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Abstract

Background Acute brain injured (ABI) patients are at high risk of developing ventilator-associated pneumonia (VAP).
However, incidence, risk factors and effects on outcome of VAP are not completely elucidated in this population. The
primary aim of this study was to determine the incidence of VAP in a cohort of ABI patients. The secondary objectives
included the identification of risk factors for development of VAP, and the impact of VAP on clinical outcomes. Clinical
outcomes were defined as intensive care unit length of stay (ICU-LOS), duration of invasive mechanical ventilation
(IMV), and ICU mortality.

Methods Pre-planned sub-analysis of the Extubation strategies in Neuro-Intensive care unit (ICU) patients and asso-
ciations with Outcomes (ENIO) international multi-center prospective observational study. Patients with available data
on VAP, who received at least 48 h of IMV and ICU-LOS > 72 h were included.

Results Out of 1512 patients included in the ENIO study, 1285 were eligible for this analysis. The prevalence of VAP
was 39.5% (33.7 cases /1000 ventilator-days), with a high heterogeneity across countries and according to the type of
brain injury. VAP was significantly more frequent in male patients, in those with smoke habits and when intraparen-
chymal probe (IP), external ventricular drain (EVD) or hypothermia (p < 0.001) were used. Independent risk factors for
VAP occurrence were male gender, the use of IP, hypothermia, and the occurrence of tracheobronchitis during ICU
stay. VAP was not an independent risk factor for ICU mortality (Hazard Ratio, HR=0.71 95%Cl 0.43-1.16, p=0.168), but
was independently associated with longer ICU stay (OR=2.55 95%C| 2.01-3.23, p < 0.001).

Conclusions VAP is common in ABI patients. Male gender, IP and EVD insertion, tracheobronchitis, and the use of
therapeutic hypothermia were significantly associated with VAP occurrence. VAP did not affect mortality but increased
ICU-LOS.
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Background

Ventilator-associated pneumonia (VAP) is the most
common nosocomial infection in the intensive care
unit (ICU) [1]. VAP is defined as lower respiratory tract
infection occurring at least 48 h after initiation of inva-
sive mechanical ventilation (MV) [2]. Acute brain injury
(ABI) with impaired consciousness is a risk factor for
respiratory complications and VAP development [3].
Swallowing dysfunction, older age, and sedation have
been identified as additional and relevant risk factors
for the acquisition of pneumonia [3-5]. Small studies
reported an incidence of VAP in the ABI population of
around 31%, with a VAP rate of 7-18/1000 ventilator-
days [6—10]. Moreover, some studies also suggested that
VAP occurrence was associated with increased mortal-
ity, ICU-length of stay (LOS), and longer duration of MV
[11]. However, results of these studies are heterogeneous,
and the incidence and risk factors associated with VAP
development, and its effects on outcome are still uncer-
tain in this population [12].

The primary aim of this secondary analysis of the Extu-
bation strategies in Neuro-Intensive care unit patients
and associations with Outcomes (ENIO) international
multi-center prospective observational study was to
determine the incidence and rate of VAP in ABI patients.
Secondary aims included the assessment of the risk fac-
tors for VAP development, and the impact of VAP on
patients’ clinical outcome.

Methods

Study design

This is a secondary analysis of the ENIO investigator-
initiated prospective, multicenter, international, obser-
vational study (NCT03400904) [11, 13]. The ENIO study
was endorsed and promoted by the PROtective VEn-
tilation Network, European Society of Intensive Care
Medicine, Society of Critical Care Medicine, French
Society of Anesthesiology and Critical care (SFAR), and
Colegio Mexicano de Medicina Critica. Initial approval
was obtained from Groupe Nantais d’Ethique dans le
Domaine de la Santé (IRB No. 7/11/2017). Approval for
conducting the ENIO study in each participating center
was obtained by the local medical ethics committees.
Informed consent was collected in accordance with the
local regulations of each involved IRB, and was obtained
directly from the patient, either before the study or ret-
rospectively in case the patient was unconscious at the
time of enrolment. This subanalysis was approved by the
ENIO steering committee and was conducted accord-
ing to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guidelines
[24] (Additional file 1: Item S1), and in full conformity
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with the principles of the Declaration of Helsinki, and
the Medical Research Involving Human Subjects Act
(WMO) [14]. Data management, monitoring and report-
ing of the study were performed in accordance with the
ICH-GCP Guidelines [15].

