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Summary

Hereditary haemorrhagic telangiectasia (HHT) dis-
plays significant variation in severity between affec-
ted individuals in the same family, ranging from
relatively trivial epistaxis and telangiectasia to gas-
trointestinal, cerebral and pulmonary involvement.
Evidence for successful therapy of HHT-related
haemorrhage with oestrogens and progesterones,
and recent case reports outlining pulmonary com-
plications of pregnancy in HHT, prompted us to
review the outcome of 161 pregnancies in 47 affec-
ted women. HHT-related maternal complications
developed in eleven patients, ten in the subgroup
of 23 pregnancies in which pulmonary arteriovenous
malformations (PAVMs) were present at the outset,

or documented in the two years following preg-
nancy. We present six cases of intrapulmonary shunt
deterioration, two cases of fatal pulmonary haemor-
rhage and three cerebrovascular accidents related
to pregnancy. A predisposition towards PAVMs in
females was observed. Following the recent dis-
covery of mutations in the endoglin gene in this
disease, our data support a hypothesis of hormonal
modification of the HHT phenotype. In addition, a
significant excess of affected offspring are present
in HHT families. We consider contributary aetio-
logical factors, and discuss implications for patient
management.

Introduction
Hereditary haemorrhagic telangiectasia is inherited
as an autosomal dominant trait, and occurs with an
incidence as high as 1 in 10 000 in certain popula-
tions.1 The classical HHT features of familial nose-
bleeds and mucocutaneous telangiectases were
described almost a century ago,2"^ but the most
serious manifestations arise in cases with gastrointes-
tinal, pulmonary and cerebral involvement. These
vascular abnormalities range from pinpoint telangiec-
tasia as in the mucocutaneous lesions, to arterio-
venous malformations which display dilated arterial
and venous elements, and a sac-like communication
replacing the normal intervening capillary bed. When
present in the pulmonary circulation, this results in

right to left shunting, arterial hypoxaemia, and a
significant risk of paradoxical embolism.

The underlying genetic defect has been recently
established: one of the genetic loci for the disease is
located on chromosome 9,5'6 and is the gene for
endoglin,7 a transmembrane glycoprotein expressed
predominantly on endothelial cells, which apparently
serves as a non-signalling transforming growth factor
(TRF)-/? receptor.8 The precise route by which this
genetic defect leads to the HHT phenotype remains
to be established. Correlations between the clinical
phenotypes and the mutation segregating in each
family may be made in the future, as clustering of
pulmonary9 and cerebral10 cases has been described.
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However, a striking feature of this disease is the
marked intrafamilial variation observed. Clues from
the clinical environment may be instructive.

We report here the hitherto under-recognized
alteration of the HHT phenotype in response to the
female steroid hormones, particularly during preg-
nancy. This has implications for clinical management
and elucidating the cellular pathogenesis of the
disorder.

Pregnancy in HHT
From the age-of-onset figures (97% by age 355), it is
clear that HHT will affect many women by the time
they reach child-bearing age. Via probands pre-
senting for the diagnosis and treatment of PAVMs, a
series of over 30 families has been assembled at the
Hammersmith. From this cohort, we were able to
review the medical outcome of 161 pregnancies in
47 women affected by HHT.

Maternal complications

The occurrence of significant complications was
reviewed in conjunction with medical records and
reports from physicians and obstetricians (Figure 1).
Eleven major complications were observed. The most
striking feature of these complications of pregnancy
was their association with the presence or develop-
ment of pulmonary arteriovenous malformations
(PAVMs). In the 138 pregnancies in patients in whom
PAVMs were never documented, or developed at

least 7 years after pregnancy, there was only one
significant complication (a cerebrovascular event).
This low complication rate is in contrast to the 23
pregnancies in 12 women from eight different famil-
ies, in whom PAVMs were known to be present, or
were diagnosed in the two years subsequent to a
pregnancy. In this group of patients, there were six
cases of apparent deterioration in intrapulmonary
shunting, two cases of fatal pulmonary haemorrhage
and two maternal cerebrovascular accidents. This
difference is statistically significant (p<0.001 using
X2 2 x 2 with one degree of freedom).

