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Abstract 

Purpose: Studies on the impact of tapered‑cuff tracheal tubes on rates of microaspiration and ventilator‑associated 
pneumonia (VAP) in intubated patients have reported conflicting results. The aim of this study was to determine the 
influence of this shape of tracheal cuff on abundant microaspiration of gastric contents in critically ill patients.

Methods: All patients intubated in the intensive care unit (ICU) and requiring mechanical ventilation for at least 48 h 
were eligible for this multicenter cluster‑randomized controlled cross‑over open‑label study. The primary outcome 
was abundant microaspiration of gastric contents, defined by the presence of pepsin at significant level in >30% of 
tracheal aspirates. Quantitative measurement of pepsin and salivary amylase was performed in all tracheal aspirates 
during the 48 h following enrollment.

Results: A total of 326 patients were enrolled in the ten participating ICUs (162 in the PVC tapered‑cuff group and 
164 in the standard‑cuff group). Patient characteristics were similar in the two study groups. The proportion of patients 
with abundant microaspiration of gastric contents was 53.5% in the tapered‑cuff and 51.0% in the standard‑cuff group 
(odds ratio 1.14, 95% CI 0.72–1.82). While abundant microaspiration of oropharyngeal secretions was not significantly 
different (77.4 vs 68.6%, p = 0.095), the proportion of patients with tracheobronchial colonization was significantly 
lower (29.6 vs 43.3%, p = 0.01) in the tapered‑cuff than in the standard‑cuff group. No significant difference between 
the two groups was found for other secondary outcomes, including ventilator‑associated events and VAP.

Conclusions: This trial showed no significant impact of tapered‑cuff tracheal tubes on abundant microaspiration of 
gastric contents.

Trial registration: ClinicalTrials.gov, number NCT01948635.
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Take-home message: Tapered‑cuff tracheal tubes are not superior 
to standard‑cuff tracheal tubes in reducing microaspiration of gastric 
contents. Our results suggest that tapered‑cuff tracheal tubes should not 
be used to prevent microaspiration or VAP in ICU patients.

Introduction
Ventilator-associated pneumonia (VAP) is a common 
ICU-acquired infection in patients requiring intubation 
and mechanical ventilation [1, 2]. This infection is 
associated with increased morbidity, mortality, and 
cost [3]. During the last decades, substantial progress 
in understanding VAP pathogenesis has been achieved 
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[4, 5]. However, additional improvement in preventive 
strategies is still required to keep reducing VAP incidence 
and its negative impact on outcomes [6]. Potential means 
to achieve this goal include methods aiming at avoiding 
intubation or reducing its duration [7, 8]. Technological 
advances also brought new methods to decrease 
microaspiration of contaminated secretions in intubated 
patients [9–11].

The primary mechanism of VAP pathogenesis is micro-
aspiration of gastric and oropharyngeal contaminated 
secretions [9, 12]. Whilst microaspiration of contami-
nated secretions around the tracheal cuff is a multifacto-
rial process, tracheal cuff shape might play an important 
role in its occurrence [13]. Previous bench studies sug-
gested a beneficial effect of tapered-cuff tracheal tubes in 
reducing leakage around the cuff, by providing a perma-
nent sealing zone between the cuff and the tracheal wall 
[14, 15]. An animal study also reported significant reduc-
tion of leakage using polyvinyl chloride (PVC) tapered 
cuffs versus cylindrical cuffs [16]. However, other in vitro 
and animal studies did not confirm these findings [17, 18]. 
Recent clinical studies reported conflicting results on the 
impact of tapered-cuff tracheal tube on microaspiration, 
tracheobronchial colonization, early-onset postoperative 
pneumonia, and VAP [19–24]. Further, these studies pre-
sented several limitations, including observational design 
[19, 23], short-term evaluation [19–21], single-center 
design [19–21, 24], specific patient population [20, 21], 
use of inaccurate markers of microaspiration [20, 22], and 
incomplete evaluation of microaspiration [19, 21]. There-
fore, no definite conclusion could be drawn regarding the 
impact of tapered-cuff tracheal tube on microaspiration 
and VAP.