Study population

Inclusion and exclusion criteria

The inclusion and exclusion criteria of the ENIO study
have been previously described in detail [11, 13]. In par-
ticular, the ENIO study enrolled neurocritical care patients
with traumatic brain injury (TBI), subarachnoid aneurys-
mal hemorrhage (aSAH), intracranial hemorrhage (ICH),
ischemic stroke (IS), and central nervous system (CNS)
infection (brain abscess, empyema, meningitis, encepha-
litis), or brain tumor, aged 18 years/ old who made an
attempt of extubation and required invasive mechanical
ventilation for at least 24 h, with a baseline Glasgow Coma
Score (GCS) of 12 at ICU admission [11, 13]. For this sec-
ondary analysis, we additionally selected patients with
available data on VAP from the ENIO cohort.

Patients were excluded from the ENIO study if they
were under 18 years old, pregnant, had a spinal cord
injury above T4, had been resuscitated following a car-
diac arrest, had Guillain-Barré syndrome, died prior to
extubation, withdrew life-sustaining treatment (WLST)
within the first 24 h of ICU admission, undergone end-
of-life extubation, had major respiratory co-morbidities
(defined as chronic oxygen use at home, chronic obstruc-
tive). Patients who had tracheostomies prior to being
admitted to the ICU were also excluded. Additionally,
for this secondary analysis, we excluded all patients who
lasted less than 48 h of invasive mechanical ventilation
and ICU stay <72 h.

Definitions

VAP was diagnosed according to the American Thoracic
Society (ATS) criteria published in 2005 [16]. Diagnosis
of VAP was suspected when patient showed a new or pro-
gressive radiographic infiltrate, along with clinical find-
ings suggesting infection like new onset of fever, purulent
sputum, leukocytosis, and decline in oxygenation.

Tracheobronchitis was defined by presence of fever,
leukocytosis, purulent sputum, and a positive culture of
a sputum or tracheal aspirate are present without a new
lung infiltrate [16].

VAP and tracheobronchitis after spontaneous breath-
ing trial (SBT) were defined as the abovementioned
conditions which were diagnosed after an attempt of
spontaneous breathing with the aim of extubate the
patient. Attempt of extubation was defined as an extuba-
tion trial and/or tracheostomy.
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Data collection

Data of the ENIO main study were collected from the
26 of June 2018 to 15 of November 2020. For this sec-
ondary analysis, the following data from the ENIO
dataset were selected: demographic and baseline (age,
gender, height, weight, BMI=body mass index, previ-
ous comorbidities [COPD =chronic obstructive pul-
monary disease, cardiovascular comorbidities defined
as NYHA =New York Health Association>?2, arterial
hypertension, active smoking, diabetes mellitus, his-
tory of malignancy]); type (TBI, aSAH, IS, ICH, CNS
infection, and brain tumor) and severity (baseline lower
GCS) of brain injury; neurosurgical and neurocriti-
cal care management (barbiturate coma, therapeutic
hypothermia, external ventricular drainage, decom-
pressive craniectomy, and location of cerebral injury
[posterior fossa]); airway and ventilatory manage-
ment data (tracheostomy, gag reflex, cough, spontane-
ous breathing trial, extubation, reintubation), type of
ventilation and ventilatory setting [V =tidal volume
(mL), Pp; or=plateau pressure (cmH,O), RR =respira-
tory rate (breaths/min), PEEP = positive end-expiratory
pressure (cmH,O)] at day 1, 3, and 7 of ICU admission,
gas exchange [pHa, arterial partial pressure of oxy-
gen="Pa0O, (mmHg), fraction of inspired oxygen =FiO,,
arterial partial pressure of carbon dioxide=PaCO,
(mmHg)] at day 1, 3, and 7 of ICU admission; in-ICU
events (tracheobronchitis, ARDS=acute respiratory
distress syndrome, WLST =withdrawn life sustain-
ing therapies); outcome measures (need and duration
of invasive mechanical ventilation=IMYV, ICU-LOS,
in-ICU mortality, in-hospital mortality, need of non-
invasive mechanical ventilation=NIMYV and duration).
VAP diagnosis (yes, no) during ICU-stay.

