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Background: Airway management in children is challenging because of the smaller size, dif-
ferent proportions of anatomical structures compared to adults, and a higher risk of hypox-
emia. Efforts to improve the efficiency of pediatric intubation can be made by manually
twisting a spiral endotracheal tube (ETT) using a flexible stylet to manipulate its shape and
angle.

Methods: This controlled trial randomized fifty children aged one month to six years who un-
derwent elective surgery under general anesthesia into two groups (spiral ETT [SETT] and
no-stylet ETT/standard ETT). The sETT was formed by twisting the ETT using a handmade
tool. The primary objective was to determine the effectiveness of the SETT compared to the
standard ETT in reducing intubation time. Secondary objectives were ETT placement accura-
cy, first-attempt intubation success rate, and adverse effects.

Results: The mean total tube handling time in the sETT group was significantly shorter com-
pared to the no-stylet ETT group (SETT 16.8 + 3.6 vs. standard ETT 18.8 + 3.7 seconds; P =
0.049). sETT placement had a significantly greater central placement accuracy (odds ratio,
4.846; 95% confidence interval, 1.287-18.255; P = 0.015). However, first-attempt success-
ful intubation rate (SETT 80% vs. standard ETT 64%, P = 0.208) and total intubation time
(sETT: 46.5 £ 5.2 vs. standard ETT 48.4 + 4.9 seconds; P = 0.205) were not significantly
different. No adverse effects were observed for either ETT type.

Conclusions: Spiral ETT effectively reduces total tube handling time and improves ETT
placement accuracy in children using video laryngoscopy.

Keywords: Adverse effects; Duration; Endotracheal intubation; Pediatrics; Placement accu-
racy; Spiral endotracheal tube.
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INTRODUCTION

Airway management in infants and children is unique and
challenging because of their small size and different propor-
tions of anatomical structures compared to adults [1]. Ana-
tomical differences in the pediatric airway make intubation
procedures using direct or indirect laryngoscopy more diffi-
cult. The position of the larynx in children is more anterior
and cephalad than that in adults. This laryngeal position
forms a sharp angle between the base of the tongue and the
upper opening of the larynx. A relatively large tongue limits
the manipulation of an endotracheal tube (ETT) in the oral
cavity. Attachment of the inferior part of the hyoepiglottic
ligament may also cause difficulty in placing the tip of the la-
ryngoscope in the vallecula. In addition, trauma-related air-
way edema increases the risk of airway obstruction by expo-
nentially increasing airway resistance. Physiological differ-
ences in children also lead to an increased risk of hypoxemia
and rapid desaturation [2,3].

Without intervention, clinicians have approximately three
minutes to secure a child's airway before oxygen saturation
drops to 95%, although this depends on the pathophysiolo-
gy, the patient’s condition, and many other factors [3]. De-
saturation occurs more rapidly in younger children [4].
First-attempt successful intubation is a crucial parameter in
the airway management of pediatric patients. Total intuba-
tion time also contributes to the occurrence of an adverse
event. Literature shows the importance of timing in pediatric
airway management.

Various efforts have been made to improve intubation
success rates on the first attempt, including the use of video
laryngoscopy (VL) and stylets. Utilizing a stylet significantly
reduces the intubation duration compared to using a bougie
or no stylet. However, inadequate stylet use can cause air-
way trauma [5]. The flexible stylet can be used to manipulate
the ETT into various shapes, including a hockey stick [6].
Various manipulations of the ETT angle using stylets were
found to significantly shorten intubation time. However,
blinded clinical trials in pediatric populations with a unique
airway anatomy are lacking [7,8]. A study of 302 newborns
found that stylet-assisted intubation resulted in a higher
first-attempt successful intubation rate than intubation
without a stylet, but the difference was not significant [9]. In-
tubation using an ETT manipulated into a spiral shape has
been reported to facilitate the placement of the ETT into the
glottis opening in infants with Pierre-Robin sequences [1].