Patient 1

A 26-year-old female presented in 1990 for the
investigation of cyanosis and dyspnoea. She also
gave a history of recurrent nose bleeds since child-
hood. On examination she was centrally cyanosed,
clubbed and dyspnoeic. She displayed palatal tel-
angiectasia consistent with a diagnosis of HHT.
Examination of the cardiorespiratory system was
otherwise unremarkable.

She was polycythaemic (Hb 18.9 g/dl) with
hypoxaemia (PO2 6.5 kPa) and hypocapnia (PCO2

4.2 kPa). Her arterial oxygen saturation (SaO2) was
85% and her 99mTc-MAA intrapulmonary right-to-left
shunt11 was 39% of the cardiac output, both measure-
ments made in the supine posture. After standing for
10 min, SaO2 fell to 74%. The forced vital capacity
was 84% of predicted value (2.85 I) and the carbon
monoxide diffusing capacity (TLCO) was 41% of
that predicted. A pulmonary angiogram demonstrated

161
no evidence for PAVMs
up to 2 years post
pregnancy

138

\

PAVMs present

spontaneous abortions
7 N/S 4

maternal complications
p<0.01

10

1 maternal CVA 6 pulmonary shunt increases
2 pulmonary haemorrhages (fatal)
2 maternal CVA

Figure 1. Outcome of 161 pregnancies in women affected by HHT. The pregnancies were divided into two groups
according to the documentation of PAVMs in the mother either before, or in the two years following pregnancy. Statistical
significance of differences between the two groups for spontaneous abortion rates, and maternal complications were
calculated by x2 2 x2 with one degree of freedom. N/S, not significant.
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numerous large and small PAVMs throughout both
lungs. Between February and September 1990, she
underwent three embolizations occluding seven ves-
sels with a total of 27 steel coils, with symptomatic
relief. Her right-to-left shunt decreased stepwise to
2 1 % , and SaO2 improved both in the erect and
supine postures (Table 1).

A year later, when 24 weeks pregnant, her post-
embolization arterial saturations were well main-
tained. She reported that her recurrent nose bleeds
had abated during the pregnancy. At 38 weeks
gestation, she underwent a 40 min vaginal forceps
delivery of a healthy male infant. Increasing dys-
pnoea and fatigue was first noted 2 months post
partum. At 6 months post partum, she received a
depot medroxyprogesterone contraceptive injection,
and noted a further deterioration in her respiratory
function. Her exercise tolerance dropped from 350
to 100 metres, and she required supplemental
oxygen. On review at this time, her arterial oxygen

saturations, and right-to-left shunt measurements had
returned to their pre-embolization figures (Table 1).
Pulmonary angiography showed that new PAVMs
had developed, in addition to the enlargement of
existing vessels (Figure 2). However, these remained
too small ( < 3 m m diameter) for further steel coil
embolization.

Patient 2

The second case initially presented aged 13 years
with epistaxis, cyanosis and dyspnoea. She had
extensive PAVMs throughout both lungs, with an
intrapulmonary shunt (supine) of 48% (Table 1). Over
2 years, she had multiple small feeding vessels
occluded with steel coils ( > 3 0 vessels in five
separate sessions). There was a modest improvement
in the R-L shunt and pulmonary gas exchange
(Table 1). Three and a half years later, she became
pregnant. Her epistaxes had resolved prior to preg-
nancy and they did not recur. She remained well

Table 1 Arterial oxygenation, right to left shunt (as % cardiac output) and exercise capacity before and after pregnancy

Patient 1
Pre-embolisation
Pre-pregnancy
Post-pregnancy

Patient 2
Pre-embolisation
Pre-pregnancy
Post-pregnancy

R-L shunt
(%)

39
21
30

48
32
50

SaO2%
(supine)

85
92
87

78
84
50

SaO2%
(erect)

74
79
75

65
73
53

Max. exercise
(W)

60
90
75

75
100
200 m*

SaO2%
(max. ex.)

62
73
68

52
40
46

* 200 m walk on the level.

