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performance of the methodology, an imponant feature
in clinical situations where laboratory or hospital Staff
may be unfamiliar with such techniques.

Both DuPonr and Clonatec included infonnation on
the handling of sera that have high background read­
ings, a situation that arises when particulate maner is
present in the specimen. However, all the specimens in
this study were clear and did nor comain visible parti­
cles. It is interesting to note that no specimen gave high
background readings in more than one test system and
most problems were experienced with the Clonatec
REIBA, where 3 of 20 specimens were indeterminate.

The sensitivities observed with the REIBAs, espe­
cially with Clonatec's Rapid HIV1/HIV2 AB and the
DuPom HIVCHEK, are considerably lower than those
reponed in other studies.>-7 However, in this study, sera
that showed seroconversion were deliberately selected
and many had low specimen/cur-off absorbance ratios in
the recombinant EIA used in the initial screening of the
sera. With the spread of HIV in South Africa, increasing
numbers of individuals who are in the process of sero­
converting and who will have low levels of antibodies to
HIV-1 will be seen in clinics and hospitals. It is worrying
that clinicians and other hospital staff may rely on
methods such as the REIBAs to screen patients before
surgical procedures are performed withour adequately
considering the possibility of a false-negative result.
While the sensitivity of the Abborr TestPack is accept­
able for such a panel of 'difficult' sera with low levels of
antibodies to HIV-l, the sensitivities of the other 2
REIBAs would be unacceptable, especially when screen-

ing blood from a high-risk population. Clinicians should
also be aware that while a negative result in any HIV
antibody assay does. not rule our the possibility of the
individual being in the 'window period' of infection
before antibodies develop, the low sensitivities of [Wo of
the REIBAs evaluated increase the risk of a falsely nega­
tive assay result.

I wish to thank the South African Medical Research
Council and the Poliomyelitis Research Foundation for
financial suppon.
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The cardiovascular and intracranial effects of
laryngoscopy and endotracheal intubation in
hypercarbic neonatal piglets

M. BELFORT, B. KIRSHON, R. BOWEN, c. GOUVEIA, R. HICKMAN

)stract Laryngoscopy and endotracheal intubation is a
potent sympathetic stimulus in adults. Neonates
are frequendy intubated, but few data exist on the
cerebral effects of this intervention. The cardio­
vascular and intracranial effects of laryngoscopy
and endotracheal intubation were studied in 17
hypercarbic neonatal piglets. The mean arterial
pressure in the study group (11 piglets) increased
significandy within 2 minutes of the stimulus, and
remained elevated for almost 14 minutes. The
intubated aniInals showed significantly more
haemorrhage in the basal area of the brain than
the 6 control animals. The distribution suggests

bleeding in the choroid plexus of the 4th ventricle.
The significance of such bleeds is not immediately
apparent, since none of the animals was grossly
neurologically affected by the intervention.
However, subde long-term neurological deficits
cannot be excluded and this aspect requires fur­
ther study. Laryngoscopy and endotracheal intu­
bation may cause non-lethal haemorrhage in the

. choroid plexus and central canal of the hindbrain
in hypercarbic, neonatal piglets.
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Endotracheal intubation and tracheal suctioning
are frequently performed in the delivery room in
the management of neonates with respiratory dis­

tress and/or meconium-stained amniotic fluid. In addi­
tion, regular suctioning is required in ventilated
neonates, some of whom are known to have raised
intracranial pressure (e.g. caused by trauma, Reye's syn­
drome, near-drowning). A number of studies have
described the cerebrovascular effects of endotracheal
intubation and subglorric suctioning in neonates, with
the uniform conclusion that laryngotracheal irritation
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increases intracerebral pressure.'''' Laryngoscopy and
endotracheal intubation clearly have a potent hypenen­
sive effect in adult patients.'>-7 In many instances these
responses have to be disregarded in neonates during
emergency resuscitation, and 'awake' intubation is an
accepted technique. The intense sympathetic stimula­
tion of laryngoscopy and endotracheal intubation, com­
bined with hypercarbia (which is known to interfere
with cerebral autoregulation),· may cause intracerebral
injury in distressed neonates.

This study was designed to test the hypothesis that
laryngoscopy and endotracheal intubation induce
changes in the cardiovascular and cerebrovascular sys­
tems capable of producing intracranial injury.

