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Anaesthesia during
pregnancy

Summary
Surgical procedures during pregnancy
are mainly due to acute appendicitis
or cholecystitis, and sometimes surgery
for ovarian disorders and trauma will
also be necessary. Anaesthetic and sur‑
gical management require a profound
knowledge of the anatomical and phy‑
siological changes induced in preg‑
nancy. Correction of hypovolaemia and
hypotension and avoidance of maternal
hypoxia and hypercarbia is essential for
uteroplacental oxygen delivery and blood
flow and thus for foetal health. Surgery
should be performed at an experienced
institution with neonatal and obstetric
service. The main focus during anaes
thesia is to maintain maternal and foetal
vital functions and homeostasis, thus
preserving the state of pregnancy. Intra‑
operative foetal monitoring should be
applied if the foetus is viable, and an
obstetrician should be available in case
an emergency Caesarean section is
neces
sary. None of the contemporary
anaesthetic agents we use are known to
have teratogenic potential. Nevertheless,
exposures to any medication should
be minimised, because adverse effects
cannot be totally excluded. This is one
of the reasons to favour regional anaes‑
thesia, whenever possible.

Introduction
Surgical operations during pregnancy
not indicated on account of obste
trical reasons are by no means seldom
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[1]; their rate ranges from 0.75% [2]
to 2% [3] of all pregnant women,
meaning that up to 14,000 surgical
interventions for approx. 715,000
deliveries were made in pregnant
women in Germany in 2014.
Among the surgical interventions with
no elucidated causal connection to
pregnancy, appendectomy ranks first
with approx. 44%, followed by chole‑
cystectomy with approx. 22% of cases
[4]; other indications consist of ovarian
pathologies (cysts, torsions, neoplasias),
as well as trauma-related or oncosurgi‑
cal interventions. However, the number
of surgical interventions in pregnant
women is higher, as about 2-4% of all
childbearing women undergo surgery
during an already existing, albeit yet
undiscovered, pregnancy [5]. This also
shows in the distribution of surgical
interventions across the respective preg‑
nancy stages: 42% of all interventions
take place during the first trimester,
35% during the second trimester, and
23% during the third trimester [3,6]. In
addition to the non-obstetrical indica‑
tions for surgery, there are obstetrically
indicated interventions which aim to
avert impending premature delivery or
miscarriage.
For all operations and the anaesthesias
associated therewith, attention must be
paid to several points simultaneously:
• Maintenance of homeostasis of both
mother and developing child,
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• minimal negative effects on the fur‑
ther development of the foetus, espe‑
cially prevention of foetal hypoxia or
acidosis,
• no influence on the further course of
pregnancy.
Knowledge of the pregnancy-induced
physiological changes relevant to anaes
thesia is indispensable to reach these
goals.

Physiological changes during
pregnancy which are relevant
to anaesthesia
General considerations
Pregnancy produces distinctive, time-
dependent changes affecting the entire
organism of a pregnant woman. These
physiological adaptation processes particularly involve the respiratory and
car
diovascular system as well as the
haematological-haemostasiological,
gastrointestinal and renal system (Tab.
1). At the same time, hormone-induced
tissue alterations of the integument,
musculature and connective tissues (na
turally also including the uterus) occur.

Respiratory system
In the course of pregnancy, alveolar
ventilation is increased by way of
both breathing rate (increase by
15%) and tidal air volume (increase
by 40%) by up to 50%, whereas the
functional residual capacity (FRC)
decreases by about 20%.
This progesterone-mediated stimulation
of the respiratory centre will be com‑
pensated at the end of pregnancy by
an oxygen consumption increase of up
to 20%. The arterial partial pressure of
oxygen (paO2) remains at first quite
constant, then rises to a lesser extent
until the date of delivery, whereas
hyperventilation causes respiratory alka‑
losis with an arterial partial carbon
dioxide pressure (paCO2) decreasing up
to 30 mm Hg and arterial pH values
(despite compensatory bicarbonate reduction) exceeding 7.44 [7]. The decline
of the FRC due to the pressure of the
gravid uterus naturally increases in the
course of pregnancy, and pregnant
women’s respiratory systems often
struggle to tolerate a supine position.

Tab. 1
Physiological changes in various organ systems in the course of pregnancy.
Organ system

Function

In third trimester

Respiratory system

Alveolar ventilation
Oxygen consumption
Functional residual capacity (FRC)
Partial pressure of oxygen (paO2)
Partial pressure of oxygen of carbon
dioxide (paCO2)

 50%
 20%
 20%
 to approx. 105 mm Hg
 to 32 mm Hg

Cardiovascular system

Heart rate
Cardiac output
Stroke volume
Contractility
Systemic vascular resistance

 20%
 50%
 35%

 20%

Haematological-haemostasiological system

Erythrocyte volume
Plasma volume
Blood volume
Platelets
Fibrinogen, factor VII


 50%
 40%

 100%

Gastrointestinal system

Gastric evacuation
Oesophageal occlusion pressure




Renal system

Glomerular filtration rate
Renal plasma flow
Osmolality

 50%
 50%
 10%
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Altogether, these processes reduce
apnoea tolerance, for which reason
hypoxemia will emerge quickly in case
of a rapid sequence induction (RSI).
The plethora of mucous membranes
(typical during pregnancy) additionally reduces the diameter of the
upper airways and might produce
related intubation problems.
• The incidence rate of a difficult
intubation is at 1 : 30; that of an im‑
possible intubation at 1 : 280 – and
is thus eight times more common
than in non-pregnant patients [8].
• An age over 35 years, a body weight
of >90 kg, a Mallampati score of >1
and absent labour were identified
as risk factors for a difficult and/or
impossible intubation [9,10].
• Furthermore, it was shown that the
Mallampati score can deteriorate
significantly not only in the course
of pregnancy, but also during labour
– and thus relatively acutely [11], so
that a single evaluation, for example,
at admission of the patient is not
sufficient.
The intubation conditions must be
always examined directly before the
induction of general anaesthesia.

Cardiovascular system
Significant changes
During pregnancy the cardiovascular
system adapts itself to the metabolic
requirements of mother and foetus. Both
the circulating blood volume and the
cardiac output increase, whereas the
peripheral resistance decreases.
Blood volume
Starting with the eighth week of
pregnancy, the circulating blood
volume increases by up to 50 per
cent – reaching a culmination point
in the 34th week of pregnancy (Fig.
1). As the percentage of red blood
cells only increases by 20-35%, the
overproportional increase in plasma
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Fig. 1
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peripheral vascular resistance and in‑
creased arterial compliance contributes
to the maintenance of cardiovascular
homeostasis through the action of the
factors below [12]:
• Minimisation of diastolic blood-pres‑
sure decline,
• Reduction of left-ventricular pressure
load,
• Limitation of endothelial shearing
forces,
• Compensation of increased intravas‑
cular volume.
Despite the distinct decrease in
peripheral resistance the arterial
pressure decreases only a little –
it is held nearly constant by an in
crease of the heart minute volume.
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Cardiac arrhythmias

Physiological changes in various organ systems in the course of pregnancy.

volume results in a physiological
anaemia of pregnancy, with a haemoglobin (Hb) value at about 11 g/dl.
The plasma volume displays particularly
high increases between the 16th and
22nd weak of preganancy. At the same
time, the distribution volume for drugs
increases, and the concomitant hypo
albuminemia, associated with a reduced
protein binding of certain drugs, might
increase drug toxicity under certain
circumstances.
Heart minute volume
The heart minute volume (cardiac
output) increases by 50 percent in the
course of pregnancy. While the increase
in the first trimester primarily depends
on the stroke volume (increase by
about 35%), the further continuous in‑
crease until the 34th week of pregnancy
results from an increase in the heart
rate (10 - 15/min.). In addition, the re
‑
duced afterload contributes to an in‑
crease of the heart minute volume [12].

