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AIMS
Angiotensin-II receptor 1 antagonists (AT1-antagonists) may cause severe and
even lethal fetopathy in late pregnancy. However, exposure still occurs in spite
of warnings in package leaflets. This study aimed to assess the risk of fetopathy,
the sensitive time window, and possible new symptoms in prospective as well
as retrospective cases with AT1-antagonist treatment during the second or third
trimester of pregnancy.

METHODS
Patients were enrolled by the Berlin Institute for Clinical Teratology and Drug
Risk Assessment in Pregnancy between 1999 and 2011 through risk
consultation. Symptoms defined as indicative of AT1-antagonist fetopathy were:
oligo-/anhydramnios, renal insufficiency, lung hypoplasia, joint contractures,
skull hypoplasia and fetal/neonatal death.

RESULTS
In 5/29 (17%) prospectively enrolled cases with AT1-antagonist exposure beyond
the first trimester oligo-/anhydramnios was diagnosed. Two infants showed
additional symptoms of fetopathy. The risk is more than 30% if treatment
continues beyond the 20th week of pregnancy. Oligo-/anhydramnios was
reversible after AT1-antagonist withdrawal. Among 16 retrospective case reports,
three infants presented with a thrombosis of the inferior vena cava in the
vicinity of the renal veins. Four out of 13 live births did not survive.

CONCLUSIONS
Our survey suggests that the risk increases with duration of AT1-antagonist
treatment into late pregnancy and oligo-/anhydramnios may be reversible after
AT1-antagonist discontinuation. Thrombosis of inferior vena cava may be a new
feature of AT1-antagonist fetopathy. AT1-antagonist medication during
pregnancy constitutes a considerable risk and must be discontinued
immediately. In case of indicative diagnostic findings in either the fetus or
newborn, previous maternal AT1-antagonist exposure should be considered.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Similar to ACE inhibitors, AT1-receptor

antagonists are known to cause fetotoxicity,
if taken during late pregnancy. AT1-receptor
antagonist fetopathy may include
oligo-/anhydramnios, renal insufficiency,
lung hypoplasia, joint contractures, skull
hypoplasia and fetal/neonatal death. So far,
experience is limited to retrospective case
reports and small case series.

WHAT THIS STUDY ADDS
• This study is the first to evaluate

prospectively the fetotoxic risk of
AT1-receptor antagonist treatment in late
pregnancy. Oligohydramnios was observed
in about 30% of pregnancies exposed
beyond gestational week 20. Furthermore,
there is some evidence that thrombosis of
the inferior vena cava might be an
additional feature of fetopathy.
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Introduction

Angiotensin-II receptor 1 antagonists (‘sartans’, AT1-
antagonists) are commonly used for treatment of essential
hypertension and other cardiovascular conditions. They
act via inhibition of the angiotensin II/AT1-receptor inter-
action, thereby decreasing the activity of angiotensin II, the
main effector of the renin-angiotensin-aldosterone system
(RAS).Thus, the mechanism is similar to that of angiotensin
converting enzyme (ACE) inhibitors, which suppress RAS
activity by blocking of angiotensin activation. A fetotoxic
potential of ACE inhibitors has clearly been established. In
cases of maternal therapy within the second or third tri-
mester of pregnancy, the effect is believed to be a result of
decreased RAS tonus in the fetal circulation system. Fetal
renal function and urine production commence at the end
of the first trimester. The decreased renal vascular tonus
inhibits urine formation to the extent necessary to main-
tain amniotic fluid. Fetal renal dysfunction subsequently
results in oligohydramnios or anhydramnios, skull hypo-
plasia, lung hypoplasia and fetal or neonatal death [1]. The
importance of a sufficient RAS tonus for adequate tubular
differentiation and maintaining of the renal function is
underlined by the evidence that genetic defects of key RAS
proteins are causally related to autosomal recessive renal
tubular dysgenesis [2].

It is expected that AT1-antagonists exhibit a potential
for fetopathy equal to that of ACE inhibitors. Although the
risk is well known and therapeutic alternatives are avail-
able, still a considerable number of pregnant women
receive AT1-antagonists during their second or third tri-
mester [3]. As of today, data are limited to case series and
reports. In 2001, Saji et al. were the first to report fetopathy
caused by losartan [4]. Until today more than 30 cases with
AT1-antagonist therapy in the second or third trimester
have been published [3, 5–12]. They reveal a pattern of
anomalies corresponding to those that are caused by ACE
inhibitors [13, 14]. However, due to the nature of retrospec-
tive evaluation, the incidence of fetopathy has not yet
been established.