Figure 2. Right lung pulmonary arteriograms of patient 1, using a digital subtraction technique, a Arteriogram from February
1990 (12 months prior to pregnancy): on the left side, multiple small pulmonary arteriovenous malformations are scattered
throughout the lung field. These were embolized with a total of 27 steel coils (see text), b Arteriogram from February 1993
(15 months post pregnancy): enlargement of PAVMs on the right is noted, most noticeably in the lower lobe (arrowed).
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during pregnancy, but went into premature labour
at 33 weeks, and had a forceps-assisted delivery of
a healthy male infant. Post partum she experienced
severe headaches, but a CT scan revealed no acute
changes. The headaches settled. When assessed
twelve weeks post delivery, considerable deteriora-
tion in R-L shunt, arterial oxygenation and exercise
capacity had occurred. (Table 1).

Patient 3

A healthy 17-year-old woman, from a previously
reported HHT family (F5), became pregnant. The first
trimester was uneventful. She felt disproportionately
faint from 3 months gestation, and noted dyspnoea
occuring from the fourth month, increasing in the
eighth month of pregnancy. Cyanosis was observed
post delivery, (PO2 5.9 kPa [SaO2 78%]): later she
had multiple PAVMs embolized in four sessions with
a reduction in R-L shunt from 62 to 29%. The oral
contraceptive pill was subsequently successfully tol-
erated.

Patient 4

A 28-year-old presented with episodes of
haemoptysis two months after a 4 week gestation
miscarriage. Three years earlier, she had had a
miscarriage, followed by an uneventful pregnancy.
Her SaO2 was 91% (supine), 90% (erect posture)
and 88% on maximal exercise. Her R-L shunt was
18%. At pulmonary angiography, two large right mid
zone AVMs were embolized. Her SaO2 improved to
95% in the erect and supine postures, and the R-L
shunt decreased to 5%. A year later, she had another
uneventful pregnancy without any deterioration in
pulmonary gas exchange. Her epistaxes were worse
during each pregnancy.

Patient 5

A fifth woman had a thorough pre-employment
assessment at the age of 19, and no abnormalities
were found. The following year she became preg-
nant. In the 14-week duration of the pregnancy, she
noticed the development of severe nose bleeds which
she had not experienced previously. Repeat respirat-
ory investigations the following year now revealed
the presence of hypoxaemia (SaO2 94% (erect pos-
ture) and 93% on maximal exercise). At pulmonary
angiography, two PAVMs in the right mid zone were
embolized with subsequent resolution of the
hypoxaemia.

Patient 6

A woman with a family history of HHT was noted
to be cyanosed at 2.5 years of age. At the age of
nine years, pulmonary angiography showed AVMs
for which she underwent resection of the left lower

lobe. She became pregnant at 17 years and was
delivered by Caesarian section. She had miscarriages
at the ages of 19 and 20 years, and a tubal ligation
at 21 years. At 29 years she presented with severe
cyanosis (SaO2 71% [erect posture]) and R-L shunt
of 45%. At pulmonary angiography, 11 AVMs were
embolized, with a modest improvement in SaO2

(79%) and R-L shunt (41%).

Patients 7-11

Patients 1-6 reported above were from different
HHT families; except for patient 2, all had affected
female family members who had had successful
pregnancies with no complications. However, in two
of the families, different complications of pregnancy
were observed in other individuals:

In one of the above cases, fatal pulmonary haemor-
rhage occurred in two other members of the family.
In the first, a fatal pulmonary haemorrhage occured
during the first pregnancy. In the second, a 19-year-
old, minor haemoptysis was first noted during the
second trimester of her first pregnancy. A fatal
pulmonary haemorrhage subsequently occured near
term.

The mother of patient 3 had two successful
pregnancies, despite reporting cyanosis since child-
hood. She suffered a cerebrovascular accident in the
fifth month of gestation of her third pregnancy. A
lumbar puncture showed no evidence of subarach-
noid bleeding. She refused treatment for her PAVMs.
At the time of her most recent review, her SaO2 was
81% (erect posture) and 77% (supine).

Two other cerebral events occured in the cohort,
but details are scanty. One occured peripartum in
the individual's fourth pregnancy, and was fatal. No
radiology was available, but she was reported to be
deeply cyanosed prior to the cerebral incident,
suggesting the presence of untreated pulmonary
AVMs. The other case occured in an individual who
has never displayed evidence of pulmonary arterio-
venous malformations. It occured six months after
her third pregnancy and resulted in a transient
hemiparesis from which she made a full recovery.
She subsequently had two uncomplicated pregnan-
cies, and has had no further cerebral complications.

