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Abstract: The ventilator bundle consists of multiple methods to reduce ventilator-associated pneu-
monia (VAP) rates in Intensive Care Units (ICU). The aim of the study was to evaluate how the
continuous automatic pressure control in tapered cuffs of endotracheal/tracheostomy tubes applied
along with continuous automatic subglottic secretion suction affect the incidence of VAP. In the
prospective cohort (n = 198), the standard VAP bundle was modified by continuous automatic
pressure control in taper-shaped cuff of endotracheal/tracheostomy tubes and subglottic secretion
suction. VAP incidence, time to VAP onset, invasive mechanical ventilation days/free days, length
of ICU stay, ICU mortality, and multidrug-resistant bacteria were assessed and compared to the
retrospective cohort (n = 173) with the standard bundle (intermittent cuff pressure of standard cuff,
lack of subglottic secretion suction). A smaller incidence of VAP (9.6% vs. 19.1%) and early onset
VAP (1.5% vs. 8.1%) was found in the prospective compared to the retrospective cohort (p < 0.01).
Patients in the prospective cohort were less likely to develop VAP (RR = 0.50; 95% CI: 0.29 to 0.85)
and early-onset VAP (RR = 0.19; 95% CI: 0.05 to 0.64) and had longer time to onset VAP (median 9
vs. 5 days; p = 0.03). There was no significant difference (p > 0.05) between both cohorts in terms of
invasive mechanical ventilation days/free days, length of ICU stay, ICU mortality and multidrug-
resistant bacteria. Modification of the bundle for prevention of VAP can reduce early-onset VAP and
total incidence of VAP and delay the time of VAP occurrence.

Keywords: patient care bundles; taper-shaped cuff; subglottic secretion suction; continuous
control pressure

1. Introduction

In a large number of cases, therapy in Intensive Care Units (ICU) is associated with
opening the airways with an endotracheal or tracheostomy tube and supporting breath-
ing with a ventilator [1], which promotes lower respiratory tract infections. Ventilator-
associated pneumonia (VAP) is one of the most serious types of these infections. It is
defined as symptoms of pneumonia occurring 48 h after the onset of artificial airway and
mechanical ventilation [2,3].

The prevalence of VAP depends on the diagnostic criteria used [4], the geographic
region, and the type of hospital [5,6]; this ranges in adult patients from 4% to 42%. Accord-
ing to a systematic review and meta-analysis conducted by Bonell et al. [7], which included
538,600 patients from 14 Asian countries, the incidence density of VAP/1000 ventilator
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days ranged from 9 to 18.5. In Poland, the incidence of VAP, according to data collected
in 2013–2017, was 8–10%, and the incidence density of VAP per 1000 ventilator days was
12.3–13.7 [8,9]. VAP often had a high mortality rate in critically ill patients varying from
16.2% to 74.1% [10].

Artificial airway (endotracheal tube, tracheostomy tube) is one of the most impor-
tant risk factors for VAP. It disrupts natural defense mechanisms (e.g., cough, laryngeal
reflex) and is a mechanical obstacle preventing effective mucociliary clearance. More-
over, it facilitates aspiration of contaminated gastric and oropharyngeal secretions into the
bronchial tree: the secretion accumulating in the subglottic area passes through microchan-
nels between the endotracheal/tracheostomy tube sealing cuff, and the tracheal wall to the
bronchial tree [11].

