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PREFACE 

The behavior of the kidney in normal pregnancy, as well as in complicated 
pregnancy, is a very interesting, but still in many ways an unknown topic in renal 
medicine. 

It is undoubtedly difficult to determine, even in normal women, the behavior 
of renal hemodynamics throughout gestation, since the fear of impairing a new life 
(i.e., the fetus's life) will limit, for ethical reasons, the use or the frequent repetition 
of diagnostic tests on the mother. On the other hand, the study of complicated 
pregnancy even for diagnostic purposes (for planning adequate treatment), except 
in a few countries that are known for the advanced health education of the 
population, has to face serious difficulties. 

First of all, pregnant women usually seek the help of an obstetrician when 
gestation is already in an advanced stage. This makes it difficult to determine when 
and how asymptomatic signs of any disease discovered during pregnancy have first 
occurred. A second difficulty is that frequently the patient does not know whether 
a given disease has preceded pregnancy. Pregnancy is a condition of young women, 
and a young woman frequently has never seen a physician; thus, no urine analysis 
or blood tests have been performed before the gestation. Not infrequently, even 
blood pressure has never been measured. This will make it difficult to classify 
hypertension discovered in late pregnancy as pregnancy-induced hypertension or 
as chronic hypertension in pregnancy. 

It is also unusual that a pregnant woman seeks the advice of a nephrologist 
during pregnancy, even when a renal disease has been discovered. Neither does the 

xvii 
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obstetrician consult the nephrologist when signs of renal involvement are evident 
during gestation, unless severe renal failure occurs. This lack of collaboration 
between obstetricians and nephrologists may explain the present situation: most 
nephrologists do not have any experience of renal disease in pregnancy. 

For these reasons, in deciding on a program for a series of books on "Topics 
in Renal Medicine," I have chosen "The Kidney in Pregnancy" as the first volume 
of the series. Experts on the different aspects of this topic have been invited to write 
the chapters of this volume, which represents the most up-to-date review of both 
normal and complicated pregnancy. 

Topics such as treatment of hypertension preceding pregnancy during gestation 
(usually disregarded both in books for obstetricians and in those for nephrologists), 
urinary tract infection during pregnancy (frequently disregarded in-depth reviews 
of renal involvement during pregnancy), and pregnancy following renal transplan
tation (a new interesting experience) have been included. 

The Editor hopes that this volume will be of great benefit to those concerned 
with the care of pregnant women and will create a better "liaison" between 
obstetricians and nephrologists. Only by working together, in fact, will obstetri
cians and nephrologists clarify the still numerous controversial aspects of the 
behavior of the kidney in normal and complicated pregnancy, for the benefit of 
both mothers and fetuses. 

All the contributors to this volume have provided clear, complete, and up-to
date chapters. I am deeply grateful to them all. 

Special thanks to Martinus Nijhoff Publishers for the excellent and rapid publi
cation of the volume. 

Vittorio E. Andreucci 
Editor 



1. RENAL HEMODYNAMICS IN PREGNANCY 

ANTONIO DAL CANTON and VITIORIO E. ANDREUCCI 

1. CHANGES IN CENTRAL HEMODYNAMICS 

1.1. Normal pregnancy 

In normal pregnant women, plasma volume begins to rise after six weeks of 
amenorrhea [1] and attains the maximum increment toward the end of the sec
ond trimester. This increase is sustained to term [2]. The maximum amount by 
which plasma volume increases is extremely variable, ranging from 0.6 to 2.0 
liters in different women, and is chiefly related to the size of the product of 
conception [1]. In pregnancy, the red cell mass also increases, but to a lesser 
extent than plasma volume, leading to a fall in hematocrit [3]. The increase in 
blood volume is associated with a rise in cardiac output (CO) [4]. Opinions 
differ as to whether CO is increased throughout gestation [5] or declines in late 
pregnancy [6]. Recently, serial measurements of CO in normal pregnant women 
have been performed by noninvasive technique [7]. These studies have confirmed 
a 20% increase in CO at week 15. CO rises further to a peak increment of 40% 
at weeks 25-28 of gestation, and then declines to near postpartum levels in the 
final weeks. In early pregnancy, the increase in CO is mainly due to an increased 
stroke volume (SV). As pregnancy advances, the rise in SV diminishes and in
creased heart rate becomes significantly contributory in maintaining the elevated 
CO. Echocardiographic studies have shown that the high-output hemodynamic 
condition in pregnancy is associated with a significant increase in left ventricular 
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2 1. Renal hemodynamics in pregnancy 

mass [8]. In normal pregnancy, despite the rise in blood volume and CO, blood 
pressure is unchanged or even slightly reduced, owing to a fall in peripheral 
vascular resistance [7, 9]. 

Similar changes in central hemodynamics as in man have been observed during 
pregnancy in several animal species [10-13]. Animal studies have provided evi
dence that the rise in CO is almost entirely devoted to meet the huge increase in 
blood flow to reproductive organs [10]. The low-resistance system of the uteropla
cental bed, in parallel with the general circulation, accounts for much of the 
reduction in peripheral resistance. A decrease in vascular resistance, however, occurs 
also in nonreproductive organs, such as the kidney [10] (see section 2). 

1.2. Pregnancy and hypertension 

Hypertension may either precede pregnancy (chronic hypertension in pregnancy, 
CHP) or result, in a previously normotensive woman, from a disorder of preg
nancy itself (pregnancy-induced hypertension, PIH). PIH usually occurs after week 
24 of gestation and often, even if not always, is associated with proteinuria and/or 
edema. When these associations obtain, the syndrome is defined as toxemia oj 
pregnancy, preeclampsia, or EPH gestosis (E, edema; P, proteinuria; H, hypertension) 
[14]. The last definition has been proposed and recommended by the Gestosis 
Organization [15]. 

In this chapter, CHP and PIH are discussed as definite entities. The reader, 
however, should always bear in mind that neither of these definitions indicates a 
single nosologic unit, but rather encircles a group of disorders. 

1.2.1. Chronic hypertension in pregnancy (CHP) 

Plasma volume has been found to be lower during pregnancy in patients with 
chronic hypertension than in normotensive patients [16, 17]. The effects of hyper
tension on plasma volume in pregnancy depend on the level of blood pressure. In 
pregnant women with CHP, in fact, plasma volume is negatively correlated with 
blood pressure [18]. Sibai et al. detected no plasma volume depletion in pregnant 
women with mild hypertension, but the same authors observed volume depletion 
in severely hypertensive patients [19, 20]. Similarly, Lim and Walters [21] found 
no difference in average plasma volume of normotensive and mildly hypertensive 
patients, but in the latter a relative volume depletion was suggested by increased 
hematocrit. 

The effects of CHP on CO are not as clear as those on plasma volume. Lim and 
Walters [21] found a greater CO in patients with mild hypertension than in 
normotensive subjects. On the other hand, others either found a considerable 
reduction in CO in patients with CHP or did not detect any difference in CO 
between normotensive and hypertensive gravidas [8,22]. These discrepancies prob
ably reflect the heterogeneity of the pathogenic conditions included in the defini
tion of chronic hypertension. More convincing information on the changes occurring 
in central hemodynamics with pregnancy in chronically hypertensive subjects 
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would be obtained with serial studies. Until these become available, however, some 
useful information may be derived from animal studies with a reproducible type 
of chronic hypertension. Thus, in rats with either spontaneous (SRH strain) or 
renal hypertension, the increased blood pressure has been shown to prevent partially 
or completely the normal rise in CO during gestation [11,22]. Recently we have 
shown that a salt-losing tendency in pregnant rats with renal hypertension is 
associated with decreased salt retention and weight gain [23]. These findings suggest 
that, in rats with chronic hypertension, the reduced plasma volume and CO reflects 
extracellular fluid volume depletion. 

1.2.2. Pregnancy-induced hypertension (PIH) 

Even if some anecdotal exceptions have been reported [24], there is general 
agreement that plasma volume in patients with PIH is decreased as compared with 
that in normal pregnant women [25]. The reduction in plasma volume occurs early 
in patients with PIH, some evidence even existing that volume depletion precedes 
the development of hypertension [18, 26]. A matter of debate is the degree of 
volume depletion. Goodlin [27], in fact, has characterized severe preeclampsia as 
being a state of "chronic shock," while Assali and Vaughn [28] have minimized 
the reduction in blood volume as being a simple adjustment to reduced vascular 
capacity ensuing from increased peripheral vascular resistance. Probably, there is 
some truth in both of these extremes. In a series of studies reported by Assali and 
Vaughn [28], average volume depletion ranged from 5% to 29%, and this great 
variability should undoubtedly reflect even larger individual variations. The varia
ble changes in plasma volume probably account for the variable changes observed 
in CO [8, 29]. Whatever the effects of PIH on plasma volume and CO are, this 
disorder is definitely associated with a rise in peripheral vascular resistance [29]. 
This hemodynamic change, therefore, entirely accounts for the increase in blood 
pressure. 

It is of great interest that in PIH there is no apparent relation between the degree 
of plasma volume depletion and the overall status of extracellular fluid volume 
(ECV). Similar reductions of plasma volume, in fact, have been found in 
nonedematous patients as in patients with gross peripheral edema, indicating large 
ECVexpansion [18]. Clearly, in the latter condition, fluid has to be redistributed 
out of the intravascular compartment into the interstitial space. 

1.3. Conclusions 

In conclusion, plasma volume and cardiac output increase in normal pregnancy. 
Present data indicate that plasma volume depletion (compared with the expected 
volume expansion) is a common condition in both CHP and PIH. While in 
CHP the reduced plasma volume seems to reflect reduced ECV and salt deple
tion, however, in PIH the primary mechanism for decreased plasma vol
ume seems to be a redistribution of fluid out of the intravascular compartment 
(table 1-1). 



4 1. Renal hemodynamics in pregnancy 

Table 1-1. Effects of pregnancy on systemic 
hemodynamics and extracellular fluid volume 

Blood pressure 
Total peripheral 

resistance 
Blood volume 
Extracellular 

fluid volume 

Normal pregnancy 

!= 
! 

'Chronic hypertension in pregnancy. 
bpregnancy-induced hypertension. 

2. CHANGES IN RENAL HEMODYNAMICS 

2.1. Normal pregnancy 

CHP' 

t 
t 

! 
!? 

t 
t 

! 
t 

The effects of normal human pregnancy on renal plasma flow (RPF) have been 
exhaustively reviewed by Davison and Dunlop [30], who have emphasized that 
defects in methodology account for some discrepant results found in the past. In 
normal pregnancy, RPF rises after week 9 of gestation; it increases by a maximum 
of 50%-85% until week 20 and then declines after approximately week 30, 
remaining higher than before pregnancy until term. 

The rise in RPF is associated with a rise in glomerular filtration rate (GFR). 
GFR increases as early as five weeks after the last menstruation [31], reaches a 
maximum increment of 50% by week 16 of gestation, and remains at this level 
later in pregnancy [32]. 

2.1.1. Intrarenal mechanisms 

The intrarenal mechanisms responsible for the changes in RPF and GFR have been 
studied by micropuncture technique in the rat. Also in this animal species, in fact, 
RPF and GFR increase during gestation. The rise in both total GFR and GFR 
in single nephrons (SNGFR) has been shown to occur as early as after 5-6 days 
of gestation [33-35] (gestation in rats lasts 21-22 days). Baylis [36] has found a 
29% increase in SNGFR in nine- to 12-day pregnant rats. At this stage of 
pregnancy, the rise in SNGFR is entirely due to an increase in glomerular plasma 
flow (GPF), the other determinants of ultrafiltration (i.e., filtration pressure and 
the ultrafiltration coefficient) being unmodified. The increase in SNGFR and GPF 
is strictly proportional, as is expected since the rats are in the condition of filtration 
pressure equilibrium. By definition, this means that the transcapillary pressure 
gradient is zero at the efferent end of glomerular capillaries, a condition in which 
the rate of ultrafiltration is directly dependent on GPF [37]. 

Further modifications in glomerular dynamics have been shown by us to occur 
later in gestation [38]. In 15- to 16-day pregnant rats, in fact, a significant rise in 
glomerular hydrostatic pressure (PG) is associated with a rise in GPF that is even 
greater than in early gestation (+65%). Both changes are secondary to a marked 
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fall in the resistance of the afferent arteriole, which is almost halved. Unfortunately, 
data on arteriole resistance have not been reported in 12-day pregnant rats. The 
rise in PG and the greater increase in GPF occurring in is-day pregnant rats, 
however, probably reflect a more pronounced afferent arteriole dilatation in is-day 
than in 12-day pregnant animals. 

The is-day pregnant rats differ from those at 12 days of gestation in other 
respects. In is-day pregnant rats, in fact, filtration pressure equilibrium is not 
achieved, allowing more precise calculation of the ultrafiltration coefficient 
(Kf). The ultrafiltration coefficient represents the product of the filtering area 
surface and the capillary hydraulic permeability, and is significantly decreased in 
is-day pregnant rats. This decrease is moderate (-14%) and, in normal rats, its 
effect in lowering SNGFR is counterbalanced by the rise in filtration pressure 
resulting from increased PG. The low Kf in is-day pregnant rats, however, 
prevents the rise in SNGFR that is normally caused by ECV expansion with saline 
[38]. This occurs because ECV expansion raises SNGFR by increasing GPF. The 
dependence of SNGFR on GPF, however, declines as GPF rises and is greatly 
attenuated at the huge values of GPF occurring with volume expansion in pregnant 
rats. In this condition, therefore, the influence of other determinants of ultrafiltra
tion, such as Kf , on SNGFR becomes fully evident. 

2.1.2. Relations of intrarenal changes with hormonal/actors 

The modifications in renal hemodynamics occurring in pregnancy may be, at least 
in part, secondary to changes in hormone activity. Thus, the marked renal vasodila
tation may be due to increased prostaglandin(s) (PG) secretion. In fact, both plasma 
concentration and urinary excretion of PGE, which is known to have potent renal 
vasodilatory effect, are increased in human pregnancy [39, 40]. Increased activity 
of prostacyclin (PGI2) might also contribute to renal vasodilation [41]. Pregnancy 
is associated with a rise in plasma renin activity, plasma renin concentration, plasma 
renin substrate concentration, and plasma concentration of aldosterone and angio
tensin II [42, 43]. The reasons for this resetting of the renin-aldosterone system 
are not well understood, even if these changes are related to both the complex 
circulatory adjustments and the modifications in salt balance taking place during 
gestation. It is possible, however, that the rise in plasma angiotensin-II concentra
tion is mainly responsible for the decrease in ultrafiltration coefficient detected in 
pregnant rats [38]' In pregnant women, plasma parathyroid hormone concentration 
increases in the second trimester [44]. Should this occur also in rats, it might 
contribute to the reduction of the ultrafiltration coefficient [4S]. Among sexual 
hormones that increase during pregnancy, prolactin is able to increase SNGFR, 
while there is evidence that progesterone is not able to do so [46]. 

2.2. Pregnancy and hypertension 

2.2.1. Chronic hypertension in pregnancy (CHP) 

To our knowledge, no serial study of renal hemodynamics has been performed in 
pregnant women with chronic hypertension. The information available is limited, 
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therefore, to uncontrolled measurements of GFR and RPF in third-trimester 
patients. Lindheimer and Katz [47], in patients with mild to moderate hypertension, 
found an average GFR of 180 ml/min (range, 166-211) and an average RPF of 
841 ml/min (range, 511-914). Both of these average values are within the range 
of normality, close to its upper limit [30]. In contrast with these findings, Sarles 
et al. [48] found that both GFR and RPF were consistently lower in patients with 
CHP than in normal subjects. This discrepancy is not surprising, however, if one 
considers that renal function may be affected by chronic hypertension to a variable 
degree; hence the need for investigation of the changes in GFR and RPF as 
gestation starts and progresses in hypertensive patients. 

Unfortunately, our poor information in the human does not receive adequate 
compensation from animal studies. At present, some information is available only 
in the rat. Lindheimer et al. [49] have studied kidney function in pregnant rats with 
spontaneous hypertension (SHR) , using normotensive rats of the same strain 
(WKY) as control. Total kidney GFR did not increase with pregnancy in SHR, 
while it did in WHY. Filtration fraction was unchanged during pregnancy in 
SHR, while it increased in WHY. Some caution is necessary, however, in interpret
ing these results, since GFR is basically (that is, independently of pregnancy) lower 
in SHR than in WHY rats, and the lower GFR in SHR may be a primary 
characteristic with a pathogenetic role in the development of hypertension. In 
addition, pregnancy did not increase plasma renin activity in SHR or in WHY 
rats, in contrast with what occurs normally in this as well as in other animal species. 
Preliminary micropuncture data on glomerular hemodynamics have been recently 
obtained by us in pregnant rats with renal hypertension [50]. Munich-Wistar rats 
were rendered hypertensive by placing a clip on one renal artery. The untouched 
kidney was studied five weeks after this maneuver, at day 15 of gestation. Rats 
that remained normotensive despite insertion of the clip were used as controls. In 
hypertensive rats, SNGFR was moderately, but not significantly, higher than in 
controls, while GPF was greatly increased, thereby accounting for a fall in filtration 
fraction. The rise in GPF was clearly secondary to impaired autoregulation, i.e., 
to a rise in afferent arteriole resistance that was inadequate to counterbalance the 
increased arterial perfusion pressure [50]' 

2.2.2. Pregnancy-induced hypertension (PIH) 

Our information on the effects of PIH on renal hemodynamics is not satisfactory 
and is almost entirely confined to humans, owing to the difficulty of reproducing 
PIH in most animal species. It is clear, however, that the renal hemodynamic 
changes caused by PIH encompass a wide range of variations, from a mild to 
moderate decrease in GFR and RPF [51,52] to a picture of acute renal failure [53]. 
The reduced GFR and RPF are secondary to a rise in renal vascular resistance, 
which seems to be located in the afferent vascular segment [54]. The renal changes 
are related to the levels of hypertension. When PIH is severe, irreversible defects 
in renal cortical perfusion may occur [53]. 
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2.2.3. Hormonal factors 

In vitro studies have detected decreased production of prostacyclin (PGI2) by 
maternal blood vessels in women with PIH [55], suggesting a PGI2 deficiency as 
a possible vasoconstrictive mechanism in the renal circulation. Ylikorkala [41], 
however, did not fmd any decrease in the circulating levels of 6-cheto-PGFt (the 
stable metabolite of PGI2), and Fievet et al. [56] found a normal urinary excretion 
of 6-cheto-PGF la in patients with PIH. Even in the presence of normal PGI2 
production, an increased ratio of thromboxane A2 (the vasoconstrictor prostaglan
din) to PGI2 has been suggested to account for vasoconstriction in PIH [57]. 
Urinary excretion of PGE is normal in patients with PIH [40, 56]. Since urinary 
levels reflect renal synthesis ofPGE, decreased intrarenal production of this vasodi
lator prostaglandin seems not to be responsible for the rise in renal vascular 
resistance occurring in PIH. Urinary excretion of PGE has been found to be 
inversely related to level of hypertension in a group of patients with chronic 
hypertension in pregnancy [40]. The renal impairment in PGE production, how
ever, probably reflected in these patients the renal damage secondary to chronic 
hypertension. 

3. RENAL HEMODYNAMICS AND SALT EXCRETION 

As discussed in chapter 5, during pregnancy a new salt balance develops that allows 
salt retention. This new equilibrium, however, appears labile, to the point that 
pregnancy has been compared with a condition of subtle salt wasting (see chapter 
5). There is some evidence that this salt-losing tendency is greater in hypertensive 
pregnant subjects. Thus, Sarles et al. [48] have found a higher baseline sodium 
excretion in pregnant patients with essential hypertension than in normotensive 
pregnant subjects. To our knowledge, however, no adequately controlled balance 
study has been performed in man as yet. We have carried out balance studies in 
rats with renal hypertension [50]. This model has some advantages, such as the 
possibility of knowing exactly the duration and severity of hypertension; further
more, the effects of this model of hypertension on salt balance in nonpregnant rats 
are already well known [58]. The results of our studies are summarized in figure 
1-1. As shown in the figure, (a) pregnant rats excrete more salt than do nonpregnant 
rats, whatever the level of blood pressure is, and (b) in pregnant rats, the higher 
blood pressure is, the greater is salt excretion. 

These results indicate clearly that hemodynamic factors are important determi
nants of salt excretion in pregnancy. It is our opinion that the renal hemodynamic 
changes characteristic of pregnancy contribute to the subtle salt-losing tendency in 
this condition and account for the increased salt excretion caused by hypertension. 
Both the increase in GFR and the reduction in filtration fraction (which was found 
in single nephrons in hypertensive rats) [50], in fact, predispose the subject to 
increased salt excretion by respectively increasing the filtered load of salt and 
decreasing peritubular oncotic pressure and consequently salt reabsorption in the 
proximal tubule. Another mechanism, however, may be even more important in 
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Figure 1-1. Average urinary sodium excretion in pregnant and nonpregnant rats. Systolic blood 
pressure was < 130 mm Hg in normotensive rats, 140-180 mm Hg in "benign" hypertensive rats, 
and > 180 mm Hg in "malignant" hypertensive rats. 

eliciting increased salt excretion in hypertensive pregnant rats; that is, the transmis
sion of increased hemodynamic pressure to the vasa recta. This mechanism is made 
possible by the potent renal vasodilatory effect of pregnancy that blunts renal 
autoregulation. In pregnant rats with renal hypertension, in fact, total arteriolar 
glomerular resistance is much lower than in nonpregnant rats with a similar degree 
of high blood pressure (figure 1-2). Inhibition of salt reabsorption in the Henle 
loop by increased hemodynamic pressure in the vasa recta is considered to be 
responsible also for the exaggerated natriuresis of hypertension [59]. Exaggerated 
natriuresis is the phenomenon (independent of pregnancy) by which hypertensive 
patients excrete a salt load more rapidly than do normotensive subjects [60]. In 
exaggerated natriuresis, renal vasodilatation is evoked by rapid ECV expansion. 
Increased perfusion pressure and renal vasodilatation, therefore, occur in exag
gerated natriuresis as in CHP. 

In conclusion, we propose that renal vasodilatation is responsible for the in
creased salt excretion observed in hypertensive pregnant rats. The mechanism by 
which this occurs is similar to that elicited by salt loading in hypertensive nonpreg
nant subjects. 
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2. PATHOGENESIS OF PREECLAMPSIA 

GINA GREGORINI, NORBERTO PERlCO, and GIUSEPPE REMUZZI 

1. INTRODUCTION 

Preeclampsia commonly occurs in primiparas [1], the usual clinical manifestations 
being hypertension, proteinuria, and edema. Even after a severe preeclampsia in the 
first pregnancy, however, these women may have no more trouble in subsequent 
pregnancies [2]. Preeclampsia, in fact, is rare in multiparas unless there are some 
predisposing factors, such as conditions associated with increased placental mass 
(hydatiform mole, Rh incompatibility, twin pregnancies) or previous maternal 
vascular diseases, such as essential hypertension, hypertensive nephropathies, or 
autoimmune disorders with vascular damage (scleroderma, systemic lupus ery
thematosus). Placental tissue, but not fetus, is required for development of preec
lampsia, as in pregnancy complicated by hydatiform mole. 

Preeclampsia appears typically in late pregnancy and dramatically resolves with
out residual damage within a short time after delivery, even in the severe forms 
[2]. Two main target organs are involved in this systemic disease: the kidney and 
the uterus. These organs share the same ability to produce renin and prostaglan
dins (PG), which seem to play a significant role in the pathogenesis of preec
lampsia. 

Although the etiology of preeclampsia remains unclear, our understanding of 
the pathophysiology of the disease has greatly increased in the last 30 years. 
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2. ANIMAL MODELS OF PREECLAMPSIA 

Preeclampsia does not occur spontaneously in animals, and this lack of a natural 
model in laboratory animals has resulted in much effort to induce the disease 
experimentally. Several experimental models have been proposed, in which the 
disease may be induced by diet, uteroplacental ischemia, experimental hypertension, 
placental extract infusion, or immunologic damage to placenta. 

2.1. Diet 

For a long time, preeclampsia has been attributed to a ddiciency of essential 
nutritional factors in relation to the increased needs of both mother and fetus. 
Consequently, changes in diet composition have been used to induce experimental 
toxemia. 

In 1959, Stamler [3] studied the effects in pregnant rats of a low-vitamin-E 
(tocopherol) diet containing highly unsaturated fatty acids whose oxidative action 
was believed to annul the already low level of antioxidants. Rats 75 days old were 
fed this basic diet starting on day 13 of gestation. No evidence of illness occurred, 
however, until day 21 or 22 of gestation, when a majority of primigravidas died 
in rapid succession. Postmortem examination of the animals showed generalized 
venous engorgement, cardiac dilation, pulmonary congestion, and hemorrhagic 
edema. Microscopic examination revealed diffuse thrombosis of capillaries, arteri
oles, and venules in lungs, spleen, and kidneys, but rarely in adrenals, liver, and 
gastrointestinal tract. Unlike in human toxemia, fetuses were numerous, well 
developed, and usually alive and vigorous when examined immediately after 
maternal death. Clinical and pathologic signs of the disease were present only in 
pregnant rats, not in nonpregnant controls fed the same diet. 

Subsequently the basic dietary regimen was greatly modified in many ways. 
Modifications in carbohydrate, mineral, and protein contents did not affect the 
toxicity of the diet, nor did supplementation with brewer's yeast or vitamins other 
than vitamin E. The toxicity of the diet increased only when the content of cod 
liver oil-rich in polyunsaturated fatty acids-was raised above 5% or when 
partial lipid peroxidation took place, suggesting that the lipid content was a critical 
component in the appearance of the disease. The addition to the diet of tocopherol 
preparations was the only completely successful means adequate to prevent the 
death of pregnant rats receiving the basic eclamptogenic diet; all of the other 
synthetic antioxidants could only partially replace tocopherol. 

This model clearly indicates a relationship between the development of an acute 
fatal disease in pregnant rats and the intake of a substantial amount of partially 
oxidized polyunsaturated fatty acids in a diet with virtually no vitamin E as 
antioxidant. The protective action of a-tocopherol is presumably a function of its 
antioxidant nature, although a possible specific role in relation to an enzyme system 
is not excluded. In the context of this model, Spitz et al. [4] studied the production 
of prostacyclin (PGI2)-an arachidonic acid (AA) metabolite with potent vasodila
tory and antiaggregatory activity-by mesometrial triangles from pregnant rats. 
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These are vascular structures in the mesometrium associated with the developing 
placenta, comparable with the maternal part of human placenta. The authors 
observed that, in pregnant rats fed a diet containing very little tocopherol and 
highly unsaturated fatty acids (antivitamin-E stress diet), mesometrial triangles 
produced less PGI2 than in rats fed a normal diet, and higher concentrations of 
free-radical oxidation products were found in the plasma. Furthermore, the group 
of rats fed the antivitamin-E stress diet developed toxemia-like symptoms. These 
findings have suggested that antivitamin-E stress diet induces an increase in free
radical oxidation prod~cts, which are known to inhibit PGI2 synthetase and there
fore vascular PGI2 production, the major local defense mechanism in placental 
vessels during pregnancy. 

Other authors investigated the role of selective depletion of divalent ions to 
induce a disease similar to human preeclampsia. A low-magnesium (Mg) diet was 
implicated in the etiology of preeclampsia. Early depletion of Mg in pregnant ewes 
induced hypertension, intrauterine growth retardation, and intrauterine death with 
placental infarcts. Renal involvement was indicated by significant proteinuria, and 
elevation of serum creatinine and blood urea, as well as by light- and electron
microscopic evidence of glomerular swelling and subendothelial fibrin deposition. 
Evidence for intravascular coagulation has been observed [5]. Similarly, zinc 
depletion and cadmium toxicity (which could potentiate the effects of zinc defi
ciency) have been shown to produce hypertension, vasospasm, proteinuria, sodium 
retention, edema, and convulsions in pregnant animals [6]. Since a possible associa
tion has been recently postulated between low calcium (Ca) intake and pregnancy
induced hypertension, the effect of a Ca-deficient diet before and during pregnancy 
has become the object of a more detailed analysis. Blood pressure in rats fed a 
Ca-free diet rose significantly after six weeks of treatment, compared with rats fed 
a normal diet. Thereafter, the animals were mated, but pregnant and nonpregnant 
animals on the Ca-free diet continued to present significantly higher blood pressure 
[7]. This supports the hypothesis that a low-Ca diet is associated with high blood 
pressure in pregnant and nonpregnant female rats. 

Finally, several investigators have studied the effects of food restriction on 
cardiac output and blood flow to the uterus and placenta in pregnant rats. They 
observed that rats fed a 50% restricted diet from day 5 of gestation had lower body 
weight, and smaller fetuses and placentas; these rats also had a marked reduction 
in cardiac output and blood flow to placenta, but not to endometrium and myome
trium [8, 9]. This suggests that food restriction reduces the expansion of uterine 
and placental blood flow by interfering with the increase in cardiac output that 
normally occurs in pregnancy. 

2.2. Uteroplacental ischemia 

Uteroplacental ischemia is assumed to increase blood pressure and induce fibrin 
deposition, releasing pressor substances and thromboplastic phospholipids into the 
systemic circulation [10]. Since reduced uterine blood flow is a characteristic of 
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preeclampsia, different techniques have been used to induce a chronic reduction of 
uterine blood flow in pregnant animals. 

Restricting the enlarging uterus in a cellophane wrapping failed to produce a 
model of preeclampsia in rats, but was effective in other species [11]. More 
satisfactory experimental models of preeclampsia in different species were ob
tained by severe constriction of the abdominal aorta to reduce uterine blood flow 
to 35%--40% [12]. This technique has been improved by reducing uterine blood 
flow in continuously controlled and monitored conditions to avoid fetal death 
and maintain an effective reduction of uterine blood flow. This experimental 
model, first applied to dogs, rabbits, cats, monkeys [12], and more recently to 
small animals like guinea pigs and rats [13], has also been used with primates 
(baboons) [14], whose reproductive physiology is very close to that of humans. 
It has been shown that severe interference in uterine blood flow in these animals 
produces placental ischemia with diffuse placental infarcts, suggesting that placen
tal infarcts are directly related to induced ischemia [13]. It is important to note 
that placental infarcts rarely appear in pregnant animals [15], while they are a 
common occurrence in humans near term, especially in toxemia. Moreover, as in 
humans, the severity of experimental toxemia in the animals was related to the 
number of placental infarcts. 

2.3. Preexisting experimental hypertension 

In rats, and to some extent in other animals, the mere presence of hypertension 
before pregnancy is not always an adverse prognostic factor during pregnancy 
itself. It has been demonstrated, in fact, that spontaneously hypertensive rats do not 
develop preeclampsia, and their systemic blood pressure decreases in the last weeks 
of pregnancy [16]. Pregnant Goldblatt hypertensive rats-made hypertensive by 
removing one kidney and clamping the other one-behaved in the same way 
regarding blood pressure in late pregnancy, and no preeclampsia was observed [17]. 
Uninephrectomized DOCA-NaCI hypertensive rats, however, given 4 mg/kg day 
DOCA (desoxycorticosterone acetate) and drinking 0.9% NaCI rather than water, 
exhibited a worsening of hypertension, proteinuria, a rapid weight gain, and 
convulsions during pregnancy [17]. Fetal mortality increased to 34% while fetal 
weight and litter size decreased. Placentas showed frequent areas of hemorrhagic 
necrosis. Diffuse endothelial swelling and large deposits of dense fibrillar and 
granular material were found in the kidneys in comparison with nonpregnant 
hypertensive controls. In this model, however, the delivery did not effectively 
reduce blood pressure, which remained higher than in nonpregnant hypertensive 
controls with a progression of glomerular damage toward chronic renal failure 
[17]. 

2.4. Placental extract infusion 

In order to test the hypothesis that a placental factor is responsible for at least some 
of the clinical signs of preeclampsia, extracts prepared from term placentas of 
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preeclamptic and normotensive women were infused acutely and chronically in 
virgin female and pregnant rats [18]. In both groups, acute infusion of preeclamptic 
placental extracts produced a significant increase in blood pressure, proteinuria and, 
in the pregnant group, acute vasospasm. The angiotensin-II (All) receptor blocker 
-salarasin-reversed these effects. Only pregnant rats, however, responded to 
chronic infusions of small doses of preeclamptic placental extracts with an increase 
in blood pressure. No differences in plasma renin activity (PRA) , plasma angioten
sin I (AI), or aldosterone levels between preeclamptic placental extracts, normal 
placental extracts, and saline-treated rats were found. This study suggests that the 
vascular effects of preeclamptic placental extracts are not the result of stimulation 
of the renin-angiotensin system, but that these extracts act upon All receptors, 
either by binding to them or by increasing their number or affinity for circulating 
All. 

A toxemia-like syndrome was similarly induced in pregnant dogs by intraperito
neal injection of concentrates prepared from placentas of patients with preeclampsia 
or hydatiform mole [19]. Both of these concentrates progressively caused hyperten
sion, proteinuria, disseminated intravascular coagulation, and hepatic dysfunction, 
in addition to intrauterine growth retardation or intrauterine death. This syndrome 
did not develop with concentrates prepared from placentas of normal term preg
nancies. This experimental model of preeclampsia has been reproduced successfully 
by other authors, who found that oral administration of cyclosporin A intensified 
the changes induced by placental concentrates [20]. 

2.5. Immunologic damage to the placenta 
Another experimental model was obtained by injuring the rat placenta by im
munologic means. Pregnant and nonpregnant control rats were injected with 
placenta extracts in Freund adjuvant; this resulted in mild hypertension and protein
uria, but no defmite histologic damage was observed in the placenta [21]. In order 
to injure the placenta more severely, pregnant and nonpregnant rats were injected 
with rabbit anti-rat placenta serum, rabbit anti-rat kidney serum, or normal rabbit 
serum; the antiplacenta serum produced hypertension in pregnant but not in 
nonpregnant rats, and the antikidney serum produced the same blood pressure 
elevation in pregnant and in nonpregnant animals [22]. 

By using immunofluorescent microscopy, Foidart et a1. [23] found that 13 sera 
from 49 patients with severe preeclampsia contained antibodies reacting with 
placenta and kidney. These antibodies reacted with laminin (a large glycoprotein 
found in the lamina lucida of all basement membranes), but not with other 
basement membrane antigens, including collagen and proteoglycan. When injected 
intravenously into pregnant mice, antibodies to laminin induced a high incidence 
of fetal death, abortion, and proteinuria. 

In conclusion, none of these experimental models is mimicking human preec
lampsia. Animal models, however, are undoubtedly useful for studying some of 
the unsolved problems of preeclampsia. 
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3. PATHOGENESIS OF PREECLAMPSIA 

3.1. Renin-angiotensin axis 

3.1.1. Renin-angiotensin axis in normal pregnancy 

During normal pregnancy, remarkable changes take place in the renin-angiotensin 
system. Their relationship with preeclampsia is obviously of great interest. 

Renin is a proteolytic enzyme with a molecular weight of approximately 40,000 
daltons. It acts upon a circulating renin substrate, an a-2-globulin, the angioten
sinogen, to form AI, a 10-amino-acid peptide. AI is rapidly converted into the 
active vasoconstrictor All during its circulation through capillary beds-particu
larly the pulmonary circulation-by an enzyme present in endothelial cells known 
as angiotensin-converting enzyme (ACE). Circulating All is then inactivated by 
angiotensinases in tissues and blood. Therefore the level of plasma All represents 
the net effect of renin release into the circulation, the concentration of the substrate 
angiotensinogen, the activity of ACE, and the activity of angiotensinases. 

Over the last two decades it has been clearly established that PRA increases 
substantially early in normal pregnancy [24-33]. The renin substrate concentration 
in plasma also increases during pregnancy and influences the amount of angiotensin 
produced by renin in vivo [34]. It has been suggested that the rise in renin substrate 
during pregnancy is probably an effect of estrogens, since the same effect has been 
observed in women given estrogens or oral contraceptive agents containing estro
gens [35]. Furthermore, plasma renin concentration (PRe) remains persistently 
high throughout pregnancy in all women. Thus, the combined increase in renin 
and in substrate concentration leads to a significant increase in PRA. New insights 
into the effects of renin-angiotensin system changes during pregnancy will be 
achieved by studying the tissue content of ACE and All receptors. Although 
plasma ACE has been found to be consistently lower during pregnancy than in 
nonpregnant controls [36], the relevance of plasma ACE measurements to the 
actual conversion of AI to All is open to question [37]. No correlation has been 
shown in pregnancy between plasma ACE and PRA or PRC or plasma All. Direct 
studies of All receptors have suggested that some changes in tissue responsiveness 
to All are mediated by changes at the receptor level. Changes in All receptor 
expression, in fact, were induced by steroids and dietary salt modifications [38]. 
Nevertheless, no data are available regarding the number and affinity of All 
receptors in pregnancy. 

Although plasma renin in pregnancy is primarly of renal origin, the high 
concentration of renin in uterus, placenta, and amniotic fluid makes these sites 
potential sources of plasma renin in pregnancy. Stakemann [39] and Gross [40] 
were the first authors to report that placental and uterine extracts of cats and rabbits 
had a pressor effect when injected intravenously, and produced a pressor substance 
similar to All when incubated with serum. These studies were extended by Ferris 
et al. [41] and Gorden et al. [42], who demonstrated that neither stimuli reducing 
the concentration of renin in the kidney, such as variations in sodium intake, nor 
nephrectomy had any effect on the renin concentration in the uterus of pregnant 
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rabbits. Cell cultures of human chorion and uterine muscle have been shown to 
synthesize renin [43]. As found in pregnant nephrectomized rabbits, reduction in 
uterine blood flow by either hemorrhagic hypotension or uterine artery ligation 
increased uterine renin secretion into the circulation [44]. It is not known whether 
uterine renin contributes to plasma renin in pregnancy. It seems unlikely, however, 
that uterine renin is responsible for the high PRA observed in pregnancy; in 
pregnant rabbits, in fact, uterine renin did not respond to changes either in salt 
intake (as mentioned) or in extracellular fluid volume, whereas plasma and kidney 
renin did [42]. On the other hand, renin activity was higher in uterine veins than 
in uterine arteries in women with toxemia at cesarean section [45, 46]. 

The role of uterine renin in the physiology of pregnancy remains unknown. A 
possible hypothesis suggests that uterine renin plays a role in the uterine blood flow 
regulation by increasing All, as demonstrated in pregnant rabbits, dogs, and mon
keys [44,47,48]. All stimulates AA release from phospholipids of cell membranes 
and promotes PG synthesis [49,50]. The increased uterine PGE2 synthesis may be 
the cause of the fall in uterine vascular resistance and the consequent increase in 
uterine blood flow [48]. In favor of this hypothesis is the observation that the 
administration of captopril (a converting-enzyme inhibitor) to pregnant rabbits 
significantly reduced uterine blood flow without changing cardiac output or renal 
blood flow [51]; meanwhile, the PGE level in uterine vein was decreased. When 
captopril was given orally to pregnant rabbits from day 15 of gestation on, fetal 
mortality was almost 100% without changes in systemic blood pressure [51, 52]. 
These findings suggest that the reduction in uterine PGE synthesis induced by 
angiotensin blockade might be the cause of the high fetal mortality. 

It has been shown that also human amniotic fluid contains a very high concentra
tion of renin, mostly in an inactive form (prorenin), which is activated by incuba
tion at acid pH [53,54]. In the first trimester of pregnancy, inactive renin in plasma 
rapidly arises, then it declines slowly until midpregnancy and falls quickly to the 
normal range after delivery [55]. Therefore prorenin detectable in the plasma of 
pregnant women may be of amniotic origin. It has been recently suggested that 
whether or not activation of prorenin is involved in the normal regulation of active 
renin levels, this occurs more likely in the tissue of origin than in the circulation 
[56]. Thus, it is still unclear whether prorenin plays a physiologic role in normal 
pregnancy. 

Even in normal pregnancy, renin release is under the control of several factors, 
such as renal perfusion pressure and sodium intake. Renin secretion in pregnancy, 
in fact, adequately responded to sodium restriction and volume expansion, although 
basal levels were persistently elevated [57-59]' Increased PG synthesis may also be 
involved in the high renin release in pregnancy. Intrarenal administration of AA 
in nonhypotensive doses in rats [60], rabbits [61], and dogs [62], in fact, has been 
shown to increase renin release. Similarly, in vitro incubation of AA, endoperox
ides, or PGI2 with renal cortical slices of rabbit caused release of renin, which was 
inhibited by indomethacin; these results demonstrate that prostaglandins directly 
stimulate renin release [63-66]. 
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Patrono et al. [67] have demonstrated that PGI2 infusion in healthy volunteers 
induced a substantial, dose-related rise in PRA and in circulating All. On the other 
hand, All has repeatedly been reported to release a PG-like material from several 
tissues and so it seems to be a specific releaser of PGI2 from vascular tissue [50, 68, 
69]' This is a receptor-mediated effect of All, as the PGI2 release is blocked by 
saralasin and captopril [50]. It has been recently postulated that PGI2 release is 
triggered by All through hypothetical receptors different from those used by All 
to evoke the pressor response [70]. Thus, angiotensin appears to acquire the new, 
unsuspected function of promoting the biosynthesis of PGI2 in vascular tissues. 
PGI2, in turn, stimulates renin release in the kidney. This relationship between renin 
and PG synthesis might play a pivotal role in regulating not only the renal 
circulation, but also the circulation in other organs, the uteroplacental circulation 
in particular. 

Finally, another determinant of renin secretion is vascular sensitivity to angio
tensin. The level of angiotensin required to elicit a blood pressure response, in fact, 
varies with the sensitivity of the vasculature to angiotensin [38]. The factors 
controlling angiotensin sensitivity and receptor affmity, however, have not yet been 
identified. Changes of intracellular sodium and calcium concentration in the arterial 
wall or synthesis of angiotensin antagonists (such as PGs) in the blood vessel seem 
to be important in this respect [38]. 

3.1.2. Renin-angiotensin axis in preeclampsia 

The balance between the production of vasodilator PGs in local vascular beds 
(chiefly uterus and kidney) and the renin-angiotensin system, in particular All as 
a potent vasoconstrictor, may playa central role in the regulation of uterine blood 
flow and in the development of pregnancy-induced hypertension. 

Broad variations in PRA during preeclampsia have been reported in the litera
ture; almost all authors, however, have observed a PRA lower than in normal 
pregnancy, but still higher than in nonpregnant women [25, 28, 30, 32, 71, 72]. 
While there is evidence that, in preeclampsia, renin is not derived from the fetus 
or from the placenta, it might be uterine or decidual in origin. Since ischemia or 
anoxia of the pregnant uterus has been considered as a possible cause of preeclamp
sia, it has been postulated that uteroplacental ischemia increases the uteroplacental 
production of renin. As mentioned above, in fact, PRA was higher in uterine veins 
than in uterine arteries in women with toxemia [45] and, in a case of abdominal 
pregnancy with preeclampsia, PRA was high [73]. Moreover, in cases of hydati
form mole or with rhesus incompatibility, preeclampsia has been associated with 
much higher PRC, suggesting an increase in renin release because of an augmented 
placental mass [72]. This indicates a cause-and-effect relationship between uterine 
hypoperfusion with the resulting renin release and pregnancy-induced hyperten
SIOn. 

There is general agreement that preeclamptic women are more sensitive to the 
pressor effects of vasoconstrictor substances than are normal pregnant women. As 
early as 1937, Dieckmann and Michel [74] reported that vascular reactivity to the 
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pressor effects of a vasoactive agent (crude vasopressin) was greater in preeclamptic 
than in normotensive pregnant women. Later studies have shown that, in normal 
human pregnancy, the vascular refractoriness to the pressor effects of All was due 
to the decreased vascular smooth muscle response to All more than to the altered 
blood volume or to the plasma concentration of All [75-80]. It is important to 
note that, in nonpregnant subjects, plasma concentrations of renin and/or All are 
inversely proportional to the vascular reactivity to All. The concomitant synthesis 
of vasodilating PGs, either PGI2 or PGE2, might be involved in the regulation of 
vascular reactivity during human pregnancy. In this regard, it has been hypothe
sized that these PGs induce renal vasodilation and cause vascular refractoriness to 
All in normal pregnancy, despite an increase in renin and All concentrations [81, 
82]. Gant et al. [83] suggested that a progestin mechanism may modulate the 
expression of PG-mediated vascular responsiveness to the pressor effects of All. 
However, a direct effect of progestins upon vascular smooth muscle cannot be 
excluded at present. Disturbances in any of these components of the mechanism 
could lead to loss of refractoriness to All, as shown in preeclampsia. 

In conclusion, preeclampsia is characterized by an increased sensitivity to All and 
other vasoactive agents, leading to generalized vasoconstriction with hypertension. 
The resulting ischemia of the pregnant uterus will increase renin production and 
consequently All concentration, leading to a greater vasoconstrictor effect on the 
uteroplacental vasculature. Therefore the loss of vascular refractoriness to All 
might play a central role in the pathogenesis of preeclampsia. 

3.2. Vascular prostaglandin production 

3.2.1. Vascular prostaglandin production in normal pregnancy 

Striking changes occur in the cardiovascular system during pregnancy. Maternal 
and fetal circulation share some basic features, such as maximal generalized vasodi
lation, high blood volume, high cardiac output, and low systemic blood pressure 
[84-86]. In the fetus, low peripheral resistances allow very high cardiac output and 
lead to maximal exchanges with maternal blood as a compensatory mechanism for 
the low gradient in 02 saturation at the fetoplacental unit [87]. The low blood 
pressure, despite high cardiac output, has been ascribed to low-resistance systems, 
such as umbilicoplacental circulation and vascular shunts [88]. However, the high 
blood flow found in several fetal organs points to systemic arterial vasodilation as 
an important factor in the low peripheral resistance [86, 87]. 

A possible role of PGs in hemodynamic changes in the fetal and maternal 
circulation was first suggested by Terragno et al. [89]. Investigating fetal, maternal, 
and nonpregnant bovine vascular tissues, they found a very high level of 6-
keto-PGF1a -the stable breakdown product of PGI2-in incubation medium 
from fetal blood vessels. This capacity, therefore, was not restricted to the ductus 
arteriosus, as commonly supposed [90, 91]. A significantly high PGI2 production 
from fetal vessels has been observed in humans by Remuzzi et al. [92], who studied 
umbilical arteries and placental veins compared with vessels of healthy adults. It 
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has been suggested that PGI2 plays an important role in mediating maximal 
vasodilation and refractoriness to vasoconstrictor stimuli of fetal and placental 
circulation. The increased capacity to produce PGI2 has been demonstrated also in 
maternal vasculature as a more general phenomenon of normal pregnancy. Good
man et al. [93] and Brash et al. [94] measured the urinary excretion of PGI2 

metabolites to estimate the maternal vessel biosynthesis of PGI2 in pregnancy in 
comparison with nonpregnant controls. Although the absolute levels of these 
metabolites were much lower than the values obtained during infusion of effective 
doses of PGI2, they were higher in pregnant than in nonpregnant women. 

3.2.2. Vascular prostaglandin production in preeclampsia 

Whichever mechanism operates in normal pregnancy, a fall in PGI2 activity could 
be a link in the chain of events leading to preeclampsia [95]. Nowadays, measure
ments of circulating PGI2 metabolites have given somewhat inconsistent results 
[96-98], but PGI2 generation in fetal and maternal blood vessels seems to be 
reduced or inhibited in toxemia [99-102]' Remuzzi et al. [103] were the first to 
report that umbilical arteries from preeclamptic pregnancies synthesized less PGI2-

like substance than did normal umbilical arteries. This is consistent with the results 
obtained by other investigators using different experimental approaches [99, 101, 
102, 104--107]. Thus, the pathologic features of preeclampsia, such as generalized 
vasoconstriction, increased maternal sensitivity to vasoconstrictors, blood volume 
contraction, and relative suppression of the renin-angiotensin system may all be 
accounted for by a deficiency in PGI2 production. 

Since PGI2 level is related to factors affecting both its biosynthesis and its 
degradation, deficiency of PGI2 in preeclampsia might be due to an unbalance 
between these factors [108]. An ability of a still undefined plasma component 
(plasmatic stimulating factor, PSF) to modulate PGI2 synthesis was first reported 
by MacIntyre et al. [109], who demonstrated that normal cell-free plasma stimu
lates PGI2 production by cultured endothelial cells from pig aorta. This finding 
was later confirmed in other experimental and clinical conditions, such as hemolytic 
uremic syndrome (HUS) [11 0] and uremia [111], in which PSF activity is reduced. 
PSF activity has been serially evaluated by Remuzzi et al. [112] and Gregorini et 
al. [113] in normal pregnancy and compared with nonpregnant controls: no differ
ence was observed during early pregnancy, but PSF activity was significantly 
reduced during late pregnancy. The reduction in late pregnancy was not observed 
in patients with severe preeclampsia; in this case, PSF was normal but vascular 
production of PGI2 was reduced. This result is difficult to reconcile with the good 
correlation observed between PSF and vascular production of PGI2 in chronic 
uremic patients [111] and in patients with HUS [110]. 

A defective PG production by the vascular tissues in preeclampsia might depend 
on a reduced availability of AA, an unsaturated fatty acid derived from the linoleic 
acid, an essential fatty acid (EFA) [114]. It has been shown that dietary fat is 
necessary in pregnancy and that the active principle appears to be EFA [115]. In 
human pregnancy on a normal diet, deficiency of EF A has not been observed, as 
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indicated by the blood levels of EF A that rise during the course of pregnancy until 
labor, when they peak [116]. Studies on pregnant rats fed a low EFA diet, however, 
showed prolonged dystocia and death of the fetuses, although the fetal growth was 
always satisfactory [117]. Prolonged dietary deprivation to produce EF A defi
ciency before pregnancy resulted in 30% smaller fetuses and in a reduction of 
placental weight [118]. The fatty acid composition of fetal and maternal tissues was 
markedly modified by accumulation of the eicosatrienoic 20:3w9, which cannot 
be converted to PG. Thus, maternal dietary deprivation was clearly responsible for 
fetal EFA deficiency, demonstrating the role of maternal diet in fetal plasma lipid 
composition. In order to establish whether the differences in PGI2 synthesis between 
normal and preeclamptic pregnancies were related to AA availability, Ochard et 
al. [119] studied the free fatty acid composition of the umbilical artery tissue in 
normal pregnancies; free 5,8,11-eicosatrienoic acid (Mead acid) was identified in 
the umbilical artery tissue in a ratio with free AA ranging between 0.10 and 0.31. 
Unlike 8,11,14-eicosatrienoic acid, AA, and 5,8,11,14,17-eicosapentanoic acid, 
Mead acid is not a substrate for cyclooxygenase, but only for lipoxygenase, the 
enzyme-generating substances called leukotrienes of the three series (LT3) with 
vasoconstrictor activity [120]. If the substrate Mead acid is available at higher rates, 
one will expect LT3 to be increased. Thus, this phenomenon appears to be of 
importance in future approaches to the pathogenesis of preeclampsia. 

AA metabolism can be modified by factors such as lipid peroxides, interfering 
with enzymatic activities involved in PG production [121, 122]. It has been shown 
that total serum lipids increase during pregnancy [123]. In preeclampsia, serum lipid 
concentration is significantly higher than in normal pregnancy, mainly because of 
increased triglycerides in the very low density lipoprotein (VLDL) and low-density 
lipoprotein (LDL) fractions [124, 125]. Serum lipid peroxides are particularly 
increased in normal pregnant women in comparison with nonpregnant subjects and 
their level is further elevated in preeclamptic women [124, 125]. In preeclampsia, 
the ratio between lipid peroxides and total lipids is higher than in normal preg
nancy [125]. Serum high-density lipoproteins (HDL) are believed to be closely 
related to membrane lipids [126]. Thus, lipid peroxides produced in the cell 
membrane might be transferred to the HDL fraction together with lipids and 
circulate in the bloodstream, leading to various diseases. On the other hand, 
accumulation of peroxides is controlled by free-radical scavengers, namely, supe
roxide dismutase, catalase, glutathione peroxidase, and vitamin E [127]. A number 
of investigators have reported that circulating levels of tocopherol (vitamin E) are 
increased during the second and the third trimesters of pregnancy; compared with 
control plasma, however, vitamin-E levels are not altered in preeclampsia [128]. 

In conclusion, a steady increase in lipid-peroxide formation by activating the 
arachidonate cascade probably contributes to the physiologic modification of PG 
production in normal pregnancy; a sudden steep increase in lipid-peroxide forma
tion that is not balanced by a corresponding increase in free-radical scavengers
as documented in preeclampsia-might promote accumulation of nonenzymatic 
derivatives that are biologically active and interfere with normal enzymatic 
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activities (such as PGI2 synthetase), thereby leading to a deficient PGI2 produc
tion. 

3.3. Uteroplacental ischemia 

Preeclampsia is always associated with uteroplacental ischemia, various degrees of 
intrauterine fetal growth retardation and, in most severe cases, intrauterine death. 
Furthermore, this disease is also characterized by a low placental weight with areas 
of extensive infarction and ischemic necrosis on macro- or microscopic examina
tion [129]. The remaining tissue presents ultrastructural abnormalities, such as 
cytotrophoblastic hyperplasia, focal syncitial necrosis, microvillous abnormalities, 
and thickening of trophoblastic basement membrane, which are very similar to 
those found in other conditions of placental ischemia, such as intrauterine fetal 
growth retardation and maternal smoking. Neither degenerative changes nor le
sions related to accelerated aging have been demonstrated [130]. 

In order to understand the role of uteroplacental ischemia in the pathogenesis 
of preeclampsia, an adequate evaluation of uteroplacental blood flow and sequential 
events of normal placentation in human pregnancy is required. A substantial part 
of our knowledge on uteroplacental blood flow derives from animal experimental 
models, because of the complexity of uterine vascular supply and the difficulties 
associated with its measurement in humans. The clearance of dehydroepiandroster
one (DHEA), introduced by Gant et al. [131] as an indirect measurement of uterine 
blood flow (which depends upon the placental conversion ofDHEA to estradiol), 
appeared to be reduced by approximately 50% in preeclampsia. Direct estimation 
of uteroplacental blood flow either by isotopic techniques [132, 133] or by Doppler 
ultrasound determination of blood flow velocity in the uterine vessels [134] in
dicated severe hypoperfusion. To ensure an adequate blood supply to the fetopla
cental unit, complex adaptive changes are required during placentation in human 
pregnancy. Hemochorial placentation in humans and several mammals is character
ized by trophoblastic cell invasion of the maternal vessel at the placental bed 
[135-137]. Starting at the opening into the intervillous space, trophoblastic cells 
retrogradely invade the lumen of spiral arteries. Subsequently, they cause endothe
lial disruption and penetrate the vascular wall by destroying the subendothelial 
layers. Thus, the smooth muscle cells of the media become unrecognizable and are 
replaced by fibrinoid material with "large cells" (trophoblastic cells). These vascu
lar changes, referred to by Brosens [137] as "physiologic changes" to underline the 
essential role of normal placentation, occur in early pregnancy in the superficial 
decidual part of the spiral arteries. During the second half of pregnancy, these 
changes extend more deeply into the decidual and myometrial parts [136]. It has 
been shown that, in humans, trophoblastic invasion is particularly aggressive, 
reaching the myometrial end of the spiral arteries [137]. Spiral arteries become large 
(4-5 times the normal diameter) and unreactive because of loss of muscle-elastic 
structures. In spite of these major changes in the normal vascular wall, no thrombus 
formation has been seen. One possible explanation of this phenomenon is related 
to the observation that trophoblast specimens from early and late normal pregnan-
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cies and human trophoblastic cells in short-term culture produce a significant 
amount of PGI2 [138, 139]. PGI2 inhibits platelet aggregation, but also maintains 
blood vessel dilation [140]. This suggests that the ability of the invading tropho
blast to colonize maternal blood vessels and avoid immobilization by platelet 
aggregates is PGI2 dependent. These pregnancy-induced physiologic changes pro
duce a significant reduction in peripheral vascular resistance in the placental bed, 
thereby allowing a much greater blood flow into and through the intervillous 
spaces of the placenta. 

In preeclampsia, however, no trophoblastic cells have been found in myometrial 
segments of spiral arteries, the physiologic changes being restricted to the decidual 
segments [129, 136, 141]. Since, at this level, spiral arteries retain an essentially 
normal muscle-elastic structure, these segments are the most likely to develop 
stenosing hypertensive lesions, when pregnancy is complicated by severe preec
lampsia [142, 143]. In their early stages, these lesions are characterized by endothe
lial damage, insudation of plasma constituents into the vessel wall, proliferation of 
myointimal cells with fat accumulation (foam cells), and medial necrosis. Gross 
endothelial damage, massive intramural fibrin deposition, luminal thrombosis, and 
vessel rupture with hemorrhage have been seen in later stages. Therefore a clear 
central role of occlusive lesions of maternal spiral arteries supplying the placenta 
appears in the pathogenesis of placental ischemia [144]. 

