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ABSTRACT: Thoraco-abdominal asynchrony is frequently encountered during
inhalation anaesthesia in children with adenotonsillar hypertrophy causing an upper
airway obstruction. The study goal was to evaluate the impact of different airway
opening manoeuvres on thoraco-abdominal asynchrony as a measure of airway
obstruction.

Thirty anaesthetized children (aged 2 -8 yrs; sevoflurane 3% in 50% oxygen/nitrous
oxide) were studied prior to elective adenotonsillectomy using respiratory inductance
plethysmography to record ribcage and abdominal wave forms as a basis for calculation
of the phase angle. Five airway situations were compared: 1) baseline (unsupported
mandible); 2) chin lift; 3) chin lift combined with continuous positive airway pressure of
10 cmH,0; 4) jaw thrust; and 5) jaw thrust combined with continuous positive airway
pressure of 10 cmH,O.

Three children had complete upper airway obstruction at baseline and were excluded
from the study. With chin lift, thoraco-abdominal asynchrony improved in three
patients, worsened in three patients and was unchanged in 21 patients. Additional
continuous positive airway pressure during chin lift did not markedly reduce thoraco-
abdominal asynchrony (phase angle 89+43°, p=0.33). Jaw thrust resulted in a
significant decrease of the phase angle (from 106 +53° at baseline to 65+49°, p <0.01);
when combined with continuous positive airway pressure, no further effect on thoraco-
abdominal asynchrony was found (72 +44°).

In anaesthetized children with adenotonsillar hypertrophy, airway opening man-
oeuvres have distinct effects on thoraco-abdominal asynchrony. Delivery of continuous
positive airway pressure and jaw thrust can be the first airway opening manoeuvres to
improve breathing patterns. Chin lift without additional continuous positive airway
pressure should be used with caution in these patients because it may convert partial into
almost complete airway obstruction.
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Adenotonsillectomy is one of the most common
paediatric operations [1]. Close communication
between all medical staff involved in the care of
these children is fundamental to their well-being [2].
The anaesthetic management of all these children is
centred around the preservation and control of the
upper airway. Upper airway obstruction (UAO) can
easily occur because inhalation anaesthetics decrease
pharyngeal muscle tone [3]. Hypertrophy of the
adenoids and the tonsils can further worsen upper
airway patency, which is one of the main reasons for
UAQO in children [4]. In an animal model, an increase
in UAO correlates with increasing thoraco-abdominal
asynchrony (TAA) [5]; UAO is measured and
quantified using respiratory inductance plethysmogra-
phy to record ribcage (RC) and abdominal (AB) wave
forms with subsequent calculation of the phase angle
[6]. TAA decreases in children with resolving UAO
due to laryngotracheobronchitis [7]. Asynchronous or
paradoxical breathing patterns can occur during
general anaesthesia with volatile anaesthetic agents

[3]. The paradoxical pattern is most pronounced when
UAO becomes progressively worse [8]. When this
occurs, delivery of continuous positive airway pres-
sure (CPAP) may be the first in a series of attempted
airway opening manoeuvres such as chin lift and jaw
thrust to reduce the obstruction [8]. The purpose of
the present study was to determine if these interven-
tions in anaesthetized children decrease TAA.

Material and methods

This study examined consecutively, 30 children
(aged 2-8 yrs) who were scheduled for adenotonsil-
lectomy. Children with cranio-facial dysmorphism,
deformities of the chest or spine and children with
neuromuscular disorders were excluded from the
study. The protocol was approved by the Ethics
Committee of the University Children’s Hospital,
Basel. Prior to a patient’s participation in the study,
the child’s parents gave written informed consent.
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Anaesthesia

The patients were rectally premedicated with
0.3 mg-kg"' midazolam, 15 min before anaesthesia. All
patients were monitored with pulse oximetry, electro-
cardiography, and blood pressure measurement using
a Datex cardiocap II monitor (Helsinki, Finland).
Inhalation anaesthesia was induced with sevoflurane
(in steps of 1.5% volume per 3 breaths up to 8%
volume) in a circle-system anaesthesia machine. The
steady state of sevoflurane concentration was at 3%
volume with 50% oxygen/nitrous oxide [9].