Study objectives

The primary objective of this sub-study of the ENIO
cohort was to assess the prevalence and rate (cases/1000
ventilator days at risk) of VAP among mechanically ven-
tilated adult patients with ABI. The secondary objec-
tives included the identification of risk factors for
development of VAP, and the impact of VAP on clinical
outcomes. Clinical outcomes were defined as ICU-LOS,
duration of IMV, need for non-invasive mechanical ven-
tilation, and ICU-mortality.

Statistical analysis

Data were expressed as means (standard deviation=SD),
medians [interquartile range=IQR] and proportions
when appropriate. Continuous variables were compared
by using the Student’s ¢-test or Mann—Whitney U-tests,
while categorical variables were analyzed with the
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Chi-squared test. Shapiro—Wilk test was used to assess
the normal distribution of continuous variables.

Logistic regression was performed to assess the risk
factors associated with VAP. All the potential risk factors
were transformed in dichotomic variables and entered
in the univariate analysis, including age, gender, BMI,
baseline comorbidities, type of brain injury, severity of
brain injury, invasiveness of treatment, country, respira-
tory complications, and IMV days. The goodness-of-fit
evaluation of each significant logistic regression model
was performed. Significant variables to univariate logistic
regression were entered in the multivariate model, with
regression coefficient and odds ratio (OR) with the 95%
confidence interval (CI) as the main outputs.

Survival probability has been estimated using the Cox
proportional-hazards model. The hazard ratio (HR) was
used to assess the likelihood of the event occurring while
controlling for other co-predictors (co-variables/co-
factors) added to the model. We considered the follow-
ing predictors in the univariable model: VAP, age, lowest
GCS, anisocoria, need for neurosurgery, ICP probe,
EVD probe, pulmonary comorbidity, and cardiovascu-
lar comorbidity. The significant variables at univariate
were entered in the multivariate Cox regression model
(VAP, age, ICP probe, cardiovascular comorbidity). The
Kaplan—Meier task was used for comparing the survival
curves between VAP and noVAP stratified by co-varia-
bles/ co-factors.

Statistical significance was considered for a p<0.05.
Statistical analysis was performed with R software.

Results

A total of 1512 patients were included in the initial
cohort; overall, 227 patients had missing data on VAP,
were ventilated for <48 h or had an ICU stay<72 h
and were excluded from the analysis. The final cohort
included 1285 ABI patients (Fig. 1). Characteristics of
the study population are reported in Table 1, and data on
mechanical ventilation and gas exchange are reported in
Fig. 2 and Additional file 1: Item S2.

Prevalence and rate of VAP

A total of 550 (39.5%) patients were diagnosed with VAP
during their ICU stay; the rate of VAP was 33.7/1000 ven-
tilator-days. Patients with VAP were more often males;
active smokers, were more frequently monitored with
intraparenchymal probe or EVD; and more often treated
with hypothermia than others (Table 1).

At day 1, 3, and 7 after ICU admission, PEEP, and RR
were significantly higher while PaO,/FiO, was signifi-
cantly lower in VAP than no-VAP group; V; and PaCO,
did not significantly change between groups over time;
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Patients admitted
to the ICU
n=1512