Additionally, in a randomized clinical trial of infants for en-
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dotracheal intubation using a glidescope, it was found that
the use of a spiral ETT improved the accuracy of ETT place-
ment in the center of the glottis opening, resulting in a short-
er total tube handling time compared to a standard hockey
stick ETT [10]. There is potential for using spiral ETT in the
airway management of pediatric patients with VL. However,
studies on the use of spiral ETT in intubating pediatric pa-
tients with Macintosh-type VL are lacking. Therefore, we
conducted a clinical trial to evaluate whether using a spiral
ETT improves intubation success rates compared to ETT
without a stylet in pediatric patients aged one month to six
years using the McGrath™ VL.

MATERIALS AND METHODS

The study protocol was approved by the ethical committee
from the Faculty of Medicine, Universitas Indonesia - dr.
Cipto Mangunkusumo Hospital (approval no. KET-979/
UNZ2.F1/ETIK/PPM.00.02/2021). Written informed consent
was obtained from parents or guardians before patients’
participation in the study. All methods were conducted ac-
cording to the hospital’s standard guidelines and regulations
as well as the Helsinki Declaration of 1975.

Subjects and randomization

This randomized clinical trial compared the efficacy of
spiral ETT versus no-stylet ETT/standard ETT using the Mc-
Grath™ VL. We included 50 children aged one month to six
years old with an American Society of Anesthesiologists
physical status of I-III, scheduled for elective surgery under
general anesthesia with endotracheal intubation at the insti-
tution. We excluded patients who were already intubated or
had a tracheostomy or were suspected of having a foreign
body or mass in the airway, abdominal distension, obesity,
craniomaxillofacial disorder, respiratory problems, or a his-
tory of difficult intubation. Patients were also excluded if
they had congenital anomalies that could compromise the
airway, including cleft lip and palate, or a history of hyper-
sensitivity to the standard induction drugs specified in the
study protocol.

Samples were selected using a consecutive sampling
method. Randomization was performed by a research assis-
tant when the patient arrived at the operating theatre using
a computer-based block-permuted randomization tech-
nique. The subjects were assigned to two blocks/groups:
spiral ETT or no-stylet ETT, with an allocation ratio of 1:1.
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The randomization results were written on paper, inserted
into an envelope, and opened before the anesthesia induc-
tion process was started.

ETT preparation

The anesthesia team in the OR chose the size of the ETT
appropriate for the patient using Cole’s formula [(Age/4) + 4]
[11]. The research team prepared the ETT according to the
allocation group described in the envelope. Standard anes-
thesia was then induced. Spiral ETT was performed manual-
ly by inserting a soft stylet inside the cuff ETT (Rusch). Spiral
formation was performed using both hands, with the right
hand at the end of the ETT connector and the left hand at
the base of the ETT, starting with a clockwise rotation from
the end of the connector to the base of the ETT, adjusted
with the laryngoscope. The ETT was rotated 90° using a tool
developed by the researcher to achieve the same angulation
as each spiral ETT (Fig. 1). There was no noticeable differ-
ence in the number of spirals for the different tube sizes. The
spiral was maintained in the shape of the letter S, and not in
a coil shape. The procedure was performed without touch-
ing the distal three-quarters of the ETT by keeping the part
inside the plastic to keep the ETT clean. The ETT was con-
structed before anesthesia induction and given to the intu-
bator immediately before intubation.

