 week

apart, each surgical procedure was considered a separate

observation. To adjust for nonindependent observations that

resulted from a patient having more than one surgery, the

repeated statement in the PROC GENMOD was used.

Individual predictors for HAIs were assessed using

Poisson regression bivariate analyses. Significant risk fac-

tors (p \ 0.05) in the bivariate analysis were included in

the multivariable analysis. Risk factors highly correlated in

the bivariate analysis (r [ 0.30) were not included in the

multivariable analysis together.

In the risk factor analysis, the mean duration of car-

diopulmonary bypass, aortic cross-clamp procedure, and

surgery were analyzed for those procedures with and

without HAIs. The rate of adherence to individual peri-

operative antibiotic prophylaxis recommendations (e.g.,

correct preoperative dose, correct timing of intraoperative

redosing) as well as complete adherence to all the periop-

erative antibiotic prophylaxis recommendations was

determined. The association between adherence to these

recommendations and HAIs was assessed using a Poisson

regression.

We performed an ad hoc power calculation for a sample

size of 650, a median follow-up period of 40 days, a

minimal detectable rate ratio of 2.0, and a type 1 error of

0.05. This study had a power greater than 99 % to detect

significant associations between risk factors and outcomes.

Results

Study Procedures and Population

During the study period, 729 cardiac surgical procedures

were performed, and 634 procedures (609 subjects) were

eligible for inclusion in the study. A total of 95 surgeries were

excluded including 55 surgeries performed in patients older

than 18 years, 39 surgeries with pacemaker placement, and 1

surgery associated with death 24 h or less after surgery.

HAIs and Causative Pathogens

In this study, 38 HAIs were diagnosed including 9 SSIs, 7

CLABSIs, 12 BSIs, 4 VAPs, and 6 episodes of IE
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(Table 1). Three subjects had two HAIs. During the study

period, the CLABSI rate was 1.2 per 1,000 CL days, and

the VAP rate was 1.0 per 1,000 ventilator days. Six SSIs

were superficial, and three were organ-space infections (2

cases of mediastinitis and 1 case of pericarditis). All SSIs

presented within 30 days after the surgery.

The pathogens causing HAIs and their susceptibility to

cefazolin are shown in Table 1. All nine SSIs were caused

by S. aureus, three of which were MRSA. The pathogens

causing CLABSIs, BSIs, VAPs, and early postoperative IE

were more likely to be resistant to cefazolin than the

pathogens causing SSIs (67 vs 28 %, respectively;

p = 0.03) and more likely to be Gram-negative pathogens

(41 vs 0 %; p = 0.02).

The overall rate of HAIs was 5.99 per 100 surgeries. The

rates of individual HAIs ranged from 0.63 VAP per 100

surgical procedures to 1.89 BSIs per 100 surgical proce-

dures (Table 1). The patients with an HAI had an average

PCICU stay of 38 days, whereas those without an HAI had

an average PCICU stay of 6 days (p \ 0.001).

Risk Factors for HAIs

In the bivariate analysis, the preoperative factors signifi-

cantly associated with HAIs included younger age, race,

lower weight, and prior stay in another hospital (Table 2).

As the race of 30 % of children was classified as ‘other,’ this

analysis did not find that a particular race was associated

with an increased risk of HAIs. The intraoperative factors

included heart transplantation, longer duration of surgery,

transfusion of blood products, and treatment with steroids

(Table 2). The postoperative factors included delayed ster-

nal closure, longer duration of chest tube placement, longer

duration of mechanical ventilation, transfusion of blood pro-

ducts, and treatment with steroids. The steroids included

dexamethasone, methylprednisolone, hydrocortisone, prednisolone,

Table 1 HAIs and causative pathogens in children after cardiac surgical procedures

Type of

HAI (n)

Causative

pathogen (n)

Gram-

positivecocci

(%)

Susceptible

to cefazolin

(%)

HAIs per

100 surgical

procedures

Mean days

after surgery

n (range)

SSI (9) Staphylococcus aureus (9) 100 67 1.42 17 (9–28)

CLABSI (7) Enterococcus faecalis 43 29 1.10 15 (2–42)

