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Abstract
Aims—To determine the eVects of pre-
medication with thiopental on heart rate,
blood pressure, and oxygen saturation
during semi-elective nasotracheal intuba-
tion in neonates.
Methods—A randomised, placebo con-
trolled, non-blinded study design was used
to study 30 neonates (mean birthweight
3.27 kg) requiring semi-elective nasotra-
cheal intubation. The babies were ran-
domly allocated to receive either 6 mg/kg
of thiopental (study group) or an equival-
ent volume of physiological saline (control
group) one minute before the start of the
procedure. Six infants were intubated pri-
marily and 24 were changed from orotra-
cheal to a nasotracheal tube. The electro-
cardiogram, arterial pressure wave, and
transcutaneous oxygen saturation were
recorded continuously 10 minutes before,
during, and 20 minutes after intubation.
Minute by minute measurements of heart
rate, heart rate variability, mean blood
pressure (MBP) and transcutaneous oxy-
gen saturation (SpO2) were computed.
The diVerences for all of these between the
baseline measurements and those made
during and after intubation were deter-
mined. DiVerences in the measurements
made in the study and the control groups
were compared using Student’s t test.
Results—During intubation, heart rate
increased to a greater degree (12.0 vs −0.5
beats per minute, p < 0.03) and MBP
increased to a lesser degree (−2.9 vs 4.4
mm Hg; p < 0.002) in the infants who were
premedicated with thiopental. After intu-
bation only the changes in MBP diVered
significantly between the two groups (−3.8
vs 4.6 mm Hg; p < 0.001). There were no
significant changes in the oxygen satura-
tion between the two groups during or
after intubation. The time taken for
intubation was significantly shorter in the
study group (p < 0.04).
Conclusions—The heart rate and blood
pressure of infants who are premedicated
with thiopental are maintained nearer to
baseline values than those of similar
infants who receive no premedication.
Whether this lessening of the acute drop in
the heart rate and increase in blood pres-
sure typically seen during intubation of
unmedicated infants is associated with
long term advantages to the infants re-
mains to be determined.
(Arch Dis Child Fetal Neonatal Ed 2000;82:F34–F37)
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Endotracheal intubation for the management
of respiratory failure or in anticipation of a sur-
gical procedure is commonly done semi-
electively in awake patients in neonatal inten-
sive care units. Intubation of the trachea and
the associated direct laryngoscopy are powerful
noxious stimuli with several potential adverse
eVects. For example, hypertension, tachycar-
dia, and bradycardia are frequently observed
cardiovascular responses to laryngoscopy or
intubation in adults, and bradycardia and
decreased oxygen saturation often accompany
intubation in neonates.1 2 Other responses to
laryngoscopy include laryngospasm, bronchos-
pasm, and increased intracranial pressure.3

The changes in heart rate, blood pressure, oxy-
gen saturation, and intracranial pressure asso-
ciated with intubation may be the expression of
accompanying pain, probably produced by
autonomic overactivity.2 4−7 Alternatively, these
cardiovascular changes may reflect reflex vagal
activity induced by unusually intense stimula-
tion of the naso- and oropharynx. Whatever the
origin, these abnormal variations in vascular
pressures and flows are likely to lead to changes
in tissue oxygenation, and may be associated
with increased risk of spontaneous intracer-
ebral haemorrhage. Stabilisation of oxygena-
tion and perfusion during semi-elective intuba-
tion is a reasonable objective.

Various anaesthetic agents such as fentanyl,
propofol, midazolam, etc, have been used
extensively during semi-elective intubation in
adults and children to minimise or eliminate
most of the adverse eVects associated with
intubation.8 However, there have been no ran-
domised, controlled trials on the use of these
agents for neonatal intubation and there is very
little available information on the eYcacy,
safety, and the associated adverse eVects of
premedicating agents during intubation of
neonates. In fact, most neonatal intubations are
done with the child awake, and when premedi-
cation is used, the doses are probably too small
to prevent most of the above adverse eVects.
This study aimed to test the hypothesis that
pre-medication with thiopental reduces or
eliminates the variation in heart rate, heart rate
variability, blood pressure and oxygen satura-
tion (SpO2), induced by intubation. We also
examined the eVect of duration of the proce-
dure on the cardiovascular responses.

Methods
Thirty neonates, admitted to neonatal inten-
sive care at this hospital between January and
September 1997, were studied. All neonates
weighed more than 2 kg at birth and required
semi-elective intubation for the management of
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respiratory failure or before general anesthesia
for elective surgery. The study was approved by
the Institutional Review Board and informed
parental consent was obtained before enrol-
ment.

