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Effect of lumbar 
epidural anaesthesia on 
plasma cortisol levels 
in children 

The cortisol response to surgery was studied in two groups of 

children one to eight years old during the first 24 hours after 

lower abdominal or peripheral surgery. The children were 

randomly allocated to a control (C) group (n = 6) or an epidural 

(E) group (n = 7), In Group C, surgery was performed under 

general anaesthesia and postoperative pain relief was achieved 

by using non-narcotic analgesics only. In Group E, lumbar epi- 

dural anaesthesia was combined with light general anaesthesia 

and postoperative pain relief was achieved by intermittent doses 

of bupivacaine administered through an epidural catheter. 

Cortisol levels were assessed before surgery (C), at the end of 

surgery (Ho), at the 3rd. 6th, 12rh aod 2 4th postoperative hours 

(H3, H6, HI2, H24). In Group C, cortisol levels increased 

significantly at tto, ,'-13 and Hn, whereas in Group E, a significant 
deo'ease was observed at H~ and a significant increase at 1-I ~2. 

Mean cortisol values at Ha and H2n were significantly tower in 

Group E. when compared with those measured in Group C, In 

Group E, all postoperative cortisol values remained within the 
normal range, despite the low level of sensory blockode achieved. 
This suggests that minimal doses of  epidural bupivacahw are 
effective in decreasing the endocrine stress response to surgery 
in children. This could be of clinical reference m high-risk 

children with poor nutritional status. In Group C, the cortisol 

response remained altered for a longer period of time. 
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The endocrine stress response to surgery occurs in 
children as in adults, even after minor surgical pro- 
cedures. ~-~ Epidural anaesthesia modifies this response 
in adults. The decrease in stress response mainly depends 
on the severity of surgical injury, and on the degree and 
the extent of the blockade achieved during the surgical 
procedure. 4-7 To obtain the suppression of the cortisol 
response after lower abdominal surgery, a block extend- 
ing from $5 to Ta is required) 

Epidural anaesthesia is now increasingly used in 
children, especially for surgical procedures of long 
duration and for painful procedures .9 Postoperative anal- 
gesia is provided by intermittent "top-ups" of local 
anaesthetics using the epidural catheter already in place. 
In children, compared to adults, lower concentrations of 
local anaesthetics are usually sufficient to provide ade- 
quate peroperative analgesia, and postoperative analgesia 
of longer duration is usually obzained, especially in young 
children. ~o No studies are available on the postoperative 
changes in eortisol response in children Thus this study 
was pertbrrned to assess the cortisol response in children 
during the first 24 hours after surgery to the lower part of 
the body, and the effect of lumbar epidural anaesthesia on 
this response. 

Methods 

Pariems 

The study was performed in two groups of children, one to 
eight years old (ASA physical status i). All were 
scheduled for elective surgical procedure of the lower part 
of the body: complex hypospadias repair or club foot 
repair. They were randomly allocated to a control (C; six 
children) or an epidural (E; seven children) group. The 
study was approved by the Ethics Committee of the 
Hospital and parental consent was obtained during the 
preoperative visit. 

Anaesthesia 
The children were not premedicated. In both groups, 
induction of anaesthesia was carried out by face mask 
with halothane plus nitrous oxide and oxygen (50:50). 
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lntubation was facilitated using vecuronium and ventila- 
tion was controlled throughout the surgery. In the control 

group, general anaesthesia was maintained using nitrous 
oxide (50 per cent), halothane or enflurane and intermit- 
tent intravenous injections of narcotics. In the epidural 
group, lumbar epidural anaesthesia was performed before 
the start of surgery using a 18G or a 20G Tuohy needle. 
An epidural catheter (20G or 24G) was placed and secured 
in a low lumbar interspace (L3-Ln). All children received 
an initial injection of 0.75 ml.kg - t  of 0.25 per cent 
bupivacaine with epinephrine (1:200,000). "Top-up" 
doses were administered during surgery when changes in 
blood pressure or heart rate indicated insufficient analge- 
s i a  One half the initial dose of the same local anaesthetic 
was administered for each "top-up." General anaesthesia 
was maintained using low inspired concentrations of 
halothane (<0.5  per cent) or enflurane (<  I per cent)  The 
level of blockade was assessed at the end of the surgical 
procedure by pinprick. Children in both groups were 
extubated at the end of surgery. No narcotic antagonists 
were used in the control group at the end of operation. 

