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ReviewArticle

Conventional landmark palpation vs. preprocedural
ultrasound for neuraxial analgesia and anaesthesia in
obstetrics – a systematic reviewandmeta-analysiswith trial
sequential analyses

B. Young,1 D.Onwochei2 andN.Desai2,3

1 Speciality Registrar, 2 Consultant, Department of Anaesthesia, Guy’s and St Thomas’NHS Foundation Trust, 3 Honorary
Senior Clinical Lecturer, King’s College London, London, UK

Summary
The aim of this systematic review and meta-analysis was to examine the ef!cacy, time taken and the safety of
neuraxial blockade performed for obstetric patients with the assistance of preprocedural ultrasound, in
comparison with the landmark palpation method. The bibliographic databases Central, CINAHL, EMBASE,
Global Health, MEDLINE, Scopus and Web of Science were searched from inception to 13 February 2020 for
randomised controlled trials that included pregnant women having neuraxial procedures with preprocedural
ultrasound as the intervention and conventional landmark palpation as the comparator. For continuous and
dichotomous outcomes, respectively, we calculated the mean difference using the inverse-variance method
and the risk ratio with theMantel–Haenszel method. In all, 22 trials with 2462 patients were included. Con!rmed
by trial sequential analysis, preprocedural ultrasound increased the !rst-pass success rate by a risk ratio (95%CI)
of 1.46 (1.16–1.82), p = 0.001 in 13 trials with 1253 patients. No evidence of a difference was found in the total
time taken between preprocedural ultrasound and landmark palpation, with a mean difference (95%CI) of 50.1
(!13.7 to 113.94) s, p = 0.12 in eight trials with 709 patients. The quality of evidence was graded as low and
very low, respectively, for these co-primary outcomes. Sub-group analysis underlined the increased bene!t of
preprocedural ultrasound for those in whom the neuraxial procedure was predicted to be dif!cult.
Complications, including postpartumback pain and headache, were decreasedwith preprocedural ultrasound.
The adoption of preprocedural ultrasound for neuraxial procedures in obstetrics is recommended and, in the
opinion of the authors, should be considered as a standard of care, in view of its potential to increase ef!cacy
and reduce complicationswithout signi!cant prolongation of the total time required.
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Introduction
Neuraxial blockade has become a mainstay of obstetric
analgesia and anaesthesia. Conventionally, the appropriate
site of needle insertion is located by the palpation of
anatomical landmarks. It is recognised that such landmark

palpationmethods can be challenging in obstetrics due to a
more pronounced lumbar lordosis, soft tissue oedema and
the increasing rate of obesity [1]. Further, the physiological
changes of pregnancy can predispose to an increased
incidence of complications, including dural and vascular
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22 RCTs included; 2462 patients 

US increased success of first pass risk ratio 1.46 (1.16 to 1.82) p=0.001

Total time of procedure was similar mean difference 50.1 s (95%CI -12.1 to 113.94) p=0.12

US decreased incidence of headache and backache; increased satisfaction 

Quality of evidence low/very low



In addition to the challenges presented by lumbar
lordosis, soft tissue oedema and obesity in parturients [1], the
area of the ideal skin puncture site is smaller, the soft tissue
channel between the spinous processes is narrower and the
needle to epidural space distance is greater [38]. It can hence
be expected that preprocedural ultrasound should be found
to increase measures of ef!cacy, given its capacity to
delineate the underlying anatomy, including the midline of
the spine, insertion point of the needle, optimal angle of the
needle trajectory and the depth of the epidural space.
Further, it is possible that the perceived delay in the
completion of a neuraxial procedure when preprocedural
ultrasound is used, something we did not !nd overall, could
have previously dissuaded clinicians from incorporating it into
their routine practice, particularly in obstetric anaesthesia
where timely performancemay be of vital importance [39].

For those patients in whom the neuraxial procedure
was predicted to be easy, preprocedural ultrasound offered
limited bene!t in regard to the !rst-pass success rate. Given
that the increase of approximately 1 min in the overall time
taken to perform the procedure with ultrasound is not likely
to be clinically signi!cant, the adoption of preprocedural
ultrasound in such patients could still be considered to
allow anaesthetists to attain adequate competence and
experience. In those patients for whom the neuraxial
procedure was predicted to be dif!cult, the increase in !rst-
pass success rate with preprocedural ultrasound was not
associated with an increase in the total time taken to
perform the procedure.

Interestingly, the !rst-pass success rate and the overall
time taken to perform the procedure were not affected by
the experience of the sonographer or the operator.

Figure 3 Forest plot of the !rst-pass success rate according to the predicted dif!culty of the neuraxial procedure.M–H,Mantel–
Haenszel.
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RCT, 132 patients, BMI ≥ 35
Epidural vs DPE (25 W needle)
Induction: 15 mL 0.1% ropivacaine with fentanyl 2 mcg/mL
Maintenance: PIEB 6mL Q 45 minutes

Primary outcome: composite 
asymmetrical block
epidural top ups
catheter adjustment
catheter replacement
failed conversion at CS 



Tan et al. Anesthesiology 2022; 136: 678-87 



Study groups (10 subjects per group): 
non pregnant 
term pregnant
parturients with no analgesia 
parturients with epidural 

Intervention:
control US empty stomach 
light meal (125 g yogurt @ 120kcal)
US assessments at 15, 60, 90 and 120 min

Primary outcomes:
fraction of gastric emptying at 90 min
half-time of gastric emptying 





Guidelines

Prevention andmanagement of intra-operative pain during
caesarean section under neuraxial anaesthesia: a technical
and interpersonal approach

F. Plaat,1 S. E. R. Stanford,2D.N. Lucas,3 J. Andrade,4 J. Careless,5R. Russell,6

D. Bishop,7 Q. Lo8 andD. Bogod9

1Consultant, Department of Anaesthesia, QueenCharlottes andChelseaHospital, London, UK
2 Patient, Northumberland, UK
3Consultant, Department of Anaesthesia, LondonNorthWest University HealthcareNHS Trust, London, UK
4 Professor, School of Psychology, University of Plymouth, Plymouth, UK
5Associate Specialist, Department of Anaesthesia, Buckinghamshire HealthcareNHS Trust, Buckinghamshire, UK
6Consultant, Department of Anaesthesia, OxfordUniversity Hospitals NHS Foundation Trust, Oxford, UK
7Honorary Associate Professor,MetropolitanDepartment of Anaesthetics, Critical Care and PainManagement,
University of KwaZulu-Natal, Pietermaritzburg, South Africa
8Consultant, Department of Anaesthesia, The RoyalMarsdenNHS Foundation Trust, London, UK
9Consultant (retired), Department of Anaesthesia, NottinghamUniversity Hospitals NHS Trust, Nottingham, UK

Summary
A woman who experiences pain during caesarean section under neuraxial anaesthesia is at risk of adverse
psychological sequelae. Litigation arising from pain during caesarean section under neuraxial anaesthesia has
replaced accidental awareness under general anaesthesia as the most common successful medicolegal claim
against obstetric anaesthetists. Generic guidelines on caesarean section exist, but they do not provide speci!c
recommendations for this area of anaesthetic practice. This guidance aims to offer pragmatic advice to support
anaesthetists in caring for women during caesarean section. It emphasises the importance of non-technical
skills, offers advice on best practice and aims to encourage standardisation. The guidance results from a
collaborative effort by anaesthetists, psychologists and patients and has been developed to support clinicians
and promote standardisation of practice in this area.
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Recommendations
1 Informed consent for anaesthesia for caesarean section

requires an explanation of neuraxial techniques and
general anaesthesia.

2 For neuraxial techniques, discuss the planned level of
block and how it will be tested, the sensations that
should be expected with an effective block, the
possibility of pain and the potential ways of treating it,
including general anaesthesia.

3 For non-elective caesarean section, the discussion
should include any potential fetal risks arising from the
time taken todeliver the possiblemodesof anaesthesia.

4 Use a recognised technique for neuraxial block for
caesarean delivery with suf!cient doses of local
anaesthetic andopioids.

5 Use light touch as the primary testing modality, aiming
for a block to sensation to T5 or higher. A second,
con!rmatory sensory modality should be used if the
level of block is in doubt.

6 Identify the block level as the point at which sensation is
!rst felt when moving from blocked to unblocked
dermatomes between the mid-axillary and mid-
clavicular lines bilaterally.

7 Test the lower limit of the block as well as the upper
limit, using the back of the leg if necessary to avoid
spraying near the genital area.

8 In addition, use straight leg raising as a simple and
reproducible test for motor block. An effective block is
indicated by the inability to straight leg raise against
gravity bilaterally.

9 Acknowledge any complaint of pain or distress and ask
the surgeon to stop if safe, then use intravenous fast-
acting opioids or ketamine in the !rst instance.

10 A request for general anaesthesia should be honoured
if possible. It is good practice for the anaesthetist to
recommend general anaesthesia if effective analgesia
is unlikely to be achieved using othermethods.

