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Background: Changes in the pressure of cuffed neonatal size tracheal tubes (TT) dur-
ing anaesthesia without nitrous oxide are not well described. We determined whether
the cuff pressure changes over time in neonates under general anaesthesia without
nitrous oxide.
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Methods: The airways of thirty neonates were secured with a high volume low pres-
sure cuffed TT for meningocele surgery. The cuff was manually inflated until there was
no audible leak and maintained at 10-15 cm H,0 throughout by monitoring the pres-
sure continuously with both a manometer and a pressure transducer. At baseline, the
cuff pressure was assessed in the supine and then prone positions. During surgery, if
the pressure exceeded 15 cm H.O, the cuff was deflated to < 15 cm H,0 and if it was
< 10cmH,0, the cuff was inflated to 10-15 cm H,O. The time interval between correc-
tions and the number of corrections were recorded.

Results: The cuff pressures in 18 neonates (60%) required correction during surgery.
The cuff pressure exceeded 15 cm H,0 in nine neonates (30%) and was corrected.
The cuff pressures in 13 neonates were less than 10 cm H,O and required correction.
The gender, weight, height, and duration of anaesthesia did not differ significantly be-
tween neonates who required correction of the cuff pressure and those who did not.
Mean cuff pressures were similar at 15,45, and 75 minutes of anaesthesia.

Conclusions: In 60% of neonates undergoing surgery in the prone position under gen-
eral anaesthesia without nitrous oxide, the cuff pressure exceeded 15 cm H,0. In such
cases, cuff pressure should be monitored continuously throughout the surgery.
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The cuff pressure in tracheal tubes (TTs) should
be as low as clinically acceptable to minimize the
risk of TT-related airway complications. Several fac-
tors are known to affect the cuff pressure of TTs in-
cluding the duration of anaesthesia, core tempera-
ture, neuromuscular blockade, sedation, altitude,
the presence of nitrous oxide, tracheal muscle tone
and respiratory system impedance, head and neck
positions, mechanical ventilation and transoesopha-
geal echocardiography probe insertion [1-10].

Some clinicians avoid the use of nitrous oxide
(N,O) during surgery because of the theoretical risk
of deleterious effects on the neurologic, cardiovas-
cular, hematologic and immune systems [11]. In ad-
dition, N,O diffuses into air-filled cavities increasing

the size of and pressure within the cavities including
TT cuffs [12, 13].

However, changes in the cuff pressure of TTs in
the absence of N,O are poorly understood. Kako
etal. [14] investigated the relationship between head
and neck position and TT cuff pressure in 200 chil-
dren in the absence of N,O in the supine position.
They reported that the cuff pressure increased in
> 50% of the measurements (545 out of 1000 mea-
surements) compared with the neutral position.
Most frequently changes were noted with neck fle-
xion with a mean increase in cuff pressure of 7.2 + 8.3
cmH,0 (P <0.05).

In the current study, we determined whether
cuff pressure changes over time in neonates under-
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going myelomeningocele repair in the prone posi-
tion under general anaesthesia without N,O.

METHODS

This prospective observational study was ap-
proved by the Institutional Review Board of our Uni-
versity (IRB# 44140529/2016-49). Written informed
consent was obtained from the parents of 30 neo-
nates who were scheduled for myelomeningocele
repair. The trial was registered at https://www.
anzctr.org.au (ACTRN12619000109101).

Anaesthesia was induced with a combination
of oxygen, air, sevoflurane, intravenous remifent-
anil and rocuronium. After tracheal intubation with
a high volume low pressure cuffed TT (Nextech,
Istanbul, Turkey, internal diameter 2.5 mm/outer
diameter 3.0 mm), the cuff was inflated until there
was no audible gas leak. The observer checked the
gas leak using a stethoscope guided inflation over
the trachea while continuous positive airway pres-
sure of 20-25 cm H,0 was maintained [15].