Airway manoeuvres

The head position was standardized, the head being
slightly extended with an angle of 110° between the
horizontal plane of the operating table and the line
connecting the lateral corner of the eye and the tragus
of the ear. This angle leads to maximally widened oral
and nasal upper airways [10]. Each manoeuvre was
standardized and performed for 1 min by the same
investigator to eliminate inter-investigator variability
in all children. For each child the following man-
oeuvres were determined. After induction of anaes-
thesia, baseline measurement was performed with
each patient’s chin unsupported (face mask adapted).
Thereafter, chin lift was performed single handed
without protrusion of the mandible. The molars were
lightly contacted, the lips remained open. Thus,
complete mouth closure was not achieved. For the
third situation, in addition to chin lifting, CPAP of
10 cmH,O was applied in the circle system in order to
dilate or splint the upper airway. From then on, jaw
thrust was performed bimanually with the jaw being
displaced upwards and anteriorly (Esmarch man-
ocuvre), which enabled the mouth to remain com-
pletely open. This manoeuvre with a maximal
mandibular protrusion was performed at zero end-
expiratory airway pressure followed by CPAP of
10 cmH,O. At the end of this procedure, each
patient’s trachea was intubated and anaesthesia was
maintained for the subsequent elective surgery.

The study was stopped if a child’s upper airway was
totally obstructed (no breathing sounds detected by
the investigator). If airway manoeuvres failed to
establish an open airwayj, artificial respiration with neuro-
muscular blockade and consecutive endotracheal
intubation was performed.

Measurement of thoraco-abdominal asynchrony

RC and AB motions were depicted from the output
of an AC coupled respiratory inductance plethysmo-
graph (RIP; Respitrace®, Non-invasive Monitoring
Systems NIMS, Miami Beach, FL, USA) operating in
the alternating current mode. The exact position of
the bands placed at the levels of the nipples and upper
abdomen was carefully examined during the investi-
gations [11]. The operator was blinded to the
recordings. All data were analysed with a 50 Hz reso-
lution of signals using specifically designed software

(RespiEvents 4.2e, Non-invasive Monitoring Systems
NIMS).

The phase angle was used to measure TAA [6].
According to the method of AGgosTont and MoGNONI
[12], phase angle is calculated using an x-y plot of RC
versus AB motion display ("Lissajous figure", Konno-
Mead diagram) in a sine wave dependent formula:
sine phase angle=m-s'. Where "m" describes the
distance between the intercepts of the RC/AB loop on
a line drawn parallel to the x-axis, which is placed at
half the distance between the maximal and minimal
RC excursions; and "s" is the maximal AB excursion.
Values for the phase angle fall between 0° for
complete synchrony and 180° for complete asyn-
chrony (paradoxical breathing). The loops were
identified as an indicator of relative timing between
RC and AB motions during the respiratory cycle.

In addition, the following parameters were calcu-
lated. 1) The total time spent in asynchrony (TTA),
meaning the percentage of time during one breath in
which the RC and AB motion signals were in opposite
directions (RC inward and AB motion outward or
vice versa). 2) The lag of RC relative to AB motion at
start of inspiration and expiration, respectively [13].
These thoraco-abdominal coordination indices are
sine wave independent values (in contrast to the phase
angle) between 0 and 100%, where 0% indicates
perfect synchrony and 100% complete asynchrony
(the phase angle=180° corresponding to 100% asyn-
chrony). 3) The duty cycle or ratio of inspiration to
total time (#1/ttot) [14].

Data analyses and statistics

Variables and statistical data were calculated from
the mean and sp of 20 consecutive respiratory cycles
in the steady state [14]. The five airway situations were
compared by analysis of variance for repeated
measures. For post hoc comparisons, Tukey's test
was applied if appropriate and probability values were
calculated. Spearman rank correlation coefficient was
applied to analyse possible relationships between
variables. A p-value<0.05 was considered to be
significant.

Results

Thirty children (aged 2-8 yrs) were studied (4.4 +
1.6 yrs, mean+sp). Body weight ranged from 9-
24 kg (18 +4 kg) and height ranged from 78 -125 cm
(100412 cm). Their case histories revealed nocturnal
apnoea in six patients. From clinical inspection, three
children were excluded from the study protocol
because of a complete UAO with the chin unsup-
ported (two patients) and the occurrence of a central
apnoea at chin lift (one patient). Except for these
three patients, pulse oximetry values remained >97%
throughout the study protocol. No significant change
of respiratory frequency or heart rate occurred. The
mean data of the 27 patients are summarized in
table 1. There was no correlation between TAA and
age in this study population.
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Table 1.—Impact of airway opening manoeuvres

Chin unsupported Chin lift Chin+ CPAP Jaw thrust Jaw+ CPAP
Phase angle ° 106+ 53 106 + 54 89+42 65 +49*# 72 +44%*
IAI % 70429 60+29 55426 41 4 26%* 46+ 26%*
EAI % 39+23 35420 30+13 28+ 19* 28+21*
TTA % 49+ 24 46+22 40+ 15 33420%* 324 14%#
f/ttot 0.43+0.10 0.4340.09 0.38 +0.04*# 0.3940.05 0.38+0.05*%
RF min! 35+38 35+38 37410 36+9 37410
HR min’! 105+ 14 104+ 15 101+15 105+15 103+16

Data are presented as mean+sSD. CPAP: continuous positive airway pressure; IAl: inspiratory asynchrony index; EAIL:
expiratory asynchrony index; TTA: total time spent in asynchrony; t1/ttot: ratio of inspiration to total time; RF: respiratory
frequency; HR: heart rate. *: signigicantly different from "chin unsupported" (p<0.05); #: significantly different from chin

lift; : significantly different from chin lift + CPAP.

