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Abstract 

Background: Ventilator-associated pneumonia (VAP) is the most common hospital-acquired infection (HAI) in 
intensive care units (ICUs). Ventilator-associated event (VAE), a more objective definition, has replaced traditional VAP 
surveillance and is now widely used in the USA. However, the adoption outside the USA is limited. This study aims to 
describe the epidemiology and clinical outcomes of VAEs in China, based on a prospectively maintained registry.

Methods: An observational study was conducted using an ICU-HAI registry in west China. Patients that were 
admitted to ICUs and underwent mechanical ventilation (MV) between April 1, 2015, and December 31, 2018, were 
included. The characteristics and outcomes were compared between patients with and without VAEs. The rates of all 
VAEs dependent on different ICUs were calculated, and the pathogen distribution of patients with possible VAP (PVAP) 
was described.

Results: A total of 20,769 ICU patients received MV, accounting for 21,723 episodes of mechanical ventilators and 
112,697 ventilator-days. In all, we identified 1882 episodes of ventilator-associated condition (VAC) events (16.7 per 
1000 ventilator-days), 721 episodes of infection-related ventilator-associated complications (IVAC) events (6.4 per 1000 
ventilator-days), and 185 episodes of PVAP events (1.64 per 1000 ventilator-days). The rates of VAC varied across ICUs 
with the highest incidence in surgical ICUs (23.72 per 1000 ventilator-days). The median time from the start of ventila-
tion to the onset of the first VAC, IVAC, and PVAP was 5 (3–8), 5 (3–9), and 6 (4–13) days, respectively. The median 
length of hospital stays was 28.00 (17.00–43.00), 30.00 (19.00–44.00), and 30.00 (21.00–46.00) days for the three VAE 
tiers, which were all longer than that of patients without VAEs (16.00 [12.00–23.00]). The hospital mortality among 
patients with VAEs was more than three times of those with non-VAEs.

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creat iveco mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco 
mmons .org/publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  zongzhiyong@gmail.com; sunxin@wchscu.cn
†Zhiyong Zong and Xin Sun have contributed equally and share 
corresponding authorship
1 Chinese Evidence-Based Medicine Center and CREAT Group, West China 
Hospital of Sichuan University, Chengdu 610041, China
2 Department of Infection Control, West China Hospital of Sichuan 
University, Chengdu 610041, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-021-03484-x&domain=pdf


Page 2 of 11He et al. Crit Care           (2021) 25:44 

Background
Most critically ill patients admitted to intensive care units 
(ICUs) require life-saving mechanical ventilation (MV), 
despite the multiple complications associated with it [1–
3]. Ventilator-associated pneumonia (VAP) is one such 
complication and is the most common hospital-acquired 
infection (HAI) in ICUs [4, 5]. It has been reported that 
VAP is associated with longer duration of MV, prolonged 
hospital and ICU stays, long-term disability, higher mor-
tality, and increased hospital costs [1, 2, 4, 6, 7]. There-
fore, the surveillance of VAP for the incidence estimates 
is particularly important for understanding the epidemi-
ology and risk management of VAP.

Traditional definitions of VAP, however, were subjec-
tive, complex, and poor both for sensitivity and speci-
ficity, which made it difficult to implement [3, 8–13]. 
In January 2013, a new approach to VAP surveillance—
ventilator-associated events (VAEs)—was proposed by a 
working group convened by the Centers for Disease Con-
trol and Prevention (CDC) and comprised members of 
several stakeholder organizations [3]. The following three 
definition tiers are embedded within the VAE algorithm: 
(1) ventilator-associated condition (VAC), (2) infection-
related ventilator-associated complication (IVAC), and 
(3) possible VAP (PVAP). In contrast to traditional VAP, 
VAE surveillance definitions were objective, streamlined, 
and potentially automatable that can identify a broad 
range of conditions and complications, more than VAP, 
only occurring in mechanically ventilated adult patients 
[8, 13–15].

Although it has been more than five years since the 
VAE surveillance was proposed and has replaced the 
traditional VAP surveillance, its adoption outside the 
USA seems limited [16]. Several published studies have 
reported the incidence of VAE. However, the rates varied 
markedly, ranging from 3 to 77% (6–107 per 1000 ventila-
tor-days) [1, 2, 4, 7, 17–36]. Explanations for the discrep-
ancy may be various study settings and different patient 
populations used as the denominator for the calculation 
of VAE rate. These studies were mainly from the USA, 
followed by Europe, while the population used as the 
denominator included all MV patients or patients with 
at least a certain number of ventilator-days. Besides, the 
majority of these studies were retrospective, in that the 
completeness and accuracy of data had a great impact on 

case identification. In China, the surveillance was mainly 
limited to traditional VAP. Studies on VAE incidence are 
scarce [7, 21], which may further limit the understand-
ing of comprehensive complications among mechanically 
ventilated patients in China.

In 2015, a routinely active monitoring module for 
VAE was established and embedded in an existing ICU-
HAI system (an HAI monitoring system in ICU units) in 
West China Hospital (WCH), China. To our knowledge, 
this is a unique system carrying out routine surveillance 
for VAE in China. By linking the HAI system with the 
electronic medical record (EMR) and ICU systems, we 
have developed an ICU-HAI registry. We undertook an 
observational study based on this registry with the aim 
to evaluate the following: (1) the clinical characteristics 
and outcomes between patients with and without VAEs; 
(2) the incident rates of different VAE tiers; and (3) the 
pathogen distribution in patients with PVAP.

Methods
This study was approved by the Ethical Committee of 
West China Hospital in 2018 (WCH2018-409), and the 
need for patient consent was waived.

Data sources
We carried out an observational study using an estab-
lished ICU-HAI registry. A detailed description of this 
registry has been published elsewhere [37]. In brief, this 
registry consisted of three databases including an EMR 
system, an ICU system, and an ICU-HAI monitoring 
system. The ICU-HAI system was a prospective surveil-
lance system, actively collecting ICU-HAI–related infor-
mation of all patients admitted to an ICU by a team of 
three infection control practitioners. Annually, there 
were more than 8000 person-times for ICU-HAI and 
5000 cases for VAE were monitored. The EMR system 
was established in 2008 and stored patient-level health 
care and medical information. The ICU system was elec-
tronically recorded by well-trained special nurses and 
contained critical care information regarding vital signs, 
life support, nurse notes, risk assessment, and ICU-HAI-
related checklists.