We hypothesized that tapered-cuff tracheal tube would 
reduce abundant microaspiration of gastric contents and 
conducted a randomized controlled multicenter study 
to determine the impact of PVC tapered-cuff tracheal 
tube, compared with PVC standard-cuff tracheal tube, on 
abundant microaspiration of gastric contents in patients 
with a predicted duration of mechanical ventilation of at 
least 48 h.

Methods
Study design and participants
This multicenter cluster randomized cross-over con-
trolled and open-label trial was conducted in 10 French 
mixed-ICUs during a 16-month period (from June 2014 
to October 2015). The study protocol [25] was reviewed 
and approved by the Ethics Committee and Institutional 
Review Board of Lille University Hospital (approved 
by July 2, 2013, registration 2013 A00534 41). Written, 
informed consent to participate in the study was required 
from all patients, or their next of kin, before enrollment. 

When consent was given by proxies, the patient was 
informed as soon as possible, and his written consent was 
obtained. This trial is registered with ClinicalTrials.gov, 
number NCT01948635.

Patients older than 18  years who required intu-
bation in the ICU with the study tracheal tube and 
have an expected duration of mechanical ventilation 
of at least 48  h after inclusion were eligible. Patients 
were excluded from the study if they were pregnant, 
contraindicated for enteral feeding, or intubated 
for  longer than 72 h at screening for eligibility in the 
trial. Other exclusion criteria were tracheostomy at 
ICU admission, previous enrollment in this study, or 
inclusion in another study that may interfere with this 
trial.

Randomization and masking
Because tracheal intubation is an urgent procedure in 
ICU patients, the randomization was performed on the 
participating ICUs and not on the patients. The 10 ICUs 
were randomized into two balanced groups, according 
to a 1:1 assignment intervention sequence determined 
using a computerized random number generator 
and conducted by the Statistics Department at Lille 
University Hospital. Half of ICUs were randomized to use 
a PVC tapered cuff (Taper Guard®, Covidien, Athlone, 
Ireland) in the first 1-month period and a PVC standard 
cuff (Hi-Lo®, Covidien, Athlone, Ireland) in the second 
1-month period. The other half of the ICUs used the 
two interventions in the reverse sequence. In all ICUs, 
the same order of cuff shape as that in the first 2 months 
was used for the subsequent months of the study. When 
reintubation was required, a tracheal tube with the same 
cuff shape as that in the first intubation was used.

Treatment allocation was open-label, as masking 
was not possible because of the obvious visible cuff 
shape difference during intubation. However, pepsin 
and salivary (i.e., alpha-) amylase, measurements were 
performed blindly, and VAP diagnosis was confirmed by 
two blinded physicians. Discordance between the two 
physicians was resolved by a third blinded investigator.

Procedures and definitions
Inclusion was performed at least 12  h after intubation. 
All tracheal aspirates were collected during the 48  h 
following enrollment in the trial to measure pepsin 
and salivary amylase. All tracheal aspirates were stored 
at −20  °C and sent to the central laboratory at Lille 
University Hospital, where all measurements were blindly 
performed (ELISA technique for pepsin and difference 
between total and pancreatic amylase activity for salivary 
amylase) [26, 27]. Abundant gastric microaspiration 
was defined by significant pepsin level (>200  ng/ml) 
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in >30% of tracheal aspirates per patient [26]. Abundant 
oropharyngeal microaspiration was defined by significant 
salivary amylase level (>1685 IU/ml) in >30% of tracheal 
aspirates per patient [27, 28].