The enrolled neonates were randomly
allocated to study (thiopental) and control
(placebo) groups using randomisation cards.
The patient characteristics are given in table 1.
There were no significant diVerences in the
demographic variables observed between the
study and the control groups. All intubations
were nasotracheal and of 30 neonates, 24 were
studied during a change from an orotracheal
to a nasotracheal tube.

A randomised, placebo controlled, non-
blinded study design was used. Enrolled
neonates were randomly allocated to two
groups. The study group received thiopental 6
mg/kg (0.24 ml/kg of a 2.5% solution) while
the control group received an equivalent
volume of physiological saline. The electrocar-
diogram (ECG), arterial pressure waveform,
and transcutaneous oxygen saturation were
continuously monitored and recorded 10 min-
utes before, during, and 20 minutes after intu-
bation in all neonates.

All enrolled neonates were receiving intensive
care and had indwelling arterial catheters at the
time of the study. Continuous data were
acquired using analogue outputs from an HP
monitor (Hewlett Packard Model 54, M1175A,
Englewood, CO, USA) and a pulse oximeter
(Nellcor N-200, St Louis, MO, USA) using a
16 bit analogue to digital converter. The EKG
signal was processed on-line and stored as RR
intervals using an RR pre-processor with an
accuracy of 1 millisecond. The arterial pressure
waveform and transcutaneous oxygen satura-
tion analogue signals were digitised using sam-
pling rates of 50 Hz and 25 Hz, respectively.
Raw digital data were stored in the bedside
microcomputer for subsequent oV-line analysis.

Baseline data were acquired for at least 10
minutes. When the nurse and physician were
ready, thiopental or placebo was administered
by slow intravenous infusion over 15 seconds.
Nasotracheal intubation was then performed,
beginning one minute after completion of the
infusion to coincide with the peak eVect of the
thiopental. Data collection was then continued
for a minimum of 20 minutes after intubation
had been completed.

All intubations were performed by one of the
two senior neonatal fellows, both certified
regional trainers for the Neonatal Resuscita-
tion Program. The appropriate length for the

nasotracheal tube insertion was predetermined
and marked, so that the tip lay between the
vocal cords and carina based on crown–heel
length.9 For purposes of data analysis, nasotra-
cheal intubation was considered to have started
with the introduction of an endotracheal tube
into a nostril. With the aid of an Oxyscope
blade and oxygen flowing at 2 litres/min, the
tube was advanced toward the vocal cords. The
oropharynx was then suctioned under direct
vision. The tip of the endotracheal tube was
grasped by an alligator forceps and guided
through the vocal cords. For the change-over
from oral to nasotracheal tubes, the orotracheal
tube was left in place until the tip of the
nasotracheal tube was grasped with the alliga-
tor forceps, at which point the oral tube was
removed and the nasotracheal tube was guided
immediately through the vocal cords. The
nasotracheal tube was fixed with a single piece
of tape. The time for intubation (TFI) was
measured from the introduction of the nasotra-
cheal tube into the nostril until its fixation with
the tape.

DATA PROCESSING

Heart rate
The electrocardiogram was processed using a
specially designed RR interval preprocessor.
The preprocessor detects R waves, measures
RR interval (± 1 msec), and passes these times
to the computer over a parallel port. Mean
heart rate was computed as the inverse of the
mean of RR intervals (× 60 000) measured
during each block of time. The standard devia-
tion of all RR intervals, a global measure of
heart rate variability, was also computed for
each minute, using dedicated software.

Blood pressure
Using dedicated software, systolic and diastolic
pressures were computed from the individual
peaks and troughs of the arterial pressure
waveform and were averaged to yield minute
averages. Similarly, mean blood pressure was
computed as the overall mean of the pressure
signal.

Oxygen saturation
The analogue signal from the Nellcor N-200
pulse oximeter was also processed and aver-
aged using similar software to yield a measure-
ment of arterial saturation for each minute of
the study.

The study was divided into four stages: stage
I pre-intubation stage (baseline); stage II drug
administration stage; stage III laryngoscopy/
intubation stage; stage IV post-intubation
stage.

Minute by minute measurements of heart
rate, heart rate variability, MBP and SpO2 from
each of the above four stages were averaged to
yield mean values for the individual stages. The
mean values of the above variables and the time
for intubation were then compared between the
study and control groups using Student’s t test.
Data obtained from two infants in the control
group and one infant in the study group were
lost during acquisition, and these three infants
were not included in the analysis.