Intubation and data collection

Anesthesia induction procedures were performed accord-
ing to standard hospital procedures, followed by laryngosco-
py and endotracheal intubation. Four second-year anesthe-
sia residents performed the intubation procedure during the

pediatric anesthesia rotation. They were familiar with using
the McGrath™ VL and inserting an ETT with or without a
stylet. All residents had similar experiences using the Mc-
Grath™ VL. Second-year residents learned about pediatric
airway management during pediatric anesthesia rotations.
In this case, we expected that they would not be experts in
endotracheal intubation of children. Laryngoscopy using
McGrath™ VL was performed until the best view of the lar-
ynx was obtained (Cormack-Lehane 1 or 2). Two researchers
observed the view from the VL during laryngoscopy and en-
dotracheal intubation, and the ETT position was declared
when approaching the larynx (Fig. 2). The intubation process
was recorded using video to obtain accurate time measure-
ments. ETT placement was confirmed using VL visualization,
followed by symmetrical breath sounds of the lung, and fi-
nally by the presence of normal end-tidal carbon dioxide
waves. Each confirmation method was performed by the
same residents to reduce the time variation between meth-
ods. Any difficulties encountered during the intubation pro-
cess that could cause the subject to fall into the dropout cri-
teria was handled, and appropriate action was taken by
alerting the difficult airway team when the intubator en-
countered two failed intubation attempts with the VL.

Total tube handling time was defined as the time (in sec-
onds) after the larynx was well-visualized with the VL until
all appropriate parts of the ETT entered the larynx, meaning
that the tip of the ETT was inserted into the trachea until it
reached the black line on the ETT. Total intubation time was
defined as the time (in seconds) after the laryngoscope
touched the lips until confirmation of ETT placement by
capnography. Time was assessed using a stopwatch and re-
corded to a precision of one decimal place. ETT placement
accuracy involved placing the ETT tip in the glottic rim area.

Fig. 1. (A) ETT Spiral inside the plastic cover and (B) shaping the spiral ETT. ETT: endotracheal tube.
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Anterior

Fig. 2. (A) The best view before ETT insertion and (B) the tip of the ETT approaching the larynx, (C) the placement site of the ETT at the

larynx. ETT: endotracheal tube.

An independent anesthetist assessed the tube placement
accuracy. The subjects were assessed for the presence of
tube-related airway trauma, post-extubation hoarseness,
and complications.
2 at+Zy )
N=2x 2 XS
)

2

Statistics

The data were verified and processed using SPSS Version
21.0 (IBM Co.). The sample size was calculated using the fol-
lowing formula (statistical superiority design with the pri-
mary outcome measure as a continuous variable) [12]:

Where,
N = size per group
z = the standard normal deviation of « and § (derived from 1
- power of 80%). Hence, a = 0.05, = 0.2
8 = a clinically acceptable margin = 2.8 seconds (from Min
etal. [10] study) S= polled standard deviation of both groups
=5
N=2x (1.96+O.845 )ZX 52=50
2.8

Thus, this clinical trial required a minimum of 50 partici-
pants.

Data were processed using descriptive and analytical
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methods. Analysis was performed according to the manu-
facturer’s protocol. Data normality was tested using the
Kolmogorov-Smirnov test (normally distributed with a P val-
ue > 0.05). Categorical data were analyzed using the Chi-
square or Fisher’s exact test, while numerical data were ana-
lyzed using an independent #-test or Mann-Whitney test (if
the data distribution was not normal). Results were consid-
ered significant if the P value was < 0.05.

RESULTS

A total of 50 subjects were randomized into two groups:
spiral ETT (25 subjects) and standard ETT (25 subjects) (Fig.
3). We recruited all subjects after obtaining approval from
the relevant ethical committee for a total duration of two
months for data collection. No follow-up was performed.

The age of the subjects is presented as the median value
(minimum-maximum) due to the non-normal distribution
of data, while body weight is presented as the mean + SD
due to its normal distribution. The body weight of the spiral
ETT group had a mean of 11.84 kg with a standard deviation
of 4.79 kg, while the standard ETT group had a mean of 10.54
kg with a standard deviation of 5.14 kg (Table 1).