Postoperative analgesia 
Children in the control group received non-narcotic 
analgesics only during the first 24 postoperative hours. In 
the epidural group, "top-ups" of 0.25 per cent bupi- 
vacaine with epinephrine were given by the anaesthetist 
when clinical manifestations of pain were noted by the 
nurses or the parents. 

Measurements 
Six venous blood samples of 3 ml each were collected 
from a short catheter inserted in an antecubital vein, to 
assess the cortisol levels. Samples were kept at 4 ~ C and 
then the plasma was separated and frozen for storage until 
the corlisol levels were determined. Plasma cortisol levels 
were assayed by a specific radioimmunoassay, as pre- 
viously described. It Control values (C) were obtained 
after induction of general anaesthesia bat before skin in- 
cision and before epidural anaesthesia. All were collected 
between 0800 and 1000 hours. Four postoperative samples 

'FABLE 1 Patient characteristics (mean -+ SD) 

Comrol group Epidural group 
n - 6  n = 7  p 

Age 46 40.3 n* 
months -+ 28.2 - 26.7 

Weight 14.2 15.5 ns 
kg -----5,5 •  

Surgery 151 127 n~ 
rain ---67 -+30 

. ~<O.O5 I v :  
CORTI,~OL ng.ml "1 O ~O01 [ r  c 

~176 , 
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2 0 0  

~ .  LUMBAR 
~' EPIDURAL ~ o o  L'I" (~ 

O 

C; UP. Ha n 3  1~6 1112 H24 con t ro l  
N$ cO.01 NS NS N$ <0 .05  Ys eDlduteF 

FIGURE Plasma eonisol levels (mean + SEM). C: control values 
before surgery. Ho: end of surgery. I[ 3, t16, Ill2, Ilza: 3rd. 6th, 12th 
and 2~th p~stoperative hours. Stars indicate significant changes within 
a group compared whh control values (* p < 0.05, ** p < 00t). 
Significant changes between groups are indicated at the bottom of the 
hgurr 

were collected at the following times: at the end of 
surgical procedure (H0), at the 3rd (H3), 6th (H6), and 
12th (HI2) postoperative hours_ The last sample was 
collected the day after surgery between 8 and 10 A.M.,  
i.e., between the 20th and the 24th postoperative hour 

(H24). 

Statistical analysis 
Statistical analysis was performed using two-way analysis 
of variance, and then, when appropriate, the paired 
Student's t test and the unpaired Student's t test to 
compare data within a group and between the groups. The 
null hypothesis was rejected when p values were <0.05.  

Results 
The two groups of children were similar with respect to 
weight, age and duration of surgical procedure (Table I). 
Cortisol control values were also similar in the two 
groups. All the control values, except one, were within 
the normal ranges of our laboratory for children of this age 
group (50-250 ng-ml-~). Analysis of variance revealed 
significant differences in cortisol values between groups 
(p < 0.5) and within the groups (p < 0.02 in the control 
group; p < 0.05 in the epidural group). Results are shown 
in Table 11 and the Figure. In the control group, corfisol 
levels increased significantly at Ha, H3 and H6, compared 
with control values. In the epidural group, cortisol values 
decreased significantly at the end of surgery (Ha), 
whereas a significant increase was observed at Hi2. Mean 
values measured in the epidural group were significantly 
lower than those of the control group (p < 0.05)_ 
Statistical significance between groups was reached at Ha 
and H24. All postoperative cortisol values in the control 
group remained within the normal ranges for our 
laboratory. 
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TABLE II Plasma conisot levels ng'ml-' (mean + SEM) 

C 1-10 Hj H~ H~2 1-124 

Control group 193 281 367 349 201 262 
(C) +20 --40 +-31 • +26 -+53 

Epidural group 149 91 251 216 183 122 
(El -+18 -+27 _+46 _+41 -+17 --.36 

t * 

E vs C ns <0.01 ns ns ns <0 05 

*p < 0.05 versus control values. 
tp < 0.01 versus control values. 
C: control values before surgery. 
HG: end of surgery. 
H3, H6, H,~, H2~: 3rd, 6th, 12th and 24th postoperative hours. 

