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This session will briefly cover some of the new ideas, variations on existing themes and a 
paper that challenges one of the fundamental doctrines of obstetric anaesthesia. In addition, 
some recent reports, publications and guidelines relevant to the obstetric anaesthetist will 
be reviewed. I have hand-searched the major journals for publications relevant to obstetric 
anaesthesia from the last two years or so and will present, what I think, are the most 
interesting, important and thought-provoking of these from the topics that will not be 
covered elsewhere at OASIS. 
There is insufficient time today to present more than the main findings of studies and some 
useful take-home messages, however the presentation will follow the sequence of the 
references listed below so you can review the evidence in more detail at your leisure.  

Maternal morbidity and mortality  

1. Knight M, Kenyon S, Brocklehurst P, Neilson J, Shakespeare J, Kurinczuk JJ (Eds.) on behalf of 
MBRRACEUK. Saving Lives, Improving Mothers’ Care - Lessons learned to inform future 
maternity care from the UK and Ireland Confidential Enquiries into Maternal Deaths and 
Morbidity 2009– 12. Oxford: National Perinatal Epidemiology Unit, University of Oxford 2014. 
Available online at 
https://www.npeu.ox.ac.uk/downloads/files/mbrraceuk/reports/Saving%20Lives%20Improvin
g %20Mothers%20Care%20report %202014%20Full.pdf   

2. Freedman RL, Lucas DN. MBBRACE-UK: Saving lives, improving mothers’ care – implications for 
anaesthetists. International Journal of Obstetric Anesthesia (2015) 24:161-73.   

3. PMMRC. 2015. Ninth Annual Report of the Perinatal and Maternal Mortality Review 
Committee: Reporting Mortality 2013. Wellington: Health Quality & Safety Commission. 
Available online http://www.hqsc.govt.nz/ourprogrammes/mrc/pmmrc/publications- 
andresources/publication/2123/ 

4. Baghirzada L, Balki M. Maternal Cardiac Arrest in a tertiary care centre during 1989-2011: a 
case series. Canadian Journal of Anaesthesia (2013)  60:1077-1084 + accompanying editorial 
p.1041-6  

5. Mhyre JM, Tsen LC, Einav S, Kuklina EV, Leffert LR, Bateman BT. Cardiac  Arrest during 
Hospitalization for Delivery in the United States 1998-2011.  Anesthesiology (2014) 120:810-8 
+ accompanying editorial p.790-1.   

6. Lipman S, Cohen S, Einav S, Jeejeebhoy F, Mhyre JM, Morrison LJ, Katz V, Tsen LC, Daniels K, 
Halamek LP, Suresh MS, Arafeh J, Gauthier D, Carvalho JCA, Druzin M, Carvalho B. The Society 
for Obstetric Anesthesia and Perinatology Consensus Statement on the Management of 
Cardiac Arrest in  Pregnancy. Anesthesia & Analgesia (2014) 118:1003-16.   

What’s New in Obstetric 
Anaesthesia?  

Dr Matthew Drake  

Specialist Obstetric Anaesthetist, National Women’s Health.  
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7. Marshall S. The use of cognitive aids during emergencies in Anesthesia: A review of the 
literature. Anesthesia & Analgesia (2013) 117:1162-71 &  Editorial p.1033-1038.   

8. Goldhaber-Fiebert SN, Howard SK. Implementing Emergency Manuals: Can  cognitive aids help 
translate best practices for patient care during acute events? Anesthesia & Analgesia (2013) 
117:1149-1161 & Editorial p.1033- 1038.   

9. Nguyen-Lu N, Downey K, Carvalho JCA. Controversy between anesthesiologists and 
obstetricians on the labour ward: the Delphi method is used as a consensus-building 
technique. Canadian Journal of Anesthesia (2015) 62:271-277.   

10. Pandit JJ, Andrade J, Bogod DG, Hitchman JM, Jonker WR, Lucas N, Mackay JH, Nimmo AF, 
O’Connor K, O’Sullivan EP, Paul RG, Palmer JH Mac G, Plaat F, Radcliffe JJ, Sury MRJ, Torevell 
HE, Wang M, Cook TM. The 5th National Audit Project (NAP5) on accidental awareness during 
general anaesthesia: summary of main findings and risk factors. Anaesthesia (2014) 69:1089- 
1011.   

