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National cross sectional survey to determine whether the decision to
delivery interval is critical in emergency caesarean section
Jane Thomas, Shantini Paranjothy, David James

Abstract
Objective To examine the association between decision to
delivery interval and maternal and baby outcomes.
Design National cross sectional survey.
Setting Maternity units in England and Wales.
Subjects reviewed 17 780 singleton births (99% of all births)
delivered by emergency caesarean section in England and
Wales between 1 May 2000 and 31 July 2000.
Main outcome measures Association between decision to
delivery interval and baby outcomes (Apgar scores of < 7 and
< 4 at five minutes and stillbirth) and maternal outcomes
(requirement for special care additional to routine care after
caesarean section and where care was provided).
Results Compared with babies delivered within 15 minutes,
there was no difference in maternal or baby outcome for
decision to delivery interval between 16 and 75 minutes. After
75 minutes, however, there was a significantly higher odds of a
five minute Apgar score of < 7 (odds ratio 1.7, 95% confidence
interval 1.2 to 2.4), and 50% increase in odds of special care
additional to routine care for mothers.
Conclusion A decision to delivery interval of 30 minutes is not
an absolute threshold for influencing baby outcome. Decision
to delivery intervals of more than 75 minutes are associated
with poorer maternal and baby outcomes and should be
avoided.

Introduction
In the United Kingdom, the Department of Health has allocated
£1.5bn ($2.7bn; €2.3bn) to cover obstetric litigation over the next
five years.1 Many cases involve possible intrapartum antecedents
of cerebral palsy. To help improve intrapartum fetal care the
National Institute for Clinical Excellence clinical guideline on
electronic fetal monitoring recommends that “in cases of
suspected or confirmed acute fetal compromise, delivery should
be accomplished as soon as possible, accounting for the severity
of the fetal heart rate abnormality and relevant maternal factors.
The accepted standard has been that, ideally this should be
accomplished within 30 minutes.”2 The ability of hospitals to
meet this standard was assessed in the national sentinel
caesarean section audit.3

A systematic review found limited research to underpin this
standard, and 30 minutes is an arbitrary threshold.2 4–7 It has been
suggested that rapid delivery may be dangerous in itself for the
fetus. However, the most compromised babies are most
predisposed to a poorer outcome and are also often delivered
with the least delay, and this needs to be taken into account when
assessing the effects of a rapid delivery.8 9 Rapid delivery may also

increase the risk of maternal mortality, as a result of surgery or
factors such as general anaesthesia.10

Perceived urgency can be critical in motivating a caesarean
section. A grading system for urgency was evaluated in the
national sentinel caesarean section audit.3 Using data from this
audit, we examined the association between decision to delivery
interval and baby and maternal outcomes, after adjustment for
clinical factors associated with poor fetal, neonatal, or maternal
outcome.

Methods
The national sentinel caesarean section audit was designed to
accurately measure caesarean rates and to assess the quality of
care given to women having caesarean sections in England and
Wales.3 Data were collected at the time of delivery. The dataset
includes 99% of all births between 1 May 2000 and 31 July 2000.

The decision to delivery interval for emergency caesarean is
defined as the interval in minutes from the date and time of
decision to carry out the caesarean section to the date and time
of delivery of the baby. For our analysis, we categorised the data
into 15 minute intervals (0-15, 16-30, 31-45, 46-60, 61-75, and
> 75).

The perceived urgency for emergency caesarean was
ascertained from asking which of the following statements most
accurately describes “urgency” of the caesarean section: immedi-
ate threat to the life of the woman or fetus (grade 1); maternal or
fetal compromise not immediately life threatening (grade 2); no
maternal or fetal compromise but early delivery needed (grade
3); and delivery timed to suit the woman and staff (grade 4).

All contributory indications for caesarean were reported, and
the most important (primary) indication was specified. The rela-
tion between these two variables has been evaluated and
reported elsewhere.3

Outcome measures
The fetal outcomes were Apgar scores of < 7 and < 4 at five
minutes and stillbirth; in these data, antepartum and
intrapartum fetal deaths were not distinguished. It is, however,
uncommon in the United Kingdom to perform a caesarean for
an antenatal fetal death. To ensure exclusion of any antenatal
fetal deaths, we examined the clinical data on all stillbirths. We
excluded from further analysis one case where it was not clear
that the baby was thought to be alive at the time of surgery.

The maternal outcomes were requirement for special care
after caesarean section that was additional to routine postopera-
tive care and where this care was provided.

Cite this article as: BMJ, doi:10.1136/bmj.38031.775845.7C (published 15 March 2004)
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utes rather than 30 minutes is the clinically significant threshold,
adopting 75 minutes could lead to complacency. In our opinion,
the 30 minute decision to delivery interval should remain as the
benchmark for service provision for caesarean sections of grade
1 and grade 2 urgency. In addition, the 75 minute decision to
delivery interval should be added as a clinically important audit
standard, and all emergency caesarean deliveries should occur
within this time.
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Table 3 Association between decision to delivery interval, clinical factors, five minute Apgar scores of <7 and <4, stillbirth, and maternal requirement for
special care

Variable

5 minute Apgar score <7 5 minute Apgar score <4 Stillbirth
Maternal requirement for special

care

No (%)

Unadjusted
odds ratio
(95% CI)

Adjusted
odds ratio*
(95% CI) No (%)

Unadjusted
odds ratio*
(95% CI)

Adjusted
odds ratio
(95% CI) No (%)

Unadjusted
odds ratio
(95% CI)

Adjusted
odds ratio*
(95% CI) No (%)

Unadjusted
odds ratio
(95%CI)

Adjusted
odds ratio*
(95% CI)

Decision to
delivery
(min):
≤15 87 (6.5) 1 1 32 (2.4) 1 1 11 (0.8) 1 1 194

(14.1)
1 1

16-30 139 (5.5) 0.8
(0.6 to 1.1)

0.9
(0.6 to 1.2)

44 (1.7) 0.7
(0.5 to 1.1)

0.8
(0.5 to 1.3)

16 (0.6) 0.8
(0.3 to 1.7)

0.8
(0.3 to 1.7)

301
(11.7)

0.8
(0.6 to 1.0)

0.8
(0.7 to 1.1)

31-45 106 (3.0) 0.4
(0.3 to 0.6)

