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Agenda

 History
 Haemodynamic effects in healthy pregnant

– Spinal anaesthesia
– Vasopressors
– Oxytocin

 Haemodynamic monitoring in obstetric patients
– Preeclampsia
– Cardiac disease



Incidence of aortocaval
compression pre‐anaesthesia

 Early dye dilution studies
– Lees et al, Clin Sci 1967

 Cardiac output 12% lower in supine position

 2/8 had sudden bradycardia and a 50% decrease in CO

– Ueland et al, AJOG 1968

 Cardiac output 34% and stroke volume 44% lower in 
supine position

 “Supine hypotensive syndrome”:                                                     
2.5‐20%, mean 8% Kinsella, Obstetrics and Gynecology 1994



During spinal anaesthesia

 Indicator dilution during spinal anaesthesia:  Cardiac output 
improved by change to lateral position (3.5 to 6.1L/min)

Ueland, Am J Obstet Gynecol 1968

 Umbilical venous and arterial saturation also improved by 
change to lateral position

Ansari, J Obstet Gynaecol 1970



However...
 Rapid infusion of crystalloid preload relatively 

unsuccessful in preventing hypotension
Rout, Anesthesiology 1999 

 Crystalloid coload and colloids are better, but 
hypotension persists..

Dyer, Anaes Intens Care 2004; Morgan, Anesth Analg 2001

 So, therapies based on the concept of caval
compression do not prevent hypotension after spinal 
anaesthesia



•75 studies

2006

No single intervention have been shown to eliminate the need 
to treat maternal hypotension during spinal anaesthesia



Ngan Kee et al. Anesthesiology 2005



Problem solved?



Ngan Kee et al. Anesthesiology 2005

47% hypertension in both groups

High doses of phenylephrine, median 1400µg vs 1160µg



What are our goals?

Maintain baseline maternal cardiac 
output and blood pressure

Maintain uterine arterial flow and 
pressure

Preserve normal physiology!



80 healthy pregnant women randomised to 4 different groups

Spinal bupivacaine plain 7 mg vs 10 mg (sufentanil 4 µg)
Phenylephrine‐infusion 0.25 µg/kg/min vs placebo
Coload NaCl 0.9% 750 ml

An arterial line and CO‐monitoring

Main outcome: Group‐differences in SAP and CO

Langesæter et al. Anesthesiology 2008
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Langesæter et al. Anesthesiology 2008



Reidy and Douglas, Anesth Clin 2008,26: 75‐88

What are the main haemodynamic
effects of spinal anaesthesia? 



The haemodynamic effects of spinal anaesthesia
in healthy pregnant women

Langesæter et al. Anesthesiology 2008



The haemodynamic effects of spinal anaesthesia
in healthy pregnant women

Langesæter et al. Anesthesiology 2008

Give an initial bolus of phenylephrine (50µg) to prevent hypotension



When MAP had decreased by 20%
– Systemic vascular resistance 35%
– Heart rate 12%
– Stroke volume 9%
– Cardiac output 22%

Dyer et al, Anesthesiology 2009



Venous return may not be the main 
explanation for hypotension during spinal 
anaesthesia for elective caesarean 
section

Focus on the arterial circulation

Sharwood-Smith & Drummond, BJA 2009,



10 mg 80 µg

Dyer et al. Anesthesiology 2009



10 mg 80 µg

Dyer et al. Anesthesiology 2009

10 mg 80 µg



Stewart et al, Anesth Analg 2010



Ngan Kee et al. Anesthesiology 2005



Langesæter et al. Anesthesiology 2008



Langesæter et al. Anesthesiology 2008

Phenylephrine has a negative effect on cardiac output

Heart rate is a good surrogate for cardiac output



Focus on flow and pressure

CO = HR x SV

MAP = CO x SVR
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Hypotension and bradycardia

ephedrine (increasing HR)



Focus on flow and pressure

CO = HR x SV

MAP = CO x SVR

Hypotension and tachycardia

phenylephrine (increasing SVR)



Thiele et al. Anesth Analg, August 2011



What about the fetus?

 Both ephedrine and phenylephrine are safe

 Statistical significantly differences in UA pH, but 
no clinical implications 



UA pH 7.25 vs 7.34

BE ‐4.8 vs ‐1.9mmol/L

Lactate 4.2 vs 2.2mmol/L

Mean doses
1300 µg Phenylephrine
62 mg Ephedrine

Ngan Kee et al. Anesthesiology 2009



Langesæter et al. Int J Gyn Obst 2006

OXYTOCIN 5 IE i.v

ED95% is 0.35 units (not in labor)
ED95% is 3 units (in labor)

Carvalho et al. Obst Gyn 2004
Balki et al. Obst Gyn 2006



Svanstrøm et al,BJA 2008



Thomas et al. BJA 2007

Bolus vs infusion, 5 IE Oxytocin



Dyer et al. Anesthesiology 2009

2.5 IE
80 µg



Why monitor cardiac output?