Recently, a new syndrome has been described that is characterized by repeated 
intrauterine death associated with the presence of a circulating "lupus-like" antico
agulant [145, 146]. This may be considered a model of uteroplacental ischemia and 
used to study the role of placental ischemia in the pathogenesis of preeclampsia. 
Like preeclampsia, this syndrome is characterized by fetal growth retardation and 
subsequent death in late pregnancy, due to the placental insufficiency [147]. The 
placenta, in fact, is small with extensive infarctions. The spiral arteries show the 
same lesions as in preeclamptic pregnancy: no or partial physiologic changes, 
intimal thickening, fibrinoid necrosis, acute atherosis, and intraluminal thrombosis. 
It is of interest that in both syndromes a defect of vascular PGI2 has been reported, 
suggesting a common mechanism underlying the fetal growth retardation and death 
[148]. Despite the similarity of the uteroplacental lesions, however, the clinical 
feature of this new syndrome is quite different from that of classic preeclampsia. 
In particular, in the syndrome of recurrent abortion associated with the "lupus
like" anticoagulant, no evidence of hypertension or renal impairment has been 
reported [149]. Therefore pregnancies in patients with "lupus-like" anticoagulant 
and idiopathic intrauterine growth retardation do not support the hypothesis that 
uteroplacental ischemia is necessarily associated with preeclampsia. 

3.4. Preeclampsia: a unifying hypothesis 

A reduction in the synthesis of vasodilating PGs appears to play an important role 
in the pathogenesis of preeclampsia (figure 2-1) Several factors modulate AA 
metabolism, but our knowledge of their role in PG synthesis during pregnancy is 
still limited. It may be speculated, however, that an imbalance between lipoperox-
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Figure 2-1. A unifying hypothesis for the pathophysiology of preeclampsia. 

ides and the free-radical scavengers, which control their accumulation, interferes 
with normal enzymatic activities in the arachidonate cascade (such as that of PGIz 
synthetase), thereby reducing the synthesis of vasodilating PGs [150]. 

In the uterus, reduced PG synthesis may cause a reduction of uteroplacental 
blood flow, with consequent uteroplacental ischemia, intrauterine fetal growth 
retardation and, in severe cases, intrauterine death. Furthermore, lack of "physio
logic changes," probably more frequent in the first pregnancy, and spiral artery 
lesions (that may be induced by the decrease in PGIz production) may account for 
uteroplacental ischemia and increased fetal distress. Since uteroplacental ischemia 
has been shown to increase uterine renin secretion, positive feedback may occur 
between uterine hypoperfusion, uterine renin release, and increase in uterine vascu
lar resistance [45, 73]. 

These phenomena may contribute to the generalized vasoconstriction that is a 
characteristic feature of preeclampsia. Whether plasma renin in preeclampsia is of 
uteroplacental or rental origin, however, is still unknown. There is evidence that 
renal PG synthesis plays a role in renin secretion [67]. Consequently, in preeclamp
sia a reduction of vasodilating PG may cause a decrease in renal renin release, which 
in turn may cause a fall in aldosterone secretion. Moreover, in pregnancy-associated 
hypertension there is an increased sensitivity to the pressor effects of All and other 
vasoconstrictor agents, in comparison with normal pregnancy. It has been shown 
that the refractoriness of normal pregnancy to All may be abolished when women 
are treated with indomethacin, the inhibitor of PG synthesis [79]. Thus, in preec-
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lampsia a decrease in PGIz synthesis in blood vessels might increase the vascular 
smooth muscle responsiveness to All, thereby making the absolute level of renin 
or angiotensin less important than the sensitivity of arterioles to angiotensin. These 
changes of vascular sensitivity to pressor substances may cause a generalized vaso
constriction, which is responsible for hypertension and generalized endothelial 
damage. In the most severe case, proteinuria and sodium retention also occur. 

In conclusion, this hypothesis suggests that PGIz deficiency plays a central role 
in the pathogenesis of preeclampsia and provides a pathophysiologic explanation 
for the clinical features of this disease. 
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3. COAGULATION AND PREGNANCY 

EDOARDO ROSSI, MARIA MATILDE COSSU, and PIERO CAPETTA 

1. INTRODUCTION 

During the course of normal pregnancy the hemostatic system undergoes major 
changes resulting in fibrin deposition in the uteroplacental vasculature that is very 
important for the normal development of pregnancy. Such changes are interpreted 
as a physiologic adaptation to prepare the hemostatic system for its role during 
placental separation; in late pregnancy, in fact, the uterine blood flow to the 
placenta reaches 600-800 ml/min and at parturition it must be arrested within a 
few seconds. The effectiveness of such modifications is such that childbirth in 
pregnant women with congenital hemorrhagic disorders (e.g., von Willebrand 
disease) involves very slight hemorrhagic risk (and need of treatment) and less risk 
than in events other than pregnancy such as surgical interventions. 

Knowledge of the physiology of hemostasis during pregnancy is thus necessary 
in order to have a rational basis for treating any hemorrhagic or thromboembolic 
complications; furthermore, monitoring the pattern of the hemostatic changes may 
provide indications on the evolution of any disorders occurring during pregnancy 
and consequently on fetal outcome. 

2. CHANGES IN THE HEMOSTATIC SYSTEM 

2.1. Coagulation system 

The plasma levels and activity of most of the clotting factors are increased during 
normal pregnancy, except for factors XI and XIII (decreased activity) and factor 

Andreu",; V.E. (ed.), The Kidney in Pregnancy. Copyright © 1986 by Martinus Nijhoff Publishing. All rights reserved. 

35 



36 3. Coagulation and pregnancy 

V (unchanged activity) [1]. This increase is progressive during the course of 
pregnancy; it is already evident in the second month and reaches the maximum in 
the third trimester. In table 3-1, the values of the clotting factors at the end of 
pregnancy are reported. The most significant increase is observed in fibrinogen and 
in factors VII, VIII, and X. All the components of factor VIII are increased, 
although the increase of F VIII R:AG-F VIII vWF (synthesized in the endothe
lium) is greater than that of F VIII:C [2]. The increase in clotting factors is even 
more marked when taking into account the effect of hemodilution due to the 
expansion of plasma volume that is typical of pregnancy. This means that by the 
end of pregnancy the fibrinogen concentration, for example, has almost doubled. 
Changes in concentration of clotting factors reflect the balance between synthesis 
(increased in pregnancy) and consumption. During pregnancy the concentrations 
and activity of the most important natural inhibitors of coagulation (i.e., anti
thrombin III, anti-Xa, and protein C) are maintained at the same or slightly lower 
levels than in the nonpregnant state. All the changes induced by pregnancy normal
ize after childbirth, at a rate proportional to the half-life of each factor. 

2.2. Platelets 

During normal pregnancy there is a slight reduction in the count of circulating 
platelets, attributable to the plasma volume expansion; platelet life span, determined 
with nonradioisotopic methods, in fact, is within the normal range [3]. 

No significant alterations are observed in platelet function when investigated 
with the usual aggregation and adhesiveness tests. Also the plasma platelet-specific 
proteins /3-thromboglobulin and PF 4) and the platelet concentration of /3-throm
boglobulin and 5-hydroxytryptamine are not significantly different from nonpreg
nancy values [4]. There is no significant change in the production of platelet 
thromboxane A2 [5]. 

2.3. Fibrinolytic enzyme system 

A significant progressive reduction of fibrinolytic activity of the plasma (as mea
sured by euglobulin lysis time) [1] and of fibrinolytic response to venous occlusion 

Table 3-1. Clotting factors in late pregnancy 

Fibrinogen 
Factor II 
Factor V 
Factor VII 
Factor VIII 
Factor IX 
Factor X 
Factor XI 
Factor XII 
Factor XIII 

Antithrombin III 
Protein C 

''10' percent of normal values. 

4.0-6.5 g/liter 
100%-125%' 
100%-150% 
150%-250% 
200%-500% 
100%-150% 
150%-250% 
50%-100% 

100%-150% 
40%-70% 

80%-110% 
80%-100% 



37 

[6] is characteristic of pregnancy, and normalizes rapidly after separation of the 
placenta [1]. 

The placenta produces an inhibitor of urokinase-induced fibrinolysis [7]. A fall 
in the levels of plasminogen activator, responsible for reduced fibrinolytic activity 
of plasma in vitro, could be the consequence of its absorption to fibrin, and thus 
not necessarily be an in vivo expression of fibrinolysis impairment during normal 
pregnancy. 

Furthermore, in pregnancy there is a 50% decrease in the plasma concentration 
of histidine-rich glycoprotein (HRG) [8]. This protein has an affmity for the lysine 
binding sites of plasminogen and thus plays a role in the regulation of fibrinolysis. 
The decrease in its levels in pregnancy results in more free plasminogen being 
available for binding to fibrin. It is interesting that there is a similar decrease in 
HRG levels during contraceptive treatment with estrogen-progesterone combina
tions [9]. 

As a result of these modifications, the fibrinolytic enzyme system may be rapidly 
and efficiently activated in pregnancy. 

3. CLO'ITING ACTIVATION DURING NORMAL PREGNANCY 

3.1. Signs of clotting activation 

When considered together, the hemostatic changes that occur in normal pregnancy 
are compatible with the development of clotting activation, that is, with the 
presence in the circulation of intermediate activated coagulation factors that are the 
expression of thrombin formation in excess of the capacities of antithrombin 
control mechanisms. At least in the third trimester of pregnancy, in fact, there are 
always signs or" increased thrombin formation such as those shown in table 3-2 [2, 
10--13]. It is still controversial, however, whether the increase in the F VIII 
R:AG-F VIII:C ratio in pregnancy is due to a thrombin-induced loss of coagulant 
activity of factor VIII as a result of activation of the coagulation system. The 
increased endothelial synthesis of F VIII R:AG, in fact, might have a different 
pattern than the nonendothelial synthesis of F VIII:C. However, the presence of 
other signs that certainly indicate increased thrombin formation, such as fibrinopep
tide A (FPA) and high molecular weight fibrin(ogen) complexes (HMWFC), and 
the fact that the one-stage assay (influenced by the presence of thrombin and Xa) 
gives higher values of F VIII:C than the two-stage assay (not influenced by 
circulating thrombin), suggests that the increase of the F VIII R:AG-F VIII:C ratio 

Table 3-2. Signs of clotting activation 
usually observed in pregnancy 

High molecular weight fibrin(ogen) complexes (HMWFC) [10] 

Fibrinopeptide A (FP A) [11] 

Increased F VIII R:AG-F VIII:C ratio [2] 

Cold promoted activation of thrombotest (occasionally) [12] 

Thrombin-like influence on factor-V activity [13] 
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is due at least in part to the thrombin-induced loss of factor-VIII coagulant activ
ity. 

A characteristic aspect of clotting activation in normal pregnancy that is not 
observed in other prothrombotic states is the absence of signs of platelet activation, 
despite the evident signs of enhanced thrombin production in the plasma. 

3.2. Cause of clotting activation 

Clotting activation in normal pregnancy is attributable to the endothelial damage 
caused by migration of the trophoblast in the maternal vessels. In human hemo
chorial placentation, in fact, the trophoblast causes fragmentation and discon
tinuation of the endothelium of the spiral arteries and penetrates the arterial walls 
up to the myometrium; thus, elastic lamina and smooth muscle cells are replaced 
by a matrix containing fibrin and by trophoblastic cells. These structural changes 
of the spiral arteries ("physiologic changes") cause an expansion of the lumina, 
thereby allowing the increase in blood flow normally occurring as pregnancy 
advances; furthermore, these physiologic changes make the uteroplacental vessels 
less responsive to maternal vasomotory stimuli and favor the institution of low 
peripheral resistances in the uteroplacental vasculature. The endothelial damage 
induced by trophoblast migration causes local activation of the coagulation sys
tem, which results in a compensatory increase of clotting factors that exceeds the 
rate of consumption. Furthermore, the placenta and decidua are rich in tissue 
thromboplastin, the release of which may activate the coagulation system. 

3.3. Results of clotting activation 

The enhanced thrombin production results in an increase in fibrin formation and 
deposition. Fletcher et al. [10] have evaluated the plasma HMWFC concentration 
in normal pregnancy and calculated a threefold increase in fibrin formation in the 
second month of pregnancy, compared with the nonpregnant state, and a fivefold 
or more increase in late pregnancy. This indicates that daily formation of fibrin 
in the third trimester is 150-250 mg. 

The progressive reduction in the plasma levels of factor XIII is also consistent 
with the progressive increase in fibrin formation [14]. Fibrin deposition may be 
demonstrated in the media of the spiral arteries supplying the placenta; a fibrin 
deposit in the intervillous space is normally present in pregnancy and is probably 
important in its development since it serves to regulate the maternal-fetal ex
changes. Furthermore, numerous mural thrombi in various stages of organization 
can be observed in late pregnancy. 

3.4. Control mechanisms of clotting activation 

The nonparticipation of platelets in clotting activation in pregnancy and the 
control of fibrin deposits are both due to the increased availability of antiaggregant 
prostaglandins and the efficacy of the fibrinolytic system despite the fall in plasma 
levels of plasminogen activator. 

Systemic and uterine maternal vessels, umbilical vessels, placenta [15], myome-
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trium [16], and other components of the fetoplacental unit synthesize notable 
quantities of prostacyclin (PGI2), the most important prostaglandin produced by 
the vessel walls, which inhibits platelet aggregation and causes the vascular 
smooth muscle tissue to relax. The increased availability of PGI2 may explain 
why there is normally no vascular thrombosis in the spiral arteries despite the 
presence of major endothelial lesions caused by trophoblast penetration of the 
arterial wall. The trophoblast secretes PGI2 [17], and there is reason to believe 
that the interaction of the migrating trophoblast with the uterine arterial wall, 
which is the crucial event of normal placentation, is a prostacyclin-dependent 
phenomenon; that is, the capacity of the invading tissue to colonize maternal 
vessels is related to its capacity to produce PGI2, thereby preventing immobiliza
tion by platelet aggregates. The efficacy of this antiaggregant mechanism in nor
mal pregnancy is demonstrated not only by the nonparticipation of platelets in 
clotting activation, but also by the absence of arterial thrombosis in the spiral 
arteries despite major disendothelization. 

The reduced plasma concentration of plasminogen activator, which causes the 
decrease of plasma fibrinolytic activity in vitro, could be due to adsorption of the 
activator on the fibrin fibers. Such a mechanism might effectively limit fibrin 
deposits and might also account for the usual difficulty in histologic demonstration 
of fibrin deposits [18]. Furthermore, the reduced plasma levels of HRG increase 
the availability of free plasminogen for binding to fibrin. 

4. ACUTE COAGULATION DEFECTS IN PREGNANCY: THE DISSEMINATED 
INTRAVASCULAR COAGULATION (DIe) 

4.1. Pathogenesis 

Acute coagulation defects arise in several complications of pregnancy and labor. 
These hemostatic defects are the consequence of acute disseminated intravascular 
coagulation (Ole). ole is more frequent in pregnancy pathologies than in other 
diseases because of the changes in the hemostatic system occurring during normal 
pregnancy 

Acute ole is a complex multifactorial syndrome caused by the generalized 
formation of thrombin in amounts far beyond the capacity of the antithrombin 
mechanisms to control. In patients with acute Ole, the factors consumed during 
normal coagulation (fibrinogen, factors V and VIII, platelets, antithrombin III, 
protein e) are greatly reduced or even disappear from circulation. Secondary 
hyperfibrinolysis also occurs, due to simultaneous activation of the fibrinolytic 
enzyme system, which promotes the clearance of intravascular fibrin deposits 
especially by the kidney; this hyperfibrinolysis acts also on the plasma clotting 
factors, thereby aggravating the hemostatic defect due to excessive consumption 
of these factors. This serious condition of decompensated ole is preceded by a 
phase of compensated ole in which the signs of clotting factors consumption are 
slight or even absent (because synthesis of clotting factors is increased) and there 
are only a few signs of hyperfibrinolysis. 
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4.2. Clinical picture 

The clinical consequences of acute DIC are mainly hemorrhage and/or ischemic 
organ damage, anemia and shock. Hemorrhage is the most important and the 
greatest threat to life. It is caused by excess consumption of clotting factors and 
may manifest in any district although the genital district is most commonly 
involved. The lost blood has a characteristic aspect of incoagulability and fluidity 
that is mainly due to the reduced levels of circulating fibrinogen. The visible 
hemorrhage, however, is not a good indication of the amount of blood lost or of 
the severity of the hemostatic defect. This may be demonstrated by prolonged 
bleeding from the sites of venipuncture, by spontaneous cutaneous and mucosal 
hemorrhages, by hematomas at the sites of injections or sutures, or by hemorrhage 
during surgery. The first diagnostic indication of the hemostatic defect is often the 
failure to clot of the blood sample sent for testing to the laboratory. 

The site and extent of ischemic organ damage depend on the relationship 
between thrombin-fibrinogen and plasmin-fibrin interactions. Micro- and macro
thrombosis occur in the late stages of DIC, especially in the forms with a chronic 
course. The organs most frequently affected by ischemic damage are kidneys, brain, 
lungs, skin, and liver. 

Anemia is fundamentally posthemorrhagic; a hemolytic-microangiopathic com
ponent may be present that, however, is more typical of the forms of DIC with 
a chronic course (preeclampsia) or of the later phases of acute DIC associated with 
thrombotic microangiopathy. 

Posthemorrhagic hypovolemic shock is the most dangerous consequence ofDIC 
since it increases this coagulation defect. In the pregnant woman, in fact, shock may 
trigger intravascular clotting. The severity of shock generally depends on severity 
of the hemorrhage, but it may be enhanced following the activation of the 
vasoactive kinins usually present in DIe. 

The pathologies of pregnancy that are most frequently complicated by acute 
DIC are listed in table 3-3. Acute DIC may exhibit different clinical pictures. When 
it occurs in the presence of an efficient fetoplacental unit (e.g., abruptio placentae) 
it is characterized by a major hemorrhagic symptomatology and a hypovolemic 
shock, while ischemic organ damage develops much later either as the consequence 
of no or inadequate treatment of the acute phase or as the result of prolonged shock. 

Table 3-3. Pathologies of pregnancy most 
frequently complicated by disseminated 
intravascular coagulation (DIe) 

Abruptio placentae 
Amniotic fluid embolism 
Prolonged retention of dead fetus 
Intrauterine infection 
Eclampsia and preeclampsia 
Shock of any etiology 
Severe fetomatemal bleeding 
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The symptomatology related to ischemic organ damage is typical of the acute ole 
that manifests itself some time after the loss of function of the fetoplacental unit 
(e.g., prolonged retention of the dead fetus). This difference may be due to the 
presence or absence of the factors that normally control clotting activation in 
pregnancy. Thus, the increased availability of antiaggregant and vasodilatory pros
taglandins and the efficacy of fibrinolysis do not protect against hemorrhagic risk, 
but do prevent thrombotic microangiopathy by means of reduced platelet partici
pation and effective clearance of fibrin. 

4.3. Diagnosis 

The diagnosis of acute coagulation defects is based on signs of excessive consump
tion of clotting factors and secondary hyperfibrinolysis. Prothrombin time (PT) , 
partial thromboplastin time (PIT), fibrinogen concentration, platelet count, and 
rapid assays measuring the levels of fibrin(ogen) degradation products (FOP) 
provide information on the patient's coagulation status; more sophisticated tests are 
too time-consuming, and do not provide more useful information. In Table 3-4 
the tests are reported that are commonly used to diagnose both the compensated 
and decompensated phases of Ole. Obviously, precise knowledge of modifications 
of the clotting factors in pregnancy is essential; furthermore, serial checks at short 
intervals may give early information on the evolution from normality to compen
sated ole or from the compensated to the decompensated stage of Ole. 

Early diagnosis of ole is clearly important to avoid the catastrophic conse
quences of the overt clinical phase. Diagnosis must be made immediately after 
the appearance of any pathology of pregnancy that may be complicated by Ole. 
In ole that develops when the fetoplacental unit is functioning efficiently, con
sumption of the clotting factors varies greatly and is sometimes severe, whereas 
the reduction of the platelet count is more modest; signs of secondary hyperfi
brinolysis are always evident. ole that develops some time after the fetoplacen
tal unit has ceased to function as an efficient unit is characterized by a modest 
consumption of the clotting factors, severe thrombocytopenia, and slight signs of 

Table 3-4. Laboratory tests in pathologies of pregnancy complicated by 
disseminated intravascular coagulation (Ole) and defective hemostasis 

Platelet count 
Thrombin clotting time 
Fibrinogen 
Fibrin(ogen) degradation products 

(FDP) 
One-stage prothrombin time 
Activated partial thromboplastin time 
Factor-VIII level 

Acute or 
decompensated 
phase 

Reduced « l00,OOOjml) 
Prolonged + + 
Reduced 
Raised + + 

Prolonged 
Prolonged 
Reduced 

Compensated 
phase 

Normal or reduced 
Prolonged + 
Normal 
Raised + 
Normal 
Normal 
Normal 



42 3. Coagulation and pregnancy 

hyperfibrinolysis. This different pattern is explained, at least in part, by the pres
ence or absence of the mechanisms that regulate the physiologic clotting activa
tion in pregnancy. 

4.4. Treatment 

The treatment proposed for acute coagulation defects in obstetric patients is largely 
based on the observation of a few cases, since no adequate trials of the therapeutic 
measures have been performed. There are three main steps in treat
ment: removal of the cause of DIC, replacement therapy, and anticoagulant ther
apy. 

The cause of DIC should be removed whenever possible, regardless of the 
hemostatic situation; this is the most important therapeutic approach since it is 
practically impossible to obtain normalization of the coagulation defect without 
eliminating the cause of DIe. Removal of the cause is often followed by spontane
ous regression of DIe. 

Replacement therapy has the aim of correcting the hemostatic defect, anemia, 
and shock. Fresh frozen plasma is the most useful blood component to correct the 
hemostatic defect, since it is generally difficult to procure sufficient amounts of fresh 
whole blood (no older than 6 h). Fresh frozen plasma provides adequate amounts 
of the labile factors V and VIII in addition to fibrinogen, antithrombin III, and 
protein e. Platelet concentrates may be used in cases of severe thrombocytopenia; 
concentrates of antithrombin III have also been used successfully. The use of stored 
whole blood, which is deprived of factors V and VIII and platelets, is contrain
dicated, since it would further dilute these factors in the recipient. Furthermore, 
stored whole blood is rich in microaggregates that will be entrapped in the lung, 
thereby contributing to the respiratory distress syndrome that not infrequently 
complicates DIC in pregnancy. Treatment with fibrinogen concentrates is not 
recommended, since it may aggravate intravascular coagulation. 

Anemia may be effectively controlled with transfusions of packed red cells. 
It is vitally important to correct shock since shock per se in pregnant women 

promotes intravascular coagulation. 
Prompt replacement of the blood volume is fundamental in preventing acute 

renal failure. Blood volume replacement should be guided by monitoring central 
venous pressure and urinary output until complete normalization of the hemostatic 
function. The latter must thus be carefully and frequently checked. 

The efficacy of anticoagulant therapy with heparin in DIC is still controversial. 
It may serve to block consumption of the clotting factors and prevent micro throm
bosis, but, if the vascular compartment is not intact, such treatment may increase 
hemorrhage, especially when there is severe thrombocytopenia with reduced avail
ability of PF 4. 

In our experience, removal of the cause of DIC and adequate treatment of 
hypovolemic shock are sufficient to induce spontaneous regression ofDIC, without 
anticoagulant therapy. The use of antifibrinolytic agents is contraindicated since 
they may interfere with fibrin clearance in the microcirculation. 
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5. HEMOSTATIC SYSTEM IN PREECLAMPSIA 

The modifications of the hemostatic system in preeclampsia are the result of failure 
in the mechanisms that control clotting activation in pregnancy. In preeclamptic 
pregnancy, there are evident signs of increased thrombin production. In particular, 
FP A and HMWFC are increased, demonstrating increased formation and deposi
tion of fibrin. Moreover, there is reduced availability of PGI2 [15] and inefficient 
fibrinolytic activity. 

The platelets, which are not involved in clotting activation of normal preg
nancy, play an important role in preeclampsia: there is an early fall in platelet count 
coinciding with increase in uric acid levels and increased sensitivity to angiotensin 
[18]; platelet life span is reduced [3]; circulating platelets respond less to aggregat
ing agents, and there is a decrease in their serotonin content [19]; and plasma levels 
of the platelet-specific proteins are increased [4]. There is, therefore, evidence of 
platelet activation. It is still not established whether these platelet abnormalities in 
preeclampsia are due to actual consumption connected with phenomena of vascular 
microthrombosis with reduced platelet survival [3], or to a temporary and revers
ible sequestration in some districts of platelets with normal survival [19]. 

Concerning fibrinolysis, in preeclampsia there is a greater increase in euglobulin 
lysis time than in normal pregnancy, and a slower normalization after parturition. 
This indicates a greater absorption of the activator on the fibrin fibers and conse
quently a greater fibrinolytic activation that is evidenced by the increase in serum 
FDP that is characteristic of preeclampsia. Despite this increased activation, the 
insufficiency of fibrinolytic control is shown by the pathologic deposition of fibrin 
at the placenta, with occlusions of the spiral arteries, and consequent placental 
infarcts and fetal underdevelopment. Thrombotic micro angiopathy may involve 
also other microcirculatory districts (particularly that of the kidney) and may 
generalize during eclamptic crises. 

In preeclamptic pregnancy, there is also an early pathologic increase of the F 
VIII R:AG-F VIII:C ratio, which correlates with fetal growth retardation and 
perinatal mortality [20]. The increase of this ratio is connected both with increased 
endothelial synthesis ofF VIII R:AG (and this confirms the existence of endothelial 
activation or damage) and with a more marked thrombin-induced loss of factor
VIII coagulation activity. Our sequential studies in preeclamptic women have 
demonstrated that the F VIII R:AG-F VIII:C ratio increased progressively up to 
a maximum, after which it decreased progressively until normalization: in this 
second phase the signs of deterioration of placental function and increased fetal risk 
became more marked [21]. An increase of the F VIII R:AG-F VIII:C ratio indicates 
abnormal endothelial stimulation and activation of the clotting system originating 
in the uteroplacental circulation with abnormal thrombin generation: its progres
sive decrease suggests that the factor triggering the clotting activation gradually 
disappears so that thrombotic lesions occur and are followed by irreversible cessa
tion of the deciduoplacental function. 

The early major involvement of the platelets and factor-VIII complex in preec
lampsia indicates that abnormalities of the relation between the platelets and 
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endothelium play an important role in the genesis and course of this disease; 
moreover, recent data attribute an initial and fundamental role to abnormalities of 
vessel walls in preeclampsia (see chapter 2). 

6. CONCLUSION 

The hemostatic system undergoes major adaptation to the state of pregnancy. This 
consists of physiologic signs of clotting activation that originate in the uteroplacen
tal circulation as a consequence of changes in the uteroplacental vasculature neces
sary to allow an adequate flow of blood to the placenta as pregnancy advances. 
The result of such clotting activation is fibrin deposition at the uteroplacentallevel. 
These changes of the hemostatic system well account for the frequency and impor
tance of the acute coagulation defects with DIC in pregnancy. 

Careful monitoring of hemostasis in pregnancy may provide useful indications 
regarding the functioning of the deciduoplacental microcirculation, especially in 
pathologies of pregnancy characterized by fetal growth retardation. 
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4. PATHOLOGY OF THE KIDNEY IN PREECLAMPSIA 

JAMES R. TAYLOR and BENJAMIN H. SPARGO 

1. INTRODUCTION 

The inability to identify properly the underlying condition resulting in gestational 
hypertension and other renal dysfunctions during pregnancy using clinical criteria 
alone has led to a great deal of confusion in the literature [1-3]. An evolution in 
the pathologic nomenclature and the now widespread use of electron and im
munofluorescent microscopy in addition to light microscopy has allowed for a 
more precise distinction of lesions of true preeclampsia from others that mimic 
preeclampsia clinically. In the 1950s, one of the authors (B.H.S.) recalls the frustra
tion of Dieckmann not only in the inability to clinically distinguish preeclampsia 
from other causes of hypertension in pregnancy, but also by the discrepancy 
between his clinical impression and the pathologist's report and the irreproducibil
ity of the pathologic interpretation [4]. The scope of this problem of clinical 
variability has been more recently revealed in several studies in which postpartum 
renal biopsy in women, diagnosed to have preeclampsia clinically, revealed renal 
lesions other than those ascribed to preeclampsia in as many as 45% of the patients 
[2,5]. These other renal lesions include primary renal diseases such as glomerulone
phritis, membranous nephropathy, "minimal change" nephropathy, tubulointersti
tial lesions, and nephrosclerosis, in addition to lesions associated with systemic 
disease such as sickle cell and diabetic nephropathies [5]. These conditions were not 
infrequently found superimposed on the renal changes felt to be characteristic of 
preeclamptic toxemia (PET). 

Andreucei, V.E. (ed.), The Kidney in Pregnancy. Copyright © 1986 by Martinus Nijhoff Publishing. All rights reserved. 
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Figure 4-1. Preeclamptic nephropathy. The glomerulus is swollen and fills Bowman's space. 
There is a decrease in the vascularity, resulting in a bloodless appearance. The glomerulus is 
normocellular. H & E, X 400. 

Since 1958, postpartum renal biopsy of patients with gestational hypertension 
has been intensively studied at the University of Chicago, resulting in the collection 
of more than 200 cases. Not only severely preeclamptic and eclamptic patients, but 
also patients with only mild hypertension, were biopsied. This has resulted not only 
in a variety of lesions, but also a wide spectrum of severity. All of these have been 
studied by both light and electron microscopy and the majority have also been 
subjected to immunohistologic analysis. We feel that only by the utilization of all 
three of these complementary modalities can the various lesions associated with 
gestational hypertension be accurately distinguished. This can be exemplified in the 
situation when the pathologist is faced with the differential diagnosis of a renal 
lesion in which frequent double contours of the basement membrane and interposi
tioning of mesangial cytoplasm are seen by light microscopy and electron micros
copy, respectively. These features are seen not only in preeclampsia, but also 
membranoproliferative glomerulonephritis. The demonstration of a granular reac
tion for both immunoglobulin and complement by immunofluorescence would 
indicate that the lesion was a complex trapping glomerulonephritis. Similarly, in 
a recent study, it was shown that IgA nephropathy (the diagnosis of which requires 
immunohistology for demonstration of the specific nature of the deposits) was not 
associated with progression of the renal disease during pregnancy whereas mem
branoproliferative lesions did progress [6]. This again underscores the importance 



49 

Figure 4-2. The swelling of the mesangial and endothelial cells has resulted in partial occlusion 
of the capillary lumina and herniation of the tuft into the proximal tubule (arrow). H & E, X 
400. 

of the pathologist using all the tools available to him. This chapter summarizes the 
morphologic criteria we use to distinguish the lesion of PET from other conditions. 
The importance of this distinction can be appreciated in follow-up studies that have 
confirmed the complete reversibility and and excellent long-term prognosis of pure 
preeclampsia [1, 5, 7]. 

2. LIGHT AND ELECTRON MICROSCOPY 

There are no substantive differences in the renal lesions between preeclampsia and 
eclampsia [2], and in general the severity of the clinical signs and symptoms is 
matched in a proportionate degree by the severity of the morphologic alteration 
[8]. The most consistent and biologically important renal changes occur in the 
glomeruli that are diffusely enlarged and swollen [2, 8, 9]. A focal variation in the 
intensity of the changes is often observed, particularly as they resolve [10] (figure 
4-1). Measurements on postmortem material by Sheehan and Lynch [11] have 
shown that the toxemic glomerulus is about 10% larger than that of the normal. 
Occasional giant glomeruli (two times the mean normal glomerular size) are seen, 
particularly in eclamptics [12]. The enlarged glomerular tuft fills the Bowman 
space and, in more severe cases, herniation of the tuft into the proximal tubule in 
a process dubbed "pouting" by Sheehan and Lynch is occasionally seen [2, 5, 8, 
11, 12] (figure 4-2). 
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Figure 4-3. An electron micrograph showing the characteristic cigar-shaped distortion of the 
lobule seen in preeclampsia. X 7500. 

Significant hypercellularity, such as that which is seen in inflammatory lesions 
such as glomerulonephritis, is not a feature of PET [2, 8, 13]. Postinflammatory 
changes such as segmental adhesions are also not seen [2, 10, 14]. Apposition and 
bridging of the glomerular capillary loops to the capsular epithelium can be 
demonstrated ultrastructurally at the peak of severity in some cases, but this change 
is reversible. The hyalinization and adherence noted by several authors may repre
sent cases of mild glomerulonephritis that were erroneously included in the PET 
group [8, 12, 15]. 

Characteristically the glomeruli in PET have an obstructed, bloodless appearance 
with a marked decrease in vascularity and a characteristic pattern of longitudinal 
capillary collapse producing cigar-shaped lobules [16] (figure 4-3). The degree of 
obstruction can be so marked in the most severe cases as to result in infarction of 
glomeruli and renal cortical necrosis (figure 4-4). This encroachment on the lumen is 
due to a marked mesangial and endothelial cell cytoplasmic hypertrophy, a feature 
that is more easily appreciated ultrastructurally [16] (figure 4-5). This cytoplasmic 
swelling extends from the stalk area out to the peripheral capillary loops and is 
responsible for the dilatation and beading of the stem and ballooning of the capillary 
loops, particularly in severe cases [8, 12]. The cytoplasmic hypertrophy results in the 
ultrastructural impression of an increased number of cytoplasmic organelles [15]. 
Vacuolation of the mesangial and endothelial cells due to the accumulation of fluid 
and lipid is a prominent feature that is best appreciated at the light-microscopic level 



Figure 4-4. There is marked variation in the degree of obstruction. The glomerulus on the 
right is preinfarcted. H & E, X 300. 

Figure 4-5. An electron micrograph showing prominence of endothelial cytoplasm with no 
residual lumen. The epithelial cell foot processes ate intact. X 11,250. 
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Figure 4-6. Prominent lipid accumulation seen in endothelial and mesangial cells (arrows). 
Plastic embedded, toluidine blue stain, X 1000. 

in the osmium-ftxed-toluidine-blue-stained "thick" sections, presumably due to the 
superior lipid fIxation of osmium over aldehyde fIxatives (ftgures 4-6 and 4-7). Also 
nicely demonstrated in the thick section is the occasional presence of foam cells [8, 12, 
15] in the mesangium. Electron microscopy reveals the mesangial and endothelial 
vacuolization to be due to a heterogeneous array of fluid and lipid resulting in an 
impressive cytoplasmic lysosomal change with numerous myelin-like figures and 
fme droplets of neutral fats [5,8,10,12] (ftgure 4-8). Occasionally, cholesterol clefts 
can be seen in cases biopsied after a long postpartum interval [17] (ftgure 4-9). It was 
this finding of numerous vacuoles, along with the marked cytoplasmic swelling in 
the endothelial cells, that led to the use of the term endotheliosis in one of the early 
electron-microscopic descriptions of this lesion by one of the authors (B.H.S.) [18]. 
This very characteristic fmding is not often seen throughout the entire glomerulus 
and frequently step sectioning of the epon-embedded material is required before the 
extent of the lesion is revealed. There appears to be a correlation between the clinical 
severity of the patient's signs and symptoms and the amount of endotheliosis. The 
change is occasionally superimposed on other lesions, but has never been seen in 
nonpregnant women. 

In some cases of PET, electron microscopy reveals deposits of a finely granular, 
electron-dense material. This is found most frequently distributed subendothelially, 
but is also seen interposed between the endothelial and mesangial cells [3, 19-21] 
(ftgure 4-10). Although this material has been interpreted as immune complexes 
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Figure 4-7. There is an accumulation of fluid vacuoles in the opposite pole of same glomerulus 
as in figure 4-6 (arrows). Plastic embedded, toluidine blue stain, X 1000. 

Figure 4-8. An electron micrograph showing many vacuoles that have a fluid-lipid interface. 
Myelin-like figures are also present. X 15,000. 
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Figure 4-9. A glomerulus with vacuolization and cholesterol clefts (arrows). Plastic embedded, 
toluidine blue stain, X 1000. 

Figure 4-10. Electron-dense, subendothelial material is present (arrow). Numerous 
lipid-containing vacuoles are seen in an adjacent endothelial cell. X 10,000. 



55 

by some authors [15, 22, 23], because of our immunofluorescent data that will be 
summarized later and because this material lacks the electron-dense, granular ap
pearance characteristic of immune complexes, we feel that it frequently represents 
fibrin and fibrin precursors. In fact, in the most florid cases of PET, fibrin tactoids 
showing their characteristic periodicity are seen sporadically in the mesangium [3, 
24], subendothelium [3,5,13,25], and exceptionally in the urinary space [15]. This 
electron-dense material may also be due in part to the accumulation of several 
basement membrane proteins such as laminin, type-IV collagen, fibronectin, and 
a proteoglycan, all of which have been demonstrated recently in the mesangium 
and the thickened glomerular capillary walls of patients with PET [24]. An 
accumulation of a similar, finely granular material is seen in hemolytic uremic 
syndrome and postpartum renal failure. These conditions, however, are distin
guished from PET by their lack of endothelial reactive changes and the frequent 
fibrin thrombi in the afferent arterioles. Fibrin thrombi are seen in only the most 
severe cases of PET. Furthermore, the prompt and complete resolution so character
istic of PET also distinguishes it from these other lesions. 

Early observers noted what they felt to be a thickened basement membrane by 
light microscopy in this condition and likened PET to a membranous glomerulone
phritis [26]. More recently, statements attesting to [2, 20, 27] and refuting [8, 10, 
13] light-microscopic thickening have been made. It has been repeatedly shown 
ultrastructurally that in fact the basement membrane is not thickened [12, 18, 19, 
28]. A double contour of the basement membrane or "splitting" of the basement 
membrane has also been noted, particularly with the use of silver stains [15, 24, 
25, 27, 29]. Electron microscopy shows that this appearance is a consequence of 
the tremendous mesangial cell hypertrophy that results in interpositioning of the 
mesangial cell cytoplasm and mesangial matrix between the peripheral capillary 
endothelial cell and the basement membrane [24, 25, 27]. 

Epithelial cell proliferation in the form of crescents is only occasionally seen in 
the most severe cases of preeclampsia and eclampsia [8, 12] (figure 4-11). Much 
more frequently, one sees protein transport droplets (a manifestation of the protein
uria characteristic of this condition) and vacuolation and swelling of the epithelial 
cells [2,3, 13,30]. Vacuoles as well as phagolysosomes are also seen with electron 
microscopy [14, 15]. The proteinuria does not seem to depend on epithelial cell 
foot process obliteration, as this is only seen focally [2, 5, 18, 28] and does not 
appear to be more frequent in our preeclamptics with nephrotic levels of proteinu
ria [31]. Other authors, also studying patients with nephrotic levels of proteinuria 
in PET, have found an average of only 5%-10% obliteration of the epithelial cell 
foot processes [14]. The massive protein losses seen in many of these patients with 
morphologically normal epithelial cells and swollen, reactive endothelial cells 
supports the conclusion by Kanwar [32] in his recent summary on the biophysi
ology of glomerular filtration and proteinuria where he states, "Any disturbance 
that alters the 'integrated' functions of the cellular and extracellular elements [of 
the glomerular capillary wall], regardless of how minor, can result in the abnormal 
loss of plasma proteins into the urinary space." 
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Figure 4-11. A cellular crescent is formed by proliferation of epithelial cells. The preeclamptic 
glomerulus is not inflamed or hypercellular. H & E, X 450. 

The presence of a fibrillar proteinaceous debris in the Bowman space noted by 
several authors [2, 9] probably is the result of cytolysis of the frequently poorly 
preserved parietal epithelial cells. 

Once one leaves the glomerulus, the renal changes associated with PET become 
less frequent and much less specific. We feel that there are no specific arterial or 
arteriolar alterations in PET in accordance with the experience of others [8, 10]. 
The arteriosclerosis, arteriolosclerosis, and insudative changes noted in the "pree
clamptic" patients of several studies [3, 12, 14] that were similarly noted and felt 
to persist postpartum by others [20, 33] would be grounds for placement of such 
patients into a nephrosclerosis or a nephrosclerosis with superimposed preeclampsia 
category depending on whether the aforementioned characteristic glomerular 
changes of PET were present or not. Similarly, the findings by Aber [34], who 
demonstrated residual structural abnormalities in lobular, interlobular, and arcuate 
arteries in patients with a previous history of gestational hypertension using serial 
renal angiography, would suggest to us that these patients must have underlying 
renovascular pathology. It has been suggested that underlying renal vascular lesions 
can result in a condition of latent hypertension that is unmasked by the pregnancy 
[1 ]. 

Similarly, no significant changes in the tubulointerstitium are noted aside from 
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the hyaline protein reabsorption droplets [8, 9, 18] that are a manifestation of the 
proteinuria. 

3. IMMUNOHISTOLOGY 

The development of immunofluorescent-labeling techniques in the early 1960s 
provided a powerful tool for the specific glomerular localization of fibrin and its 
precursors, immunoglobulin-complement complexes, and a variety of other serum 
proteins. No other single area has generated as much controversy with regard to 
the pathogenesis of the renal lesion in PET. 

Originally the descriptions by Vassalli et al. [35] and Fiaschi and Naccarato [20], 
who demonstrated primarily fibrinogen / fibrin and lesser degrees of immunoglobu
lin in the glomerular basement membrane, resulted in suggestions that an intravas
cular coagulation disturbance was the underlying disorder in toxemia. More re
cently, with the refinement in specific antiimmunoglobulin antisera, a number of 
authors have described finding immunoglobulins, most frequently IgM [3, 15,22, 
27], in addition to fibrin/fibrinogen in the subendothelial position, within capillary 
lumina, and sometimes in the mesangium. Also, complement staining has been 
noted in a significant number of biopsies by some investigators [14, 15], leading 
to proposals that the renal lesions of PET were immunologically mediated much 
as a glomerulonephritis. Much lower frequencies of positivity with all reagents 
have been recorded in our data as well as that by other groups [5, 12, 36]. We 
interpret the low-intensity staining of fibrin and immunoglobulin to be due to 
nonspecific trapping secondary to narrowing of the glomerular capillary lumina 
by the swollen mesangial and endothelial cells similar to that described in other 
conditions with pronounced glomerular ischemia such as amyloidosis and diabetic 
glomerulosclerosis. Indeed, through the use of the freeze-substitution technique, the 
demonstration of soluble proteins such as albumin and transferrin colocalizing with 
fibrinogen, IgM, and 131C-globulin [13] would seem to suggest that the positivity 
of the latter three is insudative consequent to the increased permeability of the 
capillary wall. 

The discrepancy between our findings and those who claim frequent intense 
positivity is not easily explained, but does not appear to be a function of the 
postpartum interval [13]. More likely it is a manifestation of patient selection, with 
our series containing many more patients with only mild cases of PET. 

4. CLINICAL PATHOLOGIC CORRELATION: PROGNOSTIC IMPLICATIONS 

The importance of the renal biopsy in the setting of gestational hypertension is 
realized when discrete diagnostic groups that are not clinically distinct can be 
separated by pathologic criteria and when the long-term morbidity of these distinct 
groups is found to differ. Table 4-1 lists the pathologic diagnoses in the renal 
biopsies of 104 primigravidas and 72 multiparas in a recently published biopsy series 
from the University of Chicago [5]. Note that, despite the clinical diagnosis of 
preeclampsia in the vast majority of patients, only 55% showed the reversible 
changes of PET that we have just described. In addition, it can be seen that more 
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Table 4-1. Renal pathology in 176 hypertensive pregnant patients 

Diagnosis No. Primigravidas Multiparas 

Preeclampsia 96 79 17 
with nephrosclerosis 13 6 7 
with renal disease 3 1 2 
with both 2 1 1 

Nephrosclerosis 19 3 16 
with renal disease 4 2 2 

Renal disease 31 12 19 
Normal histology 8 0 8 

Total 176 104 72 

From Fisher et al. [5]' by copyright permission of the Williams and Wilkins Company. 

than 80% of the patients with PET are primigravidas, confirming the notion that 
this is a disease of the first pregnancy. 

As mentioned previously, we feel that there are no specific arterial or arteriolar 
changes in PET. By definition then, those patients who had kidney biopsies 
showing interlobular artery alterations such as fibroelastic arterial thickening, 
reduplication of the internal elastic lamina, medial hypertrophy, and insudative 
hyaline trapping in the afferent arterioles were placed in the nephrosclerosis cate
gory (figure 4-12). Disagreement exists in the literature between those who have 
felt that these changes, which are designated as arteriolosclerosis, are the cause of 
hypertension and that they are only rarely found in nonhypertensives [37,38], and 
those who consider them as part of an aging process that may be exacerbated and 
accelerated by hypertension and metabolic diseases such as diabetes [39, 40]. Our 
finding these vascular changes in a group of young pregnant hypertensive patients 
does not allow us to distinguish between these two notions and emphasis is placed 
on the vascular lesions primarily to select out those patients who may not have 
the excellent long-term prognosis as those with the completely reversible glomeru
lar lesions of PET. Of the patients in our series, 15 showed both the glomerular 
lesion of PET and nephrosclerosis. One might postulate that the elevation in blood 
pressure produced by the glomerular swelling resulted in secondary arterioloscle
rosis in these patients. We feel, however, that the duration of hypertension in PET 
is insufficient to produce the arteriolar changes seen in nephrosclerosis. In follow-up 
analysis, these patients with both lesions were felt to behave like the group with 
nephrosclerosis alone. 

Table 4-2 lists follow-up clinical information in 86 patients from our series [5]. 
Note that in the 53 women who had PET alone the prevalence of hypertension 
was 9.4%. This is not significantly different from the prevalence of hypertension 
in an age-, sex-, and race-adjusted control population from a large epidemiologic 
survey used for comparison [41]. These findings concur with those of other 
investigators [7,29]. Chesley et al. [29], who recognized the difficulty in clinically 
separating true preeclampsia from latent essential hypertension unmasked by preg-



Figure 4-12. Two arterioles show moderately severe hyaline arteriolosclerosis (arrows) in a 
patient with hypertensive nephrosclerosis. H & E, X 400. 
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nancy, limited their observations to patients with eclampsia, the diagnosis of which 
is clinically much more secure. In their most recent follow-up, published in 1976, 
they have compiled one of the most thorough epidemiologic surveys, spanning 
over 40 years. They found no significant difference in follow-up in the prevalence 
of hypertension between primiparous eclamptic women and women matched for 
age and race. In contrast, multiparous eclamptics, many of whom had had anteced
ent hypertension, showed a significantly greater prevalence of hypertension in 
follow-up, associated with a mortality rate 2-5 times greater than that for the 
primiparous eclamptics. Furthermore, they found that, although there was no 

Table 4-2. Follow-up observations 

Biopsy diagnosis 

Preeclampsia 
Nephrosclerosis 
Renal disease 

A verage no. of 
months 

No. examined after delivery 

53 68.1 
19 74.0 
14 83.8 

Hypertension 
(%) 

9.4 
74.0 
7.2 

Increased 
urinary 
protein (%) 

7.5 
32.0 
29.0 

Modified from Fisher et al. [5], by copyright permission of the Williams and Wilkins Company. 
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significant difference in the prevalence of hypertension between those eclamptic 
women who had had subsequent pregnancies and those who had not, those who 
had at least one subsequent hypertensive pregnancy showed a greater prevalence 
of essential hypertension than those whose subsequent pregnancies were all normo
tensive. In addition, their data suggested that subsequent hypertensive pregnancies 
might accelerate the development of permanent hypertension in those destined to 
develop it. They concluded that eclampsia and true preeclampsia were neither a 
predictive sign nor a cause of hypertension. 

Others [42-44] have claimed to show an association between clinically "tox
emic" patients and the eventual development of hypertension. The discrepancies 
between their data and the studies that have just been summarized [5, 29] probably 
result in part from their inclusion of preeclamptic patients. As mentioned earlier, 
we feel that it is clinically difficult to distinguish reliably between true preeclampsia 
and patients with essential, gestationally induced hypertension. Furthermore, the 
former studies [42-44] compared the patients with clinical preeclampsia to a 
control group of normotensive gravidas. Although this might appear a logical 
choice, actually this group of normotensive "controls" seriously underrepresents 
the remote incidence of hypertension because gestation frequently induces transient 
increases in the blood pressure of women who will ultimately develop permanent 
hypertension later in life [29]. 

Our data suggest that many of those women who are destined to develop 
permanent essential hypertension can be identified by postpartum renal biopsy. Of 
the patients in our nephrosclerosis category, 74% were found on follow-up exami
nation to have developed hypertension (table 4-2) [5]. The dramatic difference in 
the prevalence of hypertension between this group and the PET group underscores 
the importance of separating these two groups morphologically. 

Our findings corroborate those reported by Peyser et al. [45], who reevaluated 
13 patients who had had postpartum biopsies interpreted as nephrosclerosis. Al
though only three of 13 had been hypertensive at six months postpartum, when 
the follow-up was extended to between two and seven years, ten of the 13 had 
developed hypertension. Similarly, the irreversibility of the arteriolar lesion was 
demonstrated by Smyth et al. [46], who found that, in seven patients who had a 
postpartum biopsy that showed nephrosclerosis, all seven who had a follow-up 
biopsy some time later had persistent arteriolar changes. Subsequently, four patients 
who had later pregnancies all redeveloped gestational hypertension. 

The other major group separated morphologically from PET in our biopsy series 
of gestational hypertensives is a heterogeneous collection of renal diseases. Chronic 
glomerulonephritis was the single most common lesion demonstrated, followed in 
order of decreasing frequency by tubulointerstitiallesions, membranous nephropa
thy, sickle cell nephropathy, poststreptococcal glomerulonephritis, minimal change 
nephropathy, and diabetic nephropathy. PET occasionally was seen superimposed 
on these lesions (table 4-1) [5]. 

In the setting of gestational hypertension where the clinical impression is usually 
preeclampsia, the pathologist must keep in mind the possibility of finding these 
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other lesions. It is interesting to note that more than one-half of these patients did 
not have symptoms of their renal diseases until they became pregnant [47]. Simi
larly, in a recent series reported by Surian et al. [6], 40% of the patients with a 
variety of renal disease had been asymptomatic before pregnancy. 

As mentioned previously, we feel that the use of electron microscopy and 
immunofluorescence in addition to light microscopy maximizes the ability of the 
pathologist to distinguish PET from other glomerular lesions that may produce 
symptoms in pregnancy. We cannot concur with the suggestion that, in the setting 
of gestational proteinuria, the presence of even one hyalinized, sclerosed, or 
fibrosed glomerulus indicates that the patient is probably suffering from some 
underlying glomerulonephritis [36]' The study by Kaplan et al. [48] showed that 
as many as 10% of glomeruli may be sclerotic in normal individuals under the age 
of 40 years and this would certainly seem to make such a conclusion hazar
dous. 

Again the importance of separating this group of renal diseases from PET is 
dramatized by examination of follow-up clinical studies that show an increased 
prevalence of significant proteinuria among those patients with an underlying renal 
disease (table 4-2) [5,47]. These lesions obviously do not demonstrate the reversi
bility of PET. Fortunately, however, recent studies have shown that, at least in 
women with preserved kidney function at conception, the pregnancy does not 
appear to worsen the course of the renal disease [6, 49]. 

5. CONCLUSION 

In writing this chapter, we have attempted to show that, by renal biopsy, patients 
with true preeclampsia can be distinguished from those patients with latent essential 
hypertension or underlying renal disease that have come to clinical attention in the 
last months of pregnancy due to the increased demands placed on the kidney at 
that time. The morphologic alterations of true preeclampsia are distinctive, and the 
differential diagnosis between these lesions is usually not difficult, particularly when 
light and electron microscopy and immunofluorescence are used in conjunction. 

It has been shown that, in this setting, renal biopsy affords the clinician the most 
accurate prognostic information regarding the development of permanent hyper
tension or worsening of renal function. True preeclamptic toxemia is a completely 
reversible lesion that has no correlation with the development of permanent 
hypertension. Eventual permanent hypertension, however, is associated with those 
patients who have biopsies that show arterial nephrosclerosis. Recent studies have 
shown that, in general, patients with preserved renal function do not experience 
deterioration as a result of pregnancy in short-term follow-up studies [49], al
though lesions with a poor prognosis outside of pregnancy also tend to progress 
in gravid patients [6, 49]. In individuals with inflammatory glomerular lesions, a 
peripartum assessment of glomerular scarring may provide the best available infor
mation as to the long-term prognosis of renal function in much the same way as 
a chronicity index is now used to predict which patients with lupus glomerulone
phritis will probably progress to renal failure [50]' 
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5. RENAL FUNCTION DURING NORMAL PREGNANCY AND THE 
EFFECT OF RENAL DISEASE AND PREECLAMPSIA 

JOHN M. DAVISON 

1. INTRODUCTION 

Alterations in the mother's appearance are obvious as pregnancy advances. Less 
obvious, but just as significant, are the alterations in the mother's internal environ
ment, whereby the fetus somehow overrides and resets maternal homeostatic mech
anisms in the interests of the pregnancy. The changes in the physiology of the renal 
tract are particularly prominent aspects of the adaptive process. This chapter focuses 
on changes in renal hemodynamics, tubular function, and volume homeostasis and 
discusses their clinical relevance in normal pregnancy as well as in the presence of 
renal disease and preeclampsia. 

2. RENAL BLOOD FLOW 

Changes in renal hemodynamics [renal blood flow (RBF) and glomerular filtration 
rate (GFR)] have been discussed in detail in chapter 1. What follows therefore deals 
only with the main contribution to our understanding of alterations in RBF and 
GFR. 

As an index of RBF, the renal clearance of para-amino hippurate (P AH) is used, 
which is a measure of effective renal plasma flow (ERPF). The increment in ERPF 
in pregnancy has probably been substantially underestimated because of inappropri
ate correction of data to a standard body surface area, the mixing of cross-sectional 
with serial data, and inaccuracies due to small sample size in a measurement with 
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considerable individual variation [1]. The problems have been compounded by the 
fact that not all of the measurements were performed at identical gestational ages 
and some subjects were not investigated at all in the nonpregnant state or in the 
first trimester. 

It can be seen from figure 5-1 that the many different patterns of change in mean 
ERPF described by various investigators [2-5] can be almost entirely encompassed 
within a range equal to 1 standard deviation of either side of the mean of the most 
recent and reliable serial study [6]. It is now generally accepted that ERPF increases 
significantly during pregnancy with midpregnancy increments attaining 60%-80% 
followed by a significant decrement in the third trimester, which is not related to 
the effects of posture. 

3. GLOMERULAR FILTRATION RATE 

There is close agreement for mean values of GFR, measured by inulin clearance, 
in the studies of earlier workers [2-5, 8] (figure 5-1). When results are not adjusted 
to a standard surface area, GFR is increased by approximately 50% throughout 
pregnancy. None of these studies suggests a significant decrease during the third 
trimester of pregnancy, but relatively little information is available after gestational 
week 37. 

4. FILTRATION FRACTION 

Bearing in mind the changes in ERPF and GFR just described, it might be 
anticipated that filtration fraction (FF) , the ratio of GFR to ERPF, should decrease 
from nonpregnant values during early pregnancy, but should increase again during 
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Figure 5-1. Changes in mean effective renal plasma flow (ERPF) and glomerular filtration rate 
(GFR) in pregnancy. Data not corrected for standard body surface area. Results taken from 
references 2-6 and 8. Modified from Davison and Dunlop [7), with permission by Grune and 
Stratton Inc. 
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the third trimester. This pattern of change is indeed confirmed by a more intensive 
search of the available literature [1]. Interestingly, mean arterial pressure alters in 
a pattern that is a mirror image of that suggested for ERPF (compatible with the 
opposing effects of variation in peripheral resistance), but which is parallel with 
that of FF (implying either hemodynamic changes within the glomerulus or 
possibly transient loss of filtration pressure equilibrium). 

5. CHANGES IN THE RENAL HANDLING OF CREATININE AND UREA 

5.1. Creatinine clearance 

Creatinine, unlike inulin, is not renally inert. Consequently some of the creatinine 
appearing in the urine is derived from tubular secretion. In the nonpregnant 
situation the resultant error is sufficiently small to be of no significance in clinical 
practice and therefore 24-h creatinine clearance can be used as an index of GFR 
[9]. Throughout gestation, creatinine and inulin clearances do not differ signifi
cantly under infusion conditions, although the results of both are slightly greater 
than those obtained for creatinine clearance calculated over the preceding 24 h [8]. 
Since 24-h creatinine clearance is a noninvasive investigation, it has been found to 
be particularly valuable in circumstances where infusion would be undesirable or 
difficult to implement, especially when serial measurements are needed. 

