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BACKGROUND: Unintentional extubation is a well-documented and potentially life-threatening
phenomenon. There is little research into the factors that lead to unintentional extubation, and
therefore how to prevent it. Endotracheal tubes (ETTs) are commonly secured with 1 cm twill tape,
but there is little evidence on how to best tie them in place. We have devised a new knot for securing
these tubes in place, and we have assessed its degree of slippage when exposed to both perpendicular
and sliding forces in comparison with other commonly used knots. METHODS: We constructed a
weighted apparatus to test the effects of these forces and measure whether conventional ETTs
slipped. We tested the knots both wet and dry to better simulate the clinical environment. We also
conducted a manual manipulation test in which a single operator attempted to slide the knot along
the ETT. Each knot was tested 10 times for the weight test under both wet and dry conditions, and
8 times for the slip test. RESULTS: The normal knot slipped when weighted both wet and dry, while the
clove hitch failed the weight test only when wet. Both the modified cow hitch and double hitch withstood
all weights. Only the double hitch did not slip under any circumstances on either test. CONCLUSIONS:
The new double hitch was superior to all conventional knots tested. It did not slip under any conditions
and therefore may be of use to prevent unintentional extubation, particularly in the ICU setting. Key
words: unintentional extubation; tie; twill tape; knot; double hitch; endotracheal tube. [Respir Care 0;0(0):1–•.
© 0 Daedalus Enterprises]

Introduction

Endotracheal tubes (ETTs) are commonly used to se-
cure airways of critically ill, or anesthetized patients. They
are subject to a number of external forces and slippage,
and it is well documented that these tubes are susceptible
to coming out accidentally.1 Unintentional extubation can
be a life-threatening event,2 so it is essential that ETTs are
secured in position, especially in the context of the criti-
cally ill, where patients are commonly intubated for pro-
longed periods of time.3 In clinical practice, there is a wide
variability of methods used to secure the ETT including

using adhesive tape, cloth tape ties, and commercial ETT
holders. We chose to study an improvement in the com-
mon methods used to tie ETTs.

While unintentional extubation is well documented, there
is little available evidence regarding the best way to secure
ETTs, and the literature that does exist is inconclusive.4

Twill tape is commonly used to secure these tubes, but
there is little evidence as to which knot provides maximum
security.5,6 The Royal College of Anesthetists offers no
formal guidance on the best way to secure these tubes,
stating that “the precise method of securing an ETT will
depend on the nature of the operation and the preference of
the anesthetist. What is important is that the tube is secure but
is not impeding the surgery” (personal communication, 2016).

Our study compares the usefulness of 3 commonly used
knots for securing ETTs: the simple or normal knot, the
clove hitch knot, and the modified cow hitch knot. We also
tested a novel secondary anchoring technique that we called
the double hitch. These knots were tested to assess whether
the ETTs slipped out of position, first against incremen-
tally increasing outward pull forces with taught lateral
fixation tape, and then using finger pressure with slack
lateral fixation.
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Methods

We performed an Internet literature and video search to
identify common methods for tying ETTs in critical care
patients. An artificial apparatus was created to simulate a
secured ETT being subjected to outward pull forces meant
to mimic unintentional extubation. This consisted of an
ETT (Portex, Hythe, United Kingdom) with an inner di-
ameter of 8.0 mm secured with one of the knots at the
25-cm mark, suspended between 2 surfaces with a gap of
5 cm on either side. Standard 1-cm wide synthetic twill
tape was used for each knot. The loose ends of tape were
secured in such a manner that they could not slip, creating
a stable, replicable system for assessing the strength of
each knot (Fig. 1). A sealed-envelope technique was used
to randomize the knot tied each time.

In the weight test, the slip connector at the ventilator
end of the tube was clamped and sequentially loaded against
gravity with 0.5-kg weights (up to a maximum of 5 kg),
waiting 10 s between each addition to assess whether any
slippage occurred. This was replicated 10 times with each
dry knot, and a further 10 times with the knot wetted by
submerging in water for 5 min to simulate the dampness of
clinical environment.6

In the manual manipulation test, the knots were tight-
ened to a varying degree with the perpendicular pull de-
scribed above. To simulate more insidious slippage, the
experiment was repeated using finger pressure to attempt
to slide the knot along the tube.