Patients who were not intubated or
with missed information on VAP
n=17

Patients who
were intubated
during ICU stay

n=1495

Patients intubated for <48 hours
n=161

Patients who
were intubated
>48 hours
n=1334

Patients who stayed in ICU <72 hours
n=49

Patients included
in final analysis
n=1285

Fig. 1 Flow-chart of inclusion

Ppar Was higher at day 1 in VAP than noVAP group
(Additional file 1: Item S2). The prevalence and rate of
VAP was 49.5% (n=272)—16.6/1000 ventilator-days
in TBL 325% (n=179)—11.0/1000 ventilator-days
in ICH, 20.7% (n=114)—7.0/1000 ventilator-days in
aSAH, 3% (n=39)—7.1/1000 ventilator-days in IS, 3.3%
(n=18)—1.1/1000 ventilator-days in brain tumor, and
2.4% (n=13)—0.8/1000 ventilator-days in CNS infection,
respectively. The prevalence of VAP was higher in France
(53.3%), followed by Netherlands (39%), India (35%),
Italy (34%), Mexico (33.1%), UK (26.7%), and Switzerland
(18.8%), Fig. 3.

Factors associated with VAP

At univariate analysis, factors associated with VAP devel-
opment are reported in Additional file 1: Item S3. In the
multivariable model, independent risk factors for VAP
occurrence were male gender, the use of intraparenchy-
mal probe, (OR=2.05 95%CI 1.62-2.61, p<0.001), EVD,
(OR=1.45 95%CI 1.12-1.88, p=0.004), hypothermia
(OR=3.06 95%CI 1.65-5.68, p<0.001), and occurrence
of tracheobronchitis after spontaneous breathing trial
(OR=2.26 95%CI 1.53-3.32, p<0.001). CNS infections
was associated with a significant reduction of the risk of
VAP development (Table 2).

Effect of VAP on outcomes
Compared to patients without VAP, those with VAP had
longer ICU length of stay (median 22 [IQR=14-32] vs.
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11 [IQR=7-18] days, p<0.001), duration of invasive
mechanical ventilation (median 14 [IQR=8-22] vs. 6
[IQR=4-11] days, p<0.001), required more frequently
tracheostomy (179, 32.5% vs. 168, 22.9%, p <0.001), non-
invasive mechanical ventilation (n=96, 17.5 vs. 65, 8.8%,
p<0.001), high-flow nasal oxygen therapy (n=124, 22.5%
vs. 105, 14.3%, p<0.001) and had a higher incidence of
ARDS (113, 20.5% vs. 15, 2%, p <0.001), and tracheobron-
chitis (n="78, 14.2% vs. 50, 6.8%, p <0.001).

One patient missed ICU mortality outcome. Mortality
in ICU and in-hospital did not differ between patients
who experienced or not VAP (ICU: 37 deaths, 52.1% vs.
34 deaths, 49.7%; p=0.104—Hospital: 66 deaths, 48.2%
vs. 71 deaths, 51.8%; p=0.175].

At univariate Cox regression model, high age and cardi-
ovascular comorbidity resulted associated with increased
ICU mortality (Additional file 1: Item S4). No association
was found for lower GCS, anisocoria, need for neurosur-
gery, EVD probe, and pulmonary comorbidity) and ICU
mortality.

At multivariate Cox regression model, the pres-
ence of VAP was not independently associated with
increased ICU mortality (HR=0.71 95%CI 0.43-1.16,
p=0.168), whereas higher age and presence of cardio-
vascular comorbidity were independently associated
with increased ICU mortality (age: HR=1.03 95%CI
1.01-1.05, p<0.0001; cardiovascular: HR=2.75 95%CI
1.23-6.14, p=0.013). The presence of ICP probe was
independently associated with reduced ICU mortal-
ity (HR=0.31 95%CI 0.17-0.55, p<0.0001) (Additional
file 1: Item S5). Kaplan Meier curve of cumulative sur-
vival in VAP versus noVAP groups is shown in Fig. 4.

The occurrence of VAP (OR=2.55 95%CI 2.01-3.23,
p<0.001) and the duration of invasive mechanical ven-
tilation (OR=8.1 95%CI 6.72-9.75, p<0.001) were inde-
pendent risk factors for longer ICU-stay (Additional
file 1: Item S6).

