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Abstract

Purpose: Ventilator associated-lower respiratory tract infections (VA-LRTIs), either ventilator-associated pneumonia
(VAP) or tracheobronchitis (VAT), accounts for most nosocomial infections in intensive care units (ICU) including. Our
aim was to determine if appropriate antibiotic treatment in patients with VA-LRTI will effectively reduce mortality in
patients who had cardiovascular failure.

Methods: This was a pre-planned subanalysis of a large prospective cohort of mechanically ventilated patients for at
least 48 h in eight countries in two continents. Patients with a modified Sequential Organ Failure Assessment (mSOFA)
cardiovascular score of 4 (at the time of VA-LRTI diagnosis and needed be present for at least 12 h) were defined as
having cardiovascular failure.

Results: VA-LRTI occurred in 689 (23.2%) out of 2960 patients and 174 (25.3%) developed cardiovascular failure.
Patients with cardiovascular failure had significantly higher ICU mortality than those without (58% vs. 26.8%; p < 0.001;
OR 3.7, 95% Cl 2.6-5.4). A propensity score analysis found that the presence of inappropriate antibiotic treatment was
an independent risk factor for ICU mortality in patients without cardiovascular failure, but not in those with cardio-
vascular failure. When the propensity score analysis was conducted in patients with VA-LRTI, the use of appropriate
antibiotic treatment conferred a survival benefit for patients without cardiovascular failure who had only VAP,

Conclusions: Patients with VA-LRTI and cardiovascular failure did not show an association to a higher ICU survival
with appropriate antibiotic treatment. Additionally, we found that in patients without cardiovascular failure, appropri-
ate antibiotic treatment conferred a survival benefit for patients only with VAP,

Trial registry: ClinicalTrials.gov, number NCT01791530.
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Introduction

Lower respiratory tract infections (LRTIs) account for
< < e : most nosocomial infections and patients admitted to
Z\itcseiplinery Intendive Care Research Organization (MICRO) ¢ intensive care units (ICUs) are at the highest risk, espe-
James's Hospital, PO. Box 580, James's Street, Dublin 8, Ireland cially when invasive mechanical ventilation is provided
Full author information is available at the end of the article [1, 2]. Ventilator-associated LTRI (VA_LRTI) comprises
ventilator-associated pneumonia (VAP) and ventila-
tor-associated tracheobronchitis (VAT) [3-5]. VAP is
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universally accepted with defined guidelines for diagno-
sis and treatment, but it is thought that VAT represents
an intermediate process from colonization to VAP, leav-
ing its diagnosis and treatment under debate [6]. As an
example, it remains controversial whether VAT should
be treated with systemic antibiotics [7]. However, it is
widely accepted that both VAP and VAT are associated
with increased healthcare costs and are major drivers of
antibiotic prescribing in the ICU [8, 9]. Notably, VAP is
among the most common nosocomial infections in criti-
cally ill patients, with estimates of its incidence per 1000
ventilator days being higher among patients with more
comorbidities, such as the elderly and immunocompro-
mised [10], and varying considerably between countries.

The bacterial pathogens that cause VA-LRTI are fre-
quently multi-drug resistant (MDR), which negatively
impacts patient’s outcome, because inappropriate antibi-
otic treatment is often prescribed [10, 11]. In an era of
ever-increasing global antibiotic resistance and a dwin-
dling development of new antibiotic drugs, a healthcare
crisis may be imminent. Indeed, as Dame Sally Davies,
England’s Chief Medical Officer, said in a 2013 statement
“..untreatable infection caused by antibiotic-resistant
bacteria ‘poses a catastrophic threat’ to humans” and
urged immediate global action [12]. However, the pres-
ence of resistant organisms and the use of inappropriate
treatment are not the only independent risk factors for
worse outcomes and mortality. The presence of cardio-
vascular failure has also repeatedly been shown to be an
independent risk factor that may leave patients prone to
worse clinical trajectories [13].

We hypothesized that appropriate antibiotic treat-
ment in patients with VA-LRTI will reduce mortality in
patients with cardiovascular failure. The aim of this study
was to determine if appropriateness of antibiotic treat-
ment was associated to a survival benefit in patients with
cardiovascular failure and VA-LRTT.

Materials and methods

Study design and population

This was a pre-planned subanalysis of a large prospec-
tive cohort of 2960 critically ill patients who required
mechanical ventilation for at least 48 h in eight
countries in two continents. The base study was the
Incidence and prognosis of VAT (TAVeM) study (Clini-
calTrials.gov, number NCT01791530) [3]. Data related
to diagnostic techniques, antibiotics, and general popu-
lation characteristics have been published elsewhere
[3, 14, 15]. Participating centers either received ethics
approval from their institutions or ethics approval was
waived (institutional review board number 2013515).
Informed consent was waived, because of the observa-
tional nature of the study. Simplified Acute Physiology

Take-Home Message

Appropriate antibiotic treatment is a major determinant of survival
in patients with respiratory infections under mechanical ventila-
tion. However, antibiotics appropriateness matters less in the most
severe patients.

Score (SAPS) II scores were calculated on ICU admis-
sion (within the first 24 h), and Sequential Organ Fail-
ure Assessment (mSOFA) cardiovascular score was
calculated at the time of VA-LRTI diagnosis (within
the first 12 h). Patients with VA-LRTI diagnosis were
analyzed based on the mSOFA cardiovascular score, to
assess the presence of cardiovascular failure [16]. Car-
diovascular failure was defined as follows: patients with
a mSOFA score of 4 (dopamine > 15 pg/kg/min OR epi-
nephrine>0.1 pg/kg/min OR norepinephrine>0.1 pg/
kg/min).

