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The Effect of Positive End-Expiratory Pressure on Air Leakage: 
Comparison of Cuff Designs

Junyong In, M.D., Gyung Serk Shim, M.D., and Seunghyun Chung, M.D.

Department of Anesthesia and Pain Medicine, Dongguk University Ilsan Hospital, Goyang, Korea

Background: Recently developed taper-shaped cuffs (TG cuffs) of endotracheal tubes (ETTs) are known to have a more potent sealing 
effect than cylindrical high-volume low-pressure cuffs (HL cuffs) of conventional ETTs. The aim of this study was to compare TG cuffs 
with HL cuffs of ETTs in a bench-top model with regard to air leakage under various positive end-expiratory pressures (PEEP).
Methods: HL cuffs and TG cuffs made from PVC were included (HL group vs. TG group). A model trachea with an internal diameter 
(ID) of 22 mm was attached to a test lung. The test lung was ventilated using an anesthesia respirator with volume controlled mode and 
PEEPs of 0, 5, 10, or 15 cm H2O. Using spirometry, percentages of expired to inspired tidal volumes (TVe/i) were calculated as a meas-
ure of air leakage.
Results: With regard to PEEPs, the HL group showed significantly higher air leakage compared to the TG group (p < 0.0001), and a 
higher PEEP resulted in greater air leakage (p < 0.0001). Air leakage with higher PEEP was greater in the HL group than in the TG 
group at ID 7.0 mm and 7.5 mm (p = 0.0467, p = 0.0045)
Conclusions: This study shows the superior sealing ability of the TG cuff during ventilation at various PEEPs.
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INTRODUCTION

Advances in the cuff of endotracheal tube (ETT) are mainly 
about material and shape of the cuff.[1] Recently developed tap-
er-shaped cuff (TG cuff) is known to have more potent sealing 
effect than conventional cylindrical shaped high-volume low- 
pressure cuff (HL cuff).[2,3]

Since introduction of TG cuff, bench-top studies about fluid 
leakage have demonstrated that TG cuff is highly protective 
against fluid leakage.[3,4] Within the proximal large diameter 
and the distal small diameter, TG cuff fits into the exact tracheal 
diameter forming sealing band with minimal folds. And it is pre-
sumed that folds formed in the cuff surface are major cause of 
leakage.[5]

Besides airway protection, ETT also facilitates positive pres-
sure ventilation, particularly when a patient requires high airway 
pressure. There are high airway pressure cases like decreased 
lung compliance from pathologic conditions, intervention such 
as positive end expiratory pressure (PEEP), or both. In these circum-
stances, an incompetent ETT cuff could compromise ventilation. 

To our knowledge, no study has been conducted to address air 
leakage of ETT according to cuff shape with PEEP applied. We 
tried to answer whether there is difference of air leakage be-
tween TG cuff and HL cuff ETT at variable PEEPs.

METERIALS AND METHODS

1) Experimental conditions
HL cuff made from PVC ETT (Hi-LoTM, Covidien, Athlone, 

Ireland) and TG cuff made from PVC ETT (TaperGuardTM, 
Covidien, Athlone, Ireland) were included (HL group vs. TG 
group). Table 1 lists product specifications. The pilot balloon of 
the ETT was connected to a manometer (VBM Medizintechnik 
GmbH, Sulz, Germany) with a 10 ml syringe and a three-way 
stopcock using an extension tube. A model trachea (Smooth-BorTM 
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Table 1. Tested endotracheal tubes with cylindrical-shaped cuffs 
(Mallinckrodt Hi-LoTM) and tapered-shaped cuffs (Mallinckrodt 
TaperGuardTM)

Tube tested Tube ID 
(mm)

Tube OD 
(mm)

Cuff diameter 
(mm)

Hi-LoTM 7.0  9.6 28.0
TaperGuardTM 7.0  9.5 25.4
Hi-LoTM 7.5 10.2 30.0
TaperGuardTM 7.5 10.2 25.4
Hi-LoTM 8.0 10.9 33.0
TaperGuardTM 8.0 10.8 25.4

ID: internal diameter; OD: outer diameter.