11. Lucas DN, Yentis SM. Unsettled weather and the end for thiopental? Obstetric general 
anaesthesia after the NAP5 and MBRRACE-UK reports. Anaesthesia (2015) 70:375-379. 

12.  Bogod D, Plaat F. Be wary of awareness – lessons from NAP5 for obstetric anaesthetists. 
International Journal of Obstetric Anaesthesia (2015) 24:1-4.   

13. D’Angelo R, Smiley RM, Riley ET, Segal S. Serious Complications Related to Obstetric 
Anesthesia – The Serious Complication Repository Project of the Society for Obstetric 
Anesthesia and Perinatology. Anesthesiology (2014)  120:1505-12.    

Labour epidurals  

14. Craig MG, Grant EN, Tao W, McIntire DD, Leveno KJ. A Randomized Control Trial of Bupivacaine 
and Fentanyl Versus Fentanyl-only for Epidural Analgesia during the Second Stage of Labor. 
Anesthesiology (2015) 122:172-7.   

15. Sviggum HP, Yacoubian S, Liu X, Tsen LC. The effect of bupivacaine with fentanyl temperature 
on initiation and maintenance of labor epidural analgesia: a randomized controlled study. 
International Journal of Obstetric Anaesthesia (2015) 24:15-21.    

16. Gambling D, Berkowitz J, Farrell TR, Pue A, Shay D. A randomized controlled comparison of 
epidural analgesia and combined spinal-epidural analgesia in a private practice setting: Pain 
scores during first and second stages of labor and at delivery. Anesthesia & Analgesia (2013) 
116:636-43 + Editorial p.515-6.    

17. Ding T, Wang D, Qu Y, Chen Q, Zhu S. Epidural Labor Analgesia is associated with a decreased 
risk of postpartum depression: a prospective cohort study. Anesthesia & Analgesia (2014) 
119:383-92 + Editorial p.219- 221.   

18. Eisenach JC, Pan P, Smiley RM, Lavand’homme P, Landau R, Houle TT. Severity of acute pain 
after childbirth, but not type of delivery, predicts persistent pain and postpartum depression. 
Pain (2008) 140:87-94.    

19. Thanamuthu A, Russell IF, Purva M. Epidural failure rate using a standardised definition. 
International Journal of Obstetric Anesthesia (2013) 22:310-315.  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20. Drake EJ, Coghill J, Sneyd JR. Defining competence in obstetric epidural anaesthesia for 
inexperienced trainees. British Journal of Anaesthesia (2015) 114:951-7 + Editorial p. 872-3. 

21. Sharma SK, Rogers BB, Alexander JM, McIntire DD, Leveno KJ. A randomized trial of the effects 
of antibiotic prophylaxis on epidural-related fever in labor. Anesthesia & Analgesia (2014) 
118:604-10 + Editorial p. 494-5.    

22. Heesen M, Klohr S, Rossaint R, Walters M, Straube S, van de Velde M. Insertion of an 
intrathecal catheter following accidental dural puncture: a meta-analysis. International Journal 
of Obstetric Anesthesia (2013) 22:26- 30.   

23. Kokki M, Sjovall S, Keinanen M, Kokki H. The influence of timing on the effectiveness of 
epidural blood patches in parturients. International Journal of Obstetric Anesthesia (2013) 
22:303-309.    

24. Stein MH, Cohen S, Mohiuddin MA, Dombrovskiy V, Lowenwirt I. Prophylactic vs therapeutic 
blood patch for obstetric patients with accidental dural puncture – a randomised controlled 
trial. Anaesthesia (2014) 69:320-326 + Editorial p. 119-121.    

Blood pressure too high  

25. Yoo KY, Kang DH, Jeong H, Jeong CWm Choi YY, Lee J. A dose-response study of remifentanil 
for attenuation of the hypertensive response to laryngoscopy and tracheal intubation in 
severely preeclamptic women undergoing caesarean delivery under general anaesthesia. 
International Journal of Obstetric Anesthesia (2013) 22:10-18.  