By week 8 of pregnancy (six weeks after conception), a mean increment of 45% 
has occurred in 24-h creatinine clearance, a change well beyond the limits of 
laboratory error and biologic variability [10]. Throughout the second trimester, 
creatinine clearance remains elevated, but during the weeks preceding delivery 
there is a consistent decrease to nonpregnant values [11]. 

Immediately after delivery, 24-h creatinine clearance increases compared with 
results obtained in the same subjects before labor. Values obtained on postnatal day 
6 do not differ significantly from nonpregnant values. It is not clear whether this 
pattern reflects alteration in GFR itself, in creatine and/or creatinine metabolism, 
or in the renal handling of creatinine. At this time there is a very substantial diuresis 
that occurs on day 4 after delivery, but the peak value for creatinine clearance does 
not always occur on this day. Figure 5-2 demonstrates the overall extent of the 
changes in 24-h creatinine clearance during and after normal pregnancy. 

5.2. Urea clearance 

Much of the initial work on urea clearance during pregnancy was confusing 
because of arguments about the optimal conditions for the determination of this 
parameter [12]. It was known that, under certain conditions, the rate of urea 
excretion was related to the rate of urine flow but that above an "augmentation 
limit" of about 2 ml/min, the renal handling of urea was independent of flow. 
Another factor that had to be taken into account was the progressive decline during 
late pregnancy in the kidney's ability to handle a water load that, when linked with 
an inadequate diuresis, would have the effect of reducing urea clearance as preg
nancy progressed [13]. Overall, it appears that the studies where diuresis was 
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Figure 5-2. Changes in 24-h creatinine clearance during normal pregnancy. Data derived from 
study of 15 healthy women from before conception and at regular intervals throughout 
pregnancy. 

inadequate were those in which the now well-documented increment in urea 
clearance was unrecognized. 

Particularly significant is the study by Nice [14] because, not only did she 
publish the results of a control group of nonpregnant women (most other workers 
compared their results during pregnancy with those of men), but she studied her 
subjects serially, thus enabling each to act as her own control. Unfortunately, the 
increases in urea clearance that she described (and that we now accept as physio
logic) were considered excessive and were disbelieved by the succeeding generation 
of research workers. 

5.3. Clinical relevance 

5.3.1. plasma creatinine and urea concentration 

The plasma levels of creatinine and urea decrease [12]. Creatinine levels decrease 
from a nonpregnant value of 73 J-Lmol/liter (0.82 mg/dl) to 65, 51, and 47 J-L 
mol/liter (0.73, 0.58, and 0.53 mg/ dl, respectively) in successive trimesters. Simi
larly, urea levels fall from nonpregnancy values of 4.3 mmol/liter (25.8 mg/dl) 
to pregnancy values of 3.5,3.3, and 3.1 mmol/liter (21.0, 19.8, and 18.6 mg/dl, 
respectively). Familiarity with these changes is vital because values considered 
normal in nonpregnant women may signify decreased renal function in pregnancy. 
Values of plasma creatinine of75 J-Lmol/liter (0.85 mg/dl) and urea of 4.5 mmol/ 
liter (27 mg/dl) should alert the clinician to further assess renal function [15]. 
(Plasma creatinine can be converted from J-Lmol/liter to mg/dl by multiplying by 
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0.0113, and plasma urea can be converted from mmoljliter to mgjdl by multiply
ing by 6.0.) 

5.3.2. Assessment 0/ renal function 

Caution is necessary when serially assessing renal function just on the basis of 
plasma creatinine levels. An individual may lose up to 50% of renal function yet 
still maintain a plasma creatinine level of less than 130 J-Lmoljliter (1.47 mgj dl) 
(Fig. 5-3). If renal function is more severely compromised, however, a small 
decrement in GFR causes a marked rise in plasma creatinine and, under these 
conditions, creatinine excretion is diminished [15]. This may be related to muscle 
mass, but there is evidence of extrarenal clearance with recycling of creatinine to 
creatine and irreversible degradation to products other than creatinine, such as 
sarcosine, hydantoin, and methylamine [16]. 

Plasma creatinine, its reciprocal, or its logarithm are often used to gauge GFR. 
Indeed, formulas have been devised to calculate a value for GFR from plasma 
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Figure 5-3. The relationship between the 24-h clearance of creatinine (mIJmin), plasma 
creatinine concentration (J.LmoIJliter), and functional renal mass (%). This is based on the 
assumption that 24-h creatinine excretion is constant at approximately 11.5 mmol. 
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creatinine level, provided there is information available on the patient's age, height, 
weight, and sex. It is erroneous, however, to use this approach in pregnancy where 
body size or weight does not reflect renal size [12]. In pregnancy, at least, evalua
tion of renal function must be based on the clearance of creatinine and not on a 
plasma determination alone. Toward the end of the third trimester, for example, 
there can be a 15%-20% decrease in function that affects plasma creatinine mini
mally [11]. 

5.3.3. Attention to detail during clearance measurements 

To overcome such problems as "washout" from changes in urine flow, 24-h urine 
samples are used for clearances and this also avoids difficulties caused by diurnal 
variations. Dilation of the urinary tract in pregnancy can lead to collection errors, 
but these can be minimized if the woman is sufficiently hydrated to ensure a high 
urine flow rate and if she is positioned in lateral recumbency for an hour before 
the start and at the end of the collection, so as to standardize the procedure and 
minimize dead-space errors. 

Many methods of determining creatinine in plasma also measure noncreatinine 
chromogens, thus leading to overestimates. This obviously has an effect on the 
calculation of clearance that must be taken into account. In addition, recent intake 
of cooked meat can increase plasma creatinine levels by up to 16 "",mol/liter (0.18 
mg/dl) (because cooking converts preformed creatine into creatinine) and aware
ness of this is necessary when timing a blood sample during a clearance period [17]. 

5.3.4. Urea clearance measurements as an index 0/ renal function 

Urea clearance must never be used because it is dependent on urine flow rate as 
well as GFR [7]. There have been attempts to reintroduce the test with modifica
tions or to combine it with creatinine clearance in the hope that the errors of both 
would cancel each other out, but these have not gained acceptance. 

6. CHANGES IN THE RENAL HANDLING OF URIC ACID 

Normal pregnancy induces relative hypouricemia. Plasma uric acid concentrations 
decrease by over 25% as early as week 8 of pregnancy, but increase again during 
the third trimester to attain levels close to the nonpregnant mean [18]. The main 
reason for this pattern of events is alteration in the renal handling of uric acid, 
which, although freely filtered, is subsequently so actively reabsorbed that effec
tively only about 10% of the original filtered load appears in the urine. The 
physiology is more complex than simple tubular reabsorption because, while a large 
proportion of filtered uric acid is reabsorbed proximally, any final excretion 
depends on balance distally between active secretion and further reabsorption. 

The hypouricemia of early and midpregnancy reflects an alteration in the 
fractional clearance of uric acid (uric acid clearance -7- GFR), with a decrease in 
net tubular reabsorption [19]. Later in pregnancy the kidney appears to excrete a 
smaller proportion of the filtered uric acid load and it is this increase in net 
reabsorption that is associated with an increase in plasma uric acid concentration. 



71 

From the clinical viewpoint it is of interest that uric acid concentration and renal 
absorption are significantly higher in pregnancies complicated by preeclampsia or 
intrauterine growth retardation (see section 12.2.2). Above a critical blood level 
of 350 ,u.molJliter (5.9 mgJ dl) there is significant perinatal mortality in hyperten
sive patients [20], and serial measurements can be used in monitoring progress in 
preeclampsia. It must be remembered, however, that physiologic variability can be 
such that some healthy women have high blood levels without problems [18] and 
that single random measurements are of no use clinically. 

7. CHANGES IN THE RENAL HANDLING OF GLUCOSE 

7.1. Glucose excretion during pregnancy 

Clinically detectable glycosuria is more common during pregnancy [1]. The excre
tion of glucose increases very early in pregnancy and may exceed nonpregnancy 
values (20-100 mg in 24 h) by a factor of 10. The glycosuria can vary dramatically 
during a 24-h period and from day to day, with the intermittency being unrelated 
to either blood sugar levels or to the stage of pregnancy. By one week after 
delivery, nonpregnant glucose excretion patterns are reestablished. 

7.2. Physiologic basis of glycosuria in pregnancy 

7.2.1. Physiology of renal reabsorption of glucose 

The kinetics of renal glucose reabsorption are complex. The original description 
of the renal handling of glucose was, in retrospect, an oversimplification and the 
concept of a maximal reabsorptive capacity for glucose, the Tm glucose or 
TmG' has had to be modified [1,21]. It is now well established (a) that glucose 
is always present in normal urine; (b) that TmG is not constant, but varies with 
changes in extracellular fluid volume and GFR, which is itself altered by hypergly
cemia; (c) that glucose is absorbed at sites other than the proximal tubule; and (d) 
that increased glucose excretion is probably due to deficient reabsorption from the 
5% of filtered glucose that normally escapes proximal tubular reabsorption. 

Serial studies of the renal handling of glucose under infusion conditions in 
women with varying degrees of glycosuria revealed that glucose reabsorption was 
less complete during pregnancy than it was 8-12 weeks after delivery [22]. Reab
sorption was always less complete in pregnant women with obvious glycosuria and 
these women, although no longer clinically glycosuric after pregnancy, still showed 
less complete reabsorption under infusion conditions when nonpregnant. 

It is not known why the renal handling of glucose is altered in pregnancy [1]. 
Two significant physiologic adaptations in pregnancy have the potential to affect 
glucose reabsorption in opposite ways: volume expansion may inhibit the reabsorp
tion of sodium and hence glucose, whereas increased GFR may stimulate glucose 
reabsorption. Obviously, the hormones of pregnancy, particularly the sex steroids, 
suggest themselves as etiologic factors and, because their concentrations in the body 
decline rapidly after delivery in much the same way as glucose excretion, this 
supports such an idea. Whatever the explanation, however, there must also be 
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moment-by-moment intrarenal change(s) of some sort to account for the classic 
intermittency of glucose excretion. 

7.3. Clinical relevance 

Glycosuria of pregnancy reflects an alteration in renal function rather than one in 
carbohydrate metabolism. Consequently, the testing of random urine samples 
during pregnancy is both unhelpful in the diagnosis and control of diabetes mellitus 
and also unrepresentative of the degree of glycosuria present. 

A recent investigation has suggested that women with more than usual glycosu
ria in pregnancy may have sustained renal tubular damage from earlier untreated 
urinary tract infections, although no longer bacteriuric when pregnant [23]. Infec
tion can impair distal tubular function as evidenced by reduced urine-concentrating 
ability, a manifestation of tubular dysfunction that is reversed once infection is 
eradicated. With the renal handling of glucose, however, if distal tubular sites are 
affected by infection, full recovery may not occur. 

8. OTHER CHANGES IN RENAL TUBULAR FUNCTION 

Excretion of most amino acids and several water-soluble vitamins increases during 
pregnancy. Renal bicarbonate reabsorption and proton excretion appear unchanged 
by pregnancy [15]. Urinary protein excretion is increased so that proteinuria should 
not be considered abnormal until it exceeds 300 mg in 24 h [24]. Furthermore, 
increasing protein excretion (in the absence of hypertension) in women with 
known renal disease does not necessarily indicate progression of the disease. 

9. SODIUM HOMEOSTASIS 

Total body water increases by 6-8 liters, 4-6 of which are extracellular. There is 
also a cumulative retention of about 950 mmol of sodium distributed between the 
maternal extracellular compartment and the products of conception. The physio
logic significance of the plasma volume expansion and the attendant "hemodilu
tion" remains ill-defined. In essence, it constitutes a "physiologic hypervolemia" 
that is sensed and accepted as "normal." Whether or not the increment is "neces
sary" remains to be elucidated, but there is evidence that smaller increments are 
associated with poor pregnancy outcome and/or low birth weight [25]. Further
more, it has been suggested that the alterations in extracellular fluid volume may 
affect renal hemodynamics. The establishment of increments in ERPF and GFR 
occur well before the increases in extracellular volume, however, and subsequently 
there is no further augmentation of renal hemodynamics as plasma volume contin
ues to increase. 

Renal sodium is the prime determinant of volume homeostasis. Even allowing 
for the 4-5-mmol/liter decrease in plasma sodium that occurs in early pregnancy, 
the filtered load of sodium will still increase from nonpregnant levels of approxi
mately 20,000 mmol/day to as much as 30,000 mmol/day. This change must be 
accompanied by parallel increments in tubular reabsorption of sodium or massive 
sodium depletion would ensue. This adaptive increase in tubular reabsorption not 
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only equals the large increase in filtered load, but additionally 2-6 mmol of sodium 
are reabsorbed daily for fetal and maternal stores. This change represents the largest 
renal adjustment during pregnancy. Amid all of this, a pregnant woman is probably 
not prone to excessive sodium retention and handles ingested salt similarly to 
nonpregnant women or is even a subtle sodium waster [15, 26]. 

The influence of humoral changes during normal pregnancy on renal sodium 
handling and volume regulation is incompletely understood. Aldosterone secretion 
and excretion and levels of plasma desoxycorticosterone, cortisol estrogen, prolac
tin, and prostaglandins all increase during normal gestation. These and other factors 
that may influence renal sodium handling during gestation have been mentioned 
elsewhere [15, 26, 27-30] and are discussed in chapter 6. 

10. CHANGES IN THE RENAL HANDLING OF WATER 

Early in pregnancy, plasma osmolality decreases to a level about 10 mOsmJkg 
below the nonpregnant norm and this can be accounted for by the concomitant 
fall in plasma sodium and associated anions [31]. It might therefore be anticipated 
that a pregnant woman would stop secreting antidiuretic hormone, arginine vaso
pressin (A VP), and be in a state of continuous water diuresis. This does not happen 
because the osmotic thresholds for both A VP secretion and thirst decrease by 
approximately 10 mOsmJkg each during pregnancy [32]. 

There is a paucity of data regarding the nonosmotic factors that control A VP 
secretion in pregnancy [15]. Decreases in mean arterial pressure stimulate AVP 
secretion, but in the pregnant woman the decrease in plasma osmolality antedates 
the fall in blood pressure and the lower body tonicity is sustained until term, when 
pressures return to nonpregnant levels. Plasma volume is an important determinant 
of A VP release: hypovolemia stimulates, while hypervolemia may blunt, A VP 
secretion. In pregnancy, absolute blood volume increases markedly, but presumably 
the volume-sensing A VP secretion mechanism is reset so that the increased volume 
is sensed as normal [33]. 

11. PREGNANCY AND CHRONIC RENAL DISEASE 

11.1. Renal dysfunction and its repercussions 

In women with renal disease, pathology may be both clinically and chemically 
silent. Most will remain symptom free until GFR has decreased to less than 25% 
of its original level and many plasma constituents can be normal until a late stage 
of the disease (see section 5.3.2). Conceiving and sustaining a viable pregnancy is 
related to the degree of functional impairment rather than to the underlying renal 
lesion. Nature adds a helping hand by blunting fertility as renal function falls, and 
when plasma creatinine and urea levels before conception exceed 275 ,umol/liter 
(3.10 mg/dl) and 10 mmol/liter (60 mg/dl) respectively, normal pregnancy is rare. 
There are exceptions, however, and cases have been reported where women with 
moderate to severe disease (including patients requiring maintenance hemodialysis) 
have conceived and successfully completed their pregnancies (see chapter 11). 



74 5. Renal function during normal pregnancy and the effect of renal disease and preeclampsia 

Nevertheless, it is preferable to restrict pregnancy to women whose plasma creati
nine levels are 150-200 mmol/liter (1.70-2.25 mg/dl) or less and who have a 
diastolic blood pressure of 90 mm Hg or lower [34]. Some are more strict and 
recommend that pregnancy should not be undertaken when plasma creatinine 
concentrations exceed 135 p,mol/liter (1.53 mg/dl) [35]. Whatever level is decided 
upon, it should take cognizance of the fact that degrees of impairment that do not 
cause symptoms or appear to disrupt homeostasis in nonpregnant individuals can 
certainly jeopardize pregnancy. If a woman with chronic renal disease wishes to 
have children, the sooner she sets about it the better, as renal function will in any 
case diminish with age. 

11.2. Effects of disease on pregnancy and of pregnancy on disease 

Clinicians do not always have the chance to counsel patients before conception. 
Often pregnancy in a patient with known chronic renal disease or suspected of 
having renal disease presents as a fait accompli. In view of the radically different 
outlook in women with different degrees of renal insufficiency, it is useful to 
consider the impact of pregnancy by categories of renal functional status prior to 
pregnancy. 

11.2.1. Preserved renal function and minimal hypertension 

Women with chronic renal disease but normal or only mildly decreased renal 
function at conception usually have a successful obstetric outcome and pregnancy 
does not adversely affect the course of their disease [34, 36, 37]. While generally 
true for most patients, this statement has to be tempered somewhat in lupus 
nephropathy and perhaps IgA nephropathy, which appear more sensitive to inter
current pregnancy [38-40] (see chapter 9). 

Most pregnant women show increments in GFR although there are less than 
those of normal women. Increased proteinuria is the most common renal effect of 
pregnancy, occurring in almost 50% of pregnancies [34]. Increments occur in 
nearly all types of renal disease, although rarely in women with chronic pyelone
phritis. Protein excretion can be massive, often exceeding 3 g/24 h and frequently 
leading to nephrotic edema. 

A common diagnostic problem during pregnancy is the distinction between 
superimposed preeclampsia and an exacerbation or worsening of the underlying 
renal condition. Whereas it is widely accepted that pregnant women with preexist
ent renal disease are more susceptible than control populations to develop preec
lampsia, the true incidence in women with renal disease not accompanied by 
hypertension is not known. This is in part because the diagnosis of preeclampsia 
cannot be made with certainty on clinical grounds alone, because hypertension and 
proteinuria may be manifestations of the underlying renal disease. 

11.2.2. Moderate renal insufficiency 

Prognosis is more guarded where renal function is moderately impaired before 
pregnancy (plasma creatinine 160p,mol/liter, 1.80 mg/dl). It is difficult to draw 
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firm conclusions about pregnancy in these women, chiefly because the number of 
cases reported is still small. It seems that the chance for a successful pregnancy is 
good, but the optimistic fetal prognosis must be tempered by the fact that some 
will experience significant renal functional deterioration during pregnancy that 
may not improve after delivery, thus accelerating the downhill course of the 
underlying disease [35,41]. More prospective studies of the impact of pregnancy 
on underlying renal disease are needed in this group of women. 

11.2.3. Severe renal insufficiency 

As most women with severe renal insufficiency have amenorrhea and/or anovula
tory menstrual cycles, they have difficulty conceiving and therefore the likelihood 
of a normal pregnancy and delivery is low. Information about such patients is very 
limited so it is difficult to evaluate whether pregnancy has an adverse effect on their 
disease; since renal function is already severely compromised, however, this issue 
is largely irrelevant. Nonetheless, pregnancy in patients with advanced renal failure 
can have a serious impact on their health. 

Mistakenly generalizing, clinicians assume that all uremic women cannot con
ceive and often neglect contraceptive counseling for patients on maintenance 
dialysis. While conception is not common-an incidence of one in 200 patients 
has been quoted recently-its true frequency is unknown, because most pregnancies 
in dialyzed patients probably end in early abortion [42]. The incidence of concep
tion may increase in the future with the expanding use of continuous ambulatory 
peritoneal dialysis (CAPD), a therapeutic modality apparently associated with 
maintenance (or resumption) of reproductive function in a higher proportion of 
uremic women. Indeed, there have been isolated case reports of women on CAPD 
who carried the pregnancy to the stage of potential viability or to successful 
delivery [43]. 

Despite the occasional delivery of a viable infant, most authorities do not 
recommend attempts at pregnancy or its continuation after it has occurred in 
women with severe renal insufficiency [44]. First, the unsuccessful cases, and those 
that might have ended in disaster, are probably not reported, so that the true 
incidence of successful pregnancy is even smaller than would be suggested by the 
handful of reports in the literature. Second, these women are prone to volume 
overload, severe exacerbations of their hypertension, and / or superimposed preec
lampsia, besides heavy fetal wastage at all stages of pregnancy. In such women, 
pregnancy represents an excessive risk for the mother, with an uncertain (but very 
low) chance of producing a healthy infant, and therefore should be discouraged. 
This discussion is taken further in chapters 9 and 11, and pregnancy in renal 
allograft recipients is considered in chapter 12. 

12. THE KIDNEY IN PREECLAMPSIA 

This topic is discussed in chapters 7 and 9. It is clear that the literature is confusing 
and controversial, largely because it is often difficult to distinguish clinically 
among preeclampsia, essential hypertension, chronic renal disease, and combina-
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tions of these separate entities [15, 34]. For instance, some women with undiag
nosed essential hypertension show a decrement in blood pressure in early pregnancy 
and normal levels if first examined in midpregnancy so that, when significantly 
raised pressures are recorded near term, they are then erroneously labeled as 
preeclamptic. Furthermore, an accelerated phase of essential hypertension (albeit a 
rare event during pregnancy), certain forms of renal disease (glomerulonephritis 
and systemic lupus erythematosus), and pheochromocytoma may all mimic preec
lampsia. 

These diagnostic dilemmas are clearly emphasized in studies where renal biopsy 
was performed immediately after pregnancies complicated by hypertension [45]. 
Table 4-1 (chapter 4) shows the pathologic diagnosis on postpartum renal biopsy 
in 176 patients biopsied because pregnancy was complicated by hypertension, 
proteinuria, and edema, and where in most instances the clinical diagnosis was 
preeclampsia. This diagnosis was wrong in 25% of primiparas and was wrong more 
often than not in multiparas. In addition, a surprisingly large number of patients 
had unsuspected parenchymal renal disease. Such information emphasizes the pit
falls inherent in interpreting reports where the diagnosis is based on clinical criteria 
alone. 

12.1. Alterations in renal morphology (see also chapter 4) 

In preeclampsia the characteristic morphologic lesion is glomeruloendotheliosis 
[15,45], which is completely reversible. The glomeruli are large and swollen, but 
not hypercellular, due to swelling of the intracapillary cells (mainly endothelial but 
also mesangial) that encroach on the capillary lumina, giving the appearance of a 
bloodless glomerulus. The lesion is considered by most, but not all, investigators 
to be virtually pathognomic of the disease. 

12.2. Alterations in renal function (see also chapter 1) 

12.2.1. Renal hemodynamics 

Both ERPF and GFR decrease in preeclampsia. The decrement in GFR is approxi
mately 25%-35% in mild cases whereas the normal increase in pregnancy ranges 
40%-50% above values postpartum. Thus, despite morphologic evidence of glo
merular cell swelling, ischemia, and obliteration of the urinary space, GFR in 
preeclamptic women often remains above prep regnancy values. The decrement 
may not be appreciated unless serial monitoring is undertaken and if there is not 
familiarity with norms for pregnancy (see Sections 2, 3, and 5). It should be 
emphasized that, while functional decrements in preeclampsia are usually mild or 
moderate and reverse rapidly after delivery, occasionally a patient may progress to 
acute tubular necrosis, especially when treatment or intervention is neglected [15]. 

12.2.2. Uric acid clearance 

In preeclampsia, uric acid clearance decreases and renal reabsorption increases. These 
changes can occur earlier (sometimes weeks prior to any other signs or symptoms 
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of the disease) and be more profound than the change in GFR. The increase in renal 
uric acid reabsorption is accompanied by increased plasma levels of this solute and 
the level of hyperuricemia correlates directly with the decrement in plasma volume 
that occurs in preeclampsia and indirectly with the plasma renin activity. High uric 
acid levels (> 350 ILmoljliter, > 5.9 mgj dl) correlate with the severity of the 
preeclamptic lesion as well as with poor fetal outcome [20]. 

12.2.3. Protein excretion 

Abnormal proteinuria almost alw2-ys accompanies preeclampsia and the diagnosis 
is suspect without this sign, even though glomerular endotheliosis has sometimes 
been described in the absence of increased protein excretion. Proteinuria may be 
minimal, moderate, or severe (i.e., in the nephrotic range). The occurrence of the 
nephrotic syndrome deserves emphasis for, in the past, heavy proteinuria was 
believed to be uncommon in preeclampsia and, when it occurred, it was considered 
indicative of a severe form of the disease. It is now apparent that preeclampsia is 
the most common cause of the nephrotic syndrome in pregnancy [45]. The severity 
of maternal disease is similar in preeclamptic women with heavy proteinuria and 
those excreting less than 3.5 gj day, although small but significant increases in fetal 
loss occur in the women with severe proteinuria. 

The proteinuria is nonselective. It has been attributed to vasopressin as well as 
to the actual glomerular lesion itself. There is evidence that the magnitude of the 
proteinuria correlates with the severity of the morphologic lesion [46]. 

12.2.4. Volume homeostasis 

Edema and rapid weight gain are characteristic findings in preeclampsia, yet these 
signs may be observed frequently in healthy pregnant women [12]. Nevertheless, 
when compared with normal individuals, preeclamptic patients can have significant 
plasma volume contraction, increased to a body exchangeable sodium and a 
markedly expanded interstitial space. The enigma of volume homeostasis in preec
lampsia is compounded by the observation that the disease can occur without fluid 
retention, in which case it actually may be more severe. 

The cause of sodium retention in certain women with preeclampsia is obscure 
[27]. The decrease in GFR (often to levels that are comparable to or still above 
those in nonpregnant women) seems an insufficient explanation. Aldosterone levels 
are normal in early and midpregnancy in women destined to develop third
trimester hypertension while production, plasma concentrations, and urinary excre
tion of the hormone actually decrease when preeclampsia occurs [47]. Plasma levels 
of desoxycorticosterone (DOC), another potent mineralocorticoid, have been re
ported to be both decreased and unchanged in preeclampsia [27]. Prolactin, another 
hormone that may cause sodium retention, might play a role in the pathophysi
ology of this disease, but reports on circulating levels have yielded contradictory 
results [48]. 

Decrements in the levels of hormones with natriuretic activity could conceivably 
lead to pathologic sodium retention in preeclampsia [15]. While several investiga-
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tors have found plasma levels of progesterone unaltered in preeclamptic women, 
it has recently been suggested that extraadrenal conversion of this natriuretic 
hormone to the potent sodium-retaining steroid DOC may be accelerated in these 
patients [49]. Also, production and urinary levels of prostaglandins with potent 
vasodilating and natriuretic effects may be decreased during preeclampsia [30, 50]. 

There is controversy regarding the occurrence and clinical signiflcance of plasma 
volume depletion in preeclampsia and whether it is a cause or an effect of the disease 
process [51, 52]. It has been suggested that reduced plasma volume in primigravid 
patients might serve as an early indicator of the possible development of hyperten
sion and may contribute significantly to the reduced uteroplacental blood flow in 
preeclamptic pregnancies, resulting in infants of smaller birth weight when com
pared with infants of nonhypertensive control patients [25]. On the other hand, 
it has been reported that plasma volume in mild preeclampsia is related to infant 
birth weight rather than to the development of preeclampsia [53]. Furthermore, 
recent studies indicate that plasma volume is not reduced in most patients with mild 
preeclampsia, but it is reduced in those pregnancies resulting in small-for-gestational
age infants [54]. 

13. CONCLUSION 

Changes in the renal physiology of the renal tract during normal pregnancy are 
so marked that nonpregnant norms cannot be used for the management of pregnant 
women. Furthermore, it must also be remembered that, as pregnancy advances, the 
normal baseline undergoes further change and cognizance of all these alterations 
is essential if kidney problems in pregnancy are to be suspected, detected, and 
managed correctly. 
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6. SODIUM METABOLISM IN NORMAL PREGNANCY AND IN 
PREECLAMPSIA 

WOLFRAM E. NOLTEN and EDWARD N. EHRLICH 

1. INTRODUCTION 

During the course of nonnal gestation, major changes in volume, distribution, and 
concentration of body fluids occur in the maternal organism, in order to meet the 
requirements of the developing conceptus. In pregnant as in nonpregnant subjects, 
sodium and water balance are governed by hypothalamic centers that control the 
release of antidiuretic honnone and influence thirst sensation, by renal adjustments 
of sodium and fluid excretion, and by secretion of gluco- and mineralocorticoids 
by the adrenal cortex. These homeostatic mechanisms in pregnant women must 
accommodate increasing levels of salt-retaining, natriuretic, and vasodepressor 
factors associated with advancing pregnancy if sodium and water balance are to 
be maintained. 

It is commonly accepted that abnonnal sodium retention and associated volume 
hyperexpansion can result in hypertension, as exemplified by the occurrence of 
elevated blood pressure in Conn's syndrome. A failure of any of the many regula
tory mechanisms to respond appropriately to the changing requirements of preg
nancy could disrupt salt and/or volume homeostasis and lead to hypertension. 

It is therefore appropriate to review the alterations in body fluids that take place 
in nonnal pregnancy, and the factors that regulate them, so that we can gain some 
insight into the pathophysiology of hypertensive complications of gestation. 
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2. WEIGHT GAIN AND CHANGES IN FLUID VOLUMES IN PREGNANCY 

2.1. Weight gain in pregnancy 

Healthy primigravidas, who ingest an unrestricted diet and do not develop general
ized edema, gain during the course of gestation an average of 12.5 kg, whereas 
normal multiparas gain approximately 1 kg less. Most of the weight increase occurs 
in the second half of pregnancy [1, 2]. 

This average gestational weight gain, which is currently considered as physio
logic, is markedly higher than norms that were established in the first part of this 
century, which led to needless restriction of salt and calories in many healthy 
gravidas. The currently accepted normal range for weight gain in pregnancy is 
comprised of large standard deviations around the mean value; thus it is not 
surprising that weight may increase barely or as much as twice the average, while 
gestation proceeds without complications. 

An analysis of the components of weight gain in normal pregnancy, at 40 weeks 
of gestation, shows that the products of conception account for 39%, elevated 
maternal blood volume for 10%, and augmented extracellular, extravascular fluid 
for 13% of the total weight increase [2]. In gravidas who have not developed 
generalized edema, 60% of the total weight gain is due to retained water, less than 
10% is caused by an increase in protein, and most of the remainder represents 
increments in maternal fat stores [2, 3]. 

2.2. Changes in fluid volumes in pregnancy 

In normal pregnancy, 500-900 mmol sodium are retained and distributed between 
the products of conception and the maternal extracellular fluid volume [4]. 

Serial measurements of total body water show increases of 7-8 liters from week 
10 to week 38 of pregnancy [3, 5]. Computations of the extracellular fluid 
component reveal a gain of more than 6 liters during gestation [6]. 

The extracellular fluid space is comprised of plasma and interstitial fluid. Several 
studies in normal primigravidas show that an increase in plasma volume begins in 
the first trimester, accelerates through midpregnancy, reaches its peak at week 32 
of gestation, and remains at that level until delivery [7]. Mean plasma volume 
increases in normal pregnancy from 2.7 liters at week 13 to 3.7 liters at week 38 
of gestation and falls to 2.5 liters 6-8 weeks after delivery. 

The gestational increment in maternal interstitial fluid is greatest during the final 
trimester. It is presumably caused by a reduction in the plasma oncotic pressure, 
and by an increase in the ability of skin and subcutaneous tissues to absorb water, 
which may be due to pregnancy- and lor estrogen-induced changes in the hydration 
of the mucopolysaccharide ground substance [8-10]. It can be assumed that such 
increased interstitial fluid would not be mobilized by use of diuretics. 

3. FACTORS THAT INFLUENCE SALT AND WATER RETENTION IN NORMAL 
AND PREECLAMPTIC PREGNANCY 

Renal sodium handling is the main determinant of volume homeostasis. In the 
discussion of sodium metabolism in pregnancy it is therefore important to review 
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hemodynamic and hormonal changes, as well as physical factors, that are associated 
with gestation and that may influence renal sodium excretion. 

3.1. Glomerular filtration rate 

In pregnancy the glomerular filtration rate increases as much as 50% above non
pregnant values [11] (see chapters 1 and 5). This results in an increment in the 
filtered load of sodium of 5000-10,000 mmol/day [12]. If enhanced filtration were 
not countered by a commensurate increase in tubular reabsorption of sodium, and 
if glomerulotubular balance were not maintained, massive sodium depletion would 
rapidly occur. Surprisingly, in gravidas, tubular sodium reabsorption not only 
equals but rather exceeds the increase in filtered load: an additional 3 mmol of 
sodium are reabsorbed daily in order to provide for the expanding maternal and 
fetal fluid compartments [11]. The increment in sodium reabsorption represents the 
largest functional adjustment of the kidney in pregnancy. 

3.2. Hormonal changes 

3.2.1. Progesterone 

During the course of gestation, progesterone production increases and plasma levels 
of progesterone rise substantially [13]. Progesterone enhances sodium excretion in 
normal man [14]. Its natriuretic effect has been explained by the ability of proges
terone to inhibit competitively the salt-retaining action of aldosterone and of other 
mineralocorticoids in the distal nephron. Administration of progesterone to pa
tients with adrenal insufficiency blocks the sodium-retaining effects of aldosterone 
when progesterone is given subsequently while continuing aldosterone [15]. Pro
gesterone also has vasodilator properties, however, including renal hemodynamic 
effects, that in themselves may favor natriuresis [16]. More recently it has been 
demonstrated that the saliuretic effect of progesterone is in part independent of the 
ability of this steroid to inhibit mineralocorticoid action and may be mediated by 
reducing sodium absorption in proximal segments of the nephron [17]. 

3.2.2. Aldosterone 

Secretion rate, plasma levels, and urinary excretion of aldosterone increase substan
tially in normal pregnancy [13, 18, 19] (Figure 6-1). As aldosterone is not tightly 
bound to plasma proteins, one may assume that its rising plasma concentrations 
result in comparable increases in the level of the biologically active, free mineralo
corticoid. 

The increase in production and plasma concentration of aldosterone has been 
explained as a compensatory response to the increment in filtered sodium and to 
the elevation of progesterone, a steroid with natriuretic and vasodilatory effect 
[12]. 

The view that aldosterone levels rise in order to balance increases in glomerular 
filtration rate and/or progesterone secretion in pregnancy is based on the following 
considerations: When glomerular filtration is enhanced, assuming that the 
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Figure 6-1. Mean plasma concentrations (±standard error) of desoxycorticosterone (DOC) and 
aldosterone (ALD), measured sequentially during pregnancy and three months postpartum. NP, 
nonpregnant. From Nolten et al. [19], by copyright permission of the C.V. Mosby Company. 

glomerulotubular balance in the proximal renal tubule remains constant, more 
sodium will reach aldosterone-sensitive parts of the distal tubule and a compensa
tory increase in mineralocorticoid activity would prevent excessive natriuresis. 
Competitive inhibition of aldosterone in the distal nephron by progesterone would 
require a further increase in production of this mineralocorticoid in order to 
maintain sodium balance. 

The assumption that the increase in aldosterone secretion is caused by the 
pregnancy-induced increment in progesterone is based on somewhat contradictory 
experimental data since not all researchers were able to demonstrate a positive 
correlation between plasma levels of aldosterone and progesterone in pregnant 
women [20,21]. When progesterone was administered to women with a dead fetus 
but intact placenta, aldosterone production did, indeed, increase. Even when the 
given doses of progesterone equaled the amount of progesterone produced in 
pregnancy, however, the measured increment in aldosterone excretion was far less 
than that seen in normal gestation [22]. 

The high levels of renin and angiotensin II (All) found in pregnancy are 
consistent with the assumption that the increased production of aldosterone is 
mediated by the renin-angiotensin system [23]. Numerous studies indicate that 
aldosterone secretion in pregnancy is regulated by normal mechanisms, and that 
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elevated plasma aldosterone levels in gravidas are not excessive: secretion and 
excretion of aldosterone in pregnant women respond inversely to variations in 
sodium intake and rise even above their high baseline levels when the extracellular 
fluid volume is decreased by diuretics or when the effective blood volume is acutely 
reduced by a change of the gravida from the lateral recumbent to the supine upright 
position [18, 24, 25]. 

Moreover, pregnant women are quite sensitive to the sodium-retaining activity 
of administered mineralocorticoids, in spite of the elevation of plasma aldosterone 
that normally occurs in pregnancy [26]. Changes in salt and water balance observed 
during treatment with desoxycorticosterone acetate (DOCA) in a representative 
study resemble those in normal nonpregnant subjects [26] (figure 6-2). Initially 
there is intense sodium retention and associated weight gain, which subside after 
several days as volume expansion evokes the "escape" phenomenon. Contrarily, if 
pregnancy were associated with chronic volume hyperexpansirm. because the high 
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Figure 6-2. Metabolic and aldosterone responses to administered desoxycorticosterone acetate 
(DOCA), in a normal third-trimester pregnant woman. From Ehrlich and Lindheimer [26], by 
copyright permission of the American Society for Clinical Investigation. 
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aldosterone levels are in fact excessive, "escape" would already be operative at the 
onset of the study and the subject would be refractory to the sodium-retaining 
action of administered DOCA. Moreover, the fact that in this study increased 
excretion of aldosterone was suppressed by DOCA-induced volume expansion 
indicates that elevated aldosterone secretion in pregnancy is not autonomous, but 
remains sensitive to changes in volume. 

As aldosterone production in pregnant women responds normally to physiologic 
stimuli and is apparently regulated by normal mechanisms, the conclusion is 
justified that aldosterone increases in normal gestation only to the extent necessary 
to maintain sodium balance and/or volume homeostasis. Therefore, if high mater
nal aldosterone levels were not maintained, salt loss and hypovolemia would be 
expected to occur. This hypothesis was tested by an experiment in which aldoster
one excretion was decreased, without concomitant volume expansion, by adminis
tration of a heparinoid (ROl-8307), which selectively impairs aldosterone produc
tion directly by undefmed mechanisms [27]. As demonstrated by a representative 
study (Figure 6-3), the high baseline excretion of aldosterone decreased and natri
uresis ensued when the heparinoid was given for a prolonged time. It is of 
importance that sodium loss occurred during treatment, when aldosterone excre
tion, although greatly diminished as compared with baseline levels, was still well 
above normal nonpregnant levels. After discontinuation of the heparinoid, natr
iuresis did not subside until aldosterone excretion had returned to its very high 
baseline levels. The observation that marked natriuresis occurs in the face of higher 
than normal aldosterone excretion supports the conclusion that increased aldoster
one production is necessary to maintain sodium balance in pregnancy. It also 
suggests that in gravidas the action of aldosterone is opposed by rather potent 
saliuretic factors. 

In several studies it was noted that, even when substantial cumulative sodium 
retention was maintained in pregnant women for an extended period by prolonged 
administration of a mineralocorticoid and I or high salt intake, aldosterone excretion 
and plasma renin activity, although markedly suppressed, were still significantly 
higher than in nonpregnant controls [26,28]. Therefore, factors other than sodium 
loss and volume depletion must playa role in the elevation of plasma renin activity 
and aldosterone secretion that occurs in normal pregnancy. Plasma and urinary 
prostaglandin E may increase considerably in normal gestation [28]. Prostaglandin E 
not only acts as vasodepressor, it also enhances renin release [28]. Thus, elevated 
levels of prostaglandins in pregnancy may augment the activity of the renin
angiotensin-aldosterone system and thereby support sodium retention and simul
taneously induce vascular refractoriness to the pressor effects of angiotensin, thereby 
maintaining the maternal blood pressure within the normal range. Moreover, studies 
in nonpregnant subjects suggest that vasodepressor prostaglandins enhance the 
response of the renin-angiotensin-aldosterone system to sodium restriction or to 
treatment with diuretics [29,30]. Therefore, increased production of vasodepressor 
prostaglandins in pregnancy could also affect volume homeostasis by modulating the 
responsiveness of the renin-angiotensin-aldosterone system to volume depletion. 
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Figure 6-3. Metabolic and aldosterone responses to administered heparinoid ROl-8307 in a 
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Regulation of aldosterone production has not been studied as extensively in 
preeclampsia as in normal pregnancy. Plasma aldosterone levels in preeclamptic 
women are depressed, as compared with the elevated values in normotensive 
gravidas, but might still be inappropriately high in regard to the existing degree 
of sodium retention and could so contribute to the pathophysiologic consequences 
of preeclampsia [31]. 

3.2.3. Desoxycorticosterone 

Secretion of the mineralocorticoid desoxycorticosterone (DOC) is markedly en
hanced in normal gestation, as reflected by elevated levels of plasma DOC and 
augmented urinary excretion of its metabolic derivative, tetrahydro-DOC 
(THDOC) [19, 32, 33]. In the only reported study, where DOC production in 
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pregnancy was measured by use of a urinary metabolite isotope-dilution method, 
the DOC production rate at term exceeded 8000 /-LgJday and fell to 174 /-LgJday 
three days post partum [32]. Sequential measurements of plasma DOC during the 
course of normal gestation show a steady rise in the first and second trimesters and 
an even more striking further increment in the third trimester, when mean plasma 
DOC concentrations reach levels that are more than five times higher than in the 
nonpregnant state [19] (figure 6-1). 

In contrast to aldosterone, DOC is avidly bound to corticosteroid-binding 
globulin (CBG). Since concentrations of CBG also rise during pregnancy, it was 
not immediately apparent whether the increase in total plasma DOC in the mater
nal blood is associated with a rise in the unbound, biologically active DOC 
fraction. This question was addressed by measurements of the plasma-free DOC 
index, which reflects changes in the plasma levels of free DOC and which was 
found to be substantially higher in term gravidas than in nonpregnant controls [34]. 
This permits the conclusion that in gestation a marked increase in metabolically 
active, free DOC in the maternal circulation does indeed occur. 

The small amount of DOC secreted in nonpregnant subjects is mainly a by
product of cortisol biosynthesis. However, studies in third-trimester gravid women 
show a lack of synchrony between maternal diurnal patterns of plasma cortisol and 
DOC and also unresponsiveness of plasma DOC, not only to adrenal stimulation 
by ACTH and suppression by dexamethasone, but also to variations in the intake 
of salt [35, 36]. Therefore, it was assumed that increased DOC in late pregnancy 
does not arise from the maternal adrenal glands. Rather, a steep gradient between 
fetal and maternal DOC and DOC-SO 4 concentrations pointed to possible DOC 
production by the fetus [35]. Winkel et al. [37] showed that peripheral conversion 
of progesterone to DOC by 21-hydroxylation constitutes a major maternal source 
of DOC during gestation. MacDonald et al. [38] demonstrated that estrogens 
stimulate the activity of steroid 21-hydroxylase in such a manner that the transfer 
constant of conversion of plasma progesterone to DOC remains constant as preg
nancy advances and as plasma concentrations of progesterone rise. Thus, the pro
duction rate of DOC in normal gestation would be proportional to the maternal 
plasma levels of progesterone. Extraadrenal conversion of progesterone to DOC 
may take place in the kidney, which is the major site of DOC action. 

Cortisol, DOC, and progesterone are bound to CBG with high avidity. Conse
quently, changes in the plasma concentration of one steroid would be expected to 
directly influence protein binding and thereby the metabolically active free fraction 
of the others. This presumed interrelationship in the binding of steroid hormones 
to the increased levels of CBG that occur in pregnancy was investigated by 
measurements of plasma cortisol and DOC levels, plasma-free DOC index, and 
urinary THDOC excretion in third-trimester gravidas before and after adrenocor
tical stimulation [33, 34]: Although total plasma DOC failed to respond to ACTH, 
the plasma-free DOC index rose markedly due to displacement of DOC from 
CBG by the ACTH-induced increment in cortisol. Augmented THDOC excretion 
and cumulative sodium retention that occurred simultaneously with prolonged 
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ACTH stimulation, when aldosterone was depressed, were assumed to be conse
quent to the increment in biologically active free DOC that was displaced from 
its binding protein. Such plasma steroid-binding interactions have broad implica
tions because they identify an additional mechanism, aside from those regulating 
secretion, whereby the biologic activity of steroids in plasma can be modulated. 

Total plasma DOC levels determined in preeclamptic third-trimester women are 
not significantly different from those measured in normal gravidas [32]. However, 
concentrations of free DOC have not been measured in preeclampsia and it is 
conceivable that such determinations would reveal elevations not apparent from 
measurements of total plasma DOC concentrations. 

A possible mechanism by which DOC activity might increase beyond the high 
levels of normal gestation was pointed out by Casey and MacDonald [39], who 
showed that, in pregnancy, conversion of DOC into its inactive metabolite, DOC
S04' can occur in the kidney, and that estrogens in large amounts may be necessary 
to effect optimal activity of the enzyme C-21 hydroxysteroid sulfotransferase that 
catalyzes this reaction. Impaired sulfurylation of DOC, formed in the kidney of 
primigravidas, could elevate DOC activity in the kidney and thereby be instrumen
tal in the pathogenesis of pregnancy-induced hypertension and of salt retention of 
preeclampsia. 

3.2.4. Estrogens 

Estrogens, which increase during the course of gestation, are known to cause salt 
retention, possibly by stimulation of the renin-angiotensin-aldosterone system, 
that may be mediated by estrogen-induced increments in renin subtrate [40, 41]. 
The important role that estrogens play in enhancing the extraadrenal conversion 
of progesterone to DOC, and in promoting the metabolism of DOC into its 
inactive derivative DOC-SO 4' has been described above. 

4. PHYSICAL FACTORS THAT INFLUENCE SODIUM METABOLISM IN 
PREGNANCY 

4.1. Posture 

Changes in posture markedly influence renal sodium handling in gravidas. The 
antinatriuretic effect of upright positioning is exaggerated in pregnant women [42]. 
In late gestation, even changes from lateral recumbency to supine-upright posture 
result in sodium retention associated with a concurrent increase in aldosterone 
excretion and plasma renin activity [25]. This renal adjustment to postural changes 
is not necessarily dependent upon an increase in aldosterone secretion or glomerular 
filtration rate, since it occurs even when these responses are prevented by prior 
induction of volume hyperexpansion [43]. The important influence of posture 
upon sodium excretion in pregnancy is underscored by the observation that normal 
third-trimester gravidas on a constant diet, who had previously maintained lateral 
recumbency for an extended time period, retained sodium for up to 72 h when 
they subsequently assumed the upright position [25]. These findings suggest that 
changes in physical activity patterns alone may lead to reversible fluid retention 
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and weight gain, and, conversely, that lateral recumbent positioning of gravidas 
is a highly effective means of eliminating excessively retained fluid. 

4.2. Circadian patterns of sodium excretion 

Posture also might influence the circadian patterns of sodium excretion: in recum
bent gravidas, sodium excretion rises in the morning hours toward a peak in the 
early afternoon and declines thereafter to a nighttime nadir [25]. In contrast, in 
ambulatory gravidas, sodium excretion frequently peaks at night [44]. This change 
in the pattern of circadian excretion might be explained by the salt-retaining effects 
of upright posture or of ambulation during the daytime that are more potent in 
pregnant women. 

5. EFFECTS OF DIETARY SODIUM INTAKE IN NORMAL PREGNANCY 

The current consensus seems to support the proposition that gravidas are subtle salt 
losers and are likely to develop signs of volume depletion when dietary sodium 
is restricted. It is noteworthy, however, that pregnancy may not be compromised 
in women belonging to certain Indian tribes of South America who live in an 
essentially salt-free culture. Pregnant women from these tribes show much higher 
levels of activity of the renin-angiotensin-aldosterone system than gravidas in 
neighboring tribes who have free access to dietary salt [45]. Although these 
observations might suggest that pregnant women are capable of satisfactorily 
accommodating extreme sodium restriction, questions regarding the outcome of 
pregnancy in this circumstance remain unanswered because fetal and neonatal 
parameters were not reported. 

On the other hand, high sodium intake does not necessarily have adverse effects, 
as reflected by studies such as that by Robinson [46], who noted that weight gain 
and occurrence of edema or toxemia were not greater when pregnant women 
ingested a high salt diet. This study permits the conclusion that normal gravidas 
are able to deal with liberal sodium intake without developing clinical problems. 

6. VOLUME HOMEOSTASIS AND SODIUM HANDLING IN PREECLAMPSIA: THE 
EFFECT OF INTRAVASCULAR VOLUME EXPANSION 

Preeclamptic women usually present with generalized edema and a history of rapid 
weight gain. As compared with normal gravidas, these patients show contraction 
of the plasma volume, hemoconcentration, expansion of the interstitial fluid space, 
and increase in total body exchangeable sodium [11]. It is unknown by what 
mechanisms preeclamptic women retain sodium. Although the glomerular filtra
tion rate may decrease by 25% or more, this abnormality alone would not serve 
as a satisfactory explanation for the noted sodium retention [11]. Aldosterone 
would be an unlikely cause, as plasma aldosterone typically decreases in preeclamp
sia [31]. To what degree enhanced peripheral conversion of progesterone to DOC, 
increased levels of metabolically active free DOC, or reduced production of 
prostaglandins with vasodilatory and natriuretic effects might contribute to sodium 
retention remains uncertain. 
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In contrast to normal pregnant women, toxemic gravidas presumably show 
impaired sodium excretion, and the occurrence of salt retention after parenteral 
sodium loading has been used as a criterion for the diagnosis of preeclampsia [47]. 
Preeclamptic gravidas were reported to have a decreased ability to concentrate 
urinary sodium, to show reduced sodium excretion rates, and to excrete a smaller 
than normal fraction of an infused sodium load [48, 49]. The validity of these 
findings has been questioned, however, because of problems in the design of the 
experimental protocols. Therefore, currently available information does not justify 
a recommendation for sodium restriction for pregnant hypertensive patients. In 
clinical practice, it is well known that preeclamptic gravidas resting in the lateral 
recumbent position often tolerate dietary sodium in excess of 100 mmol/day [12, 
45, 49]. When given diuretics or when subjected to rigid salt restriction, these 
patients actually may develop sodium depletion [50]. 

7. THERAPEUTIC SODIUM RESTRICTION AND DIURETICS 

In the past, diuretics and fluid restriction have been commonly prescribed for 
pregnant women, not only to treat symptomatic heart disease or as prophylaxis or 
therapy for preeclampsia, but also to alleviate excessive weight gain or to reduce 
asymptomatic edema. More recently, the majority of publications, as well as the 
report by the Ad Hoc Committee on Nutrition of the American College of 
Obstetricians and Gynecologists, have counseled against the practice of restricting 
sodium intake or prescribing diuretics during gestation as prophylaxis against 
toxemia [51-55]. The committee also indicated that regular restriction of sodium 
intake while administering diuretics on a long-term basis is potentially dangerous 
and has no place in the management of normal gravidas. It is therefore suitable to 
discuss some of these precautions in the light of current concepts of salt and water 
metabolism in pregnancy. 

Maternal extracellular and intravascular fluid volumes increase markedly in 
pregnancy. Maternal volume receptors perceive these increments as normal. When 
this gestational expansion of extracellular fluid spaces is limited or prevented by 
salt restriction and/or diuretic therapy, a compensatory response of the renin
angiotensin-aldosterone system is evoked that is similar to that occurring in 
volume-depleted, nonpregnant individuals. It would be possible that diuretics or 
salt restriction might lead to a momentary exaggeration of the normal gestational 
tendency toward volume depletion, which would soon be corrected by compensa
tory responses. However, animal studies and observations in normal human preg
nancy show that the stress of gestation and chronic salt restriction combined may 
exceed and even exhaust the adaptive capacity of the renin-angiotensin-aldoster
one system and that under these conditions insidious salt wasting may occur [56]. 
Consequently, treatment with diuretics or salt restriction could lead to a reduction 
in the intravascular fluid volume, which might compromise placental perfusion. 
Indeed, it has been reported that such therapy will impair fetoplacental function, 
as reflected by a reduction in the metabolic and placental clearances of dehydro
epiandrosterone sulfate [57]. Moreover, severe impairment of renal function, 
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caused by salt depletion, has been described in preeclamptic gravidas [50,58]. This 
complication could easily be misinterpreted as evidence of deterioration of preec
lampsia, and the need for salt repletion and for discontinuation of diuretic therapy 
might then be ignored. 

Earlier claims that prophylactic thiazide therapy reduces the incidence of preec
lampsia have not been confirmed [11]. Rather, when diuretics were given to 
women without renal disease or hypertension, an increase in complications during 
labor and also in perinatal mortality was observed [52]. Furthermore, as preeclamp
sia can occur even without marked fluid retention, it is questionable whether 
removal of edema fluid would favorably influence the course of toxemia. Hemody
namic studies in women with severe preeclampsia and hypertension during labor 
and delivery suggest that a hyperdynamic, hypovolemic state exists in these patients 
[59, 60]. It must be assumed that additional volume depletion by use of diuretics 
in preeclampsia would decrease cardiac output and thereby compromise placental 
perfusion. 

Since its benefit has not been proven, but its associated risks are well documented, 
the use of diuretics in pregnancy should be limited to the treatment of edema 
secondary to cardiac failure or impending acute renal failure [11]. Moreover, since 
restriction of dietary sodium has not been determined to prevent toxemia, but 
rather may result in complications of salt depletion, pregnant women should be 
permitted to salt their food to taste [61]. Adequate diuresis of asymptomatic edema, 
if seen necessary, can be achieved by bedrest in the lateral recumbent position, 
whereas suspected preeclampsia requires hospitalization, bedrest, and careful obser
vation rather than administration of diuretics. 
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7. HYPERTENSION COMPLICATING PREGNANCY 

NORMAN F. GANT and JACK A. PRITCHARD 

1. INTRODUCTION 

Pregnancy may induce hypertension in previously normotensive women or aggra
vate hypertension in women who are already hypertensive. Generalized edema, 
proteinuria, or both, often accompany hypertension induced or aggravated by 
pregnancy. Convulsions may develop in association with the hypertensive state, 
especially in women whose hypertension remains undetected. 

The hypertensive disorders in pregnancy are common complications of gestation 
and form one of the great triad of complications that continue to result in the 
majority of maternal deaths. Hypertensive disorders are an even more important 
cause of perinatal mortality and severe morbidity. How pregnancy per se incites 
or aggravates hypertensive vascular disease and associated complications remains 
unsolved despite decades of intensive research. These disorders remain among the 
most important unsolved problems in obstetrics. 

What is apparent but frequently forgotten by the physician who cares for a 
gravida with hypertension is that he is caring for two patients with a combined 
life expectancy of 120 years-usually 50 additional years for the woman and 70 
years for her fetus-infant. Thus, the reflex action to manage gravidas with hyperten
sion in an identical pharmacologic manner as a nonpregnant patient can and often 
does endanger both the gravida and her fetus. These dangers can be reduced if the 
specific cause of the hypertension is properly identified, its pathophysiology is 
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considered with respect to both patients, and appropriate therapy is applied. Thus 
it is imperative to recognize that hypertension induced by pregnancy is a different 
disease than coincidental hypertension (chronic hypertension) occurring during 
pregnancy. 

In this chapter, a clinical classification of hypertension occurring during preg
nancy is presented and clinical guides to diagnosis are made. The remaining sections 
of the chapter are devoted to a discussion of pregnancy-induced hypertension 
(PIH). 

2. CLASSIFICATION OF HYPERTENSION COMPLICATING PREGNANCY 

We have modified the classification of hypertension complicating pregnancy from 
that published in most text books. The reason for this modification is to try to 
separate hypertension generated by pregnancy from hypertension that merely 
coexists with pregnancy, yet emphasize that the presence of the latter enhances the 
frequency, and often the intensity, of the former: 

A. Hypertension induced by pregnancy (pregnancy-induced hypertension, PIH) 
1. Without proteinuria or generalized, gross edema 
2. With proteinuria or generalized edema (preeclampsia) 

a. Mild 
b. Severe 

3. Eclampsia 
B. Coincidental hypertension (chronic hypertension in pregnancy, CHP) 
C. Hypertension worsened by pregnancy (pregnancy-aggravated hypertension) 

1. Superimposed preeclampsia 
2. Superimposed eclampsia 

2.1. Pregnancy-induced hypertension (PIH) 

Pregnancy-induced hypertension (PIH) is divided into three categories: (a) hyper
tension alone, (b) preeclampsia, and (c) eclampsia. The diagnosis of preeclampsia 
is based on the development of hypertension plus proteinuria, or edema that is 
generalized and overt, or both. Eclampsia is characterized typically by the abnor
malities just cited plus convulsions that result as a consequence of the pregnancy
induced hypertension. Only rarely do these symptoms occur earlier than week 20 
of gestation, and then most often only in cases of true hydatidiform mole or in 
cases with appreciable molar degeneration. Preeclampsia is almost exclusively a 
disease of the nulliparous woman. It more commonly affects the woman who is 
at the extremes of reproductive age, that is, a teenager or a woman over 35 years 
of age. The disease is occasionally seen, however, in the multipara with any of the 
following associated clinical conditions: 

1. Multifetal pregnancy 
2. Fetal hydrops 
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3. Vascular diseases, including essential chronic hypertension and diabetes mellitus 
4. Coexisting renal diseases 

The diagnosis of PIH is usually straightforward: The blood pressure is 140/90 or 
greater or there has been an increase of 30 mm Hg systolic or 15 mm Hg diastolic 
over baseline values on at least two occasions 6h or more apart. 