Discussion

The main findings of this study, in a cohort of 1285
brain injured patients, are: (1) VAP prevalence and rate
is high in ABI patients, especially in TBI. Specifically,
the prevalence and rate of VAP was 49.5%—-16.6/1000
ventilator-days in TBI, 32.5%—-11.0/1000 ventilator-days
in ICH, 20.7%-7.0/1000 ventilator-days in aSAH, and
3%-7.1/1000 ventilator-days in IS; (2) independent risk
factors for VAP development in brain injured patients
include male gender, intraparenchymal probe, EVD,
therapeutic hypothermia, and occurrence of tracheo-
bronchitis. CNS infection compared to other ABIs was
protective; (3) VAP was not associated with increased
ICU mortality, but longer ICU stay and duration of
mechanical ventilation.
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Table 1 Baseline characteristics, demographics and ICU outcomes of the overall population and according to the occurrence of VAP

Overall n=1285 VAP n=550 noVAP n=735 p-value
Demographics
Age, years, median [IQR] 54 [37-66] 54 [36-65] 55 [37-67] 0.386
Gender, n (%)
Male 838 (65.2) 382 (45.6) 456 (54.4) 0.006
Female 447 (34.8) 168 (37.6) 279 (62.4)
BMI, kg/mz, median [IQR] 25 [23-29] 26 [23-29] 25 [22-28] 0.071
Baseline comorbidities
COPD 42 (3.3) 22 (52.4) 20 (47.6) 0.200
NYHA>2 38(3) 15(39.5) 23 (60.5) 0678
Hypertension 386 (30) 159 (41.2) 227 (58.8) 0457
Active smoking 285 (22.2) 140 (49.1) 145 (50.9) 0.013
Diabetes mellitus 156 (12.1) 68 (43.6) 88 (56.4) 0.823
History of malignancy 60 (4.7) 25(41.7) 35(58.3) 0.861
Cause of ICU admission
TBI, n (%) 618 (48.1) 272 (44) 346 (56) 0.398
ICH, n (%) 438 (34.1) 179 (40.9) 259 (59.1) 0314
SAH, n (%) 235(18.3) 114 (48.5) 121 (51.5) 0.051
Ischemic Stroke, n (%) 115 (8.9) 39(33.9) 76 (66.1) 0.043
CNS infection, n (%) 62 (4.8) 13(21) 49 (79) <0.001
Brain Tumor, n (%) 59 (4.6) 18 (30.5) 41 (69.5) 0.051
Neurologic characteristics
GCS total, median [IQR] 7 [5-9] 7 [5 8] 7 [5—9} 0.309
Anisocoria, n (%) 355 (27.6) 61 (454) 94 (54.6) 0.229
Intraparenchymal probe, n (%) 590 (45.9) 318 (53.9) 272 (46.1) <0.001
EVD, n (%) 398 (31) 201 (50.5) 197 (49.5) <0.001
Posterior fossa injury, n (%) 79 (6.1) 38 (48.1) 41(51.9) 0322
Therapeutic hypothermia, n (%) 60 (4.7) 45 (75) 15 (25) <0.001
Barbiturate coma, n (%) 78 (6.1) 38(48.7) 40 (51.3) 0.276
Intra-cranial neurosurgery, n (%) 522 (40.6) 229 (43.9) 293 (56.1) 0.535
Decompressive craniectomy, n (%) 244 (19) 115 (47.1) 129 (52.9) 0.129
ICU outcome
VAP after SBT, n (%) 176 (13.7) 164 (93.2) 12 (6.8) <0.001
Tracheobronchitis after SBT, n (%) 128 (10) 78 (60.9) 50 (39.1) <0.001
ARDS, n (%) 128 (10) 113(88.3) 15(11.7) <0.001
Tracheostomy required, n (%) 347 (27) 179 (51.6) 168 (48.4) <0.001
IMV duration, days, median [IQR] 9[5-17] 4[8-22] 6[4-11] <0.001
Non-IMV, n (%) 161 (12.5) 96 (59.6) 65 (40.4) <0.001
HFENO, n (%) 229(17.8) 124 (54.1) 105 (45.9) <0.001
ICU LOS, days, median [IQR] 15 [9-25] 22 [14-32] 11[7-18] <0.001
WLST, n (%) 78 (6.1) 5(44.9) 43 (55.1) 0.712
In-ICU mortality, n (%) 71(5.5) 7(52.1) 4 (47.9) 0.104
In-hospital mortality, n (%) 137 (10.7) 66 (48.2) 1(51.8) 0.175