Blood pressure too low  

26. Heesen M, Klöhr S, Rossaint R, Straube S. Prophylactic phenylephrine for caesarean section 
under spinal anaesthesia: systematic review and meta- analysis. Anaesthesia (2014) 69:143-
165. 

27.  Ngan Kee WD, Khaw KS, Ng FF, Tam YH. Randomized comparison of closed-loop feedback 
computer-controlled with manual-controlled  infusion of phenylephrine for maintaining 
arterial pressure during spinal anaesthesia for Caesarean delivery. British Journal of 
Anaesthesia (2013) 110:59-65.  

28. Toyama S, Kakumoto M, Morioka M, Matsuoka K, Omatsu H, Tagaito Y, Numai T, Shimoyama 
M. Perfusion index derived from a pulse oximeter can predict the incidence of hypotension 
during spinal anaesthesia for caesarean delivery. British Journal of Anaesthesia (2013) 
111:235-41.   29. Yokose M, Mihara T, Sugawara Y, Goto T. The predictive ability of non- 
invasive haemodynamic parameters for hypotension during caesarean section: a prospective 
observational study. Anaesthesia (2015) 70:555- 562.   

29. Yokose M, Mihara T, Sugawara Y, Goto T. The predictive ability of non- invasive haemodynamic 
parameters for hypotension during caesarean section: a prospective observational study. 
Anaesthesia (2015) 70:555- 562.   

30. Ngan Kee WD, Lee SWY, Ng FF, Tan PE, Khaw KS. Randomized double blinded comparison of 
norepinephrine and phenylephrine for maintenance of blood pressure during spinal anesthesia 
for cesarean delivery. Anesthesiology (2015) 122:736-45.  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Operative obstetric anaesthesia  

31. Hoyle J, Yentis SM. Assessing the height of block for caesarean section over the past three 
decades: trends from the literature. Anaesthesia (2015) 70:421-428.   

32. Lavoie A, Guay J. Anesthetic dose neuraxial blockade increases the success rate of external 
fetal version: a meta-analysis. Canadian Journal of Anesthesia (2010) 57:408-414.    

33. Khaw KS, Lee SWY, Ngan Kee WD, Law LW, Lau TK, Ng FF, Leung TY. Randomized trial of 
anaesthetic interventions in external cephalic version for breech presentation. British Journal 
of Anaesthesia (2015) 114:944- 950.   

34. Balki M, Erik-Soussi M, Kingdom J, Carvalho JCA. Oxytocin pretreatment attenuates oxytocin- 
induced contractions in human myometrium in vitro. Anesthesiology (2013) 119:552-561.  

35. Khan M, Balki M, Ahmed I, Farine D, Seaward G, Carvalho JCA. Carbetocin at elective caesarean 
delivery: a sequential allocation trial to determine the minimum effective dose. Canadian 
Journal of Anesthesia (2014) 61:242-248.  

36. Nguyen-Lu N, Carvalho JCA, Farine D, Seaward G, Ye XY, Balki M.  Carbetocin at caesarean 
delivery for labour arrest: a sequential allocation trial to determine the effective dose. 
Canadian Journal of Anesthesia (2015) 62:866-874.   

37. Howard BK, Goodson JH, Mengert WF. Supine hypotensive syndrome in late pregnancy. 
Obstetrics & Gynecology (1953) 1:371-7.    

38. Bieniarz J, Maqueda E, Caldeyro-Barcia R. Compression of aorta by the uterus in late human 
pregnancy. I. Variations between femoral and brachial artery pressure with changes from 
hypertension to hypotension. American Journal of Obstetrics & Gynecology (1966) 95:795-808. 

39. Crawford JS, Burton M, Davies P. Time and lateral tilt at Caesarean Section. British Journal of 
Anaesthesia (1972). 95:795-808.   