1.0
(0.7 to 1.4)

25 (0.7) 0.3
(0.2 to 0.5)

0.7
(0.4 to 1.3)

5 (0.1) 0.2
(0.1 to 0.5)

0.4
(0.1 to 1.3)

361
(10.1)

0.7
(0.6 to 0.8)

0.9
(0.8 to 1.2)

46-60 71 (2.2) 0.3
(0.2 to 0.4)

1.1
(0.8 to 1.7)

23 (0.7) 0.3
(0.2 to 0.5)

1.3
(0.7 to 2.3)

3 (0.1) 0.1
(0.0 to 0.4)

0.5
(0.1 to 1.9)

277 (8.5) 0.6
(0.5 to 0.7)

0.9
(0.7 to 1.1)

61-75 35 (1.9) 0.3
(0.2 to 0.4)

1.1
(0.7 to 1.7)

10 (0.5) 0.2
(0.1 to 0.5)

1.0
(0.4 to 2.3)

4 (0.2) 0.3
(0.1 to 0.8)

1.6
(0.5 to 5.3)

197
(10.6)

0.7
(0.6 to 0.9)

1.1
(0.8 to 1.4)

>75 116 (3.1) 0.4
(0.3 to 0.6)

1.7
(1.2 to 2.4)

31 (0.8) 0.3
(0.2 to 0.5)

1.4
(0.7 to 2.5)

11 (0.3) 0.3
(0.1 to 0.7)

1.8
(0.7 to 4.2)

752
(19.4)

1.5
(1.2 to 1.7)

1.5
(1.2 to 1.8)

Grade of
urgency:
Need early
delivery

31 (0.9) 1 1 11 (0.3) 1 1 3 (0.1) 1 1 233 (6.3) 1 1

Urgent, not
life
threatening

189 (2.1) 2.5
(1.7 to 3.6)

1.7
(1.1 to 2.6)

46 (0.5) 1.7
(0.8 to 3.6)

0.8
(0.4 to 1.9)

6 (0.1) 0.8
(0.2 to 3.3)

0.9
(0.2 to 3.1)

1154
(12.7)

2.1
(1.8 to 2.5)

1.6
(1.3 to 1.9)

Urgent, life
threatening

352 (7.9) 9.8
(6.8 to 14.1)

2.9
(1.8 to 4.8)

115 (2.6) 8.6
(4.3 to 17.0)

1.6
(0.6 to 4.0)

43 (0.9) 11.5
(3.6 to 36.8)

8.3
(1.5 to 44.7)

857
(18.6)

3.4
(2.8 to 4.0)

2.2
(1.7 to 2.7)

*Adjusted for primary indication for caesarean section, cardicotography findings, grade of urgency, and type of anaesthesia.

What is already known on this topic
Decision to delivery interval for emergency caesarean
section within 30 minutes is the international standard for
fetal compromise

A systematic review suggests that evidence supporting this
standard is weak

Short decision to delivery intervals have been associated
with poorer baby outcomes and may harm the mother

What this study adds
A decision to delivery interval of 30 minutes is not an
absolute threshold for influencing baby outcome

Intervals of more than 75 minutes are associated with
poorer maternal and baby outcomes

Decision to delivery interval remains an important measure
of quality of maternity care
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improvement occurred when data were collected
from 1991 to 1996. During that time period, there was
a decline in the case fatality rates for general anesthe-
sia with improvement of the overall risk ratio between
general and regional anesthesia. These advances
could be attributed to better anesthetic monitoring
and published standards for anesthetic care. Pulse
oximetry, capnography, and the Difficult Airway
Algorithm18 are all examples of ASA practice im-
provement efforts that have reduced deaths resulting
from ventilation and intubation complications. The
case fatality rates for general anesthesia continued to
decrease from 1997 to 2002, and the relative risk of
general compared with regional anesthesia fell to 1.7
(95% confidence interval [CI] 0.6–4.6; P!.2), a non-
significant difference. Of interest, two studies re-
viewed failed intubations in obstetrics during 1993–
199819 and 1999–2003.20 These studies revealed
failed intubation rates were 1:249 and 1:238, respec-
tively, similar to the original 1:280 rate for failed
intubation in obstetrics published in 1985,21 but there
were no maternal deaths in either recent series.

During the past two decades, anesthesiologists
have focused on improving their management of
difficulty airway–failed intubation, gaining expertise
with the laryngeal mask and other airway devices. In
cases of hemorrhage with hemodynamic instability or
prolapse of the umbilical cord, general anesthesia
may be the most appropriate choice for cesarean
delivery. The Maternal-Fetal Medicine Units Net-
work quantified anesthesia-related complications as-
sociated with cesarean delivery in 37,142 cesarean
deliveries for singleton gestations.22 They reported
that 93% of mothers received a regional anesthetic
with a 3% failure rate and rare maternal morbidity.
General anesthesia was more likely to be used (odds
ratio [OR] 6.9) for cases when the decision-to-incision
interval was less than 15 minutes or when ASA status
was 4 or higher, that is, the most emergent cases and
the sickest patients. Improvements in case fatality rate
for general anesthesia are especially notable consid-

ering it is used for the highest risk patients and most
hurried emergencies. Our data suggest that general
anesthesia should not be avoided when necessary
because the mortality rate is extremely low, only 6.5
per million general anesthetics (Table 3). New guide-
lines address appropriate recovery room manage-
ment after general anesthesia and additional monitor-
ing for obese patients at risk for sleep-obstructed
breathing because of concerns about complications
occurring during the postoperative period.23,24

Despite these encouraging reports demonstrating
the safety of general anesthesia for obstetrics, there
are new reports of increasing complications during
regional anesthesia. Although a recent description of
obstetric anesthesia liability claims by the ASA
Closed Claims Project12 indicated that claims for
maternal death and brain damage were decreasing,
claims for nerve injury were increasing and are now
the most common cause of litigation. In some cases
there were undetected intrathecal catheters and pro-
viders were not always prepared to treat these emer-
gencies. Four cases describe patients with cardiac
arrest due to high block being transferred to an
operating room for resuscitation because there was no
resuscitation equipment in the labor room. Similarly,
the Doctors Insurance Company reported on 22
anesthesia malpractice closed claims filed after mater-
nal cardiac arrests on labor and delivery wards be-
tween 1998 and 2006.25 Outcomes were poor: 10 of
22 women died, 11 had anoxic brain damage, and
only one survived neurologically intact. Only one
case involved general anesthesia and failed intuba-
tion. Thirteen cases were respiratory arrests after
epidurals or spinals. Eight followed labor epidural
placement with unintentional subarachnoid block and
five occurred during spinal anesthetics for cesarean
delivery. None of the operating room cases had
audible alarms on the monitors at the time of arrest,
making delay in response likely. In seven cases,
resuscitation was delayed while the patient was
moved to the operating room, either to facilitate

