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Objective: Children with neurological disabilities are at an in-
creased risk of airway complications during anaesthesia for mag-
netic resonance imaging (MRI) with spontaneous respiration. The
primary objective of this study was to evaluate airway dimensions
during propofol and dexmedetomidine sedation for MRI in chil-
dren with neurological disabilities. The secondary objective was to
examine the adverse respiratory and sedation-related events.

Methods: Seventy-two children aged 1-6 years undergoing MRI
were randomly selected to receive sedation with either 2 mg kg™!
h" of propofol or 2 ug kg™' h™" of dexmedetomidine. The airway
dimensions were measured at soft palate, the base of tongue and
mid-epiglottis. Adverse airway events were noted, and the quality
of sedation was determined based on the need for dose modifica-
tion, patient movement and repeat imaging requirements.

Results: There was no significant difference in airway dimensions ob-
served between the dexmedetomidine and propofol groups, except for
maximum and minimum transverse diameter (15.4+3.4 vs. 13.4+4.7,
p=0.04 and 14.6+3.3 vs. 12.4+4.7, p=0.02 respectively) at soft palate
and for cross sectional area difference at the base of tongue (14.5+13.9
vs. 20.1£19.3, p=0.03). Airway obstruction (2/36 vs. 3/36), apnoea
(0/36 vs. 3/36) and desaturation (0/36 vs 2/36) occurred less fre-
quently with dexmedetomidine. Additional requirement of sedation
(6 vs. 3 patients; p=0.48), movement during imaging (9 vs. 5 patients;
p=0.37) and poor image quality necessitating re-acquisition (4 vs. 0
patients; p=0.08) were more frequent with propofol.

Conclusion: Airway dimensions were similar during dexmedeto-
midine and propofol sedation, except for the transverse diameters
at soft palate, and for cross-sectional area difference at the base of
tongue in spontaneously breathing children with neurological dis-
abilities. Airway complications were less frequent and the quality
of sedation was better with dexmedetomidine.

Keywords: Airway, children, dexmedetomidine, propofol, mag-
netic resonance imaging

Introduction

Amag: Noérolojik disabilitesi olan ¢ocuklar, spontan solunum ile
manyetik rezonans goriintilleme (MRI) icin anestezi aldiklarinda
havayolu komplikasyonlari agisindan artan bir risk alundadirlar.
Bu ¢alismanin amaci 6ncelikle nérolojik disabilitesi olan gocuklar-
da MRI i¢in propofol ve deksmedetomidin ile sedasyon siiresince
havayolu boyutlarini degerlendirmektir. Ikinci amag ise, solunum-
la ve sedasyonla ilgili olumsuz olaylar: incelemektir.

Yéntemler: MRI uygulanacak olan 1-6 yas arast 72 cocuk, 2 mg
kg s! propofol ya da 2 pg kg s deksmedetomidin ile sedas-
yon uygulanmasi i¢in rasgele secildiler. Yumugsak damak, dil kokii
ve orta epiglotiste havayolu boyutlar: 6l¢iildii. Olumsuz havayolu
olaylar1 kaydedildi ve sedasyonun niteligi doz modifikasyonu, hasta
hareketi ve tekrar gériintiileme gereksinimine gore belirlendi.

Bulgular: Yumusak damakta maksimum ve minimum transvers cap
ve dil kokiinde kesit alani farki diginda, deksmedetomidin ve propo-
fol gruplari arasinda havayolu boyutlart agisindan gozlenen anlamli bir
fark yoktu. Havayolu obstriiksiyonu (deksmedetomidin grubu: 2/36,
propofol grubu: 3/36), apne (deksmedetomidin grubu: 0/36, propofol
grubu: 3/36) ve desatiirasyon (deksmedetomidin grubu: 0/36, propo-
fol grubu: 2/36) deksmedetomidin grubunda daha az siklikta gériildii.
Tlave sedasyon gereksinimi (propofol grubu: 6 hasta, deksmedetomidin
grubu: 3 hasta; p=0,48), goriintiileme sirasinda hareket etme (propofol
grubu: 9 hasta, deksmedetomidin grubu: 5 hasta; p=0,37) ve tekrar
gerektiren kétii goriintii kalitesi (propofol grubu: 4 hasta, deksmede-
tomidin grubu: 0 hasta; p=0,08) propofol grubunda daha sik izlendi.