40. Higuchi H, Takagi S, Zhang K, Furui I, Ozaki M. Effect of lateral tilt angle on the volume of the 
abdominal aorta and inferior vena cava in pregnant and nonpregnant women determined by 
magnetic resonance imaging. Anesthesiology (2015) 122:286-93.  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Although well established in other surgical specialties with published evidence of improved patient 
satisfaction and reduced length of hospital stay in the United Kingdom, Enhanced Recovery is a 
relatively new concept in obstetrics1. We wished to enable mothers to make the transition from 
being a patient having undergone surgery to a mother able to bond and care for her baby much 
earlier in her postoperative recovery, but without detriment to satisfaction or safety. We felt this 
could be achieved through adaptation of the established principles of enhanced recovery in other 
surgical disciplines to Obstetrics, by redesigning our current care pathway to facilitate patients’ 
ability to overcome the physiological and psychological stresses of surgery more quickly than 
existing postoperative care.  
 
A multidisciplinary group of obstetricians, midwives, anaesthetists, pain team and patient 
representative was formed in 2013 to begin developing EROS. The results of an anonymous 
patient questionnaire and retrospective notes audit were central to the development of a detailed 
EROS pathway. Responses had shown patients felt the presence of the urinary catheter, analgesia 
pumps and intravenous access hindered mobility and ability to care for their baby. The EROS 
pathway therefore encouraged early mobilisation at 6 hours; removal of the urinary catheter 8 - 
12 hours postoperatively; early drinking and eating post- surgery; and comprehensive guidelines 
for earlier transition to oral analgesia with discontinuation of analgesia pumps. A patient 
information booklet was revised and updated to include details of enhanced recovery with 
expected goals for recovery on days 0, 1 and 2 of their hospital stay, and a pictorial medicines 
chart to aid their understanding of, and ability to ask for, analgesia. We staggered report times for 
CS lists and encouraged patients to drink until 2 hours prior to their surgery to limit dehydration, 
including a carbohydrate drink (unless diabetic).  
 
Enhanced Recovery after Obstetric Surgery (EROS) was introduced in August 2014 for all women 
following planned Caesarean Section (CS) at National Women’s, Auckland City Hospital. We 
repeated the anonymous patient questionnaire and notes audit in November 20142.  
With the multitude of private and public lead maternity carers working at our institution, 
introduction of a standardised care pathway for a surgical speciality that was not familiar with the 
principles of enhanced recovery was extremely challenging, and required multiple meetings with 
various stakeholders. A healthy dose of scepticism was encountered before its introduction from 
all members of the multidisciplinary team. However, having seen first-hand the more rapid return 
of patients to being self-caring and able to care for their newborns, many staff have become 
“EROS enthusiasts”. We still have room for further improvement to maximise the possible benefits 
of EROS, and intend to repeat our audit and patient questionnaire after a further period of 

Enhancing Recovery after Caesarean 
Section  
Dr Sharon Rhodes Specialist  

Obstetric Anaesthetist, National Women’s Health.  
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intensive education. Because elective and emergency patients are cared for on the same postnatal 
wards, some of the principles of EROS for elective surgery have started to be applied to emergency 
obstetric surgery. Once EROS has truly become the norm for elective patients, we intend to 
formally apply appropriate parts of the enhanced recovery pathway to emergency patients, so 
that they too can realise the maternal and neonatal benefits of more rapid recovery after surgery.  
Overall our experience of enhanced recovery has been positive, and we would encourage other 
units to examine whether the common sense fundamentals of enhanced recovery can be adapted 
for their obstetric patients’ pathway.  
 
References:  
1. Lucas DN, Gough KL. Enhanced recovery in obstetrics - a new frontier? Int J Obstet Anesth 

2013; 22:92-5.   
2. Rhodes SP, Drake MJP, Steynor MP, Moll MW. Adapting UK Enhanced Recovery after 

Caesarean Section to a tertiary hospital in New Zealand. Int J Obstet Anesth 2015; 24:S16.  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Cell salvage (IOCS) in obstetric surgery is a technique that is endorsed by CEMACH, NICE, The UK 
Cell Salvage Group, AABGI, OAA and the National Blood Authority of Australia (NBA).  
Reducing the loss of total red cell mass intra-operatively is the second pillar of perioperative 
Patient Blood Management as described by the NBA. IOCS is one technique that can support this 
clinical goal. It is also often the only mechanism for return of red blood cells (RBC) that may be 
acceptable to Jehovah’s Witnesses.  
 