Table 3. Case Fatality Rates and Rate Ratios of Anesthesia-Related Deaths During Cesarean Delivery by
Type of Anesthesia in the United States, 1979–2002

Year of Death

Case Fatality Rates*

Rate RatiosGeneral Anesthetic Regional Anesthetic

1979–1984 20.0 8.6 2.3 (95% CI 1.9–2.9)
1985–1990 32.3 1.9 16.7 (95% CI 12.9–21.8)
1991–1996 16.8 2.5 6.7 (95% CI 3.0–14.9)
1997–2002 6.5 3.8 1.7 (95% CI 0.6–4.6)

CI, confidence interval.
* Deaths per million general or regional anesthetics.
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Anesthesia-Related Maternal Mortality in the
United States: 1979–2002
Joy L. Hawkins, MD, Jeani Chang, MPH, Susan K. Palmer, MD, Charles P. Gibbs, MD,
and William M. Callaghan, MD

OBJECTIVE: To examine 12 years of anesthesia-related
maternal deaths from 1991 to 2002 and compare them
with data from 1979 to 1990, to estimate trends in
anesthesia-related maternal mortality over time, and to
compare the risks of general and regional anesthesia
during cesarean delivery.

METHODS: The authors reviewed anesthesia-related
maternal deaths that occurred from 1991 to 2002. Type of
anesthesia involved, mode of delivery, and cause of
death were determined. Pregnancy-related mortality ra-
tios, defined as pregnancy-related deaths due to anes-
thesia per million live births were calculated. Case fatality
rates were estimated by applying a national estimate of
the proportion of regional and general anesthetics to the
national cesarean delivery rate.

RESULTS: Eighty-six pregnancy-related deaths were as-
sociated with complications of anesthesia, or 1.6% of
total pregnancy-related deaths. Pregnancy-related mor-
tality ratios for deaths related to anesthesia is 1.2 per
million live births for 1991–2002, a decrease of 59% from
1979–1990. Deaths mostly occurred among younger
women, but the percentage of deaths among women
aged 35–39 years increased substantially. Delivery
method could not be determined in 14%, but the remain-
ing 86% were undergoing cesarean delivery. Case-fatality

rates for general anesthesia were 16.8 per million in
1991–1996 and 6.5 per million in 1997–2002, and for
regional anesthesia were 2.5 and 3.8 per million, respec-
tively. The resulting risk ratio between the two tech-
niques for 1997–2002 was 1.7 (confidence interval 0.6–
4.6, P!.2).

CONCLUSION: Anesthetic-related maternal mortality
decreased nearly 60% when data from 1979–1990 were
compared with data from 1991–2002. Although case-
fatality rates for general anesthesia are falling, rates for
regional anesthesia are rising.
(Obstet Gynecol 2011;117:69–74)
DOI: 10.1097/AOG.0b013e31820093a9

LEVEL OF EVIDENCE: II

The Division of Reproductive Health at the Centers
for Disease Control and Prevention (CDC) main-

tains surveillance data on pregnancy-related mortality
in the United States. They note that, although death
from complications of pregnancy has decreased by
99% since 1900, there have been no further decreases
in the past two decades.1,2 Those at greatest risk in
their report were women of African-American race,
women older than 34 years of age, and women who
received no prenatal care. Among women who died
after a live birth, the leading causes of death were
embolism and hypertensive disorders of pregnancy.2,3

It has been estimated that 28–40% of maternal deaths
could be prevented by changes in individual actions
or in system changes.4–6

In contrast to overall maternal mortality, anes-
thetic causes of maternal mortality have progressively
declined and now account for less than 2% of preg-
nancy-related maternal mortality in the United
States.1,2 Obstetric anesthesiologists have used work-
force surveys documenting how anesthetic care is
provided,7 practice guidelines with evidence-based
recommendations for care,8 and international,9 na-
tional,10 and state11 reviews of anesthesia-related ma-
ternal mortality to improve patient safety. The Amer-
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ORIGINAL ARTICLE

General anesthesia for cesarean delivery at a tertiary care
hospital from 2000 to 2005: a retrospective analysis and
10-year update

A. Palanisamy, A.A. Mitani, L.C. Tsen
Department of Anesthesiology, Perioperative and Pain Medicine, Brigham and Women’s Hospital,
Harvard Medical School, Boston, MA, USA

ABSTRACT
Background: Complications from general anesthesia for cesarean delivery are a leading cause of anesthesia-related mortality. As a
consequence, the overall use of general anesthesia in this setting is becoming less common. The impact and implications of this
trend are considered in relation to a similar study performed at our institution 10 years ago.
Methods: The hospital database for all cesarean deliveries performed during six calendar years (January 1, 2000 through Decem-
ber 31, 2005) was reviewed. The medical records of all parturients who received general anesthesia were examined to collect per-
sonal details and data pertinent to the indications for cesarean delivery and general anesthesia, mode of airway management and
associated anesthetic complications.
Results: Cesarean deliveries accounted for 23.65% to 31.51% of an annual total ranging from 8543 to 10091 deliveries. The per-
centage of cases performed under general anesthesia ranged from 0.5% to 1%. A perceived lack of time for neuraxial anesthesia
accounted for more than half of the general anesthesia cases each year, with maternal factors accounting for 11.1% to 42.9%. Fail-
ures of neuraxial techniques accounted for less than 4% of the general anesthesia cases. There was only one case of difficult intu-
bation and no anesthesia-related mortality was recorded.
Conclusion: The use of general anesthesia for cesarean delivery is low and declining. These trends may reflect the early and increas-
ing use of neuraxial techniques, particularly in parturients with co-existing morbidities. A significant reduction in exposure of
trainees to obstetric general anesthesia has been observed.

