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C. Millar MI]BS, B. Bissonnette MD 

Awake intubation 
increases intracranial 
pressure without 
affecting cerebral blood 
flow velocity in infants 

~acheal intubation is frequently required in neonatal anaes- 
thetic practice. Awake intubation is one method o f  securing 
the airway and in certain circumstances, for many anaesthetists, 

can be pre/krable to intubation following induetion o f  anaes- 
thesia. Previous studies have inferred that the elevation in an- 
terior foraanelle pressure observed during tracheal intubation 
in neonates was caused by an increase in cerebral blood f low 
although it was never measured. In this study, direct methods 
were used to observe changes in the cerebral circulation, Thir- 
teen neonates, ASA I to I11 (E), aged from I to 34 days o f  
age were studied. Patients were randomized to receive either 
tracheal intubation awake or following induction o f  anaesthesia 
with thiopentone 5 rag. kg - t  and succinylcholine 2 rag" kg  -t. 
Heart rate, systolic arterial blood pressure, anterior fontanelle 
pressure, cerebral blood flow velocity (using transcranial 
Doppler sonography) and oxygen saturation were recorded at 
the following intervals: baseline (not crying), after intravenous 
atropine 0.02 rag" kg -t ,  during laryngoscopy, immediately after 
insertion o f  the endotracheal tube, one and five minutes later. 
The use o f  atropine masked the cardiovascular responses to 
intubation. Whereas the change in anterior fontanelle pressure 

from baseline was chfferera between the groups (P < 0.05), 
the cerebral blood f low velocity variables were not. The rise 
in anterior fontanelle pressure seen in the awake group may 
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be attributed to a reduction o f  the venous outflow from the 
cranium thereby increasing cerebral blood volume and sub- 
sequently the intracranial pressure. 

En anesthdsie ndonatale, l'intubation endotrachdale est sou- 
vent ndcessaire. L'intubation dveill~e est utilis~e pour le maintien 
de la permdabilit~ des vales respiratoires et clans certaines cir- 
constances, plusieurs aneslhdsistes la pr~f~rent ;, l'intubation 

sour anesth~sie g~n~rale. Auparavant des &udes ont conelu que 
l'augmentation de la pression de la fontanelle ant~rieure ob- 
server pendant I'iraubation endotrach~ale du nouveau-nd dtait 
due ~ une augmentation du ddbit sanguin cdr~bral bier qubn 
ne I'ait jamais mesur~e. Dar~ cette ~tude, des m~thodes directes 
sort utilis~es pour l'observation des changements de la circu- 
lation c~rdbrale. Treize nouveaux-n~s, ASA 1 d 1II (E), agds 
de I h 34 jours font partie de l~tude, lls sora r~partis au hasard 
pour subir une intubation endotracheale soit ~veill~s, soit sous 
anesth~sie au thiopentone 5 mg" kg - t  et glla succinylcholine 

2 rag" kg -t. La frdquence cardiaque, la tension arNrielle sys- 
tolique, la pression de la fontanelle antdrieure, la v$locitd du 
ddbit sangtdn c~rdbral (par sonographie intracr~nienne au Dop- 
pler) et la saturation en oxygbne sort enregistrdes aux intervals 
suivants: ligne de base (sans pleurs de l'enfant), aprbs atropine 
iv 0,02 rag" kg -t,  pendant la laryngoscopie, immddiatement 
aprbs l~nsertion du tube endotraeheal et une et einq minutes 
plus tard. L'utilisation de I'atropine masque la r6ponse car- 
diovasculaire ,~ l~ntvbation~ Alors que les variations de la pres- 
sion de la fontanelle aradrieure mesur~es diffdrent de la ligne 
de base di~rent entre les groupes (P < 0,05~ les variables 
de la vdlocit~ du dgbit sanguin cgr$bral ne di~rent  pas. L~l~va- 

tion de la pression de la fontanelle ara~rieure constatde chez 
le groupe dveill~ est possiblement attribuable ~t une baisse du 
drainage veineu.,: intracrdnien avec augmentation consecutive 
du volume sanguin e~r~bral et subsdquemment de la pression 
intracrgtnienne. 

