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Spinal Anaesthesia for Caesarean Section  

ÅCaesarean section is one of the most common 

surgical procedures 

ÅSpinal anaesthesia is now widely used 

ÅHypotension due to sympathetic blockade 

ÅDefined as BP <80% baseline systolic BP 

ÅOccurs in up to 70% of patients 

 

 

 



Effects of Hypotension 

ÅMother 

ÅNausea and vomiting 

ÅAltered consciousness 

ÅCardiovascular collapse 
 

ÅFetal 

ÅFetal acidosis  

ÅLower umbilical cord pH  

ÅHypoxemia 



Various strategies have been attempted.. 

ÅLeft uterine displacement to prevent aortocaval 

compression 

ÅIntravenous fluid administration 

ÅVasopressor therapy (phenylephrine, ephedrine) 

ÅClose monitoring of maternal blood pressure and 

haemodynamics 

ÅNo strategy has been shown to totally eliminate 

occurrence of maternal hypotension 

 



Choice of Vasopressors 

ÅShort acting vasopressors  

ÅBolus administration used in our centre  

 

Ephedrine 
Increase BP 
Increase heart rate 

Phenylephrine 
Increase BP 
Decrease heart rate 

Low BP with normal heart rate 

Low BP with low heart rate 



Blood Pressure Monitoring 

ÅCurrent standard is using intermittent BP 

monitoring 

 

ÅNon-invasive continuous arterial pressure 

monitoring (CNAP) 

ÅAim to reduce lag time between detecting 

hypotension and administrating vasopressor 

ÅAim to maintain BP near baseline systolic BP 

level 

 



Challenge for Anesthetists 

ÅMaintain BP within tight limits 

ÅHandling rapid changes in physiological responses 

to spinal anaesthesia 

ÅEffectiveness of therapy depends on 

ÅContinuous monitoring 

ÅTimely intervention 

 



Our Solution ï Closed Loop Feedback 

System 

Physiologic 

parameters 
Sensor Controller 

Effector 

Measured by Inputs into 

Activates Adjusts parameter 



Less 
Medications 

More 
Medications 

Headache 

Hypertensive 
response 

Fetal side 
effects 

Maternal side 
effects 



The Control Algorithm 

ÅBasic on-off algorithm 

ÅDual vasopressors used (phenylephrine, ephedrine) 

 CNAPTM Monitoring every second  

Data integrated every 10 sec 

Systolic blood pressure 
within 10% of baseline 

Continue CNAPTM 
monitoring 

Systolic blood pressure 
below 10% of baseline 

Heart rate > 60 
beats/min 

Heart rate < 60 
beats/min 

Infuse 
phenylephrine 

50µg over 10 sec; 
lockout 10 sec 

Infuse ephedrine 
4mg over 10 sec; 
lockout 10 sec 



Our Solution ï Double Intravenous 

Vasopressor Automated (DIVA) system 

Blood pressure 

and heart rate 

Continuous 

BP finger cuff 

and monitor 

Computer with 

control 

algorithm 

Vasopressor 

Pump Delivery 

Measured by Inputs into 

Activates Adjusts parameter 



Prototype of DIVA 

Ephedrine 

Phenylephrine 

Algorithm (laptop) 

CNAP 
Vital signs  

monitor 



RCT 

ÅDouble blinded RCT comparing 

ÅManual bolus delivery (Control) 

ÅDIVA system (Experiment) 

Control Experiment 

Haemodynamic 

monitoring 

Every minute Continuous  

Vasopressor 

threshold 

SBP below 90% baseline Same as control 

Dosing regime 50µg phenylephrine or  

4mg ephedrine 

Same as control 

Mode of delivery Manual bolus DIVA bolus 



Lower Incidence of Hypotension and Nausea 

Parameter Experiment Control p 

Number of patients with Hypertension 8 (7.6%) 14 (13.1%) 0.260 

Number of patients with Hypotension 37 (34.9%) 63 (58.9%) 0.001 

Incidence of Nausea 1 (0.9%) 11 (10.2%) 0.005 

Incidence of Vomiting 0 (0.0%) 3 (2.8%) 0.246 



Neonatal Outcomes are Comparable 

Parameter Experiment Control p  

pH difference (umbilical artery ï vein) 0.0715 [0.057 to 0.095] 0.0770 [0.048 to 0.097] 0.813 

Lactate difference (umbilical artery ï vein) 0.3400 [0.060 to 0.620] 0.3900 [0.073 to 0.783] 0.389 

APGAR score at 1 minute 9 [9 to 9] 9 [9 to 9] 0.991 

APGAR score at 5 minute 9 [9 to 9] 9 [9 to 9] 1.000 

Neonatal birthweight (g) 3204 (400) 3166 (415) 0.501 



Better Accuracy of DIVA to Maintain 

Baseline SBP 

Parameter Experiment Control p  

Median absolute performance error 

(MDAPE) (%) 
8.7 9.8 0.013 

Median performance error (MDPE) 

(%) 
-5.4 -5.2 0.264 

Wobble (%) 6.2 6.4 0.684 



DIVA Conclusions 

ÅLower incidence of hypotension 

ÅLower incidence of maternal nausea 

ÅSimilar incidence of reactive hypertension 

ÅSimilar good neonatal outcomes 

ÅDIVA  maintains systolic BP closer to 

baseline with higher accuracy 

ÅEnables anaesthetist to focus on other 

patientôs needs 
 



DIVA system research 



Moving Forward ï DIVA 2.0 

ÅPrevious study uses on-off algorithm - unable to titrate 

vasopressor to the severity of hypotension 

ÅModified 2-Step algorithm to be responsive to the 

severity of hypotension     

 90 to 100% of baseline SBP Ą25mcg phenylephrine

 below 90% of baseline SBP Ą 50mcg phenylephrine 

 

ÅBlood pressure is not the only determinant of tissue 

perfusion 

ÅContinuous non-invasive cardiac output monitor 

(Nexfin) 



DIVA 2.0 Setup 
Nexfin cardiac 

output monitor 

Vasopressor  

delivery 

Finger cuff 

Algorithm  

(laptop) 



DIVA 2.0 Pilot Study 

 

ÅModified DIVA system maintains systolic BP closer to 

baseline 

ÅMinimal intervention from the attending anaesthetist 

ÅGood clinical maternal and fetal outcomes 



Drug Delivery Systems for Labour Pain 

Labour Epidural  

Analgesia 

Intravenous  

Remifentanil 

Patient Controlled  

Analgesia (PCA) 



Increase Patient Demands 

More Medications 

Decrease Patient Demands 

Less Medications 

Personalised Titration of Medications 

EARLY LABOUR LATE LABOUR 



Less 
Medications 

More 
Medications 

Labour Epidural Analgesia 



Spread in Epidural Space 

Continuous 
infusion  

Automated Bolus  