VAP is a major therapeutic problem as it extends the duration of mechanical ven-
tilation, and thus hospitalization, increasing its cost [9,12]. The implementation of the
ventilator bundle in ICU patients may contribute to the reduction of VAP [13]. The most
frequently proposed strategies include elevation of the head of bed to 30◦–45◦, daily “se-
dation vacation”, and selective oral decontamination [14]. As part of the VAP prevention
bundle, Álvarez Lerma et al. [15] also recommended the use of measures to reduce the
risk of micro-aspiration of secretions around the artificial airway cuff, such as cuff pres-
sure control and subglottic secretion suction (SSS). Continuous pressure control might
be beneficial thanks to the reduction of episodes of hypotension in the cuff, which can
facilitate the passage of bacteria between the cuff and the tracheal wall. Reduction of VAP
risk by continuous control of pressure was confirmed by Nseir et al. [16], although there
was no impact on duration of mechanical ventilation, ICU length of stay, or mortality. It
also appears that subglottic secretion suction may contribute to the reduction not only of
the total incidence of VAP, but also of early VAP [17] and mortality [18]. The authors of
in vitro experimental studies [19,20] suggested that the shape of the artificial airway cuff
may also influence the amount of micro-aspiration content. However, a meta-analysis of
randomized clinical trials conducted by Huang et al. [21] did not confirm the advantage of
the tapered-cuff endotracheal tube over the standard-cuff endotracheal tube in reducing
VAP and ICU mortality.

Given the above, we can conclude that the effect of the tapered-cuff endotracheal
tube with the concomitant use of SSS and continuous cuff pressure control remains unex-
plored [22]. The aim of the study was to evaluate how the continuous automatic pressure
control in tapered cuffs of endotracheal/tracheostomy tubes applied along with continuous
automatic subglottic secretion suction affect the incidence of VAP.

2. Materials and Methods
2.1. Study Design, Setting

The study was conducted in a prospective cohort (intervention, study period from
1 June 2018 to 1 July 2019) and compared to the historical cohort (retrospective, from
1 May 2017 to 30 April 2018). The study was conducted in the Clinical Department
of Anesthesiology and Intensive Therapy of the St. Raphael Hospital in Krakow at the
University Department of Anesthesiology, Intensive Therapy and Emergency Medicine of
the Faculty of Medicine and Health Sciences of the Andrzej Frycz Modrzewski Krakow
University. The study was approved by the Bioethical Committee of the Andrzej Frycz
Modrzewski Krakow University (opinion no. KBKA/34/O/2018). Written consent from
the subjects or their surrogates was not required by the institutional review board as
the VAP prevention bundle was one of the basic components of therapy in saving lives.
The study was registered on Clinicaltrails.gov under number NCT04038814, https://
clinicaltrials.gov/ct2/show/NCT04038814 (accessed on 9 September 2021). The study was
conducted in accordance with the guidelines of the Declaration of Helsinki and STROBE
(Strengthening the Reporting of Observational Studies in Epidemiology) [23].

https://clinicaltrials.gov/ct2/show/NCT04038814
https://clinicaltrials.gov/ct2/show/NCT04038814
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2.2. Participants

The presence of an artificial airway and the duration of mechanical ventilation over
48 h were the conditions for qualifying patients for both cohorts. In the prospective cohort,
patients admitted in ICUs already intubated (shorter than 12 h) with a tube other than a
tube with a tapered cuff and channel for subglottic secretion suction, were re-intubated.
Blue Rhino Ciaglia 2 percutaneous tracheostomy was performed under bronchofiberoscopy
and ultrasound guidance between the 10th and 14th day after intubation in all patients
with the expected need to maintain airway patency for more than 14 days.

Patients were excluded from the study if they were younger than 18 years, pregnant,
nasally intubated or with tracheostomy upon ICU admission, intubated for longer than
12 h before ICU admission, or were previously enrolled in this study.

2.3. VAP Bundle

The basic components of the VAP prevention bundle included:
� basic rules of asepsis and hygiene of staff hands,
� raising the head of the bed at an angle of 30–45 degrees (implemented already upon

admission to the ICU and verified every 4 h),
� limiting the use of sedation,
� moderately lung-sparing ventilation (VT 5–8 mL/kg due body weight, PEEP > 3 cm

H2O with ventilator settings allowing for normocapnia and plateau pressure < 25 cm
H2O) with rapid weaning from mechanical ventilation,

� closed system for suctioning secretions from the respiratory tract, replaced every
7 days or in the event of leakage,

� oral care with the use of 0.2% chlorhexidine digluconate solution every 12 h,
� the use of proton pump inhibitors with the gradual dose reduction and discontinua-

tion of the drugs in the absence of risk factors for peptic ulcer disease,
� the use of anticoagulants.

