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RICHTLINIEN 938

Eine interdisziplinäre Zusammenarbeit für die Sicherheit der werdenden Mütter und Neugeborenen 

Neonatale Erstversorgung –  
interdisziplinäre Empfehlungen 
Mitglieder der multidisziplinären Arbeitsgruppe: Prof. Dr. med. Thierry Girarda, Dr. med. Christof Heimb,  
Prof. Dr. med. René Hornungc, Prof. Dr. med. Irene Höslid, Dr. med. Sebastian Krayere,  
Dr. med. Marc-Alain Panchardf, PD Dr. med. Riccardo Pfisterg, Prof. Dr. med. Gabriel Schärh, Sabrina Schipanii

a Präsident SAOA, Basel, b Generalsekretär SGAR, Bern/Chur, c Past Präsident Chefärztekonferenz gynécologie suisse, St. Gallen,  
d gynécologie suisse, Basel, e Vorstandsmitglied SGAR, Zürich, f Vorstandsmitglied SGP, Vevey, g SGN, Genève,  
h Past Präsident gynécologie suisse, Aarau, i Zentralvorstandsmitglied SHV, Uster

Dieses Konsensuspapier wurde von den folgenden Fachgesell-
schaften ratifiziert: gynécologie suisse (SGGG) , Schweizerische 
Gesellschaft für Neonatologie (SGN), Schweizerische Gesell-
schaft für Pädiatrie (SGP), Schweizerische Gesellschaft für Anäs-
thesiologie und Reanimation (SGAR), Schweizerischer Hebam-
menverband (SHV) und Swiss Association of Obstetric 
Anaesthesia (SAOA).
Vorbemerkungen: Weibliche und männliche Formen werden 
 bewusst abwechslungsweise verwendet. Geburtshilfe soll immer 
als Team verstanden werden (Hebamme und Ärztin). 
Die Artikel in der Rubrik «Richtlinien» geben nicht unbedingt die 
Ansicht der SMF-Redaktion wieder. Die Inhalte unterstehen der 
redaktionellen Verantwortung der unterzeichnenden Fachgesell-
schaft bzw. Arbeitsgruppe. 

Einleitung

Werdende Eltern setzen sich meist intensiv mit der 
 bevorstehenden Geburt auseinander, sie besuchen 
 Informationsveranstaltungen und vergleichen verschie-
dene Geburtsorte miteinander. Ihre Wünsche und An-
sprüche sind individuell unterschiedlich. Häufig er-
wähnt werden bei Befragungen eine kontinuierliche 1:1 
Betreuung durch die Hebamme, grösstmögliche Sicher-
heit für Mutter und Kind, aber auch wenig Interventio-
nen und der Wunsch, die Geburt möglichst unversehrt 
überstehen zu können. Ebenfalls wünschen sich Frauen, 
umfassend informiert, respektiert und in Entschei-
dungsprozesse einbezogen zu werden. 
Demographische Veränderungen (Schwangere mit 
 somatischen Vorerkrankungen, Schwangere nach Ferti-
litätsbehandlungen, Mehrlingsschwangerschaften, stei-
gendes Alter der Mütter) haben zur Folge, dass geburts-
hilfliche Abteilungen mit neuen Herausforderungen 
konfrontiert werden. Eine gut abgestimmte interdiszi-
plinäre und -professionelle Zusammenarbeit ist Vor-
aussetzung, um die Sicherheit der werdenden Mütter 
und Neugeborenen zu gewährleisten und die Erwar-
tungen der werdenden Eltern zu erfüllen. Schwangere 
mit einem hohen Risikoprofil für Mutter und/oder 
Kind sollen rechtzeitig identifiziert und in ein Zent-

rum für Perinatalmedizin eingewiesen bzw. verlegt 
werden. Geburtshilfliche Abteilungen sind im Sinne 
 einer prophylaktischen Strategie gefordert, Strukturen 
zu klären, Prozesse zu definieren und klare Verantwort-
lichkeiten zu benennen. 
Die vorliegenden Empfehlungen richten sich an die 
 geburtshilflichen Institutionen der Schweiz sowie im 
Einzelnen an Geburtshelfer, Hebammen, Neonatologen, 
Pädiater, Anästhesisten und Pflegefachpersonen. Von 
diesen Empfehlungen kann bei fundierter klinischer 
Begründung situativ abgewichen werden.

Organisation 

Verantwortlichkeiten
In der Peripartalphase liegt die organisatorische Ge-
samtverantwortung für Mutter und Kind bei der Lei-
tung der geburtshilflichen Institution. Fachspezifische 
Strukturen und Prozesse rund um die Geburt werden 
vom Leiter der Institution an die mitbeteiligten Berufs-
gruppen, insbesondere an Hebammen, Pädiater/ Neo-
natologen, Anästhesisten und weitere spezialisierte 
Pflegende und Ärzte delegiert. Diese arbeiten interdis-
ziplinär und interprofessionell zusammen und handeln 
in ihrem Fachbereich eigenverantwortlich.
Die notwendigen interdisziplinären Strukturen, Pro-
zesse und Zuständigkeiten sind vom Leiter der Institu-
tion schriftlich festzulegen. Die direkt Beteiligten sind 
einzubeziehen und sind für die Umsetzung ihres An-
teils und für die Kommunikation im eigenen Bereich 
zuständig.

Betreuung von Mutter und Kind
Eine sichere Betreuung von Mutter und Kind setzt die 
gleichzeitige situationsgerechte Betreuungsbereitschaft 
für Mutter und Kind (oder mehrerer Kinder bei Mehr-
lingsschwangerschaften) voraus. Beim Neugeborenen 
sprechen wir von der neonatalen Erstversorgung; dazu 
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gehören die Überwachung und Versorgung des sich 
normal adaptierenden Neugeborenen sowie des Neuge-
borenen mit Adaptationsstörungen bis zur neonatalen 
Reanimation [1].
Die primäre Adaptation des Neugeborenen in den ersten 
Lebensminuten birgt Risiken. So muss für die ersten 
15–30 postnatalen Minuten eine in neonataler Erstver-
sorgung qualifizierte Fachperson1 (bzw. mehrere Fach-
personen bei Mehrlingsschwangerschaften) prioritär 
für das Neugeborene zur Verfügung stehen. 
Als qualifizierte und speziell geschulte Fachpersonen für 
die neonatale Erstversorgung sind primär Hebammen 
und Geburtshelfer zuständig. In geburtshilflichen Ab-
teilungen ohne integrierte Neonatologie müssen ne-
ben den situativ beigezogenen Neonatologen auch die 
Pädiater und Anästhesisten in der neonatalen Erstver-
sorgung entsprechend qualifiziert sein.
Bei präpartal bekannten neonatalen Risiken muss die 
Entbindung an einer Institution stattfinden, die für 
 deren Versorgung eingerichtet ist (Tab. 3) (siehe auch 
Kapitel «Neonatologie») [1].
Bei bekanntem direktem oder indirekt durch die  Geburt 
bedingtem Risiko des Neugeborenen muss der Neona-
tologe/Pädiater rechtzeitig informiert und bei Bedarf 
beigezogen werden (Tab. 4 und 5) (siehe auch Kapitel 
«Neonatologie»). 
Bei einer operativen Entbindung kann die Anästhesistin, 
die zeitgleich die Mutter im OP betreut, nicht grund-
sätzlich für die neonatale Erstversorgung und/oder 
 Reanimation verpflichtet werden. Hingegen steht der 
Anästhesist bei Bedarf den Hebammen und Geburts-
helfern unterstützend zur Verfügung, solange dadurch 
die Versorgung der Mutter nicht beeinträchtigt wird. 

Rahmenbedingungen 

Die beteiligten Disziplinen definieren mit diesen Emp-
fehlungen die Rahmenbedingungen für eine optimale 
Betreuung. Die Risikobeurteilung einer Geburt erfolgt 
sowohl fachspezifisch als auch interdisziplinär. 

