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cuffed ETTs were used with the cuffs inflated, and ICP was measured in

80.7% of cuffed ETTs. More than half of ICP measurements were only taken
at the time of intubation. Post-extubation stridor was rarely observed in
cuffed (0.4%) or uncuffed ETTs (1.2%). The pediatric ETT management
questionnaire revealed age-based size selection, differences in pressure of air
leakage between cuffed (15 - 20 cmH,0) and uncuffed ETTs (20 - 30 cmH,0)
of different sizes, the depth-marking method of insertion length. Continuous

measurement of ICP was not common. Conclusion: This study revealed
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widespread use of cuffed ETTs in children older than 2 years of age, rarely
occurrence of post-extubation stridor, inflation of cuffs, and practice of ICP
measurement.
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Cuffed Endotracheal Tube, Size Selection, Depth Determination, Intracuff
Pressure, Infants, Small Children

1. Introduction

Uncuffed endotracheal tubes (ETTs) have traditionally been used for infants and
children younger than 8 to 10 years of age [1] [2]; the same practices were also
reported in France [3] in 2001 and in the UK [4] in 2008. This was the result of
concern over airway complications due to cuffs, and of incremental airway re-
sistance and increased breathing effort due to the smaller size of cuffed ETTs [3]
[5] [6] [7]. Previous studies reported that cuffed ETTs had better clinical out-
comes than uncuffed ETTs, including exchange of ill-fitting tubes, exposure of
anesthetic gases, consumption of fresh gas, incidence of stridor, additional ra-
cemic epinephrine treatment after extubation, efficacy of ventilation, and relia-
bility of capnography [8]-[13]. However, sophisticated cuff design and the good
clinical outcomes of cuffed ETTs might encourage the use of cuffed ETTs for in-
fants and children younger than 10 years of age. A novel pediatric ETT with a
high-volume low-pressure cuff was developed in 2004 [14], and it was intro-
duced in Japan in 2015. This ETT has a 10 um of ultra-thin polyurethane cuff
which is resistant to high intracuff pressure up to 800 cm H,O. Its cuff is located
more distal than other cuffed ETTs, since this ETT has no Murphy eyes. The
aims of this study were to reveal the most recent attitudes and practices of pe-

diatric ETT management in Japan.

2. Patients and Methods

The protocol for this study was approved by the Japanese Society of Pediatric
Anesthesiology (JSPA). After obtaining approval from the institutional ethical
review board of each participating hospital, surveys were administered regarding
the practices and attitudes of pediatric ETT management in 63 hospitals where
councilors of JSPA work. Councilors of JSPA are the specialists of pediatric
anesthesia defined by JSPA. This study had two parts: to investigate the practice
of pediatric ETT management, and to survey the attitudes of pediatric ETT
management. This study was performed over 2 weeks, between July 4, 2016 and
July 17, 2016. The practice of pediatric ETT management was investigated for all
general anesthesia between July 4, 2016 and July 17, 2016. The sample size of in-
vestigation of the practice of pediatric ETT management was not calculated, be-

cause this study was performed based on period.
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2.1. Investigation of Pediatric ETT Management Practices

The investigation of pediatric ETT practices was performed using the data
sheet of each patient. The data sheet was designed and prepared for this study.
The data sheet included information on patient characteristics and type of
hospital, supervisors, surgical procedures, and devices for intubation, and ETT
information including products, cuffed or uncuffed style, type, size, depth,
intracuff pressure (ICP), intracuff volume (ICV), intervals of ICP measure-
ment, laryngeal packing, ETT exchange, airway complications, and reintuba-
tions. Included patients were children weighing more than 2.5 kg and less than
9 years of age who were intubated for general anesthesia by anesthesiologists.
Exclusion criteria were already intubated patients, patients with already known
airway morbidity (such as subglottic stenosis, tracheal stenosis, and tracheo-
malacia), and patients who had been intubated for reasons other than anesthe-

sia.

