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Background. The optimal duration of antibiotic therapy for ventilator-associated tracheitis (VAT) has not been

defined, which may result in unnecessarily prolonged courses of antibiotics. The primary objective of this study was

to determine whether prolonged-course (R7 days in duration) therapy for VAT was more protective against

progression to hospital-acquired pneumonia (HAP) or ventilator-associated pneumonia (VAP), compared with

short-course antibiotics (,7 days in duration). The secondary objective was to determine whether prolonged-

course therapy was more likely to result in the acquisition of multidrug-resistant organisms (MDROs) compared

with short-course therapy.

Methods. We conducted a retrospective cohort study of children%18 years of age hospitalized in the intensive

care unit and intubated for R48 h from January 2007 through December 2009 who received antibiotic therapy for

VAT.

Results. Of the 1616 patients intubated for at least 48 h, 150 received antibiotics for clinician-suspected VAT,

although only 118 of these patients met VAT criteria. Prolonged-course antibiotics were not protective against

subsequent development of HAP or VAP (hazard ratio [HR], 1.08; 95% confidence interval [CI], 0.40–2.91).

Factors associated with subsequent MDRO colonization or infection included prolonged-course antibiotic therapy

(HR, 5.15; 95% CI, 1.54–7.19), receipt of combination antibiotic therapy (HR, 3.24; 95% CI, 1.54–6.82), and days of

hospital exposure prior to completing antibiotic therapy (HR, 1.08; 95% CI, 1.04–1.12).

Conclusions. A prolonged course of antibiotics for VAT does not appear to protect against progression to HAP

or VAP compared with short-course therapy. Furthermore, prolonged antibiotic courses were associated with

a significantly increased risk of subsequent MDRO acquisition.

With improving survival rates in neonatal and pediatric

intensive care units (ICU), the number of children

requiring invasive devices who subsequently develop

nosocomial infections continues to increase [1]. Among

the most common indwelling devices is the endotracheal

tube (ETT). Although ETTs provide some obvious

benefits, their presence facilitates the movement of

bacteria from the oropharyngeal region into the lower

respiratory tract.

When the burden of bacterial organisms in the tra-

chea surpasses a critical threshold, ventilator-associated

tracheitis (VAT) may result. VAT appears to lie on the

continuum between respiratory tract colonization and

ventilator-associated pneumonia (VAP). VAP is the

most common nosocomial infection in ICUs and is

associated with an attributable mortality rate of up to

50% [2, 3]. Optimizing treatment for VAT may prevent

subsequent VAP or hospital-acquired pneumonia

(HAP).

Two randomized controlled trials conducted in adult

populations that compared antibiotic therapy (in the

range of 8–14 days duration) with no antibiotic therapy

for VAT demonstrated a significantly greater number

of mechanical ventilation–free days and decreased
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subsequent rates of HAP or VAP among those receiving anti-

biotics [4, 5]. However, the optimal duration of antimicrobial

therapy for VAT has not yet been defined, and there have been

no studies of VAT in the pediatric population. Data from adult

studies indicate that VAP may be successfully treated with an-

tibiotic courses as short as 8 days [6]. Unlike VAT, nosocomial

pneumonia results in lung damage, making it reasonable to

hypothesize that VAT may be successfully treated with shorter

courses of therapy. Additionally, shortened antibiotic courses

may decrease the emergence of multidrug-resistant organisms

(MDROs), which can result from the ubiquitous use of anti-

biotics [7–9].

We hypothesized that the judicious use of antibiotics in

children with VAT was associated with decreased antimicrobial

resistance and did not compromise clinical outcomes. We

conducted a retrospective cohort study to determine whether

the duration of antibiotic treatment for VAT impacted sub-

sequent development of HAP or VAP and the emergence of

MDROs.