Post-partum haemorrhage remains one of the leading causes of maternal morbidity and mortality 
both locally and internationally. Each unit of allogeneic RBC transfused increases perioperative risk 
to patients. Theoretical risks of amniotic fluid embolus with obstetric IOCS exist but have not been 
reported in the literature.  
 
This talk will outline the experiences at Auckland City Hospital since the formal introduction of 
obstetric IOCS including patient selection and standard operating practice in our theatre suite.  
Intravenous iron is a therapy used to optimise red blood cell mass preoperatively. Parenteral iron 
has also been shown to be efficacious in the antenatal setting. Anaemia is the most common 
nutritional deficiency internationally and is a public health issue. After 28 weeks the demands of 
the fetus for iron from the mother increase markedly. This can cause iron deficiency (ID) and iron 
deficiency anaemia (IDA) leaving the woman more vulnerable to the risks of post-partum 
haemorrhage (PPH) and associated transfusion at delivery.  
The use of parenteral iron is recommended by the NBA when rapid restoration of Hb and iron 
stores is required in pregnancy. This talk will outline the implementation of a clinical pathway for 
investigation and management of antenatal ID and IDA at Auckland City Hospital. This pathway 
includes both oral and iron therapies according to a flow chart. More recently we have used 
parenteral iron in the postnatal period after PPH or with pre-existing IDA. I will outline when it 
may be appropriate to use as an “alternative” to red cell transfusion with a review of the current 
literature.  
 
References: 
1. National Blood Authority of Australia Patient Blood Management Guidelines – Module 2 

(Perioperative) and Module 5 (Obstetrics and Maternity). 
2. Evidence based practice - Research: A systematic review of the effect of red blood cell 

transfusion on mortality: evidence from large-scale observational studies published between 
2006 and 2010. Sally Hopewell, Omar Omar, Chris Hyde, Ly-Mee Yu, Carolyn Doree, Mike F 
Murphy BMJ Open 2013;3:5 e002154 doi:10.1136/bmjopen-2012-002154    

Blood Conservation Strategies in 
Obstetric Surgery  
Dr Justine Wright 

Specialist Obstetric Anaesthetist, National Women’s Health.  
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3. A prospective randomized, controlled trial of intravenous versus oral iron for moderate iron 
deficiency anaemia of pregnancy. Khalafallah A, Dennis A, Bates J, Bates G, Robertson IK, Smith 
L, Ball MJ, Seaton D, Brain T, Rasko JE. J Intern Med. 2010 Sep;268(3):286-95. doi: 
10.1111/j.1365- 2796.2010.02251.x. Epub 2010 May 19.  

4. UK guidelines on the management of iron deficiency in pregnancy (British Committee for 
Standards in Haematology)   

5. Alhossain A. Khalafallah and Amanda E. Dennis, “Iron Deficiency Anaemia in Pregnancy and 
Postpartum: Pathophysiology and Effect of Oral versus Intravenous Iron Therapy,” Journal of 
Pregnancy, vol. 2012, Article ID 630519, 10 pages, 2012. doi:10.1155/2012/630519  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Postpartum haemorrhage (PPH) is a major global cause of maternal mortality and morbidity. 
Attempts to minimize the clinical impact of PPH include primary prevention with measures to 
increase the awareness of women who are at risk from PPH, but most women with major PPH do 
not have identifiable risk factors. Minimising adverse outcomes includes ensuring a rapid 
recognition and response to postpartum bleeding with education emphasizing the importance of 
early transfer and escalation of care to secondary or tertiary centres for women who do not 
respond to initial measures. A coordinated response for women with uncontrolled bleeding 
includes the use of effective uterotonic agents, transfusion with blood and plasma products to 
maintain circulating blood volume and tissue oxygenation and correct coagulopathy; obstetric 
assessment for problems such as retained placenta, genital tract trauma and interventions such as 
balloon tamponade, uterine artery embolization and hysterectomy.  
 