Endotracheal tubes (Mallinckrodt™ TaperGuard Evac Oral Tracheal Tube, Covidien,
Mansfield, MA, USA) or tracheostomy tubes (Shiley EVAC Tracheostomy Tube Cuffed Seal
Guard, Covidien, Guardfield, MA, USA) with a tapered cuff and channel for subglottic
secretion suction were used in all patients from the prospective cohort. The cuff pressure of
the tubes was continuously measured automatically (Shiley Pressure Control, VBM Mediz-
intechnik GmbH, Covidien, Germany) and was maintained at 25–30 mmHg. Continuous
subglottic secretion suction above the cuff sealing the tube was performed with the Hersill
Vacusill 3 Continuous-Intermittent apparatus (Madrid, Spain), with a designated suction
force of 15–20 kPa (100–150 mm Hg or 136–204 cm H2O) by Evac suction tubing through
the suction tube (DAR™, Italy) ID 3.5 mm.

Standard endotracheal tubes (Hi-Contour Oral/Nasal Tracheal Tube Cuffed Murphy
Eye, Covidien, Mexico) or tracheostomy tubes (Shiley™ Single Cannula Tracheostomy
Tubes, Covidien, Ireland) without a lumen for SSS were used in the retrospective cohort.
The pressure in the cuff of the tubes was measured with a manual manometer (VBM Cuff
Pressure Measuring, Germany) every 12 h or whenever hypotension or hypertension in
the cuff was suspected (standard: 20–30 mm Hg).

2.4. Variables and Measures

For the purposes of this analysis, the following demographic and clinical data were
collected for both cohorts: sex, age, body mass index, reason for hospitalization, comor-
bidities, APACHE 2 score, type of artificial airway, procalcitonin concentration, early VAP
(diagnosed during the first 4 days of mechanical ventilation) and late VAP incidence (VAP
diagnosed within or after the 5th day of mechanical ventilation) [3], time to VAP, number
of days of mechanical ventilation, type of pathogen grown in the secretions of the lower
respiratory tract, and number of deaths.

The APACHE II scale [24] was used to assess the severity of the patients’ health condi-
tion. The score ranges from 0 to 71 points. The higher the result, the worse the prognosis.
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Diagnosis of VAP was suspected in patients receiving mechanical ventilation via chest
echocardiography and the procalcitonin pulmonary infection score. Obtaining at least
6 points indicated the presence of VAP (Table 1) [25]. Additionally, chest radiographs
(X-rays or computed tomography) were performed in all patients on admission to the ICU
and when the ultrasound image suggested pneumonia. Chest radiographs were assessed
and described by hospital radiologists. The assessment according to the CEPPIS criteria
was performed by the anesthesiologist on duty.

Table 1. Chest Echocardiography and Procalcitonin Pulmonary Infection Score (CEPPIS) used in the
diagnosis of VAP in the prospective and retrospective cohort (CEPPIS > 5 = VAP).

Parameter CEPPIS

Temperature (◦C)
≥38.5 and <38.9 1
≥39 and <36 2

Prokalcitonin (ng/mL)
≥0.5 and <1 1

≥1 2
Purulent tracheal secretions 2

Positive infiltrates on chest echograph (sub-pleural echo-poor region or more
with tissue-like echo texture) 2

Positive endotracheal aspirate (>104 colony-formingunits/mL) 2
Oxygenation PaO2/FiO2 ≤ 240 and absence of ARDS 2

VAP—ventilator-associated pneumonia; ARDS—acute respiratory distress syndrome.

