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Mechanical Insufflation-exsufflation for the Prevention of 
Ventilator-associated Pneumonia in Intensive Care Units: A 
Retrospective Cohort Study
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Astushi Murata8

Ab s t r Ac t 
Aim: Ventilator-associated pneumonia (VAP) is the most common intensive care unit (ICU)-acquired infection. The current study aimed to assess 
the efficacy of mechanical insufflation-exsufflation (MI-E) in preventing VAP in critically ill patients.
Materials and methods: This retrospective cohort study was conducted at the ICU of Chiba University Hospital between January 2014 and 
September 2017. The inclusion criteria were patients who required invasive mechanical ventilation ≥48 hours and those who underwent 
rehabilitation, including chest physical therapy (CPT). In 2015, the study institution started the use of MI-E in patients with impaired cough 
reflex. From January to December 2014, patients undergoing CPT were classified under the historical control group, and those who received 
treatment using MI-E from January 2015 to September 2017 were included in the intervention group. The patients received treatment using 
MI-E via the endotracheal or tracheostomy tube, with insufflation-exsufflation pressure of 15–40 cm H2O. The treatment frequency was one to 
three sessions daily, and a physical therapist who is experienced in using MI-E facilitated the treatment.
Results: From January 2015 to September 2017, 11 patients received treatment using MI-E. Of the 169 patients screened in 2014, 19 underwent 
CPT. The incidence of VAP was significantly different between the CPT and MI-E groups (84.2% [16/19] vs 26.4% [3/11], p = 0.011). After adjusting 
for covariates, a multivariate logistic regression analysis was performed, and results showed that the covariates were not associated with the 
incidence of VAP.
Conclusion: This retrospective cohort study suggests that the use of MI-E in critically ill patients is independently associated with a reduced 
incidence of VAP.
Clinical significance: Assessing the efficacy of MI-E to prevent VAP.
Keywords: Airway clearance, Chest physical therapy, Critically ill patients, Mechanical insufflation-exsufflation, Ventilator-associated pneumonia.
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In t r o d u c t I o n 
Ventilator-associated pneumonia (VAP) is the most common 
nosocomial infection in intensive care units (ICUs).1 The colonization 
of the aerodigestive tract with pathogenic microorganisms and the 
aspiration of contaminated secretions are the risk factors of VAP. 
Thus, airway clearance is critical in preventing VAP,2 and it requires 
effective coughing. However, individuals with weak respiratory 
muscles and decreased cough reflex may experience difficulties in 
clearing their airways. Tracheal suctioning removes the secretions 
in some regions of the central airway. However, it cannot clear the 
mucus in the peripheral airways.3 Chest physical therapy (CPT) may 
help achieve a better airway clearance with effective coughing, but 
it cannot prevent VAP and other relevant ICU outcomes in patients 
with respiratory muscle weakness and decreased cough reflex.4,5

In contrast, mechanical insufflation-exsufflation (MI-E) can 
facilitate effective coughing. It consists of insufflation of the lungs 
with positive pressure and an active negative-pressure exsufflation 
that creates a peak and sustained flow that is high enough to 
provide adequate shear and velocity to loosen and move secretions 
toward the mouth for suctioning or expectoration.6,7 The current 
international guidelines for the management of neuromuscular 
diseases recommend this treatment.8,9 Based on a randomized 
controlled trial of ICU patients, Gonçalves et al. have reported that 
MI-E may reduce reintubation rates and consequently shorten 

postextubation ICU stay.10 However, data about the use of MI-E in 
critically ill patients are limited.

We hypothesized that airway clearance using MI-E prevents 
pneumonia and the propagation of bacteria in the bronchi due to 
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microaspiration. Thus, the current study, which is a pilot study for 
a future prospective study about MI-E, aimed to assess the efficacy 
of MI-E in preventing VAP in critically ill patients in the ICU.

MAt e r I A l s A n d Me t h o d s 
Study Design
This retrospective cohort study included patients admitted to 
the ICU of Chiba University Hospital between January 2014 and 
September 2017. Information was obtained from the electronic 
medical records, which routinely state the premorbid condition 
of the patients.