Although the diagnosis of preeclampsia has traditionally required the identifica
tion of PIH plus proteinuria or generalized edema, many authorities concur that 
edema, even of the hands and face, is such a common finding in pregnant women 
that its presence should not validate the existence of preeclampsia any more than 
its absence should deny the diagnosis. Indeed, although Robertson [1] found that 
one-third of women developed generalized edema by week 38 of pregnancy, he 
was unable to show a significant statistical correlation between edema and hyper
tension. In another study, Friedman and Neff [2] reported that perinatal mortality 
was one-third lower in infants of women with edema alone compared with the 
general population. The edema of preeclampsia involves the face and hands and 
is present even after arising. A useful indicator of nondependent edema is the 
woman's complaint that her rings have become "too tight." 

Proteinuria is an important sign of preeclampsia. Proteinuria is defmed as the 
presence of 300 mg or more of protein in a 24-h urine collection or a protein 
concentration of 1 g/liter or more in at least two random urine specimens collected 
6 h or more apart. It is important to note that the degree of proteinuria may 
fluctuate widely over any 24-h period, even in severe cases. Therefore, a single 
random sample may fail to detect significant proteinuria. 

The combination of proteinuria and hypertension during pregnancy markedly 
increases the risk of perinatal mortality. McCartney and co-workers [3], in their 
extensive experience studying renal biopsy specimens of hypertensive pregnant 
women, invariably found that proteinuria was present when the glomerular lesion 
considered to be characteristic of preeclampsia was evident. It is important to 
recognize, however, that both proteinuria and alterations of glomerular histology 
develop late in the course ofPIH. Evidence will be presented subsequently to show 
that preeclampsia becomes evident clinically only near the end of an often pro
tracted, covert pathophysiologic process that may begin 3--4 months before hyper
tension appears. Therefore, even hypertension is a late manifestation in the patho
physiologic spectrum of preeclampsia-late enough, in fact, that once hypertension 
appears, the chance of perinatal survival is diminished. 

When the blood pressure rises appreciably during the latter half of pregnancy 
it is perilous, to the fetus especially, not to take action, simply because proteinuria 
has not yet developed. Many clinicians have witnessed the onset of eclampsia before 
the onset of overt proteinuria. Thus, from both pathophysiologic and epidemi
ologic perspectives it is clear that hypertension is the sine qua non of preeclampsia 
and that, from the moment blood pressure begins to rise, both the fetus and the 
mother are at increased risk. Once the blood pressure exceeds 140/90 mm Hg, the 
diagnosis of PIH should be made and the patient treated accordingly. Proteinuria 
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constitutes a sign of worsening hypertensive disease, and when the proteinuria is 
overt and persists, the risk to the fetus is increased even more. 

2.2. Severity of pregnancy-induced hypertension 

Pregnancy-induced hypertension is classified as mild or severe according to the 
frequency and intensity of the abnormalities listed in table 7-1. Importantly, the 
differentiation between severe and mild preeclampsia cannot be rigidly adhered to 
since an apparently mild case can rapidly become severe. Blood pressure alone is 
not always a dependable indication of severity, for an adolescent woman with a 
pressure of 145/85 mm Hg may develop convulsions, whereas some women with 
a blood pressure of 180/120 mm Hg do not. Fortunately, most women suffering 
from preeclampsia do not convulse. In some, the process is inherently mild and 
hence does not advance to the eclamptic stage. In others, suitable anticonvulsant 
treatment checks the process. In a third group, the termination of pregnancy either 
spontaneously or by intervention forestalls the development of convulsions, and 
the woman returns to normal after delivery. 

Epigastric or right upper quadrant pain is presumed to be the result of hepatic 
edema and subcapsular hemorrhage that stretches the Glisson capsule. Rarely, the 
pain presages rupture of the liver, a rare but catastrophic complication of PIH. 
Hence, in this circumstance, prompt, definitive therapy is often indicated. Other 
signs of advanced PIH are overt thrombocytopenia, and hepatocellular dysfunction. 
They are likely to coexist. The etiology of impaired liver function in severely 
preeclamptic patients is unclear. Pritchard and associates [4] postulated that the 
thrombocytopenia results from platelet adherence to collagen exposed at sites of 
disrupted vascular endothelium. Brunner and Gavras [5] demonstrated that induc
tion of hypertension by angiotensin-II infusion in experimental animals led to 
segmental constriction and dilation of arterioles with disruption of the vascular 
endothelium, especially in the dilated segments. They also found platelet adherence 
and fibrinogen deposited at the sites of denuded subendothelium. Using the scan-

Table 7-1. Indicators of severity of pregnancy-induced hypertension 

Abnormality Mild Severe 

Diastolic blood pressure < 100 mm Hg 110 mm Hg or higher 
Proteinuria Trace to 1 + Persistent 2 + or more 
Headache Absent Present 
Visual disturbances Absent Present 
Upper abdominal pain Absent Present 
Oliguria Absent Present 
Convulsions Absent Present 
Serum creatinine Normal Elevated 
Thrombocytopenia Absent Present 
Hyperbilirubinemia Absent Present 
SGOT elevation Minimal Marked 
Fetal growth retardation Absent Obvious 
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ning electron microscope, Robertson and Khairallah [6] clearly identified platelet 
aggregates and fibrin strands adherent to the exposed subendothelial layer in rabbits 
treated with angiotensin II. Fetal growth retardation is less common with pregnan
cy-induced hypertension than with pregnancy-aggravated hypertension, but, when 
present, the physician should suspect that the disease process has been prolonged. 
The fetus in such a case can be in extreme jeopardy! 

In neglected or, less often, fulminant cases of pregnancy-induced hypertension, 
eclampsia may develop. The seizures are grand mal in character. Seizures of 
eclampsia may first appear before labor, during labor, or postpartum. Any seizure 
occurring more than 48 h postpartum is more likely to be the consequence of some 
other lesion of the central nervous system. 

2.3. Coincidental (chronic) hypertension 

All chronic hypertensive disorders, regardless of their cause, appear to predispose 
the patient to the development of superimposed preeclampsia or eclampsia. These 
disorders can create a difficult problem of differential diagnosis and management 
in women who first present for obstetric care after week 20 of gestation. The 
diagnosis of coincidental hypertension is supported by the following findings: (a) 
a history of hypertension is (140/90 mm Hg or greater) antedating pregnancy or 
(b) discovery of hypertension (140/90 mm Hg or greater) before week 20 of 
pregnancy (with the exception of molar pregnancy noted above) or its persistence 
long after delivery. Additional historical factors that help support the diagnosis of 
coincidental hypertension are multiparity and the presence of hypertension in a 
previous pregnancy. 

When the woman is not seen until the latter half of pregnancy, the diagnosis 
of chronic hypertension may be difficult to make because of the well-documented 
decrease in blood pressure that may occur during the second trimester and early 
in the third trimester of pregnancy in chronically hypertensive pregnant women. 
Thus a patient with chronic hypertensive disease who is seen for the first time at 
week 20 of pregnancy may have blood pressure that is within the normal range. 
During the third trimester, however, her blood pressure usually increases to or 
toward its former hypertensive level, which presents a diagnostic problem: Is this 
chronic (coexistent) hypertensive disease or is it pregnancy-induced hypertension? 
The physician is faced with a dilemma when a pregnant woman is not seen until 
the second half of pregnancy and at that time is normotensive, but subsequently 
demonstrates hypertension during the third trimester. 

There are many diseases and syndromes associated with hypertension that may 
be encountered in pregnant women. Sims [7] proposed a classification of hyperten
sion that is still useful, but essential hypertension is by far the most common of 
these diseases in pregnant women. McCartney [8], in his study of renal biopsies 
from women with "clinical preeclampsia," diagnosed chronic glomerulonephritis 
in 21 % of the nulliparas and in 6.6% of the multiparas. Fisher and co-workers [9], 
however, did not confirm a high prevalence of chronic glomerulonephritis in their 
own patients. 
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It must be remembered that chronic hypertension is a dangerous disease whether 
the patient is pregnant or not. Specifically, chronic hypertension may lead to 
cardiovascular deterioration such as cardiac decompensation and cerebrovascular 
accidents. Finally, intrinsic renal damage may result from chronic hypertensive 
disease, or the hypertension itself may be the result of underlying chronic pyelone
phritis or chronic glomerulonephritis. Additional dangers associated with chronic 
hypertension include the risk of developing pregnancy-aggravated hypertension 
and the risk of abruptio placentae. Several authors have reported that 5.7%-82% 
of pregnant women with chronic hypertension will develop superimposed PIH, 
depending on the criteria used to define superimposed PIH [8, 10-12]. Placental 
abruption has been reported to occur in 5%-10% of all chronically hypertensive 
pregnant women. 

The fetus of the woman with chronic hypertension is, of course, subjected to 
additional risks, including growth retardation and intrauterine death. (For treat
ment of chronic hypertension in pregnancy, see chapter 8.) 

2.4. Pregnancy-aggravated hypertension 

Pregnancy-aggravated hypertension is the result of acute aggravation of the preex
isting hypertension with the development of proteinuria and often gross edema. 
There may be a quick progression to eclampsia, which, unfortunately, may develop 
before week 30 of gestation. Diagnostic criteria include the following: 

1. Documentation that the woman has chronic hypertension 
2. Evidence of a superimposed, acute process as demonstrated by elevation of 

systolic blood pressure at least 30 mm Hg or of diastolic blood pressure at least 
15 mm Hg above baseline on two occasions at least 6 h apart, and development 
of proteinuria, gross edema, or both 

3. PREGNANCY-INDUCED HYPERTENSION 

3.1. Pathophysiology 

Vasospasm is basic to the disease process of pregnancy-induced hypertension. This 
concept, first advanced by Volhard [13], is based upon direct observation of small 
blood vessels in the nail beds, ocular fundi, and bulbar conjunctivae, and it has been 
surmised from histologic changes that are seen in various affected organs. In 
preeclampsia, Hinselmann [14], and later several others, noted alterations in the size 
of the arterioles in the nail bed, with evidence of segmental spasm that produced 
alternate regions of contraction and dilation. Even more striking changes have been 
identified in the bulbar conjunctivae; Landesman and co-workers [15] described 
marked arteriolar constriction, even to the extent that capillary circulation was 
intermittently abolished. Further evidence that vascular changes play an important 
role in pregnancy-induced hypertension is afforded by the frequency with which 
spasm of the retinal arterioles, commonly segmental, is found in this disorder. 

The vascular constriction imposes a resistance to blood flow and accounts for 
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the development of arterial hypertension. Vasospasm most likely exerts a noxious 
effect on the blood vessels themselves as well as the organs they supply. Circulation 
in the vasa vasorum is impaired, leading to damage of the vascular walls. Alternat
ing segmental dilation that commonly accompanies the segmental arteriolar spasm 
probably contributes further to the development of vascular damage, since endo
thelial integrity may be compromised by stretch in the dilated segments. Moreover, 
angiotensin II appears to have a direct action on endothelial cells, causing them to 
contract. These events can create interendothelialleaks through which blood con
stituents, including platelets and fibrinogen, can pass and be deposited subendotheli
ally [5]. The vascular changes, together with local hypoxia of the surrounding 
tissues, presumably lead to hemorrhage, necrosis, and other disturbances that have 
been observed at times with severe PIH. Deposition of fibrin is then likely to be 
prominent, as seen in fatal cases [16]. 

Normally, pregnant women develop refractoriness to the pressor effects of 
angiotensin II [17]. Increased vascular reactivity to pressor hormones in women 
with early preeclampsia has been identified by Raab and co-workers [18] and 
Talledo et al. [19] using either angiotensin II or norepinephrine, and by Dieckman 
and Michel [20] and Browne [21] using vasopressin. Subsequently, Gant and 
co-workers [22] demonstrated that increased vascular sensitivity to angiotensin II 
clearly preceded the development of PIH. In the primigravid women studied by 
them, refractoriness to the pressor effect of infused angiotensin II characterized 
normal pregnancy (figure 7-1). However, those women destined to develop PIH 
subsequently demonstrated a loss of the normal pregnancy refractoriness to angio
tensin II some time before the onset of hypertension. Of all the normotensive 
women studied who at weeks 28-32 of gestation required more than 8 ng/kg/min 
of angiotensin II to develop a standardized pressor response, 91 % remained normo
tensive throughout the remainder of the pregnancy. Conversely, among normoten
sive primigravid women who required for a pressor response less than 8 ng/kg/mi
nute at weeks 28-32, 90% subsequently became overtly hypertensive. Similar 
results have been reported recently in 231 women studied by Oney and Kaulhausen 
in Germany [23]. 

Refractoriness to angiotensin II is not a generalized phenomenon, since aldoster
one secretion is strikingly increased in pregnant women, and increased aldosterone 
secretion is modulated by the action of angiotensin II on the cells of the zona 
glomerulosa of the adrenal cortex. Based on the findings of a number of studies, 
Gant and co-workers [24], Cunningham and associates [25], and Everett and 
colleagues [26, 27] concluded that in pregnant women the blunted pressor response 
to angiotensin II was brought about by a specific decrease in responsiveness of the 
vasculature. Refractoriness to the pressor effects of angiotensin II begins early in 
pregnancy (figure 7-1) and in some women enormous amounts of angiotensin II 
are required to elicit a given pressor response. The refractoriness to angiotensin II 
appears to be mediated by the vascular tissue synthesis of a prostaglandin or 
prostaglandin-like substance, for example, prostacyclin or prostaglandin E2• Indeed, 
the refractoriness to the pressor effect of angiotensin II in pregnant women can be 
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Figure 7-1. Comparison of the mean angiotensin II doses required to evoke a pressor response 
in 120 primigravidas who remained normotensive (solid circles) and 72 primigravidas who later 
developed pregnancy-induced hypertension (open circles). From Gant et al. [22], by copyright 
permission of the American Society for Clinical Investigation. 

abolished by the administration of the prostaglandin synthetase enzyme inhibitors, 
indomethacin and aspirin [26]. In some tissues, angiotensin-II action is mediated, 
at least in part, by promoting either the accelerated synthesis or the release of 
prostaglandins, or by both mechanisms. It is interesting to speculate that pregnancy 
brings about an increased capacity for prostaglandin formation in vascular tissue, 
normally with relatively greater synthesis of prostaglandins that induce vasodila
tion than of prostaglandins, e.g., prostaglandin F2a , that promote vasoconstriction. 

3.2. Clinical aspects of hypertension with and without edema and/or 
proteinuria 

The two especially important signs of PIH-hypertension and proteinuria-are 
abnormalities of which the pregnant woman is usually unaware. By the time she 
has developed symptoms, such as headache, visual disturbances, or epigastric pain, 
the disorder is almost always severe. Hence, the importance of prenatal care in the 
early detection and management of this complication becomes obvious. 

The basic derangement in preeclampsia is vasospasm, especially of the arterioles. 
It is not surprising therefore that the most dependable warning sign of preeclampsia 
is a rise in blood pressure. The diastolic pressure is probably a more reliable 
prognostic sign than is the systolic, and any persisting diastolic pressure of 90 mm 
Hg or more is abnormal. 

Another sign of development ofPIH may be a sudden increase in weight. Indeed, 
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excessive weight gain in some women is the first sign. Weight increase of about 
1 pound per week is normal, but when weight gain exceeds much more than 2 
pounds in any given week, or 6 pounds in a month, incipient preeclampsia must 
be suspected. Characteristic of preeclampsia is the suddenness of the excessive 
weight gain rather than an increase distributed throughout gestation. Sudden and 
excessive weight gain in gestation is attributable almost entirely to abnormal 
retention of fluid and is demonstrable, as a rule, before visible signs of nondepend
ent edema, for example, swollen eyelids and puffiness of the fmgers. In cases of 
fulminating preeclampsia or eclampsia, waterlogging may be extreme, and in such 
women a weight gain of 10 pounds or more within a week is not unusual [28]. 

Proteinuria varies greatly, not only from case to case, but also in the same 
woman from hour to hour. The variability points to a functional (vasospasm) 
rather than an organic cause. In early preeclampsia, proteinuria may be minimal 
or entirely lacking. In the more severe forms, proteinuria is usually demonstrable 
and may be as much as 10 gJliter. Proteinuria almost always develops later than 
the hypertension and usually later than excessive weight gain. 

Headache is rare in milder cases, but is increasingly frequent in the more severe 
grades. In women who develop eclampsia, severe headache is a frequent forerunner 
of the first convulsion. It is often frontal, but may be occipital, and it is resistant 
to relief from ordinary analgesics. 

Epigastric or right upper quadrant pain often is a symptom of severe preeclamp
sia and is indicative of imminent convulsions. It may be the result of stretching 
of the hepatic capsule possibly by edema and hemorrhage. 

Visual disturbances ranging from a slight blurring of vision to blindness may 
accompany preeclampsia. Although such disturbances are thought by some to be 
of central origin, they are most likely attributable to retinal arteriolar spasm, 
ischemia, edema, and in rare cases actual retinal detachment. In general, the progno
sis for such detachments is good, the retina reattaching, as a rule, within a few weeks 
after delivery. Hemorrhages and exudates are extremely rare in preeclampsia and 
when present are indicative most often of underlying chronic hypertensive vascular 
disease. 

The prognosis for the mother and fetus depends to a considerable extent on the 
gestational age of the fetus, whether improvement follows hospitalization, when 
and how delivery is accomplished, and whether eclampsia supervenes. 

The perinatal mortality rate is variably increased for pregnancies complicated 
by pregnancy-induced hypertension, as with the other hypertensive disorders. It is 
dependent primarily upon the time of onset and the severity of the disease. Much 
of the perinatal loss is the consequence of prematurity, either from early spontane
ous labor or because of therapeutic interruption necessitated by the development 
of severe preeclampsia. 

3.3. Prophylaxis and early treatment 

Because women seldom notice the signs of incipient preeclampsia, the early detec
tion of the disease demands careful observation at appropriate intervals, especially 
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in women known to be predisposed to preeclampsia. The major predisposing 
factors are (1) nulliparity, (2) a familial history of preeclampsia-eclampsia, (3) 
multiple fetuses, (4) diabetes, (5) chronic vascular disease, (6) hydatidiform mole, 
and (7) fetal hydrops. 

Rapid gain in weight any time during the latter half of pregnancy, or an upward 
trend in the diastolic blood pressure while still in the "normal" range, is ominous. 
Every woman should be examined at least weekly during the last month of 
pregnancy and every two weeks during the previous two months. At these visits, 
careful blood pressure measurements and weight checks of the woman are routine. 
All women should be advised to report immediately any of the well-known 
symptoms or signs of preeclampsia, such as headache, visual disturbances, and 
puffiness of hands or face. The reporting of any such symptoms, of course, calls 
for an immediate examination to confirm or exclude preeclampsia. 

Obstetricians in the past often attempted to limit maternal weight gain to about 
20 pounds, or even less, in the belief that preeclampsia can thereby be prevented. 
The total weight gain during pregnancy, however, probably has no relation to 
preeclampsia unless a large component of the gain is edema. Stringent restriction 
of weight gain is more likely to be detrimental rather than beneficial to both 
mother and fetus. The physician's scale, unfortunately, does not distinguish between 
the accumulation of edema fluid and the healthy deposition of fetal and maternal 
tissue. 

Natriuretic drugs, such as chlorothiazide and its cogeners, have been severely 
overused. Although diuretics have been alleged to prevent the development of 
preeclampsia, the results of the studies by Kraus and co-workers [29], and others, 
cast doubt on their real value. The women studied by Kraus and associates took 
either a placebo or 50 mg of hydrochlorothiazide daily during at least the last 16 
weeks of gestation. The incidences of preeclampsia were identical (6.67%) in the 
primigravid subjects who received hydrochlorothiazide and those who took the 
placebo. Moreover, the frequency of development of hypertension was not altered 
in multiparous women. The failure of natriuretic drugs in the prevention of 
preeclampsia raises serious doubt about the efficacy of rigid dietary restriction of 
sodium. 

Thiazide diuretics and similar compounds are not used in the treatment or 
prophylaxis ofPIH at Parkland Memorial Hospital. (Dallas) While there is no clear 
evidence that they are of any value, there is evidence that these agents cm reduce 
renal perfusion as measured by creatinine clearance and, more important, probably 
reduce uteroplacental perfusion [30]. The thiazide diuretics can induce serious 
depletion of both sodium and potassium. Minkowitz and associates [31] and 
Menzies and Prystowsky [32] reported the findings of depletion of electrolytes and 
hemorrhagic pancreatitis in women who died following treatment of preeclampsia 
with chlorothiazide. Rodriguez and associates [33], moreover, found severe throm
bocytopenia in some newborns whose mothers had received thiazide diuretics. 

The basic objectives of management of any pregnancy complicated by PIH are 
(a) termination of the pregnancy with the least possible trauma to the mother and 
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the fetus, (b) birth of an infant who subsequently thrives, and (c) complete 
restoration of the health of the mother. 

In certain cases of preeclampsia, especially in women at or near term, all these 
objectives may be served equally well by one treatment, i.e., careful induction of 
labor and delivery. It cannot be emphasized too strongly, therefore, that the most 
important information that the obstetrician can possess for the successful manage
ment of pregnancy, and especially pregnancy that becomes complicated by hyper
tension, is precise knowledge of the age of the fetus. 

Ambulatory treatment has no place in the management of pregnancy-induced 
or pregnancy-aggravated hypertension. Excluding young nulliparas, some women 
whose systolic blood pressure does not exceed 135 mm Hg and whose diastolic 
pressure does not exceed 85 mm Hg, and in whom proteinuria is absent, may be 
managed tentatively at home as long as the disease does not become more severe 
and fetal growth retardation is not a problem. Bedrest throughout the greater part 
of the day is essential. Moreover, these women should be examined twice weekly 
rather than weekly, and be instructed in detail about the reporting of symptoms. 
With minor elevations of blood pressure, the response to this regimen is often 
immediate, but the woman must be cooperative and the obstetrician wary. 

The indication for hospitalization of women with preeclampsia is a systolic 
blood pressure of 140 mm or above or a diastolic pressure of 90 mm or above. 
For an intelligent continuing appraisal of the severity of the disease, upon admit
tance to the hospital systematic study should be instituted that includes the follow
mg: 

1. An appropriate history and general physical examination followed by daily 
search for the development of such signs and symptoms as headache, visual 
disturbances, epigastric pain, and rapid weight gain 

2. Weight measured on admittance and every two days thereafter 
3. Urine screened for protein on admittance and subsequently at least every two 

days 
4. Blood pressure readings with an appropriate size cuff every 4 h (except between 

midnight and morning, unless the midnight pressure has risen) 
5. Measurements of plasma creatinine 
6. Measurements of hematocrit, platelets, and serum SGOT 
7. Frequent evaluation of fetal size by the same experienced examiner and by serial 

sonography if remote from term 

Whenever observations so made serve to establish a diagnosis of severe preeclampsia 
(table 7-1), the management is prevention of seizures, control of blood pressure, 
and delivery. 

Bedrest throughout much of the day is beneficial and ample, but not excessive, 
protein and calories should be included in the diet. Sodium and fluid intakes should 
be neither limited nor forced. 

Phenobarbital administered in divided doses totaling 120-240 mg/day has been 
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widely used for sedation. We do not do so. The possibility of adverse effects on 
the fetus from phenobarbital should be considered. The combination of phenobar
bital and phenytoin given to the woman with epilepsy has been demonstrated to 
cause a reduction in vitamin-K-dependent coagulation factors in some fetuses. 
Moreover, phenobarbital has been reported to delay lung maturation, at least in 
the rabbit fetus [34]. 

The further management of PIH will depend upon (a) its severity as gauged by 
the presence or absence of the conditions cited in table 7-1, (b) the duration of 
gestation, and (c) the condition of the cervix. Fortunately, many cases prove to 
be sufficiently mild and near enough to term that they can be managed conserva
tively until labor commences spontaneously or until the cervix becomes favorable 
for induction of labor. Complete abatement of all signs and symptoms, however, 
is uncommon until after delivery. Almost certainly, the underlying disease persists 
until after delivery! 

Occasionally, fulminant or neglected preeclampsia is encountered with blood 
pressure recordings in excess of 160/110 mm Hg, edema, and proteinuria. Head
aches, visual disturbances, or epigastric pain are indicative that convulsions are 
imminent; oliguria resulting from preeclampsia is another ominous sign. Severe 
preeclampsia demands anticonvulsant and usually antihypertensive therapy fol
lowed by delivery. The prime objectives are to forestall convulsions, to prevent 
intracranial hemorrhage or serious damage to other vital organs, and to deliver an 
infant who, hopefully, survives and subsequently thrives. 

In a more severe case of preeclampsia, as well as eclampsia, magnesium sulfate 
administered parenterally is a most valuable anticonvulsant agent, as attested to by 
the experience of many clinics over many years. Magnesium sulfate may be given 
intramuscularly by intermittent injection or intravenously by continuous infusion. 
At Parkland Memorial Hospital the dosage schedule for severe preeclampsia is the 
same as for eclampsia (table 7-2). Since the period of labor and delivery is a more 
likely time for convulsions to develop, all women suspected to have PIH are treated 

Table 7-2. Magnesium sulfate dosage schedule for severe preeclampsia and eclampsia 

1. Give 4 g of magnesium sulfate (MgS047HzO, USP) intravenously at the rate of 1 
g/min (20% solution). 

2. Follow promptly with 10 g of 50% magnesium sulfate solution, one-half (5 g) 
injected deeply in the upper outer quadrant of both buttocks through a 3-inch 
long, 20-gauge needle. (Addition of 1.0 ml of 2% lidocaine minimizes discomfort.) 
If convulsions persist after 15 min or so, give up to 2 g more intravenously no 
faster than 1 g/min; if the woman is large, up to 4 g may be given slowly. 

3. Every 4 h thereafter give 5 g of a 50% solution of magnesium sulfate injected 
deeply in the upper outer quadrant of alternate buttocks, but only after ascertaining 
the following: 
a. The patellar reflex is present. 
h. Respirations are not depressed. 
c. Urine output the previous 4 h was 100 ml or more. 

4. Magnesium sulfate is discontinued 24 h after delivery. 
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at Parkland Memorial Hospital with intramuscular magnesium sulfate during labor 
and the early puerperium. Hydralazine (Apresoline), administered intravenously in 
appropriate doses intermittently, has proven to be an effective and safe antihyper
tensive agent. Its use is outlined in detail below. 

To try to enhance fetal lung maturation, glucocorticoids have been administered 
by some to severely hypertensive pregnant women who need delivery and are 
thought to be remote from term. Several reports have appeared in which such 
treatment seemed not to worsen maternal hypertension, and a decrease in the 
incidence of respiratory distress syndrome and an improved fetal survival have been 
claimed. For example, Nochimson and Petrie [35] administered betamethasone to 
20 severely hypertensive women and observed no untoward effect. Perinatal sur
vival was 85.7%. Similar results have been reported by Semchyshyn and associates 
[36] and by Ruvinsky and colleagues [37]. 

We do not use corticosteroids in these circumstances for two reasons: (a) their 
administration poses potential risks to the mother and the fetus-infant, and (b) 
when the mother has severe pregnancy-induced hypertension requiring delivery, 
severe respiratory distress is uncommon in her neonate even when quite premature. 

The cure for preeclampsia is the expulsion or removal of trophoblast, i.e., 
delivery. When the fetus is known or suspected to be premature, however, the 
tendency is widespread to temporize in the hope that a few more weeks in utero 
will reduce the risk to the infant of death or serious morbidity. Such a policy is 
justified in milder cases, but in severe preeclampsia, procrastination can prove to 
be ill-advised, since the preeclampsia itself may kill the fetus. Even for the fetus 
remote from term, the probability of fetal survival may be greater in a well
operated neonatal intensive care unit than when the fetus is left in utero. 

Assessments of fetal well-being and placental function have been attempted 
especially when there is hesitation to deliver the fetus because of prematurity. Serial 
measurements of plasma or urinary estriol, or of placental lactogen, or the oxytocin 
challenge (contraction) test, or the fetal "biophysical profile" may result in abnor
mal results when the fetoplacental unit is compromised. To date, these tests have 
not been clearly demonstrated to provide valuable information otherwise unavaila
ble for intelligent management of the pregnancy complicated by PIH. 

Failure of the fetus to grow, as estimated clinically and by sonography, is an 
ominous sign of fetal jeopardy. Measurement of the lecithin-sphingomyelin (LIS) 
ratio in amnionic fluid may provide evidence of lung maturity, but it should be 
kept in mind during management of more severe cases that even when the LIS ratio 
is less than 2.0, respiratory distress may not develop and, when it does, most often 
it does not prove fatal. 

With severe preeclampsia that does not improve after a few days of hospitaliza
tion as outlined above, termination of pregnancy is usually advisable for the welfare 
of both the mother and the fetus. Labor may be induced by administration of 
oxytocin. In severe cases, this procedure is often successful even when the cervix 
appears unfavorable for induction. Whenever it appears that induction of labor 
almost certainly will not succeed, or attempts at induction of labor are not fruitful, 
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cesarean delivery for the more severe cases is the procedure of choice. In cases of 
severe preeclampsia and eclampsia with subarachnoid or epidural block, hypoten
sion detrimental to the fetus, as well as the mother, may occur. 

For a woman near term, with a soft, partially effaced cervix, even milder degrees 
of preeclampsia probably carry more risk to the mother and her fetus-infant than 
does induction of labor by carefully monitored oxytocin stimulation. This is not 
likely to be the case, however, if the preeclampsia is mild but the cervix is ftrm 
and closed, indicating that abdominal delivery might be necessary if pregnancy is 
to be terminated. The hazard of cesarean delivery may be greater than that of 
allowing the pregnancy to continue under close observation in the hospital until 
the cervix is more suitable for induction. 

A high-risk pregnancy unit has been established at Parkland Memorial Hospital 
to provide care as just described. The results have been remarkable as originally 
reported by Gilstrap et al. [38]. Of 576 nulliparous women, usually teenage and 
often black, admitted to the unit because of hypertension remote from term, 545 
remained for care until the pregnancy was terminated; the uncorrected perinatal 
mortality rate for this group was 0.9%. For the 31 who left the unit before 
delivery, although advised not to, the perinatal mortality was 13%! The mean birth 
weight of the infants whose mothers remained on the unit was 2974 g with 83% 
weighing 2500 g or more. Through 1983, more than 2000 women with mild to 
moderate early-onset pregnancy-induced hypertension have been so managed with 
equally good results! The cost of providing the relatively simple physical facility, 
modest nursing care, no drugs other than an iron supplement, and the very few 
laboratory tests that are essential is slight compared with the cost of neonatal 
intensive care. Moreover, the quality of the infant is very likely better. 

After delivery there is usually rapid improvement, although, at times, the disease 
may worsen transiently. Eclampsia may develop any time during the ftrst 24 h after 
delivery. After 24 h, eclampsia is rare in our now extensive experience. At Parkland 
Memorial Hospital, magnesium sulfate therapy instituted before or during parturi
tion is continued for 24 h post partum with parenterally administered hydralazine 
given intermittently, if needed, to lower a diastolic blood pressure of 110 mm Hg 
or higher. 

The woman may be discharged, even though still hypertensive, if there is 
evidence that severe hypertension is abating and she is otherwise well. Unless the 
hypertension persists at high levels during the puerperium, antihypertensive agents 
are not prescribed; instead, the woman is reevaluated in two weeks. Typically, but 
not always, hypertension induced by pregnancy will have dissipated during this 
period. If so, the episode ofPIH does not mitigate against the use of oral contracep
tives. 

4. CLINICAL ASPECTS OF ECLAMPSIA 

Eclampsia is an acute disorder characterized by clonic and tonic convulsions that 
are caused in some way by hypertension induced or aggravated by pregnancy. It 
is better to limit the diagnosis of eclampsia to convulsive cases, regarding fatal 
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nonconvulsive cases of pregnancy-induced or pregnancy-aggravated hypertension 
as exceedingly severe preeclampsia. 

4.1. Clinical course 

Depending on whether the convulsion first appears before labor, during labor, or 
in the puerperium, eclampsia is designated as antepartum, intrapartum, or post 
partum. Eclampsia occurs most often in the last third of pregnancy and becomes 
increasingly frequent as term approaches. Nearly all cases of postpartum eclampsia 
appear within 24 h after delivery. In rare instances, eclampsia is said to have begun 
as late as one week after delivery, but cases in which the first convulsion is observed 
more than 48 h post partum should be regarded with skepticism. 

Almost without exception, preeclampsia precedes the onset of convulsions. 
Isolated cases are occasionally cited in which an eclamptic convulsion is said to have 
occurred without warning in women who were apparently in good health. Usually 
such a woman had not been examined by her physician for some days or weeks 
previously, and she had neglected to report symptoms of preeclampsia. Headache, 
visual disturbance, and epigastric or right upper quadrant pain are symptoms that 
should incite grave concern. Apprehension, excitability, and hyperreflexia often 
precede the convulsion, although a convulsion may occur in their absence. An aura 
usually does not precede the convulsion. 

Most often the first convulsion is the forerunner of other convulsions, which 
may vary in number from one or two in mild cases to 10--20, or even 100 or or 
more, in untreated severe cases. In rare instances, they follow one another so rapidly 
that the woman appears to be in a prolonged, almost continuous convulsion. 

The duration of coma after a convulsion is variable. When the convulsions are 
infrequent, the woman usually recovers some degree of consciousness after each 
attack. As the woman arouses, a semiconscious combative state may ensue. In severe 
cases, the coma persists from one convulsion to another, and death may result before 
the patient awakens. In rare instances, a single convulsion may be followed by 
profound coma from which she never emerges, although, as a rule, death does not 
occur until after a frequent repetition of the convulsive attacks. 

Respiration after an eclamptic convulsion is usually increased in rate and may 
be stertorous. The rate may reach 50 or more per minute in response presumably 
to hypercarbia from lactic acidemia, as well as varying intensities of hypoxia. 
Cyanosis may be observed in severe cases. Temperatures of 39SC or more are of 
very grave prognostic import. The cause of the fever is probably central. 

Proteinuria is almost always present and frequently is pronounced. The output 
of urine is likely to be diminished and occasionally is entirely suppressed. On 
microscopic examination, various types of casts are found in abundance. Hemoglo
binuria and hemoglobinemia may rarely be observed. 

Some degree of edema is probably present in all women with eclampsia. Often, 
the edema is pronounced and, at times, massive, but it may be occult. 

After delivery, an increase in urinary output is usually an early sign of improve
ment. The proteinuria and edema ordinarily disappear within a week. In most cases, 
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but certainly not all, the blood pressure returns to normal within two weeks after 
delivery. The longer the hypertension persists after delivery, the more likely the 
hypertension is chronic. 

In antepartum eclampsia, labor may begin shortly thereafter and progress rapidly 
to completion, sometimes before the attendants are aware that the woman is having 
effective uterine contractions. If the attack occurs during labor, the contractions 
may increase in frequency and intensity and the duration oflabor may be shortened. 

Occasionally, labor does not commence, convulsions cease, the coma disappears, 
and the woman becomes completely oriented. This improved state may continue 
for several days or longer, a condition known as intercurrent eclampsia. It has been 
claimed that such pregnancies may often return entirely to normal with complete 
subsidence of the hypertension and proteinuria, but such an event appears to have 
been rare. Although convulsions and coma may subside entirely and the blood 
pressure and proteinuria may decrease somewhat, such women usually continue to 
show substantial evidence of disease. It is likely that they have merely returned to 
the preeclamptic state and, after a few days of apparent improvement, are likely 
to convulse again. This second attack may be much more severe. 

In fatal cases, pulmonary edema is common, especially during the terminal hours. 
Pulmonary edema also may be present in women who survive, but it is always a 
grave prognostic sign. Other signs of cardiac failure appear in the terminal stage 
of fatal eclampsia, especially cyanosis, a rising pulse rate, and a falling blood 
pressure. 

In some women with eclampsia, death occurs suddenly, synchronously with or 
shortly after a convulsion, as the result of massive cerebral hemorrhage. In rare 
instances, hemiplegia may result from a sublethal cerebral hemorrhage. Eclampsia 
is followed very infrequently by psychosis in which the mother may become 
violent. The psychosis ordinarily lasts for 1-2 weeks. Chlorpromazine in carefully 
titrated doses has proved effective in the few cases of posteclampsic psychosis seen 
at Parkland Memorial Hospital. The prognosis in general is good, but occasionally 
there is preexisting mental illness. 

Very infrequently, the woman finds herself blind as she begins to arouse from 
her coma. The disturbed vision, sometimes preceding the attack, is caused mainly 
by retinal edema, which usually disappears spontaneously. The blindness is some
times central in origin [39], possibly caused by intense vasospasm of the distal 
posterior cerebral arteries. Rarely, detachment of the retina is observed. The 
blindness may persist for a few hours or for several weeks. Usually, however, the 
vision returns to normal within a week and the prognosis for sight is good. 

4.2. Differential diagnosis 

Generally, one is much more likely to make a diagnosis of eclampsia too frequently 
than to overlook the disease, because epilepsy, encephalitis, meningitis, cerebral 
tumor, acute prophyria, ruptured cerebral aneurysm, and even hysteria may simu
late it. Consequently, such conditions should be borne in mind whenever convul
sions or coma occur during pregnancy, labor, or the puerperium; and such condi-
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tions must be excluded before a positive diagnosis of eclampsia is made. Until 
eclampsia can be excluded, however, all pregnant women with convulsions should 
be considered to be eclamptic and kept under close observation on the obstetric 
service of the hospital. 

4.3. Treatment of eclampsia 

The basic treatment of eclampsia consists of control of convulsions and steps to 
effect delivery once the mother is free of convulsions and, hopefully, conscious. 
It is emphasized that, once delivery is accomplished, the pathologic changes of 
eclampsia per se ameliorate rapidly and subsequently are usually completely eradi
cated. This generalization holds true for the dysfunction of the central nervous 
system, for the liver, for the kidneys, and for any hematologic abnormalities, 
including thrombocytopenia and intense hemolysis! 

4.4. Prognosis 

The prognosis is always serious, for eclampsia is one of the most dangerous 
conditions with which the obstetrician must deal, although the maternal mortality 
rate in eclampsia has fallen notably in the past three decades. The maternal mortality 
rate reported since World War II for various methods of treatment has ranged from 
zero to as much as 17.5%. At the same time the perinatal mortality rate has ranged 
from 13% to 30% or more. Precise comparisons of perinatal mortality rates are 
difficult to make because of differences in the definition of stillbirth and neonatal 
deaths in different countries. 

4.5. Eclampsia treatment at Parkland Memorial Hospital 

Since 1955, standardized treatment applied uniformly to all cases of eclampsia at 
Parkland Memorial Hospital has consisted of (a) magnesium sulfate intravenously 
and intramuscularly to arrest convulsions and prevent their recurrence (b) intrave
nous hydralazine intermittently as necessary to lower diastolic blood pressure of 
110 rom Hg or higher, and (c) steps initiated to effect delivery once the woman 
has regained consciousness [40]. The dosage schedule for magnesium sulfate is listed 
in table 7-2. This schedule, while empiric, has been tested extensively for both 
efficacy and toxicity. Delivery in the majority of cases has been accomplished 
vaginally; conduction anesthesia has been avoided. Neither diuretic nor osmotic 
agents in the form of hypertonic glucose, mannitol, or albumin have been used to 
treat eclampsia. Heparin has never been used! Through August 1983, 245 consecu
tive cases of eclampsia were so treated with one maternal mortality. Moreover, 
when congenital anomalies are excluded, all fetuses alive when treatment was 
initiated and who weighed 1800 g (4 lb) or more, survived. 

The plan of management is presented in some detail. 

4.5.1. Control of convulsions with magnesium su/fote 

As soon as eclampsia has been established as the probable diagnosis, magnesium 
sulfate (MgS04·7H20, USP) is administered as outlined in table 7-2. Magnesium 
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sulfate so administered almost always promptly arrests the convulsions, but, very 
infrequently, another convulsion may soon appear. If the intravenous magnesium 
sulfate and intramuscular injections were completed within the 20 min before, 
however, then the subsequent convulsion usually is brief and does not recur. If the 
interval is much longer than 20 min, or if the convulsion recurs, 10 ml more of 
20% magnesium sulfate solution (2 g) is given if the woman is unusually small; 
otherwise 20 ml of 20% magnesium sulfate (4 g) is injected intravenously over 
no less than 3 min. In the rare circumstance in which convulsions persist, sodium 
amobarbital (Sodium Amy tal) , up to 0.25 g, is slowly injected intravenously over 
a period of not less than 3 min. 

Subsequent intramuscular injections of 10 ml of 50% solution of magnesium 
sulfate at 4-h intervals depend upon the patellar reflex being elicited just before 
each injection. If absent, which is very unlikely, the reflex is rechecked at half-hour 
intervals and the intramuscular dose of magnesium sulfate injected once the reflex 
is demonstrated. An active reflex ("hyperreflexia") is not an indication in our 
experience for increasing either the amount of magnesium sulfate injected or the 
frequency of the injection. The intramuscular injections are continued for 24 h after 
delivery. In the conscious patient, to minimize local discomfort, 1 ml of 2% 
lidocaine is added to the magnesium sulfate solution before injecting intramuscu
larly. 

During the first hour or so of the postictal period, the eclamptic woman before 
fully regaining consciousness may occasionally demonstrate physical agitation that 
cannot be controlled by simple restraint. If this develops, to protect the mother 
from harming herself and her fetus, sodium amobarbital for sedation is injected 
intravenously in increments up to 0.25 g over not less than 3 min. Most often, 
however, the woman's confusion and agitation, as she regains consciousness, can 
be minimized by having an immediate member of the family at the bedside and 
by avoiding bright lights, loud noises, and numerous people in the room. 

If respiratory depression were to develop, 10 ml of a 10% solution of calcium 
gluconate is given intravenously over 3 min. This has proved effective in two cases 
of eclampsia in which it was used at Parkland Memorial Hospital. The phar
macology and toxicology of magnesium sulfate are considered in more detail 
below. 

4.5.2. Antihypertensive therapy 

The intravenous injection of 4 g of magnesium sulfate produces a moderate 
lowering of blood pressure that most often is transient. Therefore, hydralazine is 
used to treat severe hypertension. Whenever the diastolic blood pressure reaches 
110 mm Hg, hydralazine is administered as follows: A test dose of 5 mg is injected 
as a bolus intravenously and the blood pressure monitored every 5 min. If the 
diastolic pressure is not lowered to 90-100 mm Hg in 20 min, a 1O-mg dose is 
similarly administered, and its effects monitored as described. This dose of hydrala
zine is repeated until the diastolic blood pressure is lowered to 90-100 mm 
Hg. The desired effect is most always achieved with 5-20 mg of hydralazine. Hy-
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dralazine is next given whenever the diastolic blood pressure again reaches 110 
rnrn Hg. 

Diazoxide has not been used at Parkland Memorial Hospital, nor is it recom
mended. The hypotensive response may be so great as to impair dangerously 
perfusion of vital organs, including the placenta. Unfortunately, if diazoxide is used 
in close proximity to other antihypertensive agents that act by direct peripheral 
vasodilation, profound and even fatal hypotension may ensue. 

Metabolic derangements are commonly induced in the mother and the fetus by 
diazoxide, including edema from sodium and water retention, hyperglycemia, and 
hyperuricemia. Moreover, labor may be impaired by diazoxide, if not arrested. 

4.5.3. Diuretics, hyperosmotic agents 

Urinary output is monitored hourly. Mannitol, hypertonic dextrose, and albumin 
are not used at Parkland Memorial Hospital to try to mobilize edema fluid, to try 
to increase urinary output, or to expand the blood volume. Unless there is pulmo
nary congestion, diuretics are avoided, since oliguria reflects the intensity of the 
vasospastic disease, an intensification of the hypovolemia by blood loss at delivery, 
or both. If pulmonary edema were to develop, furosemide would be indicated and 
likely would be lifesaving. 

In the absence of hemorrhage or hyponatremia, 5% glucose in lactated Ringer 
solution is administered intravenously at a rate of 60--120 ml/h. 

4.5.4. Laboratory studies 

Laboratory studies need not be extensive. Measurements of hemoglobin or hemato
crit, leukocyte count, and platelet count, examination of a blood smear stained with 
Wright stain, and careful visual inspection of plasma for abnormal amounts of 
bilirubin, hemoglobin, or other heme pigments are performed. Plasma electrolytes 
are measured, although they are unlikely to be abnormal unless the woman previ
ously has been treated vigorously with diuretics or has received oxytocin and 
appreciable volumes of aqueous glucose solution simultaneously. Hypocalcemia or 
hypercalcemia is rarely found. After a convulsion, the plasma bicarbonate concen
tration is variably reduced as the consequence of lactic acidemia and hyperventila
tion. The plasma creatinine concentration should be measured, but is not likely to 
be elevated markedly unless vigorous diuretic therapy has been administered else
where, or the disease has been unusually severe, or there is underlying renal disease. 

4.5.5. Delivery 

Steps are taken to mltlate labor and effect delivery once the woman regains 
consciousness to the extent that she can be oriented as to time and place. Immedi
ately after a convulsion, fetal bradycardia is common, most likely as the conse
quence of acidosis and hypoxia induced by the intense muscular activity, maternal 
apnea, and the already reduced uteroplacental perfusion. The generally favorable 
fetal outcomes at Parkland Memorial Hospital justify the policy of controlling the 
convulsions and providing oxygen, thereby allowing the mother and, in tum, the 
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fetus to repair the metabolic derangement, rather than quickly performing a 
cesarean section. Once convulsions have been controlled and no other obstetric 
complications coexist or develop, there is no urgency for immediately effecting 
delivery, but neither is there reason for undue procrastination. Without obstetric 
contraindication to vaginal delivery, labor is induced with carefully administered 
intravenous oxytocin. Even when remote from term, the uterus often is responsive 
to oxytocin. Although very high plasma magnesium levels may impair myometrial 
contractility, the levels achieved with the dosage schedule described above do not. 
Labor has been induced successfully with oxytocin in 59 (83%) of71 cases in which 
it was attempted at Parkland Memorial Hospital, including seven of ten cases in 
which fetal weight was less than 1000 g and all 20 in which the fetus weighed 
between 1000 and 2500 g [41]. The frequency, duration, and apparent intensity of 
uterine contractions and the fetal heart rate are monitored closely. Hyperstimula
tion is a constant danger and must be avoided. 

Analgesia during labor is limited to 50-75 mg of meperidine and 25 mg of 
promethazine given intravenously or intramuscularly, with the meperidine re
peated at intervals of 2 h or longer, and withholding administration during the 2 
h before delivery. If the fetus is premature, meperidine and similar agents are to 
be avoided. 

If oxytocin induction fails, or if there are obstetric contraindications to the use 
of oxytocin, cesarean section is performed. 

Blood loss at and after delivery is less well tolerated by women with eclampsia. 
The maternal blood volume typically is appreciably less than with normal preg
nancy, thereby increasing the dangers from blood loss. An abrupt fall in blood 
pressure at the completion of delivery or soon after most often indicates serious 
hypovolemia rather than immediate relief of the vasospastic disease! The oliguria 
from severe hypovolemia following hemorrhage is treated with blood and lactated 
Ringer solution and not with diuretics or hyperosmotic agents. 

4.5.6. Anesthesia 

Spinal, caudal, or lumbar epidural anesthesia is not used at Parkland Memorial 
Hospital for labor or delivery of the woman with eclampsia or preeclampsia 
because of the likelihood of hypotension from both regional sympathetic blockage 
and significant blood loss in the presence of an already shrunken blood volume. 
For most forceps deliveries, and for cesarean sections, general endotracheal anesthe
sia consists of the administration of a small dose of sodium thiopental, followed 
by nitrous oxide plus oxygen, and succinylcholine. Anesthesia is begun only after 
the woman has received 30 ml of milk of magnesia orally and the obstetric team 
is fully prepared to deliver the fetus vaginally or to incise the abdominal wall. 
While the amount of succinylcholine necessary for appropriate muscle relaxation 
usually is less for the woman who has received magnesium sulfate, this does not 
contraindicate the simultaneous use of these two agents. Pudendal block of local 
perineal and vaginal infiltration, supplemented with nitrous oxide, often provides 
satisfactory pain relief for episiotomy and spontaneous vaginal delivery. 
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4.5.7. Perinatal mortality 

With this treatment regimen, the absolute perinatal mortality rate for 216 fetuses 
and newborns, including five sets of twins, of the 211 mothers with eclampsia 
before delivery was 15.7%, irrespective of fetal weight or duration of gestation, 
and including fetuses that were dead when the mother was brought to Parkland 
Memorial Hospital. Of the fetuses, 21 weighed less than 1000 g and six weighed 
less than 500 g. Everyone of the fetuses survived of the 187 who were alive when 
the diagnosis of eclampsia was made, who were without congenital abnormalities 
incompatible with life, and who weighed 1800 g (4 pounds) or more at birth [40]. 

4.5.8. Pharmacology and toxicology of magnesium sulfate 

Magnesium sulfate administered as described will practically always arrest eclamp
tic convulsions and prevent their recurrence. The initial intravenous injection of 
4 g is used to establish promptly a therapeutic level that is then maintained by the 
nearly simultaneous intramuscular administration of 10 g of the compound, fol
lowed by 5 g intramuscularly every 4 h, as long as there is no evidence of 
potentially dangerous hypermagnesemia. With this dosage schedule, the plasma 
levels for magnesium that are achieved are therapeutically effective and range from 
2 to 3 mmol/liter, compared with pretreatment plasma levels usually of less than 
1 mmol/liter [42, 43]. Magnesium sulfate injected deeply into the upper outer 
quadrant of the buttocks, as described above, has not resulted in erratic absorption 
and, in turn, erratic plasma levels; indeed, the reverse has been true. 

Recently, Graham and co-workers [44] reported on a prospective study in which 
a comparison between continuous intravenous magnesium sulfate and intramuscu
lar magnesium sulfate was made. A total of 18 preeclamptic women received 
intramuscular magnesium sulfate as recommended by Pritchard [45]; 14 patients 
then received a 4-g intravenous loading dose of magnesium sulfate over 15 min. 
Following the intravenous loading dose, seven patients received a continuous 
intravenous maintenance dose of 1 g/h while the other seven patients received 2 
g/h. All patients were of similar age, height, weight, and gestational state of 
pregnancy. There was no significant difference after 3 h of therapy between the 
mean magnesium levels observed after intramuscular magnesium sulfate and those 
observed following the intravenous regimen using a maintenance dose of 2 g/h. 
However, the intramuscular regimen resulted in serum magnesium levels that were 
significantly higher than those obtained with a continuous intravenous maintenance 
dose of 1 g/h. A similar result was reported by Sanders and Hayashi [46]' Both 
groups concluded that there appeared to be no therapeutic advantage to the 
intravenous route of administration except for the avoidance of pain at the intra
muscular site of injection. 

The patellar reflex disappears by the time the plasma magnesium level reaches 
10 mq/liter, presumably as the consequence of a curariform action. This sign serves 
to warn of impending magnesium toxicity, since a further increase will lead to 
respiratory depression. 
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Parenterally injected magnesium is excreted rapidly through the maternal kid
ney; as the magnesium concentration in plasma increases, so does renal clearance. 
A fraction of the injected magnesium is deposited in bone. 

In monkeys with angiotensin-induced hypertension late in pregnancy, Harbert 
and co-workers [47] demonstrated slightly increased uterine blood flow in response 
to the infusion of magnesium sulfate. At the same time, arterial blood pressure 
decreased minimally. More recently, Altura et al. [48] reported that, when isolated 
umbilical arteries and veins, obtained from normal infants at term, were incubated 
with 0-9.6 mmol of magnesium per liter, basal tension of the vessels increased in 
the absence of magnesium and decreased when the concentration of magnesium was 
increased. They also observed that the absence of magnesium significantly poten
tiated the contractile response of the vessels to bradykinin, angiotensin II, serotonin, 
and prostaglandin F2a • They concluded that their observation might help explain 
the favorable outcome observed in infants of preeclamptic women who receive 
magnesium sulfate therapy. 

Somjen and co-workers [49] induced in themselves, by intravenous infusion, 
marked hypermagnesemia, achieving plasma levels to 15 meq/liter. Predictably, at 
such high plasma levels, respiratory depression developed that necessitated mechani
cal ventilation, yet there was little in the way of depression of the sensorium as 
long as hypoxia was prevented. 

Borges and Gucer [50] provided convincing evidence that the magnesium ion 
has an effect on the central nervous system that is much more specific than 
generalized depression. They measured the effects of parenterally administered 
magnesium sulfate on epileptic neural activity induced in awake, undrugged subhu
man primates. The infused magnesium sulfate suppressed neuronal burst firing and 
interictal electroencephalographic spike generation in neuronal populations rend
ered epileptic by topically applied pencillin G. The degree of cortical suppression 
increased as the plasma magnesium concentration increased and decreased as the 
magnesium level fell. Therefore, even though elevated concentrations of magne
sium in plasma decrease acetylcholine release in response to motor nerve impulses, 
reduce motor end-plate sensitivity to acetylcholine, and decrease the motor end
plate potential, these actions do not account for, nor should they be implicated in, 
an explanation of the beneficial effects of magnesium sulfate in controlling the 
convulsions of eclampsia. 

Magnesium ions in relatively high concentration will depress myometrial con
tractility in vivo and in vitro. With the regime described above and the plasma 
levels that have resulted, no evidence of depression of myometrial function has been 
observed beyond a transient decrease in activity during and immediately after the 
initial intravenous loading dose. Typically, as the cutaneous flushing from the 
intravenous dose disappeared, uterine activity returned to preinjection intensity. 
Magnesium ions administered parenterally to the mother cross the placenta 
promptly to achieve equilibrium between mother and fetus. Magnesium sulfate, 
given as a large single dose intravenously, but not with smaller doses, may tran
siently cause a loss of beat-to-beat variability in the fetal heart rate. [45]. 
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The newborn infant may be depressed if severe hypermagnesemia exists at 
delivery. The kind of compromises that have been described by Lipsitz and English 
[51] to develop at times in the newborn after maternal continuous intravenous 
therapy with magnesium sulfate have not been observed by us [43] or by Green 
and associates [52]. The dosage schedule and route of administration described 
above, coupled with the safeguards observed before each injection, have effectively 
prevented worrisome adverse effects from hypermagnesemia in newborns at Park
land Memorial Hospital. 

Indeed, Lipsitz [53] agreed with our observations after further study in which 
he found that infants were unlikely to be compromised when the mother had 
received magnesium sulfate according to the protocol for the treatment of 
eclampsia described above. The use of magnesium sulfate in PIH, its mechanisms 
of action, and its possible toxicity in mother and fetus-infant have been described 
in more detail elsewhere [45, 54]. 

4.5.9. Other treatment agents 

A great variety of drugs have been used in the treatment of eclampsia and severe 
preeclampsia. We have had little personal experience with most of these drugs 
and I or other treatment regimen. 

It should be pointed out that a tendency persists among some medical experts 
to group together for the purpose of treatment a variety of disease states that appear 
to have a common functional disturbance. So-called hypertensive encephalopathy 
is one that from time to time attracts interest and, in tum, incites recommendations 
for treatment broad in scope, without full appreciation of all the problems created 
by the disease or evoked by the proposed treatment. Too often, when eclampsia 
is included under the category of hypertensive encephalopathy, lack of concern for 
the impact of the recommended therapy on the fetus is apparent. Moreover, it is 
not unusual for the recommendations to have been based on little or no data. 

The recurrent recognition of thrombocytopenia occasionally and, less often, of 
other changes in the coagulation mechanism, with or without evidence of abnormal 
erythrocyte destruction (microangiopathic hemolysis) has led to the recommenda
tion of treatment with heparin, fresh whole blood, fresh frozen plasma, platelets, 
fibrinogen, and other specific clotting factors as necessary [55]. To date, insufficient 
numbers of cases have been reported to evaluate the merits, if any, of such therapy. 
In two reports, it was concluded that heparin did not prove effective in ameliorat
ing the clinical course of established preeclampsia [56, 57]. 

