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CONTINUOUS EXTRADURAL ANAESTHESIA IN CHILDREN
Clinical and Haemodynamic Implications

I. MURAT, M. M. DELLEUR, C. ESTEVE, J. F. EGU, P. RAYNAUD
AND C. SAINT-MAURICE
Continuous extradural anaesthesia is used fre-
quently in adults in combination with general
anaesthesia for abdominal or orthopaedic surgery.
The technique is of interest since it decreases the
requirements for systemic analgesics and neuro-
muscular blocking drugs (the drugs which are
responsible for ventilatory depression in the
postoperative period) and can provide effective
postoperative analgesia (Catley et al., 1985). In
children, extradural block via the caudal route is
often used for day-case surgery so as to decrease
postoperative morbidity and provide satisfactory
pain relief (Armitage, 1979; McGown, 1981).
Continuous extradural blockade via the thoracic
or lumbar routes is much less common in children
because it requires considerable clinical ex-
perience and appropriate equipment.

This study describes the experiences of the
Department of Paediatric Anaesthesia with con-
tinuous lumbar or thoracic extradural blockade.
During a 15-month period, 234 continuous extra-
dural anaesthetics were performed, 59 in children
younger than 2 yr, 71 in children aged 2-8 yr and
104 in children older than 8 yr.

All information regarding the patients, surgical
procedures, techniques, doses and haemodynamic
data was collected prospectively and analysed by
computer (Apple He).

PATIENTS AND METHODS

All extradural anaesthetics performed by the
thoracic or lumbar approach before surgery are
included in this study. All were carried out
between June, 1984 and October, 1985. Informed
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SUMMARY

This study reports the experience of a department
of paediatric anaesthesia with 234 continuous
extradural anaesthetics performed in 229 children
over a 15-month period. Fifty-nine of the chil-
dren were aged 0-2 yr, 71 were aged 2-8 yr and
104 were older than 8 yr. The surgical procedures
lasted more than 60 min (mean 150± 10.6 min);
all were carried out under light general anaes-
thesia. Technical procedure and difficulties are
reported. The only local anaesthetic agent used
was bupivacaine with or without adrenaline.
Mean initial dosage was 0.75 ml kg'1 for children
weighing less than 20 kg and 1 ml/10 cm of
height for children taller than 100 cm. Using
0.25% bupivacaine mean times until a further
injection were 92.0±2.0min for bupivacaine
with adrenaline and 71.0±2.5min for bupi-
vacaine without adrenaline (P < 0.001). A much
longer duration of analgesia was found for
younger children using the solution with adrena-
line. A haemodynamic study was performed in
74 unpremedicated children (ASA I; aged 0-2 yr
(n = 15), 2-8 yr (n = 26) and older than 8 yr
(n = 35)). Before induction of anaesthesia, heart
rate (HR) was significantly increased in the
youngest children, but no significant change
was found for systolic arterial pressure (SAP).
After extradural anaesthesia with 0.25% bupi-
vacaine with adrenaline 1:200000, minimal
changes in HR or SAP occurred in children
younger than 8 yr; in those older than 8 yr a
significant decrease in both HR and SAP was
observed. Changes in SAP were at their maxi-
mum 25 min after the extradural block and
changes in HR were not statistically significant
before the 25th min following injection of local
anaesthetic. The catheter remained in place in
155 children for postoperative analgesia, mainly
for the first 48 h.
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consent was obtained from the parents; the
technique and its relevance were explained during
the preoperative consultation. The study was
approved by the ethics committee of the hospital.
Indications for continuous extradural anaesthesia
were: surgery lasting more than 60 min or the
necessity for effective postoperative pain relief to
facilitate nursing or physiotherapy. The children
were either unpremedicated or premedicated with
a benzodiazepine (either by mouth or per rectum).
The lumbar or thoracic extradural space was
punctured after the induction of general anaes-
thesia in all patients, and following intubation of
the trachea in most patients. The extradural space
was punctured in the lateral decubitus position
with a Tuohy needle, 17-, 18-, 19- or 20-gauge
according to the age of the child. The extradural
space was identified using the loss of resistance
technique with a syringe containing physiological
saline. A 3-ml glass syringe was used for children
weighing less than 10 kg, and a syringe of 5
or 10 ml for the other children. A catheter was
inserted once the extradural space had been
identified. Two types of catheter were used: for
children less than 10 kg, a 24-gauge polyurethane
catheter with a stylet and, for children of about
10 kg or more, a 20-gauge nylon catheter with a
stylet. The 24-gauge catheter can be introduced
through a 20-gauge needle, and the 20-gauge
through a 17- or 18-gauge needle. Both catheters
were graduated and no more than 2 or 3 cm was
placed in the extradural space. In all patients the
local anaesthetic used for the operative period was
bupivacaine with or without adrenaline 1:200000.
The concentrations used ranged between 0.25 and
0.5%. For children younger than 8 yr, we used
only a solution of 0.25 % bupivacaine. For older
children, more concentrated solutions (0.37 or
0.5%) were used during surgery, either when
abdominal wall relaxation was requested or for
orthopaedic surgery of lower limbs. Bupivacaine
without adrenaline was used for the initial patients
studied but, when it became obvious that the
addition of adrenaline was associated with a
prolonged analgesic effect, use of the latter
solution was preferred, except for children with
cardiac abnormalities. The segmental level of the
puncture was chosen according to the surgical
procedure. A mean initial dose of bupivacaine
0.75 ml kg"1 was used for children weighing less
than 20 kg and a dose of 1 ml/10 cm of height for
children taller than 100 cm. Additional injections
were performed either systematically according to

