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ABSTRACT

Introduction: Bloodstream infection (BSI) may
occur after cardiac procedures, but this has
rarely been investigated specifically in pediatric
patients after percutaneous or surgical treat-
ment for ventricular septal defect (VSD) or atrial
septal defect (ASD) with recent data. The
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current study aimed to investigate the inci-
dence, clinical features, and association with
prognosis of BSI in this patient population.
Methods: Pediatric patients who received per-
cutaneous or surgical procedure for VSD or ASD
between 2010 and 2018 in a large children’s
hospital in China were retrospectively enrolled
via the Pediatric Intensive Care database, but
only those who had blood culture records
within 24 h after the procedure and who had no
prior positive blood culture records were inclu-
ded. BSI after the procedure was identified by
reviewing blood culture records, and baseline
characteristics associated with BSI were
explored by univariable logistic regression. In-
hospital mortality and length of hospitalization
were studied as prognostic outcomes and com-
pared between patients with and without BSI.
Results: A total of 1340 pediatric patients were
included. Among them, 46 (3.43%) patients had
BSI within 24 h after the procedure, of which the
majority (78.26%, 36/46) were caused by Gram-
positive bacteria and 65.22% (30/46) had
antibiotic-resistant organisms. Age [odds ratio
(OR) 0.98 per 1-month increase, 95% confidence
interval (CI) 0.97-1.00, P = 0.021] and antibiotic
use within 72 h before the procedure (OR 1.81,
95% CI 1.00-3.26, P = 0.049) were statistically
significantly associated with developing BSI.
Compared with patients without BSI, there was
no statistically significant difference in in-hos-
pital mortality (0.00% versus 0.54%, P = 1.000),
but patients with BSI had statistically
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significantly longer length of hospitalization
(median 14.51 versus 12.94 days, P = 0.006),
while the association was not statistically sig-
nificant after adjustment for baseline character-
istics by multivariable linear regression
(p=1.73,95% CI —0.59 to 4.04, P = 0.144).
Conclusion: BSI is relatively uncommon in
pediatric patients after procedures for VSD or
ASD, but a younger age seems a risk factor.
Developing BSI appears to be associated with
increased length of hospitalization but not in-
hospital mortality.

Keywords: Atrial septal defect; Bloodstream
infection; Microbiology; Pediatrics; Prognosis;
Ventricular septal defect

Why carry out this study?

Bloodstream infection (BSI) may occur
after cardiac procedures, but knowledge is
limited about the occurrence of BSI after
procedures for ventricular/atrial septal
defect (VSD/ASD).

The current study aimed to investigate the
incidence, clinical features, and
association with prognosis of BSI in
pediatric patients after percutaneous or
surgical treatment for VSD/ASD.

What was learned from the study?

BSI is relatively uncommon (about 3.5%)
in pediatric patients after procedures for
VSD or ASD, but a younger age seems to be
a risk factor.

Developing BSI appears to be associated
with an increased length of
hospitalization but not in-hospital
mortality.

INTRODUCTION

Bloodstream infection (BSI) is generally defined
by the presence of viable bacterial or fungal
microorganisms in the bloodstream confirmed

by blood cultures, which include a wide variety
of pathogens and clinical syndromes [1].
Although epidemiology of BSI from well-de-
signed population-based surveillance is lacking,
especially at a regional level and in resource-
limited settings [2], the incidence of BSI is esti-
mated to be similar to stroke or venous throm-
bosis (about 100-200 per 100,000 population)
in the general population [3, 4], of which
nosocomial BSI accounts for about 30-50%
[5, 6]. This has become a heavy burden for
healthcare, as the presence of BSI is often asso-
ciated with both worse prognosis (including
prolonged lengths of hospital stay and
increased mortality risk) and increased cost,
especially for critically ill patients [7-9].

