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Abstract
Background  Surveillance of ventilator-associated 
events (VAEs) as defined by the National Healthcare 
Safety Network (NHSN) is performed at many US trauma 
centers and considered a measure of healthcare quality. 
The surveillance algorithm relies in part on increases 
in positive end-expiratory pressure (PEEP) to identify 
VAEs. The purpose of this cohort study was to evaluate 
the effect of initiating mechanically ventilated trauma 
patients at marginally higher PEEP on incidence of VAEs.
Methods  Analysis of level-1 trauma center patients 
mechanically ventilated 2+ days from 2017 to 2018 
was performed after an institutional ventilation protocol 
increased initial PEEP setting from 5 (2017) to 6 (2018)
cm H2O. Incidence of VAEs per 1000 vent days was 
compared between PEEP groups. Logistic regression 
modelling was performed to evaluate the impact of 
the PEEP setting change adjusted to account for age, 
ventilator days, injury mechanism and injury severity.
Results  519 patients met study criteria (274 PEEP 
5 and 245 PEEP 6). Rates of VAEs were significantly 
reduced among patients with initial PEEP 5 versus 6 
(14.61 per 1000 vent days vs. 7.13 per 1000 vent days; 
p=0.039). Logistic regression demonstrated that initial 
PEEP 6 was associated with 62% reduction in VAEs.
Conclusions  Our data suggest that an incrementally 
increased baseline PEEP setting was associated with a 
significantly decreased incidence of VAEs among trauma 
patients. This minor change in practice may have a major 
impact on a trauma center’s quality metrics.
Level of evidence  IV.

Introduction
Mechanical ventilation remains a mainstay of 
therapy in the care of the critically ill. Patients 
undergoing mechanical ventilation are susceptible 
to a wide range of associated conditions. Great 
efforts continue to be made to identify, stratify, 
and optimize prevention of the complications of 
this essential therapy. The most reported compli-
cation of mechanical ventilation to date has been 
ventilator-associated pneumonia (VAP). Relatively 
subjective elements of the VAP definition along 
with practice variability with respect to VAP diag-
nosis have resulted in VAP being a suboptimal 
quality indicator with respect to benchmarking and 
quality improvement.1

In 2013, the Centers for Disease Control and 
Prevention (CDC) adopted the National Health-
care Safety Network’s (NHSN) definition of 
ventilator-associated events (VAEs) in an effort 
to facilitate the objective identification of noso-
comial respiratory conditions developed by intu-
bated patients and to simplify surveillance across 
institutions. The 2013 updates use an algorithm 
of diagnostic criteria to identify these processes, 
starting with ventilator-associated condi-
tions (VACs), progressing to infection-related 
ventilator-associated complications (IVACs), and 
finally possible VAP (PVAP), all of which are 
considered VAEs.2

Many US institutions report rates of VAEs as 
a hospital quality measure. Per the VAE algo-
rithm, a patient first requires a baseline period of 
stability, defined as two or more days of stable or 
decreasing daily fractional inspired oxygen (FiO2) 
or positive end-expiratory pressure (PEEP) values 
(figure 1).2 Development of a VAE is then defined 
by an increase in daily minimum FiO2 of 20 
points or more over the FiO2 on the first day of 
the baseline period for two or more consecutive 
days, and/or an increase in PEEP by 3 cm H2O 
or more over the first baseline day’s minimum 
PEEP similarly for two or more consecutive days 
(figure 2).

Once these criteria are met, the patient is defined 
as having experienced a VAE, triggering a reportable 
quality metric.2 In our institution, an internal review 
of VAE cases demonstrated that a number of VAEs 
were triggered by a PEEP increase from 5 cm H2O to 
8 cm H2O after 48 hours of mechanical ventilation, 
unaccompanied by any significant increase in FiO2 
(that would have also triggered a VAE). We spec-
ulated that this PEEP increase, although meeting 
metric criteria for a VAE, frequently lacked clinical 
significance. We further speculated that a change 
in routine ventilator practice whereby initial PEEP 
was set at 6 rather than 5 cm H2O might decrease 
VAE rates simply by excluding these clinically insig-
nificant events. In 2017, this practice change was 
implemented for intubated trauma patients. The 
aim of this study was to identify the impact of a new 
ventilator protocol on the subsequent reporting of 
VAEs in our intubated trauma patient population. 
We hypothesized that this slight increase in default 
initial PEEP would reduce the incidence of VAEs 
among intubated trauma patients.
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Figure 1  Ventilator-associated events surveillance algorithm (adapted 
from Centers for Disease Control and Prevention (CDC) 20192). 
Materials are developed by CDC and free to use via the CDC website. 
Reference to specific commercial products, manufacturers, companies, or 
trademarks does not constitute its endorsement or recommendation by 
the US government, Department of Health and Human Services, or CDC. 
FiO2, fractional inspired oxygen; PEEP, positive end-expiratory pressure.