Methods

We present all cases with AT1-antagonist treatment in late
pregnancy that were reported to the Berlin Institute for
Clinical Teratology and Drug Risk Assessment in Pregnancy
(henceforth referred to as the Institute).The Institute offers
patients and physicians individual risk characterizations in
case of drug and chemical exposure during pregnancy or
lactation. Over 12 000 requests per year are received from
throughout Germany, Switzerland and Austria. Most con-
sultations take place during pregnancy when a particular
drug exposure raises the question of developmental tox-
icity, or when physicians or patients ask about a drug of
choice to treat a particular disease. These pregnancies are

regarded as prospective cases if the outcome, including
prenatal diagnostics, is not known at the first contact.
Consultation is performed by an interdisciplinary team of
physicians, pharmacists and nurses. Prescription and
non-prescription drug use, including dosage, treatment
indications and exposure time are recorded, as well as
demographic characteristics, obstetric history, family
history, maternal chronic diseases and other risks or expo-
sures. Gestational age is calculated by ultrasound and/or
the first day of the last menstrual period.

Eight weeks after the expected date of birth, all women
eligible for follow-up are contacted by mail or telephone in
consideration of the requirements of the local data protec-
tion committee. The obtained information includes com-
plications during pregnancy (e.g. oligo-/anhydramnios,
gestational diabetes, pre-eclampsia), results of prenatal
diagnostics, the outcome of pregnancy, mode of delivery,
gestational age at birth, sex, birth weight, length, head
circumference, umbilical artery pH and Apgar scores. Par-
ticular focus is on congenital anomalies and postnatal dis-
orders. The infant’s hospital discharge summary is also
obtained, if available. For further details on the methodol-
ogy and adaptation of the STROBE statement to the needs
of pregnancy outcome studies see Schaefer et al. [15]. The
study protocol was approved by the ethics committee at
the Charité-Universitätsmedizin Berlin. Data analysis was
performed entirely by the Institute.

We included all cases with confirmed AT1-antagonist
exposure after the first trimester, i.e.after week 13, irrespec-
tive of the beginning of drug therapy. Currently approved
AT1-antagonists in Germany are candesartan, eprosartan,
irbesartan, losartan, olmesartan, telmisartan and valsartan.
The following conditions were defined as indicative for
AT1-antagonist-induced fetopathy: oligo-/anhydramnios,
neonatal renal insufficiency or failure, lung hypoplasia, joint
contractures, skull hypoplasia and fetal/neonatal death.
Respiratory distress, neonatal respiratory distress syn-
drome, apnoea or respiratory acidosis were not considered
to be indicative for lung hypoplasia unless more details
were available. Clubfoot was regarded as joint contracture
in cases with present oligohydramnios. In addition to the
prospective database, the Institute collects retrospective
cases that are spontaneously reported after birth. In these
cases, a complete history is obtained accordingly. Among
retrospectively reported cases, children with developmen-
tal defects are commonly over-represented. Although it is
not possible to calculate frequencies of events from retro-
spective reports, they yield further insights into the pattern
of anomalies and the critical exposure time window.

Results

Prospective cases
The total number of prospective and retrospective cases
with AT1-antagonist treatment after the first trimester per
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year is presented in Figure 1. Altogether, 31 reports fulfilled
the criteria of prospective cases. Of these, one case was lost
to follow-up and in another case follow-up could not be
initiated. Thus, we could include 29 prospective cases with
completed follow-up reported between 1999 and 2011
including one twin pregnancy (Figure 2, number 25). Hos-
pital discharge summaries were available in nine cases. All
patients were treated for hypertension. In most of the
cases the treatment was started before pregnancy and

