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Preoxygenation
at least 4 deep breaths, 
preferable: ETO2>0.8

1. Alfentanil 0.5mg iv
2. Propofol 2 (-3) mg/kg
3. Rocuronium 1 mg/kg
4. Cricoid pressure
5. Apnea oder gentle mask ventilation 
(Pmax <20 cmH2O)

NMBA after propofol, do not wait for apnea. 
Intubation 50 sec after rocuronium 
(dose to ideal weight, opt. +20%)

Intubation
Check tube (CO2 !)

start surgery

Sevo max 1 MAC
100 % O2

cord clamping

Fentanyl 2-3 µg/kg
Midazolam 3-5 mg, if ø BIS or BIS > 55
Reduce Sevo < 1MAC (uterine tone !)

Awake, reflexes
no residual paralysis

Extubation

Preeclampsia, cardiovasc. disease:
Remifentanil 1 μg/kg (instead of 

alftentanil) slow bolus, 
followed by infusion 

(TCI oder 10-36 ml/h)

M. Brunner, Th. Girard, March 2023

TOF: 4 Twitches: Robinul/Neostigmin
< 4 Twitches: Sugammadex 200 mg

TOF< 0.9 after 4-5min: repeat 200mg

Propofol as alternative to Sevo: 
TIVA with BIS

Postoperative Analgesia:
Working epidural: Morphine 2mg epidural
No epidural
- Paracetamol 1g iv
- Ibuprofen 400mg iv
- Morphine 0.1mg/kg iv (ideal weight)

Optional wound infiltration with bupivacaine 
0.25% 20-30ml
TAP block, if consent available
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ABSTRACT
Introduction: The adverse effects of induction opioids on the neonate are poorly characterised. The study aim was to investigate
whether induction opioids can be used in caesarean section without adversely affecting the neonate.
Methods: Six databases were systematically searched from inception until January 2019. Included studies compared induction opi-
oids and placebo in caesarean section. Results were presented as odds ratios (95% confidence intervals) for dichotomous outcomes
and weighted mean difference for continuous outcomes. An I2 statistic of >50% was significant for heterogeneity. The primary
outcome was Apgar score (1 and 5 min). Secondary outcomes included neonatal adverse events, cord blood gas analyses, maternal
haemodynamic parameters (systolic blood pressure (SBP), mean arterial pressure (MAP), heart rate (HR) and catecholamine
concentrations.
Results: Seventeen studies (n=987) were included in the meta-analysis. Remifentanil 0.5–1 lg/kg or 2–3 lg/kg/h, alfentanil
7.5–10 lg/kg and fentanyl 0.5–1 lg/kg were compared to placebo. There was no significant difference in Apgar scores at 1 min
(P=0.25, 0.58 and 0.89 respectively) for all three opioids or at 5 min for remifentanil and alfentanil (P=0.08 and 0.21 respectively).
Fentanyl significantly reduced 5 min Apgar scores (P=0.002). There was no difference in neonatal airway interventions with
remifentanil or alfentanil (P <0.05). All three induction opioids caused a significant reduction in maximum SBP (P <0.0001),
MAP (P <0.00001) and HR (P <0.00001).
Conclusion: Induction opioids are effective sympatholytic agents. Remifentanil and alfentanil appear to be safe, with no significant
effect on Apgar scores or neonatal airway intervention, but a well-powered trial is required to confirm these findings.
! 2019 Elsevier Ltd. All rights reserved.

Keywords: Opioids; Caesarean section; Anaesthesia, general; Randomised trials

Introduction

Caesarean section (CS) under general anaesthesia (GA)
is commonly performed due to surgical urgency, inade-
quate previous block, maternal refusal or contraindica-
tion to neuraxial anaesthesia.1 The induction of
general anaesthesia and initial surgical incisions cause
significant sympathetic drive which may result in
adverse effects, for example intracranial haemorrhage

in the context of comorbidities such as pre-
eclampsia.2–5 For this reason sympatholysis is often
required on induction of GA and initiation of CS. Opi-
oids are highly effective sympatholytic agents used at
induction of GA but are often avoided due to their
potential adverse effects on the neonate.6–10 Recommen-
dations to omit opioids from the induction of anaesthe-
sia are based on evidence from the use of older, longer-
lasting opioids.1 The newer, shorter-acting opioids (e.g.
remifentanil, alfentanil and fentanyl) have been pro-
posed as ‘safe’ options for the induction of GA for
CS. There has been one small meta-analysis investigat-
ing the effect of remifentanil.11 This study showed a high
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• Remifentanil 0.5-1 µ/kg 

• Alfentanil 7.5-10 µg/kg 

• Fentanyl 0.5-1 µg/kg
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A dose–response study of remifentanil for attenuation of the
hypertensive response to laryngoscopy and tracheal intubation
in severely preeclamptic women undergoing caesarean delivery
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Chonnam National University Medical School, Gwangju, South Korea

ABSTRACT
Background: Remifentanil is known to attenuate the cardiovascular responses to tracheal intubation. We determined effective
doses (ED50/ED95) of remifentanil to prevent the pressor response to tracheal intubation in patients with severe preeclampsia.
Methods: Seventy-five women with severe preeclampsia were randomly allocated to one of five remifentanil dose groups (0.25,
0.50, 0.75, 1.0, or 1.25 lg/kg) given before induction of anaesthesia using thiopental 5 mg/kg and suxamethonium 1.5 mg/kg. Sys-
tolic arterial pressure, heart rate and plasma catecholamine concentrations were measured. Neonatal effects were assessed by
Apgar scores and umbilical cord blood gas analysis. A dose was considered effective when systolic arterial pressure did not exceed
160 mmHg for more than 1 min following tracheal intubation.
Results: Baseline systolic blood pressure and heart rate did not differ among the groups. The intubation-induced increases of heart
rate and blood pressure were attenuated in a dose-dependent manner by remifentanil. ED50 and ED95 were 0.59 (95% CI 0.47–
0.70) lg/kg and 1.34 (1.04–2.19) lg/kg, respectively. Norepinephrine concentrations remained unaltered following intubation
but increased significantly at delivery, with no differences between the groups. Apgar scores and umbilical arterial and venous
pH and blood gas values were comparable among the groups. Two women each in the 1.0 and 1.25 lg/kg groups received ephed-
rine for hypotension defined as systolic arterial pressure <90 mmHg.
Conclusions: The ED95 of remifentanil for attenuating the hypertensive response to tracheal intubation during induction of anaes-
thesia in severely preeclamptic patients undergoing caesarean delivery under general anaesthesia was 1.34 lg/kg.

!c 2012 Elsevier Ltd. All rights reserved.

Keywords: Caesarean; Remifentanil; Hypertension; Tracheal intubation; Preeclampsia

Introduction

Preeclampsia is a complex hypertensive disorder that
constitutes a major source of morbidity and mortality
worldwide.1,2 It is characterized by endothelial dysfunc-
tion, increased vascular resistance and impaired cerebral
autoregulation.1 The cardiovascular response to tra-
cheal intubation is also markedly exaggerated in these
patients, with increases in systemic and pulmonary arte-
rial pressures and pulmonary capillary wedge
pressure.3,4

Although occurring only in a small proportion of pa-
tients with severe preeclampsia, transient but severe

hypertension during tracheal intubation has been associ-
ated with increased maternal intracranial pressure, cere-
bral haemorrhage, and cardiac failure with pulmonary
oedema, resulting in increased morbidity and mortality
in both mother and baby.5 Moreover, an increase of
maternal plasma catecholamine levels upon induction
of anaesthesia during caesarean delivery may potentially
decrease uterine blood flow6,7 and hence adversely affect
the neonate.8,9 In particular, preeclampsia is associated
with increased sympathetic activity with elevated plasma
norepinephrine levels.10 Thus, close control of stress re-
sponses during anaesthesia for caesarean delivery is re-
quired in patients with severe preeclampsia.

Remifentanil has a rapid onset with its maximum ef-
fect at 1–3 min.11 It also has a short duration of action,
which makes it the most suitable systemic opioid for
use in obstetric surgery.12,13 It has been shown to
attenuate the increases in systolic arterial pressure
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women14,21 and those with severe preeclampsia15,16

having general anaesthesia for caesarean delivery. In
healthy subjects, remifentanil 1 lg/kg given as a single
bolus was effective for attenuating the pressor re-
sponse,14 while a bolus of remifentanil 0.5 lg/kg fol-
lowed by a continuous infusion at 0.15 lg/kg/min
until peritoneal incision was ineffective.15 In contrast,
remifentanil 0.5 lg/kg given as a single bolus before
intubation was effective in attenuating the pressor re-
sponse in our previous study on severely preeclamptic
patients,16 suggesting a greater efficacy of remifentanil
in preeclamptic patients. This led us to perform a
dose–response study to establish an optimal dose of
remifentanil to control the pressor response. Our defi-
nition of success was when SAP did not exceed
160 mmHg for more than 1 min. This value has been
previously suggested as an important predictor of cere-
bral haemorrhage and infarction in patients with severe
preeclampsia and eclampsia.22

Ngan Kee et al.14 reported that two (10%) of 20
neonates born to healthy mothers given remifentanil
1 lg/kg as a single bolus showed respiratory depression
requiring assisted ventilation and naloxone. Draisci
et al.21 also reported three (14%) of 21 neonates born
to healthy mothers given a bolus of remifentanil
0.5 lg/kg followed by a continuous infusion at
0.15 lg/kg/min required tracheal intubation but recov-
ered at 5 min without naloxone. Therefore, a major con-
cern of the use of remifentanil during caesarean delivery
is its potential placental transfer, causing neonatal respi-
ratory depression, although being transient in nature
and corrected by ventilatory assistance with or without
administration of naloxone.

Fig. 2 Systolic arterial blood pressure (SAP) and heart rate
(HR) measured before injection of remifentanil (R,
t = !1.5 min), just before intubation (t = 0), maximum
response within 1 min after intubation, and every 1 min for
7 min after intubation. Values are mean ± sd. Tracheal intu-
bation increased SAP (P = 0.0001) and HR (P = 0.03) less
with increasing remifentanil dose.

Fig. 3 Dose–response curve for success of intravenous
remifentanil in attenuating the pressor response to tracheal
intubation.

Fig. 4 Probit–log (dose) plot. A linear regression line was
fitted, and ED50 and ED95 values were calculated using
maximum likelihood estimation. ED50 = 0.59 (95% CI 0.47–
0.70) lg/kg, ED95 = 1.34 (1.04–2.19) lg/kg, r = 0.98, r2 = 0.96.