These three databases were linked via a unique patient 
identification code, and the linkage rate proved to be 
100%. Until December 31, 2018, approximately 30,000 

Conclusions: VAE was common in ICU patients with ≥ 4 ventilator days. All tiers of VAEs were highly correlated with 
poor clinical outcomes, including longer ICU and hospital stays and increased risk of mortality. These findings high-
light the importance of VAE surveillance and the development of new strategies to prevent VAEs.

Keywords: Ventilator-associated events, Epidemiology, Intensive care units, Ventilator-associated condition, 
Infection-related ventilator-associated complications, Ventilator-associated pneumonia
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patients were admitted to one of six ICUs [general ICU 
(GICU), surgical ICU (SICU), neurological ICU (NICU), 
respiratory ICU (RICU), thoracic surgery ICU (TICU), 
and pediatric ICU (PICU)]. This registry has been vali-
dated and shown to be of high quality.

Study population and case definition
In this study, patients admitted to either of five ICUs 
between April 1, 2015, and December 31, 2018, and 
had at least one day on MV were included. We excluded 
patients who met any of the following criteria: (1) 
age < 18  years or admitted to the PICU; (2) incom-
plete information including date of birth, sex, and  dis-
charged  diagnosis; (3) extremely long ICU stay and 
abnormal bill; and (4) non-Chinese nationality.

VAE cases were extracted from the active surveillance 
module for VAE in the ICU-HAI system. VAE algorithm 
according to the definition of the CDC’s National Health-
care Safety Network (CDC-NHSN) [3] was implemented 
into this module, and this module could automatically 
record the positive end-expiratory pressure (PEEP) and 
the fraction of inspired oxygen (FiO2) hourly from venti-
lator parameters, and automatically screen for suspected 
VAE cases according to this algorithm. Three infection 
control practitioners judged the type of VAE for each 
suspected case. The accuracy of PVAP was previously 
validated to be 96.2% [37]. In this study, we defined: (1) 
VAC-plus (all patients with VAC, including those who 
also fulfilled criteria for IVAC and PVAP); (2) IVAC-
plus (all patients who met the IVAC criteria, including 
those with PVAP); and (3) PVAP. An episode of VAE 
that occurred after the NHSN 14-day repeat infection 
timeframe of the previous event was defined as a new 
episode and was included. We defined two groups for 
non-VAEs: (1) all patients on MV but without any VAE 
and (2) patients with at least four consecutive ventilator-
days but no VAE, as VAE must have four consecutive 
ventilator-days.

Data collection
Patient characteristics were extracted, including demo-
graphic characteristics (age, sex); ICU type; chronic 
comorbidities (hypertension, diabetes, cardiovascular 
disease, malignant tumor, chronic lung disease, liver 
failure, renal failure, and heart failure); acute comorbidi-
ties at ICU admission [gastrointestinal bleeding, shock, 
pneumonia, and acute respiratory distress syndrome 
(ARDS)]; APACHE II score; surgery (cardiac or cranial 
surgery); intubation sites; tracheostomy; time of admis-
sion and discharge; time on MV; time of VAE occurrence; 
and VAE type. The chronic comorbidities were identified 
through the International Classification of Diseases, 10th 
edition (ICD-10), and the completeness and accuracy 

were 99% and 88%, respectively [37]. For acute comor-
bidities presented at ICU admission, which were stored 
in transferred summary as unstructured formats, test 
mining was used to identify related information. Further-
more, the processes of care (head-of-bed elevation, oral 
care, paired spontaneous awakening trials and breathing 
trials, stress ulcer prophylaxis, thromboembolism proph-
ylaxis) were also collected.

Statistics
Descriptive statistics was used to summarize the char-
acteristics and outcomes (length of hospital stay (LOS), 
length of stay in ICU, length of stay on MV, and hospital 
and ICU mortality) of non-VAE groups, VAC-plus group, 
IVAC-plus group, and PVAP group. Continuous vari-
ables are presented as median [interquartile range (IQR)] 
and categorical variables as frequency (percentages). 
The number of per 100 episodes of mechanical ventila-
tion (EMV) and the number of per 1000 ventilator-days 
for VAC-plus, IVAC-plus, and PVAP were calculated and 
stratified by ICU type, discharge date, and time of event 
onset, respectively. The compliance rates of processes of 
care were calculated as well. Finally, we listed the patho-
gen distribution in patients with PVAP.

Results
Study population
A total of 22,343 patients admitted to the five ICUs, 
corresponding to 196,808 ICU-days during the study 
period were identified. Of these, 20,769 (93.0%) received 
MV with 21,723 EMV and 112,582 ventilator-days. The 
median (IQR) time of total ventilator-days was 2 (2–5) 
days. However, only 6252 patients (28.0% of all ICU 
patients and 30.1% of those on MV) received MV for at 
least four consecutive days, while there were 6647 EMV 
and 86,025 ventilator-days, with a median of 9 (6–16) 
days (Fig. 1).