2.2. Survey of the Institutional Attitudes of Pediatric ETT
Management

The questionnaire regarding the institutional attitude of pediatric ETT man-
agement used in this study was made by the working group of this study in JSPA
based on the previous reports [3] [4]. The questionnaire regarding the institu-
tional attitude of pediatric ET'T management was as follows:
1) Do you have institutional criteria for selection of the type (cuffed, uncuffed,
or reinforced) of ETT?
a) Age
b) Height
c) Surgical procedure
d) Patient position
e) Other
f) No criteria
2) Do you have institutional criteria for the selection of a cuffed ETT?
a) Not used for neonates under 3 kg
b) No weight-based criteria
c) Older than neonate
d) More than () months old
e) More than () years old
f) Other (ex.: surgical procedure, patient position, etc.)
3) Do you have institutional criteria for the selection of ETT size?
a) Age
b) Weight
¢) Height
d) Fifth finger
e) Recommendation of manufacturer
f) Other
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g) No criteria
4) Do you check air leakage to determine optimal ETT size?
a) Uncuffed () cmH,0
b) Cuffed () cmH,O *Deflated cuff (Yes, No)
¢) Not checked
5) Do you have institutional criteria for the determination of ETT depth?
a) Depth marking
b) Calculation based on height
¢) Calculation based on age
d) Calculation based on weight
e) Calculation based on internal ETT diameter
f) Bilateral auscultation on withdrawal of the ETT from bronchial intubation
g) Other
h) No criteria
6) Do you have institutional criteria for ICP management?
a) No inflated cuffs
b)( ) cmH,0O
¢) No criteria
d) Not measured
7) Do you have institutional criteria for ICP measurement?
a) Continuous measurement
b) At (  )-minute intervals

¢) Only once

3. Results

The response rate of this survey was 66.7% (42/63 hospitals). We received the
results of 915 cases (366 females, 548 males, and 1 unknown) from 42 hospitals
(10 general hospitals, 22 university hospitals, and 10 children’s hospitals). The
socio-demographic characteristics of the patients were shown in Table 1.

The most-used device for intubation was the laryngoscope (93.0%); vid-
eo-assisted laryngoscopes (6.5%) and bronchofiberscopes (0.3%) were rarely
used. Both cuffed and uncuffed ETTs used included more than 5 different
brands (PORTEX (36.3%), Mallinckrodt (31.8%), Microcuff (24.0%), Parker

Table 1. Socio-demographic characteristics of the patients.

Neonate <lyr <2yr <3yr <4yr <5yr <6 yr <7yr <8yr <9yr Total
Number of
. 21 180 179 113 97 82 98 64 41 40 915
patients
Gender (M/F) 15/6 113/67  107/71* 70/43 60/37 44/38 54/44 33/31 26/15 26/14  548/366*

Age (months) 11.5+9.4** 58+3.3

16.8+£3.6 283+36 415+35 529+31 653+35 771%34 88.7+33 101.2+3.6 ---

Height (cm) 49.9+0.6 63.1+75 756+5.1 847+68 93.0+59 995+6.2 108.4+57 112.3+8.1 116.7+8.8 123.0+7.1 ---

Weight (kg)  2.7+0.0 64+18

98+1.8 115+23 138+12 155+24 174+27 201+£30 21.3+18 223+25 ---

* Unknown gender in one case; ** Age is expressed as days.
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(4.8%), Sheridan (0.5%), and Other (2.5%)). The types of ETT used were the
normal ETT (83.1%), preformed ETT (14.4%), and reinforced ETT (2.5%).

3.1. Use of Cuffed ETTs

More than half of patients in university hospitals (55.7%) and children’s hospitals
(56.9%) were intubated with cuffed ETTs. In general hospitals, cuffed ETTs were
used in less than half of cases (45.0%).

The Japanese Society of Anesthesiologists (JSA) has 3 types of certifications
for anesthesiologists. The lowest level of certification is a JSA Qualified Anesthe-
siologist, the middle level is a JSA Board Certified Anesthesiologist, and the
highest level is a Fellow of JSA. More than half of cases were intubated with
cuffed ETTs among all levels of anesthesiologists (JSA Qualified Anesthesiologist
(61.0%), JSA Board Certified Anesthesiologist (52.8%), Fellow of JSA (55.4%)).
Analysis of the use of cuffed or uncuffed ETTs based on age revealed that more
than half of children over 2 years of age were intubated with cuffed ETTs, and
that the proportion of cuffed ETTs used dramatically increased in children over
6 years of age (Figure 1). Uncuffed ETTs were used in almost 70% of neonatal
cases, and the proportion of uncuffed ETTs used decreased as age increased

(Figure 1).

