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2.1.

CHAPTER II
Preterm labour of unknown aetiology

Introduction

Definition

Defining preterm labour is mainly important for statistical reasons. In clinical use it is
important to distinguish between threatening preterm labour and false labour, and as long
as the mechanism of labour is not yet fully understood and thus no biophysical, biochemical
or hormonal parameters, differentiating between true and false preterm labour are
available, it will be an arbitrary clinical diagnosis. So early differentiation between truc
labour and false labour is often difficult before the uterus has contracted sufficiently to
produce demonstrable effacement and dilatation of the uterine cervix. By that time,
unfortunately, attempts to arrest labour may prove to be less effective.

Inherent to the practice of obstetrics is the division of gestation in periods in which untimely
expulsion of the gestational products occur. Exact data concerning mortality and morbidity
related to preterm deliveries are difficult to obtain and to compare, especially because of
poor definitions, differences among populations and major differences in manpower, skill
and equipment between perinatal care centres. In the past, various definitions regarding
gestational age at delivery have been used in the Anglo-American literature and not
infrequently these differed from the definitions used on the European continent.

This surely complicated the comparison of neonatal outcome and results of efforts to
prevent imminent preterm labour.

The definition of a shortened gestation has amply been discussed by expert committees of
the World Health Organisation (WHO report, 1977). There is general agreement that the
term ‘premature’ should no longer be used and that birth weight and gestational age
should be considered separately.

The current WHO recommendation is that infants delivered within less than 37 completed
weeks (less than 259 completed days) from the first day of the last menstrual period should
be defined as 'preterm’, while infants weighing less than 2500 grams are classificd as being
of "low birthweight’. Those infants may be small for gestational age (8.G.A.) as well as
appropriate for gestational age (A.G.A.). So "preterm’ only applies to gestational age
(being under 37 weeks) regardless of actual birthweight,

Incidence

Over the last few years mortality rates of preterm infants have gradually fallen (Alberman,
1974; Stewart, 1981). Data concerning morbidity are more difficult to obtain, However,
there is still a small but important percentage (up to 10%) of prematurely born infants left
with a permanent major handicap (Davies, 1976; Stewart et al., 1977). Virtually all the
studies show that, although the incidence of preterm delivery ranges from about 5 to over
9 per cent in Western Europe (Kloosterman, 1977; Rush et al., 1976; Kaltreider and Kohl,
1980; Kanhai, 1981), they account for the majority of carly neonatal mortality. Fuchs



(1976} reported that 8 per cent of deliveries which occurred before the 36th week of
pregnancy, accounted for about 75 per cent of perinatal deaths. Stillbirth and lethal
deformities account for more than 10% of preterm deliveries and for more than 60% of
the associated perinatal mortality (Rush et al., 1978).

There is a considerable lack of information about the epidemiological aspects of preterm

labour. To obtain more insight in these aspects data of preterm deliveries should be

classified, as has been done by several authors (e.g. Bakketeig and Hoffman, 1981; Kanhai,

19813.

In general this classification includes 3 categories:

- preterm labour (or induced preterm labour) following intra-uterine foetal death. Preterm
labour is a {desired) result of an intra-uterine catastrophe.

- induced preterm labour in cases in which maternal and/or foetal conditions disfavour
prolongation of pregnancy. Foetal mortality and morbidity are more related to the
initial pathology than to prematurity as such.

- spontaneous preterm labour with or without conditions known to have a prevalence to
preterm labour. Mortality and morbidity are to some extent associated with the length
of pregnancy and foetal condition at birth.

It would be casy to suggest that there are isolated causative factors involved in preterm

delivery. Tt is much more likely that there are multiple interrelated factors both in terms of

environmental and individual characteristics in addition to pregnancy complications.

Wellknown conditions which have prevalence to preterm labour may be factors relating to

the conceptus {foctus, amniotic fluid, foetal membranes, placenta), factors outside of the

conceptus (health, age and constitution of the mother, uterine anomaly, socio-economic
factors ete.), or factors both inside and outside the conceptus. Several of these factors
have been described in detail in the literature (Carpenter, 1982; Kaltreider and Kohl,

1980; Caritis et al., 1979) and are listed in table T1-1.

Table H-1: Factors implicated in preterm labour (after Caritis et al., 1979).

Maternal: Severe systemic diseases
Endocrine disorders
Trauma
Orgasm

Socioeconomic status

History of preterm brith

Genital infection
Foetoplacental: Genetic abnormalities

Foetal death

Abruptio placentae

Placenta praevia
Uterine: Overdistention

Malformation

Infection

Foreign body

Rupture of membranes

Cervical trauma
Other: latrogenic




Preterm labour of unknown aetiology is defined as preterm labour without a recognized
aetiological moment: without a factor, generally spoken, attributant to preterm labour.
Because of incomplete knowledge of the mechanism of human parturition the above-
mentioned conditions are raised by some authors to aetiological moments. About half of
all spontaneous preterm labour starts without one of the above-mentioned conditions
(Caritis et al., 1979; Rush et al., 1976). This preterm labour of unknown aetiology is the
most interesting and challenging group of preterm labour from the point of view of actiology
and management,

Up to now, no specific differences between the onset of preterm and term labour have
been found. Much has been written about controlling uterine contractions. Data resulting
from these studies have led to many hypotheses to explain the control of uterine
contractions, and by reversing these theories to postulations regarding the onset of labour
as well. Many of these theories are controversial, which is easy to understand, realizing
that most of the above-mentioned work has been done in vitro and/or examined in animal
experiments.

Thus far, despite all the research that has been undertaken within this ficld, there is not
yet one single, generally accepted theory explaining the onset of parturition. On the other
hand, as a sequel to all these studies, drugs have been developed with the qualities to
influence the system, cither to inhibit or to induce uterine contractility.

Because possible differences on cellular and subcellular levels between preterm and term
labour have not yet been defined, the onset of preterm labour will be discussed with
reference to recognized factors concerning the onset of term labour.

Physiological aspects of the pregnant uterus

General remarks

The uterus is an intriguing muscular organ. No other smooth muscle grows for a period of
nine months, during which time its op timal function is obtaincd by being relaxed, and is
then called upon to perform a considerable amount of contractile work during a period of
hours.

The wet weight of the uterus increases 10-20 fold during pregnancy. The fastest rate of
weight increase occurs during the last third of this period.

This is due mainly to the hypertrophy of the smooth muscle cells of the myometrium. The
uterus has the capacity to contract at any time during pregnancy and as pregnancy progresses
it shows sporadic contractions with increasing frequency (Braxton Hicks contractions).

If only a few of the myometrial cells contract at any one time, other cells may be stretched
and the net-effect on the intra-uterine pressure is thereby minimal. Only when a majority
of cells contract simultaneously, the intra-uterine pressure will increase as a result of these
contractions.

Although no particular cells or cell groups have been identified to which a pacemaker
function may be ascribed, the cells in the cornua have the highest degree of excitability, so
they are believed to act as pacemakers by some investigators (Alvarez and Caldeyro-Barcia,
1954). According to them, that is why during coordinated uterine activity the contractions
usually begin in the fundal area, and the activation of the myometrial cells then spreads
rapidly over the uterus towards the cervix. At term, the transition from the state of



pregnancy with sporadic cantractions to the state of labour with frequent, rhythmic
contractions often cludes both the patient and the obstetrician, because it is so gradual
that it is difficult to locate the end of one state and the beginning of the other.

One way to understand this change is perhaps the division of smooth muscle cells in either
single-unit or multi-unit muscle cells. The uterus can be regarded as a single-unit organ
during labour, but during pregnancy as multiple independent units (van Leeuwen et al.
1979).

The gradual transition from pregnancy to labour is in agreement with the assumption that
the activity of the myometrium depends on the refationship between factors designed to
keep the uterus at rest and factors which facilitate contractions. The balance is obviously
delicate and as a result considerable variations occur in length of gestation. In the women
the difference between "normal’ variations in the duration of pregnancy and those classified
as pathological, such as preterm and postterm labour, are based on statistical time limits
and not on differences in the physiclogical behaviour of the uterus.

The maintenance of uterine relaxation during pregnancy could be brought about either by
making the myometrial cells less responsive to stimulation or by preventing contractile
stimuli from reaching the myometrium. The first type of mechanism involves changes of
the physico-chemical properties of the myometrial cells, blocking the conduction of impulses
from one cell to another, preventing the interaction of the contractile proteins actin and
myosin, interfering with the ion transport involved in the contraction-relaxation process,
or inhibiting the metabolic transformations providing energy for the contractile process.
The second type of mechanism could prevent stimuli from reaching the target organ, the
uterus, by blocking nerve conduction in the central nervous system or efferent pathways,
or by blocking nerve cells in the uterus itself, by preventing the release of humoral factors
capable of stimulating the myometrial cells, by inactivating such agents before they reach
the target cells, or by blocking the receptor sites for such agents in the target cells.

There is a considerable amount of evidence in support of the view that the function of the
myometrium during pregnancy and parturition is regulated by hormones. This does not
exclude the possibility, however, that other factors (mechanical factors like stretch of the
myometrial cells or neurogenic factors) may play important roles as well.

Anatomy of the myometrium

The human myometrium is composed of smooth muscle cells in a network of intricately
interwoven bundles. A differentiation could be made between circular and longitudinal
muscle cells, with distinguished physiological and pharmacological characteristics. The
pattern is designed to provide continuous protection for the growing foetus as well as the
optimal mechanical conditions for its expulsion. Most of the fibres follow a spiral course
and some of them continue into the cervix. Most of the cervical tissue consists of dense
fibrous tissue. Toward term, probably due to hormonal influence, this tissue softens
considerably. When the muscle fibres extending into the cervix contract, in primigravidae
they first "take up’ the cervix (effacement) and then open the os, whereas in multigravidae
these processes elapse more or less simultaneously.

Subcellular organization of myometrial muscle celis

As in striated muscle cells, myometrium smooth muscle cells obtain myosin filaments and



actin filaments. Besides these two proteins there is a third type, an intermediate filament,
forming a network, linking protein structures, known as dense bodies.
These intermediate filaments and dense bodies are analogous in function to the Z-lines of
the striated muscies. They do not play an active role in the contractile process. They rather
form a flexible structural network, which links the actin and myosin filaments into integrated
mechanical units. This highly flexible organization enables the uterus to adapt to virtually
any shape and to generate the forces necessary for labour with foetuses in various positions
and sizes.
Myosin is composed of two parts (FHuszar and Roberts, 1982): a "tail’, forming the
*backbone’ of the myofilament and a "head’ (including two light chains), which is the
location of three important functions:
- the actin-combining site, where myosin and actin combine to generate forces,
- the ATP-ase site, where ATP is broken down and chemical energy is converted into
mechanical or pulling forces,
- the light chains, which, when phosphorylated, constitute the key clement of contractile
regulations.
Actin is a globular protein. The actin monomers polymerize into long thin filaments.
During uterine contractions the myosin heads and actin molecules form cross-bridges that
generate the contractile force of labour.
In striated as well as in smooth muscle cells, calcium is stored in intracellular vesicles, the
caveolae intracellulares (Daniel and Lodge, 1972), localized in the sarco-plasmic reticulum.
The calcium shift from the inside of these vesicles (bound calcium) to the intra-cellular
space (free calcium) is essential for contraction regulation. This process is influenced by
several hormones, especially by catecholamines.
Adrenaline is thought to act as a first messenger, stimulating adenylcyclase, an enzyme,
located on or within the cell membrane (fig. 2-1). Adenylcyclase accelerates the conversion
of adenosine triphosphate {(ATP) to cyclic adenosine monophosphate (cAMP): cAMP acts
as a second messenger. One of the effects of the elevated cAMP formation is the
accumulation of calcium by the sarcoplasmic reticulum calcium pump within the caveolac
intracetlulares, resulting in a decrease of the free intracellular calcium level (Sutherland
and Rall, 1960; Rasmussen and Tenenhouse, 1968; Nishikori and Maeno, 1979: cited by
Huszar, 1980).
cAMP activity is limited by conversion in the inactive metabolite 5" adenosine
monophosphate. This hydrolysing reaction is catalyzed by phosphodicsterase (Berg et al.
1982).
A second mechanism to lower the amount of free intracellular calcium is the extrusion of
calcium from the inside of the cell to the extracellular space. There is a concentration
gradient of calciumy of 1:5000 (intracellular versus extracellular) in the resting state. This
gradient is transiently increased a hundredfold during maximal activity. During
repolarisation calcium is repulsed extracellularly; the energy for this mechanism is obtained
by the ATP-ase system.
In smooth muscle cells, actin-myosin interaction is regulated through enzymatic
phosphorylation or dephosphorylation of the myosin light chains. Actin-myosin interaction
can take place only if myosin has been phosphorylated. Phosphorylation occurs through
the action of myosin light chain kinase (M.L.C.K.), an enzyme that is activated by calcium.
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Fig. 2-1: Effect of catecholamines on myometrial muscle cells.

Relaxation of the smooth muscle occurs when another enzyme myosin light chain
phosphatase removes the phosphate group from the myosin molecule. Actin does not
‘recognize’ the dephosphorylated myosin: hence no further actin-myosin interaction can
take place. So the contractile state of smooth muscle cells depends on kinase activity as
well as on phosphatase activity. The kinase activity is influenced by three intracellular
regulatory systems, Firstly, the stimulating role of free calcium (Yagi et al., 1978): secondly,
calmodulin, a calcium-dependent regulatory protein (Yagi et al., 1978, Grand and Perry,
1978) and tinally, cAMP which has an inhibitory effect on the kinase activity (fig. 2-2).
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Figure: 2-2: Actin-myosin-phosphate regulating system.



These mechanisms are under influence of the hormonal state and can be altered by
exogenous changes of the system (fig. 2-4). This scheme will serve in the following text as a
matrix to explain the mode of action of hormones and drugs.

Intercellular organization

As already mentioned myometrial smooth muscle cells are embedded in extracellular
material, composed mainly of collagen fibres, which act as intracellular tendons. This
connective tissue integrates the action of the muscle by transmitting the contractile force
that is generated within the individual muscle cell.

The cells communicate with one another through conpections called gap junctions. Garfield
et al. (1978) believe these cell-to-cell contacts to be implemental in organizing the uterine
contractions for labour. During pregnancy the presence of these gap junctions between
uterine smooth muscle cells are exclusively limited to the period just prior to, during and
immediately following parturition and has significant implications with reference to the
maintenance and termination of pregnancy. The absence of gap junctions between smooth
muscle cells throughout gestation until the beginning of labour may maintain pregnancy by
limiting electrical communication between cells and so preventing coordinated contractions
of the uterus.

The rapid formation and appearance of gap junctions may initiate or allow initiation of
parturition and terminate pregnancy by providing large areas of low resistance between
the cells, allowing the spread of electrical information.

The spread of this current over the myometrium is supposed to synchronize uterine
activity.

Gap junction formation is partly controlled by steroid hormones and prostaglandins.
Garfield et al. (1980 a) showed an increasing number of gap junctions in myometrial tissuc
of pregnant rats in vitro. Statistically this was more relevant near term than in the immature
period. Injection of immature animals with oestrogens increased the number of gap
junctions. However, in the presence of oestrogens, progesterone decreased the number of
gap junctions. Finally addition of indomethacin inhibited the formation of gap junctions
but the addition of a stable analogue of the prostaglandin endoperoxide, prostaglandin H,
overcame the inhibition produced by indomethacin,

In 1980, Garfield et al. (1980b) showed that isoxsuprine decreased the number and size of
the gap junctions in the myometrium of pregnant rats in vitro.

In 1981, Garfield and Hayashi published the results of electron microscopical examination
of human myometrium, obtained during Caesarean section. Gap junctions were present
between smooth muscle cells with low frequency in women with a closed cervix and
infrequent contractions of the uterus. There was a statistically significant correlation
between increased cervical dilation or increased frequency of uterine contractions and
increased arca of gap junctions.

A model for the control of parturition was designed by Garfield et al. (1978) (fig. 2-3).

Relation between intra- and intercellular events.

A model for the understanding of smooth muscle electrical activity can be drawn by
designating the cell wall as a conducting membrane which is selectively permeable to
specific ions and which separates two different solutions of salt: the intraceilular and
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Fig. 2-3: Gap junctions and the control of parturition (Garfield et al., 1978).

extracellular fluid. Electrically charged ions, such as potassium, calcium, sodium and
chloride form an equilibrium, resulting in a resting potential.

The membrane potential is unstable (possibly by intracellular metabolic processes) and
shows generally irregular fluctuations of some millivolts up to some tens of millivolts.
When these fluctuations cross a threshold, the membrane potential becomes an action
potential, resulting in a contraction.

During the elevation of the resting potential (hyperpolarisation) there will be an influx of
caleium into the cell (Osa, 1971: cited by van Geldrop, 1980).

An action potential or a “spike’ leads to a single contraction of one myometrium cell: a
burst of spikes results in a tetanic contraction of that specific myometrium cell. The quality
of cellular interaction depends on the hormonal status: prerequisite for intercellular
synchronisation is an electrical continuity between the cells, with a low electrical
resistance.

These short circuits are believed to be the gap junctions. Finally an integrated model is
presented, showing the regulation of smooth muscle contractility. Circled agents promote
contractility; agents enclosed in grid promote relaxation (fig. 2-4)

Hormone profiles during late pregnancy and the onset
of labour

Hormonal changes during pregnancy

The levels of almost all hormones rise with advancing gestational age and, although the
rate of increase may change close to term, these changes are certainly neither dramatic nor
consistent from onc individual to another (Fuchs, 1977).

A main problem in the interpretation of endocrine changes at or before the onset of labour
is the relative importance of and the temporal relationship between maternal and foetal
contribution. Moreover, changes in the level of one hormone may induce changes in other
hormone levels, and the inaccessibility of the human foetus renders it difficult to examine
which one of these initiates the alteration.

10
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Fig. 2-4: Integrated model for regulation of smooth muscle congractility (Huszar, 1980).

One may wonder whether blood levels are relevant at all. As compared to urine fevels,
blood levels give more accurate information concerning hormonal events around the
target cells, but what ultimately counts is the situation within the target cells. In this regard
the ability to monitor changes is still extremely limited. Within the individual cell or
groups of functionally similar cells, the response depends on such factors as thé amount of
receptor protein available, the affinity of the receptor to the hormone in gquestion, the
transfer rate of the hormone-plus-receptor complex to the nucleus, the interpretation of
the message by nuclear components, the transmission of the message o the extranuclear
functional elements of the cell, etc. The mechanism of action of hormones has been studied
mainly with protein synthesis as the final result (Batra, 1980) (fig. 2-6).

Formation of a hormone-receptor complex may directly influence pH, permeability,
excitability, movements of ions between subcellular organelles, cte.. The situation is
complicated by the fact that target cells may have a high affinity for several hormones
which may compete for the available receptor sites, or one hormone may determine the
binding capacity for another hormone without itself necessarily occupying the binding sites

11



for this hormone. Myometrial cells appear to be target cells for at least the following
hormones: oestrogens, progestagens, corticosteroids, oxytocin, prostaglandin and
catecholamines. It is also conceivable that other hormones in pregnancy have a modifying
effect on the action and interaction of these hormones.

Although the blood levels of the various hormones in pregnancy may have little functional
relevance, it is nevertheless necessary, in the absence of better evidence, to consider the
blood levels of the hormones at the onsct of labour in an attempt to develop a model for
the mechanism of human labour.

Recently, detailed reviews concerning hormonal changes during pregnancy and the onset
of labour have been published {(Fuchs, 1976; Batra, 1979; Thorburn and Challis, 1979).
Also several textbooks {Fuchs and Klopper, 1977, Speroff et al., 1979) and special editions
in scientific series (Josimovich, 1972; Keirsc et al., 1979) give well-documented information
of present knowledge about the onset of labour. Some of it is summarized in the next
section.

Female sex steroids.

Oestrogens and progesterone are often discussed together because of their antagonising
character and their mutual relationship: a change in the Progesterone/Oestrogen ratio (PE
ratia) has been advocated as an important key to the recognition of the onset of parturition
and as a valuable parameter for the prediction of preterm labour. Oestrogens and
progesterone will first be discussed separately to explain their role in the control of uterine
contractility.

Oestrogens

During pregnancy the main site of oestrogen production is the foeto-placental unit. The
pathway of oestriol production is shown in the next diagram (fig. 2-5).

A less important pathway for oestrogen production is the conversion of cholesterol into
dehydroepiandrosterone-sulfate (DHEAS) in the maternal adrenals. Like (a small amount
of) foetal DHEAS, this is converted in the placenta into oestradiol and oestrone (Siiteri
and MacDonald, 1966).

