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Objectives: To investigate the epidemiology of MDR Gram-negative bacilli ventilator-associated tracheobronchi-
tis (MDR GNB-VAT) and MDR GNB ventilator-associated pneumonia (MDR GNB-VAP) among mechanically venti-
lated patients.

Methods: We conducted a retrospective observational study among hospitalized patients who underwent con-
tinuous mechanical ventilation for >48 h at Siriraj Hospital, Thailand.

Results: During the 18 month study period, 1824 unique patients underwent continuous mechanical ventilation
(12216 ventilator-days). The cumulative incidences of MDR GNB-VAT and -VAP were 8.4% and 8.3%, respective-
ly. The incidence rates of MDR GNB-VAT and -VAP were 12.52 and 12.44 episodes/1000 ventilator-days, respect-
ively. Among those with VAT, the cumulative incidence and incidence rate of subsequent VAP development
within 7 days were 11.76% and 2.81 episodes/1000 ventilator-days, respectively. The median durations of
mechanical ventilation before having VAP and VAT were 9 and 12 days, respectively. Multivariate analysis iden-
tified three independently associated factors for patients having VAP compared with having VAT: underlying
cerebrovascular disease [adjusted OR (aOR): 0.46; 95% CI: 0.27-0.78; P=0.04], previous surgery (aOR: 0.68;
95% CI: 0.57-0.8; P<0.001) and acute renal failure (aOR: 1.75; 95% CI: 1.27-2.40; P=0.001).

Conclusions: The study revealed high incidences of MDR GNB-VAT and -VAP among mechanically ventilated pa-
tients. The independent risk factors for having VAP can help identify patients at risk for developing VAP and who

need early weaning from mechanical ventilation.

Introduction

Ventilator-associated tracheobronchitis (VAT) is inflammation of
the trachea and bronchi that develops after use of a ventilator
for at least 48 h. This important condition is a common medical
problem among mechanically ventilated patients. Previous stud-
ies reported that the cumulative incidence of VAT among mech-
anically ventilated patients in the ICU varied from 1.4% to
18.0%.**

Previous studies identified VAT as a significant risk factor for de-
veloping ventilator-associated pneumonia (VAP).>> In other
words, VAT is an early-stage lower respiratory tract infection
(LRTI) that may subsequently progress to VAP.” The major distin-
guishing feature between VAT and VAP is infiltration on chest

radiography. Pneumonia-compatible pulmonary infiltration is re-
quired to diagnose VAP, whereas VAT has no new pulmonary infil-
trate. Both of these LRTIs result in increased mortality, prolonged
mechanical ventilation, prolonged hospitalization lengths of stay
and high healthcare expenditures.™®” Previous studies showed
that the incidence rate of VAP varied from 10 to 16 episodes/
1000 ventilator-days and that mortality reached 50%.%°

A recent study reported that approximately 47% of patients
with VAT subsequently developed VAP if they did not receive anti-
microbial therapy.'® Both systemic and inhaled antimicrobial
therapy reduced the incidence of developing VAP after having
VAT to 31.6%*! and 13.0%,'° respectively. Therefore, antimicro-
bial therapy has been associated with a reduced progression of
VAT to VAP.'01!
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The European Network for ICU-Related Respiratory Infections
(ENIRRIs) recently published the results of a prospective observa-
tional study conducted at 28 ICUs in Europe and Latin America.*?
In this study, the top three causative pathogens of VAT and VAP
were similar, including Pseudomonas aeruginosa, Klebsiella spp,
and Acinetobacter baumannii. More than one-third of these
causative pathogens were MDR strains. High 28 day mortality
was observed; 31.8% in patients with VAT and 25.6% in patients
with VAP.

Data on the epidemiology of MDR Gram-negative bacilli
ventilator-associated tracheobronchitis (MDR GNB-VAT) and
MDR GNB ventilator-associated pneumonia (MDR GNB-VAP
among mechanically ventilated patients are limited. Lack of
knowledge of the disease incidence, clinical course and treat-
ment response is a great obstacle to preventing and managing
MDR GNB-LRTIs in mechanically ventilated patients. Given these
considerations, we aimed to determine the epidemiology of
MDR GNB-LRTIs in terms of the incidence of MDR GNB-VAT and
-VAP among patients requiring mechanical ventilation for >48 h
and the incidence of and the associated factors for subsequent
development of MDR GNB-VAP among patients with MDR
GNB-VAT.