In total, the blood flow and oxygen
supply exceed the consumption of
oxygen distinctly, so that the utero
placental unit is abundantly supplied
with oxygen and nutrients.

Arrhythmias during pregnancy, oc
curring as they do at a rate of 0.24%, are seldom and self-limiting in
most cases without therapy.

After previous studies on the left-ven
tricular function failed to produce
unequivocal results, more recent studies
revealed that left-ventricular contractility
decreases as pregnancy progresses and
the end-diastolic and end-systolic volumes increase by the second trimester
[13]. In addition, an eccentric hyper‑
trophy with so-called left-ventricular re‑
modelling appears in the further course
of pregnancy [14].

The combination of haemodynamic,
hormonal and vegetative-autonomous
pregnancy changes are capable of both
triggering pre-existing arrhythmias and
inducing their initial manifestation. The
increase of the blood volume appear‑
ing in association with an increased
stretching of myocytes is considered to
be the most important mechanism of
pathogenicity [16]; this leads to an
• early afterdepolarization,
• shortened refractory period,
• prolonged transition, and
• spatial dispersion by means of
stretch-activated ion channels.

The systemic and pulmonary vascular
resistance decrease as early as in the
first trimester, the underlying vasodila‑
tory effects are mediated, for example,
by relaxin, a peptide hormone of the
corpus luteum [15]. Arterial compliance
increases at the same time, whereas
the response to vasoconstrictive drugs
decreases. The combination of reduced

Besides, re-entry phenomena frequently
occur. The increased heart rate during
the third trimester represents in itself
an arrhythmogenic factor [17]. Further‑
more, oestradiol and progesterone have
been shown to display arrhythmogenic
actions in laboratory animals [18],
and oestrogen increases the number of
adrenergic receptors in the myocardium.
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After the exclusion of hyperthy
roidism and life threatening diseases
(e.g. pulmonary artery embolism,
aortic dissection), arrhythmias should
only be treated if they pose a threat
to mother and foetus.
As systematic studies on the adminis‑
tration of antiarrhythmic agents during
pregnancy do not exist, risks for the
foetus cannot be ruled out categorically
– among which are teratogenic effects
(especially during organogenesis), de
creased foetal growth and foetal arrhyth‑
mias (Tab. 2).
• In the event of medication already
pre-existing for a longer period, the
administration of antiarrhythmic sub‑
stances with a low foetal risk should
be continued, as in this case the
stability of the female patient out‑
weighs the potential risks for the
foetus [16].
• If new supraventricular extrasystoles
appear treatment with β1-blocking

agents may proceed at best after
completion of the first trimester.
• Supraventricular tachycardias (SVT)
are the most common arrhythmias
occurring during pregnancy, and
about 20% of the female patients
with pre-existing SVT increasingly
display symptoms in the course of
gravidity. These symptoms mostly
consist of AV node re-entry tachycar‑
dias (AVNRT); if vagal manoeuvres
are ineffectual they can be reliably
treated with adenosine.
• Ventricular tachycardias and ven
tricular fibrillation are very seldom
and mostly have a structural cause
(cardiomyopathy, coronary dissec‑
tion, coronary spasm). Ventricular
arrhythmia can be terminated with
ajmaline; amiodarone should not be
administered because of its terato‑
genic actions [19]. In case of hae‑
modynamic instability an electrical
cardioversion will be indicated; an
induction of foetal arrhythmias is
of rare occurrence, and the utero

Tab. 2
Undesired effects and teratogenicity of antiarrhythmic drugs during pregnancy and lactation.
Modified after [16].
Substance

Potentially undesired effects

Teratogenicity Lactation

Quinidine

Thrombocytopenia, ototoxicity, Torsade de
pointes

no

possible to a
limited extent

Lidocaine

Bradycardia, undesired CNS effects

no

possible

Flecainide

Good tolerance unless a structural heart
disease exists

no

possible

Propafenone

Good tolerance unless a structural heart
disease exists

no

unknown

Propranolol

Bradycardia, growth retardation,
postpartum apnoea in the newborn

no

possible

Metoprolol

Bradycardia, growth retardation,
postpartum apnoea in the newborn

no

possible

Atenolol

Bradycardia, growth retardation,
postpartum apnoea in the newborn

no

no

Amiodarone

Foetal hypothyroidism, growth retardation,
premature delivery

yes

avoid

Dronedarone

Malformation of vessels and limbs,
cheilognathopalatoschisis

yes

contraindicated

Verapamil

Maternal hypotension, foetal bradycardia

no

possible

Diltiazem

Maternal hypotension, foetal bradycardia

unknown

possible

Adenosine

Dyspnoea, bradycardia

no

unknown

Digoxin

Lowered birth weight

no

possible
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placental blood flow will not be
compromised [20]. If pregnancy is
in an advanced stage, an induction
of labour has been described, also
foetal arrhythmias which demanded
an emergency section [21]. For these
reasons, monitoring of the foetal
heart rate in the already viable foetus
is recommended in this situation –
also for electrophysiological exami
nations and a catheter ablation.
Vena cava compressions syndrome
(supine hypotension syndrome)
In pregnancy, the enlarged uterus
impedes with the venous backflow
from the legs and pelvis by an imme
diate compression of the inferior
vena cava and by an increase of
intraabdominal pressure.
In supine non-pregnant women, the
pressure in the inferior vena cava
amounts to 4 - 
7 mm Hg; it will in
‑
crease to 20 - 30 mm Hg in late preg‑
nancy. The compression of the inferior
vena cava, however, might already
assume haemodynamic relevance by
the 16th week of pregnancy and reduce
the heart minute volume by 25-30%.
The symptoms range from unspecific
complaints to cardiovascular arrest with
life-threatening consequences for mother
and child. Neuroaxial anaesthesia pro
cedures with supine positioning often
lead to arterial hypotension after the
20th week of pregnancy. Left-lateral
tilt positioning is recommended as a
prophylaxis for pregnant women [22],
as it reduces the pressure in the inferior
vena cava to 10-15 mm Hg. Magnetic
resonance imaging (MRI) [23] revealed
that only a left-lateral position of about
30 degrees was able to restore the
original diameter of the inferior vena
cava (Fig. 2). A relevant compression
of the abdominal aorta, however, could
not be confirmed by MR imaging [23],
for which reason the term “aortocaval
compression syndrome” will be avoided
here.
Wake pregnant women must be
monitored not only with regard to
haemodynamics (blood pressure,
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have a gestational thrombocytopenia
with an increased platelet turnover [26],
which is based on pregnancy-induced
haemodilution. This condition disappears
after delivery.

Fig. 2

The increasing availability of point-ofcare methods in coagulation diagnostics
has inspired a research group in the
Netherlands [29] to compile peripartal
reference ranges applicable to rotation
thromboelastography/-metry (Tab. 4).
30° left lateral tilt position to relieve the inferior vena cava – the inferior vena cava is free of compres‑
sion only after a 30-degree angle is reached.

heart rate), but also for clinical
symptoms. A feeling of sickness,
nausea and perhaps vomiting are
important symptoms, to which an
immediate response should proceed
by bringing the patient in a 30
degrees left-lateral tilt position [24].