Receiving invasive procedures is a well-
established risk factor of nosocomial BSI, and
therefore antimicrobial prophylaxis before or
after a procedure is indicated in some situations
[10-13]. However, there are also concerns about
the inappropriateness of surgical antimicrobial
prophylaxis [14-16], which may lead to
unnecessary cost and contribute to the devel-
opment and spread of antimicrobial resistance
[17-19]. For cardiac surgery, routine antibiotic
prophylaxis is generally recommended given
the significant and large benefit observed in
trials, although detailed recommendations on
duration and timing varies between guidelines
[20]; while for interventional cardiac catheteri-
zation, antibiotic prophylaxis is only recom-
mended for patients at high risk of infective
endocarditis [21, 22].

Cardiac surgery is one invasive procedure
commonly received by pediatric patients, espe-
cially those with congenital cardiac diseases. A
replacement for cardiac surgery, cardiac
catheterization has gradually become a routine
tool for diagnosis and intervention of congeni-
tal cardiac disease in childhood. Compared with
research that focused on adult patients, evi-
dence about BSI occurrence is rather limited for
pediatric patients receiving cardiac surgery.
Although BSI (especially infective endocarditis)
seems to be a reasonable concern for cardiac
catheterization, infection seems rare [23, 24].
However, since practices, patient profiles, and
prevalent spectrum of pathogenic microorgan-
isms may change over time or vary between
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regions, further investigations on this topic
with recent data are warranted. Therefore, via a
pediatric-specific ~ database =~ with  recent
(2010-2018) data from a large pediatric medical
center in China, we conducted a study aiming
to investigate the incidence, clinical features,
and association with prognosis of BSI in pedi-
atric patients after percutaneous or surgical
treatment for ventricular septal defect (VSD) or
atrial septal defect (ASD).

METHODS

Data Source

The current study used data from the Pediatric
Intensive Care (PIC) database (version 1.1.0)
[25]. PIC is a pediatric-specific intensive care
database, which contains information about
children (aged 0-18 years) admitted to the crit-
ical care units between 2010 and 2018 in a
comprehensive pediatric medical center (i.e.,
The Children’s Hospital, Zhejiang University
School of Medicine) in China. Data used in the
current study include medical records at hospi-
tal and intensive care unit (ICU) level, including
information about operations, microbiological
examination (including tests performed and
sensitivities), medication prescription, and
diagnoses made during the hospitalization.

The original project that developed the PIC
database was approved by the Institutional
Review Board (IRB) of the Children’s Hospital,
Zhejiang University School of Medicine, and
the requirement for individual patient consent
was waived because the project did not impact
clinical care, and all protected health informa-
tion was deidentified [25].

After following the required procedures, our
access to the PIC database was approved by the
administrator of the PIC database on 19 August
2021. The current study was further approved
by the IRB of the Guangdong Provincial Peo-
ple’s Hospital (no. KY-Q-2021-272-01). All the
data used were deidentified and patient consent
was waived. We complied with the Helsinki
Declaration 1964 and its later amendments.

Study Population

With the PIC database, we screened the data for
pediatric patients who received percutaneous or
surgical intervention for VSD or ASD between
2010 and 2018, but only those who had blood
culture records within 24 h after the procedure
and who had no prior positive blood culture
records (since hospital admission) were inclu-
ded. In detail, we first examined the informa-
tion about operations (from operation rooms)
and identify patients who had operation records
of VSD or ASD (either closure or repair). The
identification was based on free-text using
“VSD” and “ASD” as the keywords. As the PIC
database is an English—Chinese bilingual data-
base, we also examined the original records in
Chinese to further ensure the identified patients
received percutaneous or surgical procedure for
VSD or ASD during the hospitalizations.
Patients who had more than one procedure
record during the same hospitalizations were
excluded, but those who received other proce-
dure(s) together with the same procedure for
VSD or ASD were included. We then examined
the information about microbiological exami-
nation to identify and include patients who had
blood culture records within 24 h after the
procedure (according to the end time of the
procedure). To exclude patients who had BSI
before the procedure, we excluded patients who
had blood culture records with positive results
before the procedure.