Dwuring pregnancy oestrone and oestradiol exeretion is increased about 100 times over
non-pregnant levels. However, the increase in maternal oestriol excretion is about a
thousandiold (this cnormous rise coupled with its dependency on foetal precursor is the
basis of its utility in foetal monitoring). Nincty per cent of oestriol excretion can be
accounted for by DHEAS production by the foetal adrenal glands. Although oestriol is
quantitatively the most important cestrogen, ocstradiol seems to be the most potent one
{(Kelly, 1961; Pinto et al., 1967; Larsen et al., 1973; Cohen, 1976).

The effect of ocstrogens upon the pregnant uterus is not yet fully understood. It is generally
belicved that oestrogenic compounds increase the contractile response of the uterus
{Csapo, 1956}, but results of in vitro experiments suggest an inhibitory effect (Mossman
and Conrad, 1967). On the other hand, the data of Standar and Barden (1970) show that
preincubation with oestrogens sensitizes the myometrium to the action of other stimulants.
These results can be explained by “receptors’

Here the term receptor is used to describe an entity at cellular level that may receive a
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Figure 2-5: Oestrogen pathway.

stimulus. This stimulus may be an endogenous one (¢.g. a hormaong) or an ¢xogenous One
{c.g. a drug). The binding of a receptor and a stimulus will subsequently result in an effect.
Ttis not clear whether a receptor is specific, or whether it may receive stimuli of different
kinds: for example, it has been postulated that alpha- and beta-adrenergic receptors arc
structurally related and may in fact represent alternate configurations at the same active
site (Roberts et al., 1977).

On the other hand, receptors provide tissue selectivity. In most cases a hormone regulates
its own receptor concentration, but convincing data are now available, indicating that
cestrogens augment the synthesis of its own and progesterone receptors (Roberts, 1975).
Oestrogens also increase the number of oxytocin receptors (Soloff et al., 1979},
prostaglandin receptors (Naylor and Poyser, 1975) and alpha-adreno receptors (Roberts et
al.. 1977}, making the uterus more sensitive for these hormones.

Common to all stimulus-receptor reactions is the non- specificity of the link reaction that
produces the physiological effect. This link process is the cnergy system involved in cAMP,
According to Batra (1980) the mechanism of oestrogen stimulation upon the receptor may
be understood, as presented in figure 2-6.
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Fig. 2-6; Effect of oestradiol on myometrial muscle cells.

So vestrogens can effect myometrial contractility by the adenylcyclase - cAMP system. A
second mechanism to influence the intracellular calcium level, and as a result the uterine
contractility, is the trans-membrane calcium movement (Batra and Bengtsson, 1978a).
Oestrogens also seem to be active in the induction of gap junctions. Neither the exact way
of formation of gap junctions, nor their function, however, is completely understood
(Garfield et al., 1978).

There is general agreement that oestrogens have a stimulating effect on uterine contractility.
Already in 1931, Reynolds observed increased myometrial contractions after administration
of oestrogens to ovariectomized rats. Similar experiments were reported by Csapo et al.,
1973 who showed a fourfold increase in the rate of preterm delivery after administration of
oestradiol to ovariectomized rats.

Progesterone

In carly pregnancy progesterone is largely formed by the corpus luteum during about the
first 10 weeks of gestation. The production of progesterone by the placenta increases
significantly since the 7th week of gestational age and the placenta remains by far the most
impaortant site of progesterone production (Speroff et al., 1978). Only a small amount of
progesterone, even at term, is synthesized in the corpus luteum: the significance of the
latter production is unknown (Lemaire et al., 1970). Just like oestrogens, progesterone is
synthesized by the placenta from maternal cholesterol via pregnenelone. Unlike oestrogens,
as has been shown in fig. 2-5, regarding the pathway of oestriol production, the foetus
plays no role at all, when it comes to progesterone synthesis. So the oniy way the foetus
might influence the oestrogen/progesterone ratio is by means of its participation in the
synthesis of oestrogens.
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The role of progesterone for the foetus is not fully elucidated; it might serve as a substrafe
pool for the production of gluce- and mineralocortocoids (Speroff et al., 1978).
Furthermore, Siiteri et al. (1976} called attention to the immuno-suppressive properties of
progesterone, suppressing the maternal immunological response to the foctus.
Progesterone plays an important role in the relaxation of the uterus by lowering the
intracellular calcium (Nishikori and Maeno, 1979). Progesterone was demonstrated to
have an ATP-dependent calcium lowering effect, promoting the uptake of calcium by the
sarcoplasmic reticulum (Carsten, 1979). Possibly this ATP-dependent effect is regulated
by decreasing the alpha-adrenergic receptors on the myometrium cell (Roberts et al.,
1977). Garfield et al. (1978) emphasized the role of progesterone in the control of gap
junction formation. As has been shown in fig. 2-3, progesterone has a negative effect on
step 2, thus preventing quick intercellular transmission of the electrical pulses, necessary
to produce coordinated uterine contractions.

ProgesieronelOestrogen rativ (PE ratio) in plasma

Oestrogens as well as progesterone have a strong influence on the human myometrium as

has been discussed previously. The fascinating finding that the main placental hormones -

the production of which increases tremendously in the course of pregnancy - induce

completely opposing effects with regard to uterine contractility, has led to research

concerning a possible relationship between the progesterone/oestrogen ratio (PE ratio)

and the onset of labour. It is quite understandable, however, that this research discharges

itself into a “continuing controversy™ (Flint, 1979) if one bears in mind the following

considerations:

- There can be a large inter-individual spread and individual variation between two
consecutive weeks (Lindberg et al., 1974; Compton et al., 1979).

- Diurnal variations up to 15% have been determined by Katagiri et al. (1975), although
Masson and Wilson (1972) found negligible differences.

- PE ratio has been shown to decrease after induced labour (Kauppila ot al., 1980}, but
this decrease may be a result instead of the cause of the onset of labour.

Turnbull et al. (1974) found a fall in progesterone and a rise in oestradiol during the five
weeks preceding labour: this leads to a decrease of the PE, ratio (15:1 at 36 weeks of
gestation; 5:1 at term). Furthermore it appeared that there was no difference in the plasma
concentrations of oestradiol and progesterone before and after the onset of labour. This
has also been confirmed by Mathur et al. (1980). .
Csapo et al. (1971) found a significant fall of progesterone after reaching peak values four
weeks prior to delivery. In 1975 he published his "see-saw™ theory, emphasizing the
dominant role of progesterone, counteracting the influences of oestrogens, oxylocin,
uterine volume and the foetus.

No change in PE; ratio was found by Batra et al. (1976). The levels of total oestrogen and
progesterone in plasma increased with advancing pregnancy, and at no time, prior to
delivery, was there a significant fall in progesterone or an abrupt rise in oestrogen. The
PE; ratio changed from 6.2:1 at 33 weeks of gestation to 7.2:1 at term. These data arc in
agreement with the findings of Shaaban and Klopper (1973), Tulchinsky et al. (1972},
Mathur et al. (1980).



An interesting finding of Batra's rescarch (1979) was a refative increase of free progesterone
during the second half of pregnancy (ratio total/free progesterone increased from 6% to
11% at term). Parker et al. (1979) did not find a decrease of progesterone at the end of
pregnancy.

In wiew of the large body of conflicting evidence there is general consensus of opinion
(Flint, 1979) that levels of sex steriods in the peripheral circulation are of limited relevance
to the understanding of the onset of term labour.

In cases of (imminent) preterm labour Tamby Raja et al. (1974) and Csapo et al. (1974)
found a low PE ratio, compared to a control group. However, the decrease of PE ratio in
Raja’s patient-group was caused by a marked increase in peripheral plasma oestradiol
levels with normal progesterone lfevels, whereas in Csapo’s investigation it was, in fact, a
significant lower plasma progesterone concentration which caused the low PE ratio.

The work of Cousins et al. (1977) added more conflicting data: he found significantly
lower progesterone and oestradiol levels in patients with established preterm labour than
in control cases and only a change in PE2 ratio in a small subgroup of the preterm labour
patients.

The relationship between sex hormone changes preceding preterm labour and their relation
with uterine contractility are further discussed in chapter TV,

PE ratio in the myometrium.

Realizing that plasma levels do not express what really happens in the target cells, many
authors have focused their attention on progesterone and oestrogens concentration in
human pregnant myometriam.

Batra and Bengtsson {1978b} have well demonstrated that while at midterm there is a
good correlation between plasma and myometrium concentrations for both progesterone
and 17-beta-oestradiol, in full term pregnancy this correlation is non-significant for
progesterone and weak for 17-beta-oestradiol.

They suggested that the specific as well as the non-specific binding sites for progesterone,
are saturated as pregnancy approaches full term. Furthermore, Batra et al. (1979) described
the different PE, ratios at term of plasma, decidua, myometrium and placenta (8.7, 112.2,
61.4 and 370.0 respectively). The conclusion drawn from their data was a lack of
correspondence between the plasma concentrations and the tissue concentrations of
female sex steroids during pregnancy.

Haukkamaa and Litheenmiki (1979) found no differences in progesterone concentrations
neither in myometrium nor in peripheral plasma before and during labour. However, their
data showed an increase of oestrone in advanced labour in myometrium and peripheral
plasma. This Jeads to a decrease in PE; ratio, in both myometrium and plasma.

Ferré et al. (1978) showed different levels of progesterone and oestrogens in the inner
layer of the myometrium near the placenta from those in other zones, resulting in the
lowcest PE, ratio (20:1) in the outer layer of the antiplacental site of the myometrium.
Hilary and Cohen (1981) found a significant increase of oestradiol in the nuclear fractions
of the myometrial cells in labour, resulting in a decrease of E;E; ratio.

Cohen (1976) believed that a function of the abundantly produced oestriol during pregnancy
is to tie up a sufficient number of oestrogen receptor sites, so superseding oestradiol and
thus keeping the oestradiol concentration in the nucleus below its threshold stimulatory

level.
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Parlati et al. {1982) demonstrated that there are no differences in peripheral plasma and
myometrium {outer layer of placental side) of patients before labour, at the beginning of
labour and during advanced labour. Oestradiol levels in plasma did not change in these
three groups but myometrium concentrations were significantly higher in the group of
labouring patients. Qestrone levels in myometrium did not show differences between the
three groups, but surprisingly he noted a decrease of oestrone in peripheral plasma of
patients at the onset of labour, in respect to those undergoing clective Caesarean section,
These result in a decrease of PE, ratio in myometrium in labouring patients, in conformity
with Ferré’s paper, but the PE,; in myometrium in labouring patients is not in agreement
with the study of Haukkamaa and Litheenmiki (1979).

Apart from the fact that reported hormone levels in the myometrium show considerable
variation, the inaccessibility of the pregnant myometrium lmits any potential usefulness of
this approach in the prediction of preterm labour.

Corticosteroids

Many investigators have studied the relationship of maternal and foetal cortisol levels to
the characteristics of labour and delivery. This interest has especially risen after identifying
the important role of corticosteroids in initiating parturation in sheep (Liggins et al., 1973,
Mitchell, 1979). Also in the human some pathological circumstances, e.g. the association
between postmaturity and foetal anencephaly (Anderson et al., 1969; Honnebier and
Swaab, 1973) and foetal adrenal hypoplasia (Anderson et al., 1971) as well as the corrclation
between premature delivery and foetal adrenal hyperplasia (Anderson et al., 1971) have
been studied.

In maternal plasma, there is a progressive rise in the cortisol levels with advancing pregnancy
(Pokoty, 1973; Murphy, 1973). There was no difference in mean cortisol concentration in
late pregnancy, compared to immediate prepartum days (Jolivet et al., 1974).

During labour, on the other hand, a gradual increase was observed in all patients,
culminating at the time of birth, and falling during the postpartum hours. There was a
steep rise of maternal blood cortisol, uncorrelated to cervical dilatation after spontancous
rupture of membranes (Jolivet et al., 1974),

In cases of elective Caesarcan section, significantly lower cortisol levels were found
compared to emergency Caesarcan sections (lolivet et al., 1974), Thesc data suggest that
the rise of maternal cortisol during labour is due to physical and mental stress. Such a
finding has been shown also by Rose et al. (1970) and Raymond et al. (1972) who found
that the cortisol rise during muscular activity in adult volunteers was associated 1o some
extent on the degree of motivation.

Talbert et al. (1973) showed that maternal levels of cortisol were consistently higher than
foetal levels, and foetal levels of cortisone were significantly higher than maternal cortisone
levels. Murphy (1973) explained this cortisol-cortisone conversion by the 11-beta-
dehydrogenase activity of the placenta, protecting the baby against the biologically active
cortisol.

Cortisol levels of the foetus during pregnancy and labour have also been studied by
monitoring ammiotic fluid and cord blood levels after birth. At term the levels of cortisol in
amniotic fluid were about 10% of the maternal blood level, but only a weak correlation
was found between amniotic fluid cortisol and cord blood levels after spontaneous birth
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(Pokoly, 1973}, There was a significant difference between cord blood levels of babies,
born vaginally or after elective Caesarean section.

Similar results have been found by Sybulski and Maughan (1976 a), who also emphasized
the differences in cord blood levels of cortisol berween elective and emergency Caesarean
section.

[t has been demonstrated by Miyakawa et al. (1974) that ACTH does not pass the placenta,
and that the development and function of the foetal adrenal cortex is regulated by foetal
adreno-corticotropic hormone secretion (Buster, 1980).

Puolakka et al. (1982) showed significantly higher cord levels of ACTH after vaginal
deliveries than in elective Caesarean section, indicating that the foetal anterior pituitary is
capable of responding to stress during parturition.

Another indication that the increase of the cortisol levels might be a result rather than a
trigger of parturition, is the significant correlation between the cord level of cortisol and
arterial pH values after spontaneous and induced labours (Martinsen et al., 1982).

In contrast to these data is the observation of Murphy (1973) who found significantly
higher cortisol cord levels after spontaneous onset of labour than after induced labour,
suggesting that the human foetal adrenal glands appear to play a role analogous to that of
the sheep in intiating labour.

Recently Murphy (1981) reported large amounts of a hitherto unrecognized steroid,
originating from the foetal zone of the adrenals during spontancous term and preterm
labour. Murphy suggested that this substance is a 11-hydroxy pregnenolone, a progesterone
analogue, competing with progesterone receptors, decreasing the effective progesterone
concentration, which in turn would result in increased prostaglandin production, and the
onset of labour. Regarding this effect it is important to underiine that cortisol was found to
be an important enzyme inducer with significant maturational effects on various tissues,
such as pulmonary and brain tissue, in the perinatal period (Liggins, 1976).

Sybylski and Maughan (1976 b) found significantly lower cortisol cord levels in preterm
babies, with RDS, compared to non- affected neonates. However, whether there was RDS
or not, appeared to depend more on the degree of prematurity than on cortisol levels at
dehivery.

Oxytocin

Oxytocin is a peptide hormone that is synthesized by specific cell bodies in the hypothalamus
and then transported along axons to the region of blood spaces in the posterior pituitary.
When released into the bloodstream oxytocin acts on uterine smooth muscle and under
appropriate physiological conditions it causes uterine contractions. Oxytocin has been
used widely in obstetrics to induce labour and in the post-partum period to control uterine
haemorrhage.

Becausc of this long-established use of oxytocin to induce labour in pregnant women, at or
near term, it has led to the gencral belief that oxytocin has a primary physiological role in
the onset of labour. However, after careful study of the oxytocin levels in maternal and
newbaorn plasma, Chard (1973) concluded that the physiological significance of oxytocin
during labour was poorly defined.

Vasicka et al. (1978) found no increase in maternal plasma oxytocin levels preceding
labour and recently Sellers et al. (1981) have confirmed this. As has been discussed



previously, these findings might well be in agreement with the clinical evidence of an
increased myometrial contractility towards the end of pregnancy when we take into account
Garfield’s research and hypothesis about the gap junctions (Garfield et al., 1980b).

Sellers et al. {1981) noted higher oxytocin levels in foetal umbilical arteries, compared to
venous plasma, suggesting the foetus is capable of producing oxytocin. The fact that levels
were lower at Caesarean section than after spontaneous birth suggests that release of the
hormone in the foetus occurs particularly during labour, though it may not necessarily be
an initiating factor.

Similar results were obtained by Dawood et al. (1978) who suggested that the foetus might
be a major source of oxytocin during human parturition.,

Increasing oxytocin receptor concentration in myometrium during pregnancy has been
shown by Husslein et al. (1982} reaching a top at the onset of labour, term and preterm,
Oxytocin influences the myometrium via receptors only.

Alexandrova and Soloff (1980) showed a direct relation between oxytocin receptors and
the ratio of oestrogen and progesterone. Oxytocin receptors in the uterus increase by a
rising oestrogen-progesterone ratio and this is probably reflected by the clinical observation
of an increasing sensitivity to synthetic oxytocin during pregnancy right up to the onset of
spontanecous labour. Both oestrogens and progesterone influence the release of oxytocin

in sheep; oestrogens stimulating and progesterone suppressing the release, (Roberts,
1975). However, evidence for a similar mechanism in women has not been reported
yet.Soloff et al. (1979) and Alexandrova and Soloff (1980) postulated that labour is initiated
when the concentration of oxytocin receptors exceeds a threshold and the sites become
occupied by oxytocin in the circulation. Oxytocin receptors are also found in human
decidua and amnion. Just like in myometrium the oxytocin receptor concentration in
decidua increases during pregnancy (Husslein et al., 1982).

Decidua also has a high capacity of prostaglandin synthesis. Husslein et al, (1982) have
shown that in vitro oxytocin causes a significant increase in the production of both
Prostaglandin E and Prostaglandin F in decidua and they postulated that oxytocin besides
its contractility activating quality also stimulates the prostaglandin synthesis,

Prostaglandins

Prostaglandins are hormonce-like substances that are belicved to play a key role in the
regulation of cellular metabolism. Found in almost every cell and tissue, these substances
have broad regulatory functions in relation to smooth muscle activity. Prostaglandins arc
20-carbon carboxylic fatty acids and are synthesized in the body by the cell microsomes
from essential fatty acids.

The precursor present in food is linoleic acid, a fatty acid with |8-carbon atoms and two
double bonds. Once absorbed, this compound is modified into a 20-carbon fatty acid with
four double bonds. named arachidonic acid. The latter is the substrate for biosynthesis of
all prostaglandins of the two series (e.g. E2, F2 a).

In the body arachidonic acid is mainly incorporated in the phospholipids, present in the
cell membrane. It is liberated from the cell membrane under influence of a variety of
mechanical. chemical, endocrine and immunological stimuli; one of the enzymes involved
in this process is phospholipase A2, a calcium-dependant lysosomal enzym. Phospholipase
AZ has been shown to be present in human uterine tissue (Grieves and Liggins, 1976).
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Biosynthesis of prostaglandins has been shown in myometrium, decidua. membranes,
placenta and Wharton's jelly (Keirse, 1979).

The most important prostaglandins in respect to uterine contractility are prostaglandin E2
and prostaglandin F2 o. Biosynthesis of PGs is inhibited by various compounds. Activation
of phospholipase A2 is blocked by corticoids, Prostaglandin synthesis is also inhibited by a
heterogeneous group of non-steroidal anti-inflammatory drugs such as acetylsalicyl acid,
indomethacin, phenylbutazone, naprosyne. There is strong evidence that prostaglandins
are involved in the mechanism of labour. This evidence is supported by the possibility of
inducing labour with exogenous prostaglandin at almost all stages of pregnancy and the
well-known uterine contractility inhibiting quality of prostaglandin synthesis inhibitors.
There are several problems inherent to the investigations of the role that prostaglandins
may play in human labour.

Firstly, prostaglandins are considered as local agents and as such their measurements in
biotogical fluid may not represent their intra-cellular concentrations.

Secondly, in the circulation they are rapidly metabolized and actively synthesized, so it is
not amazing that conflicting data and conclusions, concerning serum levels of prostaglandins
during pregnancy and labour have been published by various authors (Keirse, 1979).

The concentration of prostaglandins in foetal blood has been studied as well: no significant
difference has been found between arterial and venous umbilical plasma.

Concerning the prostaglandin concentration in amniotic fluid, there seems little discussion
about three phenomenons: firstly, prostaglandin levels in amniotic fluid are lower in
midpregnancy than at term; secondly, levels are higher during labour than before labour;
thirdly, levels increase during labour (Keirse, 1979).