At chin lift, TAA measured by phase angle
improved in three patients, worsened in three patients
and was unchanged in 21 patients. Additional CPAP
during chin lift did not markedly reduce TAA (phase
angle 89+43°, p=0.33). Data for phase angle,
asynchrony indices and f1/ttot are presented in
table 1 and figures 1-3. Jaw thrust resulted in a
significant decrease of the phase angle (from 106 + 53°
at baseline to 65+49°, p<0.01), although in combi-
nation with CPAP no further effect on TAA (phase
angle 72+44°) was found. Similar statistical signifi-
cances were found for the asynchrony indices and the
duty cycle, thus favouring jaw thrust with and without
CPAP (table 1, figs. 1-3).

Discussion

The major finding was that in children with
adenotonsillar hypertrophy, moderate and severe
TAA motions were commonly seen during sevoflurane
anaesthesia. In these patients, airway opening man-
ocuvres had distinct effects on TAA. Delivery of
CPAP and jaw thrust can be the first airway opening
manoeuvres to improve breathing patterns. Chin lift
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Fig. 1. — The effect of chin lift and jaw thrust with and without
continuous positive airway pressure (CPAP) on phase angle.
Phase angle data were skewed and all data are therefore presented
uniformly as median and 25-75% interquartile range. *: signifi-
cantly different from "chin unsupported" (p <0.05); *: significantly
different from chin lift (p<0.05). Jaw thrust with and without
CPAP significantly improved thoraco-abdominal asynchrony.

without additional CPAP should be used with caution
in these patients, because it may convert partial into
almost complete airway obstruction.

During general anaesthesia, a large scatter of phase
angles occurred. At baseline, the majority of patients
had moderate and severe asynchronous breathing
patterns that may correlate with clinical observations
of UAO [15, 16]. In the present study, five patients
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Fig. 2. — The effect of chin lift and jaw thrust with and with-
out continuous positive airway pressure (CPAP) on: a) the lag of
ribcage relative to abdominal motion at start of inspiration (inspira-
tory asynchrony index; IAI) and on b) total time spent in asyn-
chrony (TTA). Because phase angle data (fig. 1) were skewed,
all data are presented uniformly as median and 25-75% inter-
quartile range. *: significantly different from "chin unsupported"
(p<0.05); #: significantly different from chin lift (p<0.05); ¥: sig-
nificantly different from chin lift+CPAP (p <0.05). Jaw thrust
with and without CPAP significantly improved thoraco-abdominal
asynchrony.
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Fig. 3. — The effect of chin lift and jaw thrust with and without
continuous positive airway pressure (CPAP) on the ratio of
inspiration to total time (71/ttot). Because phase angle data (fig. 1)
were skewed, #1/ttot data are presented uniformly as median and
25-75% interquartile range. *: significantly different from "chin
unsupported” (p<0.05); ”: significantly different from chin lift
(p<0.05). Chin lift with CPAP and jaw thrust with CPAP signifi-
cantly reduced inspiratory time.

had breathing movements that were comparable with
healthy, awake children where the phase angle is <30°
[16]. MoToyama [3] studied 13 children suffering from
clinically significant UAO when a 2 minimum alveolar
concentration (MAC: the alveolar concentration of an
inhaled anaesthetic that prevents movement in 50% of
patients in response to a standardized stimulus, e.g.
surgical incision) of sevoflurane was reached, which
was equivalent to ~ 5% volume in the present study.
In comparison, the present results show that when a
lower concentration of sevoflurane (3% volume) with
50% oxygen/nitrous oxide is used, it did not necessa-
rily lead to UAO and severe asynchrony of breathing.
Although all inhalational anaesthetics decrease muscle
tone, sevoflurane has a less deleterious effect on TAA
than halothane [17], but the mechanism by which
sevoflurane influences TAA is unclear. However, it
may be suggested that sevoflurane has a more
deleterious effect on patients who already have pre-
existing UAO (in five of six patients with nocturnal
apnoea, phase angle was markedly altered with values
>120° at baseline). An age-related correlation with
the degree of asynchrony was not found in the present
study population as has been shown in infants [14].
Breathing patterns remain an indirect assessment of
changes in the upper airways, limiting the conclusions
drawn in this study. The methods such as imaging of
airway changes, flow measurements and analyses of
arterial blood gases may further contribute to the
utility of the present findings. However, any dynamic
imaging with endoscopy may increase upper airway
resistance and cause changes in airway geometry.
Inductive plethysmography is noninvasive, does not
confound observations and is applicable without any
ethical reservations.

