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ABSTRACT

Objective: To study if protocolized monitoring of endotracheal tube (ETT) cuff pressure every 6 hours is better than adjusting endotracheal
tube cuff inflation by the only bedside clinical assessment.

Materials and methods: This was a single-center prospective randomized controlled study done between July 1, 2017 and March 31, 2019.
Children between 1 month and 18 years, intubated with cuffed ETT by our trained doctors were included. After obtaining consent, patients
were randomized into two groups, standard group (SG) and cuff pressure monitoring group (MG). Sample size was calculated with 80 patients
in each group with a power of 80%, significance level (alpha 0.05 and beta 0.2). In the SG, ETT cuff inflation was adjusted by clinical assessment
(bedside minimal leak technique and monitoring the percentage of leak displayed on ventilator display) at 6 hours interval. In the MG, cuff
pressures were monitored by the device every 6 hours to maintain between 20 and 25 mm Hg.

Results: Out of 543 mechanically ventilated children during the study period, 266 were eligible and randomized for study. During the study, 89
patients died and 17 were left against medical advice, leaving 80 patients in each group. Incidence of post-extubation stridor (PES), re-intubation
rate, ventilator-associated pneumonia (VAP) rate, ventilator days, and length of pediatric intensive care unit (PICU) stay were analyzed and found
no advantage of protocolized monitoring of cuff pressures in the reduction of any of the above variables.

Conclusion: Our findings if confirmed by large multicentric studies can bring an end to routine ETT cuff pressure measurements and emphasize

more on clinical assessment. Clinical trial registry (CTRI/2019/05/019098).
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INTRODUCTION

Children with critical illness frequently require endotracheal
intubation to maintain the airway. Post-extubation stridor (PES)
is a well-known complication of endotracheal intubation. Earlier
post-extubation hoarseness was reported in children mainly.! PES
results in prolonged mechanical ventilation days and intensive care
unit stay.? PES occurs in up to 30% of extubations in PICUs, resulting
in reintubation up to 6%.3~> Approximately a quarter of all failed
extubations in PICU are due to PES.S In the past, cuffed endotracheal
tube usage in younger children was avoided due to the risk of
subglottic airway edema.”® Deakers et al. showed that post-
extubation stridor is not different among cuffed and uncuffed ETT
in children.* From the year 2005, Pediatric Advanced Life support
(PALS) from the American Heart Institute and the International
Liaison Committee on Resuscitation have changed their
recommendations in favor of using cuffed endotracheal tubes for
allagesin children.”'° Ensuring adequate inflation of endotracheal
tube cuff is important. High cuff pressures result in airway edema,
impaired tracheal blood flow, and subglottic stenosis." On the
other hand, low cuff pressures can result in a significant leak around
ETT, inadequate ventilation, and micro-aspiration.'> The ETT cuff
pressure can be monitored by directly measuring the cuff pressure
by various devices. However, at the bedside, the adequacy of ETT
cuff pressure can also be indirectly assessed by various means.
For example, minimal leak technique where the leak is heard by
auscultating over the trachea and allowing leak sound only at
the peak inspiratory pressure.'* However, Mhanna et al. study in a
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pediatric ICU found the “minimum leak” test or cuff-leak test to be
unreliable in children below 7 years of age.!

Here, we sought to determine whether measuring ETT cuff
pressure at regular intervals in a protocolized manner would
decrease the incidence of post-extubation stridor when compared
to performing bedside clinical assessment for the leak (minimal
leak test).

MATERIALS AND METHODS

This was a single-center prospective randomized controlled trial
done between July 1,2017 and March 31, 2019 after approval from
Rainbow Children’s Hospital’s ethics committee.
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Children between 1 month and 18 years, intubated with cuffed
ETT by our trained doctors were included. Infants born prematurely
were corrected to gestational age. Exclusion criteria were age
group <1 month and >18 years, patients who were ventilated
for upper airway obstruction/upper airway anomalies, patients
who were already intubated with an uncuffed endotracheal tube,
who died before extubation, and who were intubated in outside
hospitals by their team of physicians. The size of the cuffed ETT
was as per the modified Cole formula [ETT inner diameter = (age
in years/4) + 3.5].4>8

Two types of ETT are included in the study—Teleflex® Medical,
INC Rusch® sterile cuffed ETT, and Smiths® siliconized PVC, Portex®.
Both types of ETT used in the study are PVC based siliconized
ETT. During the early phase of our study, there was a short supply
of micro-cuff endotracheal tubes in our unit. Hence, when they
became available after the commencement of our study, we
decided not to use them for intubation until enroliment of patients
under our study was completed. This decision was made because
the dynamics of micro-cuff ETT would be different and would have
affected the outcomes of our study.

