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GENERAL INTRODUCTION

In the past fifty years, mother and child care in many parts of the world has

developed to a high standard, and maternal and perinatal mortality figures have

declined dramatically. As complications of illegal abortions, infections and death

from postpartum haemorrhage are rarely seen these days in developed countries,

hypertensive disorders of pregnancy and their complications now rank as the major

cause of maternal mortality in this part of the world. In addition, hypertensive

disorders of pregnancy are strongly associated with fetal growth restriction and

prematurity, contributing largely to perinatal morbidity and mortality.

Over the past decades, our understanding of this unique clinical syndrome has

changed dramatically. In the past, hypertension was seen as the hallmark of the

clinical picture. All other clinical features were considered as merely secondary to

increased arterial pressure. Today, our view of hypertensive disorders of pregnancy

is of a systemic disease characterised by widespread endothelial damage which

originates from the uteroplacental circulation but ultimately involves a variety of

other organs such as the kidney, liver and brain.

Despite the progress made in the past decades, the pathophysiology remains largely

elusive. Maladaptation of the vasculature of the uteroplacental unit due to impaired

trophoblast invasion has often been implicated as the main causal factor, and this

view is now widely accepted. Based on this theory, it should be possible to predict

which pregnancies are at risk of developing hypertensive disorders of pregnancy by

using Doppler ultrasonography to analyse the uteroplacental circulation in the

second trimester. However, Doppler screening studies which have been conducted

in the past with this objective show variable and often disappointing results.

In recent years, a new theory has emerged regarding the etiology of hypertensive

disorders of pregnancy. Maladaptation of the uteroplacental vasculature is still seen

as an important factor, but it may not play a role in all cases of hypertensive

disorders of pregnancy. Especially milder forms, in which the onset of symptoms is



2

at or near term, could be the result of underlying (latent) maternal disorders such as

essential hypertension, renal disease or diabetes mellitus which render the

uteroplacental vasculature vulnerable to accelerated atherosclerosis or increased

vascular tone.

Outline of the thesis

The first three chapters of this thesis give an overview of the current knowledge

and theories regarding the pathophysiology of hypertensive disorders of pregnancy.

The research work -described in chapters four to seven- consists of two elements:

Firstly, a Doppler screening study of the uteroplacental circulation in the second

trimester is described. We studied two populations: one large population of

nulliparous women; and one population of women who are at increased risk

because of a history of hypertensive disorders of pregnancy in previous

pregnancies.

Secondly, a histopathological study is described in which Doppler flow profiles of

the uteroplacental circulation are compared to placental bed biopsies in normal and

hypertensive pregnancies.

In the General Discussion chapter, the results of these studies are analysed in view

of the current and emerging theories regarding the pathophysiology of hypertensive

disorders of pregnancy, as described above.
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List of abbreviations:

PIH = Pregnancy-induced hypertension

PE = Pre-eclampsia

FGR = Fetal growth restriction

CS = Caesarean section

FVW = Flow velocity waveform

PI = Pulsatility Index

NI = Notch Index

WHO = World Health Organisation

ISSHP = International Society for the Study of Hypertension in Pregnancy

ACOG = American College of Obstetricians and Gynecologists

There are many definitions and classification systems for hypertensive disorders of

pregnancy in current use (chapter 1.1). The terminology used in this thesis is in

accordance with the classification system of the International Society for the Study

of Hypertension in Pregnancy.



Hypertensive disorders of pregnancy 4



Hypertensive disorders of pregnancy 5

1     HYPERTENSIVE DISORDERS

OF PREGNANCY

1.1 DEFINITIONS

Perhaps the only thing scientists in the field of hypertensive disorders of pregnancy

agree on, is that they disagree on virtually everything else. The very name of the

disease complex (toxaemia, pre-eclampsia, hypertensive disease of pregnancy,

pregnancy-induced hypertension, EPH-gestosis), the difficulty to define the

symptoms, the various clinical forms, and the pathophysiology that becomes more

complex every time new evidence is found, are all subject to the controversy. The

difficulty arises from the great variation in clinical expression of the syndrome, and

the inability to distinguish symptoms induced by pregnancy from underlying (but

often latent) maternal disorders. Still, a consensus is badly needed if only to enable

comparison of research work1. But also in clinical practice, a comprehensive and

easily obtainable classification will improve prognostics and decision making.

Most classifications focus on diastolic blood pressure, or changes in diastolic blood

pressure. Proteinuria is not always included in the diagnosis, and levels for

significant proteinuria tend to vary between classifications. Oedema has become

markedly unpopular as a clinical sign of pre-eclampsia as it is hard to measure

quantitatively and is commonly associated with normal pregnancy.

The gold standard for decades has been the classification proposed by Nelson in

19552. A diastolic blood pressure of 90 mmHg after the 20th week was used as a

cut-off point, regardless of earlier blood pressure values. Proteinuria was used to
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divide between mild and severe pre-eclampsia. Although it is an accurate and

simple classification, the main flaw is that it tends to include women with pre-

existent hypertension. In more recent years, a number of organisations and

individual research workers have proposed improved classifications, resulting in

the various systems now currently used in different parts of the world. Table 1.1

gives an overview of the classification systems currently in use.

The World Health Organisation (WHO)3, like Nelson’s classification, uses the limit

of 90 mmHg diastolic blood pressure, but specifies that the woman should be

normotensive before the 20th week; in a previously hypertensive woman, pre-

eclampsia is diagnosed if there is an increment of 15 mmHg in diastolic pressure

and/or the development of proteinuria. The International Society for the Study of

Hypertension in Pregnancy (ISSHP)4 also recommends a diastolic pressure of 90

mmHg, but measured twice at least 4 hours apart, diminishing the influence of

“white-coat hypertension”. A diastolic pressure of 110 mmHg is sufficient for the

diagnosis if measured only once. A different approach is used by the American

College of Obstetricians and Gynecologists (ACOG)5; their definition is based on

increment of blood pressure (more than 30 mmHg increase in systolic pressure or

more than 15 mmHg increase in diastolic pressure) rather than a set value. The

same approach is also used by Redman and Jefferies in their proposed revised

definition6,7. Their criteria, however, are much more stringent, requiring an

increment of 25 mmHg of diastolic pressure. The definition of the ACOG has been

evaluated by North et al8. for association with fetal and maternal complications.

They report good risk stratification based on the ACOG classification system but

found that women who have a rise in blood pressure ≥ 30/15 mmHg but remain

normotensive had uncomplicated pregnancies. They propose a modification which

includes a cut-off value of ≥140/90 mmHg in addition to an increment of ≥ 30/15

mmHg for the diagnosis of gestational hypertension.

In 1976, Page and Christianson introduced the mean arterial pressure (MAP) as a

prognostic sign9; their definition of pre-eclampsia is based on a MAP of 105

mmHg or more in the third trimester, in a previously normotensive woman
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(defined as a mean arterial pressure of less than 90 mmHg).  Interestingly, they also

evaluated the value of MAP changes instead of cut-off values and found that poor

pregnancy outcome was predicted better by the cut-off values they used.

Proteinuria is usually defined as 0.3 grams/litre or 0.3 grams/24 hours (WHO,

ISSHP, ACOG) but in Redman and Jefferies’ classification, 0.5 grams/litre is

considered significant. The use of dipsticks is also included in most classifications.

One '+' is generally accepted as the equivalent of 0.3 grams/litre, but the ISSHP

and Page/Christianson’s definition require '++' as significant proteinuria. In their

evaluation of the ACOG's definition, North et al8. found that '+’ proteinuria was

associated with a 3.8 fold increase in "severe maternal disease" compared to

gestational hypertension with no proteinuria, supporting the use of '+' as a

prognostic sign.

Pre-eclampsia, in most classifications, consists of proteinuria and hypertension,

although the in the ACOG classification system an increment of blood pressure and

proteinuria or oedema are required; Redman and Jefferies’ classification consider

pre-eclampsia as an increment of diastolic pressure even without proteinuria. Most

classification systems, however, also include hypertension without proteinuria as

“gestational” or “pregnancy-induced” hypertension.

This view is supported by the finding of Saudan et al10. that only 15-25% of

women with gestational hypertension will eventually develop pre-eclampsia (as

defined by gestational hypertension and proteinuria ≥ 0.3 grams/24 hrs or ≥ '++').

Attempts have been made to differentiate between mild and severe pre-eclampsia;

the WHO and ACOG agree in this, diagnosing “severe” pre-eclampsia if one or

more of the following signs occur: systolic blood pressure over 160 mmHg,

diastolic blood pressure over 110 mmHg, thrombocytopenia, renal failure, icterus,

epigastrial pain, severe headache and/or visual disturbances, retinal haemorrhage,

or pulmonary oedema. The ISSHP uses only blood pressure criteria, defining

severe pre-eclampsia as a diastolic pressure of 110 mmHg or more measured twice,

or 120 mmHg or more measured once. Interestingly, gestational age at presentation
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is not included in any definition of "severe" pre-eclampsia although it is strongly

correlated to adverse maternal and fetal outcome10.

Eclampsia is defined as the occurrence of convulsions during pregnancy for which

no other cause can be found; eclamptic insults can occur without significant

hypertension or proteinuria. The HELLP-syndrome11-13 traditionally consists of

hemolysis, elevated liver enzymes and thrombocytopenia, but in practice the

hemolysis component is often less prominent. A number of definitions for the

HELLP-syndrome is currently in use14-16. They all include thrombocytopenia (a

platelet count < 100 x 109/l), elevated transaminase levels, and elevated lactic

dehydrogenase (LDH).
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Nelson2 WHO3 ISSHP4 ACOG5 Redman/Jefferies6 Page/Christianson9

Hypertension
criteria

≥ 90 mmHg
diastolic

≥ 90 mmHg diastolic* ≥ 90 mmHg diastolic* or
≥ 110 mmHg diastolic

Increase of ≥ 30 mmHg
systolic or ≥ 15 mmHg
diastolic

Increase of
≥ 25 mmHg
diastolic

Mean Arterial Pressure
≥  105 mmHg

Proteinuria
Criteria

- 0.3 g/l or  + 0.3 g/24h or ++ 0.3 g/24h or  + 0.5 g/l ++

Pre-eclampsia
criteria**

Hypertension Hypertension/proteinuria Hypertension/proteinuria Hypertension/
proteinuria or oedema

Hypertension Hypertension/proteinuria (in
third trimester)

“Super-imposed”
pre-eclampsia
criteria

- Increase ≥ 15 mmHg
diastolic or development of
proteinuria

Proteinuria in pre-existent
hypertension

Increase of ≥ 30 mmHg
systolic or ≥ 15 mmHg
diastolic and proteinuria

- MAP ≥ 90 mmHg in 2nd
trimester and MAP ≥ 105
mmHg in 3rd trimester and
proteinuria

“Severe”
pre-eclampsia
criteria

Hypertension and
proteinuria

≥ 160 mmHg systolic
≥ 110 diastolic
icterus
thrombocytes < 100
oliguria
proteinuria ≥ 3 g/l
epigastrial pain
scotoma/frontal headache
retinal haemorrhage
pulmonary oedema
coma

≥ 110 mmHg diastolic ≥ 160 mmHg systolic
≥ 110 mmHg diastolic
icterus
thrombocytes < 100
elevated creatinine
proteinuria ≥ 2 g/24h
epigastrial pain
headache
retinal haemorrhage
pulmonary oedema
coma

Classification
system

1. gestational hypertension
2. unclassified hypertension
    in pregnancy
3. gestational proteinuria
4. pre-eclampsia
5. eclampsia
6. underlying hypertension
    or renal disease
7. pre-existing hypertension
    or renal disease
8. superimposed
    pre-eclampsia/eclampsia

1. gestational hypertension
2. gestational proteinuria
3. gestational proteinuric
     hypertension
4. chronic hypertension
5. chronic renal disease
6. chronic hypertension
    with superimposed
     pre-eclampsia
7. unclassified
     hypertension/ proteinuria
8. eclampsia

1. chronic hypertension
2. pre-eclampsia/
    eclampsia
3. pre-eclampsia
    superimposed on
    chronic hypertension
4. transient hypertension

1. non-proteinuric
    pre-eclampsia
2. proteinuric
    pre-eclampsia

1. borderline hypertension
2. gestational hypertension
3. chronic hypertension
4. normotensive proteinuria
5. proteinuria and
    borderline hypertension
6. pre-eclampsia
7. chronic hypertension and
    pre-eclampsia

Table 1.1. Classification systems for hypertensive disorders in pregnancy.
* Measured at least twice 4 hours apart
** Occurring after the 20th week of pregnancy unless otherwise specified.
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1.2 EPIDEMIOLOGY

Prevalence

For the greater part of the world, we have no accurate figures about the prevalence

of hypertensive disorders of pregnancy. Even if reliable information is available, it

is usually based on hospital populations and therefore biased, especially in

countries where access to health care is low. Another problem is caused by

differences in classification and definitions. Thus, it is not surprising that figures

concerning the prevalence of hypertensive disorders of pregnancy show great

variation, sometimes even between reports from the same region. Figures from

larger, population-based studies show an incidence of hypertensive disorders of

pregnancy between 2 and 26 per 100 births (table 1.2)3,17-19. Geographic variations

in incidence have been reported to be significant even after correction for

population bias and with standardised classification20,21.

Country or area Period Hypertensive disorders

of pregnancy per 100 births

Eclampsia

per 1000 births

Cuba 1973 18.4 2.0

Great Britain 1958 25.8 0.9

Great Britain 1970 26.0 1.3

Jerusalem 1964-66 2.0 0.6

USA 1959-68 22.3 0.55

USA 1979-86 26.1 0.56

USA 1988-92 3.8 0.1

Sweden 1987-93 9.6 NA

Table 1.2. Reported incidences of eclampsia and hypertensive disorders of

pregnancy and eclampsia from population-based surveys, 1958-19933,17-19.

NA = not available.
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Impact on maternal and fetal mortality

In developed countries, hypertensive disorders of pregnancy are responsible for a

third to a tenth of all maternal deaths, mostly the result of eclampsia. Other

possibly fatal complications are disseminated intravascular coagulopathy, abruptio

placentae, pulmonary oedema, acute renal failure, and intracerebral haemorrhage.

In underdeveloped countries, maternal mortality due to hypertensive disorders of

pregnancy is even higher (150 or more per 100,000 births), even though

complications of illegal abortion and peripartum haemorrhage are the major causes

of maternal death. Maternal death rate is inversely related to access to health care3.

In a study conducted in the USA between 1974 and 1978, eclampsia ranked as the

second cause of maternal mortality (after venous thrombo-embolism), causing 2.6

deaths per 100,000 births in the entire population, and 5.7 deaths per 100,000 births

in the black population22. In a recent enquiry, hypertensive disorders of pregnancy

constituted the largest single cause of maternal mortality in the Netherlands23. One

particularly threatening complication is the HELLP-syndrome which consists of

hemolysis, elevated liver enzymes, and a low platelet count11,12. In a study from

1986 describing 112 patients with this syndrome, 38% had disseminated

intravascular coagulopathy, 8% had acute renal failure and 2 patients (2%) died11.

In addition to its impact on maternal mortality, hypertensive disorders of pregnancy

account for a perinatal death rate of 1.2 per 1000 total births24. The risk of perinatal

death depends mainly on the severity of the disease, and gestational age at the

onset of symptoms. In a group of 303 severely pre-eclamptic patients, a perinatal

death rate of 14.5% and a prematurity rate of 92% was found25. If the gestational

age at onset of symptoms is before 37 weeks, 18.2% of fetuses are small for

gestational age, and perinatal death occurs in 10.4%26. A particularly high rate of

perinatal mortality (37%) is associated with the HELLP-syndrome11,12.

Little is known about the development of children who survive the perinatal period;

Ounsted27 found only a slight developmental delay in children from pre-eclamptic
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mothers at the age of four, and no delay at all in growth and development at age

7½28.

 The remote prognosis women with a history of hypertensive disorders of

pregnancy has been extensively studied by Chesley29-31. He describes an increased

risk of cardiovascular mortality, chronic hypertension and diabetes mellitus in

women who suffered from eclampsia as multiparas. In contrast, women who

suffered from eclampsia in their first pregnancy did not have an increased risk of

cardiovascular disease later in life. Sibai followed 406 women who had severe pre-

eclampsia/eclampsia in their first pregnancies. He found a higher incidence of pre-

eclampsia in subsequent pregnancies. In addition, he found a significantly higher

risk of subsequent chronic hypertension in patients who developed pre-

eclampsia/eclampsia before 30 weeks of gestation, and in patients who suffered

from pre-eclampsia in more than one pregnancy32,33. Based on these results,

Chesley proposes the theory that many patients diagnosed as having (mild) pre-

eclampsia actually have latent chronic hypertension or renal disease which

becomes manifest during pregnancy. This group of women naturally has an

increased risk of hypertension and cardiovascular mortality later in life. In contrast,

severe pre-eclampsia or eclampsia in nulliparas -Chesley uses the term "true

(pre-)eclampsia"- does not appear to be related to latent or subsequent

hypertension. The HELLP-syndrome also appears to belong in this second

category, as it is not associated with subsequent hypertension34.

North35 compared the remote prognosis of 50 women with pre-eclampsia to 50

normotensive pregnant women; all of these women were from the Samoan

population, which has a strong ethnic predisposition for hypertension and diabetes

mellitus. He found a high incidence of hypertension (40%) and proteinuria (40%)

in the group of women with a history of pre-eclampsia, which was significantly

different from the control group. In light of the theory presented by Chesley and

described above, these women probably have latent hypertension or renal disease

and are thus "misdiagnosed" as having pre-eclampsia.
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Risk factors

Women in their first pregnancy are at increased risk of hypertensive disorders of

pregnancy. Previous pregnancies appear to have a protective effect, even if they

ended early in abortion36. In contrast, women with a history of hypertensive

disorders in previous pregnancies are at increased risk32.

Extremely young (teenage) or relatively old (over 35) women, and those with a

positive family history, also have a higher risk17,19,20. African-American women in

the US have a higher incidence of hypertensive disorders of pregnancy compared

to white women. This difference is at least partially explained by the increased

incidence of underlying chronic hypertension among African-American women18.

Maternal disorders predisposing for hypertensive disorders of pregnancy are those

disorders generally associated with increased cardiovascular risk. Women suffering

from essential hypertension18, renal disease18, systemic lupus erythematosus37, and

type I diabetes mellitus19,38 have an increased risk, as well as obese women19,36,39

and those with hypercholesterolemia39.

In addition, an unusually high proportion of coagulation abnormalities and auto-

antibody syndromes has been reported in association with hypertensive disorders of

pregnancy40,41.

Lately, the association between hypertensive disorders of pregnancy and the

Insulin-Resistance Syndrome has been investigated42. The Insulin-Resistance

Syndrome (or "Syndrome X", "the metabolic syndrome") consists of decreased

insulin sensitivity, hypertriglyceridemia, and obesity and is associated with an

increased risk of essential hypertension, diabetes mellitus and coronary artery

disease43,44. Several authors have reported a significant association between

hypertensive disorders of pregnancy and this syndrome45-47, but this association has

been disputed by others48.

Other significant associations have been reported with a history of infertility and

headaches, particularly migraine49. Interestingly, smoking appears to have a

protective effect; the lowest incidences have been reported in women who had a
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smoking history but quit smoking in early pregnancy19,36. Factors associated with

the pregnant state itself that increase the risk of hypertensive disease are twin

pregnancy, polyhydramnion, mola pregnancy37, and a high serum alpha-foeto-

protein49.

1.3 PATHOLOGIC FINDINGS

Pre-eclampsia is a systemic disorder, involving organs like the kidney, liver and

brain. The systemic manifestations are generally attributed to widespread

endothelial damage or activation. Subsequent events include activated coagulation,

increased vascular permeability and vasoconstriction, compromising the

microcirculation of the organs involved. The pathologic findings are consistent

with this theory and indicate that abnormalities are often present even before organ

dysfunction becomes clinically apparent. However, most observations obtained by

invasive techniques are based on studies in patients with severe disease or even on

post-mortem findings; there is no conclusive evidence that all these organs are

involved in mild pre-eclampsia or pregnancy-induced hypertension. The most

extensive and characteristic abnormalities associated with hypertensive disorders of

pregnancy are found in the placenta and uteroplacental vasculature; these

abnormalities will be described in detail in Chapter 2.

Blood

In normal pregnancy, a great number of changes take place in the bloodstream. Red

cell mass increases, but plasma volume increases even more, a phenomenon known

as “physiological hemodilution”. This results in a decreased hematocrit and

decreased blood viscosity, facilitating uteroplacental blood flow50. In pre-

eclampsia, the hematocrit is increased compared to normal pregnancy, due to

failure of the adaptive mechanism of volume expansion. The increase in hematocrit
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is of prognostic value in severe disease3. Blood viscosity is increased in pre-

eclampsia, associated with an increase in all major determinants of blood viscosity;

hematocrit, plasma fibrinogen, and plasma viscosity51-54. Not all pre-eclamptic

patients, however, have significantly raised viscosity. The increase in viscosity

alone is not sufficient to explain the increase in placental vascular resistance55,56.

The findings on erythrocyte deformability are conflicting due to differences in

methodology51,52,57. The pro-thrombotic state of normal pregnancy is even more

aggravated in pre-eclampsia, as indicated by an increase in plasma levels of

thrombin-antithrombin III complexes58,59 and lower levels of antithrombin III60.  In

severe disease, disseminated intravascular coagulation is present, characterised by

thrombocytopenia and accumulation of fibrin degradation products57,61,62.

Thrombocytes in pre-eclamptic patients undergo increased consumption63.

Thrombocyte production is also accelerated as indicated by an increase in platelet

size and distribution of platelet sizes64 as well as an elevated thromboglobulin

level65. There is evidence that this increased platelet turnover is caused by

oxidative damage to the platelet membrane66. Interestingly, the presence of

reticulated thrombocytes (a marker of increased thrombopoiesis) has been reported

in the sera of pre-eclamptic women several weeks before the onset of clinical

symptoms67.

Hemodynamics

In normal pregnancy, plasma volume increases and arterial vasodilatation occurs,

as indicated by decreased diastolic blood pressure and increased cardiac output due

to afterload reduction68. Pre-eclampsia, compared to normal pregnancy, is

associated with a decreased cardiac output and increased systemic peripheral

resistance, indicating systemic vasoconstriction69-71. However, recent research work

indicates that this low-output state is preceded in the pre-clinical phase by a

hyperdynamic state with a high cardiac output. Thus, around the time when clinical

symptoms develop, there is a "hemodynamic cross-over" from a high-output to a
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low-output state71.  Interestingly, this "cross-over" does not occur in women who

develop non-proteinuric gestational hypertension70,71. The same pattern is also

found in the pulmonary circulation of pre-eclamptic patients: pulmonary artery

pressure is increased, right ventricle output is decreased and pulmonary vascular

resistance is increased. Filling pressures in pre-eclampsia are unchanged compared

to normal pregnancy, supporting the hypothesis that pre-eclampsia is primarily

characterised by systemic vasoconstriction and contradicting earlier descriptions of

pre-eclampsia as an “overfilled” or “underfilled” state.

Kidney

The renal lesions in pre-eclampsia are characteristic and have been extensively

studied72. The severity of the abnormalities correlates with the duration of

proteinuria. The most characteristic findings are endothelial cell swelling

(“glomerular endotheliosis”) and the presence of deposits of fine collagen fibres

and fat in the endothelium. “Foam cells”, either endothelial cells or macrophages

filled with fatty vacuoles, are also a predominant feature. The basement membrane

appears thickened. Subendothelial fibrin deposits and mensangial proliferation

have been described by some authors73. These changes lead to swelling of the

glomerular tufts and expansion of the capillary wall resulting in complete or partial

obliteration of the capillary lumen (figure 1.1). The role of the immune system is

not yet clear, but there is evidence that complement and IgM74 are present in the

capillary loops in pre-eclampsia. Recent Doppler ultrasound findings in the

interlobar arteries suggest that vasospasm or arterial stenosis may play a role75.