Definitions

A diagnosis of VA-LRTI was based on the presence of
at least two of the following criteria: body tempera-
ture of more than 38.5 °C or less than 36.5 °C, leuco-
cyte count greater than 12,000 cells per pL or less than
4000 cells per uL, and purulent endotracheal aspirate
(ETA). Additionally, all episodes of VA-LRTI had to
have a positive microbiological isolation in the ETA
of at least 10° colony-forming units (CFU) per mL, or
with bronchoalveolar lavage (BAL) of at least 10* CFU
per mL, to be included in the final analysis. VAT was
defined with the aforementioned criteria with no radio-
graphical signs of new pneumonia; VAP was defined by
the presence of new or progressive infiltrates on chest
radiograph. Anterior—posterior portable radiographs
were reviewed either by the attending physicians or
radiologist. In case of disagreement, a third physician
was asked to interpret the radiograph; however, the
final diagnosis and antibiotic treatment were at the dis-
cretion of the attending physician. No CT scans or lat-
eral radiographs were done for the diagnosis. We used
serial chest radiographs to confirm new or persistent
infiltrates as part of the diagnosis, but investigators
were not masked to clinical characteristics, because
of the observational nature of the study. In our study,
we only included first episodes of microbiologically
confirmed VA-LRTI occurring at more than 48 h after
starting invasive mechanical ventilation. Resolution of
either VAT or VAP was defined as the resolution of all
diagnostic criteria. VAP was deemed as occurring sub-
sequently to VAT, if it was diagnosed at the 96 h period
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after diagnosis of tracheobronchitis and the same
microorganism caused both the infections [17].
Microbiological identification and susceptibility tests
were performed using standard methods. MDR patho-
gens were defined as those with acquired non-suscepti-
bility to at least one agent in three or more antimicrobial
categories [18]. Antibiotics were considered appropri-
ate if the isolated pathogen was sensitive to at least one
empirically prescribed antibiotic [13]. Immunocom-
promised patients were those with ongoing neoplasia,
hematological malignancy, acquired immune deficiency
syndrome (AIDS), allogeneic stem cell transplant, immu-
nosuppressive drugs, or organ transplant [15].

Endpoints

The main endpoint was ICU mortality according to the
presence or absence of cardiovascular failure and with
the appropriateness of antibiotic treatment.

Other additional objectives were to determine the asso-
ciation of ICU mortality in VAP and VAT based on the
presence or absence of cardiovascular failure and the
appropriateness of antibiotic treatment.

Statistical analysis

Data are expressed as medians with interquartile
ranges (IQRs), unless specified otherwise. Comparisons
between groups were performed with unpaired Student’s
t test, one-way analysis of variance, Mann—Whitney U/, or
Kruskal-Wallis H tests for continuous variables depend-
ing on the data distribution. Chi-squared tests were used
to compare categorical variables. Odds ratios (ORs) and
confidence intervals (Cls) are reported where appro-
priate. In the present study, 2% (63/2960) of the eligible
participants had at least one missing value for the set of
variables considered relevant for the multivariate analy-
ses. The fractions of missing values in individual variables
were low (0.0-3.7%). We used multiple imputation by
chained equations (MICE) to replace missing values and
generate multiple completed datasets [19].

For attributing to mortality analysis, we included all
patients in the TAVeM database. We incorporated all
variables from univariate analysis with p values that were
less than 0.1 or were clinically relevant into the regression
analyses as potential predictor variables [age, mSOFA
and SAPS II score, appropriate antibiotics, MDR isolates,
presence of either infection (VAT or VAP), and type of
patient (i.e., medical, surgical, trauma)]. We included all
these variables, plus chronic kidney disease, diabetes and
immunosuppression, in the model used to calculate ICU
mortality as the dependent variable. Linearity assump-
tion was tested for continuous covariates. To avoid

overlap in the same regression model which could result
in collinearity between the variables, logistic regression
models, including each variable and baseline variables,
were established and variables were selected using the
backward stepwise regression method. We also calcu-
lated the Hosmer—Lemeshow goodness-of-fit (p=0.25).
Collinearity between variables was checked by inspecting
the correlation between them and by looking at the cor-
relation matrix of the estimated parameters. The multi-
collinearity effect between risk factors in the model was
detected using the variance inflation factor (VIF) and if
VIF > 5, excluded from the model. mSOFA was included
in the model, but excluded from the final model due to
collinearity. To account for center effects in this multi-
center study with a binary outcome, we fitted a general-
ized estimating equation model with a logit effect of the
presence or absence of cardiovascular failure [20].

After this first approach, we generate a propensity
score optimal matching analysis to determine the effect
of appropriate antibiotic treatment and to control the
potential confounding factors in the entire population
with VA-LRTT (n =689). Matching was done considering
the following variables: Age, SAPS II, chronic kidney dis-
ease, diabetes, hematological malignancy, and admission
type, because these variables did not have missing values
and were considered clinically relevant to pair patients
for the probability of receiving appropriate antibiotics
[21, 22]. This approach allows us to study two compara-
ble (close to identical) cohorts: (1) Appropriate antibiotic
treatment group and (2) control group, which comprise
those patients who did not receive appropriate antibiotic
treatment. We first use optimal matching with replace-
ment to compare outcomes between patients who have
a similar distribution of all measured covariates. This
method optimizes post-weighting balance of covariates
between groups and, in this way, approximates the con-
ditions of random site-of-treatment assignment [23]. To
assess our propensity score adjustment, we checked for
adequate overlap in propensity scores for both groups
with cross-validation model. After optimal matching, a
regression model for ICU mortality was built to deter-
mine the effect of appropriate antibiotic treatment in
LRTI. This model was adjusted for appropriateness of
antibiotic treatment, presence of cardiovascular fail-
ure and their interaction. Finally, for simplicity, we per-
formed a simple logistic regression model in 689 patients
with LRTI and assessed whether increasing mSOFA car-
diovascular scores, from 0 to 4, would modulate the asso-
ciation between antibiotic appropriateness and predicted
mortality.