Air was used to inflate the cuff. Patients were randomized by a
sealed envelope system. Once consent has been obtained, a sealed
envelope is opened after intubation, and the patient is allocated
into either of the two groups, standard group (SG) and cuff pressure
monitoring (MG) group. It is a non-blinded RCT and the authors of
this study were part of treating PICU where patients were admitted.

Our study is the first prospective randomized controlled study
in the pediatricage group on assessing the use of ETT cuff pressures
to prevent PES. Based on the reduction in PES before and after
monitoring cuff leak pressures in a previous study,”® we calculated
sample size which is approximately 80 patients in each group with
power of 80%, significance level (alpha 0.05 and beta 0.2). The
sample size was calculated with ‘statistical software R’.

In SG, the leak around ETT was assessed by the “minimal leak”
technique where we auscultated over the trachea of intubated
patients and inflated the ETT cuff with air until a leak sound is heard
only at peak inspiration. Additionally, we also monitored the “leak”
displayed on the ventilator screen and a leak of up to 10% was

accepted if the child was hemodynamically stable and ventilated
optimally. This procedure was repeated every six hours.

In MG, cuff pressures were monitored by a device (Portex®
company manometer) every 6 hours to maintain between 20
and 25 mm Hg. Current AHA recommendations for maintaining
cuff pressure at <20-25 cm H,0. But Tobias still recommends
20-30 cm H,0 cuff pressure as the rule until evidence delineates a
more appropriate range.''” Rationale of these recommendations
is to keep the cuff pressures below normal capillary pressure of
30 mm Hg to prevent ischemic injury of the laryngeal mucosa.'®
After extubation, patients in both arms were observed for the
incidence of PES, ventilator-associated pneumonia (VAP), and the
total duration of ventilator support.

Studies in the past considered need for adrenaline nebulization
in the post-extubation period as PES marker* and hence in our
study, children who required adrenaline nebulizations within
24 hours of extubation for upper airway obstruction were defined
as having “post-extubation stridor” (PES). The need for adrenaline
nebulization was determined based on the clinical judgment of the
presence of upper airway obstruction features.

REesuLTs

Atotal of 2102 children were admitted to our PICU during the study
period. Of these, 543 children were mechanically ventilated. Out
of 543 ventilated children, 266 were eligible and randomized for
study. During the study, 89 patients died and 17 patients left against
medical advice, leaving 80 patients in each group (Fig. 1).

There was no difference in median age (p = 0.728), or weight
(p=0.675), orgender (p = 0.341), or diagnostic categories (p = 0.858)
between both the groups.

Seven children developed stridor in SG and the average
duration of stridor was 5.57 hours whereas five children developed
stridor in MG with an average duration of stridor was 5.8 hours.
There was no statistical difference in the occurrence of PES between
SG and MG (p = 0.551) including the duration of stridor (p = 0.85)
(Table 1). There were 44 (27.5%) patients who were below one year
age group and 1 (2.27%) infant developed PES.

2102 children admitted in PICU during study period

543 children ventilated

v

277 children excluded due to various reasons— Out of hospital
intubations (119), uncuffed ETT (68), refused to consent (67),
tracheostomized previously (11), upper airway abnormalities (12)

v

266 children were randomized to two study groups

v

89 patients died and 17 patients
left against medical advice

v

‘ 80 patients in each group were studied ‘

Standard group

Fig. 1: Patient’s disposition
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Monitoring group
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Table 1: Post-extubation stridor and re-intubation rates in study

Standard care  Monitoring care

group (n=80) group (n=80) p-value
Post-extubation stridor 7 (8.75%) 5(6.25%) 0.551
Re-intubation rate 8 (10%) 2 (2.5%) 0.051
Average stridor duration 5.57 hrs 5.8 hrs 0.85

The average leak in SG was 5.4% whereas it was 4.7% in MG.
There was no statistical significance between the leak in both
groups (p = 0.07). A leak of more than 20% around the ETT tube
was seen in three patients in SG and four patients in MG. All seven
children underwent ETT tube change and none developed PES.
Average cuff pressures were 21.5 mm Hg in MG and average cuff
pressures in the PES group were 21.4 mm Hg. Thus the cuff pressures
were almost the same in MG whether they developed PES or not.

Various other parameters were analyzed. The total VAP rate in
the study population was 11.78/1000 ventilator days with the VAP
rate of SG cohort—10.56/1000 ventilator days and MG cohort were
13/1000 ventilator days. There was no difference in the incidence
of VAP in SG and MG groups (p = 0.468). There was no difference in
the duration of mechanical ventilation before extubation between
the two groups (mean ventilator days in the standard group was 4.8
days vs 3.6 days in the monitoring group p = 0.066). Eight children
required reintubation in SG and two children in MG. There was no
difference in the incidence of reintubation between both groups
(p = 0.051). Reintubation due to PES was also similar (p = 0.99)
between the groups. There was no difference in the number of
attempts for intubation between both the groups (1.48 in SG vs
1.35 in MG, p = 0.146). All intubations were done by clinicians of
the same expertise. There was no difference in length of PICU stay
(p = 0.07), between both groups of children.