continued after the first trimester, due to late pregnancy
diagnosis or unawareness of risk.The maternal age ranged
between 24 and 43 years (mean 36.8 years). Concomitant
exposures included other antihypertensive,antibiotic,anti-
diabetic, antithrombotic and gastroenterological drugs
(each in at least two cases). Other risks implied smoking (n
= 5), overweight/obesity (body mass index > 27 kg m–2 or
reported obesity, n = 16), and diabetes mellitus (n = 5 plus
three gestational diabetes).
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Figure 1
Numbers of (A) prospective and (B) retrospective cases reported to the Institute with AT1-antagonist treatment during the second or third trimester of
pregnancy. The particular substance is indicated for each year and case. C: candesartan, E: eprosartan, I: irbesartan, L: losartan, O: olmesartan, T: telmisartan,
V: valsartan. All prospective cases reported to the Institute are counted irrespective of follow-up status
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Infants with symptoms of fetopathy were born
between completed week 29 and 38, and those without
between week 30 and 42. In five of the 29 cases (17.2%),
oligo-/anhydramnios was observed, but reversible after
AT1-antagonist withdrawal (numbers 2, 4, 5, 7 and 16 in
Figure 2). In all of these pregnancies, the AT1-antagonist
was used at least until gestational week 20. A slight reduc-
tion of amniotic fluid at the end of the pregnancy in case
number 19 was not interpreted as pathologic by the
reporting gynaecologist. Olmesartan was discontinued
already 20 weeks earlier in this case.

Despite reversibility after discontinuation of cande-
sartan in week 28, one of the infants presented with hyper-
echogenic kidneys and joint contractures (number 2 in

Figure 2).The mother was also treated with the ACE inhibi-
tor ramipril in the first trimester. She was additionally
exposed to hydrochlorothiazide, torasemide, prednisone
and esomeprazole during the first trimester, and to myco-
phenolate and cyclophosphamide until 3 months before
conception for systemic lupus erythematosus.The boy was
delivered by Caesarean section in week 30 and had post-
partum creatinine concentrations of 1.8 mg dl-1, decreas-
ing to 0.54 mg dl-1 within approximately 2 months. Initial
arterial hypotonia was treated with dopamine for 1 day.
Neonatal diuresis was normal. Additional congenital
anomalies were a small ventricular septal defect, patent
foramen ovale, patent ductus arteriosus (spontaneous
closure on the third day of life), mitral insufficiency, bilat-
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Figure 2
Prospectively evaluated pregnancies with AT1-antagonist treatment during the second or third trimester in the order of duration of treatment (as indicated
by the dark bar within the overall pregnancy duration). Specification of AT1-antagonist and latest reported dose before treatment discontinuation are given
in each case. Pregnancies with symptoms of fetopathy are marked: (a) oligo- or anhydramnios was detected but reversible after AT1-antagonist discontinu-
ation. (b) The infant presented with symptoms of AT1-antagonist-induced fetopathy at birth. (c) Symptoms or congenital anomalies not indicative for
AT1-antagonist fetopathy (see text for case description)
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eral hernia inguinalis, hydrocele, respiratory distress syn-
drome and further post-natal disorders partly attributable
to prematurity.

In case number 7, anhydramnios was diagnosed after
22 weeks. At this time, ultrasound showed no kidney
anomalies, but the urinary bladder could not be displayed.
Olmesartan (5 mg day-1) was replaced by methyldopa, and
the amount of amniotic fluid was normal in week 27. In
addition, the mother was treated with simvastatin until
week 28 and with low dose acetylsalicylic acid. A girl was
delivered at 36 weeks by Caesarean section due to preterm
labour and breech presentation. Kidney parenchyma was
hyperechogenic, a slight renal pelvis dilation was detect-
able, but diuresis was inconspicuous. Creatinine was
0.9 mg dl-1 on the third day of life.

Altogether, the two cases with postnatal fetopathy
symptoms account for a 2/29 or 6.9% risk. The infants of
three remaining pregnancies with reversible oligohydram-
nios did not show any signs of AT1-antagonist fetopathy
post-natally. In these cases, the mothers had taken valsar-
tan until week 24 (dosage unknown), candesartan until
week 20 (8 mg day-1) and losartan until week 26
(100 mg day-1, reported previously [16]). The latter child
was born preterm in week 30 and presented with respira-
tory distress syndrome.

In one case (number 22), olmesartan was taken until
week 15, plus enalapril, lercanidipine, metoprolol, nifed-
ipine, methyldopa and antiretroviral medication for HIV. A
male full term child was delivered by Caesarean section,
presenting with an accessory nipple, normally functioning
duplex kidneys on both sides, a choroid plexus cyst and an
unilateral hearing disorder, but no anomalies complying
with AT1-antagonist-induced fetopathy.

It is worth mentioning a child (number 1) who was born
with diabetic macrosomia and a transient cardiac septal
hypertrophy. In this case, the mother was obese, had been
treated with irbesartan and ramipril until week 30 and with
methyldopa and insulin for diabetes type I throughout her
pregnancy.

