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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.
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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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