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BACKGROUND: In a traditional endotracheal tube (ETT), there is a linear outward pull through
its attachment to the ventilator tubing that leads to risk of accidental dislodgement. This study was
conducted to assess the ETT flow characteristics and to evaluate providers’ intubation experience
using two ETT’s in a simulated setting. METHODS: Respiratory pressure–volume dynamics for the
2 ETTs were studied in a simulation laboratory by using 3 different flow settings and 2 different test
lungs. The time taken for successful intubation on a mannikin was compared by direct observation
of 33 separate intubation attempts by 11 different providers. Comfort with intubation by using both
tubes was assessed with a Likert scale–based survey. The potential increase in physical and cog-
nitive work load of nurses and respiratory therapists was assessed by the NASA task load index.
RESULTS: There were slightly lower average tidal volumes delivered with SecureTube compared
with the standard tube at different peak inspiratory pressures. Similarly, the same tidal volume
delivered with a different flow and bag compliance required slightly higher peak inspiratory
pressure compared with the standard ETT. Among providers, there was no difference in the
average time to intubate when using either tube. All survey respondents (N � 11) rated intubation
attempts with the SecureTube to be very easy compared with the standard tube. The NASA task
load index (N � 26) showed very low task loads on all the tasks. CONCLUSIONS: There was
minimal impact on flow resistance on pressure or volume with the SecureTube compared with the
standard tube. Most providers felt comfortable intubating with the SecureTube and took a com-
parable amount of time to intubate in a simulated setting. We observed low task load scores for
securement, maintenance, and manipulation per nurses and respiratory therapists. Key words:
endotracheal tube; unplanned extubation; tracheal intubation complications; adults; pediatrics; NASA
task load index. [Respir Care 2018;63(9):1118–1124. © 2018 Daedalus Enterprises]

Introduction

Unplanned extubations are among the most common
and serious complications of tracheal intubation.1,2 The
incidence of unplanned extubation varies from 3% to 16%
in adults3,4 and 2.7% to 13% in pediatric patients.5 There
are several quality improvement studies in pediatric and

adult populations when using different interventions, which
showed decreased unplanned extubation rates in the hos-
pital.6-10 Despite these studies, no interventions have been
shown consistently to be effective in preventing unplanned
extubations, which remains a significant hospital-acquired
condition with high health-care cost.11,12

There are a wide variety of endotracheal tubes (ETT)
available from different manufacturers, such as tubes with
a suction port above the cuff or silver-impregnated tubes
to decrease the colonization of the ETT. However, the
basic design of the ETT has remained the same for several
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decades. Traditional ETTs are secured at only one location
on the tube with use of tape or other device to the patient’s
face. The ventilator end of the ETT is usually fitted with
a Y-adapter in which one limb of the Y is connected to
ventilator tubing and the other limb is connected to the
in-line suction tubing. An end-tidal carbon dioxide moni-
tor and tidal volume (VT) measuring sensors are often
interposed between the ETT adapter and ventilator tubing
for closer monitoring. These monitoring modalities, although
being clinically valuable, add a considerable amount of weight
at the end of the ETT, creating a constant pull in an outward
direction, making the ETT vulnerable for unplanned extuba-
tion. This outward pull is further enhanced by side-to-side
movement of the patient’s head, which causes an in-and-out
movement of the ETT, loosening the holder or tape as it
becomes wet from oral secretions. The outward pull from the
tubing and the loose tape and/or holder makes the ETT vul-
nerable for accidental extubation, especially when combined
with lightening of sedation or movement of the patient. Com-
mercial ETT holders have also been shown to exert greater
force on the patient’s face, which may result in a higher risk
of pressure ulcers.13

A new ETT design, the SecureTube (see footnote 1),
has been described (Fig. 1). This tube has 2 ports, the
straight port and the side (ventilator) port. The straight port
is connected to in-line suction, and the side port is con-
nected to the ventilator tubing and is secured to the pa-
tient’s cheek by using a special holder (Fig. 2). This design
changes the direction of the pull sideward, perpendicular
to the long axis of the ETT, with the theoretical reduced
possibility of accidental dislodgement. Two securing lo-
cations also make the tube more stable and may offer
protection from accidental dislodgement.

The addition of the side port, however, may change the
resistance characteristics of the tube, which, thus, changes
the volume and/or pressure delivered to the patient, and
the altered design may affect the intubation process and
securement by the providers. The objectives of this study
were the following: (1) to study the impact of the side port
on ventilator pressure and/or volume characteristics; (2) to
evaluate the intubation experience of clinicians, including
the time required for successful intubation; and (3) to eval-
uate the understanding of the securement and manipula-
tion or adjustment of the SecureTube by nurses and respi-
ratory therapists, and to compare it with a traditional ETT
in a simulated setting (Fig. 3). The study was reviewed by
the University of Illinois College of Medicine Institutional
Review Board and was deemed to be exempt research. We
hypothesized that the SecureTube would perform as well
as a traditional tube (Mallinckrodt, Mansfield, Massachu-
setts) with regard to intubation timing (objective measure)
and experience by the providers (subjective measure), and
in a comparison of changes in pressures and volumes in
different modes of ventilation when using test lungs.