Retrospective cases
Sixteen cases fulfilled the inclusion criteria for retrospec-
tive reports (Table 1).Of the 16 retrospective cases, five (R3,
R4, R5, R8 and R14) were reported previously [3, 16]. In two
of these cases, the AT1-antagonist was started after week
28, and in all but five, treatment was maintained until birth.
Additional exposures included antihypertensive, anti-
asthmatic, antibiotic, antidiabetic drugs and smoking.
Symptoms included oligo-/anhydramnios, neonatal renal
insufficiency or failure, lung hypoplasia, joint contractures,
skull hypoplasia and fetal or neonatal death. Also large
and/or hyperechogenic kidneys, polycystic kidneys and
dilation of tubules were observed and regarded as feto-
toxic effects. It is noteworthy that large or polycystic
kidneys are unusual in other conditions of secondary and
primary renal tubular dysgenesis. In four of the 16 retro-

spective cases oligohydramnios was reversible (R10, R13,
R14, R16) after drug discontinuation. There were two still-
births (R9, R15) in the retrospective group, one elective
termination of pregnancy (R12) and four of 13 liveborns
did not survive (R5, R6, R7, R11). An external ear anomaly
(R1) after candesartan exposure throughout pregnancy
was not considered indicative for AT1-antagonist fetopa-
thy. Hospital discharge summaries were available in all ret-
rospective cases except R4, R8, R9, R13, R15, where detailed
descriptions were obtained through the patient and/or the
involved physician.

In three retrospective cases, thrombosis of the fetal
inferior vena cava was reported, a possible new feature of
AT1-antagonist fetopathy. In case R3,a partial thrombosis of
the inferior vena cava was diagnosed by umbilical venous
catheterization. Hereditary thrombophilia was suspected
because of single nucleotide polymorphisms in the factor
II, factor V and MTHFR gene, and the child was treated with
dalteparin. An autopsy in case R6 revealed thrombosis of
the vena cava of 12 mm length in the vicinity of the renal
vein outlets with intrusions into the renal veins,particularly
the left one was almost completely obstructed. Micro-
scopic analysis revealed calcification of the thrombosis
which speaks against recent occlusion. The kidneys were
considerably blood-filled. Similarly, there was a thrombosis
measuring 4 ¥ 1 cm obstructing both renal veins, and addi-
tional renal thromboses in the stillborn child of case R9.
Noteworthy is a hypoplasia of the inferior vena cava in case
R2 that was reported at 2 years of age. Figure 1B gives an
overview of all retrospective cases with treatment within
the second or third trimester.

Discussion

To our knowledge, no prospective evaluations of AT1-
antagonist-induced fetopathy have been published so far.
Our prospective cohort was not selected by outcome and
therefore allows an estimation of the risk of fetopathy. The
proportion of cases with fetopathy is much higher in the
retrospective cohort, since such cases are selectively
reported after the detection of an adverse event.Therefore,
these cases do not allow the estimation of relative risks.
However, both prospective and retrospective cases allow
the sensitive period to be specified and additional features
of the fetopathy to be explored. The inferior vena cava
thrombosis observed in three cases can possibly be con-
sidered as a new AT1-antagonist effect.

The RAS is active during renal development in the
fetus. Especially, it is involved in tubular genesis, as shown
in human genetic studies with cases of autosomal reces-
sive (non-drug associated) renal tubular dysgenesis [2, 17].
The AT2-receptor dominates during early embryogenesis,
while the AT1-receptor is of importance during the later
stages of fetal development and expressed at higher levels
in more mature renal tissues [13]. Both receptors seem to
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Table 1
Retrospective cases with AT1-antagonist treatment in the second or third trimester

Case

Maternal
age
(years)

AT1-
antagonist
(mg day-1)

Pregnancy
week
treatment

Sex/
week of
delivery

Oligo-/
anhydram-
nios

Renal
structural
anomaliesa)

Renal
dysfunction/
failure,
anuria

Joint
contrac-
tures

Skull
hypoplasia

Lung
hypoplasia Other outcomes:

R1 29 Candesartan
(32)

0–39+6 Male
39+6

– Small for gestational age (weight, length: <3
percentile)

– Large, low-set ears
– Palmar flection of hands, but freely movable

R2 26 Olmesartan
(20)

30–36+3 Male
36+3

+ + – Hypertension
– Hypoplasia of inferior vena cava
– Electrolyte disturbances

R3* 38 Valsartan
(80)

Approx.
29–36

Female
36

+
(suspected)