Yet until recently (Keirse et al., 1983) there has been far less evidence for an increase of
prostaglandin production prior to the onset of labour. The changes in prostaglandin
concentrations in amniotic fluid could be originated from the human foetal membranes,
enriched in arachidonic acid (Schwarz et al., 1975).

The data of Okazaki ct al. (1981), describing the biosynthesis and metabolism of
prostaglandins in human foctal membranes and uterine docidua suggest a role of the foctal

membranes in the initiation of the biochemical processes that result in parturition.

Catecholamines

Ever since 1925 catecholamines are known to influence the uterus. In 1925, Rucker
published his observation of transient relaxation of the uterus after injections of a small
amount of adrenaline {Rucker, 1925: cited by Caritis et al., 1979}. Subsequent studies
revealed a dose and species-dependency of the uterine response to adrenaline. Relaxation
as well as contraction of the uterine muscle could be achieved by the same drug and it was
the publication of Ahlquist { 1948) which elucidated at first some aspects of the adrenotropic
receptors by the suggestion of alpha- and beta-receptors.

Stimulation of the alpha-receptors of the myometrium results in activation, whereas
stimulation of the beta-receptors results in inhibition of smooth muscle activity (fig. 3-1).
The sensitivity of the receptors is influenced by oestrogens and progesterone: oestrogens
potentiate the alpha-receptors, whereas progesterone produces the same effect on beta-
receptors (Jung, 1981).



The possible role of catecholamines in triggering human partunition is difficult to assess.
Zuspan {1970) studied the urinary excretion of adrenaline and noradrenaline before,
during and after labour. The adrenaline excretions before and after delivery were found to
be in the same range. However, the excretion of noradrenaline in the 24-hour period after
delivery was 2-3 times higher than before labour, and later on in the post-partum period.
These data suggest that noradrenaline release has increased in assoctation with labour.
However, this might be a consequence of the emotional and physical activity during
labour, instead of the cause of the onset of parturition. Because no data arc available of
investigations in which serum levels of catecholamines have been studied longitudinally
during the course of pregnancy no pronouncement can be made whether the emotional
and physical activity or indeed the onset of parturition are the cause for the elevated levels
of noradrenaline.

Though Zuspan could not define the role of catecholaminces in the onset of parturition
derivatives of the catecholamines have become the most widely used drug in the inhibition
of threatening preterm labour.

In 1960, Lish et al. reported on the uterine relaxing effects of isoxsuprine hydrochloride in
animal experience. Their study suggests that isoxsuprine has a favourable balance of
myometrial versus cardiovascular activity.

In 1961, Bishop and Wouterz reported that of 120 patients in threatening preterm labour
treated with isoxsuprine 87 per cent were delayed for more than 24 hours.

In the same year, Hendricks et al. (1961) observed that isoxsuprine inhibited both
spontaneous and oxytocin-induced uterine activity.

After the publication of Lands et al. (1967a) gradually more knowledge and insight in the
receptor theory concerning adrenergic agents was obtained. Lands et al. made a subdivision
in the beta-receptors (beta, and beta,), based on the effector responses to a variety of
catecholamines. As a result more specific catecholamine derivatives have been developed.
Examples of these second generation betas-selective agents are fenoterol and ritodrine.
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CHAPTER III

Pharmacological aspects of
Beta,-sympathomimetic agents in obstetrics

Introduction

Beta-sympathomimetic drugs are derivatives of the catecholamines. Acetylcholine and
catecholamines are the neuro-humoral transmitters of the autonomic nervous systeny,
which includes the crantosacral or parasympathetic system and the thoracolumbal or
sympathetic system.

The neuro-humoral transmitter of all preganglionic autonomic fibres, all postganglionic
parasympathetic fibres, and a few postganglionic sympathetic fibres is acetylcholine. The
adrenergic fibres comprise the majority of the postganghionic sympathetic fibres: here the
transmitters are the catecholamines.

The integrating action of the autonomic nervous system is of vital importance for the well-
being of the organism. In general the autonomic nervous system regulates the activities of
structures that arc not under voluntary control and that, as a rule, arc functions below the
level of consciousness. Thus respiration, circulation, digestion, body temperature,
metabolism, perspiration and secretions of certain endocrine glands are regulated, in part
or entirely, by the autonomic nervous system and its central connections,

Catecholamines can cause either excitation or inhibition of smooth muscle, depending on
the site, the dose and the catecholamine in question.

On the basis of such observations, Ahlquist (1948) proposed the terms alpha- and beta-
receptors for adrenoceptive sites on smooth muscles, where catecholamines produce
excitation and inhibition respectively.

Phenylephrine is a typically alpha-adrenergic amine, whercas isoproterenol is a beta-
sympathomimetic aminc.

Lands et al. {1967a) made a subclassification of the beta-receptors in betay- and boti,-
receptors by comparing effector responses (lipolysis and bronchodilatation) to a varicty of
catecholamines, which were active at the adrenergic receptor site.

Beta,-receptors are present predominantly in myocardium and fat cells, and betas-receptors
are mainly in uterus, bronchial muscle, liver and striated muscle cells. Detailed lists of
responses of effector organs to autonomic stimulation have been composed (Bowman,
Rand and West, 1968; Goodman and Gillman, 1975; Esscd, 1981).

Betay-receptors enable a number of functions:

heart - increase in heart rate,
increasc in contractility

coronary arteries - relaxation

intestinal smooth muscle - relaxation

adipose tissue - lipolysis

salivary gland - secretion



Responses that have been labelled betay-receptor mediated. are
vascular smooth muscle

- relaxation
tracheafbronchi - relaxation
skeletal muscle - contraction

- glvcogenesis

urinary bladder - relaxation
gall bladder - relaxation
liver - glycogenolysis
pancreas - stimulation insulin release
uterus - relaxation

However, Carlsson and Ablad (1976) suggested that there might be no absolute organ
separation for beta,- and betay-receptors, and that a particular organ might contain
predominantly beta- but also betus- receptors, or the reverse.

Ariéns and Simonis (1976) made a subclassification of the adrenergic receptors on a
physiological base; namely the existence of receptor sites for the adrenergic transmitters at
the sympatic nerve endings, and the existence of receptor sites for the adrenergic hormone.

This resulted in a concept of betay-(transmitter) adrenergic receptors and betay-(thormonal)
adrenergic receptors.,
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Fig. 3-1: Influence of oestrogens, progesierone and beta-adrenergic agenis
on the myometrial muscle cell (Jung, 1981).




According to van Driel et al. {1973), the uterine smooth muscle has no sympathetic
innervation, but it still responds well to catecholamines. Using Ariéns’ theory, this is quite
comprehensible.

As well as in the beta;- beta,-classification, in various tissues both adrenergic transmitter
receptors and hormonal receptors are found. This selectivity is relative and determined by
the ratio between betay- and betay-receptors, which varies from tissue to tissue.

The distinction between betar- and betay-receptors parallels to a certain degree the
empirical distinction between beta;- and betas-receptors.

In this thesis the terms beta,- receptor and beta;-mimetic (drug) will be used, since these
terms are still the ones most frequently used in the literature.

The uterus is known to have alpha- and beta-receptors. As mentioned before, the formation
of these receptors is under the influence of hormones, especially oestrogens and
progesterone. A simplified model for the interpretation of the effects of the catecholamines
and the placental steroids on the uterus is presented in figure 3-1 (Jung, 1981).

Drug dosage-Effect Pathway

Between the administration of a drug and the appearance of its biological effect, there is a
sequence of processes, determining the moment, the force and the length of duration of
this effect.

This sequence can be divided into three main phases: the pharmaceutical phase, the
pharmacokinetic phase and finally the pharmacodynamic phase. The correlation between
dose and serum level is mainly determined by the processes in the pharmaccutical and
pharmacokinetic phase; the processes in the pharmacodynamic phase actuate the
correlation between serum level and biological effect. Schematically the dose-effect pathway
is shown in fig. 3-2.

I. pharmaceutical I1. pharmacokinetic 111, pharmacodynamic
I
phase phase phase
- 7 drug available 3 vailable
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active substance | gyailability ' availability Lissue

Fig. 3-2: Drug dosage - Effect pathway {Ariéns and Simonis, 1976).

Pharmaceutical phase

The pharmaceutical phase concerns the release processes of the active drug from the
dosage form, and thus determines the concentration available for absorption.

Although "patient compliance” is not an aspect of the pharmaceutical phase, it is an
important factor with regard to the pharmaceutical availability. Especially when a drug has
to be administered frequently (because of its short pharmacological half life) like the beta-
mimetic agents, it is well recognized that the reliability of medicine intake will decrease,
resulting in a smaller pharmaceutical availability.



Pharmacokinetic phase

The pharmacokinetic phase comprises those processes which play a part in the absorption,
distribution, metabolic conversion and excretion of the drug. Especially the three first
mentioned processes together determine the biclogical availability.

Absorption

The absorption depends to a high degree on the way of application,

In casc of beta-mimetic agents the drug is usually administered via the oral, the
subcutancous, the intramuscular or the intravenous route.

If a drug is administered by the intravenous route, no barriers have to be passed before
entering the circulation. As a result there is a fast set-in of the effect, but in general also a
comparatively short-lasting effect.

In case of intramuscular application the membranes of the endothelium of vascular and
lymphatic capillaries have to be passed. In general substances with molecular weights over
approximately 20.000 are taken up mainly into the lymphatics and those with molecular
weights less than 3000 are preferably taken up by the capillaries (Bowman ¢t al., 1968). So
in case of beta-mimetic drugs with molecular weights of 300-500, a haematogenic
distribution is usual.

When a drug is administered orally, the mucous membranes of the gastro-intestinal tract
have to be passed first, afterwards it is carried via the portal vein to the liver. There is a
metabolism process during its intestinal absorption and in the liver the drug is exposed to
the enzymatic detoxifying mechanisms of the microsomes of the liver cells.

These two processes result in a so-called “first pass effect’. The ratio with which the liver
and the gastro-intestinal tract reduces the biological availability of a certain drug can be
demonstrated by comparing the arca under the serum curve (AUC) after oral administration
with the A U.C. produced after injection into a systemic vein.

Beta-mimetic agents seem to have a large “first pass effect’”. Rominger (1977) calculated
this in case of fenoterol and found a first pass effect of 64%. Post (1977) measured a bio-
availability of the oral formulation of ritodrine of 30% of the parenteral preparations,
indicating a first pass cffect of 70%. He also collected data from the literature and found a
first pass effect of 78% in case of salbutamol and even of 88% when terbutaline was given
orally. It has to be stressed, however, that there are great inter-individual and intra-

individual differences in the first pass effect.

Distribution

lnvestigations carried out in rats by Buchelt and Rominger (1972) with tritium-marked
fenoterel proved a fast distribution without accumulation except in kidney and liver.
There was no accumulation in adipose tissue, nor in muscle tissue.

Post (1977) showed that after intra-muscular application the serum levels versus time
approached a straight line when expressed on a log-scale, indicating a onc-compartment
pharmacokinetic madel. This central compartment model is in agreement with the results
of Buchelt and Rominger (1972).

Transplacental passage has been shown by several authors. In animal experiments, de
Haan ¢t al. (1978) demonstrated placental transfer of tritium labelled fenoterol in Rhesus
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monkeys, whereas Kleinhout and Weth (1975} using ritodrine did the same in sheep.
Transplacental passage has been proven in human sabjects among others by Brazy et al.
{1981) and van Lierde and Thomas (1982). Brazy et al. (1981} demonstrated that cord
isoxsuprine values averaged 90% of the maternal serum concentration at the time of
delivery. In contrast to Brazy's results, van Lierde and Thomas (1982) found in case of
ritodrine an umbilical vein/ maternal vein ratio only 0.30 £ 0.13 (mcan + S.D.).

A special aspect of the distribution is the binding to plasma proteins, mainly albumin.
They may be regarded as “silent receptors” or sites of loss (Ariéns and Simonis, 1976).
After intravenous infusion of tritium labelled ritodrine 32% of the label was found to be
protein-bound, almost exclusively to the albumin fraction (Barden et al., 1980}, Only the
free fraction of the drug is available for drug action, as well as for metabolism and
excretion.

Metabolism and excretion

Two enzymes play an important role in the inactivation of the catecholamines: the catechol-
O-methvl transferase (COMT) inactivates the hydroxyl groups on the benzenc ring, wherecas
the mono-amino-oxidase (MAQ) inactivates the groups which belong to the nitrogen
atom.

Most beta-mimetic agents used for tocolysis are believed neither to be metabolized by
MAQ nor COMT. The exact metabolic route for these drugs in the myometrial cells is not
certain.

According to the route of administration they are excreted by the kidneys cither unaltered
or as conjugates; the latter through metabolism in the liver and in the gasiro-intestinal
tract. ‘

In guinea-pig studies Kords (1977)measured the excretion of tritium-labelled fenoterol
after injection of 4.5 meg/kg intravenously. The compound was metabolized rapidly, only
0% of the recovered radio-activity being detectable as non-metabolized fenoterol after 10
min. The identified metabolites largely involved glucoronides.

Studics in human subjects conducted by Buchelt and Rominger (1972), referred by Sas
and Kovacs (1980) have shown that following an oral dose of fenoterol approximately 99%
is excreted as the sulphate ester.

Terbutaline is inactivated and excreted mainly in the form of sulphate conjugate. After
oral intake 50% , whereas after intravenous administration 90% will be eliminated in the
urine, the rest in the bile and in excrements (Nilsson et al., 1972).

After oral administration of tritium-labelled ritodrine to healthy male or non-pregnant
female volunteers, 71 to 93% of the radioactive label was cxcreted in the urine (Binrdcnv
1980). The maximum excretion rate was reached within an hour of ingestion of ritodrine.
As in animal studies, ritodrine was excreted either as the unchanged parent compound or
as the inactive conjugates. After intravenous infusion of tritium-labelled ritodrine, similar
excretion kinetics were observed.

Serum levels

Absorption, distribution, metabolism and excretion are the parameters which determine
the relation between serum levels versus time.
Post (1977) collected data from the literature of 4 frequently used beta-adrencrgic
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Agonists.

In case of terbutaline, maximum serum levels of 6-7 ng/ml were attained. 90-120 minutes
after oral administration of 5 mg. Subcutaneous application of .25 mg terbutaline resulted
in a peak level of 5 ng/ml within 30 minutes. The calculated half life was 1.5 hours (Leferink
ctal., 1977).

After oral administration of 4 mg salbutamol maximum peak plasma concentrations of 6-9
ng/ml were achieved in 1 to 3 hours. Half life seemed to be about 6 hours (Martin et al.,
1976).

Rominger (1977} showed plasma peak levels of about 2 ng/ml after 2 hours intravenous
administration of fenoterol (3.3 meg/min). The calculated half life was 22 minutes. In
animal studies Kords (1977) calculated a half life of 36 minutes in pregnant rats. De Haan
et al. (1978) measured half life valucs in foctuses of Rhesus monkeys (149-150 minutes)
*whereas the maternal half life was 32 minutes,

Ritodrine is the most thoroughly studicd sympathomimetic drug with regard to
pharmacokinetics in human (Post, 1977; Gandar et al., 1980; van Lierde et al., 1981; van
Lierde and Thomas, 1982). All serum determinations were performed by using the same
radioimmunoassay technique, as described in the literature by Gandar et al. (1980) and
Thomas ct al. (1982).

Post (1977) described serum levels after oral and intramuscular administration of 10 mg
ritodring in four healthy male volunteers. Peak levels were reached rapidly and fluctuated
round about 10 and 20 ng/ml, respectively. Half lives of orally administered ritodrine were
1.2 and 14 hours; in case of intramuscular application the measured half life was about 4
hours,

Peak levels of 41 ng/ml were attained 1 hour after continuous intravenous administration
of 150 mcg/min ritodrine.

There was a striking correspondence between (maternal) heart rate and the serum level of
ritodrine (fig. 3-3).
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Mean heart rates and serum Ritodrine levels in six healthy females during and
following one hour infusion of 0.15 mg/min.

Fig. 3-3: Relation between maternal heart rate and ritodrine serum levels. (Post, 1977)
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Post did not mention standard deviations of his data. Gandar et al. (1980) republished, but
more in detail, the diagrams of Post. Only small standard deviations have been shown,
Van Lierde et al, (1981) examined serum levels of ritodrine in 4 groups of 10 non-pregnant
volunteers. Patients in group 1 received ritodrine intravenously during 30 min at a rate of 2
meg/ke body weight/min, followed by 4 meg/kg body weight/min again during 30 min. The
second group received 10 mg intramuscularly, whereas the 3rd and 4th group received 10
and 20 mg ritodrine per os respectively.

In the first group the maximum serum level was 34.9 £ 5.5 ng/ml (mean & SD) after 60
minutes.

Maximum levels in group 2 were reached within 15 minutes; the peak was 30.7 £ 8.2 ng/ml
{mean *+ SD).

The third group reached a maximum of 7.7 + 4.7 ng/ml {(mean & SD) after 45 minutes,

mi (mean £ SD) after 60 minutes.

After administration of ritodrine not only the serum levels versus time were studied, but
clinical signs and biochemical parameters were investigated simultancously. The diastolic
blood pressure showed a statistically significant decrease in relation to the ritodrine serum
level.

In conformity with the work of Post [1977) there was a correlation between maternal heart
rate and the ritodrine serum levels independcent of the route of application.

After the administration of 10 mg ritodrine intravenously or intramuscularly there were
significant relations between ritodrine serum levels and glucose, insuline and potassium
concentrations.

Mo such pronounced relationship was found between the systolic blood pressure and the
pH on the one hand and the ritodrine serum levels on the other.

Two papers have been published on ritodrine serum levels obtained during pregnancy
(Gandar et al., 1980, van Lierde and Thomas, 1982).

Gandar et al. (1980) studied the passage of ritodrine through the placental barrier under
clinical conditions. Only scanty information concerning the population, the dose and
duration of medication and the interval between cessation of treatment and delivery were
reported. Nine patients whose pregnancy had proceeded up to the 32nd week or more
were admitted for preterm labour.

Ritedrine bydrochloride was infused with a rate of 50-300 meg/min. Other medication was
not defined. In all cases the infusion was discontinued when delivery commenced.
Immediately after the delivery blood samples were taken from the umbitical cord and from
a maternal vein, The maternal serum levels ranged from 29-1540 ng/ml. The mean matcrnal
serum level was 241 ng/ml. The standard deviation was 61 ng/ml. When supposed that the
maximum serum level of 1540 ng/mil could be due to an error, and this extreme value was
discarded, even then there existed a SD of 48 ngfml with a mean of 79 ng/mi.

The cord samples showed ritodrine levels, ranging from 19 to 70 ng/ml with a SD of 19.4
ng/ml.

Van Lierde and Thomas (1982} infused 8 pregnant women between 37 and 41 weeks with
ritodrine during 30 minutes with 2 meg/kg/min followed by 4meg/kg/min during the next
90 minutes. After these 120 minutes an clective Caesarcan section was performed.
Ritodrine levels were obtained from a cubal vein and the uterine vein, as well as from
several locations in the foetal compartment. Differences were found between peripheral



and uterine blood, probably reflecting the transplacental passage. Although there seems
no difference between the mean fevels in the foetal compartment. the interindividual
dispersions are too large to draw conclusions from these data.

Pharmacodynamic phase

This interesting phase comprises the drug-receptor interaction in the target tissue.

In casce of beta-mimetic drugs the receptor site is believed to be located in or on the cell
membranc of the myometrial cell.

The drug-receptor interaction is much more complicated than the classic lock-and-key
modcl. There is a tight interrelation of receptor molecules and their surroundings which
may well disturb its specific conformation. Moreover the phenomenon of “down regulation’
can be considered as an expression of the non-static behaviour of the receptor: after a
prolonged cxposure to beta-adrenergic drugs the concentration of beta-adrenergic receptors
decreases, parallel with its declining response.

The clinical experience that after a certain period of administration of a specific drug the
biological effect becomes less expressed, is known as tachyphylaxis and could probably be
explained in that way by the phenomenon of "down regulation™.

The drug action is based on the formation of a drug receptor complex, a process that is
governed by the mass-action law.

In the induction of a stimulus two parameters are important: the affinity of the drug
molecules to the receptors, dominated by the quotient of the binding coefficient and the
dissociation cocfficient (KI1/K2; fig. 3-4), and the capacity of the drug molecule to activate
the receptor, the intrinsic activity, dominated by the quotient of the activation constant
and the dissociation coefficient (K3/K2; fig. 3-4). The activated receptor will stay in the
sensitive state for a limited time period only, after which regeneration has to occur to
make the receptor available for renewed stimulation (KS).
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D = drug K, = binding coefficient
R = receplor K, = dissociation coefficient
RO = activated receplor K, = activation constant
R® = receptor in sensitive slate K, =
K, = regeneration constant

Figure 3-4: Receptor activation afier drug exposure (after Ariéns ans Simonis, 1976).