the pharmacodynamic properties of the local
anaesthetic used or when there were changes in
arterial pressure (AP) or heart rate (HR). The
volume of these subsequent injections was always
one-half that of the initial injection. Before each
injection or re-injection, aspiration was performed
to ensure that no blood flowed back. A test dose of
0.25 % bupivacaine 1-2 ml with adrenaline
1:200000 was given to each child, except for the
first 50 patients. The total dose of local anaesthetic
was then injected 3 min after the test dose if there
was no significant change in heart rate or arterial
pressure. The rate of injection depended on the
size of the catheter. For the smallest (24-gauge)
catheter, the speed of injection was very slow
because of the high resistance of the small
catheter.

A haemodynamic study was performed on some
unpremedicated patients. All were free from
cardiac or pulmonary disease and were taking no
medication. In these patients, anaesthesia was
induced either with an inhalation agent (halothane
in most cases) or with an i.v. agent (thiopentone
5—10 mg kg"1). In all patients the trachea was
intubated after a single dose of vecuronium (80-
100 ug kg"1). None received opioids either as a
premedication or for the induction of anaesthesia.
All these children had the lungs ventilated
mechanically in order to maintain P E C 0 within
physiological range (4-5 kPa). Haemodynamic
data were obtained under nitrous oxide-enfiurane
anaesthesia with an inspiratory concentration of
enflurane less than 1.5%.

Haemodynamic variables were monitored using
an ECG monitor and an indirect monitor of
arterial pressure (Dinamap). In all children,
systolic arterial pressure (SAP) and heart rate
(HR) were recorded before the induction of
anaesthesia, 5 min before extradural puncture, 5,
10 and 25 min after the injection of the local
anaesthetic, at skin incision and 15 min after skin
incision. In all these children, the puncture was
performed at L2-3 or L3-4 and the segmental
level of analgesia ranged from T8 to T10. The
levels of analgesia obtained were assessed during
surgery and with greater precision at the end of
the surgical procedure. All children received a
standard infusion of 5 % dextrose 7-10 ml kg"1

during the first 1 h of anaesthesia. None received
any blood, modified gelatine solution or vasoactive
drugs. Temperature was monitored and main-
tained between 36 and 37 °C. Haemodynamic
data obtained in 10 children in whom puncture
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TABLE I. Dtlaih of patients and surgical procedures involved

Age

2 days-2 yr

2-8 yr

> 8yr

n

59

71

104

Weight
(kg)

2-13.4

10-26

14-85

Height
(cm)