Tracheal intubation is a necessary part of the anaesthetic 
management of many paediatric patients in the operating 
room. In adutts, the responses to laryngoscopy and tra- 
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cheal intubation have been well documented. ~.2 The in- 
creases in intracranial pressure (ICP) associated with 
manipulation of the airway have been attributed to al- 
terations in the blood pressure and heart rate. Tracheal 
intubation in the neonate may be performed while awake 
patient or following induction of anaesthesia and the use 
of a muscle relaxant. Awake intubation is an accepted 
technique at this age and may, in certain circumstances, 
be the method of choice. 3 However, some clinicians con- 
sider it to be an unnecessary haemodynamic stress. 4 

In paediatric patients, changes in ICP have been ob- 
served most easily in the neonate where the anterior fon- 
tanelle provides a "window" for monitoring pressure 
changes within the cranium. 5 Several studies have shown 
that the anterior fontanelle pressure (AFP) increases dur- 
ing tracheal intubation. J.6 The increases in AFP are 
greater in the awake than in the anaesthetized infants. 
Several theories have been advanced to account for this 
including hypoxaemia and the change in systolic blood 
pressure. However, the changes in cerebral blood flow 
velocity during tracheal intubation have not been inves- 
tigated. 

Transeranial Doppler sonography (TCD) is a nonin- 
vasive, direct and sensitive monitor that measures the cer- 
ebral blood flow velocity (CBFV) in any of the basal 
arteries. 7,8 When it is applied to the temporal area of 
the head, it allows continuous recording from the middle 
cerebral artery (MCA). The MCA is the largest artery 
of all basal arteries constituting the Circle of Willis and 
is responsible for 70% of the blood flow to the ipsilateral 
hemisphere. 9 The advantage of recording CBFV from 
the MCA is that the MI segment of the MCA presents 
an angle less than 20 ~ when compared to the temporal 
window which limits the effect on the doppler shift at 
less than 6% (cosine of the angle). 

Therefore, tiffs study was designed to determine the 
effect of changes in systolic arterial blood pressure, heart 
rate and CBFV variables on AFP during tracheal in- 
tubation performed in awake or anaesthetised neonates. 

Methods 
Following approval from the Human Subjects Review 
Committee and after informed written parental consent 
was obtained, 14 patients aged one to 42 days were stud- 
ied. All patients were scheduled to undergo elective or 
emergency surgery requiring the placement of an endo- 
tracheal tube. Exclusion criteria included the presence of 
known intracranial, cardiovascular or laryngeal pathol- 
ogy. Finally, patients with a gestational age <32 wk were 
excluded owing to technological limitations. 

All patients were fasted, unpremedicated and randomly 
allocated to receive either awake intubadon or thipentone 
5 mg- kg -I and succinylcholine 2 mg- kg -t to facilitate 
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tracheal intubation. To avoid the haemodynamic effects 
of the placement of an intravenous catheter while awake, 
all patients arrived at the operating room with an intra- 
venous access already established. All patients were 
placed supine with the head supported in a head ring. 
Routine monitoring devices (ECG, blood pressure cuff, 
radial Doppler probe, oxygen saturation monitor and 
temperature probe) were applied. Blood pressure was 
taken manually using a sphygmomanometer and a 
Doppler probe overlying the radial artery. Heart rate 
(HR) was recorded from the ECG. The TCD monitor 
(Transpect, Medasonics, Fremont CA.) was placed over 
the right temporal region to record flow in the MI seg- 
ment of the right middle cerebral artery. At each study 
period a file from the TCD was recorded representing 
eight seconds of Doppler flow velocity profdes from the 
M1 segment. The Bunegin-Albin fontanelle monitor 
(Cook Critical Care, Stouffville, Ont.) was placed over 
the anterior fontanelle. ]0 The hemispheric dome was cal- 
ibrated on a flat surface while attached by a fluid-filled 
connecting tube to a calibrated transducer prior to place- 
ment over the anterior fontanelle. The transducer and 
fontanome!er were at the same level during recordings 
and the firm outer rim of the fontanometer was sited 
such that it made good contact with the osseous vault, 
thus leaving the membrane in contact with the whole 
of the fontanelle. Recordings of mean AFP were made 
continuously with each event being marked on the print- 
out. 