Die Fachgesellschaften haben in Tabellenform die 
 Kriterien aufgelistet, die gezielt zu prophylaktischen 
Mass nahmen führen und durch fein abgestimmte 
 interdisziplinäre Zusammenarbeit das Risiko in der 
 Ge burtshilfe minimieren. Kenntnis und Befolgung der 
fachspezifischen Prioritäten ermöglichen reibungs-
lose Prozessabläufe.

Fachspezifische Empfehlungen

Geburtshilfe
Die Früherkennung einer potentiellen Risikogeburt ist 
wichtig. Dabei kann es sich um eine Risikosituation für 
das Neugeborene und/oder für die Schwangere handeln. 
Die Erkennung einer Risikosituation sollte Überlegun-
gen zur Geburt und zum Geburtsort auslösen. Der recht-
zeitige Zuzug von Neonatologen, Pädiatern, Anästhe-
sisten und eventuell anderen Fachspezialisten anhand 
der fachspezifischen Checklisten soll geplant werden. 
Ebenso ist eine rechtzeitige, d.h. geordnete Verlegung 
der Schwangeren mit potentiellen Risiken in ein Zent-
rum [1] wichtig. 
Die Definition der Dringlichkeit einer Sectio bei Termin-
geburten mit niedrigem Risiko und deren Abläufe 
 sollen institutionell schriftlich festgelegt sowie regel-
mässig geübt werden. Die Tabellen 1 und 2 zeigen Indi-
kationen und Anforderungen, die Abbildung  1 einen 
Musterablauf einer Notfallsectio auf. Die darin enthal-
tenen Aussagen basieren auf Empfehlungen verschie-
dener internationaler Fachgesellschaften [2–4].

Neonatologie
Die Vorgaben zur Betreuung und Erstversorgung des 
Neugeborenen sind in den Empfehlungen der Schwei-
zerischen Gesellschaft für Neonatologie unter Mitarbeit 
der Schweizerischen Gesellschaft für Gynäkologie und 
Geburtshilfe nachzulesen [1,  6,  7]. Geregelt sind dort 
auch die Indikationen für die präpartale Verlegung der 
schwangeren Frau in ein Zentrum für Perinatalme-
dizin, die in Tabelle 3 zusammengefasst sind.

1 Die Qualifikation in 
neonataler Erstversor-
gung und Reanimation 
sollen die betroffenen 
Berufsgruppen 
(Hebammen, Geburtshel-
fer sowie Neonatologen, 
Pädiater und Anästhesis-
ten) mit Besuch eines 
spezifischen Kurses 
(z.B. «start4Neo – Reani-
mationskurs» der 
Schweizerischen 
Gesellschaft für 
Neonatologie) erreichen 
und aufrechterhalten. 

Tabelle 1: Vier Stufen der Dringlichkeit zur Durchführung eines Kaiserschnitts [2].

Grad Begriff Definition Entscheid – Entbindungszeit

1 Notfall (= Blitzsectio  
oder Notsectio)

Lebensbedrohlicher Notfall, für Mutter/Kind  
(z.B. schwere Bradykardie, Uterusruptur)

So schnell wie möglich

2 Dringend Maternale oder fetale Beeinträchtigung, die nicht  
direkt lebensbedrohlich ist (z.B. Geburtsstillstand 
mit maternaler oder fetaler Beeinträchtigung)

Innerhalb 60 Minuten

3 Ungeplant, nicht dringlich
(Sectio «ohne Eile»)

Keine Beeinträchtigung von Mutter/Kind, aber  
Sectioindikation gegeben (z.B. Geburtsstillstand  
ohne maternale oder fetale Beeinträchtigung)

Nach Absprache, bei Geburts-
stillstand in der Regel innerhalb 
2 Stunden

4 Geplant Geplanter Eingriff Spätestens am Vortag im 
 OP-Programm eingeplant
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Sammelalarm

Entscheid zur 
Notfallsectio

HebammeAnästhesie Operateur Instrumentierpflege *Neonatologe/
Pädiater

Transport in 
OP

Vorbereitung 
zur Anästhesie

steriles 
Einkleiden

Sectiosieb
Tücher zählen

Vorbereitung Kinder-ReaAnästhesie
Desinfektion
ggf. Blasen-

katheter, Rasur
Abdecken

Schnitt

ggf. 
Information 
Kaderarzt

Time out:  Bestätigung der Notfallsituation, resp. Entwarnung

Umlagerung auf OP Tisch

*In geburtshilflichen Institutionen mit angeschlossener Neonatologie/Pädiatrie wird beim Sammelalarm ein 
Neonatologe/Pädiater beigezogen. 
In Institutionen ohne Pädiatrie/Neonatologie eine in neonataler Erstversorgung qualifizierte Person
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Tabelle 3: Indikationen für eine präpartale Verlegung [1].

Absolute Indikationen Relative Indikationen

Kindliche  
Faktoren

–  Drohende Frühgeburt vor 32 0/7 SSW
–  Voraussehbare schwere Anpassungsstörungen,  

die intensivmedizinische Massnahmen erfordern
–  Höhergradige Mehrlinge (Drillinge und mehr)
–  Pränatal diagnostizierte,  

versorgungsbedürftige Fehlbildungen

–  Intrauterine Infektion
–  Hämolytische Erkrankung des Feten
–  Fetale Rhythmusstörungen
–  Intrauterine Mangelentwicklung  

(fetales Gewicht <5. Perzentile)
–  Fetus mit letalen Fehlbildungen, wenn intensivmedizinische Massnahmen nicht 

als sinnvoll erachtet 

Mütterliche  
Faktoren

Chronische oder instabile Erkrankung der Mutter (Hypertonie, Präeklampsie, HELLP-Syn-
drom, Diabetes mellitus, Zustand nach Transplantation, Autoimmunopathien usw.)

Mütterlicher Suchtmittelkonsum

Strukturelle 
Faktoren

Falls keine Neonatologie-Abteilung:  
<34 0/7–35 0/7 SSW oder <2000 g

Tabelle 4: Indikationen für eine präpartale Beratung durch den Neonatologen/Pädiater.

Kindliche Faktoren

Frühgeburtlichkeit <34 Wochen und/oder geschätztes fetales  Gewicht <2000 g

Höhergradige Mehrlinge

Relevante fetale Fehlbildungen und genetische Anomalien

Fetale Thrombopenie

Fetomaternale Infektionskrankheiten (z.B. HIV, HCV, HBV, Herpes, CMV)

Mütterliche Faktoren

Schlecht eingestellter, insulinpflichtiger Diabetes

Schwere Präeklampsie/HELLP

Placenta praevia

Kardiopulmonale, renale Erkrankungen etc.

Psycho-soziale Umstände, die eine spezielle Planung der postnatalen Phase des Kindes 
nötig machen: Suchtmittel- und Medikamentenmissbrauch, Armut, psychiatrisches 
 Leiden und andere

Auf Wunsch der Eltern oder des Entbindungsteams

Tabelle 5: Risikoadaptierter Einsatz des Pädiaters/Neonatologen bei Geburt und Sectio caesarea.

