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Abstract
Background: Endotracheal tube (ETT) with a tapered-shaped cuff had an improved sealing effect when compared to ETTs with a
conventional cylindrical-shaped cuff. Positional change and neck movement typically displace an ETT and change the intracuff
pressure. The aim of the current study was to compare the ETT cuff pressure in the TaperGuard ETT vs the conventional ETT after a
change from the supine, neutral position to the extension of the neck and semi-Fowler position for thyroid surgery.

Methods: This prospective, randomized clinical trial included 50 patients undergoing thyroidectomy. Patients were randomly
allocated into one of the 2 groups: tracheal intubation with the TaperGuard ETT or with a conventional ETT. The ETT cuff was inflated
with air and the ETT cuff pressure was set initially at 20cmH2O using a calibrated cuff manometer. ETT cuff pressure and distance
from carina to ETT tip were measured at supine and semi-Fowler positions with neck extension.

Results: After the position change, the ETT tip migrated cephalad and cuff pressure increased in the majority of cases. ETT cuff
pressure was significantly higher in the TaperGuard group than the conventional group (28.0±6.6cmH2O and 22.8±4.5cmH2O,
respectively, P= .001). The degree of cephalad displacement of the ETT tip was comparable between the 2 groups (19.4±6.31mm
in TaperGuard group and 21.9±6.9mm in conventional group, P= .12).

Conclusions: After the position change from supine to hyperextension of the neck, the ETT cuff pressure was higher in the
TaperGuard ETT than in the conventional ETT, although the extent of displacement of the ETT was comparable between the 2
groups.

Abbreviations: ETT = endotracheal tube, ICU = intensive care unit.
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1. Introduction

Appropriate endotracheal tube (ETT) cuff pressure is required for
positive pressure ventilation during general anesthesia. Appro-
priate cuff pressure is 20 to 30cmH2O, and when the pressure is
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low, adequate ventilation may be impaired due to gas leakage.[1–4]

Conversely, when the pressure is high, the airway mucosa may be
pressed upon which can cause various complications.[1,4,5] The
ETT cuff pressure can be affected by several issues such as patient
factors (e.g., differences in the size of the trachea and thepositionof
the ETT cuff), anesthetic factors (e.g., intraoperative use of
high airway pressure and nitrous oxide), and cuff related factors
(e.g., differences in cuff compliance, diameter, thickness, and
geometry).[6–13]

Thyroidectomy is a widely performed procedure requiring a
specific surgical position that can facilitate exposure of the
anterior neck. A roll can be placed transversely under the
scapulae to achieve neck extension. However, this position can
affect the ETT cuff pressure during surgery and increase
postoperative airway complications.[14]

Use of an endotracheal tube with a tapered-shaped cuff
(TaperGuardTM ETT, Covidien, Athlone, Ireland) improved the
sealing effect compared to the ETT with a conventional
cylindrical-shaped cuff (Mallinckrodt ETT, Covidien, Athlone,
Ireland).[15] Lower cuff pressure was required with TaperGuard
ETT to obtain an adequate seal compared to conventional
ETT.[12] However, in some recent studies, TaperGuard ETT has
been shown to increase the cuff pressure more than the
conventional ETT after a position change during surgery.[16,17]

In prior studies, the surgical position was either lateral frank
position or supine position with lateral rotation of head. Such
position changes were related to lateral movements of the neck
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and body. However, there are only a few studies in which is the
cuff pressure change following anterior-posterior movement
during the surgery is compared.
The aim of the current study was to compare the ETT cuff

pressure in the TaperGuard ETT to the conventional ETT after a
change from the supine, neutral position to neck extension and
semi-Fowler position for thyroid surgery. In addition, we
compared the extent of ETT displacement by measuring the
distance from carina to the ETT tip.
2. Methods

2.1. Study population

This study was approved by the Institutional Review Board of
Keimyung University, Dongsan Medical Center (IRB ref No:
DSMC2016-05-032-001) and registered at clinicalTrials.gov
(NCT02949856). A total of 50 patients undergoing open
thyroidectomy with American Society of Anesthesiologists
physical status I-III with ages ranging from 18 to 70years were
included. Exclusion criteria were patients with difficult airway,
history of previous neck surgery, limitation of neck motion, and
BMI of greater than 35kg/m2. Informed consent was obtained
from all patients.
2.2. Study procedures and anesthesia