For both tests, a knot was said to have failed if there was
slippage of �3 cm from the defined start point. A single
individual was responsible for all knot tying, and a second
individual performed all testing to standardize conditions.

Knots Tested

The normal knot (Fig. 2) was tied with 2 left-over-right
loops then tightened. The clove hitch (Fig. 3) was tied as
per convention: 2 loops made in the tape, passed over the

tube and tightened to secure.7 The modified cow hitch
(Fig. 4) was a conventional cow hitch/lark’s head tied by
doubling the tape, passing the ends around the tube and
through the loop,8 and further secured with a normal knot.
The double hitch (Fig. 5) was a secondary fixation knot using
the free ends of tape after an ETT tie (in this case, the normal
knot) as described above. The free ends of the ETT knot tie
were passed up and around the slip connector at the end of the
tube for 1 complete turn and secured with a normal knot. The
slip connector was connected to the ventilator circuit to en-
sure that it was not impeded in any way by the double hitch
knot. The rolling (magnus) hitch, a knot similar to the clove
hitch, was not tested because previous studies have shown
only marginal differences in effectiveness (both more and
less slippage) than the clove hitch.2

Study approval was obtained from the institutional re-
view board. The study involved no human tissue or sub-
jects and was deemed to be exempt from ethical approval
in line with the Integrated Research Application System.

Statistical Analysis

The double hitch knot was compared to the 3 conventional
knots individually in each state (wet, dry, weight, and slip)
using a Fisher’s exact test and the Bonferroni correction.

Results

The double hitch was the only effective knot for the
weight (P � .001) and manual manipulation test (P � .001)
in both wet and dry conditions. The modified cow hitch
was superior to the clove hitch and the normal knot when wet
during the weight test, but it was ineffective in the manipu-
lation test. Neither the modified cow hitch nor the double
hitch slipped at any force, wet or dry, while the clove hitch

QUICK LOOK

Current knowledge

There is very little research regarding the most appro-
priate way to secure endotracheal tubes, despite being
subject to a number of external forces. Unintentional
extubation is a serious complication of tube slippage.

What this paper contributes to our knowledge

The type of knot tied onto an endotracheal tube affects
the forces that it can withstand before slippage. We
have shown, using a weighted model, that some knots
were more appropriate for securing endotracheal tubes.
The double hitch knot was capable of preventing slip-
page in our model.

Fig. 1. The apparatus used for the weight test. Weights were se-
quentially loaded to increase the force on the knot.
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slipped when wet (all 10 attempts, range 20–45 N) but not
when dry (Fig. 6). The normal knot slipped below 50 N of
force in 2 cases while dry and in all wet cases, with a range
of forces from 15–25 N.

While the modified cow hitch did not slip with weight, it
was moveable in all manual manipulation test conditions.
The only knot that did not slip in the direction of extubation
with manual force was the double hitch (Fig. 7).

Discussion

Unplanned extubation is a common and major iatro-
genic complication in the ICU with a reported incidence as
high as 2–16%.2 Complications include loss of airway,
airway trauma, bronchospasm, difficult re-intubation, car-
diopulmonary deterioration, ventilator-associated pneumo-
nia, hypoxemia, and laryngeal and pharyngeal trauma.9

Fig. 2. The normal knot. A: Overlap the 2 ends of tape. B: Pass one end through the loop created. C: Tighten. D, E, and F: Repeat steps
A–C again.

Fig. 3. The clove hitch. A: Form 2 loops in the tape (arrow). B: Overlap the loops and pass over the endotracheal tube. C: Pull tight. D: The
completed knot.
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Fig. 5. The double hitch. A: For the first knot, tie a normal knot. B: Tie a second normal knot, forming a loop to secure to the patient. C–D:
Join the 2 knots with the third knot. E: Loop free ends around slip connector. F: Tie with a normal knot and trim ends to form the finished
knot. G: The knot does not interfere with the connector attachment.