48-89

80-135

108-180

Orthopaedic surgery

Club foot
Pelvic osteotomy

Club foot
Pelvic osteotomy
Various bone surgery
Prothesis for Ewing sarcoma
Triple arthrodesis of the foot
Pelvic osteotomy
Tenotomies
Various bone surgery

n

11
2

13
7
4

21
18
6

14
21

Visceral surgery

Pull through
Genito-urinary procedures
Nissen procedures
Excision of tumour
Genito-urinary procedures
Pull through
Excision of tumour
Genito-urinary procedures
Excision of tumour

n

10
29

2
5

39
5
3

21
3

T A B U II. Time of the first reinjection of 0.25% bupivacaine, with or without adrenaline,
according to age

Age(yr)

0.25% Bupivacaine
with

adrenaline

1 Time (min)

0.25% Bupivacaine
without

adrenaline

n Time (min)

Increased
duration of analgesia

with adrenaline

% P

0-18
0-2
2-8
8-18

94
27
36
31

92.07 ±2.0
97.6±4.56
93.0 ±3.12

86.23±3.16

31
15
8
8

71.01 ±2.57
66.3±4.1
74.4 ±4.6
76.7 ±4.6

29.6
47
25
12

< 0.001
< 0.001
<0.01

ns

had been performed between L3-4, were com-
pared with those obtained in 10 children in whom
puncture was performed at a dorsal interspace
(between T7 and Ti l ) . Children were paired for
age and weight. The local anaesthetic used in both
groups was 0.25 % bupivacaine with adrenaline.
The level of analgesia in this latter group ranged
from T4 to T6.

Postoperative analgesia
The catheter remained in place in most patients

after surgery in order to allow the further
administration of local anaesthetic or extradural
opioids to provide postoperative analgesia as
indicated. A bacterial filter of 22 urn was used in
each case. Because of medico-legal reasons and
the recent introduction of this technique, such
additional administrations were performed only
by an anaesthetist. These further injections were
only performed if there were signs of pain, either
as assessed by the nurses, parents and doctors in
the youngest children, or as expressed by the child
itself in those who were older. Any complications
of the technique were followed up after surgery.

Statistical analysis
Statistical analyses were made by repeated

analysis of variance. The paired Student's t test
was used for observations in same patients and the
unpaired Student's t test for comparison in
different groups. P values of less than 0.05 were
regarded as significant. Results are expressed as
mean±SEM.

RESULTS

Patients
Continuous extradural anaesthesia was per-

formed on 234 occasions in 229 children: 59 in
children aged 2 days to 2 yr, 71 in children aged
2-8 yr and 104 in children older than 8 yr. Physical
characteristics of each group and the surgical
procedures involved are summarized in table I. In
children younger than 8 yr the surgery was mainly
visceral (complex hypospadias repair, pull through
for Hirschprung disease) and, less frequently,
orthopaedic surgery (repair of club foot or pelvic
osteotomy for congenital dislocation of the hip).
In children older than 8 yr, surgery was mainly
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FIG. 1. Time of the first peropcrative reinjection of 0.25 %
bupivacaine according to age and use of adrenaline 1:200 000
(open columns) or bupivacaine without adrenaline (hatched

columns). **P < 0.01; ***/» < 0.001.

orthopaedic (prosthesis for bone tumours or
various arthrodesis or osteotomy).

Most children were ASA I or II. In this study,
no regional anaesthesia was performed for emerg-
ency surgery. However, some of the children
included in this study had major anaesthesia risks:
neuromuscular disease in 36 (Duchenne myo-
pathy in 30), adrenocortical insufficiency in four,
severe respiratory failure in 10 (bronchopul-
monary dysplasia or sequelae of poliomyelitis); 10
children had a history of allergic disease, eight had
a congenital cardiac malformation, but were not in
severe heart failure. Mean duration of the surgical
procedure was 150±10.6min3 and the mean

duration of general anaesthesia 190 ±9.8 min.
Mean time between induction of anaesthesia and
extradural puncture was 20±3.2min, and the
mean time between injection of local anesthetic
and skin incision was 25 ±2.1 min.