2.5. Outcomes

The primary end point of the study was any incidence of VAP. Secondary outcomes
included time to VAP onset, invasive mechanical ventilation days/free days, length of ICU
stay, and mortality.

2.6. Statistics

At the stage of planning the prospective study, the minimum sample size was esti-
mated based on the number of patients (N = 173) and the percentage of cases with VAP
(n = 33; 19.07%) in the retrospective cohort. Assuming a decline in the percentage of
patients with VAP up to 9% in the prospective cohort, with a 5% confidence level and
power of a test of 80%, the calculations showed that the minimum size in the prospective
cohort was 197 patients.

Continuous quantitative variables were characterized as medians and quartiles, while
qualitative variables were presented as numbers of individual categories with the corre-
sponding percentages. Because of the lack of a normal distribution of the variables in both
cohorts, quantitative variables were compared between the prospective and retrospective
cohorts using the Mann-Whitney U test. The distribution of variables was tested with
the Shapiro-Wilk test. The chi-square test was applied to compare qualitative variables
between the cohorts. The number of VAP cases between the prospective and retrospective
cohorts was compared using one-way logistic regression (the regression coefficient and
95% confidence interval were determined). Furthermore, relative risk (RR) values and 95%
confidence interval values for the probability of the occurrence of VAP were calculated
using a relative risk calculator. The probability of remaining VAP free was demonstrated
by the Kaplan-Meier method, and the two cohorts were compared using the log-rank test.
The time to the development of VAP was censored for death. The incidence density of VAP
was calculated by dividing the number of VAP cases by the number of ventilator days and
multiplying by 1000. The incidence of VAP per 100 days of mechanical ventilation was
also calculated and compared between the prospective and retrospective cohorts using the
mid-p exact method available in the OpenEpi epidemiological calculator.
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p values below 5% were considered statistically significant for the two-tailed tests.
Statistical calculations were performed using STATISTICA v.13 (TIBCO Software Inc.,
Kraków, Poland (2017)).

3. Results
3.1. Demographic and Clinical Characteristics of the Groups

Initially, 415 patients were assigned to both groups. Of those, 44 (10.6%) patients were
excluded due to failing to meet the eligibility criteria, i.e., 30 patients from the retrospective
cohort, and 14 patients from the prospective cohort (Figure 1).
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Figure 1. Flow diagram.

There were no significant differences between the prospective (n = 198) and retrospec-
tive (n = 173) cohorts in terms of age, sex, body mass index, APACHE-II score, chronic
heart failure, chronic renal failure, chronic obstructive pulmonary disease, gastric and
duodenal ulcer, diabetes mellitus, immunosuppression, smoking status, septic shock, tra-
cheotomy, enteral nutrition, and antibiotics prior to VAP. The cohorts differed only in the
cause of admission to the ICU and the number of patients diagnosed with hepatic failure.
In the prospective cohort there were more hospitalizations for general surgical reasons
(p = 0.004) and chronic liver failure (p = 0.03) than in the retrospective cohort. The detailed
demographic and clinical characteristics of the patients are presented in Table 2.

Infection of other than the respiratory system was reported in every third ICU patient.
Statistical analysis showed no differences (p > 0.05) between the prospective and retro-
spective cohort in the incidence of co-infections, such as: urinary tract infections (n = 30;
15.2% vs. n = 26; 15.0%), blood infections (n = 23; 11.6% vs. n = 22; 12.7%), infections of the
peritoneal cavity and gastrointestinal tract (n = 27; 13.6% vs. n = 15; 8.7%), surgical wound
infections (n = 11; 5.6% vs. n = 8; 4.6%) and central nervous system infections (n = 6; 3.0%
vs. n = 5; 2.9%).
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Table 2. Patient characteristics.