BSI after Percutaneous or Surgical
Procedure for VSD or ASD

BSI after the procedure was identified by
reviewing the results of the blood culture
records (within 24 h after the procedure). For
positive results, details on types of organisms
and results of antibiotic resistance test were
collected. To better understand the cause of BSI,
the types of organisms were categorized as
Gram-positive cocci, Gram-positive bacilli,
Gram-negative cocci, Gram-negative bacilli,
fungus, and others.
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Baseline Characteristics (Clinical Features)

The below information was collected from the
relevant data and identified the following
baseline characteristics: age, sex, ethnicity,
(maximum) body temperature, (maximum)
respiratory rate, (minimum) oxygen saturation,
and antibiotic use within 72 h before the pro-
cedure, type of septal defect (ASD or VSD), gui-
ded by transesophageal echocardiography (or
not), other procedure(s) received during the
same procedure, duration of anesthesia, dura-
tion of the procedure, method of anesthesia,
position for the procedure. We also collected all
the diagnoses made during the hospitalizations
of the included patients, in which data on
diagnoses and procedures (mainly to identify
specific types of congenital cardiac disease) were
both used for the identification.

Prognostic Outcomes

We studied in-hospital mortality and length of
hospitalization as prognostic outcomes, both of
which were directly obtained from the hospi-
talization data.

Statistical Analysis

Summary  statistics were presented as
mean =+ standard deviation or median (25-75%
percentiles) for continuous variables according
to whether the variables were normally dis-
tributed, and frequency (percentage) for cate-
gorical variables. Comparisons between two
groups were examined by #test or the
Mann-Whitney U-test for continuous variables,
and by the Chi-squared test or the Fisher’s exact
test for categorical variables (and for compar-
isons between three groups). The associations of
each baseline characteristic with BSI after the
procedure were examined by univariable logis-
tic regression. The studied prognostic outcomes
were compared between patients with and
without BSI after the procedure, which was
further evaluated by multivariable logistic
regression (for in-hospital mortality) or linear
regression (length of hospitalization). A P-value
<0.05 was considered to indicate statistical

significance. IBM SPSS Statistics for Windows
(version 25.0. Armonk, NY: IBM Corp.) was used
for the statistical analyses.

RESULTS

Baseline Characteristics of the Study
Population

A total of 1340 pediatric patients who received
percutaneous or surgical treatment for septal
defect were included (Fig. 1). As presented in
Table 1, the median age of the included patients
were 15.51 (6.16-37.34) months, and 636
(47.46%) were male. The majority of the
patients were Han (ethnicity, 99.48%), and were
first admitted to the cardiac surgery department
(99.03%, not shown in the table). About 38%
(511/1340) of the patients received antibiotics
within 72 h before the procedure, and the
majority of them received only one type of
antibiotics (95.85%, 490/511), of which cefra-
dine was the most frequently prescribed (Sup-
plementary Table 1).

According to the types of procedures the
patients received, 691 (51.57%) patients
received interventions for VSD, 463 (34.55%)
for ASD, and 186 (13.88%) for both VDS and
ASD, and only about 3% (39/1340) were guided

Pediatric Intensive Care database (v1.1.0)
12,881 patients (13,449 hospitalizations, 13,941 ICU hospitalizations)

With procedure records of VSD/ASD closure/repair
1,759 patients (1,759 hospitalizations, 1,816 ICU hospitalizations)

Only one procedure record during a hospitalization
1,569 patients (1,569 hospitalizations, 1,607 ICU hospitalizations)

With blood culture within 24 hours after the procedure
1,342 patients (1,342 hospitalizations, 1,379 ICU hospitalizations)

Without bloodstream infection before the procedure
1,340 patients (1,340 hospitalizations, 1,377 ICU hospitalizations)

Fig. 1 The enrollment of the study population. ICU
intensive care unit, ¥SD ventricular septal defect, ASD
atrial septal defect
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Table 1 Baseline characteristics of the study population Table 1 continued
Baseline characteristics Summary Baseline characteristics Summary
statistics statistics
(N = 1340) (N = 1340)
Age (months) 15.51 Guided by transesophageal 39 (2.91%)
(6.16-37.34) echocardiography

Age group
< 1 month
1-6 months
6-12 months
1-3 years
> 3 years
Sex
Male
Female
Ethnicity
Han
Other