Technical procedure

Extradural puncture was made through a low
lumbar space in most patients: L3-4 in 139, L4-
5 in 16. The other sites of puncture were lumbar
(Ll-2 in 21; L2-3 in 43) or thoracic (T7-8 in one;
T8-9 in three; T9-10 in two; T10-11 in three;
Tll-12 in two; T12-L1 in four). All the diffi-
culties associated with the insertion of the needle
were found in the first 50 patients. Two attempts
were made in 10 children and three attempts in
three. The catheter was difficult to place in the
extradural space in 10 children, but this technical
problem was solved by advancing the needle for 1
or 2 mm in eight of the 10.

Drug and dose
Analgesia was sufficient in 224 children such

that no systemic analgesics were required during
the operative procedure. In the other 10, adequate
analgesia was obtained after an additional in-
jection of local anaesthetic.

The volume used for subsequent "top-up"
injections was always one-half the initial volume.
The time of the first additional injection depended
on age, concentration of local anaesthetic used and

TABLE I I I . Haemodynamic data (HR •= heart rate {beat min ' ) ; SAP = systolic arterial pressure (mm Hg)) obtained in 76
unpremcdicated children. Significant changes compared with pre-induction values using t test for paired samples: *P <0.05;
**P< 0.01; ***P<0.001. Before induction of anaesthesia, heart rate decreased significantly with age (P < 0.001), but no

significant change was found for SAP

Ace

(yr)

<2(n= 15)
HR

SAP

2-8 (n = 26)
HR

SAP

> 8 (n = 35)
HR

SAP

Before
induction

127.8
±3.8
100.3
±4.6

110.6
±3.3
101.4
±3.3

98.7
±3.4
108.5
±2.4

5 min he fore
blockade

128.9
±5.8
97.0*
±4.1

108.6
±2.1
98.6

±2.8

99.1
±3.0
100.3***
±1.8

Time

5

126.0
±5.7
96.5
±4.1

106.8
±2.7
94.3*

±2.8

97.2
±3.3
97.7***

±2.0

after injection

10

127.0
±5.4
96.4

±3.8

106.3
±3.2
94.1*

±2.9

94.5
±3.4
94.3***

±2.0

(min)

25

123.4
±4.9
91.9*
±3.2

106.3
±3.6
97.5

±2.7

89.3*
±3.0
92.1***

±1.9

Skin
incision

120.7*
±5.0
95.0

±3.4

105.4
±3.5
97.5

±2.6

88.1**
±2.9
92.7***

±2.2

15 min after
skin

incision

119.5*
±4.9
90.7*

±4.2*

102.9
±3.2
95.7

±2.6

86.1***
±3.1
92.5***

±1.8

P

ns

ns

ns

ns

<0.01

< 0.001
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-20 J

FIG. 2. Changes in heart rate expressed as percent of pre-
induction values. Values were obtained 5 min before, and 5,
10 and 25 min after, extradural blockade (Block); at skin in-
cision and 15 min after skin incision. Compared with pre-

induction: *P < 0.05; **P < 0.01; ***P < 0.001.

on the concomitant use of adrenaline. Bupivacaine
0.25% was the local anaesthetic used most
frequently. Addition of adrenaline 1:200000
increased the duration of analgesia by 29.6%
(P< 0.001) (table II). However, the increase in
the duration of analgesia was less marked in older
children than in younger ones. For children
younger than 2 yr the mean duration of analgesia
increased by 47 % (P < 0.001), and for those aged
2-8 yr it increased by 25% (P < 0.01). An
increase of 12% (not significant) was found in
children older than 8 yr (fig. 1).

In children younger than 8 yr, 0.25 % bupi-
vacaine was the only anaesthetic used. In children
older than 8 yr, 0.25%, 0.375% or 0.5% bupi-
vacaine was used. The duration of anaesthesia was
longer when using bupivacaine with adrenaline
than when using bupivacaine without adrenaline
(92.7 ±2.9 v. 77.3 ±3.9 min) (P < 0.01). Duration
of anaesthesia was increased when using the more
concentrated solutions (0.37% and 0.5%) when
compared with the least concentrated (0.25%)
(102.0±5.3 v. 86.2±3.2 min) (P < 0.01).

