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Haemodynamic effects 
of induction of epidural 
analgesia in labour 

The effect of induction of epidura? analgesia with 0.5 per cent 
bupivicaine on maternal haemodynamlcs was investigated in 21 

palients with uncomplicated full-term pregnancies in early 

labour. Stroke volume, heart rate. atut cardiac output (SV, HR, 

and CO) were measured by transcutaneous aortovelography 
(Till,'). Systolic, diastolic, and mean arterial blood pressures 

(SliP. DNP, and MAP) were measured by indirect automatic 
oscillometry. Measurements were made with the patiet~t in the 

left lateral decubit,s position beJore and after an intravenous 
bolus of 500 ml of Lactated Ringer's solution preceding 

induction of epidural analgesia, and again 30 and 45 minutes 
after induction. The 500 ml bolus of  lactated Ringer's solution 
did nor prevent fall of CO and BP measured 30 minutes after 
butuction, when there were statistically significant decreases in 
CO and eord~ar index (-10.2 and - lO.6 per cent, p < 0.05). 
and in SBP , DBP , and MAP ( -9 .7 ,  -12.5,  a n d -  l t .9  per cent, 
p < 0.005, p < O. 005 andp < 0.01 respectively). At 45 minutes 
after induction, CO and cardiac index had returned to baseline 

vatues. Although the decreases in SDP and DI3P persisted, the 
change in MAP was not statistically significant. 

Impairment of uterine blood flow (UBF) during labour is 
an hnportaul cause of fetal asphyxia and neonatal mortality 
and morbidity. Direct measurement of UBF in humans, 
requiring either vascular canuulation or radio-isotope 
techniques, is limited by ethical considerations. Since 
UBF is a component of maternal cardiac output (CO), 
investigation of the relationships between maternal CO 
and blood pressure (BP) is central to understanding the 
factors which influence uterine blood flow and placental 
perfusion during pregnancy and parturition. 

Haemodynamie investigation of the normal parturient 
has been restricted by the practical and ethical limitations 
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of invasive methods to small series of cases. Furthermore, 
rapidly changing haemodynamic events such as those 
associated with pain, uterine contractions and fluid 
loading, cannot be followed ~idequately by the infrequent 
measurements provided by invasive techniques. It is not 
surprising that results have been somewhat inconsistent. 

There is, however, consensus on the adverse effects of 
the supine position on the maternal circulation from 
inferior vena caval compression, I-3 and on alert- 
placental perfusion in maternal hypotensive states from 
aortic compression caused by the full-term gravid uterus. 4 
it appears 'also that increases in cardiac output reported in 
the first and second stages of labour are more determined 
by tachycardia associated with pain, than by increases in 
stroke volume. 5'6 

The objective of this study was to investigate by the 
non-invasive techniques of transeutaneous aortovelog- 
raphy 7"s'9 and automatic electronic oscillometry, changes 
in maternal cardiac output and arterial blood pressure 
associated with induction of epidural analgesia in normal 
labour. 

Methods 
Twenty-one healthy patients with uncomplicated full- 
term pregnancies expected to deliver vaginally, including 
one with twin pregnancy, were studied according to a 
protocol approved by the Health Sciences Committee on 
Human Research of the University of Western Ontario. 
They were selected on the basis of convenience, that is, 
daytime hours and availability of investigators and con- 
sent. Four sets of measurements of six cardiovascular 
parameters (CO, SV, HR, SBP, DBP, and MAP) were 
nuade oll each subject. The first measurements were made 
in the latent phase of first stage of labour (baseline), when 
regular contractions and cervical dilatation had begun. 
The second set of measurements were made after intrave- 
nous infusion of 500 ml of lactated Ringer's solution 
given immediately before induction of epidural analgesia. 
The third and fourth sets were then made 30 and 45 
minutes respectively after induction. 

The study was conducted according to current stan- 
dards of clinical care, thus precluding a control series 
without fluid loading. Because cardiac output measure- 
ments required substantial patient cooperation at a time of 
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physical and emotional stress, their number was rrfinirnlsed 
to that necessary to achieve the objective of the study. 
The post-induction measurements were made 30 minutes 
after induction, when maximum pain relief was obtained, 
and at 45 minutes when a steady state had been achieved. 