A critical feature of obstetric haemorrhage is development of coagulopathy, particularly early- 
onset coagulopathy that develops even before massive transfusion causes haemodilution. Early 
consumption of fibrinogen followed by hyperfibrinolysis is a feature of obstetric complications 
such as placental abruption, amniotic fluid embolism and retained foetus after intrauterine demise 
but even in PPH not due to these conditions early consumption of fibrinogen is described. Studies 
have shown that when PPH is diagnosed, women with lower mean levels of fibrinogen go onto 
develop more severe haemorrhage. These hypothesis-generating observational studies support 
the association of a low fibrinogen concentration with development of more severe haemorrhage. 
They do not answer the important question as to whether early replacement of fibrinogen will 
modify the risk of severe haemorrhage developing subsequently. A recently published study by the 
Danish group: FibPPH (Pre-emptive treatment with fibrinogen concentrate for postpartum 
haemorrhage: randomized controlled trial) by Wikkelso et al demonstrated no benefit in terms of 
the reduction of transfusion of red blood cells in women who have a normal fibrinogen at the time 
of bleeding. The mean fibrinogen concentration at time of enrolment was 4.5g/L with a range of 
3.2 – 5.8 g/L; none of the women in the study had a fibrinogen under 3g/L. We know from other 
studies that fibrinogen less than 3.2g/L is a predictor of the severity of PPH and in trauma and 
cardiothoracic surgery low fibrinogen of less than 2g/L is associated with more severe bleeding.  
The approach to management of obstetric haemorrhage involves immediate resuscitation with 
fluid to maintain circulating blood volume, with rapid recourse to transfusion of red blood cells to 
maintain tissue oxygenation. At the same time an obstetric survey is required to identify and treat 
the cause of bleeding, which in the majority of cases will be due to uterine atony, with retained 
placenta and genital tract trauma remaining important causes. Coagulopathy frequently occurs 

Management of PPH from a 
Haematological Perspective  
Dr Claire McLintock.  
Haematologist & Obstetric Physician, Service Clinical Director,  
Regional Maternity Services, National Women’s Health  
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early in the setting of PPH and urgent bloods should be taken for standard coagulation studies, 
which are increasingly being supplemented by point-of-care testing using thromboelastography or 
ROTEM.  
 
References: 
1. Wikkelso AJ, Edwards HM, Afshari A et al (FIB-PPH trial group). Pre-emptive treatment with 

fibrinogen concentrate for postpartum haemorrhage: randomised controlled trial. British 
Journal of Anaesthesia (2015) 114:623- 33.  
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Difficult and failed intubation (FI) in obstetric general anaesthesia (GA) is well known to be much 
more common than in anaesthesia for the general population. A recent large prospective case 
control study found FI occurs in 1 in 224 GA for caesarean section (CS)1. The incidence has 
remained largely unchanged over the last four decades2, despite huge advances in equipment to 
manage airways. Postulated reasons for the ongoing high incidence of obstetric FI are a decline in 
the number of cases of GA for CS, reduced experience for anaesthetists in training and an 
increasingly complex maternal population.  
It is widely recognised that several maternal, fetal, surgical and situational factors are in play when 
managing anaesthesia for CS. Previously published non-obstetric intubation guidance does not 
take into account these factors, in particular the fact that surgery is often being performed with 
extreme urgency to ensure the wellbeing of the fetus as well as the mother.  
To address this, the Obstetric Anaesthetists’ Association (OAA) and Difficult Airway Society (DAS) 
in the United Kingdom have developed the first stand-alone guidelines for the safe management 
of DI and FI during obstetric GA3.  
 
This talk will take a critical look at the OAA/DAS guidelines and present the process and evidence 
base behind their development. Particular areas I will cover include a framework for ensuring safe 
GA in the obstetric patient, recommended management after obstetric FI, management of the 
‘can’t intubate can’t oxygenate’ (CICO) scenario, factors to consider when making a decision on 
whether to awaken or proceed with GA should intubation fail and practical considerations of how 
to awaken or proceed with surgery.  
I will also touch on obstetric airway cases from morbidity reviews, the role of the supraglottic 
airway device in anaesthesia for CS, evidence for use of video laryngoscopy in obstetric 
anaesthesia and safe extubation of the maternal airway.  
 