Methods
Study settings and design

From October 2016 to March 2018, we conducted a retrospective cohort
study of hospitalized patients who required mechanical ventilation for
>48 h at Siriraj Hospital, Bangkok, Thailand. Siriraj Hospital is the largest
university hospital and referral centre in Thailand, with approximately
80000 hospitalizations and 600000 inpatient-days annually. The Sirirqj
Institutional Review Board approved the study protocol (Si certificate
number: 758/2016) with a waiver of informed consent.

Study population

Eligible patients were all hospitalized adults (age >18 years) who met all
three of the following inclusion criteria: (i) received mechanical ventilation
for >48 h; (ii) had clinical symptoms and/or signs of LRTI (VAT or VAP
based on the study definitions); and (iii) had at least one bacterial culture
from a tracheal aspirate that grew MDR GNB. For patients who met the
criteria and had more than one positive tracheal aspiration culture for
MDR GNB, we included only the first specimen. Surveillance tracheal aspir-
ation culturing is not routinely performed at our institution.

Study definitions

VAT was defined as an infection in patients with the following four diag-
nostic criteria: (i) body temperature >38°C without other explainable
cause of fever or peripheral WBC count of >12000 or <4000 cells/mL;
(i) presence of purulent sputum, change in sputum colour, or increased
sputum volume; (iii) semi-quantitative bacterial culture of the tracheal
aspirate showing moderate to numerous bacterial growth or quantitative
bacterial culture of the aspirate showing >10° cfu/mL of bacteria; and
(iv) chest X-ray or chest CT showing no new infiltration compatible with
infection.#13

VAP was defined as an infection in patients meeting the first three
diagnostic criteria for VAT, together with the presence of new pulmonary
infiltration on a chest X-ray or chest CT compatible with pneumonia.>*

MDR GNB were defined as any Gram-negative bacteria that were re-
sistant to >1 drug from >3 antibiotic classes.*® Microbiological identifica-
tion and susceptibility were performed based on CLSI.

Study process and data collection

Potentially eligible patients were identified through the hospital’s elec-
tronic and microbiology laboratory databases. The hospital’s electronic
database was used to capture all patients with a 10th revision
International Classification of Diseases (ICD-10) code of 9671 (continu-
ous mechanical ventilation for >96 consecutive hours) or 9672 (continu-
ous mechanical ventilation for <96 consecutive hours) during the study
period. The microbiological database was used to identify patients with
at least one sputum culture positive for MDR GNB.

We performed an initial chart review of all potentially eligible patients
with ICD-10 codes of 9671 or 9672 having at least one positive tracheal
aspiration culture for MDR GNB. We subsequently performed a compre-
hensive chart review for all study patients meeting the inclusion criteria
to obtain data on age, sex, hospital service, hospital location, length of
hospital stay, transfer status and comorbidities. Clinical data, including
type of intubation (i.e. endotracheal tube, nasotracheal tube, or tracheos-
tomy), reason for hospital admission, antimicrobial therapy details, clinic-
al response, laboratory data, and radiological features were also
recorded. The first day that the patient met all three inclusion criteria
was considered the index date (Day 1 after enrolment), and the culture
obtained on that date was considered the index culture.

Two study physicians independently evaluated the chest radiography
(chest X-ray or chest CT) to confirm the presence or absence of pulmonary
infiltration compatible with pneumonia. If disagreement occurred be-
tween the two physicians, a pulmonary radiologist made the final deci-
sion. Only patients meeting the diagnostic criteria for VAT or VAP were
enrolled in this study.