The rates of VAEs
Among the 6252 patients, 1780 (28.5%) experienced at 
least one episode of VAC-plus, 712 (11.4%) of IVAC-
plus, and 184 (2.9%) of PVAP. Ninety-five (1.5%) 
patients experienced more than one episode and most 
events occurred at their first ventilation. Among 90 
patients with failed extubation attempts, 13 patients 
further developed a VAE. Table 1 shows the rates of the 
three VAE tiers. In total, we identified 1882 episodes of 
VAC-plus events (8.66 per 100 EMV and 16.7 per 1000 
ventilator-days), 721 episodes of IVAC-plus events 
(3.32 per 100 EMV and 6.4 per 1000 ventilator-days), 
and 185 episodes of PVAP events (0.85 per 100 EMV 
and 1.64 per 1000 ventilator-days). The rates varied in 
ICUs (Table  2) from 7.29 (TICU) to 23.72 (SICU) per 
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1000 ventilator-days for VAC-plus, from 3.59 (TICU) 
to 9.44 (NICU) per 1000 ventilator-days for IVAC-plus, 
and from 0.62 (SICU) to 2.18 (NICU) per 1000 ventila-
tor-days for PVAP. However, the rates remained stable 
with the discharge date. Most VAEs occurred early in 
the course of the mechanical episode. A total of 1285 
(68.3%) VAEs occurred in the first week since venti-
lation was initiated, with a mean rate of 5.92 per 100 
EMV (18.65 per 1000 ventilator-days), and 1616 (85.9%) 
VAEs occurred within 14 days with 1.52 per 100 EMV 
(3.77 per 1000 ventilator-days). The mean rate dropped 
to less than one per 1000 ventilator-days after 21 days. 
The proportion of IVAC-plus to VAC-plus was 0.38 
and ranged from approximately one-third to one-half 
throughout the whole course of the mechanical episode 
and in different ICU units. The proportion of PVAP to 
VAC-plus was 0.1 and was highest in the  TICU (0.26).

The clinical characteristics and pathogen distribution
The characteristics and outcomes of patients with and 
without VAEs are presented in Table 2. The distribution 
of age, sex, comorbidities, APACHE II scores, and intu-
bation sites was similar among patients with at least four 
ventilator-days, regardless of VAEs. Kidney failure was 
more common among VAE cases (9.1%) than among non-
VAE cases with at least four ventilator-days (7.2%), and 
the proportion was highest among PVAP cases (10.9%). 
All mechanically ventilated patients without VAE had a 
greater history of cardiac surgery (35.3%). The most com-
mon intubation sites among VAE cases were the operat-
ing room (34.7%), followed by other hospitals (24.6%) and 
emergency rooms (22.4%). There were 184 (10.3%) VAE 
cases and 492 (11.0%) non-VAE cases intubated in the 
ICU. Among patients with at least four ventilator-days, 
687 (38.6%) and 945 (21.1%) patients with VAE and non-
VAE received a tracheostomy, respectively. The median 

Fig. 1 Flowchart of included patients
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Table 2 The characteristics and clinical outcomes of patients with and without ventilator-associated events

Non-VAE with at least 
one ventilator-day 
(N = 18,989)

Non-VAE with at least 
four ventilator-days 
(N = 4472)

VAC-plus (N = 1780) IVAC-plus (N = 712) PVAP (N = 184)

Age, median (IQR) 55.00 (46.00, 65.00) 59.00 (46.00, 70.00) 57.50 (46.00, 69.00) 57.00 (46.00, 69.00) 59.00 (46.00, 70.25)

 18–44 4251 (22.4) 950 (21.2) 399 (22.4) 163 (22.9) 40 (21.7)

 45–64 9466 (49.9) 1814 (40.6) 726 (40.8) 285 (40.0) 74 (40.2)

 65–74 3470 (18.3) 924 (20.7) 367 (20.6) 164 (23.0) 43 (23.4)

  ≥ 75 1801 (9.5) 784 (17.5) 288 (16.2) 100 (14.0) 27 (14.7)

Female, n (%) 7986 (42.1) 1666 (37.3) 639 (35.9) 243 (34.1) 53 (28.8)

Type of ICU, n (%)

 GICU 4235 (22.3) 1464 (32.7) 640 (36) 253 (35.5) 82 (44.6)

 NICU 1813 (9.5) 841 (18.8) 365 (20.5) 173 (24.3) 41 (22.3)

 RICU 1193 (6.3) 850 (19) 196 (11) 80 (11.2) 22 (12)

 SICU 4540 (23.9) 743 (16.6) 484 (27.2) 164 (23) 15 (8.2)

 TICU 7335 (38.6) 613 (13.7) 141 (7.9) 70 (9.8) 36 (19.6)

Comorbidities, n (%)

 Hypertension 3849 (20.3) 982 (22.0) 364 (20.4) 145 (20.4) 33 (17.9)

 Diabetes 992 (5.2) 263 (5.9) 78 (4.4) 37 (5.2) 7 (3.8)

 Ischemic heart 
diseases

190 (1.0) 28 (0.6) 12 (0.7) 7 (1.0) 6 (3.3)

 Chronic lung diseases 509 (2.7) 272 (6.1) 89 (5.0) 30 (4.2) 11 (6.0)

 Pulmonary vascula-
ture diseases

847 (4.5) 276 (6.2) 87 (4.9) 31 (4.4) 14 (7.6)

 Cancer 3522 (18.5) 385 (8.6) 137 (7.7) 48 (6.7) 14 (7.6)

 Heart failure 4250 (22.4) 475 (10.6) 140 (7.9) 60 (8.4) 20 (10.9)

 Liver failure 137 (0.7) 81 (1.8) 49 (2.8) 22 (3.1) 3 (1.6)

 Kidney failure 485 (2.6) 320 (7.2) 162 (9.1) 60 (8.4) 20 (10.9)

 ARDS at ICU admis-
sion

118 (0.6) 94 (2.1) 34 (1.9) 14 (2) 3 (1.6)

 Shock at ICU admis-
sion

720 (3.8) 337 (7.5) 143 (8) 48 (6.7) 11 (6)

 Gastrointestinal bleed-
ing at ICU admission

254 (1.3) 134 (3) 43 (2.4) 17 (2.4) 5 (2.7)

 Pneumonia at ICU 
admission

1506 (7.9) 808 (18.1) 343 (19.3) 144 (20.2) 28 (15.2)

Operations, n (%)

 Cardiac surgery 6709 (35.3) 588 (13.1) 141 (7.9) 70 (9.8) 35 (19.0)

 Cranial surgery 2730 (14.4) 496 (11.1) 206 (11.6) 76 (10.7) 27 (14.7)

APACHEII scores, 
median (IQR)

16 (10,20) 20 (15,25) 20 (15,25) 20 (15,24) 19 (16,24)