Following baseline observations all patients received 
pre-oxygenadon for three minutes and atropine 0.02 
mg. kg -~ /v. In the awake intubation group, once an in- 
crease in heart rate was seen after atropine, laryngos- 
copy and tracheal intubation were performed. Similarly, 
in the group receiving intravenous anaesthesia and after 
the rise in heart rate, thiopentone 5 mg-kg  -~ and suc- 
einylcholine 2 rag. kg -l were given. Laryngoscopy and 
tracheal intubation were carried out in the usual manner. 

With the endotracheal tube correctly positioned all pa- 
tients received 70% nitrous oxide in oxygen and halothane 
1 MAC, age-corrected, for the remainder of the study. 
Intermittent positive-pressure ventilation was instituted at 
this time. 

Observations were made at the following intervals: (0) 
At rest. (1) After /v atropine. (2) At laryngoscopy. (3) 
Immediately after intubation. (4) One minute after in- 
tubation. (5) Five minutes after intubation. The variables 
recorded were heart rate, systolic blood pressure, oxy- 
gen saturation and mean AFP. A CBFV profile was also 
recorded. All measurements were made by an investigator 
(CM) not involved in the anaesthetic management of the 
infant. The analysis of each TCD file was done by the 
other investigator (BB) who was unaware of the method 
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TABLE Demographic, haemodynamie and cerebral blood flow 
variables at rest 

Anaesthetised Awake 
Variables (n = 6) (n = 7) P <  0.05 

Demographics 
Age (days) 16 5:15 9 5:12 NS 
Weight (kg) 4.0 5:1 3.0 • I NS 
Sex (M:F) 4:2 3:4 

Haernodynamics 
HR (bpm) 159 5:30 141 5:16 NS 
SABP (mmHg) 87 • 26 73 • 27 NS 
AFP (mmHg) 8.2 • 3.8 4.6 + 2.2 NS 

CBFV (era" sec- J) 
Vs 54.4 + 22.4 61.6 + 25.1 NS 
Vm 33.1 • 13.7 38.8 • 17.6 NS 
Vd 17.2 • 7.9 21.6 • 14.I NS 
RI+ 0.68 5: 0. I I 0.67 5: 0.16 NS 

Data expressed as mean • SD. 
HR, heart rate; SABP, systolic arterial blood pressure; AFP, anterior 
fontanelle pressure; CBFV, cerebral blood flow velocity; Vs, systolic 
peak flow velocity; Vm, mean flow velocity; Vd, diastolic peak flow 
velocity; RI+,  cembrovascular resistance; NS, non-significant. 

of tracheal intubation. Each file represents eight seconds 
of recording from which a minimum of three cycles were 
used to evaluate the CBFV variables such as the peak 
systolic velocity (Vs) and the mean velocity (Vm). The 
mean cerebral blood flow velocity (Vm) was calculated 
from the area under the curve of each three to five strokes 
which was multiplied by the elapsed time and averaged. 

Statist ical analysis 

Data with parametric values are expressed as mean + 
SD. Based on a previous human neonate study 5 a power 
analysis was performed and for a power of 0.80, an alpha 
value of 0.05 and a beta value of 0.20, the calculated 
number of patients to reject the null hypothesis was seven 
per group. Demographic data and the differences between 
the groups for AFP and CBFV variables at each stage 
were compared using Student's unpaired t test. Within 
group differences were compared using the repeated- 
measure analysis and the Student-Newman-Keuls test for 
multiple comparisons. A P < 0.05 was accepted for sta- 
tistical significance. 

Results 
Data on 13 patients are reported. One patient was ex- 
cluded due to incomplete data at laryngoscopy. There 
were no differences between the groups with respect to 
age, weight or in regard to baseline HR, systolic BP, 
AFP or CBFV variables (Table). 