Statistical analysis

Categorical variables are summarized as the frequency and percentage;
continuous variables are summarized as the mean +standard deviation
or median (range) as appropriate, according to the distribution.
Univariate analysis was performed using chi-squared or Fisher’s exact
tests for categorical data. t-tests or Mann-Whitney U-tests were used
to compare continuous data. Multivariate analysis was performed to de-
termine independent risk factors for having VAP on Day 1 among patients
with MDR GNB-LRTI (model of VAP patients versus VAT patients). Variables
were initially selected for inclusion in the model if a given P value less than
0.2. For all calculations, a two-tailed P<0.05 was considered statistically
significant. All calculations were performed using STATA, version 14.1
(Stata Corp., College Station, TX, USA).

Results

Demographics of study subjects

During the 18 month study period, 1824 unique patients
underwent continuous mechanical ventilation for >48h
(12216 ventilator-days). Among these 1824 patients, 395
(21.7%) had at least one tracheal aspiration culture that grew
MDR GNB during the hospitalization. Of these 395 patients, 90
had no clinical signs or symptoms of LRTI, 153 met the study def-
inition for VAT, and 152 met the study definition for VAP on the
index date (Day 1). The cumulative incidences of MDR GNB-VAT,
-VAP and -LRTIs on Day 1 were 8.4%, 8.3% and 16.7%, respective-
ly. The incidence rates of MDR GNB-VAT, -VAP and -LRTI on Day 1
were 12.52, 12.44 and 24.97 episodes per 1000 ventilator-days,
respectively. Of the 153 patients with MDR GNB-VAT, the cumula-
tive incidence and the incidence rate of subsequent development
of VAP within 7 days (Day 7) were 11.76% and 2.81 episodes per
1000 ventilator-days, respectively. Figure 1 shows the study
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Patients who required mechanical ventilator for > 48 hours
(n=1824)

_— No sputum culture obtained (n=1,166)
« Sputum culture grow non MDR-GNB (n=313)

Patients with tracheal aspiration culture grew MDR-GNB

(n=395)

‘- --)l «+ Did not meet the clinical criteria (n=90) |

Patients with VAT or VAP

n =305

!

Patients with VAT
(n =153, 50.2%)

[
! !

}

Patients with VAP
(0=152, 49.8%)

Patients who develop VAP
within 7 days (n=18, 11.8%)

Patients who did not develop VAP
within 7 days (n=135, 88.2%)

Abbreviations: MDR GNB, Multidrug-Resistant Gram Negative Bacilli; SIRS, systemic inflammatory response syndrome; VAT, ventilator-

associated tracheobronchitis; VAP, ventilator-associated pneumonia

Figure 1. Study flowchart.

Table 1. Detail of the primary outcomes of interest in mechanically ventilated patients

Cumulative incidence, %
(95% CI)
(n/N patients)

Outcomes of interest

Incidence rate, per 1000-ventilator days
(95% CI)
(n/N ventilator days)

LRTIs (n=305)

16.72 (15.04-18.51)

24.97 (22.27-27.89)

(305/1824) (305/12216)
VAT (n=153) 8.33 (7.11-9.70) 12.52 (10.52-14.66)
(153/1824) (153/12216)
VAP (n=152) 8.39 (7.16-9.76) 12.44 (10.55-14.57)
(152/1824) (153/12216)
Subsequent development of VAP after 11.76 (7.12-17.95) 2.81 (1.67-4.45)
having VAT on Day 7 (n=18) (18/153) (18/6411)

flowchart; Table 1 shows the details of the primary outcomes of
interest.

Comparison of patients with MDR GNB-VAP versus
patients with MDR GNB-VAT on the index date (Day 1)

Table 2 shows the baseline characteristics of patients with MDR
GNB-VAP (n=153) and MDR GNB-VAT (n=152) on Day
1. Approximately 60% of both groups (MDR GNB-VAP versus
MDR GNB-VAT) were men (58.6% versus 61.4%; P=0.61) with a
comparable mean age (67.78 +16.92 versus 68.48 +17.42 years;
P=0.72). The median duration of mechanical ventilation before
the index date was significantly shorter in the VAP patients
[9 (range, 1-105) versus 12 days (range, 1-104); P=0.01].
Patients with VAP were more likely to be admitted to the medicine
department (79.5% versus 66.0%; P=0.008), more likely to have
received immunosuppressive agents in the preceding 30 days
(11.8% versus 2.6%; P=0.002) and more likely to have acute