Bold stands for statistical significative values

Data are presented as median [interquartile range =1QR] and n=number (percentages =%). BMI body mass index, VAP ventilator-associated pneumonia, COPD
chronic obstructive pulmonary disease, NYHA New York Health Association, TBI traumatic brain injury, ICH intracranial hemorrhage, SAH subarachnoid hemorrhage,
CNS central nervous system, GCS Glasgow coma scale, EVD external ventricular device, SBT spontaneous breathing trial, ARDS acute respiratory distress syndrome, IMV
invasive mechanical ventilation, HFNO high flow nasal oxygen, ICU intensive care unit, LOS length of stay, WLST withdrawn life sustains therapies

To the best of our knowledge, this study represents international prospective cohort of neurocritically ill
the largest observational study investigating VAP in an  patients. VAP is a very common healthcare-associated
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Fig. 2 Characteristics of mechanical ventilation and gas exchange at day 1, 3, and 7 of ICU admission. At day 1, 3, and 7 of ICU admission, PEEP

was higher in VAP than no VAP [day 1—VAP =5 (5-6) vs.no VAP =5 (5-6) cmH,0, p=0.0169; day 3—VAP =6 (5-7) vs.no VAP =5 (5-6) cmH,0,
p<0.0001; day 7—VAP =6 (5-8) vs.no VAP =6 (5-7) cmH,0, p <0.0001]; RR was higher in VAP than no VAP [day 1—VAP=17 (15-20) vs. no VAP=16
(14-18) rpm, p<0.0001; day 3 VAP =18 (15-22) vs. no VAP =16 (14-19) rpm, p < 0.0001; day 7—VAP =20 (16-24) vs. no VAP =18 (15-21) rpm

p <0.0001], Pp 4y was higher in VAP than no VAP [day 1—VAP =18 (17-21) vs. no VAP =18 (16-20) cmH,0, p=0.0425 (all flimsy values below 15
cmH,0 have not been included in the calculation)]; and PaO,/FiO, was lower in VAP than no VAP [day 3—VAP =290 (220-376.2) vs. no VAP =305
(246.7-396), p=0.0014; day 7—VAP =256 (187.1-333.8) vs. no VAP =300 (233.3-383.3), p < 0.0001]. V; and PaCO, did not significantly change
between groups over time. ICU intensive care unit, PEEP positive end-expiratory pressure, VAP ventilator-associated pneumonia, RR respiratory rate,

VT tidal volume, PaCO, arterial partial pressure of carbon dioxide

O VAP
O noVAP

100

50

% VAP incidence

0

France Netherlands India Italy Mexico UK  Switzerland
Fig. 3 VAP incidence per country. This figure depicts the incidence of
VAP according to the countries included in the ENIO study. Countries

with > 50 patients were included

infection in patients who are critically ill and who require
invasive mechanical ventilation.

Prevalence, rate, and characteristics of patients with VAP
The literature reports an incidence of VAP in mechani-
cally ventilated patients ranging from 10-40%, with a rate
between 7.3 and 20.4/1000 ventilator-days [2, 6, 17, 18].

In our cohort, both the incidence and rate of VAP were
higher than in previous findings (39.5% and 33.7/1000
ventilator-days respectively) [19], especially in the TBI
subgroup (49.5% vs. 15-36%). These differences can
be explained by several reasons. We used the currently
accepted definition of VAP developed in late 2017 [2],
the same year in which the ENIO study started recruit-
ing. Therefore, the adherence to the new VAP definition
could have been different across countries and compared
with previous studies.