Patients
Inclusion criteria were invasive mechanical ventilation (MV) for 
at least 48 hours and administration of rehabilitation, including 
CPT. The MI-E was initiated at the study institution in 2015. From 
January 2014 to December 2014, those receiving CPT constituted 
the historical control group, whereas those who received MI-E 
from January 2015 to September 2017 constituted the intervention 
group. The criterion for using MI-E was that the physiotherapist and 
physician judged the patient to have difficulty in expelling airway 
mucus by only chest physiotherapy due to impaired cough and 
considerable airway mucus.

Exclusion criteria included aspiration or community-acquired 
pneumonia occurring during provision of MV for less than 48 hours 
due to the definition of VAP, pneumothorax, pneumomediastinum, 
chronic obstructive pulmonary disease with bullae, severe 
cardiovascular failure defined as New York Heart Association 
functional class III or IV, active alveolar hemorrhage due to the 
risk of adverse events with MI-E,6 and injury or complication that 
did not allow CPT to be provided. Additionally, patients younger 
than 7 years of age were excluded due to the difference in airway 
structure that could affect airway clearance11 and increase risk of 
lung injury,12 and patients who received rehabilitation (including 
CPT) for less than 5 days for the same condition in the two groups 
were also excluded.

This study was conducted according to the principles 
established in the Declaration of Helsinki and approved by the 
Chiba University Ethics Committee, Approval No. 3089. The need 
for informed consent was obtained in the form of opt-out on the 
notice board by the Chiba University Ethics Committee owing to 
the retrospective observational design of the study.

Mechanical Insufflation-exsufflation Protocol
Patients received one or two sessions of MI-E with a Cough Assist 
E70 device (Philips Japan, Ltd., Tokyo) through the endotracheal or 
tracheostomy tube with both insufflation and exsufflation pressures 
set at a range of 15–40 cm H2O. For first-time users, low insufflation 
and exsufflation pressures were used initially (15–20 cm H2O), which 
were increased as needed by monitoring auscultatory clearing 
of rhonchi and improvements in oxyhemoglobin saturation.7 
An insufflation/exsufflation time ratio of 2–3:2–3 seconds and a 
pause of 2 seconds between cycles were used. Five to ten cycles 
were applied in every session, with a chest wall thrust (manually 
assisted coughing) timed to the exsufflation cycle by the physical 
therapist. This was repeated several times or until secretions were 
sufficiently expelled.6 Mechanical insufflation-exsufflation was 
provided by a physical therapist with experience in the use of MI-E. 
Airway suctioning was performed at the end of each cycle and as 
needed during each rest period. Oxyhemoglobin saturation and 
heart rate were monitored during every treatment. Subjects were 

disconnected from the ventilator tubing to be connected to the 
tubing of the airway clearance device. Immediately after MI-E, 
mechanically ventilated and spontaneously breathing subjects 
were returned to their baseline ventilator status without any change 
in settings, mode, or fraction of inspired oxygen (FiO2).

Positioning of the patients depended on the most affected 
lung as revealed by auscultation, chest radiography, or chest 
computed tomography, and the patients were positioned such 
that the affected lung was positioned highest to allow gravity-
assisted drainage.

Standard Medical Therapy and Chest Physiotherapy
All patients received standard medical therapy, including 
supplemental oxygen, as needed, CPT, therapeutic bronchoscopy 
(sputum removal for atelectasis), antibiotics and airway suctioning, 
and other therapies based on the discretion of the attending 
physician. The medical and nursing care based on the effective 
strategies of VAP bundle was provided to both groups during 
the study period. This strategies included strict infection control, 
alcohol-based hand disinfection, cuff pressure control, subglottic 
secretion drainage, use of microbiologic surveillance with timely 
availability of data about local multidrug-resistant pathogens, 
monitoring, and early removal of invasive devices and programs 
that reduce or change antibiotic prescribing practices.13 In addition, 
the patients underwent standard physical therapy, including range-
of-motion exercises, head elevation exercises and positioning, and 
other physical therapies.

A physical therapist facilitated CPT, and this treatment 
comprised gravity-assisted drainage or positioning of patients by 
letting them lie on their side or assume a prone position horizontally 
on the bed for at least 20 minutes (with the most affected lung on 
chest radiography in the uppermost position), expiratory chest wall 
thrust, and airway suctioning via the endotracheal or tracheostomy 
tube interspersed via the treatment.