Haematological-haemostasio
logical system
The coagulation equilibrium shifts
toward coagulation during preg‑
nancy. The procoagulant state reduces
the maternal blood loss at child
birth, but it is also accompanied by
an increased incidence (1 : 1.000 1 : 2.000) of thromboembolism [25].
In a normal pregnancy, the concen
trations of the coagulation factors I
(fibrinogen) and VII as well as factors
Tab. 3
Coagulation factors during pregnancy. Mod.
after [27, 28]. vWF = von-Willebrand’s factor.
Coagulation factor

Change

Prothrombin (II)

()

Fibrinogen (I), VII



VIII, IX, vWF



X, XI, XII



Protein S



Antithrombin (AT), protein C



Plasminogen



D-dimers



VIII, IX and the von-Willebrand’s factor
(vWF) increase, whereas the concen‑
tration of factor II (prothrombin) rises
only moderately (Tab. 3). Among the
anti-coagulative factors, protein C and
antithrombin mostly remain unaltered,
whereas protein S is often markedly
decreased. Fibrinolytic activity during
pregnancy and peripartum is reduced
due to an increased activity of the
plasminogen activator inhibitor from
endothelium cells and the placenta.
The values of the coagulation factors
return to normal at about 4-6 weeks
after childbirth, whereas protein S might
remain reduced for some time longer. In
addition, 5-8% of all pregnant women
Tab. 4
Reference ranges for rotation thromboelasto
graphy/-metry (ROTEM). After [29].
Test

CT [s]

CFT [s]

MCF
[mm]

EXTEM

31 - 63

41 - 420

42 - 78

INTEM

109 - 125

40 - 103

63 - 78

FIBTEM

31 - 79

APTEM

33 - 62

13 - 45
42 - 118

61 - 79

CT =
clotting time;
CFT = 	clot formation time;
MCF =
maximum clot firmness.
Tests:
EXTEM = 	extrinsic system (equivalent to
Quick’s test);
INTEM = 	intrinsic system (equivalent to
aPTT; activated partial thrombo‑
plastin time);
FIBTEM = fibrinogen percentage of the clot;
APTEM = hyperfibrinolysis.

Gastrointestinal system
Gastric evacuation is not invariably
delayed during pregnancy [30], but
30-50% of pregnant women do have a
gastroesophageal reflux. However, the
increasing intraabdominal pressure dur‑
ing pregnancy– supported by a reduced
oesophageal occlusion pressure – in‑
creases the risk of aspiration.
Pregnant women after the 20th week
of pregnancy – and until 24 h post
partum – are considered as patients
who pose a high risk of regurgitation
and pulmonary aspiration of stomach
content – for this reason a rapid se
quence induction (RSI) is categori
cally necessary [31].
Besides, an anatomical displacement of
the cecum by the gravid uterus is being
discussed as the cause for the increased
incidence of appendicitis during preg‑
nancy [32].

Renal system
Pregnancy has considerable effects on
osmotic regulation, volume homeostasis
and the urinary excretion system. The
kidney volume increases as early as in
the first trimester and rises in the third
trimester – with concomitant renal vasodilatation and hyperfiltration – to about
150% of the initial value. Progesterone
and its metabolites, relaxin, prostaglan‑
dins and nitrogen monoxide (NO) have
an enhancing effect on the renal plasma
flow and glomerular filtration rate;
glycosuria is not of seldom occurrence,
proteinuria may also appear occasion‑
ally. Owing to reduced concentrations
of sodium and urea, plasma osmolality
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decreases by 8-10 mosmol/kg – a con‑
dition which would immediately result
in a pronounced water diuresis in
non-pregnant women, whereas in preg‑
nant women a new equilibrium arises
due to changed threshold limits for the
antidiuretic hormone (ADH) and thirst.
The superior segments of the ureters are
often dilated, without the existence of
any pathological obstruction [33].

Foetal safety
Teratogenicity and other drugrelated actions
General aspects
Most reports of teratogenicity and other
actions of medicinal drugs during preg‑
nancy are based on in-vitro and animal
studies or on a retrospective evaluation
of drug exposures – e.g. the active
substance thalidomide in the so-called
Contergan scandal.
Organogenesis in the first trimester
is an especially vulnerable stage of
pregnancy.
• During the first 15 days of gestation,
drugs mostly elicit an all-or-nothing
effect: the foetus remains fully intact
or is lethally damaged.
• Subsequent to this first and highly
vulnerable stage, drugs are capable of
influencing organogenesis up to the
65th day of gestation; potential con‑
sequences are generalised embryo
toxicity, malformation syndromes as
well as manifold and sometimes
subtle morphological, biochemical
and functional disorders [34].
In total, about 15% of all known preg‑
nancies end with an abortion; the risk
is highest in the first trimester, with a
rate of about 80 % of all abortions. In
this context, an overview of data derived
from 12,452 pregnant women has shown
that the incidence rate of abortions in
case of non-obstetrical interventions in
the first trimester amounted to 10.5%
[35] – and thus lies within the same
range that applies to pregnant women
who did not undergo surgery.

The incidence of a medication during
pregnancy has several aspects. Many
women take at least one drug; taking
four or more products has more than
doubled in the last 30 years [36]. While
numerous pregnant women suffer from
chronic diseases like bronchial asthma,
hypertension or diabetes mellitus, which
require medication during pregnancy as
well, new diseases or the exacerbation
of a pre-existing condition may also
require drug therapy. In addition, preg‑
nancy–related alterations occasionally
also make dose adjustments necessary.
The five-tiered risk assessment (classes
A, B, C, D, X) applicable to drugs taken
during pregnancy and established since
1979 by US Food and Drug Adminis‑
tration (FDA) was abandoned on June
30, 2015. Since that time, the risks for
pregnancy and lactation are registered
collectively in the “Pregnancy and
Lactation Labelling (Drugs) Final Rule”
[37]; together with the discussion of
the underlying data, it is supposed to
provide relevant information for deci‑
sion-making either for or against the use
of a substance and for counselling preg‑
nant and lactating women. Furthermore,
the Centre for Pharmacovigilance and
Advocacy (Berliner Pharmakovigilanzund Beratungszentrum (PVZ) for Em‑
bryonal Toxicology in Berlin (a publicly
funded independent institute) informs
about the tolerance of important drugs
and the treatment of diseases frequently
occurring maternal during pregnancy
and lactation on its website (www.
embryotox.de).
Special actions of anaesthetics
As yet, both experiments conducted
with animals and observational
studies on pregnant women failed to
reveal an unequivocal teratogenic
effect of any substance relevant to
anaesthesia (Tab. 5).
Anaesthetics are capable of affecting
cell differentiation and organogenesis by
numerous modes of action (intracellular
signal transduction, effects on mitosis
and DNA synthesis) [6]. Outside the
especially vulnerable stage of organo‑
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genesis (first 15-65 days of gestation),
however, almost all anaesthetics and
analgesics are considered to be safe,
although special safety studies with
pregnant women do not exist for reasons
which are quite obvious.
Selection of the anaesthetics should
be guided by the available literature
and specific pharmacology; prefer
ence should be given to tested and
established substances.
Pertinent data are available on the inter
net platform http://www.embryotox.de.
During obtaining informed consent,
reference should be made to the po
tential off-label use of a drug and, if
possible, the drugs planned to be used
should be explicitly listed.
• Data derived from a Swedish Register
[3] confirm a slight increase of pre‑
mature deliveries after interventions
during pregnancy – it cannot be
said whether this has been effected
by the respective intervention, the
underlying pathology or the applied
anaesthetics. After interventions into
the pelvis and abdomen because of
adnexal pathologies and appendicitis
in the third trimester, premature
labour was increasingly observed
(without an increased risk of miscar‑
riages) [38].
• An increased incidence of neural
tube defects has been correlated
with an inhibition of methionine
synthesis due to the oxidation of
vitamin B12. As dinitrogen monoxide
(N2O; laughing gas) oxidises vitamin
B12 and teratogenic and abortive
effects have been described after the
application of very high concentra‑
tions in experiments with animals,
N2O should not be applied, accord‑
ing to the present state of knowledge,
during the highly vulnerable stage
of organogenesis (first 15-65 days of
gestation).
• The administration of diazepam was
seen to be correlated with an in
creased rate of orofacial clefts,
intestinal atresia, cardiac malforma‑
tions and pylorus stenosis. Although
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Tab. 5
Potential foetal and neonatal risks of medicinal drugs with relevance to anaesthesiology.
Substance
group