11 Any patient who feels pain during caesarean section
should be followed-up before they leave hospital by a
senior anaesthetist, who should also contact the
patient’s general practitioner.

Whywere these guidelines developed?
A woman who experiences pain during caesarean section
under neuraxial anaesthesia is at risk of adverse
psychological sequelae. Litigation arising from pain during
caesarean section under neuraxial anaesthesia has replaced
accidental awareness under general anaesthesia as the
most common successful medicolegal claim against
obstetric anaesthetists. These guidelines have been

developed to support clinicians and promote
standardisation of practice in this area.

Howdo these guidelines differ from
other available guidelines?
There are no widely accepted guidelines available in this
area. These guidelines have been produced by anObstetric
Anaesthetists’ Association (OAA) working group and
approved by the OAA Executive Committee.
Recommendations have been made to assist clinicians.
They are not intended to dictate an exclusive course of
management; rather, they should guide management to
meet individual patient needs.

Introduction
Neuraxial anaesthesia is established as the preferred form
of anaesthesia for caesarean section. In the UK,
approximately 92% of caesarean sections are carried out
under neuraxial anaesthesia [1]. Although generally
reliable, neuraxial techniques can fail, either wholly or
partially, and supplementation may be necessary. During
caesarean section under neuraxial anaesthesia, pain has
replaced accidental awareness under general anaesthesia
as the most common successful medicolegal claim against
obstetric anaesthetists [2, 3].

Assessment of the block following neuraxial
anaesthesia is essential to minimise the risk of an
inadequate block, but objective assessment can be
challenging [4]. There is a lack of consensus about what to
test, how to test and what constitutes an adequate block.
Surveys of neuraxial block assessment before caesarean
section reveal signi!cant variation in practice. There is
currently no standardised approach to testing a neuraxial
block before caesarean section, nor is there an algorithm for
managing a neuraxial block that is inadequate for surgery. A
recent systematic review of inadequate neuraxial
anaesthesia in patients undergoing elective caesarean
section has highlighted the absence of national guidance in
this area [5].

These guidelines aim to support management in three
of the thematic areas identi!ed in a review examining a
series of medicolegal claims of pain during caesarean
section under neuraxial anaesthesia: consent, assessment of
the neuraxial block andmanagement of intra-operative pain
[3]. Additionally, we make recommendations about
communication and follow-up for women who experience
pain and distress during caesarean section under neuraxial
anaesthesia. Throughout the guideline, we have
emphasised the importance of good communication with
the patient.
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REPORTS OF ORIGINAL INVESTIGATIONS

Uterine exteriorization versus in situ repair in Cesarean delivery:
a systematic review and meta-analysis

Extériorisation utérine ou réparation in situ lors de césarienne :
revue systématique et méta-analyse

Hon Sen Tan, MD, MMed, MHSc . Cameron R. Taylor, MD . Nadir Sharawi, MBBS, MSc, FRCA .

Rehena Sultana, MSc . Karen D. Barton, MSLIS, AHIP . Ashraf S. Habib, MBBCh, MSc, MHSc, FRCA

Received: 27 June 2021 / Revised: 20 August 2021 / Accepted: 9 September 2021 / Published online: 22 November 2021
! Canadian Anesthesiologists’ Society 2021

Abstract
Purpose We conducted an updated systematic review and
meta-analysis on maternal outcomes associated with
uterine exteriorization compared with in situ repair in
women undergoing Cesarean delivery.
Methods We searched for randomized controlled trials
comparing uterine exteriorization with in situ repair during
Cesarean delivery. Primary outcomes were intraoperative
nausea and vomiting (IONV) and perioperative decrease in
hemoglobin concentration. Secondary outcomes were
postoperative nausea and vomiting (PONV), estimated
blood loss, fever, endometritis, wound infection,

intraoperative and postoperative pain, postoperative
analgesic use, duration of surgery and hospital stay, and
time to return of bowel function.
Results Twenty studies with 20,909 parturients were
included. Exteriorization was associated with higher risk
of IONV (odds ratio [OR], 2.09; 95% confidence interval
[CI], 1.66 to 2.63; I2 = 0%), with no difference in
perioperative hemoglobin concentration decrease (mean
difference, - 0.06 g!dL-1; 95% CI, - 0.20 to 0.08; I2 =
97%) compared with in situ repair. There were no
significant differences in estimated blood loss, transfusion
requirement, PONV, duration of surgery, duration of
hospital stay, time to return of bowel function, fever,
endometritis, or wound infection. Postoperative pain
(incidence of pain graded [ 5/10) at six hours (OR,
1.64; 95% CI, 1.31 to 2.03; I2 = 0%) was higher with
exteriorization, but there was no difference in need for
rescue analgesia (OR, 2.48; 95% CI, 0.89 to 6.90; I2 =
94%) or pain scores at 24 hr compared with in situ repair.
Conclusions In this updated systematic review and meta-
analysis, uterine exteriorization was associated with an
increased risk of IONV but no significant change in
perioperative hemoglobin decrease compared with in situ
repair.
Study registration PROSPERO (CRD42020190074);
registered 5 July 2020.

Résumé
Objectif Nous avons réalisé une mise à jour d’une revue
systématique et une méta-analyse portant sur les issues
maternelles associées à l’extériorisation de l’utérus par
rapport à une réparation in situ chez les femmes
accouchant par césarienne.
Méthode Nous avons recherché des études randomisées
contrôlées comparant l’extériorisation de l’utérus à la
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20 RCTs; 20,909 patients
Primary outcome: 

intraoperative nausea and vomiting
perioperative decrease in Hb concentration

Secondary outcomes:
postoperative nausea and vomiting
estimated blood loss
fever
endometritis
surgical site infection
intraoperative and postoperative pain
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Original Article

Incidence of accidental awareness duringgeneral
anaesthesia in obstetrics: amulticentre, prospective cohort
study

P.M.Odor,1 S. Bampoe,1D.N. Lucas,2 S. R.Moonesinghe,3 J. Andrade,4 J. J. Pandit,5,6 and
Pan-LondonPeri-operativeAudit andResearchNetwork (PLAN), for theDREAMY
InvestigatorsGroup*

1Consultant, Centre for Anaesthesia and Peri-operativeMedicine, University College LondonHospital, London, UK
2Consultant, Department of Anaesthesia, Northwick Park Hospital, London, UK
3 Professor, Centre for Peri-operativeMedicine, ResearchDepartment for Targeted Intervention, University College
London, London, UK
4 Professor, School of Psychology, University of Plymouth, Plymouth, UK
5Consultant, Nuf!eldDepartment of Anaesthetics, OxfordUniversity Hospitals NHS Trust, Oxford, UK
6 Professor, University ofOxford, Oxford, UK

Summary
General anaesthesia for obstetric surgery has distinct characteristics thatmay contribute towards a higher risk of
accidental awareness during general anaesthesia. The primary aim of this study was to investigate the
incidence, experience and psychological implications of unintended conscious awareness during general
anaesthesia in obstetric patients. From May 2017 to August 2018, 3115 consenting patients receiving general
anaesthesia for obstetric surgery in 72 hospitals in England were recruited to the study. Patients received three
repetitions of standardised questioning over 30 days, with responses indicating memories during general
anaesthesia that were veri!ed using interviews and record interrogation. A total of 12 patients had certain/
probable or possible awareness, an incidence of 1 in 256 (95%CI 149–500) for all obstetric surgery. The
incidence was 1 in 212 (95%CI 122–417) for caesarean section surgery. Distressing experiences were reported
by seven (58.3%) patients, paralysis by !ve (41.7%) and paralysis with pain by two (16.7%). Accidental awareness
occurred during induction and emergence in nine (75%) of the patients who reported awareness. Factors
associated with accidental awareness during general anaesthesia were: high BMI (25–30 kg.m-2); low BMI
(<18.5 kg.m-2); out-of-hours surgery; and use of ketamine or thiopental for induction. Standardised
psychological impact scores at 30 days were signi!cantly higher in awareness patients (median (IQR [range]) 15
(2.7–52.0 [2–56]) than in patients without awareness 3 (1–9 [0–64]), p = 0.010. Four patients had a provisional
diagnosis of post-traumatic stress disorder. We conclude that direct postoperative questioning reveals high
rates of accidental awareness during general anaesthesia for obstetric surgery, which has implications for
anaesthetic practice, consent and follow-up.

.................................................................................................................................................................
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May 2017-Aug 2018; 3115 patients under GA; 72 hospitals in England

3 repetitions of standardized questioning (Brice questionnaire) within 30 days
Verification semi-structured interview with those reporting events

Incidence of awareness:
Obstetric surgery 1:256 (95% CI 149-500)
Cesarean section 1:212 (95% CI 122-417)

Higher incidence of PTSD 1:42 patients experiencing AAGA



administration of suxamethonium to a patient with previously
undiagnosed abnormally reduced plasma cholinesterase
function. The second was secondary to incompletely
reversed neuromuscular blockade with rocuronium;
neostigmine followed by sugammadex was administered
sequentially during emergence. Neither patient received
neuromuscular blockade monitoring before the AAGA
event. The remaining two patients with emergence AAGA
described less detailed accounts of events.

