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Background: To discuss ventilator-associated pneumonia (VAP) patie ical characteristic and related
factors in the intensive care unit (ICU), and to establish a risk gradingg syste AP patients in the ICU in
order to provide a reference for VAP prevention.

Methods: A total of 1,513 patients in eight ICUs who received mechamical ventilation between June 2015

and June 2018 were randomized and into two groups, wi

08 patients in the model group and 605 patients

in the verification group. The model group was used to an influencing factors of VAP and establish

a risk grading system, while the verification gro s used to verify the risk grading system. A receiver
operating characteristic (ROC) curve was used to ev e predictive effect of the grading system.

Results: During the 3-year study perio e 1,518 total patients, 188 patients were infected with VAP,
leading to an incidence rate of 12.43% ) and an infection rate of 15.23%o (188/12,347). ICU

length of stay, mechanical ventil
tracheotomy, APACHE II scor

patients who received mechafical vent

days, fbequency of oral care, unused subglottic secretion drainage,

combined antibiotics use were risk factors of VAP infection for
on in the modeling group (P<0.05). In a VAP risk-grading system
established based on risk , the high, medium and low-grade patients had a statistically significantly
different VAP infecti

infection. Patient:

) rate model group, and patients with a high grade had a higher risk of VAP

n_the model and verification groups were used to draw a ROC curve which showed
a good predictive effe
Conclusions: This study establishes and verifies the VAP risk grading system for patients who receive
mechanical ventilation. It is helpful in high-risk patient surveillance and in reducing and preventing VAP

infection.
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Introduction mechanical ventilation including with the pneumonia

Ventilator-associated pneumonia (VAP) is defined as a occurring within 48 h of mechanical ventilation by artificial

patient infected with pneumonia via an established artificial airway (1). VAP is the most common type of hospital-

airway (trachea intubation or tracheotomy) and receiving associated infection (HAI) (2). VAP accounts for 36-60% of
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all HAI cases (3) and 9-27% of ventilator-caused patient-
infected VAP. The incidence rate of VAP is 1.2-8.5 per 1,000
ventilator use days (4). VAP infection can lengthen the
average length of stay (LOS) to 7-9 days (5). An invasive
operation can increase the risk of VAP infection, and so
the intensive care unit (ICU) has the highest incidence
rate of VAP among all departments. According to a recent
report, about 10-20% of patients will be infected with
VAP among all patients receiving invasive mechanical
ventilation, and have a which crude death rate of
20-75% (6). VAP prevention and intervention including
oral care (3), modified endotracheal tubes, (7) and other
measures can effectively reduce a patient’s chance of
contracting VAP according to existing research from other
regions. Exploring the risk factors of VAP in the local
region and proposing targeted preventive measures are
important for local VAP control. A VAP prediction model
has been developed in some studies and includes acute
physiology and chronic health evaluation (APACHE) I1
(8,9), clinical pulmonary infection score, immunodeficiency
(8,10), blood pressure, multilobular infiltrates on chest
radiograph, platelets and hospitalization 10 days before
onset of VAP (11), sequential organ failure assessmen

(10,12), simplified acute physiology score II (12), and other
kinds of models. As an alternative to existing pr, ion
models, we would like to develop a VAP risk-e

model based on the local situation of inpatie
Thus, this study aimed to establish a V.
model by conducting an effective eva

ion based’on VAP
risk factor analysis which could the vide a scientific

reference for clinical and HAI ition

Methods
Data source

A total of 1,513 patients who received tracheal intubation
or mechanical ventilation in six ICUs (general ICU,
cardiovascular medicine ICU, neurology ICU, respiratory
ICU, neurosurgery ICU, and cardiovascular surgery ICU)
between June 2015 and June 2018, were selected in this
study. All cases were randomized and divided into model
samples and verification samples in a 60% and 40% balance,
respectively. A total of 908 model samples were used to
establish the model, and 605 verification samples were used
to verify the prediction effect of the model. All patients
in this study have understood and signed the informed
consent form. The Ethics Board of Inner Mongolia People’s
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Hospital has approved this study.