PATIENTS AND METHODS

Study Design and Setting
Our retrospective cohort study was conducted at The Johns

Hopkins Hospital (JHH) Children’s Center. The JHH Child-

ren’s Center is a .175-bed tertiary care pediatric hospital con-

taining a 26-bed pediatric ICU (PICU) and 45-bed neonatal ICU

(NICU) serving Maryland and neighboring states. Children

%18 years of age who were admitted to the NICU or PICU from

1 January 2007 through 31 December 2009 and required at least

48 h of invasive mechanical ventilation were included. The 48-h

limit was based on previous literature [4, 10–13]. Children with

a preexisting tracheostomy or a new infiltrate visible on chest

imaging, when compared with radiographic findings from the

time of intubation, were excluded.

Definitions
VAT was defined using the following criteria: (1) fever (tem-

perature, .38�C) or hypothermia (temperature, ,36�C),
leukocytosis .12,000 leukocytes/mm3 or leukopenia ,4000

leukocytes/mm3, plus new onset of purulent endotracheal

secretions; (2) Gram stain with moderate-heavy poly-

morphonuclear cells with moderate-heavy bacterial growth; and

(3) no radiographic evidence of a new lung infiltrate [10–12, 14].

VAP (if the patient was intubated) and HAP (if the patient was

not intubated) were defined by the presence of a new or pro-

gressive infiltrate on chest imaging in a hospitalized patient and

at least 3 of the following: fever or hypothermia, leukocytosis or

leukopenia, purulent endotracheal aspirate, worsening cough or

dyspnea, worsening gas exchange, and changing respiratory

examination findings [15].

Acquisition of an MDRO was defined as newly identified

colonization or infection by methicillin-resistant Staphylococcus

aureus (MRSA), vancomycin-resistant Enterococcus species

(VRE), MDR Enterobacteriaceae, MDR Acinetobacter, MDR

Pseudomonas, Stenotrophomonas maltophilia, and Burkholderia

cepacia within 30 days of initiation of antibiotics for VAT [16].

To be considered an MDR Enterobacteriaceae, MDR Acineto-

bacter, or MDR Pseudomonas, the organism must have been

resistant to .3 classes of antibiotics (aminoglycosides, pen-

icillins, cephalosporins, carbapenems, or fluoroquinolones). If

the organism implicated in VAT was isolated again within 30

days and developed a R4-fold increase in minimum inhibitory

concentration to the antibiotic that was used to treat VAT, this

was also considered to be an MDRO.

Combination antibiotic therapy was defined as the use of

a b-lactam (either a penicillin, cephalosporin, or carbapenem)

plus an aminoglycoside as definitive antibiotic therapy for.24h

after bacterial susceptibility data were known. Antibiotic therapy

administered for R7 days was categorized as prolonged-course

therapy, and any duration ,7 days was categorized as short-

course therapy. The cutoff period of 7 days was decided after

identifying the median duration of therapy for all children. If

a shorter cutoff period was chosen, the number of children in

the short-course group would have been too small for a mean-

ingful analysis.

Data Collection
Medical records for all children who received antibiotic therapy

for clinician-suspected VAT were reviewed and demographic,

microbiologic, radiographic, and clinical data were collected.

Children were categorized as to whether they met the defined

criteria for VAT. Those who did not meet criteria were classified

as treated for clinician-suspected VAT. The Johns Hopkins

University Institutional Review Board approved the study with

a waiver of informed consent.

Outcome Measures
The exposed group consisted of children who receivedR7 days

of antibiotic therapy for VAT, and the unexposed group con-

sisted of children who were prescribed,7 days of antibiotics for

VAT. The primary outcome was diagnosis of HAP or VAP

within 10 days of discontinuing antibiotic therapy for VAT [17].

The secondary outcome was acquired colonization or infection

with an MDRO within 30 days of initiating antibiotics for VAT.

Only children who met the published criteria for VAT were

included in the analyses of the primary outcome [10–12, 14]. All

children treated for clinician-suspected VAT were included

in analyses of the secondary outcome. For both outcomes,

children treated with prolonged-course antibiotic therapy were

compared with children who were prescribed short-course

antibiotic therapy for VAT.
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Statistical Analysis
Relationships between factors hypothesized to influence out-

comes and days of antibiotic treatment were explored using

scatterplots and univariate tests of association. For analysis of

the primary outcome, children who did not develop HAP or

VAP were censored at the time of hospital discharge or 10 days

after completing antibiotic therapy. For the secondary outcome,

children who did not acquire MDROs were censored at the

time of hospital discharge or 30 days after completing

antibiotic therapy. The crude cumulative incidence of HAP or

VAP and colonization with an MDRO was calculated using 1

minus the Kaplan-Meier estimate of the survivor function, and

a log-rank test was used to evaluate significant differences in

outcomes between the short-course and prolonged-course

therapy groups.