3.2. Ill-Fitting ETTs

Optimal cuffed and uncuffed ETT sizes were selected on the first attempt in 85%
of cases; 15.0% of cases required multiple attempts to determine the ETT size
(second attempt (12.5%), third attempt (2.3%), fourth attempt (0.2%)). The
proportions of cuffed and uncuffed ETT exchange were 9.6% and 20.6%, respec-
tively. Analysis of multiple attempts at size selection in 135 cases revealed that an
exchange from an uncuffed ETT to a cuffed (37/135) or uncuffed ETT (52/135)
was more frequent than an exchange from a cuffed ETT to a cuffed (32/135) or

uncuffed ETT (14/135). Laryngeal packing was required in 9.8% of cases. The
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Figure 1. Use of cuffed and uncuffed endotracheal tubes.
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proportion of laryngeal packing in cuffed ETTs (5.6%) was less than that in un-
cuffed ETTs (14.9%).

3.3. Management of Cuffs

More than half of cases (503/915) were intubated with cuffed ETTs, and 83.5%
(420/503) of cuffed ETTs were used with the cuff inflated. Analysis of cuffed ETTs
with inflated cuffs revealed that ICP was measured in 80.7% (339/420) of cases.
However, ICV was measured in 47.1% (198/420) of cases. The results of the dis-
tribution of ICP are detailed in Figure 2. The percentage of cases that measured
ICP were 39.5%, 18.6%, 10.9%, and 9.1% for pressures of 20, 15, 10, and 25
cmH,0, respectively. The result of the distribution of ICV is detailed in Figure 3.
The percentage of cases that measured ICV were 30.8%, 23.7%, and 10.1% for

0123456 7 8 91011121314151617 1819 20 21 22 2324 25 26 27 28 29 30

ICP (cmH:0)

Figure 2. Distributions of intracuff pressure (ICPs).

01020304050607080910111213141516171819202122232425262728293031323334353637383940

ICV (ml)

Figure 3. Distributions of intracuff volumes (ICVs).
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volumes of 1.0, 0.5, and 2.0 mL respectively. Table 2 shows the results of the time
point during surgery when ICP was measured. More than half of cuffed ETTs with
the cuff inflated only measured ICP at the time of intubation. The results of sche-
duled measurement of ICP are detailed in Table 2; more than half of ICP mea-

surements were taken at a frequency of less than every 2 hours during surgery.

3.4 Extubations and Complications

Approximately 90% of all cases were extubated at the end of surgery. Re-intubation
was required in only 3 cases. Analysis of extubation at the end of surgery revealed
that 7 of 915 (0.9%) of patients suffered post-extubation stridor; 3 of 7 patients re-
quired treatment. Stridor was observed in 0.4% of cuffed and 1.2% of uncuffed

ETTs, respectively. The details of post-extubation stridor are shown in Table 3.

Table 2. Management of endotracheal cuffs. Measurement of ICP (13 cases did not pro-
vide responses). Scheduled measurement of ICP (one case did not provide a response).

Measurement of ICP Number of cases Proportion (%)
No Measurement of ICP 66 16.2
At the time of intubation 222 54.5
Scheduled Measurement 73 17.9
Continuous Measurement 46 11.3
Total 407 100.0
Interval of measurement of ICP Number of cases Proportion (%)
<1hr 6 8.3
<2 hr 33 45.8
<4 hr 21 29.2
<6 hr 9 12.5
<8 hr 1 1.4
<10 hr 1 1.4
10 hr< 1 1.4
Total 72 100.0

Table 3. Detail information on children with post-extubation stridors.

(mltieth) C(};/?/(;r anle)sltllizziizlz;fin) Types of ETT ICP (cmH,0) Nl(l)rfn;ifbii::ls Treatment Re-intubation
Case 1 24 M 149 Cuffed 15 1 No No
Case 2 29 F 486 Cuffed 20 2 No No
Case 3 13 M 110 Uncuffed N/A 1 No No
Case 4 15 M 306 Uncuffed N/A 1 Yes No
Case 5 17 M 149 Uncuffed N/A 3 Yes No
Case 6 21 F 300 Uncuffed N/A 1 Yes No
Case 7 63 M 69 Uncuffed N/A 1 No No
(N/A: Not applicable).
DOI: 10.4236/0janes.2019.92002 15 Open Journal of Anesthesiology
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3.5. Attitude of Pediatric ETT Management

Results of the questionnaire concerning the attitude of pediatric ETT manage-

ment are included in Table 4. Almost half of hospitals did not have institutional

criteria for selection of the ETT type. Almost one-third of hospitals did not have

Table 4. Current attitude of pediatric endotracheal tube (ETT) management according to
survey results (overlapping answer included).