Patients were randomly allocated into one of the 2 groups:
tracheal intubation with the TaperGuard ETT (n=25) or with a
conventional ETT (n=25) using a computer-generated randomi-
zation program. The randomization process was performed by a
resident who was not involved in this study.
The patients were given 7.5mg of midazolam orally the night

before surgery. One hour prior to surgery, 0.2mg of glyco-
pyrrolate and 2 to 2.5mg of midazolam were administered by
intramuscular injection premedication. In the operating room,
patients were monitored using noninvasive arterial blood
pressure, pulse oximetry, and electrocardiography (Tram-rac
4A, GE Medical System, Milwaukee, WI, USA). Bispectral index
scale monitoring (bispectral index scale VISTA monitoring
system, Aspect Medical Systems Inc., Norwood, MA, USA) was
used to monitor the depth of anesthesia. The patients’ heads were
positioned on a 5cm high head rest. General anesthesia was
induced by propofol 2mg/kg, rocuronium 0.8mg/kg, with target
controlled infusion of remifentanil 4 to 5ng/mL (Orchestra Base
Primea, Fresenius Kabi, Brezins, France). Anesthesia was
maintained with 1.5% to 3% vol sevoflurane and 2.5L/min of
an oxygen-air mixture. Train-of-four (TOF-Watch, Organon
Ireland Ltd., Dublin, Ireland) was used through the ulnar nerve
stimulation for neuromuscular monitoring and determining the
need for an additional dose of rocuronium. Volume-controlled
ventilation with a tidal volume of 8mL/kg predicted by body
weight and an adequate respiratory rate were set to maintain
normocapnia in patients.
Endotracheal intubation was performed using ETT with an

internal diameter of 7.0mm for women and 7.5mm for men,
respectively. ETT was positioned so that the vocal cords were
located between the 2 markers on the tube shaft. The ETT was
fixedwith tape at the right corner of the mouth. The ETT cuff was
inflated with air and the ETT cuff pressure was set initially at 20
cmH2O using a calibrated cuff manometer (MallinckrodtTM

hand pressure gauge, Covidien, Neustadt an der Donau,
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Germany) in the supine, neutral position. Subsequently, the
distance from the carina to ETT tip was measured by means of
fiberoptic bronchoscope (LF-GP, Olympus, Tokyo, Japan) using
the drawback technique by Weiss et al.[18] Position change from
the supine, neutral position to the thyroidectomy position was
achieved; neck extension by placing thyroid pillow (Emtas, Seoul,
Korea) and semi-Fowler position by adjusting the surgical table.
During the position change, the ETT was held immobile by the
anesthesiologist to prevent unintentional displacement.
After the position change, the ETT cuff pressure and the

distance from the carina to ETT tip were measured again using
the same method. The ETT cuff pressure was readjusted to 20
cmH2O as necessary.
2.3. Outcomes measurements

The overall incidence of postoperative airway complications such
as sore throat, hoarseness, and dysphagia were evaluated and the
severity of postoperative sore throat were graded immediately
after the operation at the post-anesthesia care unit, and at 12
hours and 24hours postoperatively in the general ward. A sore
throat was evaluated as follows: Severe manifestation of
hoarseness or change in vocalization that is related to throat
discomfort; moderate complaint of POST spontaneously; mild
complaint of POST only when asking; or the absence of a sore
throat.
The primary endpoint of the current study was the cuff

pressure change after position change. The second endpoint was
the ETT displacement after position change.
2.4. Statistical analysis

According to a previous study,[16] themean (SD) difference in cuff
pressure between 2 ETTs was 6 (7) after position change.
Assuming that the difference and SD were equal to the previous
study, 25 patients would be needed in each group (a=0.05, b=
0.2, dropout rate 10%). Statistical analysis was performed using
SPSS 23.0 for Windows (IBM, Chicago, IL). The cuff pressure
changes and displacement of the ETT tip were compared using
independent t-tests, the overall incidence of postoperative airway
complication was compared using a Chi-Squared test, and the
severity of sore throat was compared using independent t-test or
Mann–Whitney U test.
3. Results

A total of 54 patients for open thyroidectomy from July 2016 to
April 2017 were enrolled. Four patients were excluded from the
study, 2 as they did not meet inclusion criteria and 2who declined
to participate. The remaining 50 patients were randomly placed
in the TaperGuard group or conventional group. One patient of
each group was dropped out due to failure of tracheal intubation
at first attempt (Fig. 1).
Demographic and anesthetic data regarding patients’ clinical

characteristics, duration of surgery and anesthesia, and tidal
volumes were comparable between the 2 groups (Table 1).
No air leakage occurred after cuff inflation or position change

in either group. After the position change from the supine, neutral
position to the thyroidectomy position, the ETT cuff pressure was
significantly higher in TaperGuard group compared to the
conventional group (28.0±6.6cmH2O and 22.8±4.5cmH2O,
respectively, P= .001) (Table 2). The incidence of cuff pressure



Table 1

Demographic and anesthesia Data.