Cox proportional hazards models were used to obtain un-

adjusted and adjusted hazard ratios (HRs) and 95% confidence

intervals (CI). Covariates with P values ,.20 in the unadjusted

model were included in the adjusted model. Additionally, any

variable specified as a potential confounder a priori based on

previous literature or biological plausibility was also included in

the model. Days of antibiotic therapy dichotomized at 7 days,

patient’s pediatric risk of mortality (PRISM) score at time of

VAT diagnosis, hospital unit of admission, ETT removal during

antibiotic therapy, use of additional antibiotics for.48 h within

10 days or 30 days of VAT diagnosis (depending on outcome

being assessed), use of combination antibiotic therapy, and re-

covery of Gram-negative organisms from sputum cultures were

included in the multivariable model as independent variables. In

addition to these variables, days of hospitalization prior to

identification of an MDRO was added to the model of MDRO

colonization or infection. The addition of variables not included

in the final models changed the point estimate for the effect of

prolonged antibiotic use by ,10%. The proportional hazards

assumption was tested by visually inspecting scaled Schoenfeld

residuals versus ranked time and by including interaction terms

with functions of time in the Cox models.

After obtaining results from multivariable models, we

repeated our results to determine whether they would change

significantly using propensity scores. Propensity scores for days

of antibiotic therapy were incorporated into the models. The

propensity score was generated on the basis of age, sex, reason

for hospital admission, unit of admission, length of stay prior to

VAT diagnosis, PRISM score at the time of VAT diagnosis,

presence of a Gram-negative organism in a sputum sample, and

.48 h of additional antibiotic therapy. Incorporating pro-

pensity scores did not significantly change our estimates, and

thus they were not included in the final model. For all statistical

tests, 2-sided P values of,.05 were considered to be statistically

significant. Statistical analyses were performed using Stata

software, version 10.0 (Stata Corp).

RESULTS

There were 1616 children% 18 years of age intubated for at least

48 h between 1 January 2007 and 31 December 2009. The

medical records of all of these children were reviewed to de-

termine whether they met inclusion criteria. Seventy-two chil-

dren were excluded because of preexisting tracheostomies

(Figure 1). Of the 336 children with endotracheal tubes who had

bacteria cultured from their sputum samples, 37 children were

excluded because of a new infiltrate on chest imaging. One-

hundred fifty of the remaining children received antibiotics for

clinician-suspected VAT, and 118 of these children met the

defined criteria for VAT. The incidence of VAT was 7.3%,

similar to the incidence described in published studies from

adult ICUs [11, 18–20]. The median duration from time of

intubation to development of VAT was 6 days.

Baseline Characteristics and Development of HAP or VAP
Among Children Meeting Criteria for VAT
Demographic and clinical characteristics for children meeting

criteria for VAT are displayed in Table 1. Eighty-two (69%) of

the children received a prolonged course of antibiotics. The

median duration of therapy for these children was 9.8 days. In

the short-course therapy group, the median duration of anti-

biotic therapy was 5.9 days. The short-course and prolonged-

course therapy groups were similar with regards to age, PRISM

score at time of diagnosis of VAT, unit of admission,

sex, presence of Gram-negative VAT, and preexisting medical

conditions.

Figure 1. Study design of ventilator-associated tracheitis (VAT) in the
neonatal and pediatric intensive care units between 1 January 2007 and
31 December 2009.
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The causative bacterial microorganisms of VAT are described

in Table 2. In the NICU, VAT was generally associated with

Enterobacteriaceae and Pseudomonas aeruginosa. Although

S. aureus VAT was observed in the NICU, it was more pre-

dominant in the PICU. Not surprisingly, in patients who were

older than neonates, Streptococcus pneumoniae andHaemophilus

influenzae were implicated as frequent causes of VAT.