1§ K1/K2 is small, no effect will take place and relatively many receptor places will stay
unoccupied.

If K.3/K2 approaches zero, the drug interacts with the receptor without activating it. The
drug then acts as a competitive antagonist of compounds for which K3/K2 is larger.
After an initial peak response an equilibrium will arise and the level of it depends on KS.
If K5 is very small, the response will level off to zero and for a certain period of time the
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system will not respond to the drug at all. This mechanism offers another explanation of
the phenomemon of tachyphylaxis.

One should be aware of the fact that tachyphylaxis may also result from a loss of the
capacity of the effector system to respond, for instance, due to depletion of certain essential
ions, or exhaustion of encrgy supply. In that case the tachyphylaxis will be crossed for all
types of drugs that can normally induce a response in the effector system concerned, for
instance, for the various types of spasmogens or spasmolytic action via different receptors
on the same smooth muscle. The tachyphylaxis due to the slow receptor regeneration will
be specific for one family of drugs. The clinical fact that, for example, ritodrine has to be
administered in a 50-80 fold dose of fenoterol, resulting in a proportionally higher serum
level, to obtain a comparable biological effect may be explained by using Ariens’ model: in
case of fenoterol there has to be a higher affinity and/or intrinsic activity.

Structure-activity-relationship

The biological effect of a drug is determined by the pharmaceutical, pharmacokinetic and
pharmacodynamic processes. These processes however, are strongly influenced by the
chemical properties of the drug. Small differences in structural formula of apparcntly
similar drugs can cause different reactions.

In case of the sympathomimetic amines beta-phenylethylamine can be considered as the
parent compound, consisting of an aromatic nucleus (a benzene ring) and an aliphatic
portion (cthyl amine).

This structurc permits substitutions to be made on the aromatic ring, the alpha- and beta-
carbon atoms, and the terminal amino-group, to yield a great varicty of compounds with
sympathomimetic activity.

Moradrenaline, adrenaline and isoproterenol have OH-groups substituted in the 3- and 4-
positions of the benzene-ring. Since ortho-dihydroxybenzene is also known as catechol,
sympathomimetic amines with these OH-substitutions in the aromatic ring are defined s
catecholamines.

Recently a detailed review, concerning structurc-activity- relationship has been published
by Philips (1980). From this only the main lines concerning beta-agonist activity will be
cited. It is important to realize that measuring onc effect of a certain sympathomimetic
drug is hazardous: most of such drugs have both alpha and beta qualities. So structure-
activity relations have to be studied in simplificd systems where noradrenaline stores have
been depleted by denervation or by drugs such as reserpine, or where release of stored
noradrenaline is inhibited by drugs. However, each of these procedures may have other
effects than depletion or inhibition of noradrenaline stores only; they might as well disturb
the measurements of the structure-activity-relationship itsclf.

In general beta-mimetics are structured based on the following principles:

- normally the greatest sympathomimetic activity occurs when two carbon atoms separate
the ring from the amino group. The amino should not be tertiary or quarternary,

- elimination of ¢ither phenolic group of the benzenc ring decreases the sympathomimetic
activity.

Changes in the amino group may lead to an increase of beta-activity

- increase in the size of the N-substituent
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3.4

- adding an aromatic ring on the alkyl chain, especially when polar groups are attached to
the ring

- adding some elaborate variations of the amine side chain.

Changes on the aromatic ring:

- changes from ortho- into meta-position of the 2 OH-groups increase betay-selectivity;
especially after oral administration the action has a longer duration.

- some nonphenolic phenylethanolamines (halogen-substituted amino
phenylethanolamines) have shown betaz-selectivity.

Side chain substitution:

- substitution on the alpha carbon atom blocks oxidation by MAO, thus greatly prolonging
the duration of action.

The parent compound, the catecholamines and some commercially available betamimetic
agents are listed in table I1T1-1)

Table 111-1: Chemical structures of some sympathomimetic drugs.

5 & {3 o
4@— CH—CH—————— NH
L |
Phenylethylamine H H H
Epinephrine 3-OH, 4-0H OH H CH%
Norepinephrine 3-0OHl, 4-OH OH H H-
[soproterenol 3-0OH, 4-OH OH H CH(CH,),
Terbutaline 3-OH, 5-OH OH H C(CH,),
Fenoterol 3-OH, 5-OH OH H p#*
Nylidrin 4-OH OH CH 2¢
[soxsurprine 4-OH OH CH? 3
Ritodrine 4-OH OH CH’? 4%
Salbutamol 3-CH,OH, 4-OH | OH H? C(CH,),
I it 2 kN 3 £ 4 *
MTHMW” —~CH—CH, €My —CH,
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Mechanism of action on uterine tissue.

The relationship between the actin-myosin interaction, myosin phosphorylation, cAMP
regulation of myosin light-chain kinase and the effect of catecholamines on adenyleyclase
activity has been described previously and provides a basis for the concept of the myometrial
“tocolytic pathway”.

Beta-adrenergic agonists excrt their effects through their binding to receptors. It has been
discussed before that the effect of the sympathomimetic agents on the uterus is influenced
by the hormonal state. The in vitro investigations of human myometrium showed that
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oestrogens sensibilize the alpha-receptors and make it possible for the catecholamines to
induce muscle contractions. Progesterone dominance leads to the sensibilization of the
beta-receptors and catalizes the muscle-relaxing effect of the beta-sympathomimetcs
(Klock., 1977).

The fact that the beta-receptors are closely linked with the adenylcyclase enzyme scems
certain {Sas and Kovacs, 1980).

Adenyleyclase has been shown to be present in the cell wall of practically all kinds of
tissue. Adenylcyclase of a specific tissue is only sensitive for a particutar trigger like a
hormone or a drug (Robinson et al., 1971}, Adenylevclase is passing on a first "message”
to a non-specific "second messenger”: cAMP.

The effect of cAMP depends on the kind of the stimulated cell.

As an effect of cAMP the activity of membrane-bound enzymes, known as kinases is
stimulated. This results in a considerable increase of calcium content of the microsomal
fraction of the uterus muscle cell and at the same time, the free calcium level of the myoplasm
decreases (Rasmussen and Tenerhouse, 1968). Furthermore, myosin tight-chain kinasc is
inhibited by phosphorylation through the action of a cAMP-mediated protein kinase
(Huszar, 1980). These two processes contribute to muscle relaxation.

The essential role of cAMP is discussed by Kords (1977), who found clevated cAMP levels
without dimninution of contractions after administering fenoterol in the oxytocin-stimulated
uterus of pregnant rats.

This inconsistency was already noted by Polacek and Daniel (1971), as cited by Sas and
Kovacs {1980). They caused relaxation in isolated rat uterus with isoproterenol treatment
while in the meantime a rise of cAMP was observed. As an effect of propranolol, utcrine
contractions occurred together with a further increase in the cAMP level.

Harbon et al., (1982) noted that both isoproterenol and prostaglandin could increasc
intracellular cAMP level with opposite actions.

Falkay et al. (1978) demonstrated in vitro in the microsomal fraction of pregnant
myomefrium that isoxsuprine in a low concentration inducces biosynthesis of prostaglandins.
According to these examinations, slight stimulation of the beta-receptors of the human
myometrium activates not only the adenyleyclase but also the prostaglandin synthetase
system. This interaction could be an explanation for the rebound effect observed
occasionally in beta-sympathomimetic treatment.

The biological effect on the pregnant uterus

As described before, the mechanism of action of beta-mimetic drugs on uterine tissuc is
relaxation of the myometrial muscle cell; the desired biological cffeet is relaxation of the
utcrus. However, this is not achieved in all patients, treated with beta-mimetic agents.
The efficacy of these drugs has been the subject of & large amount of rescarch, especially
since thesc drugs are commercially available. Most reports of the use of beta-mimetics for
the treatment of preterm labour claim success. Furthermore, when compared to the
therapeutic alternatives in the control population, the beta-mimetic agent is usually better.
Results in favour of beta-mimetic drugs have been shown in the comparison of ritodrine
versus placebo (Wesselius - de Casparis et al., 1971); ethanol (Lauersen ct al., 1977,
Fuchs, 1976); chlordiazepoxide (Sivasamboo, 1972); terbutaline versus placebo
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{Ingemarsson, 1976) and isoxsuprine versus placebo {Csapo and Herczeg, 1977).
Unfavourable reports have been published by Sims et al. (1978) (salbutamol versus alcohol).
Spellacy et al. (1979) (placebo controlled ritodrine investigation), Falck Larsen et al.
(19805 (placebo controlled ritodrine investigation) and Miller et al. (1982) (terbutaline
versus magnesium sulfate).

The validity of a number of these trials has been questioned in the literature (Hemminki
and Starfield, 1978). To be able to judge the published reports with regard to the efficacy
of beta-mimetic agents it s obligatory to consider the conditions under which the
investigations were carried out. A clinical trial to investigate the efficacy of a drug should
fulfil a number of criteria before definite proof of cfficacy is evident (Eskes and Essed,
1979}, In their opinion a clinical trial should be prospective, double blind, randomized,
and allocated; the doses and routes of medication, as well as other medication or measures
should be mentioned; drug levels should be monitored; patients who are included and
excluded from the trial should be described and finally proper statistics should be applied.

The above “Ten Commandments”™ (Eskes and Essed, 1979) were adhered for the
investigation reported in chapter V and VI
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CHAPTER IV

The predictive value of uterine contractility
and the serum levels of progesterone and
oestrogens with regard to preterm labour

Introduction

Up to now no single criterion is rccognized as a parameter with predictive value regarding
the onset of preterm labour.

Research has been undertaken to elucidate a possible relation between the onset of
(preterm) labour on the one hand and socio-economic or bio-physical parameters on the
other hand.

The work of Fedrick and Anderson (1976), Erickson and Bjerkedal (1978), Newton et al.
(1979, Creasy et al.(1980) comprises these socio-cconomic aspects associated with
spontaneous preterm birth.

As a result of these studies preterm birth prevention programs have been started (Newton
ct al. 1979; Herron et al., 1982). Newton et al. (1979) found the level of psycho-social
stress in pregnancy to be particularly high in mothers whosc babics were born
prematurely.

Paticnts with an obstetrical reason for (threatening) preterm birth, were excluded from the
study, but only scanty information about these exclusion criteria have been mentioned.
The data of Herron et al. (1982) indicated that the preterm delivery prevention program
yielded very favourable results during the first year of its existence.

A physical parameter, well recognized as instrumental in the onset of fabour, is uterine
activity. However, sometimes patients attend the maternity ward with a short-lasting or
even without a history of uterine contractions but with & maore or less fully difated cervix.
In almost all cases tocodynamometry discovers regular uterine activity. So the subjective
experience of uterine contractility does not always correspond with the objectivated
uterine activity.

To date, no well-designed investigation regarding the predictive value of uterine
contractility - either objectively measured by tocodynamometry or subjectively feported
by patients - has been published.

Uterine activity after a woman has been exposed to oxytocin has been used as a prognostic
tool to predict preterm labour. Takahashi et al. (1980) showed that there was an increased
sensitivity to oxytocin in the group of patients who delivered preterm and a decreased
sensitivity in the group of patients who delivered postterm, both compared to the group of
paticnts who delivered at term,

Only a few studies have been undertaken in an attempt to compose standard curves of
uterine activity during pregnancy.

Zahn {1978) measured the uterine activity longitudinally during uncomplicated pregnancics
in primigravidae as well as in multigravidac. The results of his investigation may probably
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be used as standard curves for physiological and pathological uterine activity. The
registrations were performed ambulatory. However, the conditions among which the
clinical diagnosis "threatening preterm labour’ was made, were different from those under
which Zahn conducted hig study. So it may be incorrect to use his data to detect preterm
labour,

Koepcke et al. (1976) compared uterine activity in normal cases with a high risk group and
to a group of (successfully) treated patients with betamimetic drugs because of threatening
preterm labour. In the latter two groups uterine activity was significantly higher than in
the first group.

A second physical parameter, investigated to test its predictive value in case of threatening
preterm labour is the phenomenon of the rheobase (Kubli et al., 1977; Feichtinger and
Altman, 1981). The underlying thought is that the onset of parturition is not a single
process of the uterine muscle alone, but is part of a diffuse neuro-humoral change in the
entire organism (Jung et al., 1971). The hope that by measuring the rheobase in an casyly
investigatable muscle, for example the anterior tibial muscle, would inform about a
threatening preterm labour, has been shown to be too optimistic. Accordingly, the
"Heidelberg score” (Kubli et al., 1977), composed of medical history and obstetrical
findings, pelvic score according to Bishop, painful contractions, measured contractions
and the rheobase, has not become a generally accepted and clinically used instrument.
Hormonal parameters have been investigated thoroughly, not only as a predictive tool to
diagnosc threatening preterm labour, but especially to confirm the well-being of the
foetus. Chapter IT of this thesis has reviewed studies on hormonal profiles during
pregnancy.

There seems to be agreement about the fact that progesterone has an uterine contractility
inhibiting effect, whereas ocstrogens are supposed to stimulate uterine contractility (Csapo,
1975; Batra, 1979; Jung et al. 1981). ‘

This could indicate that there should be less uterine activity if high progesterone levels are
present and the reverse situation should apply in case of high oestrogen serum levels. The
ratio of progesterone and ocstrogen (the PE ratio) is the subject of a continuing controversy
(Flint, 1979}, cspecially when the PE ratio is considered during the period prior to
parturition.

Therefore it is remarkable that no papers regarding the relation between uterine activity
versus progesterone, ocstrogens and/or PE ratio have been published.

ratio has been studied in the nuclear fraction of myometrial cells and the
importance of a decreasing ratio has been emphasized by Cohen {1976) and Hilary and
Cohen (1981). If this decreasing EsE5 ratio in the nuclear fraction is a result of changing
serum levels of these hormones, then it might be possible to find deviated values of these
hormones in patients with preterm labour.

The questions in this study were threefold:

- how exactly do patients experience uterine contractions compared with those which can
be recorded by external tocodynamometry,

- is there a correlation between measured uterine activity and the PE, ratio or E;E, ratio
in peripheral serum,

- do patients with threatening preterm labour have a different PE; or EAE, ratio from



women with uncomplicated pregnancies.
Therefore a longitudinal, prospective study was undertaken in which uterine contractions
were measured objectively: subjectively experienced contractions were recorded and
progesterone, oestradiol and oestriol were determined.
It was hoped that by composing standard curves of uterine activity and hormonal profiles
in the preterm period of uncomplicated pregnancies these questions could be answered
and that exceptional values would lead to early detection of pregnant women at high risk
for preterm labour.

Patients and methods

Between May, 1981 and September, 1981 eighty healthy pregnant women participated in a
prospective trial. The patients were entered in a consecutive manner. Patients who had an
uneventful pregnancy without the threat of preterm labour made up the standard group,
whereas the patients for whom tocolytic therapy was indicated formed the pathological
group.

Women included in the trial were volunteers who answered the following criteria:

- primigravidae

- first antenatal clinic visit before the 25th weck of pregnancy

- no uncertainty of dates

- singleton pregnancy

- maternal weight less than 100 kg (at the onset of the investigation)

During a pilot study it became clear that it was more difficult to motivate multigravid
women to attend the maternity ward for more frequent visits necessary for the investigation
than primigravidae, so it was decided to perform the study in primigravidac only.
Certainty of gestational age was based on a history of regular menstrual periods and a
certain first day of the last normal menstrual period, and/or based on ~onographical
measurements in early pregnancy.

These women were seen biweekly from the 25th week until the 31st week of pregnancy
and once a weck from the 32nd week up to the 37th week of pregnancy. During these
visits, apart from the routine measurements of bodyweight, blood pressure and fundal
height, a blood sample was drawn and a cardiotocogram was performed.

As much as possible the patients were recorded under similar conditions to avoid the
influence of diurnal variations. The registrations and the blood sampling took place between
9 a.m. and 4 p.m. and therefore the diurnal variations were presumed to be of minimal
importance, according to Zahn (1980) and Compton et al. (1979).

The registration lasted onc hour while the woman was in left tilt position. The device used,
was an adjusted Hewlett Packard Tocograph, placed in a such a position that it was
impossible for the woman to sec the registration. The adjustment consisted of a special
button which allowed registration of subjective uterine activity after being pressed by the
WOmAn.

Afterwards the CTG registration a blood sample was collected from a cubital vein,
immediately centrifugated and stored at -24 C until assays were performed to establish the
serum level of progesterone, 17-beta-oestradiol and oestriol. :
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4.3,

The women were followed up to the 37th week of pregnancy or until they experienced
threatening preterm labour (i.c. painful regular uterine contractions and/or rupture of
membranes). The latter women were discarded from the standard group and entered the
pathological group.

Initiaily the treatment consisted of bedrest and observation. When uterine contractions
didd not decrease, intravenous ritodrine therapy was started.

In none of the cases treatment was started or the diagnosis "threatening preterm fabour™
was made on the base of the routine CTG registration!

Uterine activity was objectivated by CTG registration. The speed of registration was 2 cm/
min. A contraction was defined as an ¢levation of more than 10 mm over the level of the
baseline and lasted for at least 30 seconds.

All hormone levels were determined in duplicate by means of commercially available
radioimmunoassay procedures. In case of 17-beta-oetradiol kits of Wiirenlingen, Radio
Isotopen Service, E.LR. was used; progesterone was determined by Farmos Diagnostica
Progesteronc123 T Radioimmunoassay kits and total oestriol by means of Oestriol 11 RT1A
Amersham kits.

Because of the expected high hormone levels prior to the determinations, the scra were
diluted with male serum in case of 17-beta-oestradiol and oestriol, and with normal saline
for progesterone.

The interassay coefficient of variation, expressed in percentage, were in case of the
oestradiol 6.9% (mean: 59.3 nmol/1} and 7.4% (mean: 47.1 nmol/l), in case of oestriol
6.0% (moean: 527 nmol/l), 5.0% (mean: 297 nmol/l) and 7.6% (mean: 82.6 nmol/1) and in
casc of progesterone 6.1% (mean: 523 nmol/l) and 7.0% (mean: 346 nmol/l).

The cross reactions for progesterone, oestradiol and oestriol have been shown to be less
than 19%.

Results

The standard group consisted of 71 women who had an uncventful pregnancy and
subscguently gave birth to healthy infants. The mean age of these patients was 25 years
(SID & 3.6). The mean weight was 63.3 kg (SD £ 13.5). The mean duration of amenorrhoea
at delivery was 40,2 weeks (SD + 2.1,

The pathological group consisted of 9 patients (11.3%) and showed no difference in age
and weight in comparison with the standard group. These patients experienced painful
contractions with concomitant findings at vaginal examination and it was thought that
medical intervention was indicated.

The mean duration of amenorrhoea at the onset of the preterm threat was 32.0 weeks (SD
+ 2.1,

The treatment consisted of bedrest and betamimetic drugs. The mean duration of
amenorrhoea at delivery of this pathological group was 36.0 weeks (8D + 2.5).

Relation between subjectively experienced uterine contractions and objectivated uterine
contractions

As stated in the introduction of this chapter, there may be no good correlation between
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the contractions recorded cardiotocographycally and the sensations experienced as
contractions by the women.

Uterine activity as recorded by external tocodynamometry has been compared with
subjectively experienced contractions (fig. 4-1).
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Fig. 4-1: Relation between subjective and objectivated uterine activity.

It has to be stressed that only the experience of the contractions is registrated and that the
intensity of the contractions has been left out of consideration.

No marks have been plotted in fig. 4-1 in the arca below a frequency of 4 registrated
contractions per hour. This concerned 441 observations. Each point represents one
observation.

A correlation cocfficient of .41 was found, indicating that there is indeed a poor relation
between subjective and measured uterine contractions in primigravidac. With increasing
frequency of contractions the women’s own obscrvation was found to be less sensitive than
external tocographic measurements.

Relation between uterine activity versus progesterone, oestradiol, PE,; ratio and E;E, ratio

To express those relations, the so-called box-and-whisker plot (Tukey, 1977) was used,
The box-and-whisker plot is a graphical device to display diffcrences between two or more
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groups. Tn the present study a division in 4 groups was made. This division was based on
uterine contractions per hour. The limits were chosen on clinical, arbitrary motives. The
basic configuration of a box-plot shows the middle 50% of the sample as a box and marks
the extremes at cither end with a horizontal line, connected with the box. The line through
the box represents the median of the sample.