Discussion

Limited data was published and no prospective randomized trial
could be found in pediatric literature regarding monitoring ETT
cuff pressures and their effect on PES. Morbidity secondary to
ETT tubes is invariably multifactorial. Adequate ETT cuff pressure
is an important factor in deciding the adequacy of mechanical
ventilation on one hand and also in preventing airway edema and
associated complications on other hand.

The primary aim of our study was to study whether a
protocolized endotracheal tube cuff pressure monitoring every 6
hours was a better approach than using bedside clinical assessment
in reducing the incidence of post-extubation stridor. Internationally
reported incidence of post-extubation stridor is 2-22% of pediatric
intubated patients.? In our study, the rate of post-extubation stridor
in the standard group was 8.75%, whereas in the monitoring group
it was 6.25% (p = 0.5571), thus, we could not find any significant
reduction in the incidence of post-extubation stridor in children
where a protocolized ETT cuff pressure monitoring was performed
every 6 hours. However, Schneider et al.,”® in their retrospective
analysis of a single-center trial showed a significant reduction in
the incidence of PES after implementing protocolized ETT cuff
leak monitoring. The main difference in our study from their study
was that ours was a prospective randomized control study where
we primarily maintained a cuff pressure of 20-25 mm Hg at every
6 hours interval in the MG, while in SG, the percentage of the leak
was monitored and accepted up to 10% if the child was stable and
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optimally ventilated. As per our previously existing unit policy, when
the ETT leak is more than 10%, we assessed the oxygenation and
ventilation of the child, which if acceptable did not change ETT.
If either of the parameters has been compromised or if the ETT
leak is >20%, we changed the ETT tube to the next bigger size as
appropriate. Schneider et al.”> monitored leak around ETT at every
6 hours intervals and accepted leak sound on auscultation at peak
inspiratory pressure or cuff pressure of 25 mm Hg, whichever was
higher. In our study, we measured leak around ETT in both groups
and found them to be almost the same (5.4% leak in SG, 4.7% in MG).
Thus, we can assume that if we simply perform a careful assessment
of leaks around the ETT by various bedside methodologies as
described above, the incidence of PES remained comparable to
the protocolized six-hourly ETT cuff pressure monitoring strategy.

Laryngeal edema causing airway obstruction is of variable
severity. In severe cases, edema may need emergency reintubation
for acute respiratory compromise.'® Failed extubation (requiring
re-intubation within 48 hours after extubation) is associated with a
higher complication rate (increased length of stay in ICU, increased
VAP).2 In our study, the children requiring re-intubation were
more in SG (n = 8) than MG (n = 2), the difference, however, was
not statistically significant (p = 0.051). Up to half of the pediatric
extubation, failures are related to upper airway obstruction
(UAOD).2° Around 15% of all reintubations are performed due to
laryngeal edema developing after extubation in adults.?’ However,
re-intubation due to PES was similar (p = 0.99) between both the
groups in our study.

We could not find any pediatric literature where VAP rates
were analyzed concerning ETT cuff pressure monitoring. In our
study, VAP rates were the same in both study groups. In adults, a
minimum pressure of 20 cm H,0 is recommended for the prevention
of VAP.2223 |n a study, there was a 4-fold risk for VAP when the ETT
cuff pressure was below 20 cm H,0 in 83 subjects.?* In children,
there are no specific recommendations for maintaining cuff
pressures. However, in our study, the average cuff pressure in the
monitoring group was 21.5 mm Hg which is within range as per
recommendations. The average duration of mechanical ventilation
in both groups was similar. Airway edema can occur shortly after
tracheal intubation, and the duration of intubation correlates with
therisk of developing laryngeal injury and subsequent PES.2>2° Qur
study has no difference in duration of mechanical ventilation in both
groups. In a recently published adult study comparing frequent vs
infrequent monitoring of ETT cuff pressures, rates of VAP, ICU, and
hospital stay were similar between both study groups.?’

There are limitations to our study, one of them is that it is a
single-center study. This limits the generalizability of our findings.
Thereis very limited data in the published literature which is focused
on the actual measurement of cuff pressure in ventilated children.
This study provides results that need to be explored in further
detail and a much larger population. Secondly, the definition of
post-extubation stridor was subjective and it is diagnosed solely
by clinical observation. However, this definition was used during
the early studies validating the safety and efficacy of using cuffed
ETT in children*® and has been used as an acceptable definition.?®

CoNcLUSION

Our study shows that regular bedside assessment of leak around
the ETT by “minimal leak” technique and monitoring percentage
of the leak around ETT as displayed on the ventilator console is as
good as a protocolized measurement and monitoring of ETT cuff
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pressures in terms of preventing post-extubation stridor. Larger
multicenter studies may confirm our findings.
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