Haemodynamic studies
In 76 children (ASA I), haemodynamic data

were recorded every 5 min; the children were
divided into three groups according to age. Before
the induction of general anaesthesia, heart rate

-20 J

I I >8yr

5 mm Block +5 mm +10 mm +25 mm Skin 15 min
before inciiion later

FIG. 3. Changes in SAP expressed as percent of pre-induction
values. Details as for figure 2.

(HR) was greater in the youngest children. The
decrease in heart rate with age was significant
(P < 0.001). No significant change was found for
pre-induction systolic arterial pressure (SAP)
between the groups (table III). The local anaes-
thetic used in all cases was 0.25% bupivacaine
with adrenaline. In children younger than 2 yr,
HR was significantly decreased at the time of skin
incision (about 30 min after the extradural block)
and at 15 min after incision. SAP decreased
significantly after the induction of anaesthesia
when compared with pre-induction values, and a
moderate but significant decrease was found 25
min after extradural blockade and 15 min after
skin incision (figs 2 and 3). In children aged
between 2 and 8 yr, HR did not change at any
time when compared with pre-induction values.
SAP decreased significantly 5 min and 10 min
after extradural blockade and thereafter returned
to pre-induction values.

In children older than 8 yr there were signi-
ficant decreases in HR (P < 0.01) and SAP
(P < 0.001). When compared with pre-induction
values, HR had decreased significantly 25 min
after extradural blockade, at the time of skin
incision and 15 min later. SAP decreased at each
time when compared with pre-induction values.
Maximum decrease was observed 25 min after
extradural block. Haemodynamic data obtained in
10 children with a block up to T8-10 (puncture
between L2 and L4) were matched with those
obtained in 10 children of the same age and weight
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TABLE IV. Haemodynamic data obtained in two groups of 10 children matched for age and weight according
to maximum level of blockade. Statistical analysis was by t test for paired data

Age (months)
Weight (kg)
Heart rate (beat min"1)

Before induction
5 min before blockade
5 min after injection
10 min after injection
25 min after injection
Skin incision
15 min after skin incision

Systolic AP (mm Hg)
Before induction
5 min before blockade
5 min after injection
10 min after injection
25 min after injection
Skin incision
15 min after skin incision

Block up to
T10-12 (n = 10)

34.6±0.8
13.8±1.9

112.6±5.5
117.0±5.2
109.5±5.8
108.1 ±6.1
109.5±5.7
105.7±6.4
104.9±6.8

109.0±4.7
107.5±4.0
101.3±3.2
98.5 ±2.9
98.8 ±2.7
99.4±2.7

100.0±3.5

Block up to
T4-5 (n = 10)

35.1 ±1.0
13.7±1.9

123.5±3.6
122.9 ±6.3
126.3 ±7.0
123.7 ±7.6
119.2±7.0
120.1 ±7.1
119.4±7.5

105.3±6.7
100.2±5.0
95.2 ±4.8
94.6 ±4.2
90.2±4.3
92.3±3.1
85.3±3.7

P

ns
ns

ns
ns
ns
ns
ns
ns
ns

ns
ns
ns
ns
ns
ns
<0.02

with a block up to T4-5. No difference between
groups was observed for both HR and SAP except
for tie last value of SAP obtained 15 min after
skin incision (table IV). At this time, SAP was
significantly lower in the high thoracic group.

Postoperative analgesia

The catheter remained in place in 155 children
into the postoperative period for a mean of
35 ±31 h. In those children studied initially the
catheter was removed systematically on the 2nd
day after operation. Later in the study the catheter
remained in situ for as long as top-up injections
were required for postoperative analgesia. The
catheter was then removed if no injection had
been made during the past 18 h and if the child
showed no signs of pain. No complications were
observed except for a technical problem with the
24-gauge catheter when placed in the youngest
children. A leak of local anaesthetic was noted,
during reinjection, between the catheter and the
bacterial filter. In these patients, the catheter was
removed. This problem occurred in 10 of the first
20 children aged less than 2 yr and was resolved
by changing the connection between catheter and
bacterial filter. Except for this technical problem,
no other complication was observed in regard to
the maintenance of the catheter in the extradural
space.