Refinements have been used such as the presentation of "outliers™ (Tukey, 1977). The
circles indicate values just outside the range and the asterisks the values far out of range.
Further refinements are the notched intervals around the median and the adaptation of the
width of the box to the sample size (McGili et al., 1978).

The medians of the two samples whose notched intervals do not overlap can be said to be
significantly different at roughly 5% level (McGill et al., 1978).

The correlation coefficient used is the Pearson correlation coefficient.

The relation of measured uterine activity versus progesterone is shown in fig. 4-2
(correlation cocfficient: 0.29); versus oestradiol in fig. 4-3 (correlation coefficient: 0.16);
versus the PE, ratio in fig. 4-4 (correlation cocfficient: (.25) and versus EsE, ratio in fig, 4-
5 (correlation cocfficient: (.21).

Similar relations were investigated for the uterine activity as experienced by the women.
Fig. 4-6 represents the relation between subjective uterine activity versus progesterone
(correlation coefficient: 0.10); fig. 4-7 versus oestradiol (correlation coefficient: 0.11);

fig. 4-8 versus PE; ratio (correlation coefficient: 0.31) and fig. 4-9 versus E3E; ratio
(correlation cocfficient: (1.25).

Neither with respect to the measured, nor to the experienced uterine contractions, good
correlations were found regarding the investigated hormonal profiles.

Comparison of the measured parameters of the pathological pregnancies and those of the
uncomplicated pregnancies

The figures 4-10, 4-11, 4-12, 4-13 and 4-14 cxpress the course of the measured uterine
activity, the serum levels of progesterone and oestradiol and the calculated PE, and EsE,
ratio during the course of pregnancy. In these figures the uninterrupted lines represent the
mean vadues of the uncomplicated cases: the dotted lines represent the mean £ SD value
and the dashed lines the mean value = 28D,

The arrows represent the mean + 8D of the pathological group. The figures along the
arraws indicate the number of patients in the pathological group at that particular duration
of amenorrhoca. After the 33rd week of pregnancy, because of the small numbers, these
arrows are replaced by asterisks, Each asterisk then represents the actual value of one
patient.

The “squares”™ represent the latest value of a patient in the pathological group betore
betamimetic treatment was started. These samples were obtained within 12 hours before
the onset of therapy.

In case of uterine activity these latest values are not plotted, because they run out of scale
(all 9 patients had at least 15 contractions per hour).
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Fig. 4-14: £ E ratio during the preterm period.

Two aspects of the pathological group can be observed; firstly the values (expressed in
arrows and asterisks) during the period in which uterine activity did not require any therapy
and secondly, the latest values prior to the onset of therapy.

The comparability of the values obtained during the regular visits between the pathological
group and the standard group is shown in table V-1, expressed as the P-value (Kruskal
-Wallis test). It has to be stressed that the number of patients in the control group is much
smaller than in the standard group.

The results of the hormonal measurements within 12 hours prior to the onset of treatment
show such a wide dispersion that no value of these measurements for the prediction of
preterm labour can be expected.

Table IV-1: Comparison of the hormonal parameters between the complicated and
wuncomplicated pregnancies.

Progesterone  Oestradiol  PE, ratio E,E, ratio
P-value* 25 weeks amenorrhoea 0.929 0.356 0.617 0.963
P-value 27 weeks amenorrhoea 0.168 0.079 0.971 0.975
P-value 29 weeks amenorrhoea 0.780 0.386 0.460 0.19]
P-value 31 weeks amenorrhoea 0.604 0.225 0.433 0.415
P-value 32 weeks amenorrhoea 0.685 (.269 0.492 0.907
P-value 33 weeks amenorrhoea 0.492 {0.696 0.249 0.688
P-value 34 weeks amenorrhoea 0.107 0.372 0.177 0.858
P-value 35 weeks amenorrhoea 0.281 0.193 0.898 0.895

* Kruskal-Wallis test,
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4.4.

Discussion

One of the problems with the management of preterm labour is the fact that there is no
distinguishing parameter to predict clearly, carly and easily the onset of preterm labour.
The early detection of preterm labour is necessary because until now preterm labour can
only be diagnosed when it is already established and consequently successful treatment

will be difficult (Pritchard and MacDonald, 1976). The alternative is a more agressive
attitude featured by an onset of tocolytic treatment early in the process of expected preterm
labour. Treatment of numerous patients with false labour will be unavoidable with this
approach.

From a theoretical point of view there should be some predictive value in the hormonal
status of the pregnant patient and a woman should be able to detect increasing uterine
activity. However, from the present study it is clear that this theoretical concept does not
lead to a useful clinical applicability.

In the meantime this does not signify that this theoretical concept with regard to the
hormonal parameters should be entirely wrong because the measured peripheral plasma
levels of the specific hormones are not necessarily well correlated to the hormone levels in
the target cells. Up to now the unaccessibility of the target cells for these hormones hinders
a further investigation of this parameter to predict preterm labour.

The experimental work in this field (Batra et al., 1979; Parlati et al., 1982) may offer
possibilities for more insight and clinical applicability in the future.
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CHAPTER V

Efficacy of orally administered ritodrine
after initial intravenous therapy

Introduction

Although it is generally accepted that intravenously administered ritodrine inhibits uterine
contractility and postpones untimely delivery in a proportion of patients with threatening
preterm labour, no such agreement exists with respect to its oral administration. There is
no general agreement since only a few investigations, with controversial resalts, have been
undertaken to test the cfficacy of ritodrine administered in this way. Another reason why
there is no consensus of opinion at this point may be the poorly defined fields of indication
in the studies done so far.

Oral administration of a drug may cover an enlarged field of indications because of the
relative case of this way of administration. In case of ritodrine in obstetrics this drug is
used orally for several rcasons, including initial treatment of supposed threatening preterm
birth, continuation after initial intravenous treatment, prophylaxis of preterm birth in
selected cases and treatment for prevention of foetal growth retardation.

So far no prospective, double blind and allocated study has been published regarding the
use of ritodrine as initial treatment for preterm labour. A reason for this could be the
expected lower serum levels after oral administration and the concomitant expected lack
of success with this kind of treatment.

The prophylactic value of orally administered ritodrine has been studied in cases of twin
pregnancies (O’ Connor et al., 1979; Winter and Weiss, 1979; Cetrulo and Freeman, 1976)
and in patients who were supposed to be at high risk for preterm labour (Walters and
Waood, 1977). None of these studies showaed a pregnancy-extending effect of orally
administered ritodrine.

If ritodrine is administered orally after initial intravenous treatment one can wonder
whether this should be regarded as prophylaxis in high risk cases or as part of the entire
treatment.

There are arguments for both points of view. The first opinion starts from the principle
that intravenous treatment has resolved the period of threatening preterm labour; the
second opinion takes the line that only temporary inhibition of uterine contractions has
been achieved and that these will recur after cessation of intravenous treatment.

Only one study has been published regarding the efficacy of orally administered ritodrine
after initial parenteral ritodrine treatment {Creasy et al., 1980). The results of this
investigation suggest that oral ritodrine maintenance will decrease the incidence of recurrent
preterm labour in patients who initially had successful tocolysis. However, the conditions
under which Creasy’s study has been performed are different from those encountered in
countries where there is more experience with and less fear of beta-mimetic drugs. The
initial therapy consisted of intramuscular administration of ritodrine. Although there is a
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fast absorption after this way of application, which rapidly results in maximum serum
levels, these ritodrine serum levels are significantly lower compared to the serum levels
obtained during intravenous administration of this drug.

A consequence of this regime may be the inadequate inhibition of uterine activity which
resulted in 4 foetal losses (7 per cent).

On the other hand, because of the adequate inhibition of uterine activity by means of
intramuscular ritodrine in the resulting patients, this may indicate that this investigation
has been carried cut in a group of patients with easily inhibitable uterine activity and
consequently there could be an indication for oral maintenance therapy for these patients.
A second argument in favour of the ease of inhibition is the short period during which
parenteral ritodrine was indicated.

Keirse (to be published) in a similar randomized study as the present one, except for a
different scheme of reducing the intravenous dosage and switching to oral therapy, did not
find a pregnancy- extending effect of orally administered ritodrine after initial inhibition
via the intravenous route.

Baumgarten et al. (1982) studied the effect of orally administered beta-mimetic drugs,
using an oxytocin stimulated puerperal model. When 20 mg ritodrine was administered
orally, in this model an inhibition of only 25 per cent of the original uterine activity was
achieved.

In the original work of Wessclius-de Casparis et al. (1971) it is not defined whether the
benefit of the treatment is a result of the intravenous or the oral part of the schedule.
Based on these data from the literature and clinical impressions with orally administered
beta-mimetic drugs there appeared to be a need to investigate the effect of oral ritodrine in
a randomized trial and to answer the question whether or not it is necessary to substitute
oral ritodrine for intravenous ritodrine after inhibition of preterm labour has been achieved
by intravenous administration of ritodrine.

It was the purpose of this study to examine

- the need for further oral drug treatment after threatening preterm labour had been
arrested with intravenous ritodrine,

- the efficacy of oral ritodrine maintenance therapy in lengthening the duration of
pregnancy and/or in avoiding relapses (requiring a second episode of intravenous therapy)
after a first cpisode of threatening preterm labour was overcome by intravenous
administration of ritodrine.

Materials and methods

The study was performed at the Department of Obstetrics and Gynaecology of the Sint
Annadal Hospital, State University Limburg Maastricht between February, 1980 and
May. 1982. During this time 442 patients were admitted during the preterm period of their
pregnancy with threatening labour (348 patients), ruptured membranes without uterine
activity (39 patients) and/or conditions (maternal/foetal) which required induced preterm
labour (55 patients).

From the 348 patients with intact foetal membranes and threatening preterm labour it was
thought that 223 patients needed tocolytic treatment. Reasons for abandoning tocolytic



therapy was spontaneous cessation of uterine activity after observation only (59 paticnts),

too far advanced dilation of the cervix (56 patients) and in 10 patients there were contra-

indications against the use of beta-mimetic drugs.

During the tocolytic treatment in 106 patients discontinuation of i.v. therapy was indicated

because of progress of labour (31 patients) or the appearence of contra-indications to

continue tocolvtic treatment (55 patients).

Patients included in this trial were selected from the remaining 117 patients.

The following criteria were used:

- no medical andfor obstetrical contra-indications for the continvation of ritodrine
treatment (table V-1),

- intact foctal membranes,

- cervix dilated 3 cm or less,

- certainty of gestational age*,

- duration of pregnancy between 24 and 36 weeks at the start of intravenous treatment,

- threatening preterm labour which was successfully inhibited with intravenous
ritodrine™*,

- absence of uterine contractions for at least 24 hours which permitted the cessation of
intravenous therapy and the start of oral medication™**

¥ Certainty of gestational age was based on a history of regular menstrual periods and a cortain first
day of the last normal menstrual

period and/or based on sonographical measurements in early pregnancy.

** The diagnosis of preterm labour was made ar a gestational age of less than 37 weeks. if uterine
contractions occurred at least every 10 minutes, lasted each ar least 30 seconds and were present for at
least 2 hours. The presence of contractions and their frequency were documented by external
tocodynamomeltry (Corometrics foctal Monitor, 112). If no contra-indications were present in the
obstetrical history. a single pelvic examination was performed to determine the dilation and cffacement
of the cervix.

The initial treatment consisted of bedrest and tocolysis by means of intravenously administered
ritodrine. In order to be informed about uterine activity and the foctal condition as well as the maternal
condivion, continuous cardiotocography and marernal blood pressure and heart frequency recordings
(doppler based Dinamap vital sipn monitor) were performed until the maximum dose level was
achieved. In principlc a maternal electrocardiogram was obtained within 24 hours after the onset of
treatment.

Ritodrine was administered by a infusion pump with a flow rate of 0.0 10 9.9 mVhowr (Vickers Medical
Treonic digital syringe pump ).

Ritodrine 200 mg (= 20 ml) and heparine 300 U (= 2 ml) were added to 28 mi normal saline. providing
a concentrationof 4 mg/ml.

The infusion started at a rate of 100 meg/min and was increased by 33 meg/min at every 15 minttes
iterval, until contractions stopped or unacceptable side effects developed. Once the level of
suppression was achieved, the infusion was maintained for 24 houars. the maximal dose being Y66 mog/
min.

The infusion rate was then decreased by 33-50 meg/min every 12 hours as long as contractility Jid not
reappear until the infusion rate of 200 meg/minwas achicved.

*** Inhibition of werine contractions, whiclh permitted to finish intravenous therapy and (o switch (o
oral medication was defined as less than 3 contractions per hour, verified by external tocodynamomatry
and less than 15 contractions per 24 hours. expericaced by the patient. The infusion rate had to be less
than or equal to 200 mcg/min at that particular moment.

After a period of 24 hours of inhibition of uterine contractions as defined above, the intravenous
ritodrine dosage was reduced and switched 1o oral treatment as shown in fig. 5-1.




Finally ninety-six consecutive patients, fulfilling the above criteria and therefore eligible
for maintenance therapy, made up the original population for this investigation.

Table V-1: Medical and obstetrical contra-indications (absolute and relative)
against the use of beta-mimetic drugs.

hyperthyroidism pregnancy induced hypertension
heart discase abruptio placenta

dystrophia myotonia vaginal bleeding from unknown cause
pheochromocytoma foetal anomaly incompatible with life
infections - fever dead foetus

coagulation disorders foetal distress

shock ruptured membranes

use of corticosteroids

i.v.dose ritodrine (meg/ming

200 -
160 - oo > 1ablets / 4 hourly
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i 2
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3

T T T T T
0 i2 24 36 48

time {hours)
Fag. 3-10 Scheme of seduction and switching from iov, wo oral therapy.

The patients received either [0 mg ritodrine or wdentical-appearing placebo tablets,

according to o double blind allocated method. The code was not broken until the treatment

of all patients had been completed.

The intravenous infusion rate was reduced by 1/Sth of the original dosage every 12 hours

{total duration: 48 hours). Oral medication was started from the beginning of the reduction

of the intravenous dose: the first 24 hours one tablet every 4 hours, the second 24 hours

two tablets four-hourly.

The oral medication was continucd until

- the 259th day of pregnancy was achicved

- reinfusion was necessary

- foctal and/or maternal pathology developed. which contra-indicated continuation of the
treatment.

The neeessity of reinfusion was based on the same indications as for theinitial treatment

{page 49). The contra-indications for continuation of the therapy were the same as listed in

table V-1.

S0



In order to be informed about the comparability between the patients who received ritodrine
tablets (the R-group) and the patients who were administered placebo tablets (the P-group),
statistical analyses were performed on the characteristics of these two groups before the
onset of intravenous and the onset of oral treatment.

If no specification of the method used is given, then the statistical test used was the Mann-
Whitney-U Test (Wilcoxon-Test).

With regard to a possible pregnancy-extending effect of orally administered ritodrine, onc-
sided statistical testing was performed, and a P-valuc of 0.05 was chosen as the limit of
significance.

Results

Comparability between the ritodrine and the placebo group at the onset of intravenous
treatment.

In 7 cas
to withdraw the medication during the oral course of treatment. The results of these 7

5 1t was necessary

Ninety-six patients initially fulfilled the criteria to enter the study
patients have not been included in the final considerations because the aim of the study
was to investigate the pregnancy extending effect of orally administered ritodrine and
because of that intervention fulfilment of this aim of the study could not be evaluated. The
reasons for the discontinuation of the treatment in these paticnts are listed in table V-2,

Table V-2: Reasons for discontinuation of oral ritodrine treatiment apart from recurrence of
wierine acrivity or achieving dayv 259 of pregnancy,

R-group: intra uterine foetal death (foeto-maternal transfusion) (1x)
Toetal contra-indication (foctal distress) (1x)
maternal discomfort (2x)

P-group: persistent vaginal blood Toss (placenta pracvia) (Is)
toxaemia (Ix)
maternal discomlort (1x})

Among the remaining 89 patients there were 5 patients with a twin pregnancy: 3 in the R-
group and 2 in the P-group.

So finally the groups consisted of 44 patients in the R-group and 45 in the P-group.

The obstetrical history of the paticnts (table V-3) and other characteristics (table V-4)
were similar for the ritodrine- and the placebo-group.



Table V-3:  Reproductive history of the patients studies.

parity spontaneous induced preterm
abortion abortion birth

Mumber Rit. Plac. Rit. Plac. Rit. Plac. Rit. Plac.

0 23 20 34 41 41 45 38 39
i 18 16 9 4 3 6 5
z 3 5 1

3 3 1
4 1

Table V-4: Characteristics of the studied patients ar the onset of therapy.

Ritodrine (N=44) Placebo (N=43)
Mean x SD Range Mean : SD Range
Maternal age 26+ 4 16-37 26+ 4 17-34
(in years)
Maternal weight 67+ 16 49-144 67+9 51-89
(in kg)
Maternal heighu 162+6 149-177 163 + 6 151178
(i cmy)
Systolic blood pressure 121+ 14 90-180 121 12 100-160
in mm Hg)
Diastolic blood pressure 71+ 10 50-90 72113 S0-110
{in mm Hg)
Maicrnal heartrate 83412 60-116 87+12 64-120
{(beats/min)
Haemoglobin 7.0+ 0.6 5.7-7.8 ERE R 5.6-8.7

Because of the exclusion criteria, deseribed in table V-1, there were no important differences
in the past medical history between the two groups.

In the ritodrine group there was one patient with uterine fibroids and one patient with
diabetes mellitus, class C according to White (1978), as well as one patient with pregnancy-
induced diabetes meHitus,

The comparability between the R- and the P-group regarding the present pregnancy is
shown in table V-5,



Table V-5: Comparability between the R- and P-group of characteristics regarding the present
pregrancy.

Ritodrine Placebo

Mean £ SD  Range N | Mean+ 8D Range N Povglue

Amenorrhoea (in days) at 217+ 24  152-250 44 214-26 [47-250 45 0.480
onset of uterine activity

Amenorrhoea (in days) at 218 +24  152-250 44| 21526 157-250 45 0.473
onset of i.v. treatment

Contractions (per hour) at |4+ 5 6-30 44 15+5 6-30 45 0.121
onset of i.v. freatment
Tocolytic index* at 2.7+0.7 14 40| 2.9+1.6 1-3 39 0.5602

onset i.v.treatment

The tocolytic index according to Baumgarten and Griber® (1974) is used to describe the
possibility and ease of inhibition of uterine contractility (table V-6), The authors only give
a random circumscription of uterine activity. To define irregular and regular contractions
in the present study, from 5 up to 10 contractions per hour were honoured with one point;
more than 10 contractions per hour with two points. These limits were based on the study
of Zahn (1978) using the 97th centile as the upper limit of physiological uterine activity.

Table V-6: Tocolytic Index (Baumgarten and Griiber, 1974).

! 2 3 4
Contractions irregular regular - ~
Rupt. membranes - high - low
Bleeding SpOting blecding
Dilatation I em 2em Iem 4 ¢m

The duration of amenorrhoea at the onset of uterine contractions was considered as from
the time of admission to hospital. The delay between the onset of treatment and onset of
uterine contractility is explained by the conservative attitude in case of initially dubitable
uterine contractility, which then increased with time.

No differences were found between the R- and the P-group regarding characteristics of the
present pregnancy.

Comparability between the ritodrine and the placebo group during the intravenous treatment
and at the onset of oral treatment

The duration of intravenous treatment is defined as the period during which ritodrine was
administered by the intravenous route only. The duration and the level of the infusion did
not differ significantly in both groups (table V-7, fig. 5-2).
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Table V-7: Comparability between the R- and P-group with regard (o the duration of
miravenous tregtment, maximal dosage and the onset of oral therapy.

Ritodrine (n=44)

Placebo (n=45)

Mean £8D Range Mean + S Range  P-value
Duration (in days) of v, treatment 816 1-29 CE i-35 0.798
Max. dosage (in meg/min) 233 £ 145 1D0-933 2544 151 6H-966  1.204
Amenorrhoea at the onset (in daysy 225+ 23 159-252 224+ 22 167.252  0.428

of oral treatment

The duration of amenorrhoea at the onset of oral treatment is defined as the amenorrhoea
in days at the time of starting oral treatment; this implies that the patient still received a

considerable, yet decreasing, amount of ritodrine by the intravenous route during the first
48 hours. The comparability between the 2 groups of the start of oral therapy is expressed

in figure 5-3.
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Fig. 5-2  Initial dose of intravenous ritodrine
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the onset of oral therapy

The mean maternal blood pressure did not change significantly during the intravenous
treatment when compared to the blood pressure before the onset of treatment, nor were
there differences between the studied groups,

No differences, either, were found in the maternal heart rate between the R- and P-group.
There was an (expected) increase of the maternal heart rate when compared to the pre-
treatment maternal heart rate (Fig. 5-4).