Materials and methods
The protocol was approved by the Ethics Comminee of
the Faculty of Medicine at the University of Cape
Town. Seventeen hybrid LandracelLarge White piglets
were used. All were less than 12 hours of age at the time
of laryngoscopy and endotracheal intubation. The ani­
mals were randomised using a computer-generated table
into a control group of 6 and a study group of 12. (1
animal from the study group died during preparation
and was excluded). Since the study was designed to
investigate the effects of laryngeal and tracheal irritation,
it was decided to allow the animals to breathe the anaes­
thetic gas spontaneously during their preparation. This
reduced any unintended and uncontrolled stimulation
of the larynx and trachea that would necessarily accom­
pany tracheostomy and ventilation. Hypercarbia was
therefore an expected part of the design of this study
and was considered to add to its value by closely
approximating the clinical situation. The hypercarbia
was expected to be maintained for the periods of time
required for surgical preparation (usually 15 - 20 min­
utes) and stabilisation Cl 0 - 15 minutes). Blood gases
were measured to monitor acid-base status at the end of
the stabilisation period. Hypercarbia was defined as a
partial arterial carbon dioxide pressure (PaC02) of
greater than 50 mmHg.

Anaesthesia was induced with 3% halothane in oxy­
gen via a neonatal head box and a modified Ayre's T­
piece delivery system. The animals were secured in the
supine position and spontaneous inhalational anaesthe­
sia was maintained with reduced halothane levels Cl ­
1,5%). A Nellcor (Hayward, Calif.) pulse oximeter was
placed on the right forelimb to monitor peripheral
arterial oxygen saturation. A rectal probe (Mennen­
Greatbatch) and a warmed air hear source were
employed to maintain body temperature between 36
and 38°C.

A midline subumbilical incision was made to expose
the umbilical arteries, and a neonatal umbilical artery
catheter was advanced into an iliac vessel via an umbili­
cal artery. Pressure and waveform were displayed
(Mennen-Greatbatch monitor) and continuously
recorded on a personal computer hard disk. The pulse
rate was derived from the left ventricular arterial wave­
form. In 2 of the control group and 9 of the study group
a Carnino Laboratories (San Diego, Calif.) interstitial
brain pressure transducer was inserted approximately
2 mm into the right parietal cerebral grey maner. This
catheter was used to monitor interstitial brain tissue
pressure continuously. Previous investigators have
shown that the insertion of such interstitial brain pres­
sure catheters in the manner described is associated with
minimal microscopic haemorrhage confined to the
immediate region of the catheter tip! For this reason the
cerebral tissue surrounding the pressure transducer tip
was excluded from the analysis. After insertion of the
monitoring catheters the animals' condition was allowed

to stabilise for 10-15 minutes. Baseline measurements
(blood pressure, hean rate, rectal temperarure, brain tis­
sue pressure and anerial blood gases) were then deter­
mined.

The control piglets were removed from the head box
and allowed to breathe room air for 2 minutes. They
were then held with their heads in the same position as
the heads of the animals undergoing laryngoscopy and
endotracheal intubation. This position ('sham intuba­
tion') was maintained for a period of 3 minutes during
which time blood -pressure, hean rate, temperarure and
oxygen saruration were continuously monitored. The
monitoring equipment was then removed. The umbili­
cal artery catheter was left in sim. The piglets were then
placed in a warmed recovery area, and killed 4 hours
later by intra-arterial injection of thiopentone sodiiun.
They were then immediately decapitated, and the brains
were removed and placed in a 10% formalin/saline solu­
tion.

The study group of 11 piglets was anaesthetised and
monitored in the same way. After stabilisation and base­
line recordings, the piglets were removed from the head
box and allowed to breathe room air for 2 minutes.
Direct laryngoscopy, with vigorous laryngopharyngeal
stimulation, was then performed for a period of 1
minute. It should be stressed that the animals were still
drowsy and did not show any evidence of discomfort
during the procedure. Peripheral oxygen saruration was
recorded continuously. After the laryngopharyngeal
stimulation the trachea was intubated with a 3 mm
Portex neonatal endotracheal tube. -This procedure was
carried out by the same investigator (M.B.) on all occa­
sions. The endotracheal tube was allowed to remain in
situ for a period of 2 minutes to prevent possible hypoxia
from laryngospasm, and was then removed. The mean
arterial pressure, heart rate, arterial blood gases and
brain tissue pressure were recorded immediately after
the intubation period. The animals were then managed
as described above, being killed 4 hours after removal
from the operating table to allow time for the develop­
ment of any intracranial lesion.