Inclusion and exclusion criteria of VAP

Inclusion criteria: according to the VAP Prevention, Diagnosis
and Treatment Guide published by the Intensive Care
Medicine Department of the Chinese Medical Association
of 2013 (13), a patient who meets the following criteria will
be diagnosed as a VAP case: (I) pneumonia appears between
48 h after mechanical ventilation to 48 h after extubation; (II)
new or progressive infiltrating shadow can be seen on chest
X-ray image; (III) moist crackles are audible over lungs or
lung solid variant syndromes appear concurrently with the
appearance of one of the following conditions: (i) leucocyte

level over 10.0x10°/& below 4.0x10°/L, along with or not
along with nuclear trangfers (ii) fever temperature over 38 °C

VAP when admitted to ICU; (II) patient has
unmonedema, acute respiratory distress syndrome,
tuberculosis, pulmonary embolism, or other related diseases.

Research method

Active surveillance was used to collect data with the Real-
Time National Nosocomial Infection Surveillance (RT-
NNIS) system. ICU healthcare workers (HCW) who were
involved in the surveillance project were trained before the
project started. Workers were trained in ventilator usage
indication, VAP diagnosis standards, and VAP prevention
measures. Publicity tools, including posters, handbooks,
and cards, were used to let HCWs understand the purpose
and method of surveillance. Once a patient was put on a
ventilator, surveillance of the patient began. Each day, HAIL
practitioners in the Hospital-associated Infection Control
Department supervised and checked patients’ condition,
clinical record, nurse’s performance of infection prevention
measures, and daily ICU record. VAP diagnosis judgment
was jointly made by HAI practitioners and clinical doctors
according to clinical symptoms and image examination.
They worked together until 48 h after ventilator weaning
of every patient and completion of the ventilator and
infection-related information form.

Model samples were used to conduct multivariable
analysis to screen possible factors. Odds ratio (OR) values
of possible factors were used to establish a grading system.
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The receiver operating characteristic (ROC) curve was
used to decide the effectiveness of the grading system. Area
under curve (AUC) values between 0.5 to 1.0 were used to
estimate the discriminatory power of the grading system.
AUC values indicated the following: AUC closer to 1 when
AUC >0.5 indicated better effectiveness of grading system;
0.5< AUC <0.7 showed a low discriminatory power; 0.7<
AUC <0.8 showed a common discriminatory power; 0.8<
AUC <0.9 showed a good discriminatory power; AUC
>0.9 showed an excellent discriminatory power; AUC =0.5
showed no discriminatory power.

Indicator definition

@ Tracheotomy: a tracheotomy has been performed on
the research patient;

(II)  Length of ventilator use: days of ventilator use for
the research patient;

(II)  Operation: the patient has undergone an operation
in the inpatient period;

(IV)  Disorders of consciousness: the patient has a disorder
of consciousness;

(V)  Frequency of oral care: number of times per da
patient has received oral care;

(VI)  Chronic disease: the patient has one or mor nic
diseases;

(VII) Subglottic secretion drainage: subgl®ttic king, of
secretion drainage has been used on a'p t

(VIII) APACHE score: APACHE 1
Appendix D of the hospita iated infection

ore according to

surveillance standard published
Health (14);

(IX) Antibiotics combined us
antibiotics has been used on the research patient;

(X)  Antacids use: antacids medicine has been used in the
research patient.

e Ministry of

ore than one kind of

Statistical analysis

EpiData3.0 was used to establish a database, Excel 2010 was
used for data processing, and SPSS was used for statistical
analysis. Case number or percentage was used to express
enumeration data and conduct the  test. ¥ = s was used to
express normal distributed quantitative data, and #-test was
used to compare groups. Univariable analysis was conducted
with the gender of the modeling group, age, APACHE
II score, and other clinical data. Statistically significant
factors from the univariable analysis were used to conduct

© Annals of Translational Medicine. All rights reserved.

Page 3 of 9

multivariable logistic regression. ’ trend tests were also
performed. A P value equal to 0.05 or less was considered
statistically significant in this study. ROC curve was used to
evaluate the prediction effect of the grading system.

Results
Demographic and clinical information of patients

Information from the two groups including gender,
age, VAP number, LOS, and other clinical data like
tracheotomy, length of ventilator use, operation, disorders
of consciousness, frequency of oral care, chronic disease,
subglottic secretion drainage, APACHE score, combined

antibiotics use, and anf@@ds showed no significant statistical

difference, meaning

(1able 1).

wo groups were comparable

VAP i, ion rati

g the 19513 patients, 188 patients were infected with
for an incidence rate of 12.43% (188/1,513) and an
inféesion rate of 15.23%o per 1,000 days (188/12,347).