Methods
Patients
Patients were identified from the trauma patient registry of St. 
Joseph’s Hospital and Medical Center, an American College of 
Surgeons-verified level 1 trauma center in Phoenix, Arizona. This 
retrospective study included trauma patients admitted to the inten-
sive care unit (ICU) between July 1, 2016 and June 30, 2018 who 
underwent mechanical ventilation for two or more days.

Ventilator management
Prior to July 1, 2017, standard initial ventilator settings for 
trauma patients included PEEP setting of 5 cm H2O. Commencing 
July 1, 2017, the initial PEEP setting was changed to 6 cm H2O. 
The section pertaining to initial ventilator parameters excerpted 
from our Adult Ventilator Management hospital guideline is 
demonstrated in figure 1. For the purpose of this study, patients 
were stratified according to initial PEEP setting by date of admis-
sion: fiscal year (FY) 2017 (July 1, 2016 to June 30, 2017) versus 
FY 2018 (July 1, 2017 to June 30, 2018). No other practice 
changes were made regarding ventilator management between 
time periods or at any other time during the study period.

Outcomes
VAEs were determined by the Department of Quality Manage-
ment at St. Joseph’s Hospital and Medical Center in accordance 
with the Center for Disease Control NHSN guidelines (figure 1). 
All patient VAEs over the period of study were provided by the 
Quality Management team to the study investigators for cross 
referencing with the trauma registry; thereby all trauma patients 
with VAEs were identified for this study.

VAP was determined by the performance improvement 
committee of the Division of Trauma at St. Joseph’s Hospital, 
according to the criteria described in the National Trauma 
Data Standard Data Dictionary. The clinical practice among 
the trauma surgeons was to follow an institutional guideline 
founded on quantitative culture from bronchoalveolar lavage 
(BAL) effluent. Per our guideline, BAL specimen is obtained for 
the presence of at least three of four clinical findings: abnormal 
temperature (>38°C or <36°C), leukocytosis (white cell count 
>10 x 109/L) or leukopenia (white cell count <4 x 109/L), puru-
lent sputum, and new or worsening infiltrate on chest X-ray. 
Quantitative BAL cultures with equal to or greater than 105 CFU/
mL were considered positive for VAP. All VAPs were reviewed 
by the performance improvement committee and adjudicated 
according to the National Trauma Data Standard criteria. Posi-
tive cases were logged as such in the institutional trauma registry. 
Additional outcome variables including discharge disposition 
and ventilator days were abstracted from the trauma registry.

Statistical analysis
Cohort characteristics for patients ventilated two or more days 
were compared between FY 2017 and FY 2018 using a t-test 
for age, Mann-Whitney U tests for injury severity and number 
of ventilated days, and a Pearson χ2 test for the proportion of 
penetrating cases. Means are reported ±SD and medians with 
the 25th to 75th percentiles. The number of ventilated days was 
summed to obtain the total ventilated days for trauma patients 
by year. Mortality and the incidence of VAEs per 1000 patient 
ventilated days were computed for FY 2017 and FY 2018 and 
compared using MedCalc’s proportions and rate comparison 
calculators V.18.10 (MedCalc Software bvba, Ostend Belgium; 
http://​wwwmedcalc.​org; 2018). The Bonferroni adjustment was 
applied for post-hoc comparisons. Logistic regression modelling 
was performed to account for age, ventilator days, penetrating 
versus blunt injury, and injury severity using SPSS V.25. P values 
less than 0.05 were considered statistically significant.

Results
Our institution registered 4037 trauma patients in FY 2017 
and FY 2018 combined. Of these, 519 were ventilated for 
two or more days and therefore met inclusion criteria for our 
study (274 (52.8%) patients in FY 2017 and 245 (47.2%) in 
FY 2018). Our patient population was 77.8% (n=404) male 
with an average age of 43.8±19.3 years. Analyses summarized 
in table  1 were performed to assess for differences in patient 
and injury characteristics. There were not significant differences 
in patient age (p=0.950), injury severity (p=0.352), ventilated 
days (p=0.673), proportion of penetrating injuries (p=0.732) 
or discharge disposition (p=0.985) between the two groups.