After fixing, the brains were cut into 12-14 coronal
slices and representative slides were prepared. Standard
haemotoxylin and eosin stains, and in certain situations
specialised neural staining techniques using silver stains,
were used. The slides were then examined by an inde­
pendent neuropathologist (R.B.) who was unaware of
the randomisation.

Numerical data were analysed using a Wilcoxon non­
parametric test with the level of significance set at P =
0,05. Fisher's exact test was used to analyse the
histopathological data.

Results
Table I presents the mean arterial pressure and heart
rate changes in the 17 animals evaluated as well as the
rime taken in minutes for these measurements to reach
the highest recorded value and then to return to within
1 standard deviation of the baseline level. There was no
significant change in mean arterial pressure in the 6 con­
trol animals. One animal in this group showed evidence
of-intracranial bleeding, possibly associated with an
unexplained increase in mean arterial pressure and body
temperarure which occurred approximately 5 minutes
after induction of anaesthesia. In the 11 intubated ani­
mals the mean arterial pressure (± SD) increased from
47 ± 8 mmHg to a peak of 68 ± 12 mmHg (P < 0,01)
within 7 minutes of the laryngoscopy and intubation.
The blood pressure remained elevated for nearly 14
minutes before returning to the baseline level. The heart
rate changed minimally in the control group; in the
study group there was an increase in hean rate over the
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TABLE I.

Mean arterial blood pressure (MAP) and heart rate changes, and time intervals after laryngoscopy/intubation (mean
± SO) in the control and study groups

Control group (N = 6) Study group (N =11) Significance

Baseline Map (mmHg)
Peak map (mmHg)
Significance
Time to peak (min)
Time to baseline (min)

50± 5
53 ± 11
NS

47± 8
68± 12

P< 0,01
4,1 ± 1,6

13,8 ± 4,9

NS
p< 0,01

Baseline heart rate (/min)
Peak heart rate (/ min)
Significance
Time to peak (min)
Time to baseline (min)
NS =not significantly different.

146 ± 12
148 ± 14
NS

146 ± 23
163 ± 24
NS
2,2 ± 0,7
6,0 ± 4,0

NS
NS

laryngoscopy/intubation p"eriod. The stimulus had a
more rapidly expressed effect on heart rate than on
mean arterial pressure, but the hypertensive effect was
significantly more protracted in duration.

Table IT shows the brain interstitial tissue pressure
changes following the stimulus. The brain tissue pres­
sure tended to decrease in the control group (-2,5 ±O,5
mmHg) and to increase in the study group (7,5 ± 8,4
mmHg). This increase was maintained for a mean of
2,3 ± 1,1 minutes. These data are not sufficient to allow
statistical evaluation, but are included for completeness.

location. In none of the brain sections examined was
there any histological indication of a communication
between the catheter insertion zone and the ventricular
system. 10 intraventricular haemorrhages were noted in
either of the 2 control animals that had catheters placed.
In addition, none of the 9 animals in the study group
that had catheters placed had any evidence of lateral
ventricle bleeds in relation to the catheter. There were
no intraventricular haemorrhages higher than the 4th
ventricle.

TABLE 11.

Brain interstitial tissue pressure changes (mean ± SO)
after laryngoscopy/intubation

TABLE IV.

Histopathological findings in the control and study
groups (section number in brackets)

Control group Study group No. Sex

(N= 2) (N= 9) Significance Control group

Baseline
1 M

(mmHg) 0 0
2 F

Peak 3 M
(mmHg) -2,5 ± 0,5 7,5 ± 8,4 P= 0,14 4 F

5 F
6 M

BTP Histological findings (section)

No abnormal findings
Focal subarachnoid bleed (3,4)
Focal intraparenchymal bleed (4)
No abnormal findings
No abnormal findings
No abnormal findings
No abnormal findings

TABLE Ill.

. Blood gas measurements (mean ± SO) at baseline, and
after laryngoscopy/intubation, for the control and study
groups.

Table III shows the arterial blood gas results. There
were no significant changes in blood gas measurements
during the study in either group, and no significant dif­
ferences between the two groups at any time.