Intubation sites

 Operating rooms 14,485 (76.3) 1490 (33.3) 617 (34.7) 234 (32.9) 52 (28.3)

 Other hospitals 2033 (10.7) 1005 (22.5) 437 (24.6) 189 (26.5) 48 (26.1)

 Emergency rooms 1473 (7.8) 1118 (25.0) 398 (22.4) 160 (22.5) 51 (27.7)

 Intensive care units 772 (4.1) 492 (11.0) 184 (10.3) 66 (9.3) 12 (6.5)

Tracheostomy 1008 (5.3) 945 (21.1) 687 (38.6) 303 (42.6) 89 (48.4)

Days from the start of 
ventilation to the 
onset of the first 
event onset, median 
(IQR)

– – 5 (3, 8) 5 (3, 9) 6 (4, 13)

Outcomes

 Hospital length of 
stay, median (IQR)

16.00 (12.00, 23.00) 22.00 (15.00, 34.00) 28.00 (17.00, 43.00) 30.00 (19.00, 44.00) 30.00 (21.00, 46.00)
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(IQR) time from the start of ventilation to the onset of 
the first VAC-plus, IVAC-plus, and PVAP was 5 (3–8), 5 
(3–9), and 6 (4–13) days.

The pathogen distribution in 184 patients with PVAP is 
presented in Fig. 2. A total of 11 related pathogens were 
found. The most frequent isolates were Acinetobacter 
baumannii (42.0%), Klebsiella pneumoniae (18%), and 
Pseudomonas aeruginosa (15%).

The compliance rates of processes of care and clinical 
outcomes of patients
The median (IQR) time of hospital LOS was 28.00 
(17.00–43.00), 30.00 (19.00–44.00), and 30.00 (21.00–
46.00) days for patients with VAC-plus, IVAC-plus, and 

PVAP, respectively, which were all longer than for those 
without VAEs. The ICU LOS and ventilation duration 
were also longer among patients with VAEs (20 [12, 32] 
vs. 13 [8, 21]). A total of 368 patients with VAEs died 
during hospitalization, with 343 deaths occurring in 
the ICUs, corresponding with higher hospital mortal-
ity (20.7%) than that seen in patients without VAEs (614 
[13.7%]). The total hospitalization costs for VAEs were 
more than twice those for non-VAE patients with at least 
one ventilator-day (25,073.64 USD vs. 11,840.08 USD), 
and nearly 1.5 times those for non-VAE with at least four 
ventilator-days (25,073.64 USD vs. 18,298.15 USD).

The compliance rate of head-of-bed elevation, oral care, 
and paired spontaneous awakening trials and breathing 

Table 2 (continued)

Non-VAE with at least 
one ventilator-day 
(N = 18,989)

Non-VAE with at least 
four ventilator-days 
(N = 4472)

VAC-plus (N = 1780) IVAC-plus (N = 712) PVAP (N = 184)

 ICU length of stay, 
median (IQR)

4.00 (3.00, 7.00) 13.00 (8.00, 21.00) 20.00 (12.00, 32.00) 21.00 (14.00, 33.00) 23.00 (15.00, 35.00)

 Ventilation days, 
median (IQR)

2.00 (2.00, 3.00) 8.00 (5.00, 13.00) 14.00 (8.00, 22.00) 15.00 (10.00, 25.00) 20.00 (11.00, 31.00)

 Hospital mortality, 
n (%)

1078 (5.7) 614 (13.7) 368 (20.7) 142 (19.9) 41 (22.3)

 30-day Hospital mor-
tality, n (%)

930 (4.9) 487 (10.9) 262 (14.7) 102 (14.3) 27 (14.7)

 ICU mortality, n (%) 1005 (5.3) 568 (12.7) 343 (19.3) 129 (18.1) 37 (20.1)

 30-day ICU mortality, 
n (%)

993 (5.2) 534 (11.9) 294 (16.5) 113 (15.9) 30 (16.3)

 Hospital costs (USD), 
median (IQR)

11,840.08 (8,251.7, 
17,683.14)

18,298.15 (11,263.84, 
28,008.99)

25,073.64 (16,050.61, 
38,714.54)

27,978.15 (18,653.85, 
43,094.25)

33,310.74 (20,275.29, 
48,288.4)

VAE ventilator-associated events, ARDS acute respiratory distress syndrome, ICU intensive care units, GICU general intensive care units, SICU surgical intensive care 
units, NICU neurological intensive care units, RICU respiratory intensive care units, TICU thoracic surgery intensive care units, IQR interquartile range

Fig. 2 Pathogen distribution in patients with possible ventilator-associated pneumonia
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trials was 99.0%, 98.8%, and 98.7%, respectively. The com-
pliance of stress ulcer prophylaxis and thromboembolism 
prophylaxis was not mandated in ICUs with a 59.6% and 
77.8% compliance rate, respectively (Table 3).

Discussion
To our knowledge, this is the first study to describe 
detailed epidemiological data of VAE based on a rou-
tinely active surveillance system in China. In this study, 
we found that the majority of patients admitted to ICUs 
required MV. Among all patients on MV, the rate of VAEs 
was relatively low, in that only 8.6% met the criteria for 
VAE (16.7 per 1000 ventilator-days) and less than 1% met 
the PVAP criteria (1.64 per 1000 ventilator-days). How-
ever, among patients with at least four consecutive ven-
tilator-days, the rates reached 28.5% for VAC-plus, 11.4% 
for IVAC-plus, and 2.9% for PVAP, respectively. The rates 
of all three VAE tiers varied in different ICU units and 
were highest in the NICU. A total of 1616 (85.9%) VAEs 
occurred within 14  days after receiving MV with the 
highest mean rate within 7 days at 5.92 per 100 EMV and 
18.65 per 1000 ventilator-days. The most common patho-
gen in patients with PVAP was Acinetobacter baumannii, 
which accounted for almost half of all isolates. All three 
tiers of VAEs were associated with longer duration of 
MV, prolonged ICU and hospital stays, increased hospi-
tal and ICU mortality, and higher costs than in patients 
without VAE, especially in the PVAP group.