TABLE 1. Patient demographics, coexisting diseases, duration of anaesthesia,
requirement for cuff pressure correction, and the time between corrections

[ S

Age (days) 43+39
Gender

Girl 18 (60.0)

Boy 12 (40.0)
Body mass (kg) 2260-3700 2845 2891 + 281
Height (cm) 43.0-52.0 48.0 48.1+23
Coexisting disease

No 30(100.0)

Yes 0(0.0)
Duration of anaesthesia (min) 40-105 65.0 68.7+18.8
Cuff pressure correction (decrease)

No 21(70.0)

Yes 9(30.0)
Cuff pressure correction (increase)

No 17 (56.7)

1time 9(30.0)

2 times 3(10.0)

3 times 1(3.3)
Time between two corrections

No 22(73.3)

10 min 2(6.7)

15 min 1(3.3)

20 min 2(6.7)

25 min 1(3.3)

40 min 2(6.7)
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A blind investigator monitored and recorded
the cuff pressures. The baseline cuff pressure was
assessed first in the supine position and then in the
prone position. The head and neck were maintained
in the neutral position in both the supine and prone
positions for cuff pressure measurements and sur-
gery. Thereafter, the TT cuff pressures were moni-
tored manually, continuously and concurrently with
both a cuff manometer and pressure transducer.
The pressure transducer was monitored using
a calibrated pressure transducer as described previ-
ously [16]. If the pressure was within 10-15 cm H,0,
no intervention was performed. If the pressure
exceeded 15 cm H,0O, the cuff was deflated to less
than 15 cm H,0. The time when the cuff pressure
correction occurred, the time interval between cuff
pressure corrections and the number of corrections
during surgery were recorded. The cuff pressures
were compared over time within patients. In addi-
tion, heart rate, end-tidal CO,, temperature and peak
airway pressure were recorded every 15 min.

Statistical analysis

In previous clinical studies, investigators con-
cluded that a 20% difference in cuff pressure
achieved clinical significance [17]. We estimated that
a sample size of 14 patients per group was required
for a two-tailed a of 0.05, B of 0.1 and a standard
effect size of 1.21 in order to achieve 90% power at
a 5% significance level. To account for dropouts and
incomplete data, 30 neonates were enrolled.

Data were evaluated for their distribution us-
ing the Shapiro-Wilk test. Data that were normally
distributed are summarized as means + standard
deviation. Data that fit a skewed distribution are
summarized as medians and 25-75% percentile.
Cuff pressure and all other interval data that were
measured over time were analysed using repeated-
measures ANOVA with the Tukey (or Dunnett) post-
hoc test. Cuff pressures in the supine and prone
positions were analysed using ANOVA. Baseline
demographic data were compared using the un-
paired t-test for normally distributed data and the
Mann-Whitney U test for skewed data. P < 0.05 was
accepted as significant.

RESULTS

Thirty neonates completed the study. None of
the neonates had coexisting disease. The demo-
graphic data of the neonates, the duration of an-
aesthesia and cuff pressure are presented in Table 1.
The mean (+ SD) age was 4.3 (z 3.9) days. The mean
(+ SD) duration of anaesthesia was 68.7 (+ 18.8) min.
The cuff pressures in 18 (60%) neonates were ad-
justed during surgery. The cuff pressures in 9 (30%)
neonates exceeded 15 cm H,0 and were decreased
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during anaesthesia whereas the pressures in 9 (30%)
other neonates were less than 10 cm H,O. Of the lat-
ter 9, 4 required further increases in the cuff pres-
sures (Table 1). The cuff pressure in 4 neonates (13%)
required both an increase and a decrease during
the surgery. Mean cuff pressures were similar at
15 min, 45 min and 75 min (Table 2). The cuff pres-
sures were significantly greater at 15" min in neo-
nates whose cuff pressures had been corrected al-
ready by reducing the pressure, 14.7 + 1.4 mmHg
vs. 12.3 £ 2.5 mmHg (Table 3). The cuff pressures at
45 min were significantly greater in neonates whose
cuff pressures were corrected by increasing the cuff
pressure, 16.5 £ 2.3 mmHg vs. 13.4 £ 2.3 mmHg
(Table 4). The gender distribution, weight, height,
temperature and duration of anaesthesia were similar
among neonates who required correction of their cuff
pressures and those who did not. No changes in ven-
tilator settings were required during the study period.

TABLE 2. Cuff pressures at 15®, 45 and 75% min

Cuff Min—Max | Median | Mean =+ SD
pressure
15" min 10-18 14.0 140+ 2.1 0.359°
45" min 9-20 15.0 147 +28
75" min 13-19 15.0 15117

"Friedman test

DISCUSSION

In this prospective observational study, signifi-
cant changes in cuff pressure were identified in 60%
of neonates who required adjustment in the prone
position under general anaesthesia without N,O.
The frequency of decreasing and increasing the cuff
pressures were similar.