Präpartales Risikomanagement  
(voraussehbares Risiko)

Intra- und postpartales Risikomanagement  
(nicht voraussehbares Risiko)

Hohes Risiko Mittleres Risiko Hohes Risiko Mittleres Risiko

Entbindung in Klinik mit hoher Strukturqualität (mind. 
Level IIAa oder höher)

Neonatologe/Pädiater wird  
informiert und ist abrufbarb

Information und ggfs. Zuziehen  
des Neonatologen/Pädiaters

Ggfs. Information und Zu-
ziehen des Neonatologen/
Pädiaters

K
in

d
lic

h
e 

Fa
kt

o
re

n

–  Frühgeburten (<34 0/7 SSW)
–  Unmittelbar versorgungs bedürftige fetale  

Fehlbildungen 
–  Wachstumsretardierung <5. Perzentile
–  Geschätztes Gewicht <2000 g 
–  Höhergradige Mehrlinge
–  Rhesus- und Thrombozyten- Isoimmunisierung
–  Feto-maternale Infektions erkrankungen gemäss  

pädiatrischer Beurteilung
–  Voraussehbare schwere  Adapta tionsstörungen, 

die intensivmedizinische Massnahmen erfordern

–  Vaginale Geburt aus BEL
–  Vaginale Geburt Zwillinge
–  Placenta praevia  

Kaiserschnitt <37 0/7
–  Fetales Infektionsrisiko  

(Chorioamnionitis,  
mütterliches Fieber) 

–  Fetale Nierenbecken-dilatation
–  Fetale Arrhythmien
–  St. n. plötzlichem Kindstod
–  St. n. Schulterdystokie

–  Nabelschnurvorfall
–  Persistierende Adaptations-

störung (tiefer 5‘-APGAR  
<6, pH <7,10, persistierendes 
ANS [1], Sauerstoffbedarf 
und/oder Zyanose, inadäquate 
Herzfrequenz, Hypo-/ Hyper-
thermie)

–  Notfallsectio 
–  Vakuum/Forceps
–  Oligo-/Polyhydramnion
–  Drohende fetale Asphyxie 

(mekoniumhaltiges 
Frucht wasser,  
pathologisches CTG)

–  Unerwartete Fehlbildung

M
ü

tt
er

lic
h

e 
Fa

kt
o

re
n –  Toxikomanie

–  Schlecht eingestellter Insulin pflichtiger Diabetes 
mellitus (z.B. fetale Makrosomie, vor 35 0/7 SSW, 
zusätzliche maternale Vaskulopathie)

–  Mütterliche medikamentöse  
Therapie mit potentieller,  
die Adaptation des Kindes  
störender Nebenwirkung

–  Auffällige Familienanamnese, 
die eine prä- und postnatale 
Beratung durch Neonatologen/
Pädiater notwendig macht

–  Gut eingestellter insulinab-
hängiger Diabetes Typ I

–  Schwere Präeklampsie / 
HELLP

–  Schwere prä-/intrapartale 
 Blutung

a www.neonet.ch; Standards for level of neonatal care in Switzerland 2012
b Die Indikation für Information und Zuzug eines Neonatologen/Pädiaters soll vorausschauend gestellt werden und lässt sich aufgrund der obigen Liste abschätzen.

Tabelle 2: Minimalanforderungen für die Durchführung einer 
Notfallsectio gemäss Empfehlungen der gynécologie suisse 
SGGG [3].

Das Auftreten erster Anzeichen einer akuten fetalen Gefähr-
dung bis zur fetalen Schädigung ist ein kontinuierlicher Pro-
zess, was die Definition eines für Mutter und Kind sicheren 
Zeitintervalls zwischen Alarmierung und Entbindung verun-
möglicht. Bei Schwangerschaften mit niedrigem Risikoprofil 
dürfen bei Auftreten einer akuten fetalen Gefährdung von 
der Alarmierung des Arztes für Geburtshilfe mit Facharzttitel 
bis zur Entbindung des Kindes 30 Minuten nicht überschritten 
werden.

Bei Risikoschwangerschaften oder Geburten mit Warnzeichen 
müssen substanziell kürzere Alarmierungs-Entbindungszeiten 
erreicht werden. Schwangerschaften mit hohem Risikoprofil 
dürfen nur in Kliniken mit entsprechender personeller und 
infrastruktureller Ausstattung betreut werden.

Notfallabläufe sollen in jeder Klinik definiert und regelmässig 
eingeübt werden.
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Schlussbemerkungen

Diese Empfehlungen sollen helfen, in den geburtshilf-
lichen Institutionen eine entsprechende Organisation 
sicherzustellen und Verlegungsentscheide zu treffen, 
wenn bei bestehendem Risiko eine adäquate Betreuung 
nicht garantiert werden kann. 
Die Arbeitsgruppe empfiehlt den perinatalen Institu-
tionen mittels interprofessioneller/interdisziplinärer 
Nachbesprechungen kritische oder nicht erfolgte Ver-
legungsentscheide zu analysieren, um die konstante 
Einhaltung der Rahmenbedingungen zu überprüfen 
und Prozessabläufe zu optimieren.

Diese Empfehlungen orientieren sich an internationalen Stan-
dards und Empfehlungen. Sie definieren die Anforderungen für 
eine sichere und qualitativ hochstehende peripartale Betreuung 
von Mutter und Kind. Delegierte der beteiligten Fachgesellschaf-
ten haben dieses Dokument in 11 Sitzungen und 25 Textversio-
nen erarbeitet. Alle Vorstände dieser Fachgesellschaften haben 
es genehmigt.
Ein Update des im März 2016 fertiggestellten Dokuments ist für 
Januar 2019 vorgesehen. Verantwortlich sind die involvierten 
Verbände unter Leitung der «gynécologie suisse».

Verdankungen
Korrekturlesung: PD Dr. med. Thomas Brack, Facharzt Allgemeine 
Innere Medizin, Pneumologie und Intensivmedizin.

Disclosure statement
Die Autoren haben keine finanziellen oder persönlichen Verbindungen 
im Zusammenhang mit diesem Beitrag deklariert.
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Tabelle 6: Checkliste zur präpartalen Anästhesievorstellung.

Anästhesie
–  Probleme bei früheren Anästhesien
–  Maligne Hyperthermie
–  Pseudocholinesterase-Mangel
–  Poly-Allergien (Medikamente, Latex)

Mütterliche Systemerkrankungen 
(mit relevanten Symptomen und Therapien)
–  Pulmonale Erkrankung
–  Kardiovaskuläre Erkrankung
–  Gefässmissbildungen
–  Gerinnungsstörung (inkl. Medikation mit niedermoleku-

larem Heparin)
–  Neuromuskuläre Erkrankung
–  Psychiatrische Erkrankung
–  Ablehnung von Blutprodukten (z.B. Zeugin Jehovas)

Mütterliche Anatomie
–  Pathologie der Wirbelsäule und des Beckens
–  Krankheiten des Zentralnervensystems
–  Kraniofaziale Abnormalität
–  Adipositas Grad ≥III (ab ca. BMI >40)

Schwangerschaftsrisiken 
–  Plazentationsstörungen (praevia, accreta, increta,  

percreta)
–  Fetale Fehlbildungen
–  Präeklampsie
–  Mehrlinge

Korrespondenzen: 
gynécologie suisse SGGG 
Altenbergstrasse 29 
Postfach 686  
CH-3000 Bern 8 
Tel. 031 313 88 55 
Fax 031 313 88 99 
www.sggg.ch 
sekretariat[at]sggg.ch

Schweizerische Gesellschaft 
für Neonatologie (SGN) 
c/o meeting.com Sàrl 
Rue des Pâquis 1 
CH-1033 Cheseaux- 
sur- Lausanne 
Tel. 021 312 92 61 
Fax 021 312 92 63 
www.neonet.ch 
neonat[at]meeting-com.ch

Société Suisse de Pédiatrie 
(SSP – SGP) 
Rue de l’Hôpital 15 
Case postale 1380 
CH-1701 Fribourg 
Tél. 026 350 33 44 
Fax 026 350 33 03 
www.swiss-paediatrics.org 
secretariat[at] 
swiss-paediatrics.org

Schweizerische Gesellschaft 
für Anästhesiologie und 
Reanimation (SGAR-SSAR) 
Rappentalstrasse 83 
CH-3013 Bern 
Tel. 031 332 34 33 
Fax 031 332 98 79 
www.sgar-ssar.ch 
info[at]sgar-ssar.ch