Complications

Except for failures caused by an insufficient
initial dose, which are reported above, only two
complications were observed during the 15
months of the study. The first was a dural
puncture in an 8-yr-old child. The needle was
removed and no other attempt made. General
anaesthesia was used, and there was no headache
in the postoperative period. This accidental
puncture occurred in one of the first 20 patients
and was the second attempt of one of the authors.
The second complication was an accidental intra-
vascular injection in a 14-yr-old child. Both
puncture and insertion of the catheter were easy.
Aspiration was carried out before injection and no
blood was noticed. During the injection of 0.25 %
bupivacaine with adrenaline, changes in heart rate
occurred with arrhythmia and supraventricular
extrasystoles. The injection was stopped, and
blood flowed back through the catheter when a
further aspiration test was performed. The
catheter was immediately removed and heart rate
spontaneously returned to baseline in less than
60 s. General anaesthesia was successfully carried
on without any additional problems.
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DISCUSSION

Patients, techniques and indications

Continuous extradural anaesthesia was per-
formed in children in order to reduce peroperative
requirement of opioids and myoneural blockers
and to provide complete per- and postoperative
analgesia. This procedure is of particular interest
for visceral surgery of long duration and for
orthopaedic surgery, which is often very painful.
Reducing or avoiding opioids and myoneural
blocking drugs during surgery should decrease
the incidence of postoperative respiratory depres-
sion—which is the major cause of postoperative
death. That is especially true in young children, in
whom the elimination half-life of most drugs is
usually two or three times longer than in adults
(Rowland and Tozer, 1980). Thus continuous
extradural anaesthesia allows the anaesthetist to
reduce indications for postoperative ventilation
and allows rapid extubation of the trachea without
risk. Most of the visceral procedures were
genito-urinary procedures or pull through for
Hirschsprung disease. In both, the extradural
technique makes the nursing of young children
easier and aids the removal of various catheters
(Delleur et al., 1985). The puncture of the
extradural space was always performed under
general anaesthesia. The distance between skin
and extradural space is very small in young
children and absolute stillness is necessary to
avoid accidental dural puncture (Schulte-Stein-
berg, 1980). The duration of the surgical pro-
cedure itself is another reason for using regional
anaesthesia combined with general anaesthesia.
The technical failures were all attributable to the
inexperience of the anaesthetists and the percent-
age failures decreased dramatically with experi-
ence; currently, the technique is used routinely.
However, in young children the resistance of
the ligamentum flavum is weaker than in adults
and the compliance of the extradural space is
greater. Thus the use of a graduated needle with
a short bevelled edge is recommended in addition
to a glass test syringe of small volume. The
smallest test volume had to be injected in order to
avoid too large dilution of local anaesthetic. The
lateral approach to the thoracic space also can be
used (Meignier, Souron and LeNeel, 1983). This
approach was not used in the present study.
Ruston (1954, 1957) used the technique of the
"hanging drop" to locate the extradural space.
The loss of resistance technique used in this study

is, however, perfectly acceptable even for young
children. The introduction of the catheter was not
linked with specific problems in children. How-
ever, a stylet is needed for the flexible polyure-
thane catheters, but the stylet should always be
withdrawn before the extradural space is entered.
In young children, polyurethane is a useful
material: it is non-toxic, flexible and well toler-
ated. The catheters should have a terminal orifice
and should be graduated so that one can be sure of
the exact length of catheter inserted.

The mean recommended dose used in the
present study was satisfactory and provided
blockade of at least 10 segments. However, both
volume and level of puncture had to be combined
in order to use the minimal drug volume appro-
priate for the intended surgical procedure. For
example, for pull-through operations, our first
attempts were performed at L3-4, but we now
prefer LI-2 level in order to reduce dosage.

No motor blockade was observed at the end of
surgery when using a solution of 0.25 % bupi-
vacaine. No lateralization of analgesia was
evident. If required, analgesia of the sacral roots
was always satisfactory. Anatomical differences
between children and adults can explain these
results. The smaller diameter of the sacral roots
and poor myelinization, when compared with
adults, can explain the success in sacral blockade
by extradural lumbar approach especially in
young children. The contents of the extradural
space obviously differ from those of adult patients.
The extradural fat of the newborn and the young
child has a gelatinous, spongy appearance, with
distinct spaces between the individual fat lobules.
In contrast, the lobules are more densely packed
and interrupted by strands of fibre in adults.
Thus, the extradural fat offers less of an obstacle
to longitudinal spread of injected solutions in
children (Schulte-Steinberg, 1980).