Two (16.7%) patients reported AAGA during the
maintenance phase of anaesthesia. Both patients received
suxamethonium to facilitate tracheal intubation but had no
further doses of NMB drug. One of these had low end-tidal
anaesthetic agent concentrations with no nitrous oxide
during the maintenance phase; estimated age-adjusted
minimum alveolar median concentration of 0.7, high of 0.8
and lowof 0.5. The other had a high BMI (43 kg.m-2).

Conduct of anaesthesia differed in several respects
between patients reporting AAGA and those not reporting
AAGA (Fig. 2). Propofol was under-represented in the
AAGA group (p = 0.045), being used in only two patients
(16.7%) compared with 1417 (45.5%) in the baseline group.
Conversely, thiopental was used in nine patients (75.0%),
compared with 1640 (52.9%) in the baseline group,
p = 0.121. Opioid use during induction of general

anaesthesia was lower in the AAGA group at four (33.3%)
patients, but this was not statistically signi!cant (p = 0.486)
when compared with the 1347 (43.4%) patients in the
baseline group who received opioids. All AAGA patients
received NMB drugs. Non-depolarising NMB drug use was
similar in the AAGA group to the baseline, received by 7 of
12 (58.3%) compared with 1620 of 3115 (52.0%), p = 0.661.
Five of the AAGA patients received suxamethonium but no
non-depolarising NMB drug (41.7%). Nerve stimulator use
was in"uenced by the complications during emergence in
the AAGA group, since monitoring was only applied after
residual paralysis was clinically recognised and AAGA had
already occurred in two patients. Four of the remaining 12
AAGA patients (33.3%) had nerve stimulator monitoring
compared with 855 out of 3115 patients in the baseline
cohort (27.4%). Use of nitrous oxide and sevo"urane was
similar across the groups.

Ten patients with AAGA (83.3%) underwent surgery
during the night shift (20:00–07:59), a far greater proportion
compared with the non-AAGA cohort in which only 1373
(44.4%) patients had surgery at night, p = 0.007. Five
(41.7%) patients with AAGA had general anaesthesia after
failed or inadequate neuraxial anaesthesia. This was not
signi!cantly different from the 861 (27.6%) in the non-AAGA
group, p = 0.278. Processed electroencephalogram
monitoring was infrequent in the baseline cohort, used on
only 148 (4.7%) patients across seven hospital sites. No
AAGA patients received processed electroencephalogram
monitoring. There were no cases of AAGA attributed to

Figure 3 Hierarchical representation ofMichigan
Awareness Classi!cations for AAGApatients (n = 12),
showing that immediate distress occurring exclusively in
patients reporting pain and/or paralysis (affecting almost all
patients reports those experiences). None of the four
patients who reported auditory or tactile perceptions had
distress.

Figure 4 PCL-5 scores at 30 days postoperatively for
patients with certain/probable and possible accidental
awareness during general anaesthesia (n = 12), compared
with baseline (n = 341). Solid line = median; box = IQR;
whisker = upper and lower adjacent values.
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16 women; elective cesarean delivery
Anesthetic technique: 10 mcg/kg fentanyl; 100 mcg/kg pancuroniun; enflurane 
Maternal and cord blood sample around 12 minutes (delivery time)

Plasma fentanyl levels: MV 7.8 ng/mL; MA 5.2 ng/mL; UV 3.6 ng/mL; UA 1.4 ng/mL
Apgar scores:

1st min 6 (1 case); 7-9 (15 cases)
5th min 8 (1 case); 9 (1 case); 10 (14 cases)
10th min 10 in all cases

Braz J Anesthesiol Int Issue 1992; 3:35-37

The use of narcotics, particularly meperidine, is
common practice in obstetrics for relief of pain and

correction of uterine dystocia in vaginal deliveries.1,2

However, the intentional administration of these
drugs as pre-anesthetic medication in surgical deliv-
eries is classically counter-indicated due to the pos-
sibility of neonatal respiratory depression which,
nevertheless, depends on the dosage used and the
time elapsed between injection and delivery3,4.
Based on these observations, a study was conducted
in which it was shown that small intravenous doses of
Innovar_ (1-2 ml), used as a pre-anesthetic medica-
tion in patients undergoing cesarean section, did not
interfere in Apgar scores5. Neonatal resuscitation
maneuvers, when necessary,  were limited to aspira-
tion of the upper airways and ventilation with oxygen
using a mask; in no case was it necessary to admin-
ister a narcotic antagonist or perform tracheal intuba-
tion, even in those cases in which the cesarean

section was performed as a consequence of fetal
distress.

This study was designed to analyze the correlation
between maternal and fetal plasma concentrations of
fentanyl, as well as to observe its repercussions on
the neonate’s well-being when their  mothers  were
submitted to cesarean sections under general anes-
thesia with high doses of fentanyl.

METHODS

Sixteen newborns (fifteen full-term pregnancies
and one post-term pregnancy) of nulliparous or mul-
tiparous mothers, physical status ASA I or II, sub-
mitted to elective or emergency cesarean section
under general anesthesia, were studied. No pre-
anesthetic medication was employed. A venoclysis
was established in the forearm to allow administration
of drugs and fluids. Following a negative Allen’s test,
the radial artery was cannulated with an 18G teflon
catheter for continuous monitoring of the mean ar-
terial pressure (MAP) and the drawing of blood sam-
ples to measure plasma concentrations of fentanyl.
After pre-oxygenation with 100% oxygen, under
mask, during two minutes, using a system without
CO2 absorber, anesthesia was induced using a sin-
gle, rapid (30-second) intravenous injection of 10
µg.kg-1 of fentanyl associated with 100 µg.kg-1 of
pancuronium. Following ventilation with oxygen and

Braz J Anesthesiol Int Issue, 1992;3 : 35-37

General Anesthesia for Cesarean Section with Fentanyl:
Maternal and Fetal Plasma Concentrations

Alfredo Augusto Vieira Portella, MD,TSA, Guilherme Frederico Ferreira dos Reis, MD,TSA
Geraldo Augusto de Mello Silva,MD,TSA & Nelbe Uchôa Cyreno, MD

The plasma concentration of fentanyl was determined in the maternal and umbilical cord blood in
16 pregnant women undergoing cesarean section under general anesthesia. The patients were anes-
thetized with fentanyl 10 µg.kg-1, pancuronium 100 µg.kg-1 and enflurane. Maternal and umbilical cord blood
samples were drawn 12.47 + 2.75 minutes after the administration of fentanyl. The concentration of fentanyl
in plasma was determined by radioimmunoassay with the following results: 7.8 + 2.4 ng.ml-1, in the maternal
vein; 5.2 + 0.9 ng.ml-1 in the maternal artery; 3.6 + 1.2 ng.ml-1 in the umbilical vein; and 1.4 + 0.6 ng.ml-1
in the umbilical artery. These results show that there is a plasma concentration gradient of fentanyl between
maternal and fetal blood. The Apgar score observed at the 1st minute was 6 for one newborn, while it was
between 7 and 9 for the other newborns. At the 5th minute it was 8 for one newborn, 9 for one newborn,
and 10 for 14 newborns; at the 10th minute it was 10 for all 16 newborns. These results suggest that no
adverse effect attributable to fentanyl was detected in neonates, as evaluated by the Apgar score.

Key Words: ANESTHETIC, Venous: fentanyl; ANESTHETIC TECHNIQUE, General: venous;
SURGERY: obstetric.
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ReviewArticle

Ef!cacy of regional blocks or local anaesthetic in!ltration
for analgesia after caesarean delivery: a network
meta-analysis of randomised controlled trials

N. P. Singh,1D.Monks,2 J. K.Makkar,3A. Palanisamy,2P. Sultan4 andP.M. Singh2

1Consultant, Department of Anaesthesia, MaharishiMarkandeshwar Institute ofMedical Sciences and Research,
MaharishiMarkandeshwar University, Mullana-Ambala, India
2Assistant Professor, Department of Anesthesia,WashingtonUniversity, Saint Louis,MO, USA
3 Professor, Department of Anaesthesia and Intensive care, Post Graduate Institute ofMedical Education and Research,
Chandigarh, India
4Associate Professor, Department of Anesthesia, StanfordUniversity School ofMedicine, Stanford, CA, USA

Summary
Caesarean delivery is common and can cause severe postoperative pain but injection of local anaesthetic at
various sites for regional blocks or local anaesthetic in!ltrationmay reduce this. We aimed to compare and rank
these sites. We searched PubMed, Google Scholar, EMBASE and CENTRAL to June 2021 for randomised
controlled trials and performed a random-effects Bayesian model network meta-analysis. The primary outcome
was dose of parenteral morphine equivalents in the !rst 24 postoperative hours. We used surface under
cumulative ranking probabilities to order techniques. We analysed 114 trials (8730 participants). The ordered
mean (95% credible interval) reduction inmorphine equivalents, from 34 mgwith placebo, were as follows: ilio-
inguinal 15 (1–32) mg; ilio-inguinal–iliohypogastric 13 (6–19) mg; transversalis fascia 11 (4–26) mg; erector
spinae 11 (10–32); transverse abdominis 9 (4–13) mg; wound catheter infusion 8 (2–15) mg; quadratus
lumborum 8 (1–15) mg; wound in!ltration 8 (2–13) mg; and no intervention !4 (!10 to 2) mg. Ordered
ef!cacies for injection sites were different for other relevant outcomes, including pain (to 4–6 h and to 24 h) and
time to rescue analgesia: there was no single preferred route of injection. The ordered mean (95% credible
interval) reduction in dynamic pain scores (0–10 scale) at 24 h compared with placebo were as follows: wound
infusion 1.2 (0.2–2.1); erector spinae 1.3 (!0.5 to 3.1); quadratus lumborum 1.0 (0.1–1.8); ilio-inguinal–
iliohypogastric 0.6 (!0.5 to 1.8); transverse abdominis 0.6 (!0.1 to 1.2); wound in!ltration 0.5 (!0.3 to 1.3);
transversalis fascia!0.8 (!3.4 to 1.9); ilio-inguinal!0.9 (!3.6 to 1.7); and no intervention!0.8 (!1.8 to 0.2). We
categorised our con!dence in effect sizes as lowor very low.