Univariable analysis of VAP patient who received
mechanical ventilation in the model group

According to univariable analysis, age, LOS in ICU,
mechanical ventilation days, disorders of consciousness,
frequency of oral care, chronic disease, subglottic secretion
drainage use, tracheotomy, APACHE II score, and antacids
use, were risk factors of VAP infection of patients who
received mechanical ventilation in the model group (P<0.05)
(Table 2).

Multivariable analysis of a VAP patient who received
mechanical ventilation in the model group

According to multivariable logistic regression analysis,
LOS in ICU, mechanical ventilation days, frequency of oral
care, unused subglottic secretion drainage, tracheotomy,
APACHE 1I score, and combined antibiotics use were
independent risk factors of VAP infection for patients who
received mechanical ventilation in the modeling group

(P<0.05) (1uble 3).

Risk grading system establishment

According to risk factors derived from the model group,
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Table 1 Clinical data of patients in the two groups
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Clinical data Modeling sample Verification sample It P
Gender 0.620 0.431

Male 448 311

Female 460 294
Age, mean + SD (years) 59.02+16.76 60.42+13.77 1.776* 0.076
VAP 106 82 1.179 0.278
ICU length of stay, mean + SD (days) 9.04+2.37 8.89+2.39 1.203* 0.229
Tracheotomy 139 115 3.558 0.059
Length of ventilator use, mean + SD (days) 8.16+2.31 8.20+2.33 0.313* 0.754
Operation 230 132 2.461 0.117
Disorders of consciousness 235 148 0.386 0.534
Frequency of oral care, mean + SD 2.77+0.76 2.88+0.74 933 0.053
Chronic disease 750 500 0.001 0.982
Subglottic secretion drainage 527 0.001 0.982
APACHE Il score, mean + SD 13.83+4.92 13.99+4% 0.604~ 0.546
Combined antibiotics use 670 447 0.002 0.967
Antacids use 518 9 0.782 0.377

*, data from the t-test. SD, standard deviation; APACHE, acut
pneumonia; ICU, intensive care unit.

0 deterthine
f LOS in

al care,

factors were weighted by round-off OR val
the risk grade of the risk factors. The risk gra
ICU, mechanical ventilation days, fr
tracheotomy, APACHE II score, an
use were 5, 3,4,2,2,3,and §

ency of
iotics combined

espectiely. The grading

he verification group’s
by the approximate
tripartite method, a risk grade score below 5 belonged
to low risk, 6 to 10 belonged to medium risk, and above
10 belonged to high risk. The VAP incidence rate in the
verification group was 13.22% (80/605), and the VAP
incidence rate between the different risk grade groups
showed a statistically significant difference (y’=47.196,
P<0.001). Patients with a higher-grade score had a higher
risk of VAP ((2=42.992, P<0.001) (Tible 4).

Verification of visk grade system

ROC curve was used to evaluate the efficiency of the risk
grade system. A dependent variable of patients infected with
VAP and an independent variable of patients’ risk grade
score in the model group and verification group were used

© Annals of Translational Medicine. All rights reserved.

jology and chronic health evaluation; VAP, ventilator-associated

to draw a ROC curve. According to the curve, the AUC of
the model group was 0.711, and the AUC of the verification
group was 0.773, with the difference between the two
groups having no statistical significance (Z=1.662, P=0.097).
The AUC of the two groups were both larger than 0.7,
meaning this risk grade system could effectively distinguish
the risk for a patient who received mechanical ventilation
and provide information for VAP prevention and treatment
to the clinical practitioner (Figure I).

Discussion

Nowadays, the incidence rate and mortality of VAP are high
both in China and abroad, causing an increase in ICU LOS,
length of mechanical ventilation use, and medical cost. The
VAP infection rate in the U.S. is 1.9-3.8 per 1,000 days (15),
and 18.3 per 1,000 days in Europe (16). VAP accounts for
36-60% of all cases of HAI (3), and among all patients
receiving mechanical ventilation, about 9-27% will be
infected with VAP, with a VAP infection rate of 1.2-8.5 per
1,000 days (4) leading to an increase of 7-9 days for average
LOS (5). According to research in China, the average VAP
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Table 2 Univariable analysis of VAP patients who received mechanical ventilation in the modeling group