The result in terms of renal function impairment is in the first place proteinuria,

with albumin as the main protein excreted. In severe cases, angiospasm leads to

acute tubular necrosis and acute renal failure76, sometimes requiring hemodialysis

even after delivery.
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Figure 1.1  Renal pathology in pre-eclampsia: increase of endothelial and

mesangial cell size with compression of the capillaries; the wall of capillary loops

appear thickened (Haematoxylin and Eosin x 845).  J Clin Pathol 1979; 32: 681-

692, with permission from the BMJ Publishing group.

Liver

Hepatic involvement of the liver in pre-eclampsia is clinically evident in the

HELLP-syndrome, which was first described by Weinstein in 1982 and consists of

hemolysis, elevated liver enzymes and a low platelet count13. Paradoxically, the

HELLP-syndrome does not always co-exist with hypertension and proteinuria14,77.

Histopathologically, the HELLP-syndrome is characterised by periportal

granulocytic infiltration, focal haemorrhagic necrosis, and deposition of fibrin-like

hyalin material. (figure 1.2). Using immunofluorescence techniques, fibrin

depositions can be made visible in the sinusoids of almost all patients14,78.
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Figure 1.2. Hepatic pathology in the HELLP-syndrome. Periportal haemorrhage

and necrosis in addition to fibrin deposition and granulocytic infiltration

(Haematoxylin and eosin x 100). Am J Obstet Gynecol 1992; 167: 1538-1543, with

permission from Mosby, Inc.

The histopathological condition does not significantly correlate to the biochemical

severity78.Liver biopsies from a significant proportion of pre-eclamptic patients

who do not have symptoms of the HELLP-syndrome show the same abnormalities

on light microscopic examination14. In addition, immunofluorescence studies show

that fibrin deposition is present in the majority of patients with pre-eclampsia,

although it is less extensive than in cases with the HELLP-syndrome14,79. These

findings indicate that there is hepatic involvement in most cases of pre-eclampsia

even though it is not clinically apparent. The nature of the histopathological

abnormalities suggest that ischemia of hepatic tissue plays a major role, perhaps

due to microthrombi or vasospasm. Doppler ultrasound analysis of the hepatic
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artery supports this view. Increased resistance to blood flow was found in pre-

eclamptic patients with and without the HELLP-syndrome80.

Interestingly, some authors report that the histopathological abnormalities in both

pre-eclampsia and the HELLP-syndrome show similarities with another threatening

complication of pregnancy, acute fatty liver of pregnancy. Periportal fatty

infiltration was observed in four out of eleven cases of the HELLP-syndrome

studied by Barton78 and in ten out of ten cases of pre-eclampsia studied by Dani81.

This view is however not generally accepted.

Potentially fatal complications are subcapsular haemorrhage and acute rupture of

the hepatic capsule82. In 34 cases of the HELLP-syndrome, hepatic imaging by CT-

scanning and ultrasound was used to detect 13 cases of subcapsular haematoma and

six cases of intraparenchymal haemorrhage83. The presence of these complications

was significantly related to the severity of thrombocytopenia.

Brain

Central nervous system involvement in pre-eclampsia often presents as visual

disturbances, which may arise from retinal artery vasculopathy, abnormalities in

the visual pathway, or the occipital lobe. Seizures in pre-eclamptic patients without

concomitant neurological disease warrant the diagnosis of eclampsia; these

seizures may be focal motor or generalised tonic-clonic84.

The cerebral changes as diagnosed by computer tomography in eclampsia but also

severe pre-eclampsia consist mostly of cerebral oedema, especially in the posterior

parietal and occipital areas85. This characteristic image has been described as the

posterior leukoencephalopathy syndrome86. Subarachnoidal, subcortical and

petechial haemorrhages, as well as small infarctions of the cortex, corona radiata,

basal ganglia and brain stem are less frequent. Hypoxic ischemic brain damage is

also found. In some instances, cerebral oedema and raised intracranial pressure can

lead to transtentorial herniation of the occipital lobe, or even brain stem herniation.

On post-mortem examination85, vasculopathy with perivascular fibrinoid necrosis
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is a predominant feature, accompanied by perivascular micro-haemorrhages and

micro-infarcts.

Myocardium

Cardiac abnormalities found in pre-eclampsia are mostly secondary to concomitant

chronic hypertension or longstanding renal disease87. Heart failure, conduction

disturbances and cardiac arrest are rarely seen in the absence of pre-existent

cardiovascular disease. On post-mortem examination82, findings consist of left

ventricular hypertrophy, and subendocardial haemorrhages.

Lungs

Pulmonary oedema in pre-eclampsia is a serious complication, but in many patients

it may well be the result of vigorous intravenous fluid treatment rather than a

complication of the disease itself. Interestingly, pulmonary oedema tends to

develop post-partum in most patients88, probably caused by the volume shift after

delivery. As with cardiac abnormalities, pulmonary complications in the absence of

pre-existent pulmonary abnormalities are rare. In very severe cases, the Adult

Respiratory Distress Syndrome may follow pulmonary oedema or periods of

hypoxia.
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2                  PATHOPHYSIOLOGY

OF HYPERTENSIVE DISORDERS
OF PREGNANCY

2.1 MALADAPTATION OF THE UTEROPLACENTAL VASCULATURE

Anatomy of the uterine vasculature

The uterus derives its blood supply from the left and right uterine arteries, and to a

small extent also from the ovarian arteries. The uterine arteries branch in the

parametrium into the arcuate arteries, which in turn branch into the radial arteries.

These radial arteries cross the myometrium; at the myometrial-endometrial

junction, they give off the spiral arteries, which are muscular arteries with a

diameter of 200-300 microns in the non-pregnant state. The total number of spiral

arteries is approximately 100-150. They terminate in the basal endometrium. The

radial arteries also give off branches, which do not cross the endometrium, termed

basal arteries; their role is not quite clear1.
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Figure 2.1  The blood supply of the placenta1.

Normal adaptation of the uteroplacental vasculature in pregnancy

As early as several weeks into pregnancy, cytotrophoblast cells from the conceptus

invade the basal decidua and the decidual portion of the spiral arteries2,3. At this

stage, cytotrophoblast can be divided into two different types: interstitial

trophoblast, which penetrates the basal decidua, and endovascular trophoblast. This

latter type fills the spiral artery lumen; these cells also replace the maternal

endothelium and induce dramatic changes in the vessel wall structure. The

muscular media disappears entirely and is replaced by fibrinoid tissue which leaves

the arterial wall distended and unable to respond to vasomotor influences.  This

phenomenon raises an important question. In theory, the invasion of trophoblastic

cells should induce a rapid immunological response from the mother’s side, similar

to allograft rejection.  Why does this not occur in normal pregnancy? This question

has been partly answered by Zhou and colleagues who reported on the
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transformation of invasive cytotrophoblast cells4. In normal pregnancy, these cells

change their adhesion receptor phenotype to mimic the maternal endothelial cells

they replace; this transformation appears to be a prerequisite for normal

placentation.

Between 10 to 12 weeks of pregnancy, the interstitial trophoblast first migrates

retrogradely to colonise the myometrium. Some time later, between 12 and 16

weeks, endovascular trophoblast invades the myometrial portions of the spiral

arteries, again replacing the endothelium and disrupting the muscular vessel wall.

Eventually, the spiral arteries from the myometrium to the intervillous space are

replaced with distended fibrinoid tubes incapable of vasoconstriction; the result is a

low resistance, high capacity vascular system, facilitating adequate maternal blood

supply to the growing fetus. (Figure 2.2).

Proximal to the spiral arteries, the uterine and arcuate arteries also undergo

important changes. Their length increases, as do lumen diameter and distensibility5.

These changes are not initiated by trophoblast invasion, which does not extend this

far. It is likely that shear stress plays a role in these changes. Shear stress is the

force acting on the vessel wall due to laminar blood flow; it is mainly dependent on

vessel radius, blood flow and viscosity. The effects of shear stress on cells, and

especially endothelial cells, have been extensively studied in the past6,7,8. There is

an acute response to increased shear stress, characterised by relaxation of smooth

muscle cells; and also a response to chronically elevated shear stress, characterised

by the reorganisation of vascular wall cellular and extracellular components. These

responses are dependent on normally functioning endothelium. The changes found

in arterioles in normal pregnancy5 are consistent with this theory. Apart from

changes in dimensions, a reduced response to vasoconstrictors and an enhanced

response to vasodilators have also been reported in pregnant rats9 and humans10.
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Figure 2.2. Normal physiologic changes in spiral artery. The media has been

replaced by fibrinoid tissue; trophoblastic cells are visible in the vessel wall

(arrows). (PAS x100).

Uterine vascular pathology in hypertensive disorders of pregnancy and FGR

The association between hypertensive disorders of pregnancy and extensive

placental infarction has been acknowledged since the 1950s11 . In later years, more

sophisticated microscopic techniques and increasing knowledge of the normal

physiological adaptation of the arteries of the placental bed has led to a better

understanding of the pathogenesis of hypertensive disorders of pregnancy as well

as FGR. Two distinct abnormalities are found in the uteroplacental circulation.

Firstly, the normal physiological adaptation of pregnancy is impaired or absent in

hypertensive disorders of pregnancy. Secondly, a distinctive vaso-occlusive lesion

termed "acute atherosis" is found. These abnormalities impair maternal blood flow,

resulting in placental insufficiency. Surprisingly, although they are clinically
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separate entities, the abnormalities of the placental bed in hypertensive disorders of

pregnancy and FGR resemble each other to a great extent.

Impaired physiological adaptation of spiral arteries in hypertensive disorders of

pregnancy was reported by several authors in the mid-seventies12-14. In patients

with severe pre-eclampsia12-14,16,17 and fetal growth restriction15,16  physiological

changes are limited to the endometrial segments of the spiral arteries, whereas the

myometrial segments were unchanged. It was also noted that trophoblast cells were

not present in the vessel wall of spiral arteries that had failed to undergo

physiological changes12. Khong17 reported that the extent of endovascular

trophoblast invasion and physiological changes varies between spiral arteries, with

some arteries showing absence of physiological changes along their entire length.

In more recent years, the association between impaired adaptation of spiral arteries

and hypertensive disorders of pregnancy as well as fetal growth restriction has been

confirmed18-20. However, it has also become clear that endovascular trophoblast

invasion is not an all-or-none phenomenon18 and that there is a gradient in the

extent of trophoblast invasion of decidual and myometrial arteries in both normal

pregnancy and pre-eclampsia. Uteroplacental vascular pathology has also been

related to spontaneous prematurity20 and placental abruption in addition to being

present in a percentage of normal pregnancies19.

Acute atherosis has been related to pre-eclampsia12-14,18-21 and fetal growth

restriction13,15,21. The lesion (figure 2.3) is characterised by an atheromatous

infiltrate consisting of lipid-laden "foam cells" originating from myocytes or

macrophages, fibrin, and mononuclear cells. In addition, there is extensive

deposition of fibrin in the intima and media21. Earlier stages of the lesion have been

described as fibrinoid necrosis and macrophage infiltration. Most authors agree that

acute atherosis only occurs in spiral arteries which have failed to undergo

physiological changes, but more recent work18 suggests that it can also occur in

physiologically adapted spiral arteries.
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Fig. 2.3. Acute atherosis: fibrinoid necrosis of the media and obliteration of the

lumen (PAS x 100).

The cause of impaired trophoblast invasion and (subsequent?) acute atherosis

remains unclear. The absence of trophoblast cells in the vessel wall of unchanged

spiral arteries suggests a specific defect in the invasion of the endovascular type of

trophoblast. The failure of endovascular trophoblast to express vascular adhesion

phenotype molecules22, as recently reported, could play a role by impairing

adhesion to the vessel wall. Recent studies have reported an increased number of

activated macrophages in the placental bed of patients with pre-clampsia23 and

widespread apoptosis of placental cytotrophoblast cells24. These findings suggest a

maternal immunological response against endovascular trophoblast, perhaps

triggered by the deficiency in the expression of vascular adhesion molecules. In

addition, a deficiency of angiogenic growth factors such as vascular endothelial

growth factor (VEGF)25,26 and placental growth factor (PIGF)26,27 has been recently

reported in patients with pre-eclampsia. The precise meaning of these findings

requires further investigation.
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2.2 EVIDENCE FOR ENDOTHELIAL DYSFUNCTION IN THE

PATHOGENESIS OF HYPERTENSIVE DISORDERS OF

PREGNANCY.

In recent years, researchers have focused on endothelial damage as the link

between decreased placental perfusion and systemic disease. The endothelium

plays a pivotal role in maintaining homeostasis in a normal vessel by generating

several substances that modulate vascular smooth muscle tone, coagulation and

platelet function. In pre-eclampsia, general vasoconstriction and coagulation

abnormalities are essential to the systemic disorder; in addition, response to the

vasopressor angiotensin is increased28. This implicates an impairment of the

endothelial compensatory mechanism to produce factors, which relax vascular

smooth muscle in the situation of inappropriate vasoconstriction. This chapter

reviews the various reports, which have eventually led to substantial support for the

central role of endothelial dysfunction in the pathogenesis of pre-eclampsia.

An altered thrombotic state in hypertensive disorders of pregnancy.

In the 80s, the recognition of an imbalance between prostacyclin and thromboxane

A2 production was a breakthrough in the discussion regarding the etiology of

hypertensive disorders of pregnancy. The hypothesis that pre-eclampsia was

primarily caused by increased thromboxane A2 / prostacyclin ratio was simple and

provided options for therapy and even prophylaxis. Later studies, however, and

especially the failure of aspirin prophylaxis in large scale studies have dampened

this initial enthusiasm.

Thromboxane A2 is produced by (activated) platelets from arachidonic acid by the

enzyme cyclo-oxygenase. It is a potent vasoconstrictor and stimulates platelet

aggregation. The production of thromboxane A2 in platelets is stimulated by

endothelial damage, platelet aggregation and factors like cytokines and free oxygen
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radicals. Aspirin, even in low doses, inhibits thromboxane A2 production in

platelets. The actions of thromboxane A2 are opposed by the actions of another

autacoid, prostacyclin, derived from normal endothelial cells. Prostacyclin is also a

product of arachidonic acid. Its actions are relaxation of vascular musculature

causing vasodilatation, and inhibition of platelet aggregation. In pre-eclampsia, an

imbalance has been reported between thromboxane A2 and prostacyclin29. In

normal pregnancy, thromboxane A2 and prostacyclin are present in the placenta in

approximately equivalent amounts, providing a balanced effect on vascular tone

and platelet aggregation; in pre-eclampsia, however, prostacyclin production in the

placenta is decreased and thromboxane A2 production is increased; the placenta

produces seven times more thromboxane A2 than prostacyclin, favouring

vasoconstriction and platelet aggregation. Increased thromboxane A2 levels have

not only been reported in placental tissues, but also in urine30 and circulation31 of

women with hypertensive disorders of pregnancy, suggesting that it may have a

systemic prothrombotic effect as well as a local effect on the placenta.

Further evidence of a systemic prothrombotic state in hypertensive disorders of

pregnancy has been put forward by de Boer et al32. They reported increased

circulating thrombin-antithrombin III complexes and reduced antithrombin III and

protein C levels, consistent with activated blood coagulation in the systemic

circulation. Factor VIII, a component of the coagulation cascade, is also increased

in pre-eclampsia33. However, more recent research work suggests that these

abnormalities probably are not only related to activated coagulation in the clinical

phase, but could also reflect pre-existent maternal coagulation disorders. The

association between hypertensive disorders of pregnancy and underlying maternal

coagulation disorders has been extensively studied in the past years. A number of

coagulation disorders, such as protein C and S deficiency, factor V Leiden

deficiency, antithrombin III and anticardiolipin antibodies, as well as

hyperhomocysteinemia are found at increased incidence in women with

hypertensive disorders of pregnancy34-36.
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The evidence of activated coagulation and thromboxane A2 / prostacyclin

imbalance provided the rationale for aspirin therapy in pre-eclampsia; indeed, low-

dose aspirin reduces the thromboxane A2 level in pre-eclamptic women37. The first

reports on aspirin therapy were very optimistic indeed; for example, in healthy

nulliparous pregnant subjects, a reduction of thromboxane A2 after aspirin therapy

was associated with a lower risk of pre-eclampsia, prematurity, and small-for-

gestational-age babies38. However, multi-center placebo-controlled aspirin

studies39-42 could not reproduce a significant reduction in pre-eclampsia or FGR.

Fish oil, which has a high content of omega-3 polyunsaturated fatty acids, is often

advocated in disease states where an altered prostanoid profile is thought to play a

role43. A number of multi-center trials investigating the use of fish oil in pregnancy

to prevent preterm delivery, FGR as well as hypertensive disorders of pregnancy

has recently been described44. Although fish oil did reduce the recurrence risk of

preterm delivery in these trials, there was no effect on the incidence of

hypertensive disorders of pregnancy.

In retrospect, the assumption of a central role for prostanoids in hypertensive

disorders of pregnancy is a rather simplified vision of reality. Later studies have

shown45,46 that prostanoid synthesis and balance in pregnancy is much more

complicated than previously thought.

Another factor that has attracted the attention of researchers is fibronectin, a

glycoprotein produced by endothelial cells, macrophages, fibroblasts and platelets.

Its actions remain largely elusive but involve modulation of coagulation and

endothelial activation47. Interestingly, levels of fibronectin are increased weeks

before the onset of symptoms in the serum of pregnant women who later develop

pre-eclampsia, and serum fibronectin has therefore been evaluated as a predictive

test48-50 . Increased fibronectin levels in pregnancy appear to be specific to pre-

eclampsia; patients with pregnancy-induced hypertension without proteinuria have

normal fibronectin levels51. In non-hypertensive FGR, fibronectin levels are also

increased, although they are significantly lower than in pre-eclampsia52.
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Direct evidence of endothelial activation.

When an increasing amount of evidence was accumulating indicating involvement

of various factors in hypertensive disorders of pregnancy that all share the

association with endothelial dysfunction, what was needed was direct evidence of

endothelial involvement. In 1988, Rodgers53 reported that serum from pre-

eclamptic women injures human endothelial cells; Roberts54 also exposed human

umbilical vein endothelial cells to serum from patients but found the effect was

more consistent with endothelial activation than injury. An increased secretion of

mitogenic factors from endothelial cells has also been reported55. These mitogens

are expressed at high levels by endothelial cells in response to thrombin and

endotoxin, and thus indicate endothelial injury or activation.  These first

observations of a direct role of endothelium set the trend for research in the years

that followed. Rappaport56 reported the presence of anti-vascular endothelial

antibodies in patients with pre-eclampsia. A histological study showed evidence of

endothelial disruption in the placentas of patients57. Interestingly, focal disruption

of endothelium was seen in association with persistent intraluminal trophoblast,

which is not normally present in the third trimester of pregnancy58. Cockell59

reported on impaired endothelial function in small arteries exposed to

syncytiotrophoblast microvillous membranes. Such exposure would be aggravated

in hypertensive pregnancy compared to normal pregnancy, as a hypoxic placenta

releases more fragments into the circulation60. Vascular adhesion molecules,

expressed by activated endothelial cells, are also increased in pre-eclampsia61 but

not in pregnancy-induced hypertension62,63.  Human umbilical vein endothelial

cells exposed to serum from patients were reported to have increased cell

permeability, probably associated with increased protein kinase C activation64. This

is a very interesting finding, as widespread increased endothelial permeability

could be an explanation for a number of the classic features of pre-eclampsia, such

as increased hematocrit, oedema, and proteinuria.
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From local injury to systemic disease: vaso-active mediators

The acknowledgement of the central role of endothelial injury in hypertensive

disorders of pregnancy has led to the search for endothelial factors that might form

the link between local disruption of endothelium in the uteroplacental vasculature

and the systemic manifestations. The finding of Bearchell et al65 that sera from

patients with hypertensive disorders of pregnancy stimulate vascular smooth

muscle cell activity supports the existence of such a factor. The thromboxane A2 /

prostacyclin imbalance is thought to play an important role. However, the clinical

picture can not be explained solely by the effect of increased thromboxane A2

production, as indicated by the failure of aspirin prophylaxis. Therefore, other

factors have been implicated as mediators.

Endothelin, an endothelium-derived peptide, has been shown a very potent

vasoconstrictor, and its involvement has been suggested in a number of diseases

where endothelial dysfunction is implicated, for instance the metabolic syndrome

(Insulin Resistance Syndrome/Syndrome X)66 and coronary artery disease67.

Endothelin levels in hypertensive disorders of pregnancy are increased; also, there

is a correlation between plasma levels of endothelin and severity of the disease68-72.

In a rat model of pre-eclampsia, a specific endothelin antagonist reversed the

clinical picture73. The hypothesis of endothelin as the crucial factor however

remains controversial. Benigni74 found no evidence of increased endothelin

production in placentas of pre-eclamptic women, and Paarlberg75 found no

increased endothelin levels in blood and urine of patients. The increased levels of

endothelin found by some authors might be secondary to extensive endothelial

damage. Thus, although its role in atherosclerosis is firmly established, there is no

conclusive evidence that endothelin plays a causal role in hypertensive disorders of

pregnancy.

Other factors that might induce systemic vasoconstriction as a result of local

endothelial injury have also been suggested. Plasma noradrenaline is increased in

hypertensive disorders of pregnancy76,77. In addition, the increased production of
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noradrenaline appears to be of placental origin, as indicated by increased activity of

the rate-limiting enzyme in placental tissue76. The role of atrial natriuretic peptide

(ANP), renin, and aldosterone remains unclear72,77.

Just as endothelin is a potent endothelium-derived vasoconstrictor, there is also an

endothelium-derived relaxing factor, which is generally believed to be nitric oxide

(NO). NO lately has received a great deal of attention in cardiovascular medicine

for its strong vasodilator activity. Impaired NO production is associated with a

variety of vascular diseases78. NO is produced by intact endothelial cells to

counteract local vasoconstrictor factors such as endothelin. The main problem in

evaluation of nitric oxide in clinical situations is its quick metabolisation that

makes it hard to study. Study results concerning the direct measurement of NO

activity in normal and complicated pregnancies are controversial. Seligman79 found

a significantly decreased level of urinary nitrite, a metabolite of NO, in

hypertensive pregnancy compared to normal pregnancy. In an other study80 no

difference was found between serum nitrite levels in hypertensive and normal

pregnancies; however, higher nitrite concentrations were found in the umbilical

veins in hypertensive pregnancies. Two other studies81,82  again found no difference

in serum nitrite and nitrate levels. In addition, Silver reports that serum from pre-

eclamptic women does not suppress NO synthesis in cultured endothelial cells.

Thus, a role for NO in hypertensive disorders of pregnancy has not been

convincingly established by direct measurement methods. There is however strong

indirect evidence that NO plays an important role in the cause of hypertensive

disorders of pregnancy. Normal blood vessels show relaxation to bradykinin, an

effect mediated through NO production by endothelial cells. In hypertensive

pregnancy, myometrial resistance arteries show an abnormal response to

bradykinin, resulting in reduced relaxation compared to normotensive controls83.