Baseline pH 7,33 ± 0,06 7,27 ± 0,06 NS
Post-event pH 7,31 ± 0,04 7,28 ± 0,09 NS
Baseline 02 243 ± 80 285 ± 76 NS
Post-event 02 252 ± 149 236 ± 114 NS
Baseline CO

2
57 ± 7 63 ± 9 NS

Post-event CO2 58 ± 11 66 ± 21 NS
NS =no significant difference between the groups (P =0,05).

Table IV shows the macroscopic and microscopic
findings and includes an indication of the brain slice (in
brackets) in which the lesion was found. The sections
were numbered rostral to caudal, and each slice was
approximately 1 cm in width. Bleeding in the area of
catheter insertion was considered to be iatrogenic and
was not included in the analysis. In none of the studied
slides from the basal areas of the brain was there any
evidence of iatrogenic haemorrhage. In addition, iatro­
genic bleeds were always focal and subarachnoid in

Subependymal congestion (1)
Meningeal congestion (1)
Subarachnoid bleed (3)
Central canal bleed (6)
4th ventricle bleed (6)
Central canal bleed (7)
Intraparenchymal bleed (4)
Central canal bleed (6)
4th ventricle bleed (6)
Central canal bleed (7)
Central canal bleed (7)
Central canal protein (7)
Focal subarachnoid bleed (1)
Central canal protein (6)
Focal subarachnoid bleed (3)
Central canal bleed (5)
Central canal protein (5)
Choroid plexus bleed (6)
Haemosiderin in choroid plexus (6)
Subarachnoid bleed (1, 2, 6)
Central canal bleed (6)
Subarachnoid bleed (5,6)
4th ventricle bleed (7)
Central canal bleed (5)
Central canal protein (5,8)
Subarachnoid bleed (2, 3, 4, 6)
Central canal bleed (6,8)
Focal cellular oedema (4)

F

F

M

17

16

15

Study group
7 M
8 F

9 M

10 F

11 M

12 M

13 M

14 F

• BTP catheter inserted.
BTP = brain interstitial tissue pressure catheter.

Study group
(N = 11) Significance

Control group
(N= 6)
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Discussion
The acute histopathological effects of laryngoscopy and
endotracheal intubation in neonatal animals has not pre­
viously been reponed. The results of this study suggest
that vigorous laryngoscopy and endotracheal intubation
in hypercarbic neonatal piglets may cause nonspecific
bleeding and protein extravasation in the 4th ventricle of
the hindbrain. The significance of this finding remains
unclear, since all of the animals sUIVived the insult with­
out evidence of appreciable morbidity. The more subtle
long-term effects of the intervention are unknown, how­
ever, and remain to be elucidated. The potential for
aqueductal obstruction by thrombus is obviously pre­
sent, and hydrocephalus is known to complicate such
haemonhages. Many repons on the response to hyper­
tension in neonates implicate the periventricular cere­
brum, or the choroid plexus of the lateral ventricles, as
the areas at greatest risk for bleeding.8,!Q.!4 In most of
these studies however, the beagle puppy and other
preterm animal models were used. The brains of such
animals srill have a considerable amount of germinal
matrix into which bleeding will readily occur, 13,15

The piglet is a well-established model for the study of
neonatal brain blood flow!6-I. and the neonatal piglet has
been shown to have the equivalent neurodevelopmental
stage of a 37-week human neonate.20 The term piglet is
significantly more mature at birth than the beagle
puppy, and there is with very little germinal matrix srill
present. Moderate to severe hypertension may thus
induce a different distribution of bleeding from that
seen in the beagle pup. In our study, since there was no
evidence of a breach in the ependymal lining, the
choroid plexus in the 4th ventricle is the most likely area
from which the bleeding originated. It is difficult to
explain why the choroid plexus of the lateral ventricles
was not similarly affected, but this may have resulted
from differential intracerebral shunting of blood.
Without long-term follow-up the prediction of any last­
ing effect of such haemorrhage is speculative, but it is
possible that hydrocephalus and minimal brain dysfunc­
tion syndromes could be related to lesions of this nature,