14 Remifentanil and intubation in preeclampsia
Int J Obstet Anesth. 2013;22(1):10–8. 
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The 5th National Audit Project (NAP5) on accidental awareness
during general anaesthesia: summary of main findings and risk
factors
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Summary
We present the main findings of the 5th National Audit Project on accidental awareness during general anaesthesia.
Incidences were estimated using reports of accidental awareness as the numerator, and a parallel national anaesthetic
activity survey to provide denominator data. The incidence of certain/probable and possible accidental awareness
cases was ~1:19 600 anaesthetics (95% CI 1:16 700–23 450). However, there was considerable variation across sub-
types of techniques or subspecialties. The incidence with neuromuscular blockade was ~1:8200 (1:7030–9700), and
without it was ~1:135 900 (1:78 600–299 000). The cases of accidental awareness during general anaesthesia reported
to 5th National Audit Project were overwhelmingly cases of unintended awareness during neuromuscular blockade.
The incidence of accidental awareness during caesarean section was ~1:670 (1:380–1300). Two thirds (82, 66%) of
cases of accidental awareness experiences arose in the dynamic phases of anaesthesia, namely induction of and emer-
gence from anaesthesia. During induction of anaesthesia, contributory factors included: use of thiopental; rapid
sequence induction; obesity; difficult airway management; neuromuscular blockade; and interruptions of anaesthetic

© 2014 by the Royal College of Anaesthetists and the Association of Anaesthetists of Great Britain and Ireland. This article is being published jointly in

Anaesthesia and the British Journal of Anaesthesia. 1089

Anaesthesia 2014, 69, 1089–1101 doi:10.1111/anae.12826

Anaesthesia. 2014;69(10):1089–101. 
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Fig 2 Certain/probable and possible accidental awareness during general anaesthesia cases by speciality (bars) compared with distribution in the
activity survey (dots and line). Three cases in bariatric and transplant surgery have been omitted as they were not specified in the activity survey.
ENT, ear, nose, throat; maxfax, maxillofacial surgery; ortho, orthopaedic surgery; eye, ophthalmology; X-ray, radiology; general surgery includes
urology and other specialities not listed.
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Fig 3 Representation of some components of anaesthesia practice in certain/probable and possible accidental awareness during general anaes-
thesia reports (bars) compared with distribution in the activity survey (dots and lines). Propofol in first bar refers to its use as an induction agent, as
distinct from a later bar (TIVA) where its use is referred to for maintenance. TIVA, total i.v. anaesthesia; TCI, target-controlled infusion; N2O, nitrous
oxide; RSI, rapid sequence induction; NMB, neuromuscular block; DOA, specific depth of anaesthesia monitor.
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60 and remained high, while the propofol group maintained a median BIS value lower than 60 through Stages II 
and III. In Stage III, there was a significant difference in the median BIS values between the thiopental and the 
propofol groups (67.9 [18.66] vs. 44.5 [20.63], respectively, p = 0.002).

Group-median spectrograms were computed (Fig. 3A–H), and group level median spectra with IQR interval 
are presented in Fig. 3C,F,I–K. We found that the spectrogram of the thiopental group had decreased slow-delta 
(0.1–4 Hz) oscillations in Stage II and III compared to the propofol group. For a detailed comparison, we evaluated 
the power spectrum differences between the propofol- and thiopental-induced brain states across all stages. In 
Stage I, the thiopental group showed increased theta (4–6.5 Hz) and beta oscillations (19–30.5 Hz, 31.5–32.5 Hz)  
compared to the propofol group (Fig. 3C, p < 0.05). We noticed that slow-delta (0.1–3.5 Hz) oscillations were not 
significantly different in the two groups (p > 0.05). Stage II showed a dramatic decrease in slow-delta (0.1–3.5 Hz) 
power and an increase in theta-alpha (6–10 Hz) and beta (14–40 Hz) power in the thiopental group compared to 
the propofol group (Fig. 3D–F, p < 0.05). In Stage III, the thiopental group still had lower slow-delta (0.5–4 Hz) 
oscillations and larger beta (16–35 Hz) oscillations than the propofol group (Fig. 3G–I). In the propofol group, 
the median slow-delta (0.1–4 Hz) peak power decreased by 3.59 dB and 1.73 dB from Stage I to Stage II and from 
Stage II to Stage III, respectively (p < 0.05, Fig. 3J), while the thiopental group showed a more significant decrease 
in the slow-delta peak power from Stage I to Stage II (8.29 dB, p < 0.05, Fig. 3K).

For this retrospective study, it was difficult to find clean EEG segments recorded when the patients were 
awake. The eight patients with artifact-free EEGs in their awake states were selected by visual inspection. We com-
puted a group-median spectrogram for the awake state (n = 8) (Fig. 4A). We then evaluated the power spectra 
differences between Stage III and the awake state in both the propofol and thiopental groups. Compared to the 

Thiopental (n = 20) Propofol (n = 22)
Age (yr) 36.0 ± 5.1 34.8 ± 3.7
Height (cm) 162.0 [159.0; 163.3] 162.4 [157.0; 166.0]
Weight (kg) 68.2 ± 11.0 72.4 ± 11.8
BMI (kg/m2)* 25.9 ± 4.1 28.7 ± 4.6
Gestational age (weeks) 38 [37.0; 38.0] 37.0 [36.0; 37.0]
Indications for general anesthesia
Placenta previa totalis 11 (55) 14 (63.6)
Others 9 (45) 8 (36.4)
    Patients wanted 3 4
    Spinal surgery 3 3
    Previous open abdominal 
surgery 3 1

Induction agent dose (mg) 337.5 [300; 350] 140.0 [130.0; 160.0]
Time from induction to Stage II (s) 114.6 ± 19.8 118.9 ± 29.3
Time from induction to delivery (s) 457.0 ± 79.0 387.8 ± 97.2

Table 1. Demographic data of thiopental and propofol groups. Data are expressed as mean ± standard 
deviation or median with IQR or number (%). BMI, body mass index. Stage II, intubation completion.  
*p < 0.05 between two groups.

Figure 2. Experiment timeline: the time course of continuous BIS value and end-tidal sevoflurane 
concentration during the induction phase of general anesthesia in the thiopental and propofol groups. The 
solid line represents the median BIS value, and the shaded area represents its interquartile range. The vertical 
line shows each Stage analyzed segments: Awake, the first period with BIS below 60 (Stage I), the completion of 
intubation (Stage II), and the first period with end-tidal (Et) - Sevoflurane above 0 vol% (Stage III).
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awake state, the thiopental group at Stage III had no significant difference in slow-delta (0.1–4 Hz) oscillations 
(Fig. 4C) while the propofol group had significantly larger slow-delta, theta, alpha and lower beta (0.1–22 Hz) 
oscillations (p < 0.05, Fig. 4B).

To assess the risk of awareness, we compared BIS, spectral entropy, and RPE in the propofol and thiopental 
groups across all stages (Fig. 5A–C). Spectral entropy and RPE were calculated using raw EEG extracted from the 
BIS monitor. In the thiopental group, BIS, spectral entropy, and RPE significantly increased when shifting from 

Figure 3. Representative group-median frontal spectrograms across 0.1 to 30 Hz at (A,B) Stage I, (D,E) II, and 
(G,H) III in the propofol and thiopental groups, respectively. The comparisons of group-median power spectra 
with an interquartile range interval (solid line, median) between the groups at (C) Stage I, (F) II, and (I) III. The 
blue overlay of the frequency axis represents frequencies with significant differences between the two spectra 
(p < 0.05). The comparisons of group-median power spectra with an interquartile range interval (solid line, 
median) over stages in the (J) propofol and (K) thiopental groups.

Park et al. Sci Rep. 2020;10:6192.
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Incidence of accidental awareness duringgeneral
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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 verified 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 five (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 significantly 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.

.................................................................................................................................................................

Correspondence to: P.M.Odor
Email: peter.odor@nhs.net
Accepted: 10December 2020
Keywords: accidental awareness during general anaesthesia; anaesthesia; general; anaesthesia; obstetric; post-
traumatic stress disorder; recall
*SeeAppendix 1 for the full list of contributors.
Twitter: @peteodor; @Drsambam;@noolslucas; @rmoonesinghe;@jandradeply; @dreamyresearch

© 2021Association of Anaesthetists 1

Anaesthesia 2021 doi:10.1111/anae.15385



Odor et al. Anaesthesia. 2021;76:759-776.

1 in 256 (95%CI 149-500)

1 in 212 (95%CI 122-417)

75% induction/emergence
83% evening or night



Table 3 Grading of accidental awareness during general anaesthesia events according to panel adjudication of likelihood and
MichiganAwareness Classification Instrument. j statistic indicates themeasure of agreement of panelmembers on likelihood a-
wareness classification, with a value of 1.0 representing unanimous agreement.

ID
Adjudication
outcome

Michigan
Awareness
Classification
instrument

Phase of
anaesthesia Surgery

Induction
drug; dose
(mg.kg-1)
Opioid for
induction
NMBdrug for
tracheal
intubation

Maintenance
drug
Nitrousoxide
formaintenance
MAC;median
[range]
Additional
NMBdrug NPSA

Summaryof
experience
by thepatient j

1 Certain/
probable

5D Induction and
maintenance

CS
category 2

Thiopental (3.9)
No opioid
Suxamethonium

Sevoflurane
No nitrous oxide
MAC0.9 [0.7–1.0]
No further
NMBdrug

3 Detailed
recollection of
the process of
tracheal
intubation and
felt a painful
initial surgical
incision

1.00

2 Certain/
probable

4D Emergence CS
category 1

Thiopental (6.7)
No opioid
Suxamethonium

Sevoflurane +
nitrous oxide
MAC0.9 [0.8–1.2]
No further
NMBdrug

3 Residual paralysis
during
emergence.
Confirmed
suxamethonium
apnoea

1.00

3 Certain/
probable

5D Maintenance CS
category 2

Thiopental (4.7)
Alfentanil
Suxamethonium

Sevoflurane +
nitrous oxide
MAC1.4 [1.3–1.6]
No further
NMBdrug

2 Felt surgical pain
and hearing
voices asking for
surgical
instruments

1.00

4 Certain/
probable

4D Emergence CS
category 2

Thiopental (10.6)
Fentanyl
Rocuronium

Sevoflurane +
nitrous oxide
MAC1.1 [1–1.2]
No further
NMBdrug

2 Residual paralysis
during
emergence,
secondary to
incomplete
reversal of
rocuronium

1.00

5 Certain/
probable

2 Induction CS
category 1

Thiopental (8.0)
No opioid
Suxamethonium

Sevoflurane +
nitrous oxide
MAC1.1 [1–1.2]
Atracurium

0 Painless sensation
of the initial
surgical incision

1.00

6 Certain/
probable

4 Induction CS
category 2

Propofol (1.7)
No opioid
Suxamethonium

Sevoflurane
No nitrous oxide
MAC1.1 [1.2–1.5]
No further
NMBdrug

2 Felt unable to
move and heard
multiple voices;
likely occurred
during
management of
difficult airway

1.00

7 Certain/
probable

4D Induction CS
category 2

Thiopental (8.6)
No opioid
Suxamethonium

Isoflurane +
nitrous oxide
MAC1.1 [0.9–1.2]
Atracurium

1 Immediately after
induction she
experienced a
dream-like
sensation of
falling intowater,
drowning and
being unable to
breath

0.33

(continued)
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Preoxygenation
at least 4 deep breaths, 
preferable: ETO2>0.8

1. Alfentanil 0.5mg iv
2. Propofol 2 (-3) mg/kg
3. Rocuronium 1 mg/kg
4. Cricoid pressure
5. Apnea oder gentle mask ventilation 
(Pmax <20 cmH2O)

NMBA after propofol, do not wait for apnea. 
Intubation 50 sec after rocuronium 
(dose to ideal weight, opt. +20%)

Intubation
Check tube (CO2 !)

start surgery

Sevo max 1 MAC
100 % O2

cord clamping

Fentanyl 2-3 µg/kg
Midazolam 3-5 mg, if ø BIS or BIS > 55
Reduce Sevo < 1MAC (uterine tone !)