.................................................................................................................................................................
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Introduction
Caesarean delivery is common and causes moderate to
severe postoperative pain [1]. Women consider effective
pain relief after caesarean delivery a priority, which

improves functional recovery and interaction of mothers
with their newborns [2]. Severe acute postoperative pain
increases opioid requirement, postpartum depression and
persistent pain [3].
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114 RCTs included up to 2021

Random-effects Bayesian model network meta-analysis

Primary outcome: dose of parenteral morphine equivalents in first 24 hours

Surface Under the Cumulative Ranking Curves (SUCRA) used to rank interventions 



summarised for 23 trials (1983 participants) in the online
Supporting Information (Table S2andFigure S4).

The ordered effects of injection sites on static pain 24 h
after surgery, reported by 83 trials (5733 participants), were
different to the sequences of opioid dose and time to rescue
analgesia (Fig. 3, Tables 3 and 4). Dynamic pain at 24
postoperative hours was reported by 54 trials (3828
participants). The injection site (SUCRA) order and mean
(95% credible interval) reduction in dynamic pain scores
(compared with placebo) were as follows: wound infusion
(0.83), 1.2 (0.2–2.1); erector spinae (0.80), 1.3 (!0.5 to 3.1);

quadratus lumborum (0.76), 1.0 (0.1–1.8); Ilio-inguinal–
iliohypogastric (0.61), 0.6 (!0.5 to 1.8); transverse
abdominis (0.58), 0.6 (!0.1 to 1.2); wound in!ltration (0.56),
0.5 (!0.3 to 1.3) transversalis fascia (0.23), !0.8 (!3.4 to
1.9); ilio-inguinal (0.2), !0.9 (!3.6 to 1.7); and no
intervention (0.13), !0.8 (!1.8 to 0.2). At 4–6 postoperative
hours, static pain was reported by 85 trials (6291
participants) and dynamic pain was reported by 48 trials
(3554 participants), the ordered sequences of which were
also different (online Supporting Information, Figure S5 and
Table S3).

Placebo (1480)

Ilio-inguinal–iliohypogastric (408)TAP block (1094)

Ilio-inguinal (34)

Erector Spinae Plane Block (30)

QL Block (302)

No intervention (631) Continuous wound infiltration (420)

Wound infiltration (662)

TFP block (65)

613

10

11

1

3

1

1

2

11

2

2

1

2

1

1
1

6

3

1

1

(a) (b)

Figure 2 (a) Network geometry of 73 trials (5126women) that tested local anaesthetic injection and reported the dose of
morphine equivalent in the !rst 24 h after caesarean section. The node area is proportionate to number of women
(parentheses). The thickness of the lines connecting nodes is proportionate to the number of trials (parentheses). (b) The
corresponding con!dence in networkmeta-analysis (CINeMA) diagramof the proportion of women in trials with uncertainty or
bias categorised as: high (red);moderate (yellow); and low (green). Lines indicate comparisons that weremainly direct (green)
or indirect (yellow).

Table 1 Reduction in morphine equivalent dose in the !rst 24 h after caesarean section with local anaesthetic at eight injection
sites vs. 34 mgwith placebo. Bayesian networkmeta-analysis waswith 73 randomised controlled trials of 5126 participants.

Injection site Mean (95%credible interval) reduction (mg) Con!dence in effect Ranking (SUCRA)

Ilio-inguinal 15 (!1 to 31) Low 1st (0.79)

Ilio-inguinal–iliohypogastric 13 (6–19) Low 2nd (0.77)

Transversalis fascia 11 (!4 to 26) Very low 3rd (0.64)

Erector spinae 11 (!10 to 32) Very low 4th (0.61)

Transversus abdominis 9 (4–13) Low 5th (0.53)

Wound infusion 8 (2–14) Very low 6th (0.52)

Quadratus lumborum 8 (1–15) Low 7th (0.52)

Wound in!ltration 8 (2–13) Very low 8th (0.47)

Placebo ! ! 9th (0.13)

No intervention !4 (!10 to 2) Very low 10th (0.02)

SUCRA, surface under the cumulative ranking curves.
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analgesia, although con!dence in the magnitude of effects
was low or very low. The sequence of injection site ordered
by the magnitude of the effect was different for each
outcome.

It is arguable whether the reductions in morphine
equivalent dose and pain caused by the local anaesthetic
injection justify their use. For instance, ilio-inguinal-
iliohypogastric injection – one of the !ve sites for which the
credible interval excluded zero effect – reduced morphine
dose during 24 h by 6–19 mg and static pain by between 0
and just more than 1. One arbitrary suggestion is that
reducingmorphine equivalent dose by a third is worthwhile,
whichwould be about 11 mg in the trials we analysed [128].

False data have been detected in the individual patient
data of almost half of the trials submitted to one journal,
one-quarter of which were categorised as fatally "awed [13].
These !ndings erode trust in individual trials and are
problematic for data syntheses such as ours. We analysed
how sensitive our results were to rates of false trials. We are
unaware of previous attempts to apply such a strategy to a
network meta-analysis. We found that exclusion of more
trials had varying effects on point estimate and credible
intervals for different comparisons: the point estimate did
not necessarily increase or decrease monotonously,
although for most the effect tended towards zero as more
trials were excluded, while the credible interval generally

Table 3 Mean (95% credible interval) reduction in static pain scores at 24 h after caesarean compared with placebo (mean
score 2.4), calculatedwith 83 trials (5733 participants).

Injection site Mean (95%credible interval) reduction Con!dence in effect Ranking (SUCRA)

Erector spinae 1.3 (!0.2 to 2.7) Very Low 1st (0.84)

Quadratus lumborum 0.9 (0.3–1.5) Very Low 2nd (0.80)

Ilio-inguinal–iliohypogastric 0.8 (0.1–1. 4) Very low 3rd (0.71)

Wound catheter infusion 0.6 (0.0–1.3) Very low 4th (0.62)

Transversus abdominis 0.6 (0.2–1.0) Very Low 5th (0.57)

Ilio-inguinal 0.5 (0.8–1.8) Very low 6th (0.52)

Wound in!ltration 0.4 (!0.1 to 1.0) Very Low 7th (0.49)

Placebo ! ! 8th (0.22)

Transversalis fascia !0.5 (!2.0 to 0.9) Very Low 9th (0.12)

No intervention !0.3 (!0.9 to 0.3) Very low 10th (0.01)

SUCRA, surface under the cumulative ranking curves.

Table 4 Mean (95% credible interval) reduction of static pain scores by local anaesthetic in the !rst 24 h after caesarean section
for one site (column) vs. another site (row).