The median time to develop VAP from discontinuation of

antibiotics for VAT was 4.5 days. Nineteen (23%) of the 82

children who received prolonged-course therapy and 6 (20%) of

the 36 children who received short-course therapy developed

HAP or VAP within 10 days of completing antibiotics for VAT.

(Table 3) After adjusting for ETT removal, PRISM score at time

of VAT diagnosis, presence of Gram-negative VAT, use of ad-

ditional antibiotics for .48 h, use of combination antibiotic

therapy, and unit of admission, receiving prolonged-course

antibiotics was not protective against the subsequent de-

velopment of HAP or VAP (HR, 1.08; 95% CI, 0.40–2.91). An

estimate of the cumulative incidence of HAP or VAP versus days

after antibiotic therapy is depicted in Figure 2 using a log-rank

test to compare the prolonged-course and short-course treat-

ment groups (P5 .50). The risk of developing HAP or VAP was

�4 times greater among those children whose ETTs were not

removed during antibiotic therapy (HR, 4.16; 95% CI, 1.39–

12.45).

Baseline Characteristics and Acquisition of MDROs Among
Children Receiving Antibiotics for Clinician-Suspected VAT
Of the 150 children who received antibiotics for clinician-

suspected VAT, 100 children received a prolonged course of

antibiotics (Table 1). Baseline characteristics were similar

Table 1. Baseline Characteristics of Children Who Received Antibiotics for Ventilator-Associated Tracheitis (VAT)

118 patients meeting VAT criteriaa 150 patients with clinician-suspected VATb

Variable

%6 days of

antibiotics (n 5 36)

R7 days of

antibiotics (n 5 82) P

%6 days of

antibiotics (n 5 50)

R7 days of

antibiotics (n 5 100) P

Age, median years (IQR) 1.0 (0.9–12) 0.9 (0.6–14) 0.8 (0.5–12) 0.8 (0.5–14)

PRISMc score, median value (IQR) 12 (8–20) 12 (8–21) .60 12 (9–20) 12 (10–26)

Unit .24 .56

NICU 28 (78) 55 (67) 18 (36) 41 (41)

PICU 8 (22) 27 (33) 32 (64) 59 (59)

Male sex 24 (67) 54 (66) .93 35 (70) 63 (63) .40

Gram-negative organisms from sputum 26 (72) 68 (83) .18 30 (60) 78 (78) .02

Preexisting conditions .22 .47

Prematurity 6 (17) 22 (27) 15 (30) 33 (33)

Neuromuscular 9 (25) 10 (12) 9 (18) 10 (10)

Cardiovascular 3 (8) 13 (16) 5 (10) 16 (16)

Genetic/metabolic 2 (6) 4 (5) 2 (4) 6 (6)

Respiratory 3 (8) 12 (15) 3 (6) 13 (13)

Trauma 7 (20) 10 (12) 8 (16) 10 (10)

Gastrointestinal 4 (11) 2 (2) 4 (8) 2 (2)

Immunocompromised 0 (0) 1 (1) 0 (0) 2 (2)

NOTE. Data are numbers (%) of patients, unless otherwise indicated. IQR, interquartile range; NICU, neonatal intensive care unit; PICU, pediatric intensive care

unit.
a Based on previously published definition of VAT [10–12, 14].
b Children receiving antibiotic courses for clinician-suspected VAT (inclusive of the 118 patients who met criteria for VAT).
c Pediatric risk of mortality score from time of VAT diagnosis.

Table 2. Bacterial Organisms Cultured from Sputum of 118
Children With Ventilator-Associated Tracheitis (VAT) in the
Neonatal and Pediatric Intensive Care Units

No. (%) of patients

Organism NICU PICU

Pseudomonas aeruginosa 11 (31) 20 (24)

Klebsiella species 10 (29) 4 (5)

Escherichia coli 5 (14) 4 (5)

Enterobacter cloacae 3 (8) 6 (7)

Serratia marcescens 3 (9) 3 (3)

Staphylococcus aureusa 2 (6) 15 (18)

Citrobacter species 1 (3) .