TaperGuard group (n=24) Conventional group (n=24)

Age (yr) 41.5±14.2 43.0±12.5
Sex (F/M) 20/4 21/3
Height (cm) 158.9±8.4 157.4±5.0
Weight (kg) 61.7±6.7 59.7±8.2
ASA class I/II/III 18/5/1 18/6/0
Duration of anesthesia (min) 95.1±16.7 92.6±15.3
Duration of operation (min) 62.6±14.7 61.8±14.5
Amount of infused remifentanil (mg) 528±143 500±122
Cormack-Lehane grade 1/2/3 9/13/2 8/13/3
Intubation time (sec) 29.5±4.8 30.6±8.5
Tidal volume (mL) 483±56 461±52
Peak airway pressure (cmH2O) 15.7±2.2 15.3±2.6

Values are presented as mean± standard deviation, or number of patients. ASA = American Society of Anesthesiologists.

Table 2

Cuff pressure change and tube displacement after position change.

TaperGuard group (n=24) Conventional group (n=24) P value

ETT cuff pressure (cmH2O) 28.0±6.6 22.8±4.5 .001
Cuff pressure >30cmH2O 6 (25%) 0 (0%) .01
ETT cephalad displacement (mm) 19.4±6.3 21.9±6.9 .12

Values are presented as mean± standard deviation, or number of cases (%). ETT = endotracheal tube.

Assessed for eligibility (n=54) 

Excluded (n=4) 
♦  Exclusion criteria (n=2) 
♦   Declined to participate (n=2) 

Analysed  (n=24) 
♦ Excluded from analysis (n=0) 

Lost to follow-up (n=0) 
Discontinued intervention (n=1) 

Allocated to TaperGuard group (n=25) 
♦ Received allocated intervention (n=25) 
♦ Did not receive allocated intervention  (n=0) 

Lost to follow-up (n=0) 
Discontinued intervention (n=1) 

Allocated to conventional group (n=25) 
♦ Received allocated intervention (n=25) 
♦ Did not receive allocated intervention  (n=0) 

Analysed  (n=24) 
♦ Excluded from analysis (n=0) 

Alloca�on  

Analysis  

Follow -Up 

Randomized (n=50) 

Enrollment  

Figure 1. CONSORT diagram for the current study. Fifty patients were randomly placed in one of 2 groups, 48 of which were included in the final analysis.
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Table 3

Overall incidence of postoperative airway complication.

TaperGuard group (n=24) Conventional group (n=24) P value

Sore throat 16 (67%) 15 (63%) .763
Hoarseness 9 (38%) 10 (42%) .768
Dysphagia 2 (8%) 3 (12%) .999

Values are presented as number of patient (%).
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elevation above 30cmH2O was significantly higher in Taper-
Guard group compared to conventional group (6 patients and 0
patients, respectively, P= .01) (Table 2).
The extent of cephalad displacement of ETT tip after the

position change from the supine, neutral to the thyroidectomy
position was comparable between the 2 groups (19.4±6.31mm
in TaperGuard group and 21.9±6.9mm in conventional group,
P= .12) (Table 2).
There was no significant difference in the overall incidence of

postoperative airway complications and severity of postoperative
sore throat between the 2 groups (Tables 3 and 4).
4. Discussion

Position changes in intubated patients alter the ETT position in the
trachea, resulting in changes to cuff pressure.[19–21] ETT cuff
pressure changes in response to movement as the trachea is not
cylindrical in shape and the inner diameter changes along its
course.[22–25]The general position for thyroidectomy involves neck
extension and the semi-Fowler position. While the semi-Fowler
position does not alter ETT cuff pressure, neck extension causes
cephalad migration of the ETT and increases ETT cuff
pressure.[19,21] Kim et al[16] described that when the ETTmigrates
cephalad adjacent to narrower and less compliant airway
structures, such as the cricoid cartilage, the cuff is compressed,
and the cuff pressure is elevated according to Boyle’s law, that is, if
the temperature and amount of gas remain unchanged within a
closed system, the pressure and volume of a gas are inversely
proportional. In the present study, the cuff pressure also increased
as the ETT moved toward vocal cord in both groups. While the
extent ofETTmigrationwascomparablebetween the2groups, the
cuff pressure was significantly increased in the TaperGuard ETT
Table 4

Severity of postoperative sore throat.

TaperGuard group (n=24)

At PACU
None 9 (33%)
Mild 9 (42%)
Moderate 4 (17%)
Severe 2 (8%)

Postoperative 12h
None 9 (29%)
Mild 8 (42%)
Moderate 4 (17%)
Severe 3 (12%)

Postoperative 24h
None 12 (50%)
Mild 10 (42%)
Moderate 2 (8%)
Severe 0 (0%)

Values are presented as number of patient (%). PACU = postanesthesia care unit.