Another vital vascular adaptive mechanism dependent on normally functioning

endothelium is relaxation in the presence of increasing shear stress. This

mechanism is enhanced in normal pregnancy and appears to play an important role

in increasing the capacity of the uteroplacental circulation84. NO is the most
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important mediator for this response. In hypertensive pregnancies, however, this

response is blunted, indicating that the uteroplacental vasculature fails to adapt to

an increasing volume load10.

Inhibition of NO synthesis in pregnant rats by administration of NG-nitro-L-

arginine methyl esther (L-NAME) results in a condition similar to pre-eclampsia,

with hypertension, proteinuria and FGR85 . In addition, these symptoms can be

reversed by the administration of L-arginine, a NO donor86. In rats treated with L-

NAME on day 10 of pregnancy, blood pressure increased from 115 mmHg systolic

pressure to 150 mmHg systolic pressure on day 16, pup weight was significantly

decreased and there was a marked increase in glomerular endothelial lesions. The

glomerular lesions found are remarkably similar to those characteristic to human

pre-eclampsia. The administration of L-arginine on day 16 effectively reversed

those changes; at delivery, blood pressure, pup weight, and the number of injured

glomeruli in this group were comparable to normal pregnant controls.

These findings suggest that impaired NO synthesis is an important factor in the

pathogenesis of hypertensive disorders of pregnancy and lend support to the

potential use of NO donors to reverse the symptoms in humans. In a number of

clinical trials, short-term treatment with NO donors such as transdermal

nitroglycerin lowered blood pressure and improved uterine and umbilical Doppler

signals87-94. In a case report, a NO donor (S-nitrosoglutathione) given to a patient

with post-partum severe HELLP-syndrome led to marked hemodynamical,

biochemical and clinical inprovement95. However, no trials have yet been

conducted using double-blind, randomised long-term treatment with pregnancy

outcome as the main outcome variable. Until such data are available, the role of

NO donors in the treatment of pre-eclampsia remains to be proven.
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2.3 THE ROLE OF THE IMMUNE SYSTEM

The role of the immune system in pregnancy has always been mysterious. The

mother shares only half of her genetic material with the conceptus, yet rejection

does not occur. Somehow, the mother’s immune system adapts, protecting fetus

and placenta. Failure of this normal adaptation, resulting in an inappropriate

immunological reaction to the fetus or placenta has been implicated in recurrent

spontaneous abortion and also in hypertensive disorders of pregnancy. The notion

of hypertensive disorders of pregnancy as a decreased immunological tolerance

towards the conceptus has been proposed early in the 20th century. In more recent

years, the attention has shifted to placental insufficiency and endothelial

dysfunction, but the current theories regarding the pathogenesis of hypertensive

disorders of pregnancy do not exclude an underlying immunologic problem96,97.

Recently, the discovery that invading cytotrophoblast mimics maternal endothelial

cells4 but fails to do so in hypertensive pregnancies22 has supported the importance

of immunological factors.

Epidemiological considerations

Several epidemiological observations can not be explained if endothelial

dysfunction were the primary factor in the pathogenesis of hypertensive disorders

of pregnancy, but support the hypothesis that the immune system is primarily

involved98. Hypertensive disorders of pregnancy occur primarily in nulliparous

women, whereas subsequent pregnancies tend to be protected unless there is a

change in paternity. Prolonged exposure, both vaginal and oral, to paternal antigens

previous to the pregnancy is also a protective factor99-101. A high trophoblastic

mass, such as in molar pregnancy and multiple pregnancies, increases the risk of

hypertensive disorders of pregnancy102. Donor insemination and especially oocyte

donation are associated with a high incidence, up to 50%, of pre-eclampsia103-105.
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There is also a genetic factor; the occurrence in families has been extensively

reviewed by Sutherland106 and Arngrimsson107. The incidence of severe pre-

eclampsia in mothers and daughters of pre-eclamptic patients is significantly higher

than the incidence in mothers- and daughters-in-law, suggesting a maternal genetic

component. However, these data can not distinguish between a single recessive

gene trait and a multifactorial inheritance. Interestingly, both studies found a

marked difference in genetic predisposition between pregnancy-induced

hypertension and pre-eclampsia; in contrast to pre-eclampsia, pregnancy-induced

hypertension shows no familial tendency at all.

Activation of the immune system

There are several studies describing the various changes in lymphocytes and

immunoglobulins in normal and hypertensive pregnancy, but their findings are

confusing and contradictory102,108. This is partly due to the elusiveness of the

immune system to laboratory testing; immunologic activation can only be

measured indirectly, and there is a great variety of tests, the mechanisms of which

are incomparable. The number of circulating immune complexes is increased in

hypertensive pregnancy compared to normal pregnancy109; in addition, deposits in

blood vessels of immune complexes and complement components are found in

66% of (severely) pre-eclamptic patients and in none of the control

pregnanies110,111. There is a strong relationship between severe pre-eclampsia and

auto-antibodies, especially anti-phospholipid antibodies such as anticardiolipine

and lupus anticoagulans112-114   but their role remains unclear.

In conclusion, even though various changes in the humoral and cellular immune

system have been reported, the findings are conflicting and the meaning of these

observations still defies understanding.
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2.4 MATERNAL UNDERLYING DISORDERS AND OXIDATIVE

STRESS

A number of maternal disorders have been associated with an increased risk of

hypertensive disorders of pregnancy. Women suffering from essential hypertension

significantly more often develop (superimposed) pre-eclampsia compared to

normotensive women115,116. Obesity is also a risk factor116,117,118.  Type I diabetes

mellitus is associated with a four- to fivefold increase in risk of hypertensive

disorders of pregnancy117,119 whereas gestational diabetes increases the risk

twofold120. Dyslipidemias such as hypercholesterolemia118,121 and

hypertriglyceridemia122,123 are significantly more often present in hypertensive

disorders of pregnancy compared to normal pregnant controls, as well as

hyperhomocysteinemia124,125. The association of essential hypertension with

obesity, insulin resistance and dyslipidemia (especially hypertriglyceridemia) is

now recognised as the metabolic syndrome (previously termed Syndrome X or the

Insulin Resistance Syndrome)126,127. Its role in the pathogenesis of hypertension128

as well as atherosclerosis129 is now firmly established. Endothelin, which is also

associated with hypertensive disorders of pregnancy, has been implicated as an

important factor in this syndrome66. Therefore, it is not surprising that a link has

been proposed between hypertensive disorders of pregnancy and the metabolic

syndrome130,131. Several authors have found evidence of increased insulin resistance

in hypertensive pregnancies121,123,132. One author123 found characteristics of the

metabolic syndrome in patients with pregnancy-induced hypertension, but not in

patients with pre-eclampsia. However, the association with the metabolic syndrome

is disputed by others133. Interestingly, characteristics of the metabolic syndrome are

not only found during hypertensive pregnancy, but remain present after delivery in

women who have suffered from hypertensive disorders of pregnancy134,135.
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There is a remarkably high incidence of coagulation disorders such as protein C or

S deficiency and factor V Leiden mutation in patients suffering from pre-

eclampsia34,35, as well as an increased incidence of antiphospholipid antibodies136.

In general, these disorders strongly resemble risk factors for (cardio)vascular

disease. In cardiovascular medicine, the importance of the processes involving or

leading to oxidative stress in the pathogenesis of atherosclerosis is now generally

accepted137. Therefore, a similar process has been proposed to play an important

role in the etiology of uteroplacental vascular endothelial damage in hypertensive

disorders of pregnancy138-140. Oxidative processes such as lipid peroxidation, the

conversion of unsaturated fatty acids by free radicals to lipid peroxides, occur

normally at low levels in all cells and tissues. Control of the potentially self-

perpetuating lipid peroxidation chain is regulated through anti-oxidant systems

such as vitamin E and selenium. An imbalance between oxidative and anti-

oxidative systems leads to a steady state with high levels of free reactive oxygen

species and lipid peroxides; this imbalance is termed oxidative stress. It causes

disruptive membrane damage in surrounding tissues, especially endothelium. When

lipid peroxides appear in the circulation, further tissue damage distant to the initial

site can also occur139,140.

Evidence of oxidative stress in hypertensive disorders of pregnancy is presented by

several studies. Markers of oxidative stress such as glutathion peroxidase141,142 and

malondialdehyde122,142 are increased in hypertensive pregnancy compared to normal

pregnancy, although in another study143 these factors were found to be equally

increased in both normal and hypertensive pregnancies. The level of auto-

antibodies against oxidised LDL (Ox-LDL) is used as another marker of oxidative

stress137; this level is increased in hypertensive pregnancies144,145. On the other side

of the balance, serum anti-oxidant activity is decreased in hypertensive

pregnancies146. The origin of the circulating products of oxidative stress is thought

to be the placenta, as indicated by increased local activity of enzymes generating

reactive oxygen species147,148. Additional evidence is given by the elevated levels of

cytokines such as TNF-α and interleukines149-152. These cytokines are strong
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initiators of oxidative processes; they also reflect abnormal immunological

reactivity. Interestingly, serum TNF-α and interleukin-2 are already elevated in the

first trimester in the serum of pregnant women, who later develop hypertensive

disorders of pregnancy150. This suggests that activation of oxidative processes is a

causal factor rather than the result of widespread endothelial activation. It also

suggests a prominent involvement of the maternal immune response.

The recognition of the importance of the oxidant/anti-oxidant balance provides

therapeutic options. An intervention study investigating the use of anti-oxidants

(vitamin E and C) as a treatment option for patients with severe pre-eclampsia,

found no benefit in the antioxidant group compared to the placebo group153.

However, treatment was started relatively late. Chappell et al.154 investigated the

effect of vitamin E and C as a prophylactic (starting at 16-22 weeks) in a group of

283 women at increased risk. Their results were encouraging; pre-eclampsia

occurred in 17% of the women in the placebo group and 8% of the women in the

antioxidant group, resulting in an Odds Ratio of 0.39 (95% confidence interval

0.17-0.90, p=0.02).

2.5 THE LEADING HYPOTHESIS & NEW CONCEPTS CONCERNING

THE PATHOGENESIS OF HYPERTENSIVE DISORDERS OF

PREGNANCY

Even though in clinical practice hypertension is still the hallmark of pre-eclampsia,

an important change has taken place in recent years in the consensus regarding the

pathogenesis of hypertensive disorders of pregnancy. The first step was the

recognition of changes in patients weeks before the onset of clinical symptoms.

Histologic and biochemical evidence has since then accumulated characterising

hypertensive disorders of pregnancy as a systemic disease in which hypertension is

merely one of the clinically recognisable features.
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It has been widely acknowledged that hypertensive disorders of pregnancy are

primarily a placental disease. There is a strong association with uteroplacental

vascular pathology. This is characterised by impaired trophoblast invasion and

failure of physiological adaptation of the spiral arteries as well as vaso-occlusive

lesions such as acute atherosis, resulting in placental insufficiency. As to the cause

of impaired trophoblast invasion, activation of the immune system against invading

cytotrophoblast has been postulated as a primary event. It has been recently

established that normal placentation depends on the capability of cytotrophoblastic

cells to mimic endothelium. This mechanism appears to fail in hypertensive

disorders of pregnancy. There is increasing evidence that activation of the immune

system plays an important role in the failure of trophoblast invasion.

Although failure of physiological adaptation is foremost described as a feature of

hypertensive disorders of pregnancy, this is not found exclusively in hypertensive

pregnancies. The same abnormalities are seen in spontaneous prematurity, fetal

growth restriction and placental abruption but also in a percentage of normal

pregnancies. Apparently, failure of physiological adaptation only results in the

clinical syndrome of pre-eclampsia in a proportion of women who are susceptible.

In addition, the clinical syndrome of pre-eclampsia occurs in some women with

partial or complete physiological adaptation of spiral arteries.

Ness and Roberts155 incorporated this knowledge in a new hypothesis concerning

heterogeneous causes of hypertensive disorders of pregnancy. They propose a more

important role for maternal factors in the pathophysiology. Underlying maternal

disease resulting in susceptibility towards endothelial activation could explain why

some women are especially vulnerable to develop hypertensive disorders of

pregnancy. A number of maternal disorders have been associated with hypertensive

disorders of pregnancy, including coagulation disorders, essential hypertension,

diabetes, hypercholesterolemia, obesity and most recently the metabolic syndrome

(Insulin Resistance Syndrome /Syndrome X). These are factors generally

associated with increased cardiovascular risk. The proposed mechanism through

which these disorders enhance endothelial activation is oxidative stress. Oxidative
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stress has recently been identified as an important mediating factor of the clinical

syndrome of pre-eclampsia, and indicators of oxidative stress are elevated in an

early stage in the serum of pregnant women who later develop hypertensive

disorders of pregnancy.

In the hypothesis presented by Ness, these maternal factors and failure of

physiological adaptation can both cause the common end result of endothelial

activation, which in turn causes the clinical symptoms of hypertension, proteinuria

and oedema.

The important role of endothelial activation in hypertensive disorders of pregnancy

has been firmly established.  Markers of endothelial damage are increased

fibronectin levels, increased mitogenic activity of serum from patients, and the

presence of antivascular endothelial auto-antibodies. A most interesting feature of

hypertensive disorders of pregnancy is the exaggerated response to vasopressor

agents; a phenomenon which is generally associated with endothelial dysfunction.

In addition, the normal process of vascular remodelling induced by increased shear

stress in the vessels proximal to the spiral arteries has been shown to fail in

hypertensive pregnancy, thus compromising uteroplacental circulation even more.

Histologic evidence shows extensive disruption of endothelium in the myometrial

segments of spiral arteries, and increased endothelial cell permeability.

Local activation of endothelial cells eventually results in the clinical symptoms of

hypertension, proteinuria and oedema. The factor or factors responsible for the

systemic effect have not yet been identified. The imbalance between prostacyclin

and thromboxane A2 in pre-eclampsia has been implicated, as well as fibronectin.

Factors like endothelin and nitric oxide, produced by the endothelium, are potent

systemic vasoactive substances. The impaired production of nitric oxide by

damaged endothelium in the placenta is thought to be the crucial factor in the

induction of uteroplacental insufficiency. Animal studies support this theory.

Inhibition of nitric oxide synthesis in pregnant rats produces a syndrome very

similar to pre-eclampsia in humans. In addition, administration of a nitric oxide

donor to animals thus treated almost completely reversed the symptoms. These
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observations and the results of some preliminary clinical studies form the basis for

further investigation of the potential of nitric oxide donors as future treatment.

Products of oxidative stress originating in the placenta have lately been implied as

the link between placental insufficiency and the systemic syndrome.  Lipid

peroxidation products and factors such as TNF-α are elevated from an early stage

in hypertensive pregnancies. This presents therapeutic options for the use of anti-

oxidants, which have lately been investigated with promising results.
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3 ULTRASOUND
IN THE EVALUATION

OF THE UTEROPLACENTAL CIRCULATION

3.1 PRINCIPLES OF DIAGNOSTIC ULTRASOUND

Ultrasound technology is based on the propagation of waves through tissue, and the

reflection of waves by different structures. Ultrasonic waves, with typical

frequencies of 1-10 MHz, are generated by a piëzo-electrical crystal, which also

acts as a receiver for the reflected waves. Ultrasound waves travel through tissue at

a wave speed (C) of 154,000 cm/sec.

From the wavespeed equation

    C

λ =     

    F

in which λ is wavelength and F is frequency, it follows that wavelengths in clinical

practice range from 0,15 mm (10MHz) to 1,5 mm (1MHz).



Doppler ultrasound

When an ultrasound beam intersects blood flow in a vessel, the ultrasound waves

are scattered in all directions by the red blood cell mass, as red blood cells are

small compared to the ultrasound wavelength. The moving cells also cause Doppler

shift of the scattered waves,

dependent on the angle of

insonation and the blood flow

velocity, as calculated by the

Doppler equation (Fig 3.1).

For Doppler ultrasound, a normal

ultrasound crystal can be used,

adapted to detect Doppler shift. The

first Dopplers, developed in the

1960s, were continuous wave

Dopplers. In continuous wave

Doppler, the crystal transmits and

receives frequencies simulaneously.

The main disadvantage of this

method is that signals from

different depths can not be

discriminated; the received signal

represents all frequency shifts of

moving objects along the ultrasound beam. To overcome this problem, pulsed

wave Doppler was developed in the mid 1970s. The pulsed wave Doppler uses a

scanner and a Doppler scanner, which transmits

 The distance to the source of the signal can be

tween transmission and reception of the pulse (Fig

Doppler

generator/

receiver

Incident
wave ( ft )

Reflected

wave

θ

fd = 2(ft•cosθ•v)/c

v
c

Fig 3.1: The Doppler equation. (fd = Doppler

shift, ft = transducer frequency, v = blood flow

velocity, θ== angle of insonation, c = velocity of

ultrasound in tissue.)
combination of an imaging 

ultrasound waves in pulses.

determined from the time be

3.2).
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artery

Pulsed

wave

Doppler

system

artery

Continuous

wave

Doppler

system

Fig 3.2. Continuous- and pulsed wave Doppler system.

From the Doppler equation, the blood flow velocity can be calculated if the angle

and Doppler shift are known. In practice, this is a little more complicated. The

received signal contains multiple Doppler shifts backscattered by millions of red

cells travelling at different speeds; in addition, the carrier frequency and reflected

waves from tissue surrounding the blood vessel are mixed in this signal. Pulsed

wave Doppler eliminates some of these problems, but further processing of this

signal to generate useful information remains a complex process.

First, the signal is amplified and filtered to eliminate the noise frequencies and

transducer frequency. From the remaining signal, a Doppler spectrum is generated

by separating and displaying the range of frequencies in the Doppler signal, in

addition to quantifying the amplitude of the signal at each frequency level. This

spectrum is further analysed, usually with Fourier techniques, although Laplace

analysis has also been used1.  This finally results in the Flow Velocity Waveform.
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(FVW) (fig 3.3) The vertical axis represents the magnitude of frequency shift,

usually the maximum frequency shifts out of the spectrum. The horizontal axis

shows the time interval. The brightness of the spectrum is indicative of the

amplitude of the spectrum.

Fig 3.3  The Flow Velocity Waveform

3.2 DOPPLER ANALYSIS OF UTEROPLACENTAL BLOOD FLOW

PROFILES

Doppler signals from the maternal side of the uteroplacental circulation can be

derived from the uterine artery, the arcuate arteries, or the spiral arteries (fig 3.4).

As described in previous chapters, these vessels undergo profound changes in early

pregnancy, resulting in increased volume flow2. Doppler waveforms from the

uteroplacental circulation in the second and third trimesters of normal pregnancy
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Fig. 3.4  The uteroplacental blood supply.

are different from any other arterial waveform signal due to these unique

circulatory adaptations. The mature placenta is a low resistance, high capacity

system in which arteries have lost their elastic wall and drain directly into large

venous pools without an interposed capillary bed. This results in low systolic

maximum velocity and high forward diastolic flow3,4,5. These changes are

completed in normal pregnancy between 20 and 24 weeks (fig 3.5).

Fig 3.5 Normal third

trimester uteroplacental FVW

with high diastolic flow.

The Doppler indices

Several indices have been described to quantify the information from the Doppler

waveform. These are summarised in fig. 3.6. The Resistance Index (RI) was

introduced in 1974 by Pourcelot6. The Pulsatility Index (PI), a modified version of
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Fig 3.6. Diagrammatic representation of the Doppler indices and diastolic notch.

the resistance index, was introduced at about the same time by Gosling and King7.

The systolic/diastolic ratio8 is also used frequently in clinical practice. Several

authors have noticed the presence of a diastolic “notch”(fig 3.7) in waveforms from

the uteroplacental circulation and used it in the prediction of pregnancy

complications9,10,11. This "notch" is present in most waveforms in nonpregnant

women and early pregnancy but disappears in the second trimester in normal

pregnancy3. The presence of a diastolic notch beyond the 22nd week is generally

considered to be abnormal. The physiological background of the changes in

uteroplacental FVWs has been investigated using computer models to simulate the

uteroplacental circulation. Lee Adamson12 found that increases in placental

vascular resistance increase PI and S/D and create a diastolic notch. Decreasing

uterine arterial radius also causes PI and S/D to increase, however, in this case a

diastolic notch does not appear.



__________________________________________________________
Ultrasound 

7

Fig 3.7. Abnormal FVW with decreased diastolic flow and pronounced diastolic

notch.

Changes in mean blood pressure, on the other hand, had little effect on the

waveform shape. Comparable results were found by Talbert13; however, he found

that the diastolic notch was not related to increased resistance but to arterial wall

compliance, indicating that the appearance – or failure to disappear – of the

diastolic notch may represent abnormal maternal artery wall status.

The influence of sample site, Doppler technique, and circumstantial factors

The maternal side of the uteroplacental circulation is a vascular tree originating

from the uterine arteries on both sides. In normal second- and third trimester

pregnancy, Resistance Index4 and Pulsatility Index14 decrease from proximal sites

(uterine artery) to distal sites (arcuate artery). In the arcuate arteries, FVWs may

vary between one vessel and the next, resulting in low reproducibility for FVWs

obtained from these vessels15,16. This is probably due to different degrees of

physiological adaptation between spiral arteries, as has been described before17. In

a recent study, Matijevic et al. investigated the spiral arteries using pulsed wave
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colour Doppler ultrasound; he found consistently higher PI and RI in the spiral

arteries of the peripheral part of the placenta compared to the central part18. To

obtain reliable information about the uteroplacental circulation, the uterine artery is

the best sample site; it is easy to locate on real time imaging, provides good

reproducibility, and reflects the resistance in the entire distal placental bed14,16.

Continuous wave- and pulsed wave Doppler techniques have both been used to

obtain FVWs from the uteroplacental circulation. Continuous wave Doppler has

the disadvantage of not being able to visualise the sample site; many researchers

overcome this problem by searching until a “typical” uteroplacental FVW is found.

This method is questionable as FVWs vary between proximal and distal sites, and

between arcuate vessels; searching for a familiar "normal" pattern will provide a

bias towards normal FVWs, and a tendency to neglect high-resistance profiles.

Reproducibility of continuous-wave Doppler measurement of the arcuate arteries is

low, with a reported mean coefficient of variation of 24%16. Pulsed wave Doppler

provides the possibility of determining the exact location of the sample site15,16 and

therefore is the preferred method in determining uteroplacental blood flow profiles.

Using pulsed wave Doppler with the uterine artery as the sample source,

reproducibility analysis revealed an inter-observer mean coefficient of variation of

10.1%, and an intra-observer mean coefficient of variation of 10.8%14.

The location of the placenta also influences Doppler flow profiles. Lower PI and RI

values are found in the uterine artery on the placental side at 16-20 weeks4,14; later

in pregnancy, this difference disappears14. In strictly unilateral placentas, there is a

greater incidence of abnormal FVWs compared to central placentas19 and a greater

incidence of pregnancy complications20.

As vascular resistance falls during gestation, the gestational age is also an

important factor. Measurements around the 20th week appear to offer the best

predictive value for the detection of pregnancy complications4,9. Exercise21

temporarily increases uteroplacental resistance; this effect is more accentuated in

complicated pregnancies in which resting uteroplacental FVWs are already
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abnormal.  During Braxton Hicks contractions in term pregnancies, uteroplacental

resistance also increases temporarily22.

In summary, factors which influence the observed uteroplacental FVW include the

Doppler technique used, the sample site, the placental location and exercise or

Braxton Hicks contractions. In all Doppler studies of the uteroplacental circulation,

care should be taken to avoid bias on these grounds.