Sonug: Noérolojik disabilitesi olan spontan solunumlu gocuklarda,
yumusak damakta transvers cap ve dil kékiinde kesit alan: farki digin-
da, deksmedetomidin ve propofol gruplart havayolu boyutlar: agisin-
dan benzerdi. Deksmedetomidin grubunda havayolu komplikasyon-
larinin daha az siklikta ve sedasyon kalitesinin daha iyi oldugu izlendi.

Anahtar Kelimeler: Havayolu, ¢cocuklar, deksmedetomidin, pro-
pofol, manyetik rezonans gériintiileme

irway abnormalities and respiratory complications are frequent in children with neurological disorders such as epilepsy,
attention-deficit/hyperactivity disorder and congenital pathologies such as Joubert syndrome and Chiari malformation

1-4). Providing anaesthesia for these children for diagnostic studies such as magnetic resonance imaging (MRI) hence

becomes challenging, especially when the airway is unprotected. Several studies have examined and documented airway com-

plications in children undergoing MRI studies with different anaesthetic drugs (5-7). Few studies have also evaluated the effects
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I Figure 1. Flow diagram showing participation of patients in the study

Figure 2. Sagittal view of MRI of the upper airway showing three le-
vels of image acquisition at soft palate, base of the tongue and mid-le-
vel of epiglottis during dexmedetomidine infusion

of anaesthetic drugs such as propofol and dexmedetomidine
on airway diameters (8-12). These studies have observed alter-
ation in the shape of airway with propofol (11), while airway
collapsibility (8) and upper airway narrowing (10) were seen
with high doses (4-6 pg mL" effect site concentration and 240
pg kg! min infusion of propofol, respectively). Maintenance
of airway patency was observed with low-dose (5 mg kg’ h)
propofol (9), and minimal change in airway measurements
was observed with dexmedetomidine even at a high dose of
3 pg kg’ h! (12). Because propofol and dexmedetomidine are
the two drugs most commonly used for sedation in children
for MRI study in our hospital, we decided to compare these
two drugs in this study. Our hypothesis was that sedation with
dexmedetomidine will result in better airway dimensions as
compared to propofol. The primary objective of this study was
to evaluate the upper airway dimensions in children with neu-
rological disorders during sedation for MRI study with dex-
medetomidine and propofol. The secondary objective was to

examine the adverse airway events and sedation quality during
MRI study with these drugs.

Methods

This prospective randomised study was approved by the institu-
tional ethics committee, and written informed consent was ob-
tained from a parent. This trial is registered with the clinical trials
registry of India (CTRI/2016/03/006721). Seventy-six children
aged 1-6 years who were scheduled to undergo MRI study of the
brain for their neurological illnesses over a period of 18 months
were recruited. After excluding 4 patients, 72 children were selected
using centralised computer-generated random numbers to receive
either propofol or dexmedetomidine for sedation. The participants
and outcome assessors were blinded to the study drug. The study
recruitment process is illustrated by a CONSORT flow diagram
(Figure 1). Children with endotracheal tube or tracheostomy, sig-
nificant anatomic airway abnormalities, major cardio-respiratory
problems, a history of obstructive sleep apnoea (OSA), or a history
of propofol or dexmedetomidine intolerance were excluded.