Q1

No criteria

Age

Surgical procedure
Patients position

Height

Q2

Number of Answer
23

18

Number of Answer

Q4-Uncuffed
Under 20 cmH,0
20 - 30 cmH,0

Only check air leakage

Q5
Depth marking

Bilateral auscultation with
withdrawal of ETT from
bronchial intubation

Number of Answer
10
28

2

Number of Answer
20

13

No criteria of weight 15 Calculation based on internal 12
diameter of ETT
Others 11 Calculation based on height 12
Not use for neonate 10 No criteria 7
under 3 kg
Older than neonate 7 Calculation based on age 5
Age (month) 5 Others 4
Age (year) 3
Q6 Number of Answer
Q3 Number of Answer <20 cmH,0 16
Age 36 <30 cmH,0 3
Recommendation of 4 Only check ICP 1
manufacturers
Others 4 No criteria 11
No criteria 4 Not measured 9
Height 3 Not inflated cuffs 1
The fifth finger 3
Weight 2 Q7 Number of Answer
Only once 26
Q4-Cuffed Number of Answer Continuous measurement 6
15 - 20 cmH,0 19 Every 60 minutes 1
20 - 30 cmH,0 7 Every 120 minutes 1
Only check air leakage 3
Deflated 19
DOI: 10.4236/0janes.2019.92002 16 Open Journal of Anesthesiology
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weight-based criteria for the selection of cuffed ETTs. More than half of hospit-
als had criteria based on age for size selection of ETT. In almost half of hospitals,
the optimal cuffed ETT size was determined by air leakage at 15 to 20 cmH,O of
airway pressure. However, the optimal uncuffed ETT size was determined by air
leakage at 20 to 30 cmH,O of airway pressure in more than half of hospitals. The
top 4 criteria for the determination of ETT depth were depth-marking, with-
drawal of the ETT from bronchial intubation, calculation based on the internal
diameter of the ETT, and calculation based on height. Almost half of hospitals
had institutional criteria for the management of ICP. In most, the ICP value was
less than 20 cmH,O. More than half of hospitals measured ICP only once; con-

tinuous measurement of ICP was not common.

4. Discussion

The response rate of this survey was 66.7%, similar to previous surveys reported
from France [3] and the UK [4]. These previous surveys reported the results of
pediatric ETT management obtained from specialists in pediatric anesthesia and
pediatric intensive care medicine. This survey was conducted not only in child-
ren’s hospitals, but also in university and general hospitals, and revealed the ac-
tual clinical practices of pediatric ETT management more clearly. Moreover, this
survey showed that ETTs from more than 5 different brands were used and that
a normal ETT was selected for most cases. The most used device for intubation
was the laryngoscope; video-assisted laryngoscopes and bronchofiberscope were
not used for intubation as often. This result suggested that anesthesiologists
primarily selected a laryngoscope for intubation, and that video-assisted laryn-
goscopes or bronchofiberscopes were selected only for specific cases such as dif-
ficult intubations.

More than half of cases in both university and children’s hospitals were intu-
bated with cuffed ETTSs; the same was not true of cases in general hospitals. This
result suggested that more anesthesiologists in general hospitals followed tradi-
tional descriptions regarding the use of uncuffed ETTs for children younger than
8 to 10 years of age [1] [2]. Anesthesiologists at all levels of JSA certification se-
lected cuffed ETTs in more than half of cases. This result was different from that
of previous surveys in France [3] and the UK [4]. However, these previous sur-
veys were conducted in 2001 and 2008; our survey was conducted in 2016. Fur-
thermore, this study revealed that cuffed ETTs were used in more than half of
children over 2 years of age in Japan, which was very different from previous
surveys. Cuffed ETTs are usually selected one size smaller than uncuffed ETTs
[10] [13]. Some anesthesiologists fear incremental airway resistance and labored
breathing due to the smaller internal diameter of cuffed ETTs. However, recent
studies have revealed that the airway resistance of an ETT one size smaller did
not increase as much as expected under clinical conditions of fresh gas flow [15].
Another recent study revealed that airway pressure measured in the respirator