Awake, reflexes
no residual paralysis

Extubation

Preeclampsia, cardiovasc. disease:
Remifentanil 1 μg/kg (instead of 

alftentanil) slow bolus, 
followed by infusion 

(TCI oder 10-36 ml/h)

M. Brunner, Th. Girard, March 2023

TOF: 4 Twitches: Robinul/Neostigmin
< 4 Twitches: Sugammadex 200 mg

TOF< 0.9 after 4-5min: repeat 200mg

Propofol as alternative to Sevo: 
TIVA with BIS

Postoperative Analgesia:
Working epidural: Morphine 2mg epidural
No epidural
- Paracetamol 1g iv
- Ibuprofen 400mg iv
- Morphine 0.1mg/kg iv (ideal weight)

Optional wound infiltration with bupivacaine 
0.25% 20-30ml
TAP block, if consent available
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Effect of suxamethonium vs rocuronium on onset of
oxygen desaturation during apnoea following rapid
sequence induction
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R. A. Zbeidy4 and S. M. Siddik-Sayyid1

1 Associate Professor, 2 Professor, 3 Emeritus Professor, 4 Chief Resident, 5 Fellow, Department of Anesthesiology,
American University of Beirut, Beirut, Lebanon

Summary
This study investigates the effect of suxamethonium vs rocuronium on the onset of haemoglobin
desaturation during apnoea, following rapid sequence induction of anaesthesia. Sixty patients were
randomly allocated to one of three groups. Anaesthesia was induced with lidocaine 1.5 mg.kg)1,
fentanyl 2 lg.kg)1 and propofol 2 mg.kg)1, followed by either rocuronium 1 mg.kg)1 (Group R)
or suxamethonium 1.5 mg.kg)1 (Group S). The third group received propofol 2 mg.kg)1 and
suxamethonium 1.5 mg.kg)1 only (Group SO). The median (IQR [range]) time to reach SpO2 of
95% was significantly shorter in Group S (358 (311–373 [215–430]) s) than in Group R (378
(370–393 [366–420]) s; p = 0.003), and shorter in Group SO (242 (225–258 [189–370]) s) than
in both Group R (p < 0.001) and Group S (p < 0.001). When suxamethonium is administered
for rapid sequence induction of anaesthesia, a faster onset of oxygen desaturation is observed during
the subsequent apnoea compared with rocuronium. However, time to desaturation is prolonged
whenever lidocaine and fentanyl precede suxamethonium.

........................................................................................................
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Traditionally, suxamethonium has been the neuromus-
cular blocking drug of choice for rapid sequence induc-
tion of anaesthesia. However, its use may be associated
with several side-effects including myalgia, which is
caused by muscle fasciculations. These muscle fasicula-
tions produce an increase in whole body oxygen
consumption [1, 2]. Increased oxygen consumption
following suxamethonium is one of the factors that may
have a major effect on the time to oxygen desaturation
following apnoea, during induction of anaesthesia [3]. In
comparison, studies have shown that non-depolarizing
neuromuscular blocking drugs do not alter oxygen
consumption in anaesthetised patients [1–4], since the
muscular tone is already reduced by general anaesthesia
[5]. Rocuronium, a rapidly acting non-depolarising
neuromuscular blocking agent, has been suggested as an
alternative to suxamethonium for rapid sequence induc-
tion of anaesthesia [6, 7]. Therefore, we investigated the
effect of using suxamethonium vs rocuronium on the

onset of oxygen desaturation, during rapid sequence
induction of anaesthesia.

Methods

The study was ethically approved by the institutional
review board and written informed consent was obtained
from all patients. Sixty ASA-1 or -2 patients, who were
scheduled for elective surgery under general anaesthesia,
were recruited into the study.

All patients were assigned to one of three groups, using
a computer-generated table of random numbers. Patients
were premedicated with 5 mg oral diazepam, 1 h before
induction of anaesthesia. An infusion of Hartmann’s
solution was commenced in the operating room. A stan-
dard anaesthetic machine (Datex ADU AS ⁄ 5 anesthesia
monitor; Helsinki, Finland) with an absorber system and a
2 l reservoir bag was used. Oxygen saturation was
measured using a pulse oximeter (Novametrix pulse

Anaesthesia, 2010, 65, pages 358–361 doi:10.1111/j.1365-2044.2010.06243.x
.....................................................................................................................................................................................................................
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Time to desaturation (SaO2 ≤ 95%)

s; p = 0.003), and shorter in Group SO (242 (225–258
[189–370]) s) than in both Group R (p < 0.001) and
Group S (p < 0.001) (Fig. 1).

The fasciculation score, duration of fasciculations, end-
expiratory carbon dioxide after the first breath, mean
arterial pressure and heart rate at intubation and 2 min
post-intubation are shown in Table 2. The fasciculation
score and duration of fasciculations were significantly
greater in Group SO than in Group R and Group S, and
greater in Group S than in Group R. The end-expiratory
carbon dioxide achieved by patients in Group SO at the
start of ventilation was significantly higher than those
achieved by patients in Group R and Group S. No
statistically significant differences in mean arterial pressure
and heart rate at intubation and 2 min post-intubation
were observed between patients in Group R and Group

S. However, mean arterial pressure and heart rate at
intubation and 2 min post-intubation were significantly
higher in patients in Group SO, compared with their
respective values in Group R and Group S.

Discussion

Our study shows that patients who received suxametho-
nium as the neuromuscular blocking agent, in Group S
and Group SO, developed significantly faster oxygen
desaturation than those in Group R, who received
rocuronium. Moreover, patients in Group SO, who were
given propofol and suxamethonium only, exhibited
significantly faster onset of oxygen desaturation as com-
pared to Group S, where propofol and suxamethonium
were preceded by lidocaine and fentanyl.

This rapid onset of desaturation in Group SO may be
attributed to the higher fasciculation score and fasciculation
duration in this group. These latter two factors may be
responsible for causing an increase in oxygen consumption.
Previous reports have shown that, following the adminis-
tration of suxmethonium to dogs anaesthetised with
halothane, an increase in total body oxygen consumption
occurs. This may be reflective of a generalised increase in the
total body oxygen consumption of skeletal muscles [1, 2].

In addition to the high score and duration of fascic-
ulations in Group SO, the end-expiratory carbon dioxide
after initiation of ventilation was significantly increased in
comparison with Group R and Group S. This may be
attributed to the excessive fasciculations that led to an
increase in total body oxygen consumption. This finding
confirms the results of a previous investigation where
increased carbon dioxide production was reported 1 and
5 min after suxamethonium fasciculations, in patients
who received thiopental and suxamethonium, as com-
pared to patients who did not receive suxamethonium [9].
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Figure 1 Time to reach SpO2 of 95% during apnoea following
induction of anaesthesia with lidocaine/fentanyl/propofol/
rocuronium (Group R), lidocaine/fentanyl/propofol/suxame-
thonium (Group S), or propofol/suxamethonium (Group SO).
Horizontal line, median; box, IQR; whiskers, range.*p < 0.001
compared with Group R and Group S; !p = 0.003 compared
with Group R.

Table 2 Fasciculation score (F-Score), duration of fasciculations (F-Time), mean arterial pressure at intubation and 2 min post-
intubation (MAPint, MAP2min), heart rate at intubation and 2 min post-intubation (HRint, HR2min) and end-expiratory carbon
dioxide (PE¢CO2) after the first breath, following induction of anaesthesia with lidocaine/fentanyl/propofol/rocuronium (Group R),
lidocaine/fentanyl/propofol/suxamethonium (Group S), or propofol/suxamethonium (Group SO).Values are number or mean (SD).

Group R
(n = 20)

Group S
(n = 20)

Group SO
(n = 20)

F-Score 0 1.4 (0.9)* 2.3 (0.7)*†
F-Time; s 0 17 (9)* 21 (2)*§
MAPint; mmHg 84 (8) 82 (10) 99 (10)*†
MAP2min; mmHg 77 (7) 75 (9) 95 (9)*†
HRint; beats.min)1 78 (12) 76 (10) 86 (10)‡§
HR2min; beats.min)1 74 (10) 76 (9) 86 (10)*§
PE¢CO2; kPa 5.9 (0.5) 5.9 (0.6) 6.4 (0.3)‡§

*p < 0.001 when compared with Group R.; †p < 0.001 when compared with Group S.; ‡p < 0.05 when compared with Group R.; §p < 0.05 when
compared with Group S.

S. K. Taha et al. Æ Suxamethonium vs rocuronium and arterial desaturation Anaesthesia, 2010, 65, pages 358–361
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ORIGINAL ARTICLE

Predictors of the variability in neuromuscular block
duration following succinylcholine

A prospective, observational study

Salome Dell-Kuster, Soledad Levano, Christoph S. Burkhart, Frédéric Lelais, André Zemp,

Elektra Schobinger, Karl Hampl, Christoph Kindler and Thierry Girard

BACKGROUND The duration of neuromuscular block
(NMB) following succinylcholine administration is character-
ised by a high interindividual variability. However, this has not
yet been quantified in a large sample of surgical patients. The
significance of underlying clinical factors is unknown.

OBJECTIVE The objective of this study was to profile the
variability in NMB duration following a standard dose of
succinylcholine and to investigate contributing clinical and
genetic factors.

DESIGN A prospective, observational study.

SETTING Tertiary referral centre.

PATIENTS In a total of 1630 surgical patients undergoing a
rapid sequence induction and intubation, clinical risk factors
for a prolongation in NMB duration following succinylcholine
were assessed. In a subset of 202 patients, additional
biochemical and molecular genetic investigations of butyr-
ylcholinesterase were performed.

INTERVENTION A standard 1 mg kg!1 dose of succinylcho-
line after administration of an induction drug and an opioid.

MAIN OUTCOME NMB duration measured as the time
between administration of succinylcholine until reappearance

of palpable muscular response to supramaximal transcu-
taneous ulnar nerve stimulation.

RESULTS NMB varied from 80 s to 44 min with a median
duration of 7.3 min. Sixteen percent of patients had NMB
duration in excess of 10 min. A multivariable survival model
identified physical status, sex, age, hepatic disease, preg-
nancy, history of cancer and use of etomidate or metoclo-
pramide as independent risk factors for a prolonged NMB.
Three novel butyrylcholinesterase variants were identified:
p.Ile5Thr; p.Val178Ile; and p.Try231Ser.