Variables Prospective
(n = 198)

Retrospective
(n = 173)

p
Value

Age (years) 64.0 [50.0; 73.0] 68.0 [56.0; 76.0] 0.0638
Body mass index (kg/m2) 26.0 [23.0; 29.0] 26.0 [24.0; 29.4] 0.4151

APACHE II scores 23.0 [18.0; 30.0] 24.0 [20.0; 28.0] 0.5395
Sex

Female 68 (34.3) 55 (31.8) 0.6025
Male 130 (65.7) 118 (68.2)

Admission category
Neurosurgical 88 (44.5) 92 (53.2) 0.0930
Cardiovascular 38 (19.2) 39 (22.5) 0.4271
General surgical 44 (22.2) 19 (11.0) 0.004

Non-cardiac internal medicine 28 (14.4) 23 (13.3) 0.8132
Chronic heart failure 35 (17.7) 38 (22.0) 0.2999
Chronic renal failure 17 (8.6) 18 (10.4) 0.5499
Chronic liver failure 8 (4.0) 1 (0.6) 0.03

Chronic obstructive pulmonary disease 22 (11.1) 18 (10.4) 0.8135
Gastric and duodenal ulcer 9 (4.5%) 7 (4.0) 0.8133

Diabetes mellitus 46 (23.2) 43 (24.9) 0.7149
Immunosuppression 12 (6.1) 5 (2.9) 0.1451

Smoking status 43 (21.7) 39 (22.5) 0.8482
Septic shock 40 (20.2) 30 (17.3) 0.4822
Tracheotomy 54 (27.3) 59 (34.1) 0.1537

Enteral nutrition 169 (85.4) 153 (88.4) 0.3811
Antibiotics prior to VAP 36 (18.2) 36 (20.8) 0.5232

Results presented as medians (upper and lower quartile) or numbers (percentages). In the prospective cohort,
patients were hospitalized more often for general surgical reasons than in the retrospective cohort (p = 0.004).
There were more cases of chronic liver failure in this cohort too (p = 0.03). There was no statistically significant
difference between the other variables (p > 0.05).

3.2. Prevalence of VAP

A smaller incidence of VAP (n = 19; 9.6% vs. n = 33; 19.1%; p < 0.01) and early-onset
VAP (n = 3; 1.5% vs. n = 14; 8.1%; p = 0.0026) was found in the prospective compared to the
retrospective cohort. The totals of late-onset VAP were similar in both cohorts (n = 16; 8.1%
vs. n = 19; 11%; p = 0.34). The incidence density of VAP per 1000 ventilator days was 7.8
and 11.2.

Univariate logistic regression analysis showed that the continuous control of endo-
tracheal/tracheostomy tube cuff pressure together with continuous subglottic secretion
drainage were protective factors against VAP (OR = 0.45; Cl 95%: 0.25 to 0.83) and early-
onset VAP (OR = 0.17; Cl: 0.05 to 0.60). Patients in the prospective cohort were 81% less
likely to develop early-onset VAP (RR = 0.19; 95% CI: 0.05 to 0.64; p = 0.0076) and were 50%
less likely to develop total VAP than in the retrospective cohort (RR = 0.50; 95% CI: 0.29 to
0.85; p = 0.01).

3.3. Time to Onset of VAP and the Probability of Remaining VAP-Free

In the prospective cohort, the median time from intubation to VAP was significantly
longer than in the retrospective cohort (9 [7; 18] vs. 5 [4; 11] days; Z = −2.09; p = 0.0347).

The cumulative rates of patients remaining VAP-free in the two cohorts using the
Kaplan–Meier curve showed that the rate of VAP-free patients in the prospective cohort
was higher than in the retrospective cohort (p = 0.01) (Figure 2).
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Figure 2. Kaplan–Meier curves of cumulative rates of patients remaining free of ventilator-associated pneumonia in two cohorts
(the risk of ventilator-associated pneumonia is 2.06 times higher in the retrospective cohort than in the prospective cohort).