Stenotrophomonas maltophilia . 1 (1)

Proteus mirabilis . 1 (1)

Streptococcus pneumoniae . 7 (8)

Haemophilus influenzae . 21 (25)

NOTE. NICU, neonatal intensive care unit; PICU, pediatric intensive care

unit.
a Of the 17 Staphylococcus aureus strains associated with VAT, 7 were

methicillin resistant.
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between the 2 groups; however, children who received a di-

agnosis of Gram-negative VAT were significantly more likely to

receive .7 days of antibiotic therapy, compared with children

with Gram-positive VAT (78 vs 22; P 5 .02).

Thirty-eight (38%) of the 100 children who received pro-

longed-course therapy for clinician-suspected VAT and 4 (8%)

of the 50 children who received short-course therapy acquired

a new MDRO within 30 days of completing antibiotic therapy

for VAT (Figure 3). The unadjusted hazard of colonization or

infection with an MDRO was .4 times greater among children

who received prolonged-course therapy, and this association

was only mildly attenuated after adjusting for other variables,

including days from initial hospital admission until acquisition

of MDRO (adjusted HR, 5.15; 95% CI, 1.54 to–7.19) (Table 4).

Importantly, the use of combination therapy was also strongly

associated with the emergence of MDROs in both univariate and

multivariable models (HR, 3.24; 95% CI, 1.54–6.82). Median

follow-up time from completion of antibiotic course for VAT

was 24.3 days. Not surprisingly, days of hospital exposure prior

to completing antibiotic therapy was an independent risk factor

for subsequent colonization or infection with an MDRO (HR,

1.08; 95% CI, 1.04–1.12).

The median time for development of a new MDRO from

completion of VAT therapy was 12.5 days. Sixty-three percent of

MDROs were Gram-negative organisms, including 1 MDR

Acinetobacter in a patient who required prolonged parenteral

colistin sulfate therapy. There were 7 children who had the or-

ganism implicated in VAT isolated on a subsequent culture

within 30 days, and in each case, the MIC of the antibiotic

previously prescribed for the treatment of VAT had increased

Table 3. Risk of Hospital-Acquired Pneumonia (HAP) or Ventilator-Associated Pneumonia (VAP) Among the 118 Children Meeting
Criteria for Ventilator-Associated Tracheitis (VAT)

Variable Unadjusted HR (95% CI) P Adjusted HRa (95% CI) P

R7 days of antibiotics for VAT 1.41 (0.56–3.52) .47 1.08 (0.40–2.91) .88

ETT remainsb 4.85 (1.67–14.16) ,.01 4.16 (1.39–12.45) ,.01

PRISM scorec 1.04 (0.95–1.15) .37 1.03 (0.94–1.13) .50

Gram-negative organism from sputum 3.24 (0.76–13.73) .11 2.18 (0.50–9.61) .30

Combination antibioticsd 1.81 (0.83–3.97) .14 1.31 (0.49–3.47) .59

Additional antibiotic therapy for .48 h
within 10 days of VAT diagnosis

1.20 (0.40–2.11) .43 1.43 (0.59–3.58) .36

NICUe 0.49 (0.22–1.08) .08 0.93 (0.36–2.39) .88

NOTE. CI, confidence interval; ETT, endotracheal tube; HR, hazard ratio; NICU, neonatal intensive care unit; PICU, pediatric intensive care unit; PRISM, pediatric

risk of mortality score.
a HR adjusted for variables in table from diagnosis of VAT until development of HAP or VAP or 10 days after antibiotic completion.
b ETT remained in place for duration of antibiotic course for VAT.
c Per 1 unit increase.
d Combination therapy defined as the use of a b-lactam plus aminoglycoside as definitive antibiotic therapy for .24h after bacterial susceptibility data known.
e Infant admitted to NICU compared with admission to PICU.

Figure 2. Cumulative distribution function of hospital-acquired
pneumonia (HAP), shown for 118 children who met the definition of
ventilator-associated tracheitis (VAT). P 5 .46, by log-rank test.

