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Epidural sufentanil 
does not attenuate the 
central haemodynamic 
effects of Caesarean 
section performed 
under epidural 
anaesthesia Edward T. Crosby MD FRCPC, Gregory L. Bryson MD, 

Robert D. Elliott MD FRCPC, C. Gverzdys MD FRCPC. 

The effect o f  sufentani130 tzg added to the epidural local an- 
aesthetic solutions used for anaesthesia during elective Caesar- 
ean section on central haemodynamic variables was studied. 
Haemodynamic measurements made by thoracic electrical 

bioimpedance (TEB) monitoring were compared in 21 healthy 

parturients undergoing Caesarean section under epidural anaes- 

thesia with and without the addition o f  epidural sufentanil. 

The patients were randomized to control (Group C) and study 

(Group S) groups. Following iv prehydration, an epidural cath- 

eter was placed at the Le-s or ]_,3_ 4 interspace. After a negative 
test dose, in a double-blinded protocol, patients in Group S 

received sufentani130 I~g (0.6 mO in 4.4 ml lidocaine carbonate 
2% with 5 #g" ml - t  epinephrine and those in Group C received 

5 ml lidocaine carbonate 2% with epinephrine. Lidocaine car- 

bonate 2% with 5 ttg" ml - j  epinephrine was then titrated to 
establish an anaesthetic level o f  T 4. Haemodynamic variables 
(heart rate, mean arterial blood pressure, cardiac index, ejection 

fraction and end-diastolic index) were measured non-invasively, 
continuously throughout the perioperative period. There were 

no differences noted in haemodynamic measurements between 

the groups at any time perioperatively. However, differences oc- 
curred within the groups when compared with baseline values. 
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Heart rate was increased in both groups intraoperatively. Car- 
diac index was increased throughout the intraoperative period 

in Group S but was less frequently elevated in Group C. Ejec- 
tion fraction was increased throughout the perioperative period 

in Group S but not in Group C. End-diastolic index increased 

following iv preloading in both groups and returned to baseline 

with induction o f  epidural block. Maternal haemodynamic 
measurements as assessed by TEB monitoring, during Caesar- 

ean section, were not altered by the addition o f  30 I~g sufentanil 

to carbonated lidocaine for lumbar epidural anaesthesia. 

Ce travail ~value les effets h~modynamiques produits par I'ad- 
dition de sufentani130 I~g a une solution ~pidurale d'anesth~- 

sique local pendant la c~sarienne non urgente. Les mesures 

h~modynamiques effectu~es par monitorage de la bio- 
impedance thoracique 61ectrique (TEB) sont compardes chez 
21 parturientes bien portantes soumises ~ une c~sarienne sous 

anesth~sie ~pidurale avec ou sans ajout de sufentanil dpidural. 
Les patientes sont assignees au hasard au groupe contr61e 

(groupe C) et au groupe d~tude (groupe S). Aprbs hydratation 

iv, un catheter ~pidural est introduit ~ l'espace L2_ 3 ou L3-4. 
Aprbs une dose-test n~gative, les patientes du groupe S re- 

r ~ double insu, du sufentanil 30 #g (0,6 ml) clans 4,4 
ml de lidoca?ne carbonat~e 2% avec 5 #g" m1-1 d~pindphrine; 

celles du groupe C rer 5 ml de lidoca~ne carbonatde 2% 
avec 5 I~g" ml - t  d~pin~phrine. Par la suite, suffzsamment de 
lidoca~ne carbonat~e 2% avec 5 ~g" ml - !  d~pin~phrine est 

ajout~e pour obtenir un niveau ~ T 4. Les variables h~mody- 
namiques (fr~quence cardiaque, tension art~rielle moyenne, 
index cardiaque, fraction d~jection et index t~l~diastolique) 
sont mesur~es par m~thode non effractive continuelle pendant 
la p~riode p~riop~ratoire. On ne note en aucun moment de 
differences significatives entre les groupes. Cependant, on trouve 
des diff6rences ?~ l'int6rieur des groupes lorsqu'on les compare 
aux valeurs initiales. La frdquence cardiaque perop~ratoire aug- 
mente dans les deux groupes. L'index cardiaque perop~ratoire 
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augmente souvent dans le groupe S e t  moins frdquemment 
dans le groupe C La fraction d~jection periopdratoire aug- 
mente clans le groupe S mais non dans le groupe C. L'index 
t~l~diastolique augrnente aprks la pr~charge intraveineuse et re- 
vient it sa valeur initiale aprks l~pidurale. Pendant la c~sa- 
rienne, 17~modynamique maternelle, telle que mesur~e par 
TEB, n'est pas modifide par l'ajout de 30 t~g de sufentanil it 
la lidoca'/ne carbonat~e administr~e pour l'anesthdsie ~pidurale 
lombaire. 