CONCLUSION Neuromuscular blockade duration in excess
of 10 min occurred in 16% of a general surgical population
following a single dose of succinylcholine. The multivariable
model of clinical risk factors for prolonged NMB revealed
a negative predictive value of 87%, thereby indicating
that absence of such risk factors may reliably predict a
shorter duration of NMB. In patients with clinical risk factors
for a prolonged NMB or with butyrylcholinesterase
mutations, an alternative to succinylcholine should be con-
sidered.

Published online xx month 2015

Introduction
Succinylcholine is considered the neuromuscular block-
ing agent (NMBA) of choice for rapid sequence induction
and intubation (RSII)1–4 despite its potentially severe
side effects.5 Overall, succinylcholine is the NMBA with
both the fastest onset and the shortest duration of action.

Therefore, succinylcholine is frequently used in pro-
cedures requiring paralysis of very short duration.5 More-
over, the short duration of action is potentially lifesaving
by enabling the patient to regain spontaneous ventilation,
should neither tracheal intubation nor mask ventilation
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genotyping and biochemical analysis was performed in 30
control patients with an NMB duration less than 10 min.
Biochemical analyses were incomplete in 15 patients.
One patient in the control group was heterozygous for

the silent variant c.350 T>AG34 and had NMB duration
of 9 min and 50 s. Three novel heterozygous variants in
the BCHE gene were associated with a prolonged NMB
time: p.Ile5Thr (c.98T>C); p.Val178Ile (c.532G>A); and
p.Try231Ser (c.692G>C). All variants and their clinical
and biochemical characteristics are summarised in Table
3 and Fig. 4. The prevalence of the K, A and F-variants in
our dataset was high enough for these variants to be
included into the multivariable model. The correspond-
ing time-ratios are presented in Table 4. Whereas our
model showed only borderline evidence that K-variants
prolong NMB duration following succinylcholine, after
adjustment for all clinical risk factors, heterozygous A and
F-variants were strong independent predictors for pro-
longation [time-ratio for A-variant 1.28 (95% CI 1.11 to
1.46) and for F-variants 1.36 (95% CI 1.10 to 1.68)].

Association between genotype and biochemical
analysis
Molecular genetic investigations identified two known
S-variants: p.Gly115Asp and p.Gly117Glyþ.34,35 Inter-
estingly, the cholinesterase activity in the p.Gly117Glyþ
carrier was normal and the NMB duration following
succinylcholine was not prolonged (9.8 min). As
expected, the genotype could not be predicted by total

4 Dell-Kuster et al.

Fig. 1
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Violin plot of neuromuscular block duration following succinylcholine.
Distribution of neuromuscular block time displayed in a violin plot33 that
combines median value and interquartile range with the visual
information provided by a local density estimator.

Table 1 Patients and anaesthesia-related characteristics and corresponding neuromuscular block duration (n U 1630)

Variable Category Count (%) Duration of neuromuscular block (min)

Patients’ characteristics
Age (years) <45 572 (35%) 6.9 (5.4 - 8.2)

45 to 64 519 (32%) 7.3 (5.7 - 9.1)
65 to 74 245 (15%) 8.1 (6.5 - 10.4)
>74 294 (18%) 8.3 (6.3 - 11.6)

Sex Female 874 (54%) 7.0 (5.5 - 8.6)
Male 756 (46%) 8.0 (6.1 - 10)

Medical condition Hepatic disease 101 (6%) 8.6 (6.5 - 12.6)
Carcinoma 216 (13%) 8.3 (6.7 - 11.4)
Pregnancy 85 (5%) 7.0 (5.5 - 8.0)

Influencing drug Metoclopramide 621 (38%) 7.5 (6.0 - 9.4)
b2 agonist 47 (3%) 8.0 (6.3 - 10)

Anaesthesia-related characteristics
ASA status I/II 917 (56%) 6.9 (5.4 - 8.3)

III 629 (39%) 8.1 (6.3 - 10.4)
IV/V 84 (5%) 9.8 (6.9 - 14.3)

Induction druga Thiopental 1116 (69%) 7.5 (5.8 - 9.5)
Propofol 390 (24%) 6.6 (5.3 - 7.8)
Etomidate 117 (7%) 9.5 (7.1 - 14)

Twitch versus coughing Twitch 1480 (91%) 7.4 (5.8 - 9.3)
Cough/pressing 150 (9%) 6.8 (5.0 - 9.0)

NMB duration "10 min 1363 (84%) 6.9 (5.4 - 8.2)
>10 min 267 (16%) 13.3 (11.6 - 16.1)

Indication for RSIIb Not fasted 426 (26%) 7.3 (5.8 - 9.4)
Regurgitation 713 (44%) 7.3 (5.8 - 9.2)
Acute abdomen 457 (28%) 7.5 (5.8 - 9.8)
Other 172 (11%) 7.4 (5.7 - 9.5)

Number of RSII per patient 1 1500 (92%) 7.3 (5.7 - 9.2)
2 108 (7%) 8.4 (6.4 - 11.8)
3 17 (1%) 8.5 (6.1 - 11)
4 4 (0.3%) 8.5 (7.0 - 12.2)
7 1 (0.1%) 11 (8.5 - 15)

Each patient has only been considered once for the summary of characteristics. Data are median (IQR) or number (proportion). ASA, American Society of
Anesthesiologists physical status; NMB, neuromuscular block; RSII, rapid sequence induction and intubation. a Missing in 7 patients. b Several indications per patient
are allowed. In 119 patients, no indication was specified.
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Preoxygenation
at least 4 deep breaths, 
preferable: ETO2>0.8

1. Alfentanil 0.5mg iv
2. Propofol 2 (-3) mg/kg
3. Rocuronium 1 mg/kg
4. Cricoid pressure
5. Apnea oder gentle mask ventilation 
(Pmax <20 cmH2O)

NMBA after propofol, do not wait for apnea. 
Intubation 50 sec after rocuronium 
(dose to ideal weight, opt. +20%)

Intubation
Check tube (CO2 !)

start surgery

Sevo max 1 MAC
100 % O2

cord clamping

Fentanyl 2-3 µg/kg
Midazolam 3-5 mg, if ø BIS or BIS > 55
Reduce Sevo < 1MAC (uterine tone !)

Awake, reflexes
no residual paralysis

Extubation

Preeclampsia, cardiovasc. disease:
Remifentanil 1 μg/kg (instead of 

alftentanil) slow bolus, 
followed by infusion 

(TCI oder 10-36 ml/h)

M. Brunner, Th. Girard, March 2023

TOF: 4 Twitches: Robinul/Neostigmin
< 4 Twitches: Sugammadex 200 mg

TOF< 0.9 after 4-5min: repeat 200mg

Propofol as alternative to Sevo: 
TIVA with BIS

Postoperative Analgesia:
Working epidural: Morphine 2mg epidural
No epidural
- Paracetamol 1g iv
- Ibuprofen 400mg iv
- Morphine 0.1mg/kg iv (ideal weight)

Optional wound infiltration with bupivacaine 
0.25% 20-30ml
TAP block, if consent available



Guidelines

Obstetric Anaesthetists’ Association and Difficult Airway Society
guidelines for the management of difficult and failed tracheal
intubation in obstetrics*
M. C. Mushambi,1 S. M. Kinsella,2 M. Popat,3 H. Swales,4 K. K. Ramaswamy,5 A. L. Winton6 and
A. C. Quinn7,8

1 Consultant/Chairman of Guidelines Group, Department of Anaesthesia, Leicester Royal Infirmary, Leicester, UK
2 Consultant, 6 Specialist Registrar, Department of Anaesthesia, St Michael’s Hospital, Bristol, UK
3 Professor, Nuffield Department of Anaesthesia, Oxford University Hospital NHS Trust, Oxford, UK
4 Consultant, Department of Anaesthesia, University Hospitals Southampton Foundation Trust, Southampton, UK
5 Consultant, Department of Anaesthesia, Northampton General Hospital, Northampton, UK
7 Consultant, Department of Anaesthesia, James Cook University Hospital, Middlesborough, UK
8 Honorary Associate Clinical Professor, Leeds University, Leeds, UK

Summary
The Obstetric Anaesthetists’ Association and Difficult Airway Society have developed the first national obstetric
guidelines for the safe management of difficult and failed tracheal intubation during general anaesthesia. They com-
prise four algorithms and two tables. A master algorithm provides an overview. Algorithm 1 gives a framework on
how to optimise a safe general anaesthetic technique in the obstetric patient, and emphasises: planning and multidis-
ciplinary communication; how to prevent the rapid oxygen desaturation seen in pregnant women by advocating nasal
oxygenation and mask ventilation immediately after induction; limiting intubation attempts to two; and considera-
tion of early release of cricoid pressure if difficulties are encountered. Algorithm 2 summarises the management after
declaring failed tracheal intubation with clear decision points, and encourages early insertion of a (preferably second-
generation) supraglottic airway device if appropriate. Algorithm 3 covers the management of the ‘can’t intubate, can’t
oxygenate’ situation and emergency front-of-neck airway access, including the necessity for timely perimortem cae-
sarean section if maternal oxygenation cannot be achieved. Table 1 gives a structure for assessing the individual fac-
tors relevant in the decision to awaken or proceed should intubation fail, which include: urgency related to maternal
or fetal factors; seniority of the anaesthetist; obesity of the patient; surgical complexity; aspiration risk; potential diffi-
culty with provision of alternative anaesthesia; and post-induction airway device and airway patency. This decision
should be considered by the team in advance of performing a general anaesthetic to make a provisional plan should
failed intubation occur. The table is also intended to be used as a teaching tool to facilitate discussion and learning
regarding the complex nature of decision-making when faced with a failed intubation. Table 2 gives practical consid-
erations of how to awaken or proceed with surgery. The background paper covers recommendations on drugs, new
equipment, teaching and training.

.................................................................................................................................................................
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License, which permits use and distribution in any medium, provided the original work is properly cited, the use is
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Table 1 – wake or proceed with surgery? (Fig. 3):
Before induction of anaesthesia, the anaesthetist should
discuss with the obstetric team whether to wake the
woman or continue anaesthesia in the event of failed
tracheal intubation. This decision is influenced by
factors relating to the woman, fetus, staff and clinical
situation, most of which are present pre-operatively
(Table 1). The table highlights the many factors that
need to be considered; the exact combination may be
unique in each individual case. It is a useful exercise
for the anaesthetist to consider at this stage whether
(s)he would be prepared to provide anaesthesia for the
duration of surgery with a SAD as the airway device.

Fetal compromise is a more common indication
for urgent caesarean section than maternal compro-
mise [46]. Although maternal safety is a greater prior-
ity for the anaesthetist than fetal, women willingly
accept some risk to themselves to ensure a good

neonatal outcome [46]. Fetal condition is likely to be
maintained during a delay in the majority of cases [9];
at caesarean section for fetal bradycardia in one study,
there was a significant decline in neonatal pH with
increasing bradycardia-delivery interval only in cases
with an irreversible cause for the bradycardia, in con-
trast to those with a potentially reversible or unascer-
tained cause [47]. Irreversible causes include major
placental abruption [48], fetal haemorrhage (e.g. from
ruptured vasa praevia) [49], ruptured uterine scar with
placental/fetal extrusion [50], umbilical cord prolapse
with sustained bradycardia [51, 52] and failed instru-
mental delivery [47]. Such specific causes for fetal dis-
tress may only become evident after delivery, and
therefore a high index of suspicion is necessary. Poten-
tially reversible causes include uterine hyperstimula-
tion, hypotension after epidural anaesthesia/analgesia,
and aortocaval compression [47].