All measurements were made between contractions 
with the patient horizontal in the left lateral position. 
Epidural analgesia was induced by different staff anaes- 
thetists and residents. The local anaesthetic used was 
bupivicaine 0.5 per cent, and the dosage was between 7 
and 10 ml. The sensory level of analgesia to pin prick was 
determined in the mid anterior and mid lateral lines at 
five-minute intervals following induction. 

Fetal heart rate was measured by auscultation twice in 
the ten minute period following induction and subse- 
quently at 15 minute intervals. 

Blood pressure was monitored using a Dinamap e 
Model 845 autematic electronic oscillometer, and cardiac 
output was measured with the UltraCOM ~ portable 
ultrasonic cardiac output computer (Lawrence Medical 
Systems). The technique is based on measurement of 
cross sectional area of the aortic root and mean velocity of 

blood flow in the ascending aorta. 
Ascending aortic root diameter was measured just 

above the tip of the aortic valve, or just above the sinus of 
Valsalva, by A-mode echocardiography. Aortic diameter 
was measured several times prior to the first set of 
readings. When the same value had been obtained three 
times, this was stored in the computer for subsequent 
calculations. 

Blood flow velocity was measured by detection of the 
change in frequency between emitted ultrasonic signals 
and reflected signals from moving red cells. To determine 
blood flow velocity, the Doppler transducer was placed in 
the suprasternal notch and directed behind the sternum 
towards the aortic valve so that the ultrasound signal was 
parallel to the flow of blood in the ascending aorta. The 
transducer was adjusted until the maximum signal, 
proporlional to flow velocity was obtained, as indicated 
by a signal number displayed on the cathode ray tube and a 
corresponding audio signal generated by the computer. 
Blood flow velocity is calculated from the Doppler 
equation: V = Df • c/2f • Cos 0, where V = magnitude 

TABLE l Methodological variability (mean CO (L'min i)) 

Time taken (mln) 

Subject # T = 0 T = 5 T - 10 

of blood flow velocity; Df = the measured Doppler 
frequency shift; f = the known frequency of the ultrasonic 
signal; c = the speed of sound in tissue (1,540 mls); and 
0 - the angle between the direction of blood flow and the 
ultrasonic signal. 

Blood flow velocity is calculated by integrating the area 
under the velocity curve. Stroke volume, heart rate and 
cardiac output are derived by the computer and the results 
are displayed on the cathode ray tube and by strip chart 
recorder. Proper direction of the Doppler transducers both 
for measurement of aortic diameter and blood flow 
velocity, necessary for accuracy, requires dexterity and 
practice. Several serial readings (from three to ten) were 
made during each measurement set to ensure consistency. 
For each set of measurements, the raw values used in the 
statistical analysis for cardiac output measurements were 
means of these serial readings. 

Each patient's raw values lbr C1, CO, SV, HR, SBP, 
DBP, and MAP, for each of the four measurement sets 
were subjected to a s ta t is t ical  analysis consisting of 
repeated measures analysis of variance, followed by 
Dunnett's t test for comparing means with a control, in 

To determine the reliability of our cardiac output 
measurements, methodological and biological variability 
studies were conducted. The methodological variability 
study consisted of four measurements of CO spaced five 
minutes apart, pertbrmed in the left lateral position on 
three mothers with uncomplicated full-term pregnancies, 
prior to the beginning of labour. The biological variability 
study consisted of continuous serial measurements of CO 
for a period of 15 minutes between and during contrac- 
tions on three mothers with uncomplicated full-term 
pregnancies in active labour with epidural analgesia, in 
the let: lateral position with cervical dilatation of about 5 
to 6 cm. 

Neonatal assessment was performed by the attending 
anaesthetist or resident according to routine clinical 
practice for uncomplicated delivery, that is by Apgar 
score at one and five minutes after birth. 