Erector
spinae

0.3 (!1.2
to 1.9)

Quadratus
lumborum

0.5 (!1.1
to 2.0)

!0.2 (!1.0
to 0.7)

Ilio-inguinal-
iliohypogastric

0.6 (!1.0
to 2.2)

!0.3 (!1.2
to 0.6)

!0.1 (!1.0
to 0.8)

Wound
infusion

0.7 (!0.7
to 2.1)

0.4 (!0.3
to 1.0)

0.2 (!0.4
to 0.8)

0.1 (!0.6
to 0.8)

Transversus
abdominis

0.8 (!1.1
to 2.7)

!0.5 (!1.8
to 1.0)

!0.3 (!1.6
to 1.1)

0.2 (!1.3
to 1.6)

!0.1 (!1.4
to 1.2)

Ilio-inguinal

0.8 (!0.7
to 2.3)

0.5 (!0.3
to 1.2)

0.3 (!0.4
to 1.1)

0.2 (!0.6
to 1.0)

0.1 (!0.4
to 0.7)

0.0 (!1.3
to 1.4)

Wound
in!ltration

1.3 (!0.2
to 2.7)

!0.9 (!1.5
to!0.3)

0.8 (!0.1
to 1.4)

0.6 (0–1.3) !0.6 (!1.0
to!0.2)

1.3 (!0.2
to 2.7)

!0.4 (!1.0
to 0.1)

Placebo

1.8 (!0.3
to 3.8)

1.5 (!0.1
to 3.0)

1.3 (!0.2
to 2.8)

1.2 (!0.4
to 2.7)

1.1 (!0.4
to 2.6)

1.0 (!0.9
to 2.9)

!1.0 (!2.5
to 0.5)

0.5 (!0.9
to 2.0)

Transversalis
fascia

1.6 (!0.1
to 3.1)

!1.2 (!2.0
to!0.6)

1.1 (!0.4
to 1.8)

0.9 (!0.2
to 1.7)

!0.9 (!1.4
to 0.4)

0.8 (!0.4
to 2.0)

!0.7 (!1.4
to!0.1)

!0.3 (!0.9
to 0.3)

0.2 (!1.2
to 1.7)

No
intervention
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Oxytocin at elective caesarean delivery: a dose-!nding
study inwomenwith obesity
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Summary
Prophylactic oxytocin administration at the third stage of labour reduces blood loss and the need for additional
uterotonic drugs. Obesity is known to be associated with an increased risk of uterine atony and postpartum
haemorrhage. It is unknown whether women with obesity require higher doses of oxytocin in order to achieve
adequate uterine tone after delivery. The purpose of this study was to establish the bolus dose of oxytocin
required to initiate effective uterine contraction in 90% of women with obesity (the ED90) at elective caesarean
delivery. We conducted a double-blind dose-!nding study using the biased coin up-down design method.
Term pregnant women with a BMI ! 40 kg.m!2 undergoing elective caesarean delivery under regional
anaesthesia were included. Those with conditions predisposing to postpartum haemorrhage were not
included. Oxytocin was administered as an intravenous bolus over 1 minute upon delivery of the fetus. With the
!rst woman receiving 0.5 IU, oxytocin doses were administered according to a sequential allocation scheme.
The primary outcome measure was satisfactory uterine tone, as assessed by the operating obstetrician
2 minutes after administration of the oxytocin bolus. Secondary outcomes included the need for rescue
uterotonic drugs, adverse effects and estimated blood loss.We studied 30 womenwith amean (SD) BMI of 52.3
(7.6) kg.m-2. The ED90 for oxytocin was 0.75 IU (95%CI 0.5–0.93 IU) by isotonic regression and 0.78 IU (95%CI
0.68–0.88 IU) by the Dixon andMoodmethod. Our results suggest that women with a BMI ! 40 kg.m-2 require
approximately twice as much oxytocin as those with a BMI < 40 kg.m-2, in whom an ED90 of 0.35 IU (95%CI
0.15–0.52 IU) has previously beendemonstrated.
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Introduction
Postpartum haemorrhage (PPH) remains a major cause of
death during childbirth and accounted for over 80,000
deaths worldwide in 2015 [1]. The most recent Con!dential
Enquiry into Maternal Deaths UK data indicated a maternal
death rate from PPH of 0.78 per 100,000 maternities,

representing 18% of all direct maternal deaths [2]. A
systematic review estimated the global incidence of PPH to be
10.8%, and that of severe PPH (blood loss ! 1000 ml) as 2.8%
[3]. Over the last decade, an increased incidence of PPH has
been observed in high-income countries [4], a large
proportionofwhichhasbeenattributed touterineatony [4–6].

918 © 2020 Association of Anaesthetists
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30 patients with BMI ≥ 40
Elective cesarean delivery under neuraxial anesthesia 
Biased coin up-down sequential allocation design (doses 0.5 IU to 5 IU)
Primary outcome: satisfactory uterine tone at 2 minutes
ED90 of oxytocin calculated by isotonic regression method 



The sequence of effective or ineffective responses at
each dose level for successive women is shown in Figure 2.
The actual doses usedwere 0.5 and 1 IU only. Table 1 shows
the observed and pooled-adjacent-violators algorithm
adjusted response rate for each dose level. The primary
outcomewas achieved in all women at adoseof 1 IU.

The observed ED90 of oxytocin was 0.75 IU (95%CI 0.5–
0.93) by isotonic regression and 0.78 IU (95%CI 0.68–0.88)
by theDixon andMoodmethod.

Three women had inadequate tone at the time of initial
uterine assessment; all had received 0.5 IU of oxytocin. Of
these women, two responded to an extra 3 IU of oxytocin
alone; the third required one dose of carboprost in addition
and had an estimated blood loss (by calculation) of 532 ml.
One woman had an initially adequate response to an
oxytocin bolus of 0.5 IU, but later required an additional
bolus dose of 3 IU. All of the women who received 1 IU (14/
30) responded with adequate uterine tone. No women
required additional uterotonics within 24 h after delivery
other than those used intra-operatively.

Median (IQR [range]) estimated blood loss was 1132
(666–1988 [299–2733]) ml using the aforementioned
calculationbasedonhaematocrit variation. Theobstetrician’s
visualmedian estimate of blood losswas 800 (700–800 [500–
1000]) ml. Median (IQR [range]) volume of intravenous
crystalloid !uid administered during caesarean delivery was
1900 (1500–2100 [1000–2500]) ml. Median (IQR [range])

dose of noradrenaline administered was 54 (24–90 [[0–180])
µg before delivery, and 9 (0–36 [0–96]) µg after delivery.
Adverse effects are shown in Table 2.

Discussion
Our study has shown that the ED90 of oxytocin at elective
caesarean delivery in women with a BMI ! 40 kg.m-2 is
approximately twice that of women with a BMI < 40 kg.m-2,
under comparable conditions (0.75 IU vs. 0.35 IU) [20]. This
trend towards increased dose requirements in obesity is in
keepingwith a similar study using carbetocin, wherewomen
with a BMI ! 40 kg.m-2 required a dose approximately four
times higher than thosewith a BMI < 40 kg.m-2 [22].

Current recommendations for the use of oxytocin at
caesarean delivery vary according to different organisations.
The Royal College ofObstetricians andGynaecologists in the
UK recommends 5 IU by slow intravenous bolus [23]. The
American College of Obstetricians and Gynecologists
recommends 10 IU, either as a dilute infusion or an
intramuscular injection [29], which is in keeping with the
guidance of the World Health Organization [30]. A recent
international consensus statement on the use of uterotonic
drugs at elective caesarean delivery recommended a fraction
of such conventional doses; a 1 IU oxytocin bolus upon
delivery of the fetus, followed by an oxytocin infusion [31].
Further boluses may be administered after assessment of
uterine contraction. However, this statement did not address
oxytocin doses for women with obesity, in whom research is

Figure 2 The response of women to allocated doses of
oxytocin. Closed circles (•) indicate effective doses. Open
circles (!) indicate ineffective doses.

Table 1 Observed andpooled-adjacent-violators algorithm (PAVA)-adjusted response rate.

Assigneddose # success #patient Observed response rate PAVA-adjusted response ratea

0.5 12 15 80% 80%

1 15 15 100% 100%
aEstimatedusingweighted isotonic regressionmethod.

Table 2 Adverse effects before and after delivery. Values
are number (proportion).

Adverseeffect
Beforedelivery After delivery
n = 30 n = 30

Hypotension 18 (50%) 14 (47%)

Tachycardia 3 (10%) 1 (3%)

Bradycardia 6 (20%) 2 (7%)

Nausea 17 (57%) 10 (33%)

Vomiting 0 3 (10%)

Chest pain 0 1 (3%)

Shortness of breath 1 (3%) 0

Headache 0 1 (3%)

Flushing 0 3 (10%)
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The sequence of effective or ineffective responses at
each dose level for successive women is shown in Figure 2.
The actual doses usedwere 0.5 and 1 IU only. Table 1 shows
the observed and pooled-adjacent-violators algorithm
adjusted response rate for each dose level. The primary
outcomewas achieved in all women at adoseof 1 IU.

The observed ED90 of oxytocin was 0.75 IU (95%CI 0.5–
0.93) by isotonic regression and 0.78 IU (95%CI 0.68–0.88)
by theDixon andMoodmethod.

Three women had inadequate tone at the time of initial
uterine assessment; all had received 0.5 IU of oxytocin. Of
these women, two responded to an extra 3 IU of oxytocin
alone; the third required one dose of carboprost in addition
and had an estimated blood loss (by calculation) of 532 ml.
One woman had an initially adequate response to an
oxytocin bolus of 0.5 IU, but later required an additional
bolus dose of 3 IU. All of the women who received 1 IU (14/
30) responded with adequate uterine tone. No women
required additional uterotonics within 24 h after delivery
other than those used intra-operatively.