!c 2010 Elsevier Ltd. All rights reserved.

Keywords: General anesthesia; Cesarean delivery; Cesarean section; Neuraxial techniques; Regional techniques; Difficult airway;
Airway management; Obstetrics

Introduction

The widespread adoption of neuraxial techniques for la-
bor analgesia and cesarean delivery anesthesia has been
prompted by a number of benefits and concerns, includ-
ing a desire to avoid the potentially difficult maternal
airway and the risk of pulmonary aspiration.1–3 In addi-
tion, recent population-based evidence indicates that
neuraxial anesthesia might be associated with a lower
incidence of adverse neonatal outcomes and learning
disabilities in children.4,5 It has also been associated with
shorter hospital stays following cesarean delivery.6

Despite these findings, a recent meta-analysis failed
to confirm an advantage with the use of neuraxial tech-
niques versus general anesthesia (GA) in major maternal
or neonatal outcomes.7 Moreover, GA remains a neces-
sary choice, particularly when there is a perceived lack
of time, a contraindication or refusal of neuraxial tech-
niques. With fewer cesarean deliveries being performed
under GA, there is a growing concern that anesthesia
providers, particularly those in training, will have little
or no opportunities to learn and maintain critical skills
for maternal airway management.8–10 Although ad-
vances in anesthetic pharmacology and airway equip-
ment have made such airway manipulations safer, the
overall impact on clinical obstetric anesthetic practice
has yet to be determined.

In an effort to assess the indications and implications
of GA use for cesarean delivery, we evaluated and
reported data from our large volume, tertiary care insti-
tution during the period of 1990 to 1995.10 The purpose
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of this analysis from the same institution for the period
2000 to 2005, exactly one decade later, was to examine
the elements responsible for the administration of GA
in cesarean delivery patients, investigate potential trends
during the study period, and analyze changes in practice
between the two time epochs where data were available.

Methods

After Hospital Research Office/Institutional Review
Board approval, the obstetric database at our institution
was examined to determine the number of cesarean
deliveries, both elective and emergent, and the type of
anesthesia provided during six calendar years (January
1, 2000 through December 31, 2005). The medical
records of all parturients who received general anesthe-
sia were subsequently examined to collect personal
details and data pertinent to the indications for cesarean
delivery, indications for GA, mode of airway manage-
ment and associated anesthetic complications. The time
of administration of GA was recorded and subsequently
allocated into one of two time shifts: 7:00 am to 3:00 pm
and 3:00 pm to 7:00 am in accordance with prevailing
work-shift designations and resource availability. The
results were compared to similar data collected during
six earlier calendar years (January 1, 1990 through
December 31, 1995), which were reported previously.10

Data were analyzed using Chi-square or Fisher’s exact
test as appropriate with P < 0.05 accorded statistical
significance.

Results

In the study years 2000 to 2005, the annual number of
deliveries ranged from 8543 to 10091 (Table 1). The per-

centage of cesarean deliveries varied from 23.7% to
31.5%, with a progressive increase occurring in each sub-
sequent year. Although the total number of deliveries re-
mained relatively stable, the range of cesarean delivery
rates was higher in the current, versus previous, study
(23.7–31.5% vs. 21.2–23.7%; P < 0.001). Despite the in-
creased number of cesarean deliveries, the average rate
of administration of GA declined dramatically to a
low of 0.6% from 4.5% (previous study; P < 0.001) with
the majority being associated with emergency cesarean
delivery (85.7%; Table 2).

The main indication for GA in all years was a per-
ceived lack of time for neuraxial anesthesia, accounting
for at least 50% of the cases each year (Table 3). Mater-
nal contraindications to neuraxial anesthesia were the
next major factor, comprising 28.6% of all cases. Fail-
ures of neuraxial techniques necessitating GA were
few, consistently representing a range of 0–4% of cases.
Among neuraxial techniques, there was only a single
CSE failure that required GA during the entire study
period. No specific trends could be discerned when neur-
axial anesthesia failures were individually analyzed.

Analysis of indications for cesarean deliveries
requiring GA demonstrated that true emergencies
(non-reassuring fetal heart rate/bradycardia, placental
abruption/previa and cord prolapse) were associated
with 40% to 68.4% of all cases (Table 4). Maternal fac-
tors (preeclampsia, co-existing disease, failure to pro-
gress, previous cesarean delivery etc) were responsible
for GA at rates ranging from 11.1% to 42.9%. Among
maternal diseases, the continuum of severe preeclamp-
sia, HELLP (hemolysis, elevated liver enzymes, and
low platelets) syndrome and eclampsia was responsible
for majority of GA administered (Table 5). Isolated
hematological, neurological and cardiac diseases were

Table 1 Total number of all deliveries, cesarean deliveries (%), those cesarean deliveries that required general
anesthesia (GA) and GA a percentage of the total number of cesarean deliveries

Year Total deliveries Cesarean deliveries Cesarean delivery rate (%) Cesarean deliveries requiring GA GA rate (%)

2000 9890 2339 23.7 24 1.0
2001 10091 2507 24.8 10 0.4
2002 10065 2579 25.6 9 0.4
2003 9444 2695 28.5 14 0.5
2004 8904 2656 29.8 19 0.7
2005 8543 2692 31.5 22 0.8

Table 2 Urgency of cesarean delivery by year with those that required general anesthesia according to the degree of
emergency

Cesarean deliveries 2000 2001 2002 2003 2004 2005 Average rate

Total 24 10 9 14 19 22
Elective 2 (8.3%) 3 (30%) 3 (33.3%) 3 (21.4%) 0 3 (13.6%) 14.3%
Emergent 22 (91.7%) 7 (70%) 6 (66.7%) 11 (78.6%) 19 (100%) 19 (86.4%) 85.7%

A. Palanisamy et al. 11
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Airway Changes during Labor and Delivery
Bhavani-Shankar Kodali, M.D.,* Sobhana Chandrasekhar, M.D.,† Linda N. Bulich, M.D.,‡ George P. Topulos, M.D.,*
Sanjay Datta, M.D.§

Background: There are no prospective studies that evaluated
airway changes during labor. The purpose of this study was to
evaluate airway changes in women undergoing labor and delivery.