There were no differences between the groups with re- 
spect to heart rote changes after administration of at- 
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FIGURE l The changes in heart rate (HR) from baseline values in 
the awake ((3) and anaesthetised groups (@). Only at laryngoscopy - 
Event 2 - does the difference between the groups reach significance (*P 
< 0.05). Events: 0 = baseline, 1 = post-atropine, 2 = laryngoscopy, 3 
= post-intubation, 4 = 1 minute post-intubation, 5 = 5 minutes post- 
intubation. 

ropine intravenous. However, after Event 1, this increase 
in heart rate was sustained in the awake group whereas 
it decreased in the anaesthetised group for the duration 
of the study period. At laryngoscopy the change in heart 
rate recorded between the groups was different with the 
awake group being higher (P < 0.05) (Figure 1). There 
were no differences between the groups with respect to 
changes in systolic arterial blood pressure at any of the 
study intervals (Figure 2). However, both groups showed 
increases in BP at the time of laryngoscopy (P  < 0.05) 
(Figure 2). 

There were no decreases in oxygen saturation in either 
group at any of the study intervals. The lowest oxygen 
saturation recorded was 96%. 

There was an increase in AFP from resting values at 
the time of laryngoscopy in the awake group (P < 0.05) 
(Figure 3) which returned to baseline following intubation 
and induction of anaesthesia. Anterior fontanelle pressure 
did not increase significantly in the asleep group although 
the rise in AFP from baseline represented a 254% change 
in the awake patients compared to a 44% change in the 
asleep group. 

There were no differences in the values of CBFV be- 
tween the groups or within the groups. The Vm, Vs and Vd 
at the time of laryngoscopy were not different from base- 
line in either group. The Vm is represented in Figure 4. 

There were no complications observed in this study. 

Discussion 
This study has shown that there is an increase in AFP 
during awake intubation in the neonate but this elevation 
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FIGURE 2 The changes in systolic blood pressure (BP) for the 
awake (O) and the anaesthelised groups (0) are shown. Both groups 
show an increase in systolic BP at the time of laryngoscopy - Event 2 - 
when compared with baseline and post-atropine values (*P < 0.001 
awake, ** P <  0.001 anaesthetised). Events: 0 = baseline, 1 = post- 
atropine, 2 = laryngoscopy, 3 = post-intubalion, 4 = 1 minute post- 
intubation, 5 = 5 minutes post-intuhation. 
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F I G U R E  3 Change in atnerior fontanelle pressure (AFP)  from 
ba.~eline in the awake (O) and aaaesthetised, groups (Q) ( J P  < 0.05). 
Events: 0 = baseline, I = post-atropine, 2 : laryngoscopy, 3 = post- 
intubafion, 4 = 1 minute post-intubafion, 5 = 5 minutes post- 
intubation. 

is not  associated with a change in cerebral blood flow 
velocity (CBFV). A rapid sequence induction of anaes- 
thesia using thiopentone followed by succinylcholine and 
tracheal intubadon produces a smaller increase in anterior 
fontanelle pressure which also cannot be explained by 
changes in CBFV. 

The elevation in A F P  is taken as art indirect measure 
of an  increase in intracranial pressure (ICP). ~0,u Changes 
in A F P  are suspected to be detrimental to an infant at 
risk from intraventricular haemorrhage. 5,~2 Studies have 
suggested that the acute rise in A F P  is likely to be the 
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FIGURE 4 Changes in the mean cerebral blood flow velocity (Vm) 
in the awake (O) and the anaesthetised (0) group~. Events: 0 = 
baseline, I = post-atropine, 2 = laryngoscopy, 3 : post-intuhadon, 4 
= I minute post-intubation, 5 = 5 minutes post-intubation. 

result of a change in cerebral haemodynamies, s notably 
the changes in perfusion pressure at  the time of laryn- 
goscopy and intubation. However, no investigators have 
objectively demonstrated this contention. Kelly e t  al .  ~ sug- 
gested that venous obstruction during awake intubation 
was the prime cause of an increase in ICP and that trans- 
crartial Doppler sonography might detect these changes. 