In the epidural group, complete analgesia was obtained 
during surgery and no narcotics were used. The upper 
level of sensory blockade ranged between T 6 and T~o at 
the end of the surgical procedure. Between 0 and 3 
"top-up" doses of bupivacaine were administered during 
the first 24 postoperative hours (3 in 1, 2 in 1, 1 in 4, and 0 
in 1). In the six children who required postoperative 
bupivaeaine administration, the time of the first "top-up" 
ranged between the 2rid and the 23rd postoperative hour 
(mean 8.5 hours). The maximum sensory level achieved 
after each "top-up" was always lower than Tlo- 

Discussion 

The recent interest in developing regional anaesthesia 
techniques in children is mainly related to their ability in 
providing adequate pain relief. The use of epidural 
anaesthesia for long surgical procedures in children 
allows reduced use of muscle relaxants and avoidance of 
narcotics, and therefore decreases the risk of postopera- 
tive respirator)' depression. The development of this 
technique has been long limited by the lack of special 
equipment, especially for small children. Although the 
major goal of epidural anaesthesia is to provide pain 
relief, the efficacy of this technique in children remains to 
be assessed. 

The decrease in the endocrine stress response to surgery 
observed after epidural anaesthesia is mainly related to 
blockade of afferent neurogenie impulses from the site of 
surgery. However, discussed below, only a decrease in 
the endocrine stress response to surgery can be considered 
as a reliable criterion of complete sensory blockade, since 
there is nut perfect correlation between effective clinical 
analgesia and the intensity of neural blockade. The benefit 
of reducing the stress response remains controversial; 
however, the postoperative cortisol increase may con- 
tribute to a decrease i.n postoperative glucose tolerance. 
Therefore one can expect a beneficial effect of this 

technique in high-risk children with poor nutritional 
status. 

In the control group, the expected increase in cortisol 
values was observed at the end of the surgical procedure. 
A similar increase has been described in children, but not 
in neonates, after various surgical procedures and various 
techniques of anaesthesia.~-~ Adequate premedication 
can decrease the peroperative rise in cortisol, but it does 
not suppress the significant increase observed at the end of 
surgery .3 In none of these studies were samples collected 
following surgery. 

In adults, there is a circadian rhythm of steroid 
secretion in which plasma cortisol levels rise several 
hours after initiation of sleep, peak shortly after waking, 
and then fall during the morning. ~2 This circadian rhythm 
can be altered by various stresses, including acute or 
chronic pain) 3 Although this circadian rhythm is not 
present until between three and eight years of age,~4 the 
mean cortisol values during the first six postoperative 
hours observed in our study were significantly increased 
compared with control values, and were all above the 
maximum normal levels (50-250 ng.ml-I). No attempt 
was made in this group to obtain complete pain relief in the 
postoperative period, but no manifestations of excessive 
or untolerable pain were noted. In adults, a progressive 
increase in cortisol levels was also reported during the first 
six hours after surgery. 8 

In the epidural group, a significant decrease in cortisel 
levels was observed at the end of surgery. This decrease 
suggests that adequate analgesia was obtained, and that 
afferent neurogenic impulses from the site of surgery were 
adequately blocked throughout the surgery. Our results 
differ from those reported by Engquist e t a l .  in adults 8 
where suppression of the cortisol response was only 
obtained using 0.5 per cent bupivacaine with a block 
extending from T4 to $5. Although the exact level of 
blockade could not be assessed during surgery in our 
study, it seems unlikely that a block as high as Ts may 
have been obtained, because minimal stimulation of the 
upper part of the body usually produced moving or 
awakening during surgery, due to the light level of general 
anaesthesia used. 