3.3 PREDICTION OF HYPERTENSIVE DISORDERS OF PREGNANCY BY

DOPPLER ULTRASOUND;  A LITERATURE REVIEW

Doppler ultrasound as a diagnostic and prognostic tool in complicated

pregnancies

In 1983, Campbell et al23. were the first to use Doppler ultrasound of the

uteroplacental circulation to predict poor pregnancy outcome in hypertensive

pregnancies. They used a pulsed Doppler system to detect abnormal flow velocity

waveforms (FVWs) in the arcuate arteries of 31 women with hypertension or

suspected FGR, and found that abnormal FVWs were associated with a higher risk

of proteinuric hypertension, premature delivery, and low birthweight. In addition,

women with normal FVWs were likely to have a normal pregnancy outcome.

Similar findings were reported by Thaler24. Trudinger et al25 found an outcome of

20 severely complicated pregnancies in 28 patients with abnormal FVWs. They

also postulate that in small for gestational age fetuses, abnormal flow may indicate

a maternal (vascular) cause, whereas in cases with normal flow, there is a fetal

cause for growth retardation26. Fleischer et al10. evaluated the value of transvaginal

continuous wave Doppler to predict poor pregnancy outcome in 71 hypertensive

pregnancies. Using the presence of a diastolic notch as definition of an abnormal
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waveform, they found a sensitivity of 87% and a specificity of 95% for detecting

low birthweight or premature delivery.  Other studies, however, found no

significant prediction of FGR27,28  by uterine artery Doppler, but better prediction

when they used the umbilical artery.  The finding that FGR is less strongly related

to abnormal FVWs compared to hypertensive disorders of pregnancy can be

explained by a stronger correlation of hypertensive disorders to uteroplacental

vascular pathology. In addition to hypertensive disorders and FGR, abnormal

FVWs are also seen in placental abruption. In a case report29, extremely abnormal

uterine artery FVWs preceded placental abruption by several hours.

A direct relationship between uteroplacental FVWs and uteroplacental pathology

has been confirmed by several studies. Iwata et al30 studied ischemic changes in

pregnancies complicated by FGR. They found a strong correlation between the

uterine artery resistance index and ischemic changes in the placenta, with poor fetal

prognosis in the presence of these changes. Olofsson et al31 found a significant

association between absence of physiological changes in spiral arteries and

abnormal FVWs in pregnancies complicated by pre-eclampsia and FGR.

Doppler analysis of the uteroplacental circulation as a screening test for

pregnancy complications

The recognition of abnormal uteroplacental FVWs in patients with hypertensive

disorders of pregnancy offered not only prognostic and diagnostic information, but

also the possibility of a screening test in early pregnancy. The prevailing theory on

the etiology of hypertensive disorders of pregnancy implies that uteroplacental

resistance is increased already in the beginning of the second trimester, when

normal adaptation of the spiral arteries has failed to occur. The first screening study

appeared in 198632, followed by more than a dozen publications in the following

decade33-48 involving over 18,000 subjects. The methodological characteristics and



__________________________________________________________
Ultrasound 

11

main results of these studies are summarised in table 3.1. Interestingly, the results

of these studies, some of which very large39,41,48, show great variation. Sensitivity

for "pre-eclampsia" ranges from 6%48 to 93%45, with specificities between 69%32

and 98%48. Eleven studies out of seventeen 32,33,37,39,41,43-48  report significance levels

of < 0.05; some studies, however, do not mention significance levels in their

article34,40,42. Figures which are reported to have a significance level of p<0.05 are

indicated with an * in the table.

A number of explanations can be found for these variations. Population factors

may play a role; most studies used an apparently unselected population or only

nulliparous women. However, "pre-eclampsia" prevalence in these studies varies

between 2.2%41 and 24.6%32. Possibly, this reflects differences in hospital

population or environmental factors, but differences in the definition of

hypertensive disorders of pregnancy are probably also to blame. Arduini33,

Jacobson38 and Haddad43 investigated women at high risk of pre-eclampsia because

of previous pregnancy complications; prevalence rates in these studies are

predictably higher. In Haddad's study, the women were treated with low-dose

aspirin which may have influenced pregnancy outcome.

As mentioned before, the definition of hypertensive disorders of pregnancy is far

from unified and criteria used to diagnose "pre-eclampsia" show great variation

between studies, with several authors not including proteinuria in the diagnosis32-35.

Many studies have calculated predictive values for pregnancy-induced

hypertension as well as for pre-eclampsia. In all of these studies, prediction of

hypertension without proteinuria is generally poor. In the table, only results for

proteinuric hypertension from these studies are given.

Differences in methodology can also explain the contradicting results. The

gestational age at the time of measurement is an important factor. In normal

pregnancy, uteroplacental resistance falls gradually between the late first trimester

and mid second trimester4,9. Screening before 20 weeks, therefore, might result in a

false-positive test result in subjects in which spiral artery adaptation is in normal
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progress but not yet completed. Of the studies mentioned in this article, most

measurements were performed between 16 and 24 weeks. One study used

transvaginal Doppler in the 12th to 16th week44. Surprisingly, their number of

false-positives is quite small. Other studies performed measurements at46 or even

beyond35 26 weeks. Good predictive values are reported in studies where an initial

scan at 18-20 weeks is followed –if abnormal- by a repeat scan at 24

weeks34,36,39,41,44,48.

As mentioned before, pulsed wave Doppler provides the possibility of exact

localisation of the sample source in contrast to continuous wave Doppler. This has

distinct advantages because FVWs from the more distal branches of the

uteroplacental tree show great variation. In many studies where continuous wave

Doppler was used, the method of finding a representative waveform was based on

“pattern recognition”; searching until the characteristic pattern of high diastolic

flow is seen. Obviously, this method leads to bias towards normal test results. In

addition, contamination of the sample with signals from other blood vessels along

the ultrasound beam makes continuous wave Doppler even less reliable. Study

results confirm this observation. Of the seventeen studies referred to in this chapter,

ten used pulsed wave Doppler at the initial scan32,33,38,45,46,47 or follow-up

scan39,41,44,48. Nine of these report significant prediction of pregnancy

complications. In contrast, of the seven studies using continuous wave Doppler

only two report significant levels. In studies that used pulsed wave Doppler, the

uterine artery is most often used as the sampling site as it is easy to identify and

reflects the resistance in the entire uteroplacental circulation. Most studies used the

resistance index with a cut-off value of 0.58 or the presence of a diastolic notch as

an abnormal test result. In one study45, however, a seven-parameter model

including also the umbilical artery achieved very good predictive values.

Does the information gathered over the past 12 years satisfactorily answer the

question of the clinical relevance of uteroplacental Doppler screening? Due to

differences in methodology, the results of these studies can not be combined into a
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meta-analysis. However, several trends emerge from the accumulated data. In the

first place, pulsed wave Doppler performs markedly better than continuous wave

Doppler, for reasons stated above. Two-stage screening (repeating an abnormal test

after 4 weeks) performs well in comparison with single sampling. Secondly,

Doppler screening is more accurate in predicting proteinuric pre-eclampsia

compared to pregnancy-induced hypertension36,38-42. Better predictive values are

found for subgroups such as early-onset pre-eclampsia36, “severe” pre-eclampsia

defined as a diastolic blood pressure over 110 mmHg and severe proteinuria36,41,42,

pre-eclampsia requiring delivery before 37 weeks48, and pre-eclampsia combined

with FGR34,36,44, in comparison to "uncomplicated" pregnancy-induced

hypertension and pre-eclampsia. The disappointing results of some studies can thus

be explained. In a low-risk population, pregnancy-induced hypertension is more

common than pre-eclampsia; in addition, it is often difficult to distinguish

hypertensive disorders of pregnancy from pre-existent hypertension or renal

disease.

In conclusion, pre-eclampsia is associated with abnormal uteroplacental FVWs in

the second trimester. Screening studies show a significant prediction of pre-

eclampsia by second trimester Doppler analysis of the uteroplacental circulation,

but the reported positive predictive value varies considerably, and are too low for

clinical application. However, predictive power improves markedly when severity

of disease is taken into account. Prediction of FGR is relatively poor, except for

FGR in combination with hypertensive disorders of pregnancy.   
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FGR Pre-eclampsia Definitions of abnormal outcomeNo. Population Prevalence

pre-eclampsia

CW/

PW

Gestational age

(weeks) Sensitivity Specificity Sensitivity Specificity

Campbell3

2

(1986)

126 Unselected 24.6% PW 16-18 68% * 69%*

(for either IUGR or pre-eclampsia)

BP  ≥ 140/90

Arduini33

(1987)

60 High-risk 36.6% PW 18-20 NA NA 64% * 84% * BP ≥ 140/90 on 2 occasions

Steel34

(1988)

200 Nulliparous 8.5% CW 18-20

repeat scan 24

33% 91% 29% 92% BP ≥ 140/90

Hanretty35

(1989)

543 Unselected 24% CW 26-34

34-36

7% 88% 6% 94% BP ≥ 140/90

Steel36

(1990)

1014 Nulliparous 7% CW 18

repeat scan 24

18% 89% 63% 89% BP ≥ 140/90 and proteinuria ≥300mg/l

Newnham3

7

(1990)

535 Unselected 13% CW 24 24% * 94% *

(for “fetal hypoxia”)

“fetal hypoxia”= abnormal CTG or low umbilical

artery pH or low APGAR scores

Jacobson38

(1990)

93 High-risk 29% PW 20 56% NA 60% NA Diastolic BP rise of 25mmHg

And proteinuria ≥ 500mg/24 hrs

Harrington
39

(1991)

2437 Unselected 2.4% PW 19-20

repeat scan 24

15% * 96% * 76% * 96% * Diastolic BP rise of 25mmHg

And proteinuria ≥ 500mg/24 hrs

Bewley40

(1991)

977 Unselected 4.6% CW 16-24 15% 96% 24% 95% Diastolic BP ≥90

And proteinuria ≥150mg/ 24 hrs
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Bower41

(1993)

2026 Unselected 2.2% PW 18-22

repeat scan 24

NA NA 78% * 96% * Diastolic BP ≥90

And proteinuria ≥ 300mg/24 hrs

Bower42

(1993)

2058 Unselected 2.2% CW 18-22 46% 86% 29%

88%

79%

84%

85%

85%

Mild pre-eclampsia; rise <30/25mmHg, + on

dipstick

Moderate pre-eclampsia; rise ≥30/25mmHg, + +

Severe pre-eclampsia; diastolic ≥110mmHg, > ++

Haddad43

(1995)

48 Aspirin-

treated

18.7% CW 24 NA NA 100% * 51% * BP ≥ 140/90 and proteinuria  ≥ 500mg/24 hrs

Frusca44

(1997)

419 Nulliparous 7.6% PW 20

repeat scan 24

43% * 94% * 50% * 92% * BP ≥ 140/90 and proteinuria  ≥ 300mg/24 hrs

Harrington
45 (1997)

652 Unselected 4.7% PW 12-16

transvaginal

51% * 85% * 93% * 85% * BP ≥ 140/90 and proteinuria  ≥ 300mg/24 hrs

Irion46

(1998)

1311 Nulliparous 4% PW 26 26% * 92% * 34% * 85% * BP ≥ 140/90 and proteinuria  ≥ 300mg/l

Kurdi47

(1998)

946 Unselected 2.2% PW 20 37% * 89% * 62% * 89% * Diastolic BP rise of  25 mmHg and proteinuria ≥ +

Mires48

(1998)

6579 Unselected 5.5% PW 18-20

repeat scan 22

9% * 98% * 6% *

17% *

98% *

98% *

Mild pre-eclampsia

Severe pre-eclampsia

CW= Continuous-wave Doppler;  PW= Pulsed-wave Doppler; NA= not available; * p<0.05
1Mild pre-eclampsia "according to ICD-9" ; hypertension and proteinuria or oedema, not further specified
2Severe pre-eclampsia "according to ICD-9" ; criteria not specified.
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Abstract

Objective- to test the hypothesis that pregnancy-induced hypertension (PIH) and

pre-eclampsia (PE) with an early onset and poor pregnancy outcome are associated

with defective placentation and subsequent reduced placental perfusion, whereas

PIH and PE with normal pregnancy outcome are not.

Study Design- We measured the uterine artery Pulsatility Index in a population of

531 nulliparous women in the 22nd week of gestation. Outcome measures were

PIH/PE with or without poor pregnancy outcome; preterm birth and fetal growth

restriction (FGR).

Results-There was a striking difference between PI values for PIH/PE with and

without poor pregnancy outcome; 22nd week uterine artery PI was significantly

increased in pregnancies which developed early-onset PIH/PE with a poor

pregnancy outcome. In contrast, uterine artery PI values were normal in women

who developed PIH/PE but had a good pregnancy outcome. There was a significant

correlation between 22nd week PI and subsequent preterm birth or FGR.

Conclusions- Our results indicate that only PIH/PE with poor pregnancy outcome

is associated with defective placentation, whereas PIH/PE with good outcome is

not. These findings support the concept of heterogeneous causes of hypertensive

disorders of pregnancy.
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INTRODUCTION

Pregnancy-induced hypertension and pre-eclampsia are common complications of

pregnancy. In most cases, the symptoms are mild, consisting only of mild

hypertension at term. In other cases however, severe complications such as

eclampsia, placental abruption, preterm delivery, the HELLP-syndrome or intra-

uterine death may occur. (Pre-)eclampsia still makes a major contribution to

maternal and neonatal mortality; it is  the largest single cause of maternal mortality

in The Netherlands1,2.

Until recently, it was thought that defective placentation was a prerequisite in the

etiology of pre-eclampsia. Findings in placental bed biopsies from patients with

pre-eclampsia led to the still widely accepted theory that pre-eclampsia originates

from failure of trophoblastic cells to infiltrate and remodel the spiral arteries; this

would lead to hypoperfusion of the placenta when the demands of the fetus

increase3-6. Subsequent ischemia in the uteroplacental unit results in an outpour of

vasoactive substances in the maternal circulation, causing endothelial damage and

subsequent altering endothelial function7,8. The injured endothelium causes a

variety of changes at the blood-tissue interface: platelet aggregation and activation

of the coagulation system, increased permeability of the vascular wall and

increasing vascular smooth muscle tonus and reactivity.  Consequently, tissue

perfusion of various organ systems is more or less compromised, finally resulting

in the complex clinical manifestations of pre-eclampsia.

The classical concept of defective placentation followed by placental ischemia as

the single cause of pre-eclampsia does not fit with the following observations: there

is a substantial proportion of pre-eclamptics where no evidence of fetal growth

restriction is present, hence making chronic placental ischemia unlikely. Evidence

that defective placentation not necessarily precedes pre-eclampsia is also coming

from second trimester uterine artery Doppler studies9-14. These screening studies

are based on the rationale that uteroplacental vascular resistance should be
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increased in early stages of pregnancies which are destined to become pre-

eclamptic, if defective placentation is the main causal factor. However, the results

from these studies are often disappointing, mainly due to a large number of false

negatives10-14 indicating that second-trimester uteroplacental vascular resistance is

normal in many women who later develop pre-eclampsia. Recently, Ness and

Roberts15 have presented a theory to explain these contradicting results. They

propose heterogeneous causes for the clinical entity of pre-eclampsia, suggesting

that pre-eclampsia may be the common clinical end result of placental disorders as

well as maternal factors.  They doubt whether the “classical” concept of defective

placentation is a prime factor in all forms of pre-eclampsia. This concept is

supported by findings from Doppler screening studies, which show improved

prediction of the more severe forms of pre-eclampsia10-14.

Doppler assessment of uterine arteries is a sensible tool to assess uteroplacental

resistance to blood flow and therefore a good candidate to investigate insufficient

or lacking dilatation of the spiral arteries. The finding of an increased

uteroplacental vascular resistance at 22 weeks' gestation indicates defective

placentation, i.e. the proposed “placental” cause of pre-eclampsia. In the present

study the results of 22nd week uterine artery Doppler screening have been analysed

in view of the newly proposed concept of heterogeneous causes of pre-eclampsia

by Ness and Roberts. We hypothesised that defective placentation is more likely to

cause severe, early-onset manifestations of PIH/PE but not the less severe forms

which occur at or near term and do not compromise pregnancy outcome.
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MATERIAL AND METHODS

Five hundred and thirty-one healthy nulliparous women, attending the outpatient

antenatal clinic of the University Hospital Groningen, were recruited between 1992

and 1995. Inclusion criteria were a singleton pregnancy and a gestational age of

less than 22 weeks at first visit. Gestational age was determined by a first trimester

ultrasound scan. Exclusion criteria were essential hypertension (defined as a

pregravid blood pressure ≥ 140/90 mmHg), renal disease, vascular disease or

diabetes mellitus.  All women gave written informed consent. The study was

approved of by the hospital medical ethics committee.

Pulsed wave duplex Colour Doppler ultrasonography  (ACUSON 128 XP) was

used to obtain Flow Velocity Waveforms from both uterine arteries in all subjects.

All measurements took place between 21 and 22 weeks of gestational age. To

standardise the sample site we chose the uterine artery where it appears to cross the

external iliac artery, a site which can easily be located and is situated proximal to

the point where the uterine artery branches into the arcuate arteries16. The

Pulsatility Index (PI) was calculated as previously described by Gosling and

King17. We used the highest PI recorded from the left and right uterine artery. The

presence of an early diastolic notch was also noted.

Pregnancy outcome was classified according to the subjects' medical records at

least six weeks after delivery. This process was kept separate from knowledge of

the original test results. The Doppler results were not given to the patients and were

not used for clinical management. Main outcome measures were pregnancy-

induced hypertension, proteinuria, preterm birth and fetal growth restriction; the

association between 22nd week uterine artery PI and all four outcome measures

was calculated separately. In accordance with ISSHP criteria18, the following

definitions were used:

- Pregnancy-induced hypertension (PIH) was defined as a diastolic blood

pressure > 90 mmHg measured on at least two occasions, after 20 weeks
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gestation in a previously normotensive woman.  Blood pressure was measured

with the woman in a sitting position and the diastolic level was determined by

Korotkoff IV.

- Pre-eclampsia (PE) was defined as pregnancy induced hypertension combined

with proteinuria (at least 300 mg/24h or 2+ on urinalysis).

- The presence of a HELLP syndrome was defined as (1) hemolysis, defined as

increased lactic dehydrogenase (> 600 U/L) or an abnormal blood smear, (2)

elevated liver enzymes, defined as increased SGOT (>70 U/L) and (3) low

platelets, defined as a platelet count < 100 x 103/mm3 19.

- Fetal growth restriction was defined as a birthweight below the 10th percentile

for gestational age and sex20.

Based on these results, the sixty patients who developed PIH/PE were subdivided

into two groups:

-PIH/PE with poor pregnancy outcome: PIH or PE, complicated by either preterm

birth (gestational age <37 weeks), FGR, intra-uterine death, the HELLP-syndrome,

or eclampsia.

-uncomplicated PIH/PE: hypertension with or without proteinuria, without any of

the complications mentioned above.

Results are presented as mean ± SD or median and interquartile ranges appropriate.

To compare the Pulsatility Index values between subgroups, non-parametric tests

were used (Mann-Whitney) as the Pulsatility Index in the population does not

follow a normal distribution. Reported p-values are two-sided. A p value < 0.01

was considered significant.
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RESULTS

FVWs from both uterine arteries were obtained from all 531 women participating

in the study. Forty-eight women developed PIH, and PE occurred in twelve.  Four

hypertensive women suffered from the HELLP-syndrome. Intra-uterine death

occurred twice; once in a hypertensive woman who delivered at 31 weeks, and

once in a normotensive woman who delivered at 24 weeks.

The 22nd week Pulsatility Index was assessed regarding the presence of one of the

following complications: pregnancy induced hypertension, proteinuria, FGR and

preterm birth <35 weeks (figure 1). Severe hypertension (diastolic BP>100mmHg)

and preterm birth <35 weeks gestational age were associated with significantly

increased PI values in the 22nd week, whereas proteinuria was not. There was a

trend towards higher PI values in FGR, but the difference did not reach statistical

significance (p=0,06).

The 22nd week Pulsatility Index was also compared between normal pregnancy,

uncomplicated PIH/PE, and PIH/PE with poor pregnancy outcome. In the group of

women who developed PIH/PE with a poor pregnancy outcome, the 22nd week

uterine artery PI values were considerably increased (median PI 1.73, interquartile

range 1.17-2.36), as compared to the group who had an uneventful pregnancy,

where the median of the 22nd uterine artery PI was 0.94 (interquartile ranges 0.76-

1.24, p< 0.0001)  In the group who developed PIH/PE but where complications

resulting in a poor pregnancy outcome as defined in the present study did not

occur, uterine artery PI values were not increased and similar to those measured in

the group of uneventful pregnancies (figure 2). The presence of a bilateral early

diastolic notch was more frequently (p< 0.0001) observed in the PIH/PE group

with poor pregnancy outcome as compared to the group with an uneventful

outcome. However, the bilateral diastolic notch did not correlate as strongly with

complicated PIH/PE as did the PI. As for the bilateral diastolic notch, no

significant difference was found between the uncomplicated PIH/PE and the
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uneventful pregnancies. Regarding the presence of a unilateral diastolic notch, no

differences were found between the various groups. Clinical data and Doppler

results for the normotensive pregnancies and the two hypertensive patient

subgroups are given in table I.

Normotensive
pregnancy

PIH/PE with
normal
pregnancy
outcome

PIH/PE with
poor
pregnancy
outcome

n 471 38 22

Maximum diastolic BP
(mmHg)

80 (75-85) 100* (95-105) 100* (95-105)

Proteinuria >300mg/24h
(n,%)

25 (5%) 5 (13%) 7 (32%)*

Gestational age at delivery
(weeks)

40 (39-41) 40 (39-41) 37* (36-40)

Birthweight (grams) 3330
(2980-3650)

3455
(2950-3850)

2400*
(1880-2550)

22nd week uterine artery PI 0.94
(0.76-1.24)

0.88
(0.75-1.28)

1.73*
(1.17-2.36)

unilateral diastolic notch (n,%) 84 (18%) 9 (24%) 5 (23%)

bilateral diastolic notch (n,%) 33 (7%) 4 (11%) 7 (32%)*

Table I. Clinical data and Doppler results; medians (interquartile range) if not

otherwise noted, in normotensive pregnancy and PIH/PE with and without poor

pregnancy outcome. *p<0,0001.
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COMMENT

The most important finding in this study is the striking difference of the 22nd week

uterine artery PI values between the hypertensive pregnancies with a poor

pregnancy outcome and those hypertensive pregnancies with a relatively good

outcome. Uncomplicated PIH/PE appears to be unrelated to increased

uteroplacental resistance in the second trimester and therefore, it seems unlikely

that defective placentation is a major cause in this group. In contrast, the

considerably increased 22nd week uterine artery PI values that were found in the

hypertensive pregnancies with early onset and a poor outcome, indicates that

defective placentation plays a causative role in this more threatening form of the

disease.  In this respect, our findings support the theory presented by Ness and

Roberts of heterogeneous causes in the pathogenesis of pre-eclampsia. In their

concept, pre-eclampsia is the common clinical end result of maternal as well as
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placental disorders. Defective placentation due to failing trophoblast invasion

occurs in the first half of pregnancy and therefore it is logical that this might result

in early and severe clinical manifestations of pre-eclampsia. In contrast, maternal

factors such as diabetes, essential hypertension or coagulation disorders might

cause pre-eclampsia at or near term by inducing atherosclerotic changes in

normally developed uteroplacental arteries. As noted by Ness and Roberts, the

combination of both placental and maternal disorders would lead to a particularly

severe course.