4

group. Since the various factors that can affect the cuff pressure are
the same, this result implies that the difference in the cuff pressure
increment is not due to displacement of the ETT but rather due to
geometric difference of the cuff.[16] The conical shape of the
TaperGuard tube cuff, the smaller cuff volume and the narrower
tracheal contact area of the TaperGuard tube may result in higher
cuff pressure related to ETT movement.
The TaperGuard ETT reduces the area of tracheal impact and the

cuff pressure required to obtain an adequate seal when compared to
a cylindrical ETT.[12,15,26,27] A recent study reports that a tapered
cuff reduces the incidence and severity of postoperative sore throat
and hoarseness.[28] This outcome was obtained by maintaining the
cuff pressure at 25cmH2O upon rechecking every 30minutes. As
intraoperative position change is common, ETT cuff pressure may
not be constant in throughout the surgery, resulting in even greater
pressure change using the TaperGuard ETT.[16,17] Even in short
surgical procedures, it is necessary to readjust the cuff pressure
appropriately during surgery.
Intubation is commonly performed in the intensive care unit

(ICU) as well as in the operation room. Compared to the
operating room, patients in the ICU have a longer duration of
intubation, so it is necessary to maintain appropriate cuff
pressure within a stricter range. Position changes can often occur
during procedures such as central vein cannulation, wound
dressing, and log roll for prevention of pressure ulcers. Lizy
et al[21] studied the relationship between various position and
conventional ETT cuff pressure in the ICU and reported that the
cuff pressure increased in many positions. Since the TaperGuard
ETT reduces microaspiration of subglottic secretions which is
considered the major pathogenic mechanism of ventilator
associated pneumonia,[15,29] it can be widely used in the ICU.
More attention should be paid to the use of the TaperGuard ETT
Conventional group (n=24) P value

.999
9 (38%)
10 (42%)
3 (12%)
2 (8%)

.999
10 (25%)
7 (46%)
5 (21%)
2 (8%)

.999
13 (54%)
9 (38%)
1 (4%)
1 (4%)
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in the ICU as position change may result in greater increment of
cuff pressure compared to the conventional ETTs.[16,17]

There is a close relationship between elevated ETT cuff
pressure and postoperative airway complications such as sore
throat, hoarseness, and cough.[4] When the pressure is above 30
cmH20, the blood supply to the tracheal mucosa begins to
decrease and causes injury.[4,22] Even in procedures with short
duration, high ETT cuff pressure has been reported to result in
postoperative complications.[4] In the present study, there were 6
patients whose cuff pressure elevated above 30cmH2O in the
TaperGuard group compared to 0 in the conventional group.
However, the incidence of postoperative airway complications
and severity were comparable between the 2 groups. This
occurred as after position change for thyroidectomy, the ETT tip
placement and the cuff pressure were measured and then the cuff
pressure was readjusted to 20cmH2O. While the current study
showed comparable incidence between the 2 groups, a higher
incidence of postoperative airway complications occurred (sore
throat 67% vs 63%). It is postulated that this is due to the
thyroidectomy procedure itself. Postoperative sore throat is a
common airway complication of patients undergoing thyroidec-
tomy, with an incidence of 62% to 84%.[30–32]

This study had several limitations. First, investigators were not
blind to conditions, which may have introduced a possible source
of bias. Blinding was impossible in this study because the type of
ETT was difficult to keep hidden from the investigators. Second,
postoperative complications were comparable between both
groups. It was difficult to explain the relationship between cuff
pressure and complications since the study protocol was to
readjust the cuff pressure. Moreover, complications of thyroid-
ectomy itself had similar postoperative effects such as sore throat,
making it difficult to clarify the relationship between the type of
ETT cuff and complications. Third, the initial cuff pressure was
set to 20cmH2O which was the conventional pressure and did
not reflect the characteristics of the TaperGuard tube. Therefore,
it may have influenced the change in cuff pressure after the
position change. Further research is needed on the appropriate
cuff pressure considering the shape of the TaperGuard tube.
Finally, this study was performed in a population of patients who
were Asian, which limited the ability to extrapolate the results to
other racial populations. Previous reports have shown that the
intraluminal diameter of the subglottis and upper trachea differ
between Indian and Western populations.[33]

In conclusion, after the change from the supine, neutral
position to the thyroidectomy position the ETT tip migrated
cephalad and ETT cuff pressure increased in most cases. The
increase in cuff pressure was significantly higher in the
TaperGuard ETT than in the conventional cylindrical ETT. This
study suggests that cuff pressure monitoring is necessary after
position change during thyroid surgery, especially in when using
tapered-shaped cuff type ETT.
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