Results 
The mean age of the 21 subjects studied was 28.2 (SD -+ 

Within subject 

T = 15 Mean Standard erre~r 

l 4.76 4.96 4.94 5.08 
2 5.78 5.04 5. l0 5.24 
3 5.30 5.42 5.48 5.54 

4.94 0.13 (2.6%) 
5.29 0.34 (6.4%) 
5.44 0.10 (I ,8%) 

Mean SE = 3.6% 
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TABLE II Biological variability (mean CO (L'min-I)) 

Within subject 
Mean during Mean between 

Subject # contractions eontractfon~ Mearl  Startdard error 

I 4.49 4.60 4.55 0.078 (I .7%) 
2 8.46 8.41 8 44 0.035 (0.4%) 
3 5.63 5.42 5.53 0.148 (2.7%) 

Mean SE = 1.6% 
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- 3.4), and the mean height and weight were 162.1 -+ 6.7 cm 
and '72.9 • 7.8 kg respectively. 

The mean standard error (within subjects) obtained in 
the methodological variability study was 3.6 per cent 
(Table 1), and in the b io logica l  var iabi l i ty  s tudy was 1.6 

per cent  (Table  II). 

Table Ill  g ives  the m e a n  va lues  at each  m e a s u r e m e n t  

set wi th  s tandard  dev ia t ions  in pa ren theses ,  and the 

percentage  change  f rom the basel ine  m e a s u r e m e n t s  for  

each ca rd iovascu la r  p a r a m e t e r  examined .  T h e  resul ts  o f  

the four sets o f  m e a s u r e m e n t s  for  card iac  output  and m e a n  

arterial pressure  are s u m m a r i z e d  in F igu re s  1 and 2. Since  

central venous  pressure  was  not  n leasured ,  per ipheral  

vascular  res is tance  was  app rox ima ted  by  d iv id ing  M A P  
by f low expres sed  as ml per  s econd  (per ipheral  res is tance  

units (PRU)) .  

C O  and CI  m e a s u r e m e n t s  m a d e  30 m i n  af ter  induct ion 

of  epidural  ana lges ia  were  s igni f icant ly  lower  than those 

FIGURE I Cardiac output chauge~; following IV fluid loading 
and at 30 and 45 minutes following induction of epidural analgesia_ 

made  before  induct ion,  - 1 0 . 2  and  - 1 0 . 6  per  cen t  

respect ive ly ,  p < 0 .05 ,  than those  m a d e  af ter  the  intra- 

venous  infusion o f  a 500  ml  bolus o f  lactated R i n g e r ' s  

solution, and 45 mix  af ter  induct ion.  S t roke  v o l u m e  and 

heart  rate w e r e  reduced in app rox ima te ly  equal propor-  
tions at 30 rain c o m p a r e d  wi th  base l ine  and post-bolus .  

SBP,  D B P ,  and M A P ,  m e a s u r e d  30 m i x  a f te r  induct ion 

of  epidural  ana lges ia  w e r e  s ign i f ican t ly  l o w e r  ( - 9 . 7 ,  

- 1 2 . 5 ,  and - 1 1 . 9  p e r c e n t ,  p < 0 .005 ,  p < 0 .005  and  

TABLE lit Cardiovascular parameters (mean : SD) and % change from baseline values 

Post fluid 30 mix 45 mix 
Baseline Bolus post EPID post EPID 

Cl(L.min-',m -~) 3.11-+ 0.81 3 . 1 9 -  + 0.98 2 . 7 8 -  + 0.69* 3 0 7 *  096 
+2.6% - 10.6%* - 1.3% 

CO(L'min -t) 5 . 5 0 -  1.46 5.66 -t- 1.74 4.94 • 1.34" 5.46 _+ ].81 
+2.9% - 10.2%* -(17% 

SV (ml) 73.7 "2_ 20.9 75.5 • 24.0 69.6 -+ 20.3 74.5 • 22.9 
+2.4% -5.5% - I. 1% 

HR(beats.min -~) 76.1 +-11.6 77.1 • 72.5 -+ 8.7 74.3 + 12.3 
+1.3% -4 .7% - 2  4% 