We used pulsed-wave Colour Doppler ultrasound in the 22nd week which makes it

possible to locate exactly the site of insonation: The proximal part of the uterine

artery, where it crosses the external iliac artery, proved easy to identify and FVWs

could be recorded in all cases. Another advantage of using the uterine arteries for

Doppler assessment instead of the smaller arcuate or radial arteries is that the

uterine arteries reflects the total resistance to blood flow in the distal uteroplacental

vasculature, whereas these smaller arteries do not.16 The process of physiological

adaptation of the spiral arteries is usually completed at the 22nd of pregnancy.

However, there is evidence that this process is sometimes delayed, and therefore a

repeated measurement two weeks later in those women where a high PI value at the

22nd is found, has been advocated9,10,13,14. Unfortunately, we did not have the

opportunity for a repeat Doppler assessment.

In the present study we found that increased uteroplacental resistance, as indicated

by a high PI, was also associated with preterm birth. The strong association with

preterm birth could only be partly explained by necessary medical intervention in

the PIH/PE group with a poor outcome. Similar observations have been reported by

others21, indicating that preterm birth and pre-eclampsia share the common etiology

of defective placentation.

Our findings provide a good explanation why Doppler screening of the uterine

arteries is of limited value in predicting PIH and PE in general. Many studies do

not take into account differences in PIH/PE between pregnancies which have a
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poor outcome and those who have not. Those studies that do distinguish between

“mild” and “severe” forms of hypertensive disorders of pregnancy10-12,14, use

different definitions and are not readily comparable. They do however consistently

show better prediction of the more severe forms of the hypertensive disorders than

of the milder ones, a finding well matching our observations. Our results indicate

that only PIH/PE with poor pregnancy outcome is associated with defective

placentation, whereas PIH/PE with good outcome is not. These findings support

the concept of heterogeneous causes of hypertensive disorders of pregnancy.
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ABSTRACT

Objective- To assess the role of Doppler uterine artery screening in the prediction

of recurring hypertensive disorders in a high-risk population.

Methods-  94 women with a history of hypertensive disorders in previous

pregnancies underwent ultrasound colour Doppler to analyse blood flow in the

uterine arteries at 21-22 weeks of gestation. We evaluated the performance of the

Pulsatility Index (PI) as well as the diastolic notch to predict recurring hypertensive

disorders. Outcome measures were the recurrence of hypertensive disorders, and

poor pregnancy outcome due to intra-uterine growth retardation, intra-uterine

death, placental abruption, HELLP-syndrome, eclampsia or premature birth.  Onset

of symptoms was before 35 weeks in all cases of poor pregnancy outcome.

Results- Doppler flow recordings were obtained from a well-defined location in

both uterine arteries. The predictive value of the uterine artery PI for recurring

hypertensive disease was poor and not significant; interestingly, however, the

predictive values for poor pregnancy outcome were good (sensitivity 83%,

specificity 71%, P < 0.001). The PI also provides a good test for intra-uterine

growth retardation (sensitivity 80%, specificity 69%, p < 0.01). The "diastolic

notch" did not perform as well as the PI.

Conclusions-  uterine artery screening did significantly predict the recurrence of

poor pregnancy outcome due to hypertensive complications in this high-risk group.

In contrast, gestational hypertension and pre-eclampsia with normal pregnancy

outcome were not significantly predicted by uterine artery screening.
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INTRODUCTION

Hypertensive disorders of pregnancy and intra-uterine growth retardation are major

causes of perinatal morbidity and mortality. One population particularly at risk

consists of women who have suffered from hypertensive disorders in previous

pregnancies; in this group, prevalence rates in subsequent pregnancies as high as

37%1 have been reported. Especially in this group a screening test that accurately

identifies those women with a high risk of recurrence from those whose

pregnancies will remain uncomplicated, could be very useful.

Insufficiency of the uteroplacental circulation due to failure of the trophoblastic

invasion of the spiral arteries is a common etiological factor in both pre-eclampsia2

and intrauterine growth retardation3-5. Many studies, therefore, have focused on

Doppler ultrasound of the uteroplacental circulation as a possible screening test for

hypertensive disorders of pregnancy6, intra-uterine growth retardation1,7,8, or both9-

13. However, the results of these studies have been extremely variable, which is to a

great extent the result of differences in methodology.

The present study was undertaken to predict recurrence in a group of women who

suffered from hypertensive disorders in previous pregnancies. In contrast to most

other studies we have used pulsed-wave Doppler combined with real-time imaging;

the advantage of pulsed-wave Doppler over conventional continuous wave Doppler

is its ability to determine the exact location of the sample source: the uterine artery

where it appears to cross the external iliac artery14. In addition, we emphasised the

prediction of poor pregnancy outcome associated with hypertensive pregnancy

disease rather than the mere presence of hypertension and proteinuria.
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MATERIALS AND METHODS

Between 1992 and 1995, all women attending the University Hospital Groningen

for routine outpatient antenatal care who met our study criteria were asked to

participate. Inclusion criteria were a history of hypertensive disorders in previous

pregnancies, no current pathology and singleton pregnancy. Ninety-four women

were selected. All women visited the clinic regularly throughout their pregnancies

with decreasing intervals according to the routine antenatal programme. All women

gave written informed consent. The study was approved of by the hospital medical

ethics committee.

Pulsed wave duplex Colour Doppler ultrasonography  (ACUSON 128 XP; Acuson,

Mountainview, California) was used to obtain Flow Velocity Waveforms (FVWs)

from both uterine arteries between 21 and 22 weeks of menstrual age.  To

standardise the sample site, as previously described14, we chose the crossing of the

uterine artery with the external iliac artery, which can easily be located and is

situated proximal to the point where the uterine artery branches into the arcuate

arteries. Recorded FVWs from both uterine arteries were analysed using the Bitpad

Plotter System, and the Pulsatility Index (PI) was calculated as previously

described by Gosling and King15. A PI of 1.3 or higher in either uterine artery was

noted as an abnormal finding; we chose this cut-off point based on a Receiver

Operator Characteristic Curve in a large low-risk population from our own hospital

population (unpublished observations). The presence of a "diastolic notch" in either

uterine artery was also noted. The Doppler results were not given to the patients

and were not made available for clinical management.

Pregnancy outcome was classified as normal pregnancy, pregnancy-induced

hypertension (PIH) or pre-eclampsia (PE). In accordance with ISSHP criteria, we

defined PIH as a diastolic blood pressure > 90 mmHg (using Korotkoff IV) and PE

as PIH combined with proteinuria (2+ or more on urinalysis sticks). In addition,

poor pregnancy outcome due to hypertensive disorders was defined as PIH or PE
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with one or more of the following: premature birth, intra-uterine growth

retardation, intra-uterine death, placental abruption, the HELLP-syndrome, or

eclampsia. Intra-uterine growth retardation was defined as a birthweight below the

10th percentile for gestational age and sex16. Analysis of pregnancy outcome was

kept separate from knowledge of the Doppler results.

For statistical evaluation of the results, p-values and predictive values were

calculated using non-parametrical tests (Mann-Whitney, Fisher's Exact Test); p-

values are two-sided.

RESULTS

The prevalence of recurrent hypertensive disease in this study group was 33%.

Thirty-one women developed PIH (n=19) or PE (n=12). Poor pregnancy outcome

was seen in 12 cases (7 cases of PIH, 5 cases of PE). Three outcome groups were

defined as follows; normal pregnancy, PIH/PE with normal pregnancy outcome,

PIH/PE with poor pregnancy outcome. Table 1 shows the obstetric history in the

three outcome groups. Poor pregnancy outcome in the previous pregnancy was

associated with an increased risk of recurrent poor pregnancy outcome (Relative

Risk 4.2, p=0.02).

FVWs from both uterine arteries were obtained from all 94 women participating in

the study. In 34 women (36%), a PI of 1.3 or higher in at least one of the uterine

arteries was found (table 2).

Table 3 shows the most relevant clinical and laboratory data in the three outcome

groups. Birthweight and gestational age at delivery were significantly lower in the

poor pregnancy outcome group. Interestingly, maximum blood pressure and the

presence of proteinuria in the poor pregnancy outcome group were similar

compared to PIH/PE with normal pregnancy outcome. Onset of symptoms was

before 35 weeks in all cases of poor pregnancy outcome.
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The predictive values of the Pulsatility Index for the three outcome groups, as well

as intra-uterine growth retardation separately, are shown in table 4. The predictive

values for poor pregnancy outcome are much better than for recurrent hypertensive

disease in general (sensitivity = 83%, specificity = 71% vs. sensitivity 45%, and

specificity 68%, respectively). Prediction of PE is not better than the prediction of

PIH. The Pulsatility Index also proves a good test for hypertensive IUGR, but did

not reach significant values for non-hypertensive IUGR.

The predictive values of the diastolic "notch" were also evaluated. A bilateral notch

was seen in 8 subjects. Three subjects with a bilateral notch had normal

pregnancies, two women developed mild hypertensive disease, and three women

developed severe hypertensive disease. Predictive values for the bilateral notch

were not significant. Predictive values for the presence of either a unilateral or a

bilateral diastolic notch are given in table 5. Similar to the PI, the diastolic notch

also significantly predicted poor pregnancy outcome but not the recurrence of

hypertensive disease in general. Overall, the diastolic notch did not perform as well

as the PI.
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↓       Outcome of
index pregnancy

Normal
Pregnancy (n=63)

PIH/PE
normal pregnancy
outcome (n=19)

PIH/PE
poor pregnancy
outcome (n=12)

PIH 28 (44%) 10 (53%) 3 (25%)

PE 9 (14%) 2 (11%) 0

PIH or PE with IUGR 2 (3%) 1 (5%) 2 (17%)

PIH or PE with IUD 11 (17%) 2 (11%) 3 (25%)

HELLP-syndrome 6 (10%) 2 (11%) 3 (25%)

HELLP-syndrome
with IUGR

1 (2%) 0 1 (8%)

HELLP-syndrome
with IUD

1 (2%) 0 0

Placental abruption 1 (2%) 0 0

Placental abruption
with IUD

1 (2%) 0 0

Unknown 3 (5%) 2 (11%) 0

Table 1. Complications of previous (index) pregnancy in the various outcome

groups.  PIH=Pregnancy-induced hypertension; PE=pre-eclampsia; IUGR=Intra-

uterine growth retardation; IUD=intra-uterine death.
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Number of patients Pulsatility
Index  <1.3

Pulsatility
Index  > 1.3

Diastolic
notch absent

Diastolic
notch present

Normal pregnancy 43 20 51 12

Recurrent hypertensive
disease

   * PIH
   * PE

* PIH
       +poor pregnancy
       outcome
    * PE
       +poor pregnancy
       outcome

17

      9
      6

      1

      1

14

     3
     1

     6

     4

20

       9
       6

       4

       1

11

      3
      1

      3

      4

Non-hypertensive IUGR 2 3 3 2

Hypertensive IUGR 0 5 2 3

Table 2. Characteristics of the Pulsatility index and the diastolic notch in the

various subgroups. PIH = Pregnancy-Induced Hypertension, PE = pre-eclampsia.
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Outcome of present pregnancy normal
pregnancy
(n=63)

PIH/PE
normal
pregnancy
outcome (n=19)

PIH/PE
poor
pregnancy
outcome (n=12)

Age (years) 31 (21-42) 30 (25-37) 29 (23-39)

Diastolic BP (mmHg) 80
(60-95)

102.5*
(90-110)

102.5*
(80-120)

Proteinuria
                    absent
                    present

55/63 (87%)
8/63  (13%)

12/19 (63%)
7/19  (37%)

7/12 (58%)
5/12 (42%)

Birthweight (grams) 3440
(2000-4500)

3568
(2930-5030)

1908*
(490-2920)

Gestational age at delivery
(weeks)

39 (33-42) 39 (38-42) 35* (25-43)

Complications:
-caesarean section
-delivery <37 weeks
-birthweight <p10
-HELLP syndrome
-placental  abruption
-intra-uterine  death
-admission to neonatal care unit

5/63  (8%)
8/63 (13%)
5/63  (8%)
0/63  (0%)
0/63  (0%)
0/63  (0%)
4/63  (6%)

1/19 (5%)
#
#
#
#
#
0/19 (0%)

7/12 (58%)
10/12 (83%)*
5/12 (42%)*
2/12 (17%)
1/12 (8%)
1/12 (8%)
7/12 (58%)

Table 3. Clinical and laboratory data for the various outcome groups.

All data are median (range) unless noted otherwise.

*p <0.05 compared to normal pregnancy (Mann-Whitney and Fisher's

Exact Test).

# these complications are criteria for poor pregnancy outcome.
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PI > 1.3 Se Sp PPV NPV LR p

Recurrent hypertensive
disease (all) (n=31)

45 % 68 % 41% 72% 1.6 NS

PIH (n=12)

PE (n=7)

25%

14%

68%

68%

13%

5%

83%

88%

1.4

1.2

NS

NS

Poor pregnancy outcome
(n=12)

83 % 71 % 29% 97% 25 <0.001

IUGR (all) (n=10) 80 % 69 % 24% 97% 24 <0.01

   * non-hypertensive
     (n=5)

60 % 69 % 10% 97% 3.1 NS

   * hypertensive
      (n=5)

100 % 69 % 16% 100% 24*
 <0.01

Table 4. Predictive values of the Pulsatility Index. Se=sensitivity; Sp=specificity;

PPV=positive predictive value; NPV=negative predictive value; LR=likelihood

ratio.*LR can not be calculated when sensitivity = 100%; Odds Ratio is given.
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Diastolic notch Se Sp PPV NPV LR p

Recurrent hypertensive
disease (all) (n=31)

36 % 81 % 48% 72% 1.3 NS

PIH

PE

Poor pregnancy outcome
(n=12)

25%

14%

58 %

81%

81%

81 %

20%

8%

22%

85%

90%

90%

1.7

1.4

8.3

NS

NS

0.007

IUGR (all) (n=10) 50 % 76 % 20% 93% 6.9 NS

   * non-hypertensive
     (n=5)

40 % 76 % 9% 95% 8.9 NS

   * hypertensive
     (n=5)

60 % 76 % 13% 97% 19.8 NS

Table 5. Predictive values of the diastolic notch. Se=sensitivity; Sp=specificity;

PPV=positive predictive value; NPV=negative predictive value; LR=likelihood

ratio. (two-sided p calculated by means of Fisher's Exact Test).
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Pulsatility Index

Cut-off point

Se Sp PPV NPV LR p

1.15 92% 66% 28% 98% 50 0.0002

1.25 83% 69% 29% 97% 25 0.0007

1.30 83% 71% 29% 97% 25 <0.0001

1.40 67% 74% 28% 94% 11 0.007

Table 6. Predictive values of the Pulsatility Index for PIH/PE with poor pregnancy

outcome at different cut-off points; Se = sensitivity, Sp = specificity, PPV =

positive predictive value, NPV = negative predictive value, LR = likelihood ratio,

two-sided p calculated by Fisher’s Exact Test.

DISCUSSION

We have described a method to predict recurrence of hypertensive disorders of

pregnancy in a selected, high-risk population. We used a well-defined and precise

method for localising a segment of the uterine artery: the proximal part of the

uterine artery, where it appears to cross the external iliac artery. Using colour

Doppler it proved to be easy to identify and FVWs could be found in all cases.

In contrast to other investigators we included non-proteinuric hypertension (PIH)

as an abnormal result. In our experience, even in severe forms of the hypertensive

disease in pregnancy proteinuria is not always present. For example, in the “index”

pregnancies there were nine cases of intra-uterine death with hypertension but no

proteinuria. Furthermore, the one case of intra-uterine death in the present

pregnancy in this study occurred in a woman who suffered from the HELLP-

syndrome and severe hypertension, but without proteinuria. As shown in a previous

study, hypertension and/or proteinuria may be mild or even lacking in the presence

of the HELLP-syndrome17.
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We found that the best sensitivity was achieved when the higher PI value of the

two arteries was used; or rather, the test was considered positive if a PI of 1.3 of

higher was found in at least one uterine artery. In contrast to others, we did not find

that the diastolic notch (either bilateral or unilateral) performed better compared to

the PI. We chose a cut-off point of 1.3 based on a Receiver Operator Characteristic

Curve in a large low-risk population from our own hospital population

(unpublished observations).  A higher cut-off point would lead to improved

specificity but reduce the sensitivity. Sensitivity and specificity for different cut-off

points are shown in table 6. Lowering the cut-off point increases sensitivity but

leads to an unacceptably high number of false positives. In order to reduce the

number of false-positives without compromising sensitivity, a positive test might

be repeated after 2 weeks, as reported by Steel in 19906. Unfortunately, we did not

have the opportunity to repeat the uterine artery Doppler assessment in this study.

In conclusion, we found low predictive values of uterine artery screening for

recurring hypertensive pregnancy disorders in general, whether we used the

diastolic notch or the Pulsatility Index. Prediction of pre-eclampsia was not better

than prediction of non-proteinuric hypertension. However, we found good

predictive values for poor pregnancy outcome due to PIH/PE. In this group, poor

pregnancy outcome does not appear to be related to severity of hypertension or

proteinuria, but is strongly associated with poor pregnancy outcome in the previous

pregnancy and the early onset of symptoms in the subsequent pregnancy. Women

with a positive test may benefit from increased surveillance, but this group would

already be closely surveyed because of the poor obstetric history. We feel that the

main clinical value of uterine artery screening is that women with a negative test

result in this high risk group can be reassured, in view of the high negative

predictive value (97%) of the test.
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ABSTRACT

Objective- To investigate a new method of quantification of the diastolic notch of

the flow velocity waveforms of uterine arteries in the prediction of hypertensive

disorders of pregnancy.

Methods- Pulsed-wave Doppler was used to obtain Flow Velocity Waveforms

(FVWs) from the uterine arteries at 21-22 weeks of gestation from 531 nulliparous

women and 94 multiparous women at high risk. From the FVWs, both the

Pulsatility Index (PI) and the Notch Index (NI) were calculated and the predictive

values for both indices were compared using logistic regression analysis for mild

and severe early-onset hypertensive pregnancy complications.

Results- Both the PI and the NI are poor predictors for mild gestational

hypertension and pre-eclampsia; predictive values for severe early-onset disease

however, were much better. Logistic regression analysis shows the NI has no

additional value compared to the PI in the prediction of either mild or severe

disease.

Conclusions- The Notch Index offers the possibility to quantify the diastolic notch

in uterine artery analysis. Compared to the Pulsatility Index, this does not lead to

better predictive values for hypertensive disorders of pregnancy.
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INTRODUCTION

In recent years, much research has been done to establish the role of Doppler

screening of the uteroplacental circulation in predicting hypertensive disorders of

pregnancy and intra-uterine growth retardation1-8. The results of these studies,

however, have been extremely variable. This can be partly explained by differences

in population selection, the site from which Flow Velocity Waveforms (FVWs)

were obtained (arcuate vs. uterine arteries) and whether continuous-wave or pulsed

wave Doppler was used. Also, the various methods used for analysing the FVWs

might have contributed to the difference in results.

The presence of a "diastolic notch" in FVWs of the uteroplacental circulation in

pregnancy was first noted by Campbell9. A diastolic notch was observed in

abnormal FVWs and clearly associated with uteroplacental insufficiency. Fleischer

et al.10 reported better prediction of complications in hypertensive pregnancies

when the diastolic notch was used in addition to the S/D ratio. Other investigators

have also used the diastolic notch in predicting pre-eclampsia, often in combination

with other variables11-13. More recently, the "peak systolic over protodiastolic ratio"

(AC-ratio) was proposed by Irion et al.14  as a quantitative substitute for the

diastolic notch. The AC-ratio has also been evaluated by North et al15. who report

similar predictive values for pre-eclampsia and fetal growth retardation compared

to the Restistance Index (RI). Bower et al16 compared the Pulsatility Index (PI) to

the AC-ratio and a second index of the notch (D-C)/B, and found that the PI gave

the best results.

In the present study we propose a new method for quantifying the diastolic notch.

Using this diastolic Notch Index (NI) in both a low-risk group and a high-risk

group of pregnant women, we have investigated if this method can improve the

predictive power of uterine artery FVWs.
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METHODS

Between 1993 and 1995, all outpatients of the antenatal clinic of the Groningen

University Hospital who were either healthy nulliparae or multiparae with a history

of hypertensive disorder in a previous pregnancy but no current pathology, were

asked to enter the study. Five hundred and thirty-one nulliparous healthy pregnant

women, and 94 multiparous women with a history of hypertensive disorders in

previous pregnancies were recruited.  All women had singleton pregnancies, and

all measurements took place between 21 and 22 completed weeks of pregnancy.

All women gave their informed consent, and the study was approved of by the

hospital medical ethics committee.

We used pulsed-wave Colour Doppler ultrasonography (ACUSON 128 XP,

Mountainview, California) to obtain FVWs from both uterine arteries in all

subjects. To standardise the sample site we used the uterine artery at the crossing

with the external iliac artery as previously described17.

The recorded FVWs were analysed using the Bitpad Plotter System. The Pulsatility

Index (PI) was calculated as described by Gosling and King18. If a notch was

present, a "Notch Index" (NI) was also calculated, as shown in figure 1. The

“Notch Index” was derived from the difference between the peak velocity in

diastole and the velocity at the nadir of the notch, divided by the mean velocity

over one cycle length.

Medical records of all subjects were analysed at least six weeks after delivery.

Pregnancy outcome was classified as normal pregnancy, gestational hypertension

or pre-eclampsia. In accordance with ISSHP criteria, gestational hypertension was

defined as two recordings of diastolic blood pressure of 90 mmHg or higher

appearing for the first time after 20 weeks of gestation. Pre-eclampsia was defined

as gestational hypertension combined with the presence of proteinuria (defined as

2+ or more on urinalysis sticks) at least once between 20 weeks of gestation and
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delivery.  Gestational hypertension and pre-eclampsia were further subdivided into

“mild” and “severe” according to the following criteria: hypertensive disease was

classified as "severe" if there were any of the following complications: intra-uterine

growth retardation,  intra-uterine death, the HELLP-syndrome, eclampsia,

premature birth or placental solution. In all cases of severe hypertensive disease,

onset of symptoms was before 35 weeks. All other cases were classified as “mild”.

Intra-uterine growth retardation was defined as a birthweight below the 10th

percentile for gestational age and sex. Table 1 shows relevant clinical and

laboratory data from the various groups.

Analysis of medical records after delivery was kept separate from knowledge of the

results of the Doppler measurements. The Doppler results were not given to the

patients themselves, nor made available for clinical management.

Predictive values for PI and NI were calculated separately. The test was considered

positive if the PI or NI came above the cut-off point in either uterine artery. Values

were calculated separately for both study groups for different cut-off points. In

addition, logistic regression analysis was used to evaluate the performance of the

PI and NI. Statistical tests were carried out at a two-sided significance level of 5%.