Cuffed TTs are widely recommended for use in
paediatric patients, since they offer a number of ad-
vantages over the uncuffed TT [18]. A number of pa-

TABLE 3. Comparison of neonates with decreased cuff pressure and no intervention

Factor
Mean = SD/n (%) Mean = SD/n (%)
Age (days) 48+44 3.0 31+£20 3.0 0.220™
Gender
Girl 13(61.9) 5(55.6) 0.745%
Boy 8(38.1) 4(44.4)
Weight (kg) 2900 + 254 2850 2872 +352 2840 0.659™
Height (cm) 48.0+23 48.0 483+24 49.0 0.892m
Duration of anaesthesia 71.4+20.5 70.0 62.2+13.0 60.0 0.680™
Cuff pressure
15" min 14714 15.0 123+£25 13.0 0.003™
45" min 153+18 15.0 13.3+40 12.0 0.201m
75" min 154+18 15.0 140+1.0 14.0 0.171m

"Mann-Whitney U test/y* test

TABLE 4. Neonates with increased cuff pressure and no intervention

No intervention Increased cuff pressure

Mean = SD/n (%) Median Mean = SD/n (%) Median
Age (days) 4645 3.0 3.8+3.1 3.0 0.025™
Gender
Girl 10 (4.6) 8(61.5) 0.880%"
Boy 7(3.2) 5(38.5)
Weight (kg) 2809 + 230 2800 2999 +313 2920 0.897™
Height (cm) 48.1+2.2 48.0 48.0+£2.6 48.0 0.194m
Duration of anaesthesia 621175 60.0 7731175 75.0 0.949™
Cuff pressure
15" min 13614 13.0 14527 15.0 0.100™
45" min 13.4+23 15.0 16.5+23 16.0 0.001m
75" min 14506 14.5 15421 15.0 0.590™

"Mann-Whitney U test/y” test
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tient safety-enhancing features support this choice
including increasingly accurate physiological mea-
surements (such as peak inspiratory and end-tidal
carbon dioxide pressure), and a reduction in TT gas
leakage. American Heart Association and European
Resuscitation Council guidelines for paediatric ad-
vanced life support recommend cuffed TTs as a safe
alternative to uncuffed TTs [19, 20]. Moreover, thin
polyurethane Microcuff TTs are used increasingly
in place of uncuffed TTs in infants and neonates
[21, 22]. However it is obvious that more evidence is
needed for their use in newborns [20].

Previous studies have evaluated cuff pressure
changes due to positional changes in paediatric pa-
tients [14, 23]. The average age range in the present
study was 1 to 14 days. Neonates whose lungs are me-
chanically ventilated while in the prone position are
particularly susceptible to sudden accidents such as
accidental extubation, bleeding or loss of the airway
[24]. In our study, neck flexion, head extension and
left or right rotations during positioning were pos-
sible causes of changes in cuff pressure. We found
a similar number of neonates with cuff pressures that
exceeded 15 cm H,0 necessitating a decrease in pres-
sure as those with cuff pressures that required infla-
tion. Additionally, 4 patients required both increases
and decreases in cuff pressure during anaesthesia.

Overall, the cuff pressure decreased below our
acceptable threshold of 15 cm H,0 in more neonates.
Several possible reasons for this finding include in-
traoperative hypotension, hypothermia and pro-
longed surgery [25, 26]. Changes in the position of
the head and neck can affect the TT cuff pressure; in
68% of the children, the cuff pressure increased [14].
The most dramatic increase was noted with neck
flexion in children less than 8 years of age. In 19% of
patients, intracuff pressure decreased, especially due
to neck extension. In the current study, neonates had
a low risk of neck flexion in the prone position. Stud-
ies have also concluded that the use of intraopera-
tive muscle relaxants reduces cuff pressure [27]. With
the loss of muscle tone, the laryngeal dimensions
may increase while the oropharyngeal dimension
decreases [28]. Moreover, neonates are more sensi-
tive to muscle relaxant agents than are older chil-
dren [29]. They display proportionately longer action
times. The decrease in cuff pressure in this study is
most likely attributed to the use of non-depolarizing
muscle relaxant agents.