Clinically important changes in maternal haemodynamic 
measurements occur during pregnancy and these alter- 
ations are most pronounced during labour and delivery, 
including delivery by Caesarean section. 1,2 Maternal hae- 
modynamic changes have been evaluated by both invasive 
and noninvasive techniques but the number of investi- 
gations has been limited by the lack of availability, until 
recently, of accurate, noninvasive techniques for assessing 
central haemodynamic activity. Impedance cardiography 
(thoracic electrical bioimpedance (TEB) cardiography) is 
a noninvasive technique capable of assessing central hae- 
modynamics that has been shown to correlate well with 
invasive techniques in both pregnant and nonpregnant 
subjects. 3,4 

Visceral pain referred to the chest occurs in some pa- 
tients during Caesarean section performed under major 
regional anaesthesia and may be associated with nausea 
and vomiting. Exteriorization of the uterus appears to 
be a common inciting event and it is felt that peritoneal 
traction is responsible for the chest pain and nausea. The 
addition of fentanyl to the local anaesthetic solution used 
for the establishment of epidural blockade improves in- 
traoperative analgesia, decreasing the incidence of visceral 
pain, nausea and vomiting. 5-7 It is assumed with this 
improved intraoperative analgesia, that attenuation of the 
central haemodynamic changes that occur during oper- 
ative delivery take place. However, there have been no 
studies to compare indices of cardiac performance in par- 
turients undergoing Caesarean section under epidural 
anaesthesia with and without epidural opioids. In this 
randomized, double-blinded study, maternal haemody- 
namics measured by impedance cardiography were com- 
pared in women undergoing elective Caesarean section 
under lumbar epidural anaesthesia with and without the 
addition of epidural sufentanil. It was our hypothesis that 
the addition of sufentanil to the epidural local anaesthetic 
agent would result in attenuation of the central haemo- 
dynamic changes that occur during Caesarean section. 

Methods 
A prospective, randomized, double-blind protocol was ap- 
proved by the hospital ethics committee. Healthy par- 
turients, ASA Class I or II, between 38 and 42 wk ges- 

tation, undergoing elective Caesarean section under epi- 
dural anaesthesia, were eligible for the study. After written 
informed consent was obtained, patients were random- 
ized, using a computer-generated table of random 
numbers, into study and control groups of 12 subjects 
each. Exclusion criteria included: lack of informed con- 
sent; contraindications to epidural anaesthesia; patients 
in active labour; pregnancies complicated by severe ma- 
ternal medical conditions; and pregnancies complicated 
by hypertensive disorders (pregnancy-associated or 
chronic hypertension). 

Patients were fasted overnight preoperatively and re- 
ceived 30 ml 0.1 M sodium citrate po  on call to the 
operating room. A 16 ga /v catheter was inserted into 
a forearm vein and a bolus of 20 ml. kg -I lactated Ring- 
er's solution was administered before placement of the 
epidural catheter. An epidural catheter was placed at the 
L3_ 4 or L2_ 3 interspace using a 16 ga Tuohy needle. A 
test dose of 3 ml lidocaine 1.5% with 5 ~g. ml -t epi- 
nephrine was injected through the epidural catheter to 
verify appropriate placement of the catheter. Following 
the test dose, the patient received, in a double-blind pro- 
tocol, either sufentanil 30 ~tg (0.6 ml) in 4.4 ml lidocaine 
carbonate 2% with epinephrine 5 ~tg- m1-1 solution (total 
volume of 5 ml) (Group S), or 5 ml lidocaine carbonate 
2% with 5 I~g" ml-I epinephrine (Group C). Increments 
of lidocaine carbonate 2% with epinephrine were then 
administered into the epidural space in 3-5 ml aliquots 
over ten minutes. The sensory level was approximated 
byqack of cold perception with an alcohol swab and 
the anaesthetic was titrated to achieve a sensory level be- 
tween the fourth and sixth thoracic dermatomes. Surgery 
then commenced. Patients complaining of pain intraop- 
eratively were asked to describe the pain and rate it on 
a ten-point visual analogue scale (VAS). These patients 
were treated with increments of sufentanil/v, 10 ~g, ti- 
trated, to effect. The occurrence of pain and the require- 
ment for intraoperative/v sufentanil supplementation were 
recorded as well as the nature and intensity of pain ex- 
perienced. The occurrence of nausea and/or vomiting 
was also recorded, in addition to the time in the operation 
that the symptom occurred. Nausea was treated with 
droperidol/v in increments of 0.5 mg. Following delivery 
of the placenta, an infusion of lactated Ringer's solution 
with oxytocin in a concentration of 20 IU. L-~ at a rate 
of 125 ml-hr  -I was started. Intraoperative hypotension, 
defined as a systolic blood pressure < 100 mmHg or a 
decrease of greater than 20% from control, was treated 
with ephedrine/v in 5 mg increments. 