renal failure at baseline (64.5% versus 44.4%; P<0.001).
However, the VAT patients were less likely to have underlying
cerebrovascular disease (23.7% versus 38.6%; P=0.005) and
less likely to have undergone any operation prior to the index
date (21.1% versus 39.9%; P=0.001). Among the patients with
an available clinical pulmonary infection score (CPIS), patients
with VAP had a significantly higher mean CPIS than did those
with VAT (5.61+1.65 versus 3.65+1.72; P<0.001]. A. baumannii
was the most common causative pathogen in both groups
(89.6% versus 92.1%; P=0.36).

Regarding antimicrobial regimens used to treat the index in-
fection, patients with VAP were more likely to receive IV colistin
(58.6% versus 38.6%; P<0.001) and less likely to receive carba-
penems (23.7% versus 34.0%; P=0.05) than were patients with
VAT.

The clinical outcomes of both groups were compared in
Table 3. The VAP patients had a significantly higher infection-
related hospital mortality (55.3% versus 39.9%; P=0.009), a
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significantly higher prevalence of acute renal failure on Day 7
after enrolment (60.5% versus 47.1%; P=0.02) and a significant-
ly shorter median hospital stay length [34.5 (range, 5-277) versus
45 days (range, 5-255); P=0.03] than did those with VAT. The VAP
patients also had a slightly but not significantly higher 28 day
mortality than those with VAT (30.3% versus 21.6%; P=0.08).
Surprisingly, patients with VAP had a higher microbiological
cure rate on Day 28 after enrolment (18.4% versus 8.5%; P=
0.03) than did the VAT patients.

Multivariate analysis identified three independently asso-
ciated factors for having MDR GNB-VAP compared with having
MDR GNB-VAT at the time of enrolment: having underlying cere-
brovascular disease [adjusted OR (aOR): 0.46; 95% CI: 0.27-
0.78; P=0.04], having had prior surgery (aOR: 0.68; 95% CI:
0.57-0.81; P<0.001) and having acute renal failure at baseline
(aOR: 1.75; 95% CI: 1.27-2.40; P=0.001).

0.47
0.003
0.002
1.00°
0.17
0.12
0.62°
0.36¢
0.60°
0.97

5.9)

—_— — — — T —

114 (84.4)
6.7
34.1
11 (8.2)
8(
14.07+13.89

17 (94.4)
13(72.2)
13(72.2)
0
7 (38.9)
6 (33.3)
2(11.1)
6 (33.3)
0
0
13.94+7.02

Comparison of patients with MDR GNB-VAT who
subsequently developed MDR GNB-VAP and those who
did not within 7 days after index date (Day 7)

Table 2 shows the baseline characteristics and clinical outcomes
of patients with MDR GNB-VAT who subsequently developed MDR
GNB-VAP (n=18) and those who did not (n=135) within 7 days
after the index date. Of the 153 patients with MDR GNB-VAT,
those with VAP had a comparable mean age to that of patients
without VAP (67.33+18.71 versus 68.63+17.31 years; P=0.77).
VAP patients were more likely to have histories of previous hospi-
talization (44.4% versus 16.3%; P=0.001) and acute renal failure
at baseline (66.7% versus 41.5%; P=0.04). A. baumannii was the
most common causative pathogen in both groups (88.9% versus
89.6%; P=0.84). IV colistin was more frequently prescribed to
VAP patients (72.2% versus 35.6%; P=0.002). Several negative
clinical outcomes were more prevalent in the VAP group: 7 day
mortality (27.8% versus 10.4%; P=0.04), infection-related hos-
pital mortality (66.7% versus 36.3%; P=0.05) and acute renal
failure on Day 7 (72.2% versus 43.7%; P=0.02). The median hos-
pital stay length was shorter in patients with VAP but not signifi-
cantly [31 (range, 5-84) versus 46 days (range, 7-255); P=0.07].
We could not perform multivariate analysis to identify associated
factors for developing MDR GNB-VAP owing to the small number
of patients with VAP.