The VAE rates varied significantly in previous stud-
ies, mainly because the denominator used to calculate 
VAE rate differed among individual studies. For instance, 
some studies only recruited patients with at least 48  h 
(7–40.8 per 1000 ventilator-days) [1, 2, 19, 25, 27, 30, 31, 
38], 4 days (6–13.8 per 1000 ventilator-days) [21, 22, 24, 
27, 35] or 5 days (107 per 1000 ventilator-days) [4] on a 
ventilator, while some studies included all mechanically 
ventilated patients (6.3–14.4 per 1000 ventilator-days) [7, 
17, 23, 26, 28, 33, 34, 36]. The rates of VAC-plus in our 
study were slightly higher than in studies with the same 
VAE definition and all MV episodes as the denominator. 

This is likely because VAE cases were prospectively and 
actively identified in our study. The values of PEEP and 
FiO2 were recorded on an hourly basis. A threshold-
based warning system derived from these records was 
implemented. Once PEEP or FiO2 reached the thresh-
old, an alarm would be triggered, and infection control 
practitioners would immediately check the patient. The 
system provided a useful approach to identify all poten-
tial cases, leading to a higher rate than that of other ret-
rospective studies. Moreover, as a national critical care 
center in Western China, ICU patients at WCH had 
relatively serious illnesses and thus may be more prone 
to developing VAE. The rates in studies that restricted 
eligibility to patients with at least 2 ventilator-days were 
almost higher than 20 per 1000 ventilator-days [4, 19, 25]. 
In addition, differences in rates depended on ICU type as 
shown in our study and previous studies [17]. We found 
that the VAC-plus rates were 23.7, 21.4, and 7.3 per 1000 
ventilator-days in the SICU, NICU, and TICU, respec-
tively, whereas Klomps et al. reported 16.0, 9.8, and 12.9 
per 1000 ventilator-days in these three units, respec-
tively [17]. Zhu and Magill et al. also found that the VAE 
rates of the major teaching hospitals were much higher 
than those in non-major teaching municipal hospitals [7, 
28]. In the three tiers of VAE definition, PVAP is a closer 
proxy for traditional VAP, and rates were 0.9 per EMV 
and 2.2 per 1000 ventilator-days in our cohort, which was 
similar to some previous studies [7, 17, 21, 38].

Most patients may be more prone to VAEs early in the 
ventilation episode. The median time from the start of 
ventilation to the first event onset in this study was 5 days 
for both the VAC-plus and IVAC-plus groups, while it 
was 6  days for the PVAP group, consistent with other 
reports [1, 2, 4, 17, 19]. In this study, most VAEs occurred 
within the first two weeks from the initiation of MV. The 
mean rate in the first week was more than three times 
that in the second week and dropped sharply to less than 
one per 100 patients after 14  days. Similar trends were 
shown in the study by Klomps et  al., wherein patients 
were more prone to VAEs early in the course of MV as a 
consequence of the acute interventions performed to sta-
bilize the patient’s presenting illness [17].

Due to the poor correlation between VAE and the tra-
ditional definition of VAP, the new approach has not been 
widely implemented outside the USA and is mainly used 
for surveillance [16]. However, VAE is not designed to be 
a proxy for VAP, rather it was intentionally to broaden the 
surveillance from targeting pneumonia only to include 
the complications associated with ventilation in health-
care settings [13]. Therefore, many VAEs may be condi-
tions other than pneumonia. Nevertheless, surveillance 
aims to identify patients with severe complications and to 
track the impact of prevention strategies. With  shifting 

Table 3 The compliance rates of processes of care

EMV episodes of mechanical ventilation

Total EMV (N = 21,723)

Process of care, n (%)

 Head-of-bed elevation 21,507 (99.0)

 Oral care 21,456 (98.8)

 Paired spontaneous awakening trials and 
breathing trials

21,442 (98.7)

 Stress ulcer prophylaxis 12,952 (59.6)

 Thromboembolism prophylaxis 16,890 (77.8)
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the focus on all major causes of respiratory deterioration 
in ventilated patients, VAE surveillance imposes a sever-
ity threshold to identify a subset of patients with severe 
disease. Indeed, previous studies have found that patients 
without impaired gas exchange are associated with a 
relatively benign clinical course [39]. Compared to those 
with traditionally defined VAP, patients with VAE had a 
higher mortality rate as demonstrated by our study group 
[7] and that  others [2, 40]. This confirms the clinical 
importance of VAE surveillance. In addition, traditional 
ventilator bundles were primarily based on subjectively 
and nonspecifically traditional VAP definition, but some 
components proved to be harmful [41–47]. VAE surveil-
lance, which is defined based on objective ventilator data, 
is less vulnerable to misattributing benefit to neutral or 
negative interventions [13]. Several potential strategies 
for preventing VAEs have been proposed including mini-
mizing sedation, paired daily spontaneous awakening and 
breathing trials, and conservative fluid management [44]. 
Studies have suggested that the VAE prevention bun-
dles were associated not only with lower risks of VAE, 
but also with less time to extubation and shorter LOS in 
hospital [2, 45, 48–51]. In general, VAE is a relatively new 
algorithm to address complications associated with ven-
tilation including, but not restricted to, VAP. This is quite 
different from the traditional approach to address VAP 
alone and therefore brings challenges for the long-stand-
ing thinking pattern and practice routines in patient care. 
It may take time for such a relatively new algorithm to be 
adopted widely in clinical practice. More studies are war-
ranted to further demonstrate the preventability of VAE 
and its clinical significance on patient outcomes in differ-
ent countries and among different patient populations. 
These studies will be likely to generate more high-quality, 
convincing, and patient care-focused (in addition to the 
surveillance purpose) evidence to further demonstrate 
the clinical relevance of VAE. Meanwhile, as VAE is sim-
ple and can be easily applied, we recommend clinicians to 
raise awareness towards VAE and to consider performing 
observations of the incidence and impact of VAE for their 
patients.