All analyses were performed using R project version
3.4.0 with the tidyverse, randomForest, ggplot2, and
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TOTAL population
n=2960
ICU mortality
(30.8%)
Without VA-LRTI
n=2271
ICU mortality
(29.6%)

VA-LRTI

N=689

ICU mortality
(34.7%)
| I
No CV failure CV failure
n=515 n=174
ICU mortality ICU mortality
(26.8%) (58%)
VAT VAP VAT VAP
n=278 n=237 n=42 n=132
ICU mortality ICU mortality ICU mortality ICU mortality
(26.3%) (27.4%) (47.6%) (61.4%)
Fig. 1 Participant flow. VA-LRTI ventilator-associated lower respiratory tract infection, CV cardiovascular, ICU intensive care unit, VAP ventilator-asso-
ciated pneumonia, VAT ventilator-associated tracheobronchitis

AF.15 packages. p values of <0.05 were considered signifi-
cant, unless stated otherwise.

Results
Among the initial cohort of 2960 patients, VA-LRTI
occurred in 689 (23.2%). Among those with VA-LRTI,
174 (25.3%) presented cardiovascular failure at the day
of diagnosis (Fig. 1). The group with VA-LRTI and car-
diovascular failure were older, were more often medically
admitted, had higher SAPS II scores on ICU admission,
and presented with more organ failure (higher mSOFA)
at the time of VA-LRTI diagnosis and more with immu-
nosuppression. Previous antibiotic use was associated to
a higher presence of MDR pathogens (63.6% vs. 36.4%;
p<0.01; OR 1.8; 95% CI 1.1-2.9). Length of stay in ICU
was significantly longer in patients with cardiovascular
failure than in those without (Table 1). Cardiovascular
failure was more frequent in patients with VAP than in
those with VAT (35.8% vs. 13.1%; p<0.001; OR 3.6; 95%
CI2.5-5.4).

ICU mortality was 30.8% (1=912) in the total popu-
lation. Patients with VA-LRTI had a higher ICU mor-
tality than those without (34.7% vs. 29.6%; p<0.01;

OR 1.2; 95% CI 1.1-1.5). Patients with cardiovascu-
lar failure had significantly higher ICU mortality than
those without (58% vs. 26.8%; p<0.001; OR 3.7; 95%
CI 2.6-5.4). Both for VAP (61.4% vs. 27.4%; p <0.001;
OR 4.2; 95% CI 2.6—-6.6) and for VAT (47.6% vs. 26.3%;
p<0.01; OR 2.5; 95% CI 1.3-4.9) cardiovascular fail-
ure was associated with higher ICU mortality. Patients
who received appropriate antibiotic treatment showed
a lower ICU mortality compared to those who received
inappropriate antibiotic treatment (87.8% vs. 80.3%;
p<0.01; OR 0.5; 95% CI 0.3-0.8). The use of appropri-
ate antibiotic treatment in the VAT group was asso-
ciated with a significantly lower progression to VAP
either in patients with (18.2% vs. 55.6%; p<0.03; OR
0.1; 95% CI 0.1-0.8) or without cardiovascular failure
(6% vs. 24.6%; p<0.0001; OR 0.1; 95% CI 0.1-0.4). In
Table 2 are displayed the risk factors analyzed for ICU
mortality. Figure 2 shows the crude Kaplan—Meier sur-
vival curves of 90-day mortality according to the pres-
ence or absence of cardiovascular failure. Presence of
cardiovascular failure was associated with increased
ICU mortality (p <0.001 with log-rank test).
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Table 1 Patient characteristics by the presence or absence of cardiovascular failure

Age (years), mean (SD) 586 (17.7)
Male, n (%) 347 (67.4)
Admission type, n (%)

Medical 271 (52 6)

Surgical 6 (14.8)

Trauma 168 (32 6)
SAPS Il score, mean (SD) 475 (15.0)
mSOFA score, mean (SD) 2 (4.1)
Barthel score, mean (SD) 794 (33.4)
Medical conditions, n (%)

COPD 88 (17.1)

CKD 46 (8.9)

Diabetes mellitus 100 (19.4)

Immunosuppression 30 (5.8)
Previous antibiotic use, n (%) 431 (87.4)
Appropriateness, n (%) 436 (84.7)
MDR, n (%) 293 (56.9)
VA-LRTI, n (%)

VAP, n (%) 237 (46)

VAT, n (%) 8 (54)
ICU LOS (days), median (IQR) 20 (13-33)
Ventilator-free days, median (IQR) 41 (31-47)

61.67(17.2) 0.04
116 (66.7) 0.8
<0.001
122 (70 1)
5(14.4)
( 5.5)
549(18.1) <0.001
113 (6.1) <0.001
84.8(32.2) 0.06
37(21.3) 0.2
23(13.2) 0.1
35(20.1) 08
25(14.4) <0.001
156 (91.8) 0.2
151 (86.8) 0.5
128 (73.6) <0.001
132(75.9) <0.001
42 (24.1) <0.001
28 (21-46) 0.2
37 (32-49) 0.1

CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, ICU intensive care unit, IQR interquartile range, LOS length of stay, MDR multi-drug resistant,
SAPS Simplified Acute Physiology Score, SD standard deviation, mSOFA modified sequential organ assessment score, MDR multi-drug resistant, VA-LRT/ ventilator-
associated lower respiratory tract infection, VAP ventilator-associated pneumonia, VAT ventilator-associated tracheobronchitis

Multivariate analysis of the data of patients with and
without cardiovascular failure is shown in Table 3. A
propensity score analysis was conducted and found that
appropriateness of antibiotic treatment was associated
with a survival benefit only in patients without cardio-
vascular failure (Fig. 3). Figure 4 shows the predicted
probabilities for ICU mortality according to the sever-
ity of the cardiovascular mSOFA score at the onset of
VA-LRTIL When the propensity score analysis was con-
ducted, only in patients without cardiovascular failure,
the use of appropriate antibiotic treatment conferred
a survival benefit for patients with VAP (p<0.01; OR
0.4; 95% CI 0.3-0.7). The exclusion of eight patients
who died within 48 h of the VA-LRTI diagnosis did not
change the results (supplement Fig. 1).