Table 1 Population characteristics*

Characteristics Control group (n=13) Study group (n=14) p Value

Birthweight (kg) 3.30 (0.53) 3.45 (0.97) >0.05
Gestational age (weeks) 39.2 (1.4) 39.6 (1.2) >0.05
Sex (male/female) 9/6 11/4 >0.05
Apgar (5 minute) 9 (8–10) 7 (5–9) >0.05
Indication for intubation
Respiratory failure 6 7
Preoperative

cardiac 8 6
surgical 1 2

All values are mean (SD) except 5 minute Apgar scores which are expressed as median (range).
*Data from 3 infants (control = 2, study = 1) were excluded from analysis.
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Results
Ensemble average, minute to minute measure-
ments of heart rate, MBP, and SpO2 are shown
in fig 1 for both groups of neonates. Time
trends are evident in most variables. Baseline
measurements (stage I) and measurements
during drug infusion (stage II) for all variables
in both groups were comparable. During intu-
bation (stage III), diVerences between the two
groups were observed in heart rate and MBP.
In the study group there was a gradual increase
in heart rate and a slight fall in blood pressure
while the control group showed a net decline in
heart rate and a substantial increase in blood
pressure. After intubation (stage IV) the diVer-
ence between mean blood pressures of the
medicated subjects and the controls persisted.
The control subjects took longer to recover to
baseline values.

Table 2 gives the statistical analysis of the
changes in heart rate, heart rate variability,
MBP and SpO2 from baseline to during
intubation (stages I to III) and after intubation
(stages I to IV) between the control and the
study groups. During intubation significant
changes from baseline were seen in heart rate
(mean (SE) −0.5 (4.4) vs 12.0 (3.2) bpm; p <
0.03), heart rate variability (mean (SE) −2.0
(2) vs 19.0 (5) msec; p < 0.01 ), and MBP
(mean (SE) 4.4 (1.1) vs −2.9 (1.8) mm Hg; p
< 0.002) between the control and study
groups, respectively. After intubation (stage IV)
only the changes in MBP diVered significantly

between the control and study groups (mean
(SE) 4.6 (1.2) vs −3.8 (1.8) mm Hg; p <
0.001). There were no significant changes
observed in the SpO2 between the two groups
during or after intubation when compared with
the baseline.

Time for intubation (TFI) was significantly
longer (mean (SE) 5.08 (1.10) vs 2.70 (0.37);
p < 0.04) in the control group compared with
the study group. Linear regression analysis of
cardiovascular variables against TFI (stage III)
showed significant positive correlations of TFI
with heart rate variability (r=0.59; p < 0.04),
and MBP (r=0.71; p < 0.007) and a negative
correlation between TFI and SpO2 (r=0.78; p
< 0.002) in the control group, while no signifi-
cant relations were observed in the study
group.

Discussion
Intubation with direct laryngoscopy, even in
the most experienced hands and under ideal
conditions, is associated with several potential
stresses for newborn infants. Manipulation of
the upper airway may result in temporary
mechanical interruption of gas flow, activation
of potentially maladaptive cardiovascular re-
flexes, activation of pain pathways, and volun-
tary and involuntary motor responses from the
infant. As a result of one or more of these
stresses, potentially unfavourable changes in
heart rate, blood pressure, oxygen saturation
and intracranial pressure have been
observed.2 4–6 Adverse changes in these vari-
ables might, in turn, further compromise an
already critically ill neonate. Most intubations
in neonates are performed with the infant
awake, without analgesia or muscle relaxation,
possibly due to fear of producing cardiovas-
cular or ventilatory depression.10 There is also a
widespread belief that immature neonates
experience less pain during the procedure and
tolerate the procedure better than older
patients.

It is diYcult to measure pain in babies, but
substantial evidence obtained from experimen-
tal animals indicates that pain during early life
not only alters behaviour and physiology
acutely11 but may also influence pain thresholds
and responses to pain during subsequent
development.12 Lack of myelination has been
cited by some authors as evidence of immatu-
rity of the neonatal nervous system,13–15 which,
in turn might lead to decreased pain percep-
tion. Incomplete myelination merely implies a
slower conduction velocity in the peripheral
nerves and central nerve tracts of neonates,
changes which may be oVset completely by the
shorter interneuron and neuromuscular dis-

Figure 1 Ensemble of average minute to minute measurements of systolic and diastolic
blood pressures, transcutaneous oxygen saturation (SpO2), mean blood pressure and heart
rate during four diVerent stages of intubation for the control group (A) and study group
(B). Stage I pre-intubation baseline; stage II drug/placebo administration; stage III
intubation period; and stage IV after intubation. Data are presented as mean (SE).