The mean total tube handling time was significantly
shorter in the spiral ETT group than in the standard ETT
group (P = 0.049). However, the mean total intubation time
was not significantly different, although the spiral ETT
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Accessible population

Accessible population:

A4

Did not fulfill inclusion criteria: n = 24
Excluded by exclusion criteria: n = 172

A4

Research sample

A4

Standard ETT group
(n = 25) population

(n=50)
Randomization
Y
Spiral ETT group
(n = 25) population
» Dropout:n=0
A4

A 4

Dropout: n=0

A 4

Spiral ETT group
(n = 25) population

Standard ETT group
(n = 25) population

Fig. 3. Research scheme.

Table 1. Demographic Characteristics of Research Subjects

Table 2. Comparison of Intubation Procedure

Groups Groups
Characteristics Standard ETT Spiral ETT Variable Standard ETT ~ Spiral ETT P value
(n = 25) (n = 25) (n = 25) (n = 25)
Age (mo) 27 (2-65) 25 (2-71) Total intubation time 484 + 49 465 + 5.2 0.205
Body weight (kg) 10.54 + 5.14 11.84 + 4.79 (seconds)
Bodly height (cm) 8068 + 16.50 8028 + 1714 Total tube handling 18.8 + 3.7 16.8 + 3.6 0.049%
time (seconds)
ASA physical status Number of attempts
ASAI 14 (56.0) ©(360) > One time 9 (36.0) 5 (20.0) 0.208
AS,.A Il 11 (44.0) 16 (64.0) First time success 16 (64.0) 20 (80.0)
ETT size ETT placement
ETT 4.0 7 (28.0) 8(32.0) accuracy
ETT4.5 8(32.0) 8(32.0) Not central 12 (48.0) 4 (16.0) 0.015%
ETT5.0 7(28.0) 6(24.0) Central 13 (52.0) 21 (84.0)
ETT5.5 3(12.0) 3(12.0) Values are presented as mean + SD or number (%). ETT:

Values are presented as mean (range), mean = SD, or
number (%). ETT: endotracheal tube, ASA: American Society of
Anesthesiologists. Mann Whitney U test, Independent t-test, Chi-
Square test.

group had a shorter intubation time. A significant associa-
tion was found between ETT type and ETT placement accu-
racy, where the use of a spiral ETT had a greater likelihood
of central ETT placement than standard ETT placement (P
= 0.015) (Table 2).

We found no trauma related to tube placement in either
group. Similarly, no post-extubation hoarseness or croup
was recorded in any subject.

www.anesth-pain-med.org

endotracheal tube. Independent t-test, Chi-Square test. *P value <
0.05 denotes a statistically significant.

DISCUSSION

Our study found that intubation using a spiral ETT result-
ed in a significantly shorter mean total tube handling time
than using the standard ETT. However, no statistically signif-
icant differences were found in the mean total intubation
time or successful first-attempt intubation rate between the
spiral and standard ETT. Spiral ETT demonstrated a signifi-
cantly higher central placement accuracy than standard
ETT. No adverse effects were observed after intubation with
either ETT type. The use of a spiral ETT was first reported in
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a case report by Lillie et al. [1], who utilized a spiral ETT to
intubate a 40-week-old child with a suspected Pierre-Robin
sequence. The patient had a small mandible and large
tongue, causing altered respiratory distress. A spiral ETT was
used after three failed intubation attempts using a Glides-
cope and standard ETT. The spiral ETT provided a sufficient
angle to pass through the inlet of the anterior vocal cord and
avoid contact with the glottis [1]. The angle of the ETT tip was
adjusted to the angle of the blade used, as in the standard
ETT. The spiral ETT provided a sufficient angle to position
the ETT in the center of the upper laryngeal inlet [10]. We
used the no-stylet ETT as the control group because this is
the standard practice in our institution, particularly for
non-anesthesiologists.