Figure 1. Calculation of the Notch Index.
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Nulliparae (n=531) Multiparae with pre-eclamspia in previous pregnancy
(n=94)

outcome of present
pregnancy

normal
pregnancy
(n=471)

mild
hypertensive
disease (n=38)

severe
hypertensive
disease (n=22)

normal
pregnancy
(n=63)

mild
hypertensive
disease (n=19)

severe
hypertensive
disease (n =12)

diastolic BP (mmHg) 80
(75-85)

100*
 (95-105)

100*
 (95-105)

80
(75-85)

103*
(100-110)

103*
(100-105)

Proteinuria
(>300mg/24 hrs or 2+)

25/471 (5%) 5/38 (13%) 7/22 (32%)* 8/63 (13%) 7/19 (37%)* 5/12 (42%)*

Birthweight (grams) 3330
(2980-3650)

3455
(2950-3850)

2390*
(1880-2550)

3440
(3270-3625)

3568
(3335-3900)

1908*
(1475-2680)

Gestational age at
delivery (weeks)

40 (39-41) 40 (39-41) 37 (36-40)* 39 (39-40) 39 (39-42) 35 (31-38)*

Complications:
-caesarean section
-delivery <37 weeks
-birthweight <p10
-HELLP- syndrome
-placental abruption
-intra-uterine death
-admission to neonatal
care  unit

62/471 (13%)
46/471 (10%)
47/471 (10%)
0/471  (0%)
0/471  (0%)
1/471  (0,2%)
73/471 (15%)

3/38 (8%)
0#

0#

0#

0#

0#

5/38 (13%)

8/22 (36%)*
10/22 (45%)*
8/22  (36%)*
4/22  (18%)
1/22  (5%)
1/22 (5%)
7/22 (32%)*

5/63 (8%)
8/63 (13%)
5/63  (8%)
0/63  (0%)
0/63  (0%)
0/63  (0%)
4/63 (6%)

1/19 (5%)
0#

0#

0#

0#

0#

0/19 (0%)

7/12 (58%)*
10/12 (83%)*
5/12 (42%)*
2/12 (17%)
1/12 (8%)
1/12 (8%)
7/12 (58%)*

Table 1. Clinical and laboratory data for the various study groups. All data are median ( interquartile range) unless noted otherwise.
* P < 0.05 , compared to normal pregnancy (Mann-Whitney and Fisher's Exact Test).#: these complications are exclusion criteria for
mild hypertensive disease.
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RESULTS

Flow velocity waveforms could be obtained from both uterine arteries of all

subjects.

A notch was present in one uterine artery in 15 of the 94 subjects from the high-

risk group, and in both uterine arteries in 8 subjects; thus, a NI could be calculated

in 23 subjects from the high-risk group. In the nulliparous group, a notch was

present in one uterine artery in 100 subjects out of 531, and in both uterine arteries

in 44 subjects; thus, a NI could be calculated in 144 subjects from this group.

Characteristics of the NI in the three pregnancy outcome groups for both study

groups are shown in table 2. In both groups, the diastolic notch was significantly

more often present in severe hypertensive disease as compared to mild disease and

normal pregnancies. Prevalence of the diastolic notch was highest (58%) in those

subjects from the high-risk group who again developed severe hypertensive

disease.

In those subjects in which a notch was present, the correlation was calculated

between the NI and PI using the Spearman non-parametric test, resulting in a

correlation coefficient (r) of 0.53 (P < 0.001) for the nulliparous group and 0.53

(P = 0.002) for the high-risk group.

Both the PI and the diastolic notch are poor predictors of pre-eclampsia in general.

There is, however, a great difference between predictive values for mild and severe

hypertensive disease. Prediction of  mild gestational hypertension and mild pre-

eclampsia was poor and not significant; prediction of severe disease, however, was

much better, for both PI and NI. Table 3 shows predictive values for the various

outcome groups; we chose a cut-off point of 0.03 for the Notch Index and a cut-off

point of 1.3 for the PI based on a Receiver Operator Curve (unpublished

observations).
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Nulliparous
(n=531)

n Presence of
Diastolic notch
(%)

Notch Index
(mean)
left             right

Uncomplicated pregnancy 471 116 (25%) 0.20 0.17

Mild hypertensive disease
gestational hypertension 33 16 (48%)* 0.16 0.21
pre-eclampsia 5 0 (0%) - -

Severe hypertensive disease 22 12 (55%)* 0.26 0.23

High-risk (n=94)

Uncomplicated pregnancy 63 12 (19%) 0.15 0.16

Mild hypertensive disease
gestational hypertension 12 3 (25%) 0.23 0.28
pre-eclampsia 7 1 (14%) - -

Severe hypertensive disease 12 7 (58%)* 0.32 0.22

Table 2. Characteristics of the Notch Index in the three outcome groups for both

study groups. * p<0.05; comparison to uncomplicated pregnancy; Mann-Whitney

Test.
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NOTCH INDEX (CUT-OFF POINT 0.03)
Nulliparous (n=531) N Se Sp LR P*
All hypertensive disease 60 47% 75% 5.6 <0.01
*mild
gestational hypertension 33 49% 75% 10.6 <0.01
pre-eclampsia 5 0% 75% - NS
*severe 22 55% 74% 21.0 <0.01

High-risk (n=94)
All hypertensive disease 31 36% 81% 1.3 NS
*mild
gestational hypertension 12 25% 81% 1.7 NS
pre-eclampsia 7 14% 81% 1.4 NS
*severe 12 58% 81% 8.3 <0.05

PULSATILITY INDEX (CUT-OFF POINT 1.30)
Nulliparous (n=531) N Se Sp LR P*
All hypertensive disease 60 45% 78% 4.5 <0.01
*mild
gestational hypertension 33 24% 78% 3.8 NS
pre-eclampsia 5 0% 78% - NS
*severe 22 73% 78% 49.0 <0.01

High-risk (n=94)
All hypertensive disease 31 45% 68% 1.6 NS
*mild
gestational hypertension 12 25% 68% 1.7 NS
pre-eclampsia 7 14% 68% 1.2 NS
*severe 12 83% 71% 25.0 <0.01

Table 3. Predictive values for mild and severe hypertensive disease of the Notch Index
and Pulsatility Index for both study groups. Se = Sensitivity, Sp = Specificity, LR =
Likelihood Ratio; * P calculated by Fisher’s Exact Test.
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Nulliparous (n=531) High-risk (n=94)
PULSATILITY
INDEX

Se Sp LR P* Se Sp LR P*

1.15 77% 66% 52.9 <0.001 92% 66% 50.4 <0.001
1.30 73% 78% 49.0 <0.0001 83% 71% 25.0 <0.001
1.40 64% 83% 34.0 <0.0001 67% 74% 10.8 <0.01
1.50 64% 85% 35.2 <0.0001 58% 79% 8.2   0.010

NOTCH INDEX

0.03 55% 74% 21.1 <0.01 58% 81% 8.3 <0.01
0.09 55% 75% 21.5 <0.01 58% 81% 8.3 <0.01
0.12 55% 80% 22.6 <0.001 58% 85% 8.8 <0.01
0.14 46% 82% 16.3 <0.01 58% 89% 9.1 <0.001

Table 4. Sensitivity (Se), Specificity (Sp) and Likelihood Ratio (LR) for severe

hypertensive disease of the PI and the NI at different cut-off points.

To allow better comparison between NI and PI, we also show predictive values for

severe disease in both study groups using different cut-off points of the NI and PI;

these values are shown in table 4.  For the NI, sensitivity is limited because a notch

is not always present; the absence of a notch is defined as a negative test result.

The alternative, using NI=0 for a FVW without notch, would result in a positive

test result for all subjects, which is not realistic.

The logistic regression analysis was performed with logarithmically transformed PI

and NI (the distribution of PI is well approximated by the lognormal distribution).

The analysis revealed a significant effect of the PI (P<0.001) for the outcome

variable “severe hypertensive disease” but no additional effect of the NI. When

considered alone, without the PI, the NI was significantly related to outcome. We

also performed the regression analysis with the outcome defined as presence of

absence of at least mild disease. The results were similar: the NI did not

significantly improve the predictive power of the PI.
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DISCUSSION

In this article we have introduced the Notch Index, a method to quantify the

diastolic notch in the analysis of uterine artery Flow Velocity Waveforms. In

contrast to earlier proposed methods to quantify the notch14-16, the Notch Index

incorporates a correction for mean flow (Figure 1). We investigated the prediction

of mild and severe hypertensive disorders by the NI compared to the PI in both a

(high-risk) group of women with a history of hypertensive disease in pregnancy

and a (low-risk) group of nulliparous pregnant women.

In those subjects in whom a diastolic notch was present, there was a significant

positive correlation between the Notch Index and Pulsatility Index. The NI, as well

as the PI, reflects the amount of impedance to blood flow distal to the uterine

artery. The correlation between NI and PI is however not as strong as would be

expected if they were both dependent only on impedance to blood flow. This is

consistent with the observation that even in abnormal FVWs with a very high PI, a

diastolic notch is not always present. Talbert19 used a computer model to

investigate the relationship between vessel resistance, vessel compliance and

FVWs in uterine arteries. His findings indicated that the diastolic notch depended

mainly on vessel wall compliance, whereas the PI is determined by vascular

resistance distal to the uterine artery.  

Some of the variables calculated from FVWs are the systolic/diastolic ratio, the

Resistance Index, and the Pulsatility Index. So far, a major disadvantage of the use

of the diastolic notch as a variable was always that it was dichotomous; it is either

present or absent, and in contrast to the other (numeric) variables mentioned above,

it was not possible to set a "cut-off point" to match the sensitivity one aims to

achieve. To overcome this problem, we have introduced the Notch Index and

compared its predictive power to the uterine artery Pulsatility Index.
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Both the Pulsatility Index and the Notch Index are predictors of poor pregnancy

outcome associated with severe hypertensive disorders of pregnancy. In this study

we found better predictive values for the PI compared to the NI; this is in contrast

to some earlier studies11-13 .

One possible explanation for this discrepancy is our use of the PI where most of the

other investigators used the Resistance Index (RI).

In conclusion, quantification of the diastolic notch did not improve predictive

power of uterine artery screening. In our study as well as others, uterine artery

screening shows disappointing predictive values for mild gestational hypertension

and pre-eclampsia. It does however reach good predictive values for severe pre-

eclampsia and gestational hypertension associated with poor pregnancy outcome.

The finding that neither the NI nor the PI of uterine arteries predicts the occurrence

of mild hypertensive  disease in pregnancy indicates that insufficient dilatation of

the spiral arteries may not be a causal factor here. In this respect our findings

support the current concept of the heterogeneous causes of  pre-eclampsia20.
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SUMMARY

This study was conducted to investigate the association between uterine artery

Doppler flow patterns and uteroplacental vascular pathology in normal and

complicated pregnancies in view of the recently described concept of

heterogeneous causes of hypertensive pregnancy complications. Forty-three

women whose pregnancies were complicated by pre-eclampsia, the HELLP-

syndrome and/or small-for-gestational-age (SGA) fetuses and 27 women with

normal pregnancies undergoing elective Caesarean section were included. We

obtained uterine artery Doppler waveforms at a mean of 4 days before delivery.

Placental bed biopsies were obtained at Caesarean section and analysed for

physiological changes and pathological changes.

We found that abnormal uterine artery Doppler flow was strongly associated with

pregnancy complications. Absence of physiological changes was seen in 58% of

complicated pregnancies and 40% of normal pregnancies. Pathological changes

were seen in 58% of complicated pregnancies and 53% of normal pregnancies;

they occurred in spiral arteries with and without physiological changes, and there

was no significant correlation to Doppler results. In conclusion, absence of

physiological changes is associated with abnormal uterine artery Doppler flow and

pregnancy complications. However, there is a gradient in the severity of

uteroplacental vascular pathology and the correlation with pregnancy

complications is not as strong as previously thought. There is also a significant

degree of uteroplacental vascular pathology in normal pregnancies with normal

uterine artery Doppler flow. We hypothesise that additional factors might be

necessary to induce the clinical syndrome of pre-eclampsia.
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INTRODUCTION

In normal pregnancy, trophoblast cells invade the spiral arteries as early as 12

weeks of gestation. This invasion induces changes in the spiral arteries, which

become much larger and lose their media to fibrinoid depositions (Pijnenborg et al.

1981). Thus, these vessels lose their vasoactive properties and become capable of

transporting large amounts of blood at low resistance towards the placenta. By

measuring spiral artery blood flow using colour Doppler ultrasound in the second

trimester, Matijevic et al. (1995) found that physiological changes are functionally

complete at 17 weeks.

In pre-eclamptic pregnancies, several abnormalities in this process came to light in

a number of histological studies: Firstly, the physiological adaptation of spiral

arteries appears to be absent or restricted to the distal (decidual) portion of the

spiral arteries (Robertson, Brosens and Dixon 1975; Khong et al. 1986). This is in

accordance with the finding that spiral artery blood flow as measured by colour

Doppler ultrasound is impaired in pre-eclamptic pregnancy (Matijevic and

Johnston 1999). Secondly, a distinctive lesion is found in the uteroplacental vessels

of pre-eclamptic women, which consists of intimal proliferation, media necrosis

and lipid accumulation. The most severe form of this abnormality, with extensive

tissue necrosis, is traditionally termed “acute atherosis”(Khong 1991; DeWolf,

Robertson and Brosens 1975).  In the presence of these abnormalities, blood flow

to the placenta is compromised and the resulting placental insufficiency is thought

to play a central role in pre-eclampsia and, to a lesser extent, in fetal growth

restriction resulting in SGA infants (Gerretsen et al. 1986). Evidence of

compromised placental blood flow in pregnancies complicated by SGA fetuses was

recently given by Ferrazzi et al. (1999) who found a positive correlation between

abnormal uterine artery Doppler flow and the presence of hypoxic-ischemic lesions

in placentae from pregnancies complicated by SGA fetuses.
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The concept of impaired physiological adaptation implies high resistance in the

uteroplacental circulation throughout pregnancy. Doppler studies aimed at early

detection of pre-eclampsia are based on this theory. A number of screening studies

in the past decade has evaluated this possibility (Campbell et al. 1986; Jacobson et

al. 1990; Steel et al. 1990; Bewley, Cooper and Campbell 1991; Bower, Schuchter

and Campbell 1993; Mires et al. 1998). Unfortunately, however, they have often

shown disappointing results due to a large number of false negatives. The milder

forms of pre-eclampsia especially appear to be difficult to predict by second-

trimester Doppler (Bower, Schuchter and Campbell 1993; Mires et al. 1998).

Recently, Ness and Roberts (1996) proposed a theory that could explain these

disappointing results. They proposed heterogeneous causes for the clinical entity of

pre-eclampsia whereby placental as well as maternal factors could lead to placental

insufficiency, with subsequent endothelial damage and the clinical syndrome of

pre-eclampsia as the common end result. This theory has been reinforced by recent

reports on the role of oxidative stress acting as an intermediary between maternal

factors and reduced placental perfusion in pre-eclampsia. (Roberts and Hubel

1999) In this concept, defective placentation is not universally present in all cases

of pre-eclampsia. This is in accordance with histopathological studies by

Pijnenborg et al. (1991) and by Meekins et al. (1994). They studied the

uteroplacental arteries in pre-eclamptic and normotensive women. They found that

physiological adaptation is not an all or none phenomenon but varies between

spiral arteries in the same patient, and that there is a spectrum of changes that do

not have a strong correlation to clinical severity. This interesting finding could

explain the disappointing results of the Doppler velocimetry screening studies. It is

further corroborated by the study of Ghidini et al. (1997) who described a

considerable overlap in the degree of placental vascular lesions between normal

and pre-eclamptic pregnancies.

In the present study, we have investigated the association between uterine artery

Doppler flow patterns and histologic findings in placental bed biopsies from
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normal and complicated pregnancies. The observation from screening studies that a

substantial number of women develop pre-eclampsia despite normal Doppler flow

results earlier in pregnancy prompted us to the present study.  We hypothesised that

this discrepancy is the result of pathological changes such as acute atherosis

occurring in physiologically adapted uteroplacental arteries. The possibility of

atherosis in physiologically adapted vessels has been denied by some earlier

studies (Robertson, Brosens and Dixon 1975; DeWolf, Robertson and Brosens

1975; Khong 1991) but would be in agreement with the more recent studies by

Pijnenborg et al (1991) and Meekins et al (1994). The relationship between

uteroplacental Doppler flow and physiological changes has previously been

investigated by Lin et al. (1995) and Voigt and Becker (1992). Both these studies

found a significant correlation between impaired Doppler flow and absence of

physiological changes in normal and complicated pregnancies. However, both

studies also report a considerable overlap in the degree of physiological changes

between normal and complicated pregnancies. In contrast to these studies, we have

evaluated pathological changes as a separate entity.
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MATERIALS AND METHODS

Patients

Over a period of four years, all women admitted to our antenatal ward with

pregnancies complicated by PIH, pre-eclampsia, the HELLP-syndrome and/or

SGA fetuses who were planned to undergo caesarean section during daytime hours

were asked to participate in this study. Forty-three women were included. All

women had singleton pregnancies and gestational age at delivery ranged from 26 to

40 weeks. In addition, all women with normal pregnancies undergoing elective

Caesarean section at term over a period of fourteen months were asked to

participate. Twenty-seven women were included in this group. Clinical data for

both groups are given in table 1. In both groups, Doppler measurements were

performed at a mean of 4 days before delivery.

In accordance to the definition proposed by Davey and MacGillivray (1988) and

adopted by the International Society for the Study of Hypertension in Pregnancy,

pregnancy-induced hypertension was defined as a diastolic blood pressure > 90

mmHg occurring after 20 weeks of gestational age. Pre-eclampsia was defined as

pregnancy-induced hypertension and significant proteinuria (300mg/24h or 2 plus

on urinalysis). Small-for-gestational-age (SGA) was defined as a birthweight below

the 10th percentile for foetal sex and gestational age (Kloosterman 1970).  The

study was approved of by the hospital medical ethics committee. All women gave

informed consent.
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Normal

Pregnancy (n=15)

Complicated

Pregnancy (n=24)

Pre-eclampsia 0 6  (25%)

Pre-eclampsia + SGA fetus 0 8  (33%)

HELLP-syndrome 0 2  (8%)

HELLP-syndrome + SGA fetus

SGA fetus, non-hypertensive

0

0

4  (17%)

4  (17%)

Gestational age at delivery (wks) 37.4 ± 2.0 32.0 ± 3.2      *

Birthweight (grams) 2825 ± 587 1230 ± 492    *

Maximum diastolic

blood pressure (mmHg)

75 ± 9 112 ± 13        *

Interval Doppler-delivery

(days, range)

5  (0-21) 3 (0-21)

Table 1. Clinical data from the different study groups with representative

biopsies. Data are n (%) or mean (SD). * p<0.05 compared to controls.
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Methods

Doppler measurements were performed using an Acuson 128 XP duplex scanner

(Acuson, Mountainview, Calif.) or a Hitachi EUB 515A (Tokyo, Japan).

Waveforms were obtained from both uterine arteries at the crossing with the

external iliac artery as previously described (Oosterhof and Aarnoudse 1992). The

Pulsatility Index (PI) was calculated according to Gosling and King (1975). The

mean PI of the left and right uterine artery was used. Reference values for the

Pulsatility Index at various gestational ages were determined by fourweekly

assessment of the uterine arteries in 63 normal pregnancies (unpublished

observations). An abnormal result was defined as a PI above the mean + 2SD for

gestational age in the reference population. Thus, the cut-off  PI value at 26 weeks

was 1.38, decreasing with gestational age to a cut-off value of 0.94 at 40 weeks.

Placental bed biopsies were taken at delivery by means of a punch biopsy clamp.

Biopsies were fixed in formaldehyde and embedded in paraffin. We used

haematoxylin-eosin and Periodic Acid Schiff staining to assess the physiological

changes and pathological alterations. Keratin 7 staining (monoclonal mouse

antihuman cytokeratin 7, OV-TL 12/30 from Dako) was used to identify

trophoblastic cells in the vessel wall.

Placental bed biopsies were considered representative if spiral arteries were seen in

decidual segments as well as in myometrial segments. Furthermore, to ascertain

that the biopsy was taken from the placental site, biopsies were only considered

representative if trophoblastic cells were present in the decidual stroma (Robertson

et al. 1986).

Placental bed biopsies were assessed independently by two observers, without

knowledge of clinical details or the Doppler flow results. Biopsies were scored on

the presence of physiological changes and pathological alterations. They were

analysed as follows:
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Physiological changes:

Physiological vascular changes were defined as a loss of the muscular components

of the vessel wall, replacement of the vessel wall by fibrinoid depositions, and the

presence of trophoblastic cells in the vessel wall. Biopsies were classified into

three groups:

-Complete physiological changes: complete physiological changes are observed in

the myometrium as well as the decidua (Figure 1).

-Partial physiological changes: physiological changes are observed in spiral arteries

in the myometrium, but the original vessel wall is not completely replaced by

fibrinoid deposits and the arterial character was still partially recognisable.

-Absent physiological changes: physiological changes are not seen anywhere in the

myometrial vessels (Figure 2).

Pathological changes:

Pathological changes were defined based on morphological characteristics as

intimal lipid accumulation or hyperplasia, medial necrosis, and acute atherosis with

(sub)total occlusion of the lumen wall by intimal proliferation or mononuclear

infiltrate. The presence of arterial thrombosis was also recorded. Biopsies were

classified into three groups:

-No pathological changes.

-Mild pathological changes: pathological alterations such as mucoid changes, foam

cells or hyalinisation are present in either decidual or myometrial vessels, but the

lumen is not significantly narrowed. Figure 3 shows an example of mild

pathological changes in a biopsy from a normal pregnancy.

-Severe pathological changes/acute atherosis: the lumen is (sub)totally occluded by

acute atherosis, infiltrate or thrombosis (Figure 4).
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Figure 1. Normal pregnancy at 38 weeks; normal Doppler results. Complete

physiological changes are seen in this spiral artery segment at the decidual-

myometrial junction. The media has been replaced by PAS-positive fibrinoid. (PAS

x 100).

Figure 2. Pre-eclampsia complicated by the HELLP-syndrome, delivery at 30

weeks. The Doppler results were abnormal. Absence of physiological changes in

myometrial segment of spiral artery. (Haematoxylin-eosin x 100).
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Figure 3. Pre-eclampsia without IUGR at 34 weeks. The Doppler results were

normal. Mild pathological changes consisting of foam cells and lipid depositions in

the intima and media. (Haematoxylin-eosin x 150).

Statistical methods:

As PI does not show a normal distribution in a larger population, non-parametric

tests (Mann-Whitney) were used to compare PI values.  A two-tailed p <0.05 was

considered significant.

Kappa-statistics were calculated to assess inter-observer agreement for both

physiological changes and pathological alterations. For physiological changes,

inter-observer agreement was 86%, with a kappa-value of 0.72; for pathological

changes inter-observer agreement was 76% with a kappa-value of 0.53. To

compare physiological and pathological changes between Doppler outcome groups,

we used the Chi-square test (Fisher' Exact test) and Spearman's test for

nonparametric correlation.
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RESULTS

A total of 70 biopsies from 43 complicated and 27 normal pregnancies were taken

at caesarean section.  Fourteen biopsies were classified as not representative

because of the absence of trophoblastic cells; in addition, 17 biopsies were

classified as not representative because of the absence of spiral arteries in the

myometrium. Of the 39 biopsies (59%) which were considered representative, 24

were from complicated pregnancies and 15 from normal pregnancies.

Normal pregnancy group

Doppler results

Uterine artery Doppler flow was normal in the majority of control pregnancies. An

abnormally high PI was found in only three controls (11%).

Placental bed biopsies

Results from the 15 controls with representative biopsies are given in table 2. Only

one representative biopsy was obtained from the three controls with abnormal flow.

This biopsy showed absence of physiological changes and severe pathological

changes.

Complete physiological changes were seen in 9 biopsies (60%) (Figure 1). The

remaining biopsies showed absence of physiological changes; partial changes were

not seen in this group.

Surprisingly, pathological changes were seen in the majority of biopsies from

normal pregnancies. In the control group as well as the patient group, there was no

correlation between the absence of physiological changes and the presence of

pathological changes.
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Normal pregnancy

(n=15)

Complicated pregnancy

 (n=24)

Uterine artery PI Normal Abnormal Normal Abnormal

Physiological adaptation:

    Complete 9 0 1 2

    Partial 0 0 2 5

    Absent 5 1 3 11

Pathological changes:

     None

     Mild

7

4

0

0

1

2

9

6

     Severe 3 1 3 3

Table 2. Normal and complicated pregnancy groups: distribution of physiological

and pathological changes in normal and abnormal PI groups.