Patients were monitored with a 3-lead ECG monitor, 
a pulse oximeter, and an automated, non-invasive blood 
pressure cuff set a t  three-minute intervals. Haemody- 
namic measurements (cardiac index, ejection fraction, and 
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TABLE I Maternal demographics 

Group S 
Character (Mean -t- SD) Group C 

n 11 10 
Age (yr) 31 +4.9 30.9+5.3 
Height (cm) 165.4 -t- 8.1 162.2 -I- 5.4 
Weight (kg) 76 + 13 78 + 9.7 
ASA Class ASA 1 = 11 ASA I = 9, ASA II = 1 
Number of thoracic 

dermatomes blocked 6.5 + !.2 6.4 -t- 1.1 
Volume of lidocaine 

administered (ml) 20.3 + 3.8 21.6 + 3.7 
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TABLE II Maternal symptoms 

Group~t~,u Symptom Event l~eatment 

Cl0 Nausea Uterine Droperidol 0.5 mg 
extenonzatlon 
and closure 

C_~ Nausea Uterine Droperidol 0.5 mg 
exteriorization 

Pain 
$7 Pain Uterine Sufentanil 10 ~g 

exteriorization 
S 9 Nausea, Peritoneal closure Droperidol 0.5 mg 

vomiting 

end-diastolic index) were determined continuously with 
a Bomed non-invasive cardiac monitor (Bomed model 
NCCOM3, Bomed Medical Manufacturing Ltd., Irvine, 
Calif, USA, 92718) and recorded at the following times: 
before insertion of the epidural catheter with the patient 
in the wedged supine position (Base); three minutes after 
insertion of the epidural catheter with the patient in the 
wedged supine position (Epi); after administration of the 
epidural test dose (Test); after establishment of the epi- 
dural block to the T4-T6 level (Blk); at the time of skin 
incision (Skin); at the time of cord clamping (Cord); five 
minutes after uterine exteriorization (UtOt); after uterine 
replacement (Utln); and following skin closure (Clse). 

Haemodynamic measurements from the study and 
control groups were compared using ANOVA for repeated 
measures. Measurements made within the groups across 
time were compared using Tukey's HSD and the 
Newman-Keuls tests for multiple comparisons. The in- 
cidence of pain, nausea and vomiting was compared in 
the two groups using the Fisher's Exact Test. A P-value 
<0.05 was considered significant. 

Results  

Following written informed consent, 24 patients were ran- 
domized into the study. The data from three patients were 
removed from analysis because of incomplete data due 
to technical failure wherein there was difficulty in con- 
sistently obtaining haemodynamic data from the TEB 
computer (one patient) or an incomplete register of the 
haemodynamic data was made (two patients), leaving 11 
patients in Group S and ten in Group C. There was 
no difference in the demographic data between the two 
groups (Table I). Intraoperative pain occurred in one pa- 
tient in each group and nausea and vomiting related to 
visceral stimulus occurred in two patients in Group C 
and one patient in Group S (Table II). Two patients in 
each group received ephedrine 10 mg for hypotension, 
one in each group before delivery and one in each group 
after delivery. There were no differences noted in hae- 
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FIGURE 1 Maternal heart rate. The asterisks denote perioperative 
events at which the maternal heart rate was significantly different from 
the baseline values established in each group. 