The time of the first additional injection
depended on age, on the concentration of local
anaesthetic used and on the concomitant use of
adrenaline. The decease in mean duration of
analgesia with age was expected according to
changes in pharmacokinetic values with age
(Eyres et al., 1978). This was not observed in the
present study for bupivacaine without adrenaline
because the number of patients in this group was
small. In contrast, using bupivacaine with adrena-
line, the duration of analgesia was significantly
longer for children younger than 2 yr when
compared with those older than 8 yr (P < 0.05).
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No other difference between the groups was
significant. The use of adrenaline was associated
with an increase in the duration of analgesia in all
children. However, a much greater increase in the
duration of the analgesia was found in the
youngest children. Similar results were reported
recently by Warner and colleagues (1985) using
bupivacaine by the caudal route for postoperative
pain relief. Thus the prolongation of analgesia
observed is an important reason for recom-
mending the use of a 1:200000 dilution of
adrenaline with 0.25% bupivacaine in order to
reduce the dose required for per- and post-
operative analgesia. In children older than 8 yr an
expected increase in mean duration of analgesia
was observed with increasing concentration of
local anaesthetic. Once more, the expected differ-
ence was observed using bupivacaine solution
with adrenaline.

Haemodynamic study

The extradural injection of plain solutions of
local anaesthetic agents in conscious adult patients
is associated with minimal changes in haemo-
dynamic variables if the segmental block obtained
does not extend above T5 (Bonica, Berges and
Morikawa, 1970). The vasodilatation observed in
the blocked area is, in the main, compensated for
by vasoconstriction in the unblocked area. How-
ever, these results could be modified by the
concomitant use of general anaesthesia and by the
addition of adrenaline. General anaesthesia, even
light, interferes with the compensatory vaso-
constriction in the upper part of the body
(Stephen, Lees and Scott, 1969; German, Roberts
and Prys-Roberts, 1979). The addition of adrena-
line during extradural anaesthesia combined with
general anaesthesia was studied by Scott and co-
workers (1977) in adult patients. They observed
decreases in arterial pressure and peripheral
vascular resistance, as in conscious adults; changes
in heart rate and cardiac output were variable. For
the lowest block, the addition of adrenaline
seemed to produce an increase in cardiac output
and an increase in heart rate during the 30 min
after injection.

In children, very few haemodynamic studies
are available. Caudal blockade is associated with
minimal haemodynamic changes (Fortuna, 1967;
Melman, Pennelas and Maruffo, 1975), and no
significant haemodynamic changes were reported
after extradural blockade in children younger
than 2 yr (Delleur et al., 1985). In the present

study, pre-induction values of heart rate differed
according to age. The decrease in resting heart
rate in the post-natal period seems to be related to
changes in intrinsic cardiac properties after birth
rather than to changes in the parasympathetic or
sympathetic tone (Woods et al., 1977).

Changes in arterial pressure were different in
the three groups of children. In the youngest
children, younger than 8 yr, extradural anaes-
thesia was associated with no significant changes
in SAP. On the other hand, in children older than
8 yr, extradural anaesthesia was marked by a
consistent decrease in SAP which was maximal
25 min after the injection of the local anaesthetic.
The effect of extradural anaesthesia on SAP is, for
the most part, a result of the decrease in total
systemic vascular resistance in the blocked area.
The lesser decrease in SAP observed in the
youngest children is difficult to explain. Even in
children after the first months of life, the neuro-
hormonal control of resting AP and the
systemic AP response to autonomic agonists are
identical to those of the adult (Woods et al., 1977;
Klopfenstein and Rudolph, 1978; Thornburg and
Morton, 1983; Doolan and Brown, 1984). There
are two other possible explanations. First, the
relative blood volume of the legs in a child is
smaller. Second, there is possibly a lower level of
systemic vascular resistance in a child at rest.