Enterobacter cloacaea

Klebsiella spp.b (2)

Pseudomonas fluorescensa

Staphylococcus epidermidisc (3)

BSI (12) Klebsiella pneumoniae 92 33 1.89 11 (0–32)

Serratia marcescensc

Staphylococcus aureusb

Staphylococcus epidermidisc (3)

Staphylococcus hominisd (4)

Streptococcus mitis (2)

Streptococcus sanguinis

VAP (4) Acinetobacter baumannii 0 0 0.63 17 (2–36)

Pseudomonas aeruginosa (2)

Stenotrophomonas maltophiliac

Endocarditis (6) Candida albicans 33 33 0.95 22 (4–39)

Klebsiella pneumoniaed

Serratia marcescens (2)

Staphylococcus epidermidis

Staphylococcus hominis

All HAIs (38) 66 37 5.99 16 (0–42)

SSI surgical-site infections, CLABSI central line-associated bloodstream infections, BSI bloodstream infection, VAP ventilator-associated

pneumonia
a One subject: polymicrobial CLABSI with Enterobacter cloacae and Pseudomonas fluorescens
b One subject: Klebsiella oxytoca CLABSI and a Staphylococcus aureus BSI
c One subject: Staphylococcus epidermidis CLABSI, polymicrobial BSI with Serratia marcesens and Staphylococcus epidermidis, and Steno-

trophomonas maltophilia VAP
d One subject: Staphylococcus hominis BSI and Klebsiella pneumoniae endocarditis
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and prednisone given for a mean of 8 days (range

1–99 days). Continuing perioperative antibiotic prophylaxis

longer than 48 h after surgery (excluding patients with

delayed sternal closure) also was a risk factor for HAIs.

The duration of cardiopulmonary bypass was highly

correlated (r [ 0.3) with surgery length as well as with

intra- and postoperative transfusion of blood products.

Thus, the duration of cardiopulmonary bypass was not

included in the multivariable model. Postoperative trans-

fusion and duration of mechanical ventilation also were

highly correlated (r = 0.38), but both remained statisti-

cally significant in the multivariable model (p \ 0.05) and

were subsequently included in the model.

In the multivariable analysis, mechanical ventilation,

postoperative transfusion of blood products, use of post-

operative steroids, and continuation of prophylactic anti-

biotics longer than 48 h after the end of surgery were

associated with HAIs (Table 3).

Discussion

During the past decade, increasing efforts have been made

to understand the rates and risk factors for HAIs experi-

enced by pediatric patients after cardiac surgery and to

reduce these complications [1, 10, 25, 26, 29, 32, 33]. In

2012, the mean pooled CLABSI rate (n = 41 sites) and

VAP rate (n = 20 sites) for PCICUs reported to NHSN

were 1.4 per 1,000 CL days and 0.2 per 1,000 ventilator

days, respectively [13]. At our center, the CLABSI rate was

similar to the national mean (1.2 per 1,000 CL days),

whereas the VAP rate was higher than the national mean

(1.0 per 1,000 ventilator days).

In this study, we identified four potentially modifiable

risk factors for HAIs, all of which occurred during the

postoperative period. These included prolonged use of

perioperative antibiotic prophylaxis, prolonged mechanical

ventilation, postoperative steroids, and transfusion of blood

products.

The most common HAIs were BSIs (n = 12), CLABSIs

(n = 7), and SSIs (n = 9). The majority of SSIs in our

study population (6 of 9, 67 %) were caused by methicillin-

susceptible S. aureus (MSSA), a microorganism suscepti-

ble to cefazolin, our institution’s prophylactic agent. The

majority of the patients (5/6) who experienced an MSSA

infection had received correct prophylactic antibiotics.

This observation raises concern for inadequate tissue levels

of cefazolin in children who require cardiopulmonary

bypass and aortic cross-clamp procedures. Prior data for

infants and adults [2, 18] have suggested that continuous

administration of cefazolin may be beneficial because it

provides more stable serum levels, lower inter-patient

variability, and higher myocardial tissue penetration.

Of the three SSIs caused by MRSA, one patient was

known to be colonized with MRSA and had received

correct prophylactic antibiotics (i.e., vancomycin).

