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ABSTRACT 

Anaesthetics depress the baroresponse of adults. If the same is true of infants, they will have 
difficulty maintaining their cardiac output if they become hypotensive because they are 
primarily rate dependent for cardiac output. The opportunity to test whether anaesthetics 
depress the baro-response of neonates arose while anaesthetizing preterm infants for 
ligati0n of patent ductus arteri0sus. 

The relationship between heart rate and the systolic blood pressure (baroresponse) was 
examined in 53 preterm infants (I,065 --+ 205g) receiving 0.5-1.0 per cent inspired 
halothane for ligation of patent ductus arteriosus. The arterial pressure was measured by 
indwelling catheters and strain gauges (43 patients) or a doppler device (10 patients). Heart 
rate was measured with skin electrodes. The relationship between heart rate and systolic 
pressure was examined before and after the induction of anaesthesia and before and after 
ligation of the ductus. 

Just before ligation of the ductus arteriosus the systolic blood pressure had decreased 33 
per cent from awake control values without a change in heart rate. Five minutes after the 
ductus was ligated the arterial pressure had increased 38 per cent, again without a change in 
heart rate. The differences between systolic pressures was highly statistically significant in 
both instances (P < 0.001). The differences between heart rate were not. 

These data indicate a lack of baroresponse in these preterm infants during light halothane 
anaesthesia which may alter their ability to maintain cardiac output when hypotensive. 
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BETWEEN five and ten per cent of pretema infants 
weighing <1500g  at birth develop a patent 
ductus arteriosus with congestive heart failure 
and require anaesthesia and operation for its 
ligation 1 More than fifty per cent of these infants 
become hypotensive during anaesthesia (a de- 
crease in systolic pressure of more than thirty per 
cent).* Hypotension is also more frequent when 
older infants and children are anaesthetized than 
in anaesthetized adults. 2 Normally the awake 
adult compensates for hypotension by increasing 
heart rate, myocardial contractility and periph- 
eral vascular resistance. Anaesthesia attenuates 
this ability to compensate by blocking the reflex 
increase in heart rate. 3'4 Since the infant is 
normally rate dependent for cardiac output, 
failure to increase heart rate during bouts of 
hypotension (lack of baroresponse) would re- 
duce his ability to effectively compensate' for 
hypotension. Since preterm infants are corn- 

George A. Gregory, M.D. Departments of Anes- 
thesia and Pediatrics and the Cardiovascular Research 
Institute, University of California, San Francisco, 
California 94143, U.S.A. 

Can. Anaesth. Soc. J., vol. 29, no. 2, March 1982 

monly hypotensive during anaesthesia, we 
determined whether their baroresponse was 
present or absent during anaesthesia and oper- 
ation for ligation of patent ductus arteriosus. 

METHODS 

Since for ethical reasons we were unable to 
test for the presence or absence of baroresponses 
in these infants by infusing vasoactive drugs, 3'0 
we sought another means of doing so. We had 
previously noted a consistent rise in the arterial 
pressure when the ductus arteriosus was ligated. 
This gave us the opportunity to examine the 
relationship between arterial pressures and heart 
rate and thus to determine whether the barore- 
sponse was present or absent. We reviewed the 
anesthetic records of  53 consecutive infants who 
weighed less than 1500 grams at birth and who 
required ligation of a patent ductus arteriosus.* 
None of the patients received atropine before or 
during anaesthesia as was our custom before 

*Permission was obtained from the Committee on 
Human Research to review the records. 

105 



106 CANADIAN ANAESTHETISTS' SOCIETY JOURNAL 

TABLE I 

THE RELATIONSHIP BETWEEN HEART RATE A N D  SYSTOLIC BLOOD 
PRESSURE IN PRETERM INFANTS ANESTHETIZED WITH HALOTHANE 

Heart Rate Systolic Pressure 
Condition Beats/Min kPa(torr) 

Pre-induction 146 --- 20 8.24 - 2.13 (62 -+ 16) 
Pre-ductal ligation 143 -+ 17 6.38 -+ 2.13 (48 -+ 16)* 
Post-ductal ligation 145 --- 16 8.78 +-- 1.99(66 -+ 15)t 

*Significantly different from awake. 
tSignificantly different from that present prior to ligation of the 

ductus arteriosus. 

Barach, et al. demonstrated that atropine may 
improve cardiac output during anaesthesia, s All 
infants were anaesthetized with halothane (0.5 to 
1.0 per cent inspired) in air and enough oxygen 
to maintain Pao2 between 6.65 and 9.31kPa 
(50-70torr). Five infants were paralyzed with 
d-tubocurarine 0.05 mg. kg -~. On the average, 
they received 5-10  ml- kg-t/hr of D5-Ringer's 
lactate during operation. All required mechani- 
cal ventilation before, during, and after opera- 
tion. The arterial pressure was measured contin- 
uously from an indwelling arterial catheter 
(umbilical or radial) in 43 patients and every five 
minutes with a Doppler device in ten. The heart 
rate and electrocardiogram were recorded con- 
tinuously with skin electrodes. Both were re- 
corded on the anesthetic record every five min- 
utes by one of the two physicians present. I 
compared the heart rate and arterial pressure 
before induction of anaesthesia and before and 
five minutes after ligation of the ductus arteri- 
osus. Data were compared by paired t-test and 
one way analysis of variance. 