0.40
0.001
<0.001
0.68¢
0.58
0.65
0.49
0.05
0.09
0.25
0.75

131 (85.6)
11 (7.2)
11 (7.2)
8(5.2)

14.05+13.25

135 (88.8)
59.2
58.6
2.0
283
21.7
5.3)
23.7
13.2

13 (8.6)
14.53+12.20

266 (87.2)
(
5(1.6)

19 (6.2)
21 (6.9)
14.29+12.72

Discussion

Our results showed a lower incidence of VAT but a similar inci-
dence of VAP among mechanically ventilated patients compared
with those of previous studies.™ However, the infection-related
hospital mortality of patients with MDR GNB-VAP on Day 1 of our
study was similar to that of previous studies.®%*? These findings
may be the result of difficulties in diagnosing VAT. Because some
mechanically ventilated patients at our institute are hospitalized
in non-1CU wards, they may not be monitored as closely as those
who are hospitalized in ICU wards. Therefore, patients with mild
LRTIs such as VAT may be underdiagnosed, whereas those with
more severe LTRIs such as VAP may be less likely to be missed.
Furthermore, the incidence of patients with VAT and subsequent
development of VAP was 11.8%, which was similar to that of a re-
cent meta-analysis of five observational studies (11.5%),'® but

Piperacillin/tazobactam

Cephalosporins

B-Lactamase inhibitor
Carbapenems

Colistin (any route)

1V colistin

Other antimicrobial
Days of antimicrobial therapy, mean+SD

Any antimicrobial
Nebulized colistin
Fluoroquinolones

®CPIS was not available in some patients without arterial blood gas results.

Antimicrobial use for the index infection, n (%)

9P value from a non-parametric test.

MV, mechanical ventilation.
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slightly lower than the incidence from a previous study con-
ducted in mixed ICUs (32.1%).?

The median duration of mechanical ventilation before exhibit-
ing symptoms was significantly shorter in patients with MDR
GNB-VAP than in those with MDR GNB-VAT (9 versus 12 days;
P=0.01). These durations were similar to those reported in previ-
ous studies.”!” Because most study patients developed VAT or
VAP after the first week of mechanical ventilation, early weaning
of mechanical ventilation, especially within 1 week, is crucial.

Our results revealed three independently associated factors
for having VAP compared with VAT at the first presentation: hav-
ing cerebrovascular disease, having had elective surgery and hav-
ing acute renal failure at baseline. These three independent
factors are well-known risk factors for VAP according to previous
reports.t’~1°

Our study had some strengths. First, to our knowledge, this
was the largest observational study focused on MDR GNB-VAT
and -VAP. We screened nearly 2000 patients and finally enrolled
305 patients with MDR GNB-VAT or -VAP. Second, the chest X-ray
and chest CT were carefully reviewed by at least two study phy-
sicians. When the results were inconclusive, final conclusions
were drawn by an experienced chest radiologist.

This study had several limitations. First, this was an observa-
tional study, and we captured all eligible study patients based
on existing information. Our institute does not actively survey
sputum cultures among mechanically ventilated patients.
Therefore, selection bias may have been a factor. Some mild
cases of VAT or VAP may not be further investigated (i.e. tracheal
aspiration culture, chest X-ray or chest CT findings) and may go
unidentified. Second, we did not collect data on antimicrobial
agent use prior to the index infection. This may have affected
treatment outcomes. Finally, we excluded mechanically venti-
lated patients who did not meet the study definitions of VAT or
VAP. Therefore, we could not determine risk factors for develop-
ing MDR GNB-LRTIs among patients requiring mechanical
ventilation.

In conclusion, the study results revealed high incidences of
MDR GNB-VAT and -VAP among mechanically ventilated patients.
However, the cumulative incidence of subsequent development
of VAP among patients with VAT was comparable to that of pre-
vious studies. The independent risk factors for having VAP com-
pared with VAT on Day 1 in our study can help identify patients
at risk for poor clinical outcomes. Further studies with larger sam-
ple sizes should be conducted to explore how antimicrobial use
affects subsequent development of VAP after having VAT.
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