References:  
1. Quinn AC, Milne D, Columb M, Gorton H, Knight M. Failed tracheal intubation in obstetric 

anaesthesia: 2 year national case-control study in the UK. BJA 2013; 110:74-80.    
2. Lyons G. Failed intubation. Anaesthesia 1985; 40:759-62    
3. Mushambi MC, Kinsella SM, Popat M, Swales H, Ramaswamy KK, Winton AL, Quinn AC. 

Obstetric Anaesthetists’ Association and Difficult Airway Society guidelines for the 
management of difficult and failed intubation in obstetrics.  Anaesthesia 2015; 70:1286-1306.  

Obstetric Difficult and Failed Intubation 
– Are the New Guidelines a Panacea or 
Perplexity?  
Dr Mark Moll,  

Specialist Obstetric Anaesthetist, National Women’s Health.  
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Human central nervous system development involves a number of processes starting in the foetus 
and continuing beyond infancy. These processes include neurogenesis, apoptosis, migration, 
synaptogenesis and myelination. Synaptogenesis and apoptosis occur from the mid trimester with 
peak activity occurring around birth. Some areas of the brain lose up to half of the original neurons 
during normal development due to physiological apoptosis; a complex process, in part involving 
NMDA and GABA receptors.  
Initial work in rats demonstrated that exposure of the developing brain during the period of  
synaptogenesis to ethanol, (which has both NMDA antagonist and GABA mimetic properties)  
triggered widespread apoptotic neurodegeneration. Since then studies of anaesthetic agents in  
both the rat model and more recently in monkeys has shown that anaesthetic agents acting 
predominantly as NMDA antagonists (Ketamine, N2O) or GABA mimetic agents (inhalational  

agents, propofol, etomidate, benzodiazepines) trigger widespread apoptotic neurodegeneration. 
Furthermore some of these studies have demonstrated learning and cognitive defects in the 
animals studied. These detrimental effects appear to be age dependent with maximal effects seen 
at the peak of synaptogenesis.  
The relevance of these animal models to human neonates and infants is contentious as our 
development is more prolonged and neurocognitive development performance more 
complicated. It may be that the effects seen in the 7-day old rodent model often used, represents 
effects likely to be equivalent to a mid-term human foetus rather than pre-term or term neonate 
as originally thought.  
Clinical studies have started to appear following cohorts of healthy children undergoing 
anaesthesia for a variety of procedures, and examining a variety of neurobehavioral outcomes, 
including learning disabilities, developmental abnormalities, behaviour disorders and academic 
performance. Clinical studies have their limitations but a review of the published human studies to 
date suggests little or no association with single brief exposures but some association between 
repeated exposure, with poor performance on a variety of nonspecific tests of cognition and 
behaviour. The hazard ratio in almost all of these studies is lower than 2, implying that bias or 
confounding factors could easily account for the association1. 
Limited information is available for the developing foetus. Exposure of foetal mice to sevoflurane 
has been shown to show changes suggestive of neurotoxicity with cognitive impairment at 
postnatal day 312. A clinical study examining learning disabilities (LD) in children following 
Caesarean section under GA showed they were no more likely to develop LD compared to children 

Anaesthetics and the developing Brain 
– another reason to avoid General 
Anaesthesia in Obstetrics?  
Dr Niall Wilton 
Specialist Paediatric Anaesthetist & Clinical Director Anaesthesia and ORs, 
Starship Children’s Hospital, Auckland  
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delivered vaginally, suggesting that brief perinatal exposure to anaesthetic drugs did not adversely 
affect long-term neurodevelopmental outcome3. 
 
References: 
1. Gleich S, Nemergut N, and Flick R: Anesthetic-related neurotoxicity in young children: an 

update. Curr Opin Anesthesiol 2013, 26:340-347.   
2. Zheng H, Dong Y, Xu Z, Crosby G, et al: Sevoflurane anesthesia in pregnant mice induces 

neurotoxicity in fetal and offspring mice. Anesthesiology 2013; 118:516–26.    
3. Sprung J, Flick RP, Wilder RT: Anesthesia for Cesarean Delivery and Learning Disabilities in a 

Population-based Birth Cohort. Anesthesiology 2009; 111:302-10    
 