Schweizerischer Hebam-
menverband (SHV) 
Geschäftsstelle 
Rosenweg 25 C 
Postfach 
CH-3000 Bern 
Tel. 031 332 6340 
Fax 031 332 7619 
www.hebamme.ch 
info[at]hebamme.ch

Swiss Association of 
 Obstetric Anaesthesia (SAOA) 
Rappentalstrasse 83 
CH-3013 Bern  
Tel. 031 332 34 33 
Fax 031 332 98 79 
www.sgar-ssar.ch/ 
interessengruppen/saoa/ 
thierry.girard[at]usb.ch

Korrespondierender Autor
Prof. Dr. med. Gabriel Schär 
Chefarzt Frauenklinik 
Kantonsspital 
CH-5001 Aarau 
gabriel.schaer[at]ksa.ch
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Diagnosis and Management
of Arrest Disorders: Duration to Wait
Yasser Y. El-Sayed, MD

To assess the thresholds of normal and protracted labor in contemporary US parturients.
Select studies addressing first- and second-stage labor duration among contemporary
cohorts of women in the United States were reviewed. Particular emphasis was placed on
the work of the Consortium on Safe Labor. Duration of labor appears longer today than in
the past. For both nulliparous and multiparous women, labor may take >6 hours to progress
from 4 to 5 cm and >3 hours to progress from 5 to 6 cm of dilation. A cervical dilation of
6 cm appears to be a better landmark for the start of the active phase. The 95th percentile
for duration of the second stage in a nulliparous woman with conduction anesthesia is
closer to 4 hours. Current data on first and second stages of labor allow for an opportunity
to reconsider traditionally accepted thresholds of normal and protracted labor, and thus
affect consequent labor management paradigms.
Semin Perinatol 36:374-378 © 2012 Elsevier Inc. All rights reserved.
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Much of our understanding of the stages of human labor
is credited to the seminal work of Dr Emmanuel Fried-

man.1,2 He was the first to depict a labor curve divided into
several stages and phases. He studied 622 consecutive primi-
gravid women at term, 500 of whom were selected for anal-
ysis for sufficient detail and described the relationship be-
tween duration of labor and cervical dilation as a sigmoid
curve.1 By defining the thresholds of normal labor, his work
in the 1950s had a profound impact on labor management
during the next many decades. Recent data in more contem-
porary patient cohorts offer an opportunity to revisit the di-
agnosis and management of arrest disorders in the first and
second stages of labor.

The First Stage of Labor
Friedman1 plotted 500 individual labor charts and synthe-
sized them into a curve (Fig. 1). The latent phase was defined
as the onset of regular uterine contractions to beginning of
the active phase. The active phase heralded a change in the
rate of dilation (slope) to full dilation and is itself divided into

acceleration phase, phase of maximum slope, and decelera-
tion phase. This was followed by the second stage of labor.

In nulliparas, the transition to active phase occurred by 4
cm, and the statistical minimum rate of dilation in the phase
of maximum slope was 1.2 cm/h.1 In a separate study on
multiparas, Friedman2 also described the transition to active-
phase labor occurring by 4 cm, with the statistical minimum
rate of dilation in the phase of maximum slope being 1.5
cm/h.

These threshold values have understandably become
firmly entrenched in the obstetrical literature; however, sev-
eral investigators have questioned their validity among more
contemporary cohorts of women. Peisner and Rosen3 in 1986
analyzed 1060 nulliparous and 639 primi- or multiparous
women in spontaneous labor with intact membranes on ad-
mission and suggested that the transition to active phase may
occur later than described by Friedman. In their study,
!50% of labors were active by 4 cm and 74% were active by
5 cm. They concluded that “a patient who is not progressing
in labor at 4 cm cervical dilation is not necessarily abnormal.”

As pioneering as Friedman’s work was to obstetrics in the
1950s and beyond, the work by Zhang et al and the Consor-
tium on Safe Labor, has greatly advanced and refined our
understanding of the thresholds of normal labor in the mod-
ern era. In a retrospective study by Zhang et al4 of 1329 term,
singleton, and nulliparous parturients with spontaneous on-
set of labor, vertex presentation, vaginal delivery, and normal
birth weight, no perceivable change in cervical dilation for 2
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A B S T R A C T

The rates of cesarean section at full cervical dilatation (second stage cesarean sections) are currently
increasing. The purpose of the present study is to compare maternal and neonatal morbidity and mortality
among cases offered cesarean section at full dilatation to those offered cesarean section prior to full
dilatation. We searched Medline, Scopus, Clinicaltrials.org, Popline, Cochrane CENTRAL, and Google Scholar
search engines, along with reference lists from all included studies. The RevMan 5.0 software was used for
all analyses. Primary maternal outcomes were defined as death, ICU admission and need for transfusion,
while primary neonatal outcomes were defined as death, neonatal unit admission and 5 min Apgar score
less than 7. Ten studies were finally retrieved involving 23,104 singleton childbearing women (18,160
operated in the first stage and 4944 in the second stage of labor). Second stage cesarean section seems to
lead to higher maternal admissions to ICU (OR 7.41, 95% CI 2.47–22.5) and higher transfusion rates (OR 2.60,
95% CI 1.49–2.54). Neonatal death rates were also increased (OR 5.20, 95% CI 2.49–10.85) along with
admissions to neonatal unit (OR 1.63, 95% CI 0.91–2.91) and rates of Apgar score less than 7 in 5 min (OR
2.77, 95% CI 1.02–7.50). Second stage cesarean section seems to result significantly increased morbidity for
both mothers and neonates. It seems that a direct evaluation with forceps and vacuum extractors is
imperative in order to establish its place in modern evidence-based practice.

! 2014 Elsevier Ireland Ltd. All rights reserved.

Abbreviations: C/S, cesarean section; NICU, neonatal intensive care unit; ICU, intensive care unit; OR, odds ratio; CI, confidence interval; FEM, fixed effects model; REM,
random effects model; RCT, randomized controlled trial.
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Background Second-stage caesarean section with a deeply
impacted fetal head is associated with maternal and neonatal
complications.

Objectives Systematic review and meta-analysis to identify,
appraise and synthesise existing evidence that evaluated various
techniques of delivering a baby with a deeply impacted head at
full-dilation caesarean section. The primary outcome was uterine
extension and secondary outcomes were other maternal and
neonatal morbidities.

Search strategy Online searches of MEDLINE (1946–
January 2015), EMBASE (1950–January 2015), Web of Sciences
(1950–2015), and the Cochrane Library databases were performed
using a set of relevant keywords.

Selection criteria All studies that compared the outcome of
various techniques of delivering the baby’s head at full-dilation
caesarean section.

Data collection and analysis Methodological quality was assessed
using the Newcastle–Ottawa scale. Data collected from each of the

studies included variables on the participants, comparisons used,
and feto-maternal outcomes. Meta-analysis was performed using
REVIEW MANAGER 5.3.

Main results In total, 12 studies were included. Six studies
(n = 455) examined primary outcomes. Meta-analysis showed that
the risks of uterine incision extension, infection, mean blood loss,
and operative time were significantly higher with the push technique
compared with the reverse breech extraction. The evidence to
support the Patwardhan method and fetal pillow was inadequate.

Authors’ conclusions Evidence gathered from observational
studies suggests that reverse breech extraction is associated with
significantly lower maternal risks compared with the push
method.

Keywords Impacted fetal head, push method, reverse breech
extraction, second-stage caesarean section.

Tweetable abstract Meta-analysis suggests reverse breech
extraction during caesarean section to deliver impacted fetus is
safer.

Please cite this paper as: Jeve YB, Navti OB, Konje JC. Comparison of techniques used to deliver a deeply impacted fetal head at full dilation: a systematic

review and meta-analysis. BJOG 2016;123:337–345.