Fig. 1. The benchtop model.  The model trachea was connected to a 
test lung. Anaesthesia respirator was connected to the proximal end 
of endotracheal tube (ETT), allowing for ventilation with recording 
of spirometry. In order to measure the cuff pressure manometer was 
attached to the pilot balloon of ETT.

Fig. 2. The air leakage under various positive end-expiratory pres-
sures (PEEPs). There are the differences in TVe/i (percentages of 
expired to inspired tidal volumes as a measure for air leakage) dur-
ing ventilation with various PEEPs. For each size of tube, the 
Mallinckrodt Hi-LoTM tube (HL) group shows significantly higher 
air leakage compared with the Mallinckrodt TaperGuardTM (TG) 
group (p < 0.0001) and higher positive end-expiratory pressure 
(PEEP) triggered greater Tve/i (p < 0.0001). There are also some 
significant differences between the groups regarding interaction of 
cuff type and PEEP (two-way analysis of variance), which means 
that the TVe/i with higher PEEP are greater in TG tubes than in HL 
tubes (p = 0.0467 for IDs 7.0 mm and p = 0.0045 for IDs 7.5 mm).

style 303, Smooth-Bor Plastics, Laguna Hills, CA, USA) with 
internal diameter (ID) of 22 mm was attached to a test lung (Test 
Lung 190TM, Maquet Holding GmbH & Co. KG, Rastatt, Germa
ny) (Fig. 1). After the ETT cuff was completely deflated, the 
model trachea was intubated. The cuff was slowly inflated by 
the 10 ml syringe until a cuff pressure reached 30 cm H2O, and 
was controlled to maintain the end-tidal cuff pressure of 30 cm 
H2O during ventilation.

We set the ventilator on the following: fresh gas flow of 3 
L/min, 50% of oxygen with medical air, tidal volume of 300 ml, 
respiratory rate of 10/min, inspiratory: expiratory time ratio = 1 : 
2, and PEEP of 0, 5, 10, or 15 cm H2O. The test lung was venti-
lated using an anaesthesia respirator (S/5 Avance, Datex-Ohmeda, 
Helsinki, Finland) for 10 min to ensure a steady state before 
readings for spirometry (Patient SpirometryTM, Datex-Ohmeda, 
Helsinki, Finland) were taken. The ventilator switched over to 
standby mode and then restarted every test. Variables recorded 
were inspired tidal volume (TVi), expired tidal volume (TVe), 
peak inspiratory pressure (PIP), and peak cuff pressure (Pcuff). 
Percentages of expired to inspired tidal volumes (TVe/i) were 
calculated as a measure for air leakage.

ETTs with PEEPs of 0, 5, 10, and 15 cm H2O were tested, us-
ing 8 new Hi-LoTM tubes and 8 new TaperGuardTM tubes for 
each PEEP. Total 64 tubes were tested once in random order. 
This brought total 64 data. ETTs with IDs of 7.0, 7.5, and 8.0 

mm were investigated by the experimental conditions men-
tioned above, using 192 new ETTs for this study (192 data were 
obtained). During experiments, the room temperature was at 
20-22℃.
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Fig. 3. The change in peak cuff pressures (Pcuff) during ventilation 
with positive end-expiratory pressures (PEEPs). The change of 
Pcuff in the TG group showed significantly higher than those in the 
HL group (p < 0.0001, respectively), but the level of PEEP does not 
have any significant effects on the change of Pcuff (p = 0.2552, 
0.0573, and 0.3955, respectively). Two-way analysis of variance 
was applied with Pcuff and PEEP.

Table 2. Differences in mean ratio of air leakages between the Hi-LoTM

tube group with cylindrical-shaped cuff and the TaperGuardTM tube 
group with tapered-shaped cuff at 10 cmH2O of positive end- expiratory
pressure

Tube size
ID (mm) Difference 95% CI p value

7.0 -0.120 -0.210 -0.031 0.0111
7.5 -0.111 -0.174 -0.047 0.0021
8.0 -0.103 -0.140 -0.066 < 0.0001

CI: confidence interval.