Fig. 4. The modified cow hitch. A: Make a loop and pass under/around the endotracheal tube. B: Pass the loose ends through the loop.
C: Pull ends tight. D: Pass one loose end around the tube. E: Tie a normal knot. F: Pull tight.
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Inadequate sedation has also been identified as increasing
the risk of unintentional extubation, presumably in part
due to the risk of increased forces on the ETT tie, although
there is insufficient research into this area. Nurse work
load, procedure standardization of securing the ETT, and
the use of hand restraints have been reported to reduce
unintentional extubation.1 Unintentional extubation may
also be reduced by adequate fixation of the tube, and a
better secured ETT may also allow for a concurrent re-
duction of sedation where desirable.10

We have shown that different techniques in tying ETTs
result in different strengths and different propensities for
slippage of the tube. While all 3 knots held well when dry,
this does not adequately represent the true clinical setting
during longer periods of intubation, especially with knots
tied close to the mouth. Conventional knots are able to
withstand some force before slippage, but the risk of ac-
cidental extubation is present at higher forces. The types of
forces applied to the tubes were designed to be similar to
what may occur in the clinical setting and represents the
propensity of these tubes to slip when wet.

Cloth tape is commonly used to secure ETTs, but there
is very little literature on the best way to secure the tube.11,12

Many variations can be seen, even within departments,
which perhaps represent preferences by health care staff
for ease of tying/loosening. It is, however, important to

recognize that some of these knots may not be adequate
for their purpose and may put patients at risk of uninten-
tional extubation. We have shown that 3 common conven-
tional knots are subject to slippage when external forces
are applied to the ETT, which may explain in part the
processes that cause some episodes of unintentional extu-
bation. These knots may be suitable for anesthetic usage
because of the relatively short duration of intubation in
comparison with the critical care setting.

The double hitch knot we have described is designed to
prevent tube slippage, and we have shown that it is supe-
rior to more conventional knots tested. By virtue of loop-
ing over the ventilator slip connector, there are 2 fixation
points, tethered against one another, which prevents slip-
page of the knot on the ETT in the direction that risks
extubation. Although the upper portion of the double hitch
knot is close to the connecting portion of the ETT, if
correctly tied it does not interfere with adequate connec-
tion of the ventilator tubing and therefore should have no
negative effect on clinical practice. We recommend the
adoption of the double hitch for cases of long-term intu-
bation to prevent tube slippage and ensure safety of intu-
bation.

Limitations

This study is limited in that it was not performed in a
clinical setting, and we therefore cannot be sure that we
have replicated all variables in play during unintentional
extubation. For example, the loop around the neck of the
patient can become slack or undone and risk unintentional
extubation. Every attempt was made to ensure testing was
as similar to real life as possible, although it is difficult to
fully and accurately simulate these clinical variables. We
ensured optimal tying of each knot, whereas in a clinical
setting the knots may be tied by any number of practitio-
ners in many different circumstances, which may result in
suboptimal knots on occasion.

An improvement to this study would be to allow the knots
to wait for some time to replicate the length of time that these
knots are left in situ. Over time it is reasonable to expect these
knots to loosen, and they may be more likely to slip. Knots
were soaked for only 5 min, which does not reflect the clin-
ical setting, although even this short time increased the slip-
page dramatically in all the traditional knots tested, so a fur-
ther extension of time was deemed unnecessary.

In the ICU setting, ETTs are often subject to multiple
small forces in many directions over time. These forces are
difficult to reliably replicate and therefore were not tested
in this situation. However, these small tugging forces may
be another stress on the ETT knot and may lead to unin-
tentional extubation at lower forces than shown here. An-
other limitation is that the weight test produced prolonged
forces in the same linear direction, which may not repre-

Fig. 6. The mean static force withstood before 3-cm slippage by
each knot, under both wet and dry conditions.

Fig. 7. The percentage of knots slipping � 3 cm under manual
manipulation, performed under both wet and dry conditions. The
double hitch did not slip in any instance.
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sent all forces encountered clinically, such as multidirec-
tional jerking and twisting motions. Another limitation is
that this knot can only be effective on ETTs with protru-
sions on the slip adapter; these are not present on all types
of tube, so the double hitch may not always be appropriate.

Recommendations

While conventional knots may be suitable for proce-
dures with short intubation times, we have shown that for
longer use, these knots have a propensity to slip. The risk
of unintentional extubation can be reduced through the use
of the double hitch knot reinforcing the primary knot on
the ETT, which we have shown is more effective at hold-
ing tubes in place.

Conclusion

We have demonstrated a new knot for securing ETTs.
The double hitch is easy to tie and requires minimal train-
ing. This knot reinforces conventional knots, providing a
greater ability to resist movement. By reducing outward
slippage of the ETT, this knot may reduce the incidence of
unintentional extubation and therefore improve safety for
intubated patients. We have introduced this into clinical
practice in our ICU.
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