Body temperature within 72 h before the
procedure (°C)

Respiratory rate within 72 h before the

procedure (/min)

Oxygen saturation within 72 h before the
procedure (%)

Antibiotic use within 72 h before the

procedure

Number of antibiotics used within 72 h

before the procedure
0
1
2
3
Type of septal defect”
Ventricular septal defect
Atrial septal defect

Ventricular and atrial septal defect

41 (3.06%)

284 (21.19%)
233 (17.39%)
423 (31.57%)
359 (26.79%)

636 (47.46%)
704 (52.54%)

1333 (99.48%)
7 (0.52%)
37.16 + 9.80

31.8 £ 82
98.3 £ 6.9

511 (38.13%)

829 (61.87%)
490 (36.57%)
20 (1.49%)

1 (0.07%)

691 (51.57%)
463 (34.55%)
186 (13.88%)

With other procedure(s) during the 277 (20.67%)

same procedure
With other heart defects 321 (23.96%)
173.20 & 55.97

116.77 £ 49.40

Duration of anesthesia (min)
Duration of the procedure (min)

Type of procedure for atrial septal
defect

Transcatheter closure 109 (8.13%)
540 (40.30%)

Surgical repair

Type of procedure for ventricular septal

defect
125 (9.33%)
752 (56.12%)

Transcatheter closure

Surgical repair

*Identified by the type of procedure for septal defect a
patient received

bInclucling patent ductus arteriosus, tricuspid valve disease,
mitral valve disease, aortic disease, pulmonary hyperten-
sion, pulmonary vein disease, pulmonary valve disease,
tetralogy of Fallot, transposition of the great arteries, aortic
valve disease, pulmonary artery disease, and other heart
diseases (except for ventricular septal defect, atrial septal
defect, atrioventricular septal defect, patent foramen ovale,
and arrhythmia), which were identified by types of pro-
cedures a patient received and diagnoses records during the
hospitalization

by transesophageal echocardiography. The
mean duration of anesthesia and the procedure
were 173.20 £ 55.97 min and 116.77 +
49.40 min, respectively, and about 20% (277/
1340) received other procedures at the same
time, in which closure of patent ductus arte-
riosus was the most commonly performed pro-
cedure (Supplementary Table 2). In terms of
comorbidities, apart from VSD or ASD, patent
ductus arteriosus (n = 132), tricuspid valve dis-
ease (n = 89), and patent foramen ovale (n = 63)
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were the most frequent comorbidities among
the included patients (Supplementary Table 3).

Incidence and Clinical Features of BSI

The proportion of developing BSI within 24 h
after the procedure was 3.43% (46/1340), and
2.24% (30/1340) for BSI with antibiotic-resis-
tant organism. As presented in Table 2, among
those who developed BSI, the majority (93.48%,
43/46) was caused by bacteria, of which Gram-
positive bacteria was the most common
(n = 36). Only one patient had multiple-organ-
ism infection (i.e., Streptococcus oralis and Neis-
seria flavescens), and Staphylococcus epidermidis
(n=16) and Staphylococcus hominis (n = 10)
were the two most common organisms (Sup-
plementary Table 4). There was no statistically
significant difference in the types of organisms
between septal defects (P all > 0.05, Supple-
mentary Table 5). According to the results of the
antibiotic  sensitivity test (Supplementary
Table 6), resistance to methicillin was rather
common (25/27, 92.59%), followed by

Table 2 Bloodstream infection in the study population
after the procedure

Bloodstream infection Summary

statistics

(N = 1340)
46 (3.43%)
30 (2.24%)

Among the study population
Bloodstream infection

Bloodstream infection with antibiotic-

resistant organism

(N = 46)

TyPC Of organism among thC patients

with bloodstream infection

32 (69.57%)

Gram-positive cocci

Gram-positive bacilli 4 (8.70%)
Gram-negative cocci 1 (2.17%)
Gram-negative bacilli 5 (10.87%)
Gram-positive cocci and Gram-negative 1 (2.17%)
cocci

Fungus 3 (6.52%)

resistance to oxacillin (25/27, 92.59%), peni-
cillin G (27/31, 87.10%), erythromycin (20/32,
62.50%), and sulfamethoxazole (13/32,
40.62%).