was the pressure of the proximal side of the ETT, and the airway pressure of the
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distal side of the ETT was much less than that of the proximal side [16]. Many
clinical investigations revealed the usefulness of cuffed ETTs [8]-[13], and the
designs and materials of the cuff were more sophisticated than previous ETTs
after the publications of previous surveys [14]. These changes surrounding
cuffed ETTs might have a high impact on pediatric ETT management in this
survey. Moreover, JSA Qualified Anesthesiologists selected cuffed ETTs much
more frequently than did JSA Board Certified Anesthesiologists and Fellow of
JSA. “JSA Qualified Anesthesiologist” is the lowest level of certification for
anesthesiologists offered by the JSA, and those anesthesiologists were also the
youngest of all anesthesiologists. This result suggested that JSA Qualified Anes-
thesiologists followed more recent descriptions regarding the usefulness of
cuffed ETTs [8] [17].

In 85.0% of cases, the clinically accepted optimal ETT size was selected on the
first attempt. The proportions of ETT exchange were 9.6% and 20.6% of cuffed
and uncuffed ETTs, respectively. Exchanges of ETT size of both cuffed and un-
cuffed ETTs were required, and these occurred more frequently than in previous
studies [8] [10]. The reason why our results of exchange rates were different
from those of previous studies might be due to the variety of criteria for ETT size
selection in our study. The percentage of exchange of cuffed ETTs was less than
that of uncuffed ETTs. Exchange from uncuffed ETTs to cuffed or uncuffed
ETTs occurred more frequently than exchange from cuffed ETTs to cuffed or
uncuffed ETTs. Moreover, the proportion of laryngeal packing in cuffed ETTs
was less than that that of uncuffed ones. In cuffed ETTs, the diameter of the cuff
can be optimally adjusted to the diameter of the trachea. Strong air leakage can
be blocked by inflating the cuff. The advantages of cuffed ETTs might help
anesthesiologists exchange ill-fitting cuffed ETTs less frequently than uncuffed
ETTs.

More than 80% of cuffed ETTs were used with the cuff inflated. Analysis of
cases of cuffed ETTs with inflation of the cuff revealed that ICP was measured in
80.7%, and that ICV was measured in 47.1%. This result suggests that the mea-
surement of ICP was more important than the measurement of ICV. The 4 most
common values of ICP were 20, 15, 10, and 25 cmH,O. The ICP of adult patients
should be between 20 and 30 cmH,O [18] [19] [20] [21] [22]. However, the op-
timal ICP for pediatric patients remains unclear. These results suggest that
anesthesiologists should determine the clinically acceptable ICP, and they might
prefer to maintain ICP at these round numbers.

Almost half of ICP measurements were taken only at the time of intubation.
ICP was continuously measured and monitored using a manometer during sur-
geries in only 11.3% of cases. Scheduled ICP measurement was performed in
17.9% of cuffed ETTs with inflated of cuffs. The interval of ICP measurement
was within 2 hours in more than half of scheduled measurements, but was de-
pendent on the duration of the surgery. ICP was continuously measured and

monitored during intubation. However, the optimal ICP for pediatric patients
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remains unclear. Moreover, the cuff diameters even at the same ICP are quite
different [23]. Further studies to determine the optimal ICP for pediatric pa-
tients are necessary.

Almost 90% of patients were extubated at the end of surgery. Only 7 (0.9%)
patients had post-extubation stridor, and 3 (0.3%) required additional treatment
for post-extubation stridor. The proportions of post-extubation stridor were 0.4%
and 1.2% of patients with cuffed and uncuffed ETTs, respectively. The proportion
of post-extubation stridor and additional treatment for post-extubation stridor in
this study were much lower than those in previous studies [8]. Although there
were many criteria for ETT size selection in our study, anesthesiologists might
pay more attention to the selection of the optimal ETT size, and also set the ICPs

at the clinically optimal value.

5. Conclusion

Our study revealed widespread use of cuffed ETTs in children over 2 years of
age, and that ICPs of cuffed ETTs were measured using a manometer. Moreover,
post-extubation stridor in both cuffed and uncuffed ETTs was rarely observed in
clinical practice. However, the optimal ICP for children remains unclear, and

further study is necessary.
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