We continue to look for such hematologic changes in the relatively large 
numbers of women with eclampsia and preeclampsia cared for at Parkland Memo
rial Hospital, but do not attempt treatment with heparin or with clotting factors 
other than those in blood-bank blood used at times to treat blood loss from 
hemorrhage at delivery. We have never used heparin in these circumstances because 
of fear of enhancing intracranial hemorrhage, on the one hand, and an appreciation 
that correction of the defects occurs promptly after delivery, on the other. The 
outcomes have been satisfactory, as already described. The safety of deliberate 
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anticoagulation with heparin in the presence of severe hypertension is questionable 
and certainly cannot be recommended until much greater experience attesting to 
any benefits has been recorded. 

4.5.10. Subsequent reproductive outcomes 

Because of the catastrophic implications of eclampsia, women so affected and their 
families often are quite concerned over the prognosis for future pregnancies. 
Moreover, gloomy accounts have appeared repeatedly in the obstetric literature; 
hypertension, for example, has been reported to occur in as high as 78% of women 
who previously had eclampsia. 

Chesley and co-workers [58], through meticulous, long-term follow-up studies 
of women with eclampsia at Margaret Hague Maternity Hospital between 1931 
and 1952, have provided us with most useful information. For example, of 466 
subsequent pregnancies in 189 of the eclamptic women, the fetal salvage was 76%, 
but much of the loss was early abortion. Of the pregnancies that continued to week 
28 or longer, 93% resulted in infants that survived. 

At Parkland Memorial Hospital, the subsequent reproductive performance of 
black women with eclampsia during their first pregnancy has been ascertained. Of 
101 pregnancies, 11 aborted and 91 infants weighing 500 g or more were delivered. 
Four of the 91 succumbed, three of whom weighed less than 1000 g. 

Of the subsequent pregnancies, 25% were complicated by hypertension in the 
189 previously eclamptic women observed by Chesley et al. [59]' The hyperten
sion, however, was severe in only 5%, while 2% were again eclamptic. Our 
experiences with previously eclamptic women are very similar. 

Chesley and associates emphasized that many of the recurrences of elevated 
blood pressure represent nothing more than chronic hypertension. Some women 
do have normal blood pressures between pregnancies and at follow-up, but, in 
general, pregnancies after eclampsia are an excellent screening test for latent hyper
tensive disease. A large percentage of women who develop recurrences of hyper ten
sion during subsequent pregnancies ultimately become hypertensive, whereas the 
prevalence of ultimate hypertension is extremely low in those who are normoten
sive in later pregnancies. 

Chesley and co-workers [60] traced to 1974 all but three of the 270 women 
surviving eclampsia at the Margaret Hague Maternity Hospital in 1931-1951. 
Women who had eclampsia in their first pregnancy carried 28 weeks or more have 
shown no increase over the expected number of remote deaths. In sharp contrast, 
women who had eclampsia as multiparas, the majority of whom undoubtedly had 
underlying chronic vascular disease, have shown three times the expected number 
of deaths. 

4.5.11. Relation of preeclampsia-eclampsia to subsequent hypertension 

Whether preeclampsia actually causes ensuing chronic hypertension has been a 
subject of debate. One point of view has been that preeclampsia and eclampsia 
represent an acute vascular disorder in the form of muscle spasm, which, if allowed 
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to continue for several weeks, results in a permanent structural injury to the 
vascular wall through hypoxia. This injury becomes manifest by arteriolar fibrosis, 
consequent hypertension, and possible renal vascular damage. These findings led to 
the suggestion that permanent hypertension might be prevented by delivery of 
patients within two or three weeks after onset of preeclampsia. For some time, 
Chesley [12] was of this school, but reappraisal of his data led him to reverse his 
conclusions. The problem has been confused by the mistaken diagnosis of preec
lampsia even in primigravid women who really had renal disease or essential 
hypertension. Many studies have included a substantial proportion of multiparas, 
few of whom actually had preeclampsia. Furthermore, nearly 40% of women with 
essential hypertension have significant drops in blood pressure during much of 
pregnancy. In many of them, normal pressures may be observed from early in 
gestation. Typically, the blood pressure rises again early in the third trimester, and 
some edema, with perhaps minimal proteinuria, may occur. Inasmuch as blood 
pressures before pregnancy are seldom known, the erroneous diagnosis of preec
lampsia is likely to be made. 

Many follow-up studies have been made of women thought to have had 
preeclampsia, and the frequency of chronic hypertension had ranged from 2% to 

more than 60%. 
The results of the long-term follow-up studies reported by Chesley and associ

ates [60], who have reexamined women repeatedly for up to 44 years after 
eclampsia in the first pregnancy, are indicative that the prevalence of hypertension 
is not increased over that in unselected women matched for age and race. Tillman 
[61] accumulated a series of 377 women whose blood pressures were recorded 
before, during, and at intervals after pregnancy. He could fmd no indication that 
normal, preeclamptic, or hypertensive pregnancies had any effect on the blood 
pressure at follow-up examination and concluded that preeclampsia neither causes 
residual hypertension nor aggravates preexisting hypertension. Interestingly, Ches
ley and co-workers [60] have identified diabetes to be 2.5-4.0 times the expected 
rate among women who previously had eclampsia. 
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8. TREATMENT OF CHRONIC HYPERTENSION 
IN PREGNANCY 

VITIORIO E. ANDREUCCI, ANTONIO DAL CANTON, and DOMENICO RUSSO 

1. INTRODUCTION 

There is still controversy as to whether mild hypertension antedating pregnancy 
has to be treated in pregnant women. Some authors are against treatment since the 
possible benefit of normalizing blood pressure is not relevant to the brief span of 
gestation [1]. Others emphasize that treatment of chronic hypertension in preg
nancy (CHP) reduces the occurrence of midtrimester abortions [2]. 

As mentioned in chapter 7, however, CHP, regardless of its cause, is a predispo
sing factor to the development of superimposed preeclampsia. Furthermore it may 
cause cardiac decompensation. Placental abruption, finally, is also more frequent 
in hypertensive pregnant women. We have therefore important indications for 
continuous treatment of essential hypertension during pregnancy. In principle, 
blood pressure equal to or greater than 140/90 must be treated. 

2. EFFECTS OF ANTIHYPERTENSIVE THERAPY ON CEREBRAL BLOOD FLOW 
AND PLACENTAL BLOOD FLOW 

Treatment of hypertension may affect both cerebral blood flow and placental blood 
flow. We know that cerebral blood flow is autoregulated, i.e., it remains constant 
for variation in mean arterial pressure (diastolic blood pressure plus one-third of 
differential blood pressure) between 70 and 150 mm Hg [3]' Above the upper limit 
and below the lower limit of this autoregulatory range, hypertensive encephalopa-
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thy and cerebral ischemia, respectively, may occur [1]. Patients with chronic 
hypertension have lower and upper limits of the autoregulatory range that are 
higher than normal [4]. Thus, chronic hypertensive patients are more tolerant of 
higher pressures but less tolerant of lower pressures than are normotensive subjects 
[1]. While treating hypertensive pregnant women, therefore, we should bear in 
mind that our aim is to reduce blood pressure to values at which cerebral blood 
flow is autoregulated. 

The placental blood flow is not autoregulated; spiral arteries, in fact, cannot 
constrict or dilate actively. Studies in experimental animals suggest that placental 
blood flow depends only on arterial blood pressure [1]. Human placenta in healthy 
women functions normally over the range of variation of systemic blood pressure 
[1]. The occurrence of maternal hypotension may cause fetal bradycardia because 
of hypoxemia. Since placental blood flow is reduced in preeclampsia and a maternal 
syndrome similar to preeclampsia may be induced in experimental animals by 
reducing placental blood flow, excessive lowering of systemic blood pressure by 
antihypertensive drugs may theoretically induce preeclampsia. 

3. CHOICE OF ANTIHYPERTENSIVE DRUGS 

In 1978, a questionnaire survey was carried out in the United Kingdom and Ireland 
to determine how obstetricians were treating pregnant women with preexisting 
essential hypertension or preeclampsia [5]. As many as 1093 obstetricians answered 
the questionnaire. It was concluded that most obstetricians were administering 
sedatives in mild hypertension and were using antihypertensive drugs in severe 
hypertension; methyldopa and diuretics were the most widely used antihyperten
sive drugs [5]. 

In reviewing the worldwide literature we conclude that there is not yet adequate 
experience with the use of all medications available today for treating hypertension 
in pregnant hypertensive women. 

Hereafter we will consider only those drugs that have been studied in hyperten
sive pregnant women. Unfortunately in most studies no distinction is made in 
testing the drugs between pregnancy-induced hypertension (PIH) and chronic 
hypertension in pregnancy (CHP). 

3.1. Diuretics 

Thiazides have been used in the past to prevent the development of preeclampsia. 
This prophylactic efficacy, however, has not been demonstrated [6]. Thus, when 
pregnant women were treated either with hydrochlorothiazide (50 mg daily) or 
with placebo during the last 16 weeks of gestation, there was no difference in the 
incidence of preeclampsia [7]. There is today a general agreement, therefore, that 
diuretics do not protect against preeclampsia [1]. 

It is still controversial, on the other hand, whether or not diuretics may cause 
damage to the mother or to the fetus or both. Thus, while some experts believe, 
as adequately proved by controlled trials, that the prophylactic use of diuretics does 
not modify perinatal mortality and that there is not an absolute contraindication 
of diuretics in pregnancy [1], others [8,9] warn about the use of diuretics because 
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of a reported increase both in complications during labor and in perinatal mortality 
[10]. 

Bearing in mind that (a) blood volume is commonly reduced not only in PIH 
but also in CHP, (b) hypovolemia seems to precede and probably cause preeclamp
sia, (c) diuretic therapy itself causes a reduction in blood volume, and (d) a decrease 
both in creatinine clearance and probably in uteroplacental perfusion has been 
demonstrated following diuretic treatment [11], in our opinion the use of diuretics 
in CHP may theoretically precipitate preeclampsia. Although not clearly stated, 
there seems to be a consensus in recent, specialized literature, because of this 
potentially dangerous effect, that the use of diuretics in pregnancy should be limited 
to emergencies, e.g., for treating left ventricular failure [1,2,8,9, 12]. We agree 
with this advice completely. 

In our opinion, even restriction of dietary sodium in women with CHP should 
be avoided for the same reasons. More than 25 years ago it was observed, in a large 
prospective study (including 2077 normal pregnant women), that the incidence of 
preeclampsia was reduced when pregnant women were placed on a high-salt diet 
in comparison with those on a low-salt diet [13]. 

3.2. Beta-adrenoreceptor blocking agents (beta-blockers) 

These drugs have been widely used in pregnancy for treating idiopathic hyper
trophic subaortic stenosis, hyperthyroidism, tachydysrhythmias, and hypertension 
[14]. 

3.2.1. Propranolol 

There are, up to now, only a few prospective studies on the use of propranolol 
in the treatment of essential hypertension in pregnancy. When nine pregnant, 
severely hypertensive women were treated with propranolol (up to 240 mg daily) 
in combination with hydralazine and a diuretic, eight out of nine pregnancies ended 
without problems for the mothers and for their newborns [15]. 

Very interesting results have been obtained in women in whom previous preg
nancies have been unsuccessful (abortions or stillbirths). One study involved 25 
hypertensive women who had had 67 pregnancies, 32 (47.8%) of which had been 
unsuccessful; treatment of hypertension with propranolol (40-160 mg daily) 
throughout the subsequent pregnancies reduced the incidence of unsuccessful preg
nancies to four out of 26 (15.4%)[16]. 

In another study, 13 hypertensive women, who had previously experienced 17 
(44.8%) out 008 unsuccessful pregnancies, were treated with propranolol (30-240 
mg daily) and hydralazine throughout the subsequent 15 pregnancies; only one 
pregnancy was unsuccessful (6.7%), ending in a stillbirth [17]. 

It has been stated that treatment of pregnant women with propranolol is fol
lowed by respiratory distress in the neonate, increased perinatal mortality, and 
neonatal bradycardia or hypoglycemia. This statement, however, is based on anec
dotal reports and on a retrospective study by chart review in which no information 
is given concerning other risk factors [18]. 

Actually, propranolol seems to be safe. No fetal malformations have been 
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reported after maternal treatment with the drug, even when therapy was started 
before conception [15, 17]. No intrauterine fetal growth retardation and, only in 
single cases, transient neonatal bradycardia or hypoglycemia have been observed 
in the few prospective studies with propranolol in which neonatal data are available 
[14, 15, 17, 19]. 

3.2.2. Oxpreno!o! 

Two major randomized controlled trials have been reported on the use of ox
prenolol in treating hypertension (diastolic blood pressure equal to or greater than 
95 mm Hg) in pregnant women. In both studies, oxprenolol was compared with 
methyldopa. In the first study [20], 26 patients were treated with oxprenolol 
(maximum daily dose, 200 mg) and 27 with methyldopa (maximum daily dose, 
1 g); in 11 patients of the oxprenolol group and in seven patients of the methyldopa 
group, the addition of hydralazine was necessary to reduce blood pressure to less 
than 80 mm Hg. The results suggested a better outcome of pregnancy in the group 
treated with oxprenolol: better fetal growth, greater placental weight, and no 
neonatal death (two neonatal deaths in the methyldopa group). [20]. 

In the second study [21],50 patients were treated with oxprenolol (maximum 
daily dose, 640 mg) and 50 with methyldopa (maximum daily dose, 3 g); in six 
patients of the oxprenolol group and in two patients of the methyldopa group, 
hydralazine had to be added to reduce blood pressure to less than 95 mm Hg. The 
results did not show any significant difference in the outcome of pregnancy 
between the two groups. In particular, birth weight, placental weight, and head 
circumference were not significantly different; there were no stillbirths in either 
group [21]. Unfortunately in both trials there was no indication of the number 
of patients with essential hypertension. 

3.2.3. Metopro!o! 

A prospective study on the effect of metoprolol in hypertensive pregnant women 
has been performed with 198 patients (about one-third had preeclampsia) who had 
been unresponsive to thiazides [22]. The patients were divided in two groups: the 
101 patients of one group received metoprolol (50-200 mg twice daily) either 
alone or (in 44 patients) associated with hydralazine; the 97 of the other group 
received hydralazine (up to 200 mg daily); the patients of both groups continued 
the thiazide throughout the study. There were 13 fetal or perinatal deaths in the 
hydralazine group and only three in the metoprolol group; no neonatal bradycardia 
or hypoglycemia was observed. Unfortunately there was no distinction in the study 
between PIH and CHP [22]. 

3.2.4. Atenolo! 

In a randomized, double-blind prospective study of 120 pregnant women with 
PIH, atenolol was compared with placebo [23]. The drug, given once daily, was 
effective in correcting hypertension at a daily dosage of 100 mg in 17 women and 
200 mg in the rest. Growth retardation, neonatal hypoglycemia, respiratory distress 
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syndrome, and hyperbilirubinemia had the same incidence in the atenolol and in 
the placebo groups. Only neonatal bradycardia was commoner in the atenolol 
newborns, without causing clinical problems [23J. 

Since uterine activity is under adrenergic control, beta-adrenergic blockade 
might enhance uterine activity and cause premature labor [24]. A large amount of 
experience with beta-blockers has been reassuring on this point [25]. Thus, no 
mention of such a side effect can be found in recent important reviews [1, 14]. 

It may be concluded that in general the maternal and perinatal outcome of 
therapy with beta-blockers is excellent. Unfortunately the available prospective 
controlled studies have been performed in heterogeneous populations including 
both essential (CHP) and pregnancy-induced (PIH) hypertension, so that we do 
not know whether the good results occur in either or both of these types of 
hypertension [14]. Moreover, the long-term effects on the growing child still have 
to be evaluated [1 J. 

3.3. Labetalol 

Labetalol is an alpha- and beta-adrenoreceptor antagonist now widely used for 
treating hypertension. It has been used in pregnancy both for emergency therapy 
intravenously and for oral long-term treatment. After intravenous injection, labeta-
101 has been shown to decrease promptly the blood pressure without causing 
maternal tachycardia, headache, or other side effects [26-29]. Even though the drug 
does not affect placental blood flow or fetal heart rate [30], it appears to cause side 
effects in newborns [31]. 

Oral labetalol has been used for treating hypertension during pregnancy. The 
safety of the drug with respect to maternal and perinatal outcome has been 
demonstrated [32]. A long-term follow-up is still needed to determine the safety 
for newborns. 

3.4. Hydralazine 
Hydralazine has been widely used to treat hypertension in pregnancy, both by 
intravenous or intramuscular administration for acute therapy and per os. The drug 
causes vasodilatation by a direct effect on peripheral arterioles. Cerebral blood flow 
and intracranial pressure will increase [33,34], thereby accounting for the frequent 
occurrence of headache. Reflex tachycardia in response to vasodilatation is also 
frequent and thus may exaggerate the physiologic hyperdynamic state of preg
nancy. Other side effects of hydralazine include restlessness, anxiety, nausea, vomit
ing, and epigastric pain that may mimic impending eclampsia [1]. 

It seems that hydralazine reduces placental function in pregnant women with 
chronic hypertension [35]. Fetuses of hypertensive women treated with hydralazine 
have been reported to be growth retarded [36,37]. Since the vasodilatation caused 
by the drug is responsible for an increase in sympathetic tone that may cause a 
reduction in placental blood flow, Redman [1] suggests using hydralazine in 
patients already on methyldopa; this may retard the sympathetically mediated 
response to the drug, thereby preventing fetal distress. 
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3.5. Calcium antagonists: nifedipine 

The contraction of skeletal, smooth, and cardiac muscle cells depends on the 
increased intracellular concentration of calcium ions. Drugs that block the inward 
calcium ion current from extracellular space are referred to as calcium antago
nists. Nifedipine is a drug with selective activity for vascular cells and therefore 
has been widely used in recent years for treating hypertension. 

Up to now there is only one report on the use of nifedipine in pregnancy
associated hypertension [38]. The drug, given in the peripartum period, resulted 
in a decrease in blood pressure by 26/20 mm Hg within 20 min; no adverse effects 
were observed in the fetuses; maternal side effects were mainly headache and 
cutaneous flushing [1, 38]' 

We should bear in mind that magnesium ions may potentiate the effects of 
calcium antagonists [39]. This is important when using calcium channel blockers 
in patients treated with magnesium sulfate for eclampsia [1]. 

3.6. Methyldopa 

Methyldopa remains the best, safest antihypertensive medication for chronic hyper
tension in pregnant women [1]. Prolonged treatment of severe hypertension with 
this drug in pregnancy has been successful [40]. Furthermore, controlled trials of 
the use of methyldopa either alone [41] or with a diuretic [42] for mild hyperten
sion in pregnancy have resulted in improved perinatal outcome. Treatment of mild 
hypertension with methyldopa also reduces the frequency of severe hypertensive 
episodes during gestation [43]. Dosage of the drug is the usual dosage recommended 
for nonpregnant patients and may vary from 750 mg to 4 g/day [1]. 

Methyldopa crosses the placenta and is found in fetal plasma [44]. Neonatal 
blood pressure after maternal treatment is significantly reduced, but becomes nor
mal within the first five days of life [45]. 

The results of long-term follow-up on the effects of maternal therapy with 
methyldopa on the growth and development of children have been reported 
recently [46]. As many as 195 children born to hypertensive women, half of whom 
had been treated with methyldopa (in a randomly control trial of methyldopa 
therapy) [41], were followed from birth for up to 711z years. No significant 
differences were observed between the children in the treated and untreated groups 
in standing and supine blood pressures or in mean intelligence quotients, despite 
a reduction in head circumference in sons of women who entered the trial between 
weeks 16 and 20 of gestation [46]. 

4. CONCLUSION 

In our opinion, women with chronic hypertension (all forms of systemic hyperten
sion preceding gestation) have to continue their antihypertensive treatment when 
they become pregnant. Special attention in the choice of drugs is, however, 
necessary. 

Methyldopa remains the drug of choice, being the safest for both mother and 
child. Hydralazine may be used, preferably in association with methyldopa. 
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Beta-blockers and labetalol seem to be safe, but require further controlled trials 
and long-term follow-up. 

Ganglion-blocking agents are undesirable; they may cause meconium ileus in the 
fetus. 

Low-salt diets and diuretics should be avoided, since they may further decrease 
the already reduced blood volume. Diuretic therapy may be useful in an emergency 
(e.g., cardiac failure). 

Despite a questionnaire survey carried out in 1978 in the United Kingdom and 
Ireland that has shown that 21.1 % of 1093 obstetricians would continue clonidine 
when a patient with moderately severe hypertension becomes pregnant, no trial has 
been reported in recent literature concerning efficacy and safety of this drug. 

Calcium antagonists in pregnancy deserve further evaluation. Experience with 
captopril (the converting-enzyme inhibitor) in pregnant women is still lacking. 
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9. PROTEINURIA DURING PREGNANCY 

PRISCILLA S. KINCAID-SMITH, ROBYN A. NORTH, GAVIN J. BECKER, and 

KENNETH F. FAIRLEY 

1. PATHOPHYSIOLOGY OF PROTEINURIA DURING PREGNANCY 

In healthy nonpregnant adults, 30-130 mg of protein is excreted in the urine each 
day, the upper limit of normal being 150 mgJ24 h [1]. This consists of albumin, 
small proteins such as ceruloplasmin, and various globulins. The filtration of a 
protein molecule is dictated by a variety of factors. These include the glomerular 
capillary wall structure and charge, the molecule's size, charge and configuration, 
and hemodynamic factors. Most protein in the ultrafiltrate is reabsorbed in the renal 
tubules. The renal tubules also secrete some proteins, in particular Tamm Horsfall 
protein. The combined effect of glomerular filtration, tubular reabsorption, and 
tubular secretion determines the net urinary protein excretion. 

As there have been few studies of the pathophysiology of proteinuria in preg
nancy, we initially review the pathophysiology of proteinuria in the nonpregnant 
state. 

1.1. Mechanisms of proteinuria: structure and functional considerations in the 
normal kidney 

1.1.1. The glomerular filtration barrier 

The glomerular capillary wall consists of three layers: the endothelium, with 
multiple fenestrae (50-100 nm in diameter); the glomerular basement membrane 
(GBM) , with its central lamina densa, subendothelial lamina rara interna, and 
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subepithelial lamina rara externa; and epithelial cells, with their interdigitating foot 
processes attached to the lamina rara externa [2, 3] (figure 9-1). The gaps between 
the foot processes are bridged by slit diaphragms. The diaphragms consist of a 
central filament, with connecting parallel rods creating a series of rectangular pores 
4 X 14 nm in cross section. 

All three layers of the glomerular capillary wall carry a negative charge. The 
presence of anionic moieties in the wall has been demonstrated by electron
microscopic studies showing that cationic reagents bind to these structures [3-8]. 
This negative charge has been attributed to the presence of sialoglycoproteins and 
proteoglycan rich in sulfate groups in the cell coats, the slit diaphragm, and the 
glomerular basement membrane [5,9, 10], and results in an electrostatic barrier to 
macromolecules [11, 12]. 

The site at which this sieving occurs has been a matter of contention, confused 
by studies using tracer molecules that vary in charge as well as molecular weight 
and by conducting experiments under different hemodynamic circumstances [13-
16]. It is likely that all layers of the capillary wall contribute to the barrier, the 
depth that a molecule penetrates being influenced by both its size and charge. The 
inner GBM is probably the major site at which anionic species are retarded, whereas 
cationic molecules are predominantly retarded at the epithelial slit diaphragms [8, 
11, 17, 18]. 

1.1.2. Molecular size selectivity 

Small uncharged molecules with radii equal or below that of inulin (1.4 nm) pass 
relatively freely into the ultrafiltrate [11]. As the molecular size increases, passage 

Figure 9-1. Glomerular capillary wall: Ep, epithelial cell with foot process; GBM, glomerular 
basement membrane; and End, endothelial cell layer. 
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through the glomerular capillary wall is retarded [11, 19]. The upper limit seems 
to be around 4.2 nm, since minimal amounts of dextran, a neutral polysaccharide 
of variable molecular weight, is filtered once this size is exceeded. 

1.1.3. Charge selectivity 

Chang et al. [20] noted that glomerular permeability to albumin, which is nega
tively charged, is reduced compared with neutral dextran of the same molecular 
size (3.6 nm), while anionic dextran sulfate (3.6 nm) has a fractional clearance 
similar to that of albumin. Bohrer and co-workers [21] showed that the cationic 
dextran polymer, diethylaminoethyl dextran, has a greater fractional clearance than 
does neutral dextran. These and other studies support the theory that the electro
static interaction between the charged macromolecules and the anionic sites in the 
glomerular capillary wall play an important role in determining filtration. In 
simple terms, the negatively charged glomerular capillary wall is less permeable to 
negatively charged molecules, such as albumin, than to positively charged mole
cules, resulting in a "charge-selective barrier" [1, 11]. 

1.1.4. Molecular configuration 

Venkatachalam and Rennke [3] proposed that the molecular configuration is also 
important in filtration of macromolecules by the glomerular capillary wall. They 
found that the glomerular capillary wall was significantly more permeable to 
molecules with a flexible configuration, such as neutral dextran, than to protein 
molecules of a similar size and charge. 

1.1.5. Hemodynamic factors 

Blood flow to the glomerulus influences the filtration characteristics of the glomer
ular capillary wall. There is an inverse relationship between the glomerular plasma 
flow and fractional clearance of macromolecules. Both the size and the charge of 
the macromolecules alter the degree to which hemodynamic factors can affect 
filtration [22, 23]. 

1.1.6. Tubular protein reabsorption 

Although the glomerular capillary wall is an effective barrier, small amounts of 
protein pass into the urinary space [1, 24, 25]. Most of the filtered proteins, 
including albumin, insulin, growth hormone, vasopressin, adrenocorticotrophic 
hormone, glucagon, and parathyroid hormone, are reabsorbed and degraded within 
the tubular cells [1, 26-29]. 

1.1.7. Tubular protein secretion 

A mucoprotein, with no plasma equivalent, was reported in the urine by Tamm 
and Horsfall in 1952 [30]. It is secreted by the loop of Henle, distal convoluted 
tubules, and collecting ducts [31] and is the major protein component in urinary 
casts [32, 33]. In the nephrotic syndrome there may be a slight increase in Tamm 
Horsfall protein associated with heavy proteinuria [34]. 
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1.2. Renal damage and proteinuria 

Proteinuria is a hallmark of renal injury. It occurs either when the glomerulus fails 
to be an effective barrier, when the filtered proteins are not reabsorbed in the 
proximal tubule, or when a combination of both factors exist. In most cases, 
significant proteinuria largely results from increased glomerular permeability. 

1.2.1. Glomerular proteinuria 

In an attempt to predict the type of underlying glomerular disease, many investiga
tors have assessed glomerular permeability by using the ratio of the clearance of 
a small molecule, such as albumin or transferrin, to clearance of a large molecule, 
such as globulin. Glomerular proteinuria can thus be described as either "highly 
selective" or "nonselective" [35]. When the clearance ratio ofIgG to albumin (or 
transferrin) is less than 0.1, it is considered to be highly selective proteinuria, 
whereas it is defined as a nonselective pattern when the ratio is greater than 0.5. 
Highly selective proteinuria is typical of minimal-change glomerulonephritis in 
children, but in adults the test is much less useful and renal biopsy is required to 
establish the diagnosis [35, 36]. 

What are the underlying changes in the glomerular capillary wall that result in 
a decrease in the filtration barrier? Two major schools of thought exist, though they 
are not mutually exclusive. The first considers that the morphologic changes in 
damaged glomeruli lead to the formation of "larger pores" and hence proteinuria. 
Several other investigators [4, 5, 21, 37-39] have shown an association between 
a decrease in anionic sites in the glomerular capillary wall and the development 
of proteinuria. In renal disease models in rats, this occurs in aminonucleoside 
nephrosis [4, 5] after infusion of polycations that neutralize the negative charges 
[37-39], and in nephrotoxic serum nephritis [21, 40]. Patients with significant 
proteinuria due to glomerular disease have also been shown to have reduced anionic 
moieties in glomerular capillary walls [41]. 

Reduction in polyanions has been demonstrated in glomeruli with the morpho
logic appearance of foot process fusion [6, 39], endothelial and epithelial cell 
detachment from the GBM [6], and membranous glomerulonephritis [40]. 

In brief, loss of anion moieties in the glomerular capillary wall might have two 
major sequelae. First, there is a decrease in charge-selective barrier, resulting in 
anionic proteins, such as albumin, leaking into the urine. Second, this loss of fixed 
negative charges may actually lead to morphologic alterations in the glomerular 
capillary wall structure and development of "enlarged pores," through which 
larger proteins such as IgG may pass [12, 18]. The precipitating event resulting in 
the decrease in polyanions is a matter of conjecture at present. 

Additionally, in experimental models, coincidentally induced coagulation 
changes and hemodynamic factors may also be important [23, 24]. 

In pregnancy, glomerular proteinuria occurs in preeclampsia and in patients with 
a variety of preexisting renal diseases, including glomerulonephritis, reflux ne
phropathy, and diabetic nephropathy. 
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1.2.2. Tubular proteinuria 

Impaired tubular reabsorption of filtered protein molecules results in low molecular 
weight proteinuria. This pattern of abnormal protein excretion occurs in a diverse 
group of tubulointerstitial diseases. Tubular proteinuria is uncommon during preg
nancy and rarely causes concern. 

1.3. Proteinuria in normal pregnancy 

In normal pregnancy, there is a striking change in both renal blood flow and 
glomerular filtration rate (GFR), which both increase by 25%-50%, reaching a 
maximum during the second trimester. This increase in GFR is accompanied by 
a slight increase in urinary protein secretion such that proteinuria is not considered 
abnormal until it exceeds 300 mg in 24 h [43]. 

Strenuous exercise, exposure to cold, emotional stress, and postural changes can 
all potentially induce significant transient proteinuria [44]. Any of the above may 
cause increased urinary protein excretion in normal pregnant women. 

1.4. Detection and quantitation of proteinuria 

There are a variety of tests used to detect proteinuria [45]. Traditionally, checking 
for turbidity after boiling and addition of acetic acid, or the addition of sulfosali
cylic acid have been used as sensitive semiquantitative ward tests for proteinuria. 
The need for special equipment and the possibility of false-positive results (e.g., 
with turbid urine, radiologic contrast media, and some drugs) have largely lead to 
their replacement by various dipstick tests for protein that are convenient and can 
be combined with other valuable indicators (e.g., for pH, glucose, and blood). The 
dipstick are based on a color change in tetrabromophenol blue when protein is 
added, and are more sensitive to albumin than other proteins such as globulin, 
Bence Jones, and Tamm Horsfall protein. They are sensitive and semiquantitative 
over a range from about 0.05-20.0 g/liter, a similar range as with the turbidity 
tests. 

Obviously, since these are all dependent on urine concentration, their ability to 
detect significant proteinuria depends partly on the state of diuresis in the patient. 
In general, however, they are sufficiently sensitive to detect significant proteinuria 
in most cases, and are particularly reliable if first morning specimens are tested. 

The accurate quantitation of urinary protein excretion can be made on a care
fully collected 24-h specimen, a valuable investigation in patients suspected of 
renal disease, usually combined with a creatinine clearance, that will indicate 
renal function and allow estimation of the adequacy of the urine collection by 
reference to the amount of creatinine excreted per 24 h (usually 7-17 mmol/day 
in the steady state). More recently, use of the ratio between urinary albumin and 
creatinine concentrations has been recommended as a method for estimating glo
merular permeability without the need for timed urine specimens (which are 
difficult to collect) or blood tests (which also can be troublesome in obese pa
tients) [46]. 
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1.5. Investigation of proteinuria during pregnancy 

When proteinuria is detected in a pregnant woman, a 24-h urine protein level 
should be measured. It is important to remember that in preeclampsia the level of 
proteinuria may vary markedly from day to day. The aggressiveness with which 
proteinuria is investigated in pregnancy depends on the gestation at presentation 
and the presence or absence of hypertension. A woman presenting prior to 20 weeks 
with proteinuria, with or without hypertension, is more likely to have underlying 
renal disease than is a primigravida presenting late in the third trimester with 
proteinuria and hypertension. 

Pregnant women with proteinuria should have a careful clinical assessment for 
evidence of renal disease or essential hypertension. In particular, blood pressure, 
weight gain, and the presence of edema should be noted. Investigations including 
blood urea and uric acid, creatinine clearance, careful urine microscopy, and urine 
culture should be performed. In measuring blood pressure and renal function, one 
needs to take into account the fact that normally blood pressure falls during 
pregnancy, particularly in the second trimester, and the glomerular filtration in
creases during pregnancy. If the GFR fails to increase, this may indicate significant 
renal disease. In some cases, renal ultrasound, single-exposure intravenous urogra
phy, or other renal imaging may be required to define the lesion. 

It is becoming increasingly clear that, not only the distinction among various 
forms of glomerulonephritis usually requires renal biopsy, but also that in many 
cases the distinction among preeclampsia, preeclampsia in a patient with glomerular 
disease, and worsening of glomerular disease can be difficult to determine without 
tissue diagnosis. 

In most situations in the second and third trimesters, a biopsy result will not 
influence management, and hence the biopsy is usually postponed until six months 
after delivery, when the pregnancy-related changes will have largely resolved. 
When a woman presents with significant proteinuria in early pregnancy, however, 
and has evidence of an underlying glomerulonephritis on urine microscopy, our 
usual practice is to do a renal biopsy to guide us in our management. In our 
experience with over 300 renal biopsies during pregnancy, the only complication 
was macroscopic hematuria in one patient, which resolved spontaneously. 

2. PROTEINURIA RELATED TO PREECLAMPSIA 

In 1827, Richard Bright [47] boiled a teaspoon of urine from patients with edema 
and discovered "albuminous urine." The obstetrician, John Lever [48] wrote in 
1843, "I particularly noted the great similarity that presented in her appearance and 
that of patients labouring under anasarca with the 'morbus Brightii' and it was with 
this in view that we proceeded to examine the condition of her urine. We extracted 
the urine from the bladder by catheter and found it to be highly charged with 
albumin. . . . I was led to suppose that the albuminous condition of the urine 
depended upon some transient cause, probably connected with the state of gestation 
itself." In 1843, Simpson [49] simultaneously taught on puerperal convulsions and 
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the presence of albuminous urine. They are jointly acknowledged for identifying 
this as a separate entity occurring in pregnancy, and not just a manifestation of 
nephritis. 

Since then, preeclampsia (gestational hypertension and proteinuria) has become 
a well recognized complication of pregnancy, but the signs of preeclampsia occur 
in several separate disease processes. They occur in "true idiopathic" preeclampsia, 
which is generally considered a first-pregnancy phenomenon, resolving with deliv
ery and not associated with long-term maternal morbidity. Proteinuria and hyper
tension also occur in pregnant women with underlying essential hypertension and 
in women with renal disease. In this second group, increased proteinuria may occur 
as a consequence of the normal physiologic changes of pregnancy, as a result of 
superimposed preeclampsia, or as a consequence of coincidental increased renal 
disease activity. 

In women with preeclampsia the underlying pathologic process cannot always 
be identified on clinical grounds. Fisher et al. [50] found that, of 176 women 
considered "toxemic" during gestation, only 76% of the primigravidas and 24% 
of the multigravidas had the isolated lesions of preeclampsia on renal biopsy. In 
a recent prospective study [51], 59 women with severe preeclampsia prior to week 
37 were carefully investigated postpartum. Underlying renal disease was found in 
60% of both the primigravida and multiparous patients. 

Difficulty in separating the different patient groups on clinical grounds has meant 
that they are often studied collectively, which this has lead to considerable confu
sion in the literature. 

2.1. Pathophysiology of proteinuria in preeclampsia 

The proteinuria related to preeclampsia is glomerular in origin and has been found 
to be of intermediate or poor selectivity [52-56]. The urinary protein pattern has 
not been shown to be useful as a predictor of underlying renal disease or chronic 
hypertension in an individual woman with preeclampsia [50, 52, 55, 57]. 

Fisher et al. [50] presented data showing the severity of proteinuria correlated 
with the severity of the renal lesion in patients with preeclampsia. The morphologic 
changes occurring in the glomerulus and contributing to the defective filtration 
barrier in preeclampsia will be discussed later. 

To our knowledge, no studies on the "charge" characteristics of the glomerular 
capillary wall in preeclampsia have been reported. It is well established [58] that 
vascular reactivity is increased in preeclamptic women compared with normal 
pregnant women. This may result in fluctuations in renal blood flow, which in tum 
may alter the effective filtration barrier in the glomerulus. 

2.2. Clinical characteritics of proteinuria in preeclampsia 

Significant proteinuria in pregnancy has been defined by the Committee on Termi
nology of the American College of Obstetricians and Gynecologists as either a 
urinary protein concentration of greater than 0.3 g in 24 h or greater than 1 gjliter 
in a random sample. Occasionally, normal pregnant women may develop this 



140 9. Proteinuria during pregnancy 

degree of proteinuria and, at least from a researcher's point of view, this level may 
be too low and a 24-h urinary protein of 0.5 g may be more appropriate. 

Usually mild to moderate proteinuria occurs in preeclamptic patients, but heavy 
proteinuria (up to 20 g/24 h) may occur [59-61]. In 1970, Studd et al. [62] 
suggested that preeclampsia was the commonest cause of nephrotic syndrome in 
pregnancy. This has been confirmed by Fisher and colleagues [50,59], who review
ed postpartum renal biopsies from women with proteinuria in the nephrotic range. 

Characteristically, the degree of proteinuria in preeclampsia fluctuates markedly 
from day to day [63, 64]. It has been proposed that this results from alterations 
in the renal blood flow [65]. Proteinuria may also fluctuate with the level of phys
ical activity, diminishing during rest and increasing with normal daily activities. 

Proteinuria usually develops after week 20, although in an occasional patient, 
glomerular lesions, virtually diagnostic of preeclampsia, may be seen in renal 
biopsies carried out before week 20. Early onset of preeclampsia is more likely to 
indicate underlying renal disease or some other predisposing factor, such as a twin 
pregnancy. Proteinuria is a late manifestation in the course of preeclampsia. Chesley 
[65] studied 206 primiparous women with eclampsia and found that 58.2% pre
sented with hypertension and 33.6% with hypertension and proteinuria, and that 
proteinuria preceded hypertension in 8.2%. 

2.2.1. Relationship to hypertension and edema 

No correlation has been found between the degree of proteinuria and the severity 
of the hypertension [59, 66, 67]. Similarly, Friedman and Fox [68] found no 
definite relationship between the level of proteinuria and the presence of edema. 

2.2.2. Proteinuria in eclampsia 

Eclampsia is usually associated with moderate to heavy proteinuria, but Chesley 
[65] found that 2.5% of 199 women showed no proteinuria in the day or two 
before they convulsed. In a few women, initially admitted to hospital with preec
lampsia, the proteinuria had decreased to a trace by the time they had seizures. 

2.3. Clinical investigation in preeclampsia 

2.3.1. Serum protein levels 

Maternal serum protein concentrations are altered in preeclampsia. Albumin, trans
ferrin and IgG are lower than in normal pregnancy and macroglobulin and lipo
proteins are elevated [69]. The serum albumin of the fetus is maintained even in 
the presence of severe maternal hypoalbuminemia, but hypogammaglobulinemia 
can occur. 

2.3.2. Urine microscopy 

As with other features of preeclampsia, there is marked variability in the urinary 
microscopic fmdings among individuals with preeclampsia. The red blood cell 
count is often elevated, and a glomerular pattern of bleeding (figure 9-2), as 
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Figure 9-2. Morphologic features of glomerular and nonglomerular hematuria. (a) Glomerular 
bleeding-dysmorphic urinary red cells with gross variation in size and shape (phase-contrast 
microscopy). (b) Nonglomerular bleeding-uniform size and shape (2-3 populations only) of 
urinary red cells (Phase-contrast microscopy). 
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described by Fairley and Birch [70], is seen. In a recent review of 60 preeclamptic 
patients in our institution, five of whom had glomerulonephritis on renal biopsy, 
45% had microscopic glomerular hematuria, with a median count of 16,000 
cells/ml. Hyaline casts are common, many may be granular, and occasionally red 
blood cell casts are seen in women who on follow-up after pregnancy have no 
evidence of an underlying glomerulonephritis. Other findings include fat particles 
(a nonspecific marker of glomerular damage) and an occasional oval fat body. 
Usually there is gradual resolution of these urinary microscopic fmdings over three 
months after delivery, but occasionally diminishing microscopic hematuria and fat 
particles may persist for months. 

2.3.3. Renal biopsy: the glomerular lesions in preeclampsia 

There are some differences in findings by different groups in relation to morpho
logic changes in glomeruli that accompany preeclampsia. This is surprising because 
the changes are striking and can be recognized at a glance by an experienced 
pathologist. The changes that we have described previously [71-75] have been 
largely confirmed by some authors [76, 77] but not by others [SO]. Certain aspects 
of the glomerular lesion, such as endothelial cell swelling and vacuolization with 
foam cell formation, have been much more prominent in some series [7S, 79]' The 
timing of the biopsy could well affect this, and a postpartum biopsy, in our 
experience, is more likely to show this change. Many of the biopsy series in which 
it is best recorded were done at this time, during resolution of the lesion, rather 
than at the time at which the patients presented during pregnancy. 

Basement membrane changes in the acute stage can mimic those of mesangio
capillary glomerulonephritis with reduplication of the basement membrane. Even 
more characteristic is a "chain-like" lesion. These changes resolve after pregnancy 
but may take months to do so. The swelling of endothelial cells originally described 
as a lesion in preeclampsia [79] was subsequently shown to be a mesangial cell 
change [76]. In our experience this change is more prominent during resolution 
of the glomerular lesion. 

A very characteristic change is the presence of subendothelial and mesangial 
deposits of fibrin or fibrin-like material [71-73]. Sheehan [7S] failed to fmd these, 
perhaps because his studies were carried out on autopsy material when postpartum 
fibrinolytis could have occurred. 

Granules in epithelial cells within the Bowman space have been recognized more 
recently as a feature of preeclampsia [74, 75] (figure 9-3). The percentage of 
glomeruli showing these cells correlates well with the degree of preeclampsia 
(figure 9-4) and hence probably with the degree of proteinuria in preeclampsia. 
These cells are rarely seen, however, in patients with proteinuria in pregnancy 
unless preeclampsia develops (figure 9-5). They are also not seen in biopsies done 
at a time remote from the episode of preeclampsia and are rare in other forms of 
proteinuria. They may closely resemble the peripolar cells described by Ryan et 
al. [S1], which are a prominent feature in a toxemia model in pregnant sheep [S2]. 
These cells appear to secrete droplets into the Bowman space and may well have 
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Figure 9-3 Granulated epithelial cells. A glomerulus in a biopsy taken four days after delivery 
from a patient with membranous glomerulonephritis. A granulated epithelial cell (arrow) is 
present in a peri polar situation (Silver Masson). 
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Figure 9-4. Granulated epithelial cells in preeclampsia----correlation with severity. The histologic 
severity of preeclampsia correlates with the percentage of glomeruli with granulated epithelial 
cells. Also shown are the results in second biopsies from 15 of the 22 patients with preeclampsia 
taken at a time remote from the pregnancy, and those of patients with rroteinuria in pregnancy. 
Granulated epithelial cells were rarely observed except in the context 0 preeclampsia. PET, 
preeclamptic toxemia. 
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Figure 9-5. Granulated epithelial cells in clinical preeclampsia. Blind histologic evaluation of 
biopsies taken during pregnancy from patients with and without clinical evidence of 
preeclampsia. PET, preeclamptic toxemia. Only one biopsy from a patient without clinical 
evidence of PET showed any granulated epithelial cells and these were present in only 20% of 
glomeruli in this biopsy. 

a secretory role rather than an absorptive one as would be expected if they were 
so-called hyaline resorption droplets. 

2.4. Proteinuria and fetal outcome in preeclampsia 

Several studies have shown that the presence of proteinuria has an adverse effect 
on fetal outcome [59, 60, 67, 83-85]. Lin et a1. [85] found that proteinuria of 3.5 
g/24 h or greater was associated with intrauterine growth retardation, but the role 
of prolonged hypertension in these patients was not clear. Studd and Blainey [60] 
reported that, in women with the nephrotic syndrome, maternal hypoalbuminemia 
correlated with low birth weight. 

Proteinuria, with or without edema, is associated with a significant increase in 
perinatal death rate [67,83]. The presence of hypertension with proteinuria results 
in a further increase in perinatal mortality. Friedman and Neff [84] analyzed the 
perinatal mortality in 38,000 pregnancies and found that the presence of 1 + 
proteinuria occurring with a diastolic blood pressure of 85 mm Hg or greater was 
associated with higher fetal mortality (rate ratio of fetal mortality, 7.2). This was 
nearly double that occurring in patients with 2+ proteinuria alone (rate ratio, 4.1) 
or only a diastolic blood pressure of 95 mm Hg or greater (rate ratio, 4). Lin et 
al. [85] reported increased perinatal mortality in women with hypertension and 
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heavy proteinuria, particularly if on renal biopsy the underlying lesion was preec
lampsia not glomerulonephritis. On the other hand, women with nephrosclerosis, 
who were hypertensive but rarely had heavy proteinuria, usually had a successful 
fetal outcome. 

2.5. Resolution postpartum 

To our knowledge there are no adequate prospective studies reporting the resolu
tion of proteinuria related to preeclampsia after delivery. In general, however, 
there is considerable variation between individuals but, in patients with "true 
idiopathic" preeclampsia, our usual experience is that proteinuria resolves over a 
few days to two weeks, often associated with a diu!esis. If the patient has under
lying renal disease, the level of proteinuria may decrease in the postpartum pe
riod, but may not completely resolve. As mentioned previously, the renal biopsy 
abnormalities associated with preeclampsia may take several months to resolve 
completely. 

3. PROTEINURIA AS A MANIFESTATION OF UNDERLYING RENAL DISEASE 

3.1. Idiopathic glomerular disease 

Glomerular disease is by far the commonest form of renal lesion in the community. 
Urinary erythrocytes of the type that occur in glomerular disease are found in over 
6% of healthy subjects [86]. Few screening studies of populations have been done 
and followed by renal biopsy, but what evidence is available suggests that 2% of 
normal subjects have glomerulonephritis [87]. In two centers where biopsies are 
frequently performed, underlying renal disease has been noted in 41% [88] of 
patients with preeclampsia and glomerulonephritis was detected in 38% of patients 
with proteinuria detected during pregnancy [89]. There was no particular "selec
tion" in either series and these figures suggest that almost half the women presenting 
with preeclampsia or with proteinuria (including preeclampsia) during pregnancy 
have underlying renal disease, most commonly glomerulonephritis. 

The types of glomerular disease in a consecutive series of 123 patients who 
presented with proteinuria in pregnancy [89] are shown in table 9-1. The two 
commonest lesions were membranous glomerulonephritis (19%) and focal and 
segmental proliferative glomerulonephritis (17%). Only three of 47 patients had 
diffuse mesangial proliferative glomerulonephritis which, in an age-matched group 
of women biopsied in this unit, is by far the commonest lesion (table 9-2). 

This difference in frequency of focal and segmental lesions in biopsies carried 
out during pregnancy is better illustrated within one group of patients with 
glomerulonephritis, namely, those with mesangial IgA nephropathy [90]. Table 9-3 
shows that the percentage of biopsies showing focal and segmental lesions is far 
higher in biopsies carried out in women during or immediately after pregnancy 
than in other women. Most of these segmental lesions were those of hyalinosis and 
sclerosis, a relatively infrequent (10%) lesion in nonpregnant women with mesan
gial IgA nephropathy. This finding suggests that focal and segmental glomerular 
lesions appear during pregnancy in patients with mesangial IgA nephropathy. We 
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Table 9-1. Glomerulonephritis in patients presenting 
with proteinuria in pregnancy [89] 

Minimal lesions 
(previous history available) 

Membranous 
Diffuse proliferative 

Endocapillary 
Mesangial 
Mesangiocapillary 

Focal and segmental 
Proliferative 
Hyalinosis 
Sclerosis 

Other 
Familial 
Lupus 

Total 

Number 

4 

9 

2 
3 
6 

8 
6 
2 

2 
5 

47 

Table 9-2. Morphologic classification of women, aged 
15-40 years, with glomerulonephritis biopsied 1982-1983 

Number 

Minimal abnormalities 24 
Membranous 22 
Diffuse Proliferative 

Endocapillary 4 
Mesangial non-IgA 104 
Mesangial IgA 78 
Mesangiocapillary 12 

Focal and Segmental 
Proliferative 2 
Hyalinosis and sclerosis 17 

Other 
Familial 3 
Lupus 50 

Total 316 

Percentage 

9 

19 

4 
6 

13 

17 
13 
4 

4 
11 

100 

Percentage 

8 
7 

1 
32 
25 
4 

1 
5 

1 
16 

100 

have also observed this in biopsies performed during pregnancy in other forms of 

glomerulonephritis (figure 9-6). 
The origin of these lesions is uncertain, but they closely resemble "hyaline 

thrombi" seen in lupus nephritis where they are the result of intravascular coagula
tion. There is other evidence of activated intravascular coagulation in pregnancy 
[91-93] and this may well be the result of this. At times these glomerular thrombi 
seen during pregnancy are frankly fibrinoid. 

The course of pregnancy in patients with idiopathic glomerulonephritis is re-



Table 9-3. Focal and segmental hyalinosis and sclerosis in 
biopsies in women with mesangial IgA nephropathy [90] 

Focal and segmental hyalinosis 
No focal and segmental hyalinosis 

Total 

Chi square = 21.52; p < 0.005. 

Biopsies during 
pregnancy and early 
postpartum Period 

8 
4 

12 

147 

Other 
biopsies 

6 
61 

67 

corded in surprisingly small numbers of patients. The three largest series are the 
54 patients reported by Katz et al. [94], our own series of 105 patients [75], and 
the recent study by Surian et al. [95], which included 66 patients with primary 
glomerulonephritis. The forms of glomerulonephritis in these series are presented 
in table 9-4, where clearly somewhat different histologic classifications exist, mak
ing comparison difficult. 

The outcome in pregnancy in these studies is summarized in table 9-5. These 
studies indicate a higher proportion of patients in our series in whom deterioration 
in renal function occurred during pregnancy. It is not surprising that the results 
are different in these studies, since they reflect differences in patient selection. Our 
patients are largely referred when renal problems arise during pregnancy whereas, 

Figure 9-6. Focal and segmental hyalinosis. The lesions of focal and segmental hyalinosis 
(arrow) seen at four months of pregnancy in a woman with underlying membranous 
glomerulopathy. Such lesions were not seen in a biopsy taken two years before pregnancy and 
had largely resolved by ten weeks postpartum (PAS). 
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Table 9-4. Morphologic categories of glomerulonephritis in pregnant women 

Katz et al. [94] Melbourne [75] Surian et al. [95] 

Diagnosis Patients Pregnancies Patients Patients Pregnancies 

Minimal change 
(lipoid nephrosis, 3 6 2 2 
Katz et al.) 

Focal and segmental 
proliferative 12 26 13 
(non-IgA) (focal 
glomerulonephri-
tis, Katz et al.) 

Focal 1 1 19 25 
glomerulosclerosis 

Diffuse mesangial 
proliferative 26 33 47 
(non-IgA) (diffuse 
glomerulonephri-
tis, Katz et al.) 

Mesangial IgA 1 1 25 21 29 
Membranous 7 10 11 7 8 
Mesangiocapillary 
(membranoprolifer-

ative, Katz et al., 
S urian et al.) 
Type I 3 3 5 14 18 
Type II 1 1 4 1 1 

Acute 2 2 
glomerulonephritis 

Total 54 81 105 66 85 

in the other studies, approximately 30% of patients had known preexisting renal 
disease. Katz et al. [94] included women who had renal biopsies as a routine 
follow-up to preeclampsia and in none of the 70 pregnancies in which renal 
function was measured before conception was the mother's plasma creatinine 
concentration greater than 124 J.Lmolfliter (1.4 mg/dl). It is likely that our group 
is biased toward patients with more severe underlying renal disease. 

If we extracted the details of the course of pregnancy in the thousands of women 
with glomerulonephritis who attend our department, we suspect the results would 
be even better than those recorded by Katz et al. [94]. An example of this is shown 
in table 9-6 in which we record the details of pregnancies in all women with 
dense-deposit disease seen in our unit over 20 years. Very few problems arose 
during pregnancy. 

3.2. Systemic lupus erythematosus (SLE) 

This increasingly common disease particularly affects young women; hence proba
bly more has been written about pregnancy in lupus than in any other renal 
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condition. Our experience, last summarized over ten years ago [96], is that there 
is little risk of pregnancy in quiescent lupus, either to the baby or the mother. The 
corollary is that, if lupus nephritis is adequately managed before patients become 
pregnant, they do well. On the other hand, pregnancy in the presence of active 
renal disease is dangerous for both mother and child. 

Proteinuria is one of the more common features of SLE, which should be 
considered if systemic illness, such as joint pains and rashes, or microhematuria and 
impaired renal function are also found. Diagnosis depends on demonstration of 
circulating antinuclear antibodies, but a renal biopsy is frequently necessary to 
determine the severity and nature of the renal lesion, since the glomerular lesions 
seen in SLE are extremely varied. With treatment, even florid lesions can be healed 
before or even during pregnancy. High-dose steroids (on the order of 1 
mg/kg/ day) are the mainstay of treatment, though in exceptional cases we have 
combined this with plasma exchange, antiplatelet agents, heparin, and cytotoxic 
agents during pregnancy (figure 9-7). 

In the last few years, several large series of patients with SLE and lupus 
nephropathy in pregnancy have provided valuable information on the effect of SLE 
on the fetus and the mother [97-103]. 

3.2.1. Effect of lupus nephropathy on the fetus 

The fetal outcomes in four large recent series [97-100] are shown in table 9-7. After 
exclusion of therapeutic abortion, the fetal survival varies from 74% to 85%. In 
patients with inactive disease, only a slight reduction in the likelihood of a 
successful outcome can be shown [97], with fetal survival rates of 88%-100%. 
However, clinical activity prior to conception results in a decrease in fetal survival 
to 73%-75% with spontaneous abortion, prematurity, and stillbirth all contribut
ing to poor fetal outcome. 

Similarly, diagnosis in pregnancy or the early postpartum period was associated 
with a reduction in live births in all series, with a successful outcome in 57%-75% 
of pregnancies. 

Some studies have investigated the link between proteinuria, impaired renal 
function, and fetal loss. Hayslett and Lynn [97] found 50% fetal loss in patients 
with plasma creatinine levels of 133 fLmol/liter (1.5 mg/dl) or more, while Fine 
et al. [98] reported 46% fetal loss if creatinine clearance was less than 100 ml/min. 
Fine et al. [98] also found that proteinuria in excess of 300 mgt day was associated 
with a reduced fetal survival of 62%. Importantly, Hayslett and Lynn [97] sepa
rately analyzed patients with heavy proteinuria (> 3.0 g/ day) with and without 
severe renal impairment. There were nine live births among ten nephrotic gravidas 
with a serum creatinine of 133 fLmolfliter (1.5 mg/dl) or less, and only two live 
births among five uninterrupted pregnancies in patients with nephrotic syndrome 
and impaired renal function. The authors commented that this was in keeping with 
previous studies showing a good prognosis for nephrotic syndrome in pregnancy, 
providing hypertension and renal insufficiency are absent. 

Surprisingly, in these large reviews, heart block in the neonate, a known compli-
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Figure 9-7. Diffuse proliferative lupus glomerulonephritis in pregnancy. (a) Severe mixed 
diffuse proliferative and membranous glomerulonephritis at 26 weeks of pregnancy in a woman 
with SLE on no treatment for two years. Proteinuria and edema noted at eight weeks. (b) 
Resolution of proliferative changes in repeat biopsy six days after delivery of a live baby at 33 
weeks. Treatment had been with high-dose prednisolone, plasma exchange, and antiplatelet 
agents (PAS). 
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Table 9-6. Complications of pregnancy in dense-deposit disease [75]' 

Number of 
pregnancies 

14 

Hypertension 

11/11 

Deterioration b 

in function 

0/14 

Increase inc 
plasma urate 

1/14 

'Seven of our total experience of 16 women with dense-deposit disease experienced 14 pregnancies. 
bRise in plasma creatinine to > 110 fLmol/liter (> 1.24 mg/dl) or by > 20 fLmol/liter (> 0.23 
mg/dl). 
CRise in plasma urate to >8.4 mg/dl (>0.5 mmol/liter). 