Outcome Measures
Primary outcome was incidence of VAP, defined as pneumonia in 
a patient who was on MV for at least 48 hours. The incidence of 
VAP was determined using the clinical pulmonary infection score 
(CPIS); a CPIS >6 indicates the presence of pneumonia.14 Clinical 
pulmonary infection score is based on body temperature, blood 
leukocyte count, tracheal secretion, oxygenation (PaO2/FiO2), 
pulmonary radiography, and positive tracheal aspirate culture. 
To determine VAP incidence, CPIS was calculated from the date of 
bacterial culture testing of specimens collected by endotracheal 
aspiration or bronchoalveolar lavage.

Secondary outcome measures, including the incidence of VAP, 
was determined using the guidelines of the American Thoracic 
Society and the Infectious Disease Society of America (ATS/IDSA),15 
infection-related ventilator-associated complication (IVAC),16 MV 
duration, length of ICU stay, mortality, number of VAPs (CPIS)/MV 
duration, bronchoscopy, number of bronchoscopies/MV duration, 
number of days of antibiotic use in patients with suspicious VAP, 
number of days with antibiotic use/duration of MV, number of 
bronchial obstructions (defined as an oxyhemoglobin saturation 
<90%), and number of bronchial obstructions/MV duration.

Covariates Affecting VAP
In terms of the covariates affecting VAP, we selected secretion 
score and severity of illness; the latter is equivalent to the acute 
physiology and chronic health evaluation score II (APACHE II) score 
in previous studies.17–19 The aspiration of secretions containing 
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bacterial pathogens in the lower respiratory tract is the main cause 
of VAP.17 Several studies have considered the severity of illness as 
an important risk factor for VAP.18 The risk increases by 1–3% daily 
in a patient requiring MV.19 Therefore, the increased duration of MV 
was considered a potential risk factor for VAP.

Statistical Analysis
Descriptive statistics were presented as absolute numbers, 
percentages, medians, and ranges for both groups. Ventilator-
associated pneumonia and other categorical variables in the groups 
were compared using the Fisher’s exact test, and ordinal variables 
were compared using the Mann–Whitney U test.

A multivariable logistic regression model was used to analyze 
the groups for each variable, which included secretion score, 
APACHE II score as confounding factors for VAP, and MV duration 
as a mediator for VAP. Fit of the logistic model was assessed using 
the Hosmer–Lemeshow test. The statistical analysis was performed 
using the JMP software (version 13.0; SAS Institute Japan, Tokyo, 
Japan). p values < 0.05 were considered significant.

re s u lts 
A total of 30 patients, including 11 and 19 patients in the MI-E and 
CPT groups, respectively, fulfilled all the entry criteria (Flowchart 1). 
The two groups were well matched for age, sex, body mass index, 
and PaO2/FiO2 (Table 1).

The incidence of VAP (CPIS) was significantly different between 
the CPT and MI-E groups (84.2% [16/19] vs 26.4% [3/11], p = 0.011). 
The duration of antibiotic use (days)/MV was significantly lower in 
the MI-E group than in the CPT group (Table 2).

The univariate analysis showed that there was no statistically 
significant difference between the secretion score and APACHE II; 
however, the airway secretion tended to be more in the MI-E group 
and the severity tended to be higher in the CPT group. Based on 
the univariate analysis results, the covariates affecting VAP were 
secretion score, APACHE II, and MV duration, and logistic regression 
analysis was performed. The multivariate logistic regression analysis 
showed that none of the covariates were associated with the 
incidence of VAP (Table 3).

Flowchart 1: Flow diagram of the process of the study. CPT, chest physical therapy; MI-E, mechanical insufflation-exsufflation

Table 1: Characteristics of the study subjects according to two groups

CPT (n = 19) MI-E (n = 11) p
Age, median (range), years 59 (18–87) 52 (10–83) 0.636
Male/female, n 14/5 7/4 0.687
Height, median (range), cm 159 (149.1–180) 165 (132.5–175) 0.343
Weight, mean (SD), kg 58.2(15.4) 56.9 (16.3) 0.843
BMI, mean (SD) 22.3 (5.6) 21.2 (4.5) 0.537
APACHE II score, mean (SD) 29.9 (9) 23.3 (8.4) 0.148
GCS, median (range) 3 (3–10) 5 (3–15) 0.151
Admission PaO2/FiO2, median (range) 185 (47–503) 198 (80–517) 0.533
Secretion score†, median (range) 12 (1–63) 21 (9–34) 0.080
Type of admission
 Medical, n 13 6
 Postoperative, n 4 1
 Trauma, n 2 4