Introduction

Caesarean section rates have continued to rise in England
and Wales, with average rates of 26.2% in 2013–14.1

There is an accompanying rise in the overall caesarean
section rate at full dilatation.2 Caesarean sections at full
dilation are associated with higher rates of maternal and
neonatal complications.3 Delivery of the impacted fetal
head in the second stage is technically challenging, and it
is a major factor contributing to the associated increased

complications.4 Maternal complications of second-stage
caesarean sections include major haemorrhage, longer hos-
pital stay, greater risk of bladder trauma, and extension
tears of the uterine angle leading to broad ligament hae-
matoma.5 Fetal complications include hypoxia, resulting
from difficulty in delivering the fetal head, and direct
trauma. The risks of postpartum maternal complications
directly correlate with the duration of the second stage of
labour and the mode of delivery.6 Where there is failed
instrumental delivery, or sequential use of vacuum and

337ª 2015 Royal College of Obstetricians and Gynaecologists
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breech is delivered followed by the trunk. The head is then
delivered by traction on the legs.4,13,22

The Fetal Disimpacting System! and ‘fetal pillow’
The Fetal Disimpacting System! is manufactured by Safe
Obstetric Systems UK Ltd (Essex, UK). It has of a foldable
base plate that is 11 cm long and 4.5 cm wide, with a
balloon attached to it. It is inserted vaginally below the

fetal head at the time of inserting a Foley catheter. An
assistant uses up to 180 ml of saline solution to inflate the
balloon using a syringe. The inflation is maintained only
for a short time just before making the uterine incision.
The base plate straightens and opens to become flat against
the pelvic floor during the inflation process. The balloon
inflates and gently elevates the fetal head 3–4 cm from its
original position, making it easier to deliver. As soon as

Reverse breech extraction technique *

Push technique *

Patwardhan method ** 

Different Techniques

Figure 2. Different techniques. *Used with permission: Barbieri RL. Difficult fetal extraction at cesarean delivery: What should you do? OBG Manag.
2012;24(1):8–10, 12. **Used with permission: Purandare CN, Patel MA, Balsarkar G. Indian contribution to Obstetrics and Gynecology. Journal of
Obstetrics and Gynecology of India. 2012;62(4):384–5.

340 ª 2015 Royal College of Obstetricians and Gynaecologists
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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.

VOL. 117, NO. 1, JANUARY 2011 Hawkins et al Anesthesia-Related Mortality in the United States 73
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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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Efficacy of low-dose bupivacaine in spinal anaesthesia
for Caesarean delivery: systematic review and meta-analysis
C. Arzola1* and P. M. Wieczorek2

1 Department of Anesthesia and Pain Management, Mount Sinai Hospital and University of Toronto, 600 University Avenue, Room 1514,
Toronto, ON, Canada M5G 1X5
2 SMBD-Jewish General Hospital and McGill University, 3755 Côte Ste-Catherine Road, Room A335, Montreal, QC, Canada H3T 1E2

* Corresponding author. E-mail: carzola@mtsinai.on.ca

Editor’s key points

† Spinal anaesthesia for
Caesarean section is
associated with maternal
hypotension.

† The incidence may be
reduced by the use of a
lower dose, but this may
reduce block efficacy.

† This meta-analysis of 12
studies with a total of
693 patients used a
cut-off dose of .8 or ≤8
mg.

† Low dose is associated
with fewer adverse
effects but lower
anaesthetic efficacy.

Summary. Spinal anaesthesia is the preferred anaesthetic technique for elective Caesarean
deliveries. Hypotension is the most common side-effect and has both maternal and
neonatal consequences. Different strategies have been attempted to prevent spinal-
induced hypotension, including the use of low-dose bupivacaine. We conducted a
systematic search for randomized controlled trials comparing the efficacy of spinal
bupivacaine in low dose (LD ≤8 mg) with conventional dose (CD .8 mg) for elective
Caesarean delivery. Thirty-five trials were identified for eligibility assessment, 15 were
selected for data extraction, and 12 were finally included in the meta-analysis. We
investigated sources of heterogeneity, subgroup analysis, and meta-regression for
confounding variables (baricity, intrathecal opioids, lateral vs sitting position, uterine
exteriorization, and study population). Sensitivity analysis was performed to test the
robustness of the results. In the LD group, the need for analgesic supplementation
during surgery was significantly higher [risk ratio (RR)¼3.76, 95% confidence interval
(95% CI)¼2.38–5.92] and the number needed to treat for an additional harmful
outcome (NNTH) was 4 (95% CI¼2–7). Furthermore, the LD group exhibited a lower risk
of hypotension (RR¼0.78, 95% CI¼0.65–0.93) and nausea/vomiting (RR¼0.71, 95%
CI¼0.55–0.93). Conversion to general anaesthesia occurred only in the LD group (two
events). Neonatal outcomes (Apgar score, acid–base status) and clinical quality variables
(patient satisfaction, surgical conditions) showed non-significant differences between LD
and CD. This meta-analysis demonstrates that low-dose bupivacaine in spinal
anaesthesia compromises anaesthetic efficacy (risk of analgesic supplementation: high
grade of evidence), despite the benefit of lower maternal side-effects (hypotension,
nausea/vomiting: moderate grade of evidence).

Keywords: anaesthesia, obstetric; anaesthetic techniques, subarachnoid; anaesthetics
local, bupivacaine; complications, hypotension; safety, techniques

Regional anaesthesia is a major factor in patient safety
during Caesarean delivery.1 Resurgence of spinal anaesthesia
as a popular technique was possible due to the development
of small-bore needles with pencil-point tips and has become
the preferred method of anaesthesia for elective and for
many emergency Caesarean deliveries if an epidural catheter
is not already in situ.2 While effective surgical anaesthesia is
the primary objective of the spinal technique, it must be
accomplished while minimizing maternal and neonatal
side-effects.

Although various factors influence the appropriate
sensory nerve block for surgical anaesthesia, the local anaes-
thetic dose is the main determinant of its success.3 Anaes-
thesia textbooks recommend bupivacaine in a dose of
between 12 and 15 mg.4 5 However, the use of this dose
range has been associated with an incidence of maternal
arterial hypotension of 69% to .80%, resulting in maternal

and neonatal morbidity.6 A number of studies have sought
an optimal dose of bupivacaine, but produced dissimilar find-
ings with doses ranging from 5 to 20 mg.7 8 The use of a
lower dose aims to decrease maternal side-effects (hypoten-
sion, intraoperative nausea/vomiting), reduce the time to dis-
charge from the post-anaesthesia care unit, and improve
maternal satisfaction.7 However, such a strategy could com-
promise the adequacy of anaesthesia, and require sup-
plementary analgesia, with possible neonatal
consequences and may require conversion to general anaes-
thesia, a situation known as a risk factor for
anaesthesia-related maternal morbidity and mortality.1 9

Recent narrative reviews have addressed the controversy
of spinal bupivacaine in low dose (LD).10 11 Although useful,
they are essentially descriptive and conclude with opinion-
based recommendations. Systematic reviewing allows the
efficient integration of the evidence due to explicit

British Journal of Anaesthesia Page 1 of 11
doi:10.1093/bja/aer200
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6% Hydroxyethyl starch (130/0.4) vs Ringer’s lactate
preloading before spinal anaesthesia for Caesarean delivery:
the randomized, double-blind, multicentre CAESAR trial‡

F. J. Mercier1*, P. Diemunsch2, A.-S. Ducloy-Bouthors3, A. Mignon4, M. Fischler5, J.-M. Malinovsky6,
F. Bolandard7, A. G. Aya8, M. Raucoules-Aimé9, D. Chassard10, H. Keita11, A. Rigouzzo12 and A. Le Gouez1,
the CAESAR Working Group†
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3 Département d’Anesthésie-Réanimation, Hôpital Jeanne de Flandre, 59037 Lille, France
4 Département d’Anesthésie-Réanimation, APHP- Hôpital Cochin, 75014 Paris, France
5 Service d’Anesthésie-Réanimation, Hôpital Foch, 92150 Suresnes, France
6 Département d’Anesthésie-Réanimation, Hôpital Maison Blanche, 51100 Reims, France
7 Département d’Anesthésie-Réanimation, Hôpital Hotel Dieu, 69002 Clermont-Ferrand, France
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9 Département d’Anesthésie-Réanimation, Hôpital de l’Archet, 06200 Nice, France
10 Département d’Anesthésie-Réanimation, Hôpital mère-enfant, 69500 Bron, France
11 Département d’Anesthésie-Réanimation, APHP-Hôpital Louis Mourier, 92701 Colombes, France
12 Département d’Anesthésie-Réanimation, APHP-Hôpital Armand-Trousseau, 75012 Paris, France

* Corresponding author. E-mail: frederic.mercier@abc.aphp.fr

Editor’s key points

† Defining optimal fluid
management techniques
to prevent maternal
hypotension is important
in Caesarean section.