Factors Case number VAP case Incidence rate (%) v P

Gender 0.009 0.923
Male 450 53 11.78
Female 458 53 11.57

Age (years old) 5.198 0.023
<60 411 37 9.00
>60 497 69 13.88

ICU length of stay (d) 4.169 0.041
<9 487 47 9.65
>9 421 59 14.01

Length of ventilator use (d) 11.795 0.001
<8 526 45 8.56
>8 382 61 15.97

Operation 1.328 0.249
Yes 230 22 9.5
No 678 84 2.39

Disorders of consciousness 11.089 0.001
Yes 231 41 17.75
No 677 9.60

Frequency of oral care (per day) 50.56 <0.001
<3 219 55 25.11
=3 689 7.40

Chronic disease 15.506 <0.001
Yes 750 102 13.60
No 5 4 2.53

Subglottic secretion drainage 4.636 0.031
Yes 525 51 9.71
No 383 55 14.36

Tracheotomy 4.978 0.026
Yes 139 24 17.27
No 769 82 10.66

APACHE Il score 3.888 0.049
<15 616 63 10.23
>15 292 43 14.73

Combined antibiotics use 12.07 0.001
Yes 670 93 13.88
No 238 13 5.46

Antacids use 11.908 0.001
Yes 518 77 14.86
No 390 29 7.44

VAP, ventilator-associated pneumonia; ICU, intensive care unit; APACHE, acute physiology and chronic health evaluation.

© Annals of Translational Medicine. All rights reserved.
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Table 3 Multivariable logistic regression analysis of VAP patients who received mechanical ventilation in the modeling group

Factors B SE Wald OR 95% Cl P
ICU length of stay 1.556 0.523 8.867 4.740 1.702-13.198 0.003
Length of ventilator use 1.200 4.520 7.059 3.320 1.370-8.047 0.008
Frequency of oral care 1.434 0.213 45.238 4.195 2.762-6.732 <0.001
Unused subglottic 0.444 0.207 4.584 1.558 1.038-2.339 0.032
secretion drainage

Tracheotomy 0.559 0.253 4.877 1.748 1.065-2.871 0.027
APACHE Il score 1.179 0.439 7.202 3.251 1.374-7.690 0.007
Combined antibiotics use 1.556 0.531 8.603 4.740 1.676-13.407 0.003

VAP, ventilator-associated pneumonia; ICU, intensive care unit; APACHE, acute physiology and chronic health evaluation.

Table 4 VAP incidence rate of different risk grade groups in the verification group

Risk grade Patient number VAP number VAP incidence ratg (% ' P

Low 113 2 1.7 3.896° 0.048
Medium 221 15 26.442° <0.001
High 271 65 23.99 27.324° <0.001

#, compared between low- and medium-risk grade; b compared betwee! ed

low-risk grade. VAP, ventilator-associated pneumonia.

100
80

60

Sensitivity (%)

40

20

Group
—Modeling group|
— Verify group

0 20 40 60 80 100
100-Specificity (%)

Figure 1 ROC curve of the risk grade system evaluation in two

groups. ROC, receiver operating characteristic.

infection rate is 9.52 per 1,000 days, and can vary from
4.50 to 32.79 per 1,000 days across different ICUs (17).
The incidence rate of VAP in this study was 12.43% and
the infection rate was 15.23 per 1,000 days, which is higher
than the average level in China and the U.S., but lower than
in Europe.

With a cure rate of only 2.80%, VAP is difficult to cure,
and thus its mortality is high (18). Identifying the risk

© Annals of Translational Medicine. All rights reserved.

- and high-risk grade; °, compared between high- and

factors for VAP infection is urgently needed to prevent
VAP infection. In this study, the risk factors with statistical
significance were age, ICU LOS, length of ventilator use,
a disorder of consciousness, frequency of oral care, chronic
disease, unused subglottic secretion drainage, tracheotomy,
APACHE II score, and antacids use (P<0.05). From the
multivariable logistic regression analysis, LOS in ICU,
length of ventilation use, frequency of oral care, unused
subglottic secretion drainage, tracheotomy, APACHE II
score, and combined antibiotics use were independent
influencing factors of VAP infection. Risk factors of VAP in
this study are similar to risk factors in other studies, which
suggests that commonly used VAP prevention and control
interventions can also be effectively implemented in the
local condition (3,19).