Based on the changes observed in the cuff pres-
sures in this study, we recommend that cuff pres-
sures in neonates in the prone position should be
measured continuously after positioning. This prac-
tice will reduce the risk of accidental extubation or
pulmonary microaspiration due to inappropriate
cuff pressure. In addition, monitoring cuff pressure

will prevent excessive tracheal mucosal pressure
from the cuff even in the absence of nitrous oxide.

LIMITATIONS

An important limitation of our study was the
small sample size. The sample size was based on
a set of reasonable assumptions; thus it was un-
ethical to enrol more neonates. The downside of the
small sample size is the limited ability to identify in-
frequent complications. In this study, we measured
intracuff pressure continuously. Electronic or pneu-
matic intracuff pressure controllers are available to
maintain a constant cuff pressure within a prescribed
range. Their cost and complexity restrict the use of
these devices in everyday anaesthesia. Transducer-
based measurement systems can alarm if the pres-
sures are outside a prescribed range, but the correc-
tion cannot be performed automatically.

CONCLUSIONS

Among neonates undergoing surgery in the
prone position without the use of nitrous oxide,
cuff pressure changed in 60%, necessitating an ad-
justment in the pressure. Thus, cuff pressure should
be measured continuously either before or after
positioning because the pressure may increase or
decrease during the procedure.

ACKNOWLEDGEMENTS

1. Financial support and sponsorship: none.

2. Conflicts of interest: none.

3. Presentation: Preliminary data from this study
have been presented in the 5" European Airway
Management Society Annual Meeting in 2018, in
Catania, Italy.

REFERENCES

1. Motoyama A, Asai S, Konami H, et al. Changes in endotracheal tube
cuff pressure in mechanically ventilated adult patients. J Intensive
Care 2014; 2: 7. doi: 10.1186/2052-0492-2-7.

. Kako H, Alkhatib O, Krishna SG, Khan S, Naguib A, Tobias JD.
Changes in intracuff pressure of a cuffed endotracheal tube during
surgery for congenital heart disease using cardiopulmonary bypass.
Paediatr Anaesth 2015; 25: 705-710. doi: 10.1111/pan.12631.

3. Lizy C, Swinnen W, Labeau S, et al. Cuff pressure of endotracheal
tubes after changes in body position in critically ill patients treated
with mechanical ventilation. Am J Crit Care 2014; 23: el-8. doi:
10.4037/ajcc2014489.

4. Nseir S, Brisson H, Marquette CH, et al. Variations in endotra-
cheal cuff pressure in intubated critically ill patients: prevalence
and risk factors. Eur ] Anaesthesiol 2009; 26: 229-234. doi: 10.1097/
€ja.0b013e3283222b6e.

. Orsborn J, Graham ], Moss M, Melguizo M, Nick T, Stroud M.
Pediatric endotracheal tube cuff pressures during aeromedi-
cal transport. Pediatr Emerg Care 2016; 32: 20-22. doi: 10.1097/
PEC.0000000000000365.

. Beydon L, Gourgues M, Talec P. Endotracheal tube cuff and nitrous
oxide: bench evaluation and assessment of clinical practice. Ann Fr
Anesth Reanim 2011; 30: 679-684. doi: 10.1016/j.annfar.2011.03.017.

. Tu HN, Saidi N, Leiutaud T, Bensaid S, Menival V, Duvaldestin P.
Nitrous oxide increases endotracheal cuff pressure and the incidence
of tracheal lesions in anesthetized patients. Anesth Analg 1999; 89:
187-190. doi: 10.1097/00000539-199907000-00033.

[

v

f=))