Comparison of rates of VAE between the FY 2017 and FY 
2018 groups is demonstrated in table 2. Twenty-eight patients 
(10.2 %) in FY 2017 versus 11 patients (4.5 %) in FY 2018 
developed VAE (p=0.014). Comparison of VAEs per 1000 
ventilator days demonstrated similar results. The rate of VAE 
per 1000 ventilator days was 14.61 in FY 2017 versus 7.13 in 
FY 2018 (p=0.039).

To evaluate the impact of the practice change with respect to 
initial PEEP setting, patient characteristics were added as covari-
ates in a multivariate logistic regression model (table 3). Adjusted 
for patient age, injury severity, mechanism of injury, and venti-
lator days of 7 days or more, the increase from initial PEEP of 5 
to 6 (as represented by FY cohort) was associated with a signifi-
cant decrease in VAEs (OR=0.38 (95% CI 0.17 to 0.84)).
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Figure 2  Initial ventilator parameters guideline, St. Joseph’s Hospital and Medical Center, Phoenix, Arizona. ABG, arterial blood gas; A/C, asssit 
control; FiO2, fractional inspired oxygen; I:E, inpiration to expiration ratio; MV, minute ventilation; PEEP, positive end-expiratory pressure; PRVC, 
pressure-regulated volume control; ; SIMV, synchronized intermittent mandatory ventilation .

Table 1  Comparison of patient characteristics between FY 2017 and 
FY 2018 groups

FY 2017 FY 2018 P value

Patients (n) 274 245 –

Patient age years, 
mean±SD

43.7±19.4 43.8±19.1 0.950

Injury Severity Score 20.0 (12.0–27.0) 17.5 (10.0–29.0) 0.352

Ventilated days, median 
(25th–75th percentile)

3.0 (3.0–9.0) 3.0 (2.0–8.0) 0.673

Penetrating injury
(vs. blunt)

57 (20.8%) 48 (19.6%) 0.732

Disposition  �   �  0.985

 � Home 86 (31.4%) 78 (31.8%)  �

 � Rehab/skilled nursing 
facility

110 (40.1%) 101 (41.2%)  �

 � Died 59 (21.5%) 50 (20.4%)  �

 � Other 19 (6.9%) 16 (6.5%)  �

FY, fiscal year; Rehab, Rehabilitation.

Table 2  Comparison of VAE rates between FY 2017 and FY 2018 
groups

FY 2017 FY 2018 P value

VAEs

 � Patients (n) 28 11 0.014

 � Rate per 1000 ventilator days 14.61 7.13 0.039

FY, fiscal year; VAEs, ventilator-associated events.

Mortality associated with VAEs increased from 23.8% in FY 
2017 to 55.6% in FY 2018 (p=0.330). Additional multivariate 
logistic regression models were created to evaluate the associa-
tion between mortality and VAEs for both FY cohorts (table 4). 
Models were adjusted for age, injury severity and penetrating 
versus blunt injury. VAEs in FY 2017 did not predict mortality 

(OR=0.3, 95% CI (0.08 to 1.1)). In the FY 2018 cohort, 
however, VAEs were significantly associated with mortality 
(OR=8.77, 95% CI (2.22 to 34.61)).

There were 18 VAP events (6.6%) in FY 2017, compared with 
12 VAP events (4.9%) in FY 2018 (p=0.409). The rate per 1000 
ventilator days per FY was also similar (9.39 vs. 7.78, p=0.614). 
Notably, in FY 2017, among the 18 VAP events, seven had 
concomitant VAEs. In FY18, among the 12 VAP events, two had 
concomitant VAEs. From FY 2017 to FY 2018, mortality asso-
ciated with VAP decreased from 18.2% to 10.0% (p=0.878).