† This multicentre trial
assessed the efficacy and
safety of fluid preloading
with hydroxyethyl starch
(HES).

† HES with Ringer’s lactate
(RL) preloading was
superior to RL alone in
preventing hypotension.

† For future studies,
one-sided hypothesis
testing should be avoided,
particularly when
inconsistently applied to
related outcomes.

Background. Vasopressor administration is recommended to prevent hypotension during
spinal anaesthesia (SA) for elective Caesarean delivery. We aimed to test the superior
efficacy and ensure safety of a hydroxyethyl starch (HES) vs a Ringer’s lactate (RL)
preloading, when combined with a phenylephrine-based prophylaxis.

Methods. A total of 167 healthy parturients undergoing elective Caesarean delivery under SAwere
included in this multicentre, randomized, double-blind study. Patients received 500 ml of 6% HES
(130/0.4)+500 ml of RL (HES group) or 1000 ml of RL (RL group) i.v. before SA. After SA, i.v.
phenylephrine boluses were titrated when systolic arterial pressure (SAP) was below 95% of
baseline.Theprimaryoutcomewastheincidenceofmaternalhypotension(SAP ,80%ofbaseline).

Results. The incidence of both hypotension and symptomatic hypotension (i.e. with dizziness,
nausea/vomiting, or both) was significantly lower in the HES group vs the RL group: 36.6% vs
55.3% (one-sided P¼0.025) and 3.7% vs 14.1%. There was no significant difference in total
phenylephrine requirements [median (range): 350 (50–1800) vs 350 (50–1250) mg]. The
decrease in maternal haemoglobin value the day after surgery was similar in the two
groups [1.2 (1.0) vs 1.0 (0.9) g dl21]. There was no detectable placental transfer of HES in six
umbilical cord blood samples analysed in the HES group. Neonatal outcomes were
comparable between the groups.

Conclusions. Compared with a pure RL preloading, a mixed HES–RL preloading significantly
improved prevention of both hypotension and symptomatic hypotension based on early
phenylephrine bolus administration and did not induce adverse effects.

Clinical trial registration. NCT00694343 (http://clinicaltrials.gov).

Keywords: anaesthesia, spinal; Caesarean section; fluid therapy, hydroxyethyl starch; fluid
therapy, preloading; hypotension

Accepted for publication: 31 December 2013

† The CAESAR Working Group: S. Roger-Christoph1, S. Mangeant2, E. Noll2, B. Roth3, F. Sanz3, T. Rackelboom4, V. Guenon Des Mesnard-Smaja5, C. Foiret5, F. Bourgeade6,
A. Fournet-Fayard6, M. Bonnin7, S. Palacher8, M. Carlon9, B. Bryssine10, V. Faitot11, M. Farrugia12.
‡ Preliminary results of this work were presented in part at: the annual meeting of the Société Française d’Anesthésie-Réanimation in Paris, France, September 22–24,
2011, and at the annual meeting of the American Society of Anesthesiology in Chicago, USA, October 15–19, 2011.
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(RL group) experienced reactive hypertension (162 mm
Hg¼134% of baseline SAP). She had received 1 mg atropine
before, due to bradycardia accompanied by a moderate de-
crease in AP (112 mm Hg¼93% of baseline SAP).

Serial changes in SAP and diastolic AP (DAP) during the first
10 min after induction of SA are presented in Figure 3. There
were no statistically significant differences between the two
groups. Serial changes in HR during this 10 min time period
were also not different between the two groups (not shown).

In one patient in each group, SAP never decreased below
95% of baseline until delivery and thus no phenylephrine was
administered according to our predefined vasopressor algo-
rithm. Cumulative phenylephrine requirements until delivery

were not statistically different between the two groups
[median (range): 350 (50–1800) vs 350 (50–1250)mg; Table 2].

The most frequently reported adverse event was nausea/
vomiting with a non-significant higher rate in the RL group
(22% vs 12%, P¼0.087). Pruritus occurred only at the day of
surgery, the day after, or both and in all cases, it has resolved
the second day after surgery; the overall incidence was low
and identical in the two groups (7%). Operative haemorrhage
occurred in one case in each group (uterine hypotonia in the
HES group and bleeding from hysterotomy in the RL group),
and one patient (HES group) required a delayed blood trans-
fusion of two pack red blood cells (700 ml) on the second post-
operative day (her haemoglobin value had decreased from 119
to 78 dl21 between day 0 and day 1). Haemoglobin value varia-
tions from baseline (day 0) to first postoperative morning (day
1) are detailed in Table 3: the mean haemoglobin decrease
the day after surgery was comparable in the HES and RL
groups [1.2 (1.0) vs 1.0 (0.9) g dl21, P¼0.10]. Standard coagula-
tion parameters (platelets, aPTT, INR) and plasma creatinine
(Table 3) and other laboratory parameters (not shown) were
also similar between the groups. Maternal AP and HR on the
first postoperative morning and at discharge were similar
between the two groups (data not shown).

Neonatal outcomes were not different between the two
groups and most often in normal ranges (Table 4). HES con-
centration was below the limit of detection in each of the 11
umbilical cord blood samples, six of which pertained to the
HES group.

Discussion
The randomized, double-blind, multicentre CAESAR study
demonstrates that a mixed HES–RL-based preload reduces
maternal hypotension compared with a pure RL-based

Table 2 Haemodynamic variables. All data provided in the table are from induction of spinal anaesthesia to delivery, cumulative during this time
period and in ITTpopulation unless otherwise indicated; *‘Incidence of hypotension (ITTand PP)’, the primary outcome, is provided with one-sided
P-values (all other P-values are two-sided). ITT, intention-to-treat population, PP, per-protocol population; SAP, systolic arterial pressure;
†symptomatic hypotension¼SAP ,80% of baseline + nausea and/or vomiting and/or dizziness; HR, heart rate; ‡bradycardia, HR ,50 beats min21

HES group RL group P-value

n n (%) or mean (SD) or
median (range)

n n (%) or mean (SD) or
median (range)

Incidence of hypotension, ITT* 82 30 (37%) 85 47 (55%) 0.025

Incidence of hypotension, PP* 68 23 (34%) 72 40 (56%) 0.019

Incidence of symptomatic hypotension† 82 3 (4%) 85 12 (14%) 0.028

SAP,70% baseline 82 8 (10%) 85 15 (18%) 0.14

SAP, minimum recorded ITT (mm Hg) 82 98 (14) 85 94 (14) 0.058

SAP, minimum recorded PP (mm Hg) 68 99 (14) 72 93 (14) 0.015

Duration of hypotension (min) 30 2.0 (0–20) 47 2.0 (1–10) 0.36

HR, minimum recorded (beats min21) 82 62 (10) 85 61 (10) 0.19

Incidence of bradycardia‡ 82 9 (11%) 85 11 (13%) 0.70

Atropine use 82 8 (10%) 85 8 (9%) 0.94

Phenylephrine requirements (mg), ITT 82 350 (50–1800) 85 350 (50–1250) 0.26

Phenylephrine requirements (mg), PP 68 350 (50–1800) 72 400 (50–1250) 0.075
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Fig 2 Kaplan–Meier curves analysing the onset of maternal hypo-
tension after induction of SA in both treatment groups. The graph
shows a significant slower onset rate and lower rate of hypotension
in the HES group, when compared with the RL group (P¼0.006 by
log-rank test).
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Review Article