Prolonged laryngoscopy and difficult intubation is
not infrequently experienced in the emergency resuscita­
tion of distressed neonates. These children are often
delivered by caesarean section at which time they have
been exposed to anaesthetic gases; in addition they are
often suffering varying degrees of metabolic and respira­
tory acidosis. We consider that our animal model closely
approximated such neonates; the laryngotracheal stimu­
lation induced in our study was thus designed to repre­
sent the same level of stimulation to which a distressed
neonate is exposed during an emergency intubation.
There is, however, adequate data to suggest that even in
optimal anaesthetic situations careful laryngoscopy and
intubation will srill induce significant increases in blood
pressure and heart rate in neonates!l,22

Cerebral blood flow in distressed neonates is influ­
enced by changes in blood pressure,8 and an abrupt
increase in systemic blood pressure is known to play a
part in the genesis of inrraventricular haemorrhage in
neonatal animals. l3

,14 Perlman and Volpe3 showed a
prominent, consistent increase in blood flow velocity in
the anterior cerebral aneries dUring endotracheal suc­
tioning in preterm neonates. This was associated with
an increase in blood pressure and inrracranial pressure.
It is unlikely that a mean arterial pressure increase of
only 45% would account for the pathological findings in
this study. Fluctuations in systolic pressure of the order
of 100% have been shown to be required to produce
intraventricular haemorrhage. 14

,23 A more acceptable
explanation for our findings is that sudden increases in
cerebral blood flow were transmitted into the hindbrain
circulation, and that on a background of inefficient
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FIG. 1.

This figure graphically displays a typical blood pressure
response to laryngoscopy and endotracheal intubation in
a hypercarbic, neonatal piglet (SBP = systolic blood pres­
sure; MAP =mean arterial pressure; OBP =diastolic blood
pressure).

Analysis of the data using Fisher's exact test showed
that when the control and study groups were compared,
there were significantly more bleeds (P =0,005) in the
study animals. When only sections 6 and 7 were ana­
lysed the intubated animals showed significantly more
haemorrhages (P =0,002).

Postoperatively all the animals recovered from the
anaesthetic, and the intubated animals did not behave in
any grossly different manner from' those that had only
been anaesthetised and monitored.

Fig. I shows a typical blood pressure response to
laryngoscopy and endotracheal intubation in a hypercar­
bic neonatal piglet.

Fig. 2 shows an example of a central canal haemor­
rhage. There is no obvious interruption of the ependy­
mal lining, and the blood in this specimen is presumed
to have originated in the choroid plexus of the 4th ven­
tricle. In no case in which central canal bleeds were
noted was there evidence of intraventricular haemor­
rhage at any level higher than the 4th ventricle.

80

100

FIG. 2.

This photomicrograph shows a central canal haemor­
rhage in the region of the 4th ventricle noted in a piglet
subjected to laryngoscopy and endotracheal intubation.
Note the intact ependymal lining, and the intraluminal
blood collection.
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autoregulation and increased vessel permeability"'"
these pressure surges resulted in protein extravasation
and haemorrhage in the choroid plexus. Prolonged
hypercarbia interferes with cerebral autoregulation
allowing pressure passive increases in brain blood
flOW. 26

,27 In our study a PaC02of 50 mmHg was used to
define hypercarbia. This level was chosen arbitrarily,
since linle is known of the normal neonatal acid-base
status in 12-hour-old piglets. The available data suggest
that the normal PaCOz ranges from 62 mmHg at birth
to 44 mmHg at 24 hours.2S

The animals in this study were all hyperoxic and the
possibility exists that some of the effects seen were relat­
ed to oxidative tissue damage. Hyperoxia definitely has a
pathological effect on brain tissue,>' but this effect
requires high pressures (greater than 3 atmospheres)
and prolonged administration (longer than 24 hours).
Neither of these conditions existed in this study, and it
is unlikely that oxygen toxicity and free-radical oxida­
tive, or lipid peroxidative, damage was responsible for
the effects reported. In addition, there are data to sug­
gest that the cerebral vasoconstriction produced by
hyperoxia prevents much of the expected rise in brain
tissue oxygen pressure (pO,).'"