This study was based on a routinely prospective sur-
veillance system, which is so far unique in China. Com-
pared with retrospective investigations, it is less likely to 
miss VAE cases, and the diagnosis of VAE has been vali-
dated as relatively accurate. However, our study has some 
limitations. Our findings were based on data from one 
tertiary hospital, which may not be generalizable to other 
settings. The preferential practices may vary remarkably 
in ICU patients with MV across hospitals with different 
levels or in different countries. Second, as we did not 
monitor traditional VAP, we were unable to compare the 
differences between traditional VAP and PVAP.

Conclusion
The majority of ICU patients required MV. VAEs were 
common among those with ≥ 4 ventilator-days and 
occurred early in the course of MV. All tiers of VAE 
were highly correlated with poor clinical outcomes, 
including longer stays in the hospital and ICU and 
an increased risk of mortality. These findings suggest 
the importance of VAE surveillance and of develop-
ing strategies to prevent VAEs. However, uniformed 
inclusion criteria and patient populations used as the 
denominator for calculation of VAE rate should be 
carefully addressed in future studies.

Abbreviations
VAP: Ventilator-associated pneumonia; HAI: Hospital-acquired infection; 
ICU: Intensive care unit; VAE: Ventilator-associated event; MV: Mechanical 
ventilation; PVAP: Possible ventilator-associated pneumonia; VAC: Ventilator-
associated condition; IVAC: Infection-related ventilator-associated complica-
tion; CDC: The Centers for Disease Control and Prevention; WCH: West China 
Hospital; EMR: Electronic medical record; GICU: General intensive care unit; 
SICU: Surgical intensive care unit; NICU: Neurological intensive care unit; RICU: 
Respiratory intensive care unit; TICU: Thoracic surgery intensive care unit; PICU: 
Pediatric intensive care unit; NHSN: National Healthcare Safety Network; PEEP: 
Positive end-expiratory pressure; FiO2: Fraction of inspired oxygen; ARDS: 
Acute respiratory distress syndrome; ICD-10: International Classification of 
Diseases, 10th edition; IQR: Interquartile range; LOS: Length of hospital stay; 
EMV: Episodes of mechanical ventilation.

Acknowledgements
Not applicable.

Authors’ contributions
XS and ZYZ conceived and designed the research and assisted in revision 
of manuscript; QH cleared and analyzed research data, and wrote the initial 
paper. WW assisted in the design of the research, and interpret research results 
and revised paper; SCZ collected research data and assisted in interpretation 
of research results; MQW clean and analyzed research data; YK collected the 
research data; RZ assisted in acquisition and clean data; KZ assisted in interpre-
tation research results. All authors read and approved the final manuscript.

Funding
National Key R&D Program of China (Grant No. 2017YFC1700406 and 
2017YFC1700400), Sichuan Youth Science and Technology Innovation 
Research Team (Grant No. 2020JDTD0015), 1·3·5 Project for Disciplines of 
Excellence, West China Hospital, Sichuan University (Grant No. ZYYC08003).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participant
This study was approved by the Ethical Committee of West China Hospital in 
2018 (WCH2018-409), and the need for patient consent was waived.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Chinese Evidence-Based Medicine Center and CREAT Group, West China 
Hospital of Sichuan University, Chengdu 610041, China. 2 Department of Infec-
tion Control, West China Hospital of Sichuan University, Chengdu 610041, 
China. 3 Intensive Care Unit, West China Hospital of Sichuan University, 



Page 10 of 11He et al. Crit Care           (2021) 25:44 

Chengdu 610041, China. 4 Information Center, West China Hospital of Sichuan 
University, Chengdu 610041, China. 5 Center of Infection Diseases, West China 
Hospital of Sichuan University, Chengdu 610041, China. 

Received: 13 September 2020   Accepted: 27 January 2021

References
 1. Boyer AF, Schoenberg N, Babcock H, McMullen KM, Micek ST, Kollef MH. A 

prospective evaluation of ventilator-associated conditions and infection-
related ventilator-associated conditions. Chest. 2015;147(1):68–81.

 2. Muscedere J, Sinuff T, Heyland DK, Dodek PM, Keenan SP, Wood G, Jiang 
X, Day AG, Laporta D, Klompas M, et al. The clinical impact and prevent-
ability of ventilator-associated conditions in critically ill patients who are 
mechanically ventilated. Chest. 2013;144(5):1453–60.

 3. Centers for Disease Control and Prevention: Ventilator-association event 
(VAE). http://www.cdc.gov/nhsn/PDFs/pscMa nual/10-VAE_FINAL .pdf. 
Accessed 2 Aug 2020.

 4. Bouadma L, Sonneville R, Garrouste-Orgeas M, Darmon M, Souweine B, 
Voiriot G, Kallel H, Schwebel C, Goldgran-Toledano D, Dumenil AS, et al. 
Ventilator-associated events: prevalence, outcome, and relationship with 
ventilator-associated pneumonia. Crit Care Med. 2015;43(9):1798–806.

 5. Magill SS, Edwards JR, Bamberg W, Beldavs ZG, Dumyati G, Kainer MA, 
Lynfield R, Maloney M, McAllister-Hollod L, Nadle J, et al. Multistate point-
prevalence survey of health care-associated infections. N Engl J Med. 
2014;370(13):1198–208.

 6. Melsen WG, Rovers MM, Groenwold RH, Bergmans DC, Camus C, Bauer 
TT, Hanisch EW, Klarin B, Koeman M, Krueger WA, et al. Attributable mor-
tality of ventilator-associated pneumonia: a meta-analysis of individual 
patient data from randomised prevention studies. Lancet Infect Dis. 
2013;13(8):665–71.

 7. Zhu S, Cai L, Ma C, Zeng H, Guo H, Mao X, Zeng C, Li X, Zhao H, Liu Y, 
et al. The clinical impact of ventilator-associated events: a prospec-
tive multi-center surveillance study. Infect Control Hosp Epidemiol. 
2015;36(12):1388–95.