Vasopressors for the management of hypotension after
spinal anesthesia for elective caesarean section.
Systematic review and cumulative meta-analysis

M. Veeser1, T. Hofmann1, R. Roth1, S. Klöhr1, R. Rossaint2 and M. Heesen1

1Department of Anaesthesiology, Klinikum am Bruderwald Sozialstiftung Bamberg, Bamberg, Germany and 2Department of Anaesthesiology,
University of Aachen, Aachen, Germany

Background: Phenylephrine use has been recommended over
ephedrine for the management of hypotension after spinal
anesthesia for elective caesarean section. The evidence for this is
rather limited because in previous trials, pH was significantly
lower after ephedrine, but absolute values were still within
normal range. We pooled the available data to define maternal
and neonatal effects of the two vasopressors.
Methods: Literature was identified by a systematic search.
Hypotension, hypertension, and bradycardia of the mothers,
fetal acidosis defined as a pH < 7.20, and the continuous vari-
ables base excess (BE) and arterial pCO2 of the neonates were
recorded. Meta-analysis using the random effects model was
performed, and the weighted mean difference (WMD) or risk
ratio (RR), and 95% confidence interval (95% CI) were calculated.
Results: The criteria for eligibility were fulfilled by 20 trials
including 1069 patients. The RR of true fetal acidosis was 5.29
(95%CI 1.62–17.25, ) for ephedrine vs. phenylephrine (P = 0.006).

BE values after ephedrine use were significantly lower than after
phenylephrine (WMD -1.17; 95% CI -2.01 – -0.33). Umbilical
artery pCO2 did not differ. Mothers treated with ephedrine
had a lower risk for bradycardia (RR 0.17; 95%CI 0.07–0.43;
P = 0.004). No differences between vasopressors were observed
for hypotension and hypertension.
Conclusions: Our analysis could clearly demonstrate a
decreased risk of fetal acidosis associated with phenylephrine
use. In addition with our findings for BE, this suggests a
favorable effect of phenylephrine on fetal outcome parameters.
The mechanism of pH depression is not related to pCO2.

Accepted for publication 21 December 2011

© 2012 The Authors
Acta Anaesthesiologica Scandinavica
© 2012 The Acta Anaesthesiologica Scandinavica Foundation

The choice of vasopressor for the treatment of
hypotension because of spinal anesthesia in

parturients undergoing cesarean section has been a
subject of a long-lasting debate.1 Because the alpha-
agonist phenylephrine was thought to decrease
uterine blood flow by increasing peripheral vascular
resistance, with potentially deleterious effects for
the unborn, ephedrine was favored for many years.2
In recent years, low invasive techniques have been
applied to pregnant women that allowed the resear-
chers to define the hemodynamic profile of vasoac-
tive agents in detail.3,4 Hypotension may be the result
of a decrease in peripheral vascular resistance coun-
terbalanced by increases of stroke volume and heart
rate, and finally leading to an increased cardiac
output.4 The authors concluded that hemody-
namic stability may be best restored by a low-dose

phenylephrine infusion.3 A randomized trial by
Dyer et al. confirmed that phenylephrine adminis-
tration is the fastest and most effective way of restor-
ing mean arterial pressure.4

In addition to these findings, the metabolic conse-
quences of vasopressor administration were recently
evaluated. Ephedrine was associated with incre-
ased fetal plasma concentrations of lactate, glucose,
and catecholamines compared with phenylephrine.5
Finally, phenylephrine was declared the vasopressor
of first choice in a 2010 review6 because of these
observations of a favorable effect on fetal metabo-
lism. This recommendation has been adopted by the
German society of anesthesia.7

The evidence, so far, to support this notion
was rather poor. pH and base excess (BE) are con-
sidered important outcome parameters of the baby.

Acta Anaesthesiol Scand 2012; ••: ••–••
Printed in Singapore. All rights reserved

© 2012 The Authors
Acta Anaesthesiologica Scandinavica

© 2012 The Acta Anaesthesiologica Scandinavica Foundation
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Risk factors for failed conversion of labor epidural analgesia
to cesarean delivery anesthesia: a systematic review
and meta-analysis of observational trials

M.E. Bauer,a J.A. Kountanis,a L.C. Tsen,b M.L. Greenfield,a J.M. Mhyrea

a Department of Anesthesiology, University of Michigan Health System, Ann Arbor, MI, USA
b Department of Anesthesiology, Brigham and Women’s Hospital, Boston, MA, USA

ABSTRACT
Background: This systematic review and meta-analysis evaluates evidence for seven risk factors associated with failed conversion
of labor epidural analgesia to cesarean delivery anesthesia.
Methods: Online scientific literature databases were searched using a strategy which identified observational trials, published
between January 1979 and May 2011, which evaluated risk factors for failed conversion of epidural analgesia to anesthesia or doc-
umented a failure rate resulting in general anesthesia.
Results: 1450 trials were screened, and 13 trials were included for review (n = 8628). Three factors increase the risk for failed
conversion: an increasing number of clinician-administered boluses during labor (OR = 3.2, 95% CI 1.8–5.5), greater urgency
for cesarean delivery (OR = 40.4, 95% CI 8.8–186), and a non-obstetric anesthesiologist providing care (OR = 4.6, 95% CI
1.8–11.5). Insufficient evidence is available to support combined spinal–epidural versus standard epidural techniques, duration
of epidural analgesia, cervical dilation at the time of epidural placement, and body mass index or weight as risk factors for failed
epidural conversion.
Conclusion: The risk of failed conversion of labor epidural analgesia to anesthesia is increased with an increasing number of
boluses administered during labor, an enhanced urgency for cesarean delivery, and care being provided by a non-obstetric anes-
thesiologist. Further high-quality studies are needed to evaluate the many potential risk factors associated with failed conversion of
labor epidural analgesia to anesthesia for cesarean delivery.

!c 2012 Elsevier Ltd. All rights reserved.

Keywords: General anesthesia; Cesarean delivery; Epidural; analgesia/anesthesia

Introduction

Neuraxial anesthesia is commonly preferred over gen-
eral anesthesia for cesarean delivery because it permits
maternal participation in the birth process, limits the
potential for difficult airway management or awareness
under general anesthesia, avoids the depressant effects
of systemic anesthesia medication on the fetus and uter-
ine tone, and facilitates the provision of postoperative
analgesia.1,2

Conversion of labor epidural analgesia to cesarean
delivery anesthesia is an important strategy in limiting
the use of general anesthesia in obstetrics. Failure of
conversion can result in unpredictable hazards associ-
ated with managing the obstetric airway, performing a
spinal technique in the presence of partial epidural

blockade, or titration of appropriate analgesic and sed-
ative medications.3–8 In contrast, high rates of successful
conversion may represent a useful quality measure, indi-
cating the prior presence of functional epidural analge-
sia as well as the avoidance of general anesthesia.9,10

The Royal College of Anaesthetists has published
best practice guidelines for providing anesthesia for
cesarean delivery.11,12 These state that an acceptable rate
of general anesthesia in a parturient receiving labor epi-
dural analgesia should be no more than 3%. An under-
standing of the risk factors for failed conversion creates
an opportunity to identify and replace an at-risk epidu-
ral catheter. Strategies designed to increase the success
rate for conversion of labor analgesia to anesthesia
may improve safety and quality.