VAP was defined using clinical, radiographic, and 
microbiological criteria. Namely, a new and persistent 
infiltrate on the chest radiograph associated with two 
of the three following criteria: purulent tracheal aspi-
rates, hyperthermia  >38  °C, or hypothermia  <36  °C, and 
peripheral leukocytosis  >10  G/l or  <1.5  G/l. In addi-
tion, microbiological confirmation was required using 
tracheal aspirate  ≥105  CFU/ml or bronchoalveolar lav-
age ≥104 CFU/ml [29]. Tracheobronchial colonization was 
defined by positive (≥105 CFU/ml) tracheal aspirate with-
out clinical or radiological signs of VAP. To diagnose tra-
cheobronchial colonization, quantitative tracheal aspirate 
was performed after intubation, and two times a week.

Ventilator-associated events (VAE) were defined as sus-
tained increase in ventilator support (minimum positive 
end-expiratory pressure (PEEP) increase  ≥2.5 cmH2O or 
minimum FiO2 increase ≥15%) after ≥2  days of stable or 
decrease settings [30]. Patients with PEEP  ≥  7.5  cmH2O 
or FiO2 ≥  70% during the first 3  days of mechanical ven-
tilation were screened for VAE only if they subsequently 
stabilized and only required minimal ventilator support 
(PEEP ≤ 5 cmH2O, FiO2 ≤ 40% for ≥2 days).

All patients were prospectively followed to detect clini-
cal, radiological, or microbiological signs of suspected 
VAP or VAE until day 28 or ICU discharge, whichever 
happens first.

In all participating ICUs, cuff pressure was checked 
with a manual manometer every 8  h and kept around 
25 cmH2O. Patients were ventilated in a semirecumbent 
position. Female and male patients were intubated with 
tracheal tubes sized 7.5 and 8  mm, respectively. Head 
of bed elevation was checked every 3  h. Oropharyngeal 
decontamination was performed with 0.10% chlorhex-
idine every 3  h. Mechanical ventilation was performed 
with a PEEP of at least 5 cmH2O, unless contraindicated. 
Criteria for weaning from mechanical ventilation were 
checked every day to reduce the duration of tracheal intu-
bation [31]. Systematic stress ulcer prophylaxis was not 
recommended in routine practice. The shortest duration 
of sedation was recommended, using a nurse-driven pro-
tocol. Tracheal suctioning was performed every 3  h, or 
more frequently if necessary, using an open system. Sub-
glottic secretion drainage was not used, and respiratory 
circuit was not routinely changed in study patients.

Outcomes
The primary endpoint of this trial was the proportion 
of patients with abundant microaspiration of gastric 
contents, measured during the 48 h following inclusion.

The proportion of patients with abundant 
oropharyngeal microaspiration, measured during the 
48  h following inclusion, was a secondary outcome. 
Other secondary outcomes included tracheobronchial 
colonization, VAP, VAE, ICU-acquired infection, 
antimicrobial-free days, invasive mechanical ventilation 
free-days, length of ICU stay, and proportion of patients 
who died in the ICU, from inclusion through day 28 or to 
ICU discharge, whichever happens first.

Statistical analysis
We calculated that a sample of 312 patients would provide 
a power of 80% to detect an absolute risk reduction in pri-
mary endpoint of 20% in the tapered-cuff group, with a 
two-sided type I error of 0.05, assuming a primary end-
point rate of 50% in the standard cuff group (control), a 
rate of 10% of patients without any tracheal secretions, 
and an intraclass correlation coefficient of 0.035 [25].

All analyses were performed in all randomized patients 
on the basis of their original group of randomization, 
according to the intention-to-treat principle. Qualitative 
variables were expressed as frequencies and percentages. 
Quantitative variables were expressed as mean (stand-
ard deviation) or median (interquartile range). Normal-
ity of distribution was assessed graphically and using 
the Shapiro–Wilk test. Quantitative variables were com-
pared between the two groups using Student’s t test, or 
Mann–Whitney U test for variables with non-Gaussian 
distribution. Qualitative variables were compared using 
Chi-square test, or Fisher’s exact test when the expected 
cell frequency was less than 5.

The difference in rate of abundant microaspiration of 
gastric contents study groups was calculated as absolute 
and relative risk reduction (tapered versus standard cuff) 
with 95% confidence interval.

