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Spinal Anaesthesia for Caesarean Section

ACaesarean section is one of the most common
surgical procedures

ASpinal anaesthesia is now widely used

AHypotension due to sympathetic blockade
ADefined as BP <80% baseline systolic BP
AOccurs in up to 70% of patients




Effects of Hypotension

AMother
ANausea and vomiting
AAltered consciousness
ACardiovascular collapse

AFetal
AFetal acidosis
ALower umbilical cord pH
AHypoxemia




Various strategies have been attempted..

ALeft uterine displacement to prevent aortocaval
compression

Alntravenous fluid administration
AVasopressor therapy (phenylephrine, ephedrine)

AClose monitoring of maternal blood pressure and
haemodynamics

ANo strategy has been shown to totally eliminate
occurrence of maternal hypotension




Choice of Vasopressors

AShort acting vasopressors
ABolus administration used in our centre

Phenylephrine m__ Cow B with et o
Increase BP ow WIth normal neart rate
Decrease heart rate

Ephedrine &E__ Low BP with low heart rate
Increase BP

Increase heart rate



Blood Pressure Monitoring

ACurrent standard is using intermittent BP
monitoring

ANon-invasive continuous arterial pressure
monitoring (CNAP)

AAIM to reduce lag time between detecting
hypotension and administrating vasopressor

AAIM to maintain BP near baseline systolic BP
level



Challenge for Anesthetists

AMaintain BP within tight limits

AHandling rapid changes in physiological responses
to spinal anaesthesia

AEffectiveness of therapy depends on
AContinuous monitoring
ATimely intervention
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Our Solution T Closed Loop Feedback
System

Measured by Inputs into

Physiologic

Sensor

parameters Controller

Adjusts parameter Activates
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Less
Medications

More
Medications

Maternal side

effects :
Hypertensive

response

Fetal side

effects

Headache



L
The Control Algorithm

ABasic on-off algorithm
ADual vasopressors used (phenylephrine, ephedrine)

CNAPM Monitoring every second

Data integrated every 10 sec

v
Systolic blood pressure Systolic blood pressure
within 10% of baseline below 10% of baseline
Continue CNAP! Heart rate > 60 Heart rate < 60
monitoring beats/min beats/min
Il : Infuse ephedrine
phenylephrine

4mg over 10 sec;

s e

lockout 10 sec



Our Solution i Double Intravenous
Vasopressor Automated (DIVA) system

Measured by Continuous Inputs into Computer with
Blood pressure BP fi t |
and heart rate inger cu con';ro
and monitor algorithm
Adjusts parameter Activates
Vasopressor

Pump Delivery
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L
Prototype of DIVA

World’s first automated blood pressure management

CNAP . . .
Vital signs system to enhance patient safety durmg c-section
monitor VYR v
Phenylephrine
Ephedrine

Algorithm (laptop)

KKH anaesthetist demonstrates the use of the DIVA System in managing a patient’s blood pressure during caesarean section under spinal anaesthesia



R - :
RCT

ADouble blinded RCT comparing
A Manual bolus delivery (Control)
A DIVA system (Experiment)

Control Experiment
Haemodynamic Every minute Continuous
monitoring
Vasopressor SBP below 90% baseline Same as control
threshold
Dosing regime 50ug phenylephrine or Same as control
4mg ephedrine
Mode of delivery Manual bolus DIVA bolus
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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 i vein) 0.0715[0.057 to 0.095](0.0770 [0.048 to 0.097]| 0.813
Lactate difference (umbilical artery i vein) [0.3400 [0.060 to 0.620]|0.3900 [0.073 to 0.783]| 0.389
APGAR score at 1 minute 9[9to 9] 9[9to 9] 0.991
APGAR score at 5 minute 9[91to9] 9[9to 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 .264
(%) 5 5 0.26

Wobble (%) 6.2 6.4 0.684




DIVA Conclusions

ALower incidence of hypotension

ALower incidence of maternal nausea
ASimilar incidence of reactive hypertension

ASimilar good neonatal outcomes

ADIVA maintains systolic BP closer to

baseline with higher accuracy

AENnables anaesthetist to focus on other

pati ent 0s needs

o

KK Women's and
Children’s Hospital
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DIVA system research
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KKH designs automated system to monitor blood
pressure during C-sections

Dr Sng Ban Leong, consultant at the Department of Women's Anaesthesia, presents the
Double Intravenous Vasopressor Automated System. KK Women's and Children's Hospital
have designed the automated blood pressure management system to enhance patient
safety during Cesarean procedures. — ST PHOTO: RACHEL TAN

A Diva to
manage
mum’s blood
pressure

KKH docs develop automatic system
for use during caesarean births

By RACHEL TAN

AN AUTOMATIC system to man-
age blood pressure in mothers go-
ing through caesarean births has
been developed by doctors at a
Singapore hospital, in what they
say is a world first.