Anaesthetic technique: In the MRI patient-holding area,
details about the clinical status, fasting, laboratory findings
and consent were obtained. As per randomisation, sedation
was administered and maintained with either propofol 2 mg
kg! followed by 2 mg kg™' h™!, or dexmedetomidine 2 pg kg™
followed by 2 pg kg h™', using a MRI-compatible syringe
pump. The depth of sedation was targeted and maintained to
a score of <3 using the Observer’s Assessment Alertness/Se-
dation (OAA/S) Scale. The OAA/S score was measured after
the administration of a bolus sedation dose and at frequent
intervals during the MRI study. OAA/S Score was additionally
determined immediately before the acquisition of MRI images
for airway measurements. This dose was selected based on our
clinical experience and previous literature (13, 14). In the event
of movement during the procedure, which resulted in the dis-
tortion of images, the infusion rate was increased by 1 mg kg™
h! in the propofol group and 1 pg kg' h™! in the dexmede-
tomidine group, up to a maximum of 4 mg kg h™' or 4 pg
kg h™! for propofol and dexmedetomidine, respectively, after
administering another bolus at half strength (e.g. for propofol,
1 mg kg bolus). In case of an airway obstruction leading to a
decrease in SpO,<90%, appropriate airway interventions were
undertaken by the attending anaesthesiologist, and they were
documented. Interventions included a decrease in the sedation
dose, repositioning of head and neck and if the obstruction
was persistent, application of an artificial airway such as nasal
airway or laryngeal mask airway. The cardio-respiratory pa-
rameters were monitored [heart rate from electrocardiogram
(ECG), noninvasive blood pressure (NIBP), respiratory rate
(RR), oxygen saturation (SpO,) and end tidal carbon diox-
ide (ETCQO,)] via a slave monitor in the MRI console, and
children were observed for movement via a video camera and
through direct visualisation. Ear plugs were used to minimise
the stimulation caused by noise during the MRI scan. All chil-
dren were placed in a similar position during the study. After
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Figure 3. Airway dimensions at the mid-level of epiglottis in a child with dexmedetomidine sedation (Upper left and lower left: Antero-posterior
minimum and maximum diameter. Upper middle and lower middle: Transverse minimum and maximum diameter. Upper right and lower right:
Minimum and maximum cross-sectional area)

Figure 4. Airway dimensions at the base of tongue level in a child with dexmedetomidine sedation (Upper left and lower left: Antero-posterior
minimum and maximum diameter. Upper middle and lower middle: Transverse minimum and maximum diameter. Upper right and lower right:
Minimum and maximum cross-sectional area)
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Figure 5. Airway dimensions at the soft palate level in a child with dexmedetomidine sedation (Upper left and lower left: Antero-posterior minimum
and maximum diameter. Upper middle and lower middle: Transverse minimum and maximum diameter. Upper right and lower right: Minimum
and maximum cross-sectional area)

the study was completed, sedation was discontinued, and chil-
dren were moved to the observation room.

Data collection: Airway dimensions (minimum and max-
imum dimensions in antero-posterior, transverse directions
and cross-sectional area) at three levels-soft palate, the base of
tongue and mid-epiglottis-were collected in all children un-
der steady-state anaesthesia. To avoid the influence of chang-
es in sedation depth or airway interventions, these measure-
ments were made when drug infusions were stabilised and
cardio-respiratory parameters were stable. In addition, the
following parameters were also collected and analysed: evi-
dence of airway obstruction and interventions required for
relieving the obstruction, cardio-respiratory parameters, the
quality of sedation as evaluated by the need for an additional
dose of sedative drug, patient movement during the proce-
dure and re-acquisition of sequences due to poor imaging
quality. Heart rate and blood pressure were measured every 5
min till the end of procedure.

Airway imaging and measurements: Dynamic airway study
was conducted on a 3 Tesla Achieva magnet (Philips Medical
Systems, Netherlands) with the following acquisition details:
Turbo field Echo (TFE) TR 3.8 msec; TE 1.69 msec; with scan
time of 0.13 s/dynamic, and the total number of dynamics at
30. Matrix 176 x 156; Flip angle 15 degree; TFE factor of
13.NSA 1; slice thickness=8 mm. The total acquisition time for
this study was 64 s. MR fluoroscopy was planned on the ini-

tially acquired survey images in three planes. One acquisition
was done in the sagittal plane (Figure 2), and three in the axial
plane at the soft palate, the base of tongue and the mid-epiglot-
tis level (Figures 3-5). The measurement analyses were done
using a vendor-supplied workstation ViewForum Philips Med-
ical Systems and image analysis software. Because timing of the
respiratory cycle was not possible in spontaneously breathing
children, the maximum and the minimum dimensions at each
level were determined from the 30 dynamic images obtained
during MR fluoroscopy of the airway at each level.