Figure 3. Cumulative distribution function of colonization or infection
with a multidrug-resistant organism (MDRO), shown for 150 children
receiving antibiotic therapy for ventilator-associated tracheitis (VAT).
P % .01, by log-rank test.
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R4-fold. Although this data was not included in the analysis,

3 children, 2 of whom received antibiotics for .14 days, de-

veloped Clostridium difficile infection within 5 days of antibiotic

therapy completion.

DISCUSSION

Our study demonstrates that children treated with prolonged-

course antibiotic therapy for VAT have a similar likelihood of

progression to HAP or VAP, compared with children treated with

short-course therapy, but prolonged-course therapy may pre-

dispose to higher rates of acquisition of MDROs. Our results

suggest that antibiotic therapy administered for 6 days is adequate

for treating VAT and preventing subsequent HAP or VAP in

pediatric patients. Antibiotic therapy as short as 3 days has been

documented to sterilize the lungs of patients with nosocomial

pneumonia [21]. Because tracheitis is a more localized infection

than pneumonia, prospective studies are needed to determine

whether the treatment duration for VAT can be even shorter.

Respiratory tract infections account for �50% of all anti-

biotics prescribed in the ICU; however only 63% of them are

prescribed for proven bacterial respiratory tract infections [22].

Indeed, in the current study, 21% of children received some

duration of antibiotic therapy for clinician-suspected VAT when

recovery of bacteria from sputum cultures appeared to signify

bacterial colonization and not infection. When taking into

consideration the number of patients treated for VAT without

meeting criteria and the additional days of antibiotics that may

have been unnecessary, the possible costs, toxicities, and emer-

gence of resistance may be substantial.

The only significant predictor of progression to HAP or VAP

in our cohort was continued intubation. Our results indicate the

adjusted hazard of developing HAP or VAP was 4 times greater

among children with VAT who retained their ETT, compared

with the adjusted hazard among those with ETT removal.

Similar to Foley catheters and central lines, daily evaluation of

the continued need for ETTs in patients receiving mechanical

ventilation should be a routine part of ICU care, because

indwelling catheters clearly pose an infection risk to patients

[23–27]. In one institution, a daily checklist that reviewed the

continued need for intubation led to an 82% decrease in the

incidence of VAP [26].

In our cohort, subsequent development of colonization or

infection withMDROs was documented in 38% of children who

received prolonged-course antibiotics, compared with 8% of

children who received short-course antibiotics for VAT. Colo-

nization or infection with an MDRO was also strongly associ-

ated with previous prescription of combination antibiotics. Our

results were similar to those of a study conducted by Singh et al

[7], in which patients with suspected nosocomial pneumonia

with low-risk clinical pulmonary infection scores were ran-

domized to receive 3 days of monotherapy or standard care,

which consisted of antibiotics administered for 10–21 days,

frequently as combination regimens. The cohort that received

short-course therapy had a significantly lower incidence of

subsequent infection by MDROs, and clinical outcomes were

not adversely affected. Antibiotic therapy has great ecological

impact, and in the age of an increasing number of antimicrobial-

resistant organisms, the benefits of curtailing antibiotic usage are

clear [7–9, 28–30].

Table 4. Risk of Colonization or Infection with Multidrug-Resistant Organisms (MDROs) Among 150 Patients Treated with Antibiotics for
Clinician-Suspected Ventilator-Associated Tracheitis (VAT)

Variable Unadjusted HR (95% CI) P Adjusted HRa (95% CI) P

R 7 days of antibiotics for VAT 6.26 (1.93–8.31) ,.01 5.15 (1.54–7.19) ,.01

Combination therapyb 3.01 (1.58–5.56) ,.01 3.24 (1.54–6.82) ,.01

PRISM scorec 0.95 (0.87–1.03) .20 0.96 (0.89–1.03) .29

Length of stay in hospital prior to completing antibiotic therapyd 1.07 (1.04–1.11) ,.01 1.08 (1.04–1.12) ,.01