SBP(mmHg) 116.2 -+ 13.2 118.3 • 12.6 104.9 + 10.9:[: 106.3 • 12.3~ 
+1.~% -9.7%r -8.5%:~ 

DBP(mmHg) 68.7 -- 13~6 66.3 • I1 3 60.1 • 11.5~ 59..5 - 11.1~: 
3.5% - 12.5%:~ - 13.4%:~ 

MAP(mmHg) 81.6 --. 15~2 841 + 13.6 71 9 + 10.9f 74.~ + 10.0 
+3.19'o -11.9%~ -8.3% 

PRU 0.89 0.89 0.87 0.82 

*p < 0.05. tp < 0.01. :~p < 0.005. 
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FIGURE 2 Mean arterial pressure changes following IV fluid 
loading and at 30 and 45 mifttlle~ following induction of epidural 
analgesia. 

p < 0.01 respectively), than those made before induction 
and after the 500 ml bolus of lactated Ringer's solution. 
At 45 minutes after induction, although decrease in SDP 
and DBP persisted, the change in MAP compared with 
baseline values was not statistically significant. 

There was no abnormality in fetal heart rate in the 
series. Deliveries were either by uncomplicated outlet 
forceps or spontaneous. Nineteen of the 22 infants had 5 
min Apgar scores of 9 or 10. Three infants, including the 
second Apgar score of 8. Of the six parturients with a fall 
in cardiac output > 20 per cent, two infants had Apgar 
scores  of 8f9 and 7/8. Of the seven parturients with a fall 
in MAP > 20 per cent, only the twins had low Apgar 
scores (719 and 1/8) (Table IV). All infants were subse- 
quently assessed as normal by neonatology staff and 
discharged from hospital with the mother. 

D i s c u s s i o n  

Of the methods of cardiac output measurement now 

TABLE IV Apgar scores of babies of mothers with fall in cardiac 
output and MAP > 20% 

Subject # 4pgar score CO MAP 

5 9/10 -37% 
6 9/9 -23% 
7 9/9 
8 9/9 
9 7/9:1/8 

II 9/10 
14 9J9 -25% 
15 8t9 -23% 
17 9/10 
18 919 
2s 7/8 -38% 
21 9t9 -31% 

-23% 
20% 

-29% 
-20% 
-43% 

-3~% 
-42% 

available, cchocardiography requires special technical 
skill and normal ventricular function. Soluble gas uptake 
methods are time-consuming and cannot give rapid serial 
results. Impedance cardiography has theoretical advan- 
tages of claimed reproducibility, technical ease and 
continuous serial measurement, but reports are sparse of 
its use in obstetrics, i t-~s 

Measurement of cardiac output by transcutaneous 
aortovelography has been compared with other methods. 
Excellent correlation with therroodilution cardiac output 
has been achieved with correlation coefficients of 0.97 
(p < 0.00l) reported in one study, and 0.94 in another. 14.is 
Doppler methods have been found to compare approxi- 
mately as well with other cardiac output measurements, 
indicator dye, direct Fick, and thermodilution, as Ihese 
methods compare among themselves.~6 Transcutaneous 
aortovelography does, however, require technical skill, 
and the need for patient immobility and cooperation 
during measurement limits its usefulness during labour. 

Adequate epidural analgesia in the first stage of labour 
requires afferent sympathetic blockade to the level of 
tenth thoracic dcrmatome. Smee this is accompanied by 
sympathetic efferent blockade and since absolute accuracy 
in segmental level of blockade is not always achieved, 
haemodynamic instability from loss of normal sympathetic 
regulation proportional to the extent of sympathetic 
denervation, is a major potential hazard. 

The immediate maternal haemodynamic effect of 
sympathetic efferent blockade is vasodilatation in resis- 
tance and capacitance vessels. Sympathetic afferent 
blockade in labour, by abolition of the reflex tachycardia 
that accompanies pain, tends to reduce maternal heart 
rate. The effect on cardiac output is the resultant of these 
influences; the first would increase cardiac output by 
facilitating venous return, whereas the others would 
diminish it by reducing venous return and heart rate. In 
clinical practice, haemodynamic instability is reflected in 
maternal hypotension. Prophylactic measures include 
avoidance of unnecessarily high blockade, intravenous 
fluid loading and maintenance of the lateral position to 
avoid vena caval compression. 