Discussion

The main finding of this subanalysis of a multicenter
observational cohort study on VA-LTRI was that appro-
priate antibiotic treatment was not associated with a
survival benefit in patients with cardiovascular fail-
ure. Additionally, we found that in patients without

cardiovascular failure, appropriate antibiotic treatment
conferred a survival benefit for patients with VA-LRTI
who had VAP.

When we interpret the results from this study, we
found that whereas appropriate antibiotic treatment in
more severe patients such as those with cardiovascu-
lar failure manifested by a cardiovascular mSOFA score
equal to 4 did not show any association to a better ICU
survival, but in patients without cardiovascular failure, it
would be perhaps better to wait for the microbiological
results and provide an appropriate directed treatment,
instead of starting an inappropriate empirical treatment
[24]. Based on our findings, two questions remain open
based on the observational design of the study. On the
one hand, whether the presence of cardiovascular failure
is per se the driver of outcome and therewith VA-LRTI
is not a driver of mortality, as the patients already have
an unfavorable outcome. On the other hand, in patients
without cardiovascular failure, whether the presence
of VA-LRTI can be of influence on the main outcomes.
The timing of antibiotic administration in patients with
sepsis has been a seemingly constant matter of debate
[25]. Early recognition of sepsis and administration of
antibiotics is considered crucial for its treatment by the
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Table 2 Risk factors for ICU mortality in patients with VA-
LRTI

Age, mean (SD) 56.6(17.7) 64.3 (15.9) <0.001
Male, n (%) 306 (62.9) 157 (61.5) 0.5
Admission type, n (%) 0.1

Medical 233 (62) 160 (67,9)

Surgical 66 (19.6) 5(15.7)

Trauma 151 (18.5) (16.4)
SAPS II, mean (SD) 479(17.9) 56.7 (18.5) <0.001
mSOFA score, mean (SD) 7.7(3.7) 9.1(3.8) <0.001
Barthel, mean (SD) .1(30.8) 80.9 (304) 0.06
Medical conditions, n (%)

COPD 74(16) 51(213) 0.1

CKD 7 (6) (1 6) <0.001

Diabetes 78(17.3) 7(23.8) 0.04

Immunosuppression 24 (5.3) ( 3) <0.001
Appropriateness, n (%) 395 (87.8) 192 (80.3) <0.01
MDR, n (%) 256 (56 9) 165 (69) 0.001
Cardiovascular failure, n (%) 3(16,2) 101 (42.3) <0.01
VAP 223 (49 6) 146 (61.1) <0.001

CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, ICU
intensive care unit, MDR multi-drug resistant, SAPS Simplified Acute Physiology
Score, SD standard deviation, mSOFA modified sequential organ assessment
score, MDR multi-drug resistant, VA-LRTI ventilator-associated lower respiratory
tract infection, VAP ventilator-associated pneumonia, VAT ventilator-associated
tracheobronchitis

Surviving Sepsis Campaign (SSC) guidelines [26]. There
is no general disagreement that patients in the most
severe end of the spectrum (septic shock) should receive
prompt antibiotic therapy [27], but questions remain for
those individuals who are not that sick [28—30]. As only
ICU mortality has been the scope of this study, other
patient-centered outcomes related to appropriate anti-
biotic treatment might be further studied. We have to
acknowledge that other outcome variables, beside ICU
mortality, have important implications in current clini-
cal practice. When moving away from the fixed points of
death, cost and quality of life outcomes, after both ICU
and hospital discharge, are subject to increasingly diffi-
cult questions about their clinical relevance [31].
Ventilator-associated pneumonia prolongs the dura-
tion of mechanical ventilation and length of stay in the
ICU, thereby contributing to the considerable economic
burden associated with this condition [32]. The all-cause
mortality rate for VAP is typically cited as being approxi-
mately 20-50% [33]. VAP has been associated with a
higher crude ICU mortality rate. However, attributing
mortality of VAP has been a matter of debate. Forel et al.
found that in patients with ARDS whilst VAP increased
crude ICU mortality, VAP was not found to be an inde-
pendent risk factor for ICU mortality [34]. On the other
hand, in a systematic review published by Melsen et al.,
the attributed mortality of VAP was reported to be 13%,
with higher rates for surgical patients and patients with
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Fig. 2 Kaplan-Meier curve for ICU mortality according to the presence (red)/absence (blue) of cardiovascular failure (p <0.001 with log-rank test).
Abbreviations: ICU: intensive care unit




1759

Table 3 Multi-variate analysis of risk factors associated
with ICU mortality in patients with VA-LRTI, according
to the presence or absence of cardiovascular failure

Age 1.0 (1.0-1.1) <0.005 1.0(09-1.0) 0.07
SAPS | 1.0 (0.9-1.1) 008 1.1(09-1.1) 04
Admission type