Baseline Characteristics Associated
with BSI

Among the studied baseline characteristics, age
[odds ratio (OR) 0.98 per 1-month increase, 95%
confidence interval (CI) 0.97-1.00, P = 0.021],
(maximum) respiratory rate within 72 h before
the procedure (OR 1.03, 95% CI 1.00-1.06,
P = 0.038), antibiotic use within 72 h before the
procedure (OR 1.81, 95% CI 1.00-3.26,
P =0.049), and repair of total anomalous pul-
monary venous connection (OR 8.36, 95% CI
1.69-41.39, P = 0.009) were found to be statis-
tically significantly associated with developing
BSI, while no statistically significant associa-
tions with other characteristics were observed
(Table 3 and Supplementary Table 7). For BSI
antibiotic-resistant organisms, age (OR 0.97 per
1-month increase, 95% CI  0.95-1.00,
P =0.021), (maximum) respiratory rate within
72 h before the procedure (OR 1.04, 95% CI
1.00-1.08, P =0.045), patent foramen ovale
repair (OR 3.26, 95% CI 1.10-9.65, P = 0.033),
and comorbid other heart diseases (namely
other heart diseases except for those presented
in Supplementary Table 7 in detail, OR 3.93,
95% CI 1.14-13.56, P = 0.030) were potential
predictors (Table 3 and Supplementary Table 7).

Association of BSI with Prognosis

The overall in-hospital mortality of the inclu-
ded patients was 0.52% (7/1340) with a median
length of hospitalization of 12.97 (9.07-17.21)
days. Compared with patients without BSI,
there was no statistically significant difference
in in-hospital mortality (0.00% versus 0.54%,
P =1.000), but patients with BSI showed statis-
tically significantly longer lengths of hospital-
ization (median 14.51 versus 12.94 days,
P =0.006). A similar difference was observed
between patients with BSI with antibiotic-resis-
tant organism and those without (Table 4).
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Table 3 Baseline characteristics associated with bloodstream infection after the procedure

Baseline characteristics

Bloodstream infection

Bloodstream infection with

antibiotic-resistant

organism
OR 95% CI  P-value OR 95% CI P-value

Age (months) 0.98 0.97-1.00 0.021 097 0.95-1.00 0.021
Age group

< 1 month 1.0 1.0

1-6 months 0.71 0.20-2.55 0.596 0.79 0.17-3.68 0.759

6-12 months 0.51 0.13-1.97 0.327 0.43 0.08-2.28 0.320

1-3 years 040 0.11-147 0.169 0.38 0.08-1.83 0.226

> 3 years 0.22 0.05-0.90 0.035 022 0.04-1.24 0.086
Sex

Male 1.0 1.0

Female 1.42 0.78-2.60 0.252 136 0.65-2.86  0.409
Ethnicity

Han 1.0 1.0

Other 0.00 0.00-Inf  0.988 0.00  0.00-Inf 0.989
Body temperature within 72 h before the procedure (°C) 1.00 0.93-1.06 0.892 1.00 0.89-1.11 0.905
Respiratory rate within 72 h before the procedure (/min) 1.03 1.00-1.06 0.038 1.04 1.00-1.08 0.045
Oxygen saturation within 72 h before the procedure (%) 1.01 0.96-1.06 0.831 101 0.94-1.07 0.853
Antibiotic use within 72 h before the procedure

No 1.0 1.0

Yes 1.81 1.00-3.26 0.049 1.08 0.52-2.27 0.832
Number of antibiotics used within 72 h before the procedure

0 1.0 1.0

1 1.839 1.05-3.41 0.034 1.13 0.54-2.37 0.744

2 0.00 0.00-Inf  0.987 0.00  0.00-Inf 0.988

3 0.00 0.00-Inf  0.997 0.00  0.00-Inf 0.997
Type of septal defect”