The surgical procedures involved in our study mainly 
affected the flow of impulses from the sacrat and lower 
lumbar roots. The large diameter of these roots explains 
why high concentrations of bupivacaine are usually 
required to achieve a complete blockade in adults. In 
children, however, no failure of blockade of sacral roots 
has been observed after a lumbar epidural injection. 9 This 
may be attributed to the lesser extent of the myelin sheath 
and the smaller diameter of nerve fibres in children 
compared with adults, allowing the local anaesthetics to 
more easily reach the nerve membrune. 
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Throughout the study all cortisol values remained at a 
significantly lower level in the epidural group than in the 
control group. Mean values of the epidural group re- 
mained within the physiological range. Adequate anal- 
gesia was obtained in the epidural group as subjectively 

assessed by the nursing staff and the parents. No pain 
scales were used in the postoperative period, because 
most of the children were too young, The need for 
postoperative "top-up" doses varied between children, 
despite the similarity in procedures and levels of analgesia 
at the end of surgery. The low doses of local anaesthetic 
used during the postoperative course suggest that all the 
afferent pain pathways could not have been fully blocked 
during this time. A recent study ~s demonstrated a lack of 
correlation between clinical analgesia obtained after 
lumbar epidural injection of bupivacaine in adults and the 
corresponding decrease of the amplitude of somatosensory 
evoked potentials. This suggests that a partial blockade 
can provide sufficient postoperative analgesia. 

The day after surgery, cortisol values were all within 
the normal range in the epidural group, whereas they 
remained at a significantly higher level in the control 
group. This suggests that the stress response can persist 
even after 24 hours followed lower abdominal or peri- 
pheral surgery and that epidural anaesthesia can reduce 
this response. This effect could be beneficial in high-risk 
children, especially in those with poor nutritional status, 

In conclusion, this study demonstrates that cpidural 
anaesthesia is effective in reducing the cortisol response 
to surge D ' in children. However, compared to adults, 
lower concentrations of bupivaeaine as well as a lesser 
extent of neural blockade appear to be sufficient to 
provide both complete and prolonged analgesia and a 
reduction of cortisol response. This difference is probably 
related to anatomical differences between children and 
adults. This suggests that the use of low concentrations of 
bupivacaine (0.25 per cent) is a reasonable choice in 
young children for perioperative analgesia. 
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R~surn~ 
Les modifications de la cortisol~mie pendant les 24 premidres 

heures postoperatoires aprds chirurgie abdominale basse ou 

chirurgie orthopddique ont dt~ dtudi~es chez deu, x groupes 
d'enfants agds de un a huit ans. Le tirage au sort a permis de 

separer les enfants en deu.x groupes. Les enfants du groupe 

"controle" (groupe C; n - 6) ont dtd operds sous anesth~sie 

generale. Dans ce groupe, l'analgesie postoperatoire a ~t~ 

realis~e par administration d'analgesiques non morphiniques. 

Chez les enfants du groupe E (n = 7), une anesth~sie peridurale 
lombaire a dtd combinde a une anesthdsie generate ldgere. 

L'anatgesie postoperatoire a consisM en des reinjections de 

bupivacaine 0.23 pour cent par le catheter epldurat laisse en 

place t~ latin de l' intervention. Les taux pfosmetiques de cortisol 

ont dtd mesur~s dans les deux groupes avant le debut de la 

ctu'rurgie (C), d latin de l'ucte chirurgical (Ho), et aux 3~me, 

6~me, 12~me et 24~me heures postoperatoires (H3, Ha, H~2, 

1124 ). Dans le groupe C, une augmentation significative du 

eortisol a dtd observ~e ~t Ho, H3 et 1t6. Dans le groupe E, le 

cortisol diminue sigmficativement d tto et augmente signij~ca- 
tivement d Htl. Les valeurs du groupe E sont signifi.cativement 

inferieures a celtes du groupe C d Ho et H24. Ces rdsultats 

suggdrent que clans le groupe E une analgesie complete a dr( 

obtenue pendant la periode operatoire matgrd l'utilisarion de 

solution de bupivacaine a 0.25 pour cent. Darts ce groupe routes 

tes vale~trs de cortlsol~mies obtenues en posloperatoire etaient 

dans les limites des vateurs normales, bien que I'extension du 

bloc sensitif ait dt~ moder~e. Ceci sugg~re que des doses 

minimales de bupivacaine permettent de reduire effectivement la 
reponse endocrinienne secm~daire f u n  acte chirurgieal. Darts 
le groupe C, les taux de cortisol ~lev#s out ( ~  observes m~me gt 
la 24~rae heure postoperatoire en utilisant une technique 

standard d'anesth~sie. La diminution de la reponse au stress 

lots de I'emptoi d'une anesthdsle peridurale peut contribuer d 
ameliorer la tolerance glucidique postoperatoire, ce qui ext 

important chez I'enfant denutri. 
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