Medical (reference) 1.0 1.0

Surgical 0.9(0.7-1.1) 0.5 1.1(0.7-1.5) 03

Trauma 0.7 (0.5-0.9) 0.02 0.7(05-1.3) 0.1
CKD 25(1.2-4.8) <0005 21(0.7-59) 02
MDR 1.6 (1.0-2.5) <005 09(04-1.9) 0.8
Appropriateness 0.5(0.3-0.8) <0.005 06(0.2-1.8) 03
VAP 1.5(1.1-2.3) 0.01 1.7(0.7-1.9) 0.7

A generalized estimating equation (GEE) model was fitted with a logit link,
exchangeable correlation structure and non-robust standard errors. A country
variable was included into the model to take into account potential country
effects, however, it was not statistically significant (p =0.22)

aOR adjusted odds ratio, Cl confidence interval, CKD chronic kidney disease,
COPD chronic obstructive pulmonary disease, MDR multi-drug resistant, OR
odds ratio, SAPS Simplified Acute Physiology Score, VA-LRTI ventilator-associated
lower respiratory tract infection, VAP ventilator-associated pneumonia

100.0%

p-value forinteraction = 0.0394

75.0%

Inappropriate
Antibiotic

-®- No

o
=4
S}
2

Yes

Mortality Probability

25.0% I

No Yes
Cardiovascular failure after VA-LRTI

Fig. 3 Propensity score analysis to determine the association of
appropriateness of antibiotic treatment and ICU mortality in patients
with VA-LRTI. A total of 408 patients (102 that received inappropriate
antibiotic treatment and 306 that received appropriate antibiotic
treatment). OR for inappropriate antibiotic treatment 1.97 (95%
CI1.17-3317,p=0.011); OR for shock 13.00 (95% Cl 4.26-36.70,
p<0.001)

a mid-range severity scores at admission [35]. In our
research, although medical patients showed a signifi-
cantly higher mortality in the multivariate analysis, this
difference disappeared, when we adjusted for confound-
ers in the multivariate analysis. In previous studies, we
demonstrated that VAT was not an independent risk fac-
tor for mortality unlike VAP [3]. We also wanted to assess
if appropriate antibiotic treatment might be associated
with survival benefit in patients with VA-LRTT and car-
diovascular failure [3, 14]. One could argue that VAT, per
se, cannot be considered as a risk factor for cardiovascu-
lar failure, so we carefully evaluated every VAT episode
to exclude potential confounders for cardiovascular fail-
ure manifested by a cardiovascular mSOFA. Therefore,
based on our findings, we conclude that appropriate anti-
biotic treatment in the presence of cardiovascular fail-
ure did not affect mortality. This again opens the debate
of whether treating VAT should be mandatory in every
patient. In several observational studies, doing so offered
no survival benefit. Currently, a randomized control trial
(TAVeM?2) is being conducted in France to determine if
any VAT treatment can modify outcomes, specifically
comparing the absence of therapy with short (3 days) and
long (7 days) antibiotic courses [36].

We must acknowledge some limitations. First, this
study was observational with an automatic selection of
confounders and neither hospital mortality nor whether
the presence of cardiovascular failure preceded or fol-
lowing the diagnosis of VA-LRTI was collected. VA-LRTI
could be a complication of preceding cardiovascular
failure with limited attributing mortality in itself, hence
the lack of effect of antibiotics. Alternatively, however,
cardiovascular failure could be the consequence of VA-
LRTI and identify a subgroup with increased mortal-
ity attributing to VA-LRTI despite the prescription
of appropriate antibiotic treatment. Whilst we report
appropriateness of antibiotic treatment, timing of treat-
ment, relevant dosage, and duration in compliance with
guidelines were not collected and this represents a major
limitation. The timing between diagnosis and treatment
onset was not captured in the present database, preclud-
ing the use of current definitions of shock [37]. We there-
fore used cardiovascular failure as a surrogate of severity
and we acknowledge that the presence of shock because
of VAT is unlikely. Also, VAT is difficult to diagnose with-
out computed tomography, yet only X-rays were used for
diagnosis in either VAT or VAP. However, strength of this
study is that it is the largest prospective observational
study to-date in this area of research and in addition,
gathered data from centers in different countries and
continents without exclusion criteria and with strict and
well-defined diagnostic criteria for VAP and VAT.
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Fig. 4 Propensity score analysis to determine the association of the modifier cardiovascular mSOFA and ICU mortality according to appropriateness
of antibiotic treatment in patients with VA-LRTI (propensity score with optimal matching)

Based on our research, in patients with VA-LRTI and
cardiovascular failure, appropriate antibiotic treatment
was not associated to a higher ICU survival. On the other
hand, we found that in patients without cardiovascu-
lar failure, appropriate antibiotic treatment conferred a
survival benefit for patients with VA-LRTI who only had
VAP.

Author details

! Department of Anaesthesia and Critical Care Medicine, St. James's Hospital,
Dublin, Ireland. > Multidisciplinary Intensive Care Research Organization
(MICRO), St James's Hospital, PO. Box 580, James's Street, Dublin 8, Ireland.

3 Pulmonary Intensive Care Unit, Respiratory Institute, Hospital Clinic of Barce-
lona, IDIBAPS, University of Barcelona, CIBERes, Barcelona, Spain. 4 Polyvalent
Intensive Care Unit, Sdo Francisco Xavier Hospital, Centro Hospitalar de Lisboa
Ocidental, Lisbon, Portugal. > NOVA Medical School, New University of Lisbon,

Lisbon, Portugal. ¢ Center for Clinical Epidemiology and Research Unit

of Clinical Epidemiology, OUH Odense University Hospital, Odense, Denmark.
7 HCor Research Institute, Hospital do Coracao, Sao Paulo, Brazil. ® Department
of Critical Care and Graduate Program in Translational Medicine, D'Or Institute
for Research and Education, Rio De Janeiro, Brazil. ° Critical Care Center, Univer-
sity Hospital of Lille, Lille University, Lille, France. 10 Critical Care Department,
Hospital Universitario Joan XXIIl, URV/IISPV/CIBERES, Tarragona, Spain.