Transcranial Doppler sonography (TCD) is capable of 
detecting changes in flow velocity in the middle cerebral 
artery j3 and thus could be expected to detect changes 
in cerebral blood flow velocity during laryngoscopy and 
endotracheal intubafion if a change in cerebrovascular 
haemodynamic accounts for the rise in AFE Normal pae- 
diatric values have been determined 14 and it has been 
used successfully to detect the alteration of CBFV var- 
iables secondary to changes in carbon dioxide levels in 
children during anaesthesia.8 

The cardiovascular responses to laryngoscopy and tra- 
cheal intubation are well documented, both in adults t5 
and neonates. 5 Many techniques have been advocated 
to prevent the associated increase in ICP but control of 
one haemodynamic variable such as blood pressure does 
not necessarily control the other, although attenuation 
of the changes does occur. Is Therefore, this implies that 
blood pressure is not directly linked to ICP. The mod- 
erating factor could be the inherent autoregulatory ability 
of the cerebral circulation. 

The use of atropine before tracheal intubation is stand- 
ard practice in many institutions because either awake 
intubalion or the use of succ,inylcholine is associated with 
the risk of bradycardia. Both of our study groups showed 
an identical increase in heart rate following its admin- 
istration, but only in the awake group was this rise sus- 
tained for the remainder of the study period. It confu'ms 
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that the constant increase in HR was due to the sym- 
pathetic stimulation triggered by the laryngoscopy tech- 
nique. ~7 In the anaesthetized group the heart rate de- 
creased after administration of the induction drugs and 
subsequently with laryngoscopy. The change in heart rate 
from baseline at laryngoscopy was different from the 
awake group. This may be the result of the myocardial 
de0ressant action of thiopentone combined with the va- 
gotonic effect of succinylcholine. However, this alone 
would not account for the difference in AFP between 
the groups since the changes in systolic arterial blood 
pressure were identical in the two groups throughout the 
study period. 

There are several technical considerations that merit 
comment. The accurate measurement of anterior fonta- 
nelle pressure with the Bunegin-Albin fontanometer relies 
on correct alignment of the pliable membrane over the 
fontanelle and for the outer rigid rim to lie on the adjacent 
osseous vault. If external pressure is applied to the mon- 
itor during this time a false reading of AFP is made. 
This is minimized by carefully positioning the infant and 
the device. Secondly, mean AFP recordings rather than 
peak pressures were taken to minimize any artifacts from 
movement of the infant during the study period. 

Systolic arterial blood pressure was indicated by the 
return of Doppler sounds following manual inflation of 
the cuff at each study interval. In an awake and struggling 
infant this was more difficult than in the anaesthetized 
infant. However, the changes in systolic BP are similar 
in both groups and correspond with previous findings, i 
so this error is judged to be small. Heart rate was recorded 
from the ECG. Oxygen saturation was more difficult to 
record due to interference from movement of the infant 
during the study period. However, no child was noted 
to have a saturation of <96% at any of the intervals. 

The TCD probe is applied with a small adhesive sticker 
to the temporal region. Loose application or movement 
of the probe during the study led to one child being 
excluded due to the poor quality of the TCD fdes re- 
corded. Despite the increase in systolic arterial blood 
pressure there was no corresponding change in the CBFV 
variables of Vs and Vd in either group. However, the 
data were expressed in terms of mean flow velocity be- 
cause this index is the least dependent upon systemic fac- 
tors such as heart rate, contractility and total peripheral 
resistance. 's Furthermore, mean flow velocity has a 
higher correlation with cerebral blood flow than does the 
peak systolic or diastolic flow velocity. Finally, it reduces 
the interindividual variability observed with the other two 
parameters and it allows a more sensitive detection of 
changes in cerebral perfusion. 19 

In the awake group it could be argued that cerebral 
autoregulation is preserved and acts to minimize the 

change in blood flow due to the increase in blood pres- 
sure. Also in the awake group, following intubation, 
anaesthesia was induced with nitrous oxide in 70% oxy- 
gen and I MAC halothane. Onset of anaesthesia was 
therefore slower which may account for the small change 
in CBFV seen during the study period. 