Discussion
The NHSN’s development of the VAE algorithm in 2013 was 
intended to standardize the identification of both non-infectious 
and infectious nosocomial respiratory conditions in intubated 
patients. Substantial variability in VAE incidence has been 
reported, revealing both the need to further investigate the 
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Table 3  Summary of logistic regression model predicting VAE

P value OR 95% CI for OR

Age 0.274 0.99 0.97 to 1.01

ISS 0.029 1.03 1.00 to 1.06

Penetrating injury 0.619 1.30 0.46 to 3.67

Vented 7+days <0.001 97.47 13.08 to 726.65

FY 2018 (Initial PEEP 6) 0.017 0.38 0.17 to 0.84

FY, fiscal year; ISS, Injury Severity Score; PEEP, positive end-expiratory pressure; VAE, 
ventilator-associated event.

Table 4  Summary of logistic regression model predicting mortality

FY 2017 FY 2018

P value OR 95% CI for OR P value OR 95% CI for OR

Age <0.001 1.05 1.03 to 1.07 <0.001 1.04 1.02 to 1.06

ISS <0.001 1.07 1.04 to 1.10 <0.001 1.07 1.04 to 1.10

Mechanism of Injury 0.929 0.96 0.37 to 2.51 0.986 0.99 0.33 to 3.02

Presence of VAE 0.070 0.30 0.08 to 1.10 0.002 8.77 2.22 to 34.61

FY, fiscal year; ISS, Injury Severity Score; VAE, ventilator-associated event.

preventable fraction of these events and to evaluate the algo-
rithm’s clinical significance.3 VAEs have been shown to be asso-
ciated with hospital mortality, prolonged mechanical ventilation, 
antimicrobial use, and ICU and hospital length of stays, and do 
show a stronger association with mortality than the original 
2008 CDC VAP guidelines.4–8 Klompas points out in his 2017 
analysis of the VAE algorithm that the NHSN’s 2013 definitions 
provide an opportunity for hospitals to reassess prevention strat-
egies.9 Multiple factors associated with the development of VAEs 
have been elucidated, including development of pneumonia, 
fluid overload, adult respiratory distress syndrome, and atel-
ectasis.10 Strategies aimed toward preventing these conditions 
are well established in the critical care literature and have been 
compiled into defined best practice bundles readily used in ICUs 
worldwide.11 12

Nonetheless, it remains unclear whether or not VAEs are, in 
fact, preventable events. Among trauma patients, VAEs have 
been shown to be associated with mortality, but studies thus 
far mostly assess the infectious subset of VAEs, or IVACs. As 
Meagher et al note, the development of VAEs in the trauma 
population may be largely due to non-infectious causes such 
as inflammation associated with direct lung injury as a result 
of chest wall trauma or, alternatively, the sequelae of resuscita-
tion and transfusion necessary to prevent early mortality from 
hemorrhagic shock.7 13 14 Among our own trauma patients, we 
anecdotally observed that a proportion of VAEs were a result 
of an increase in PEEP from 5 to 8, and we questioned whether 
the VAE that followed was simply representative of the natural 
course after severe injury and resuscitation and its associated 
ventilator management, rather than a nosocomial complication 
of mechanical ventilation. Recognizing that the maximum PEEP 
infrequently surpassed 8 cm H2O during the hospital course, we 
reasoned that we could eliminate these VAEs by simply starting 
out one measure higher (6 cm H20) than our conventional 
starting point (5 cm H20). In this study, we demonstrated that 
our VAE rate did indeed decrease with this practice change.

Much concern has been raised over the susceptibility of VAE 
surveillance and reporting to gaming. Minimizing the develop-
ment of VAEs by redefining terms or misinterpreting data has 
been shown to be possible; as Klompas summarized in 2015, 
the CDC has had to clarify definitions of daily minimum 

PEEP and FiO2 after Klein et al noted substantial discrepan-
cies in VAE incidence depending on varying interpretations of 
these terms.10 15 Variation in incidence has also been reported 
depending on whether electronic versus manual surveillance 
is used.16 Certainly, the PEEP and FiO2 modification criteria 
required for triggering a VAE are susceptible to gaming. Lilly et 
al demonstrated this by reducing VAEs by 93% by alternating 
the PEEP or FiO2 by 1 or 0.1, respectively, on alternating days, 
thereby preventing their population from meeting VAE trig-
gering requirements.17 Although ventilator management strat-
egies may be developed for the sole purpose of evading VAE 
surveillance, it is important to note the triggers for VAE are rela-
tively arbitrary. For example, a ventilator practice that includes 
optimization of PEEP via pulmonary compliance curves evalu-
ated at regular intervals may result in repeated, small changes in 
PEEP that prevent that patient from meeting the VAE threshold 
as defined by the current algorithm. The intent of such a practice 
is not to game the system but to optimize oxygenation. None-
theless, it would be likely that the rate of VAEs in this setting 
would be low.