Substance

Potentially undesired actions against the
foetus/newborn

Teratogenicity

Lactation period

Opioids

Sufentanil,
fentanyl,
remifentanil,
morphine

Crosses the placenta, respiratory
depression, withdrawal syndrome
possible in case of long-term therapy

Not known

No limitation if applied in
normal doses, attention in
case of apnoea tendency

Hypnotics

Propofol

Cross the placenta, higher doses cause
respiratory depression

Not known

No limitation

Thiopental

Cross the placenta, respiratory depression

Not known

No limitation

Etomidate

Decreased cortisol concentration

Not known

No limitation

Midazolam

Crosses the placenta, respiratory
depression, muscular hypotension

Probably safely applicable

No limitation

Ketamine

Cross the placenta (increases uterus tonus
in first and second trimester)

Not known

No limitation

Inhalation
anaesthetics

Sevoflurane

Higher doses cause respiratory depression Not known

No limitation

N2O

Inhibition of methionine synthesis by
oxidation of vitamin B12

No limitation

Glucocorticoids

Dexamethasone

Intrauterine growth retardation, premature Slightly elevated risk for cleft palates
birth, hypoglycaemia, hypotension and
cannot be ruled out
electrolyte disorders

No documented information

Neuromuscular
blocking agents

Cross the placenta poorly

Not known

No limitation

Theodrenaline/
Sympathomimetic agents, cafedrine
vasocon
Ephedrine
strictors

Decreased uteroplacental perfusion

Not known

No limitation

Decreased uteroplacental perfusion

Not safe: In the first trimester perhaps
association with gastroschisis, duodenal
atresia, hemifacial microsomia, ventricle
septum defect

No limitation

Phenylephrine

Decreased uteroplacental perfusion

Not known

No limitation

Adrenalin

Decreased uteroplacental perfusion

Not known

No limitation

α-Methyldopa

Cross the placenta, no undesired effects,
antihypertensive of first choice during
pregnancy

Not known

No limitation

Dihydralazine

Crosses the placenta, seldom hepatotoxic‑ Not known
ity and “pseudo lupus”

No limitation

Clonidine

Crosses the placenta, elevated blood
pressure

Not known

Better do without: Neonates
display up to 66% of
maternal plasma levels

ACE inhibitors

Crosses the placenta

1st trimester: malformations of the
cardiovascular system and the CNS;
2nd and 3rd trimester: decreased
uteroplacental perfusion, hypotension,
anuria, skull hypoplasia, joint
contractures, pulmonary hypoplasia

No consequences yet
observed

Metoprolol

In case of permanent therapy possible
reduction of placental weight and birth
weight

None known

Single cases of bradycardia

Odansetron

Lacking data, should only be applied in
case of failure of better examined
antiemetics and severe symptoms

Not unknown

Should be applied in case of
failure of better examined
antiemetics only

Dimenhydrinate

Should be avoided in the 3rd trimester
because of its potential contractilitystimulating effects on the uterus

Comprehensive studies, no teratogenic
effects known

Antihistaminic drug effects:
sedation or hyperexcitability

Antihypertensive drugs

Antiemetic
drugs

In the first trimester perhaps neural tube
defects
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no clear evidence exists, it is recom
mended to do without benzodia
zepines in the first trimester.
• In addition, it is being discussed
whether epidemiological data, and
data derived from experimental
studies with animals, focusing on the
exposure of foetuses with general
anaesthetics, are capable of explain‑
ing neurocognitive deficiencies. A
final assessment of this subject is not
possible yet [39].

Prevention of intrauterine foetal
asphyxia
The greatest anaesthesiological chal
lenge is to prevent foetal asphyxia.
As the uteroplacental unit does not pos‑
sess autoregulation, sufficient perfusion
primarily depends on the maternal per‑
fusion pressure and the cardiac output as
well as the oxygenation and the paCO2
of the expectant mother.
• Although a short-term maternal
hypoxemia is tolerated by the foetus,
a prolonged maternal oxygen de‑
ficiency results in uteroplacental
vasoconstriction and subsequently
in foetal hypoxemia, acidosis and
death.
• Maternal hypercapnia affects the
diffusion of CO2 from the foetal to
the maternal circulatory system and
induces foetal acidosis.
• Pronounced maternal hypocapnia
can also induce foetal acidosis by
means of direct uteroplacental vaso‑
constriction [6].

Practical procedure
Time-dependent prioritisation
Emergency interventions must pro
ceed immediately, whereas elective
interventions should be categorically
postponed until after delivery.
Even if no indications of an increased
risk of abortion or teratogenicity due to
anaesthetics applied in the first trimester

exist, a causal relationship to surgical
and/or anaesthesiological therapy will
perhaps be seen whenever an undesired
event (abortion, vaginal haemorrhage,
foetal malformation) occurs, so that any
surgical intervention during organogene‑
sis will require a strict indication. Urgent
interventions, for example, in cases of
acute appendicitis or cholecystitis, how‑
ever, should never be delayed because
of concerns over potential teratogenicity.
Interventions which are not urgent,
but cannot be postponed until after
childbirth, should proceed, whenever
possible, in the second trimester [40],
because teratogenic effects, preterm
delivery and/or induction of labour will
have the lowest risk in this period.

Preoperative evaluation
No additional examinations will be
necessary in case of an uncompli
cated pregnancy; the preoperative
evaluation is the same as for nonpregnant patients.
After perusal of the Expectant Mother’s
Record of Prenatal and Natal Care, a
focused medical case history should
proceed concerning special internal
medical and obstetrical circumstances
– pre-eclampsia, pregnancy-associated
hypertension, HELLP syndrome (haemo
lysis, elevated liver enzyme levels, low
platelet count; haemolytic anaemia,
increased liver parameters, thrombocy‑
topenia) and gestation diabetes as well
as a precise evaluation of the airway in
particular.

General preparation of patients
In matters of patient preparation,
especially the elevated risks of aspi
ration and thromboembolism as well
as the increased incidence of diffi
cult intubation have to be observed.
• Combining an antacid agent with an
H2 blocker is most effective in order
to raise the pH of the gastric juice in
the third trimester [41].
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• An either pharmacological or me‑
chanical thrombosis prophylaxis
should proceed depending on the
duration of the surgical intervention
[42].
• The intubation conditions must
be checked again carefully imme‑
diately before onset of the surgical
intervention.
• A perhaps necessary perioperative
antibiotic prophylaxis can be done
by applying penicillins, cephalosporins, erythromycin and clindamycin,
whereas tetracyclines, fluoroquinolones and sulphonamides are consid‑
ered as second-choice antibiotics.
• Although intraoperative manipula‑
tions of the uterus can induce labour,
the prophylactic administration of
tocolytic drugs is not indicated [43].
To avoid a vena cava compression
syndrome a supine position starting
in the 16th to 20th week of preg
nancy should only be done in combi
nation with a 30 degree left lateral
position.