Verify successful tracheal intubation 
Proceed with anaesthesia and surgery
Plan extubation

Success

Algorithm 1 – safe obstetric general anaesthesia

Follow Algorithm 2 – obstetric failed tracheal intubation

Ventilate with facemask
Communicate with assistant

Fail

Fail

Pre-theatre preparation
Airway assessment
Fasting status
Antacid prophylaxis
Intrauterine fetal resuscitation if appropriate

Plan with team
WHO safety checklist/general anaesthetic checklist
Identify senior help, alert if appropriate

Plan for/discuss: wake up or proceed with surgery (Table 1)

Rapid sequence induction
Check airway equipment, suction, intravenous access
Optimise position – head up/ramping + left uterine displacement
Pre-oxygenate to FETO2 ≥ 0.9/consider nasal oxygenation
Cricoid pressure (10 N increasing to 30 N maximum)
Deliver appropriate induction/neuromuscular blocker doses
Consider facemask ventilation (Pmax 20 cmH2O)

1st intubation attempt
If poor view of larynx optimise attempt by:

• reducing/removing cricoid pressure
• external laryngeal manipulation
• repositioning head/neck
• using bougie/stylet

2nd intubation attempt
Consider: 

• alternative laryngoscope
• removing cricoid pressure

3rd Intubation attempt only by experienced colleague

Figure 2 Algorithm 1 – safe obstetric general anaesthesia. WHO, World Health Organization; FETO2, end-tidal frac-
tion of oxygen; Pmax, maximal inflation pressure. The algorithms and tables are reproduced with permission from
the OAA and DAS and are available online in pdf and PowerPoint formats.
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only be by an experienced anaesthetist. Administration
of a further dose of intravenous anaesthetic should be
considered to prevent awareness [95].

Verify tracheal intubation
Deaths from oesophageal intubation still occur in the
UK [45, 138]. A sustained capnographic trace is the
most reliable method of confirming tracheal intuba-
tion. Severe bronchospasm or a blocked tracheal tube
may rarely cause absent ventilation with a flat capno-
graph trace in spite of a correctly placed tracheal tube
[31, 45, 139]. However, if a flat trace is seen after intu-
bation, the presumption must be that the tracheal tube
is located in the oesophagus until proven otherwise.

Secondary methods of assessing correct tracheal
tube position include seeing the tube positioned
between the vocal cords using a direct laryngoscope or

videolaryngoscope, auscultation in the axillae and over
the epigastrium, the oesophageal detector device [140]
and fibreoptic inspection to see the tracheal rings and
carina [45]. New methods such as ultrasonic localisa-
tion are promising, but require further studies [141].

Algorithm 2 – obstetric failed tracheal
intubation (Fig. 4)
If the second intubation attempt is unsuccessful, a
failed intubation must be declared to the theatre team
who should call for further help from an experienced
anaesthetist. Once a failed intubation has been
declared, the focus is to maintain oxygenation via either
a facemask or a SAD, and prevent aspiration and
awareness. An oropharyngeal airway, a four-handed
(two-person) technique and release of cricoid pressure
should be used if facemask ventilation is difficult [142].

Wake Proceed with surgery

YesNo

Is it 
essential/safe 

to proceed with surgery 
immediately?

Follow Algorithm 3
Can’t intubate, 

can’t oxygenate

Algorithm 2 – obstetric failed tracheal intubation

Is adequate 
oxygenation possible?

Supraglottic airway device 
(2nd generation preferable)
Remove cricoid pressure during insertion 
(maximum 2 attempts)

Facemask +/– oropharyngeal airway
Consider:

• 2-person facemask technique
• Reducing/removing cricoid pressure

Declare failed intubation
Theatre team to call for help

Priority is to maintain oxygenation

YesNo

Figure 4 Algorithm 2 – obstetric failed tracheal intubation. The yellow diamonds represent decision-making steps;
the lower right decision step links to Table 1 (Fig. 3). The boxes at the bottom link to Table 2 (Fig 6). The algo-
rithms and tables are reproduced with permission from the OAA and DAS and are available online in pdf and
PowerPoint formats.
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Preoxygenation
at least 4 deep breaths, 
preferable: ETO2>0.8

1. Alfentanil 0.5mg iv
2. Propofol 2 (-3) mg/kg
3. Rocuronium 1 mg/kg
4. Cricoid pressure
5. Apnea oder gentle mask ventilation 
(Pmax <20 cmH2O)

NMBA after propofol, do not wait for apnea. 
Intubation 50 sec after rocuronium 
(dose to ideal weight, opt. +20%)

Intubation
Check tube (CO2 !)

start surgery

Sevo max 1 MAC
100 % O2

cord clamping

Fentanyl 2-3 µg/kg
Midazolam 3-5 mg, if ø BIS or BIS > 55
Reduce Sevo < 1MAC (uterine tone !)

Awake, reflexes
no residual paralysis

Extubation

Preeclampsia, cardiovasc. disease:
Remifentanil 1 μg/kg (instead of 

alftentanil) slow bolus, 
followed by infusion 

(TCI oder 10-36 ml/h)

M. Brunner, Th. Girard, March 2023

TOF: 4 Twitches: Robinul/Neostigmin
< 4 Twitches: Sugammadex 200 mg

TOF< 0.9 after 4-5min: repeat 200mg

Propofol as alternative to Sevo: 
TIVA with BIS

Postoperative Analgesia:
Working epidural: Morphine 2mg epidural
No epidural
- Paracetamol 1g iv
- Ibuprofen 400mg iv
- Morphine 0.1mg/kg iv (ideal weight)

Optional wound infiltration with bupivacaine 
0.25% 20-30ml
TAP block, if consent available
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ABSTRACT
We reviewed the literature on obstetric failed tracheal intubation from 1970 onwards. The incidence remained unchanged over the
period at 2.6 (95% CI 2.0 to 3.2) per 1000 anaesthetics (1 in 390) for obstetric general anaesthesia and 2.3 (95% CI 1.7 to 2.9) per
1000 general anaesthetics (1 in 443) for caesarean section. Maternal mortality from failed intubation was 2.3 (95% CI 0.3 to 8.2)
per 100000 general anaesthetics for caesarean section (one death per 90 failed intubations). Maternal deaths occurred from aspi-
ration or hypoxaemia secondary to airway obstruction or oesophageal intubation. There were 3.4 (95% CI 0.7 to 9.9) front-of-neck
airway access procedures (surgical airway) per 100000 general anaesthetics for caesarean section (one procedure per 60 failed intu-
bations), usually carried out as a late rescue attempt with poor maternal outcomes. Before the late 1990s, most cases were awak-
ened after failed intubation; since the late 1990s, general anaesthesia has been continued in the majority of cases. When general
anaesthesia was continued, a laryngeal mask was usually used but with a trend towards use of a second-generation supraglottic
airway device. A prospective study of obstetric general anaesthesia found that transient maternal hypoxaemia occurred in over
two-thirds of cases of failed intubation, usually without sequelae. Pulmonary aspiration occurred in 8% but the rate of maternal
intensive care unit admission after failed intubation was the same as that after uneventful general anaesthesia. Poor neonatal out-
comes were often associated with preoperative fetal compromise, although failed intubation and lowest maternal oxygen satura-
tion were independent predictors of neonatal intensive care unit admission.

!c 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecom-
mons.org/licenses/by-nc-nd/4.0/).

Keywords: Obstetric anaesthesia; General anaesthesia; Failed intubation

Introduction

The first failed tracheal intubation guideline was devel-
oped by Michael Tunstall at Aberdeen Maternity
Hospital in the 1970s.1 Versions of this original guide-
line for obstetric anaesthesia spread through local adap-
tation, and simplified guidelines were also applied to
non-obstetric cases. The American Society of
Anesthesiologists produced an official national guideline
on management of the difficult airway in 1992 (last
updated in 2013)2 and the Difficult Airway Society
(DAS) produced an equivalent for the UK in 2004.3

These and other non-obstetric guidelines do not address

the problem that surgery (especially for caesarean sec-
tion) is often performed to ensure the wellbeing of a dif-
ferent individual to the patient, furthermore, an
individual who has no individual legal status before
birth. On the other hand, developments in obstetric
anaesthetic practice that have had an impact on modifi-
cations of Tunstall’s guideline include the laryngeal
mask and other supraglottic airway devices (SAD),
antacid and oral intake protocols during labour, infre-
quent use of orogastric tubes for stomach emptying,
rapid onset non-depolarising neuromuscular blocking
drugs and rapid neuromuscular reversal agents. The
patient population has changed with a growing preva-
lence of obesity. Finally, as the use of neuraxial anaes-
thesia for caesarean section has increased, up to one
third of obstetric general anaesthetics are now adminis-
tered after failed neuraxial anaesthesia.4,5
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Failed intubation

Death 
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Awaken the patient?
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0.00 0.25 0.50 0.75 1.00

combined 0.73 (0.60, 0.85)

Thomas 2014 0.90 (0.55, 1.00)

Swales 2014 0.68 (0.52, 0.82)

Davies 2014 1.00 (0.29, 1.00)

Quinn 2013 0.95 (0.85, 0.99)

Dodds 2013 1.00 (0.16, 1.00)

Teoh 2012 0.83 (0.36, 1.00)

Tao 2012 1.00 (0.40, 1.00)

Kirodian 2012 0.50 (0.12, 0.88)

Palanisamy 2011 1.00 (0.03, 1.00)

Kessack 2010 1.00 (0.03, 1.00)

McDonnell 2009 0.75 (0.19, 0.99)

Nze 2006 0.86 (0.57, 0.98)

Rahman 2005 0.92 (0.64, 1.00)

Bailey 2005 1.00 (0.66, 1.00)

Shibli 2000 0.33 (0.12, 0.62)

Barnardo 2000 0.52 (0.31, 0.73)

Hawthorne 1996 0.38 (0.15, 0.65)

Rocke 1992 0.50 (0.01, 0.99)

Glassenberg 1990 1.00 (0.54, 1.00)

Lyons 1985 0.00 (0.00, 0.37)

proportion (95% confidence interval)

Fig. 2 Proportion meta-analysis plot (random effects) for continuation of general anaesthesia after failed tracheal intubation
during caesarean section. Authors cited in Table 1; year=year of publication. Error bars=95% confidence interval;
diamond=summary statistic

Fig. 4 Ratio of ‘proportion of general anaesthesia continued
after failed tracheal intubation at emergency caesarean sec-
tion’/‘proportion of general anaesthesia continued after failed
tracheal intubation at elective caesarean’, plotted by year of
publication. Dotted lines=95% confidence interval