It is known that certain medication used in anaesthesia 
can inhibit cerebral autoregulation which would lead to 
an increase in Vs and Vm. In the anaesthetised group 
this change in Vm did not occur until one minute after 
intubation. This delay could be explained by the ulil- 
isation of a "rapid sequence induction" technique, which 
ensures that intubation occurs shortly after the injection 
of thiopentone and succinylchollne. Thlopentone does not 
affect cerebral autoregulafion but increases cerebrovas- 
eular resistance and reduces cerebral blood flow. 20 Thus 
changes in Vs and Vm are not seen until thiopentone 
redistribution has begun which correspond to more than 
one minute after intubation or two minutes after induc- 
tion of anaesthesia. Two cerebral actions of thiopentone 
may be used to explain the observation in the anaesth- 
etised group: firstly, it has a depressant effect on metabolic 
requirement for oxygen. If autoregulation is intact, this 
effect would reduce cerebral blood flow, cerebral blood 
volume and intracranlal pressure. 2t Secondly, the my- 
ocardial depressant effect may have contributed to reduce 
the increase in blood pressure. The overall effect would 
be a decrease in CBFV variables at the time of laryn- 
goscopy in the anaesthetised group and not the observed 
identical change in the awake group. From this we con- 
clude that cerebral autoreguladon remained intact in the 
anaesthetised group at the time of laryngoscopy. 

Laryngoscopy distorts the anatomy of the pharynx and 
upper airway during the visualization of the larynx and 
vocal cords. Stretching of the pharynx initiates sympa- 
thetic reflexes causing the cardiovascular responses to lar- 
yngoscopy. 5 In the vigorous and awake infant, the mus- 
cular efforts to resist laryngoscopy and the attempt to 
cry are accompanied by an increase in intrathoracic pres- 
sure and consequently a reduction in venous return. Fur- 
thermore, distortion of the pharynx may cause physical 
obstruction to the drainage of blood from the brain cans- 
ing venous hypertension within the cranium. Based on 
the pressure-volume index (PVI = AV/IoglO(Pr,/Po)) 
where AV is the volume of the fluid bolus, Pp is the 
peak ICP after bolus injection, Po is the baseline ICP, 
the increase in volume required to raise the intracranial 
pressure by a factor 10 in infants is only 8-10 ml com- 
pared with 25 rnl in adults. 22 Therefore, the consequences 
of these factors result in cerebral venous congestion with 
subsequent increase in anterior fontanelle pressure above 
resting levels. This would account for a rapid and short- 
lived increase in AFP. This mathematical expression dem- 
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onstrates that even a sfight obstruction of venous return 
can easily cause a significant increase in ICP. It is im- 
portant to remember that the presence of open fontanelles 
and sutures is not a protective mechanism against an 
acute increase in ICP in infants. This anatomical dis- 
tortion accompanied by raised intrathoracic pressure dur- 
ing attempts to cry would account for the rise in AFP 
above resting levels. With the anaesthetised group only 
anatomical factors are present to account for the mod- 
erate rise in AFP. 

The TCD monitors the arterial blood flow input to 
the cerebral circulation; for changes on the venous side 
of the system to affect arterial inflow characteristics, the 
obstruction would have to be substanfal and prolonged. 
Although laryngoscopy is a considerable stimulus it is 
neither prolonged nor does it completely obstruct venous 
outflow. Thus, for TCD to distinguish the small differ- 
ences in CBFV variables between the groups a larger 
number of neonates needs to be studied. 

In conclusion, anterior fontanelle pressure increases 
during awake intubation in the neonate. Although there 
were corresponding changes in heart rate and blood pres- 
sure in both anaesthetised and awake intubated groups 
the cerebral blood flow velocity in basal cerebral arteries 
did not change. It is suggested that obstruction to venous 
outflow by distortion of the anatomy of the great veins 
of the neck and raised intra-thoracic pressure during lar- 
yngoscopy are the cause of the rise in AFP and explains 
the differences between the groups. 
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