modynamic measurements between the groups at any 
time during the perioperative period. However, differences 
(P < 0.05) occurred within both Group C and S over 
time, when compared with baseline values. Maternal 
heart rate increased in Group C at the time of skin in- 
cision, cord damping, uterine exteriorization and replace- 
ment and skin closure (Figure 1). In Group S, differences 
in heart rate occurred only at the time of skin incision 
and uterine exteriorization. Mean arterial pressure was 
less than baseline values only in Group S at the time 
of uterine replacement and skin closure (Figure 2). Car- 
diac index was increased in Group S at the time of cord 
clamping, uterine removal and replacement and closure 
and was increased in Group C at skin incision and cord 
clamping (Figure 3). Ejection fraction was consistently 
increased in Group S from the time that the block had 
developed until the end of the surgery but was not 
changed in Group C (Figure 4). Finally, end diastolic 
index was increased in Group S at the time of the epi- 



Crosby et al.: EPIDURAL SUFENTANIL 195 

Mean Arterial Pressure (mm Hg) 
110 

100 

90 

80 

70 

I 6 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*p<0.05 **p<0.01 

601 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  "~ Sufenta ~ Control 
40 

Base Epl Test BIk Skin Cord UtOt Ut ln Clse 

Event 

FIGURE 2 Mean arterialpressure. The asterisks denote periopera- 
tive events at which the mean arterial pressure was significantly 
different from the baseline values established in each group. 
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FIGURE 4 Ejection fraction. The asterisks denote perioperative 
events at which the ejection fraction was significantly different from the 
baseline values established in each group. 
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FIGURE 3 Cardiac index. The asterisks denote perioperative events 
at which the cardiac index was significantly different from the baseline 
values established in each group. 
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FIGURE 5 End diastolic index. The asterisks denote perioperative 
events at which the end diastolic index was significantly different from 
the baseline values established in each group. 

dural catheter insertion and test dose and was increased 
in Group C only at the time of epidural catheter insertion 
(Figure 5). 

Discussion 
Maternal haemodynamic measurements as measured by 
a thoracic electrical bioimpedance computer in normal, 
healthy parturients during Caesarean section, were not 
altered by the addition of sufentanil to carbonated lido- 
caine for lumbar epidural anaesthesia. Differences oc- 
curred within the groups, over the perioperative course. 

Mean arterial pressure was stable in both groups 
throughout the perioperative period and remained within 
a clinically acceptable range. The number of interventions 
(ephedrine/v) required in each group to maintain stability 
was the same. Heart rate and cardiac index increased 
at the onset of surgery and persisted to a variable degree 
in both groups. The increases were progressive, reached 
statistical significance with the delivery of the neonate 
and then abated. The increases in heart rate and cardiac 
index were proportional and it is likely that the increased 
heart rate was the major factor in the augmented cardiac 
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index. The ejection fraction was increased compared with 
baseline in Group S from the time of block development 
until the end of the study period. A similar trend in ejec- 
tion fraction was observed in Group C and although the 
increases in ejection fraction did not reach statistical sig- 
nificance, there is no clinically important difference be- 
tween the two groups with respect to ejection fraction. 
End diastolic index, a measure of preload, was increased 
early, likely as a result of aggressive/v volume loading. 
It is possible that our failure to find a difference between 
the groups reflects a type II error and was a result of 
our small sample size. Had more patients been studied, 
the results may have been different. However, the data 
are so similar between the groups, that it is likely that, 
if a difference exists, it is of little clinical importance. 

The addition of fentanyl to the local anaesthetic so- 
lution employed to establish epidural block improves in- 
traoperative analgesia during Caesarean section and re- 
duces the incidence of breakthrough pain, nausea and 
vomiting. 5-7 Epidural fentanyl has been shown to provide 
analgesia of rapid onset and relatively short duration with 
little respiratory depression and no effect on the neonate. 
Cohen reported two to four hours of postoperative anal- 
gesia when 30-50 ~g sufentanil were administered into 
the epidural space following Caesarean delivery, s Onset 
of analgesia was rapid in Cohen's study and the incidence 
of maternal side effects was low, especially when 30 I~g 
was the administered dose. Although not the main focus 
of this investigation, we did not find a difference in either 
the incidence of pain, nausea or vomiting or the require- 
ment for supplemental analgesics between the two groups 
in our study. Our overall incidence of intraoperative pain 
(2/21 = 9.5%) is much lower than the 35-55% incidence 
reported by others but it is consistent with our clinical 
experience. 5-7 Other investigators have combined bupi- 
vacaine 0.5% with fentanyl and this may explain their 
findings of increased intraoperative pain relative to our 
data. s,6 Further, it is possible that our failure to detect 
a difference between the groups again reflects a type II 
error and is due to an inadequate number of patients 
being studied. If we assume that our incidence of break- 
through pain of 10% is true for our population and if 
we consider that a clinically unportant result�9 would be 
a reduction to 5% with epidural sufentanil, nearly 350 
patients would be needed to generate sufficient power to 
declare that no difference exists between the two groups 
should a negative result be obtained. 