Statistical analysis

The sample size was determined based on an earlier study
that examined airway dimensions. Sixty-two patients were
deemed to be necessary for an effect size of 2.4 and 95% con-
fidence interval of 1.78-3.02 (minimum anterior-posterior
diameter between the two groups of 4.9 mm and 2.5 mm,
respectively) with 80% power and 5% a error (15). To com-
pensate for possible attrition, we included 72 children in this
study. The propofol and dexmedetomidine groups were com-
pared for sedation score, airway dimensions and quality of se-
dation using the independent samples t test, and Chi-squared
or Fisher’s exact test for categorical variables. A repeated mea-
sures analysis of variance was used to analyse differences in
heart rate and blood pressure between dexmedetomidine and
propofol over several time points of monitoring. A p value
<0.05 was considered to be significant. Statistical analysis was
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performed using the Statistical Package for Social Sciences

(SPSS Inc.; Chicago, IL, USA, version 17.0).
Results

The demographics of the children are presented in Table 1.
There were more male children in the dexmedetomidine
group than in the propofol group (p=0.03). Most of the
children (18/72) were diagnosed with global developmental
delay. Other diagnoses included seizure disorder (n=15), neu-
rosurgical pathology (n=11), metabolic disorder affecting the
central nervous system (n=8), cerebrovascular disease (n=5),
neuroinfection (n=4), dystonia (n=3) and miscellaneous neu-
rological diagnoses (n=8). All children achieved and main-
tained the OAA/S score of <3. Airway obstruction, apnoea
and desaturation were less frequent, and the mean oxygen

Table 1. Demographics of children undergoing MRI
study with dexmedetomidine and propofol sedation

Parameters Dexmedetomidine  Propofol
(n=36) (n=36)
MeantSD Mean+SD
or n (%) or n (%) P

Age (years) 3.1x1.4 3.2+1.5 0.87
Weight (kg) 11.6+3.9 12.8¢3.9  0.18
Male gender 27 (75) 17 (47) 0.03
Duration of 40.9+10.2 447¢10.1  0.13
procedure (minutes)
Diagnosis
Global developmental 10 (28) 8 (22) 0.79
delay
Others 26 (72) 28 (78)
Independent sample t test for age, weight, duration of procedure and
Fischer’s exact test for gender and diagnosis

Table 2. Respiratory events and sedation quality in
children undergoing MRI study under anaesthesia

Parameters Dexmedetomidine Propofol p
Airway obstruction (n) 2/36 3/36 1.00
Oxygen saturation (%) 97.7+1.4 95.419.6 0.15
Desaturation incidents (n) 0/36 2/36 0.49
Apnoea (>20s) incidents (n) 0/36 3/36 0.24
Movement during sedation (n) ~ 5/36 9/36 037
Additional requirement 3/36 6/36  0.48
of sedation (n)

Re-acquisition of imaging 0/36 4/36 0.08
sequences (n)

Independent sample t test for mean oxygen saturation, and Fischer’s exact test for
other variables

saturation was higher in the dexmedetomidine group than in
the propofol group (Table 2). Apnoea and airway obstruction

were observed immediately after a bolus dose of propofol in 3

ITable 3. Airway dimensions at the level of soft palate

Parameters Dexmedetomidine Propofol P
(mm or mm?) Mean+SD Mean+SD
Antero-posterior 7.6%3.3 7.5¢4.1  0.97
diameter minimum

Antero-posterior 8.5+3.5 8.3x4.2  0.85
diameter maximum

Antero-posterior 0.9+1.4 0.8£0.7  0.58
diameter difference

Transverse diameter 14.6+3.3 12.4+¢4.7  0.02
minimum

Transverse diameter 15.4+3.4 13.4+4.7  0.04
maximum

Transverse diameter 0.8+1.0 1.0£1.2  0.41
difference

Cross-sectional area 122.2+47.5 109.6£69.7 0.37
minimum

Cross-sectional area 137.7+54.3 130.8£77.0 0.67
maximum

Cross-sectional area 15.5£16.6 21.2+¢19.2 0.18
difference

Independent sample t test

ITable 4. Airway dimensions at the base of tongue

Parameters Dexmedetomidine Propofol P
(mm or mm?) MeanSD MeanSD
Antero-posterior 7.943.2 8.3+2.3  0.29
diameter minimum