Fig. 3 Graph of proportion of cases in which general
anaesthesia was continued after failed tracheal intubation at
caesarean section; reports pooled into 5-year epochs. Error
bars=95% confidence interval
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Patient and surgery factors associatedwith the incidence of
failed anddifficult intubation
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Summary
Estimates of the rate and risk-factors for difficult airway rarely include a denominator for the number of
anaesthetics. Approaches such as self-reporting and crowd-sourcing of airway incidents may help identify
specific lessons from clinical episodes, but the lack of denominator data, biased reporting and under-reporting
does not allow a comprehensive population-based assessment. We used an established state-wide dataset to
determine the incidence of failed and difficult intubations between 2015 and 2017 in the state of Victoria in
Australia, along with associated patient and surgical risk-factors. A total of 861,533 general anaesthesia
episodes were analysed. Of these, 4092 patients with difficult or failed intubation were identified; incidence
rates of 0.52% (2015–2016) and 0.43% (2016–2017), respectively. Difficult/failed intubations were most
common in patients aged 45–75 and decreased for older age groups, with risk being lower for patients
aged >85 than patients aged 35–44. The risk for failed/difficult intubation increased significantly for: patients
undergoing emergency surgery (OR 1.80); obese patients (OR 2.48); increased ASA physical status; and
increased Charlson Comorbidity Index. Across all age groups, procedures on the nervous system (OR 1.92) and
endocrine system (OR 2.03) had the highest risk of failed/difficult intubation. The relative reduced risk for failed/
difficult intubations in the elderly population is a novel finding that contrasts with previous research and may
suggest a ‘compression of morbidity’ effect as a moderator. Administrative databases have the potential to
improve understanding of peri-operative risk of rare events at a population level.
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Introduction
Although anaesthesia is extremely safe, adverse events still
occur, with complications related to airway management
being those with the highest risk. The 4th UK National Audit
Project (NAP4) [1] demonstrated that, on average, one
major airway complication occurs for every 22,000 general
anaesthetics [2], with a mortality rate of 1 per 118,372
anaesthetics (0.0008%) [3]. Although difficult or failed
intubation occurs infrequently, ‘can’t intubate, can’t
ventilate’ (CICO) situations are estimated to contribute to
25%of fatal events in anaesthesia [1].

Effective and reliable incident reporting systems
remain a challenge in anaesthesia. Compared with other
safety-critical industries such as aviation, incident reporting
in healthcare is much less successful [4]. Incident reporting
in anaesthesia is infrequent, incomplete [5, 6] and biased,
seemingly occurring only reliably in systems where the
purpose of collecting data is billing or administration [7].
Apart from a few exceptions such as the UK’s national audit
projects, data are skewed by collection from particular
hospitals and by the voluntary nature of the reports. In
addition, incident reporting in healthcare is often not
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Difficult & failed intubation: 	1 in 200  
(4092 of 861’533 = 0.5%)

Failed intubation: 		 	 	 1 in 10’500 
(82 of 861’533 = 0.009%)

Failed intubation if difficult: 	1 in 50 
(82 of 4092 = 2%)
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ABSTRACT
Background: Estimates for the incidence of difficult intubation in the 
obstetric population vary widely, although previous studies reporting rates of 
difficult intubation in obstetrics are older and limited by smaller samples. The 
goals of this study were to provide a contemporary estimate of the frequency 
of difficult and failed intubation in women undergoing general anesthesia for 
cesarean delivery and to elucidate risk factors for difficult intubation in women 
undergoing general anesthesia for cesarean delivery.

Methods: This is a multicenter, retrospective cohort study utilizing the 
Multicenter Perioperative Outcomes Group database. The study population 
included women aged 15 to 44 yr undergoing general anesthesia for cesar-
ean delivery between 2004 and 2019 at 1 of 45 medical centers. Coprimary 
outcomes included the frequencies of difficult and failed intubation. Difficult 
intubation was defined as Cormack–Lehane view of 3 or greater, three or 
more intubation attempts, rescue fiberoptic intubation, rescue supraglot-
tic airway, or surgical airway. Failed intubation was defined as any attempt 
at intubation without successful endotracheal tube placement. The rates of 
difficult and failed intubation were assessed. Several patient demographic, 
anatomical, and obstetric factors were evaluated for potential associations 
with difficult intubation.

Results: This study identified 14,748 cases of cesarean delivery performed 
under general anesthesia. There were 295 cases of difficult intubation, with a 
frequency of 1:49 (95% CI, 1:55 to 1:44; n = 14,531). There were 18 cases 
of failed intubation, with a frequency of 1:808 (95% CI, 1:1,276 to 1:511; n = 
14,537). Factors with the highest point estimates for the odds of difficult intu-
bation included increased body mass index, Mallampati score III or IV, small 
hyoid-to-mentum distance, limited jaw protrusion, limited mouth opening, and 
cervical spine limitations.

Conclusions: In this large, multicenter, contemporary study of more than 
14,000 general anesthetics for cesarean delivery, an overall risk of difficult 
intubation of 1:49 and a risk of failed intubation of 1:808 were observed. Most 
risk factors for difficult intubation were nonobstetric in nature. These data 
demonstrate that difficult intubation in obstetrics remains an ongoing concern.
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EDITOR’S PERSPECTIVE

What We Already Know about This Topic 
• Previous estimates for the frequency of difficult and failed intu-

bation in the obstetric population vary widely, ranging from 0.3 to 
3.3% and from 0 to 0.4%, respectively

• These data are largely based on older studies and may be less 
relevant now, given the increasing use of regional anesthesia, as 
well as more advanced management of the airway, including video 
laryngoscopy

What This Article Tells Us That Is New
• In a cohort of more than 14,000 women receiving general anes-

thetics for cesarean delivery, the risk of difficult intubation was 1 in 
49, and the risk of failed intubation was 1 in 808

• Risk factors for difficult intubation included increased body mass 
index, Mallampati score III or IV, small hyoid-to-mentum distance, 
limited jaw protrusion, limited mouth opening, and cervical spine 
limitations

Estimates for the frequency of difficult and failed intu-
bation in the obstetric population vary widely, ranging 

from 0.3 to 3.3% and from 0 to 0.4%, respectively. These 
frequencies are several times higher than those reported for 
the general surgical population.1–13 However, the studies 
that have examined the rates of difficult and failed intuba-
tion in obstetrics are from countries other than the United 
States or in smaller centers. Furthermore, increased rates 
of neuraxial anesthesia use may have affected observed 
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Difficult & failed intubation: 	1 in 50  
(295 of 14’537 = 2.0%)

Failed intubation if difficult: 	1 in 16 
(18 of 295 = 6.0%)

Failed intubation: 		 	 	 1 in 800 
(18 of 14’537 = 0.12%)

1 in 200

1 in 10’500

1 in 50

caesarean general
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the risk of difficult intubation was substantial. One in 28 
women with a body mass index 40 kg/m2 or more, 1 in 12 
women with a Mallampati score of IV, and 1 in 9 women 
with a limited mouth opening experienced a difficult 
intubation. Most factors strongly associated with difficult 
intubation were nonobstetric in nature and were related 
to patient or airway characteristics. When examining the 
rates of difficult intubation over time, we found a decrease 
in the frequency of difficult intubation in the second half 
of the study period. The proliferation of video laryngos-
copy during the time period may be associated with this 
observation,15–17 although additional studies are needed to 
confirm this finding.

The frequencies of difficult and failed intubation that we 
observed in our study are in line with those seen in the pub-
lished literature.1–13 However, these frequencies are difficult 
to compare directly among studies, as there is no standard 

definition for such outcomes, and the patient populations 
and time frames in which the studies were conducted vary 
widely. For example, definitions for failed intubation vary 
from unsuccessful intubations after a single dose of succi-
nylcholine to inability to intubate during general anesthesia, 
with the latter being closer to the relatively more strin-
gent definition for failed intubation we have adopted.3,8,9 
Nonetheless, our rate of difficult intubation, 1:49, is con-
sistent with results in the published literature, which range 
widely from 1:30 to 1:400; our rate of failed intubation, 
1:808, is also within the range of the published literature, 
from no cases of failed intubation in one community- 
based case series to 1:200.1–5 We also found that all 18  
cases of failed intubation were rescued with a supraglottic 
airway device, which is also consistent with a trend in the 
literature toward increasing supraglottic airway use in cases 
of failed intubation.5,29 However, our large, multicenter, 

Table 3. Associations between Obstetric Patient Characteristics and Odds of Difficult Intubation

Characteristics
Site-adjusted  

Odds Ratio (95% CI)
Site- and Factor-adjusted  

Odds Ratio (95% CI)
Risk of  

Difficult Intubation

Overall   1:49
Age    
 Less than 35 yr Reference Reference 1:55
 35–39 yr 1.66 (1.24–2.21) 1.65 (1.23–2.21) 1:36
 40 yr or more 2.14 (1.33–3.44) 2.17 (1.34–3.51) 1:32
Body mass index    
 Less than 25 kg/m2 Reference Reference 1:156
 25–39.9 kg/m2 1.55 (0.88–2.73) 1.48 (0.84–2.60) 1:57
 40 kg/m2 or higher 2.71 (1.53–4.8) 2.02 (1.12–3.63) 1:28
Race/ethnicity    
 Asian or Pacific Islander 0.89 (0.388–2.06) 0.89 (0.383–2.07) 1:87
 Black 1.46 (1.06–2.02) 1.34 (0.96–1.87) 1:41
 Hispanic 2.06 (1.07–4.0) 1.91 (0.98–3.75) 1:32
 White Reference Reference 1:57
 Other/unknown 1.17 (0.86–1.59) 1.10 (0.80–1.52) 1:45
ASA status    
 I or II Reference Reference 1:57
 III 1.61 (1.25–2.07) 1.23 (0.93–1.63) 1:40
 IV–VI 2.01 (1.17–3.48) 1.65 (0.93–2.92) 1:38
Year of delivery, 2004–2011* 1.21 (0.88–1.67) 1.37 (0.98–1.92) 1:41
Mallampati score    
 I or II Reference Reference 1:63
 III 2.37 (1.72–3.27) 2.05 (1.46–2.86) 1:28
 IV 4.6 (2.61–8.2) 3.79 (2.10–6.85) 1:12
Small hyoid-to-mentum distance† 3.03 (1.27–7.3)  1:15
Limited jaw protrusion† 2.67 (1.04–6.9)  1:21
Limited mouth opening† 8.2 (3.72–17.9)  1:9
Altered neck anatomy† 1.85 (0.89–3.86)  1:42
Cervical spine limitation† 4.5 (1.54–13.0)  1:14
Labor to cesarean status 1.11 (0.78–1.59) 1.20 (0.82–1.75) 1:41
Induction of labor 1.13 (0.62–2.06) 1.03 (0.54–1.94) 1:33
Presence of preterm delivery 1.02 (0.67–1.55) 0.98 (0.63–1.51) 1:53
Presence of multiple gestation 1.09 (0.58–2.05) 1.09 (0.57–2.09) 1:49
Presence of preeclampsia or eclampsia 1.67 (1.16–2.40) 1.28 (0.87–1.89) 1:33

All odds ratio and CI values were obtained via combination of point estimates and standard errors from 65 imputed data sets using Rubin’s rules, except where otherwise specified. 
*Reference 2012 to 2019. †Due to missingness of 40% or more, site-adjusted odds ratios and CI values for factors obtained using complete case analysis and factors not included in 
site- and factor-adjusted model were estimated using multiple imputation.
ASA, American Society of Anesthesiologists.
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the risk of difficult intubation was substantial. One in 28 
women with a body mass index 40 kg/m2 or more, 1 in 12 
women with a Mallampati score of IV, and 1 in 9 women 
with a limited mouth opening experienced a difficult 
intubation. Most factors strongly associated with difficult 
intubation were nonobstetric in nature and were related 
to patient or airway characteristics. When examining the 
rates of difficult intubation over time, we found a decrease 
in the frequency of difficult intubation in the second half 
of the study period. The proliferation of video laryngos-
copy during the time period may be associated with this 
observation,15–17 although additional studies are needed to 
confirm this finding.