In order to take into account the cluster effect, compari-
son of primary endpoint was performed using a mixed 
logistic regression model including center as random 
effect. Center-adjusted odds ratio (OR) was derived from 
this model. Missing data for the primary endpoint were 
treated by multiple imputation, using regression-switch-
ing approach.

Secondary binary endpoints were compared between 
the two groups using a mixed logistic regression model 
including center as random effect. Secondary quantita-
tive endpoints were all non-normally distributed and 
were compared using Mann–Whitney U test.

Further details on methods are presented in the online 
supplementary material.

Results
A total of 326 medical patients were randomized in the 
10 participating ICUs and were all included in the final  
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analysis (Fig. 1). Pepsin and salivary amylase were quanti-
tatively measured in 2739 tracheal aspirates coming from  
303 patients. No tracheal secretions were present in 23  
(7.3%) patients. The median number of tracheal aspirates  
per patient in which pepsin and salivary amylase were  
measured was similar in the two groups.

Patient characteristics
Patient characteristics at ICU admission and at inclusion 
were similar in the two groups (Table 1). No significant 
difference was found between the two groups in patient 
characteristics during the 48  h following inclusion or 
during ICU stay (Table 2).

Outcomes
No significant difference was found between the two 
groups regarding the primary outcome (Table  3). 
No significant difference was found in abundant 
microaspiration of oropharyngeal secretions between 
the two groups. The percentage of patients with 
tracheobronchial colonization was significantly lower in 
the tapered cuff group compared with the standard cuff 
group. However, no significant difference was found in 
bacterial concentration in colonized patients between the 
two groups (Table 4). No significant difference was found 
in other secondary outcomes, including percentage of 
patients with VAP, VAE, other ICU-acquired infections, 
mechanical ventilation-free days, antibiotic-free days, 
ICU length of stay, or ICU mortality (Table 4).

Percentage of tracheal aspirates positive for pepsin or 
salivary amylase was similar in the two study groups; 
this was also true for mean pepsin and amylase levels 
(Table 5).

Discussion
In this trial we found that PVC tapered-cuff tracheal 
tube, compared with PVC standard-cuff tracheal tube, 
did not reduce abundant microaspiration of gastric 
contents in intubated critically ill patients. No signifi-
cant impact of tapered-cuff tracheal tube was found on 
abundant microaspiration of oropharyngeal secretions, 
bacterial tracheobronchial concentration, VAP, VAE, 
ICU-acquired infection, antibiotic-free days, mechanical 
ventilation-free days, ICU length of stay, or ICU mor-
tality. Tapered-cuff tracheal tube was associated with 
reduced percentage of patients with tracheobronchial 
colonization.

Strengths of our study are the multicenter randomized 
controlled design and the careful evaluation of 
microaspiration of gastric contents and oropharyngeal 
secretions, using quantitative pepsin and salivary 
amylase measurement in all tracheal aspirates for 48  h. 
Two previous randomized controlled trials [21, 22] 

evaluated the impact of tapered-shaped tracheal cuff 
on microaspiration, tracheobronchial colonization, 
early postoperative pneumonia, and VAP in critically ill 
patients. In the large TOPCuff randomized controlled 
multicenter trial [22], the impact of polyurethane (versus 
PVC) and of tapered cuff (compared with cylindrical 
cuff) on tracheobronchial colonization was evaluated. 
No significant difference was found in tracheobronchial 
colonization or VAP incidence between the different 
study groups. Several differences with our study should 
be outlined. Whilst the comparator of tapered cuff was 
cylindrical cuff in the TOPCuff study, it was standard 
cuff in ours. The primary outcome of that study, i.e., 
tracheobronchial colonization at day 3, was different 
from the one used in ours. This outcome might have 
been influenced by the common use of antimicrobials in 
study patients, and potential exogenous contamination 
of airway circuit and tracheal tubes. In the single-center 
randomized controlled TETRIS study [21], Monsel and 
colleagues aimed to evaluate the impact of tapered-
cuff compared with standard-cuff tracheal tube on 
postoperative pneumonia and microaspiration. No 
significant impact of this intervention was found on 
primary or secondary outcomes. As acknowledged by the 
authors, the single-center design and inclusion of only 
patients after major vascular surgery preclude definite 
conclusions. In addition, pepsin and salivary amylase 
were only measured at two time points.