Fig. 4. Hi-LoTM tube (HL), TaperGuardTM tube (TG), and transaxial 
views. The diameter of HL cuff is larger than the tracheal diameter 
in the whole length of the cuff. Therefore longitudinal folds devel-
op and act as a channel. But the tapering diameter of TG cuff fits in-
to the exact tracheal diameter somewhere in the length, forming 
sealing band with minimal folds.

2) Calculation and statistical analysis
Data are presented as mean (standard deviation). Two-way 

analysis of variance was used to compare the air leakage be-
tween the HL group and TG group of the same ETT ID. Data 
were analyzed using SAS version 9.3 (SAS Institute Inc., Cary, 
NC, USA). A p value of < 0.05 was considered significant.

RESULTS

There are the differences in air leakage during ventilation 

with various PEEPs in Fig. 2. For each size of tube, the HL 
group show significantly higher air leakage compared with the 
TG group (p < 0.0001) and higher PEEP triggered greater air 
leakages (p < 0.0001). There are also some significant differ-
ences between the groups regarding interaction of cuff type and 
PEEP, which means that the air leakages with higher PEEP were 
greater in HL tubes than in TG tubes (p = 0.0467 for IDs 7.0 
mm, p = 0.0045 for IDs 7.5 mm, but p = 0.8261 for IDs 8.0 mm).

 The differences in air leakage are presented in Table 2, Fig. 3 
demonstrates the change in Pcuff during ventilation with PEEPs. 
The changes of Pcuff in the TG group show significantly higher 
than those in the HL group (p < 0.0001), but the level of PEEP 
does not have any significant effects on the change of Pcuff.

DISCUSSION

Primary function of ETT cuff is to seal the trachea so that effi-
cient ventilation is possible without aspiration. An incompetent 
ETT cuff in the face of poor lung compliance or in the cases of 
high airway pressure could not only compromise ventilation but 
also make ventilatory management difficult by inaccurate meas-
urement of respiratory variables such as respiratory resistance 
and compliance.[6]

This in vitro experiment demonstrated that a TG cuff of ETT 
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has a better sealing of air leakage during positive pressure ven-
tilation with PEEP.

We consider several factors to be related to enhanced air seal-
ing in TG.

First, sealing band of TG cuff seems to provide superior seal-
ing effect (Fig. 4). Unlike HL cuff, TG cuff has the proximal 
large diameter and the distal small diameter. Therefore, TG cuff 
forms the sealing band, of which diameter is the same as that of 
trachea and folds are minimized. In the many studies about aspi-
ration demonstrated that longitudinal folds is the main factor of 
fluid leakage.[1,3,4,7-10] By analogy, the sealing band of TG 
cuff can reduce air leakage.[11]

Second, peak intra-cuff pressure of TG cuff was higher than 
HL cuff in our results. Regardless of cuff design, increasing air-
way pressure is transmitted to the cuff, and then the intra-cuff 
pressure rises and the cuff presses itself outward into the trache-
al mucosa. By this self-sealing action, the cuff can compensate 
for the increases in airway pressure without additional inflation 
and can prevent air leakage effectively.[12] Therefore, higher 
increase in intra-cuff pressure is more effective in preventing air 
leakage during positive pressure ventilation.

While PEEP is known to prevent fluid leakage across ETT 
cuff[7] and furthermore decrease ventilator-associated pneumo-
nia,[13] this study showed that air leakage increased with PEEP. 
This seems to result from the opposite direction of air leakage to 
fluid leakage. It is thought that the pressure gradient across the 
cuff, generated by PEEP, inhibits downward movement of fluid 
to the lung and promotes air leakage from the lung.

This study has some limitations. We used bench top model. 
The human trachea can expand at the higher airway pres-
sure,[14] affecting on ETT cuff sealing. In addition normal tra-
cheal secretions may also influence ETT cuff sealing. Lastly, the 
ETT cuff sealing is affected by warmth and humidity in the hu-
man trachea.

In conclusion, despite the above limitations this study sup-
ports tapered-shaped cuff in its better sealing ability during ven-
tilation with various PEEPs. And higher PEEP triggered more 
air leakage.

Further studies about air leakage of various ETT type in rela-
tion to effect of PEEP are needed.
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