Methods

The resistive characteristics of the tubes were studied in
a simulated setting by using an AVEA ventilator (Viasys
Avea CareFusion, San Diego, California). The delivered
VT at set �P (peak inspiratory pressure [PIP] � PEEP) of
20, 25, and 30 cm H2O were measured and compared for
the traditional tube and the SecureTube (size 7.5-mm inner
diameter, cuffed). Similarly, the PIP required for the set
VT of 500, 600, and 700 mL were measured for the
traditional and SecureTube ETTs (7.5-mm inner diam-
eter, cuffed). All experiments were repeated on 2 dif-
ferent test lungs (Respironics 1L test lung [Phillips,
Murraysville, Pennsylvania] and Vital Signs 2L Breath-
ing bag [Vital Signs, GE Health Care, Totowa, New
Jersey]), with varying flows (for fixed VT) of 30, 40,
and 50 L/min and with varying inspiratory times (for
fixed �P) of 0.5, 0.75, and 1 s. The absence of an air
leak in the system was confirmed. Mean values at dif-
ferent set �P and VT for both tubes (VT and PIP, re-
spectively) and difference in generated VT and PIPs at
3 different settings were compared. Mean values were
compared by using the Student t test, whereas differ-
ences in values at 3 settings were assessed by using
analysis of variance. All measurements and analysis
were done by two of us (ST and JS), with no involve-
ment of the developer of the SecureTube (GD) to min-
imize the possibility of bias.

To evaluate if the added length and the side port would
affect intubation time by experienced providers (physi-
cians, advanced nurse practitioners [APNs], and respira-
tory therapists [RTs]), we directly measured the time to

1 United States Patent and Trademark Office March 2015 US 8,991,396 B2.

QUICK LOOK

Current knowledge

The traditional endotracheal tube (ETT) design places
an outward linear pull on the ETT by ventilator attach-
ments, which thereby posing a risk of accidental dis-
lodgement. The basic design of the ETT has remained
unchanged for several decades.

What this paper contributes to our knowledge

We described a new design for the ETT (SecureTube).
Ease of placement during simulated intubations com-
pared with a traditional ETT. Flow dynamic data showed
a mild increase in air-flow resistance compared to the
traditional ETT.
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intubate on an adult mannikin by both traditional and the
SecureTube. After viewing a 2-min introductory video of
the SecureTube and its features, all the providers (N � 11)
completed intubation attempts. Each intubation was done
in triplicate (for both the SecureTube and the standard
tube, thus 6 intubation attempts by each provider). To
prevent the impact of familiarization with the mannikin’s
airway on intubation times, the sequence (first intubation
by using the SecureTube or by using the standard tube)
was altered among the providers. The time was measured
with a smart telephone clock by a single observer (ST)
with a priori definition of start and end of intubation. At
the end of the experiment, the providers were asked to
complete an anonymous single question survey regarding
their experience with intubation with the SecureTube on a
Likert scale, with 1 being very easy and 5 being very
difficult, compared with the standard ETT. The mean � SD
times of intubation were compared by using the Wilcoxon
and Kruskal-Wallis tests for both tubes. To assess the
potential impact of varying skills between the physicians
(intensivists and anesthesiologists) and other medical staff
(APNs and RTs), intubation timings were separately ana-
lyzed for the 2 groups.

To assess the potential difficulty in securing the Secure-
Tube and cognitive and physical challenges in adjusting
the depth of insertion of the new tube, we used the NASA

task load index as a survey tool. All APNs and RTs watched
a 2-min introductory video that describes securement of
the SecureTube and functionality of its ports before per-
forming the next steps. The NASA task load index was
completed by APNs and RTs after they had an opportunity
to secure the tube, adjust the depth, and use the suction
channel. The NASA task load index is a subjective work
load assessment tool, which is used to evaluate work load
on operators who work with various human-machine in-
terface systems. It was developed in the 1980s by NASA
Ames Research Center, and it is considered the accepted
standard for measuring a subjective work load in a wide
range of applications.14

For the purpose of this study, each provider was only
asked to rank the 6 tasks on a scale of 1–21. The NASA
task load index was completed on paper, and the values
were later transferred to Excel (Microsoft, Redmond, Wash-
ington). The average rating for individual tasks among all
the survey participants and mean cumulative scores for all
tasks was calculated. Because pediatric and adult provid-
ers have very different work loads when securing ETTs
(presumably much more difficult and stressful to secure
and manipulate a pediatric ETT than an adult tube), we
also analyzed the NASA task load index score separately
for pediatric and adult providers. All statistical analyses