The Double Intravenous Vaso-
pressor Automated System - or
Diva - is still in development

stage, but doctors at the KK Wom- *

en’s and Children’s Hospital
(KKH) hope it will lead to safer
caesarean sections.

About 30 per cent of patients
at the hospital, which delivers 30
to 35 babies every day, undergo
caesarcan births.

Not only does Diva allow
hands-off and more accurate
blood pressure and heart rate
monitoring, but - through a com-
puter programme - it also deliv-
ers the precise amount of medica-
tion needed to stabilise the pa-
tient more quickly.

“The baby’s blood pressure
and oxygen supply is very depend-
ent on the mother’s blood pres-
sure, so it’s important to regulate
it," said Dr Sng Ban Leong, a con-
sultant at KKH’s Department of
Women'’s Anaesthesia.

Up to 60 per cent of expectant
mothers experience low blood
pressure under spinal anaesthe-
sia. This could cause pre-delivery
nausea {llld, in more severe cases,
it reduces blood flow to the pla-
centa - harming the baby.

Until the development of Diva,
managing blood pressure levels re-
quired an anaesthetist to manual-
ly administer vasopressors, which
raise blood pressure by constrict-
ing blood vessels.

Now, blood pressure and heart
rate data can be sent to a laptop
from two finger cuffs worn by the
patient, and a programme will de-
termine the dosage of vasopressor
needed.

The speed at which it reacts is
faster than conventional monitor-
ing, which occurs at 60-second in-
tervals and could delay the detec-
tion of rapid changes in blood
pressure.

Diva also frees up the anaes-
thetist to do other things.

“With this automated close-
loop system, the anaesthetist is
able to focus on more important
aspects of patient care - to deliv-
er more holistic patient care,”
said Professor Alex Sia, chairman
of the medical board and director
of KK Research Centre.

A 2011 study, jointly carried
out by KKH and Duke-NUS Grad-
uate Medical School and involv-
ing 55 women, showed that the Di-
va system was more efficient than
conventional methods at maintain-
ing blood pressure during caesar-
ean sections under spinal anaes-
thesia.

KKH, however, could not give
a timeframe as to when Diva will
come into operation.

{4 rmytan@sph.com.sg
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Moving Forward I DIVA 2.0

APrevious study uses on-off algorithm - unable to titrate
vasopressor to the severity of hypotension

AModified 2-Step algorithm to be responsive to the
severity of hypotension
90 to 100% of baseline SBP A 25mcg phenylephrine
below 90% of baseline SBP A 50mcg phenylephrine

ABlood pressure is not the only determinant of tissue
perfusion

AContinuous non-invasive cardiac output monitor
(Nexfin)



L
DIVA 2.0 Setup

Nexfin cardiac
output monitor

Vasopressor
delivery

Finger cuff

Algorithm
(laptop)




L
DIVA 2.0 Pilot Study

AModified DIVA system maintains systolic BP closer to
baseline

AMinimal intervention from the attending anaesthetist
AGood clinical maternal and fetal outcomes

Anaesthesia 2015, 70, 691-698 doi:10.1111/anae. 13008

Original Article

Assessment of an updated double-vasopressor automated system
using Nexfin™ for the maintenance of haemodynamic stability to
improve peri-operative outcome during spinal anaesthesia for
caesarean section

B. L. Sng,"”? H. Wang,® P. N. Assam™” and A. T. Sia"®”



Drug Delivery Systems for Labour Pain

Labour Epidural
Analgesia

ntravenous
Remifentanil
Patient Controlled
Analgesia (PCA)
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« I
Decrease Patient Demands Increase Patient Demands
Less Medications More Medications

EARLY LABOUR A LATE LABOUR

Personalised Titration of Medications



Labour Epidural Analgesia

S More_z
Medliggtions Medications

More Numbness

More side effects
: Prolonged
Less side effects




Spread in Epidural Space

Continuous
infusion

o

Automated Bolus