Judgment of success

Success of a tocolytic treatment can be judged ifdifferent ways. One has to judge the
foetal outcome and the pregnancy-extending effect. The latter can be done, again, in
different ways and each of these has its own limitations and pitfalls. In this study a possible
pregnancy-extending effect of orally administered ritodrine has been evaluated in 4
manners:

- comparison of the duration of oral treatment between the two groups

- comparison of the duration of amenorrhoea at delivery between the two groups

- comparison of the prolongation index™ between the two groups

- comparison of the relative gain* between the two groups
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* The prolongation index {PI} according to Richter (1977) and the relative gain are
defined as:

At
Pl =—— x100
to
D.-D
Rel.gain = ——2  x 100
259 - D,
At = lag time between onset of therapy and delivery (expressed in weeks)
t, = gestational age at the onset of therapy {expressed in weeks)
D. = gestational age at the end of oral treatment (expressed in days)
D, = gestational age at the onset of treatment (expressed in days).

Comparison of the duration of oral treatment between the two groups.

There were three reasons for discontinuation of oral ritodrine therapy: the initial aim
{achieving the 259th day of pregnancy) was attained, uterine activity recurred or side
effects developed which formed a contra-indication for the continuation of therapy. The
latter group is discarded from the statistical analysis.

Generally in the case of recurrence of uterine activity as defined on page 48

reinfusion was started but in 8 patients progress of dilatation and/or rupture of the
membranes contra-indicated recommencement of intravenous application of ritodrine.
These patients were considered to be "non-inhibitionable™.

A sub-division was made between the patients who needed reinfusion after the procedure
of reducing and switching from intravenous to oral therapy was completed (reinfusion
after 2 days) and those patients in whom uterine activity recurred during this process
{reinfusion within 2 days).

The reasons for discontinuation of oral therapy aré shown in table V-8 and the duration of
oral treatment in fig. 5-5. The table shows definitive trends towards improvement for the
R-group. However, this result does not show significant differences at the 0.05 level (Chi-
square test) {p = 0.10).

Table V-8 Reasons for discontinuation of oral therapy of the patients studied.

All patients Group A* Group B*

Rit Plac Rit Plac Rit Plac
achieving day 259 of pregnancy 23 15 19 13 4 2
reinfusion alter 2 days 9 10 9 8 2
reinfusion within 2 days Y 15 7 13 2 2
non-inhibitionable 3 5 2 4 1 |

44 45 37 38 7 7

* Group A comprises the patients whose oral treatment commenced before the end of the 35th
week of pregnancy.
Group B comprises the patients whose oral treatment started after the 35th week of pregnancy.
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Comparison of the duration of amenorrhoea at delivery between the two groups.

Using the duration of amenorrhoea at delivery as a criterion for the estimation of the
effect of long-term betamimetic drug administration may be hazardous. For example,
postterm patients could easily be the cause of incorrect conclusions concerning the success
of treatment. Another, more important, reason why comparing the duration of
amenorrhoea at delivery gives no information on the cfficacy of the therapy in this study,
is the influence of reinfusion, after uterine activity recurred. Reinfusion masks the initial
results of the oral therapy.

Howcver, restarting the intravenous administration of ritodrine was the tool to guarantec
an ethically justified investigation and by comparing the amenorrhoea at the moment of
delivery it becomes evident to what extent this condition has been achieved.
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Table V-9: Comparison of the duration of oral treaiment fin days] between the two groups.

Ritodrine Placebo

Mean+SD Range N | Mean+SD Range N P-value*

All Patients 22423 0-98 44 1719 0-64 45 0.146
twin pregnancies excluded 22+23 0-98 41 17+ 18 0-64 43 0.084

Group A 24 +24 0-98 37 20+ 20 0.64 38 0.186
twin pregnancies excluded 26124 0-98 34 19+20 0.64 36 0.101

GroupB 7+ 5 1-13 7 4+ 4 0-10 7 0.194

Group A: Onset of aral therapy before the end of the 35th week of pregnancy.
Group B: Onset of oral therapy after the 35th week of pregnancy.
* One sided Mann-Whitney U test (Wilcoxon).

When the duration of amenorrhoea at the point of time of delivery is compared between
the ritodrine and the placebo group, there is no need for a division in groups based on the
amenorrhoea at the onset of oral therapy, as has been performed to compare the total
duration of oral treatment. However, for analysis of other parameters, like relative gain, it
is important to know how the results are related to the onset of treatment. The duration of
amenorrhoea at delivery (expressed in days) is shown in table V-10.

Table V-10: Duration of amenorrhoea at delivery {in days).

Ritodrine Placebo

Mean £ SD Range N Mean+SD Range N  P-value*

All Patients 265+ 14 209-297 | 44 265+ 14  236-287 45 0.779
twin pregnancies excluded 26614  209-297 | 41 26614  236-287 43 0.693

Group A 265+ 14 209-292 1 37  265+15 236-286 38 0.671
iwin pregnancies excluded 265+ 14 209-292 ] 34  265+14 236-286 36 0.286

Group B 269+ 14 253-297 7 266%13  253-287 7 0.796

Group A: Onset of oral therapy before the end of the 35th week of pregnancy.
Group 3: Onset of oral therapy after the 35th week of pregnancy.

Comparison of the prolongation index between the two groups.

Success of tocolysis could be related fo the number of days during which pregnancy is
prolonged after the onset of administration of a tocolytic agent.

However, it is clear that the earlicr in pregnancy tocolysis is started, the more days can
potentially be gained. When the duration of amenorrhoea at delivery is used to evaluate
the success of a therapeutic regimen the duration of amenorrhoea at the onset of treatment

60



is not taken into account.

In an artempt to circumvent this problem Richter {(1977) introduced a so-called prolongaiion
index which is calculated by taking 100 times the value of the time interval between the
onset of the treatment and delivery, divided by the gestational age on the day of
admission.

In table V-11 the prolongation index (P.1.) of this study is shown.

In case of recurrence of uterine activity, resulting in reinfusion of intravenously administered
ritodrine, not the time interval between onset of treatment and delivery but the duration
of oral therapy was used to calculate the prolongation index.

Table V-11: Prolongation Index

Ritodrine Placebo

Mean+SD Range N | Mean-+SD Range N P-value*

All Patients 13+14 0-62 44 IH+14 0-38 45 0.194
twin pregnancies excluded 13+ 14 0-62 41 12 0-38 45 0.174

Group A 14+ 14 0-62 37 12412 0-38 38 0.261
twin pregnancies excluded 15+ 14 0-62 34 1212 0-38 36 0.149

Group B 6+ 7 0-21 7 It 4 0-12 7 0.351

Group A: Onset of oral therapy before the end of the 35th week of pregnancy.
Group B: Onset of oral therapy after the 35th week of pregnancy.

Comparison of the relative gain between the two groups

The aim of this study was to investigate whether orally administered ritodrine, after initial
intravenous application of this drug in case of threatening preterm labour, could postpone
delivery until the preterm period has been passed.

The estimation of success by comparing the amenorrhoea at delivery or measurcment of
the total days of treatment is strongly influenced by the amenorrhoea at the onset of
treatment.

On the other hand, the prolongation index is influenced in a positive way by longer duration
of pregnancy (for example post maturity) which was not the initial aim of the treatment.
The strong influence of the amenorrhoea at delivery on the P.1. is shown in the following
example:

Pt. I pt.11
Amenorrhoe at the onset of treatment 31 wks 31 wks
Amenorrhoe at delivery 37 wks 43 wks
P.I 19 39

Mote that there is 100% increase of P.1. when the patient does not deliver at the 37th week
but becomes postterm.

It was thought that the relative gain as formulated on page 57 did not fit into the above
mentioned objections. However, the specitication of the onset of oral therapy is to some
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extent arbitrary. For, during the first days of oral therapy, there will still be a substantial,
vet gradually decreasing share of the initial intravenously administered ritodrine on the
ritodrine serum level. So relative gain was calculated as well as after 24, 48 and 72 hours
after the onset of oral therapy. Finally a comparison was made between the R- and P-group,
not based on the onset of therapy, but based on expected similar ritodrine serum levels
which could be obtained by oral therapy. According to fig. 6-5 the serum levels of ritodrine-
treated patients after 72 hours were more or less comparable with the ritodrine serum
levels in the placebo group 48 hours after the onset of therapy.

The relative gain is shown in table V-12

Tuble V-12: Relative Gain.

Ritodrine Placebo

Mean+S8D N | Mean+SD N P-value**
All patients 65 + 40 44 51442 45 0.049*
twin pregnancies excluded 68 + 39 41 5142 43 0.031*
Group A 65 41 37 49+ 42 38 0.048*
twin pregnancies excluded 69+ 39 34 49 +43 36 0.028*
Group B 63+ 41 7 62+ 42 7 0.259
Duration of oral therapy > 24 hrs.
all patients 68 + 39 42 54 +41 42 0.054
Group A 68 £39 35 51442 36 0.034%
Group B 63+ 41 7 72+ 36 6 0.326
Duration of oral therapy > 48 hrs.
all patients 72 +36 39 58 + 40 39 0.046*
Group A 72436 33 56+ 4] 33 0.034*
Group B 72438 6 72436 6 0.500
Duration of oral therapy > 72 hrs.
all patients 80 4 31 33 7332 29 0.178
Group A 79+ 31 30 74 +32 24 0.257
Group B 83429 5 67+ 37 5 0.185
Serum level ritodrine + 10-15 ng/ml
all patients 80+ 31 35 58 + 40 39 0.010*
Group A 79+ 31 30 56+ 41 33 0.009*
Group B 8329 5 73+36 6 0.274

* Significantly different from the placebo-group at p >0.05.

** One sised Mann-Whitney U test (Wilcoxon).

Group A: onset of oral therapy before the e_ﬂdi of the 3
Group B: onset of oral therapy afier the 35t
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To examine whether the relative gain was influenced by a variable, other than the nature
of the tablets, the relative gain has been plotted against maternal age, weight and height,
parity, blood pressure and maternal heart rate before treatment, haemoglobin
concentration, tocolytic index, frequency of uterine contractions, dose of initial intravenous
ritodrine and the onset and duration of intravenous treatment as well.

None of these items showed a correlation with relative gain. The time of onset of oral
therapy has shown to influence the outcome of the investigations (table V-12). So a paired
test, in which patients of the ritodrine group were paired to patients in the placebo group,
according to the amenorrhoea at the onset of oral therapy, was performed. The one-sided
Wilcoxon test showed a P-value of 0.023.

Comparison of the neonatal outcome between the two groups.

The comparison of the neonatal outcome between both groups is not influenced by a
difference in gestational age (table V-10), nor by parturitional characteristics (table V-13).
So if a dissimilarity is present between the offspring in the R- and P-group, one has to
wonder if the medication has attributed to this difference.

Indtuction of labour was indicated in 4 patients. In the R-group one postterm patient and
one patient with emotional distress were supposed to need induction of labour, whereas in
the placebo group foetal distress (1x) and postmaturity (1x) forced to induction of labour.
The indications to perform a Caesarean section have been foetopelvic disproportion (3x)
and placental abruption (1x) in the ritodrine group, whereas foetal distress (2x) and placenta
praevia were the indications in the placebo group.

Table V-13  Data concerning parturition

Ritodrine Placebo
Number of patients with induced labour 2 2
Mean +SD of duration of:
first stage (in hours) 6% 4 Tt 6
second stage (in min.) 17+18 18422
Presentation of the neonate:
occiput 37 42
breech 7 3
Mature of parturition
spontaneous delivery 32 35
vacuum delivery 1 3
forceps delivery 6 3
caeserean section 4 3
breech extraction 1 -
Pathology during parturition
placental abruption 2 -
haemorrhage post partum 13 1
placenta praevia ~ 1




Table V-14  Neonatal ouicome

Ritodrine Placebo

Mean = SD Range N Mean + SD Range N P-value

Birth weight (in gr) 300+ 660 1370-5950 47 2900 £ 540 1480-4200 47 0.1370

Length (incm) 45 +2 44-45 47 482 43-52 47 0.4220
Apgar score (5 min) g+2 G-10 46 942 3-10 46 0.1580
pH (umb,art) 72570 668130 a2 | 725t 60074 a2 03250
~0.13 ~0.10
Table V-15  Details of neonatal mortality and morbidity
Patient Nr.  Treatment Amenorrhoes  Pathology
at delivery
12 ritodrine 39 whks stillbirth, severe congenital cardiac malformations;
onset of therapy: 351 wks.
35 ritodrine 290wk death within 14 days post partum: breech extraction,
asphyxia, RDS
[N ritodrine 367 wks death within 7 days post partum; severe congenital

hernia diaphragmatica; onset of therapy: 32 wks.

5 placebo 363 wks hyperbilirubinaemia

27 placebo 364 wks hyperbilirubinaemia, hypoglycaemia

35 ritodrine 367 wks hyperbilirubinacmia

4 ritodrine 36° wks hypoglycaemia

44 placebo 36! wks hypoglycaemia

46 ritodrine 340 wis first baby: hyperbilirubinaemia
sccond baby: hyperbilirubinaemia

5t ritodrine 350 wks first baby: hyperbilirubinaemia, hypoglycaemia, RDS
second baby: hyperbilirubinaemia, hypoglycacmia

52 placebo 330 wks hyperbilirubinacmia, RDS

il ritodrine 360 whs hyperbilirubinaemia, cephathacmatoma

b placebe 3! wks hyperbilirubinacmia

84 placebo 343 wks firsthbaby: NAD

second baby: hypoglycacmia

Only small differences between the two groups regarding parturition were found.
Statistically, using the Chi-square test, these differences were not significant.

The comparison of the neonatal outcome regarding birthweight, length, Apgar score after
5 minutes and the acid-base equilibrium, expressed in the pH-value of the umbilical arterial
blood, is shown in table V-14. No statistically significant differences were found in these
data.
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5.4.

There were 3 foetal losses, all of mothers receiving ritodrine tablets (table V-15).

There was a fair distribution of neonatal morbidity between both groups. None of the
children born alive at term developed pathology during the first 6 weeks after delivery.
Front the 31 babies born alive and preterm, two died, 13 developed pathology and the
remaining 16 babies required no treatment. Table V-135 shows the neonatal morbidity. The
diagnoses of hyperbilirubinaemia and hypoglycaemia are based on the criteria of Klaus
and Fanaroff (1978).

Discussion

The specific goal of this investigation was to determine whether continuation of oral
ritodrine treatment, after initial control of threatening preterm labour by means of the
intravenous route resulted in a longer duration of pregnancy. Moreover, attention was
given to the safety of this treatment regarding maternal, foetal and neonatal condition.
Because of the double blind design of the study the ritodrine and placebo group were not
expected to differ regarding pretreatment characteristics: age, parity, tocolyfic index were
tested for both groups andshowed no significant differences. This trial started at the
beginning of the oral medication, so it was necessary to test again the comparability at the
end of the intravenous treatment period. No differences between duration and level of
intravenous therapy were found in both groups.

A significant difference in favour of the ritodrine group was found with respect to the
relative gain. However, gain in days and prolongation index (both being other parameters
for success) did not show significant differences in favour of ritodrine, although for thesc
parameters a trend towards better results for the ritodrine treated patients could be
detected.

These results are only to some extent in line with those of Creasy et al. (1980) although
there have been differences between the present trial and Creasy's investigation with
regard to the design of the study, the indications for tocolysis, the exclusion criteria, the
number of patients, route of initial application, the dosage of the oral medication and the
evaluation of the results.

In the main the results of our study are in agreement with those found by Keirse (to be
published), although small differences existed between these two studies with regard to
the design of the study.

An interesting finding was that most of the failures (i.e. patients who needed reinfusion,
or patients in whom labour was too far advanced to achieve successful tocolysis) were
found within the first 72 hours after the onsct of oral medication (start of the sccond
treatment period).



The reason for these early failures could be the considerable difference in serum levels
between the mean ritodrine serum level during intravenous infusion with 200 meg/min (80-
100 ng/mi) and the mean serum levels which are measured after continuous oral ritodrine
treatment of 120 mg daily (10-15 ng/mi} (Chapter 6).

This finding might indicate that oral maintenance therapy has to be considered as a form
of therapy-continuation.

When success in terms of relative gain was estimated, 24 and 48 hours after the start of
oral medication {(moments with lower serum levels) similar significant differences were
found. However, 72 hours after the onset of oral medication (no detectable serum levels in
the placebo group), no significant difference in relative gain was found anymore.

This finding does not support the potentially prophylactic value of oral medication.
However, one should realize that this conclusion is based on a small number of patients.

Fig. 6-5 shows the profiles of ritodrine serum levels during the reduction of intravenous
ritodrine therapy and switching to oral ritodrine or placebo treatment. The scheme of
reduction and switching to oral therapy, used to compose these profiles, is the same as the
one previously described in fig. 5-1.

So one can assume that the ritodrine serum levels of the patients studied in this investigation
will be in a similar range as shown in fig. 6-5. The placebo-treated group reached serum
levels after 48 hours, similar to those reached by the ritodrine-treated group after 72 hours
(15 ng/ml). When comparing both groups from this “serum level point™ still a significant
gain in favour of ritodrine was found. There is, however, a bias in this respect, for the two
groups were only comparable at the beginning of the oral treatment and after 72 hours
almost twice as many patients of the placebo group needed retreatment or delivered,
compared to the patients in the ritodrine group.

This latter fact strongly suggests a major influence from the slope of the ritodrine
disappearance curve upon the result of the therapy.

When we consider all the patients of this trial, including those in which retreatment was
necessary for further prolongation of pregnancy, the outcome of pregnancy in terms of
amenorrhoea at delivery, birth weight or perinatal morbidity was equal for both groups.

So the better results of the patients treated with orally administered ritodrine, compared
to the patients, who received placebo tablets, do not justify the conclusion that oral ritodrine
as a maintenance therapy after initial intravenous therapy should be used in clinical practice.
For similar results were reached when after relapse of uterine activity during placebo
medication, retreatment was applied. However, one has to consider that in those cases
considerably higher infusion rates were necessary to restore tocolysis (figure 5-6). This
disadvantage should be weighed against the cumbersome oral treatment schedule, which
includes a considerable number of unnecessarily treated patients.

Part of the inconvenience of the oral maintenance therapy could probably be resolved by a
slow release formulation (retard tablets).

Irrespectively of the treatment schedule, the importance of a gradual decrease in serum
level seems to be of utmost importance.
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6.1.

CHAPTER VI

Serum levels of ritodrine in clinical practice

Introduction

Under clinical conditions the efficacy of orally administered ritodrine has been questioned
{see Chapter V).

One of the causes of a possible inefficacy could be due to the dose limitations of this route
of application; the recommended dose of intravenous ritodrine infusion is about a two to
three times higher than the oral dose. If one considers its substantial first pass effect as
well, it is questionable whether a high oral dose results in serum levels, comparable to
those obtained after intravenously administered ritodrine.

To acquire insight in serum levels after orally administered ritodrine under clinical
circumstances, it may not be justified to use data obtained from non-pregnant volunteers,
since drug kinetics during pregnancy differ from those in the non-pregnant state. There is,
however, a lack of knowledge of the most elementary pharmacokinetic properties of these
agents in women in early labour and that is why it is not surprising that as soon as these
agents were used in high dosages for tocolysis, a large number of accidents, even fatal
accidents occurred (Kubli, 1977; Milliez et al., 1980). So it is important to gather information
of serum levels as they may appear in clinical practice of human tocolysis.

Eadie et al. (1977) pointed out some aspects of these changed pharmacokinetics during
pregnancy, eventually resulting in different serum levels. Late pregnancy is associated
with a decreased motility in the gastro-intestinal tract. This may slow down the rate of
absorption of certain drugs, due to delayed gastric emptying and thus alter the temporal
profile of the plasma levels of these drugs. In case of poorly soluble drugs, absorption
might increase. In view of the fast absorption these arguments probably do not play an
important role in case of ritodrine. On the other hand, slow gastro-intestinal transit might
lead to an increase of metabolism of the drug in the intestinal wall,

Since no data concerning the ritodrine concentration in the facces are available, the exact
influence which several functions of the gastro-intestinal tract have on the serum levels of
ritedrine is unknown.