 8. Magill SS, Fridkin SK. Improving surveillance definitions for ventilator-
associated pneumonia in an era of public reporting and performance 
measurement. Clin Infect Dis. 2012;54(3):378–80.

 9. Schurink CAM, Nieuwenhoven CAV, Jacobs JA, Rozenberg-Arska M, 
Joore HCA, Buskens E, Hoepelman AIM, Bonten MJM. Clinical pulmonary 
infection score for ventilator-associated pneumonia: accuracy and inter-
observer variability. Intensive Care Med. 2004;30(2):217–24.

 10. Stevens JP, Kachniarz B, Wright SB, Gillis J, Talmor D, Clardy P, Howell 
MD. When policy gets it right: variability in U.S. Hospitals’ diagnosis of 
ventilator-associated pneumonia*. Crit Care Med. 2014;42(3):497–503.

 11. Klompas M. Interobserver variability in ventilator-associated pneumonia 
surveillance. Am J Infect Control. 2010;38(3):237–9.

 12. Klein Klouwenberg PM, Ong DS, Bos LD, de Beer FM, van Hooijdonk 
RT, Huson MA, Straat M, van Vught LA, Wieske L, Horn J, et al. Inter-
observer agreement of Centers for Disease Control and Prevention 
criteria for classifying infections in critically ill patients. Crit Care Med. 
2013;41(10):2373–8.

 13. Klompas M. Ventilator-associated events: what they are and what they 
are not. Respir Care. 2019;64(8):953–61.

 14. Klompas M. Complications of mechanical ventilation–the CDC’s new 
surveillance paradigm. N Engl J Med. 2013;368(16):1472–5.

 15. Kerlin MP, Trick WE, Anderson DJ, Babcock HM, Lautenbach E, Gueret R, 
Klompas M. Interrater reliability of surveillance for ventilator-associated 
events and pneumonia. Infect Control Hosp Epidemiol. 2017;38(2):172–8.

 16. Klompas M. Barriers to the adoption of ventilator-associated events 
surveillance and prevention. Clin Microbiol Infect. 2019;25(10):1180–5.

 17. Klompas M, Kleinman K, Murphy MV. Descriptive epidemiology and 
attributable morbidity of ventilator-associated events. Infect Control 
Hosp Epidemiol. 2014;35(5):502–10.

 18. Zhao X, Wang L, Wei N, Zhang J, Ma W, Zhao H, Han X. Epidemiological 
and clinical characteristics of healthcare-associated infection in elderly 
patients in a large Chinese tertiary hospital: a 3-year surveillance study. 
BMC Infect Dis. 2020;20(1):121.

 19. Rello J, Ramírez-Estrada S, Romero A, Arvaniti K, Koulenti D, Nseir S, 
Oztoprak N, Bouadma L, Vidaur L, Lagunes L, et al. Factors associated with 
ventilator-associated events: an international multicenter prospective 
cohort study. Eur J Clin Microbiol Infect Dis. 2019;38(9):1693–9.

 20. Meagher AD, Lind M, Senekjian L, Iwuchukwu C, Lynch JB, Cuschieri J, 
Robinson BRH. Ventilator-associated events, not ventilator-associated 
pneumonia, is associated with higher mortality in trauma patients. J 
Trauma Acute Care Surg. 2019;87(2):307–14.

 21. Liu J, Zhang S, Chen J, Mao Y, Shao X, Li Y, Cao J, Zheng W, Zhang B, Zong 
Z. Risk factors for ventilator-associated events: a prospective cohort study. 
Am J Infect Control. 2019;47(7):744–9.

 22. Kubbara A, Barnett WR, Safi F, Khuder S, Macko J, Assaly R. Case-control 
study investigating parameters affecting ventilator-associated events in 
mechanically ventilated patients. Am J Infect Control. 2019;47(4):462–4.

 23. Khan RM, Al-Juaid M, Al-Mutairi H, Bibin G, Alchin J, Matroud A, Burrows V, 
Tan I, Zayer S, Naidv B, et al. Implementing the comprehensive unit-based 
safety program model to improve the management of mechanically 
ventilated patients in Saudi Arabia. Am J Infect Control. 2019;47(1):51–8.

 24. Shinoda T, Nishihara H, Shimogai T, Ito T, Takimoto R, Seo R, Kanai M, 
Izawa KP, Iwata K. Relationship between ventilator-associated events 
and timing of rehabilitation in subjects with emergency tracheal 
intubation at early mobilization facility. Int J Environ Res Public Health. 
2018;15(12):2892.

 25. Ramírez-Estrada S, Lagunes L, Peña-López Y, Vahedian-Azimi A, Nseir S, 
Arvaniti K, Bastug A, Totorika I, Oztoprak N, Bouadma L, et al. Assess-
ing predictive accuracy for outcomes of ventilator-associated events 
in an international cohort: the EUVAE study. Intensive Care Med. 
2018;44(8):1212–20.

 26. Chao WC, Chang WL, Wu CL, Chan MC. Using objective fluid balance 
data to identify pulmonary edema in subjects with ventilator-associated 
events. Respir Care. 2018;63(11):1413–20.

 27. Kobayashi H, Uchino S, Takinami M, Uezono S. The Impact of ventilator-
associated events in critically Ill subjects with prolonged mechanical 
ventilation. Respir Care. 2017;62(11):1379–86.

 28. Magill SS, Li Q, Gross C, Dudeck M, Allen-Bridson K, Edwards JR. 
Incidence and characteristics of ventilator-associated events reported 
to the national healthcare safety network in 2014. Crit Care Med. 
2016;44(12):2154–62.

 29. Whiting J, Edriss H, Nugent K. Frequency and etiology of ventilator-
associated events in the medical intensive care unit. Am J Med Sci. 
2015;350(6):453–7.

 30. Nuckchady D, Heckman MG, Diehl NN, Creech T, Carey D, Domnick R, 
Hellinger WC. Assessment of an automated surveillance system for 
detection of initial ventilator-associated events. Am J Infect Control. 
2015;43(10):1119–21.