Table 9-7. Fetal outcome in pregnancy in patients with SLE 

% Fetal survival 
(therapeutic abortions excluded) 

SLE 

Preexisting SLE diagnosed in 
Pregnancies Therapeutic pregnancy/ All 
(patients) abortions Overall Active Inactive postpartum patients 

Hayslett and 65 (47) 11% 76 73 88 63 74 
Lynn 
(1980) 
[97] 

Lieb (1981) 58 (44) 22% 78 
[98] 

Jungers et al. 35 (23) 14% 87 75 100 57 80 
(1982) 
[99] 

Varner et al. 38 (31) 11% 88 75 85 
(1983) 
[100] 

cation of SLE [104], was very uncommon. The relationship between abortion and 
the presence oflupus anticoagulant, which has recently been highlighted [105], was 
also not revealed. Clearly, further prospective studies into the true incidence of 
heart block and the relationship between lupus anticoagulant and fetal loss are 
required. 

3.2.2. Effect oj pregnancy on SLE 

It has long been known that pregnancy is likely to be associated with an exacerba
tion of SLE and lupus nephropathy. Recent series confirm this. Moreover they 
correct an earlier impression that the postpartum period was the only time of risk 
since, in many cases, SLE first became clinically apparent or was increased in 
activity during pregnancy. 

Hayslett and Lynn [97] found that an exacerbation occurred in 32% of pregnan
cies in SLE begun during clinical remission. Most exacerbations occurred during 
pregnancy. In patients with clinically active disease during the six months before 
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conception, 48% deteriorated, 40% remained unchanged, and 12% improved. SLE 
was first diagnosed during pregnancy in a further 19% of their patients. Overall, 
48% of pregnancies were associated with clinical deterioration. They commented, 
however, that in some cases this apparent worsening may have been partly due to 
increased proteinuria, with the increased GFR of pregnancy. 

The Necker Hospital (Paris) group [99] also found a high frequency of disease 
exacerbation with pregnancy. Worsening occurred in 27% of patients in remission, 
47% of patients with disease activity, and 26% of their cases first presented during 
pregnancy or the postpartum period-remarkably similar figures to those reported 
by Hayslett and Lynn [97]. Overall, 66% of their patients diagnosed before or 
related to pregnancy experienced an exacerbation of disease again, most commonly 
during pregnancy. 

The UCLA series [98] highlighted postpartum (24-72 h) exacerbations includ
ing skin rash, fever, and arthritis that occurred in 31 % of patients not receiving 
steroids and much less frequently (9.5%) in patients treated during late pregnancy. 
They therefore endorsed a previous recommendation [106] that high-dose steroids 
during the delivery and three weeks postpartum are important. 

Imbasciati and his group [103] drew attention to acute anuric renal failure 
occurring after delivery. They reported three healthy women who developed 
proteinuria and hypertension in late pregnancy, then worsened after delivery with 
anuria, fever, leukopenia, and thrombocytopenia leading to the diagnosis of SLE. 
Six of the 19 patients in their series had severe postpartum exacerbations, usually 
before the diagnosis and effective treatment had been established. 

Follow-up of the 47 patients of Hayslett and Lynn [97] over a mean of 8.9 years 
from the onset of the disease (at a mean age of onset of 20.4 years) revealed only 
five (10.6%) of the patients either dead or in renal failure. This overall survival 
compares favorably with other studies of lupus nephropathy, suggesting that 
pregnancy in most women did not deleteriously affect the overall prognosis. 

3.2.3. Summary 

Our experience and the picture in the literature is therefore as follows: 

1. If good remission of SLE has been achieved for at least six months prior to 

pregnancy, a successful outcome should result. However, exacerbation during 
pregnancy is common and requires adequate treatment. In our hands, high-dose 
steroids, anticoagulation and, in occasional cases, plasma exchange and im
munosuppression have been used. The benefits of the treatment outweigh poten
tial disadvantages to the fetus or mother. 

2. Pregnancy should be deferred in patients with active disease until good clinical 
remission has been achieved, since high fetal losses occur in this group. Persistent 
impairment of renal function (plasma creatinine exceeding 133 fLmol!liter (1.5 
mg! dl) is indicative of a likely poor fetal and maternal outcome. 

3. There is a subgroup of women in whom SLE is first diagnosed in pregnancy. 
If they are inadequately treated, fetal and maternal survival can be poor. Postpar
tum exacerbation in inadequately treated cases can be catastrophic. 
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3.3. Reflux nephropathy 

Proteinuria is a common manifestation of this disease in adults, being found in 
approximately 45% of adult women at presentation [107]. The disorder, alterna
tively termed chronic atrophic pyelonephritis, is one of the commonest renal 
diseases in the community, yet few studies have addressed its relationship to 
pregnancy. Since the underlying abnormality, vesicoureteric reflux, is congenital, 
the disease always antedates pregnancy; yet nearly 20% of affected women first 
present with pregnancy-related symptoms, usually urinary infection, proteinuria, 
or hypertension [107]. It is, in fact, the commonest underlying lesion in patients 
with bacteriuria in pregnancy [108]. 

A high proportion of women with reflux nephropathy experience pregnancy
related complications. In our early series of 37 women with the disease [109] who 
had experienced 85 pregnancies, 59 (69%) of these were complicated, usually by 
urinary tract infection (UTI), hypertension, proteinuria, or edema. 

Ifhypertension and UTI are controlled adequately, pregnancy has no permanent 
deleterious effect on the vast majority of patients with this disease. 

We have found that, in the presence of impaired renal function, however, 
pregnancy can lead to acceleration of renal functional deterioration. In a ten-year 
prospective study of reflux nephropathy in adults [107], We observed six pregnan
cies extending beyond 12 weeks in women whose plasma creatinine concentration 
exceeded 200 /tmol/liter (2.25 mg/ dl). All six experienced rapid renal functional 
deterioration, despite adequate control of blood pressure, resulting in end-stage 
renal failure in four within two years of delivery. A similar group of 14 women 
with plasma creatinine concentrations between 200 and 400 ,u,moljliter (2.25 and 
4.50 mgj dl) experienced slow renal functional decline, with the exception of four 
patients who developed accelerated hypertension related to noncompliance or loss 
from follow-up. In the absence of pregnancy or accelerated hypertension, none of 
ten patients reached end-stage renal failure in less than seven years. 

The reason for the deleterious effect is unclear, although there are several 
possibilities. We have previously suggested that the vascular lesions, such as those 
which occur in postpartum renal failure and may be seen in preeclampsia [71-75], 
might contribute to this rapid deterioration. This would help to explain continued 
deterioration after delivery before such lesions had time to resolve. More recently, 
it has been suggested that pregnancy might accelerate the focal and segmental 
glomerular hyalinosis and sclerosis lesions seen in reflux nephropathy [110]. Cer
tainly, acceleration of this lesion may occur in IgA glomerulonephritis [92] and 
in the primary form of focal glomerular sclerosis [111]. If so, it is possible that 
the so-called hyperfiltration seen in pregnancy with enhanced renal perfusion and 
glomerular filtration might contribute. 

3.4. Diabetic glomerulosclerosis 

Though there are many studies of pregnant diabetics, less is known of the effect 
()f pregnancy on diabetic glomerulopathy. Up to 45% of insulin-dependent diabet
ics excrete more than normal amounts of albumin in the urine, though this is 
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usually not detectable with routine screening tests [112]. This has been termed 
microalbuminuria [112, 113] and has been shown to be associated with a 20-fold 
increased risk of developing diabetic nephropathy [114]. 

Deckert et al. [115] have proposed that the initial event leading to increased 
albumin excretion is a reduction in the charge-selective barrier, due to a decrease 
in glomerular basement membrane sialic acid [116] and heparin sulfate [117]. This 
is consistent with the finding that reversible micro albuminuria occurs in patients 
with poor diabetic control [118, 119]. 

These factors may contribute in part to increased proteinuria in pregnant insulin
dependent diabetics, but renal hemodynamic changes of pregnancy must also be 
important. The latter are particularly relevant in women with significant diabetic 
glomerular sclerosis, where the increased glomerular filtration rate may aggravate 
the "hyperfiltration" already present. 

The most comprehensive study on the course of pregnancy in women with 
clinical diabetic nephropathy is that reported by Kitzmiller et al. [120]. Of the 35 
women studied, four had spontaneous abortions and five had elective abortions. In 
most of the remaining 26 women, proteinuria significantly increased during preg
nancy, exceeding 6 g/24 h in 58%; 23 women were followed up after delivery, 
and proteinuria halved in 64%, remained unchanged in 32%, and increased in 4%. 
Jovanovic and Peterson [121] found a similar increase in proteinuria during preg
nancy in eight women with diabetic nephropathy, though in all the proteinuria 
returned to prepregnancy levels after delivery. 

Kitzmiller's group [120] did not report prepregnancy creatinine clearance levels, 
but found no deterioration from the first to the third trimester in 16 out of 17 
women. A total of 23 women who had continued their pregnancies past weeks 24 
were followed up after delivery. Although most had stable renal function, three 
progressed to severe renal failure within 1-2 years. All three had elected to continue 
their pregnancy despite hypertension, low creatinine clearance « 70 ml/min), and 
azotemia at the onset of gestation. A further two of the six women who aborted 
early with low creatinine clearance, hypertension, and azotemia progressed to 
end-stage renal failure within two years. Jovanovic and Peterson [121] reported 
no decrease in renal function in any of eight women, all of whom had creatinine 
clearances of 45-70 ml/min prior to pregnancy. It is likely that their plasma 
creatinine levels would have been close to the normal range. 

In neither study did perinatal outcome correlate with severity of proteinuria 
alone. Kitzmiller et al. [120] found a poorer perinatal outcome, however, when 
severe proteinuria was associated with hypertension and markedly impaired renal 
function. 

3.5. Polycystic kidney disease 

Although this disease is uncommon, it is responsible for 5%-10% of patients 
entering maintenance dialysis-transplant programs [122, 123] and accordingly has 
been well studied. Although severe proteinuria is uncommon, trace amounts at least 
are usually present. The diagnosis can be made easily, even in pregnancy, by 
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abdominal palpation, family history, and finally renal ultrasound revealing multi
ple bilateral cysts. 

Studies of patients with polycystic kidney disease (PCK) suggest that the major
ity experience few problems, and patients with normal renal function commonly 
experience several pregnancies before the PCK disease is detected, hence perpetuat
ing this genetic condition. A recent survey by Milutinovic and colleagues [124] 
retrospectively compared 76 women with PCK with 61 women with a family 
history of PCK, but normal kidneys. They found no significant impairment of 
fertility in the PCK group. Not surprisingly, however, patients with PCK were 
more likely to be hypertensive and to experience complications in pregnancy (37% 
compared with 13% of controls). OfPCK patients, 32% were hypertensive before 
or during pregnancy (6% of controls) and, of these, 20% first became hypertensive 
in the third trimester. Preeclampsia occurred in two (3%) of the PCK patients and 
none of the controls. No apparent effect of pregnancy on the natural history of 
PCK was observed, since increased numbers of pregnancies were not associated with 
a higher incidence of renal failure. It is important to realize that their study group 
was detected by screening relatives of patients with PCK and no mention is made 
of renal function at the time of the pregnancies, hence most patients probably had 
good renal function at the time of the pregnancies. 

Since the disease is usually characterized by slow renal functional deterioration, 
any evidence of rapid deterioration related to pregnancy is of interest. We have 
reported acceleration of renal functional impairment from a blood urea of 130 
mg/dl to 380 mg/dl (217 mmol/liter to 635 mmol/liter) and end-stage renal 
failure related to pregnancy in a patient with PCK [125]. A survey of the literature 
reveals only two other patients with PCK and severe renal functional impairment. 
In the first [126], a patient with a plasma creatinine of330 JLmol/liter (3.73 mg/dl) 
at week 20 of gestation, delivered a live baby, though creatinine clearance fell from 
30 to 20 ml/min and remained at that level four months postpartum. The second 
patient in the series from Katz and his colleagues [94] had a maximum plasma 
creatinine of 220 J.Lmol/liter (2.50 mg / dl) at some stage in pregnancy, a postpartum 
plasma creatinine of 190 JLmol/liter (2.15 mg/dl) postpartum, and did not reach 
end-stage renal failure until six years later. 

On such scanty information it is difficult to give any conclusion, but overall it 
appears that, even in the presence of significant functional impairment, women 
with PCK usually tolerate pregnancy well. 

3.6. Analgesic nephropathy 

Analgesic nephropathy usually does not become clinically evident until middle life, 
hence is uncommonly associated with pregnancy, although we have seen patients 
presenting with pregnancy-related bacteriuria. Because the analgesics may have 
other toxic effects on the conceptus, both through direct toxicity and alteration of 
prostaglandin metabolism, a variety of effects such as infertility, postmaturity, 
preeclampsia, and congenital abnormality have been described in patients taking 
excessive quantities. 
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3.7. Scleroderma 

The dramatic adverse effect of pregnancy on renal scleroderma is sufficient to 
warrant discussion of this rare disease. Johnson and his colleagues [127] reported 
deterioration in the systemic manifestations of scleroderma in 39% of cases. If renal 
scleroderma is present, the outlook is even more grave with malignant hypertension 
and rapid deterioration in renal function usually occurring [128]. The fulminating 
malignant hypertension that occurs is associated with intrarenallesions that closely 
resemble idiopathic postpartum thrombotic microangiopathy. The prognosis is so 
grave that termination should be considered at the first sign of renal abnormality 
in pregnant patients with scleroderma. 

4. PREGNANCY IN PATIENTS WITH KNOWN RENAL DISEASE 

In most cases, renal disease should not be regarded as a contraindication to preg
nancy. The general consensus is that, in the absence of hypertension or significant 
renal functional impairment, pregnancy poses few risks to the mother and only a 
slight risk to the fetus. However, an occasional woman will follow an unpredict
able course during pregnancy and the postpartum period, leading to permanent 
renal impairment. 

The presence of renal functional impairment should be regarded as a major risk 
factor. In our experience, patients with reflux nephropathy and plasma creatinine 
concentrations exceeding 200 }-tmol/liter (2.25 mg/dl) commonly suffer severe 
renal functional decline during pregnancy and pursue an accelerated postpartum 
course toward end-stage renal failure. Grossman and colleagues [129] found that 
25% of patients with plasma creatinine concentrations exceeding 1.4 mg/dl (124 
}-tmol/liter) suffered an irreversible decline in renal function during pregnancy. On 
available information it would seem wise, therefore, to give a very guarded 
prognosis to women with renal functional impairment who wish to become 
pregnant. Active SLE and scleroderma are two multisystem diseases where preg
nancy is contraindicated. 

4.1. Management of pregnancy 

The vast majority of patients with renal disease who become pregnant have good 
renal function and are normotensive. They often develop reversible complications 
during pregnancy, however, and need close observation. Women with impaired 
renal function and / or poorly controlled hypertension should be advised of the 
increased risks of fetal loss and possible acceleration of their renal disease. If these 
women decide to continue with their pregnancy, they need joint supervision by 
obstetrician and nephrologist. The single most useful measure is the maintenance 
of good blood pressure control, even if this requires long periods of hospitalization 
for rest and adjustment of medications. Renal function should be monitored 
carefully, using plasma urea and creatinine, creatinine clearance, and the plasma uric 
acid concentration. The latter is an especially needed measurement in pregnancy, 
since it often rises early in the course of preeclampsia, probably due to enhanced 
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tubular reabsorption. Urine microscopy is repeated frequently in patients with 
abnormal sediment and, in all patients, urinary protein excretion should be moni
tored. In patients with renal impairment, anemia can be troublesome and we readily 
transfuse such patients, keeping the hemoglobin above 10 gjdl. 

At some stage during pregnancy the patient may develop worsening blood 
pressure, proteinuria, and j or rising blood urea, creatinine, and uric acid. Clearly, 
if the pregnancy has progressed to fetal viability, this constitutes an indication for 
delivery. The dilemma occurs in patients in whom this syndrome occurs earlier in 
pregnancy, since it is usually progressive and results in fetal loss. 

In patients in whom termination is not to be carried out, we have used systemic 
heparin therapy [130] and plasma exchange in successful attempts to prolong 
pregnancy in this situation [131, 132]' 

5. FOLLOW-UP OF PATIENTS WITH PROTEINURIA IN PREGNANCY 

Since the proteinuria and hypertension associated with preeclampsia usually resolve 
postpartum, it is essential that in all cases adequate postpartum recovery is docu
mented. Should either persist beyond several months, detailed investigation for 
underlying renal disease is warranted, particularly if further pregnancies are con
templated. Other indications for postpartum investigation include recurrent preec
lampsia, early-onset preeclampsia, and persisting abnormalities of the urinary sedi
ment. 

In most cases, we defer detailed investigation for approximately six months, 
presuming there is no postpartum renal functional impairment. This is compatible 
with the care of the neonate by the mother and also allows substantial resolution 
of both the pyelographic dilatation seen in pregnancy and the renal biopsy changes 
attributable to preeclampsia that can cause confusion in diagnosis. We find renal 
biopsy a good indicator of the likelihood of hypertension in subsequent pregnan
cies. Prominent vascular lesions are particularly useful in this regard [72, 74]. 
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10. ACUTE RENAL FAILURE IN PREGNANCY 

NATHALIE PERTUISET, DOMINIQUE GANEVAL, and JEAN-PIERRE GRUNFELD 

1. INTRODUCTION 

In the 1960s, obstetric acute renal failure (ARF) accounted for a substantial 
percentage of all cases of ARF, but there is compelling evidence that the incidence 
and the severity of pregnancy-related ARF have been declining steadily in industri
alized countries during the last decade. This decline certainly reflects both the 
virtual disappearance of septic abortion and the improvement of prenatal care. In 
contrast, in nonindustrialized countries, both the incidence and the severity of ARF 
in pregnancy are still high. This chapter reviews the frequency of ARF in preg
nancy, as well as clinical and pathophysiologic aspects of its causes and manage
ment, including the recently described, severe idiopathic postpartum renal failure, 
which is still poorly understood. 

2. INCIDENCE 

Estimates of the incidence of ARF in pregnancy in the 1960s were one case per 
1400 [1] to 5000 deliveries [2]. At that time, ARF complicating pregnancy repre
sented as much as 24%--40% of all cases of ARF [3,4]. In recent years, a dramatic 
decrease in the incidence of ARF in pregnancy has been observed in industrialized 
countries. Pregnancy-related cases accounted for only 4.5% of all cases recorded 
in the last decade by Chapman and Legrain in France [4]. Similarly, Lindheimer 
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et al. [5] reported that, in over 20,000 deliveries from 1973 to 1983, no patient 
has required dialysis. From their experience and that of others, they estimate that 
the current incidence of ARF in pregnancy is less than one case per 10,000 in 
Western countries [5]. Thus, the incidence of severe ARF requiring dialysis during 
pregnancy does not currently seem to be very different from that found in the 
general population, where it is estimated to be about 30 per million in Western 
European countries [6]. Gravidas should not be considered as a group more at risk 
for ARF than nonpregnant women. The marked decline of pregnancy-related ARF 
in most developed countries may be attributed to liberalized abortion laws and to 
better prenatal care. In developing countries, however, obstetric ARF still has a 
high incidence, reaching 22% in northern India [7]. 

The frequency distribution of ARF in relation to the duration of pregnancy is 
bimodal with two peaks at the end of the first and the third trimesters, respectively 
[8]. The former occurs at week 16 and is (or was) mainly due to septic abortion, 
whereas the latter, which occurs at week 38, has several causes, including primarily 
eclampsia and uterine bleeding. In the 1960s, Smith et al. [8], in their analysis of 
70 obstetric patients with ARF, noted that the first trimestrial peak accounted for 
60% of all obstetric ARF and the later for the remaining 40% [8]. In industrialized 
countries, however, these percentages have now changed: the number of cases of 
postabortum ARF have declined while those occurring in late pregnancy have 
risen. In addition, in last decade, attention has been focused on a third group of 
patients who suffer rare idiopathic postpartum renal failure one day to 12 weeks 
after delivery. 

3. PROGNOSIS 

The low mortality rate in pregnancy-related ARF as compared with nonobstetric 
ARF has been emphasized in most series. The average maternal mortality in 25 
series published between 1950 and 1979 and reviewed by Finn [9] has been 
estimated as 16.8% with no difference between the first and the last decades of 
the study. Nevertheless, such mortality remains unacceptable if one considers the 
young age of this previously healthy population. In addition, the high risk of 
chronic renal failure due to the high incidence of bilateral renal cortical necrosis 
(BRCN) among the survivors must also be underlined. Recent data, however, 
from the National Maternity Hospital in Dublin showed a decline in the inci
dence of both abruptio placentae and BRCN during the past decade in pregnant 
women [10]. Acute cortical necrosis was observed in only one among 80,000 
deliveries between 1971 and 1980 compared with 1 in 10,000 deliveries between 
1961 and 1970 [10]. None of the patients died [10]. Ontheotherhand,idio
pathic postpartum renal failure, which often leads to irreversible renal failure, has 
been recognized by Robson et al. [11]. In obstetric ARF as a whole, the mortality 
rate is higher for the fetus than for the mother, with a high incidence of abortion 
and stillbirth. For example, among 52 cases of prepartum ARF referred to Necker 
Hospital in Paris from 1957 to 1979, there were 24 fetal deaths and six maternal 
deaths [12]. 
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Pregnancy is accompanied by morphologic and functional changes in the urinary 
system, by significant and complex alterations in volume homeostasis and by 
coagulation disorders. A substantial number of these changes should protect preg
nant woman from ARF, whereas others may be predisposing. These alterations may 
influence the susceptibility to and the severity of acute renal failure in pregnancy 
and are of interest for our understanding of the pathogenesis and for the manage
ment of pregnancy-related ARF. 

4.1. Renal morphologic and physiologic changes 

The kidneys enlarge during pregnancy, probably due to increase in both vascular 
volume and interstitial space. Major morphologic changes involve the calices, renal 
pelves, and ureters. These structures undergo dilation and their peristaltic activity 
decreases as early as the third gestational month. Ureteral dilation has been at
tributed by some investigators to hormonal effects on smooth muscle while others 
regard mechanical obstruction as the major cause [13]' These alterations leading to 
urinary stasis may contribute to the propensity of pregnant women to develop 
upper urinary tract infection. Obstructive ARF secondary to enlarged uterus has 
also been reported in normal pregnancy. Renal hemodynamic changes begin 
shortly after conception. Both glomerular filtration rate (GFR) and renal blood 
flow increase from 30% to 50% above nonpregnant values [13]. These changes may 
protect gravidas against ARF. In certain experimental ARF, however, reduction 
of renal blood flow does not always appear as the primary event [14]. 

4.2. Volume homeostasis 

In normal pregnancy, total body water increases from 6 to 8 liters. There is gradual 
accumulation of salt and water with expansion of both plasma and interstitial fluid 
volume. This "physiologic hypervolemia" may afford protection against ARF. 
Indeed, several investigators have shown that the severity of experimentally in
duced ARF in nonpregnant animals can be attenuated by the chronic ingestion of 
a high sodium chloride diet [14]. This protection, however, appears to be related 
to enhanced natriuresis rather than to chronic volume expansion. Bidani et al. [15], 
who examined the effects of volume expansion during pregnancy on the severity 
of glycerol-induced myoglobinuric ARF in rats, observed a decrease in the severity 
of ARF during the week 3 of gestation. In addition, earlier in pregnancy a greater 
protection against ARF was obtained by saline intake. These investigators sug
gested that protection resulting from saline intake may be independent of the 
degree of volume expansion, but may depend on the associated sustained natriuresis 
in the early stage of glycerol-induced myoglobinuric ARF [15]. These alterations 
in volume homeostasis during pregnancy are accompanied by a resetting of volume 
and osmolarity controls, and healthy pregnant women respond appropriately to 
volume manipulation. 

Changes in various hormonal systems that influence renal hemodynamics and 
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control salt and water balance have also been observed. Circulating levels of renin, 
angiotensin II, and aldosterone are elevated and vessels become refractory to the 
pressor action of angiotensin II. These alterations may affect the susceptibility of 
pregnant women to ARF. There are not, however, sufficient data to invoke a 
definite pathogenic role for the renin-angiotensin system in ARF. It has been 
suggested that renal vascular angiotensin-II receptors differ from systemic vascular 
angiotensin-II receptors. The results obtained by Sicinska et al. [16] are relevant 
in this regard. They have shown that angiotensin-II administration lowered GFR 
in late pregnant, but not in virgin rats. In addition, angiotensin II produced a 
smaller increase in blood pressure in pregnant than in virgin rats [16]. These results 
suggested a hyperreactivity of the glomerular vessels for angiotensin II during 
pregnancy. In addition, Collins and Baylis [17] have recently found that angioten
sin II does not influence blood pressure and renal hemodynamics in unstressed 
pregnant rats, though in anesthetized pregnant rats angiotensin II exerts a net 
influence on renal hemodynamics [17]. There is also evidence that vasodilator 
prostaglandins increase during pregnancy, but their role in the pathophysiology of 
acute renal failure has not yet been evaluated clearly. 

Water volume is disturbed in preeclamptic women who have a significant 
decrease in plasma volume compared with healthy pregnant women, and normal 
responses to volume and sodium manipulation are altered. Vascular sensitivity to 
angiotensin II is increased and there is a decrease of both plasma levels of angioten
sin II and vasodilatator prostaglandins. These various alterations may predispose 
preeclamptic women to ARF. 

4.3. Coagulation system disorders 

Normal pregnancy is associated with an enhanced capacity to produce fibrin due 
to increased levels of factors VII, VIII, and x, and of plasma fibrinogen, whereas 
fibrinolytic activity is decreased until about 1 h after placental delivery. In addition, 
a decreased level of antithrombin III during pregnancy and parturition has been 
reported [18]. These coagulation disorders are observed especially in complicated 
pregnancy and may predispose pregnant women to ARF. Alterations in clotting 
factors consistent with disseminated intravascular coagulation (DIe) have been 
found in septic abortion, abruptio placentae, prolonged intrauterine death, and 
severe preeclampsia. Coagulation abnormalities may contribute to the propensity 
of pregnant women to develop BRCN in certain obstetric complications. In 
addition, the relationship of pregnancy to the experimental generalized Shwartz
man reaction is of interest. It is well known that only one injection of endotoxin 
can produce a typical generalized Shwartzman reaction (with renal cortical necro
sis) in pregnant rabbits and ten-day postpartum rats [19], whereas two properly 
spaced injections are required in nonpregnant animals. In most studies, however, 
DIC do not appear to be the primary event in pregnancy-related ARF. Conger 
et al. [19] have shown that, after a single endotoxin injection in ten-day postpartum 
rats, the decrease in single nephron glomerular filtration rate results from a decrease 
in both glomerular plasma flow and capillary pressure that precedes fibrin occlusion 
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of vessels. Raij et al. [20] demonstrated that the initial event of BRCN during the 
Shwartzman reaction is a specific and local effect of endotoxin on the vascular 
endothelium. This finding supports the hypothesis of thrombi formation in areas 
of endothelium damage. 

5. RENAL FAILURE IN SEPTIC ABORTION 

The dramatic decrease in the incidence of obstetric ARF in industrialized countries 
mainly reflects the virtual disappearance of postabortum ARF. In France, septic 
abortion was a major cause of acute tubular necrosis (A TN) 20 years ago, but has 
declined since 1970. Kleinknecht et al. [21], in a series of 950 patients with ARF 
admitted to their unit, observed only one case of postabortum ARF, representing 
an incidence of 0.06%. No case of postabortum ARF has been observed at Necker 
Hospital since 1978. In contrast, in less developed countries, ARF due to septic 
abortion represents a substantial proportion of obstetric ARF. In their series in 
India, Chugh et al. [7] reported that, among 72 patients referred to their dialysis 
unit for obstetric ARF, 43 cases (59.7%) were related to septic abortion. 

In most cases, abortion is deliberate. Initial symptoms (fever, vomiting, diarrhea, 
and generalized myalgias) appear suddenly a few hours to two days after the 
attempted abortion. They are rapidly accompanied by hypotension and signs of 
shock. Jaundice is often present. In severe cases, skin necrosis of the extremities has 
been described. Hemolytic anemia with indirect hyperbilirubinemia and hemoglo
binuria, leukocytosis and thrombocytopenia, and clotting-test abnormalities sug
gestive of DIC are often found. Sepsis is primarily due to gram-negative bacteria 
such as Escherichia coli. Clostridial infection is now less common but, when present, 
usually leads to severe ARF. Bacterial identification may be difficult. Blood 
cultures are negative in about 80% of the cases and cultures from the uterus are 
positive in only half of the patients [5]. The oliguric or anuric phase of ARF 
generally persists for two or three weeks. The mortality rate in developed countries 
is approximately 10%. In nonindustrialized countries such as India, however, it 
remains as high as 47.5% [7]. Death usually occurs early in the course and appears 
to be primarily due to septic complications rather than to a direct result of ARF. 
In most patients who survive, renal function rapidly returns to normal. The 
incidence of BRCN in patients with postabortion ARF is low in most series. None 
of the 52 postabortum ARF patients reported from Hammersmith Hospital (Lon
don) had BRCN [8]; similarly, the incidence of BRCN during early pregnancy 
was only 1.5% at Necker Hospital [22]. In contrast, Chugh et al. [23] observed 
an incidence of BRCN as high as 39% among patients with postabortion ARF. 

Septicemia and septic shock leading to postischemic ARF are the most common 
pathogenic factors in postabortum ARF. Intravascular hemolysis with hemoglobi
nuria and I or myonecrosis with myoglobinuria are often present in patients with 
clostridial infection. DIC is commonly found. The nephrotoxicity of abortifacient 
chemicals such as phenols and soaps often used in induced abortion has been 
emphasized. In addition, these substances may induce marked hemolysis. 

Initial management should include intensive supportive therapy for shock, im-
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mediate use of antibiotics, and dialysis. Uterine evacuation may be necessary 
because of incomplete abortion. In the 1960s, many investigators advocated early 
abdominal hysterectomy [24]. More recently, Hawkins and colleagues [25] ob
tained a favorable outcome with normal renal function recovery in 17 out of 19 
patients managed with intensive antibiotic therapy, peritoneal dialysis, and avoid
ance of surgical procedures. Indeed, modem antibiotic therapy usually eradicates 
infection from the uterus and prevents bacterial passage into the maternal circula
tion. Nevertheless, hysterectomy may be indicated in patients with necrotic uterine 
lesions that accompany abortion induced by chemicals and in the rare patients with 
uncontrolled uterine sepsis. There are no convincing data for the efficacy of 
exchange transfusions and hyperbaric oxygen therapy in clostridial infection. 

6. RENAL FAILURE IN ACUTE PYELONEPHRITIS 

Acute pyelonephritis is one of the most serious and common medical complications 
of pregnancy, affecting 1%-2% of all pregnant women [26,27]. Several cases of 
ARF associated with acute pyelonephritis have been reported [12], and it is 
currently stated that pregnant women with such infection are more prone to 
develop ARF than are nongravid women. However, the frequency of severe ARF 
occurring in this setting seems low. Volume depression from vomiting and septice
mia are probably the most important etiologic factors of ARF associated with 
pyelonephritis. In addition, acute pyelonephritis per se has an adverse effect on renal 
function in gravidas, whereas it does not alter renal function in nongravid patients. 
For instance, Whalley et al. [28], in an analysis of 130 gravidas with acute 
pyelonephritis, found a transient but marked decrease of glomerular filtration rate 
in about 20% of the cases. These authors postulated that the deleterious effect on 
renal function was related to an increased sensitivity of the renal vessels of gravidas 
to the vasoactive effect of bacterial endotoxins. Urinary stasis is probably another 
contributing factor to this detrimental effect. 

Although acute pyelonephritis rarely leads to ARF in pregnancy, the severity 
of this complication with frequent fetal death has been underlined in the earlier 
literature. Hospitalization and prompt and vigorous treatment with antibiotics and 
intravenous fluids should particularly prevent volume depletion and septic shock. 
Subsequently, close surveillance for reinfection is recommended because of the 
frequent recurrence of infection. Finally, attention should be paid to the treatment 
of asymptomatic bacteriuria since, according to Whalley et al. [29], this may 
prevent 80% of antepartum pyelonephritis. 

7. RENAL FAILURE DUE TO VOLUME CONTRACTION 

7.1. Uterine hemorrhage 

In late pregnancy, ARF frequently results from hemorrhagic complications. Ante
and postpartum hemorrhage were the major cause of ARF in late pregnancy in 
16% of the cases in the series reported by Kennedy et al. [3], and in 7% of our 
own patients [12]. Severe uterine bleeding was noted as a precipitating factor in 
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59% of the cases in the study by Smith et al. [8]. Chugh et al. [7] considered blood 
loss as a contributing factor in 79% of their obstetric ARF cases. Diagnosis of 
antepartum hemorrhage may be difficult, and the severity of the bleeding may be 
underestimated since it is often not externally obvious. The propensity of toxemic 
women to develop hemorrhagic complications has long been emphasized. It has also 
been suggested that their renal sensitivity to blood loss is higher than that of normal 
gravidas. Thus, uterine hemorrhage may contribute to the development of ARF 
in such gravidas. For example, it was a precipitating factor of ARF in 68% of 
pregnant women with hypertension (or preeclamptic women) in one large series 
[8]. Both acute tubular necrosis and BRCN may complicate uterine hemorrhage. 
However, BRCN occurs primarily in preeclamptic women and in gravidas with 
abruptio placentae and severe coagulation disturbances. In such patients, early and 
adequate blood transfusion should prevent the renal functional shutdown. 

7.2. Volume depletion secondary to sodium and water loss 

Pernicious vomiting during pregnancy may lead to severe volume depletion and 
to either severe prerenal azotemia or acute tubular necrosis. In addition, consecutive 
potassium depletion resulting in vacuolar renal tubular changes may contribute to 
renal insufficiency in this syndrome, termed hyperemesis gravidarum. ARF as
sociated with hyperemesis gravidarum may develop early or late in pregnancy. In 
one large series the onset of renal failure ranged from 14 to 32 weeks of gestation 
[30]. The etiology of this syndrome is still unclear. An organic cause for emesis 
can be found in some cases especially for late vomiting in pregnancy. Volume 
depletion may also contribute to the development of ARF in gravidas with acute 
pyelonephritis and in septic abortion. Early correction of water and electrolyte 
balance is the best prophylactic measure to prevent renal failure in these gravidas. 

8. PREECLAMPSIA-ECLAMPSIA 

Preeclampsia, a common complication of pregnancy, is characterized by hyper
tension plus proteinuria with or without overt edema. Severe preeclampsia is 
suspected when these abnormalities are severe and are associated with oliguria, 
overly elevated serum creatinine or upper quadrant abdominal pain, thrombo
cytopenia, and I or hepatocellular dysfunction. In neglected or fulminant cases of 
preeclampsia, a convulsive phase termed eclampsia may develop until 48 h post
partum. This disease affects primarily nulliparas and occurs rarely earlier than 
week 20 of gestation. Occasionally, however, preeclampsia occurs in multiparas, 
especially in women with vascular diseases including essential chronic hyperten
sion, underlying renal disease, and multifetal pregnancy. It is generally accepted 
that ARF is a frequent complication of severe preeclampsia and eclampsia. The 
exact frequency of ARF complicating severe preeclampsia-eclampsia is, however, 
difficult to assess. The incidence of preeclampsia in retrospective studies dealing 
with obstetric ARF appears to be higher than that found in prospective studies 
on eclampsia. For example, in their retrospective study, Smith et al. [8] found 
evidence of preexisting hypertension or toxemia in 62% of pregnancy-related 
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ARF in late pregnancy and these symptoms were also noted by Kennedy et al. 
[3] in 33% of their cases. Similarly, in our own series, 12 out of 57 patients with 
ARF in late pregnancy had severe preeclampsia or eclampsia [12]. In contrast, in 
recent prospective studies, Lopez-Llera and Linares [31] found an incidence of 
ARF as low as 1% in 365 cases of eclampsia, and Pritchard and Pritchard [32] 
observed only one case of ARF among 154 eclamptic women. This discrepancy 
may be explained by several factors such as age, parity, presence or not of under
lying renal disease, and/or treatment of preeclampsia-eclampsia. Indeed, in retro
spective studies, most women were old gravidas, multiparas, and furthermore 
evidence of arteriolar and arterial changes (consecutive to underlying renal vas
cular disease) was found in several cases on histologic examination. In contrast, in 
prospective studies, women are younger and in most cases nulliparas, without 
underlying disease, and preeclampsia is better managed. These data suggest that: 
(a) ARF is more frequent in older gravidas and multiparas with "superimposed 
preeclampsia" than in "truly" preeclamptic women, and (b) earlier detection and 
better management of pregnancies complicated by preeclampsia-eclampsia should 
reduce the incidence of ARF in this setting. 

The mechanisms whereby severe preeclampsia and eclampsia lead to ARF are 
not fully understood. It has been suggested that glomerular capillary obstruction 
resulting from glomerular endotheliosis leads to postglomerular ischemia and then 
to acute tubular necrosis, or occasionally to BRCN. There is no evidence, however, 
that glomerular changes are more severe and/or more diffuse in women with 
eclampsia-related ARF than in those without ARF. Tubular obstruction by in
tratubular hemoglobin casts due to intravascular hemolysis may also lead to ARF. 
Sheehan and Lynch [33] found intratubular hemoglobin casts in approximately 
20% of fatal cases of eclampsia. Myoglobinuria due to repeated grand mal seizures 
may also be a contributing factor. It should be recalled, however, that the func
tional importance of tubular obstruction in acute pigment nephropathy remains 
questioned in humans. The presence of microangiopathic hemolytic anemia in ARF 
secondary to preeclampsia was first demonstrated by Brain et al. [34], who sug
gested that the causative mechanism was intravascular coagulation resulting in 
fibrin deposition in small vessels with secondary microangiopathic lesions [34]. 
Typical lesions of microangiopathy with intraluminal arteriolocapillary thrombosis 
and fibrinoid necrosis of the vascular walls have been documented in eclamptic 
women with ARF [34]. Reduced prostacyclin production in the umbilical artery, 
in amniotic fluid, and in plasma from patients with severe preeclampsia has been 
reported and could playa role [35]. As noted above, eclamptic women have an 
increased incidence of placental abruption and blood loss as well as volume deple
tion due to sodium and water loss. These are common precipitating factors of ARF 
in such women, whose intravascular volume is already decreased. 

Preventive heparin therapy may be considered in preeclamptic multiparas in 
whom chronic vascular disease is often present and who are more susceptible to 
develop BRCN. A marked improvement in renal function has been reported with 
heparin therapy in some eclampsia-related ARF cases with thrombotic microangi-



173 

opathy [34], but the efficiency of such treatment remains controversial. Fatal 
complications of heparin therapy have been observed. 

9. ACUTE FATIY LIVER IN PREGNANCY 

9.1. Clinical and laboratory features 

Idiopathic acute fatty liver (AFLP) is the most serious hepatic disorder of preg
nancy and is often complicated by ARF. This condition, recognized by Sheehan 
[36] in 1940 as a specific disease of pregnancy and characterized by jaundice, rapidly 
progressive hepatic failure, and fatty infiltration of liver, is rare. Since its first 
description by Stander and Cadden [37] in 1934, less than 100 cases have been 
reported in the literature [38-41]. Primagravidas are considered to be the group 
most at risk [42]. An association with toxemia has been reported in 20%-50% of 
cases [38,40]. The illness usually starts during the third trimester of pregnancy or 
in early postpartum. Nausea, vomiting, and abdominal pain of sudden onset are 
the initial symptoms, which are rapidly followed by jaundice, fever, encephalopa
thy and, in severe cases, by coma due to hepatic failure. Complications such as 
severe hypoglycemia, gastrointestinal hemorrhage, pancreatitis, and postpartum 
bleeding are frequent. Hyperbilirubinemia associated with slightly elevated trans
aminase and alkaline phosphatase levels are characteristic laboratory findings. Leu
kocytosis is common and hyperuricemia is found in almost all the patients early 
in the course [41,42]. Elevated levels of serum amylase and blood ammonia have 
been reported frequently. DIC have been documented by clotting tests in several 
patients [41,43]. The incidence of ARF in this condition is high and was between 
60%-90% in most series [40,41]. Patients are frequently azotemic at the onset of 
the illness, but renal failure may occur later in the course. Renal failure is felt to 
be "functional" in most patients since urinary sodium levels are below 5 mmol/24 
h [39, 40]. Nevertheless, some cases of acute tubular necrosis have been reported. 
Maternal death is due to hepatic failure itself, bleeding diathesis, or acute pancreati
tis rather than to renal failure. 

9.2. Pathology 

The characteristic hepatic lesion consists of a diffuse cytoplasmic microdroplet fatty 
infiltration of hepatocytes sparing periportal liver cells. There is no disturbance of 
hepatic architecture. Cholestasis is often prominent. Necrosis and inflammatory 
changes are minimal or absent. Follow-up examination when obtained has always 
shown histologic recovery with progressive clearing of the fat, and return to 
normal liver structure [40, 42]. Mitochondrial ultrastructural changes including 
abundant crystalline inclusions and pleomorphism have been described [44]. 

The renal pathologic fmdings are variable. The most characteristic lesion is a fme 
fatty vacuolization of the proximal tubular cells that has been observed even in 
patients without ARF [45]. Less specific lesions have been described such as focal 
tubular necrosis and tubular regenerative changes [46]. Glomerular changes sug
gesting consumption coagulopathy such as fibrin deposition in glomerular capillar-
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ies have been rarely detected [47]. Finally, kidney structure may be normal in 
patients with ARF [38, 43]' 

Definite diagnosis of AFLP rests on hepatic biopsy. In the absence of histologic 
data, differential diagnosis includes severe preeclampsia with liver involvement, 
septicemia, viral hepatitis, and obstetric cholestasis. It should be stressed that jaun
dice is common in gravidas with ARF. In our own series, dealing with ARF in 
late pregnancy, the incidence of jaundice was 35% and AFLP was not diagnosed 
in any patients [12]. Estimation of fat liver content by comp~~ed tomography may 
sometimes be helpful in diagnosis [48]. 

9.3. Etiology and pathogenesis 

The etiology of AFLP is still uncertain. The occurrence of a similar clinical 
syndrome with nearly the same histologic features following the intravenous 
administration of tetracycline to gravidas and to nonpregnant women has long been 
known. Since the first report by Kunelis et al. [49] of "tetracycline associated" fatty 
liver of pregnancy, at least 30 cases have been attributed to tetracycline toxicity 
[41]. Several cases of AFLP have been reported, however, since the cessation of 
tetracycline therapy in pregnant women. The clinical and histologic characteristics 
of AFLP have also been observed to have similarities with Reye syndrome. 
Furthermore, studies on hepatic mitochondrial urea-cycle enzyme activities re
vealed identical deficiencies such as ornithine transcarbamylase deficiency in the 
two syndromes [44]. Finally, many authors have suggested that nutritional factors 
may contribute to the development of the disease. Experimentally, diets deficient 
in methionine and choline can produce similar histologic lesions in female animals; 
in humans, Weber et al. [44] demonstrated that AFLP was associated with general
ized hypoaminoacidemia. These data and the high incidence of twins (25%) noted 
by Burroughs et al. [40] in AFLP favor this latter hypothesis. 

The pathogenesis of ARF in AFLP is not well understood. In any case, renal 
failure appears to be a secondary event. Renal involvement may be due to volume 
depletion or shock. Acute pancreatitis has been reported as a precipitating factor 
in some cases [38]. ole may also be a contributing factor in the development of 
ARF, but histopathologic changes consistent with this hypothesis are scanty [47]. 
Finally, ARF may be related to renal hemodynamic alterations as in the so-called 
hepatorenal syndrome. 

9.4. Prognosis and treatment 

In the first reports of AFLP the mortality rate was estimated to be as high as 
75%-85% for both the mother and the fetus [50]. In the last decade, a decline in 
maternal and fetal morbidities, probably due to earlier recognition of the disease 
and improved supportive therapy, has been reported [39-41]. Subsequent pregnan
cies reported in survivors had a favorable outcome and no recurrence of the disease 
was observed [40]. The treatment of AFLP is not specific and consists basically of 
vigorous supportive and corrective measures such as hemodynamic monitoring and 
correction of hypoglycemia and of clotting defects. Renal failure is rarely severe 
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enough to require dialysis. For example, none of the three patients with AFLP 
managed at the University of Chicago Hospital required hemodialysis. Some 
authors claimed to have improved the outcome of AFLP with early delivery by 
cesarean section [40], but others found no evidence that delivery or termination 
of pregnancy affected the prognosis for the mother [41]. 

10. BILATERAL RENAL CORTICAL NECROSIS 

Since the first report tof postpartum renal cortical necrosis (BRCN) by Bradford 
and Lawrence in 18~8 [51], the predominant association of this condition with 
pregnancy catastrophes has been well documented. Obstetric complications repre
sent the main cause of BRCN in all published series, accounting for 50%-71% 
of overall cases [23, 52]. Thus, it is clear that gravidas with ARF are at a higher 
risk of BRCN than are nonpregnant women. Chugh et al. [7] in India have 
reported that 25% of all their obstetric renal failure cases had BRCN. In our own 
series, BRCN was diagnosed in 19 (33%) out of 57 gravidas with ARF in late 
pregnancy [12]. The incidence of BRCN in early pregnancy following spontane
ous or induced septic abortion appears to be low in most series. In the study by 
Smith et al. [8], none of the 52 patients with postabortum ARF had BRCN. 
Similarly, in our institution, BRCN was observed in only 1.5% of postabortion 
renal failure, which is similar to the incidence observed in the nongravid population 
with with ARF [21]. 

Renal cortical necrosis is more likely associated with obstetric complications 
occurring during the third trimester or the postpartum period. In the study by 
Kleinknecht et al. [22], BRCN was present in 21% of patients with ARF in late 
pregnancy. Abruptio placentae with either concealed or overt hemorrhage is the 
most frequent presenting event and is responsible for 50%-70% of all cases of 
BRCN [30,52]. Moreover, renal cortical necrosis is observed in about 50% of the 
gravidas with ARF complicating abruptio placentae [12, 53]. As noted above, 
however, recent data from Dublin indicate that the incidence of both abruptio 
placentae and renal cortical necrosis is declining [10]. Other obstetric complications 
associated with coagulation abnormalities such as prolonged intrauterine death, 
puerperal sepsis, postpartum hemorrhage, or amniotic fluid embolism are less likely 
to be the cause ofBRCN. In contrast with earlier literature, the incidence of severe 
preeclampsia associated with BRCN appears to be low in recent publications. For 
example, in the series we reported [12], only one out of 12 toxemic gravidas had 
BRCN. Sheenhan and Lynch [53] noted that BRCN was present in only 2% of 
gravidas with preeclampsia. In their recent study, Chugh et al. [23] noted preec
lampsia in only four of 35 patients with obstetric renal cortical necrosis. Further
more, Kleinknecht et al. [22] noted that the incidence of toxemia was lower in 
gravidas with BRCN than in pregnant women with acute tubular necrosis. It 
should be stressed, however, that in the absence of a prior history of toxemia the 
exact frequency of preeclampsia may be difficult to assess if there is no accurate 
medical history, since blood pressure is usually low or normal at presentation. 

Typically, renal cortical necrosis occurs primarily in multigravidas aged 30 years 
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or older. The diagnosis should be suspected in gravidas with or without toxemia 
when ARF develops early in the third trimester of pregnancy, especially between 
weeks 26 and 30 [22]. Complete anuria is more common than in acute tubular 
necrosis and was present in 89.4% of patients with BRCN compared with only 
11.5% of cases with acute tubular necrosis in one large series [7]. A long duration 
of anuria or severe oliguria lasting 15-20 days or more is also suggestive ofBRCN. 
Involvement of organs other than the kidney in obstetric BRCN is uncommon, 
but a few cases with pituitary necrosis have been reported [12]. Disseminated 
intravascular coagulation has been demonstrated in many patients [54], but its 
incidence is not higher than in gravidas with ARF due to acute tubular necrosis. 
Definite diagnosis of renal cortical necrosis rests on histologic examination of renal 
biopsy and/or on selective renal angiography [22]. Both methods may also provide 
information on the extent of the lesion and therefore have prognostic value. Renal 
tissue, however, may be impossible to obtain in patients with severe coagulopathy. 
Diffuse renal cortical necrosis is characterized by a complete cortical destruction 
with only a thin rim of preserved ·subcapsular and juxtamedullary tissue; at light 
microscopy, most glomeruli are necrotic. The lack of cortical nephrogram on 
arteriogram is also diagnostic. In patchy necrosis, which is expected to imply the 
best prognosis, a lower percentage of glomeruli are destroyed and the cortical 
nephrogram appears heterogeneous, with a striated aspect. In this latter type of renal 
necrosis the diagnosis may be missed by renal biopsy due to the "patchy" nature 
of the lesion, and selective arteriography may be of great value. Cortical calcifica
tions seen on x-rays are also suggestive, but they appear in only a few cases and, 
in addition, occur only after a few weeks. Finally, measures of mean renal blood 
flow by krypton or xenon washout techniques have been proposed to differentiate 
BRCN from acute tubular necrosis [22]. 

It has been stated frequently that renal cortical necrosis represents the clinical 
counterpart of the generalized Shwartzman reaction (see above). The initial event 
in the genesis of BRCN during the Shwartzman reaction is a specific and local 
effect of endotoxin on the vascular endothelium [20]. The propensity of pregnant 
women to develop BRCN has still not been elucidated. It is well known that only 
a single injection of endotoxin is required to elicit the Shwartzman reaction in 
pregnant animals. The severe clotting disorders observed in certain obstetric com
plications such as abruptio placentae or amniotic fluid embolism may playa role. 
These coagulation abnormalities are probably due to liberation of placental tissue 
thromboplastin. However, the incidence of BRCN in gravidas with ARF appears 
to be similar in women with or without DIC [54]. 

The prognosis is still poor, especially in diffuse renal cortical necrosis. In their 
recent study, Chugh et al. [23] noted maternal mortality as high as 82%. However, 
in other series from industrialized countries where supportive therapy with 
hemodialysis was provided over a long period, mortality of only 36% was found 
[12]. Partial recovery from renal failure occurs in a substantial number of patients 
after the acute episode and renal function may improve very slowly over a period 
of 1-3 years. Early recovery in the diffuse form is probably due to the recovery 
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of juxtamedullary glomeruli and subsequent improvement to a functional adapta
tion of these juxtamedullary nephrons. Nevertheless, in a significant number of 
patients, subsequent deterioration in renal function may occur in the following 
years, leading to a requirement for regular hemodialysis [22]. Hyperfiltration in 
the surviving nephrons has been incriminated as a possible cause of this phenome
non [55]. 

Transplantation has been performed in patients with terminal renal failure. A 
high incidence of hyperacute graft rejection has been observed by some authors 
[56]. Subsequent successful pregnancy has been reported [57]. 

11. IDIOPATHIC POSTPARTUM RENAL FAILURE 

11.1. Clinical and laboratory features 

Idiopathic postpartum renal failure is a syndrome of acute, rapidly progressive renal 
failure occurring shortly after an uneventful pregnancy and delivery. This rare and 
often fatal syndrome was first described by Robson et al. [58] in 1968 as "irreversi
ble postpartum renal failure," and several cases variously termed "malignant neph
rosclerosis in women postpartum" [59], "postpartum intravascular coagulation 
with acute renal failure" [60], "postpartum renal failure with microangiopathic 
hemolytic anemia" [61], "the postpartum hemolytic uremic syndrome" [62], and 
"idiopathic postpartum renal failure" [63] have been reported in the literature. 
Although idiopathic postpartum renal failure appears to be a "new" syndrome, 
cases with similar features were described occasionally before the 1960s. The exact 
frequency of idiopathic postpartum renal failure is difficult to assess because many 
reports unfortunately include women with hypertensive disorders and/or delivery 
complications. Furthermore, idiopathic postpartum renal failure occurring later 
than three months after delivery has been reported [64, 65]. As uterine involution 
occurs by three months, it is not clear whether in such cases pregnancy was 
involved, especially in women using contraceptives. 

This syndrome affects previously healthy women and may occur one day to 
several weeks after an apparently normal pregnancy and delivery. Patients usually 
present with an influenza-like illness followed by a rapidly progressive oliguric or 
often anuric renal failure. Blood pressure may be either normal or slightly elevated 
at presentation, but severe or malignant hypertension may appear during the course 
of the disease. An abnormal bleeding tendency with hematemesis, petechiae, he
moptysis, or vaginal bleeding is not uncommon. Symptoms of congestive heart 
failure are present in 30%-65% of patients [63, 66]. Generalized seizures occur in 
approximately 50% of patients [63]. 

Evidence of severe microangiopathic hemolytic anemia with anisocytosis and 
schizocytosis was noted in 70% of the cases reviewed by Segonds et al. [66]. Other 
indirect laboratory findings of hemolysis such as high reticulocyte count, indirect 
hyperbilirubinemia, and low serum haptoglobin level are common, but the Coomb 
test is always negative. In these cases with microangiopathic hemolytic anemia, the 
term "postpartum hemolytic uremic syndrome" is, therefore, appropriate. Throm-
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bocytopenia and elevated serum levels of fibrinogen degradation products have 
been noted at the onset of the illness in almost all cases. Hypocompletemia has been 
found in a few patients [66]. 

11.2. Diagnosis 

Diagnosis of idiopathic postpartum renal failure may be established after exclusion 
of other common causes of ARF such as abruptio placentae, postpartum hemor
rhage, amniotic fluid emboli, and puerpueral sepsis. 

Differentiation with thrombotic thrombocytopenic purpura (TIP) may be diffi
cult. TIP may affect women either during pregnancy or in the late puerpuerium 
[67]. The absence of hypertension and renal failure is more typical of TIP, though 
renal function may be impaired. As in TIP, intravascular thrombosis or infarction 
of several organs has been found in several autopsies of postpartum renal failure 
[60, 63, 64]. It can also be difficult to differentiate postpartum hemolytic uremic 
syndrome from severe preeclampsia with microangiopathic hemolytic anemia and 
ARF. Clinically, however, toxemia is distinguished by severe hypertension and its 
occurrence no later than 48 h after delivery. Diagnosis of malignant hypertension 
may also be considered in cases of postpartum renal failure with severe hypertension 
occurring early in the course. Finally, hemolytic uremic syndrome (HUS) may 
develop in women during hormonal contraception. Hauglustaine et al. [68], in a 
review of 52 patients with hemolytic uremic postpartum syndrome, reported that 
five women were receiving oral contraception at the onset of the disease. It is 
unknown whether these latter cases should be attributed to current oral contracep
tion or to recent pregnancy. Histopathologic changes observed in postpill syndrome 
were usually characteristic of thrombotic microangiopathy, but with more diffuse 
arteriolar changes [12]. 

11.3. Pathology 

Heterogeneous renal histopathologic changes have been described in idiopathic 
postpartum renal failure. Two types oflesions may be seen: (a) glomerular capillar
ies and arteriolar changes typical of thrombotic microangiopathy and resembling 
those found in HUS in children, and (b) vascular lesions similar to those described 
in malignant nephrosclerosis or in scleroderma with renal involvement. In the 
former, characteristic lesions are thickening of capillary walls due to endothelial 
swelling and double-contoured appearance of basement membrane due to translu
cency of the subendothelial space. This subendothelial lucent space appears to 
contain a granular material on the electron micrograph. Capillary thrombi are 
found in 50% of the cases. Similar changes are detected in arterioles and small 
arteries, i.e., fibrin deposits, endothelial proliferation, fibrinoid necrosis, and intra
vascular thrombi. In the latter type, vascular changes are characterized by subendo
thelial mucoid intimal proliferation leading to narrowing of the vessel lumen and 
necrotizing arteritis. Involvement of interlobular arteries is more frequent than in 
thrombotic micro angiopathy. Glomerular changes such as atrophy and sclerosis, 
wrinkled basement membranes, and interstitial edema and fibrosis are commonly 



179 

seen and result from ischemia. It has been hypothesized that these two types of 
lesions may represent successive stages of this disease. However, anatomic data 
available in the literature do not provide sufficient information to confirm this 
hypothesis. The two types of glomerular lesions may coexist in the same biopsy 
specimen, and ischemic changes may be seen early in the course of the disease. 
Finally, an ischemic aspect is often prominent in idiopathic postpartum renal failure 
as it is in nonobstetric HUS in adults. Immunofluorescent studies usually show 
fibrin and C3 in mesangium, capillary wall, and arterioles [66,69]. Infrequently, 
focal staining with anti-IgG and anti-IgM antisera is found [66,70]. Kincaid-Smith 
[71] has suggested that a similar primary renal lesion is involved in preeclampsia 
and in postpartum renal failure. Several authors pointed out that vascular lesions 
are of great prognostic importance in idiopathic postpartum renal failure. Morel
Maroger et al. [69] have noted that patients with a favorable outcome had signifi
cantly less severe arterial intimal thickening compared with patients with a poor 
prognosis, whereas glomerular lesions have less prognostic value [69]. A higher 
incidence of severe postbiopsy hemorrhage in patients with HUS, compared with 
patients with other types of ARF, has been reported. These complications occur 
especially in patients in whom heparin therapy is instituted early after biopsy [69], 
and in those with hypertension even in the absence of heparin therapy [64, 65]. 
Renal biopsy is necessary in patients without unequivocal HUS. Conversely, in 
patients with clinical evidence of HUS, microangiopathic nephropathy can be 
anticipated, and renal biopsy must be discussed only with regard to its value in the 
therapeutic decision. 