The frequencies of difficult and failed intubation that we 
observed in our study are in line with those seen in the pub-
lished literature.1–13 However, these frequencies are difficult 
to compare directly among studies, as there is no standard 

definition for such outcomes, and the patient populations 
and time frames in which the studies were conducted vary 
widely. For example, definitions for failed intubation vary 
from unsuccessful intubations after a single dose of succi-
nylcholine to inability to intubate during general anesthesia, 
with the latter being closer to the relatively more strin-
gent definition for failed intubation we have adopted.3,8,9 
Nonetheless, our rate of difficult intubation, 1:49, is con-
sistent with results in the published literature, which range 
widely from 1:30 to 1:400; our rate of failed intubation, 
1:808, is also within the range of the published literature, 
from no cases of failed intubation in one community- 
based case series to 1:200.1–5 We also found that all 18  
cases of failed intubation were rescued with a supraglottic 
airway device, which is also consistent with a trend in the 
literature toward increasing supraglottic airway use in cases 
of failed intubation.5,29 However, our large, multicenter, 

Table 3. Associations between Obstetric Patient Characteristics and Odds of Difficult Intubation

Characteristics
Site-adjusted  

Odds Ratio (95% CI)
Site- and Factor-adjusted  

Odds Ratio (95% CI)
Risk of  

Difficult Intubation

Overall   1:49
Age    
 Less than 35 yr Reference Reference 1:55
 35–39 yr 1.66 (1.24–2.21) 1.65 (1.23–2.21) 1:36
 40 yr or more 2.14 (1.33–3.44) 2.17 (1.34–3.51) 1:32
Body mass index    
 Less than 25 kg/m2 Reference Reference 1:156
 25–39.9 kg/m2 1.55 (0.88–2.73) 1.48 (0.84–2.60) 1:57
 40 kg/m2 or higher 2.71 (1.53–4.8) 2.02 (1.12–3.63) 1:28
Race/ethnicity    
 Asian or Pacific Islander 0.89 (0.388–2.06) 0.89 (0.383–2.07) 1:87
 Black 1.46 (1.06–2.02) 1.34 (0.96–1.87) 1:41
 Hispanic 2.06 (1.07–4.0) 1.91 (0.98–3.75) 1:32
 White Reference Reference 1:57
 Other/unknown 1.17 (0.86–1.59) 1.10 (0.80–1.52) 1:45
ASA status    
 I or II Reference Reference 1:57
 III 1.61 (1.25–2.07) 1.23 (0.93–1.63) 1:40
 IV–VI 2.01 (1.17–3.48) 1.65 (0.93–2.92) 1:38
Year of delivery, 2004–2011* 1.21 (0.88–1.67) 1.37 (0.98–1.92) 1:41
Mallampati score    
 I or II Reference Reference 1:63
 III 2.37 (1.72–3.27) 2.05 (1.46–2.86) 1:28
 IV 4.6 (2.61–8.2) 3.79 (2.10–6.85) 1:12
Small hyoid-to-mentum distance† 3.03 (1.27–7.3)  1:15
Limited jaw protrusion† 2.67 (1.04–6.9)  1:21
Limited mouth opening† 8.2 (3.72–17.9)  1:9
Altered neck anatomy† 1.85 (0.89–3.86)  1:42
Cervical spine limitation† 4.5 (1.54–13.0)  1:14
Labor to cesarean status 1.11 (0.78–1.59) 1.20 (0.82–1.75) 1:41
Induction of labor 1.13 (0.62–2.06) 1.03 (0.54–1.94) 1:33
Presence of preterm delivery 1.02 (0.67–1.55) 0.98 (0.63–1.51) 1:53
Presence of multiple gestation 1.09 (0.58–2.05) 1.09 (0.57–2.09) 1:49
Presence of preeclampsia or eclampsia 1.67 (1.16–2.40) 1.28 (0.87–1.89) 1:33

All odds ratio and CI values were obtained via combination of point estimates and standard errors from 65 imputed data sets using Rubin’s rules, except where otherwise specified. 
*Reference 2012 to 2019. †Due to missingness of 40% or more, site-adjusted odds ratios and CI values for factors obtained using complete case analysis and factors not included in 
site- and factor-adjusted model were estimated using multiple imputation.
ASA, American Society of Anesthesiologists.
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the risk of difficult intubation was substantial. One in 28 
women with a body mass index 40 kg/m2 or more, 1 in 12 
women with a Mallampati score of IV, and 1 in 9 women 
with a limited mouth opening experienced a difficult 
intubation. Most factors strongly associated with difficult 
intubation were nonobstetric in nature and were related 
to patient or airway characteristics. When examining the 
rates of difficult intubation over time, we found a decrease 
in the frequency of difficult intubation in the second half 
of the study period. The proliferation of video laryngos-
copy during the time period may be associated with this 
observation,15–17 although additional studies are needed to 
confirm this finding.

The frequencies of difficult and failed intubation that we 
observed in our study are in line with those seen in the pub-
lished literature.1–13 However, these frequencies are difficult 
to compare directly among studies, as there is no standard 

definition for such outcomes, and the patient populations 
and time frames in which the studies were conducted vary 
widely. For example, definitions for failed intubation vary 
from unsuccessful intubations after a single dose of succi-
nylcholine to inability to intubate during general anesthesia, 
with the latter being closer to the relatively more strin-
gent definition for failed intubation we have adopted.3,8,9 
Nonetheless, our rate of difficult intubation, 1:49, is con-
sistent with results in the published literature, which range 
widely from 1:30 to 1:400; our rate of failed intubation, 
1:808, is also within the range of the published literature, 
from no cases of failed intubation in one community- 
based case series to 1:200.1–5 We also found that all 18  
cases of failed intubation were rescued with a supraglottic 
airway device, which is also consistent with a trend in the 
literature toward increasing supraglottic airway use in cases 
of failed intubation.5,29 However, our large, multicenter, 

Table 3. Associations between Obstetric Patient Characteristics and Odds of Difficult Intubation

Characteristics
Site-adjusted  

Odds Ratio (95% CI)
Site- and Factor-adjusted  

Odds Ratio (95% CI)
Risk of  

Difficult Intubation

Overall   1:49
Age    
 Less than 35 yr Reference Reference 1:55
 35–39 yr 1.66 (1.24–2.21) 1.65 (1.23–2.21) 1:36
 40 yr or more 2.14 (1.33–3.44) 2.17 (1.34–3.51) 1:32
Body mass index    
 Less than 25 kg/m2 Reference Reference 1:156
 25–39.9 kg/m2 1.55 (0.88–2.73) 1.48 (0.84–2.60) 1:57
 40 kg/m2 or higher 2.71 (1.53–4.8) 2.02 (1.12–3.63) 1:28
Race/ethnicity    
 Asian or Pacific Islander 0.89 (0.388–2.06) 0.89 (0.383–2.07) 1:87
 Black 1.46 (1.06–2.02) 1.34 (0.96–1.87) 1:41
 Hispanic 2.06 (1.07–4.0) 1.91 (0.98–3.75) 1:32
 White Reference Reference 1:57
 Other/unknown 1.17 (0.86–1.59) 1.10 (0.80–1.52) 1:45
ASA status    
 I or II Reference Reference 1:57
 III 1.61 (1.25–2.07) 1.23 (0.93–1.63) 1:40
 IV–VI 2.01 (1.17–3.48) 1.65 (0.93–2.92) 1:38
Year of delivery, 2004–2011* 1.21 (0.88–1.67) 1.37 (0.98–1.92) 1:41
Mallampati score    
 I or II Reference Reference 1:63
 III 2.37 (1.72–3.27) 2.05 (1.46–2.86) 1:28
 IV 4.6 (2.61–8.2) 3.79 (2.10–6.85) 1:12
Small hyoid-to-mentum distance† 3.03 (1.27–7.3)  1:15
Limited jaw protrusion† 2.67 (1.04–6.9)  1:21
Limited mouth opening† 8.2 (3.72–17.9)  1:9
Altered neck anatomy† 1.85 (0.89–3.86)  1:42
Cervical spine limitation† 4.5 (1.54–13.0)  1:14
Labor to cesarean status 1.11 (0.78–1.59) 1.20 (0.82–1.75) 1:41
Induction of labor 1.13 (0.62–2.06) 1.03 (0.54–1.94) 1:33
Presence of preterm delivery 1.02 (0.67–1.55) 0.98 (0.63–1.51) 1:53
Presence of multiple gestation 1.09 (0.58–2.05) 1.09 (0.57–2.09) 1:49
Presence of preeclampsia or eclampsia 1.67 (1.16–2.40) 1.28 (0.87–1.89) 1:33