CPT, chest physical therapy; MI-E, mechanical insufflation-exsufflation; SD, standard deviation; BMI, body mass index; APACHE II, acute physiology and 
chronic health evaluation score; GCS, Glasgow Coma Scale
†Secretion score was defined as that obtained using the number of tracheal suctions in 24 hours and the amounts of secretion, which were classified as 
small (1 point), moderate (2 points), and large (3 points). Secretion score was calculated on the date of the starting day of MI-E in the MI-E group. The 
average of the starting date for MI-E was 5.6 days after starting rehabilitation. Therefore, the secretion score for CPT group was calculated on day 5 after 
starting rehabilitation

 †Other reasons for exclusion were active alveolar hemorrhage and age <7 years (14 in the CPT group)



MI-E for the Prevention of VAP in ICU

Indian Journal of Critical Care Medicine, Volume 25 Issue 1 (January 2021) 65

dI s c u s s I o n 
This retrospective cohort study assessed the efficacy of MI-E in 
preventing VAP in critically ill patients in the ICU, and the results 
showed that MI-E, which enhances airway clearance, was associated 
with a reduced incidence of VAP (CPIS). The CPT group had a high 
incidence of VAP compared with the common ICU in previous 
study.20 In the current study, the MI-E group included patients with 
weak coughing reflex. Thus, the historical control group comprised 
patients with a similar characteristic. Therefore, the incidence of 
VAP might be higher in the two groups than in those admitted in 
a common ICU.

Based on these results, a multivariate logistic regression analysis 
was performed after adjusting for covariates affecting VAP. The 

models were utilized to analyze the two groups using each variable 
of VAP by considering the small sample size and the effect of 
multicollinearity. Our analysis revealed that none of these covariates 
were associated with the incidence of VAP (CPIS). In terms of the 
risk factor of VAP, the microaspiration of subglottic secretion is a 
cause of VAP.13 Thus, the results of the current study might support 
our hypothesis that the use of MI-E for airway clearance prevents 
pneumonia and the propagation of bacteria in the bronchi due 
to aspiration. Furthermore, the duration of antibiotic use (days)/
MV was found to be significantly lower in the MI-E group than in 
the CPT group. Thus, MI-E might also reduce the cost of therapy in 
these patients.

This study was not blinded and may have been affected by the 
Hawthorne effect; however, three measures were taken to control 
it: the study was observational in nature, comparing conditions 
before and after the use of MI-E; the primary outcome, VAP (CPIS), 
was an objective outcome; and subjects should be less affected by 
the Hawthorne effect because they were ventilated with low levels 
of consciousness or sedation.

The current study had several limitations. First, a relatively small 
sample size was included, particularly in the MI-E group. Mechanical 
insufflation-exsufflation has been primarily used in patients with 
impaired coughing, such as those with neuromuscular diseases.21 
Meanwhile, this study used MI-E in patients with weak cough 
reflex, including those with neurological disorders. Therefore, the 
proportion of patients included in the MI-E group was small. From 
the CPT group, a historical group was established to reduce selection 
bias caused by the use of MI-E, and the CPT and MI-E groups had 
similar characteristics based on the exclusion criteria. Although the 
CPT group included a historical control group, the medical system 
in the ICU of our hospital did not change significantly from 2014 to 
2017. In addition, the two groups had common characteristics, and 