Foetal monitoring
Type and extent of foetal monitoring
depend on the stage of development.
In a potentially viable foetus (approxi
mately from the 23rd week of pregnancy
onward) the heart rate and thus the
perfusion of the uterus should be
issues of perioperative monitoring and
documentation; beyond this, labour
activities should perhaps be registered
by cardiotocography (CTG) before and
after surgical intervention. With regard
to potential indications for surgical
delivery of the foetus, an intraoperative
monitoring of the foetal heart rate will
be recommended especially for posi
tioning, ventilation and cardiovascular
therapy of the expectant mother,
whereby the interpretation requires a
qualified professional. A Doppler ultra‑
sound measurement of the foetal blood
flows (transcutaneous or transvaginal)
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may provide additional information. In
the event of a disordered uterus perfu‑
sion an intervention will have to proceed
without delay, for example, by correcting
a state of hypoxia, increasing the blood
pressure, or correcting the positioning.
However, a “silent” oscillation pattern
of the CTG with a small bandwidth is
not considered as pathological – as
opposed to the usual evaluation – under
the supply of volatile or intravenous
anaesthetics [44].
In a potentially not yet viable foetus
measuring the heart rate by Doppler
sonography before and after the inter‑
vention will be sufficient.

Anaesthesia
General aspects
The anaesthesiological procedure de‑
pends on
• the type of surgical intervention,
• the effects of the anaesthetics and
the intervention on female patient
and foetus, and
• the physiological changes due to
pregnancy
There is no evidence showing that
maternal general or regional anaes
thesia produce different actions in the
foetus. However, theoretical considera
tions with regard to pregnant woman
(endotracheal intubation, aspiration)
and the foetus (acidosis, teratogenicity)
speak in favour of regional anaesthesia
in general – although the most common
operations during pregnancy are ab‑
dominal operations and thus regularly
require general anaesthesia.
Propofol, fentanyl and midazolam are
commonly used for analgosedation. In
this case, it must be observed that ma‑
ternal hypoventilation with consecutive
acidosis will have serious consequences
for uteroplacental perfusion and the
foetus. In addition, there is an increased
risk of aspiration in case of deep sedation during the late stages of pregnancy,
for which reason, general anaesthesia with
rapid sequence induction (RSI) will be
recommended in cases of hyperemesis
gravidarum vomiting and after the 20th
week of pregnancy.
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Induction and maintenance of general
anaesthesia
The induction of anaesthesia after
the 20th week of pregnancy will
mostly be carried out – after careful
pre-oxygenation – by rapid sequence
induction (RSI).
Whether this is really necessary is under
discussion [45] – the incidence rate of
aspiration is very low in pregnant women
and there are no data that demonstrate
the superiority of the rapid sequence
induction (RSI).
• Thiopental and propofol can be used
as induction hypnotics.
• According to previous findings, keta‑
mine (and/or analogous esketamine)
is capable of increasing the uterus
tonus and causing foetal asphyxia
[46] and should be avoided in the
first and second trimester. This action
cannot be confirmed in the third
trimester.
• After the administration of etomidate
the plasma concentration of cortisol
is not only decreased in the mother,
but also in the newborn [47].
• Neuromuscular blocking agents do
not pass the placental barrier. A lower
activity of plasma cholinesterase
toward the end of pregnancy is the
reason for prolonged effects of succi‑
nylcholine [48,49].
• Starting as early as in the 8th week
of pregnancy, the minimum alveolar
concentration (MAC value) of vola‑
tile anaesthetics will be reduced by
about 30% in pregnant women as
compared to non-pregnant women
[50].
With respect to the physiological
respiratory alkalosis of the pregnant
woman, ventilation during anaes
thesia should be adjusted to an
end-tidal CO2 value of approx. 30
mm Hg.
An even more pronounced hypocapnia
must be avoided, because it will reduce
the perfusion of the uteroplacental unit –
just like a hypercapnic state would – and

lead to foetal acidosis. Furthermore an
inspiratory oxygen fraction (FiO2) of 0.5
is recommended categorically [51].
Cardiovascular management
Every form of general or regional
anaesthesia and analgosedation re
quire frequent measurements of ma
ternal cardiovascular functions
(ECG, pulse oximetry, either oscillo
metric or invasive blood-pressure
measurements) and, if necessary,
immediate intervention.
In case of maternal hypotension, apart
from the prioritised volume therapy, a
vasoconstriction by administration of
phenylephrine will be possible – with‑
out a negative impact on the foetus
[52,53]; however, a critical reduction
of the heart minute volume due to an
increased afterload must be avoided.
‑
Theoadrenaline/cafedrine (Akrinor) pro
duce a longer lasting blood-pressure
increase by means of a predominant
stimulation of β1 receptors and to a
lesser extent of α receptors as well.

Postoperative analgesia
In general, only few special features
must be observed in postoperative
analgesia.
• Opioids can be administered, how‑
ever, special attention must be given
to the prevention of an opioid-in‑
duced hypoventilation in pregnant
women.
• Beginning with the 32rd week of
pregnancy, paracetamol is the nonopioid analgesic of choice in case of
slight and moderate pain.
• Epidural anaesthesia has advantages
after larger surgical interventions into
the chest, abdomen and lower limbs.
• Nonsteroidal anti-inflammatory drugs
(NSAID) should not be administered,
especially after the 32rd week of
pregnancy, as they might induce the
premature occlusion of Botallo’s duct
in the foetus by inhibition of prosta‑
glandin synthesis [54].



Postoperative maternal morbidity
A retrospective analysis [55] of numer‑
ous pregnant and non-pregnant patients
who had to undergo appendectomy or
cholecystectomy failed to reveal the
increased maternal morbidity of those
who were pregnant. A US-American
cohort study [56] which included over
7,000 pregnant women with acute
appendicitis, however, revealed that
their risk of peritonitis was 30 percent
higher in pregnant women than in
non-pregnant women; pregnant women
also had a 50 percent higher incidence
rate of sepsis, septic shock, transfusion,
pneumonia, ileus and postoperative
wound infection. Furthermore, their
risk of septic shock, peritonitis and
thromboembolism was markedly higher
when non-surgical instead of surgical
interventions had been applied.

Special surgical aspects
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Tab. 6
Recommendations for the laparoscopy of
pregnant women [6].
• Open technique for laparoscopic access
• Maternal end-tidal paCO2 30 - 35 mm
Hg to avoid foetal acidosis
• Limited pneumoperitoneal pressure
(11-16 mbar) or gas-free method
• No extreme positioning, gradual
position changes
• Monitoring of foetal heart rate and
uterus tonus

reduced uteroplacental perfusion
and too high an increase in maternal
paCO2 levels (each harbouring the
risk of foetal acidosis) [61]. In case of
pre-existing maternal gas-exchange
disorders, arterial blood-gas analyses
are only recommended to monitor
the paCO2 [1].
Tab. 7 gives an overview of the indi‑
cations and special circumstances of
laparoscopic interventions [61].