3.4. Ventilator Days and Ventilator-Free Days

There was no significant difference in the median number of days of mechanical
ventilation (8 [3; 21] vs. 8 [3; 15]; Z = 1.36; p = 0.17) and ventilator-free days (1 [0; 4] vs.
1 [0; 2]; Z = −0.17; p = 0.85) between the cohorts. Patients who developed VAP received
mechanical ventilation for a median duration of 11 days, while the median of ventilator-free
days was 5.5.

The VAP rate per 100 days of mechanical ventilation was not significantly different
between the prospective and the retrospective cohorts (0.78; 95% CI: 0.48 to 1.2 vs. 1.12;
95% CI: 0.79–1.56; p = 0.21)

3.5. ICU Length of Stay

Medians ICU stays were similar in the prospective and retrospective cohorts (9 [4; 21]
vs. 10 [4; 25] days; p = 0.43). Over 60% of the patients were hospitalized for more than
5 days, regardless of their group allocation (64.1% vs. 60.1%; p = 0.42).

There was no significant difference in median ICU stay between patients who had ac-
quired VAP in the prospective and retrospective cohorts (22 [18; 63] days vs. 52 [19; 77] days;
Z = 1.07; p = 0.28).

3.6. Pathogens

The types of pathogens in the culture of the lower respiratory secretions of patients in
the prospective and retrospective cohorts are presented in Table 3. Multidrug-resistant bac-
teria were found in 10.1% and 12.7% of patients (p > 0.05). The microbiological findings of
endotracheal aspirate included mainly gram-negative bacteria, Enterobacteriaceae species
being the most common. In the retrospective cohort, other Enterobacteriaceae, Methicillin-
susceptible Staphylococcus aureus and Staphylococcus epidermidis, were found more
often (p < 0.05).
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Table 3. Microbiologic pathogens isolated from the lower respiratory secretions of patients in the
prospective and retrospective cohorts.

Pathogens Prospective
(n = 198)

Retrospective
(n = 173)

p
Value

Multidrug-resistant bacteria 20 (10.1) 22 (12.7) 0.4276
Gram-positive bacteria

Methicyllin-resistant Staphylococcus aureus 3 (1.5) 3 (1.7) 0.8675
Methicillin-susceptible Staphylococcus aureus 7 (3.5) 15 (8.7) 0.0367

Staphylococcus epidermidis 7 (3.5) 15 (8.7) 0.0367
Vancomycin-resistant enterococcus 0 (0.0) 2 (1.2) 0.1292

Streptococcus pneumoniae 6 (3.0) 10 (5.8) 0.1933
Gram-negative bacteria
Acinetobacter baumanii 13 (6.6) 5 (2.9) 0.1002
Pseumonas aeruginosa 4 (2.0) 5 (2.9) 0.5869

Klebsiella pneumoniae (Enterobacteriaceae) 16 (8.1) 25 (14.4) 0.0509
Other Enterobacteriaceae 21 (10.6) 31 (17.9) 0.0429
Haemophilus influenzae 6 (3.0) 10 (5,8) 0.1933

Stenotrophomonas maltofila 7 (3.5) 11 (6.4) 0.2068
Candida albicans 4 (2.0) 0 (0.0) 0.0601

Results presented as numbers and percentages.

3.7. Mortality

Mortality during the first 28 days of hospitalization (n = 87; 43.9% vs. n = 61; 35.3%;
p = 0.09) and the entire stay at the ICU (n = 96; 48.5% vs. n = 70; 40.5%; p = 0.12) was similar
in the prospective and retrospective cohorts.

Among the patients diagnosed with VAP, in the prospective cohort, 6 patients died
during the first 28 days of hospitalization and 2 patients died during the further stay at the
ICU (42.1%). In the retrospective cohort, the number of deaths among patients with VAP
was 8 (24.2%), all cases being within the first 28 days of hospitalization.