Chin lift had no effect on, or even worsened TAA.
This could be explained by a more severe narrowing
of the upper airway when the chin was lifted, which
results from an imbalance between inspiratory mus-
cle activity and the negative intraluminal pressure
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generated during inspiration. Such children are
dependent on oral breathing. When the chin lift is
performed properly, it cuts off the oral airflow because
of the large tonsils. This in turn diverts inspiratory flow
to the nasal passages which in this particular case is
uniquely shut off by the enlarged adenoids. This
explanation is supported by PICKERING and BEARDSMORE
[18] who showed that when the chin lift manoeuvre
was performed with an almost closed mouth in children
with adenotonsillar hypertrophy, there was greater
resistance to nasal breathing, caused by the adenoids.
However, in a previous study it was demonstrated that
in healthy children without adenotonsillar hypertrophy,
chin lift is an effective manoeuvre to insure an open
airway during propofol anaesthesia [19]. Chin lift
widened the airway diameter anterioposteriorly mainly
at the area of the epiglottis and transversally at the soft
palate [19].

In the children with adenotonsillar hypertrophy,
jaw thrust was more effective than chin lift in
improving TAA. This was especially seen in patients
with severe TAA at baseline and indicated UAO. In
these patients, jaw thrust achieved a more synchro-
nous breathing pattern with an improvement in TAA
mainly during the inspiratory phase. This indicated
that mandibular protrusion, which occurs during jaw
thrust, opens the airway more effectively than chin
lift. It should be noted, however, that there is no
correlation between the degree of the mandibular
protrusion and the widening of the pharynx in adults
[20]. Unfortunately, no comparable data are available
for paediatric patients. Compared with chin lift, jaw
thrust has the several theoretical advantages. The
tension on the tongue and suprahyoidal muscles is
stronger, which pulls the hyoid bone ventrally towards
the root of the tongue. This actively widens the
pharynx. Furthermore, the mouth is wide open and
breathing becomes easier than during chin lift [18].

In a small number of children with adenotonsillar
hypertrophy, jaw thrust itself was not sufficient to
achieve improvement of TAA: the phase angle in nine
of the 27 patients stayed >90°, whereas five patients
with severe TAA completely failed to improve. The
mechanisms responsible for these five nonresponders
are not clear. Several factors have to be taken into
account. First, a pure arytenoid prolapse [21] or
another anatomical structure influencing the glottic
aperture, e.g. the epiglottis, may lead to a narrowing
of the upper airway that will not be cleared effectively
by the jaw thrust manoeuvre itself. Secondly, these
nonresponders could have had a change in airway
resistance without alteration of their breathing pat-
tern. Thirdly, the sevoflurane anaesthesia may also
have been causal [3]. With regard to the last
possibility, the basis for variable responses of adults
or children to sevoflurane anaesthesia is unknown.
Finally, the phenomenon did not correlate with age.

By dilating and splinting the upper airway, CPAP
can completely eliminate UAO and thus lead to
improved breathing patterns [22—24]. The effect of
CPAP has been suggested to be multifactorial,
including interactions between changes in chest wall
stability, pulmonary mechanics, lung volume, and
respiratory muscle dynamics [23, 25]. In the present
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study it is suggested that the increase in thoraco-
abdominal synchrony during CPAP indicated an
improved breathing strategy, and may represent the
optimal interaction of all these parameters mentioned
above. In severe TAA, both chin lift and jaw thrust in
combination with CPAP significantly improved the
phase angle and the percentage of time in which the
RC and AB motion signals were in opposite direc-
tions. In five patients with severe TAA, additional
CPAP completely failed to improve TAA. However,
phase angle cannot be used as an absolute measure of
UAO or narrowing because between individuals the
distortion of the RC and, hence, the asynchrony
depends on the degree of RC compliance [16].
Moreover, sevoflurane itself can be responsible for
TAA without UAO [17].

In conclusion, the results of this study have shown
that asynchronous and paradoxical thoraco-abdominal
motions often occur in spontaneously breathing
children with adenotonsillar hypertrophy during
sevoflurane anaesthesia. Chin lift without continuous
positive airway pressure should be used with caution
in these patients because its efficacy was markedly
limited. The reason for this limited effect is presum-
ably because in children with more severe adeno-
tonsillar hypertrophy, chin lift without continuous
positive airway pressure converted partial airway
obstruction into almost complete airway obstruction.
It is this mechanism that leads us to recommend
removal of the tonsils and adenoids. In contrast, jaw
thrust with or without additional continuous posi-
tive airway pressure, especially where there was a
severe thoraco-abdominal asynchrony, produced an
improvement in pre-existing moderate and severe
asynchronous thoraco-abdominal motions.
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