Gram-negative organism in sputum 1.06 (0.53–2.12) .87 0.49 (0.22–1.10) .08

Additional antibiotic therapy for .48 h within 30 days of VAT diagnosis 1.30 (0.60–2.81) .51 1.53 (0.59–3.98) .38

ETT remainse 0.91 (0.46–1.78) .77 0.97 (0.46–1.91) .86

NICUf 0.83 (0.44–1.51) .55 0.62 (0.32–1.34) .25

NOTE. CI, confidence interval; ETT, endotracheal tube; HR, hazard ratio; NICU, neonatal intensive care unit; PICU, pediatric intensive care unit; PRISM, pediatric

risk of mortality score.
a HR adjusted for variables in table as well as receipt of any additional antibiotics from diagnosis of VAT until development of colonization or infection with MDRO

or 30 days after antibiotic therapy initiation.
b Combination therapy defined as the use of a b-lactam plus aminoglycoside as definitive antibiotic therapy for .24h after bacterial susceptibility data known.
c Per 1 unit increase.
d Length of stay prior to completing antibiotic therapy (1 day increase).
e ETT remained in place for duration of antibiotic course for VAT.
f Infant admitted to NICU compared with admission to PICU.
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There are some limitations to consider when interpreting our

results. In our institution, surveillance for colonization with

Gram-positive MDROs is routinely performed for patients

hospitalized in the ICU, but not for patients in the pediatric

wards. As a result, the probability of detecting colonization with

MDROs generally decreases when a patient is transferred out of

the ICU. However, we did not find differences in the proportions

of surveillance cultures performed between children who did and

children who did not develop colonization or infection due to

MRDOs (data not shown), which suggests that surveillance bias

did not significantly influence study findings.

Second, our results are not generalizable to children with

tracheostomies, because these children were excluded from this

study. Children with tracheostomies have risk factors that are

likely to be very different from those of children with ETTs, and

we believed this heterogeneity would make it difficult to analyze

these 2 groups together. As tracheostomies put children at risk

for frequent episodes of VAT, this is a population that would

benefit from additional studies to determine the optimal man-

agement of VAT.

Third, we combined data from the NICU and PICU. In our

institution, neonates with congenital cardiac disease, compli-

cated surgical issues, and those requiring extra corporeal

membrane oxygenation are frequently admitted to the PICU

rather than to the NICU. Thus, not surprisingly, exploratory

data analysis indicated that the groups were similar with regards

to age, baseline characteristics, and severity of illness scores. This

may not be the case in other institutions, however, and this may

limit the generalizability of our findings to other PICUs.

Finally, evaluating treatment effects from observational data

can be problematic. Prognostic factors may influence treatment

decisions, producing a type of bias referred to as confounding by

indication [31]. In our study, there is the possibility that children

who appeared to be more ill were treated with longer courses of

antibiotics, and these children may also be at higher risk for de-

velopingMDROs. Using exploratory data analysis, we were unable

to find differences in baseline severity of illness (eg, PRISM score,

immunocompromised status, prematurity, number of preexisting

medical conditions, and need for pressors) between those treated

with short-course versus prolonged-course antibiotic therapy.

Furthermore, our results were similar and did not change signif-

icantly when propensity score techniques were used. We con-

cluded that the difference in treatment duration wasmore likely to

be related to physician preference than to severity of illness.

CONCLUSIONS

Nosocomial lower respiratory tract infections are a frequent

cause of morbidity and mortality in patients hospitalized in the

ICU who require invasive mechanical ventilation. Although

there are numerous studies investigating therapeutic options for

nosocomial pneumonia, few have focused on the role of therapy

for VAT, and to our knowledge, no studies have evaluated VAT

in children. This is the first study to use adult-adapted criteria

for the diagnosis of VAT in children.

Lack of adherence to strict diagnostic criteria and lack of

guidance regarding the optimal duration of antibiotic therapy

may lead to inappropriate antibiotic prescriptions for VAT. Our

results suggest that judicious use of antibiotics in children with

VAT may decrease subsequent emergence of MDROs without

compromising clinical outcomes.
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