Ventricular septal defect 1.0 1.0

Atrial septal defect 0.74 0.38-145 0381 070 0.30-1.63 0.405

Ventricular and atrial septal defect 1.00 043-2.34 1.000 1.10 0.40-3.01 0.860
Guided by transesophageal echocardiography

No 1.0 1.0
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Table 3 continued

Baseline characteristics

Bloodstream infection Bloodstream infection with
antibiotic-resistant

organism

P-value OR 95% CI

OR 95% CI P-value

Yes

With other procedure(s) during the same procedure
No
Yes

Duration of anesthesia (min)

Duration of the procedure (min)

0.00 0.00-Inf 0982  0.00 0.00-Inf 0.989
1.0 1.0

0.62-320 0414
1.00-1.01 0.348

1.07 0.52-2.18 0.856 1.41
1.00 1.00-1.01 0.529 1.00

1.00 1.00-1.01 0.636 1.00 1.00-1.01 0.388

P-value < 0.05 presented in bold
OR odds ratio, CI confidence interval

“Identified by the type of procedure for septal defect a patient received

Results of the univariable linear regression
indicated BSI was a risk factor of longer length
hospitalization ( 2.71, 95% CI 0.20-5.21,
P =0.034). After adjusting for age, sex, type of
septal defect, antibiotic use within 72 h before
the procedure, and presence of other heart
defects by multivariable linear regression, the
association became nonsignificant (f 1.66, 95%
ClI —-0.66 to 3.97, P=0.160). For BSI with
antibiotic-resistant organism, however, the
associations estimated from either univariable
or multivariable linear regression were non-
significant (Table 5).

DISCUSSION

The current study included a large cohort of
pediatric patients who received percutaneous or
surgical procedure for VSD or ASD, and inves-
tigated the occurrence of BSI immediately after
the procedure, focusing on the incidence, clin-
ical features, and association with prognosis of
BSI in this pediatric patient population. The
main findings of our study are as follows: (1) the
incidence of BSI was about 3.5% in the study
population we investigated; (2) Gram-positive
cocci (mainly Staphylococcus epidermidis and
Staphylococcus hominis) was the most prevalent

spectrum of identified microorganisms, and
antibiotic resistance was rather common; (3)
some patient characteristics might serve as
predictors of developing BSI after the procedure,
including a younger age, increased respiratory
rate, and prior antibiotic use (which may be
better interpreted as potential concurrent active
infection); (4) developing BSI after the proce-
dure was not a significant risk factor for
increased in-hospital mortality, but it appeared
to be associated with a longer length of
hospitalization.

These findings provide new epidemiological
knowledge about the occurrence of BSI after
percutaneous or surgical procedure for VSD or
ASD in pediatric patients, and may also provide
insights into antibiotic prophylaxis. Given that
the risk of developing BSI after these procedures
is relatively uncommon, and developing BSI
does not seem to be associated with increased
in-hospital mortality, our findings support the
current guideline recommendation that antibi-
otic prophylaxis should only be considered for
high-risk patients [21, 22]. We found that BSI
appeared to be more prevalent in patients with
some characteristics, such as a young age,
increased respiratory rate, potential concurrent
active infection (indicated for antibiotic use
prior to the procedure), receiving repair of total
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Table 4 Prognosis of the study population according to bloodstream infection after the procedure

Bloodstream infection No Yes P-value
N 1294 46

Length of hospitalization (days) 12.94 (9.04-17.09) 14.51 (11.12-19.62) 0.006
In-hospital mortality 7 (0.54%) 0 (0.00%) 1.000
Bloodstream infection with antibiotic-resistant organism No Yes

N 1310 30

Length of hospitalization (days) 12.95 (9.05-17.11) 14.06 (11.18-19.62) 0.025
In-hospital mortality 7 (0.53%) 0 (0.00%) 1.000

P-value < 0.05 presented in bold

anomalous pulmonary venous connection, or
patent foramen ovale. Although these findings
are only based on univariable regression analy-
sis, which should be interpreted cautiously,
they may serve as potential predictors to iden-
tify pediatric patients who are likely to develop
BSI after the procedure and, accordingly,
antibiotic prophylaxis may be considered, as we
found developing BSI appeared to be associated
with increased length of hospitalization. The
findings on microorganisms and antibiotic
resistance may also provide clues to choices of
antibiotic, but generalizability should be taken
into account since our findings were only based
on data from a single center.