One potential explanation for the absence of beneficial 
effect of tapered-cuff tracheal tube on the percentage 
of patients with abundant microaspiration of gastric 
contents is the reduced contact zone between the cuff 
and the tracheal wall, which might result in increased 
mobility of tapered-cuff compared with standard-cuff 
tracheal tube. Movement of the tracheal tube has been 
previously reported to be a risk factor for leakage and 
microaspiration in in  vitro and clinical studies [32, 33]. 
This might explain why in  vitro [14, 15], animal [16], 
and one randomized controlled clinical study [20] found 
decreased leakage around the cuff using tapered-cuff 
compared with standard-cuff tracheal tube. Indeed, the 
randomized controlled clinical trial was performed in 
patients heavily anesthetized for lumbar surgery, and the 
mobility of the tracheal tube was probably very limited 
[20]. Similarly, animals were anesthetized and paralyzed 
in the study performed by Lichtenthal and colleagues 
[16], and the tracheal tubes were systematically fixed in 
bench studies [14, 15].

Whilst no significant impact of tapered cuff was found 
on abundant microaspiration and VAP, the percentage 
of patients with tracheobronchial colonization was sig-
nificantly lower in the tapered-cuff group compared with 
standard-cuff group. Previous studies suggested that 
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10 ICUs screened for eligibility

10 ICUs randomized

5 ICUs tapered cuff-standard cuff…
1358 pa�ents assessed for eligibility

5 ICUs standard cuff-tapered cuff…
2296 pa�ents assessed for eligibility

261 pa�ents poten�ally eligible435 pa�ents poten�ally eligible

910 pa�ents intubated before
ICU admission

187 pa�ents with predicted
mechanical ven�la�on 

dura�on <48h

1615 pa�ents intubated before
ICU admission

246 pa�ents with predicted
mechanical ven�la�on 

dura�on<48h

46 pa�ents allocated to tapered cuff
41 pa�ents allocated to standard 

cuff

123 pa�ents allocated to standard cuff
116 pa�ents allocated to tapered cuff

174 pa�ents excluded:
-mechanical ven�la�on 

dura�on>72h at screening (n=78)
-contraindica�on for enteral

nutri�on (n=28)
-refused to par�cipate (n=3)

-other reasons (n=65)

196 pa�ents excluded:
-mechanical ven�la�on 

dura�on>72h at screening (n=83)
-contraindica�on for enteral

nutri�on (n=43)
-refused to par�cipate (n=20)

-other reasons (n=50)

Analyzed
46 pa�ents with tapered cuff
41 pa�ents with standard cuff

Analyzed
123 pa�ents with standard cuff
116 pa�ents with tapered cuff

Analyzed
162 pa�ents with tapered cuff

Analyzed
164 pa�ents with standard cuff

Fig. 1 Study flowchart
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tracheobronchial colonization was a risk factor for sub-
sequent VAP [34]. In addition, a continuum between 
microaspiration, colonization, and lower respiratory tract 
infections was reported [4, 35]. Therefore, the significant 
reduction in the rate of patients with tracheobronchial col-
onization could be beneficial in these patients. However, no 
significant difference was found in bacterial concentration 
or in VAP rates between the two groups. The discrepancy 
between the significant difference in percentage of patients 

with tracheobronchial colonization and the absence of sig-
nificant difference in VAP or VAE rates could be explained 
by the lower incidence of VAP and VAE compared with 
colonization. However, it should be outlined that tracheo-
bronchial colonization was a secondary outcome. Further, 
microaspiration of endogenous bacteria coming from the 
subglottic area could not be differentiated from exogenous 
bacteria coming from ventilator circuit and tracheal tube 