Although it is not our current policy to screen children for

MRSA before surgery, others have suggested that active

MRSA screening, decolonization, or both can significantly

decrease the burden of MRSA HAIs [30, 37].

The clinical benefit of antibiotic prophylaxis after sur-

gery is controversial. To our knowledge, only a single study

has addressed this issue for adults undergoing cardiac sur-

gery. The findings showed that continuing antibiotic pro-

phylaxis longer than 48 h after surgery did not reduce SSIs

but did increase antimicrobial resistance [19]. Nonetheless,

current recommendations, including those of the Surgical

Care Improvement Project [4], The Society for Healthcare

Epidemiology of America [11], and most recently, the

Infectious Diseases Society of America [7] endorse pro-

phylaxis for 48 h after cardiac surgery. However, admin-

istration of antibiotics longer than 48 h after surgery has not

been shown to reduce the rate of SSIs [14] and can increase

the risk of infections with resistant organisms or Clostrid-

ium difficile [8, 19]. In the current study, we demonstrated

that continuing antibiotics longer than 48 h after surgery

was associated with an increase in HAIs.

We also found that increased duration of mechanical

ventilation postoperatively was associated with HAIs. We

speculate that prolonged intubation is associated with

increased LOS and the subsequent risk of HAIs [17].

Furthermore, the invasive nature of endotracheal intubation

may increase the risk of HAIs.

Postoperative transfusion of blood products also was a

significant risk factor for acquiring an HAI. Studies have

shown that a relationship exists between the number of units

of blood products received and the number of bacterial

infections postoperatively [22]. Furthermore, older age of

the transfused red blood cells (RBCs) also may increase the

risk of bacteremia. The explanation for this observation is

unclear, but theories include the availability of free iron for

bacterial growth, adverse effects on macrophage function,

alterations in cytokines, and changes in microvascular flow

[12, 20]. The use of older RBCs for infants and small

children may be of particular concern. For these patients, it

is a frequent practice for one unit of blood to be transfused in

small aliquots over weeks to avoid potential exposure to

multiple donors and wastage of donated blood [27].

As previously described [28], the use of steroids post-

operatively also was associated with HAIs in our patient

population. Steroids may be used during the postoperative

period to blunt the inflammatory response to cardiopul-

monary bypass [9, 24] and to facilitate extubation [23]. In

the current study, steroids remained a risk factor for HAIs

in the multivariable analysis with adjustment for prolonged

intubation. However, too few patients underwent heart
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Table 2 Risk factors for HAIs in children after cardiac surgical

procedures

Factors Postoperative

HAI (n = 38)

No

postoperative

HAI

(n = 596)

p valuea

Demographics

Age <0.001

B60 days 7 (18.4) 31 (5.2)

61 days to \1 year 20 (52.6) 229 (38.4)

1 to \5 years 6 (15.8) 168 (28.2)

C5 years 5 (13.2) 168 (28.2)

Male sex 24 (63.2) 336 (56.4) 0.413

Race and ethnicity 0.040

Black or African

American

5 (13.2) 48 (8.1)

White (reference

race)

16 (42.1) 374 (62.8)

Otherb 17 (44.7) 174 (29.2)

Hispanic 0 (0) 31 (5.2) 0.149

Preoperative

Mean weight (kg) 10.2 (12.9) 17.8 (18.9) 0.015

Prior stay at outside

hospital

10 (26.3) 28 (4.7) <0.001

Mean hospital stay

before cardiac

surgery: days

(median)

5.2 (2) 3.1 (0) 0.292

Mean PCICU stay

before cardiac

surgery: days

(median)

4.6 (1) 2.6 (0) 0.318

Previous cardiac

surgery

19 (50.0) 237 (39.8) 0.213

Chronic medical

illnessc
19 (50.0) 194 (32.6) 0.144

Mean admission BMI

for subjects C2 years

old (median)

54.9 (66) 45.6 (42) 0.409

\37 Weeks gestational

age

3 (7.9) 54 (9.1) 0.808

Use of extracorporeal

membrane

oxygenation

2 (5.3) 8 (1.3) 0.060

Intraoperative

Heart transplant 5 (13.2) 30 (5.0) 0.034

Mean cross-clamp time

(min)