Side port connected to:
• Ventilator
• Capnometer
• Volume sensor

Rigid portion:
• Bite block 
• Displays depth at the fastening site

Straight port:
• Connected to in-line suction
• Used for stylet, ETT exchanger device
• Access for bronchoscope
• Built-in swivel mechanism

SecureTube holder:
• Standardized fastening

Fig. 1. The SecureTube design. ETT � endotracheal tube.
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were performed by using JMP statistical software (SAS
Institute, Cary, North Carolina). Standard descriptive and
comparative analysis was performed with parametric (Stu-
dent t test) and non-parametric (Wilcoxon and Kruskal-
Wallis tests) as applicable.

Results

On flow-resistive studies, no significant difference was
observed on average peak inspiratory pressures for differ-
ent set VT or delivered VT for different pressure controls

Side port: connected to
● Ventilator
● End-tidal CO2 monitor
● Flow sensor

Straight port: connected to
● In-line suction
● Used for stylet or ETT

exchanger device
● Access for bronchoscope
● Built-in swivel mechanism

SecureTube holder: 
● Standardized securement
● Elimination of use of tape (holder is 

affixed to the manikin with tape here, 
due to lack of adherence to plastic skin)

● Velcro strap around the head serves as 
an additional reinforcement

Rigid portion:
● Functions as a bite block
● Displays depth 

Fig. 2. The SecureTube in use. Tape was used in this photograph because self-adhesive patches did not adhere to the mannikin.

A B C

Fig. 3. The intubation process, with adjustment after radiographic confirmation. A: Intubate the patient. B: Affix the holder to the cheeks of
the patient. C: Snap the side port into the holder, adjust the straight port to the desired position, and fix the straight port.
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(�P), although the SecureTube tended toward higher peak
pressure and slightly lower VT. The difference in delivered
VT at various settings between the 2 ETTs was larger at
higher pressure control settings (from 16.6 mL at 20 cm
H2O, 38.3 mL at 25 cm H2O to 66.6 mL at 30 cm H2O,
[standard error � 10.5] with lower VT for the Secure-
Tube). This difference was statistically significant, with a
P � .01 by analysis of variance. There was no difference
in the PIP generated to deliver different VT with a mean �
SD difference of 1.16 � 0.307 cm H2O, with a higher peak
pressure with the SecureTube (Table 1).

A comparison of the mean time to intubate for all pro-
viders (33 separate attempts on both tubes by 11 provid-
ers) showed no significant difference (mean 11.1 � 4.8 s
for traditional tube vs 9.9 � 3.5 s for the SecureTube,
P � .39). A separate analysis for intubation attempts for
APNs and RTs (all with traditional intubating responsibil-
ities) and physicians also showed no significant difference
(Table 2). All the participants in the intubation attempts
ranked the difficulty of intubation with the SecureTube to
be very easy compared with the standard tube (data not
shown).

The work load in securing the tube, manipulating the
depth, and suctioning with the SecureTube showed very
low task loads on all 6 tasks (mental demand, physical

demand, temporal demand, performance, effort, and frus-
tration). The overall score for all the providers (n � 26, 5
RTs and 21 APNs from both pediatric and medical ICUs)
for all domains was 3.04 � 1.9 (on a scale of 1–21 [1 is
very low and 21 is very high demand]). The lowest score
was for physical demand (mean 2.7 � 2.08) and effort
(mean 2.7 � 1.7), while highest was for frustration (mean
3.1 � 2.8). We separately analyzed scores for the pediatric
providers and adult providers. Although the difference be-
tween them was not significant, pediatric providers gen-
erally gave higher task load with an overall mean � SD
score of 3.8 � 2.5 (n � 11) versus 2.4 � 1.2 for adult
providers (n � 15) (Table 3).

Discussion

The currently available ETTs are susceptible to un-
planned extubation due to several factors. The SecureTube
is designed to decrease unplanned extubation by providing
2 securing places. This required a significant change in
design and deviation from the traditional shape. The ad-
dition of another port, a rigid portion at the bifurcation,
and a different securing mechanism using special holder
brought up concerns about user friendliness of SecureTube
by the providers (Physicians, APNs, RTs and ICU nurses).
The right-angle insertion of the side port raised the possi-
bility of turbulence in the flow, with an effect on pressure
or volumes provided by this tube.