Methods: Two studies were undertaken to evaluate airway
changes during labor. The first study used the conventional
Samsoon modification of the Mallampati airway class. The air-
way was photographed at the onset and the end of labor.
Women with class 4 airways were excluded from initial partic-
ipation. In the second study, upper airway volumes were mea-
sured using acoustic reflectometry at the onset and the conclu-
sion of labor. Acoustic reflectometry software computed the
values for the components of upper airway, oral volume, and
pharyngeal volume.

Results: In study 1 (n ! 61), there was a significant increase
in airway class from prelabor to postlabor (P < 0.001). The
airway increased one grade higher in 20 (33%) and two grades
higher in 3 (5%) after labor. At the end of labor, there were 8
parturients with airway class 4 (P < 0.01) and 30 parturients
with airway class 3 or class 4 (P < 0.001). In study 2 (n ! 21),
there were significant decreases in oral volume (n ! 21; P <
0.05), and pharyngeal area (P < 0.05) and volume (P < 0.001)
after labor and delivery. No correlation was observed between
airway changes during labor and duration of labor, or fluids
administered during labor in either study.

Conclusion: Airways can change during labor. Therefore, a
careful airway evaluation is essential just before administering
anesthesia during labor rather than obtaining this information
from prelabor data.

THE incidence of failed tracheal intubation in the preg-
nant population is perhaps eight times higher than in the
nonpregnant population.1 Difficult or failed intubation
after induction of general anesthesia for cesarean deliv-
ery remains the major contributing factor to anesthesia-

related maternal complications.2,3 The first national
study of anesthesia-related maternal mortality in the
United States revealed that 52% of the deaths resulted
from complications of general anesthesia predominantly
related to airway management problems.4 Despite de-
creases in the number of obstetric general anesthetics
and better awareness of obstetric airway difficulties, a
recent survey has shown that the incidence of difficult
intubation and subsequent complications have not di-
minished with time.5 Furthermore, a critical evaluation
of anesthesia-related maternal deaths in Michigan, 1985–
2003, showed that airway obstruction or hypoventila-
tion during emergence and extubation were the cause of
five maternal deaths.6 Obvious factors such as enlarged
breasts have been implicated, but simple maneuvers for
dealing with these problems did not seem to decrease
the incidence of difficult intubation.5,7,8 There is no
known bone or joint abnormalities in pregnancy that
could pose difficulties during intubation. However, soft
tissue changes such as airway edema are an invariable
association of pregnancy, and this may contribute to
difficult intubation.8 Pilkington et al.8 demonstrated that
airway edema can increase during the course of preg-
nancy and result in increases in Mallampati score. There
is speculation and an anecdotal report that airways can
also change during labor and delivery.9 There is no
comprehensive study that has prospectively evaluated
airway changes in pregnant women undergoing labor
and delivery. To evaluate airway changes associated with
labor and delivery, we undertook two studies that used
two different approaches of airway evaluation. In the
first study, we used the conventional Samsoon modifica-
tion of the Mallampati score to evaluate airway changes,
and in the other, we used acoustic reflectometry to
objectively analyze airway changes. Acoustic reflectom-
etry offers a distinct advantage of studying the concealed
portion of the upper airway extending from the uvula to
the glottis (pharyngeal volume), in addition to the visible
portion (oral volume). The Samsoon modification of the
Mallampati airway classification is based on the visibility
of the soft palate, faucial pillars, and uvula.1,10 The visi-
bility of structures is dependent on the relative capacity
of the oropharyngeal cavity and the volume of the base
of the tongue.10 If the base of the tongue is dispropor-
tionately large, it can mask the visibility of faucial pillars
and the uvula (increasing airway class) by encroaching
into the oropharyngeal cavity.10 This leads to a relative
decrease in the oropharyngeal volumes. Therefore, the
outcomes of the two studies, airway evaluation by the
Samsoon modification of the Mallampati airway classifi-
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mean pharyngeal area (P ! 0.05) after labor and delivery
as compared with prelabor values in 21 parturients who
completed the study (table 5). A scatter plot of individual
pharyngeal volumes before and after labor is presented
with an identity line (fig. 3). There was no significant
correlation between decreases in oral and pharyngeal

volumes and various parameters obtained during labor
(tables 3 and 4).

Discussion

Airway changes have been observed during the course
of pregnancy. There is an increase in the number of the
Samsoon modification of the Mallampati class 4 by 34%
at 38 weeks of gestation from those at 12 weeks of
gestation.8 The underlying cause for this change is attrib-
uted to fluid retention that occurs with pregnancy.8 Our
studies show that labor and delivery are also associated
with further airway changes, thus confirming previous
anecdotal observations.9 Study 1 used the standard air-
way evaluation criteria that are currently in daily prac-
tice. Although pregnant women with a class 4 airway at
the beginning of the study were excluded, there were 8
women with a class 4 airway at the conclusion of the
study. Fifty percent of women (30) at the conclusion of
labor had a class 3 or class 4 airway. The relation be-
tween increasing airway classification and relative ease
or difficulty at intubation in term pregnant women un-
dergoing cesarean delivery during general anesthesia
was studied by Rocke et al.12 The relative risk of encoun-
tering difficult intubation in pregnant women with a
class 3 airway was 7.58 times more compared with
parturients with a class 1 airway during general anesthe-
sia. This relative risk increased to 11.3 in pregnant
women with a class 4 airway. This suggests that a change
in airway class from 2 to 4 in parturients is associated
with enhanced relative risk of encountering difficult
intubation from 3.23 to 11.3. Therefore, women under-
going labor may be at increased risk of difficult intuba-
tion, particularly if labor is associated with airway
changes. Hence, it is prudent to reevaluate the airway in
women in labor presenting for cesarean delivery just
before commencement of the anesthetic, rather than
obtaining the information from the prelabor evaluation
data sheet. Although the majority of cesarean deliveries
may be performed during regional anesthesia, general
anesthesia cannot altogether be avoided. It may be
needed in emergent circumstances with no or inade-
quate regional anesthesia. Increases in airway class by
one grade can increase the relative risk of difficult intu-
bation, particularly in the presence of other coexisting
factors. The factors that are likely to increase the risk of
difficult intubation are short neck, receding mandible,
protruding maxillary incisors, and morbid obesity.12,13 In
the presence of these factors, changes in airway class
during labor can potentially increase the cumulative risk
of encountering difficulties in securing the airway at
induction of general anesthesia and may necessitate im-
plementation of backup airway management strategies.