Antero-posterior 8.5+3.4 9.3+2.5 0.12
diameter maximum

Antero-posterior 0.6x0.6 1.0+1.1  0.05
diameter difference

Transverse diameter 14.8+3.4 13.8£3.9 0.21
minimum

Transverse diameter 18.1£17.0 14.9+3.7 0.27
maximum

Transverse diameter 3.3+16.6 1.1£1.2  0.44
difference

Cross-sectional area 123.5 + 56.7 128.2 + 43.7 0.70
minimum

Cross-sectional area 138.1+63.3 148.3+50.1 0.26
maximum

Cross-sectional area 14.5+13.9 20.1+19.3 0.03
change

Independent sample t test
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ITable 5. Airway dimensions at the mid-level of epiglottis

Parameters Dexmedetomidine Propofol
(mm or mm?) MeanzSD MeanzSD P
Antero-posterior 7.3+2.4 7.8¢2.3 035
diameter minimum
Antero-posterior 8.2+2.6 9.1+2.6  0.17
diameter maximum
Antero-posterior 0.95+1.0 1.1¢1.7  0.76
diameter difference
Transverse diameter 12.0+5.8 11.1£5.3 0.51
minimum
Transverse diameter 13.2+5.7 12.6£5.8 0.67
maximum
Transverse diameter 1.2+1.2 1.5¢2.7  0.56
difference
Cross-sectional area 94.0+54.8 94.5£53.3 0.97
minimum
Cross-sectional area 111.0+54.1 117.9+64.5 0.63
maximum
Cross-sectional area 17.0+15.7 23.4+32.7 0.30
difference
Independent sample t test
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Figure 6. Changes in the heart rate over time in the dexmedeto-

midine and propofol groups

children. Physical stimulation with the jaw-thrust manoeuvre
restored spontaneous respiration and relieved obstruction in
these children. No patient required the placement of nasal
or laryngeal mask airway or discontinuation of imaging or
sedation. Movement during sedation was observed more fre-
quently in propofol-sedated children than in dexmedetomi-
dine-sedated children. Similarly, more children in the propo-
fol group required supplemental doses of sedative drug and
repeat imaging due to poor quality of sequences than in the
dexmedetomidine group, although these differences were sta-
tistically insignificant. A statistically significant difference was
observed at the level of soft palate between the two groups
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Figure 7. Changes in the systolic blood pressure over time in the
dexmedetomidine and propofol groups

for maximum and minimum transverse diameter (Table 3).
A greater change in the cross-sectional area reflecting collaps-
ibility of the airway at the level of tongue was observed with
propofol (Table 4). No difference in the airway dimensions
was observed at the mid-level of epiglottis between the two
groups (Table 5). The heart rate was lower and systolic blood
pressure was higher (Figures 6 and 7, respectively) with dex-
medetomidine, but this difference was significant for systolic
blood pressure (p=0.01) and not for the heart rate (p=0.96).

Discussion

In this study, we observed similar airway dimensions in chil-
dren undergoing MRI with dexmedetomidine and propofol
sedation, except for two measurements: transverse diameters
at the level of soft palate and cross-sectional area difference
at the level of tongue. These changes in airway dimensions
were similar to those observed in a recent study (16), but in
another study, the changes were observed at all measured lev-
els of the upper airway (17). Fewer adverse respiratory events
were observed, and the quality of imaging in case of dexme-
detomidine sedation was noted to be superior compared to
propofol. However, these clinical differences were statistically
insignificant.

Traditionally, propofol has been used for procedural sedation
outside the operating room. However, over the last few years,
dexmedetomidine is increasingly used as an alternative to
propofol. The probable reason behind this change in practice
could be an increased collapsibility of the upper airway with
an increasing depth of propofol anaesthesia and subsequent
airway-related adverse events (8,10). This dose-related effect
of propofol on the airway is a result of depression of cen-
tral respiratory output to upper airway dilator muscles and
suppression of the upper airway reflexes (8). These changes
may be unwarranted, especially in vulnerable children with
neurological disabilities.