The respiratory tract is an exchange channel between
the internal and external areas of the human body which
also makes it the best pathway for pathogenic bacteria from
outside to invade the human body (20). The longer the
length of ventilator use, the more bacteria will grow and
form biofilm on the tracheal catheter. More pathogenic
bacteria growing on a catheter leads to a higher risk of
contracting VAP. According to this study, the chance of

Ann Transl Med 2019;7(22):617 | http://dx.doi.org/10.21037/atm.2019.11.25



Annals of Translational Medicine, Vol 7, No 22 November 2019

VAP infection will be greater the longer the mechanical
ventilation use time; patient ventilator use time >8 d had
a statistically significant larger incidence rate than patient
ventilator use time <8 d (P<0.001). Therefore, a HCW
should evaluate the necessity of ventilator use on a patient
who is receiving mechanical ventilation; meanwhile
identifying those indicators for timely extubation could
reduce mechanical ventilation use time and VAP infection.

It is important for the protection of the airway that
strict and effective oral hygiene care be given to patients
who receive mechanical ventilation, as an artificial airway
establishment, to some extent, breaks the natural protection
function that the oral and nasal cavity has from pathogenic
bacteria. In this way, oral care can effectively reduce the
patient’s chance of getting VAP infection (3). Our results
show that patients receiving oral care <3 times/d had a
statistically significant higher incidence rate of VAP than
those patients who received oral care >3 times/d (P<0.001).
This indicates that sufficient provision of oral care time to
patients could reduce the incidence rate of VAP.

Odur results also show that patients who receive subglottic
secretion drainage had a statistically lower incidence rate of
VAP than those who did not receive it, which is consiste
with the findings of another study (21). A possible reason for
this could be that upper airway secretion gathers ab

respiratory ventilator balloon, which leads to parti
reproduction, whose secretion enters the lun, the
possibly leading to lung infection. Thus, s
can effectively prevent lung infection (2

APACHE II score is the most

and authoritative in-critical-co

n drainage

used clinical

and is helpful for predictin infection, evaluating
LOS, prognosis, and deter
patient. APACHE II score >15
microecological imbalance, a bad immune state, and
are in critical condition; patients with this score have an
incidence rate statistically higher than APACHE II score
<15 patients (23). According to this study, APACHE II score

>15 was an independent risk factor of VAP, so interventions

e severity of the
eans patients have a

such as positive treatment of primary disease, ensuring
normal physiological signs, and improving immunity, can
reduce the APACHE II score and thus decrease the chance
of VAP infection in turn.

Irrational use of antibiotics will generate drug-resistant
bacteria and disturb the normal body flora and microbial
balance leaving the body vulnerable to infection (24). Our
results showed that combined antibiotic use was a risk
factor. Therefore, before using antibiotics, it is advisable
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to administer a microbial test, choose proper antibiotics
according to a drug sensitivity test, and focus on the method
and concentration of the antibiotics.

All patients involved in this study were divided into the
model group and verification group. The model group
was used to establish the grading system. The HAI-risk-
evaluation model and evaluation table were formed based
on the results of the logistic regression analysis of HAI risk
factors and weighing each risk factors by their OR value.
Then, the HAI evaluation model and table were used to
screen high HAI risk patients from inpatients. Interventions
of bundle measures were administered to these high
HAI risk patients, and the effects after intervention were
observed. The feasibility of the HAI-risk-evaluation model
in HAI prevention ol was determined based on the
observations abgve.

rification group, on the other

hand, was u the grading system in order to

twice ensure t
Th k gra
VAP risk
eted prevention and control measures can be aided
uantitative risk grading to be used for suspected HAI

iveness of the grading system.
system can be used to evaluate the
atients who receive mechanical ventilation.

patients. Thus, the establishment of a risk grading system

tributes to enhancing surveillance of ICU patients
who receive mechanical ventilation. Timely grading and
intervention can optimally reduce the chance of VAP
infection.

There are some limitations of this study, which include
the limited sample size, insufficient validation of the model,
the model development, and validation using a different
part of the same sample. The study design can be further
improved in future studies by addressing the problems
above.

Conclusions

ICU patients who received mechanical ventilation were used
to establish and verify the VAP risk grading system, which
is useful in predicting VAP infection and the monitoring
of patients at high risk of VAP infection. The risk factors
of VAP were identified by the risk grading system which
performed well in determining the risk of VAP for each
patient.
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