4

0

2

S
ta

g
e

0 9 18
Minutes

(A)

27 36

170

90

130

H
R

 (
b

p
m

)

75.0

40.0

57.5

M
ea

n
 B

P
(m

m
H

g
)

100

30

65

S
p
O

2

80

20

50
B

P
 (

m
m

H
g

) SYSTOLIC
DIASTOLIC

4

0

2
S

ta
g

e

0 9 18
Minutes

(B)

27 36

170

90

130

H
R

 (
b

p
m

)

75.0

40.0

57.5

M
ea

n
 B

P
(m

m
H

g
)

100

30

65

S
p
O

2

80

20

50

B
P

 (
m

m
H

g
) SYSTOLIC

DIASTOLIC

Table 2 Changes in heart rate (HR), heart rate variability (HRV), mean blood pressure (MBP) and transcutaneous
oxygen saturation (SpO2) from baseline, during, and following intubation in study and control groups: data are presented as
mean (SE)

During intubation After intubation

Study Control p Study Control p

Changes in HR (bpm) 12.0 (3.2) −0.5 (4.4) <0.03 11.5 (2.9) 9.0 (3.2) 0.58
Changes in HRV (ms) −2.0 (2.0) 19.0 (5.0) <0.01 −1.8 (1.2) −5.8 (5.6) 0.50
Changes in MBP (mm Hg) −2.9 (1.8) 4.4 (1.1) <0.002 −3.8 (1.8) 4.6 (1.2) <0.001
Changes in SpO2 (%) −11.2 (3.7) −14.6 (5.3) 0.18 −2.9 (1.4) 1.2 (1.9) 0.50
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tances travelled by the impulse.16 The changes
in heart rate, blood pressure, oxygen satura-
tion, and intracranial pressure associated with
intubation are consistent with the hypothesis
that the infant is experiencing pain.2 4–7

Whether endotracheal intubation is, in fact,
painful, is not known, but the fact that
fundamental physiological measurements seem
to be favourably influenced by premedication
suggests that judicious use of an analgesic/
anaesthetic agent during endotracheal intuba-
tion may be desirable.

Thiopental is one such agent and might exert
its pharmacological eVects by interfering with
pain pathways. It probably acts through the
gamma aminobutyric acid (GABA) receptor
complex type A.17 It enhances and mimics the
action of GABA,18 the principal inhibitory
neurotransmitter of the mammalian central
nervous system. Another possible explanation
of the therapeutic eVect of thiopental is that the
drug abolishes the reflex vagal and sympathetic
responses to manipulation of the oropharynx
during intubation. Intubation activates vagal
parasympathetic reflexes via stimulation of
vagal aVerent fibres in the pharynx, oesoph-
agus, and the respiratory tract,19 which, in turn,
may cause reflex sinus bradycardia. Increased
sympathoadrenal activity has been hypoth-
esised as the cause of hypertension during
laryngoscopy and intubation.20 This may be
attributable to mechanical reflexes aroused by
pressure on the base of the tongue and epiglot-
tis, probably via stimulation of the epipharyn-
geal and laryngopharyngeal region. Stimula-
tion of this area is known to increase activity in
the cervical sympathetic eVerent fibres.21 In our
study, the control group showed a mean
decrease in heart rate from baseline during
intubation (perhaps a direct eVect on vagal
reflexes) and an increase in blood pressure
from baseline during the same period (perhaps
mediated by the peripheral sympathetic nerv-
ous system). These alterations in autonomic
activity are known to be ablated by the acute
administration of thiopental. These changes
were not seen in the study group who received
thiopental before intubation.

Not surprisingly, given the size and maturity
of the neonates in this study, pretreatment with
thiopental was associated with a reduction in
the time required for intubation. The correla-
tion between the time required for intubation
and the extent of the potentially unfavourable
changes in the measurements argues for an
additional advantage of thiopental administra-
tion.

The major clinical adverse eVects of thiopen-
tal include a dose dependent depression of
electrocortical activity22 and respiratory drive.
Venous vasodilation has also been observed
after thiopental administration, followed by
pooling of peripheral blood.23 In our study the
tachycardia observed in the study population
might be related to the slight fall in blood pres-
sure. This drop in blood pressure was transient

and did not require treatment. Blood pressure
had returned to normal within 20 minutes. The
fact that no other side eVects were observed in
the study group suggests that it could be safely
used in this population before elective intuba-
tion.

In conclusion, the data obtained in this pro-
spective, randomised controlled trial support
the hypothesis that infants premedicated with
thiopental maintain vital signs closer to base-
line measurements than infants who were not
premedicated. This study was done in a cohort
of relatively large and mature neonates being
treated for a variety cardiorespiratory and sur-
gical diseases. Infants of diVerent size and
maturity and those with diVerent diagnoses
may behave diVerently. Whether the observed
diVerences in cardiorespiratory stability are of
significant long term advantage to the infant is
not known. However, on the basis of the data
obtained in this study, intubation following an
induction dose of an anesthetic agent seems to
be an easier and more humane strategy, and
may spare the neonate needless distress.
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