In keeping with the available literature, no consist-
ent trends were observed on the effects of pregnancy
on the frequency of epistaxes, even amongst indi-
viduals in whom pregnancy led to an apparent
deterioration of the pulmonary vascular bed. Further
details on the natural history of epistaxes and telang-
iectasia in pregnancy await a formal prospective study.

Effects of HHT on the fetus

Eleven spontaneous abortions were recorded in the
series of 161 pregnancies in affected individuals.
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This did not represent an increase compared to UK
population figures, confirming the findings by
Goodman12 who reviewed the obstetric outcomes of
40 HHT patients compared to 80 controls and found
no statistical difference in miscarriage rates between
the two groups in a retrospective series. Four spontan-
eous abortions were recorded in the group with
PAVMs compared to seven in the non-PAVM group.
This difference is not statistically significant.

It is of interest that an excess of affected individuals
in the offspring of parents with HHT was observed
in the cohort (Table 2). The overall development of
HHT was documented in 80 of the 151 surviving
offspring of the 47 women in the study. Earlier
generations for which no obstetric records but com-
plete family histories were available, were also
reviewed to ascertain the status of the offspring of
HHT-parents. To exclude an ascertainment bias by
the inclusion of affected probands, these were reas-
signed equally to the affected and unaffected groups
of their respective sibships (n = 27). In view of the
degree of age-related penetrance in HHT (0% at
birth, 80% by age 12, 97% by age 35s), the number
of affected offspring was still higher than that
expected for a population which included 39 chil-
dren under the age of 12, 120 individuals between
12 and 35 years, and 138 over 35 years (see legend
to Table 2 for calculations). The same trend was
observed whether the affected parent was male or
female. The overall excess in offspring from all HHT-

Table 2 Diagnosis in offspring of an HHT-affected parent

affected parents was statistically significant (y? =
14.6, p<0 .01 using 2 x 2 with one degree of
freedom).

Gender bias for PAVMs

The overall incidence of PAVMs displayed a female
predominance. PAVMs are estimated to be present
in less than 20% of affected individuals.1 In the
Hammersmith series of 47 HHT-related PAVMs, a
female: male ratio of 1.6:1 was observed. Although
this difference is not statistically significant, the
combination with other published series13"15 gives a
total of 185 female and 95 male cases; (%i = 17.8,
p<0 .01 using 2 x 2 with one degree of freedom).

Discussion
Our series emphasizes that pregnancy in patients
with HHT and PAVMs may be hazardous. Pulmonary
haemorrhage presenting as spontaneous massive
haemothoraces is now well recognized.15'16 In con-
trast, structural or functional deteriorations of the
pulmonary vascular bed have been viewed hitherto
as isolated cases: one symptomatic,17 one radio-
graphic18 and one increase in right-to-left shunt post
partum.19 In the last of these cases, a 21-year-old
woman with a history of multiple PAVMs presented
at 31 weeks gestation with worsening cyanosis, and

Affected parent Offspring
(n)

Ages of offspring
(years)

<12 12-35 >35

HHT status of offspring

Observed Corrected Expected

Affected Other Affected Other Affected Other

Mother
Father
Either

164
133
307

14
25
39

83
37

120

67
71

138

97*

77**
1 74*'**

67
56

123

88.5
72

161

75.5
61

136.5

72
55.8

127.8

92
77.2

167.2

Offspring of HHT patients were analysed twice, once according to the sex of the transmitting parent, and once
irrespective of parental sex. The observed number reflects the individuals' status when assessed at the ages described.
The corrected number of affecteds takes into account that an affected member of each family was the proband leading
to family identification. Where this individual was part of a sibship used in these assessments, they were assigned
equally to the affected and unaffected groups from the calculations to eliminate this bias (*17 for mothers, **10 for
fathers). The expected number of affecteds for each parental group was calculated by separating the age groups to
enable the use of published penetrance values of 80% by 12 years, 97% by 35 years (calculated from this population,5

in keeping with other estimates1. Hence expected number of affecteds for each age group:

<12 years
(number of cases < 12 years) x (0.8 + 0) x 50%

12-35 years
(number of cases 12-35 years) x (0.8 + 0.97) x 50%

>35 years (number of cases >35 years) x 0.97 x 50%
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suffered a further shunt increase (49% to 57% [erect
posture]) in the two weeks following an emergency
Caesarian section.