Acknowledgements
TAVeM study Group

Writing committee: Ignacio Martin-Loeches, Pedro Povoa, Fernando Zamp-
ieri, Jorge Salluh, Saad Nseir and Alejandro Rodriguez.

Participants: | Martin-Loeches, P Povoa, A Rodriguez, D Curcio, J. P. Mira, M.
L. Cordero, R. Lepecq, C. Girault, C. Candeias, P. Seguin, C. Paulino, J. Messika,
A. G. Castro, L. Coelho, L. Rabello, T. Lisboa, A. Torres, J. Salluh, S. Nseir, R. O.
Ferndndez, J. Arroyo, M. Gabriela, R. Alvarez, A. T. Reyes, C. Dellera, F. Molina,
D. M. Franco, E. G. Parada, E. S. Yepez, F. P. Ofa, D. M. Tutillo, D. Barahona, F. A.
Lerma, A.A. Alvarez, J. M. Gallego, F. J. Morillas, A. L. Aguilar, M. L. Lorenzana, R.
S. Iniesta, J. Almirall, A. Albaya, S. R. Santana, C. Fernandez, M. A. Potro, P.V. Cor-



1761

tes, B. Jimenez, R. Sierra, M. Del Valle Ortiz, N. Cruza, P. M. Olaechea, A. C. Zirena,
P P.Gonzalez, T.R. Gomez, L. S. Crespi, PR. Galleymore, R. J. Marcos, C. Palazén,
B. G. Rueda, J. C. Ballesteros, M. P. Arnilla, A. Socias, J. Amador, E. M. Silvero, L. M.
Redin, M. Z. Elson, L. C. Pericas, J. A. Rodriguez, M. Nieto, A. Torres, E. Molinos, A.
Josefi, N. Catorze, P. Pévoa, C. Candeias, L. Coelho, P. André, M. Angel, G. Garcia,
C. S.Ramirez, M. Calizaya, A. Estella, A. Albis, G. Aguilar, E. Torrents, M. G. Puente,
A.G. Sanchez, T. Lisboa, P. Azambuja, M. F. Knibel, O. Ranzani, L. D. Camargo, A.
P.Junior, C. B. Ferreira, S. Lobo, L. Rabello, M. Park, A. G. de Carvalho, M. Valencia,
A. G. Castro, A. A. Lopez, J. M. Caballero, S. Nseir, K. Jaffal, E. Parmentier-Decru-
cq, S. Préau, C. Rousselin, C. Blazejewski, J. Masse, L. Robriquet, L. Satre-Buisson,
J. P Mira, N. Martin, R. Lepecq, H. Mentec, C. Girault, A. Marchalot, J. Messika, J.
D. Ricard, P. Seguin, B. Mégarbane, S.Valade, E. Azoulay, N. Boussekey, O. Leroy,
J. Reignier, M. Clavel, N. Pichon, T. Baudry, L. Argaud, P. Beuret, A. A. Hssain, M.
Nyunga, I. Alves, F. Dewavrin, G. Brunin, S. Mérat, P. Pasquier, F. Brun, A. Palud,
B.Voisin, R. Grenot, N. Van Grunderbeeck, D. Thévenin, B. Misset, F. Philippart, J.
P Frat, R. Coudroy, P. Cabaret, M. Ledein, F. Z. Slimane, R. Miguel-Montanes, N.
Weiss, F. Bolgert, B. Just.

Funding

Funding was supported by Joint Programming Initiative on Antimicrobial
Resistance (Grant number 2018-06335). Grant support: 7th JPIAMR Call for
Networks reg. no. 2018-06335

Compliance with ethical standards

Conflicts of interest
All author declares that they have no conflict of interest.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 20 June 2019 Accepted: 22 September 2019
Published online: 16 October 2019

References

1. dePascale G, Ranzani OT, Nseir S et al (2017) Intensive care unit patients
with lower respiratory tract nosocomial infections: the ENIRRIs project.
ERS Monogr. https://doi.org/10.1183/23120541.00092-2017

2. Coeurjolly J-F, Nguile-Makao M, Timsit J-F, Liquet B (2012) Attributable risk
estimation for adjusted disability multistate models: application to noso-
comial infections. Biom J 54:600-616. https://doi.org/10.1002/bim;j.20110
0222

3. Martin-Loeches |, Povoa P, Rodriguez A et al (2015) Incidence and prog-
nosis of ventilator-associated tracheobronchitis (TAVeM): a multicentre,
prospective, observational study. Lancet Respir Med 3:859-868. https://
doi.org/10.1016/52213-2600(15)00326-4

4. Grgurich PE, Hudcova J, Lei Y et al (2013) Diagnosis of ventilator-associ-
ated pneumonia: controversies and working toward a gold standard. Curr
Opin Infect Dis 26:140-150. https://doi.org/10.1097/QCO.0b013e3283
5ebbd0

5. Simpson VS, Bailey A, Higgerson RA, Christie LM (2013) Ventilator-associ-
ated tracheobronchitis in a mixed medical/surgical pediatric ICU. Chest
144:32-38. https://doi.org/10.1378/chest.12-2343

6. Keane S, Vallecoccia MS, Nseir S, Martin-Loeches | (2018) How can we
distinguish ventilator-associated tracheobronchitis from pneumonia?
Clin Chest Med 39:785-796. https://doi.org/10.1016/j.ccm.2018.08.003

7. Palmer LB, Smaldone GC, Chen JJ et al (2008) Aerosolized antibiotics and
ventilator-associated tracheobronchitis in the intensive care unit. Crit
Care Med 36:2008-2013. https://doi.org/10.1097/CCM.0b013e31817c0f9
e

8. FihmanV, Messika J, Hajage D et al (2015) Five-year trends for ventilator-
associated pneumonia: correlation between microbiological findings and
antimicrobial drug consumption. Int J Antimicrob Agents 46:518-525.
https://doi.org/10.1016/j.jjantimicag.2015.07.010

9. DeBusL, Gadeyne B, Steen J et al (2018) A complete and multifaceted
overview of antibiotic use and infection diagnosis in the intensive care

20.