In this study, the spiral ETT group had a younger median
age and higher mean body weight than the standard ETT
group. Nikhar et al. [13] reported that intubation predictors
were most influenced by height (P = 0. 001), followed by age
(P = 0.04). Lower height and age were associated with lower
geniohyoid, thyromental, and sternomental distances, lead-
ing to increased intubation difficulty. A study by Heinrich et
al. [14] on 11,219 children showed that younger age was as-
sociated with a higher Mallampati score (III/IV), in which
the Mallampati III/IV group was significantly associated
with difficult intubation (P < 0.001). In addition, American
Society of Anesthesiologists class III/IV and low body mass
index were significantly associated with difficult intubation
(P < 0.001) [14].

This study found a significant relationship when compar-
ing the average total tube handling time between the spiral
and standard ETT, where the spiral ETT showed a shorter av-
erage time than the standard ETT. Similar results were shown
in a study on 86 infants and neonates in South Korea by Min
et al. [10]; the average total tube handling time in the spiral
ETT group was significantly different from the standard ETT
group (15.4 + 4.7vs. 18.2 + 5.3 seconds, P = 0.012). However,
a three to five-second duration was not clinically significant
in reducing complications during endotracheal intubation in
children. In contrast, the total intubation time showed no
statistically significant results between the two types of ETT
groups, although the average spiral ETT was shorter than the
standard ETT (46.5 + 5.2 vs. 48.4 + 4.9 seconds; t = 1.3; P =
0.205). To date, no study has compared the total intubation
time of spiral ETT with that of other types of ETT. A me-
ta-analysis by O'Shea et al. [9], which compared the orotra-
cheal intubation process using an ETT with and without a
stylet in infants, showed that there was no significant differ-
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ence between stylet use and total intubation time (P = 0.23),
where the median total duration time in the ETT group with
a stylet was 43 seconds (IQR 30-60 seconds), and the ETT
group without a stylet was 38 seconds (IQR 27-57 seconds).
Another study by Omur et al. [6] comparing intubation pro-
cedures with various types of stylets and without stylets on
mannequins showed that the total intubation time with vari-
ous types of stylets showed significantly different results (P =
0.009), where the shortest total intubation time was obtained
in the ETT group with a D-blade type stylet (37.4 + 13.3 sec-
onds) and the longest total intubation time was identified in
the ETT group without a stylet (55.0 + 19.3 seconds).

A difference in significance between total intubation time
and total tube handling time is possible, although by defini-
tion, total tube handling time is one of the components of to-
tal intubation time. This significant difference is thought to re-
sult from the lower strength of significance (P = 0.049); there-
fore, a slight difference in time outside the total tube handling
time can cause a decrease in the significance of total intuba-
tion time to the point of insignificance. One factor that can
cause differences in time outside of the total tube handling
time is operator difference. Operator difference was defined
as the difference in the ability of each operator to perform in-
tubation, including the processes of laryngoscopy and ETT
insertion. For example, some operators tended to slowly visu-
alize the glottis with a laryngoscope, leading to a longer total
intubation time, but could insert an ETT quickly, which con-
tributed to a shorter total tube handling time, and vice versa.

Successful intubation in one attempt is associated with a
reduced risk of complications during intubation and reduced
time needed for intubation, which, in turn, reduces the expo-
sure time of health workers to potential pathogens [15]. The
relationship between the number of attempts and ETT type
was not significant (P = 0.208). However, the data revealed
that the percentage of successful first-attempt intubations in
the spiral ETT group was greater than that in the standard
ETT group (80% vs. 64%). The results showed that the use of
a spiral ETT increased the percentage of successful first-at-
tempt ET intubations. Min et al. [10] also demonstrated simi-
lar results, where the ETT type was not significantly associat-
ed with one intubation attempt, with the percentage of one
attempt in the spiral ETT group being greater than that in the
standard ETT group (100% vs. 98%).