We understand that there are some limitations of study
1. There is always a subjective error on the part of the

Table 2. Influence of Labor on Airway Class Distribution
Evaluated Using the Samsoon Modification of Mallampati
Class in Study 1

Postlabor Airway Class

Prelabor Airway Class 1 2 3 4

1 9 4 4 1 0
2 35 0 23 10 2
3 17 0 0 11 6
4 0 0 0 0 0
Total 61 4 27 22 8

Significant change in airway class between prelabor and postlabor (P !
0.001). There is significant increase in class 3 and 4 airways (30) at the end of
labor compared with prelabor (17) (P ! 0.001).

Fig. 2. Airway pictures prelabor (Samsoon modification of Mal-
lampati class 1 airway; A) and postlabor (Samsoon modification
of Mallampati class 3 airway; B).
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Pre-oxygenation and apnoea in pregnancy: changes during
labour and with obstetric morbidity in a computational
simulation
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Summary
Using the Nottingham Physiology Simulator, we investigated the effects on pre-oxygenation
and apnoea during rapid sequence induction of labour, obesity, sepsis, pre-eclampsia, maternal
haemorrhage and multiple pregnancy in term pregnancy. Pre-oxygenation with 100% oxygen
was followed by simulated rapid sequence induction when end-tidal nitrogen tension was less
than 1 kPa, and apnoea. Labour, morbid obesity and sepsis accelerated pre-oxygenation and
de-oxygenation during apnoea. Fastest pre-oxygenation was in labour, with 95% of the maximum
change in expired oxygen tension occurring in 47 s, compared to 97 s in a standard pregnant
subject. The labouring subject with a body mass index of 50 kg.m)2 demonstrated the fastest
desaturation, the time taken to fall to an arterial saturation < 90% being 98 s, compared to 292 s in
a standard pregnant subject. Pre-eclampsia prolonged pre-oxygenation and tolerance to apnoea.
Maternal haemorrhage and multiple pregnancy had minor effects. Our results inform the risk-
benefit comparison of the anaesthetic options for Caesarean section.
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General anaesthesia for Caesarean section carries well-
defined risks to mother and baby, but is sometimes
necessary due to the urgency of delivery or when regional
anaesthesia is contraindicated or inadequate. During rapid
sequence induction, the time to the onset of hypoxia
during apnoea is delayed by pre-oxygenation (denitro-
genation) of the lungs. Pregnancy is associated with
physiological changes in the cardiovascular and respiratory
systems that accelerate pre-oxygenation while also accel-
erating de-oxygenation during apnoea [1, 2].
Various conditions result in additional changes to

maternal physiology that may further modify the
dynamics of pre-oxygenation and apnoea. These include
labour, obesity, sepsis, pre-eclampsia, maternal haemor-
rhage and multiple pregnancy. Many of these conditions
give rise to circumstances in which in vivo research
would be ethically or practically impossible. We have
previously used high fidelity computational modelling
to investigate pre-oxygenation and apnoea in full-term

normal pregnancy without labour [1, 2]. In the current
study we aimed to use such modelling to investigate the
effects of the above conditions on pre-oxygenation and
apnoea in term pregnancy, when general anaesthesia is
administered.

Methods

The Nottingham Physiology Simulator (NPS) is an
integrated computational model of the respiratory and
cardiovascular systems that has been described in detail
elsewhere [3–5]. It has previously been validated for the
investigation of pre-oxygenation and apnoea in adults
[6, 7], and specifically in pregnancy [1, 2]. We used
version NPS270307 in this study, as previously; the
modelling (in the form of a Windows executable) is freely
available via the corresponding author. For each simula-
tion run, the NPS software was re-initiated afresh, the
settings were configured to the virtual subject under
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non-labouring, full-term normal pregnancy [1]. The
notable exception was pre-eclampsia, in which we found
equilibration during pre-oxygenation to be considerably
slower. The fastest rate of pre-oxygenation – less than half
the time of the average pregnant subject – occurred in the
labouring subject. The results of the apnoea study are
presented in Table 3 and Fig. 1. With the exception of
pre-eclampsia, all the conditions had a detrimental effect
on speed of desaturation to SaO2 < 90%. This was
particularly marked for labour, obesity and sepsis. In our
model of pre-eclampsia, tolerance of apnoea was pro-
longed into the range found in non-pregnancy [2].

Discussion

To our knowledge, there is only one published study of
pre-oxygenation or apnoea during pregnancy in any of
the conditions we have investigated. In 1974, Archer
and Marx reported that, after 60 s of apnoea, women
presenting for emergency Caesarean section during
labour had a lower PaO2 than those presenting for
elective Caesarean section, although the difference was
not statistically significant [35]. In vivo research of

apnoea poses obvious ethical problems, that are com-
pounded by pregnancy. The additional risks of pro-
longed apnoea in many of the conditions represented in

Table 2 Results of pre-oxygenation investigation (pre-oxygenation was not studied in the combined obesity ⁄ labour subjects).

Average pregnant* Labour BMI 50 BMI 35 Sepsis
Hypo-
volaemia Anaemia

Pre-
eclampsia Twins

Time to achieve 95% of
maximum change in PÉO2;
min : s

1 : 37 [1 : 23–1 : 52] 0 : 47 1 : 10 1 : 24 1 : 11 1 : 37 1 : 36 2 : 07 1 : 27

Time to achieve 99% of
maximum change in PÉO2;
min : s

3 : 14 [3 : 13–3 : 24] 2 : 02 2 : 28 2 : 49 2 : 33 3 : 33 2 : 59 4 : 03 2 : 49

Percentage of maximum
change in PÉO2 after
2 min; %

96.6 [95.9–97.1] 98.9 98.2 97.5 98.0 96.4 96.8 94.5 97.3

BMI 50 ⁄ 35, body mass index 50 ⁄ 35 kg.m)2.
*The ‘normal’ range for pre-oxygenation in pregnancy from our previous study [1] is given in square brackets.

Table 3 Results of apnoea investigation (terminal decline measured over final 6 s to 40%).