11.4. Etiology and pathogenesis 

Various precipitating factors or etiologic agents have been implicated in the devel
opment of idiopathic postpartum renal failure. Oxytocic drugs and placental 
retention have been considered as possible etiologic factors in some cases. Symptoms 
consistent with viral infection as in HUS in childhood were noted in some patients. 
As in TIP, nonobstetric HUS, and postpill HUS, genetic and environmental 
factors have been implicated in a few kindreds [72]. In two HLA-identical sisters, 
postpartum HUS occurred in one, and the other developed postpill HUS [73]. 

The pathogenesis of idiopathic postpartum renal failure remains uncertain. 
Similarities with HUS, TIP, eclampsia with microangiopathic hemolytic anemia 
and, finally, experimental generalized Shwartzman reaction have been repeatedly 
underlined. In addition, Conger et al. [19] demonstrated that a single dose of 
endotoxin could induce the Shwartzman reaction in rats during the postpartum 
period. Injury to endothelial cells involving glomerular capillaries and extending 
to renal arterioles appeared to be the primary event. Various mechanisms initiating 
the endothelial damage, which leads to fibrin deposition, have been proposed. It 
has been suggested that circulating endotoxins may produce the endothelial dam
age. Such substances have rarely been detected in patients with HUS. There is 
likewise no evidence that DIC is the initial pathogenic event. Local renal intravas
cular coagulation is more likely to be involved in the pathogenesis of postpartum 
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HUS and may be triggered by the hypercoagulable state present in the early 
puerpuerium. A pathogenic role for immunologic factors has also been proposed 
due to the fact that immunoglobulins and C3 deposits in renal biopsy specimens 
as well as hypocomplementemia have been reported in some patients [66]. Evi
dence, however, of an immune complex disease has not yet been supported by 
convincing data [67]. Finally, low plasma activity of prostacyclin (PGI2), a potent 
vasodilatator and inhibitor of platelet aggregation that appears important in the 
maintenance of vascular integrity, has been found in patients with HUS and TIP. 
A deficiency of plasma factor(s) stimulating vascular PGI2 activity has been sug
gested [74]. This plasma defect might be determined genetically. Further ex
perimentation is needed to delineate clearly the role of this deficiency in the 
pathogenic sequence of HUS. 

11.5. Prognosis and treatment 

In a review of 49 patients [66] with idiopathic postpartum renal failure, death 
occurred in 61 %; among the survivors, terminal renal failure occurred in 12% and 
complete recovery of renal function in only 9.5%. Improvement of renal function 
usually occurs early, but may be delayed for as long as 1112 years [66]. Hypertension 
and proteinuria are common features in patients with residual impairment of renal 
function. Finally, recurrent postpartum HUS has been reported in rare cases [75]. 

A variety of treatments have been proposed. Their efficacy is difficult to evaluate 
because of the lack of controlled trials. Conservative management by peritoneal 
dialysis or hemodialysis and antihypertensive therapy is crucial and is probably an 
important factor in improving mortality. Bilateral nephrectomy has been per
formed in some patients with uncontrollable malignant hypertension [63, 66, 69]. 
Potent antihypertensive drugs such as angiotensin-converting enzyme inhibitors 
have limited the indication of bilateral nephrectomy to rare cases. A beneficial effect 
of captopril administration on both hypertension and renal function in a woman 
with postpill HUS has been observed [76]. The usefulness of anticoagulant therapy 
is disputed. Most reports indicate a beneficial effect of this treatment. For example, 
in a review of the literature yielding 52 cases, death occurred in 40.8% and partial 
or complete recovery of renal function in 44.4% of 27 anticoagulant-treated 
patients, whereas in 25 untreated patients, 19 (76%) died and only three (12%) 
had partial or complete renal function recovery [66]. It must be stressed, however, 
that most are isolated cases and uncontrolled studies. In addition, failure of heparin 
therapy has probably rarely been published. Most authors advocate that heparin 
must be administered as early as possible in the course of the disease [63, 69]. 
Morel-Maroger et al. [69] stressed the beneficial effect of anticoagulant therapy in 
patients with mild vascular lesions. In contrast, heparin therapy is not beneficial 
in hypertensive patients andJ or in those with extensive and irreversible vascular 
and glomerular changes on biopsy specimen [69]. A beneficial effect of fibrinolytic 
therapy on renal function has not been proved. It should be recalled that several 
patients treated with heparin or a fibrinolytic agent had severe hemorrhagic com
plications [63, 69]. Antiplatelet therapy alone or combined with heparin has also 
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been tried and a beneficial effect has been reported. Complete recovery of renal 
function after infusion of antithrombin-III concentrate in an antithrombin-III
deficient women with postpartum HUS has been reported [77]. Fresh frozen plasma 
infusion and plasmapheresis have been advocated in TIP and HUS by Misiani et 
al. [78]. Webster et al. [79] also observed a beneficial effect of intravenous infusion 
of prostacyclin and of fresh frozen plasma on renal function in one case of 
postpartum HUS. Successful renal transplantation has been performed in patients 
with postpartum HUS. No recurrence of HUS in the transplant was observed in 
several patients [12, 63, 69]. 

12. MISCELLANEOUS CAUSES OF ACUTE RENAL FAILURE 

Occasionally, obstructive ARF may occur in gravidas with polyhydramios [80], 
incarcerated gravide uterus, or even in women with uncomplicated gestation [81]. 

Amniotic fluid embolism, which occurs primarily in multiparas after prolonged 
labor, may also induce ARF. Pregnant women with underlying renal disease are 
more prone to develop acute tubular necrosis even in the absence of chronic renal 
insufficiency, especially when increased blood pressure or superimposed preeclamp
sia is present [5]. 

Finally, ARF in gravidas may be caused by coincidental factors such as acute 
glomerulonephritis, drug nephrotoxicity, incompatible blood transfusions, or bac
terial endocarditis. These pregnancy-unrelated cases of ARF represent only about 
5% of all obstetric ARF. 

13. MANAGEMENT OF ACUTE RENAL FAILURE IN PREGNANCY 

Management of ARF in gravidas is the same as that in nonpregnant patients. The 
vital importance of blood replacement and even "overtransfusion" in those women 
with frequent and severe uterine hemorrhage must be recalled. Dialysis should be 
undertaken early in order to maintain urea nitrogen around 30 mgj dl. Both 
peritoneal dialysis and hemodialysis may be used in gravidas with ARF [5, 82]. 
The advantages of these two techniques are disputed. Smith et al. [8] considered 
peritoneal dialysis as the best method and stressed that "neither pelvic peritonitis 
nor enlarged uterus are contraindications." The catheter must be inserted under 
direct vision through a small incision and high in the abdomen. Nevertheless, 
hemodialysis has been used with success in several patients [12]. Preservation of a 
good uteroplacental perfusion requires a careful monitoring of fluid balance during 
dialysis. Close attention to the possibility of hemorrhagic complications due to 
heparinization is necessary. Fetal survival in gravidas undergoing hemodialysis has 
been reported [83]. 
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11. SUCCESSFUL PREGNANCIES IN WOMEN ON REGULAR DIALYSIS 
TREATMENT AND WOMEN WITH A FUNCTIONING TRANSPLANT 

SABRI CHALLAH, ANTONY J. WING, MICHEL BROYER, and GIANFRANCO 

RIZZONI 

1. INTRODUCTION 

The first child born to a patient on renal replacement therapy was delivered by 
cesarean section on 10 March 1958 [1]. The mother was the recipient of a renal 
graft from an identical twin and was not on immunosuppressive drugs. Eight years 
later, in April and September 1966, two normal children were born by spontaneous 
vaginal delivery to recipients of related living donor transplants, both of whom 
were being treated with azathioprine and prednisone [2-4]. In the following year, 
the first successful pregnancy after transplantation of a cadaver kidney occurred [5]. 
Since then, individual patients in Europe have been documented in detail [6-9] 
and a few small series described [10-14]. Experience of centers reporting to the 
Human Kidney Transplant Registry was reviewed by Goldby [15]; Nolan et al. 
[16] added two of their own patients to published information on 23 others and, 
in 1975, Rifle and Traeger [17] presented an international survey of 103 pregnan
cies in women who had been transplanted. In 1979, Rudolph et al. [18] published 
the results of a questionnaire survey of pregnancy in grafted patients that involved 
most of the renal transplant centers in North America. The 440 pregnancies they 
collected, including 40 from the literature, had resulted in 221 term and 54 
premature births. Davison [19] reviewed 1068 pregnancies in 717 patients, but there 
may have been some overlap among the series he aggregated. It has been estimated 
that one out of every 50 women of childbearing age with a functioning renal 
transplant becomes pregnant [20]. 
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The first description of pregnancy and successful delivery in a patient on chronic 
hemodialysis was by Confortini et al. [21], and subsequently further individual case 
reports have been published [22-24]. More recently, successful pregnancy in a 
woman on CAPD has been reported [25]. 

The Registry of the EDTA-ERA (European Dialysis and Transplant Associa
tion-European Renal Association) collects information on patients being treated 
by dialysis and transplantation in 32 countries, and annual reports have given a 
summary of reported live births and abortions [26]. Returns are made to the 
Registry by means of both a center and individual patient questionnaires. Since 
1978, successful pregnancies have been recorded on the center questionnaire, and 
each notification followed up with a request for further information. The data 
required include sex of child, birth weight, duration of pregnancy, feeding practice, 
presence of congenital abnormalities and, from 1982 onward, body length, head 
circumference, and immunosuppressive regimen used during gestation. A detailed 
survey of pregnancies reported before 31 December 1978 has been carried out, and 
the results on 125 births published [27]. Between 1979 and the end of 1982, a 
further 185 successful pregnancies were reported to the Registry. Results on a total 
of 310 pregnancies are presented in this chapter; only babies whose date of birth 
was given are included. 

2. NUMBER OF LIVE BIRTHS 

Table 11-1 shows the number oflive births reported to the EDTA-ERA Registry 
up to the close of 1982. Births prior to 1979 are aggregated and results are shown 
separately according to treatment status of the mother. There were 275 successful 
pregnancies in grafted patients compared with only 35 recorded on dialysis. The 
310 pregnancies resulted in 317 live births with a slight preponderance of females 
in the ratio 1.1:1 (table 11-2). 

Table 11-3 shows pregnancies reported to the Registry by country of birth; the 
prominence of the United Kingdom with a total of 116 successful pregnancies is 
undoubtedly related to its active transplant program. 

Multiple pregnancies appear to have occurred with increased frequency in 
patients with transplants [28]. Sciarra et al. [13] included one pair of twins in their 
series of 17 pregnancies in transplant recipients, and Lower et al. [29] reported 

Table 11-1. Successful pregnancies reported to the EDTA-ERA Registry up to the 
end of 1982, shown according to treatment status of mother. 

Number of successful pregnancies 

Up to end 
Mode of treatment 1978 1979 1980 1981 1982 Total 

Transplanted patients 109 30 48 44 44 275 
Dialyzed patients 16 5 2 8 4 35 

Total 125 35 50 52 48 310 
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Table 11-2. Number and sex of children born alive to mothers on the EDTA-ERA 
Registry, up to the end of 1982. 

Number of children born alive 

Up to end 
Sex of child 1978 1979 1980 1981 1982 Total 

Male 54 17 31 17 23 142 
Female 63 18 19 33 26 159 
Not recorded 14 0 0 2 0 16 

Total 131 35 50 52 49 317 

Table 11-3. Successful pregnancies notified to the EDTA-ERA Registry up to the 
end of 1982, shown according to country of treatment of the mother. 

Number of successful pregnancies 

Up to end 
Country 1978 1979 1980 1981 1982 Total 

Austria 1 1 0 1 0 3 
Belgium 5 1 4 0 1 11 
Czechoslovakia 3 2 0 2 0 7 
Denmark 4 0 3 1 2 10 
Fed Rep Germany 3 4 1 3 2 13 
Finland 9 1 0 1 1 12 
France 14 5 7 7 9 42 
German Dem Rep 2 0 0 0 4 6 
Greece 2 0 3 1 3 9 
Ireland 3 0 0 0 0 3 
Israel 2 0 0 0 0 2 
Italy 7 2 3 3 2 17 
Netherlands 1 1 2 3 2 9 
Norway 1 0 1 0 2 4 
Poland 0 0 0 0 1 1 
Spain 4 5 1 4 4 18 
Sweden 9 0 0 6 0 15 
Switzerland 4 0 1 1 0 6 
United Kingdom 47 12 23 19 15 116 
Yugoslavia 4 1 1 0 0 6 

premature twins who died. There was one set of twins among 86 births collected 
by Rifle and Traeger [17] and four in the series reported by Rudolph et al. [18]. 
The Registry has records of seven multiple births, six sets of twins and one set of 
triplets, and 12 second or subsequent babies. 

Although in the past, the Registry has recorded information on 57 therapeutic 
and 16 spontaneous abortions in women with transplants, and 45 therapeutic and 
16 spontaneous abortions in women on dialysis [26], data are no longer collected 
on incomplete pregnancies. Between 25% and 28% of all pregnancies in grafted 
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patients end in therapeutic abortion; reasons include unstable renal function prior 
to pregnancy, deteriorating renal function during pregnancy, severe hypertension, 
ureteric or ileal conduit compression, emotional instability, hereditary renal disease, 
uncertainity about maternal long-term survival, and unwanted childbirth [18, 19]. 
Rates of spontaneous abortion, stillbirth, and ruptured ectopic pregnancy are 
similar in transplanted patients to those in the normal population [18]. It has been 
estimated that 42% of all conceptions in grafted patients do not go beyond the 
first trimester [19]. 

3. COURSE OF PREGNANCY AND ITS IMPACT ON RENAL FUNCTION 

The youngest mother identified to the Registry was 19 and the oldest was a 
42-year-old dialysis patient. The interval between first renal replacement therapy 
and delivery varied greatly from nine months to over ten years, and pregnancy was 
reported more commonly among living donor than cadaveric recipients [27]. 

Information on clinical problems during pregnancy was collected in the 1978 
EDTA-ERA survey. A quarter of the mothers took antihypertensive drugs and 
the management of hypertension appeared to be particularly difficult in patients 
on dialysis. Most patients took extra hematinics, and supportive blood transfusions 
were usually required for patients on dialysis. Preeclampsia is reported in about 
30% of cases in the literature compared with only 8% of healthy subjects [18]. 
In the larger series, respiratory and urinary infections are reported as common 
occurrences [13, 30]. 

Rejection episodes do not appear to be a major problem in mothers who have 
been transplanted [18]. Among the 44 pregnancies in grafted patients reported to 
the EDTA-ERA Registry in 1982, 39 mothers were on steroids plus azathioprine 
throughout pregnancy, and one was on steroids alone; in four cases, no information 
on immunosuppressive regimen was given. In five patients the dose of azathioprine 
was reduced in the last six months of the pregnancy, and in one case the dose of 
prednisolone was lowered. The dose of azathioprine used in combination varied 
from 50 to 150 mg daily. 

Of great concern are changes in transplant function associated with the preg
nancy. Of the 125 mothers identified to the Registry before 1979, 17% had 
evidence of damage to the transplant during the pregnancy. This seems most likely 
to occur both toward the end of pregnancy and also postpartum [31]. The increase 
in glomerular filtration rate characteristic of early pregnancy is also evident in 
transplant recipients [32] and it is conceivable that this may mask deterioration of 
graft function; some authors describe a reduction in glomerular filtration rate in 
the third trimester, with return to normal after &livery, while others have found 
no change in transplant function [3, 4]. Permanent impairment of renal function 
has been noted previously during pregnancy [7] and this has been progressive in 
at least three reported patients [5, 13, 33]. 

Of the 35 children born to women on dialysis in the EDTA-ERA series, 15 
were conceived before first renal replacement therapy. Although conception and 
successful pregnancy can occur without significant residual glomerular filtration 
rate [23], most of the patients in this group have some residual renal function [17, 
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24]. Careful blood pressure control, maintenance of good nutrition, and limitation 
of predialysis blood urea levels necessitate increased hours and frequency of dialysis 
[22, 23], but the duration and frequency of treatments recorded by our correspond
ents did not appear excessively burdensome [27]. 

4. DELIVERY 

Preterrn delivery (i.e., before week 37 of gestation) occurred in 52% of our series, 
and this is consistent with other reports in the literature [19]. Of births recorded 
by the Registry, 66% were premature (i.e., less than 37 weeks of gestation and 
yielding an infant ofless than 2500 g). Intervention for obstetric reasons is common 
in this group of patients, but also premature labor has been attributed to poor renal 
function, and this may be a contributory factor in some patients [34]. Other 
maternal complications may have some influence upon the maturity of the infant, 
including preeclampsia, which was seen in 32.4% of premature deliveries and 
26.8% of term deliveries reported by Rudolph et al. [18]. Premature delivery in 
the general population is seen twice as often in patients with chronic hypertension 
or with preeclampsia. 

The mean duration of pregnancy recorded by the Registry was 35.7 weeks for 
patients who underwent transplantation and 33.2 weeks for patients who under
went dialysis. Table 11-4 shows that gestation is invariably shorter in the dialysis 
than the transplant group. 

The incidence of cesarean section is high in mothers on renal replacement 
therapy, and has been reported as 25% [19]; in the 1978 Registry survey, 47% of 
recorded deliveries were by this route. 

The transplanted kidney does not usually produce mechanical problems during 
delivery, but Rudolph et al. [18] reported six cases out of 440 pregnancies where 
labor was obstructed by the graft. 

5. THE INFANTS 

5.1. Birth weight 

The mean birth weight of children born to transplanted and dialyzed mothers in 
the Registry's series is shown in table 11-5. For grafted mothers, the average birth 
weight is consistently above 2500 g, for dialyzed mothers consistently below. 

Table 11-4. Mean duration of pregnancy in weeks for births 
reported to the EDTA-ERA Registry up to the end of 1982, shown 
according to treatment status of the mother. 

Mean duration of pregnancy (weeks) 

Treatment Up to 
status 31.12.78 1979 1980 1981 1982 

Transplanted 35.0 (105) 36.4 (28) 36.0 (46) 36.0 (44) 36.3 (42) 
(n) 

Dialyzed (n) 33.3 (14) 34.3 (4) 34.0 (2) 31.9 (8) 34.3 (8) 

All years 

35.7 (265) 

33.2 (32) 
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Table 11-5. Mean birth weight, in kilograms, of children born to mothers on the 
EDTA-ERA Registry, shown according to treatment status of the mother. 

Treatment 
Mean birth weight (kg) 

status Up to 31.12.78 1979 1980 1981 1982 All years 

Transplanted 2.5 (103) 2.6 (28) 2.6 (43) 2.6 (43) 2.6 (43) 2.6 (265) 
(n) 

Dialyzed (n) 1.9 (12) 1.8 (4) 1.6 (2) 1.7 (8) 1.8 (4) 1.8 (30) 

Rudolph et al. [18] studied the relationship between birth weight and the interval 
between transplantation and delivery; they showed that the percentage of term 
deliveries with normal weight (i.e., 37 weeks and weighing over 2500 g) was 
greatest in those who gave birth two years or more after transplantation. In this 
group, over 80% of term infants had birth weights over 2500 g, compared with 
73% of those born 1-2 years after transplantation, and only 46% born within a 
year of grafting. This finding is not substantiated in the Registry's results: 78% 
(80 of 102) of term infants born two or more years after transplantation had normal 
birth weight compared with 76% (16 of 21) of those born within two years of 
grafting. Both full-term infants born within a year of transplantation weighed in 
excess of 2500 g. 

The mean body length and mean head circumference of the infants, which were 
recorded for the first time in 1982, were 47.9 and 32.5 em, respectively. 

5.2. Chromosomal and genetic abnormalities 

Regular information about chromosomal studies was requested by the Registry for 
the first time in 1982. In only two cases had studies been performed; in one child 
there was a translocation abnormality, found also in the mother. In the 1978 survey, 
16 children had undergone chromosomal analysis and chromatid breaks were 
discovered in two. Out of 16 children studied elsewhere, 11 were found to have 
structural chromosome abnormalities [6,35,36], which had usually disappeared by 
one year of age. 

The congenital abnormalities reported to the Registry are shown separately for 
transplanted and dialyzed mothers in tables 11-6 and 11-7. In total, 14 abnormalities 
in 12 children were recorded. Pulmonary artery stenosis and ureterovesical stenosis 
have been reported elsewhere in the literature [18]. Congenital abnormalities do 
not appear to occur with increased frequency in the children born to mothers on 
renal replacement therapy compared with the general population. 

In large doses, azathioprine is teratogenic in mice and rabbits [37] but not rats 
[38], so that the risk of modest doses taken by patients with stable renal function 
(about 2 mg/kg daily) may not be excessive. Transplant patients studied in 1978 
who gave birth to children with congenital abnormalities were found to be taking 
a significantly higher daily dose of azathioprine than those who had normal 
children [27]. Although congenital abnormalities result from very large doses of 



Table 11-6. Congenital abnormalities 
described in children born to transplanted 
mothers on the EDT A-ERA Registry. 

Congenital abnormalities (transplanted mothers) 

Plagiocephaly with neurologic damage 
Congenital heart disease 
Bilateral pes equinovarus 
Cerebral palsy (frontal hemangioma) 
Hypospadias 
Anal atresia 
Agenesis of the thumb 
Pigeon chest 
Strabismus 
Hydrocephalus 
Medullary cystic disease 
Ureterovesical stenosis 

Table 11-7. Congenital abnormalities 
described in children born to dialyzed 
mothers on the EDTA-ERA Registry. 

Congenital abnormalities (dialyzed mothers) 

Malformation of the nasopharynx 
Pulmonary artery stenosis 
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steroids in experimental animals, the consensus is that the risk to the fetus from 
the doses used after transplantation is small [9, 10, 39]. There is only one report 
of a pregnancy in a transplant patient taking cyclosporin [40]. 

The effects of maternal immunosuppression on the fetal immune system include 
lymphoid and adrenal hypoplasia [29], thymic aplasia, and adrenal insufficiency 
[11]. Congenital cytomegalovirus infection recorded in one of our patients has 
been reported elsewhere in the literature [41]; the virus has been implicated as a 
cause of later mental retardation [42]. Hepatitis-B antigenemia may be a hazard 
in pregnancies of transplant recipients [43]. If the patient is an asymptomatic carrier, 
the risk of the baby becoming antigen positive is very low compared with 75% 
in the presence of acute hepatitis in late pregnancy or within a few months after 
delivery [44]. Hepatitis-B immunoglobulin given prophylactically to neonates 
immediately after birth has been shown to prevent the carrier state in 75% of 
newborns [45]. 

5.3. Breast feeding 

Of the children reported to the Registry, 29 were breast fed. In 1981, 23% of the 
mothers breast fed their infants, compared with only 8.2% in 1982, and around 
16% in 1979 and 1980. The concentration of azathioprine and its metabolites in 
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breast milk is low [46], but there is no information on the long-term effect of breast 
feeding in these patients on which to base sound advice. 

5.4. Subsequent course 

The only enquiry that the Registry has so far made about the subsequent history 
of children born to patients on renal replacement therapy has been about survival 
at four weeks. Of 157 children on whom we have this information, five were 
dead at four weeks; the deaths all occurred prior to 1982, when cause of death 
was first requested. In the survey carried out by Rudolph et al. [18], 216 out of 
217 children who survived the neonatal period were alive and well in 1979, the 
oldest aged ten years. It is the hope of the Registry to follow up its records of 
children born to transplanted and dialyzed patients, and already a cooperative 
study is being planned to look at the incidence of malignancy in this very special 
group of people. 

6. CONTRACEPTIVE ADVICE 

In 1979, the Registry enquired about the provision of contraceptive advice to 
women on renal replacement therapy. Among 752 centers in Europe treating 
women of child-bearing age, only 11 % gave contraceptive advice to all women; 
a further 46% counseled some of their patients. The most popular stated method 
of contraception was the oral contraceptive pill, followed by intrauterine devices, 
and the condom. In view of the real danger of unwanted pregnancy in transplanted 
women, with the attendant risks to the graft, it is surprising that so few units offer 
contraceptive advice routinely. It should clearly be policy to do so. In the same 
way, transplanted patients who want children must be counseled about the risk they 
take upon themselves and upon their unborn children. That pregnancy is possible 
with a graft demonstrates the high quality of life achieved on renal replacement 
therapy. 
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12. PREGNANCY FOLLOWING RENAL TRANSPLANTATION 

ISRAEL PENN 

1. INTRODUCTION 

As the results of kidney transplantation continue to improve, greater numbers of 
patients with chronic renal failure are being rehabilitated. An important aspect of 
this process is restoration of sexual function and the opportunity to become a parent 
should one so desire. In this chapter, we discuss sexual function before and after 
transplantation and the risks of pregnancy to the mother and the fetus. This study 
is based on one of the largest series in the world of pregnancies produced by male 
and female kidney transplant recipients followed at a single institution, the Univer
sity of Colorado Medical Center (Denver), by the author and his colleagues [1-5]. 
Where necessary, these data are supplemented by additional information obtained 
from the published literature. 

2. SEXUAL FUNCTION BEFORE AND AFTER TRANSPLANTATION 

2.1. Males 

Chronic renal failure is frequently associated with sexual dysfunction [5, 6]. Loss 
of libido and impotence occurred in 48% of men in one large series studied [7]. 
During maintenance dialysis therapy, only 8% had improvement in sexual func
tion. In some patients, sexual function improves after restoration of satisfactory 
renal function by transplantation but, in others, sexual dysfunction may persist or 
even develop de novo [6]. In several series, impotence was present in 22%--43% 
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of transplant patients [3, 7-9]. Organic causes of impotence that have been blamed 
include operative interference with penile blood flow or nerve supply, decreased 
plasma zinc levels, decreased serum hormone levels, poor allograft function, and 
side effects of corticosteroid and antihypertensive drugs [6]. Psychogenic factors 
may also play an important role [6]. Depression and anxiety decrease sexual 
activity, as does the poor self-image of the patient whose body has been drastically 
changed by surgery and corticosteroid therapy. Chronically ill men who adopt 
roles they consider to be feminine may feel unable to resume male sexual roles. 
Occasionally, a man who has received a woman's kidney feels that he is part woman 
inside and can no longer function as a man. Some patients may feel that transplanta
tion is a form of castration, while others fear that intercourse will damage the 
transplanted kidney (which is placed low down in the iliac fossa). Whatever the 
cause, impotence is a source of great distress to the patient, and a number of 
marriages have terminated as a result of it. Occasionally it is possible to improve 
potency through a reduction in dosage of corticosteroid or antihypertensive drugs 
or by the administration of testosterone. Rare patients have improved marital 
relations after the surgical insertion of a permanent indwelling penile prosthesis. 
Sexual dysfunction therapy, on the other hand, is still underutilized. 

Another problem has prevented parenthood in a small number of male patients. 
In the early years of transplantation it was routine practice in many medical centers 
to divide the spermatic cord when obtaining exposure in the iliac fossa for insertion 
of the kidney allograft. When this was done bilaterally, as in patients who needed 
two or more transplants, the patient was left sterile. This was not a problem in the 
early years of transplantation when patient survival was a few weeks or months. 
As long-term survivals were attained and parenthood became a possibility, we 
recommended that every effort be made to preserve the spermatic cord [10]. This 
procedure is now widely practiced. 

2.2. Females 

Sexual dysfunction occurs in 26% of females with chronic renal failure [7]. They 
experience loss of libido, anovulatory vaginal bleeding, or amenorrhea. During 
maintenance dialysis therapy, only 6% experience improvement in sexual function. 
As a result, pregnancy only occurs in about one of 200 women of childbearing age 
having dialysis therapy [11]. By 1981, conception and successful completion of 
pregnancy by a woman on hemodialysis had been reported on only eight occasions 
[12]. A unique case has been reported of a pregnant dialysis patient who underwent 
renal transplantation during the second trimester with a successful outcome for 
mother, child, and the allografted kidney [13]. 

Many dialysis patients have improved sexual function after successful renal 
transplantation and, in addition, their fertility increases. Thus, patients have the 
opportunity to become parents if they so desire [1-5] and about one of every 50 
women of childbearing age, having a functioning renal transplant, becomes preg
nant [11]. A high-risk group of patients, in whom the results of renal transplanta
tion have been progressively improving, are those with renal failure caused by 
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juvenile-onset diabetes mellitus. To date, at least three successful pregnancies have 
been described in such patients [14-16]. 

3. MENSTRUATION AND CONTRACEPTION FOLLOWING RENAL 
TRANSPLANTATION 

Before transplantation, female patients are either amenorrheic or have infrequent 
episodes of vaginal bleeding that occur at intervals ranging from three to six 
months. On the average, menstruation reappears an average of six months after 
transplantation (range, 3-12 months) [1]. 

Because of the uncertain life expectancy following renal transplantation, both 
male and female patients must be counseled on family planning. Those desiring 
parenthood must be warned that they may not live long enough to rear their 
children to adulthood and may leave their spouses with the problem of raising their 
children [1-5]. The importance of this is borne out by the fact that five of the 39 
mothers and two of the 50 fathers in the author's series at the University of 
Colorado died after becoming parents [5]. All patients who have completed their 
families or have no desire to have children should be offered sterilization either 
at the time of transplantation or at some time thereafter. Those wishing to become 
parents should be advised to practice contraception for at least 18 months after 
transplantation [1-5]. In a few instances, however, pregnancies have occurred at 
an early period after transplantation in individuals who were under the mistaken 
impression that they were incapable of having children and, therefore, did not take 
any contraceptive precautions [1]. 

As thromboembolism and hypertension are common in renal transplant patients, 
we are disinclined to use oral contraceptive agents because they may increase the 
incidence of these complications [3]. In the normal female population, there have 
been reports of serious and even fatal infections following the insertion of intra
uterine devices. Theoretically this complication is more likely to occur in immuno
suppressed renal transplant patients. Although this has not been our experience thus 
far, we recommend less risky forms of contraception such as the diaphragm, 
condom, and contraceptive foams and creams [3]. 

4. RISKS OF PREGNANCY FOLLOWING RENAL TRANSPLANTATION 

Pregnant patients should consult their obstetricians as soon as pregnancy is sus
pected. They should then be followed in a high-risk obstetric clinic, in conjunc
tion with a member of the transplant team or a nephrologist, at biweekly inter
vals until week 36 of gestation and then weekly until the onset of labor [1-5]. 
The patient's blood pressure and weight are measured. Standard renal function 
tests, including determination of blood urea nitrogen levels, serum creatinine 
levels, and creatinine clearance should be performed at regular intervals. The 
urine should be analyzed for specific gravity, 24-h protein content, glucose, and 
electrolyte levels. In addition, microscopic examinations should be performed and 
cultures obtained. 

Most pregnancies have occurred in patients receiving conventional immunosup-
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pressive therapy with azathioprine, corticosteroids and, in some cases, antilym
phocyte globulin [1-5]. At present, at least two successful pregnancies have oc
curred following the use of the new immunosuppressive agent, cyclosporine [17, 
18]. 

A major concern is for the function of the kidney during and after gestation 
[1-5]. Many immunologists regard pregnancy as an immunologically privileged 
state, which protects the mother from rejecting the fetus, and which may also 
protect the allograft. On theoretical grounds, rejection might not be expected to 
occur during gestation. In fact, some women have had substantial reductions or 
even cessation of immunosuppressive therapy during pregnancy without deteriora
tion of renal function [19]. In the author's experience (see below), most recipients 
with satisfactory pregestational renal function experience no significant change 
during pregnancy and delivery, although transient deterioration of function may 
occur during pregnancy. However, one patient did develop permanent renal func
tional impairment. In addition, several authors have reported patients in whom 
renal functional impairment developed during pregnancy and persisted following 
delivery [20--26]. 

The overall incidence of permanently impaired renal function in the author's 
series was 7% [5]. Most occurred in patients with allograft problems that were 
present before pregnancy. Because of the greatly increased risks involved, one must 
strongly advise those with impaired function not to become pregnant. If they do, 
however, the pregnancy should be terminated if any further functional deteriora
tion occurs, because of the danger that such damage may become permanent [3-5]. 
The cause of the functional deterioration is not known. Presumably, it results from 
an ongoing process of chronic rejection [3]. 

Theoretically, the termination of pregnancy and its naturally occurring im
munosuppressed state should be followed by an increased risk of rejection. On 
occasions, some workers have augmented the dose of corticosteroids during or after 
delivery, for periods ranging from five days to three months after termination of 
pregnancy [19]. The author has found that increased dosage of corticosteroid 
therapy was unnecessary except for 100-mg doses of hydrocortisone given every 
8 h for 24 h, commencing with the onset of parturition to protect the patient from 
the stress of labor [2]. 

In the author's series there were 58 pregnancies in 39 female transplant recipients 
[1-5]: 25 patients had single pregnancies, ten had two, three had three, and one 
had four pregnancies. Of 39 pregnancies that occurred in patients, who were 
normotensive or had normal renal function before transplantation, 84% had no 
difficulties. The major problems were preeclampsia, which occurred in five preg
nancies (14%), and deterioration of renal function, which occurred in one preg
nancy (3%). In contrast, of 21 pregnancies that occurred in patients who had 
hypertension and/or impaired renal function before transplantation, only six 
(29%) were uneventful. Ten (48%) were complicated by preeclampsia, five (24%) 
ended in therapeutic abortions for medical as well as emotional reasons, and three 
(14%) were complicated by deterioration of renal function during pregnancy or 
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postpartum. One pregnancy was also complicated by severe gestational diabetes. 
The overall incidence of preeclampsia in the 58 pregnancies was 26%. This is 
approximately four times greater than that seen in the general population [3]. No 
patients developed eclampsia. To the author's knowledge, only one case of 
eclampsia has been reported in a renal transplant recipient [27]. We regard all 
increases in proteinuria with suspicion, although some authors state that proteinuria 
frequently increases during the third trimester, but that it has no negative signifi
cance, even though there may be a transitory decrease in glomerular filtration rate 
near term [19]. 

The transplanted kidney does not cause mechanical dystocia during labor as it 
is usually situated in the false pelvis and vaginal delivery is possible in most 
pregnancies [1-5]. Cesarean section is indicated purely for obstetric reasons, mainly 
fetal distress and cephalopelvic disproportion. Tubal ligation at the time of cesarean 
section may be advisable in patients who do not wish to have any additional 
children, or in patients where further pregnancies may be high-risk procedures 
because of hypertension or impaired allograft function. The renal allograft blood 
vessels and ureter may be subjected to compression during labor, but we have not 
observed any harmful consequences as a result of this [3]. If there is any question 
of allograft compression or of obstruction of labor by the transplanted kidney, 
some workers recommend simultaneous intravenous pyelography and x-ray pel
vimetry [19,27,28]. 

Some authors have described an increased incidence of infections in transplant 
patients during pregnancy [25], and they should be carefully monitored particu
larly for urinary tract infections. Because of the risk of infection, we cannot 
overemphasize the importance of aseptic technique during examination and deliv
ery. Because of this hazard, labor is induced with oxytocin in patients who present 
with premature rupture of the membranes. The ever-present danger of infection 
is emphasized by the only pregnancy-related death that occurred in the author's 
series [5]. The patient, who had preexisting hypertension, developed preeclampsia 
and gestational diabetes. Fetal distress and a breech presentation necessitated a 
cesarean section. Postoperatively the patient developed wound infection and a 
tuboovarian abscess that required emergency subtotal hysterectomy and bilateral 
salpingo-oophorectomy. She died of sepsis several weeks later. 

Abortions occurred in nine of 58 pregnancies in the author's series [5]. One 
occurred spontaneously. Most of the eight therapeutic abortions were performed 
at the patients' request since they did not desire to be parents. In addition, five of 
them had impaired renal function and/or hypertension, factors that helped in 
making the decision in favor of therapeutic abortion, and two recipients also had 
emotional instability. 

During pregnancy, urinary levels of estrogen are low. Some authors believe that 
administered corticosteroids cross the placenta, suppress fetal corticotropin and, 
therefore, suppress the precursors that are necessary for estrogen synthesis [29]. 
However, low urinary estriol levels have been observed in a patient immunosup
pressed with cyclosporine only, without additional steroids. Presumably another 
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explanation for low urinary estriol excretion in pregnant renal transplant recipients 
is a relatively lower glomerular filtration rate [17]. 

5. FOLLOW-UP OF WOMEN WITH TRANSPLANTED KIDNEYS FOLLOWING 
PREGNANCY 

Patients should be followed indefmitely particularly as regards to long-term func
tion of the allograft, and for complications that may occur in any organ transplant 
recipient, such as side effects of individual immunosuppressive agents, infections, 
and cancers [30]. Certain cancers of the female genital tract are particularly com
mon among organ transplant recipients. Up to September 1984, the Cincinnati 
Transplant Tumor Registry (CTTR) had received data on 2211 types of cancer 
that had occurred in 2070 organ transplant recipients [31]. Of these, 736 patients 
were women. In transplant patients, in situ carcinomas of the uterus are increased 
14-fold as compared with age-matched controls [30,31]' In the CTTR, 133 (18%) 
of the 736 women had carcinomas of the cervix. In situ lesions made up at least 
80% of the cases. Carcinomas of the body of the uterus were uncommon (only 
14 cases). Perhaps this is because most transplant patients are young whereas these 
neoplasms occur mainly in postmenopausal women. 

Carcinomas of the vulva, perianal skin, and anus were much more common than 
in the nontransplant population and occurred at an earlier age. They were found 
in 45 women patients. Compared with the general population, the recipients were 
surprisingly young, their average age at the time of transplantation being 30 (range, 
15-55) years. The tumors appeared at an average of 92 (range, 9-215) months. In 
some patients there was a "field effect" with involvement by cancer of the vulva 
and vagina and/or cervix of the uterus. A history of condyloma acuminatum or 
herpes genitalis suggests an etiologic role by oncogenic viruses in these immunosup
pressed patients. 

Other tumors of the female sex organs were carcinomas of the breast (67 cases), 
carcinomas of the ovary (23 cases), carcinomas of the vagina (five cases), and a 
carcinoma of an endometrial implant in the rectovaginal septum (one case). These 
various malignancies were not increased in incidence compared with controls. The 
frequency of genital malignancies, however, particularly of the uterine cervix and 
vulva, emphasizes the need for all postadolescent female transplant patients to 
undergo regular examinations of the breast and pelvic organs and to have routine 
cervical smears performed [30, 31]. 

6. RISKS TO THE FETUS 

6.1. Offspring of male transplant patients 

The only concern is that the children may be born with congenital malformations 
[1-5]. Studies in humans have shown that azathioprine may cause chromosome 
aberrations [32] and it is theoretically possible that the sperm could be affected. 
In the author's experience, 50 men patients were responsible for 67 pregnancies, 
which resulted in 60 live births and two spontaneous abortions [5]. Two children 
were born with multiple congenital anomalies and one of them died at birth. 



201 

Among the abnormalities in the other was a myelomeningocele, but there was also 
a family history of spina bifida. 

6.2. Offspring of female transplant patients 

Theoretically the immunosuppressive agents and other drugs given to the mother 
during pregnancy, or metabolites of these drugs, may cross the placenta or be 
excreted in the colostrum or breast milk and cause immunosuppressive or other side 
effects on the fetus. Our own studies showed no detectable levels of 6-mercaptopu
rine (the major metabolite of azathioprine) in cord blood, maternal blood, colos
trum, or milk [1]. In contrast, corticosteroids readily cross the human placenta [29] 
and may cause transient adrenal insufficiency in the neonate [1]. In one study 
cyclosporine was not found in the infant's cord blood [18] but, in another, 
significant levels were found in the cord blood and in breast milk [17]. The authors 
recommended that mothers treated with cyclosporine should avoid breast feeding 
[17]. Neither infant manifested side effects of cyclosporine [17, 18]. 

Of 58 pregnancies in the author's series, 48 resulted in live births, including one 
set of twins [1-5]. The major problem was prematurity (birth before week 37 of 
gestation), which occurred in 23 infants (48%). Premature labor is quite common 
in nontransplant patients with poor renal function. Some of the premature deliver
ies in the author's series may have resulted from this cause, but in the remaining 
cases there is no obvious explanation for the premature onset of labor. One of the 
complications of prematurity is respiratory distress syndrome. Some physicians 
believe that steroid therapy given to the mother before delivery may prevent this 
disorder in the premature infant [33]. Despite the fact that the mothers in the 
author's series received corticosteroid therapy, however, four premature infants did 
in fact develop respiratory distress syndrome. 

In the author's series, 34 (71 %) of the 48 infants had an uncomplicated neonatal 
course. The remaining 14 (29%) had one or more complications. The most com
mon were five (10%) with congenital anomalies, four (8%) with respiratory 
distress syndrome, two (4%) with adrenocortical insufficiency, two (4%) with 
septicemia, and two (4%) with hyperviscosity. There were two deaths in the 
neonatal period, one from sepsis and the other from respiratory distress syndrome. 
The congenital anomalies included two infants with pulmonary artery stenosis, of 
whom one also had an intraarticular hemangioma, one with bilateral inguinal 
hernias, one with a deformed hand, and one with a patent ductus arteriosus. It is 
uncertain whether these were coincidental developments or were caused by the 
immunosuppressive therapy given to the mothers. Experiments in animals have 
shown that both of the commonly used agents, azathioprine and corticosteroids, 
may be teratogenic [34-36]. However, other workers have reported a low inci
dence of congenital defects in infants born to mothers with renal transplants [19, 
25, 37]. 

As mentioned above, infants born to chronically immunosuppressed mothers 
may themselves suffer side effects of the immunosuppressive therapy [1-5]. Two 
newborns in the author's series developed serious infections that caused the death 
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of one of them. Two others had adrenocortical insufficiency with signs of periph
eral vascular collapse including lethargy, mottled skin, and hypotension. Any infant 
showing deterioration during the first few days of life should have an urgent 
workup for these complications. If indicated, treatment with hydrocortisone, intra
venous electrolyte solutions, antibiotics, and gamma globulin should be started. The 
children in the University of Colorado series have now been followed from 11 
months to 15 years [38]. Unusual childhood infections or malignant tumors were 
not observed. All children appear to be growing and developing without problems 
specifically attributable to their mothers' kidney transplant. 

There are several other theoretical long-term risks to these infants. Experiments 
in female mice, given low doses of 6-mercaptopurine during pregnancy, indicate 
that many of the female offspring may be sterile or, if they become pregnant, they 
have smaller litters and more dead fetuses than the offspring of mothers that have 
not received the drug [39]. Long-term follow-up of the children of transplant 
patients will provide an answer as to whether similar problems may occur in 
humans. 

Chromosome aberrations have been observed in the lymphocytes of several 
infants born to renal transplant mothers [40, 41]. Although these disappeared within 
32 months, there are two theoretical risks. Abnormalities may have persisted in 
tissues not studied, including the primordial ova, and these may give rise to 
abnormalities in the next generation. Another possibility is that chromosome 
abnormalities may precede the development of cancers in the affected offspring. 
Thus far, none have been reported. 

7. CONCLUSIONS 

The improving long-term results of renal transplantation make it likely that greater 
numbers of transplant recipients will desire to become parents. As pregnancy has 
risks to the female transplant patient and to the fetus, transplant recipients must 
be counseled regarding family planning. The option of sterilization should be 
offered if the patient desires it. If female patients have impaired renal function prior 
to conception and there is further deterioration during pregnancy, termination of 
the gestation should be recommended. If the pregnancy continues, there is a risk 
of permanent impairment of renal function. In patients with satisfactory renal 
function before pregnancy, there may be transient deterioration of function during 
gestation, but usually this returns to preexisting levels in the postpartum period. 
Renal transplant patients have a 26% risk of developing preeclampsia during 
pregnancy. Usually the transplanted kidney does not produce any mechanical 
dystocia during labor. During vaginal delivery, there is no apparent mechanical 
injury to the transplanted kidney. Since there is a 14-fold increase in the incidence 
of in situ carcinoma of the cervix, and an increased incidence of carcinoma of the 
vulva, in female transplant recipients it is essential that these patients have pelvic 
examinations and vaginal cytology prior to transplantation and at regular intervals 
afterward. 

The risk to the offspring of male transplant patients is small. There is a substantial 
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hazard, however, to the newborn of female recipients: 48% of the newborns were 
delivered prior to week 37 of gestation, and 29% had one or more complications 
during the neonatal period; these included respiratory distress syndrome, congenital 
anomalies, lymphopenia and adrenocortical insufficiency, infection, and hypervis
cosity. 
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13. URINARY TRACT INFECTION IN PREGNANCY 

lAIN R. McFADYEN 

1. INTRODUCTION 

The normal urinary tract is sterile from bladder neck to kidney. Urinary tract 
infection (UTI) is the presence of microorganisms in the urinary tract. Bacteriuria 
is the presence of bacteria in the bladder urine: this may be restricted to the bladder 
(cystitis) or also involve the ureteric urine and kidney (pyelonephritis). Either kind 
of UTI may be accompanied by symptoms and signs (overt infection), or none may 
be present despite the active proliferation of organisms (covert infection). The 
urethra also is part of the urinary tract. It may be the seat of some symptoms because 
of infection within itself or because infected urine is passing through it. Also, 
bacteria may travel from the introitus along the urethra into the bladder urine and 
produce UTI. The intrinsic lesions of urethritis have recently been well reviewed 
elsewhere [1] so here the urethra will be considered only as it is relevant to UTI. 

Urinary tract infection is one of the most common complications of pregnancy, 
but its diagnosis frequently is difficult or imprecise. It may be mimicked by other 
lesions, some of which are trivial and some life-threatening. To clarify this review 
of the problems and significance of UTI in pregnancy, diagnosis is discussed first. 

2. DIAGNOSIS OF UTI 

Diagnosis depends on accurate determination of whether or not organisms are 
present in the urinary tract and, if any are present, on recognition of their species. 

Andreucd, V.E. (ed.), The Kidney in Pregnancy. Copyright © 1986 by Martinus Nijhoff Publishing. All rights reserved. 
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This can be done only by examination of the urine or of a renal biopsy. Interpreta
tion of the bacterial content of a specimen of urine requires knowledge of how 
that urine was obtained, since it could be contaminated by organisms in the urethra 
or on the vulva [2, 3]. Only 2% of women who had sterile bladder urine passed 
a midstream specimen (MSU) that was free of all organisms, 17% of the MSUs 
contained 10-100 organisms/ml, 40% l00-l000/ml, 24% l000-lO,OOO/ml, 11% 
1 0,000-1 OO,OOO/ml, and 7% of these women with sterile urine passed an MSU 
containing more than 100,000 organisms/ml: half of the organisms grown from 
these urines were Gram-negative bacilli [4]. Some degree of contamination in 
midstream specimens appears to be almost inevitable. It is identification of what 
is contamination and what is not that makes interpretation of an MSU difficult. 
Kass [2] recognized this when he proposed that more than 100,000 (> 105) bac
teria/ml urine was a "significant" growth, indicating infection of the urine with 
80% certainty. The value of > 10s/ml was selected because it was the bacterial 
count present in the urine of95% of patients with dysuria, flank pain, and pyrexia: 
it was also the concentration of bacteria present in 6% of outpatients who had no 
symptoms of infection, but of whom more than half gave a history of urinary 
infection and who showed a 95% reproducibility between MSU and catheter 
specimens (CSU), while those with lower bacterial counts had little correlation 
between MSU and CSU (the organisms were usually saprophytes of skin and 
urethra) and only 15% gave a history of infection [2, 5]; also, urine obtained by 
percutaneous puncture of the bladder usually showed either no growth or > 105 
organisms/ml [6, 7]. This critical level of "significance" is valid only with thor
ough cleansing of the periurethral urea: contamination rates as high as 50% may 
occur, suggesting that vulval preparation was not satisfactory [8-10]. 

Assuming that vulval preparation was satisfactory so that a bacterial count of 
> lOS/ml had only a 1 in 5 chance of being due to contamination of a urine that 
was truly sterile, Kass [2] proposed that two consecutive MSUs that contained > 
105 organisms/ml gave a 96% probability of correctly indicating infection of the 
bladder urine, since the first had an 80% probability of being correct and the second 
would by being sterile reveal that four-fifths of the original 20% (i.e., 16%) 
contained > 105 bacteria / ml as a consequence of contamination. This would be true 
if contamination were random, but it is not [9]: those who contaminate once tend 
to do so recurrently, and this is likely to occur with the physiologic and pathologic 
discharges of pregnancy and the puerperium. Thus, a single MSU in pregnancy that 
contains > 105 organisms/ml has at least a 10%-20% chance of that bacterial 
growth being due to contamination, and possibly of the chance of contamination 
being greater, while two consecutive MSUs from that patient containing> 10S/ml 
increase the chance of accurate diagnosis, but even this is not certain. An MSU that 
is sterile or that contains only a few organism is likely to be accurate, when the 
various caveats discussed later are taken into account, and so is a reasonable 
indication of the absence of infection. Further research has, however, increased the 
uncertainty of diagnosis of UTI from midstream urines. 

Of asymptomatic women with> 105 Gram-negative bacteria in an MSU, 92% 
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had the same organism in a later percutaneous suprapubic aspiration specimen 
(SPA) while only 70% of those with Gram-positive organisms in MSU had the 
same in SPA [11]. So, in interpreting the significance of growth in an MSU, the 
species of organism is relevant. Lower bacterial counts of 10Cl05/ml are not 
necessarily due to contamination: 5% are bacteriuric [5]; 74% of those with 
Gram-negative organisms and 30% with Gram-positive organisms in such concen
trations in an MSU had the same organisms in SPA [11]. Certain organisms such 
as Staphylococcus saprophyticus may be multiplying in the urine, but rarely reach 
bacterial counts > 1051ml [12]. The patients' symptoms may also be relevant to 
interpretation: among 187 dysuric women, the optimal sensitivity and specificity 
for bacterial counts of Coliform organisms in MSU was found to be > 102 /ml [13]. 

Mixtures of organisms in an MSU cannot be disregarded or taken to mean that 
the bacterial count is due to contamination: 1 %-3% of infections are due to more 
than one organism, or urine infected by one organism may be contaminated by 
another during collection and produce a mixed growth on culture [4, 11, 13-15]. 
Mixed infection suggests underlying pathology such as stone, tuberculosis, or 
diverticula. 

White cell content of an MSU may also be potentially misleading. Pyuria is 
present in only 50% of those with an infected urine whether the bacterial content 
is greater or less than 1051ml [11, 13, 16--18], so 50% of those with infection have 
no pyuria: thus the presence or absence of pyuria cannot be used to determine 
whether or not a specimen of urine should be cultured. Pyuria may be present when 
the bladder urine is sterile because of urethritis, vulval contamination, infection that 
has been inadequately treated and is going to reappear, or with chronic infections 
such as tuberculosis. Microscopy may also reveal characteristic clumps of Staphylo
coccus saprophyticus [12] casts and other relevant abnormalities. 

Midstream urines may be useful in excluding infection, but the value of an MSU 
in making a positive diagnosis of UTI is reduced by the inherent uncertainty of 
a single specimen. Two more accurate methods of obtaining urine for culture are 
available: catheter specimens (CSU) and suprapubic aspiration (SPA). Catheter 
specimens containing> 105 Iml have at least a 95% confidence level [5], and counts 
of 1000 I ml or more of a single organism or 3000 I ml or more of a mixed organism 
probably accurately reflect the content of the bladder urine since these are the 
numbers expected from urethral contamination [4, 19]. With a satisfactory tech
nique, catheterization rarely introduces infection, and instillation of antiseptic into 
the bladder at the end of the procedure almost eliminates the risk in a single 
catheterization [20]. Furthermore, since a CSU frequently will be obtained for 
accurate diagnosis when there is clinical suspicion of UTI, it is likely that antibacte
rial treatment will be started immediately, which will also prevent the establish
ment of infection should the CSU be sterile. Catheter specimens have considerable 
advantages in accuracy as pregnancy advances, since the abdominal distension, 
vaginal laxity, and discharge discourage satisfactory MSU samples. In the puerpe
rium, a CSU is even more indicated because of the potential for contamination 
from the lochial discharge, particularly if there are perineal or abdominal wounds. 



208 13. Urinary tract infection in pregnancy 

Diagnostic catheterization does not increase the number of puerperal urmary 
infections [20]. 

Suprapubic aspiration is the most certain method of diagnosing UTI. Any 
bacteria found in the urine indicates infection: bacterial counts are potentially 
misleading (as well as being unnecessary) because of the dilution of the urine 
required for SPA. It is better than 99% accurate and is safe in pregnancy up to 
32-34 weeks: after this, the pregnant uterus compresses the bladder so that it can 
be penetrated and the uterus entered [4, 15]. Provided that the bladder is full, SPA 
is no more uncomfortable than venepuncture. 

2.1. Falsely high bacterial counts 

Whatever the method of collection of urine, bacterial numbers may be increased 
by delays in culturing the specimen. Since bacteria may divide every 20-30 min, 
organisms that originally were present in small numbers (as the result of urethral 
or vulval contamination) can reach "significant" levels rapidly if there is delay in 
transporting the specimen to the laboratory or in setting up the culture; or contami
nant organisms may overgrow true infection. Keeping the urine specimen at 
4°C does not alter colony counts significantly for at least 48 h [19]. Another method 
of avoiding such fallacious results is to use slides coated with culture medium ("dip 
slides") that are dipped into freshly passed urine and incubated immediately; 18-24 
h later, growth on the slide accurately reflects the bacterial content of the original 
urine specimen, but the result is as likely to be a consequence of urethral or vulval 
contamination as in any other MSU, may be in as many as 40% of "positive" 
dipslides [21]. 

2.2. Falsely low bacterial counts 

Reduced or no bacterial growth may be obtained from an infected urinary tract 
if the urine contains a bacteriostatic agent. A single SOO-mg dose of ampicillin may 
reduce the concentration from 109 / ml to less than 105/ ml for 3--4 days before the 
concentration again rises above 105/ ml [22]. If the laboratory knows that the urine 
contains an antibiotic, penicillinase or other relevant agents can be placed in the 
culture medium to aid maximum appropriate bacterial growth: in one series, 
however, 21 % of specimens contained antibiotics of which the laboratory were not 
informed when the request for examination was made, and 21 % of urines from 
patients who were thought to be taking antibiotics did not contain any antibiotic 
[23]. Chlorhexidine or other antiseptics used for cleaning the vulva before an MSU 
is obtained may get into the specimen and effectively sterilize it [24], so preparative 
cleaning is best done with saline or water. Metabolic products excreted in the urine 
may also be bacteriostatic [25]. Diuresis or increased frequency of micturition may 
dilute the urinary concentration of bacteria or not allow sufficient time for bacterial 
multiplication to occur so that only low bacterial counts are found: the anxious 
patient who has a cup of coffee before she arrives at the clinic and is then asked 
by the nurse to produce a specimen of urine just before she is seen by the doctor 
is not likely immediately to produce an MSU, or any other specimen of urine, 
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suitable for accurate diagnosis: better that she return later with a full bladder. 
Organisms that grow slowly or have special requirements for culture may also 
produce false-negative results: they are discussed later. 

3. CLINICAL DIAGNOSIS OF UTI 

Symptoms associated with UTI are of little help in its diagnosis. Such symptoms 
are present in only 50% of whose who are infected; only 30%-50% of those with 
these symptoms have infected urine and almost half of those with upper urinary 
tract infection have no symptoms [15, 16,26-31]' This lack of correlation between 
infection and symptoms is true both for the initial presentation of infection and 
for recurrence after treatment [15]. "Urinary" symptoms may be minimal or absent 
in UTI or they may be mimicked by many other conditions. Iliac fossa pain 
indistinguishable from that of UTI may be produced by appendicitis or other 
intestinal disorders, by ovarian cysts that rotate or bleed, by round or broad 
ligament structures, or by abdominal wall or retroperitoneal tissues. Increased 
frequency of micturition is normal in pregnancy, as is nocturia that may occur as 
often as four times a night in a normal uninfected pregnancy [15]. Stress inconti
nence may be due to UTI [32], but it is also a consequence of the relaxation of 
the support of the bladder that occurs during pregnancy [33]. Burning dysuria can 
be due to urethritis [1], viruria [34], chlamydial infection of the urine [35], acid 
urine [25], or to vulvitis. The last is commonly monilial, secondary to treatment 
with broad spectrum antibiotics that may have been prescribed for a UTI, so that 
the vulvitis produces symptoms suggestive of persistence or recurrence of the 
infection. Loin pain may have orthopedic or other origins but, even if it is present 
in a patient with UTI, it does not help to localize the site of infection, since a fifth 
of those whose infection is localized to the bladder, without ureteric or renal 
involvement, have loin pain [36]. Hematuria, however, is usually a consequence 
of infection [15]' and renal angle pain with pyrexia is likely to be due to UTI. 
Acute retention of urine or persistent vomiting that does not respond to treatment 
also may be due to UTI. 