With respect to our practice change, our ventilator manage-
ment strategy was not borne from a desire to evade VAE surveil-
lance. In fact, it originated from the recognition that many of our 
VAEs were simply a result of increasing PEEP to 8 in the routine 
ventilator management of trauma patients, and we questioned 
the clinical relevance of triggering a VAE in this specific scenario. 
Not only did an increase of initial PEEP from 5 to 6 decrease our 
incidence of VAEs by over 60% once adjusted by multivariate 
analysis, a significant association between VAE and mortality in 
the FY 2018 cohort was observed that was not apparent prior to 
the practice change. This observation supports our contention 
that many VAEs in our practice were, in fact, triggered by a PEEP 
change from 5 to 8 and that these particular VAEs were relatively 
immaterial to outcome. We anticipated that physicians would 
not be anchored to an initial PEEP increase interval of three. 
In fact, we anticipated that 8 would remain the target, given 
both a general physician comfort with that level of PEEP and a 
general human aversion to odd numbers (which is perhaps why, 
in our experience, PEEP is rarely if ever increased from 5 to 7 
and so on). Although we did not specifically evaluate changes in 
PEEP intervals, we are comfortable, given the resultant decrease 
in VAE rate, that PEEP was not routinely increased from 6 to 9.

There are several limitations to our study. It cannot be 
confirmed that every patient in the FY 2017 cohort and every 
patient in the FY 2018 cohort had initial PEEP settings of 5 
and 6 respectively. Nonetheless, given the typical strict adher-
ence to respiratory therapy guidelines on our trauma service, 
we are confident that nearly all of our patients had initial PEEP 
of 5 versus 6 according to cohort as presumed. Similarly, we 
are unable to account for any other differences in practice (in 
addition to the initial PEEP change) implemented across the 
two cohorts, but no other service guideline or practice changes 
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were made over the study time period with respect to ventilator 
management, transfusion practice, or antibiotic stewardship. 
Nonetheless, ventilator management, although protocolized, is 
patient specific and changes made to ventilator modes, PEEP, 
and oxygen levels are dynamic and individualized to patient 
response. In addition, it is unknown whether or not the change 
from PEEP of 5 to 6 had any salutary or detrimental influence 
on pulmonary physiology. Nevertheless, we do not anticipate 
that a PEEP difference of 1 cm H2O would have any measur-
able impact on pulmonary function. Notably, studies comparing 
much broader differentials in PEEP have demonstrated a lack 
of clinical impact.18 19 Lastly, relatively low numbers of patients 
in both cohorts make our results more prone to the effects of 
unconsidered confounders.

Conclusion
Mechanical ventilation can be both a life-sustaining measure 
and a necessary evil in critically ill trauma patients. The use of 
the CDC’s algorithmic approach to VAEs as a quality indicator 
has been rigorously studied in the general critical care popula-
tion. In trauma patient populations, however, it remains unclear 
whether VAEs are representative indicators of the quality of 
inpatient hospital care versus a reflection of the natural course 
of severe traumatic injury. Our study demonstrates a decreased 
incidence of reported VAEs in intubated trauma patients after 
a minor change in initial PEEP settings. In addition, we have 
demonstrated that excluding clinically insignificant VAEs as a 
result of our practice change results in our VAE cohort reflecting 
a better predictor of mortality. This reflection is in better align-
ment with original intent of the CDC’s reporting criteria and 
allows us to focus our quality improvement processes targeted 
to a more clinically relevant patient population. At present, VAE 
is not a mandatory, public reporting requirement for hospitals. 
Nonetheless, we anticipate that this will not be the case in the 
near future, and our future may include public comparison of 
VAE rates among trauma centers. It is therefore worthwhile for 
trauma centers to consider how their ventilator management 
strategies may influence their rates of VAE, and whether or not 
VAE predicts mortality among their respective patients. A simple 
adjustment in initial PEEP may result in a lower rate of VAE. 
In addition, it may effectively make VAE a more clinically rele-
vant metric in traumatically injured patient populations. Lastly, 
we encourage the NHSN to re-evaluate the VAE definition and 
consider revising the criterion regarding change in PEEP.
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