Laparoscopic interventions
Laparotomy used to be the sole option
in cases of abdominal surgery. Today
pregnant women increasingly undergo
laparoscopic surgery – in the USA [57]
they make up 64.8% of all intraab‑
dominal interventions (appendectomy,
cholecystectomy, etc. ).
• Laparoscopic appendectomies re
‑
vealed an increased rate of mis‑
carriages in several case series [58,
59,60], for which reason the open
surgical procedure must be recom‑
mended in case of an appendicitis
[61].
• Laparoscopic cholecystectomy, how‑
ever, is considered as the method
of choice for pregnant women –
regardless of the week of gestation.
A nonsurgical therapy regularly
leads to relapses. In addition, the
morbidity and mortality of the
patients is increased. While laparoscopy is in progress (Tab. 6), a
pneumoperitoneal pressure of up to
16 mm Hg is recommended – apart
from other measures – in order to
avoid excessively high cardiovascular
stress on the pregnant woman with

Tab. 7
Indications for surgery and special circum‑
stances of laparoscopic operations during
pregnancy. After [61].
Indication

Special features

Acute
appendicitis

Increased frequency of
abortion in case of
laparoscopic surgery

Cholelithiasis,
cholecystitis

Laparoscopic chole
cystectomy does not
depend on length of preg‑
nancy, method of choice
Nonsurgical therapy is
significantly more often
correlated with problems

Adnexal
torsion,
adnexal
tumour

Symptomatic adnexal
findings should be
diagnosed by laparoscopy
in order to prevent the loss
of an organ

Symptomatic
myomas

Enucleation during pregnancy (only 2.1% require
therapy) is mostly done
by performance of open
surgery
Case studies about successful
laparoscopic enucleations

Symptomatic
ovarian cyst

Randomised controlled
studies on the optimal
access do not exist
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Procedures in cases of trauma
Nearly every twelfth pregnant woman
(8.3%) suffers a trauma during her
pregnancy, sometimes with serious
consequences for maternal and foetal
morbidity and mortality [62].
As a rule, the life of the mother has
the highest priority, for which reason
stabilisation of the mother must pro
ceed before evaluation of the foetus.
This includes all necessary drug
treatments or invasive measures in
cluding radiological diagnostics –
irrespective of the status of the foe
tus or its potential risk.
As yet, no explicit teratogenic effect
could be evidenced at a radiation expo
sure of <100 mGy (10 rd). The highest
radiation risk (with growth retardation,
microcephalus or mental retardation)
exists during the 8th to 15th week of
pregnancy; the risk is low after the 26th
week of pregnancy. The ACOG (Ameri‑
can Congress of Obstetricians and Gyne‑
cologists) recommends a maximum dose
of approx. 50 mGy (5 rd) for the foetus;
no increased risk of foetal anomalies or
abortions is associated with this dose
[63]. In case of a heavy trauma the risk
of foetal radiation exposure is negligible
compared to the risk of insufficient
diagnostics – and therefore to be dis
regarded altogether. Tab. 8 shows the
radiation dose absorbed by the foetus
during selected radiological examina‑
tions.
The sensitivity and specificity of trauma
sonography (FAST; Focused Assessment
with Sonography for Trauma) is nearly
identical in pregnant and non-pregnant
women. A traumatic detachment of the
placenta, which mostly occurs after
the 16th week of pregnancy and is asso‑
ciated with a high foetal mortality rate,
will be discovered in only 25-57% of
the cases [64,65].
When treating pregnant women, it
must be observed that foetal hypoxia
might even appear when the mater
nal cardiovascular parameters are
normal.
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Tab. 8
Radiation dose absorbed by the foetus ac‑
cording to data reported by the ACOG [63].
Examination

Radiation dose
absorbed by the
foetus (mGy)

Cervical spine (a.p.,
lateral)

<0,001

Limbs

<0,001

Thorax (p.a., lateral

0,002

Thoracic spine (a.p.,
lateral)

0,003

Abdomen (a.p.)

1 - 3

Lumbar spine (a.p., lateral) 1
CT skull

0

CT of the thorax

0,2

CT-angiography of
pulmonary artery

0,2

CT of abdomen

4

CT of abdomen and pelvis 25
Foetal background dose
during 9 months of
pregnancy

0,5 - 1

General recommendation <50
of the ACOG
ACOG = American Congress of Obstetricians
and Gynecologists; a.p. = anterior-posterior;
CT = computer tomography.

An impairment of uteroplacental perfu‑
sion develops prior to the clinical signs
of maternal shock – the risk of impaired
foetal perfusion must therefore always
be observed in case of pregnant trauma
patients.
If a pregnant woman has to undergo
resuscitation consequential to a
suffered trauma – or for other rea
sons – a perimortem section must
be taken into consideration.
There are several case reports of a
favourable maternal and foetal outcome
[66]. The European Resuscitation Coun‑
cil (ERC) recommends an emergency
caesarean section to rescue a child
viable according to the pregnancy status
after four minutes of futile resuscita
‑
tion and substantiates this finding with
pertinent data [67].
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Summary of recommendations
There are no major randomised studies
focusing on the anaesthesia of pregnant
women, for which reason pertinent
re
commendations [40,51] rely on ob‑
servational studies, expert opinions and
the exploration of caesarean section
studies. However, the following key
points can be regarded as corroborated
to a greater extent:
• The physiological changes during
pregnancy require adjustments of
anaesthesiological
and
surgical
procedure.
• Emergency interventions must pro‑
ceed immediately, whereas elective
interventions should be generally
postponed until after delivery. In‑
terventions without urgency, which
cannot be postponed to a point in
time after delivery, should be carried
out in the second trimester.
• None of the currently used anaes‑
thetic agents unequivocally elicits
teratogenic actions. However, as
undesired effects cannot be ruled
out with absolute certainty, exposure
must be kept at a minimum.
• Treatment should take pace in a
facility which has interdisciplinary
experience with the surgical therapy
of pregnancy women (with obstet‑
rical and neonatological expertise).
An obstetrician should be available
to carry out a caesarean section
directly.
• The increased risk of thromboembo‑
lism in pregnant women requires a
thrombosis prophylaxis.
• In case of a not yet viable foetus, an
evaluation of the foetus’s heart rate
by Doppler sonography before and
after intervention will be sufficient.
If the foetus is viable, the foetal
heart rate and perhaps the maternal
labour activity should be recorded
by CGT at least before and after
the intervention. As far as potential
indications for surgical delivery of
the foetus are concerned, an intra‑
operative monitoring of foetal heart
rate is recommended, especially
during positioning, ventilation and
cardiovascular therapy of the ex‑

•

•

•

•

•

pectant mother; the interpretation of
the foetus’s heart rate will require a
qualified professional.
Pregnant women are considered as
not fasting after the 20th week of
pregnancy, for this reason a rapid
sequence induction (RSI) is categori‑
ally required.
The left lateral position reduces
the risk of vena cava compression
syndrome.
A regional anaesthesia reduces preg‑
nant women’s exposure to drugs and
the necessity of airway management.
Maternal hypotension, hypoxemia,
hypercapnia and hypocapnia must
be avoided in order to maintain
foetal homeostasis. A FiO2 of 0.5 and
an end-tidal pCO2 of about 30 mm
Hg is recommended.
The gravid uterus should be manipu‑
lated as little as possible.