Alterations of arteriovenous malformations during
pregnancy is not confined to the pulmonary circula-
tion. Deterioration is observed in most vascular
beds, including hepatic,20 cerebral21'22 and tongue.23

In contrast, epistaxis is reported to improve during
pregnancy.24 Whilst HHT-related telangiectases
have not been systematically reviewed, deterioration
during pregnancy in cutaneous haemangiomas25 or
telangiectases associated with other high oestrogen
states such as liver disease have been observed.

The systemic haemodynamic changes of preg-
nancy may be sufficient to account for the increased
incidence of haemorrhage from structurally abnormal
and fragile vessel walls (during pregnancy, the car-
diac output and vascular volume rise by up to 40%
at term26'27). However, most of the complications we
report are not haemorrhagic events, but represent
the accelerated development of an abnormal vascular
structure in the pulmonary circulation. An attractive
hypothesis is that the abnormal HHT vessels, either
when macroscopically normal, or in the early stages
of the dilatation process,28 display a predisposition
to dilate as part of the fall in systemic and pulmonary
vascular resistance which accompanies the increased
vascular volume.26'27 This could result in the enlarge-
ment of existing lesions or their appearance de novo.

It is presumed that the haemodynamic events are
the result of the altered concentrations of circulating
oestrogens and/or progesterones, as many of the
cardiovascular associations of pregnancy (sustained
systemic vasodilatation, attenuated angiotensin II
response, and increased cardiac output) can be
reproduced in sheep by chronic or acute infusions
of oestradiol-17/?,29 and independent progesterone
effects on vasodilatation and red-blood-cell volume
have been observed.27 However, there is also increas-
ing evidence for a localized hormonal influence on
the vascular bed in HHT. These include our report
of an increased frequency of PAVMs in females; the
case reports of HHT-related epistaxis worsening in
the reduced oestrogen states of the menopause,24'30

on the low-dose oestrogen-based oral contraceptive
pill,31 and during menstruation;24'30 and the efficacy
of treatment regimes based on higher doses of
oestrogens and progesterones for HHT epistaxis and
gastrointestinal bleeding.32"37 The minor variations
in regional blood flow and blood volume which
have been observed during the menstrual cycle38

or in postmenopausal hormone replacement,39 are
unlikely to account for these clinical observations.

Two groups of observations on direct hormonal
interactions are pertinent. In non-HHT settings, oes-
trogens have been shown to alter endothelial cell
constituents,40 and to induce changes in extracellular

matrix components.41 One could therefore postulate
that the HHT vessels display a deranged response to
the hormonal stimuli, resulting in vasodilation.
Evidence for this includes alterations in the HHT
vascular wall following oestrogen and progesterone
treatment,35'42 the further deterioration of PAVMs
coinciding with the administration of a depot proges-
terone in one of our cases (which parallels observa-
tions that the restoration of the pressor response to
angiotensin II post partum may be prevented by the
administration of exogenous progesterone43), and in
particular, the detection of progesterone receptors in
the skin of four individuals with HHT (two male,
two female), but not in normal controls.44

The recent description of mutations in the gene
for endoglin7 provides a potential pathway for such
hormonal influences. Endoglin is a homodimerizing
transmembrane glycoprotein which binds TGF-/?1
and /?3.8 To date, no direct signalling function of the
molecule has been described. Instead, it is proposed
that endoglin modifies the presentation of ligand to
the signalling complex comprised of Type I and
Type II TGF-/? receptors.54 Mutations in the endoglin
gene would thus be predicted to interfere with the
transduction of an induced TGF-/? signal in vascular
endothelial cells. Amongst the plethora of proposed
functions for the TGF-/? signal transduction pathway,
the altered secretion of extracellular matrix (ECM)
and ECM receptors by endothelial cells, and the
alteration of the endothelial cell cycle state could
contribute to the vasodilatation observed in HHT,
though the precise mechanism remains conjectural.45