Median (IQR [range]) estimated blood loss was 1132
(666–1988 [299–2733]) ml using the aforementioned
calculationbasedonhaematocrit variation. Theobstetrician’s
visualmedian estimate of blood losswas 800 (700–800 [500–
1000]) ml. Median (IQR [range]) volume of intravenous
crystalloid !uid administered during caesarean delivery was
1900 (1500–2100 [1000–2500]) ml. Median (IQR [range])

dose of noradrenaline administered was 54 (24–90 [[0–180])
µg before delivery, and 9 (0–36 [0–96]) µg after delivery.
Adverse effects are shown in Table 2.

Discussion
Our study has shown that the ED90 of oxytocin at elective
caesarean delivery in women with a BMI ! 40 kg.m-2 is
approximately twice that of women with a BMI < 40 kg.m-2,
under comparable conditions (0.75 IU vs. 0.35 IU) [20]. This
trend towards increased dose requirements in obesity is in
keepingwith a similar study using carbetocin, wherewomen
with a BMI ! 40 kg.m-2 required a dose approximately four
times higher than thosewith a BMI < 40 kg.m-2 [22].

Current recommendations for the use of oxytocin at
caesarean delivery vary according to different organisations.
The Royal College ofObstetricians andGynaecologists in the
UK recommends 5 IU by slow intravenous bolus [23]. The
American College of Obstetricians and Gynecologists
recommends 10 IU, either as a dilute infusion or an
intramuscular injection [29], which is in keeping with the
guidance of the World Health Organization [30]. A recent
international consensus statement on the use of uterotonic
drugs at elective caesarean delivery recommended a fraction
of such conventional doses; a 1 IU oxytocin bolus upon
delivery of the fetus, followed by an oxytocin infusion [31].
Further boluses may be administered after assessment of
uterine contraction. However, this statement did not address
oxytocin doses for women with obesity, in whom research is

Figure 2 The response of women to allocated doses of
oxytocin. Closed circles (•) indicate effective doses. Open
circles (!) indicate ineffective doses.

Table 1 Observed andpooled-adjacent-violators algorithm (PAVA)-adjusted response rate.

Assigneddose # success #patient Observed response rate PAVA-adjusted response ratea

0.5 12 15 80% 80%

1 15 15 100% 100%
aEstimatedusingweighted isotonic regressionmethod.

Table 2 Adverse effects before and after delivery. Values
are number (proportion).

Adverseeffect
Beforedelivery After delivery
n = 30 n = 30

Hypotension 18 (50%) 14 (47%)

Tachycardia 3 (10%) 1 (3%)

Bradycardia 6 (20%) 2 (7%)

Nausea 17 (57%) 10 (33%)

Vomiting 0 3 (10%)

Chest pain 0 1 (3%)

Shortness of breath 1 (3%) 0

Headache 0 1 (3%)

Flushing 0 3 (10%)
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ED 90 by isotonic regression

0.75 IU( 95% CI 0.5-0.93)

Peska et al. Anaesthesia 2021;76:918-923



ED90 of oxytocin bolus at elective cesarean
delivery in people with twin pregnancy

0.35 IU
(0.18-0.52 IU)

4.38 IU
(3.68-4.46 IU)

> 10 X

Recommendations:
• Bolus dose 5 IU over 1 minute
• Maintenance > 4.8 IU/h or additional uterotonics (future studies)

Oxytocin Bolus Oxytocin Infusion

Increased 
requirement
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Abstract
Purpose A nationwide shortage of oxytocin in Canada
resulted in a temporary switch from oxytocin to carbetocin
for all postpartum women at our institution. This change
offered a unique opportunity to conduct a pragmatic
comparative assessment of the efficacy of carbetocin and
oxytocin.
Methods In a retrospective before-after study, we
reviewed the medical records from 641 women in the
carbetocin group and 752 women in the oxytocin group .
The standard carbetocin dosing was 100 lg iv following
vaginal and intrapartum Cesarean delivery, while for
elective Cesarean delivery it was 50 lg, with an additional
50 lg if required. The standard oxytocin dosing was 5 IU iv
followed by 2.4 IU!hr-1 for four to six hours after vaginal
delivery, while for Cesarean delivery it was 1–3 IU iv,
three minutes apart, up to 10 IU if required, followed by
the same maintenance. In both modalities of delivery, if

uterine tone was suboptimal, the maintenance dose of
oxytocin could be increased to 4.8 IU!hr-1. In both groups,
additional uterotonics were used as required. The primary
outcome was the need for additional uterotonics.
Secondary outcomes included estimated and calculated
blood loss, the occurrence of postpartum hemorrhage, and
the need for blood transfusion.
Results The incidence of additional uterotonic use was not
different between the carbetocin and oxytocin groups
(12.0% vs 8.8%; P = 0.05; odds ratio, 1.39; 95%
confidence interval, 0.97 to 2.00). The incidence of
postpartum hemorrhage was higher in the carbetocin
group than in the oxytocin group (10.3% vs 6.6%; P =
0.01). Blood transfusion was more common in the
carbetocin group (1.4% vs 0.3%; P = 0.02).
Conclusion There was no difference in the use of
additional uterotonics when carbetocin or oxytocin
were used in a cohort of women undergoing vaginal
deliveries and both elective and emergency Cesarean
deliveries.

Résumé
Objectif Une pénurie nationale d’ocytocine au Canada a
entraı̂né l’utilisation temporaire de la carbétocine en
remplacement de l’ocytocine pour toutes les femmes en
post-partum dans notre établissement. Grâce à cette
substitution, nous avons bénéficié d’une occasion unique
de mener une évaluation comparative pragmatique de
l’efficacité de la carbétocine et de l’ocytocine.
Méthode Dans une étude rétrospective avant-après, nous
avons examiné les dossiers médicaux de 641 femmes dans
le groupe carbétocine et de 752 femmes dans le groupe
ocytocine. Le dosage standard de carbécotine était de 100
lg iv après un accouchement vaginal et pendant un
accouchement par césarienne intrapartum, tandis que pour
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Retrospective before-and-after study
641 patients Carbetocin versus 752 patients Oxytocin

Intervention:
Carbetocin 100 mcg IV in all vaginal deliveries and intrapartum CD

50 mcg IV plus 50 mcg IV (if required) in elective CD
Oxytocin 5 IU IV plus 2.4 IU/h maintenance in vaginal deliveries 

1-3 IU IV plus 2.4 IU/h maintenance in cesarean deliveries 

Primary outcome: need for additional uterotonics
Secondary outcomes: blood loss, PPH, blood transfusion



Table 2 Antepartum risk factors

Oxytocin
N =752

Carbetocin
N = 641

P value

Antepartum risk factor, n (%)

Multiple gestation 25 (3.3%) 14 (2.2%) 0.20a

Fetal macrosomia 34 (4.5%) 20 (3.1%) 0.18a

Polyhydramnios 5 (0.7%) 8 (1.2%) 0.26a

Abnormal placentation 15 (2.0%) 11 (1.7%) 0.70a

Previous uterine surgery 98 (13.0%) 122 (19.3%) 0.002a

Pregnancy-induced hypertension 39 (5.2%) 29 (4.5%) 0.57a

Chorioamnionitis 7 (0.9%) 16 (2.5%) 0.02a

History of previous PPH 2 (0.3%) 3 (0.5%) 0.67b

Fibroids 8 (1.1%) 19 (3.0%) 0.01a

Induction of labour 202 (26.9%) 177 (27.6%) 0.75a

Augmentation 306 (40.7%) 236 (36.8%) 0.14a

Prolonged second stage 50 (11.1%) 50 (14.9%) 0.11a

Prolonged third stage 8 (1.1% ) 7 (1.1%) 0.99b

a Pearson Chi square test
b Fisher’s exact test

PPH = postpartum hemorrhage.

Table 3 Obstetric outcomes

Oxytocin
N = 752

Carbetocin
N = 641

P value

Vaginal delivery, n (%) 503 (66.9) 369 (57.6) \ 0.001a

Cesarean delivery, n (%) 249 (33.1) 272 (42.4)

Vaginal delivery, n (%)

SVD 417 (55.5%) 288 (44.9%) 0.07a

AVD 86 (11.4%) 81 (12.6%)

Cesarean delivery, n (%)

Elective 142 (18.9%) 159 (24.8%) 0.74a

In-labour 107 (14.2%) 113 (17.6%)

EBL by physician (mL), mean (SD)

Vaginal delivery 298 (149) 332 (172) 0.003b

Elective CD 661 (184) 677 (197) 0.49b

In-labour CD 716 (213) 745 (259) 0.37b

Calculated EBL (mL), mean (SD)

Elective CD 992 (563) 865 (560) 0.07b

In-labour CD 1153 (621) 1230 (588) 0.37b

Primary PPH, n (%) 50 (6.6%) 66 (10.3%) 0.01a

Blood transfusion, n (%) 2 (0.3%) 9 (1.4%) 0.02c

Second uterotonic administered, n (%) 66 (8.8%) 77 (12.0%) 0.05a

a Pearson Chi square test
b Student’s t test
c Fisher’s exact test

AVD = assisted vaginal delivery; CD = Cesarean delivery; EBL = estimated blood loss; PPH = postpartum hemorrhage; SD = standard deviation;
SVD = spontaneous vaginal delivery.
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BACKGROUND
Prophylactic administration of tranexamic acid has been associated with reduced 
postpartum blood loss after cesarean delivery in several small trials, but evidence 
of its benefit in this clinical context remains inconclusive.