Our results suggest thai significant maternal hypoten- 
sion and reduction in cardiac output is not prevented by a 
pro-induction bolus of 500 ml of lactated Ringer's 
solution. It may be postulated that, for fluid loading to be 
more effective, larger extracellular fluid volume expan- 
sion is necessary. Assuming that total body water is about 
60 per cent of body weight, and that about 45 per cent of 
TBW is extracellular, and that an intravenous infusion 
rapidly equilibrates throughout the ECF compartment, in 
an average 70 kg individual a 500 ml IV bolus of lactated 
Ringer's solution represents about a two per cent expan- 
sion of ECF volume. 

Reduction in CO at 30 minutes after induction of 
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epidural analgesia with approximately equal reductions in 
SV and HR, suggests that reduction in venous relum from 
increased venous capacitance is compounded by dimin- 
ished heart rate coinciding with pain relief. Return of 
cardiac output approximately to baseline values at 45 
minutes with a reduction in MAP and PRU that are not 
statistically significant, suggests restoration of venous 
return and partial haemodynamic compensation. 

Reduction in maternal cardiac output and blood pres- 
sure noted following induction of epidural analgesia were 
not accompanied by fetal heart rate abnormalities or 
impaired fetal outcome. According to current standards of 
clinical care, reduction of maternal systolic blood pres- 
sure > 20 per cent was treated by increasing the rate of the 
intravenous infusion and administration of oxygen by face 
mask, with the patient remaining in the lateral decubitus 
position. No patient required vasopressor therapy, 

Determination of the precise segmental level of analge- 
sia was obscurcd by side to side variability of up to three 
or four demaatomal levels in many individuals, influenced 
by the side on which epidural analgesia had been induced, 
so that simple comparison between subjects was not 
possible. At 30 rain, 'all patients were entirely pain free, 
and the average level of analgesia to pin prick was Tin. In 
no case was the level of blockade higher than TT, and in 
those cases with a fall in CO and MAP > 20 per cent, the 
number of patients with spread beyond Tm was too small 
for analysis. 

Our results emphasize the importance in clinical 
practice of frequent monitoring of maternal blood pres- 
sure and fetal heart rate following induction of epidural 
analgesia in labour, and suggest the need to examine Ihe 
effect of more aggressive intravenous fluid loading in 
prophylaxis of its potentially deleterious haemodynamic 
consequences. 
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R~sum6 

L'effet de l'induction de l'analg#sie dpidurale avec 0,5 pour 

cent de bupivacaine sur l'hdmodynamiqne maternelle a Jt~ 

investigu~ chez 21 patientes au ddbut du travail Iors d'une 

grossesse d terme non compliqude. Le volume d'djection, la 

friquence cardiaque, et dJbit cardioque (SV, HR, et CO) out #td 

mesur#s par aortovdlographie transcutan~e (TA V L La pression 

art#r&lle ~ystolique et diastolique e~ raoyenne (SBP, DBP, et 

MAP) out #t~ mesur ~es par osciUom~trie automatique indirecte. 

Les mesures out ~t~ faites avec la patiente en d~cubitus lat~rol 

gauche avant et apr~s un bolus intraveineux de 500 ml de lactate 

Ringer avant l' induction de l'analg~sie ~pidurale et aussi 30 et 

4~ minutes apr~4s t' induction [,'injection de 500 m! de solution 

de lactate Ringer n'a pas emp~che la chute du CO et du BP 

mesur6s 30 minutes aprds l'induction Iorsqu'il y avait une 

diminution statistiquement ~ignificauve du CO et de l'index 

cardiaque (-10.2 et - l O.6 pour cent, p < 0.05), et de la MAP 

(-11.2 pour cent, p < 0.01). Quarante-cinq minutes apr~z 

l'induction, le CO et l'index cardiaque sont retourn~s aux 

valeurs de base et l' ~vafuation de la MAP n' ~tait pas statistique 

ment significative~ 
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