Maternal plasma volume and extracellular fluid volume increase during pregnancy, the
former up to 50% between 30 and 34 weeks of gestation. The increasing body fluid and
tissue volumes during pregnancy might be expected to have the effect of lowering the
plasma concentration. Also plasma protein concentration tends to fall gradually during
pregnancy.

In case of ritodrine with a fast distribution, probably following a one-compartment model
and with a low binding capacity to plasma proteins, the hypervolaemia may result in lower
serum levels compared to those in the non-pregnant state.

Finally the metabolism in the liver and the excretion by the kidney are increased in
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6.2,

pregnancy. Progesterone can induce hepatic microsomal function, speeding up the
biotransformation. The increase of the excretion rate is probably due to the increased
glomerular filtration rate.

All these considerations force to investigate the serum levels of ritodrine in those patients
and those circumstances, for whom and for which the drug was developed.

The first question which has been posed, is whether orally administered ritodrine can

reach adequate serum levels. To answer this question one needs to know, approximately,
the serum levels in pregnant patients with threatening preterm labour who were successfully
treated with ritodrine.

A second question is, whether during the oral maintenance therapy a high dose of orally
administered ritodrine is sufficient to maintain a stable serum level or whether the ritodrine
serum levels fluctuate. The ritodrine serum levels were also correlated to the maternal
heart frequency, which is clinically known to fluctuate during the course of time between
two applications of the drug.

To elucidate some aspects of these questions, serum levels were measured during:

- the initial period of treatment by intravenously administered ritodrine,

- the process of reducing the intravenous therapy and switching to oral therapy,

- the oral maintenance therapy.

The determinations of the ritodrine serum levels were performed at the Duphar Research
Laboratories, by the radioimmunoassay methodology previously published by Gandar et
al. (1980) and Thomas et al. (1982).

The cross-reaction study revealed no significant interference by either other beta-mimetic
drugs or various protein hormones and steroid hormones investigated (Thomas et al.,
1982); The cross-reactivity with ritodrine metabolites (glucoronide and sulfate conjugates)
was cstimated to be less than 0.29% (Gandar et al., 1980). The sensivity of the
radicimmunoassay appeared to be about (1.1 ng/ml (Thomas et al., 1982).

Serum levels during the initial period of intravenous
ritodrine treatment (first treatment period)

In a clinical setting the dose of effective intravenous treatment varies from 50 meg/min up
to 1000 meg/min, Non-responding cases, despite high doses of ritodrine, are not
uncommon.

This is not amazing if one realizes that the patients with threatening preterm labour form a
heterogeneous group with respect to the dilatation and effacement of the cervix, the state
of the membranes and the presence or absence of vaginal blood loss, Baumgarten and
Griber (1974) assessed these obstetrical qualities, resulting in a tocolytic index.

The rate of success of tocolytic treatment was found to be related to the tocolytic index.
To answer the ultimate question whether oral ritodrine in a high dose can result in an
‘effective’ serum level one has to gather knowledge about the range of therapeutic serum
levels in clinical practice. The initial period of intravenous ritodrine treatment seems pre-
eminently suitable to follow the relationship between serum level and clinical effect and so
te find a possible therapeutic serum level for those patients in those circumstances.
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Patients and methods

The investigations have been carried out in patients with threatening preterm labour who
received no other treatment than ritodrine and bed rest.

The diagnosis of preterm labour was made at a gestational age of less than 37 weeks if
uterine contractions occurred at least every 6 min. and were present for at least 2 hours. A
patient was eligible for entering the study if gestation was between 20 and 37 weeks and
there should be no medical and/or obstetrical contra-indication for ritodrine treatment
(table-V-1}.

Ritodrine was administered by a infusion pump with a flow rate of 0.0 to 9.9 ml/hour
(Vickers Medical Treonic digital syringe pump).

Ritodrine 200 mg (= 20 ml) and heparine 500 U (= 2 ml) were added to 28 mi normal
saline, providing a concentration of 4 mg/m].

The infusion with ritodrine was started at a level of 100 mcg/min. and was increased by 33
meg/min at every 15 minutes interval until contractions stopped or unacceptable side
effects developed. This dosage was maintained during at least 48 hours. This initial period
of intravenous ritodrine treatment was called the first treatment period.

If there was a duration of amenorrhoea of less than 36 weeks and there were no contra-
indications for the continuation of tocolysis (table V-1), the route of application of ritodrine
was switched from intravenous to oral medication, as shown in fig. 6-1.

i.v.ritodrine (meg/min)
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Tablets/4 hourly
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Fig. 6-1  Scheme of reduction and switching to oral therapy

If the infusion rate was more than 200 mcg/min in the first treatment period, the dosc was
gradually reduced to 200 mcg/min. If no uterine contractions were recorded at this dose
during 2 days, a further reduction by 1/5th of the dose every 12 hours was effected (1otal
duration: 48 hours). Oral medication was inchoated from the start of reducing the dosage
of 200 mcg/min intravenously administered ritodrine: the first 24 hours one tablet of 10 mg
ritodrine every 4 hours; the second 24 hours two tablets 4 hourly. This process of reducing
and switching from intravenous to oral therapy was referred to as the second treatment
period.
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After these 48 hours the infusion system was removed and the patients were gradually

mobilized. If no maternal and/or foetal contra-indications were present, the oral
maintenance therapy was continued until the 259h day of pregnancy.

Five patients fulfilling the criteria as described above, have been studied during the initial

period of intravenous ritodrine treatment {first treatment period).

Their characteristics are listed in table VI-1. The course of pregnancy of patient E is

described separately.

Table VI-1  Characteristics of the patients studied during the first treaiment period

A B C D E
Age 24 28 21 32 38
Parity 0 0 1 1 0
Length (cm) 158 164 160 158 152
Weight (kg) 58 66 54 80 55
Smoking habits {cigarettes a day) - 10 10-15 10 25
Previous history - - preterm - spont.ab.
birth
Am. onset of threat. preterm labour 253 352 28 325 312
Am. onseiof LV, treatment 259 352 28! 320 312
Hb (mmol/) 6.8 6.6 6.6 7.3 6.7
Effacement of cervix - 100% 50% S50%: 100%
Dilatation (em) ! 2 1-2 1-2 2
State of membranes intact intact mtact intact irtact
Beelding - - - - -
Contractions/hour 5 10 20 20 15
Tocolytic index 3 4 34 3-4 4
Discongruention - - - - polyhy-
dramnios
Maximal dose (megfmin) 200 200 200 200 2000600
Ay, end 1V treatment 26! 3sh 28° 36 33
Decursus oral Rit. obser- oral Rit. obser- nom-
il 37 wk. vation till 362 wk. vation responding
Am. partus 38 362 362 38 33
Birth weight (grams) 3090 2550 3120 2840 2100




Prior to the enhancements of the infusion rate, serum samples were drawn from the contra-
lateral cubal vein. In this way it was possible to obtain the serum level of ritodrine at the
moment of complete tocolysis and in this way some insight in the height of the therapeutical
serum level could be obtained.

A sample, 3 hours after the tocolysis had been shown to be successful, and a sample prior
to a change in the infusion rate (at least two days after the onset of treatment) were collected
to determine serum levels during the steady state.

Results

The serum levels obtained from these 5 patients were considered to be suitabie for
compilation because of the similarity of their treatment scheme.

The mean of the ritodrine serum Jevels and its range during the initial intravenous therapy
have been listed in table VI-2 and graphically plotted in figure 6-2.

The contraction frequency measured at the onset of treatment was 16 & 4.2 contractions
per hour {mean + SD). The frequencyand intensity of the contractions decreased gradually
to zero after 45 minutes.

Table VI-2  Ritodrine serum level (ngiml) during the initial period of i.v. treatment (N=5)

Time Mean =8D Range

15min 17+ 2.7 0.2- 6.5
30 min 253+ 10.6 9.2- 36.3
45 min 412+ 6.7 31.7- 489
60 min 46.7 + 1.1 33.0- 57.0
dhours 9.5+ 6.5 813 YR
=2 days 272123 91.0-123.0

It was assumed that the 60 minutes serum level was in the therapeutical range for these
patients and in these circumstances because no more contractions had been registrated
since the preceding 15 minutes. Without further enhancements of the dosage the serum
levels doubled in the next two days.
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6.3,

Patient A is a 38-year-old nullipara.

During the course of the present pregnancy polyhydramnios developed, which ultimately
resulted in preterm uterine activity,

On day 219 of pregnancy tocolytic therapy by means of intravenous ritodrine was started
initially successful with 200 mcg/min. Because of recurrence of uterine activity it was
necessary to increase the infusion rate on the Sth, 7th and finally on the 10th day after the
onset of therapy. This resulted in an infusion rate of 600 mcg/min with concomitantly high
serum levels.

During the 11th day of treatment it became clear that there was progression in dilation of
the cervix as a result of the non-inhibitable uterine activity and so treatment was
withdrawn.

On the 11th day after the onset of therapy a healthy son with a birth-weight of 2100 grams
was born. No cause with regard to the polyhydramnios was found.

Ritodrine serum levels during the reduction of
intravenous therapy and switching to oral treatment
(second treatment period)

In the introduction of this chapter the question was raised whether or not therapeutic
serum levels could be obtained with orally administered ritodrine.

The switch from intravenous to oral treatment, as described, offered good opportunity to
compare the serum levels before and after this procedure in one and the same patient.

In these patients 200 mcg/min have proved to be a therapeutic dose; however, the possibility
is still present that even with a lower dose of intravenously administered ritodrine complete
tocolysis could have been obtained.

To elucidate the share of the oral medication in the serum levels obtained during the
reduction and switching phase, serum levels were also collected from patients, whose
intravenous reduction scheme was the same as the one of the studied patients, but who
received placebo tablets instead of ritodrine tablets.

It has to be stressed that the comparison is only of value in the pharmacokinetic point of
view: the pharmacodynamic aspect cannot be judged because the biological effect, i.c. the
inhibition of uterine contractility, had already been achieved during the initial intravenous
treatment period.

Patients and methods

Eight patients from the population as described in chapter 6-2 were observed during and
after the procedure of reducing and switching from intravenous to oral ritodrine
treatment.

Four patients, receiving placebo tablets, served as control patients. The summarized
characteristics of these patients in whom the investigations have been carried out, as well
as the characteristics of 4 patients in the control group are listed in table VI-3.
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Table VI-3  Characteristics of the patients studied during the second treaiment period

Ritodrine(n=8) Placebo{n=4)

Mean = SD Range Mean + SD Range
Age {years) 24+ 4 17- 31 23+ 2 22- 25
Parity 0+ 0 0- 1 0+ 0 0- 1
Length (cm) 164+ 6 155-173 6rx 7 151-169
Weight (kg) 64t 6 60- 78 62+ 4 58- 68
Smoking habits (cig/day) Gx 7 0- 25 3x 4 0- 10
Onsetof IV treatment (days) 226 + 18 193-255 22323 189-245

The scheme of blood sampling is shown in figure 6-4.

Sample | was drawn when the patient was still on full intravenous treatment. Sample 2 was
taken one hour after the T'V dosage was reduced to 60% plus 1 tablet (= 10 mg ritodrine or
placebo).

The 3rd sample was taken when the dosage was reduced to 40% plus 2 tablets. Sample 4
was drawn one hour after the intravenous ritodrine was reduced to zero. Sample 5, 6 and 7
were taken the next consecutive days. Blood samples were collected one hour after the
application of the oral medication because it was thought that the effect of the orally
administered ritodrine was maximal at that particular moment.

i.v.dose ritodrine (mcg/min)

200
1901 tablets/
aolets,
120 1 4 hourly
80 2
40 ]‘
bo b 24t st T b ot 120} time (hours)
sI s2 S3 s4 S5 s6 $7 sample

Fig. 6-4 Scheme of blood sampling during the second treatment period
(arrows indicate moments of blood samplingj
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Results

The results have been listed in table VI-4 and graphically plotted in figure 6-5.

Table VI-4  Ritodrine serum levels during the second treatment period in (ngiml)

Ritodrine(n=8) Placebo{n=4}

Mean = SD Range Mean £ SD Range
51 744+ 144 $3.0-99.3 | 1018598 47.8-186.0
52 60.2 +19.1 34,5979 04.7 % 164 42.2- 81.0
53 48.9+ 149  20.3-71.0 3712204 19.4- 663
54 2974 55 22.4-36.2 16.9% 68 10.9- 26.4
$s 148+ 6.3 10.0-29.7 29+ 32 09 77
S6 12,14 3.4 8.9-19.0 et 0.1 .5 0.7
57 105+ 3.8 7.4-15.6 nd

nd =not detected

serum level ritodrine (ng/ml)

150
| ————————— mean + 5D R-group
- mean *+ SD P-group
100
50
\:_:: TR
0 T I I A |
0 13 25 49 73 97 121

Fig. 6-5 Ritodrine serum levels during the second treatment period

Time (hours)
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6.4.

The mean of the serum levels in the placebo group appeared to be higher than in the
ritodrine group, probably because of one patient with a relative high seram level.

The mean £ SD of the ritodrine serum levels of all patients (N =12) determined before
the process of reducing the intravenous therapy and switching to oral treatment was
commenced (fig. 6-4: sample 1) was 83.3 + 23.2 ng/ml. Though this level is slightly lower,
it is not significantly different from the serum levels during the steady state of the first
treatment period, as shown in fig. 6-2.

The area under the curve (A U.C.) after 25 hours (sample 3) of the ritodrine-treated
patients was significantly larger compared to the A.U.C. of the placebo-treated patients
(calculated using the statistical package according to Zerbe and Walker, 1977).

Serum levels during oral maintenance therapy
(third treatment period)

Many patients complain of side effects, especially palpitations, during oral ritodrine
maintenance therapy.

According to these patients the maximal discomfort appears about 30-90 minutes after
swallowing the tablets.

Another feature noticed by some patients, while taking high doses of oral ritodrine, is an
increasing number of contractions in proportion to the passage of time between two
applications of the drug.

Post (1977) and van Lierde et al. (1981} found a striking correlation between serum level
and the maternal heart rate.

These clinical observations together with the above-mentioned relationship have thrown
doubts upon the stability of the ritodrine serum levels during oral maintenance therapy. So
ritoclrine serum levels were measured in a number of patients during oral maintenance
therapy, to gather knowledge about the relationship between maternal heart rate and
serum levels versus time.

Patients and methods

Six patients who had an uneventful first and second treatment period participated in this
study. These patients have been on oral therapy for at least 3 full days (20 mg ritodrine per
os 4 hourly). The characteristics of these patients are shown in table VI-3.

Table VI-5  Characteristics of the studied patients during the third treatment period

Mean + S Range

Apge (years) 23+ 2 21- 27
Parity O+ 0 0- 1
Length (cm) 160+ 7 149-169
Weight (kg) S8+ 7 46- 66
Smioking habits (cig./day) B+ 7 0- 20
Onsetof i.v. treatment (days) 203+22 175-228
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During the study period patients were asked to stay in bed in order to exclude as much as
possible the influence of exercise on the maternal heart rate.

The maternal heart rate was monitored by an automatic blood pressure equipment {(Doppler
system).

Blood samples were taken one minute prior to the application of the oral dosage (moment
0}, as well as 30, 60, 90, 120 and 240 minutes after taking the tablets. At moment 240 the
next gift was applied.

Results

The results are listed in table VI-6 and graphically plotted in figure 6-6.

Table VI-6  Ritodrine serum levels and maternal heart rate during oral maintenance therapy
(N=6)

Maternal heart rate (beats/min) Ritodrine serum level (ng/ml)

Mean + SD Range Mean £ 5D Range
Omin 93+ 10 78-102 10.6£5.9 6.1-19.6
30'min 90 % 12 75-104 99+355 3.2-16.7
60 min 100 £ 17 80-127 124 £5.5 8.2-21.6
90 min 109+ 17 85-129 18.7+8.2 10.4-30.5
120 min 103£15 §1-120 15.1+7.8 6.5-24.1
240 min 924+ 9 83-102 71x2.1 4.8-10.2

307 serum level ritodrine (ng/ml)
{:mcam +SD

204 (N =16)

130 5 mat. heart rate (beats/min)
1203 -
110+
1) -

T T ¥ T T T "t

[80) 240

015 30 45 60 75 90

120 156

time {min)

Fig6-6  Ritodrine serumlevels and maternal heart rate during oral maintenance therapy

7T



6.5.

The relation between the ritodrine serum levels and the maternal heart rate between two
applications has been plotted in figure 6-7. The correlation coefficient appeared to be
0.7634,

ritodrine serum level (ng/ml)
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Fig. 6-7  Relation between ritodrine serum levels and maternal heart rate during oral

maintenance therapy

Discussion

Until recently very little was known about the pharmacokinetics of beta-sympathomimetic
drugs, used for tocolysis, although during the last 10 years there is an increasing use of the
drugs in many countries {Ritchie and McClure, 1979). This is all the more striking when
we realize that the dosage levels necessary to achieve satisfactory tocolytic results, are
several times higher than those used in other medical disciplines, for example in case of
pulmonary diseases.

Only fractional data were published, concerning pharmacokinetic profiles of fenoterol,
ritodrine, salbumatol and terbutaline in animal experiments and/or in non-pregnant
volunteers. Only recently ritodrine serum levels were measured in pregnant women by van
Lierde et al. (1981} and non-pregnant volunteers by Post (1977), but this was done in
single dose experiments with women who were not in labour and accordingly no high dose
levels were reached.

From the results of the present investigation during the first treatment period (fig. 6-2) it is

clear that a steady state in serum level is reached within hours from the start of the
medication and this level does not alter significantly for days when the infusion rate is kept
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on the same dosage. When analyzing the first hours of the infusion, it is shown that from
the moment the infusion rate is not further increased there is still an increase of the serum
level of ritodrine.

One clinical implication of these findings may be that when tocolysis is achieved as a result
of a certain infusion level, it should be possible after a steady state of some hours to reduce
the infusion rate while keeping the same serum level.

Secondly, it is clear from these findings that the serum levels, corresponding with a certain
infusion rate, measured in single dose experiments, are lower than those actually measured
in a steady state of ritodrine treatment. $o the corresponding serum level of 200 meg/min
was found to be 45 ng/ml (van Lierde et al. 1981) but in this experiment this figure was
found to hold only for the first hour ritodrine infusion of 200 meg/min but when keeping
the infusion rate at the same level, a further increase in the serum level up to 100 ng/ml
was found.

As usual in clinical practice the dosage was administered according to a standard treatment
and no adjustment to body weight has occurred. The dosage used in the present study
varied between 2.5 - 3.7 meg/min/kg bodyweight, which is in the same range as used by van
Lierde.

From the results obtained in the second treatment period (fig. 6-5) it appears that oral
medication as administered in this investigation can only compensate for intravenous
treatment below a level of about 20 per cent of the original dose; this corresponds with 40
mceg/min. Roughly speaking this figure could have been calculated as well, taking in account
the considerable first pass cffect of orally administered ritodrine (70 per cent; Post, 1977)
and a dose of 120 mg/24 hours (= 83 mcg/min).

So there seems little sense in oral therapy before the infusion rate has been decreased to
this level. However, from the studies in chapter V it was concluded that the slope of the
serum level may be of influence on the success of tocolytic treatment and some value of
orally administered ritodrine before the serum levels of + 15 ng/ml was reached, could be
attributed to the more gradual slope of the disappcaring curve.

This argument in favour of oral ritodrine could be obviated by an even more gradual
decrease of the intravenous dosage.

In view of the fow serum levels during oral maintenance therapy, fluctuations in those
levels will be relatively more unfavourable with regard to the continuation of the tocolytic
effect when compared to intravenous therapy. A certain constant level is hardly reached as
has been shown in fig. 6-6. Almost 100% differences were measured between the moment
just prior to the application of 20 mg ritodrine and 90 minutes after this moment.

Another interesting fact derived from this investigation is the intra- and interindividual
spread, which was found to be much larger in the oral compared to the intravenous steady
state.

A second interesting fact shown by the results from figure 6-7 is the good correlation
between the maternal heart frequency and the measured scrum level. These findings arc in
agreement with the results of Post (1977) and van Lierde (1981 in non-pregnant and
pregnant volunteers, respectively.

It should be emphasized that this investigation has been carried out in a hospital setting
with supervision of the intake of medicine. One has to wonder how large the “paticnt

79



compliance” will be when a patient is discharged from hospital, without the experience of
uterine contractions but with palpitations. Without a motivating supervisor and frequent
out-patient vigits it is imaginable that less frequent than 6 times a day the tablets will be
taken. This latter fact will result in even greater fluctuations of the ritodrine serum levels
and the concomitant tocolytic effect.