21.

22.

23.

24.

25.

26.

27.

28.

unit: results from a prospective four-year registration. Crit Care 22:241.
https://doi.org/10.1186/513054-018-2178-7

. Martin-Loeches |, Rodriguez AH, Torres A (2018) New guidelines for

hospital-acquired pneumonia/ventilator-associated pneumonia: USA
vs Europe. Curr Opin Crit Care 24:347-352. https://doi.org/10.1097/
MCC.0000000000000535

. Wilke M, Grube R (2013) Update on management options in the treat-

ment of nosocomial and ventilator assisted pneumonia: review of actual
guidelines and economic aspects of therapy. Infect Drug Resist 7:1-7.
https://doi.org/10.2147/IDR.525985

. http//www.independent.co.uk/life-style/health-and-families/healt

h-news/antibiotics-resistance-apocalypse-warning-chief-medical-offic
er-professor-dame-sally-davies-drugs-a7996806.html. Accessed 23 July
2019

. Martin-Loeches |, Deja M, Koulenti D et al (2013) Potentially resistant

microorganisms in intubated patients with hospital-acquired pneumo-
nia: the interaction of ecology, shock and risk factors. Intensive Care Med.
https://doi.org/10.1007/500134-012-2808-5

. Zampieri FG, Pévoa P, Salluh Jl et al (2018) Lower respiratory tract infec-

tion and short-term outcome in patients with acute respiratory distress
syndrome. J Intensive Care Med. https://doi.org/10.1177/0885066618
772498

. Moreau A-S, Martin-Loeches |, Povoa P et al (2018) Impact of immu-

nosuppression on incidence, aetiology and outcome of ventilator-
associated lower respiratory tract infections. Eur Respir J. https://doi.
0rg/10.1183/13993003.01656-2017

. Vincent JL, Moreno R et al (1996) The SOFA (Sepsis-related Organ Failure

Assessment) score to describe organ dysfunction/failure. On behalf of the
Working Group on Sepsis-Related Problems of the European Society of
Intensive Care Medicine. Intensive Care Med 22:707-710

. Rouze A, Martin-Loeches |, Nseir S et al (2018) Community-acquired

pneumonia: now you see it, now you don't! Ann Transl Med 5:442. https
://doi.org/10.1183/13993003.01656-2017

. Magiorakos A-P, Srinivasan A, Carey RB et al (2012) Multidrug-resistant,

extensively drug-resistant and pandrug-resistant bacteria: an inter-
national expert proposal for interim standard definitions for acquired
resistance. Clin Microbiol Infect 18:268-281. https://doi.org/10.111
1/).1469-0691.2011.03570.x

. White IR, Royston P, Wood AM (2011) Multiple imputation using chained

equations: issues and guidance for practice. Stat Med 30:377-399. https
;//doi.org/10.1002/sim.4067

Kahan BC (2014) Accounting for centre-effects in multicentre trials with a
binary outcome—when, why, and how? BMC Med Res Methodol 14:20.
https://doi.org/10.1186/1471-2288-14-20

Brookhart MA, Schneeweiss S, Rothman KJ et al (2006) Variable selection
for propensity score models. Am J Epidemiol 163:1149-1156. https://doi.
0rg/10.1093/aje/kw;j149

Joffe MM, Rosenbaum PR (1999) Invited commentary: propensity scores.
Am J Epidemiol 150:327-333. https://doi.org/10.1093/oxfordjournals.aje.
a010011

Ho DE, Imai K, King G, Stuart EA (2011) Matchlt : nonparametric
preprocessing for parametric causal inference. J Stat Softw. https://doi.
0rg/10.18637/jss.v042.i08

Hranjec T, Rosenberger LH, Swenson B et al (2012) Aggressive versus
conservative initiation of antimicrobial treatment in critically ill surgical
patients with suspected intensive-care-unit-acquired infection: a quasi-
experimental, before and after observational cohort study. Lancet Infect
Dis 12:774-780. https://doi.org/10.1016/51473-3099(12)70151-2

Rhodes A, Phillips G, Beale R et al (2015) The surviving sepsis campaign
bundles and outcome: results from the international multicentre preva-
lence study on sepsis (the IMPreSS study). Intensive Care Med 41:1620—
1628. https://doi.org/10.1007/500134-015-3906-y

Rhodes A, Evans LE, Alhazzani W et al (2017) Surviving sepsis campaign:
international guidelines for management of sepsis and septic shock:
2016. Intensive Care Med 43:304-377. https://doi.org/10.1007/50013
4-017-4683-6