+ + + + – Long fingers
– Clitoris hypertrophy
– Respiratory distress
– Small for gestational age
(weight, length: <10; head circumference: <3 percentile)
– Partial thrombosis of inferior vena cava
– Electrolyte disturbances
– Hypoalbuminaemia
– Renal anaemia
– Pulmonary hypertension
– Mutation of factor II, V and MTHFR gene

R4* 41 Valsartan 0–34 Male 34 + (See other
outcomes)

+ – Respiratory distress
– Muscular hypotonia
– Ultrasound: blurred kidney structure

R5* ? Candesartan
(16)

0–33 Female
33

+ + + + + – Muscular hypotonia
– Respiratory acidosis
– Antimongoloid eyelid axis, skin crease at nose dorsum

and beneath both eyes
– Severe secondary plasmatic coagulation disorder
– Neonatal death after 5 h

R6 25 Olmesartan
(40)

0–32+4 Male
32+4

+ + + +b) – Cerebral haemorrhage and oedema
– Respiratory distress syndrome, hyaline membranes
– Calcified thrombosis of inferior vena cava
– Absent coagulation
– Neonatal death after 15 h

R7 42 Valsartan
(80)

11+3 –
31+6

Male
31+6

+ + + + – Renal anaemia
– Oedema
– Renal hypertension
– Metabolic acidosis
– Secondary hyperparathyroidism
– Bilateral hearing disorder
– Death after 6 months

R8* 24 Losartan (50) 0–31 Female
31

+ + + + – Instable renal function reported at age of 2 years

R9 37 Olmesartan
(20)

0–30+4 Male
30+4

+ + + – Thromboses of vena cava inferior and both renal veins
– intrapartal death

R10 37 Candesartan
(16)

0–27+1 Male
35+6

+c) + + + + – Maldescended testes
– Patent foramen ovale
– Patent ductus arteriosus

R11 36 Eprosartan
(600)

0–26+4 Female
27+2

+ +d) + – Respiratory distress syndrome, hyaline membrane
disease

– Pneumothorax
– Intraventricular haemorrhage
– Patent ductus arteriosus
– Anomalous connection of the right pulmonary veins to

inferior vena cava
– Artrial septal defect
– Neonatal death after 20 h

R12 29 Valsartan
(40)

0–25+5 male
25+5

+ + + – Bladder hypoplasia
– Ventricular septal defect
– Large for gestational age
– Patent ductus arteriosus
– Induced abortion in week 25

R13 39 Olmesartan
(20)

0–24+0 Male
38+1

+c) – No adverse neonatal outcome reported

R14† 41 Candesartan 0–24 Female
34+1

+c) + + + – Facial asymmetry
– Small for gestational age (weight: <10, length: >10;

head circumference: <3 percentile)
– Inguinal hernia
– Renal hypertension
– Suspicious for small patent ductus arteriosus

R15 ? Candesartan
(32)

Full Female
approx.
32

Unknown – Intrauterine death, stillbirth
– Exact duration of pregnancy was unknown
– Weight: 1300 g; length: 42 cm

R16 34 Olmesartan
(5)

0–25+6 Female
39+1

+ c) + + – Patent foramen ovale
– Thalamostriatal vasculopathy
– Hypertension

Pregnancy weeks are represented as completed weeks + days. If only weeks were reported they were regarded as full weeks.
*Case is presented in Schaefer [16].
†Case was reported to the Institute for by the Drug Commission of the German Medical Association and is apparently presented in Hünseler et al. [3].
a) Includes: renal dysplasia/hyperechogenicity, renal tubular dysgenesis, polycystic kidneys. b) Hyaline membrane disease untypical for gestational week was suspected to be caused by lung
hypoplasia. c) Anhydramnios/oligohydramnios improved after termination of AT1-antagonist treatment. d) Microcystic tubular dilation.
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play a crucial role in kidney development [18]. Blocking the
RAS in differentiating areas may lead to the observed
tubular dysgenesis. In the more mature tissues the arterial
resistance and thereby the renal blood flow are mediated
by AT1-receptors. An appropriate RAS activity is critical in
the fetus to maintain an adequate arteriolar constriction
and, thereby, glomerular filtration [19]. Inhibition of angi-
otensin II activity decreases fetal filtration and urine
output, which leads to oligohydramnios resulting in lung
hypoplasia, joint contractures and fetal or neonatal death.
Skull hypoplasia is discussed as a result of decreased cal-
varia perfusion in addition to the renal effects [13].