All odds ratio and CI values were obtained via combination of point estimates and standard errors from 65 imputed data sets using Rubin’s rules, except where otherwise specified. 
*Reference 2012 to 2019. †Due to missingness of 40% or more, site-adjusted odds ratios and CI values for factors obtained using complete case analysis and factors not included in 
site- and factor-adjusted model were estimated using multiple imputation.
ASA, American Society of Anesthesiologists.
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of the study period. The proliferation of video laryngos-
copy during the time period may be associated with this 
observation,15–17 although additional studies are needed to 
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The frequencies of difficult and failed intubation that we 
observed in our study are in line with those seen in the pub-
lished literature.1–13 However, these frequencies are difficult 
to compare directly among studies, as there is no standard 
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widely. For example, definitions for failed intubation vary 
from unsuccessful intubations after a single dose of succi-
nylcholine to inability to intubate during general anesthesia, 
with the latter being closer to the relatively more strin-
gent definition for failed intubation we have adopted.3,8,9 
Nonetheless, our rate of difficult intubation, 1:49, is con-
sistent with results in the published literature, which range 
widely from 1:30 to 1:400; our rate of failed intubation, 
1:808, is also within the range of the published literature, 
from no cases of failed intubation in one community- 
based case series to 1:200.1–5 We also found that all 18  
cases of failed intubation were rescued with a supraglottic 
airway device, which is also consistent with a trend in the 
literature toward increasing supraglottic airway use in cases 
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 25–39.9 kg/m2 1.55 (0.88–2.73) 1.48 (0.84–2.60) 1:57
 40 kg/m2 or higher 2.71 (1.53–4.8) 2.02 (1.12–3.63) 1:28
Race/ethnicity    
 Asian or Pacific Islander 0.89 (0.388–2.06) 0.89 (0.383–2.07) 1:87
 Black 1.46 (1.06–2.02) 1.34 (0.96–1.87) 1:41
 Hispanic 2.06 (1.07–4.0) 1.91 (0.98–3.75) 1:32
 White Reference Reference 1:57
 Other/unknown 1.17 (0.86–1.59) 1.10 (0.80–1.52) 1:45
ASA status    
 I or II Reference Reference 1:57
 III 1.61 (1.25–2.07) 1.23 (0.93–1.63) 1:40
 IV–VI 2.01 (1.17–3.48) 1.65 (0.93–2.92) 1:38
Year of delivery, 2004–2011* 1.21 (0.88–1.67) 1.37 (0.98–1.92) 1:41
Mallampati score    
 I or II Reference Reference 1:63
 III 2.37 (1.72–3.27) 2.05 (1.46–2.86) 1:28
 IV 4.6 (2.61–8.2) 3.79 (2.10–6.85) 1:12
Small hyoid-to-mentum distance† 3.03 (1.27–7.3)  1:15
Limited jaw protrusion† 2.67 (1.04–6.9)  1:21
Limited mouth opening† 8.2 (3.72–17.9)  1:9
Altered neck anatomy† 1.85 (0.89–3.86)  1:42
Cervical spine limitation† 4.5 (1.54–13.0)  1:14
Labor to cesarean status 1.11 (0.78–1.59) 1.20 (0.82–1.75) 1:41
Induction of labor 1.13 (0.62–2.06) 1.03 (0.54–1.94) 1:33
Presence of preterm delivery 1.02 (0.67–1.55) 0.98 (0.63–1.51) 1:53
Presence of multiple gestation 1.09 (0.58–2.05) 1.09 (0.57–2.09) 1:49
Presence of preeclampsia or eclampsia 1.67 (1.16–2.40) 1.28 (0.87–1.89) 1:33

All odds ratio and CI values were obtained via combination of point estimates and standard errors from 65 imputed data sets using Rubin’s rules, except where otherwise specified. 
*Reference 2012 to 2019. †Due to missingness of 40% or more, site-adjusted odds ratios and CI values for factors obtained using complete case analysis and factors not included in 
site- and factor-adjusted model were estimated using multiple imputation.
ASA, American Society of Anesthesiologists.
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the risk of difficult intubation was substantial. One in 28 
women with a body mass index 40 kg/m2 or more, 1 in 12 
women with a Mallampati score of IV, and 1 in 9 women 
with a limited mouth opening experienced a difficult 
intubation. Most factors strongly associated with difficult 
intubation were nonobstetric in nature and were related 
to patient or airway characteristics. When examining the 
rates of difficult intubation over time, we found a decrease 
in the frequency of difficult intubation in the second half 
of the study period. The proliferation of video laryngos-
copy during the time period may be associated with this 
observation,15–17 although additional studies are needed to 
confirm this finding.

The frequencies of difficult and failed intubation that we 
observed in our study are in line with those seen in the pub-
lished literature.1–13 However, these frequencies are difficult 
to compare directly among studies, as there is no standard 

definition for such outcomes, and the patient populations 
and time frames in which the studies were conducted vary 
widely. For example, definitions for failed intubation vary 
from unsuccessful intubations after a single dose of succi-
nylcholine to inability to intubate during general anesthesia, 
with the latter being closer to the relatively more strin-
gent definition for failed intubation we have adopted.3,8,9 
Nonetheless, our rate of difficult intubation, 1:49, is con-
sistent with results in the published literature, which range 
widely from 1:30 to 1:400; our rate of failed intubation, 
1:808, is also within the range of the published literature, 
from no cases of failed intubation in one community- 
based case series to 1:200.1–5 We also found that all 18  
cases of failed intubation were rescued with a supraglottic 
airway device, which is also consistent with a trend in the 
literature toward increasing supraglottic airway use in cases 
of failed intubation.5,29 However, our large, multicenter, 

Table 3. Associations between Obstetric Patient Characteristics and Odds of Difficult Intubation

Characteristics
Site-adjusted  

Odds Ratio (95% CI)
Site- and Factor-adjusted  

Odds Ratio (95% CI)
Risk of  

Difficult Intubation

Overall   1:49
Age    
 Less than 35 yr Reference Reference 1:55
 35–39 yr 1.66 (1.24–2.21) 1.65 (1.23–2.21) 1:36
 40 yr or more 2.14 (1.33–3.44) 2.17 (1.34–3.51) 1:32
Body mass index    
 Less than 25 kg/m2 Reference Reference 1:156
 25–39.9 kg/m2 1.55 (0.88–2.73) 1.48 (0.84–2.60) 1:57
 40 kg/m2 or higher 2.71 (1.53–4.8) 2.02 (1.12–3.63) 1:28
Race/ethnicity    
 Asian or Pacific Islander 0.89 (0.388–2.06) 0.89 (0.383–2.07) 1:87
 Black 1.46 (1.06–2.02) 1.34 (0.96–1.87) 1:41
 Hispanic 2.06 (1.07–4.0) 1.91 (0.98–3.75) 1:32
 White Reference Reference 1:57
 Other/unknown 1.17 (0.86–1.59) 1.10 (0.80–1.52) 1:45
ASA status    
 I or II Reference Reference 1:57
 III 1.61 (1.25–2.07) 1.23 (0.93–1.63) 1:40
 IV–VI 2.01 (1.17–3.48) 1.65 (0.93–2.92) 1:38
Year of delivery, 2004–2011* 1.21 (0.88–1.67) 1.37 (0.98–1.92) 1:41
Mallampati score    
 I or II Reference Reference 1:63
 III 2.37 (1.72–3.27) 2.05 (1.46–2.86) 1:28
 IV 4.6 (2.61–8.2) 3.79 (2.10–6.85) 1:12
Small hyoid-to-mentum distance† 3.03 (1.27–7.3)  1:15
Limited jaw protrusion† 2.67 (1.04–6.9)  1:21
Limited mouth opening† 8.2 (3.72–17.9)  1:9
Altered neck anatomy† 1.85 (0.89–3.86)  1:42
Cervical spine limitation† 4.5 (1.54–13.0)  1:14
Labor to cesarean status 1.11 (0.78–1.59) 1.20 (0.82–1.75) 1:41
Induction of labor 1.13 (0.62–2.06) 1.03 (0.54–1.94) 1:33
Presence of preterm delivery 1.02 (0.67–1.55) 0.98 (0.63–1.51) 1:53
Presence of multiple gestation 1.09 (0.58–2.05) 1.09 (0.57–2.09) 1:49
Presence of preeclampsia or eclampsia 1.67 (1.16–2.40) 1.28 (0.87–1.89) 1:33

All odds ratio and CI values were obtained via combination of point estimates and standard errors from 65 imputed data sets using Rubin’s rules, except where otherwise specified. 
*Reference 2012 to 2019. †Due to missingness of 40% or more, site-adjusted odds ratios and CI values for factors obtained using complete case analysis and factors not included in 
site- and factor-adjusted model were estimated using multiple imputation.
ASA, American Society of Anesthesiologists.
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difficult intubation. Therefore, these cases were not counted 
as difficult intubations in our final manual review, and this 
discrepancy could potentially mean that our calculated 
frequency of difficult intubation is lower than the actual 
frequency of difficult intubation. Further, although wors-
ening of Mallampati scores throughout labor is a known 
phenomenon,30 the Multicenter Perioperative Outcomes 
Group database contained only one airway examination per 
patient. It is also not possible to determine provider experi-
ence level with each given device or attempt; some attempts 
at intubation may be performed by relatively inexperienced 
providers at teaching hospitals. Institutional factors may also 
differ in determining whether direct versus video laryngos-
copy is attempted initially, potentially altering the ability to 
compare rescue device success rates. We were also not able to 
determine whether cesarean delivery cases were performed 
on an emergent basis, which might have an impact on a 
provider’s ability to secure an airway. While the Multicenter 
Perioperative Outcomes Group database consists of a large 
database of multiple institutions, academic institutions are 
overrepresented. As a result, the patient population may 
skew toward a higher acuity and may not be representative 
of community practices. Furthermore, our results may not 
be generalizable to all obstetric patients as a whole, given 
that women with a known or suspected difficult airway may 
be more likely to have had a planned regional anesthetic.

These data from a large, multicenter sample from the 
United States demonstrate that we need to continue to be 
vigilant for the possibility of difficult intubation in women 
undergoing general anesthesia for cesarean delivery. A thor-
ough evaluation and early epidural analgesia for patients in 
whom it is appropriate may help minimize the need for 
intubation in the highest-risk patients.
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Fig. 3. Frequency of difficult intubation over time. The x axis shows the delivery date (yr). On the y axis, the lines and band represent the 
predicted frequency and 95% CI, respectively, for difficult intubation over time as estimated using a logistic regression model with restricted 
cubic spline. The axis is on the logit scale to correspond to the logistic regression model. Scatterplot dots are shown representing observed 
percentages of difficult intubations for every 2-yr period.
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Preoxygenation
at least 4 deep breaths, 
preferable: ETO2>0.8

1. Alfentanil 0.5mg iv
2. Propofol 2 (-3) mg/kg
3. Rocuronium 1 mg/kg
4. Cricoid pressure
5. Apnea oder gentle mask ventilation 
(Pmax <20 cmH2O)

NMBA after propofol, do not wait for apnea. 
Intubation 50 sec after rocuronium 
(dose to ideal weight, opt. +20%)

Intubation
Check tube (CO2 !)

start surgery

Sevo max 1 MAC
100 % O2

cord clamping

Fentanyl 2-3 µg/kg
Midazolam 3-5 mg, if ø BIS or BIS > 55
Reduce Sevo < 1MAC (uterine tone !)

Awake, reflexes
no residual paralysis

Extubation

Preeclampsia, cardiovasc. disease:
Remifentanil 1 μg/kg (instead of 

alftentanil) slow bolus, 
followed by infusion 

(TCI oder 10-36 ml/h)

M. Brunner, Th. Girard, March 2023

TOF: 4 Twitches: Robinul/Neostigmin
< 4 Twitches: Sugammadex 200 mg

TOF< 0.9 after 4-5min: repeat 200mg

Propofol as alternative to Sevo: 
TIVA with BIS

Postoperative Analgesia:
Working epidural: Morphine 2mg epidural
No epidural
- Paracetamol 1g iv
- Ibuprofen 400mg iv
- Morphine 0.1mg/kg iv (ideal weight)

Optional wound infiltration with bupivacaine 
0.25% 20-30ml
TAP block, if consent available
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