Second, neurological injuries in our cohort were het-
erogeneous and mainly composed by TBI, ICH, and SAH
patients thus making difficult to compare our results
with other studies [6, 17, 18]. Moreover, the ENIO cohort
had a higher age and more comorbidities than previ-
ous cohorts of younger patients with TBI following road
traffic accident, thus predisposing to longer duration of
mechanical ventilation, which is clear risk factor for VAP,
and complications [12, 20, 21].
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Table 2 Multivariable analysis: risk factors for VAP development
Estimate Std. Error z value Pr(>|z|) Std. Coeff OR 95%Cl

(Intercept) —0.7042 0.09886 —-7.123 <0.0001 —0.7042 0.4945 [0.41-0.60]
Female gender — 043069 0.12768 — 3373 <0.0001 — 04307 0.6501 [0.51-0.83]
CNS infection - 083772 0.32676 —2.564 =0.0104 —0.8377 04327 [0.23-0.82]
Intraparenchymal probe 0.72024 0.12139 5933 <0.0001 0.7202 2.0549 [1.62-261]
External ventricular device 0.373 0.13086 2.85 =0.0044 0.3730 14521 [1.12-1.88]
Therapeutic hypothermia 1.11978 031451 3.56 <0.0001 1.1198 3.0642 [1.65-5.68]
Tracheobronchitis at spontane- 0.81327 0.19805 4.106 <0.0001 0.8133 2.2553 [1.53-3.32]

ous breathing trial

CNS central nervous system, OR odds ratio, C/ confidence interval, Pr probability, Std. Error standard error, Std. Coefficient standard coefficient

Strata -

1.00-

o
'

050-

Survival probability

0.00-
! '

0 50

= NoVAP =+ VAP

100 150 200
Time

Fig. 4 Survival estimates in ICU of patients with and without VAP. Kaplan Meier survival estimates of patients with and without VAP in ICU. Kaplan
Meier was adjusted for relative hazard of covariates used in the Cox regression model. HR = hazard ratio

However, in SAH, we found a 20.7% VAP incidence,
which is lower in comparison with previous findings
(up to 49%) [22-24]. This may be due to the fact that
current guidelines suggest that patients with SAH are
managed trying to keep them awake as much as pos-
sible to early detected a possible clinical deterioration
(i.e., vasospasm) through assessment of sequential
neurological examinations during ICU stay. This may
impact on earlier extubation and reduced days of
mechanical ventilation, thus decreasing the risk of
developing VAP [25-27]. In our cohort, we observed

that only 3% of patients with ischemic stroke developed
VAP, which is lower than reported in previous studies
(4-57%) [28]. This different incidence can be explained
by the fact that previous studies included cohorts of
non-critically ill patients with stroke with both health-
care associated pneumonia and VAP [29]. We also
found a 3.3% prevalence of VAP in brain tumor, and
2.4% in CNS infection, but no previous data have been
reported the literature in these sub-groups of neuro-
critically ill patients.
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Some literature reports lower VAP rates than our
study probably because of strict adherence to an oral
care “bundle’; a selection bias in relatively healthy
patients who were intubated for only a few days post-
operatively, and mortality from neurologic disease
prior to the development of VAP [23]. Another possible
explanation can be the neurological status upon admis-
sion, that in our study was more severe than in previous
studies, meaning that our patients required more treat-
ment for neurological injury (patients with VAP more
frequently needed intraparenchymal probe, EVD, and
therapeutic hypothermia), which may result in higher
therapy intensity level and therefore longer days of treat-
ment and mechanical ventilation [6, 12]. Finally, our
results suggest also that VAP is more frequent in males
and active smokers, that is in line with previous inves-
tigations [30] which underline the importance of pre-
existing comorbidities and susceptibility to lung damage.
VAP has an important impact on systemic oxygenation,
thus worsening mechanical ventilator parameters but no
effects on carbon dioxide. PaO,/FiO,, levels between day
1 to 7 suggested no significative impact on brain physiol-
ogy and neurological outcome [31, 32]. Also, intubation
strategies may have impacted, maybe some patients tol-
erated GCS 7-8 without intubation possibly being not at
risk of VAP.