Average pregnant* Labour BMI 50 BMI 35
BMI 50
& labour

BMI 35
& labour Sepsis

Hypo-
volaemia Anaemia

Pre-
eclampsia Twins

Time taken to fall to
SaO2 < 90%; min : s

4 : 52 [3 : 43–6 : 17] 3 : 27 2 : 36 3 : 56 1 : 38 2 : 46 3 : 34 4 : 44 4 : 51 7 : 09 4 : 39

Time taken to fall from
SaO2 90% to 40%; min : s

0 : 34 [0 : 32–0 : 45] 0 : 26 0 : 26 0 : 32 0 : 21 0 : 27 0 : 43 0 : 39 0 : 37 0 : 48 0 : 31

Rate of terminal decline
of SaO2; %.s)1

2.9 [2.2–3.4] 3.7 4.6 3.1 5.0 4.2 3.3 2.6 2.6 1.9 2.8

BMI 50 ⁄ 35, body mass index 50 ⁄ 35 kg.m)2.
*The ‘normal’ range for apnoea in pregnancy from our previous study [2] is given in square brackets.

Figure 1 Time course of SaO2 during apnoea after 99%
denitrogenation. The heavy dashed line represents the average
pregnant subject. Line A-B transects subjects in the following
order, left to right: BMI 50 & labour; BMI 50; BMI 35 &
labour; labour; sepsis; BMI 35; twins; hypovolaemia; average
pregnant; anaemia; pre-eclampsia.

Anaesthesia, 2009, 64, pages 371–377 S. H. McClelland et al. Æ Pre-oxygenation and apnoea in pregnancy
......................................................................................................................................................................................................................

! 2009 The Authors
Journal compilation ! 2009 The Association of Anaesthetists of Great Britain and Ireland 373

3‘ 27’’
26’’



200 %



INDIKATIONEN 
ALLGEMEINANÄSTHESIE

• Gerinnungsstörung oder andere Kontraindikation für 
Regionalanästhesie!

• Dringendster geburtshilflicher Notfall (ohne PDA)!
• Terminale fetale Bradykardie!
• Uterusruptur!
• Plazentalösung

Re-Evaluation !



ALLGEMEINANÄSTHESIE

Vorteile

Nachteile

•Zeitgewinn!
•Sichere Analgesie

•Aspirationsgefahr!
•Schwierige Intubation!
•Rasche Entsättigung!
•Awareness!
•Transplazent. Medi-Transfer!
•Geburtserlebnis



00:00 Alarm
00:19 Monitoring 0:01
00:20 Anamnese 0:35
00:55 Präoxygenation 02:09
03:04 Thiopental 0:26
03:30 Succinylcholin 1:10
04:40 Intubation 0:10
04:50 Schnitt









Zusammenfassung Sectio
Medikamente

Pabal (Carbetocin): Amp 1ml à 100µg
• Dosis: 100µg als einmaliger Bolus über ca. 15 Sek. i.v. bei Sectio 

(anschliessend kein routinemässiges Synto ad inf.)
• Standort: Kühlschrank Vorbereitung W8

Syntocinon (Oxytocin) Amp 1 ml à 5 IE
• Ind: Uterusatonie (Sectio), zervikales Priming
• Dos: 5 IE in 100ml NaCl 0.9% als Kurzinfusion (100ml) i.v. 

und 10-20 IE ad 1000 ml RL über 4-6 Std.
• Standort: Kühlschrank Vorbereitung W8

Nitroglycerin
• 100 – 200µg (bis 500µg fraktioniert) i.v. bei Sectio zur 

Uterusrelaxation bei schwieriger (> 45 sek.) Kindsentwicklung

Phenylephrin
• 50-100 μg -weise i.v.
• first-line Medikament bei Hypotonie während Sectio, evt. 

zusätzlich Ephedrin: 2.5-5 mg weise i.v. (Puls < 45)

MgSO4
• Aufsättigung: 4 g in 100 ml NaCl 0,9% über 15-20 min., dann 

Spiegelkontrolle
• Erhaltungsdosis: 1-2 g /h (= 12.5-25 ml/h bzw. 4-8 Trpf./min)

Trandate
• 10-20 mg-weise i.v., max. 300 mg i.v.
• 400 mg 6 stdl. p.o., max. 2400 mg.
• Standort: blauer Mediwagen Vorbereitung W8

Nepresol
• 5 mg-weise i.v., max. 25 mg i.v.
• Standort: blauer Mediwagen Vorbereitung W8

Remifentanil (Ultiva®) bei Sectio
• 1 μg/kg als langsamer Bolus über 30s, dann 0.05 - 0.15 μg/kg/min 

(bei 20 µg/ml => 10 - 36 ml/h)

Tranexamsäure (Cyclocapron®)
• 1-2 g i.v. bei postpartaler Blutung
• Standort: blauer Mediwagen Vorbereitung W8

Lido 2% -CO2 mit Adrenalin 1:200’000
• Mischung 1:200’000 = 1ml (=0.1mg) Adrenalin in 20 ml Lido 2% -

CO2.

Morphin 0.2mg/ml 10ml Ampullen
• 0.5 ml = 100 µg spinal.
• 10 ml = 2mg epidural

Aspirationsprophylaxe
1. 30 ml Natrium-Citrat per os 
2. 50 mg Zantic i.v.
3. 10 mg Paspertin i.v.

Anästhesieverfahren zur Sectio
Regional-Niveau: immer mind. T4 für Sectio

Stufe I:

elektiv

Stufe II:

< 30 min.

Stufe III: < 10min

“roter Knopf”

liegende 
EDA

SPA

Allgem.-
anästh.

- Aspirationstest!
15-25 ml 
Lido 2% -CO2 + 
Adrenalin 1:200’000 
bolusweise titrieren
50 µg Fenta epid.

Aspirationstest!
15-25 ml 
Chlorprocain 3% 
bolusweise titrieren
50 µg Fenta epid.
Nach ca. 10 min. 
Nachinjektion ca. 
10ml Lido 2% -CO2 
+ Adrenalin 
1:200’000

8-12.5 mg Bupi 0.5% hyperbar 
mit:
10 µg Fenta
100 µg Morphin
(200 µg falls OIB)
30-75µg Clonidin
(bei Re-Sectio) 

8-12.5 mg Bupi 0.5% hyperbar 
mit:
10 µg Fenta
100 µg Morphin
(200 µg falls OIB)
30-75µg Clonidin
(bei Re-Sectio) 

wie links
bei Zeitdruck Zusätze 
weglassen

- - siehe Schema

Postoperative Analgesie
Morphin Tropfen und Brufen per os gemäss Standardverordnungen

KEIN Novalgin

AWR: Morphin 2mg weise i.v.