The importance of cerebrovascular sympathetic reg­
ulation in neonates is still undefined, but in adults, sym­
pathetic stimulation is known to limit cerebrovascular
vasodilatation,and reduce increases in cerebral blood
flow during hypercarbia, hypoxia and hypertensive
episodes.'1 Piglets have poorly functional a-adrenergic
sympathetic supply in most regional vascular beds at
birth16,32 and the sensitivity of this system only increases
to mature levels after several weeks. Sympathetic inner­
vation in these animals is less dense in the hindbrain
regions than in the forebrain regions,32,33 with a reduced
concentration of a-adrenergic receptors in the carotid
and basilar portions of the circle of Willis.34 Thus, there
is the possibility of intracerebral shunting to the hind­
brain during periods of sympathetic stimulation. When
this is compounded with a blood-brain barrier capillary
basement membrane which has fourfold les,s ground
matrix than that of the adult,'; the propensity for these
vessels to rupture is high.

Whether laryngoscopy and endotracheal intubation
causes similar lesions in normoxiclnormocarbic animals
has not been addressed in this study. Hypercarbia may
play a role in the development of the observed bleeds,
with the laryngoscopy/intubation merely acting as the
precipitating event. Nevertheless, there were signifi­
cantly fewer abnormal findings in the control group,
which was exposed to the same hypercarbic conditions
as the study group. This evidence strongly supports the
conclusion that the laryngoscopy and intubation was
integrally related to the observed findings.

Mrs A. Smith is thanked for her excellent preparation of
the slides.

REFERENCES

1. Friesen RH, Honda AT, Thieme RE. Changes in anterior fontanel
pressure in preterm neonates during tracheal intubation. Anesth
AnaIg 1987; 66: 874-878.

2. Srow PJ, McLeod ME, Burrows FA, Creighron RE. Anteriot
fontanelle pressure responses ro tracheal intubation in the awake
and anaesthetised infant. BrJ Anaesrh 1988; 60: 167-170.

3. Perlman JM, Volpe JJ. Suctioning in the preterm infant: effects on
cerebral blood flow velociry, intracranial pressure, and arterial
blood pressure. Pediarrics 1983; 72: 329-334.

4. Raju TNK, Vidyasagar D, Torres C, Grundy D, Bennet EJ.
Intracranial pressure during anaesthesia and intubation in infants.
J Pediatr 1980; 96: 860-2.

5. Prys-Roberts C, Greene LT, l\1eloche R, Foex P. Studies of anaes­
thesia in relation to hypertension: n. Haemodynamic consequences
of induction and endotracheal intubation. Br J Anaesth 1971; 43:
531-547.

6. Russel WJ, Morris RG, Frewin DB, Drew SE. Changes in plasma
catecholamine concentrations during endotracheal intubation. Br J
Anaesth 1981; 53: 837-839.

7. Derbyshire DR, Smith G, Achola KJ. Effect of topical lignocaine
On the sympathoadrenal responses ro tracheal intubation. Br J
Anaesch 1987; 59: 300-304.

8. Lou HC, Lassen TA, Friis-Hansen B. Impaired auroregulation of
cerebral blood flow in the distressed newborn. J Pediatr 1979; 96:
118-121.

9. Osrrup RC, Luerssen TG, Marshall LF, Zornow MH. Continuous
moniroring of intracranial pressure with a miniaturized fiberopric
device. J Neurosurg 1987; 67: 206-209.

10. Donat]F, Okazaki H, Kleinberg F. Intraventricular hemorrhages in
full-term and premature infants. Mayo CIi" Proc 1978; 53: 437­
441.

11. Hambleton G, Wiggleswonh JS. Origin of intraventricular haemor­
rhage in the preterm infant. Arch Dis Child 1976; 51: 651-659.

12. Haggendal E, Johansson B. On the pathophysiology of the
increased cerebrovascular permeabiliry in acute arterial hyperten­
sion in cats. Acca Nellrol Scand 1972; 48: 265-270.

13. Goddard 1- Lewis RM, Armstrong DL, Zeller RS. Moderate, rapid­
ly induced hypertension as a cause of intraventricular hemorrhage
in the newborn beagle modeL J Pediatr 1980; 96: 1057-1060.

14. McDonald MM, Koops BL, Johnson ML, Guggenheim MA,
Rumack CM, Mitchell SA, ec al. Timing and antecedenrs of
intracranial hemorrhage in the newborn. Pediamcs 1984; 74: 32-36.

15. Takashirna J, Tanaka K r\'!..icroangiopathy and vascular permeabili­
ry of the subependymal matrix in the premature infant. Can J
Neurol Sci 1978; 5: 45-50.