~


http://www.ncbi.nlm.nih.gov/pubmed/?term=Motoyama A%5BAuthor%5D&cauthor=true&cauthor_uid=25520824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Asai S%5BAuthor%5D&cauthor=true&cauthor_uid=25520824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Konami H%5BAuthor%5D&cauthor=true&cauthor_uid=25520824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nishimura M%5BAuthor%5D&cauthor=true&cauthor_uid=25520824
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kako H%5BAuthor%5D&cauthor=true&cauthor_uid=25735902
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alkhatib O%5BAuthor%5D&cauthor=true&cauthor_uid=25735902
http://www.ncbi.nlm.nih.gov/pubmed/?term=Krishna SG%5BAuthor%5D&cauthor=true&cauthor_uid=25735902
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khan S%5BAuthor%5D&cauthor=true&cauthor_uid=25735902
http://www.ncbi.nlm.nih.gov/pubmed/?term=Naguib A%5BAuthor%5D&cauthor=true&cauthor_uid=25735902
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tobias JD%5BAuthor%5D&cauthor=true&cauthor_uid=25735902
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lizy C%5BAuthor%5D&cauthor=true&cauthor_uid=24382623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Swinnen W%5BAuthor%5D&cauthor=true&cauthor_uid=24382623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Labeau S%5BAuthor%5D&cauthor=true&cauthor_uid=24382623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dulhunty J%5BAuthor%5D&cauthor=true&cauthor_uid=24382623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nseir S%5BAuthor%5D&cauthor=true&cauthor_uid=19244697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brisson H%5BAuthor%5D&cauthor=true&cauthor_uid=19244697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marquette CH%5BAuthor%5D&cauthor=true&cauthor_uid=19244697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Durocher A%5BAuthor%5D&cauthor=true&cauthor_uid=19244697
http://www.ncbi.nlm.nih.gov/pubmed/?term=Orsborn J%5BAuthor%5D&cauthor=true&cauthor_uid=25834962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Graham J%5BAuthor%5D&cauthor=true&cauthor_uid=25834962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moss M%5BAuthor%5D&cauthor=true&cauthor_uid=25834962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Melguizo M%5BAuthor%5D&cauthor=true&cauthor_uid=25834962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nick T%5BAuthor%5D&cauthor=true&cauthor_uid=25834962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stroud M%5BAuthor%5D&cauthor=true&cauthor_uid=25834962
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beydon L%5BAuthor%5D&cauthor=true&cauthor_uid=21705180
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gourgues M%5BAuthor%5D&cauthor=true&cauthor_uid=21705180
http://www.ncbi.nlm.nih.gov/pubmed/?term=Talec P%5BAuthor%5D&cauthor=true&cauthor_uid=21705180

Cuff pressure changes in neonates

o]

Nl

10.

1

—_

1

N

13.

14.

1

15

1

(=2}

17.

18.

19.

20.

2

—

2

N

23.

24.

25.

26.

2

N

2

=]

29.

. Plotnikow GA, Roux N, Feld V, et al. Evaluation of tracheal cuff pres-

sure variation in spontaneously breathing patients. Int J Crit Illn Inj
Sci 2013; 3: 262-268. doi: 10.4103/2229-5151.124148.

. Godoy AC, Vieira R], Capitani EM. Endotracheal tube cuff pressure

alteration after changes in position in patients under mechanical
ventilation. ] Bras Pneumol 2008; 34: 294-297. doi: 10.1590/s1806-
37132008000500008.

Tan PH, Lin VC, Chen HS, Hung KC. The effect of transoesophageal
echocardiography probe insertion on tracheal cuff pressure. Anaes-
thesia 2011; 66: 791-795. doi: 10.1111/§.1365-2044.2011.06789.x.

. Lew V, McKay E, Maze M. Past, present, and future of nitrous oxide.

Br Med Bull 2018; 125: 103-119. doi: 10.1093/bmb/1dx050.

. Tobias JD. Applications of nitrous oxide for procedural sedation in

the pediatric population. Pediatr Emerg Care 2013; 29: 245-265. doi:
10.1097/PEC.0b013e318280d824.

Maino P, Dullenkopf A, Bernet V, Weiss M. Nitrous oxide diffusion
into the cuffs of disposable laryngeal mask airways. Anaesthesia 2005;
60: 278-282. doi: 10.1111/j.1365-2044.2004.04072 x.

Kako H, Krishna SG, Ramesh AS, et al. The relationship between
head and neck position and endotracheal tube intracuff pressure in
the pediatric population. Paediatr Anaesth 2014; 24: 316-321. doi:
10.1111/pan.12308.

. Grant T. Do current methods for endotracheal tube cuff infla-

tion create pressures above therecommended range? A review of
the evidence. J Perioper Pract 2013; 23: 292-295. doi: 10.1177/
175045891302301205.