Several modifications in the sedation protocols and position-
ing techniques have been made to overcome the problem of
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airway obstruction during propofol anaesthesia (16-18). In a
study evaluating the effect of propofol and continuous posi-
tive airway pressure (CPAP) on airway measurements, the au-
thors observed that increasing the depth of anaesthesia with
propofol from 80 to 240 pg kg' min™ decreased the airway
calibre at each anatomical level, while the CPAP application
reversed this propofol-induced decrease in airway dimensions
(17). Similarly, widening of the airway was observed follow-
ing the chin-lift manoeuvre in children sedated with propofol
(18). A recent study comparing airway dimensions with and
without neck collar demonstrated that the application of soft
neck collar increased the airway dimensions at the base of
the tongue and soft palate in children undergoing MRI study
with 50-100 Mg kg min™ propofol infusion and 0.1 mg kg™
intramuscular midazolam sedation (16).

In contrast, upper airway changes associated with increasing
dexmedetomidine doses (from 1 to 3 pg kg h') in children
were small in magnitude and not associated with clinical signs
of airway obstruction (12). Similarly, the airway dimensions
remained unchanged or even increased, and airway interven-
tion was less required with an increasing dose of dexmedeto-
midine (from 1 to 3 pg kg’ h™') compared to propofol (from
100 Kg kg' min™' to 200 Hg kg min™) in children with OSA
(19). These observations were confirmed in our study as well,
where adverse airway events were less frequent with dexme-
detomidine compared to propofol. Hence, dexmedetomidine
appears to be an attractive agent for MRI study when the
airway is unprotected. A recent study in contrast observed no
difference in airway dimensions between dexmedetomidine
(1 pg kg'h') and propofol (250-300 Kg kg min™) during
MRI study (20). However, this study had important limita-
tions such as measurement of airway patency at only one level
(posterior mid-tongue) and possible residual effect of sevoflu-
rane on airway measurements.

The problems in children with neurological disorders are not
limited only to airway collapsibility, but they are also related
to respiratory control. Dexmedetomidine has a better ability
to preserve respiratory control when used at high doses (21,
22), unlike propofol that is advantageous in children with
syndromic neurological disorders. The use of dexmedetomi-
dine also eliminates the need for external manipulation of air-
way such as the CPAP application, placement of neck collar,
or positioning changes.

In our study, we used 2 mg kg h™' of propofol (low dose)
for maintenance of sedation, while the dexmedetomidine
dose (2 pg kg h') was comparatively higher than recom-
mended. These doses of propofol and dexmedetomidine were
chosen based on our previous clinical experience and pub-
lished literature. Higher propofol dose, while reducing the
patient movement and improving the image quality, results
in respiratory compromise from airway collapsibility (8).
Similar results were observed in 9 children, where increasing
the propofol dose from 80 to 240 pg kg™ min~! decreased the

airway calibre at all anatomical levels (17). Airway patency
is however maintained with low-dose (5 mg kg™ h) propo-
fol sedation for MRI (9). In our study, we too observed that
airway dimensions were largely preserved with the low-dose
propofol sedation.

One of the major limitations of this study was that we did not
time the cine image acquisitions to the two phases of respiratory
cycle. It is impractical to acquire images accurately during inspi-
ration and expiration in spontaneously breathing children. The
placement of an artificial airway and controlled ventilation to
calculate true inspiration and expiration measurements will not
only affect the native airway dimensions, but it will also require
a higher sedation dose, prolonging the recovery. In these circum-
stances, we considered the maximum and minimum measure-
ments to reasonably represent the inspiratory and expiratory
dimensions respectively and the difference to reflect the airway
collapsibility. The second limitation is the lack of comparative
measurements in the awake state to truly associate the airway
changes with the drug effect. This again is impractical in children
with neurological disabilities. Lastly, whether the two doses of
dexmedetomidine and propofol we studied are truly compara-
ble is not known, as that would require a MRI compatible tar-
get-controlled infusion system or measurement of plasma drug
concentrations, which was not feasible in our setup.

Conclusion

Opverall, the airway measurements during propofol and dex-
medetomidine sedation for MRI study in spontaneously
breathing children with neurological disability were similar,
except for narrower transverse dimensions at the level of soft
palate, and greater airway collapsibility at the base of tongue
with propofol sedation. Clinically observed adverse airway
events and image re-acquisitions due to patient movement,
although more frequent in the propofol group, were statis-
tically insignificant. Future studies should evaluate if these
findings are valid in non-neurological populations as well.
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