Factors associated with VAP

Risk factors for VAP occurrence in our cohort were
male gender, the use of ICP monitoring, EVD, therapeu-
tic hypothermia, and the occurrence of tracheobronchi-
tis after spontaneous breathing trial. On the other hand,
CNS infection was protective for VAP development.
The prevalence of intraparenchymal probe and EVD
was higher in VAP group and independently increased
the risk of VAP. Pelosi et al. reported that VAP was more
frequent in brain damaged patients than general criti-
cally ill population, suggesting that neurological sever-
ity and the need of invasive monitoring and aggressive
treatment may have an influence [33]. Indeed, patients
with VAP were more clinically severe than no VAP,
undergoing more tracheostomy, longer duration of
mechanical ventilation, ICU-stay, ARDS, and tracheo-
bronchitis [12, 21], although the neurological status was
similar between the two groups. In our cohort, thera-
peutic hypothermia was independently associated with
VAP. In the Eurotherm trial, early hypothermia plus
standard of care for the control of intracranial hyperten-
sion was associated with worst outcome than standard
of care alone, suggesting that VAP risk increases in more
severe patients who need more aggressive treatments,
especially when used early and not as tier three ther-
apy [34]. According to the literature, tracheobronchitis
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after spontaneous breathing trial was independent risk
factor VAP [35-37]. Female gender was less suscepti-
ble to VAP development. Previous studies showed that,
despite females usually manifest less VAP than males,
severe VAP is an independent predictor of mortality in
females, especially when diagnosed within 7 days from
admission [38].

VAP effect on patients’ outcomes

Our estimated attributable mortality for VAP was slightly
lower than that reported in generally critically ill patients,
but ENIO cohort includes patients who were successfully
extubated [39]. In the VAP group, we found a mortality of
52% in ICU and 48% in hospital, which were higher than
previous works which reported an ICU mortality around
25-35% [20, 23]. Despite that, VAP was not independ-
ent risk factor for mortality in ICU (HR=0.71 95%CI
0.43-1.16, p=0.168). Similar to our findings, other stud-
ies in neurocritically ill patients reported no association
between VAP and mortality [23, 24]. This is because VAP
may be only a transient disease early detected in ICU and
treated following an appropriate antibiotic stewardship
[40], which complicates the acute phase of neurological
illness, unlikely mortality. Moreover, especially in the
European setting, the advances in antibiotic stewardship
have improved the course of healthcare infections, thus
impacting on outcome [41]. Interventions like re-educa-
tion of neuro-ICU personnel, and reduction of transports
for brain imaging can help in reducing the rate of infec-
tion [42]. VAP was independent risk factor for longer
ICU length of stay and duration of invasive mechanical
ventilation. This is an important point, as it suggests that
VAP can have an important impact on costs and health-
care resources utilization [12, 23].

Limitations

This study has several limitations that must be addressed.
Firstly, the main limitation of our study is the observa-
tional design, which cannot provide information about
causality but only associations. Second, this is a second-
ary analysis of the main study whose primary outcome
was to describe current management of weaning from
invasive ventilation, focusing on decisions on timing of
tracheal extubation and tracheostomy, where VAP repre-
sents a secondary outcome. Third, the given the unavail-
ability of timing of VAP diagnosis, this limited a possible
distinction in early vs. late VAP, and probably led to an
overestimation. Fourth, no data on antibiotics use and
type, as well as pathogens and diagnostic tests and other
ICU therapies that may have affected VAP development
were collected in the main ENIO study. Fifth, scores of
severity such as APACHE or SOFA at ICU admission
were not available, thus GCS, pupillary reactivity, and
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invasiveness of treatment (i.e., EVD, ICP monitoring,
barbiturates, therapeutic hypothermia, decompressive
craniectomy, and need for neurosurgery) were consid-
ered as indicators of severity.

Conclusions

VAP is common in neurocritically ill patients but highly
variable across countries and type of brain injury. Male
gender, intracranial probe, EVD, tracheobronchitis,
and therapeutic hypothermia impact on VAP. VAP not
clearly influence mortality but ICU-LOS and duration
of mechanical ventilation. Further studies accounting for
antibiotic use and isolated pathogens in large cohorts of
neurocritically ill patients should be guaranteed.
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