A null or 'two-hit' hypothesis, with somatic loss of
the normal endoglin allele as a prerequisite for
pathogenic vasodilatation, has been proposed.7 We
favour an alternative hypothesis in which the single
germline mutation may peturb the activity of endog-
lin, either by reduction in the number of wildtype
homodimers, or via endoglin heterodimers which
incorporate the mutant protein.46 Thus any stimuli
which increase the local concentration of activated
TGF-/? would have the potential to exacerbate the
disease phenotype. The secretion of TGF-/? in
response to blood vessel injury or mechanical stress8

could contribute to the development of diseased
vessels at specific sites. Since oestradiol 17-/? induces
the secretion of TGF-/? from endothelial cells,47 and
a synthetic progestin has been shown to increase
TGF-/? secretion by up to 90-fold,48 we would suggest
that the additional modifications of the HHT pheno-
type which we describe may result from direct
interactions of these hormones with the TGF-/? inter-
face during pregnancy.

Such considerations are unlikely to account for
the post-partum deterioration of PAVMs observed in
patient 1. This observation is paradoxical, since all
of the hormonal and cardiovascular changes of
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pregnancy should have regressed by this time.
Indeed, clinical scenarios reflect worsening vasocon-
striction in the post-partum state, for example in
association with pre-eclampsia in Eisenmenger's syn-
drome49 or in the pathogenesis of primary pulmonary
hypertension.50 One possible explanation could be
that the PAVMs, which occur predominantly in the
lower lung,9'51 experience extravascular compression
from the uterus until delivery.

Fetal-placental interface

The lack of an increase in the rate of spontaneous
abortion, or placenta-related complications observed
by us and others12 is surprising in the face of the
high levels of endoglin expression in the placenta.
Indeed, endoglin may be considered as an immuno-
logical marker of the syncitiotrophoblast.52 However,
this structure derives from fetal tissues, and studies
have demonstrated that the expression of endoglin
in the decidua and maternal placental blood vessels
is relatively low.52 Thus placental involvement will
predominently reflect the HHT status of the fetus,
not the mother, and one might predict problems
only in cases where the fetus was affected by HHT.

To our knowledge, no systematic review of pla-
centas from HHT patients has been performed. In
one placenta from an HHT mother which we were
able to analyse, no gross abnormalities were
detected, but to date, the HHT status of her infant is
unknown. More importantly, it might have been
predicted that there may be an excess of invasive
choriocarcinomas in mothers with HHT-affected
fetuses, but this was observed neither by us, nor in
a previous series.12

Indeed, our observations display a significant
excess of affected offspring from parents who have
HHT, even when classifying all 'status unknown'
individuals as unaffecteds. As endoglin is upregulated
on cytotrophoblast cells at the time they invade the
uterus,52 one could postulate that endoglin mutations
are advantageous in establishing the placental bed
and reduce the frequency of failed implantation of
the fertilized zygote.

Clinical implications

With better knowledge of the natural history of
pregnancy in HHT, more pertinent counselling can
be offered to the patient. The data from our series
suggests that for individuals in whom PAVMs are not
present, pregnancy itself may be undertaken without
increased risk. We acknowledge that our families
have an intrinsic selection bias (the presence of
PAVMs in a proband). It is therefore possible that the
non-PAVM patients in our series are less at risk for
other HHT complications than affected individuals

in 'non-PAVM' HHT families and this would be
supported by an apparent under-representation of
gastrointestinal involvement in our series.

Most importantly, our experience suggests that
when PAVMs are present, pregnancy is hazardous.
We advise that all individuals with HHT, and particu-
larly, female HHT patients contemplating pregnancy,
should be offered screening for PAVMs, with a
minimum of a chest radiograph, and standing and
supine arterial oxygen saturations. Such a screening
strategy is vital because treatment of PAVMs with
coil embolization has been shown to decrease the
incidence of paradoxical embolism, and greatly
reduce arterial hypoxaemia.9'53 However, it should
be recognized that once PAVMs have been dia-
gnosed, even after apparently successful treatment,
pregnancy may precipitate a deterioration in the
vascular bed, and should be undertaken with obstet-
ric caution.
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