Klompas M, Calandra T, Singer M (2018) Antibiotics for sepsis-finding

the equilibrium. JAMA 320:1433-1434. https://doi.org/10.1001/
jama.2018.12179

Kumar AA, Zarychanski R, Light B et al (2010) Early combination antibiotic
therapy yields improved survival compared with monotherapy in septic


https://doi.org/10.1183/23120541.00092-2017
https://doi.org/10.1002/bimj.201100222
https://doi.org/10.1002/bimj.201100222
https://doi.org/10.1016/S2213-2600(15)00326-4
https://doi.org/10.1016/S2213-2600(15)00326-4
https://doi.org/10.1097/QCO.0b013e32835ebbd0
https://doi.org/10.1097/QCO.0b013e32835ebbd0
https://doi.org/10.1378/chest.12-2343
https://doi.org/10.1016/j.ccm.2018.08.003
https://doi.org/10.1097/CCM.0b013e31817c0f9e
https://doi.org/10.1097/CCM.0b013e31817c0f9e
https://doi.org/10.1016/j.ijantimicag.2015.07.010
https://doi.org/10.1186/s13054-018-2178-7
https://doi.org/10.1097/MCC.0000000000000535
https://doi.org/10.1097/MCC.0000000000000535
https://doi.org/10.2147/IDR.S25985
http://www.independent.co.uk/life-style/health-and-families/health-news/antibiotics-resistance-apocalypse-warning-chief-medical-officer-professor-dame-sally-davies-drugs-a7996806.html
http://www.independent.co.uk/life-style/health-and-families/health-news/antibiotics-resistance-apocalypse-warning-chief-medical-officer-professor-dame-sally-davies-drugs-a7996806.html
http://www.independent.co.uk/life-style/health-and-families/health-news/antibiotics-resistance-apocalypse-warning-chief-medical-officer-professor-dame-sally-davies-drugs-a7996806.html
https://doi.org/10.1007/s00134-012-2808-5
https://doi.org/10.1177/0885066618772498
https://doi.org/10.1177/0885066618772498
https://doi.org/10.1183/13993003.01656-2017
https://doi.org/10.1183/13993003.01656-2017
https://doi.org/10.1183/13993003.01656-2017
https://doi.org/10.1183/13993003.01656-2017
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1002/sim.4067
https://doi.org/10.1002/sim.4067
https://doi.org/10.1186/1471-2288-14-20
https://doi.org/10.1093/aje/kwj149
https://doi.org/10.1093/aje/kwj149
https://doi.org/10.1093/oxfordjournals.aje.a010011
https://doi.org/10.1093/oxfordjournals.aje.a010011
https://doi.org/10.18637/jss.v042.i08
https://doi.org/10.18637/jss.v042.i08
https://doi.org/10.1016/S1473-3099(12)70151-2
https://doi.org/10.1007/s00134-015-3906-y
https://doi.org/10.1007/s00134-017-4683-6
https://doi.org/10.1007/s00134-017-4683-6
https://doi.org/10.1001/jama.2018.12179
https://doi.org/10.1001/jama.2018.12179

1762

29.

30.

31

32.

shock: a propensity-matched analysis. Crit Care Med 38:1773-1785. https
://doi.org/10.1097/CCM.0b013e3181eb3ccd

Coopersmith CM, de Backer D, Deutschman CS et al (2018) Surviving
sepsis campaign: research priorities for sepsis and septic shock. Intensive
Care Med. https://doi.org/10.1007/s00134-018-5175-z

Martin-Loeches |, Martinez M, de Haro C, et al (2012) Impact Of Time To
Broad-Spectrum Antibiotic On Mortality Of Severe Sepsis And Septic
Shock. Results From The Surviving Sepsis Campaign. Am J Respir Crit Care
Med 185:A4004

Feemster LC, Saft HL, Bartlett SJ et al (2018) Patient-centered outcomes
research in pulmonary, critical care, and sleep medicine. An Official
American Thoracic Society Workshop Report. Ann Am Thorac Soc
15:1005-1015. https://doi.org/10.1513/AnnalsATS.201806-406\WS
Warren MM, Gibb AP, Walsh TS (2005) Antibiotic prescription practice

in an intensive care unit using twice-weekly collection of screening

33.

34.

35.

36.
37.

specimens: a prospective audit in a large UK teaching hospital. J Hosp
Infect 59:90-95. https://doi.org/10.1016/j,jhin.2004.09.014

Kalanuria AA, Ziai W, Zai W, Mirski M (2014) Ventilator-associated pneu-
monia in the ICU. Crit Care 18:208. https://doi.org/10.1186/cc13775

Forel J-M, Voillet F, Pulina D et al (2012) Ventilator-associated pneumonia
and ICU mortality in severe ARDS patients ventilated according to a lung-
protective strategy. Crit Care 16:R65. https://doi.org/10.1186/cc11312
Melsen WG, Rovers MM, Koeman M, Bonten MJM (2011) Estimating

the attributable mortality of ventilator-associated pneumonia from
randomized prevention studies. Crit Care Med 39:2736-2742. https://doi.
0rg/10.1097/CCM.0b013e3182281f33
https://clinicaltrials.gov/ct2/show/NCT03012360. Accessed 23 July 2019
Perner A, Gordon AC, De Backer D et al (2016) Sepsis: frontiers in diagno-
sis, resuscitation and antibiotic therapy. Intensive Care Med 42:1958-
1969. https://doi.org/10.1007/500134-016-4577-z


https://doi.org/10.1097/CCM.0b013e3181eb3ccd
https://doi.org/10.1097/CCM.0b013e3181eb3ccd
https://doi.org/10.1007/s00134-018-5175-z
https://doi.org/10.1513/AnnalsATS.201806-406WS
https://doi.org/10.1016/j.jhin.2004.09.014
https://doi.org/10.1186/cc13775
https://doi.org/10.1186/cc11312
https://doi.org/10.1097/CCM.0b013e3182281f33
https://doi.org/10.1097/CCM.0b013e3182281f33
https://clinicaltrials.gov/ct2/show/NCT03012360
https://doi.org/10.1007/s00134-016-4577-z

	The association of cardiovascular failure with treatment for ventilator-associated lower respiratory tract infection
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registry: 

	Introduction
	Materials and methods
	Study design and population
	Definitions
	Endpoints
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References