References
1. Förster S, Reimer T, Rimbach S,
Louwen F, Volk T, Bürkle H et al: CAMICEmpfehlungen zur chirurgischen Laparo‑
skopie aus nicht geburtshilflicher
Indikation während der Schwangerschaft.
Zentralbl Chir 23. Juli 2015
DOI: 10.1055/s-0035-1545904
2. Mazze RI, Källén B: Reproductive
outcome after anesthesia and operation
during pregnancy: A registry study of
5405 cases. Am J Obstet Gynecol 1989;
161:1178-1185
3. Rosen MA: Management of anesthesia
for the pregnant surgical patient.
Anesthesiology 1999;91:1159-1163
4. Gilo NB, Amini D, Landy HJ: Appen
dicitis and cholecystitis in pregnancy.
Clin Obstet Gynecol 2009;52:586-596
5. Azzam FJ, Padda GS, DeBoard JW,
Krock JL, Kolterman SM: Preoperative
pregnancy testing in adolescents. Anesth
Analg 1996;82:4-7
6. Reitman E, Flood P: Anaesthetic consi‑
derations for non-obstetric surgery during
pregnancy. Br J Anaesth 2011;107:
Suppl 1:i72-78
7. Omo-Aghoja L: Maternal and fetal ac‑
id-base Chemistry: A major determinant
of perinatal outcome. Ann Med Health
Sci Res 2014;4:8-17
8. Boutonnet M, Faitot V, Keïta H: Gestion
des voies aériennes en obstétrique. Ann
Fr Anesth Réanim 2011;30:651-664



9. McKeen DM, George RB, O‘Connell CM,
Allen VM, Yazer M, Wilson M, et al:
Difficult and failed intubation: Incident
rates and maternal, obstetrical, and
anesthetic predictors. Can J Anesth 2011;
58:514-524
10. Quinn AC, Milne D, Columb M, Gorton H,
Knight M: Failed tracheal intubation
in obstetric anaesthesia: 2 yr national
case-control study in the UK. Br J
Anaesth 2013;110:74-80
11. Boutonnet M, Faitot V, Katz A, Salomon L,
KeitaH: Mallampati class changes during
pregnancy, labour, and after delivery:
Can these be predicted? Br J Anaesth
2010;104:67-70
12. Conrad KP, Karumanchi SA: Renal
Physiology and Desease in Pregnancy.
In: Alpern RJ, Caplan MJ, Moe OW
(eds): Seldin and Giebisch´s The Kidney:
Physiology & Pathophysiology. 5th
ed. London: Academic Press 2013;
2689-2761
13. Estensen ME, Beitnes JO, Grindheim G,
Aaberge L, Smiseth OA, Henriksen T,
et al: Altered maternal left ven-tricular
contractility and function during normal
pregnancy. Ultrasound Obstet Gynecol
2013;41:659-666
14. Savu O, Jurcut R, Giusca S, van Mieghem T,
Gussi I, Popescu BA et al: Morphological
and functional adaptation of the maternal
heart during pregnancy. Circ Cardiovasc
Imaging 2012;5:289-297
15. Jeyabalan A, Shroff SG, Novak J, Conrad
KP: The vascular actions of relaxin.
Adv Exp Med Biol 2007;612:65-87
16. Enriquez AD, Economy KE, Tedrow UB:
Contemporary management of arrhyth‑
mias during pregnancy. Circ Arrhythm
Electrophysiol 2014;7:961-967
17. Soliman EZ, Elsalam MA, Li Y: The
relationship between high resting heart
rate and ventricular arrhythmogenesis
in patients referred to ambulatory 24
h electrocardiographic recording.
Europace 2010;12:261-265
18. Makhija A, Sharada K, Hygriv Rao B,
Thachil A, Narsimhan C: Hormone
sensitive idiopathic ventricular tach‑
ycardia associated with pregnancy:
successful induction with progesterone
and radiofrequency ablation. J Cardiovasc Electrophysiol 2011;22:95-98
19. Trappe HJ: Herzrhythmusstörungen
in der Schwangerschaft. Dtsch Med
Wochenschr 2008;133:1799-1804
20. Wang Y, Chen C, Su H, Yu M: The impact
of maternal cardioversion on fetal
haemodynamics. Eur J Obstet Gynecol
Reprod Biol 2006;126:268-269

Medical Education

21. Barnes EJ, Eben F, Patterson D: Direct
current cardioversion during pregnancy
should be performed with facilities avail‑
able for fetal monitoring and emergency
caesarean section.
BJOG 2002;109:1406-1407
22. Kiefer RT, Ploppa A, Dieterich HJ:
Aortokavales Kompressionssyndrom.
Anaesthesist 2003;52:1073-1083
23. Higuchi H, Takagi S, Zhang K, Furui I,
Ozaki M: Effect of lateral tilt angle on
the volume of the abdominal aorta and
inferior vena cava in pregnant and nonpregnant women determined by magnetic
resonance imaging. Anesthesiology
2015;122:286-293
24. Lee SWY, Khaw KS, Ngan Kee WD,
Leung TY, Critchley LAH: Haemodynamic
effects from aortocaval compression
at different angles of lateral tilt in nonlabouring term pregnant women.
Br J Anaesth 2012;109:950-956
25. Abdul Sultan A, West J, Tata LJ, Fleming
KM, Nelson-Piercy C, Grainge MJ:
Risk of first venous thromboembolism in
pregnant women in hospital: Population
based cohort study from England.
BMJ 2013;347:f6099
26. Bergmann F Rath W: The differential
diagnosis of thrombocytopenia in
pregnancy. Dtsch Arztebl Int 2015;
112:795-802
27. Szecsi PB, Jørgensen M, Klajnbard A,
Andersen MR, Colov NP, Stender S:
Haemostatic reference intervals in
pregnancy. Thromb Haemost 2010;103:
718-727
28. Uchikova EH, Ledjev II: Changes in
haemostasis during normal pregnancy.
Eur J Obstet Gynecol Reprod Biol 2005;
119:185-188
29. Lange NM de, van Rheenen-Flach LE,
Lance MD, Mooyman L, Woiski M,
van Pampus EC et al: Peri-partum
reference ranges for ROTEM(R) throm‑
bo-elastometry. Br J Anaesth 2014;112:
852-859
30. Wong CA, Loffredi M, Ganchiff JN,
Zhao J, Wang Z, Avram MJ: Gastric
emptying of water in term pregnancy.
Anesthesiology 2002;96:1395-1400
31. Jensen AG, Callesen T, Hagemo JS,
Hreinsson K, Lund V, Nordmark J:
Scandinavian clinical practice guidelines
on general anaesthesia for emergency
situations. Acta Anaesthesiol Scan
2010;54:922-950
32. Ni Mhuireachtaigh R, O‘Gorman DA:
Anesthesia in pregnant patients for
nonobstetric surgery. J Clin Anesth
2006;18:60-66