Among the group of deceased with VAP (n = 16), the presence of the MDR pathogen
in the lower respiratory tract secretion was noted in 50% of cases (5 in the prospective
cohort, 3 in the retrospective cohort).

4. Discussion

The results of the study show that the supposed modified VAP bundle (continuous
pressure control in the artificial airway cuff with continuous automatic subglottic secretion
suction) reduced the total incidence of VAP and early VAP, as well as extended the time to
VAP in mechanically ventilated patients.

In the study, the authors used endotracheal/tracheotomy tubes with a taper-shaped
cuff and the subglottic suction system. In in vitro studies [19,20] and in an ex vivo ani-
mal study [26], taper-shaped cuffs provided better sealing properties than cylindrical or
spherical ones. Therefore, the use of an artificial airway with a taper-shaped cuff should be
effective in the prevention of VAP by limiting the micro-aspiration of infected secretions to
the lower respiratory tract. Unfortunately, it seems that the results of the meta-analysis con-
ducted by Huang et al. [21] and a systematic review and meta-analysis by Saito et al. [27]
support the thesis that neither the shape of cuffs (spherical, cylindrical, taper-shaped), nor
the type of material they consist of (polyvinyl chloride, polyurethane), have an influence
on the incidence of VAP. However, high-quality testing is needed to clearly assess the
importance of the material and the shape of the tube cuff. Moreover, cuff modifications
alone may not be sufficient to prevent VAP, therefore, they must be complemented by
other interventions.

One of the important elements of VAP prevention is to ensure constant pressure in
the artificial airway cuff, i.e., within the range of 20–30 mmHg. Maintaining constant
pressure not only reduces the risk of micro-aspiration, but also prevents harmful conse-
quences of the cuff slipping over the tracheal wall. Based on an in vitro study designed by
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Li Bassi et al. [28], Huang et al. [21] suggested the need for continuous pressure control in
tapered cuffs. Li Bassi et al. [28] showed that tapered cuffs have a smaller contact surface
with the tracheal wall than those with a spherical or cylindrical shape, which according to
Huang et al. [21] may, due to pressure fluctuations, lead to the sliding of the cuff along the
tracheal wall. In our study, as in the research conducted by Lorente et al. [29], maintaining
constant pressure in the artificial airway cuff at a minimum of 25 mmHg was possible
thanks to the use of an electronic device. The aforementioned researchers achieved an
approximately 11% reduction in the incidence of VAP in the group of patients subjected to
the continuous pressure control compared to the group with the intermittent control of cuff
pressure using a manometer. The researchers concluded that the use of the continuous pres-
sure control system and/or endotracheal tube with a lumen for SSS may prevent VAP [29]
and reduce health care costs [30]. In our study, the combined use of these methods resulted
in a reduction of the incidence of VAP by about 10%, however, we applied subglottic
secretion suction using a continuous method, not intermittently during 1 h periods with a
10 mL syringe, as in the cited study.

The validity of using subglottic secretion suction was confirmed by the meta-analysis
conducted by Mao et al. [17]. The procedure, both continuous and intermittent, depending
on the quality of the study, reduced the probability of VAP (from 45% to 46%) and signif-
icantly diminished the incidence of early-onset VAP as well as delayed the time to VAP.
Similar results were obtained in our study. The modified VAP bundle reduced the risk of
total VAP by 50% and early VAP by as much as 81%. However, neither in our study nor in
the cited meta-analysis, reduction in the incidence of late VAP was noted, as was the case in
the study conducted by Vijai et al. [31] and Mahmoodpoor et al. [32] using the intermittent
suction technique. However, due to the limited amount of scientific evidence, it is difficult
to clearly determine which method is superior, intermittent or continuous suction. Serious
complications such as tracheal damage, for instance, have only been observed in animals
subjected to subglottic secretion suction [33]. This complication was not found in our study.