We used the validated NASA task load index tool to
study the effects of the different design of the SecureTube
when securing it to the holder, suctioning, and moving the
ventilator port from side to side by the APNs and RTs
from pediatric and medical ICUs. This tool evaluated the
effect on 6 tasks (mental demand, physical demand, tem-
poral demand, performance, effort, and frustration) that
could be affected by introduction of different securing and
maintenance processes of the SecureTube. The results
showed that the SecureTube posed a very low demand in
all of the 6 domains and was comparable with the tradi-
tional tube experience. These results did not vary when
adult providers were analyzed separately from the pediat-

Table 1. Flow Dynamic Comparison of the 2 Endotracheal Tubes
(A) and Difference in Delivered VT and Peak Inspiratory
Pressures for Different Pressure Controls and VT (B)

Variable Standard Tube SecureTube P*

A Set tidal volume†
500 mL 28.3 � 2.4 cm H2O 29.5 � 2.5 cm H2O .43
600 mL 30.1 � 1.6 cm H2O 31.3 � 1.9 cm H2O .28
700 mL 32.1 � 1.3 cm H2O 33.3 � 2.0 cm H2O .27

Set � pressure‡
20 cm H2O 253.3 � 66.5 mL 236.6 � 59.2 mL .65
25 cm H2O 365.0 � 89 mL 326.6 � 86.8 mL .46
30 cm H2O 476.6 � 127.6 mL 410.0 � 113.3 mL .35

Difference in
Delivered Tidal Volume

Standard Error P§

B 20 cm H2O 16.6 � 17.5 mL 10.5 .01
25 cm H2O 38.3 � 26.3 mL
30 cm H2O 66.6 � 31.4 mL

Difference in PIP Generated

500 mL 1.16 � 0.75 cm H2O 0.30 �.99
600 mL 1.16 � 0.40 cm H2O
700 mL 1.16 � 0.98 cm H2O

* Student t test.
† Average values for 3 different inspiratory times (0.5, 0.75, and 1 s) and 2 different bags
(Respironics and Vital Signs).
‡ Average values of 3 different flows (30, 40, and 50 L/min) and 2 different kinds of bags
(Respironics and Vital Signs).
§ Analysis of variance.
VT � tidal volume
PIP � peak inspiratory pressure

Table 2. Comparison of the Average Time to Intubate Between the
2 Tubes

Provider
Traditional Tube,
Average � SD (s)

SecureTube,
Average � SD (s)

P*

Nurse practitioners and
respiratory therapists

11.4 � 4.6 10.2 � 2.9 .50

Physicians (intensivists
and anesthesiologists)

10.9 � 5.1 9.6 � 3.9 .49

Overall 11.1 � 4.8 9.9 � 3.5 .39

* Wilcoxon and Kruskal-Wallis tests.
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ric providers; this supported that the process of securing as
well as manipulating the SecureTube did not increase the
complexity of tube management compared with the tradi-
tional ETT.

ETTs significantly contribute to air-flow resistance,
which physiologically reflects the work imposed on the
patient.15 Air-flow resistance has been measured in both
in vitro models and in vivo settings.16 Several factors that
contribute to airway resistance from the ETT include the
diameter and length of the tube; flows; any deformation;
secretions; and the geometry, particularly, the curva-
ture.15,16 Standard tubes have an abrupt change in the cross-
sectional area at the tube adapter that connects the venti-
lator support tubing with the ETT, this has been shown to
cause expiratory flow resistance values that are 10% larger
than the inspiratory flow resistance values16,17; the Secure-
Tube has a uniform internal diameter and thus potentially
obviates this possibility.

However, we did measure a drop in the exhaled tidal
volumes when using the SecureTube at comparable in-
spiratory pressures to the traditional tube. Although this
was statistically significant, it can be mitigated by using
higher pressures. The ventilator tubing connects to the side
port of the SecureTube, which is at a 90° angle to the main
axis of the ETT. There is a theoretical concern that the
right angle could result in turbulenct air flow and cause a
further increase in the resistance; however, a previous study
showed only a 3% increase in the airway resistance when
the ETT was curved at 90°.18 In addition, it has been
shown that the geometry of the tube affects the turbulence,
such that a curved tube may allow the laminar flow at a
Reynolds number, which otherwise would suggest turbu-
lence if the tube were straight.19

The current study had several limitations: (1) it was
single center study, (2) used only one size of ETT (7.5-mm
inner diameter) for the comparison, (3) was performed in
simulated settings by using the mannikin and test lungs,
and (4) we did not study the effect of the side port on the
possible addition of dead space to the ventilator circuit.
The mannikin plastic skin posed a challenge during se-
curement with tape or another adhesive method and caused

difficulty in interpretation of the effectiveness of secure-
ment for both the traditional tube and the SecureTube.

Conclusions

The SecureTube performed equally well in subjective
and objective evaluations when compared with the tradi-
tional tube. The providers reported a very easy process of
intubation, and the different design did not pose any ad-
ditional burden during its securement, manipulation, or
maintenance.
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