Complicated pregnancy group

Doppler results

Pregnancy complications were strongly associated with an abnormal uterine artery

PI; 24 patients (74%) had abnormal Doppler results. Eleven patients had normal

Doppler results; these were four patients with the HELLP-syndrome, four patients

with pre-eclampsia, one patient with a SGA fetus and two patients with both pre-

eclampsia and SGA fetuses.
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Placental bed biopsies

Results from the 24 patients with complicated pregnancies who had representative

biopsies are given in table 2. Complete absence of physiological changes was seen

in 14 biopsies (58%) (Figure 2). The remaining biopsies showed (at least partial)

physiological changes. Pathological changes, such as acute atherosis or thrombosis,

were seen in 14 biopsies (58%). They were not related to Doppler results. In eight

cases, pathological changes were seen in biopsies which also showed physiological

changes. Figure 4A is an example of extensive pathological changes in a spiral

artery which also shows evidence of physiological changes as indicated by the

presence of trophoblast by keratin 7 staining (Figure 4B). In addition, there is a

mononuclear infiltrate which consists of granulocytes and macrophages, as earlier

described by Reister et al. (1999). Macrophages were identified in this infiltrate by

CD68 staining (monoclonal mouse antihuman macrophage CD68, KP-1 from

Dako; figure not shown). Figure 4C shows a spiral artery in the myometrium in the

same biopsy. This biopsy was obtained from a pre-eclamptic pregnancy at 33

weeks; the Doppler results were normal.

There was no significant correlation between the absence of physiological changes

and the presence of pathological changes.
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Figure 4A. Pre-eclamptic pregnancy without IUGR at 33 weeks. The Doppler

results were normal. Partial physiological changes were seen in this spiral artery

and elsewhere in the biopsy. There are pathological changes consisting of a

mononuclear infiltrate (granulocytes and macrophages) and obliteration of the

vessel lumen in this segment from the decidual-myomtrial junction. (PAS x 100).

Figure 4B. The same biopsy as shown in figure 4A; Keratin 7 staining x 100

indicating trophoblastic cells in the vessel wall.
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Figure 4C. The same biopsy as shown in figure 4A; segment of a spiral artery in

the myometrium showing a mononuclear infiltrate and obliteration of the vessel

lumen (PAS x 100).

DISCUSSION

In the present study, the relationship between Doppler velocimetry of the

uteroplacental circulation and the presence of physiological and pathological

changes in the placental bed was investigated; we analysed biopsies from a group

of pregnancies complicated by PIH, pre-eclampsia, the HELLP-syndrome and

SGA fetuses as well as from a control group of uncomplicated pregnant women

undergoing Caesarean section.

Uterine artery PI was easy to obtain in all patients at a mean of 4 days before

delivery. Fifty-nine percent of biopsies were representative. Kappa scores of inter-

observer agreement were adequate for both physiological as well as pathological

changes.
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The PI was strongly correlated to pregnancy outcome; 11% of controls had

abnormal Doppler flow, compared to 74% of patients with complicated

pregnancies.

The absence of physiological changes was more common in complicated

pregnancies.  Because of the small numbers in the subgroups, it was not valid

statistically to perform Chi-contingency tests in the separate groups. In both

outcome groups combined, there was a significant correlation between abnormal

Doppler results and negative or partial physiological changes (Chi-square Fisher's

Exact test, p=0.014; Spearman's nonparametric correlation 0.34, p=0.037).

However, it is doubtful whether combining the two outcome groups is statistically

valid due to possible confounding by the group classification.

A positive correlation between absence of physiological changes and abnormal

Doppler results has already been described in earlier studies (Lin et al. 1995, Voigt

and Becker 1992). However, we found absence of physiological changes in a

substantial number of normal pregnancies as well. In addition, complete or partial

physiological changes were observed in 10 out of 24 biopsies from pregnancies

complicated by pre-eclampsia, SGA fetuses, and the HELLP-syndrome.

Pathological changes were seen in the majority of biopsies in both normal and

complicated pregnancies. This high prevalence is in contradiction with earlier

studies (Meekins 1994). Our inclusion of "mild" pathological changes (based on

morphological characteristics such as foam cells and mucoid changes) could

explain this difference. This specific category of pathological changes has not been

described before and its significance could be doubted. We feel, however, that

these changes represent the earlier stages of acute atherosis and are therefore

relevant. We were surprised by the presence of pathological changes in normal

pregnancy, and particularly by the fact that pathological changes in normal

pregnancies did not always fall into the "mild" category. Ten biopsies showed

severe pathological changes, four of which came from normal pregnancies.
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Pathological changes, mild as well as severe, were observed in biopsies with

complete physiological changes, although they were more common in biopsies

with absent or partial physiological changes. This finding is in agreement with the

results from the studies by Pijnenborg et al. (1991) and by Meekins et al. (1994)

and contradicts the earlier belief that acute atherosis only occurs in vessels without

physiological changes. In contrast to physiological changes, pathological changes

do not appear to be associated with abnormal Doppler flow.  To our knowledge,

this study is the first to investigate the relationship between Doppler flow and

pathological changes as a separate histopathological entity.

How do these findings fit within the prevailing theory concerning the

pathophysiology of pre-eclampsia? Evidently, physiological adaptation is not an

all-or-none phenomenon, a finding in agreement with observations previously

reported by Meekins et al (1994). Rather, it varies between one spiral artery and

another in the same patient as well as even within one spiral artery. In most

biopsies, only one or two spiral arteries are present; it is therefore probable that

some degree of sampling error exists. There may also have been a sample bias due

to the small number of subjects (alpha error).

Another explanation, in concordance with the theory presented by Ness and

Roberts (1996) and Roberts and Hubel (1999), is the presence of other (maternal)

factors responsible for increases of uteroplacental vascular resistance

independently of impaired spiral artery adaptation. Possible mechanisms include

vasospasm due to increased endothelial reactivity (Roberts et al. 1989) and

hyperhomocysteinemia and thrombofilias (Dekker et al. 1995; Kupferminc et al.

1999).

The relevance of (mild) pathological changes in spiral arteries remains to be

elucidated. Pathological changes appear to be common in complicated as well as

normal pregnancies. It should be remembered, however, that in the present study

the biopsies from the complicated pregnancies were obtained at an average

gestational age of 32 weeks, whereas the biopsies from controls were obtained at
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term. “Pathological” changes such as shown in figure 3 may be more or less

normal at term (Meekins 1994), just as a certain degree of placental infarction is

considered normal in term placentas. It is conceivable that pathological changes

occur earlier in complicated pregnancies compared to normal pregnancies.

In the present study, uterine artery PI’s were recorded in complicated third

trimester pregnancies after the onset of clinical symptoms, and comparisons cannot

be readily made with second trimester screening studies. However, the findings of

the present study provide an explanation for the disappointing results of Doppler

screening studies in predicting pre-eclampsia. Absence of physiological changes

alone may not be sufficient to impair uteroplacental blood flow. We found normal

Doppler flow with absent physiological changes in five normal pregnancies. We

believe that other factors may be important in increasing vascular resistance. These

factors may occur later in pregnancy, past the stage where screening studies take

place. The early occurrence of pathological changes, which are more or less normal

in term pregnancies, could play a role. The early occurrence of atherosis could be

related to maternal thrombofilia or hyperhomocysteinemia (Dekker et al. 1995;

Kupferminc et al. 1999). However, we did not find an association between

pathological changes and Doppler results. Another possibility is vascular spasm

due to endothelial damage and/or vasoactive factors such as endothelin which

would result in increased vascular tone but could not be traceable in biopsies.

In conclusion, the association of pregnancy complications with increased

uteroplacental resistance as indicated by abnormal Doppler flow can not be solely

explained by abnormal uteroplacental vessel histopathology. Our findings indicate

that impaired physiological adaptation of the spiral arteries is not the single causal

factor in pre-eclampsia, and thereby support the concept of heterogeneous caused

of pre-eclampsia as recently proposed by Ness and Roberts (1996). The frequent

finding of pathological changes in normal as well as in complicated pregnancies

needs to be further elucidated, in particular to find out whether these changes

appear earlier in the latter group.  Finally, the general concept that these
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pathological changes solely occur in spiral arteries with lacking or impaired

physiological adaptation has to be revised in view of the present observations.
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8           GENERAL DISCUSSION

The pathophysiology of hypertensive disorders of pregnancy is the subject of

continuing controversy. The "classical" view is focused on the placenta and the

uteroplacental vasculature. Disturbance of the normal process of remodelling and

widening of the spiral arteries during the first 20 weeks of pregnancy is thought to

result later in pregnancy in placental ischemia with subsequent outpour of

vasoactive substances in the maternal circulation. This results in activation and

dysfunction of maternal endothelium, eventually causing the clinical syndrome of

pre-eclampsia.

Although this view still holds true, more recent research work indicates that

endothelial activation in the uteroplacental circulation is not solely dependent on

the impaired adaptation of the spiral arteries. Maternal underlying disorders such as

pre-existent renal disease, essential hypertension, diabetes mellitus or the metabolic

syndrome (insulin resistance syndrome) as well as coagulation abnormalities are

now recognised as factors which may independently cause endothelial activation

due to oxidative stress.

This thesis describes a Doppler ultrasound screening study of the uteroplacental

circulation in the 22nd week of pregnancy. In that study, we could clearly

distinguish two subgroups of patients with hypertensive disorders of pregnancy:

Firstly, a group of patients who develop PIH or PE, mostly at or near term, and

whose pregnancies are not complicated by the HELLP-syndrome, FGR, preterm
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birth or other complications related to pre-eclampsia; these women have no

evidence of increased uteroplacental vascular resistance in the 22nd week. We

hypothesise that maternal factors largely contribute to endothelial activation in this

group.

Secondly, a group of patients who develop PIH or PE before 35 weeks, and whose

pregnancies are complicated by the HELLP-syndrome, FGR, preterm birth (either

spontaneous or initiated for worsening maternal or foetal condition), placental

abruption, intra-uterine death, or eclampsia. In most cases multiple complications

are present. This form of hypertensive disease with poor pregnancy outcome is

associated with increased uteroplacental vascular resistance in the 22nd week and

can be reliably predicted by the proposed screening method. We hypothesise that

impaired adaptation of the uteroplacental circulation to pregnancy is the most

important causal factor in this form of disease; additional maternal factors would

only aggravate the clinical picture.

Our study on the association between uterine artery Doppler flow patterns and

placental bed biopsies indicates that there is considerable overlap in uteroplacental

vascular pathology between normal and complicated pregnancies. Physiological

adaptation is at least partially impaired in a number of normal pregnancies, and

some degree of vascular pathology is present in many biopsies from normal

pregnancies at term. However, Doppler flow was normal in nearly all of these

cases of normal pregnancy. Apparently, the vascular pathology did not lead to

sufficient endothelial activation to reach the threshold for clinical symptoms in this

group. These findings suggest the existence of other factors to explain why some

women develop hypertensive disorders of pregnancy, while others – with the same

degree of uteroplacental vascular pathology – do not. We propose that maternal

underlying disorders which predispose to endothelial activation are the decisive

factor for the development of the clinical syndrome.
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In conclusion, the results of both our screening study as well as our

histopathological study support the concept of heterogeneous causes of

hypertensive disorders of pregnancy.

Based on our findings, the following recommendations can be made:

1.

The clinical use of second trimester uterine artery screening is limited to the

prediction of poor pregnancy outcome associated with hypertensive disorders of

pregnancy. It is not a reliable screening method for the prediction of PIH/PE in

general. Therefore, it will be the most helpful in a high-risk group, where a

negative result can be a reassurance (with regard to pregnancy outcome) for both

patient and obstetrician.

2.

Further histopathological research is needed to compare the uteroplacental vascular

pathology in both normal and complicated pregnancies. To achieve reliable

information, we propose taking multiple biopsies from different locations in the

placental bed. This would perhaps enable us to quantify the degree of

uteroplacental vascular pathology.

3.

The role of underlying maternal disorders in hypertensive disorders of pregnancy is

increasingly recognised. In addition, women with a history of hypertensive

disorders of pregnancy have an increased cardiovascular risk later in life. We

recommend that clinicians investigate the possibility of underlying, often treatable

maternal disorders in patients referred for hypertensive disorders of pregnancy.
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SUMMARY

CHAPTER 1. Hypertensive disorders of pregnancy are a leading cause of

maternal and fetal mortality in the world. The prevalence ranges between

2.0% and 26.1% depending on the population studied and the definition

used. Women in their first pregnancy and those with underlying disorders

associated with increased cardiovascular risk, such as essential hypertension,

diabetes and renal disease are also at increased risk of developing

hypertensive disorders of pregnancy. Paradoxically, smoking appears to

have a protective effect.

The great variation in clinical expression and outcome makes it difficult to

define the various forms. There are several definitions and classification

systems currently in use; an overview is given in chapter 1, table 1. This

thesis follows the classification system in use by the International Society for

the Study of Hypertension in Pregnancy.  This classification system defines

pregnancy-induced hypertension (PIH) as a diastolic blood pressure over 90

mmHg in a previously normotensive woman, and pre-eclampsia (PE) as

pregnancy-induced hypertension plus significant proteinuria (over 300mg in

24 hours). The HELLP-syndrome, characterised by hemolysis, elevated liver

enzymes and thrombocytopenia, is recognised as a separate clinical entity

belonging to the spectrum of hypertensive disorders of pregnancy, even

though hypertension and proteinuria are not necessarily present.

CHAPTER 2. Regarding the pathophysiology of hypertensive disorders of

pregnancy, both placental and maternal factors are important.
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The placental factors reflect placental insufficiency due to impaired

trophoblast invasion. In normal pregnancy, trophoblast invades the spiral

arteries in the first trimester, mimicking endothelium by expressing vascular

adhesion molecules. This trophoblast invasion induces changes in the spiral

arteries to accommodate increasing blood flow, termed “physiological

changes”. They include widening of the lumen and replacement of the media

by fibrinoid depositions. Histopathological studies have shown that these

changes are absent or restricted to the most distal portion of the spiral

arteries in patients with hypertensive disorders of pregnancy. In these

patients, trophoblast cells are absent in the vessel wall. The cause of this

impaired trophoblast invasion remains unclear. A defect in the ability of

trophoblast cells to express vascular adhesion molecules has been proposed,

as well as an abnormal maternal immune response to trophoblast. The result

is defective placentation, leading to placental insufficiency later in

pregnancy. This mechanism has not only been proposed as the leading cause

for hypertensive disorders of pregnancy, but also for non-hypertensive fetal

growth restriction (FGR), placental abruption and preterm birth. Lately,

histopathological studies have led to the recognition that physiological

changes are not an all-or-none phenomenon but vary from one spiral artery

to another.

The importance of maternal factors has lately been increasingly recognised.

Recent epidemiological and biochemical studies have focused on underlying

maternal disorders that may contribute to the development of the clinical

syndrome. Maternal disorders associated with an increased risk of

hypertensive disorders of pregnancy are generally also associated with

cardiovascular risk, such as essential hypertension, obesity, renal disease and

diabetes. In addition, some authors report a high prevalence of coagulation

disorders such as protein C or S deficiency, factor V Leiden mutation and
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hyperhomocysteinemia in patients with hypertensive disorders of pregnancy.

These findings suggest that atherosclerotic or thrombotic vaso-occlusive

lesions play a role in the pathogenesis of hypertensive disorders of

pregnancy in these patients. In addition, these maternal disorders might

induce oxidative stress, thus lowering the threshold for endothelial

activation.

Both defective placentation and vascular lesions, separately or in

combination, result in damage to the uteroplacental vasculature. The

common end result is endothelial damage and activation. Evidence for a

crucial role of the endothelium in the progression from localised (placental)

disease to the systemic symptoms is now abundant. A number of

endothelium-derived substances has been identified as potent vaso-active

mediators, the most important of which are endothelin (a vasoconstrictor)

and nitric oxide (a vasodilator). Inhibiting nitric oxide synthesis in pregnant

rats induces a pre-eclampsia-like syndrome. In addition, hypertensive

disorders of pregnancy are associated with a thromboxane A2 / prostacyclin

imbalance, which also indicates endothelial activation. The recognition of

endothelial activation as a crucial step in the development of symptoms was

not only a major breakthrough in knowledge of the pathogenesis, but also

provides the therapeutic potential of treatment with nitric oxide donors.

In CHAPTER 3,  Doppler ultrasound studies of the uteroplacental circulation,

designed to predict hypertensive disorders of pregnancy while still

asymptomatic, are described. The concept of defective placentation as the

most important cause for hypertensive disorders of pregnancy implies that

uteroplacental vascular resistance is increased from an early gestational age

in pregnant women who later develop hypertension. This theory provides the

rationale for ultrasound screening studies of the uteroplacental circulation.



Summary
8

Blood flow through the uteroplacental circulation can easily be visualised

and analysed using either continuous-wave (CW) or pulsed-wave (PW)

Doppler ultrasound. PW Doppler is preferred because the location of the

blood vessel which is the sample source can be exactly determined. Several

different locations (uterine arteries, arcuate arteries) and blood flow indices

(Resistance Index, Pulsatility Index, diastolic notch) have been used in

screening studies, making comparison between these studies difficult. In the

past two decades, a number of screening studies -some very large- has been

published. All major screening studies are summarised in chapter 3, table 1.

From the comparison of these studies, the following conclusions emerge:

- PW Doppler provides better results compared to CW Doppler; the

preferred sample source location is the uterine artery, which reflects the total

blood flow resistance from the distal uteroplacental vascular bed.

- Two-stage screening (repeating the test between 24-36 weeks after an

abnormal result in the initial test between 20-22 weeks) improves specificity.

- In general, reported sensitivity values are low and the number of false

negatives is large.

- Those studies that distinguish between mild and severe forms of

hypertensive disorders of pregnancy, find better predictability of more

severe forms and of poor pregnancy outcome as compared to mild PIH or PE

with uncompromised pregnancy outcome.

In CHAPTER 4, the results of a Doppler screening study in 531 nulliparous

women (low-risk group) are presented. The study was designed to test the

hypothesis that early-onset PIH or PE and poor pregnancy outcome are

associated with defective placentation (“placental” factors) and can therefore

be predicted by second trimester Doppler ultrasound. We hypothesised that

there is a subgroup of patients with PIH or PE who develop symptoms at or
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near term, with normal outcome; in this group, we expected no association

with increased uteroplacental vascular resistance in the second trimester. We

used PW Doppler analysis of the uterine artery between 21 and 22 weeks of

gestation, and analysed both the Pulsatility Index (PI), using a cut-off point

of 1.3, and the diastolic notch.  Outcome measures are PIH, PE, FGR and

preterm birth. We defined two subgroups: PIH/PE with early onset and poor

pregnancy outcome, and PIH/PE with normal outcome. We defined poor

pregnancy outcome as intra-uterine death, preterm birth – either spontaneous

or initiated because of worsening maternal or fetal condition- , a birthweight

below the 10th percentile, admission to a neonatal care unit, or the

occurrence of the HELLP syndrome or eclampsia.

There is a significant correlation between an abnormal 22nd week PI and

subsequent preterm birth (before 35 weeks) or severe hypertension (diastolic

blood pressure over 100 mmHg). In the subgroup analysis, there is a striking

difference in 22nd week PI between PIH/PE with and without poor

pregnancy outcome. In patients with poor pregnancy outcome, 22nd week

uterine artery PI is significantly increased, whereas in patients with normal

pregnancy outcome, 22nd week uterine artery PI values are normal. These

results suggest that PIH/PE with normal pregnancy outcome is not

associated with defective placentation. In contrast, patients who

subsequently develop early-onset PIH/PE with poor pregnancy outcome

already show abnormal uteroplacental vascular resistance in the 22nd week

and can therefore be identified by Doppler ultrasound screening.

CHAPTER 5 describes a study among 94 women at increased risk because of

a history of hypertensive disorders in a previous pregnancy (high-risk

group). We assessed the value of uterine artery Doppler screening in

predicting the recurrence of hypertensive disorders of pregnancy in this
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group. Methodology of uterine artery screening and definitions are as

described above. PIH/PE recurred in 31 women (33%); poor pregnancy

outcome was seen in 12 women (13%). Poor pregnancy outcome in the

previous pregnancy is significantly associated with poor pregnancy outcome

in the present pregnancy. The predictive value of the 22nd week uterine

artery PI for recurring PIH/PE is poor and not significant. However, the

predictive value for PIH/PE with poor pregnancy outcome is good

(sensitivity 83%, specificity 71%, p<0.001). The main clinical value for

uterine artery screening in this high-risk group is that women with a negative

test can be reassured; although 28% will again develop PIH or PE,

pregnancy outcome will probably not be compromised.

CHAPTER 6. In an attempt to improve the predictive power of uterine artery

Doppler screening, we have introduced a method to quantify the early

diastolic notch and evaluated its performance in comparison to the Pulsatility

Index. The diastolic notch has been proposed in earlier Doppler ultrasound

studies as superior in the prediction of hypertensive disorders of pregnancy,

but a disadvantage was that the notch had not been quantified. To quantify

the diastolic notch, we proposed the Notch Index, calculated by the

difference between the peak velocity in diastole and the velocity at the nadir

of the notch, divided by the mean velocity over one cycle length. The study

groups consist of the low-risk group of 531 nulliparous women and the high-

risk group of 94 women with a history of hypertensive disorders in a

previous pregnancy.  Methodology and definitions are as described above.

Both the PI and the NI are poor predictors of PIH/PE with normal pregnancy

outcome; predictive values for PIH/PE with poor pregnancy outcome

however, are much better. However, logistic regression analysis shows that

the NI has no additional value compared to the PI in the prediction of

PIH/PE either with or without poor pregnancy outcome.
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CHAPTER 7. The results of these screening studies provide support for the

concept of heterogeneous causes (both placental and maternal) for

hypertensive disorders of pregnancy. They indicate that there may be a

subgroup of patients –those with mild disease and normal pregnancy

outcome- where defective placentation is not a causal factor.  To further

evaluate this concept we conducted a study comparing uterine artery

Doppler FVWs to uteroplacental vascular pathology. We obtained the

uterine artery PI at a mean of 4 days before delivery by Caesarean section

(CS) from 43 women with pregnancies complicated by PE, the HELLP-

syndrome, and/or FGR and from a control group of 27 women with normal

pregnancies undergoing elective CS. Placental bed biopsies were obtained at

CS from all women. The biopsies that were considered representative (59%)

were analysed for physiological changes and pathological changes. We

found that abnormal uterine artery Doppler flow is strongly related to

pregnancy complications. Physiological changes are absent in 58% of

complicated pregnancies. However, absence of physiological changes is also

seen in 40% of normal pregnancies, where it is not associated with increased

vascular resistance. We further noticed that physiological changes are not an

all-or-none phenomenon but can be partially present. Pathological changes

such as thrombosis and atherosclerotic lesions are seen in 58% of

complicated pregnancies but also in 53% of normal pregnancies; they are not

related to uterine artery vascular resistance.

We conclude that there is a gradient in the severity of uteroplacental vascular

pathology and that the correlation with pregnancy complications and

uteroplacental vascular resistance is not as strong as previously thought. We

propose the explanation that additional factors, such as vasospasm, might be

necessary to induce the clinical symptoms of pre-eclampsia. In addition, as
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uteroplacental vascular pathology and physiological changes vary from one

spiral artery to another and placental bed biopsies contain only a small

portion of the uteroplacental bed, we question the reliability of the placental

bed biopsy as the “gold standard”.