In our study, there was no effect of the modification of the VAP prevention bundle
on the number of days of mechanical ventilation, mechanical-free days, hospitalization
in the ICU and mortality, similar to the randomized study conducted by Mahmoodpoor
et al. [32]. Although the incidence of VAP was reduced in our study and the research
conducted by the cited authors, the mortality rate remained unchanged, suggesting that
other confounding factors may have influenced the results of both studies.

4.1. Strengths and Limitations

The study was conducted in two large-scale cohorts, i.e., prospective and retrospective.
The authors did not apply a propensity score matching between the two cohorts of patients,
which could be a source of bias in estimating treatment effects. The non-simultaneous use
of various VAP prevention bundles could be a confounding factor due to the subconscious
over accuracy in the bundle implementation by nurses in the prospective cohort. It may
also have made it difficult to analyze the results of lower airway secretion cultures in the
two cohorts. In addition, in the retrospective cohort, endotracheal and tracheostomy tube
cuffs made of polyvinyl chloride were respectively spherical and cylindrical. In contrast, in
the prospective cohort, taper-shaped cuffs were made of polyurethane only in the case of
tracheostomy tubes. As recent reports indicate no influence of the cuff shape and material
on the incidence of VAP, we concluded that these elements of anesthesia equipment would
not introduce an error into our analysis. The study results also cannot be generalized to all
patients hospitalized in intensive care units, as it is a single-center study. There is also no
data on the costs of the intervention.

4.2. Practical Implications of the Study

The study does not provide answers to the questions whether and to what extent
the shape of the artificial airway cuff contributed to the reduction of VAP. It also does not
indicate which of the methods of VAP prevention (automatic constant pressure control in
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the cuff or automatic constant subglottic secretion suction) influenced the final effectiveness.
All these elements should be considered together.

The positive effects of the modifications of the VAP prevention bundle were the
reduction of the total number of VAP, early VAP, and the extension of the period until the
first symptoms of VAP. The results of the study served as the basis to introduce changes
to the routine-preventive measures applied at our ICU. The study results support the
hypothesis that implementing a comprehensive evidence-based bundle is effective in
reducing the incidence of VAP [15]. An additional desired effect of the modification in
the VAP prevention was to facilitate the work of nursing staff. Relieving the nurses from
the necessity to perform multiple daily manual activities related to subglottic secretion
suction and control of the pressure in the artificial airway cuff made it possible for them
to perform a greater number of other nursing and therapeutic procedures. The results of
the study conducted by Aeppli et al. [34] also confirm the usefulness of constant pressure
control in the cuff. They showed that every maneuver of pressure control in cuffs by
nurses using manual manometers may lead to under-inflation of the cuffs, and thus favor
micro-aspiration of the secretion accumulated above the cuff into the bronchial tree.

Adherence to the rules of VAP prevention has been identified as one of the important
factors in reducing the incidence of VAP [15]. Therefore, before the implementation of the
modified VAP prevention bundle, the entire ICU medical and nursing team was trained,
and the quality of activities related to VAP prevention was monitored on a daily basis. This
allowed for a thorough understanding of the VAP problem by all employees of the ward,
which could contribute to improving the quality of care for patients.

5. Conclusions

In this single centered retrospective-prospective study on unmatched cohorts of pa-
tients, we found that continuous pressure control in the artificial airway tapered cuff with
continuous automatic subglottic secretion suction from above the cuff can reduce the total
incidence of VAP and early VAP, as well as increase the time to VAP in mechanically
ventilated ICU patients.
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Abbreviations

ARDS acute respiratory distress syndrome
CEPPIS Chest Echocardiography and Procalcitonin Pulmonary Infection Score
Cl confidence interval
ICU intensive care units
OR odds ratio
PEEP positive end-expiratory pressure
RR relative risk
SSS subglottic secretion suction
VAP ventilator-associated pneumonia
VT tidal volume
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