METHODS
In a multicenter, double-blind, randomized, controlled trial, we assigned women 
undergoing cesarean delivery before or during labor at 34 or more gestational 
weeks to receive an intravenously administered prophylactic uterotonic agent and 
either tranexamic acid (1 g) or placebo. The primary outcome was postpartum 
hemorrhage, defined as a calculated estimated blood loss greater than 1000 ml or 
receipt of a red-cell transfusion within 2 days after delivery. Secondary outcomes 
included gravimetrically estimated blood loss, provider-assessed clinically signifi-
cant postpartum hemorrhage, use of additional uterotonic agents, and postpartum 
blood transfusion.

RESULTS
Of the 4551 women who underwent randomization, 4431 underwent cesarean 
delivery, 4153 (93.7%) of whom had primary outcome data available. The primary 
outcome occurred in 556 of 2086 women (26.7%) in the tranexamic acid group and 
in 653 of 2067 (31.6%) in the placebo group (adjusted risk ratio, 0.84; 95% confi-
dence interval [CI], 0.75 to 0.94; P = 0.003). There were no significant between-
group differences in mean gravimetrically estimated blood loss or in the percent-
age of women with provider-assessed clinically significant postpartum hemorrhage, 
use of additional uterotonic agents, or postpartum blood transfusion. Thrombo-
embolic events in the 3 months after delivery occurred in 0.4% of women (8 of 
2049) who received tranexamic acid and in 0.1% of women (2 of 2056) who re-
ceived placebo (adjusted risk ratio, 4.01; 95% CI, 0.85 to 18.92; P = 0.08).

CONCLUSIONS
Among women who underwent cesarean delivery and received prophylactic utero-
tonic agents, tranexamic acid treatment resulted in a significantly lower incidence 
of calculated estimated blood loss greater than 1000 ml or red-cell transfusion by 
day 2 than placebo, but it did not result in a lower incidence of hemorrhage-related 
secondary clinical outcomes. (Funded by the French Ministry of Health; TRAAP2 
ClinicalTrials.gov number, NCT03431805.)
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Multicenter, double-blind RTC
Elective or intrapartum cesarean delivery 
Prophylactic uterotonics (carbetocin 100 mcg or oxytocin 5 or 10 IU plus/minus infusion)
Prophylactic TXA 1 g or placebo within 3 minutes after birth 

primary outcome: blood loss >1000 mL or need for RBC transfusion within 2 days 
secondary outcomes:   gravimetric EBL; provider-assessed relevance of PPH; 

additional uterotonics; postpartum blood transfusion
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tive or postoperative hematocrit or maternal 
weight was not available. Postpartum hemor-
rhage, defined as a calculated estimated blood 
loss greater than 1000 ml or red-cell transfusion 
by day 2, occurred in 556 of 2086 women 
(26.7%) in the tranexamic acid group and in 653 
of 2067 (31.6%) in the placebo group (adjusted 
risk ratio, 0.84; 95% confidence interval [CI], 
0.75 to 0.94; P = 0.003 with multiple imputation 
of missing values) (Table 2). Sensitivity analyses 
with missing values imputed as failures and with 
complete cases yielded similar results (Table S5).

Figure 2 shows the results of the subgroup 
analyses. There was no evidence of differential 
effects of tranexamic acid according to the tim-
ing of cesarean delivery (before or during labor) 
or the presence or absence of known risk factors 
for postpartum hemorrhage.

 Secondary Outcomes
There were no significant between-group differ-
ences in the incidence of any of the following 
hemorrhage-related clinical outcomes: mean gravi-
metrically estimated blood loss, provider-assessed 
clinically significant hemorrhage, use of addi-
tional uterotonic agents for excessive bleeding, 
postpartum blood transfusion, and arterial em-
bolization or emergency surgery. However, the 
mean calculated estimated blood loss and mean 
peripartum changes in hemoglobin and hemato-
crit were lower in the tranexamic acid group 
than in the placebo group (adjusted P<0.001 for 

all three comparisons) (Tables 2 and S6). No 
significant between-group differences were ob-
served for systolic, mean, or diastolic blood 
pressure after delivery (Fig. S1).

 Adverse Events
Table 3 shows safety-related outcomes (addi-
tional details are provided in Tables S7 and S8). 
The incidence of vomiting or nausea in the oper-
ating room or PACU was higher in the tranexamic 
acid group than in the placebo group (43.0% vs. 
36.3%, adjusted P<0.001). There were no signifi-
cant between-group differences in prothrombin 
time, activated partial thromboplastin time, ami-
notransferase levels, fibrinogen level, or kidney-
function tests on day 2. At 3 months after deliv-
ery, data on adverse events were available for 
94.0% of the women. During this period, throm-
boembolic events had occurred in 0.4% (8 of 
2049) of the women in the safety population 
who received tranexamic acid and in 0.1% (2 of 
2056) of those who received placebo (adjusted 
risk ratio, 4.01; 95% CI, 0.85 to 18.92; P = 0.08).

 Maternal Satisfaction, Psychological Status, 
and Per-Protocol Analyses

There was no evidence of differences between 
the groups in maternal satisfaction at day 2 and 
EPDS scores at 2 months (Tables S9 and S10). 
Analyses of the primary and secondary out-
comes in the per-protocol populations showed 
results similar to those in the modified intention-
to-treat population (Tables S11 through S14).

 Discussion

Among women who underwent cesarean deliv-
ery and received a prophylactic uterotonic agent, 
the use of tranexamic acid resulted in a signifi-
cantly lower incidence of the primary outcome 
— calculated estimated blood loss greater than 
1000 ml or red-cell transfusion by day 2 — than 
did the use of placebo. However, the use of tran-
examic acid did not result in lower incidences of 
clinical secondary outcomes related to blood loss 
than placebo.

Our results show that prophylactic use of 
tranexamic acid at cesarean delivery had a bio-
logic effect, in that the calculated estimated 
blood loss was significantly lower among women 
who received the drug than among those who re-
ceived placebo (the mean between-group difference 

Figure!2.!Prespecified!Subgroup!Analyses!of!the!Primary!Outcome!(Modified!
Intention-to-Treat!Population).

Shown is the risk ratio for postpartum hemorrhage (PPH) (tranexamic acid 
vs. placebo), adjusted for randomization stratification variables (center and 
timing of the cesarean delivery). PPH was defined as a calculated estimated 
blood loss greater than 1000 ml or receipt of a red-cell transfusion within 
2 days after delivery. Women who were at risk for PPH were defined as those 
who had one or more risk factors for PPH with an odds ratio of at least 3 in 
the literature32: previous PPH, pregnancy-related hypertensive disorder, mul-
tiple pregnancy, or cesarean delivery during labor.
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4551 patients randomized; 4153 primary outcome available

Primary outcome: 26.7% TXA vs 31.6% placebo; adjusted risk ratio 0.84 (95% CI 0.75 to 0.94); p=0.003

difference in blood loss: approximately 100 mL

No difference in secondary outcomes 

Thromboembolic events: 0.4% TXA vs 0.1%  placebo; adjusted risk ratio 4.01 (95% CI 0.85 to 18.92) p=0.08
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SOAP Thrombocytopenia Consensus Statement