58 (28) 53 (33) 0.362

Mean surgery length

(min)

222 (77) 180 (82) 0.002

Mean CPB time (min) 110 (45) 94 (51) 0.060

Lowest intraoperative

temperature (�C)d
0.208

36 to [32 4 (10.8) 102 (18.9)

Table 2 continued

Factors Postoperative

HAI (n = 38)

No

postoperative

HAI

(n = 596)

p valuea

32 to [28 22 (59.5) 341 (63.3)

28 to [22 5 (13.5) 53 (9.8)

22 to C18 6 (16.2) 43 (8.0)

Intraoperative

transfused blood

products

24 (63.2) 169 (28.4) <0.001

Intraoperative steroid

use

29 (76.3) 339 (56.9) 0.019

Use of circulatory

arrest

4 (10.5) 44 (7.4) 0.478

Postoperative

Delayed sternal closure 5 (13.2) 16 (2.7) <0.001

Mean duration of chest

tube: days (median)

7.5 (5) 4.9 (3) 0.016

Mean duration of

central line: days

(median)

8.7 (5) 7.4 (2) 0.850

Mean duration of

mechanical

ventilation: days

(median)

6.6 (4) 1.5 (1) <0.001

Postoperative

transfused blood

products

29 (76.3) 184 (30.9) <0.001

Postoperative steroid

use

23 (60.5) 86 (14.4) <0.001

Compliance with perioperative prophylaxis regimen

Preoperative correct

drug

35 (92.1) 577 (96.8) 0.086

Preoperative correct

timing

35 (92.1) 566 (95.0) 0.848

Pre-/intraoperative

correct dose

33 (86.8) 518 (86.9) 0.990

Intraoperative redosing

(203 procedures)

17 (8.3) 186 (91.6) 0.495

Intraoperative correct

timing

15 (88.2) 151 (81.2)

Intraoperative

incorrect timing

1 (5.9) 29 (15.6)

Not given 1 (5.9) 6 (3.2)

Postoperative correct

drug

35 (92.1) 569 (95.5) 0.202

Postoperative correct

dose

23 (60.5) 404 (67.8) 0.415

Continuing drug [48 h 15 (39.5) 63 (10.6) <0.001

Complete compliance

with regimen

16 (42.1) 326 (54.7) 0.131

Correct preoperative

compliance

31 (81.6) 500 (83.9) 0.7077
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transplantation for the risk of steroids to be assessed with

adjustment for transplantation.

This study had several limitations. It was a single center

study, which limits the generalizability of the findings. At

our institution, most neonates undergoing cardiac surgery

receive their postoperative care in a neonatal cardiac care

ICU. We have studied risk factors for BSIs and SSIs in the

infant population and have found that incorrect preopera-

tive antibiotic prophylaxis timing is a risk factor for SSIs

[31]. Although HAIs were assessed prospectively, potential

risk factors were collected retrospectively. We were unable

to determine the risk factors for each type of HAI due to

the small number of HAIs in our study.

Furthermore, catheter-associated urinary tract infections

were not included because this HAI was not tracked at our

institution until 2012. We did not assess the age of trans-

fused RBCs due to a lack of power and because the ana-

lysis of transfusions included packed RBCs, platelets, and

fresh frozen plasma rather than RBCs exclusively. Finally,

it is possible that we may have not captured all HAIs if

patients presented to another facility after discharge, but it

is NHSN practice to report HAIs to the institution at which

the original surgery occurred.

Conclusion

To our knowledge, this is one of the few studies in the

pediatric population to assess several types of HAIs after

cardiac surgery in the era of bundle strategies, quality

initiatives, and mandatory HAI reporting. Whereas peri-

operative prophylaxis guidelines have been developed for

adult populations, such guidelines are lacking for the

pediatric population.

Our study found four potentially modifiable risk factors

including the risk of prolonged perioperative prophylaxis.

Our findings also suggest that current policies and practices

for transfusions, steroids, and mechanical ventilation

should be evaluated to develop strategies for limiting these

exposures. Multicenter studies should be performed to

assess the validity of our findings.
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