RESULTS 

The infants weighed 1108 --- 182 grams (range 
580 to 1450g) at birth. At operation they 
weighed 1065 +-- 205grams (range 680 to 
1500g). Eighty per cent underwent surgery 
because of intractable congestive heart failure. 
The other 20 per cent. were operated upon 
because of early necrotizing enterocolitis plus 
congestive heart failure. We defined hypoten- 
sion as a systolic arterial pressure below 6 kPa 
(45 torr). Ten infants were hypotensive when 
they arrived in the operating room and had their 
arterial blood pressure returned to normal with 
5-10 ml '  kg -1 of normal saline (Table I). Just 
before ligation of the ductus the mean systolic 
blood pressure had decreased to 5.32 -r 2.13 kPa 
(40 --- 16 torr), a 33 per cent change from control 
(P < 0.001), without a change in heart rate. Five 
minutes after ligating the ductus arteriosus the 

systolic blood pressure was 8.6 -+ 2kPa (65 -+ 
15 torr), an increase of 38 per cent. The heart rate 
did not change. In other words, despite the 38 
per cent increase in systolic blood pressure, the 
heart rate remained constant. The difference 
between the systolic pressures was significant at 
the 0.001 level by the paired t-test, while the 
differences between the heart rates were not 
(P > 0.3). 

DISCUSSION 

Retrospective studies such as this may be 
difficult to interpret because the data were not 
initially collected with a specific question in 
mind. Therefore there may be a question about 
their validity. The author recognizes this fact. 
However, I was present for 60 per cent of the 

cases and consulted preoperatively with the 
attending anaesthetist on the others. One of the 
two physicians present recorded the vital signs 
while the other administered the anaesthetic. All 
data pertinent to this study were available in each 
case. In addition, the data were consistent. The 
arterial pressure rose in every case following 
ligation of the ductus arteriosus while the heart 
rate remained constant. Therefore, I believe the 
data are valid. 

The baroreceptors of term infants are present 
and active. 6 To our knowledge they have not 
been previously studied in preterm infants for 
ethical and technical reasons. The changes in 
arterial pressure seen during anaesthesia and 
operation gave me the opportunity to examine 
whether the preterm infant's baroresponses were 
active. They were not, as indicated by a constant 
heart rate despite a 33 per cent decrease in the 
systolic arterial pressure following the induction 
of anaesthesia and a 38 per cent increase follow- 
ing ligation of the ductus arteriosus. Thus neither 
a decrease nor an increase in arterial pressure 
resulted in a change in heart rate, indicating an 
absence of the baroresponse. 

Halothane is known to depress the barore- 



GREGORY: BARORESPONSES OF PRETERM INFANTS 107 

sponse of healthy adults. 4 These data indicate 
that this is also true in our preterm infants even 
at halothane concentrations that were approxi- 
mately half those required for MAC. 7 This 
agrees with our data from baby rabbits, which 
show that both 0.5 MAC halothane s and 
0.5 MAC nitrous oxide (70 per cent) 9 effectively 
abolish the baroresponse. 

Forty per cent of  these infants were hypoten~ 
sire before ligation of  the ductus arteriosus. 
There are several possible reasons for this. First, 
the infants are usually fluid restricted and have 
been treated with potent diuretics to reduce 
their congestive heart failure. This makes them 
hypovolaemic. Second, anaesthetics depress the 
infant's cardiovascular system more than they do 
the adult's, 5 in part because their sympathetic 
nervous system is incompletely developed, l~ 
and sympathetic activity is important in main- 
taining the baroresponse. ~ 1 As a consequence of  
their inadequate sympathetic nervous system, 
they fail to respond to hypotenslon by constrict- 
ing their peripheral vessels ~z and by increasing 
their heart rate. This leaves them vulnerable to 
alterations in blood pressure. 

In summary, we were unable to demonstrate 
baroreceptor activity in preterm infants during 
light halothane anaesthesia. This would limit 
their ability to compensate for the frequent 
hypotension observed during halothane anaes- 
thesia. 
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Rf~SUM~. 
Les anesth6siques d6priment la r6ponse des baror6cepteurs chez l'adulte. Si tel 6tait le cas 
chez les enfants, ceux-ci auraient beaucoup de difficult6 ~, maintenir un d6bit cardiaque 
ad6quat Iors d'hypotension parce que le d6bit cardiaque de l'enfant d6pend plus 
particuli~,rement de la fr6quence que celui de l'adulte. Les auteurs ont 6tudi6 la r6ponse des 
baror~cepteurs lors d'anesth6sie g6n6rale chez le nouveau-n6 pr~matur6 qui subissait une 
ligature du canal art6riel. 

Le rapport fr~quence-pression art6rielle systolique (r~ponse baror6eeptriee) a ~t6 6tudi6e 
sur 53 nouveaux-u6s pr,~matur6s (1.065 + 205 g) recevant halothane 0.5-1.0 pour une 
ligature du canal art6riel. La pression art6rielle a 6t6 mesur6e par la m6thode sanglante duns 
43 caset par un appareil Doppler duns 10 cas. La fr6quence cardiaque a 6t6 mesur~e par des 
61ectrodes cutandes. 12 rapport entre la fr6quence et la prcssion systolique a 6t6 calcul6 
avant et apN:s la ligature du canal. 

lmm6diatement avant la ligature du canal art,~riel la pression systolique avait diminu6 de 
33 pour cent lorsque compar6e it 1'6tat de veille sans changement de la fr6quence cardiaque. 
Cinq minutes apr~s ligature, la pression a augment6 de 38 pour cent, sans changement de 
fr6quence. Les diff6renees entre pressions diastoliques 6taient tN:s significatives (P < 
0.001) lors des deux mesures. Les differences entre fr6quences cardiaques ne l'6taient pas. 

Ces donn6es montrent l'absenee de r~ponse baror&:eptrice chez les pr6matur~s pendant 
l'anesth,,~sie 16g&e ~t l'halothane, ce qui pourrait les em#cher de maintenir un d6bit 
cardiaque ad6quat pendant l'hypotension. 