So if there is an indication for oral therapy the pharmacokinetic problem of the fluctuations
in the serum levels and the problem of the patient compliance have to be solved, probably
by means of a sustained release form of the oral medication.

Finally, from the measured serum levels during oral maintenance therapy it is clear that

there is no sense in using oral medication for initial treatment; the dosage levels reached
by very high oral administration were found to be only a fraction of those obtained by an
average intravenous application of 200 meg/min,
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SUMMARY

Preterm birth is the main cause of perinatal mortality and morbidity. Up to now no
unanimous cause is known, which can explain the preterm onset of parturition. The fact
that the mechanism of the onset of term-labour is not fully elucidated contributes to this
non-unanimity. In the literature various mechanisms with regard to the onset of labour
have been suggested on which points of impact for the therapy of preterm labour are
based: ethanol, beta-mimetic drugs, prostaglandin synthesis inhibitors, calcium antagonists
and bedrest.

Due to the incomplete understanding of (preterm) parturition it is difficult o distinguish
true labour and faise labour. Therefore in the literature differences in definition regarding
preterm birth exist, especially with regard to the duration of amenorrhoea and
birthweight.

Chapter II reviews the above mentioned problems. In this chapter attention is also paid to
the changes which occur in the myometrium during the course of pregnancy.

From the Jiterature it appears that the occurrence of regular uterine activity goes together
with the formation of "gap junctions™. The appearance of these gap junctions are probably
due to hormonal changes. In this regard oestrogens and progesterone are of importance.
Besides these prostaglandins and beta-sympathomimetic agents play a role.

During the course of pregnancy serum concentrations of several agents which influence
the formation of gap junctions, change. In this chapter, literature is reviewed regarding
oestrogens, progesterone and their mutual relation.

Furthermore attention is paid to corticosteroids, oxytocin, prostaglandins and
catecholamines.

In to-day’s obstetrics beta-sympathomimetic drugs are the most frequently used agents for
the inhibition of threatening preterm labour. Chapter ITI reviews the pharmacological
aspects of these drugs, in pregnant and non-pregnant women as well as in animals. Special
attention is paid to serum levels of these drugs. It appears that beta-sympathomimetic
drugs are capable to inhibit uterine activity. This quality is dependant of its structural
formula.

The way of action is probably the interference in the adenylcyclase-c AMP mechanism
which finally results in a decrease of the unbound intracellular calciam.

In chapter I'V the results are described of a longitudinal investigation regarding the serum
concentrations of oestradiol, oestriol and progesterone during the course of pregnancy in
relation to uterine activity.

For this purpose these hormones, as well as the uterine activity have been determined in
eighty healthy primigravid women up to the 37th week of pregnancy. The uterine activity
was objectivated by means of external tocodynamometry. At the same time the subjective
uterine activity has been registered.

It appears that there is a gradual increase of all the three mentioned hormones during the
course of pregnancy. However, there is a large interindividual spread. There is no relation
between the hormonal serum levels and uterine activity (objectivated as well subjective
uterine activity).
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There is a poor relation between the subjective uterine activity and the objectivated
contractions. Based on hormonal serum changes it is impossible to predict the occurrence
of preterm birth. This counts also for the PE ratio.

The results of a prospective, double-blind, placebo-controlled study regarding the efficacy
of orally administered ritodrine after initial intravenous therapy with this drug, are described
in chapter V.
This investigation concerns 96 patients, selected from the total population which had been
admitted because of threatening preterm labour.
The initial therapy existed of bedrest and intravenous ritodrine. After satisfactory inhibition
of uterine activity the dose of intravenous therapy was reduced and simultaneously oral
therapy (ritodrine or placebo) was commenced, according to a strict protocol. In principle
oral medication was continued up to the 259th day of pregnancy or until recurrence of
uterine activity forced to reinfusion.
The pregnancy-extending effect of this therapy was judged.
The following criteria were used with regard to a possible pregnancy-extending effect of
this therapy:

1. the duration of oral therapy

2. the prolongation index (Richter, 1977)

3. the relative gain
It proves that oral ritodrine gives no better result than placebo treatment if the first two
above mentioned criteria are used.
If the criterion relative gain is judged, there appears to be a positive effect towards oral
ritodrine therapy in comparison with the placebo treatment. This difference is significant
just below the 0.05 level (p = 0.049) in this investigation which has been carried out in a
selected patient population. If the twin-pregnancies as well as the patients admitted in the
late-premature period are excluded, the positive effect of the oral ritodrine therapy is
more pronounced.
If relative gain is calculated after the moment that the influence of the initial intravenous
therapy is supposed to be neglectable, there appears to be no significant difference in the
relative gain between the two groups.
Ttis remarkable that if the initial intravenous ritodrine therapy is replaced by oral medication
(ritodrine or placebo) and secondly because of recurrence of uterine activity, reinfusion is
indicated a significantly higher reinfusion dose is necessary compared to the initial dose.

In another study the maternal ritodrine serum levels are determined during the initial
intravenous therapy (first treatment period), during the process of reducing the intravenous
dose and simultancously starting of oral therapy (second treatment period) and during the
maintenance oral therapy (third treatment period).

It seems that during the initial intravenous therapy the uterine activity levels off to zero
when the serum concentration of ritodrine is between 40-50 ng/ml. During the next few
days (without changing the infusion rate) the ritodrine serum levels increase far above the
initial therapeutical serum level.

During the reduction of the intravenous dose and switching to oral therapy (ritodrine or
placebo). the slope of the ritodrine serum levels decreases more gradually in the ritodrine-
treated patients in comparison with the placebo-treated patients. This may be an explanation
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for the positive effect ascribed to the oral ritodrine therapy (see chapter V) if the criterion
relative gain was considered.

During oral ritodrine therapy much lower serum levels have been reached compared to
intravenous therapy. These levels are about two times as low as the therapeutic levels
during the imitial intravenous therapy.

Besides in the course of time after the intake of medicine there prove to be strong
fluctuations in the ritodrine serum levels. In this respect there is a clear relation between
the ritodrine serum levels and maternal heart frequency, the maximal effect in the maternal
heart frequency appearing 90 minutes after tablet-intake.

Considering the low ritodrine serum levels during oral ritodrine therapy, as well as the
fluctuations in these, it is unlikely that oral-ritodrine as initial therapy for the inhibition of
threatening preterm labour will be effective.
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SAMENVATTING

Het te vroeg op gang komen van de baring is de belangrijkste corzaak van perinatale
morbiditeit en mortaliteit. Tot op heden is er geen &énduidige oorzaak bekend, die het te
vroeg op gang komen van de baring kan verklaren. Dit wordt mede veroorzaakt door het
feit dat het normale mechanisme van het op gang komen van de baring onvoldoende
opgehelderd is. In de literatuur worden voor het op gang komen van het baringsproces
verschillende mechanismen aangegeven, waarop een aantal aangrijpingspunten van
therapie voor premature wegenactiviteit zijn gebaseerd zoals; alcoholinfusen, beta-
sympathicomimetica, prostaglandine synthetase remmers, calcium antagonisten en
bedrust.

Ten gevolge van onvoldoende kennis van het baringsproces, is het nitermate moeilijk vast
te stellen of een bepaalde uterus activiteit zal leiden tot het (te vroeg) geboren worden van
het kind. In de literatuur bestaan dientengevolge grote verschillen in definities met
betrekking tot het te vroeg op gang komen van de baring, met name ten aanzien van
amenorrhoea en geboorte gewicht.

Hoofdstuk 11 geeft een overzicht van bovenstaande problematiek. Tevens wordt in dit
hoofdstuk aandacht geschonken aan de veranderingen die optreden in het myometrium
tijdens de zwangerschap. Uit de literatuur blijkt dat het optreden van regelmatige uterus
activiteit samengaat met het ontstaan van *gap junctions’. Het optreden van deze gap
junctions vindt waarschijnlijk plaats ten gevolge van hormonale veranderingen. In dit
opzicht zijn vooral van belang de oestrogenen en het progesteron. Hiernaast spelen
prostaglandinen en beta-sympathicomimetica een rol.

Tijdens de zwangerschap treden er veranderingen op in de serum concentraties van de
verschillende stoffen die invioed hebben op o0.a. de vorming van gap junctions. In dit
hoofdstuk wordt de literatuur gerefereerd voor wat betreft de nestrogenen, progesteron
en de onderlinge verhoudingen van deze twee hormonen. Hiernaast wordt aandacht
geschonken aan corticosteroiden, oxytocine, prostaglandinen en catecholaminen.

In de hedendaagse verloskunde worden de beta-sympathicomimetica het meest frequent
gebruikt voor het onderdrukken van vroegtijdige wegenactiviteit. Hoofdstuk 117 geeft cen
overzicht van de farmacologische aspecten van deze stoffen zowel bij de niet-zwangeren
als bij de zwangeren alsmede in het dierexperiment. Speciale aandacht wordt geschonken
aan die serum spiegels van deze geneesmiddelen.

Het blijkt dat beta-sympathicomimetica in staat zijn uterus activiteit te onderdrukken.
Deze eigenschap is mede afhankelijk van de structuur van de betrokken stof. Deze werking
wordt waarschijnlijk geéffectueerd door in te grijpen in het adenyleyclase-cAMP
mechanisme, hetgeen uiteindelijk resulteert in een verlaging van het vrije intracctlulaire
calcium.

Uit een eigen onderzock worden in hoofdstuk TV de resultaten van een longitudinaal
onderzoek tijdens de zwangerschap betreffende oestradiol, oestriol en progesteron
weergegeven in samenhang met de weéenactiviteit. Hiertoe werden bij 80 primigravidae
tot de 37ste week van de amenorrhoea bovengenoemde hormonen in het serum bepaald
alsmede de uterus activiteit, gekwantificeerd met behulp van externe tocodynamometric.,
Tevens werd tegelijkertijd de weéenactiviteit kwalitatief beoordeeld door de vrouw zelf te
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laten aangeven wannecr z¢ een contractic voelde.

Het blijkt dat er een geleidelijke toename is van alle 3 genoemde hormonen tijdens de
zwangerschap, de spreiding is echter groot.

Fr bestaat géén relatie tussen de uterus activiteit en de hormonale veranderingen in het
serum. Dit geldt zowel voor de kwantitatief als kwalitatief gemeten uterus activiteit. Ook
de PE ratio blijkt geen relatic te hebben met de uterus activiteit.

Eris ecn slechts een geringe relatie tussen de kwantitatief gemeten uterus activiteit en het
aantal contracties door de vrouw zelf subjectief ervaren.

Het is niet mogelijk om op grond van hormonale serum concentraties een voorspelling te
doen omtrent het al dan niet optreden van een vroegge

boorte. Dit geldt ook voor de PE ratio.

In hoofdstuk V worden de resultaten beschreven van cen prospectief, dubbel blind, placebo
gecontroleerd onderzoek naar de werkzaamheid van oraal roegediend ritodrine, na initi€le
intraveneuze therapie met dit medicament.

Dit onderzoek heeft betrekking op 96 patienten, geselecteerd volgens een aantal criteria,
uit de totale populatie die opgenomen werden wegens vroegtijdige weéenactiviteit. De
initiéle therapie bestond uit bedrust en intraveneus ritodrine. Wanneer de weéenactiviteit
voldoende onderdrukt was, werd de intraveneuze therapie verminderd en gestart met
toediening van oraal ritodrine of van placebo tabletten, volgens een in dit hoofdstuk
beschreven protocol. In principe werd de orale medicatie voortgezet tot de 259ste dag van
de zwangerschap of totdat te frequente weéenactiviteit intraveneuze therapie opnieuw
noodzakelijk maakte.

Het effect van deze therapie in de zin van verlenging van de gravidi

teit werd beoordeeld aan de hand van de volgende criteria:

1. de duur van de orale therapie,

2. de prolongatic index (Richter, 1977),

3. de relatieve winst.

Het blijkt dat orale ritodrine therapie geen beter resultaat geeft dan de placebo behandeling
indien de ecrste twee van de bovengenoemde criteria worden gehanteerd.

Indien het criterium relaticve winst wordt gebruikt, dan blijkt er een gunstig effect van de
orale ritodrine therapie ten opzichte van de placebo behandeling te bestaan. Dit verschil is
Juist significant in dit onderzock dat uitgevoerd is in een, uit een veel grotere populatie,
geselecteerde patienten groep. Indien van de onderzochte populatie de tweeling
graviditeiten en de patienten met cen amenorrhoea van meer dan 35 weken daarenboven
worden uitgesloten, wordt het gunstige effect van de orale ritodrine therapie meer
uitgesproken,

Indicn de relatieve winst berekend wordt op het moment dat de invloed van de initiele
intravencuze therapie verwaarloosbaar klein geacht mag worden (72 uur), blijkt er ook
voor het criterium relatieve winst geen significant positief aantoonbaar effect meer te
bestaan met betrekking tot de orale ritodrine therapie.

Opvallend is dat indien de initieel intraveneus gestarte therapie vervangen is door orale of
placebo therapie en secundair opnieuw intraveneuze therapie noodzakelijk is wegens de
tocgenomen uterus activiteit, er een significant hogere intraveneuze dosering nodig is in
vergelijking met de initiéle intraveneuze dosering.



In een afzonderlijk onderzoek zijn de moederlijke serum spiegels van ritodrine bepaald
tijdens de initi€le intraveneuze therapie (first treatment period), tijdens het verlagen van
de intraveneuze therapie en het tegelijkertijd instellen op orale therapie (second treatment
period), alsmede tijdens orale therapie alleen (third treatment period).

Het blijkt dat tijdens de initi¢le intraveneuze therapie de weéen frequentie tot nul nadert
bij een ritodrine serum concentratie tussen 40-30 ng/ml. Bij gelijkblijvende infusiesnelheid
stijgen de ritodrine serum spiegels ver boven deze initiéle therapeutische grens gedurende
de volgende dagen.

Tijdens het verminderen van de dosering en het gelijkertijd starten van de orale ritodrine
of placebo toediening blijkt dat de ritodrine concentratie langzamer daalt bij de patienten
dic oraal ritodrine krijgen toegediend ten opzichte van de placebo patienten. Dit is mogelijk
een verklaring voor het positieve effect dat aan de orale ritodrine therapie werd
toegeschreven (zie hoofdstuk V) indien het criterium relatieve winst werd gehanteerd.
Tijdens orale ritodrine therapie worden veel lagere serum spiegels bereikt, vergeleken met
intraveneuze therapie. Deze waarden zijn ongeveer 2 maal zo laag als de therapeutische
spiegels bij de initiéle intravencuze therapie.

Tevens blijken er in het verloop van de tijd na tablet inname sterke fluctuaties in de serum
spiegels voor te komen. In dit verband blijkt er een duidelijke relatie te zijn tussen de
serum spiegels en de moederlijke hartfrequentie, waarbij het maximale effect in de
moederlijke hartfrequentie 90 minuten na tablet inname wordt waargenomen.

Gezien de lage serum spiegels die bereikt worden tijdens orale ritodrine therapic alsmede
de fluctuaties in de serum spiegels, is het onwaarschijnlijk dat initi¢le orale therapie voor
de remming van een dreigende vroeggeboorte effectief is.
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Definitions and abbreviations used

in this thesis

Duration of amenorrhoea The time period after the first day of the last normal menstrual

Gestational age

Abortion

Preterm

Term

Postterm

Perinatal period

False labour

Threatening preterm
labour

Early neonatal death

Late neonatal death

period, expressed in completed days or completed weeks.
The duration of gestation as measured from the first day of the
last menstrual period expressed in completed days or completed

weeks.

The expulsion or extraction of a product of conception before
the 16th completed week of gestational age.

Less than 37 completed weeks of gestational age.

From 37 completed weeks to less than 42 completed weeks of
gestational age.

42 or more completed weeks of gestational age.

Period between 28 completed weeks of gestational age and the
end of the seventh completed day after delivery.

Uterine contractility which, untreated, does not result in
effacement and/or dilatation of the cervix.

Uterine activity in the preterm period, forcing to tocolytic
therapy. (Because of this intervention, no judgement is given

as to whether true labour or false labour was present).

Death of a live-born infant within the first seven completed
days of life.

Death of a live-born infant after seven completed days but
before 28 completed days of life.
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E,

E,

E;

E4 E, ratio
PE ratio
PE;, ratio
PE; ratio

PG

104

Oestrone,

17 -beta-oestradiol.

Oestriol.

Oestriol-Oestradiol ratio.
Progesterone.
Progesterone-Oestrogen ratio.
Progesterone-QOestradiol ratio.
Progesterone-Oestriol ratio.

Prostaglandin.



SLOTWOORD

Dit slotwoord geeft mij de gelegenheid om dicgenen te danken die onmisbaar bleken bij
het tot stand komen van dit proefschrift.

Het in dit proefschrift beschreven onderzoek werd uitgevoerd in de kliniek voor Obstetrie
en Gynaecologie van de Rijksuniversiteit Limburg (Hoofd Prof.Dr. I. de Haan), met
medewerking van Duphar Nederland BV.

Hooggeleerde de Haan, geachte promotor en opleider, in korte tijd creerde je een
afdeling, waarin het mogelijk bleek klinisch en wetenschappelijk werk te combineren.
Jouw prikkelende opmerkingen hebben wisselend be- en ontmoedigend gewerkt. Dat dit
boekje klaar kwam, bewijst dat je benadering niet de slechtste was.

Zeergeleerde Essed, beste Gerard, jouw inzicht in de materie en jouw zorg voor details
hebben in grote mate ertoe geleid dat het proefschrift verschenen is, zoals het nu voor je
ligt.

Hooggeleerde Keirse, de bereidheid om de resultaten van een door U geiniticerd en
uitgevoerd onderzoek in een later stadium te publiceren en de zorgvuldigheid waarmee U
het concept van dit proefschrift corrigeerde, zou ik graag typisch Leids willen noemen.
Hooggeleerde Struyker Boudier, Uw adviczen betreffende de pharmacologische aspecten
en de snelheid waarmee U het concept nakeek, zijn door mij hoog gewaardeerd.

De serumbepalingen werden verricht door de afdeling klinische chemie van het Sint
Annadal Ziekenhuis (Dr. C. Mink, C.P. Degenaar en J. Habets) en de research laboratoria
van Duphar (Dr. L.C. Post). Met opvallend geduld werden telkenmale de voor mij
ogenschijnlijk moeilijke probleemstellingen door U tot simpele proporties teruggebracht.
Ir. A. Volovics {Dienst Informatie verwerking RUL) begeleidde de statistische aspecten
van dit proefschrift; bij de uitvoering van de programma’s werd dankbaar gebruik gemaakt
van de diensten van Wil van Braam, Piet Zinken en Sjef Roos.

Marjo Creuzen en de heren Schiooz, Smeets en Schmeetz hielpen in het kader van hun
keuzeblok mee bij het uitvoeren van het onderzoek in hoofdstuk 1V en het verzamelen
van literatuur gegevens.

Yenny Kurniawan maakte de illustraties, behorende bij hoofdstuk T1 t/m V1; Ir, H. van 't
Hof, overtuigd van de geneeskrachtige werking van alcohol, was zo bereidwillig de
vraagstelling van deze thesis in twee tekeningen uit te beelden.

Mijn buurman J.A. Corver corrigeerde toegewijd en tot diep in de nacht de vele concepten
en de definitieve uitdraai op "Modern Idiom and Grammar™ en Monique Brands stoeide
opvallend opgewekt en talentvol met de tekstverwerker.

De firma Schrijen-Lippertz verdient alle lof voor de vlotte wijze waarop de druk van dit
proefschrift plaats vond.



Dt onderzock was in deze vorm niet mogelijk geweest zonder de medewerking van het
personeel op de verloskamer en alle collegae die destijds bereid waren de begeleiding van
patienten met tocolytische therapie volgens het onderzoeksprotocol uit te voeren; dat uit
beide geledingen één gynaccoloog en één (destijds) assistent zich bereid hebben verklaard
om als paranymph te fungeren, weerspiegelt de prima sfeer in onze kliniek.

Graag had ik deze laatste regels volgeschreven over mijn kinderen en Konijn, hun moeder.
Terwijl ze Onno, Tessa en Maartje groter bracht, typte ze de eerste 4 versies van dit
procfschrift maar van haar mag ik U daar niet over vertellen.

Ik ben U allen zeer erkentelijk

Dieke Smit, Maastricht
augustus 1983
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