A systematic review of the literature to evaluate the
risk factors associated with failed labor epidural analge-
sia conversion to cesarean delivery anesthesia was
undertaken. Several observational studies have indi-
cated that risk factors may include: an increased number

Accepted May 2012
Correspondence to: M.E. Bauer, Department of Anesthesiology,
University of Michigan Health System, Ann Arbor, MI, USA.
E-mail address: mbalun@med.umich.edu
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During labour, gastric emptying is slowed unpre-
dictably and eating in labour increases residual gastric
volume [35]. The recommended approach in the UK
during labour is to stratify women into low- or high-
risk for requiring general anaesthesia [40]. Low-risk
women are allowed a light diet. High-risk women
should not eat but may have clear oral fluids, prefer-
ably isotonic drinks, together with oral administration
of H2-receptor antagonists every 6 h [40, 41]. If anaes-
thesia is required for delivery, an H2-receptor antago-
nist should be given intravenously if not already
administered, with the aim of reducing the risk of
aspiration at extubation. Sodium citrate should be
given as for elective cases [38, 39].

Intrauterine fetal resuscitation: Intrauterine fetal
resuscitation should be employed as appropriate before
emergency operative delivery, and the urgency of

surgery should be re-evaluated after transfer to the
operating theatre [42].

Plan with team
The World Health Organization surgical checklist
should be used before each theatre procedure [43]. This
is often modified locally for caesarean section/operative
vaginal delivery; in some units a specific anaesthetic
checklist is used in addition [44]. The anaesthetist
should be informed by the obstetrician about the clinical
details of the case and the current urgency category.
There should be a clear procedure for how to contact a
second anaesthetist if required; if appropriate, induction
of anaesthesia should be delayed while awaiting his/her
attendance. Standardisation of airway equipment within
the hospital is highly recommended [45]. The anaes-
thetic team should be familiar with the content of the
airway trolleys and these should be regularly checked.

Fail

Fail

Master algorithm – obstetric general anaesthesia and failed tracheal intubation

Verify successful tracheal intubation 
and proceed
Plan extubation

Pre-induction planning and preparation
Team discussion

Algorithm 1
Safe obstetric 
general anaesthesia

Algorithm 2
Obstetric failed 
tracheal intubation

Algorithm 3
Can’t intubate, 
can’t oxygenate

Rapid sequence induction
Consider facemask ventilation (Pmax 20 cmH2O)

Laryngoscopy 
(maximum 2 intubation attempts; 3rd intubation 
attempt only by experienced colleague)

Declare failed intubation
Call for help
Maintain oxygenation
Supraglottic airway device (maximum 2 
attempts) or facemask

Declare CICO
Give 100% oxygen
Exclude laryngospasm – ensure 
neuromuscular blockade
Front-of-neck access

Success

Success

Wake Proceed with surgery

Is it essential/safe 
to proceed with surgery 

immediately?

YesNo

Figure 1 Master algorithm – obstetric general anaesthesia and failed intubation. The yellow diamond represents a deci-
sion-making step. Pmax, maximal inflation pressure; CICO, ‘can’t intubate, can’t oxygenate’. 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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If the anaesthetic was being provided for operative
delivery, the neonatologist should be informed about
the failed intubation, as this is an independent predic-
tor of neonatal intensive care unit admission [9].

Proceed with surgery
When the decision has been made to continue with
general anaesthesia and surgery, key issues to consider
are: choice of airway device and ventilation strategy;
maintenance of anaesthesia; use of cricoid pressure;
drainage of gastric contents; and plans to perform
delayed tracheal intubation if required.

Hypoxaemia may occur from causes other than
hypoventilation, and its presence is not an absolute indi-
cation to change the airway device if pulmonary ventila-
tion is adequate. Furthermore, ventilation/perfusion
mismatch and pulmonary compliance may improve
after delivery at caesarean section, and urgency may

therefore dictate temporarily accepting suboptimal con-
ditions until delivery.

A decision to use spontaneous or controlled venti-
lation should be made on a case-by-case basis; con-
trolled ventilation was used after failed intubation in
two-thirds of cases in a UK survey [12]. Positive pres-
sure ventilation may be achieved with or without using
a neuromuscular blocking drug. Using a neuromuscu-
lar blocking drug has several advantages including pre-
vention of laryngospasm, reduction in peak airway
pressures and gastric insufflation, and facilitation of
surgery by reducing abdominal muscular tone; its use
must be monitored with a peripheral nerve stimulator.
The surgery should be performed by the most
experienced surgeon available, and only minimal fun-
dal pressure should be used to assist delivery. The
neonatal team should be informed about the failed
intubation.

Table 2 – management after failed tracheal intubation

Wake

• Maintain oxygenation
• Maintain cricoid pressure if not impeding ventilation
• Either maintain head-up position or turn left lateral 

recumbent
• If rocuronium used, reverse with sugammadex
• Assess neuromuscular blockade and manage awareness 

if paralysis is prolonged
• Anticipate laryngospasm/can’t intubate, can’t oxygenate

After waking

• Review urgency of surgery with obstetric team
• Intrauterine fetal resuscitation as appropriate
• For repeat anaesthesia, manage with two anaesthetists

Anaesthetic options:
 Regional anaesthesia preferably inserted in lateral 
position

 Secure airway awake before repeat general 
anaesthesia

Proceed with surgery

• Maintain anaesthesia
• Maintain ventilation - consider merits of:

 controlled or spontaneous ventilation
 paralysis with rocuronium if sugammadex available

• Anticipate laryngospasm/can’t intubate, can’t 
oxygenate
Minimise aspiration risk: 

maintain cricoid pressure until delivery (if not 
impeding ventilation)
after delivery maintain vigilance and reapply cricoid 
pressure if signs of regurgitation 
empty stomach with gastric drain tube if using 
second-generation supraglottic airway device 
minimise fundal pressure
administer H2 receptor blocker i.v. if not already 
given

• Senior obstetrician to operate
• Inform neonatal team about failed intubation
• Consider total intravenous anaesthesia

Figure 6 Table 2 – management after failed tracheal intubation. i.v., intravenous. 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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If facemask ventilation has been attempted and
found to be difficult, or the pre-induction decision was
to proceed with surgery (Table 1; Fig. 3), immediate
insertion of a SAD is the preferred choice before the
induction agent and suxamethonium wear off. Use of
a laryngoscope may aid SAD placement [143, 144].
Studies have shown that cricoid pressure applied with
standard 30-N force using the single-handed technique
impede laryngeal mask placement and adequate lung
ventilation [87, 88]. This may be because cricoid pres-
sure prevents the distal part of the laryngeal mask
from occupying the hypopharynx [88]. We recom-
mend that cricoid pressure should be released
temporarily during insertion of a SAD.

A second-generation SAD with a gastric drain
tube is recommended to allow the passage of a gas-
tric tube and the ability to generate higher inflation

pressures [45]. It is important that the device is posi-
tioned and fixed correctly to ensure that gastric con-
tents are vented through the oesophageal port [145].
If the SAD has an inflatable cuff, this should be
inflated to the minimal pressure required to achieve
an airway seal, and never exceeding 60 cmH2O [146].
If the first SAD does not provide an effective airway,
an alternative size or device should be considered. As
with tracheal intubation, multiple attempts at SAD
placement increase the risk of trauma [147], and
hence we recommend a maximum of only two inser-
tion attempts.

Algorithm 3 – ‘can’t intubate, can’t oxygenate’
(Fig. 5)
A period of failed ventilation is not uncommonly
reported after failed intubation, but is usually not

Algorithm 3 – can’t intubate, can’t oxygenate

Wake Proceed with surgery

YesNo

Maternal advanced life support 
Perimortem caesarean section

Is oxygenation 
restored?

YesNo

Declare emergency to theatre team
Call additional specialist help (ENT surgeon, intensivist)

Give 100% oxygen
Exclude laryngospasm – ensure neuromuscular blockade

Perform front-of-neck procedure

Is it 
essential/safe 

to proceed with surgery 
immediately?

Figure 5 Algorithm 3 – ‘can’t intubate, can’t oxygenate’. 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). ENT, ear, nose
and throat. 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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