In this study, spiral ETT was significantly associated with
greater central placement accuracy than standard ETT (84%
vs. 52%; P = 0.015). A study by Min et al. [10] also demon-

strated similar results; spiral ETT had a significantly higher
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central placement accuracy than standard ETT (88% vs. 47%;
P < 0.001). In intubation with standard ETT, off-center
placement of the ETT tip indicated contact with the perila-
ryngeal region in 48% of the subjects, and most of the con-
tact occurred on the right side of the perineal region, fol-
lowed by the posterior and anterior regions [10]. The pres-
ence of such contact may cause swelling of the tissues
around the larynx, which may prolong intubation time [10].
Similarly, Lilie, et al. [1] reported that twisting the stylet into
a spiral shape may improve the maneuverability of the ETT
and its central placement. In comparison, a meta-analysis
by O'Shea et al. [9] showed that local trauma to the tissues
around the endotracheal region, which suggests contact be-
tween the ETT and the area around the larynx, was not sig-
nificantly different between the two groups (10% with a sty-
let vs. 13% without a stylet; P = 0.49). Thus, although not
significant, intubation with a stylet can reduce the risk of
complications [9]. We realize that gentle placement of an
ETT without a stylet was unlikely to induce trauma. Howev-
er, this becomes a significant concern when the intubation
procedure is performed in a complex environment, such as
an emergency department, and the operator is not an expert
in ET intubation in children. Various adverse effects can oc-
cur during and after intubation, including dental trauma, lip
laceration, aspiration, mucosal bleeding around the larynx,
pneumothorax, and hoarseness [16]. In this study, the side
effects assessed were airway trauma (oropharynx, dental,
croup) and desaturation to less than 90%. Our study found
no adverse events in patients who underwent spiral or stan-
dard ETT intubation. Similarly, Jaber et al. [15] showed that
the use of stylets in ETT was not significantly associated with
intubation-related complications; the percentage of compli-
cations in ETT with stylets was lower than that in ETT with-
out stylets (38.7% vs. 40.2%; P = 0.64). In the same study, the
incidence of traumatic injury in both types of ETT groups
was not significantly related, with the incidence in the ETT
group with a stylet being greater than that in the ETT with-
out a stylet (4% vs. 3.6%; P = 0.76) [15].

Several limitations are identified in this research. First,
this study was not blinded; even though the research team
tried to use recorded videos to assess time and accuracy,
real blinding could not be carried out completely. In addi-
tion, intubation was not performed by a single surgeon.
This could lead to the possibility of bias in the intubation
procedures performed owing to differences in abilities be-
tween operators, even though their educational levels were

the same. This difference in operators is likely to cause an
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insignificant comparison between the total intubation time
and the type of ETT used. Third, this study did not use a
conventional angled stylet, which is commonly used in
practice, for comparison. Thus, the reason for the lack of a
difference in the total intubation time between the spiral
ETT and no-stylet groups remains unclear, as it is difficult to
differentiate whether this is due to operator variability or
the time required to remove the stylet. Fourth, this study
was performed in pediatric patients with normal airways,
which could mask the benefits of using a spiral ETT in diffi-
cult intubation cases. The use of the spiral ETT may not be
generalizable to other intubation devices, including con-
ventional laryngoscopes or other types of video laryngo-
scopes, which may require further study. Overall, this study
showed that the total intubation time between spiral and
no-stylet ETTs differed by approximately two seconds; how-
ever, the clinical relevance of this result could be chal-
lenged, as there was no clinically meaningful time differ-
ence between the two techniques. However, this study em-
phasizes that the spiral ETT can be used as an alternative to
decrease intubation time while preventing airway trauma in
children under 6 years of age.

In conclusion, this study demonstrates the effectiveness of
using a spiral ETT for reducing total tube handling time
compared to a standard ETT (without a stylet) in children
aged one month to six years old using VL. Using a spiral ETT
also provides a higher accuracy of ETT placement at the lar-
ynx inlet than the standard ETT without a stylet, thereby de-
creasing the possibility of airway trauma. However, the spiral
ETT did not significantly increase the first attempt at a suc-
cessful intubation rate or reduce the total intubation time in

children aged one month to six years old.
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