Table 1 Patient characteristics at ICU admission and at enrollment

Values are expressed as mean ± standard deviation or median [25–75 interquartile range], and number (%)

Tapered cuff (n = 162) Standard cuff (n = 164) p value

At ICU admission

Age, years 63.5 ± 14.5 61.1 ± 15.1 0.14

Male gender 98 (60.5) 111 (67.7) 0.18

Body mass index, kg m−2 28.3 ± 8.4 27.3 ± 6.6 0.24

Simplified acute physiology score II 51.8 ± 17.4 51.7 ± 16.9 0.96

Sequential organ failure assessment 8.0 ± 3.7 7.7 ± 3.6 0.36

Location before ICU admission 0.20

 Home 78 (48.2) 85 (51.8)

 Ward 81 (50.0) 71 (43.3)

 Other ICUs 3 (1.8) 8 (4.9)

McCabe score 0.74

 0 97 (59.9) 102 (62.2)

 1 49 (30.2) 46 (28.0)

 2 16 (9.9) 16 (9.8)

Comorbidities

 Diabetes mellitus 51 (31.5) 44 (26.8) 0.36

 Chronic obstructive pulmonary
 disease

32 (19.8) 30 (18.3) 0.74

 Immunosuppression 27 (16.7) 25 (15.2) 0.73

 Chronic heart failure 51 (31.5) 45 (27.4) 0.42

 Cirrhosis 12 (7.4) 8 (4.9) 0.34

 Chronic renal failure 22 (13.6) 15 (9.2) 0.21

 Gastroesophageal reflux 5 (3.1) 3 (1.8) 0.50

 Chronic respiratory failure 27 (16.7) 23 (14.0) 0.51

Duration of prior hospital stay, days 2 [1–4] 1 [1–4] 0.54

Cause for ICU admission 0.23

 Cardiovascular 46 (28.4) 33 (20.1)

 Respiratory failure 70 (43.2) 76 (46.4)

 Neurologic failure 39 (24.1) 42 (25.6)

Others 7 (4.3) 13 (7.9)

At enrollment

 Duration of prior mechanical ventilation, days 2 [1–2] 2 [1–2] 0.29

 Duration of prior enteral feeding, days 0 [0–0] 0 [0–1] 0.083

 Sequential organ failure assessment 8.7 ± 3.5 8.7 ± 3.7 0.71

Size of tracheal tube 0.90

 7.5 mm 93 (57.4) 96 (58.5)

 8 mm 40 (24.7) 37 (22.6)

 Other sizes 29 (17.9) 31 (18.9)
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manipulations, which might have influenced the relation-
ship between microaspiration and colonization.

Other potential explanations for the discrepancy 
between the absence of significant difference in abun-
dant microaspiration of gastric and oropharyngeal secre-
tions and the significant difference in tracheobronchial 
colonization rate between the two groups include the 

relatively short period of evaluation of microaspiration 
and the definition used for microaspiration. Quantita-
tive measurement of pepsin and salivary amylase was 
performed during a 48  h-period. Whilst a large num-
ber of tracheal aspirates were analyzed, the 48 h-period 
represented approximately 20% of the whole duration of 
mechanical ventilation in study patients. The definition 

Table 2 Patient characteristics during ICU stay

Values are expressed as mean ± standard deviation or median [25–75 interquartile range], or number (%)

Tapered cuff (n = 162) Standard cuff (n = 164) p value

During the 48 h following enrollment

Number of tracheal aspirates for pepsin measurement 6 (2–10) 6 (2–11) 0.88

Number of tracheal aspirates for salivary amylase measurement 6 (2–10) 6 (2–11) 0.77