. Krishna SG, Ramesh AS, Jatana KR, et al. A technique to measure the

intracuff pressure continuously: an in vivo demonstration of its ac-
curacy. Paediatr Anaesth 2014; 24: 999-1004. doi: 10.1111/pan.12437.
Sengupta P, Sessler DI, Maglinger P, et al. Endotracheal tube cuff pressure
in three hospitals, and the volume required to produce an appropriate
cuff pressure. BMC Anesthesiol 2004; 4: 8. doi: 10.1186/1471-2253-4-8.
Herbinger LA. Evidence based use of cuffed endotracheal tubes in
children. J Perianesth Nurse 2018; 33: 590-600. doi: 10.1016/j.jopan.
2017.07.001.
Kleinman ME, de Caen AR, Chameides L, et al.; Pediatric Basic and
Advanced Life Support Chapter Collaborators. Part 10: Pediatric basic
and advanced life support: 2010 international consensus on cardio-
pulmonary resuscitation and emergency cardiovascular care science
with treatment recommendations. Circulation 2010; 122 (16 Suppl 2):
$466-515. doi: 10.1161/CIRCULATIONAHA.110.971093.
Van de Voorde P, Turner NM, Djakow J, et al. European resuscitation
council guidelines 2021: paediatric life support. Resuscitation 2021;
161: 327-387. doi: 10.1016/j.resuscitation.2021.02.015.

. Lonngyvist PA. Cuffed or uncuffed tracheal tubes during anaesthesia in

infants and small children: time to put the eternal discussion to rest?
Br J Anaesth 2009; 103: 783-785. doi: 10.1093/bja/aep330.

. Tobias JD. Pediatric airway anatomy may not be what we thought:

implications for clinical practice and the use of cuffed endotracheal
tubes. Pediatr Anesth 2015; 25: 9-19. doi: 10.1111/pan.12528.

Olsen GH, Krishna SG, Jatana KR, Elmaraghy CA, Ruda JM, Tobias JD.
Changes in intracuff pressure of cuffed endotracheal tubes while po-
sitioning for aden-otonsillectomy in children. Pediatr Anesth 2016;
26: 500-503. doi: 10.1111/pan.12873.

Rivas-Fernandez M, Roqué I Figuls M, Diez-Izquierdo A, Escribano J,
Balaguer A. Infant position in neonates receiving mechanical ventila-
tion. Cochrane Database Syst Rev 2016; 11: CD003668. doi: 10.1002/
14651858.CD003668.pub4.

Kamata M, Hakim M, Tumin D, Krishna SG, Naguib A, Tobias JD.
The effect of transesophageal echocardiography probe placement
on intracuff press-ure of an endotracheal tube in infants and chil-
dren. ] Cardiothorac Vasc Anesth 2017; 31: 543-548. doi: 10.1053/
j.j¥€a.2016.09.032.

Nseir S, Brisson H, Marquette CH, et al. Variations in endotracheal
cuff pressure in intubated critically ill patients: prevalence and risk
factors. Eur ] Anaesthesiol 2009; 26: 229-234. doi: 10.1097/¢ja.
0b013e3283222b6e.

. Krishna SG, Hakim M, Sebastian R, et al. Cuffed endotracheal tubes

in children: the effect of the size of the cuffed endotracheal tube on
intracuff pressure. Paediatr Anaesth 2017; 27: 494-500. doi: 10.1111/
pan.13099.

. Girling KJ, Bedforth NM, Spendlove JL, Mahajan RP. Assessing

neuromuscular block at the larynx: the effect of change in resting
cuff pressure and a comparison with video imaging in anesthetized
humans. Anesth Analg 1999; 88: 426-431. doi: 10.1097/00000539-
199902000-00038.