CHAPTER 8. The results of the screening studies and histopathological study

indicate that hypertensive disorders of pregnancy are not always associated

with defective placentation. Maternal factors are likely to play an important

role in the development of symptoms in a subgroup of patients with mild

PIH or PE with normal pregnancy outcome. In this subgroup, uterine artery

Doppler flow is normal in the second trimester. Based on our results, we

have made the following recommendations:

- Firstly, the clinical use of second trimester uterine artery screening is

limited to the prediction of poor pregnancy outcome associated with

hypertensive disorders of pregnancy, especially in high-risk populations.

- Secondly, further histopathological research is needed to compare the

uteroplacental vascular pathology in both normal and complicated

pregnancies.

- Thirdly, we recommend that clinicians investigate the possibility of

underlying, often treatable maternal disorders in patients referred for

hypertensive disorders of pregnancy.
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NEDERLANDSE SAMENVATTING

& DISCUSSIE

HOOFDSTUK 1. Zwangerschapshypertensie en de daaraan verbonden complicaties

zijn wereldwijd een belangrijke oorzaak van maternale en foetale mortaliteit. De

prevalentie ligt tussen de 2.0% en 26.1%, afhankelijk van de bestudeerde populatie

en de gebruikte definitie. Nulliparae en vrouwen met onderliggende aandoeningen

die geassocieerd zijn met een verhoogd cardiovasculair risico, zoals essentiële

hypertensie, diabetes en nierziekten hebben  een verhoogd risico op het krijgen van

hypertensie in de zwangerschap. Vreemd genoeg lijkt roken juist een beschermend

effect te hebben.

De grote variatie in symptomatologie en zwangerschapsuitkomst maakt het

moeilijk om de verschillende klinische uitingsvormen goed te definiëren. Er is een

aantal definities en classificatiesystemen in gebruik; een overzicht is weergegeven

in hoofdstuk 1, tabel 1. In dit proefschrift is de classificatie volgens de

International Society for the Study of Hypertension in Pregnancy gevolgd. Deze

classificatie definieert Pregnancy-Induced Hypertension (PIH;

zwangerschapshypertensie) als een diastolische bloeddruk boven 90 mmHg bij een

vrouw die aan het begin van de zwangerschap een normale bloeddruk had. Pre-

eclampsie (PE) is gedefinieerd als zwangerschapshypertensie en significante

proteïnurie (meer dan 300mg per 24 uur). Het HELLP-syndroom, gekenmerkt door

hemolyse, verhoogde leverenzymen en thrombopenie, wordt gezien als een aparte

aandoening binnen dit spectrum, ook al zijn hypertensie en proteïnurie hierbij niet

noodzakelijkerwijs aanwezig.
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HOOFDSTUK 2.In de pathofysiologie van zwangerschapshypertensie zijn zowel

placentaire als maternale factoren van belang

De placentaire factor wordt gekenmerkt door placenta-insufficiëntie ten gevolge

van verminderde trophoblastinvasie.  In de normale zwangerschap worden de

spiraalarteriën reeds in het eerste trimester geïnvadeerd door trophoblast; de

trophoblastcellen zijn hiertoe in staat door het tot expressie brengen van vasculaire

adhesiemoleculen op de celmembraan, waardoor zij endotheelcellen imiteren. Als

gevolg van deze trophoblastinvasie ondergaan de spiraalarteriën veranderingen om

de toenemende bloedstroom te kunnen verwerken, de zogenaamde “fysiologische

vaatveranderingen”. Deze bestaat uit een toename van de lumendiameter; tevens

wordt de media vervangen door fibrinoïd. Uit histopathologisch onderzoek is

gebleken dat deze fysiologische vaatverandering bij patiënten met

zwangerschapshypertensie beperkt blijft tot het meest distale deel van de

spiraalarteriën of zelfs in het geheel niet optreedt, terwijl er in de vaatwand ook

geen invaderend trophoblast aanwezig is. De oorzaak van het uitblijven van de

trophoblastinvasie blijft onduidelijk. Een onvermogen van trophoblastcellen om

vasculaire adhesiemoleculen tot expressie te brengen is een mogelijke oorzaak,

evenals een abnormale maternale immuunrespons tegen trophoblast. Het resultaat

is gestoorde placentatie, waardoor later in de zwangerschap de placenta insufficiënt

wordt. Van dit mechanisme wordt niet alleen in causaal verband verondersteld met

zwangerschapshypertensie, maar ook met intra-uteriene groeivertraging zonder

hypertensie, met abruptio placentae en met spontane vroeggeboorte. Recent

histopathologisch onderzoek heeft aangetoond dat fysiologische vaatverandering

niet een alles-of-niets fenomeen is maar kan variëren tussen spiraalarteriën bij

dezelfde patiënt.

Het belang van maternale factoren wordt de laatste tijd steeds meer onderkend.

Recent epidemiologisch en biochemisch onderzoek heeft de aandacht gevestigd op

onderliggende maternale aandoeningen die kunnen bijdragen aan het ontwikkelen

van klinische verschijnselen. Maternale aandoeningen die geassocieerd zijn met
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een verhoogd risico op hypertensieve zwangerschapscomplicaties zijn over het

algemeen ook geassocieerd met een verhoogd cardiovasculair risico, zoals

essentiële hypertensie, obesitas, nierziekten en diabetes. Opvallend is dat sommige

auteurs een hoge incidentie vinden van stollingsafwijkingen zoals proteïne C of S

deficiëntie, factor V Leiden mutatie en hyperhomocysteïnemie bij patiënten met

zwangerschapshypertensie. Deze bevindingen suggereren dat atherosclerotische of

thrombotische vaatafsluitingen een rol kunnen spelen bij het ontstaan van

symptomen bij deze patiënten. Ook zouden sommige onderliggende aandoeningen

een zodanige oxidatieve stress kunnen genereren, dat het endotheel hierdoor

geactiveerd raakt.

Zowel gestoorde placentatie als vaatafsluitingen, apart of in combinatie,

veroorzaken uiteindelijk schade aan de uteroplacentaire vaatwand. Het

gemeenschappelijke eindresultaat is endotheelschade en –activatie. De cruciale rol

van het endotheel voor de progressie van de plaatselijke (placentaire) afwijking

naar de systemische verschijnselen is nu voldoende bewezen. Meerdere mediatoren

afkomstig van het endotheel staan bekend om hun krachtige vaso-actieve

eigenschappen; de belangrijkste hiervan zijn endotheline (een vaatvernauwer) en

stikstofoxide (NO; een vaatverwijder). Het remmen van de NO-productie bij

zwangere ratten veroorzaakt een ziektebeeld wat sterk lijkt op pre-eclampsie. Een

andere aanwijzing dat zwangerschapshypertensie gepaard gaat met

endotheelactivatie is de verstoorde balans tussen  thromboxaan A2 en prostacycline

bij deze patiënten. De erkenning van endotheelactivatie als de cruciale stap in de

ontwikkeling van de klinische verschijnselen was niet alleen een doorbraak in de

kennis over de pathogenese van dit ziektebeeld, maar biedt ook therapeutische

mogelijkheden in de vorm van NO-donoren.

In HOOFDSTUK 3 wordt een overzicht gegeven van de tot nu toe gepubliceerde

Doppler ultrasound studies van de uteroplacentaire circulatie. Deze studies waren

opgezet om hypertensieve complicaties in de zwangerschap te voorspellen in de
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asymptomatische fase. Als men ervan uit gaat dat gestoorde placentatie de

belangrijkste oorzaak van deze aandoeningen is, moet ook al in een vroege fase van

de zwangerschap de bloedstroom door de uteroplacentaire circulatie afwijkend zijn

door een verhoogde vaatweerstand. Dit is de theoretische basis voor Doppler

screeningsonderzoek van de uteroplacentaire circulatie. De bloedstroom door de

uteroplacentaire circulatie kan eenvoudig in beeld gebracht en geanalyseerd

worden door middel van ofwel continuous-wave (CW) ofwel pulsed-wave (PW)

Doppler onderzoek. De voorkeur gaat echter uit naar PW Doppler omdat hiermee

nauwkeurig de locatie van het bloedvat waarvan het flow-signaal afkomstig is, kan

worden bepaald. Als gevolg van het gebruik van verschillende bronlocaties

(arteriae uterinae, arteriae arcuatae) en indices voor het weergeven van de

vaatweerstand (Resistance Index, Pulsatility Index, diastolische notch) in de

screeningsstudies zijn deze onderling moeilijk te vergelijken. In de afgelopen 20

jaar is een aantal screeningsstudies gepubliceerd, waarvan enkele van grote

omvang zijn. De voornaamste studies zijn samengevat in tabel 1 van hoofdstuk 3.

Na vergelijking van de uitkomsten van deze studies komen de volgende punten

naar voren:

- PW Doppler geeft betere resultaten dan CW Doppler; de voorkeurslokalisatie is

de arteria uterina, omdat deze de weerstand van de bloedstroom door de gehele

distaal gelegen uteroplacentaire circulatie weergeeft.

- De twee-fasen test (het herhalen van de test bij 24-26 weken na een afwijkend

resultaat van de initiële test bij 20-22 weken) verhoogt de specificiteit.

- De meeste studies rapporteren een lage sensitiviteit en een groot aantal fout-

negatieven.

- De studies die onderscheid maken tussen milde en ernstige vormen van PIH/PE

vinden een betere voorspelbaarheid van de ernstige vormen met slechte

zwangerschapsuitkomst vergeleken met milde PIH/PE en een normale

zwangerschapsuitkomst.
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In HOOFDSTUK 4 worden de resultaten van een Doppler screeningsstudie bij 531

nulliparae (laag-risico groep) gepresenteerd. Deze studie was opgezet om de

hypothese te testen dat PIH/PE met een vroege presentatie en slechte

zwangerschapsuitkomst gerelateerd is aan gestoorde placentatie (“placentaire”

factoren) en dus voorspelbaar is middels Doppleronderzoek in het tweede

zwangerschapstrimester. De hypothese wordt naar voren gebracht, dat er een

subgroep van patiënten is die pas enkele weken voor de uitgerekende partusdatum

symptomen ontwikkelt en een normale zwangerschapsuitkomst heeft. In deze

groep verwachten we geen relatie met een verhoogde vaatweerstand in het tweede

trimester. We gebruikten PW Doppler onderzoek van de arteria uterina tussen 21

en 22 weken zwangerschapsduur. Als indices voor de bloedstroom gebruikten we

zowel de Pulsatility Index (PI), met een grenswaarde van 1.3,  als de aan- of

afwezigheid van een diastolische notch. Uitkomstvariabelen waren PIH, PE, intra-

uteriene groeivertraging (FGR) en vroeggeboorte. We deelden de patiënten in twee

subgroepen in; PIH/PE met vroege presentatie en slechte zwangerschapsuitkomst,

en PIH/PE met een normale zwangerschapsuitkomst. “Slechte

zwangerschapsuitkomst” was gedefinieerd als het optreden van intra-uteriene

vruchtdood, vroeggeboorte – ofwel spontaan ofwel geïnitieerd op foetale of

maternale indicatie-, een geboortegewicht onder het 10e percentiel, opname op een

neonatale intensive care, het HELLP-syndroom of eclampsie.

Er is een significante overeenkomst tussen een abnormale PI in de 22e week en het

optreden van vroeggeboorte (voor 35 weken) of ernstige hypertensie (diastolisch

boven 100mmHg). In de analyse van de subgroepen is er een opvallend verschil in

PI in de 22e week tussen de beide subgroepen. Bij patiënten met een vroege

presentatie van PIH/PE en een slechte zwangerschapsuitkomst is de PI in de 22e

week significant verhoogd, terwijl bij de patiënten met PIH/PE en een normale

zwangerschapsuitkomst de PI in de 22e week normaal is. Deze uitkomsten

suggereren dat PIH/PE met een normale zwangerschapsuitkomst niet gerelateerd is

aan gestoorde placentatie. Bij patiënten met PIH/PE en een slechte
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zwangerschapsuitkomst daarentegen wordt reeds in de 22e week een duidelijk

verhoogde vaatweerstand in de uteroplacentaire circulatie waargenomen. Deze

groep kan dus goed worden voorspeld door middel van screeningsonderzoek in het

tweede trimester.

In HOOFDSTUK 5 beschrijven we een studie onder 94 zwangeren met een verhoogd

risico vanwege hypertensieve complicaties in een eerdere zwangerschap (hoog-

risico groep). We onderzochten de waarde van Doppler screening in het

voorspellen van het terugkeren van hypertensieve complicaties in de volgende

zwangerschap. De methodologie is hetzelfde als hierboven beschreven. PIH/PE

trad op in de huidige zwangerschap bij 31 zwangeren (33%); dit ging gepaard met

een slechte zwangerschapsuitkomst bij 12 zwangeren (13%). Een slechte

zwangerschapsuitkomst in de eerdere zwangerschap is significant gecorreleerd aan

een slechte zwangerschapsuitkomst in de huidige zwangerschap. De voorspellende

waarde van de PI van de arteria uterina in de 22e week voor het opnieuw optreden

van PIH/PE in het algemeen is slecht en niet significant; daarentegen is de

voorspellende waarde voor het optreden van PIH/PE met een slechte

zwangerschapsuitkomst goed (sensitiviteit 83%, specificiteit 71%, p<0.001). De

belangrijkste klinische waarde van screening in deze hoog-risico groep is de

geruststellende uitkomst van een negatieve test; hoewel 28% van de vrouwen met

een negatieve test wederom PIH of PE krijgen, is de zwangerschapsuitkomst in de

meeste gevallen niet bedreigd.

HOOFDSTUK 6. In een poging om de voorspellende waarde van de Doppler

screening te verbeteren, introduceerden we een methode om de diastolische notch

in getal uit te drukken. Deze methode hebben we vergeleken met de Pulsatility

Index. Eerdere studies gaven aan dat de diastolische notch de beste parameter was

voor het weergeven van de vaatweerstand in de uteroplacentaire circulatie, hoewel

andere onderzoekers dit weer tegenspraken. Een nadeel van het gebruik van de
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diastolische notch was echter het ontbreken van een kwantitatieve index tot nu toe.

In deze studie introduceerden wij de Notch Index (NI), berekend door het verschil

tussen de hoogste stroomsnelheid in de diastole te verminderen met de

stroomsnelheid op het diepste punt van de notch en dit verschil te delen door de

gemiddelde stroomsnelheid van het gehele signaal. De onderzoekspopulatie

bestond uit de laag-risico groep van 531 nulliparae en de hoog-risico groep van 94

zwangeren met belaste voorgeschiedenis, zoals hierboven beschreven. De

methodologie en definities zijn zoals hierboven beschreven.

Zowel de PI als de NI zijn slechte voorspellers voor PIH/PE met een normale

zwangerschapsuitkomst; daarentegen worden goede voorspellende waarden

gevonden voor PIH/PE met een slechte zwangerschapsuitkomst. De logistische

regressie-analyse gaf aan dat gebruik van de NI niet leidt tot verbetering van de

voorspellende waarden.

HOOFDSTUK 7. De resultaten van onze screeningsstudies steunen de theorie dat

hypertensieve complicaties in de zwangerschap meerdere oorzaken hebben. Ze

geven aan dat er een subgroep van patiënten bestaat – patiënten die hypertensie

en/of proteïnurie ontwikkelen maar een normale zwangerschapsuitkomst hebben-

waarbij gestoorde placentatie geen causale rol lijkt te spelen. Om deze theorie

verder te onderzoeken hebben we een studie opgezet waarin Doppleronderzoek van

de arteria uterina wordt gerelateerd aan de pathologie van de uteroplacentaire

bloedvaten. We bepaalden de PI van de arteria uterina gemiddeld 4 dagen voor

bevalling middels keizersnede bij 43 vrouwen met een zwangerschap die

gecompliceerd werd door PE, het HELLP-syndroom en/of IUGR; en bij 27

vrouwen met een normale zwangerschap die een electieve keizersnede

ondergingen. Bij alle vrouwen werden tijdens de keizersnede placentabedbiopten

genomen. Van deze biopten was 59% representatief; deze biopten werden verder

geanalyseerd voor fysiologische vaatveranderingen en pathologische

vaatveranderingen (zoals thrombose en atherosclerotische laesies). We vinden een
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sterke relatie tussen een verhoogde vaatweerstand in de arteria uterina en

zwangerschapscomplicaties. Fysiologische vaatveranderingen zijn afwezig bij 58%

van de gecompliceerde zwangerschappen; in deze groep is de afwezigheid van

fysiologische vaatveranderingen significant gecorreleerd aan een abnormale PI.

Echter, ook bij de normale zwangerschappen is er in 40% van de

placentabedbiopten sprake van afwezigheid van fysiologische vaatveranderingen.

In deze groep is de PI echter normaal. Verder is het opvallend dat fysiologische

vaatveranderingen geen alles-of-niets fenomeen zijn maar ook gedeeltelijk

aanwezig kan zijn. Pathologische vaatveranderingen zoals (arteriële) thrombose en

atherosclerotische laesies worden gezien bij 58% van de gecompliceerde

zwangerschappen maar ook bij 53% van de normale zwangerschappen; ze vertonen

geen relatie met de PI.

We concluderen dat er een gradiënt is in de ernst van uteroplacentaire

vaatpathologie en dat de relatie met zwangerschapscomplicaties en verhoogde

vaatweerstand niet zo sterk is als werd gedacht. Als verklaring stellen wij voor dat

er andere factoren nodig zijn om de klinische verschijnselen van pre-eclampsie te

induceren, zoals vasospasmen.

Uteroplacentaire vaatpathologie en fysiologische vaatveranderingen variëren tussen

spiraalarteriën bij dezelfde patiënt; deze bevinding in ons onderzoek is ook door

anderen beschreven. Dit roept echter de vraag op of het placentabedbiopt (waarin

zich meestal maar een of twee spiraalarteriën bevinden) wel de  “gouden

standaard” is voor de diagnose van pre-eclampsie.
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DISCUSSIE

De pathofysiologie van zwangerschapshypertensie is nog altijd controversieel. De

“klassieke” theorie is gericht op de placenta en de uteroplacentaire circulatie.

Ontsporing van het normale proces van aanpassing  van de spiraalarteriën tijdens

de eerste 20 weken van de zwangerschap resulteert in plaatselijke

endotheelactivatie, waarop vaso-actieve stoffen in de circulatie verschijnen die de

klinische verschijnselen op afstand veroorzaken.

Hoewel deze theorie nog steeds algemeen wordt geaccepteerd, geeft recenter

onderzoek aan dat endotheelactivatie in de uteroplacentaire circulatie niet alleen

afhangt van gestoorde aanpassing van de spiraalarteriën. Onderliggende maternale

aandoeningen zoals pre-existente nierziekten, essentiële hypertensie, diabetes

mellitus of “the metabolic syndrome” (ook wel insuline-resistentie syndroom

genoemd) en tevens stollingsafwijkingen worden nu onderkend als factoren die uit

zichzelf endotheelactivatie kunnen veroorzaken als gevolg van oxidatieve stress.

Wij beschrijven een Doppler screeningsstudie van de uteroplacentaire circulatie in

de 22e week van de zwangerschap. In deze studie konden we duidelijk twee

subgroepen van patiënten onderscheiden:

Ten eerste een groep patiënten die PIH of PE ontwikkelt (meestal na 35 weken

zwangerschapsduur) en waarbij het beeld niet wordt gecompliceerd door

vroeggeboorte, IUGR, het HELLP-syndroom of andere complicaties gerelateerd

aan hypertensie. In deze groep zijn geen aanwijzingen voor een verhoogde

vaatweerstand in het tweede trimester. Onze hypothese is dat in deze groep

maternale factoren de doorslag geven bij het ontstaan van endotheelactivatie en

aansluitend de klinische verschijnselen.

Ten tweede een groep patiënten die voor 35 weken zwangerschapsduur symptomen

heeft van PIH of PE en waarbij de zwangerschap verder wordt gecompliceerd door

FGR, vroeggeboorte (dan wel spontaan of geïnitieerd wegens maternale of foetale

indicatie), solutio placentae, intra-uteriene vruchtdood, het HELLP-syndroom of
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eclampsie. In de meeste gevallen zijn meerdere complicaties aanwezig. Deze vorm

met slechte zwangerschapsuitkomst is geassocieerd met een verhoogde

vaatweerstand in de uteroplacentaire circulatie in de 22e week en kan daardoor

betrouwbaar voorspeld worden door screeningsonderzoek. Onze hypothese is dat

deze vorm wordt veroorzaakt door gestoorde placentatie en dat eventueel

aanwezige maternale factoren het beeld alleen nog maar kunnen verslechteren.

Onze studie waarin de relatie tussen uteroplacentaire vaatweerstand en

placentabedbiopten wordt onderzocht geeft aan dat de vaatpathologie bij normale

en gecompliceerde zwangerschappen elkaar aanzienlijk overlapt. Fysiologische

vaatveranderingen zijn op zijn minst onvolledig in een aantal normale

zwangerschappen en ook pathologische vaatveranderingen zijn aanwezig bij een

aantal normale zwangerschappen. Bij deze vrouwen is de Doppler flow in de

arteria uterina echter vrijwel altijd normaal. Kennelijk zijn de vaatafwijkingen op

zichzelf onvoldoende om tot endotheelactivatie in de maternale circulatie te leiden

en klinische verschijnselen te induceren. Deze resultaten suggereren dat er andere

factoren aanwezig zijn die verklaren waarom sommige vrouwen

zwangerschapshypertensie ontwikkelen terwijl anderen – met dezelfde

vaatafwijkingen- een normale zwangerschap hebben. Wij brengen de theorie naar

voren dat onderliggende maternale aandoeningen die predisponeren voor snelle

endotheelactivatie de doorslaggevende factor is voor het ontwikkelen van klinische

verschijnselen.

Concluderend ondersteunen zowel onze screeningsstudie als onze

histopathologische studie het concept van heterogene oorzaken van

zwangerschapshypertensie.
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Gebaseerd op onze resultaten kunnen we de volgende aanbevelingen maken:

1.

Het klinisch nut van Doppler screening van de a. uterina in het tweede trimester is

beperkt tot het voorspellen van een slechte zwangerschapsuitkomst als gevolg van

zwangerschapshypertensie. Het is geen betrouwbare methode om PIH of PE in het

algemeen te voorspellen. Het zal daarom klinisch het meeste nut hebben in de

subgroep van zwangeren die een verhoogd risico hebben op het ontstaan van een

slechte zwangerschapsuitkomst; in deze groep kan een negatieve screening een

geruststelling vormen (wat betreft de zwangerschapsuitkomst, niet wat betreft het

ontstaan van hypertensie) voor zowel de zwangere als de obstetricus.

2.

Verder histopathologisch onderzoek is nodig om de uteroplacentaire vaatpathologie

te vergelijken tussen normale en gecompliceerde zwangerschappen. Om

betrouwbare informatie te verkrijgen, stellen wij voor dat meerdere biopsieën

worden genomen van verschillende plaatsen in het placentabed; dit zou het wellicht

mogelijk maken om de ernst van de vaatpathologie in getal uit te drukken.

3.

De rol van maternale aandoeningen in zwangerschapshypertensie wordt steeds

duidelijker. Daarbij komt nog dat vrouwen met een voorgeschiedenis van

zwangerschapshypertensie een verhoogd risico hebben op cardiovasculaire

aandoeningen op latere leeftijd. Wij raden clinici aan de mogelijkheid te

onderzoeken van onderliggende en vaak behandelbare maternale aandoeningen bij

patiënten die worden verwezen voor hypertensie in de zwangerschap.
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