Glasgow score 14 [8–15] 14 [8–15] 0.86

Sedation 144 (88.9) 138 (84.2) 0.21

 Ramsay score 4 [3–4] 4 [3–5] 0.57

Neuromuscular blocking agent use 34 (21.0) 35 (21.3) 0.94

Vasoactive drug use 108 (66.7) 98 (59.8) 0.20

Mode of ventilation

 Assist‑control ventilation 127 (78.4) 132 (80.5) 0.64

 Pressure support ventilation 55 (34) 64 (39) 0.34

 Bilevel positive airway pressure 9 (5.6) 6 (3.7) 0.41

 Other 15 (9.3) 9 (5.5) 0.19

Ventilatory parameters

 Mean airway pressure, cmH2O 19 ± 7.2 18.3 ± 7.5 0.49

 Peak pressure, cmH2O 29.4 ± 6.7 29.6 ± 9 0.85

 Positive end‑expiratory pressure,
cmH2O

6.8 ± 2.6 6.8 ± 2.5 0.97

 Fraction of inspired oxygen 61.6 ± 24.8 62 ± 25.5 0.88

Cuff pressure, cmH2O 29 [26–30] 28 [25–30] 0.37

Inhaled nitric oxide 12 (7.4) 10 (6.1) 0.64

Self‑extubation 11 (6.8) 5 (3.1) 0.12

Enteral feeding 145 (89.5) 147 (89.6) 0.97

 Volume of enteral feeding, ml/day 900 [500–1250] 913 [598–1292] 0.65

 Residual gastric volume, ml 10 [0–50] 12 [0–60] 0.77

Vomiting 15 (9.3) 9 (5.5) 0.19

Stress ulcer prophylaxis or treatment 140 (86.4) 147 (89.6) 0.37

 Sucralfate 16 (9.9) 17 (10.4) 0.88

 Proton‑pump inhibitor 125 (77.2) 129 (78.7) 0.74

Prokinetic agent use 6 (3.7) 7 (4.3) 0.79

Head‑of‑bed elevation, degrees 35.3 ± 5.2 34.5 ± 6.0 0.17

Out‑of‑bed mobilization 23 (14.2) 17 (10.4) 0.29

Transport outside the ICU 16 (9.9) 27 (16.5) 0.079

During ICU stay

  Sedation 111 (68.5) 113 (68.9) 0.94

 Accidental extubation 15 (9.3) 16 (9.8) 0.88

 Reintubation 23 (14.2) 28 (17.1) 0.47

 Tracheostomy 10 (6.2) 16 (9.8) 0.23

 Red blood cell transfusion 62 (38.3) 61 (37.2) 0.84

 Transport outside the ICU 62 (38.3) 63 (38.4) 0.98



1569

used of abundant microaspiration of gastric contents 
(>30% of tracheal aspirates positive for pepsin) was dif-
ferent from the one used in our previous studies [26, 27]. 
However, this definition was based on the results of a 
large amount of tracheal aspirates, coming from a large 
number of patients included in a previous randomized 
controlled trial [26] and in an unpublished study. To the 
best of our knowledge, no other studies have evaluated 
other thresholds to define abundant microaspiration 

using quantitative pepsin and salivary amylase levels in 
consecutive samples from intubated critically ill patients.

Subglottic secretion drainage and continuous control 
of cuff pressure were not used in study patients. Several 
recent studies showed that subglottic secretion drainage 
was efficient in preventing VAP [36]. However, when our 
study was designed and started, the evidence in favor 
of this preventive measure was less strong. Continuous 
control of cuff pressure could be interesting to prevent 

Table 3 Primary outcome

Abundant gastric microaspiration was defined by significant pepsin level (>200 ng/ml) in >30% of tracheal aspirates per patient

* Calculated using a mixed logistic regression model with a random center effect
a Number of events calculated using the pooled estimates of event rates from multiple imputation datasets

Abundant micro-
aspiration of gastric 
contents, n/N (%)

Tapered cuff 
(n = 162)

Standard cuff 
(n = 164)

Absolute difference 
(95% CI)

Relative risks (95% 
CI)

Odds ratio (95% 
CI)Ɨ

p value*

Without imputation 79/147 (53.7) 81/156 (51.9) 1.8 (−9.5 to 13.1) 1.04 (0.83–1.29) 1.11 (0.70–1.76) 0.65