Our survey suggests that the risk for fetopathy
increases with duration of AT1-antagonist treatment into
late pregnancy. Irrespective of the duration of therapy, in
none of the cases with fetopathy (either prospective or
retrospective), AT1-antagonist treatment was terminated
before week 20, suggesting that the critical time period for
developing oligohydramnios starts around week 20.
Including all pregnant women exposed after week 13, the
risk of developing oligohydramnios was 5/29 or 17.2%, in
the prospective cohort. Limiting the cohort to pregnancies
with treatment until week 20 or longer the risk increases to
5/16 or 31.1%. Within the prospective cohort, all reported
oligo-/anhydramnios were reversible and after birth three
children had no symptoms of fetopathy at all.Thus, the risk
for developing severe symptoms seems to be significantly
lower.

Limitations of our study are the small numbers and the
fact that our cases might not be representative for all preg-
nant women exposed to AT1-antagonists. Factors such as
higher educational status, anxiety, etc., may be over-
represented among women contacting a teratology informa-
tion service [20, 21]. However, other authors could not
demonstrate a significant influence on the outcome [22].Fur-
thermore, a postulated lower risk of adverse pregnancy
outcome in a population of higher education would suggest
the effects would even be greater in the general population.

Since we advise the discontinuation of AT1-antagonist
intake for the remaining pregnancy time, the prospective
cohort cannot be regarded as intervention-free. Without
this consultation, more cases would have been treated
longer and thereby have been at higher risk, such as those
reported retrospectively to us. Our cases demonstrate that
oligo-/anhydramnios improves after AT1-antagonist dis-
continuation. This suggests that the fetal renal injury is
reversible and stresses the causal relationship.

In addition to the known symptoms of AT1-antagonist
fetopathy, further established by our data, we observed
three children with the rare thrombosis of the inferior vena
cava. This observation is staggering, since it has not been
described before in association with AT1-antagonist or ACE
inhibitor exposure. There is only one case with a similar
observation after maternal losartan treatment until week
27 [23]. The authors attributed this to an antithrombotic
effect of losartan mediated by an angiotensin-II metabolite

[24], and the contrary effect after losartan withdrawal.
However, in our study, the AT1-antagonist was applied until
birth in all three cases. In case R6, the thrombosis was
reported to be older and already calcified, so at least in this
case a formation after delivery or AT1-antagonist with-
drawal can be ruled out. It was proposed that a decreased
renal blood flow may cause prenatal renal vein thrombosis
[25, 26] which may outweigh a possible antithrombotic
effect of the AT1-antagonist. Our cases strongly suggest
that prenatal AT1-antagonist exposure constitutes such a
condition. This is further substantiated by the evidence
that RAS inhibition may lead to increased risk of renal vein
thrombosis which was observed in two out of 29 cases
with autosomal recessive renal tubular dysgenesis and in
three further cases of earlier studies on this topic [17]. A
profound hypotension induced by lack of RAS activity was
discussed as a relevant factor. However, additional genetic
or acquired risk factors like primary thrombophilia or vein
hypoplasia could also contribute to the risk for developing
a thrombosis.

Altogether, we found AT1-antagonist-induced fetopa-
thy in association with five of the seven available ‘sartans’
independently of the applied dose. This confirms the
fetopathy to be a group effect rather than attributable to
individual substances. We did not observe fetopathy in
cases with telmisartan or irbesartan, but this is probably
due to the limited number of exposed pregnancies (two
and three cases, respectively). Also, we did not observe a
specifically higher risk for candesartan, which was dis-
cussed before because of its stronger binding to the recep-
tor [27, 28].

It was suggested that RAS inhibition in the first trimes-
ter may lead to increased incidences of cardiovascular and
central nervous system malformations [29]. However,
according to other reports [16, 30], our data are not sug-
gestive of a specific pattern of birth defects after first tri-
mester exposure. Although the risk of fetopathy warrants
contraindication during pregnancy AT1-antagonists as well
as ACE inhibitors are still used as reported before [3, 31].
Therefore, additional efforts are required to inform pre-
scribing physicians that in particular during the second or
third trimester AT1-antagonist medication is strongly con-
traindicated and in case of inadvertent exposure treat-
ment must be discontinued immediately, and amniotic
fluid should be monitored by ultrasound. Hypertensive
women who conceive or are planning to conceive and are
treated with an RAS-inhibitor should be switched immedi-
ately. Both obstetricians and paediatricians should con-
sider AT1-antagonist exposure as a causal factor in any case
of indicative clinical or diagnostic findings.
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