 31. McMullen KM, Boyer AF, Schoenberg N, Babcock HM, Micek ST, Kollef MH. 
Surveillance versus clinical adjudication: differences persist with new ven-
tilator-associated event definition. Am J Infect Control. 2015;43(6):589–91.

 32. Stoeppel CM, Eriksson EA, Hawkins K, Eastman A, Wolf S, Minei J, Minshall 
CT. Applicability of the National Healthcare Safety Network’s surveillance 
definition of ventilator-associated events in the surgical intensive care 
unit: a 1-year review. J Trauma Acute Care Surg. 2014;77(6):934–7.

 33. Stevens JP, Silva G, Gillis J, Novack V, Talmor D, Klompas M, Howell 
MD. Automated surveillance for ventilator-associated events. Chest. 
2014;146(6):1612–8.

 34. Resetar E, McMullen KM, Russo AJ, Doherty JA, Gase KA, Woeltje KF. 
Development, implementation and use of electronic surveillance for 
ventilator-associated events (VAE) in adults. AMIA Annu Symp Proc. 
2014;2014:1010–7.

 35. Lilly CM, Landry KE, Sood RN, Dunnington CH, Ellison RT 3rd, Bagley PH, 
Baker SP, Cody S, Irwin RS. Prevalence and test characteristics of national 
health safety network ventilator-associated events. Crit Care Med. 
2014;42(9):2019–28.

 36. Lewis SC, Li L, Murphy MV, Klompas M. Risk factors for ventilator-
associated events: a case-control multivariable analysis. Crit Care Med. 
2014;42(8):1839–48.

 37. Wang W, Zhu S, He Q, Zhang R, Kang Y, Wang M, Zou K, Zong Z, Sun X. 
Developing a registry of healthcare-associated infections at intensive 
care units in West China: study rationale and patient characteristics. Clin 
Epidemiol. 2019;11:1035–45.

http://www.cdc.gov/nhsn/PDFs/pscManual/10-VAE_FINAL.pdf


Page 11 of 11He et al. Crit Care           (2021) 25:44  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 38. Klein Klouwenberg PM, van Mourik MS, Ong DS, Horn J, Schultz MJ, 
Cremer OL, Bonten MJ. Electronic implementation of a novel surveillance 
paradigm for ventilator-associated events. Feasibility and validation. Am J 
Respir Crit Care Med. 2014;189(8):947–55.

 39. Klompas M, Magill S, Robicsek A, Strymish JM, Kleinman K, Evans RS, Lloyd 
JF, Khan Y, Yokoe DS, Stevenson K, et al. Objective surveillance definitions 
for ventilator-associated pneumonia. Crit Care Med. 2012;40(12):3154–61.

 40. Fan Y, Gao F, Wu Y, Zhang J, Zhu M, Xiong L. Does ventilator-associated 
event surveillance detect ventilator-associated pneumonia in inten-
sive care units? A systematic review and meta-analysis. Crit Care. 
2016;20(1):338.

 41. Klompas M. The paradox of ventilator-associated pneumonia prevention 
measures. Crit Care. 2009;13(5):315.

 42. Klompas M, Kalil AC. Rethinking ventilator bundles. Crit Care Med. 
2018;46(7):1201–3.

 43. Harris BD, Thomas GA, Greene MH, Spires SS, Talbot TR. Ventilator bundle 
compliance and risk of ventilator-associated events. Infect Control Hosp 
Epidemiol. 2018;39(6):637–43.

 44. Klompas M. Potential strategies to prevent ventilator-associated events. 
Am J Respir Crit Care Med. 2015;192(12):1420–30.

 45. Klompas M, Li L, Kleinman K, Szumita PM, Massaro AF. Associations 
between ventilator bundle components and outcomes. JAMA Intern 
Med. 2016;176(9):1277–83.

 46. Klompas M, Speck K, Howell MD, Greene LR, Berenholtz SM. Reappraisal 
of routine oral care with chlorhexidine gluconate for patients receiving 
mechanical ventilation: systematic review and meta-analysis. JAMA Intern 
Med. 2014;174(5):751–61.

 47. Alhazzani W, Alshamsi F, Belley-Cote E, Heels-Ansdell D, Brignardello-
Petersen R, Alquraini M, Perner A, Møller MH, Krag M, Almenawer S, et al. 
Efficacy and safety of stress ulcer prophylaxis in critically ill patients: 
a network meta-analysis of randomized trials. Intensive Care Med. 
2018;44(1):1–11.

 48. Klompas M, Anderson D, Trick W, Babcock H, Kerlin MP, Li L, Sinkowitz-
Cochran R, Ely EW, Jernigan J, Magill S, et al. The preventability of ven-
tilator-associated events. The CDC prevention epicenters wake up and 
breathe collaborative. Am J Respir Crit Care Med. 2015;191(3):292–301.

 49. Rawat N, Yang T, Ali KJ, Catanzaro M, Cohen MD, Farley DO, Lubomski LH, 
Thompson DA, Winters BD, Cosgrove SE, et al. Two-state collaborative 
study of a multifaceted intervention to decrease ventilator-associated 
events. Crit Care Med. 2017;45(7):1208–15.

 50. Mekontso Dessap A, Katsahian S, Roche-Campo F, Varet H, Kouatchet A, 
Tomicic V, Beduneau G, Sonneville R, Jaber S, Darmon M, et al. Ventilator-
associated pneumonia during weaning from mechanical ventilation: role 
of fluid management. Chest. 2014;146(1):58–65.

 51. Pileggi C, Mascaro V, Bianco A, Nobile CGA, Pavia M. Ventilator bundle 
and its effects on mortality among ICU patients: a meta-analysis. Crit Care 
Med. 2018;46(7):1167–74.

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


	The epidemiology and clinical outcomes of ventilator-associated events among 20,769 mechanically ventilated patients at intensive care units: an observational study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data sources
	Study population and case definition
	Data collection
	Statistics

	Results
	Study population
	The rates of VAEs
	The clinical characteristics and pathogen distribution
	The compliance rates of processes of care and clinical outcomes of patients

	Discussion
	Conclusion
	Acknowledgements
	References