Research specifically investigating BSI in
pediatric patients who received percutaneous or
surgical procedures for VSD or ASD is rather
limited, but there are some studies focused on
infection in a similar patient population.
Tweddell etal. [26] used a pediatric inpatient
care database in the USA including a large
cohort of pediatric patients who underwent
cardiac surgery from 1997 to 2012, and found
1.6% of the patients had health care-associated
infections, which was associated with younger
age, heart failure, and acute kidney injury.
Similarly, they found developing health care-
associated infections was only independently
associated with increased length of hospital stay
and total charges for the hospital stay, but not
with inpatient mortality. These results are con-
sistent with ours, but it should be noted that, in

addition to the different study periods (com-
pared with ours), they identified health care-
associated infections by diagnosis codes, which
were not only limited to BSI, while in our study
BSI was identified according to results of blood
culture, which may be seen as a strength of our
study. Elella et al. [27] reported a much higher
incidence of BSI (8.6%) and mortality rate (11%
in patients with BSI versus 2% in those without
BSI) in pediatric patients who received cardiac
surgery and were admitted to a pediatric cardiac
intensive care unit (ICU) in 2007 from Saudi
Arabia. This difference may be because the
patients they included were at higher risk of
developing BSI, as they were all percutaneously
placed central lines and admitted to ICU.
Another explanation may be the wide variety of
cardiothoracic surgical procedures between
studies, which was also found to be a risk factor
(i.e., high surgical complexity) for BSI [27]. In
our study, we also observed that receiving other
procedures at the same time appears to increase
risk of BSI, although the association was not
statistically significant.

In terms of the spectrum of microbial causes,
we found Gram-positive cocci (mainly Staphy-
lococcus epidermidis and Staphylococcus hominis)
was the most prevalent, which was consistent
with most available investigations [28-30],
although the study populations were not
exactly the same. However, in the study by
Elella et al. [27], Gram-negative organisms were
the main causative organisms for BSI, which
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Table 5 Association between bloodstream infection after the procedure and length of hospitalization

Beta 95% CI P-value

Bloodstream infection®

Crude 2.71 0.20-5.21 0.034

Model 1 1.75 —0.63 to 4.13 0.149

Model II 1.73 —0.59 to 4.04 0.144

Model III 1.66 —0.66 to 3.97 0.160
Bloodstream infection with antibiotic-resistant organismb

Crude 3.01 —0.08 to 6.09 0.056

Model I 1.81 —1.11 to 4.74 0.225

Model 11 1.79 —1.05 to 4.63 0.216

Model III 1.85 —0.99 to 4.69 0.202

Model I was adjusted for age and sex; Model II was adjusted for Model I, type of septal defect, and antibiotic use within
72 h before the procedure; Model IIT was adjusted for Model I and presence of other heart defects, including patent ductus
arteriosus, tricuspid valve disease, mitral valve disease, aortic discase, pulmonary hypertension, pulmonary vein disease,
pulmonary valve disease, tetralogy of Fallot, transposition of the great arteries, aortic valve disease, pulmonary artery disease,
and other heart diseases (except for ventricular septal defect, atrial septal defect, atrioventricular septal defect, patent
foramen ovale, and arrhythmia), which were identified by types of procedures a patient received and diagnoses records

during the hospitalization

P-value < 0.05 presented in bold

CI confidence interval

*Versus patients without bloodstream infection

"Versus patients without bloodstream infection with antibiotic-resistant organism

was different from our findings. A possible
explanation is in the study by Elella et al. [27],
all the patients received intravenous cefazolin
before and after the cardiac surgery. This is
similar to the findings of the study by Levy et al.
[31], which investigated nosocomial infections
after cardiac surgery in pediatric patients
admitted to a pediatric cardiothoracic intensive
care unit in Israel in 1999 and found Gram-
negative bacilli (i.e., Klebsiella spp., Enterobac-
ter spp., and Pseudomonas spp.) accounted for
the majority of the causative organisms. In
addition, the difference could also be related to
different epidemiology of microorganisms
among regions [32] and study periods. Never-
theless, strategies for antibiotic prophylaxis
must consider local epidemiology and resis-
tance patterns of organisms [33]. It should be
noted that among the BSI we identified, about