 Research

 Guide therapy



CO‐monitoring in obstetric patients

 PA‐catheter

 PiCCO

 Suprasternal Doppler

 Transthoracic bioimpedance

 Vigileo/Flotrac

 LiDCOplus



The LiDCOplusmonitor

 A peripheral venous and arterial line

– PulseCO

– LiDCO



Pauca, A.



Dyer et al. BJA 2011
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Sharwood-Smith & Drummond, BJA 2009,



32 patients with severe PE

80 healthy pregnant

(unpublished)

Haemodynamic effects of spinal anaesthesia in healthy vs severe preeclamptic







Dyer et al. Anestesiology 2008



5/18 women with severe preeclampsia had a 
decrease in cardiac output after 5 units 
oxytocin iv

Langesæter et al. IJOA 2011



5 units oxytocin iv
18 women with 
severe preeclampsia

80 healthy pregnant women



Substandard care



Guidelines

 BPs < 160 mmHg

 MgSO4

 Fluid restriction



Ganzevoort el al. BJOG 2005

1999



970 patients

Preeclamptic
patients are

Mei et al. J Obst Gyn Res 2008.34(2):179-88

High TPR 73%



Pre‐delivery

Case A

BP 193/90 (135)

CO 5.3 l/min

SVR 1900

Case B

BP 190/96 (130)

CO 9.3 l/min

SVR 1100



Postpartum
Case A

BP 145/86 (110)
SV 49
CO 2.9 l/min
SVR 2800

Case B

BP 147/79 (105)
SV 141

CO 9.0 l/min 

SVR 900



Postpartum
Case A

BP 145/86 (110)
SV 49
CO 2.9 l/min
SVR 2800

 Vasodilatation and plasma 
volume‐expansion
– 10 litre crystalloids (24 hours)

Case B

BP 147/79 (105)
SV 141

CO 9.0 l/min 

SVR 900

 Diuretics



”.., calibrated pulse contour or pulse power
algorithms may have a valuable future role, 
because only an arterial and peripheral line are
required. Simply measuring cardiac output and 
blood pressure allows calculation of the systemic
vascular resistance, which guides the appropriate
use of fluids, diuretics, vasodilators and, 
occasionally, inotropes.”



”.., calibrated pulse contour or pulse power
algorithms may have a valuable future role, 
because only an arterial and peripheral line are
required. Simply measuring cardiac output and 
blood pressure allows calculation of the systemic
vascular resistance, which guides the appropriate
use of fluids, diuretics, vasodilators and, 
occasionally, inotropes.”

Treatment must 
be individualized



Cardiac disease

 A multidisciplinary team
 Risk classification

– Diagnosis
– Functional capacity
– Obstetrical history 

MAKE A PLAN
‐ A planned delivery (CS) at day time in high risk patients 



Regional anaesthesia in pregnant 
women with cardiac disease

1. 34 patients, NYHA II‐III
– Arterial line
– CSA

2. 103 deliveries
– CO‐monitoring
– Spinal, CSE, CSA

3. 9 patiens with PHT

Dresner et al. IJOA 2009

Langesæter et al. Acta Anaesth Scand 2010

Kiely et al. BJOG 2010



Langesæter et al. Acta Anesth Scand 2010



Amniotic fluid embolism

 Cardiac arrest during vaginal delivery

 Resuscitated 45 min

 DIC, massive transfusion

 Transport to Rikshospitalet after 12 hours
– Still bleeding, DIC

– FiO2 1.0, NO‐gas

– Noradrenaline 0.15µg/kg/min

– Dopamine 10µg/kg/min

– Lactate 16



 Ecco cor
– CO 2.7 l/min

 Vasodilatation

 Inotropy

 Volume



Amniotic fluid embolism



Key points ‐ HEALTHY
 The main effects of spinal anaesthesia is

– A rapid and prominent decrease in SVR
– A compensatory increase in CO             

 Phenylephrine is the vasopressor of choice because it restores 
maternal haemodynamics, not because of the statistically significantly 
higher UA pH

 Heart rate is a good surrogate for cardiac output 







Langesaeter: Haemodynamic 
monitoring