After mean of 10 
imputations

87a/162 (53.5) 84a/164 (51.0) 2.4 (−8.9 to 13.7) 1.05 (0.84–1.30) 1.14 (0.72–1.82) 0.56

Table 4 Secondary outcomes

Values are expressed as median [25–75 interquartile range], and number (%)
a Calculated using a mixed logistic regression model with a random center effects
b Calculated using Mann–Whitney U test

Tapered
cuff (n = 162)

Standard cuff (n = 164) p value

n Values n Values

Abundant microaspiration of oropharyngeal secretions 146 113 (77.4) 153 105 (68.6) 0.095a

Tracheobronchial colonization 162 48 (29.6) 164 71 (43.3) 0.010a

Bacterial concentration in tracheal aspirates, log10 CFU/ml 48 7 [7–14] 71 7 [6–12] 0.17b

Ventilator‑associated pneumonia 162 33 (20.4) 163 38 (23.3) 0.54a

Ventilator‑associated events 162 13 (8.0) 164 24 (14.6) 0.064a

ICU‑acquired infection 162 35 (21.6) 164 34 (20.7) 0.93a

Antibiotic‑free days 162 2 [1–7] 164 2 [1–7] 0.96b

Mechanical ventilation‑free days 161 4 [1–7] 164 3 [1–6] 0.29b

ICU length of stay, days 162 16 [10–26] 164 14 [9–25] 0.28b

ICU mortality 162 42 (25.9) 164 47 (28.7) 0.58a

Table 5 Results of pepsin and amylase in study patients

Results are median (25th, 75th quartiles)

n Tapered cuff n Standard cuff p value
Values Values

% of tracheal aspirates positive for pepsin 147 43 (0, 82) 156 33 (0, 85) 0.95

Mean pepsin level per patient,
ng/ml

147 287 (171, 1496) 156 177 (90, 317) 0.56

% of tracheal aspirates positive for salivary amylase 146 88 (33, 100) 153 67 (11, 100) 0.059

Mean salivary amylase level per patient, IU/ml 146 4591 (24,720, 268,028) 153 3516 (14,097, 218,989) 0.099
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VAP [26, 37]. However, this measure is not currently 
recommended, because of the low level of evidence for its 
use [38].

In addition to the limitations discussed above, 
we designed an open-label study, because blinding 
ICU physicians was not feasible during intubation. 
However, we estimate this bias to be minor, as the 
primary endpoint was objective and blindly assessed 
by physicians who performed pepsin and amylase 
measurement. Second, randomization was performed by 
center and not by patient to avoid delaying intubation or 
excluding patients with urgent intubation. Nevertheless, 
the number of patients included in the two study groups 
was finally similar, as were their characteristics. Third, 
we did not evaluate tracheal ischemic lesions or stridor 
in study patients. Although no clinical data are available 
on the relationship between tapered cuff and tracheal 
ischemic lesions, tapered cuff might result in more 
severe lesions, as the pressure is applied to a smaller 
tracheal surface. Fourth, the incidence of VAE was 
lower than VAP incidence, and VAE incidence reported 
in previous studies [39]. One potential explanation 
is the high percentage of patients with high ventilator 
setting dependence. Further, we used the Centers for 
Disease Control (CDC) definition for VAE, but not for 
VAP. The use of quantitative cultures to define VAP in 
our study probably resulted in lower incidence of VAP, 
compared with the CDC definition. Fifth, only a small 
proportion of screened patients were included in this 
study. However, two-thirds of screened patients were 
excluded because intubation was performed before 
ICU admission, which is in line with real life in French 
ICUs. Finally, the adherence to all VAP prevention 
recommendations was not measured in different 
ICUs. However, similar VAP preventive measures were 
recommended in the participating ICUs.

Conclusion
In this multicenter randomized trial, tapered-cuff 
tracheal tube was not superior to standard-cuff tracheal 
tube in reducing microaspiration of gastric contents. Our 
results suggest that tapered-cuff tracheal tube should 
not be used to prevent microaspiration or VAP in ICU 
patients.
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