Changes in heart rate were also different in each
age group. In children younger than 2 yr a small
but significant reduction in HR was observed
more than 30 min after injection. In children aged
between 2 and 8 yr there was no significant
change. In children older than 8 yr, the HR
decreased significantly, and the most important
decrease was observed more than 30 min after
injection. The addition of adrenaline in our study
seemed to provide the same results as reported by
Scott and colleagues (1977) and Murphy and
associates (1976).

The decrease in HR after 30 min following
extradural anaesthesia, is probably associated with
a moderate decrease in cardiac output in children
older than 8 yr. In children aged less than 2 yr,
the reduction in HR was not always associated
with a reduction in arterial pressure and, if it
occurred, the decrease in arterial pressure was
small.

Thus this study confirms that the use of
extradural anaesthesia (combined with general
anaesthesia) is marked by minimal haemodynamic
changes in children younger than 8 yr. In older
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children, the results were similar to those pre-
viously reported in adults. Atropine seems to
counteract the haemodynamic changes in adults,
and could be given to children older than 8 yr
before extradural anaesthesia. From a practical
point of view, no "preloading" fluids were
needed before performing the extradural blockade
in children.

No significant difference was observed between
thoracic and lumbar extradural anaesthesia in the
present study, except in SAP (significant change
15 min after skin incision). The level of analgesia
in the thoracic group was lower than T4 and,
therefore, there was no blockade of the cardiac
sympathetic nerves. The difference in SAP ob-
served was probably the result of there being a
larger vasodilated area with a decrease in the
vasoconstricted, unblocked area. A similar absence
of haemodynamic changes was reported by
Arthur (1980). Following repair of coarctation of
the aorta, this author could not obtain a reduction
in arterial pressure following thoracic extradural
anaesthesia using intermittent injections of bupi-
vacaine (level of puncture T6-7).

Postoperative analgesia

One of the major advantages of using the
continuous extradural technique is to allow effec-
tive postoperative pain relief, without risk of
respiratory depression. Disadvantages are the
necessity of either repeated injections or con-
tinuous infusion, possible motor blockade in spite
of using low concentrations of solution, and
possible tachyphylaxis.

Intermittent top-up injections are not recom-
mended in adult patients because of possible
tachyphylaxis and its combined risk of systemic
toxicity, the risk of hypotension following reinjec-
tion, and the potential danger of break-through
pain. These disadvantages are not commonly
observed in children. In our experience, we never
observed tachyphylaxis or hypotension. Continu-
ous infusion should be administered with a
syringe pump or a powered i.v. infusion pump
because of the high resistance of the small
paediatric extradural catheter. Furthermore, varia-
tions in the amount of the analgesia required in
the early postoperative period are wide, even after
major surgical procedures, and many children did
not require any additional injection of local
anaesthetics in the first 24 h after operation.
However, before beginning to use extradural
anaesthesia, the authors had used analgesics

sparingly in the postoperative period; in children
younger than 8 yr, opioids were never prescribed.
Before this technique was used, postoperative
pain was often underestimated and neglected, as a
result of the lack of interest of both doctors and
nurses. The medical staff is now more sensitive to
the patients' comfort and will provide them with
analgesics or extradural injections when re-
quested. However, in the youngest children, pain
is very difficult to evaluate (Mather and Mackie,
1983; Abu Saad, 1984; Owens, 1984) and top-ups
are performed according to requests of parents or
nurses.

No complications from the maintenance of
catheters or the repeated injections were observed,
but the catheters were removed from most
patients on the 2nd day after operation.
Recommendations are now noted on the post-
operative chart that the catheter be removed on
the 3rd day after operation unless the pain remains
acute or if painful procedures are likely to be
necessary.

CONCLUSION

Continuous extradural anaesthesia is a valuable
technique in children in order to produce anal-
gesia for surgical procedures of long duration.
Avoiding the use of opioids, it allows a rapid
recovery and facilitates postoperative care. Haemo-
dynamic changes are less important in infants and
young children than in older children and
adults.

One should keep in mind that this technique
requires trained medical staff as well as special
equipment to ensure safety. Furthermore, its long
term consequences have yet to be assessed.
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