Epidural sufentanil probably offers little advantage 
over fentanyl as an adjunct to epidural anaesthesia for 
Caesarean section. There is no evidence that it is a more 
effective adjunct in that the duration of analgesia is not 
increased and or side-effects are not reduced compared 
with fentanyl.9 The potency ratio of epidural sufentanil 

to fentanyl appears to be less than that seen after intra- 
venous administration with 20-30 ~tg of epidural sufen- 
tanil providing similar analgesia to 50-100 ~g of epi- 
dural fentanyl. A misplaced, intravenous injection of 30 
~tg sufentanil presents a greater risk of respiratory com- 
promise to the parturient than does 50-75 ~tg of fentanyl. 

Our haemodynamic findings are consistent with those 
reported by others. 2,10 Preloading increased end-diastolic 
index and there was a similar trend upwards with respect 
to cardiac index although this change did not reach sig- 
nilicance in either group. With induction of epidural 
block there was a downward trend with a return towards 
baseline values. Robson reported a similar finding when 
using echocardiography to evaluate the effect of preload- 
ing and initiation of epidural block for Caesarean section 
in 20 term parturients. 2 Ueland reported a maximal in- 
crease in cardiac output immediately following delivery 
and our findings demonstrated the same. ~0 This probably 
results from both the increased venous return that occurs 
with the reduction in the capacity of the uterine vascular 
bed as well as an emotionally driven sympathetic response 
on the part of the mother. 

Thoracic electrical bioimpedance monitoring measures 
the resistance of the thorax to the flow of a high fre- 
quency, constant, low magnitude alternating current. The 
high frequency and low magnitude of the measurement 
current makes the process unperceivable to the subject. 
Measurement of thoracic impedance produces a steady 
state component and a pulsatile component. The steady 
state component, formerly referred to as the basic im- 
pedance is now referred to as the thoracic fluid index 
(TFI) and reflects the volume of intrathoracic fluids. An 
increase in thoracic fluid will result in decreased thoracic 
impedance. Blood pumping produces impedance changes 
measured as plethysmographic and velocity-related com- 
ponents. These pulsatile components are processed by the 
TEB computer to generate the calculated haemodynamic 
variables. Estimates of cardiac output, end-diastolic vol- 
umes (preload) and afterload are generated and these are 
indexed to the patient's body surface area to estimate 
cardiac index, end-diastolic index and ejection fraction. 
To collect the patient data required for the calculation 
of haemodynamic variables, four electrode pairs are 
placed on the patient's thorax, two pairs at the root of 
the neck and two pairs at the diaphragm. 

In pregnant subjects, during both the pregnancy and 
labour, TEB has been demonstrated to correlate well with 
invasive (dye and thermodilution) techniques. Mean 
stroke volume, as determined by TEB, is lower than when 
measured with dye dilution techniques during Caesarean 
section. 4 There is no difference between the mean changes 
in stroke volume determined by the two techniques during 
serial measurements at Caesarean section.4 Therefore, al- 
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though bioimpedance monitoring may underestimate car- 
diac performance initially, it will reliably and accurately 
trend performance when serial measurements are made. 
With TEB, the ventricular function of a parturient may 
be assessed at no risk and at a fraction of the cost of 
other current invasive and non-invasive methods. Addi- 
tionally, it can be repeated frequently and measurements 
may be performed at the patient's bedside. If cardiac dys- 
function is suspected in obstetrical patients, TEB mon- 
itoring is a logical first step in its assessment. If more 
accurate measurements of cardiac performance or central 
f'firing pressures are required, thermodilution pulmonary 
artery catheters probably remain the modality to be relied 
o n .  

We were not aware of previously published studies 
which compared central haemodynamic variables in par- 
turients undergoing Caesarean section under epidural 
anaesthesia with and without epidural opioids. Our data 
support the conclusion that epidural sufentanil (30 ~tg) 
added to carbonated lidocaine during the initiation of 
epidural blockade for Caesarean section has no clinically 
important effects on maternal central haemodynamic 
measurements. 
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