Spinalanästhesie
Morphin 100 - 200 µg (gute Analgesie bis 24h postop)

Epiduralanästhesie:
Morphin 2mg epidural (gute Analgesie bis 24h postop)

Epiduralkatheter nach Sectio entfernen ! (Ausnahme 
Gerinnungsstörung, zB Tc-Penie bei HELLP oder bei medianer 
Laparotomie)

Stufe III in Allgemeinanästhesie
bei z.B persistierender kindlicher Bradykardie <60, Uterusruptur, 
massiver Hypovolämie. RSI-ITN im Sectiosaal W8:

Präoxygeniereung

Thiopental 4-7 mg/kg
Succinylcholin ca. 0.7 mg/kg

Krikoiddruck, Apnoe

Intubation
Tubuskontrolle (CO2 !)

Schnitt

Sevo od. Isofl. max 1 MAC
N2O 60%

Abnabelung

Fentanyl 2-3 µg/kg
Midazolam 3-5 mg

evtl. Esmeron 0.3mg/kg

Extubation
Wach, Schutzreflexe
keine Restrelaxation

Präeklampsie, Kardiovask. Krkh:
Remifentanil 1 μg./kg langsamer 

Bolus, dann 10-36 ml/h

• 86546 resp. 86300 orientieren (so früh wie möglich)

Telefonnummern

Ana-AA 86600 OA Ana Gebs 181-9011

Ana-Pfl (Sectio) 86450 GIT 86460

Ana-OA West 86546 Gebs 59049/50

Ana-OA Ost 86300 AA-Gebs 87600

OIB 87300/87200 OA-Gyn/Gebs 87880

Wochenbett 59093 / 86 AA-Gyn 87700

Gyn 4.OG 59231 Labor Hämat. 54260

Rohrpost Gebs 2540 Blut bestellen 52091

	 Th. Girard,  Oktober 2011



Präoxygenierung
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Extubation
Wach, Schutzreflexe
keine Restrelaxation

Präeklampsie, Kardiovask. Krkh:
Remifentanil 1 μg./kg langsamer 

Bolus, dann 10-36 ml/h
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Allergien ?!
Anästhesieprobleme ?!

Gewicht ?
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ORIGINAL ARTICLE

A dose–response study of remifentanil for attenuation of the
hypertensive response to laryngoscopy and tracheal intubation
in severely preeclamptic women undergoing caesarean delivery
under general anaesthesia

K.Y. Yoo,a D.H. Kang,a H. Jeong,a C.W. Jeong,a Y.Y. Choi,b J. Leec

a Department of Anaesthesiology and Pain Medicine, b Department of Pediatrics, c Department of Physiology,
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
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Abstract
Background The LMA SupremeTM (SLMA) is a single-
use supraglottic device that provides a good seal for
positive pressure ventilation. It has a double aperture
design that facilitates the introduction of an orogastric
tube to aspirate gastric contents. This observational study
evaluated the role of the SLMA in parturients undergoing
Cesarean delivery under general anesthesia.
Methods Non-obese parturients with at least four hours
of fasting and antacid prophylaxis scheduled for uncom-
plicated Cesarean delivery were recruited from June 2009
through May 2010 at the Quanzhou Women’s and Chil-
dren’s Hospital, China. We recorded the number of SLMA

insertion attempts, the time to effective ventilation, the
incidence of aspiration, and other anesthetic and obstetric
outcomes. Postoperatively, we noted the presence of blood
on the SLMA, postoperative sore throat, and patient sat-
isfaction. Analysis included comparison of results between
parturients having elective and urgent Cesarean delivery.
Results We recruited 700 parturients (576 elective, 124
urgent). Mean (standard deviation) body mass index was
25.6 (2.5) kg!m-2. All SLMA insertions were successful,
with 686 (98%) inserted on first attempt and a time to
effective airway of 19.5 (3.9) sec. We maintained ventila-
tion and oxygenation in all parturients with a good seal
and there was no evidence of aspiration. Eighteen par-
turients (2.6%) had blood on the SLMA upon removal, 24
(3.4%) had sore throat, and patient satisfaction was 85
(7)%. These results were similar in elective and urgent
cases.
Conclusions In a carefully selected group of parturients,
the SLMA is a useful alternative to tracheal intubation for
Cesarean delivery, providing effective ventilation and a
low incidence of side effects or complications.

Résumé
Contexte Le LMA SupremeTM (SLMA) est un dispositif
supraglottique à usage unique qui procure une bonne
étanchéité en cas de ventilation à pression positive. Son
concept à double ouverture facilite l’introduction d’un tube
orogastrique pour l’aspiration du contenu gastrique. Cette
étude observationnelle a évalué le rôle du SLMA chez des
parturientes subissant une césarienne sous anesthésie
générale.
Méthodes Des parturientes non obèses, à jeun depuis au
moins quatre heures avec prophylaxie antiacide, dont
l’accouchement par césarienne non compliqué avait été
programmé, ont été recrutées entre juin 2009 et mai 2010 à

This article is accompanied by an editorial. Please see Can J Anesth
2012; 59(7).
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EINSCHLUSSKRITERIEN

• BMI < 35 kg/m2!

• Kein gastro-ösophagealer Reflux!

• Kein ‘schwieriger Atemweg’!

• 6 Stunden nüchtern

Can J Anesth 2012;59(7):648



METHODIK
• 3 Minuten präoxygeniert!

• Krikoiddruck!

• Propofol 2-3 mg/kg & Rocuronium 0.5 mg/kg!

• Keine Maskenbeatmung!

• Operateur: kein fundaler Druck

Can J Anesth 2012;59(7):648
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•Grösse der Patientin!

•Gewicht der Patientin!

•Lokalanästhetikum zur epiduralen Analgesie!

•Wirkungshöhe der epiduralen Analgesie!

•Dauer der epiduralen Analgesie!

•Dringlichkeit des Kaiserschnitts!

•Eigene Erfahrung und Wahrnehmung



20 ml
Lidocain 2% + Bikarbonat + Adrenalin

Ropivacain 0.75 %
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