16. Busija DW, Lefller CW, Wagerle Le. Responses of newborn pig
pial arteries to sympathetic nen'ous stimulation and exogenous
norepinephrine. Pediatr Res 1985; 19: 1210-1214.

17. Hansen 1'-.'B, Brubakk A, Brarlid D, Oh W, Sronesrreet B. The
effects of variations in PaCO, on brain blood flow and cardiac Out­
pur in the newborn piglet. Peaiatr Res 1984; 18: 1132-1136.

18. Brubakk A, Brarlid D, Oh W, Yao A, Stonestreet B. Atropine pre­
vents increases in brain blood flow during hypertension in newborn
piglets. Pediatr Res 1985; 18: 1121-1126. .

19. Laprook A, Sronestreet B, Oh W. The effects of different rates of
plasmanate infusions upon brain blood flow after asphyxia and
hypotension in newborn piglets. J Pediatr 1982; 100: 791-799.

20. Dobbing J, Sands J. Comparapve aspects of the brain growrl1 spun.
Early Hum Dev 1979; 3: 79-83.

21. Kelly M..A., Finer N . Nasorracheal intubation in the neonate:
physiologic responses and effects of atropine and pancuronium. J
Pediatr 1984; 105: 303-309.

22. Charlron AJ, Greenhough SG. Blood pressure response of neonates
to tracheal intubation. Anaesrhesia 1988; 43: 744-746.

23. Kontos HA, Wei EP, Navari RM, Levasseur JE, Rosenblum Wl,
Parrerson JL jnn. Responses of cerebral arteries and arterioles ro
acute hypotension and hypertension. Am J Physiol 1978; 234 (Heart
Circ Physiol 3): H371-H383.

24. Moskowitz MA, Wei EP, Sairo K, Kontos HA. Trigeminalecromy
modifies pial arteriolar responses to hypertension or nore­
pinephrine. Am J Physiol 1988; 255 (Heart Circ Physiol 24): Hl­

·H6.
25. Tomori Z, Widdicombe JG. Muscular, bronchomoror, and cardio­

vascular reflexes elicited from mechanical stimulation of the respi­
rarory tract. J Physiol (Lond) 1969; 200: 25-50.

26. Hansen rn, Brubakk A, Brarlid D, Oh W, Sronesrreet B. The
effects of variations in PaCO, on brain blood flow and cardiac out­
put in the newborn piglet. Peaiatr Res 1984; 18: 1132-1136.

27. Brubakk A, Oh W, Stonestreet BS. Prolonged hypercarbia in the
awake newborn piglet: effect on brain blood flow and cardiac out­
pur. Pediatr Res 1987; 21: 29-33.

28. Glawischnig E, Schlerka G. Verlaufsunrersuchungen uber die
Blurgase und den Saure-basen-Haushalt mit Bestimmung von
Haemarokrit und Haemoglobin bei Verkeln. Drsch Tierarzrl
Wochenschr 1980; 87: 441-443.

29. Jamieson D. Oxygen toxiciry and reactive oxygen metabolites in
mammals. Free Radical Bioi Med 1989; 7: 87-108.

30. Lambertson CJ. Effects of oxygen at high partial pressures. In:
Fenn WO, Rahn H, eds. Handbook of Physiology (Section 3:
Respiration. Volume lI). Washington, DC: American Physiology
Sociery, 1965: 1027-1046.

31. Bill A, Lnder 1- Sympathetic control of cerebral blood flow in acure
arterial hypertension. Acea Physiol Scand 1976; 96: 114-121.

32. Wagerle LC, Delivoria-Papadopoulos M. Alpha adrenergic recep­
tor subrypes in the cerebral circulation of newborn piglets. Am J
Physiol 1987; 252 (Regularory Integrative Comp Physiol 21):
RI092-RI098.

33. Wagerle LC, Kumar SP, Delivoria-Papadopoulos M. Effect of
sympathetic nerve stimulation on cerebral blood flow in newborn
piglets. Pediatr Res 1986; 20: 131-135.

34. Edvinsson L. eurogenic mechanisms in the cerebrovascular bed:
autonomic nerves, amine receptors, and their effects on cerebral
blood flow. Acca Physiol Scand SlIpp11975; 427: 1-35.

35. Betz AL, Goldstein GW. Changes in biochemical properties of iso­
lated brain capillaries (Abstract). Pediatr Res 1979; 13: 355.