See Article, p 1527

Because up to 12% of obstetric patients meet criteria for the diagnosis of thrombocytopenia in 
pregnancy, it is not infrequent that the anesthesiologist must decide whether to proceed with a 
neuraxial procedure in an affected patient. Given the potential morbidity associated with general 
anesthesia for cesarean delivery, thoughtful consideration of which patients with thrombocytopenia 
are likely to have an increased risk of spinal epidural hematoma with neuraxial procedures, and 
when these risks outweigh the relative bene!ts is important to consider and to inform shared deci-
sion making with patients. Because there are substantial risks associated with withholding a neur-
axial analgesic/anesthetic procedure in obstetric patients, every effort should be made to perform 
a bleeding history assessment and determine the thrombocytopenia etiology before admission for 
delivery. Whereas multiple other professional societies (obstetric, interventional pain, and hema-
tologic) have published guidelines addressing platelet thresholds for safe neuraxial procedures, 
the US anesthesia professional societies have been silent on this topic. Despite a paucity of 
high-quality data, there are now meta-analyses that provide better estimations of risks. An inter-
disciplinary taskforce was convened to unite the relevant professional societies, synthesize the 
data, and provide a practical decision algorithm to help inform risk-bene!t discussions and shared 
decision making with patients. Through a systematic review and modi!ed Delphi process, the task-
force concluded that the best available evidence indicates the risk of spinal epidural hematoma 
associated with a platelet count "70,000 # 106/L is likely to be very low in obstetric patients with 
thrombocytopenia secondary to gestational thrombocytopenia, immune thrombocytopenia (ITP), 
and hypertensive disorders of pregnancy in the absence of other risk factors. Ultimately, the deci-
sion of whether to proceed with a neuraxial procedure in an obstetric patient with thrombocytopenia 
occurs within a clinical context. Potentially relevant factors include, but are not limited to, patient 
comorbidities, obstetric risk factors, airway examination, available airway equipment, risk of general 
anesthesia, and patient preference. Endorsed by the American Society of Regional Anesthesia 
and Pain Medicine (ASRA), American College of Obstetricians and Gynecologists (ACOG), and 
the Society for Maternal-Fetal Medicine (SMFM).!(Anesth Analg 2021;132:1531–44)
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GLOSSARY
95% CI = 95% con!dence interval; AAGBI = Association of Anaesthetists of Great Britain and 
Ireland; ACC/AHA = American College of Cardiology/American Heart Association; ACOG = American 
College of Obstetricians and Gynecologists; ADP = adenosine 5! diphosphate; AFLP = acute fatty 
liver of pregnancy; ALT = alanine aminotransferase; aPTT = activated partial thromboplastin time; 
ASH = American Society of Hematology; ASRA = American Society of Regional Anesthesia and Pain 
Medicine; AST = aspartate aminotransferase; CBC = complete blood count; CLASP = Collaborative 
Low-dose Aspirin Study in Pregnancy; COR = Class of Recommendation; COX = cyclooxygenase; 
CSE = combined spinal-epidural; CT = closure time; DIC = disseminated intravascular coagulation; 
EDTA = ethylenediamine tetra-acetic acid; EO = expert opinion; Epi = epinephrine; Hb = hemoglobin; 
HELLP = hemolysis, elevated liver enzymes, low platelet count; ITP = immune thrombocytopenia; IV 
= intravenous; IVIG = intravenous immunoglobulin; LD = limited data; LDH = lactate dehydrogenase; 
LOE = level of evidence; MPV = mean platelet volume; MRI = magnetic resonance imaging; NR = 
nonrandomized; PBS = peripheral blood smear; PFA = platelet function analyzer; PLT = platelet; 
PT = prothrombin time; RCT = randomized controlled trial; REDCap = Research Electronic Data 
Capture; ROTEM = rotational thromboelastometry; SMFM = Society for Maternal Fetal Medicine; 
SOAP = Society for Obstetric Anesthesia and Perinatology; TEG = thromboelastography; TTP = 
thrombotic thrombocytopenic purpura

Up to 12% of obstetric patients with preg-
nancy-related complications meet criteria 
for the diagnosis of thrombocytopenia in 

pregnancy, with ~1% of patients having moder-
ate to severe disease de!ned as <100,000 " 106/L.1 
Obstetric patients with thrombocytopenia are often 
denied neuraxial procedures due to the perceived 
increased risk for spinal epidural hematoma. Opting 
for general anesthesia rather than neuraxial anesthe-
sia has the potential to result in maternal morbid-
ity and fetal exposure to pharmacologic agents.2–4 
Despite the paucity and low quality of evidence to 
guide anesthetic practice, anesthesiologists must 
make clinical decisions (often with time constraints) 
about whether to proceed with neuraxial anesthe-
sia in obstetric patients with thrombocytopenia. 
This consensus statement was developed to provide 
the best available evidence and a clinical decision 
aid to inform risk-bene!t discussions with patients 
and obstetricians and to enable anesthesiologists to 
engage in effective shared decision making.

METHODS
The taskforce formulated this consensus statement 
based on a modi!ed Delphi process that occurred 
between January 2018 and December 2019 and 
included a systematic review of the literature, 2 
anonymous questionnaires, 2 face-to-face meet-
ings, and multiple telephone and e-mail exchanges 
(Supplemental Digital Content 1, Figure, http://
links.lww.com/AA/D308). The taskforce members 
were designated by the participating specialty profes-
sional organizations (American Society of Regional 
Anesthesia and Pain Medicine [ASRA], American 
College of Obstetricians and Gynecologists [ACOG], 
Society for Maternal-Fetal Medicine [SMFM], and 
American Society of Hematology [ASH]), taskforce 
Co-Chairs (L.L. and M.E.B.), and approved by the 
Society for Obstetric Anesthesia and Perinatology 
(SOAP) board of directors to comprise the taskforce. 
These designees included experts in the hematologic 
and obstetric implications of thrombocytopenia in 
pregnancy, neuraxial anesthesia, and statistical meth-
ods. Prospective members were initially contacted by 

Why was this consensus statement developed?
This consensus statement was commissioned by the Society for Obstetric Anesthesia and Perinatology (SOAP) 
to address the risks and bene!ts of performing neuraxial procedures in obstetric patients with thrombocyto-
penia. Representatives were chosen to provide interdisciplinary input by the following subspecialty profes-
sional organizations: American Society of Regional Anesthesia and Pain Medicine (ASRA), American College of 
Obstetricians and Gynecologists (ACOG), Society for Maternal-Fetal Medicine (SMFM), and the American Society 
of Hematology (ASH).
What other statements or guidelines are available on this topic?
There are multiple national subspecialty professional organizations (hematology, obstetric, and transfusion 
medicine) that address the performance of neuraxial procedures in patients with thrombocytopenia, but the US 
anesthesia professional organizations have remained silent on this topic.
How does this statement differ from existing guidelines?
This consensus statement focuses on obstetric patients with moderate to severe thrombocytopenia (platelet 
count <100,000 " 106/L), whereas existing guidelines cover a range of other related topics and patient popula-
tions, primarily related to lumbar punctures.
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Figure. Thrombocytopenia in obstetric patients: decision aid for when to proceed with a neuraxial procedure. HELLP indicates hemolysis, 
elevated liver enzymes, low platelet count; IV = intravenous; LD = limited data.
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N EURAXIAL analgesia and anesthesia remain the 
standard of care for management of the laboring 

parturient and cesarean delivery.1,2 Even with modern 
advances in airway management, the incidence of failed 
intubation in pregnant women during cesarean delivery 
is approximately 1:443, with maternal mortality occur-
ring at a rate of one death per 90 failed intubations.3 
Intubation failure, inadequate ventilation, and aspiration 
represent leading causes of anesthesia-associated obstetric 
morbidity.4 !erefore, neuraxial techniques, which a"ord 
an opportunity to avoid airway instrumentation, are 
advocated for labor (to allow for conversion from labor 
epidural analgesia to cesarean delivery anesthesia) and 
cesarean delivery.

!rombocytopenia, depending on its severity, has long 
been considered a relative or even absolute contraindication 
to neuraxial techniques due to a potential increased risk of 

ABSTRACT

Background: !rombocytopenia has been considered a relative or even absolute contraindication to neuraxial techniques due 
to the risk of epidural hematoma. !ere is limited literature to estimate the risk of epidural hematoma in thrombocytopenic 
parturients. !e authors reviewed a large perioperative database and performed a systematic review to further de#ne the risk 
of epidural hematoma requiring surgical decompression in this population.
Methods: !e authors performed a retrospective cohort study using the Multicenter Perioperative Outcomes Group database 
to identify thrombocytopenic parturients who received a neuraxial technique and to estimate the risk of epidural hematoma. 
Patients were strati#ed by platelet count, and those requiring surgical decompression were identi#ed. A systematic review was 
performed, and risk estimates were combined with those from the existing literature.
Results: A total of 573 parturients with a platelet count less than 100,000 mm–3 who received a neuraxial technique across 
14 institutions were identi#ed in the Multicenter Perioperative Outcomes Group database, and a total of 1,524 parturi-
ents were identi#ed after combining the data from the systematic review. No cases of epidural hematoma requiring surgical 
decompression were observed. !e upper bound of the 95% CI for the risk of epidural hematoma for a platelet count of 0 to 
49,000 mm–3 is 11%, for 50,000 to 69,000 mm–3 is 3%, and for 70,000 to 100,000 mm–3 is 0.2%.
Conclusions: !e number of thrombocytopenic parturients in the literature who received neuraxial techniques without 
complication has been signi#cantly increased. !e risk of epidural hematoma associated with neuraxial techniques in par-
turients at a platelet count less than 70,000 mm–3 remains poorly de#ned due to limited observations. (ANESTHESIOLOGY  
2017; 126:1053-64)

What We Already Know about This Topic

• Thrombocytopenia is considered a relative or even absolute 
contraindication to neuraxial techniques for labor analgesia 
due to potential risk of epidural hematoma

• There is no consensus on the acceptable platelet count 
required to safely perform neuraxial techniques, and no 
multicenter study to date has stratified the risk of epidural 
hematoma by platelet count

What This Article Tells Us That Is New

• The Multicenter Perioperative Outcomes Group database and 
a systematic literature review were combined to estimate the 
relationship between platelet count and the risk of epidural 
hematoma requiring surgical decompression after neuraxial 
techniques

• The upper bound of the 95% CI for epidural hematoma 
risk was 11% for a platelet count of 0 to 49,000 mm–3, 
3% for 50,000 to 69,000 mm–3, and 0.2% for 70,000 to 
100,000 mm–3
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