Table 2: Comparison of outcomes in both groups

 Outcomes CPT (n = 19) MI-E (n = 11) p
Primary outcome
 VAP (CPIS), n (%) 16 (84.2) 3 (26.4) 0.011
Secondary outcomes
 VAPs (CPIS)/MV duration, median (range), % 6.7 (0–14.3) 0 (0–0.4) <0.001
 VAP (ATS/IDSA), n (%) 9 (47.4) 2 (18.2) 0.140
 IVAC, n (%) 6 (31.6) 1 (9.1) 0.215
 VAP (CPIS) ≤ 4 days, n (%) 10 (52.6) 0 (0) 0.091
 VAP (CPIS) > 4 days, n (%) 9 (47.4) 3 (26.4) 0.263
 Tracheostomy, n (%) 12 (63.2) 7 (63.6) >0.999
 Bronchoscopy, n (%) 17 (89.5) 8 (72.7) 0.327
 Bronchoscopy, median (range) 2 (0–26) 2 (0–10) 0.913
 Bronchoscopy/MV duration, median (range), % 11 (0–38) 14 (0–53) 0.880
 Bronchial obstruction, median (range) 1 (0–12) 0 (0-2) 0.052
 Bronchial obstruction/MV duration, median (range), % 6.5 (0–70) 0.6 (0–12.5) 0.052
 Antibiotic use, median (range), days 11 (5–86) 8 (4–37) 0.142
 Days antibiotic uses/MV duration, mean (SD), % 76.5 (22.7–100) 40 (5–100) 0.035
 Rehabilitation days, median (range), days 8 (5–63) 10 (5–134) 0.217
 MV duration, median (range), days 15 (8–108) 15 (7–180) 0.829
 ICU duration, median (range), days 17 (6–226) 12 (2–53) 0.131
 Mortality, n (%) 5 (26.3) 0 (0) 0.129

CPT, chest physical therapy; MI-E, mechanical insufflation-exsufflation; VAP, ventilator-associated pneumonia; CPIS, clinical pulmonary infection score; 
ATS/IDSA, American Thoracic Society and the Infectious Disease Society of America; IVAC, infection-related ventilator-associated complication; MV, 
mechanical ventilation; SD, standard deviation

Table 3: Association between each variable for VAP (CPIS) and group in 
multivariable logistic regression model

Variables Odds ratios (95% CI) p
Model 1
 APACHE II 1.04 (0.9–1.1) 0.987
 CPT/MI-E 0.08 (0.01–0.57) 0.012
Model 2
 Secretion score 1.04 (0.93–1.15) 0.457
 CPT/MI-E 0.08 (0.01–0.59) 0.006
Mediators
 MV duration 1.01 (0.99–1.03) 0.501
 CPT/MI-E 0.06 (0.01–0.41) 0.001

VAP, ventilator-associated pneumonia; CPIS, clinical pulmonary infection 
score; CPT, chest physical therapy; APACHE II, acute physiology and chronic 
health evaluation score; MI-E, mechanical insufflation-exsufflation; MV, me-
chanical ventilation
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only few differences were observed. Furthermore, the patients in 
our study were selected from groups who were at higher risk of VAP, 
not from a common ICU. Nevertheless, the incidence of VAP (CPIS) 
was significantly lower in the MI-E group than in the CPT group, and 
this result supports the notion that MI-E can be used as a potential 
measure to prevent VAP in critically ill patients. The results were 
assessed using the logistic regression model after adjusting for 
covariates. However, these findings may be affected by the small 
sample size. Therefore, a large-scale prospective research must be 
conducted in the future to validate the results of the current study.

The second limitation of this study was the use of CPIS because 
it is unclear whether this is an accurate approach for the diagnosis 
of VAP. Currently, VAP is diagnosed using several approaches. 
The definition of the Centers for Disease Control and Prevention 
was designed for surveillance and quality improvement at the 
population level and not for the diagnosis and treatment decisions 
at bedside.15 The guidelines of the ATS/IDSA might be useful clinical 
criteria. However, there are no radiological criteria for VAP, and the 
chest radiography results of patients who are on MV are extremely 
difficult to interpret. Therefore, the ATS/IDSA panel recognizes the 
lack of a gold standard approach for the diagnosis of VAP.15 While 
the approach for accurate diagnosis of VAP is unclear, some reports 
suggest that CPIS may be a useful screening tool for assessing the 
risk of pneumonia.22 This study used three diagnostic criteria for 
VAP, including CPIS, and found a statistically significant difference in 
CPIS only. The MI-E group tended to have a lower incidence of VAP 
by other diagnostic criteria, and MI-E may prevent VAP. However, 
the current study was a pilot study with a small sample size and 
could not be justified by these results alone. Therefore, prospective 
studies with more accurate diagnostic criteria with larger sample 
sizes are needed in the future.

co n c lu s I o n 
In this retrospective cohort study, the use of MI-E was independently 
associated with a reduced incidence of VAP (CPIS). However, the 
current study only provides data for clinical practice and the 
small sample size may result in several potential biases. Future 
randomized controlled trials with a sufficient sample size are 
required to confirm the efficacy of MI-E in critically ill patients.
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