Review Articles

33. Alpern RJ, Caplan MJ, Moe OW (eds):
Seldin and Giebisch´s The Kidney:
Physiology & Pathophysiology. Renal
physiology and desease in pregnancy.
5th ed. London: Academic Press; 2013
34. Tuchmann-Duplessis H: The teratogenic
risk. American Journal of Industrial
Medicine 1983;4:245-258
35. Cohen-Kerem R, Railton C, Oren D,
Lishner M, Koren G: Pregnancy outcome
following non-obstetric surgical inter
vention. Am J Surg 2005;190:467-473
36. FDA (2014): Consumers Health Information Dezember 2014. Pregnant?
Breastfeeding? Better drug information
is coming. U.S. Food and Drug
Administration. Zuletzt aktualisiert
am 17.12.2014. http://www.fda.gov/
ForConsumers/ConsumerUpdates/
ucm423773.htm (am 10.10.2016)
37. Food and Drug Administration:
Pregnancy and lactation labeling (drugs)
final rule. 12/3/14. http://www.fda.gov/
Drugs/DevelopmentApprovalProcess/
DevelopmentResources/Labeling/
ucm093307.htm (am 26.08.2016)
38. Visser BC, Glasgow RE, Mulvihill KK,
Mulvihill SJ: Safety and timing of non
obstetric abdominal surgery in preg-nan‑
cy. Dig Surg 2001;18:409-417
39. Palanisamy A: Maternal anesthesia and
fetal neurodevelopment. Int J Obstet
Anesth 2012;21:152-162
40. ACOG Committee on obstetric practice:
ACOG Committee Opinion No. 474:
Nonobstetric surgery during pregnancy.
Obstet Gynecol 2011;117:420-421
41. Paranjothy S, Griffiths JD, Broughton HK,
Gyte GML, Brown HC, Thomas J:
Interventions at caesarean section for
reducing the risk of aspiration pneumo‑
nitis. Cochrane Database Syst Rev
2014;2:CD004943
42. Encke A, Haas S, Kopp I: AWMF-Leit‑
linie Prophylaxe der venösen Thrombo
embolie (VTE). Stand: 15.10.2015,
gültig bis 14.10.2020. http://www.awmf.
org/uploads/tx_szleitlinien/003-001l_
S3_VTE-Prophylaxe_2015-12.pdf (am
26.08.2016)
43. Chohan L, Kilpatrick CC: Laparoscopy
in pregnancy: A literature review.
Clin Obstet Gynecol 2009;52:557-569
44. Immer-Bansi A, Immer FF, Henle S,
Sporri S, Petersen-Felix S: Unnecessary
emergency caesarean section due to
silent CTG during anaesthesia? Br J
Anaesth 2001;87:791-793
45. Nasser LS, Babatunde S: The obstetric
rapid sequence induction: Time for a
change? Br J Anaesth 2015;115:324-325

41

42 

Review Articles

46. Idvall J, Sandahl B, Stenberg P, Ulmsten U:
Influence of ketamine on non-pregnant
uterus in vivo. Acta Anaesthesiol Scan
1982;26:592-595
47. Crozier TA, Flamm C, Speer CP, Rath W,
Wuttke W, Kuhn W et al: Effects of
etomidate on the adrenocortical and
metabolic adaptation of the neonate.
Br J Anaesth 1993;70:47-53
48. Whittaker M, Crawford JS, Lewis M:
Some observations of levels of plasma
cholinesterase activity within an obstetric
population. Anaesthesia 1988;43:42-45
49. Baraka A, Wakid N, Noueihed R,
Karam H, Bolotova N: Pseudocholin
esterase activity and atracurium v.
suxamethonium block. Br J Anaesth
1986;58 Suppl 1:91S-95S
50. Gin T, Chan MT: Decreased minimum
alveolar concentration of isoflurane
in pregnant humans. Anesthesiology
1994;81:829-832
51. Norwitz ER, Park JS, Snegovskikh D:
Management of the pregnant patient
undergoing nonobstetric surgery. 2015.
http://www.uptodate.com/contents/
management-of-the-pregnant-patient-un‑
dergoing-nonobstetric-surgery (am
26.08.2016)
52. Ngan Kee WD, Khaw KS, Tan PE, Ng FF,
Karmakar MK: Placental transfer and
fetal metabolic effects of phenylephrine
and ephedrine during spinal anesthesia
for cesarean delivery. Anesthesiology
2009;111:506-512
53. Habib AS: A review of the impact
of phenylephrine administration on
maternal hemodynamics and maternal
and neonatal outcomes in women
undergoing cesarean delivery under
spinal anesthesia. Anesth Analg 2012;
114:377-390
54. Bloor M, Paech M: Nonsteroidal anti-in‑
flammatory drugs during pregnancy and
the initiation of lactation.
Anesth Analg 2013;116:1063-1075

Medical Education

55. Silvestri MT, Pettker CM, Brousseau EC,
Dick MA, Ciarleglio MM, Erekson EA:
Morbidity of appendectomy and chole‑
cystectomy in pregnant and nonpregnant
women. Obstet Gynecol 2011;118:
1261-1270
56 Abbasi N, Patenaude V, Abenhaim HA:
Management and outcomes of acute
appendicitis in pregnancy-populationbased study of over 7000 cases.
BJOG 2014;121:1509-1514
57. Erekson EA, Brousseau EC, DickBiascoechea MA, Ciarleglio MM,
Lockwood CJ, Pettker CM: Maternal
postoperative complications after non
obstetric antenatal surgery. J Matern Fetal
Neonatoal Med 2012;25:2639-2644
58. McGory ML, Zingmond DS, Tillou A,
Hiatt JR, Ko CY, Cryer HM: Negative
appendectomy in pregnant women is
associated with a substantial risk of fetal
loss. J Am Coll Surg 2007;205:534-540
59. Walsh CA, Tang T, Walsh SR: Laparo
scopic versus open appendicectomy
in pregnancy: A systematic review.
Int J Surg 2008;6:339-344
60. Wilasrusmee C, Sukrat B, McEvoy M,
Attia J, Thakkinstian A: Systematic review
and meta-analysis of safety of laparo
scopic versus open appendicectomy for
suspected appendicitis in pregnancy.
Br J Surg 2012;99:1470-1478
61. Juhasz-Böss I, Solomayer E, Strik M,
Raspé C: Abdominal surgery in preg
nancy – an interdisciplinary challenge.
Dtsch Arzteblatt Int 2014;111:465-472
62. Jain V, Chari R, Maslovitz S, Farine D,
Bujold E, Gagnon R et al: Guidelines for
the management of a pregnant trauma
patient. J Obstet Gynaecol Can 2015;
37:553-574
63. Sadro C, Bernstein MP, Kanal KM:
Imaging of trauma: Part 2, Abdominal
trauma and pregnancy – A radiologist‘s
guide to doing what is best for the
mother and baby. AJR Am J Roentgenol
2012;199:1207-1219

64. Glantz C, Purnell L: Clinical utility
of sonography in the diagnosis and
treatment of placental abruption.
J Ultrasound Med 2002;21:837-840
65. Shinde GR, Vaswani BP, Patange RP,
Laddad MM, Bhosale RB: Diagnostic
performance of ultrasonography for
detection of abruption and its clinical
correlation and maternal and foetal
Outcome. J Clin Diagn Res 2016;10:
QC04-QC7
66. Katz V, Balderston K, DeFreest M:
Perimortem cesarean delivery: Were
our assumptions correct? Am J Obstet
Gynecol 2005;192:1916-1920
67. TruhlářA, Deakin CD, Soar J, Khalifa GEA,
Alfonzo A, Bierens JJLM et al: Kreislauf
stillstand in besonderen Situationen.
Kapitel 4 der Leitlinien zur Reanimation
2015 des European Resuscitation
Council. Notfall Rettungsmed
2015;18:833-903.

Correspondence
address
Dr. med.
Axel Schmutz
Klinik für Anästhesiologie und
Intensivmedizin
Universitätsklinikum Freiburg
Hugstetter Str. 55
79106 Freiburg, Germany
Phone: 0049 761 270-23730
Fax:
0049 0270-23960
Mail:
axel.schmutz@uniklinik-freiburg.de