70% were due to coagulase-negative staphylo-
cocci, which are also common contaminants in
clinical specimens. Owing to limited clinical
information in the database, we were unable to
further distinguish a bacteremia from contami-
nation, and therefore are at risk of overesti-
mating the incidence of BSI. However,
according to a sensitivity analysis we performed
(which was not reported), the patients with
coagulase-negative staphylococci BSI showed a
similar length of hospitalization to those with
non-coagulase-negative staphylococci BSI (me-
dian 14.58 and 14.45 days, respectively, versus
12.94 days for those without BSI). This suggests
that at least not all the coagulase-negative
staphylococci BSI we identified are contami-
nants. Furthermore, a potentially overestimated
BSI incidence would not overturn our main
finding that BSI is relatively uncommon in
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pediatric patients after procedures for VSD or
ASD, which, therefore, relieves this concern to
some extent (i.e., misclassification of BSI).
Some limitations should be noted in our
study. First, the data was from a single center,
which limits the generalizability of our findings.
Second, the sample size may be not enough to
evaluate the associations between BSI and
prognostic outcomes, given the absolute risk of
developing BSI or in-hospital mortality in the
study population was relatively low. We did not
observe an association between developing BSI
and increased in-hospital mortality, but this
should not be directly interpreted as developing
BSI would not increase in-hospital mortality, as
absence of evidence is not evidence of absence.
Third, due to data limitation, the specific pro-
cedure types for VSD/ASD were uncertain, and
were identified only by the recorded names of
the procedures. In the study, we identified per-
cutaneous or surgical treatment simply accord-
ing to the presence of “closure” or “repair” (for
transcatheter closure and surgical repair
respectively, Supplementary Table 2). This is
obviously a risk for misclassification, and for
this reason, we did not perform subgroup anal-
ysis according to the type of procedure. Fourth,
only patients who had records of blood culture
within 24 h after the procedure were included,
which might introduce selection bias. However,
as the majority (1342/1569, about 85%) of
patients who received percutaneous or surgical
treatment for VSD or ASD had available post-
operative blood culture records, this may not be
a concern. Fifth, the database only provided
limited clinical information, which hinders a
clear interpretation of some of our findings. For
example, we found about 40% patients received
antibiotics within 72 h before the procedure,
but detailed indications for prescribing antibi-
otics are unknown. This increased the concern
about misclassification of BSI. In the investiga-
tion about baseline characteristics associated
with BSI after the procedure, we found the
patients with prior antibiotic use actually had a
higher risk of BSI after the procedure than those
without prior antibiotic use, suggesting that
antibiotics might likely have been prescribed for
an active infection. Other information such as
hemodynamic/respiratory support or arterial

lines was unavailable, raising concern about
unmeasured confounding. Last, we only studied
BSI within 24 h after the procedure, whether BSI
developed at other time points was not studied.
Owing to a lack of granular clinical data, we did
not further investigate treatment the patients
received after the procedure. Together with the
above-mentioned limitations, our findings on
the association between BSI and prognosis
should be interpreted with caution. It might be
more appropriate to interpret developing BSI as
a potential predictor of longer hospital stay,
instead of a causal interpretation. In addition,
we only investigated two prognostic outcomes
(in-hospital mortality and length of hospital-
ization), but other clinically relevant outcomes
especially about the procedure itself were not
studied due to lack of data. Further studies
should address these limitations to confirm our
findings.

CONCLUSIONS

BSI is relatively uncommon in pediatric patients
after procedures for VSD or ASD, but a younger
age seemsto be a risk factor. Developing BSI
appears to be associated with an increased
length of hospitalization but not in-hospital
mortality.
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