Athiraman U, Gupta R, Singh G. Endotracheal cuff pressure changes
with change in position in neurosurgical patients. Int J Crit Illn Inj
Sci. 2015; 5: 237-241. doi: 10.4103/2229-5151.170841.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Plotnikow GA%5BAuthor%5D&cauthor=true&cauthor_uid=24459624
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roux N%5BAuthor%5D&cauthor=true&cauthor_uid=24459624
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feld V%5BAuthor%5D&cauthor=true&cauthor_uid=24459624
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tan PH%5BAuthor%5D&cauthor=true&cauthor_uid=21707563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin VC%5BAuthor%5D&cauthor=true&cauthor_uid=21707563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen HS%5BAuthor%5D&cauthor=true&cauthor_uid=21707563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hung KC%5BAuthor%5D&cauthor=true&cauthor_uid=21707563
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tobias JD%5BAuthor%5D&cauthor=true&cauthor_uid=23546436
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maino P%5BAuthor%5D&cauthor=true&cauthor_uid=15710013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dullenkopf A%5BAuthor%5D&cauthor=true&cauthor_uid=15710013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bernet V%5BAuthor%5D&cauthor=true&cauthor_uid=15710013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weiss M%5BAuthor%5D&cauthor=true&cauthor_uid=15710013
http://www.ncbi.nlm.nih.gov/pubmed/24238105
http://www.ncbi.nlm.nih.gov/pubmed/24238105
http://www.ncbi.nlm.nih.gov/pubmed/24238105
http://www.ncbi.nlm.nih.gov/pubmed/24404708
http://www.ncbi.nlm.nih.gov/pubmed/24404708
http://www.ncbi.nlm.nih.gov/pubmed/24404708
http://www.ncbi.nlm.nih.gov/pubmed/?term=Krishna SG%5BAuthor%5D&cauthor=true&cauthor_uid=24860935
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramesh AS%5BAuthor%5D&cauthor=true&cauthor_uid=24860935
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jatana KR%5BAuthor%5D&cauthor=true&cauthor_uid=24860935
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tobias JD%5BAuthor%5D&cauthor=true&cauthor_uid=24860935
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herbinger LA%5BAuthor%5D&cauthor=true&cauthor_uid=30236565
https://www.ncbi.nlm.nih.gov/pubmed/30236565
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kleinman ME%5BAuthor%5D&cauthor=true&cauthor_uid=20956258
https://www.ncbi.nlm.nih.gov/pubmed/?term=de Caen AR%5BAuthor%5D&cauthor=true&cauthor_uid=20956258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chameides L%5BAuthor%5D&cauthor=true&cauthor_uid=20956258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pediatric Basic and Advanced Life Support Chapter Collaborators%5BCorporate Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pediatric Basic and Advanced Life Support Chapter Collaborators%5BCorporate Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/20956258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olsen GH%5BAuthor%5D&cauthor=true&cauthor_uid=26956620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krishna SG%5BAuthor%5D&cauthor=true&cauthor_uid=26956620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jatana KR%5BAuthor%5D&cauthor=true&cauthor_uid=26956620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elmaraghy CA%5BAuthor%5D&cauthor=true&cauthor_uid=26956620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruda JM%5BAuthor%5D&cauthor=true&cauthor_uid=26956620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tobias JD%5BAuthor%5D&cauthor=true&cauthor_uid=26956620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rivas-Fernandez M%5BAuthor%5D&cauthor=true&cauthor_uid=27819747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roqu
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diez-Izquierdo A%5BAuthor%5D&cauthor=true&cauthor_uid=27819747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Escribano J%5BAuthor%5D&cauthor=true&cauthor_uid=27819747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balaguer A%5BAuthor%5D&cauthor=true&cauthor_uid=27819747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamata M%5BAuthor%5D&cauthor=true&cauthor_uid=28007380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hakim M%5BAuthor%5D&cauthor=true&cauthor_uid=28007380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tumin D%5BAuthor%5D&cauthor=true&cauthor_uid=28007380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krishna SG%5BAuthor%5D&cauthor=true&cauthor_uid=28007380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naguib A%5BAuthor%5D&cauthor=true&cauthor_uid=28007380
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tobias JD%5BAuthor%5D&cauthor=true&cauthor_uid=28007380
https://www.ncbi.nlm.nih.gov/pubmed/28198583
https://www.ncbi.nlm.nih.gov/pubmed/28198583
https://www.ncbi.nlm.nih.gov/pubmed/28198583
https://www.ncbi.nlm.nih.gov/pubmed/?term=Athiraman U%5BAuthor%5D&cauthor=true&cauthor_uid=26807392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta R%5BAuthor%5D&cauthor=true&cauthor_uid=26807392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh G%5BAuthor%5D&cauthor=true&cauthor_uid=26807392
https://www.ncbi.nlm.nih.gov/pubmed/?term=athiraman+Endotracheal+cuff+pressure+changes+with+change+in+position+in+neurosurgical+patients
https://www.ncbi.nlm.nih.gov/pubmed/?term=athiraman+Endotracheal+cuff+pressure+changes+with+change+in+position+in+neurosurgical+patients

	_GoBack