The patient's previous history sometimes is relevant. Urinary problems in the 
past are more common in bacteriurics than in others, but the association is not 
strong. One study revealed that urinary symptoms had been experienced previously 
by 91 % of bacteriurics, but also by 63% of uninfected controls: if the history was 
restricted to the previous year, the relationship was stronger, 69% of bacteriurics 
having had urinary symptoms during that time but only 18% of controls [37]. In 
another group of patients, 38% of those with bacteriuria had a proven urinary tract 
infection in the past, but this was true of only 15% of those who were currently 
free of infection [38]. Women who had pyelonephritis in childhood have an 
increased incidence of pyelonephritis in pregnancy [39, 40], and pyelonephritis in 
one pregnancy increases the chances of symptomatic infection in later pregnancies 
[41]. Although history alone is not helpful in diagnosing asymptomatic bacteriuria, 
it may aid the identification of a group at risk for developing symptomatic 
infection during pregnancy [42]. 
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4. CLINICAL EXAMINATION 

Clinical examination may suggest the possibility of UTI, but rarely produces a 
conclusive diagnosis. Too many conditions can produce abdominal tenderness or 
other symptoms: even renal angle tenderness can be due to orthopedic or other 
problems. UTI is a condition that is dependent on laboratory studies of diagno
SIS. 

5. CHANGES IN THE URINARY TRACT 

During pregnancy there is a gradually progressive dilatation of the ureters above 
the pelvic brim [43-45]' This starts earlier in multiparous patients than in primi
gravidas and may appear as early as six weeks. After delivery it recedes and in most 
women it has disappeared within two months, but in some there is permanent 
residual dilatation. The dilatation is a result of a combination of hormonal relaxa
tion of the smooth muscle of the ureters [46] and physical obstruction by the 
pregnant uterus rising out of the pelvis such as is seen with large gynecologic 
tumors rising out of the pelvis [45]. Because the uterus tends to be dextrorotated, 
the dilatation is usually greater on the right than the left. As the capacity of the 
ureters increases due to the dilatation, flow down them slows in the majority of 
women: ureteric emptying time may be 4-5 times as long as in the nonpregnant. 
In women with bacteriuria, this slowing of urine flow may be increased by the 
antiperistaltic effect of Escherichia coli endotoxin [47]. 

Ureteric reflux is uncommon in normal pregnancy, occurring in only 0-3% 
[48-50]. It is prevented by proliferation of the Waldeyer sheath around the ureter 
in the bladder wall, which produces an even more effective valvular effect than 
in the nonpregnant [44, 45]. Infected urine may, however, render this valve 
ineffective [51], but reflux due to this may be abolished by cure of the infection 
[52, 53], although it does persist in some cases [54]. 

Bladder tone decreases during pregnancy, paralleling the ureteric changes. The 
urethra elongates and the supports of the bladder also relax [33]. Bladder capacity 
increases with the loss of tone: starting from the third month of gestation it may 
reach 1300 ml by the eighth month, but there is no residual urine [55]. After 
delivery, tone decreases and capacity increases further, and residual volumes are 
sometimes present for a few days [55-58], which increases the probability of any 
bacteria that enter the bladder proliferating there [59,60]. Like the ureteric changes, 
bladder tone and capacity return to normal in the next eight weeks in almost every 
case. In the puerperium, the vaginal epithelium thins, a relative atrophy due to the 
physiologic hormonal changes [61]. Bladder epithelial changes tend to mimic those 
of the vagina so, if there is some atrophy of the bladder epithelium, the intrinsic 
defenses of the bladder may be less effective. During pregnancy the urethra elon
gates, except in those who develop stress incontinence [62]. 

6. SITE OF INFECTION 

The site of infection in UTI can be detected by cystoscopy with catheterization 
of the ureters. Infection present in the ureteric urine shows involvement of the 
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upper urinary tract, and the patient is often said to have pyelonephritis, although 
this technique cannot prove renal involvement. The site of infection can also be 
deduced from "washout" tests in which the bladder is cleared of bacteria by the 
instillation of antiseptic followed by copious lavage: urine then collected from the 
catheter in the empty bladder is considered to be purely ureteric so infection in 
that urine indicates upper urinary tract involvement. Reduction of renal concen
trating ability and increased excretion of /32 microglobulin [63] suggest tubular 
dysfunction secondary to renal involvement by the infection. The presence of 
antibody-coated bacteria (ACB) in the urine was shown to be related to upper tract 
involvement [64], but they are also found with cystitis and urethritis, and may be 
absent in upper UTI, so the sensitivity of this investigation is only 83% and 
specificity 77% [63, 65]. 

Ureteric catheterization of patients who were not pregnant [4] showed upper 
urinary tract involvement in 60%: unilateral in 28% and bilateral in 32%. Similar 
studies in pregnancy have shown a similar distribution [66]: 50% had ureteric 
involvement, bilateral in half of these. "Washout" tests [31, 67] and reduction in 
renal concentrating ability [68, 69] confirm this distribution of infection. About 
10% of those who have only cystitis at the beginning of pregnancy have infected 
ureteric urine by delivery [70]: since this was found in "washout" tests as well as 
catheterization studies, it is not an artifact. 

7. INFECTING ORGANISMS 

7.1. Escherichia coli 

Escherichia coli is the infecting organism in 75%-90% of UTI in pregnancy (table 
13-1). It is so the world over, and has remained so for decades. Since the infecting 
route for almost all UTI is from the fecal reservoir to urethra and bladder via the 
periurethral area [71-73], common fecal commensal organisms tend to be the 
common urinary pathogens; E. coli and group-B streptococci are both in that 
category [74]. Pregnancy alters the balance of organisms on the periurethral area 

Table 13-1. Percentages of organisms isolated from 
specimens of urine obtained in three ways 

Escherichia coli 
Klebsiella-enterobacter 
Citrobacter 
Streptococcus faecalis 
Coag. neg. staphylococci 
Proteus spp. 
Pseudomonas 
p-Haem. streptococci 

MSU [38] 

78 
14.5 

2.1 
3.5 
0.7 

CSU [135] 

68 
4.5 
4.5 

14 

SPA [15] 

76.5 
2.5 

6.1 
8.3 
4.5 

4.5 

Bacterial counts included are MSU> lOs/ml, CSU> 104/ml (this series also had 12% with growth 
1(il-104/ml, but the organisms were not stated), and SPA any growth. Mixed growth was found in 
2% SPA and 9% of CSU. 
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(as do menstruation and oral contraceptives) so that E. coli, group-B streptococci, 
and Strepococcus Jaecalis become more common [75, 76]. The same serotypes of 
E. coli are found in the patient's urine as are in her feces, except in covert infection 
where they may be different [77], presumably because the fecal serotype has 
changed since the urinary infection was established. Some serotypes of E. coli are 
more common than others in UTI because they are more common in the popula
tion rather than because they are more virulent [78]. Escherichia coli is not, 
however, the most common organism in the feces, but there are several factors that 
make it more likely than other organisms to establish infection. It is the balance 
between these factors and maternal defenses that determine whether or not infection 
is established. 

7.2. Factors favoring Escherichia coli 

Those E. coli likely to produce UTI are more resistant to low vaginal pH than 
others [79]. Escherichia coli grows more quickly in urine than most other organ
isms [80]. The endotoxin of E. coli reduces ureteric peristalsis, which encourages 
persistence of infection [47]. The K antigen of E. coli destroys complement and 
inhibits phagocytosis [81], and the strains rich in K antigen are most frequently 
found in renal infection [82, 83]. All of these favor E. coli, as does another 
property that it shares with other urinary pathogens, that of adherence to 
cells. 

Escherichia coli have £lagellae (for movement), but they also have shorter hair
like projections called pili, which allow the bacteria to adhere to epithelial cells. 
Urinary strains of E. coli are more piliated than are fecal strains [84]. The more 
virulent the E. coli, the better they adhere: strains producing acute pyelonephritis 
adhere more efficiently than those that produce covert infection [85, 86]. Bacteria 
in the stationary phase adhere better than those in the logarithmic growth phase 
[87]. Adherence depends also on receptors on the cells. There are more receptors 
on the uroepithelial and vulval cells of women prone to UTI than on those of 
healthy women; even though an individual's cell receptivity for bacteria may 
change from day to day, this difference persists consistently [86,88,89]' Treatment 
with antibiotics reduces adherence, but it remains above healthy control levels [89]. 
The epithelial cells to which adhesion is important are the vaginal introital and 
uroepithelial cells, but adhesion to them correlates well with adhesion to buccal 
epithelial cells [89]. The cells of amniotic membrane are also potential sites for 
adhesion [90]. 

The E. coli that produce covert infection differ from those in overt UTI by 
characteristics in addition to serotype and adhesiveness. Those in covert infections 
have fewer virulence factors such as the 0 and K antigens [91] and these are less 
antigenic [92]. They are more sensitive to the effects of normal human serum [93]. 
The strains of the covert organisms tend to be rough rather than smooth [92,94]. 
A maternal adaptation may account for part of the difference between overt and 
covert infection and that is development of tolerance to the bacterial endotoxin 
[95]. 
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7.3. Other organisms 

Some other organisms do have factors in their favor and produce UTI (table 13-1). 
Some staphylococci are more adherent than E. coli [12]. The proteus species are 
very motile and adherent. Their pili, however, are not wholly to their advantage 
since these make them more susceptible to phagocytosis: perhaps because of this, 
they appear to be able to change their state of piliation in vivo and proteus without 
pili are more nephrotoxic than the piliated [96]. 

Anaerobic, microaerophilic, and slow-growing organisms are found in urine, 
but their significance has not yet been determined. Anaerobic growth may be 
discouraged by the high p02 in urine [SO], but the presence of aerobes or facultative 
anaerobes might encourage growth of anaerobes [97]' Such organisms that cannot 
be grown with the usual overnight incubation in air but require 4S-72 h in 7% 
CO2 or other special environments have been obtained from SPA specimens [9S]. 
Gardnerella vaginalis, Lactobacillus species, Streptococcus species, Corynebacterium 
species and other vaginal or perineal skin commensals have all been found. Appro
priate antibacterial treatment eliminates them [99] but, even in pregnancy, they 
may disappear spontaneously [15]: persistence may be more likely with underlying 
renal pathology. Other fastidious organisms such as Chlamydia trachomatis, Urea
plasma, Urealyticum, and Mycoplasma hominis certainly are involved in urethritis 
and vaginitis, but whether or not they are significant in bacteriuria or to the 
pregnancy has yet to be decided [1, 100]. 

Viruses do not appear to be a common cause of UTI [101], but they may produce 
symptoms [34]. Whether this is while they are multiplying in the urinary tract or 
just passing through it is not certain. 

8. MATERNAL DEFENSE MECHANISMS 

Both local and general defenses are important in the prevention of invasion of the 
urinary tract, and in controlling infection once it has occurred. 

Healthy women rarely have E. coli or other Gram-negative rods on their 
periurethral tissues, although they may appear there transiently during menstrua
tion: 30% of women prone to UTI persistently carry E. coli or other Gram
negative organisms such as Streptococcus Jaecalis on their introitus for long periods 
even when the urine is free from infection [73, 102]' The remaining 70% who are 
prone to UTI are intermittently colonized at the introitus, but have long periods 
of apparently normal flora there: generally, however, those prone to infection have 
pathogens on the vulvovaginal epithelium in larger numbers and for longer than 
those who are not prone to infection [102]. Antibody to the 0 antigen of the 
prominent fecal strain of E. coli is present on the vulvovaginal epithelial of 77% 
of healthy women, but only on 26% of those prone to UTI, although it may appear 
transiently in these patients during an episode of infection [103]. Since bacterial 
infection of the bladder occurs from the rectum via the periurethral area and 
urethra [72], these antibodies that reduce colonization of the introitus help to 
prevent infection. Antibiotics given for UTI alter the fecal flora, but not that of 
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the introitus, the one exception being trimethoprim, which crosses the vaginal 
mucosa and does affect the vulvovaginal flora [102]' The antibodies that appear on 
the introitus are not an inflammatory exudate from the serum, but a secretion from 
the vagina [103]. These periurethral defenses protect also against streptococci and 
other organisms. 

If invasion of the bladder does occur, one of the primary defenses is flushing 
by frequent emptying. Large numbers of E. coli introduced into a healthy bladder 
disappear within 72 h and do not return [104], but the rate of disappearance is more 
rapid than would be expected from simple flushing [105), so reduction of bacterial 
numbers is also due to other defense mechanisms. Women who delay emptying 
for several hours after they first feel the urge to micturate tend to have recurrent 
UTI [60, 106]: delayed emptying allows more time for bacterial multiplication, 
stretches the bladder wall, and reduces blood flow through it and, by increasing 
the volume of infected urine per square centimeter of bladder wall, reduces the 
effectiveness of its intrinsic defenses. Production of secretory IgA (SIgA) by the 
bladder mucosa and urethra is an important part of these defenses [107]. SIgA is 
increased in the urine of adults with UTI [108] and may prevent bacterial attach
ment to the bladder mucosa directly [109] or by transforming the organisms from 
smooth capsulated to rough forms that are less virulent [91]. It has also been 
postulated that infection with E. coli that adhere poorly may protect against 
infection with more virulent strains [110]. 

General maternal defenses alter during pregnancy so that infection is less likely 
to be controlled. Leukocyte activity against E. coli is less effective in women with 
bacteriuria [111]. Immune mechanisms also are less effective against bacterial infec
tion during pregnancy [112, 113], but, despite these many advantages that the 
bacteria enjoy, the majority of infections are cured without difficulty. The balance 
is not tipped too far against the mother. 

9. PREVALENCE OF UTI 

Bacteriuria is a complication, but not a consequence, of pregnancy. Within a 
geographic area, the prevalence of bacteriuria is very similar in those who are 
pregnant and those who are not: 8% of infertile women and 6.6% of pregnant 
women from the same area were bacteriuric [114] and, in another city, 5%-6% 
of married women who never had been pregnant and 6.8% of those who were had 
bacteriuria [115]. Sexual intercourse is the major factor in determining the inci
dence and prevalence of bacteriuria in women: transient bacteriuria frequently 
follows intercourse (probably due to bacteria entering the bladder from the ure
thra) and occasionally it persists [116, 117]. Among nuns and five- to 14-year-old 
schoolgirls, the prevalence is about 1 % [118, 119]. In 15-19 year olds, the preva
lence rises to 3.5% and, in most pregnant populations, it is 4%-7%. These and 
other studies of the nonpregnant were carried out before oral contraception was 
widely used: since this encourages persistence of bacteriuria [120], the current 
prevalence may be slightly higher. Contrariwise, screening and treatment ofbacte
riuria may have reduced its prevalence [121]. 
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Many groups have been screened for bacteriuria by MSU, CSU, and SPA. While 
prevalence is generally 4%-7%, the reported range is 2%-18.5%. Ethnic differ
ences account for a small part of this: although the very high rate of 18.5% was 
found in a Moari population [122], such differences can usually be explained by 
underlying pathology or by differences in social class. Bacteriuria is twice as 
common in Negroes with sickle cell trait [123] and sickle cell disease [124]. Social 
class differences, however, consistently have the closest association with prevalence: 
the higher the social class, the lower the prevalence, from 2% in the affluent [125] 
to 9.9% in the indigent [126], possibly because treatment for relatively minor 
symptoms is more readily available for, and more quickly sought by, the upper 
social classes [127]. Bacteriuria tends to be more common in those under 20 [15, 
128], and then remains steady for the remainder of the childbearing years. The 
relevance of parity is not agreed: some have found no relationship between bacteri
uria and parity and some have found that bacteriuria increased; perhaps the parous 
are more likely to produce contaminated urines. Diabetes probably has an associa
tion with bacteriuria. Diabetic schoolgirls have 1.6%-2% bacteriuria [129], but 
older diabetic women who are not hospital patients had an 18.8% prevalence 
compared with a 7.9% in nondiabetic women [130]. There may be an increased 
incidence of abnormal glucose tolerance among bacteriuric pregnant women [131]. 
Most reviews of prevalence are of hospital populations, frequently those that attract 
"high risk" patients [126]. Examination of all pregnant women in the Cardiff area 
delivered at home or in hospital revealed a prevalence of 3.8% [128], but this was 
only "asymptomatic" bacteriuria, so the prevalence of all bacteriuria was likely to 
be about twice this, and so in the same range as for hospital populations. 

That the prevalence of bacteriuria discovered in MSU, CSU, and SPA specimens 
is so close is unexpected in view of the different possibilities of error of diagnosis 
with each of these. As SPA includes all bacteriuria discovered, this may be partly 
balanced by the false positives on MSU. Catheter specimens might be expected to 
be intermediate, since they would be certain about the 103-105 bacteria/ml speci
mens, but almost all CSU series included as bacteriuria only those counts greater 
than 105 / ml. The one series that included all bacterial counts had a prevalence of 
10%, but included only "normal" obstetric patients without defining normality 
[132]. The consistency of results the world over, however, does suggest that the 
prevalence of bacteriuria is usually in the 4%-7% range. 

10. NATURAL HISTORY OF UTI 

While the prevalence of bacteriuria is constant, the individuals who are affected 
change. In any year, between one-quarter and one-third of women with bacteriuria 
lose it spontaneously and a similar number acquire the infection. Spontaneous cure 
is more likely with staphylococci [133] and fastidious organisms [15] than with 
E. coli. During the six months that pregnant women are under medical supervision, 
0.5%-1 % of those who are not bacteriuric early in pregnancy will develop it [15, 
131]. Spontaneous cure during pregnancy is, however, not common: instead of 
one-quarter to one-third of bacteriurics clearing without treatment, the spontane-
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ous cure rate is 0-3% [15, 38, 124, 134]. The differences in pregnancy that 
discourage disappearance of bacteriuria are not only the alterations in defense 
mechanisms, the slowing of urine flow, and the fall in vaginal pH that encourages 
pathogenic E. coli. The urine of pregnant women contains large quantities of 
glucose, amino acids, and other nutrients that encourage bacterial growth [135], 
as does its reduced pH in pregnancy [57, 136]. Perhaps because of this, 30% of 
pregnant women with untreated bacteriuria develop severe symptoms [15, 131]. 

The puerperium is a period of increased bacteriuria. Bacteria enter the bladder 
at delivery: the more traumatic the delivery, the more likely are bacteria to appear 
[137], although simple forceps does not produce an increase over spontaneous 
delivery [19]. Because residual urine also appears in the puerperium, the conditions 
favor bacterial growth [55]. Spontaneous clearance does occur in 70% during the 
next six weeks, but it tends to persist in the remainder [19, 138, 139]. Bacteriuria 
that was not treated during pregnancy continues after delivery [138, 139]' Even 
if it was treated, it recurs after delivery in about 30% of women and, in many, 
persists over the next ten years [134, 140, 141]. In a small but significant proportion, 
this persistence is accompanied by deterioration in renal function [141] (see chapter 
9). 

10.1. Subsequent pregnancies 

Since bacteriuria persists in the years following delivery in 25%-40%, and (de
pending on how long after the pregnancy they are reviewed) appears in 1%-5% 
[15, 140], those mothers who conceive again have a prevalence that is considerably 
greater than normal. If they are not treated prophylactically, they again have a 30% 
incidence of acute UTI [41]. 

11. EFFECTS ON THE FETUS 

The fetus of the mother with bacteriuria has an increased risk of midtrimester 
abortion [134], and has a perinatal mortality rate twice that of those without the 
infection [131, 142], the mortality excess tending to be in those in whom the 
urinary tract infection was discovered within 15 days of delivery, the highest rate 
occurring in those who have maternal hypertension coexisting with bacteriuria. 
The commonest causes of death are pulmonary hyaline membrane disease and 
congenital malformation. A marked increase in perinatal mortality has been found 
among diabetic women with asymptomatic bacteriuria [143]: the rate of perinatal 
death was 50% in bacteriuric women with microvascular disease and 15% in those 
with microvascular disease but no urinary infection. 

As with many renal diseases there is an increased risk of intrauterine growth 
retardation if the infection involves the kidney [144], and also of placental growth 
retardation [142]. The underlying mechanism that determines the growth retarda
tion is not certain. Possibly E. coli endotoxin affects the vessels of the placental bed 
[145, 146], or it could be related to suppression of immunologic mechanisms. 
Infections such as malaria and laparotomous leprosy, which depress immunologic 
mechanisms [147, 148], are associated with reduction in the rate of fetal growth. 
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Immunosuppression with drugs retards fetal growth in rats and humans because of 
reduction of the number of cells in the fetus [149]. Experimental pyelonephritis 
in rats depresses their immune response as could occur in human bacteriuria and 
retards fetal growth [150]. 

Premature labor is more common in acute pyelonephritis. Baird [137] found in 
a deprived community in the UK that 27% of mothers with pyelonephritis had 
babies weighing less than 5 Yz lb if the infection was unilateral, and 42% of it was 
bilateral; if it was the mother's first pregnancy, 55% of birth weights were below 
5 Yz lb. More recently in the USA, symptomatic UTI has been associated with a 
doubling of the incidence oflow birth weight [151, 152]. Certainly it is a common 
clinical experience that some women who present with preterm labor have an 
active UTI. Whether or not all covert UTI is associated with an increased incidence 
of preterm labor is still undecided. Certainly it is with polyhydramnios, abruptio 
placentae, and infection of the amniotic fluid [142], all common causes of prema
ture labor. Also the presence of group-B streptococci in a pregnant woman's urine 
has been linked to an increased incidence of both premature rupture of the mem
branes and premature delivery, both being about twice as common as in the 
uninfected [153]' There are a number of reasons for the uncertainty and confusion 
about the relationship of all bacteriuria to prematurity: (a) Almost every published 
series has defined prematurity as a birth weight of 2.5 kg or less, but few differen
tiated between the preterm fetus and one born light-for-dates. (b) Associated 
conditions have been found with the prematurity, but not all are agreed about this: 
some have found that prematurity is increased in hypertensive women with bacteri
uria [152, 154], while others have found the prematurity is increased, but unrelated 
either to preeclampsia or to twins [134]. (c) The number of cases analyzed. For 
statistically reliable conclusions to be reached, 1500-2000 bacteriuric women 
would need to be investigated if the incidence of premature labor was 5% [131]. 
This would require screening of 30,000-40,000 pregnant women. The collabora
tion of several centers would be required for such an investigation to be completed 
in a reasonable time, and it is likely that there would be problems in establishing 
uniform policy, diagnosis, and treatment. Also, since women suffering from symp
tomatic infection are more likely to have premature babies than those suffering 
from asymptomatic bacteriuria and since the high incidence of symptomatic infec
tion among asymptomatic women who are not treated is accepted, it would be 
difficult to withhold treatment from any woman with covert bacteriuria. 

1.2. EFFECTS OF UTI ON THE MOTHER 

Apart from the development of "acute pyelonephritis," in one-third of mothers, if 
bacteriuria is not treated, the most significant maternal effects are on renal function. 
UTI may, however, also affect the cardiovascular and hemopoietic systems. 

12.1. Effects of bacteriuria in childhood 

Bacteriuria before the age of 4 may lead to scarred kidneys and reduction of the GFR 
by up to 50% as these girls mature [155]. Renal concentrating ability reduces with 
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increasing age, and this is accelerated by childhood UTI [156]. If bacteriuria in 
childhood is not treated with antibiotics, or is followed by renal scarring, these girls 
when aged 18 show no renal dysfunction apart from reduced fractional reabsorp
tion of glucose [157]. Should they become pregnant, however, they have less than 
physiologic increases in GFR, and greater than normal amounts of glycosuria due 
to the reduced fractional reabsorption of glucose: the additional demands of preg
nancy may unmask otherwise unrecognizable renal damage. 

12.2. Effect of infection during pregnancy on renal function 

GFR is reduced by bacteriuria in acute pyelonephritis, the creatinine clearance 
being less than 80 ml/min in 25% of patients, and less than 60 ml/min in 10% 
(normal, 125-200 ml/min), but this is reversed by treatment [134, 158, 159]. 

Renal concentrating ability in normal pregnancy is 750-1250 mOsm/liter, 
whereas in bacteriuria this is reduced to below 700 mOsm/liter maximum [158, 
160]. The effect is produced by infection ascending to the kidneys and not by 
infection confined to the bladder; the reduction is greater in bilateral than unilateral 
pyelonephritis [158, 161]. It occurs with organisms other than E. coli [133]. The 
concentrating ability returns toward normal with effective treatment of the infec
tion [158, 161, 162], but the more the concentrating ability is reduced, the more 
difficult it is to treat the infection satisfactorily [128]. The impaired concentrating 
ability does not correlate with creatinine clearance, and those with impaired 
concentration are more likely to become clinically ill [163]. These effects are also 
seen in women who are not pregnant. Recently it has been shown in the nonpreg
nant that excretion of ~2-microglobulin, which reflects proximal tubular dysfunc
tion such as may occur in pyelonephritis, also improves with treatment [63]. 
Rarely, pyelonephritis in pregnancy precipitates renal failure (see chapter 10). 

Anemia has been found to be more common in some populations ofbacteriurics, 
being most marked in those who have symptomatic UTI: the more severe the 
infection and the more treatment it required, the more anemic the patient [15, 164]. 
This could be due to deficient erythropoietin excretion by diseased kidneys, to 
hemoglobinopathy since it is more likely that bacteriuric patients will have sickle 
cell trait or disease, but the mechanism appears frequently to be increased destruc
tion of red blood cells and reduced production [164]. 

Preeclampsia and hypertension in pregnancy frequently are due to underlying 
renal pathology. Thus, it would be anticipated that both of these maternal com
plications would be more common with bacteriuria, but there is no clear view on 
this. Restrictions and exclusions in the patients considered may have obscured 
differences. Some reviewed only those who had a blood pressure of 140/90 mm 
Hg or more with generalized edema and proteinuria [134, 165]; others excluded 
those with a history of hypertension or with a diastolic blood pressure of 85 mm 
Hg or more at their first visit to the clinic (without stating when this was) and 
required that the diastolic pressure rise to 100 mm Hg for inclusion as hypertensive 
[154]. Diuretics were given in one series and only if the mothers then failed to 
lose weight and required admission to hospital for hypertension were they included 
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[131]. Others failed to differentiate between transient and persistent hypertension. 
While many have not found any increase in preeclampsia or hypertension in 
bacteriuric pregnancies [131, 132, 165], others have [134, 154], particularly in those 
whose infection was resistant to treatment [15]. 

1.3. TREATMENT 

Urinary infection may be cured by treatment, or it may relapse, it may recur, or 
it may persist. Cure rates tend to be lower in pregnancy than at other times, not 
only because of the factors that encourage bacterial growth, but also because the 
duration of follow-up is longer. A sterile urine 1-2 weeks after the completion 
of treatment frequently is the criterion of cure in the nonpregnant whereas, during 
pregnancy, surveillance may easily continue for a further 28 weeks until delivery, 
and into the puerperium, which allows greater opportunities for reappearance of 
bacteriuria. A possible fallacy of" cure" is that contamination of the urine may be 
diagnosed as infection and this vulvovaginal contamination be eliminated by the 
antibacterial therapy so that subsequent urines are not contaminated and thus are 
apparently "cured." On the other hand, a broad-spectrum antibiotic may produce 
a profuse vulvovaginitis that not only is accompanied by dysuria, but may contami
nate the urine and suggest that it remains infected. 

Relapse is the reappearance in the urine of the same organism as produced the 
original infection: reinfection is the appearance of a different organism, which 
includes a different serotype of E. coli. Relapse is more likely with infection that 
involves the ureteral urine, and reinfection with bladder bacteriuria [166]. Relapse 
is usually associated with recolonization of the introitus, rarely to persistence of 
infection in the kidney unless there is an anatomic abnormality of the urinary tract 
or infected stones [102]. Relapse may occur within 72 h of the end of treatment, 
or it may take 1-2 or more weeks [15, 166]. Failure of treatment frequently is due 
to the appearance of resistant organisms in the feces and periurethral area [167]. 
Reappearance of infection or difficulty in eradicating it is not necessarily related 
to abnormality in the urinary tract or to renal infection [15, 168]. 

Some antibacterial drugs are better avoided during pregnancy because of their 
effects on the fetus or mother. Tetracycline can cause staining of the permanent 
dentition [169] or slowing of growth of long bones [170]. Sulfonamides (particu
larly the long-acting variety) can cross the placenta and compete for bilirubin
carrying capacity, which may produce jaundice in the neonate, so they are better 
avoided if delivery is likely [171]. Chloramphenicol may affect hematopoiesis or 
produce the grey syndrome in the neonate [172]. Trimethoprim is used in the 
treatment of UTI either alone or in combination with a sulfonamide (cotrimox
azole): it is better avoided during pregnancy as it is a folic acid antagonist [173]. 
Nitrofurantoin produces gastrointerstinal upset and may not be taken by the 
patients for whom it is prescribed [157], so if it is the only drug to which an 
organism is sensitive it should be prescribed to be taken with meals. 

Bacteriuria should be treated whenever it is found, as treatment reduces the 
incidence of symptomatic UTI from 30%-40%, to less than 5%, and it also reduces 
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the other ill-effects of UTI on the mother and fetus [15, 131, 134]. The drug used 
should be the one to which the infecting organism is most sensitive. 

Duration of treatment required depends on the presentation of the UTI: whether 
it is covert or accompanied by a few symptoms, or an acute UTI possibly with 
some previous history, or a chronic infection known to exist before pregnancy that 
requires continuing control during the pregnancy. 

13.1. Covert UTI or UTI with few symptoms or minimal previous history 

Treatment is not required immediately, so bacterial sensitivity can be awaited. 
Renal function studies are not required. First-choice treatment is one or two 3-g 
doses of cephalexin or amoxycillin. This is as effective as conventional five- to 
ten-day course both in the nonpregnant [80, 127, 174] and in the pregnant [21, 
175]. The advantages of this regimen are that patient compliance is not a problem 
and that side effects are minimized: after a ten-day course of ampicillin or amoxy
cillin, 25% of nonpregnant women were found to have vaginal candidiasis, but 
this appeared in only 2% after a single-dose treatment [127]; and seven days of 
amoxycillin produced resistance in 26% of fecal Enterobacteriaceae that in some 
cases persisted for weeks, whereas single-dose treatment had no such effect [80, 174], 
so drug resistance is unlikely to occur. It is also cheaper. 

Single-dose or double-dose treatment cures 65%-70% of pregnant women for 
6-23 weeks [21, 175], which is very similar to the 62%-75% achieved by conven
tional five- to ten-day courses [15]. One group did find that seven days of 
amoxycillin was better than two large doses, but follow-up of these patients was 
only for 2-7 days [176]. The majority of organisms are sensitive to either ceph
alexin or ampicillin, but, if they are not, a single dose of 100 mg nitrofurantoin 
[177] or 2 g of a sulfonamide [178] might be considered. Whatever drug is used, 
the patients must be followed closely for the remainder of the pregnancy, and into 
the puerperium, because those who will be cured cannot be predicted by the renal 
concentrating ability [21] or other criteria. Urine should be cultured two weeks 
after treatment and thereafter monthly until delivery. If infection reappears, then 
the patient should be treated as described in section 13.2. 

13.2. Acute UTI, or recurrence after single dose or history of UTI 

The drug used should be the one indicated by bacterial sensitivity testing but, if 
the patient is so ill that this cannot be awaited, the drug of first choice is cephalexin, 
to which few organisms are resistant and which has few side effects; or the 
antibacterial to which most organisms are sensitive in the patients' locality. If the 
patient is severely unwell or is vomiting, the initial doses may be given intrave
nously or intramuscularly, but usually oral treatment is sufficient. It may be 
necessary to review renal function, particularly if the patient has a previous history 
of UTI. The drugs should be given for 5-10 days, but the initial drug may need 
to be changed if the patient's pyrexia is not falling, her localizing symptoms are 
not improving, or bacterial sensitivity shows that another drug would be better. 
If, however, the patient's clinical condition is not improving, the diagnosis should 
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be reviewed in case some other lesion such as appendicitis is the basis of the patient's 
pyrexia and other symptoms. If there is suspicion of a blocked ureter, an ultrasound 
examination of the kidneys to exclude an obstructed ureter on one side, or a 
single-shot IVP, may be required to clarify the diagnosis so that any block present 
can be relieved. 

Treatment for 5-10 days will produce cure for the rest of the pregnancy in 
50%-65% of pregnant women [15, 168, 179, 180]. Continuous treatment will 
produce slightly better rates of cure, but may well produce antibacterial resistance 
in organisms that would produce problems with treatment in the puerperium or 
of the neonate. Five to seven days of treatment produces as satisfactory a result as 
10-14 days. 

Following this treatment, an MSU should be obtained 10-14 days after its end, 
and thereafter monthly until delivery. The urine should also be cultured in the early 
puerperium and six weeks after delivery. It is likely that half of those treated in 
this way will have no recurrence for the rest of that pregnancy [15]. Those that 
recur should be treated as described in section 13.3. 

13.3. Previous chronic urinary tract infection on continuous therapy, or relapse 
or reinfection following 5-10 days of treatment 

These patients' renal function should be reviewed at least once after treatment has 
been started. Treatment should be continuous and under close supervision. The 
drug should be one to which the organisms are sensitive. Methenamine should not 
be used, as it is ineffective [181]. With such continuous therapy, relapse or reinfec
tion will be very much less common, but it will not be totally prevented [179, 
182-184]. The treatment should be continued through labor and certainly for the 
first few days of the puerperium. 

Patients in whom bacteriuria is not cleared by treatment must be thoroughly 
investigated to ensure that there is no underlying pathology. The possibilities for 
such investigation are reduced during pregnancy, as is definitive treatment, so each 
case should be reviewed individually. 

After delivery, patients who have been treated may well have a recrudescence 
of infection producing a puerperal pyrexia. Covert bacteriuria should then be 
sought. 

Full urologic investigation is not worthwhile in every patient who was bacteriu
ric during pregnancy, abnormal IVP being found in only 14%: it is, however, 
worthwhile if the patient's infection required repeated treatment during the preg
nancy, if it has been resistant to infection, if unusual organisms such as Streptococcus 
viridans produced the infection, if renal function has been significantly affected, or 
if she was hypertensive during pregnancy, had a light-for-dates baby, or a signifi
cant previous history. 

14. SCREENING FOR BACTERIURIA IN PREGNANCY 

UTI (covert or overt) is one of the most common complications of pregnancy. 
It has affects on both mother and fetus. Treatment of covert infection prevents the 
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mother developing clinical UTI, and in many cases improves her renal function. 
Single-dose treatment is effective in the majority and has few side effects. Although 
some patients do develop bacteriuria for the first time during pregnancy, the 
numbers are not large: a unit that delivers 3000 patients each year with an incidence 
of 5% of bacteriuria at booking will (with the precautions described earlier) reveal 
150 women with bacteriuria that is either covert or overt. Assuming that these 
mothers book at 12 weeks, it is likely that 0.5%-1.0% of the remainder will 
develop bacteriuria during the rest of pregnancy, which will amount to 14-28 
mothers. Thus, although the latter group will not be detected by screening at 
booking, the majority of patients with bacteriuria will be and the potential ill
effects can then be prevented by treatment. Over 20 years, such a policy in one 
unit reduced the incidence of acute antepartum pyelonephritis by 75% [185]. 
Effective screening can, however, be carried out only from urine specimens ob
tained from well-prepared women and interpreted in the knowledge of their 
origin. History and clinical examination are oflittle value. A pregnant woman with 
burning dysuria who has to get up three times during the night to pass urine is 
as likely to have a sterile urine as she is to be bacteriuric [186]. 
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preeclampsia, 104, 124 
Chlorpromazine, 110 
CHP. See Chronic hypertension in pregnancy. 
Chronic hypertension in pregnancy 2-3, 4T, 5-6 
Chronic renal diseases, effects of, on pregnancy, 

73-75 
Chronic renal failure, effect of pregnancy on, 

74-75 
Citrobacter, 211 T 
Clearance measurement, 70 
Clonidine, 129 
Clostidrian infection, in septic abortion, and ARF, 

169 
Clotting activation, in normal pregnancy, 37-39, 

37T 
Clotting activation, in preeclampsia, 43-44 
Clotting factors, consumption, in DIC 39-42, 168 

in normal pregnancy, 35-36, 36F 
CO. See Cardiac output. 
Coagulation, and pregnancy, 35-44, 167-169 
Coagulation defects in pregnancy, 39-42, 43-44, 

167-169 
Coagulation system, changes of, in normal 

pregnancy, 35-37, 167-169 
changes of, in preeclampsia, 43-44 

Coincidental hypertension, during pregnancy, 
96-99-100 

Coma 
eclamptic, 109 
secondary to AFLP and hepatic failure, 173 

Congenital abnormalities, in children born to 
transplanted and dialyzed mothers, 190--191, 
191T, 201-202 

Continuous therapy, of UTI, 221 
Contraception, following renal transplantation 197 

and hemolytic uremic syndrome, 178 
Contraceptive advice to patients on renal 

replacement therapy. 192 
Contraceptives, 108 
Contraindication to pregnancy, 158 
Converting-enzyme inhibitors, 19, 129. See also 

single drugs 
Convulsion, 95, 96, 98-99, 98T, 103, 106, 106T, 

108-112 
Corticosteroid-binding globulin (CBG), 88 
Corticosteroids, 198, 199, 201 
Cortisol, 73, 88 
Cotrimoxazole, 219 
Creatinine, plasma concentration of, 68-70, 69F, 

105 
Creatinine clearance, 67, 68F, 69F 
CSU. See Catheter specimen urine. 
Cyclosporin, 17, 198, 199,201 



Cystitis, 205 
Cystoscopy, 210 

Death, intrauterine, 24, 25, 26, 100 
Dehydroepiandrosterone, 24 
Delivery, preterm, during preeclampsia, 189 
Desoxycorticosterone (DOC), 73, 77, 84F, 85F, 

87-90 
Dexamethasone, 88 
DHEA. See Dehydroepiandrosterone 
Diabetes mellitus, 97, 104, 155-156, 197, 199, 216 
Diabetic nephropathy, 47, 60, 155-156 
Dialysis, regular treatment, successful pregnancies 

in women on, 185-192, 186T, 187T, 189T, 
190T, 191T, 196--197 

Diazoxide, 113 
DIC. See Disseminated intravascular coagulation. 
Diet, and polyunsaturated fatty acids 14 

and preeclampsia, 14-15, 125 
Disseminated intravascular coagulation (DIC), 17, 

39-42, 40T, 41T, 168, 169, 173 
clinical picture of, 40-41 
diagnosis of, 41--42, 41T 
pathogenesis of, 39 
treatment of, 42 

Diuretics, as cause of sodium depletion, in 
pregnancy, 91-92, 104, 124-125, 129 

in eclampsia, 113 
effect of, on placental perfusion, 92, 124-125 
in the prophylaxis of preeclampsia, 104, 

124-125 
use of, in acute renal failure during pregnancy, 

92 
DOC. See Desoxycorticosterone. 
Duration of pregnancy in transplanted and 

dialyzed patients, 189T 
Dysuria, 206 

Eclampsia, 40T, 49, 96, 99, 106--107, 106T, 
108-119 

and ARF, 166 
ARF as complication of, 171-173 
and DIC, 40T 
edema during, 109 
magnesium sulfate for treating 106--107, 106T 
pathology of, 49 
prognosis of, 11 0 
proteinuria during, 109, 110 
treatment of, 110 

ECV. See Extracellular fluid volume. 
Edema, 2, 13, 26F, 77-78, 90, 96, 100, 102-103, 

106, 109 
during eclampsia, 109 
and hypertension, 2, 13, 26F, 100, 102-103, 

106, 110 
in preeclampsia, 77-78, 90, 96, 100, 102-103, 

106 
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Embolism, amniotic fluid, and DIC, 40T 
Encephalitis, 110 
Endotheliosis, in preeclampsia, 52, 76, 172 
Enterobacter, 211 T 
EPH gestosis, 2. See also Preeclampsia 
Epigastric pain, in pregnancy, 98, 98T, 103, 105, 

106, 109 
Epilepsy, 106, 110 
Escape phenomenon, after mineralcorticoids, in 

pregnancy, 85-86 
Escherichia coli, 211-212, 211T 
Essential hypertension, and preeclampsia, 13 

pregnancy in patients with, 75-76, 97, 99, 123, 
138, 139 

Estradiol, 24 
Estrogens, 18, 73, 89, 199 
Exaggerated natriuresis, 8 
Experimental toxemia. See Preeclampsia, animal 

models of. 
Extracellular fluid volume, 3, 4T, 5, 8, 82, 91 

CHP,4T 
effects of pregnancy on, 3, 4T, 82, 91 

Fatty acids 14 
FDP. See Fibrin(ogen) degradation products. 
Feeding, breast, of the children born to 

transplanted and dialyzed mothers, 191-192 
Fertility, of chronic uremic patients, 196 
Fetal growth retardation. See Growth retardation, 

fetal. 
Fetal outcome, effect of proteinuria on, 144-145 
Fetal size, in preeclampsia, 105 
Fibrin, 35, 38--41, 43, 55, 57, 99, 101, 142, 168 

in uteroplacental vasculature, 35, 38 
Fibrin(ogen) degradation products (FDP) , in acute 

DIC, 41, 41T, 178 
in preeclampsia, 43 

Fibrinolysis, in acute DIC, 39, 41, 42 
in normal pregnancy, 36--37, 168 
in preeclampsia, 43 

Fibrinolytic enzyme system, in normal pregnancy, 
36--37 

Filtration fraction, 66 
Fluid volumes, in normal pregnancy, 82 
Follow-up of patients with proteinuria in 

pregnancy, 159 
Follow-up of transplant women following 

pregnancy, 200 
Furosemide, 113 

Ganglion-blocking agents, 129 
GFR. See Glomerular filtration rate 
Glomerular filtration rate, in CHP 5-6 

in normal pregnancy, 4-5, 66, 66F, 74, 83 
in PIH 6, 26F, 76 
in single nephron, 4-8 

Glomerular hydrostatic pressure, 4 
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Glomerular plasma flow, 4-6 
Glomerulonephritis, 47, 60, 76, 99, 100, 142, 

146T, 148T, 150-151T 
Glucocorticoids, 107 
Glucose excretion, in normal pregnancy, 71-72 
Glucose reabsorption, in normal pregnancy, 71-72 
Glucose Tm, in normal pregnancy, 71 
Glycosuria, in normal pregnancy, 71-72 
GPF. See Glomerular plasma flow. 
Growth retardation 

fetal, following antihypertensive drugs, 126, 
127 

fetal, and preeclampsia, IS, 24, 25, 26, 43, 98T, 
99, 100, 144 

fetal, during pregnancy with UTI, 216 

Headache, by drugs, in pregnancy, 127, 128 
in preeclampsia, 98, 103, lOS, 106, 109 

Hematocrit 
in normal pregnancy, 1 
in preeclampsia, 105 

Hematuria, glomerular and nonglomerular, 141 F, 
142 

during urinary tract infection 209 
Hemiplegia, 110 
Hemodialysis, in ARF, 170, 175, 180, 181 
Hemodynamics 

changes in central, in pregnancy 1--4 
changes in renal, in CHP, 5--{i 
changes in renal, in normal pregnancy, 4-5 
changes in renal, in PIH 6, 76 
changes in renal, in pregnancy, 4-7, 76 
renal, in pregnancy, I-II, 76 
renal, salt excretion and, 7-8 

Hemoglobinemia, 109 
Hemoglobinuria, 109, 169 
Hemolysis, 169, 172, 177 
Hemolytic anemia, in septic abortion and ARF, 

169 
Hemolytic uremic syndrome (HUS), 22 

postpartum, 177-181 
Hemorrhage, in acute DIC, 40 

uterine, and ARF, 170-171 
Heparin, 42, 117, 172, 180 
Hepatic edema, 98, 103 
Hepatic failure, due to AFLP, 173 
Hormonal factors, in pregnancy,S, 83-89 
Hyalinosis, focal and segmental, 146T, 147T, 147F 
Hydatidiform mole, and preeclampsia, 13, 17, 20, 

96, 104 
Hydralazine, 107, 111, 112, 125, 126, 127, 128 
Hydrochlorothiazide, in the prophylaxis of 

preeclampsia, 104, 124 
Hydrops, fetal, 96, 104 
Hyperbilirubinemia, neonatal, 127 

in preeclampsia, 98T 
in septic abortion, and ARF, 169 

Hyperemesis gravidarum, and ARF, 171 

Hypermagnesemia, 115, 116 
Hyperosmotic agents, 113 
Hypertension, chronic, in pregnancy, 2-3, 4T, 

5--{i, 9F, 99-100, 123-129 
classification of, complicating pregnancy 96 
experimental, and preeclampsia 16 
and pregnancy 2-3, 4T, 5-7, 9F, 13, 26F, 

95-119,123-129 
pregnancy-aggravated, 96, 123-129 
pregnancy-induced, 2, 3, 4T, 6-7, 13, 26F, 

96-99, 100-119, 102F 
relation of preeclampsia-eclampsia to 

subsequent, 118-119 
and salt excretion, 7-8 
treatment of chronic, in pregnancy, 123-129 

Hypertensive encephalopathy, 117, 123-124 
Hypervolemia, physiologic, 167 
Hypoglycemia, neonatal, 125 
Hypotension, effects of maternal, on the fetus, 

124 
Hysterectomy, in septic abortion and ARF, 170 
Hysteria, 110 

IgA nephropathy, 48, 74, 145, 146T, 148T, 151T 
Impotence, in chronic uremic patients, 195-197 
Indomethacin, 102 
Infarcts, placental, and preeclampsia, 16 
Infection, effect of, during pregnancy on renal 

function, 218-219 
intrauterine, and DIC, 40T 
in transplant patients during pregnancy, 199 
of the urinary tract, in pregnancy, 72 

Intrauterine death, 24, 26, 100 
Inulin clearance, 66 
Ischemia, cerebral, 124 

uteroplacental, 15-16, 20, 24-26, 26F 

Jaundice, in AFLP, 173 
in septic abortion and ARF, 169 

Kf. See Ultrafiltration coefficient. 
Klebsiella, 211 T 

Labetalol, 127, 129 
Lecithin-sphingomyelin (LIS) ratio, in amniotic 

fluid, 107 
Libido, in chronic uremic patients, 195-197 
Lipids, 14, 23 
Lipoproteins, 23 
Liver, in preeclampsia, 98 
Lupus erythematosus, systemic (SLE), 13, 74, 76, 

146T, 148-154, 152F, 153T, 158 
systemic (SLE), effect of pregnancy on, 

153-154 
Lupus nephropathy, effect on the fetus, 149-153 



Magnesium, and eclampsia, 115-117, 128 
and preeclampsia, 15 

Magnesium sulfate, use of, in eclampsia and in 
severe preeclampsia, 106-107, 106T, 108, 
111-112,115-117, 128 

Malignant hypertension, 158 
Mannitol, 113 
Membranoproliferative glomerulonephritis, 48 
Membranous nephropathy, 47, 55, 60, 143F, 145, 

146T, 148T, 151T 
Meningitis, 11 0 
Menstruation, following renal transplantation 197 
Meperidine, 114 
Methyldopa, 126, 128 
Metoprolol, 126 
Microangiopathic hemolytic anemia, in 

postpartum renal failure, 177 
Midstream specimen urine (MSU) , 206 
Minimal change nephropathy, 47, 60, 136 
MSU. See Midstream specimen urine. 
Multifetal pregnancy, 96 
Multipara, 96 
Myoglobinuria, 169, 172 

Natriuretic drugs. See Diuretics 
Nephrosclerosis, 47, 58T, 59F, 59T, 60 
Nephrotic syndrome in pregnancy, 77, 144 
Nifedipine, 128 
Nitrofurantoin, 219, 220 
Nitrous oxide, 114 
Norepinephrine, 101 
Nullipara, 96, 104, 108 

Offspring, of female transplant patients, 201-202 
of male transplant patients, 200--201 

Oliguria, in preeclampsia, 98T, 106 
Osmolality, plasma, in pregnancy, 73 
Oxprenolol, 126 
Oxytocin, 107, 108, 114 

Pain, upper abdominal, in pregnancy, 98, 98T, 
103, 105, 106, 109 

Para-amino hippurate (PAH) clearance 65 
Parathyroid hormone 5 
Partial thromboplastin time (PTT) in acute DIC, 

41,41T 
Pathology of the kidney, during pregnancy, 

47-61, 58T 
PCK. See Polycystic kidney disease. 
Percutaneous puncture of the bladder, 206, 

207 
Perinatal mortality, 103, 108, 111, 115, 125, 

144, 216 
Peritoneal dialysis, in ARF, 170, 175, 180, 

181 
pregnancy during, 75, 185-192 

Index 235 

PET (Preeclamptic toxemia). See Preeclampsia 
P G. See Glomerular hydrostatic pressure 
PG. See Prostaglandin 
PGE, 5, 19, 21, 86, 101 
PGI2• See Prostacyclin 
Phenobarbital, 106 
Phenytoin, 106 
Pheochromocytoma, 76 
PIH. See Pregnancy-induced hypertension 
Placental blood flow, effects of antihypertensive 

therapy on, 123-124 
Plasma renin activity, in CHP, 6 

in normal pregnancy, 5, 18, 89 
in placental extracts, 17 
in preeclampsia, 20-21 

Plasma volume, in CHP, 2 
in normal pregnancy, 1, 82 
in PIH, 3, 
in preeclampsia, 77, 90 

Plasmapheresis, in treating HUS, 181 
Plasmin, 40 
Platelets, in normal pregnancy, 35, 39 

in preeclampsia, 43, 98, 105 
Polycystic kidney disease (PCK) , 156-157 
Polydramnios 181 
Porphyria 110 
Postpartum renal failure, 166, 177-181 
PRA. See Plasma renin activity 
Preeclampsia, 2, 13-33, 26F, 40T, 76-78, 96 

animal models of, 14-17 
antivitamin-E stress diet and, 15 
ARF as complication of, 171-173 
changes of GFR in, 6, 26F, 76 
changes of the hemostatic system in, 43-44 
changes of renal hemodynamics in, 6, 76 
changes of RPF in, 6, 76 
diet and, 14-15 
edema in, 77-78, 90 
experimental hypertension and, 16 
follow-up after, 59T 
immunologic damage to the placenta and, 17 
magnesium sulfate in the treatment of severe, 

106-107, l06T 
pathogenesis of, 13-33, 26F 
pathology of the kidney in, 47-61, 142-144 

(See also Preeclamptic nephropathy) 
placental extract infusion and, 16-17 
placental factor and, 16-17 
plasma volume in, 77 
predisposing factors to, 13, 104 
preterm delivery during, 189 
prognosis of, 103 
prophylaxis and treatment of, 103-108 
proteinuria in, 77 
renin-angiotensin system and, 18-21 
serum protein during, 140 
sodium retention in, 77-78 
in transplanted women, 198 
uric acid clearance in, 76 
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Preeclampsia (continued) 
urine microscopy during, 140--141 
uteroplacental ischemia and, 15-16, 20--21, 

24--26, 26F 
weight gain in, 77 

Preeclamptic nephropathy, pathology of, 47-61, 
48F, 49F, 50F, 51F, 52F, 53F, 54F, 55F, 
142-144, 143F, 144F 

Preeclamptic toxemia (PET). See Preeclampsia 
Pregnancy normal, 1-2, 4T, 4--5 
Pregnancy-induced hypertension 2, 3, 4T, 6, 

20--21, 26F 
calcium intake and, 15 
cardiac output in, 3 
extracellular fluid volume and, 3, 4T 
renin-angiotensin system in, 20--21-26F 
volume depletion and, 3 

Prerenal azotemia, 170--171 
Progesterone, 5, 78, 83 
Prolactin, 5, 73, 77 
Promethazine, 114 
Propranolol, 125-126 
Prorenin, 19 
Prostacyclin, 5, 14, 19-22, 26, 27, 39, 43, 101, 

172, 180, 181 
Prostaglandins, 5, 13, 21-24, 26, 26F, 73, 78, 90, 

101-102. See also single hormones 
in normal pregnancy, 21-22, 101-102 
in preeclampsia, 22-24, 26, 26F, 78, 101-102 

Prostaglandin inhibitors, 102. See also single drugs 
Protein, tubular reabsorption of, 135 

tubular secretion of, 135 
Proteinuria, 2, 13, 26F, 55, 72, 74, 77, 96, 97, 

98T, 100, 102-103, 106, 109, 110, 133-159, 
Proteinuria, 

detection and quantitation of, 137 
during eclampsia, 109, 110, 140 
glomerular, 136 
and hypertension, 2, 13, 26F, 55, 96, 97, 98T, 

100, 102-103, 106, 109, 110 
investigation of, during pregnancy, 138 
mechanism of, 133-135 
in normal pregnancy, 72, 74, 133-135, 137 
pathophysiology of, in preeclampsia, 138 
postpartum resolution of, 145 
in preeclampsia, 77, 96, 97, 98T, 102-103, 

138-145 
in pregnancy, due to underlying renal disease, 

136-137, 145-153 
selective and nonselective, 136 
tubular, 137 

Proteus, 211 T 
Prothrombin time, in acute DIC, 41, 41T 
Psychosis, posteclamptic, 110 
Pulmonary edema, 11 0, 113 
Pyelography, intravenous, 221 
Pyelonephritis, 74, 99, 155, 205, 217 

acute, and ARF, 170 
Pyuria, 207 

Red blood cells in pregnancy, 1, 140 
Reflux nephropathy, 155 
Rejection, during gestation, in transplanted 

women, 198 
on termination of pregnancy, in transplanted 

women, 198 
Renal cortical necrosis. See Bilateral cortical 

necrosis (BRCN) 
Renal disease, management of pregnancy in 

patients with, 158-159 
Renal function, assessment of, in pregnancy, 

69-70 
effect of UTI on, during pregnancy, 218-219 
impairment, during pregnancy in transplanted 

patients, 198 
in normal pregnancy, 65-78 
in preeclampsia, 6, 26F, 76 

Renal plasma flow, in CHP, 5-6 
effective (ERPF), 65, 66F, 76 
in normal pregnancy, 4, 66, 66F 
in PIH 6, 76 

Renal replacement therapy, successful pregnancies 
in women on, 185-192, 195-203 

Renin, 5, 6, 13, 17, 18-21, 26, 26F, 84, 168 
Renin-angiotensin system,S, 13, 18-20, 83-87, 

168 
in normal pregnancy, 18-20, 84--87, 168 
in preeclampsia, 20--21, 84--87 

Renin substrate, 18, 89 
Resistances, glomerular, in CHP, 5-6, 9F 

glomerular, in normal pregnancy, 4--5 
total peripheral, in pregnancy, 4T 

Respiratory distress syndrome, 42, 107, 125, 126, 
201 

Retinal arterioles, 103 
Retinal detachment during eclampsia, 110 

in preeclampsia, 103 
Rh incompatibility, and preeclampsia, 13, 20 
Risks of pregnancy, following renal 

transplantation, 197-200 
Risks to the fetus, during pregnancy in transplant 

women, 200--202 
RPF. See Renal plasma flow 

Salarasin, 17, 20 
Salt diet, low, in hypertensive pregnancy 125, 129 
Salt excretion, in pregnancy, 7-8 
Salt-losing tendency, in pregnancy, 7 
Scleroderma, 158 

and preeclampsia, 13, 158 
Seizures, in eclampsia, 99. See also Convulsions 
Septicemia, and ARF, 169 
Serotonin, 43 
Sexual function, 

in chronic uremic patients, 195-197 
in dialysis patients, 195-197 
before and after renal transplantation, 195-197 

SGOT, in preeclampsia, 98T, 105 



Shock, and Die, 40T, 42, 169 
hypovolemic, in acute Die, 40, 42 
septic, and ARF, 169 

Sickle cell nephropathy, 47, 60 
Single-dose treatment of UTI, 220 
SLE. See Lupus erythematosus, systemic 
SNGFR. See Glomerular filtration rate, in single 

nephron 
Sodium, tubular reabsorption of, in normal 

pregnancy, 83 
Sodium excretion, circadian patterns of, in 

pregnancy, 90 
posture and, in pregnancy, 89-90 

Sodium intake, dietary, in hypertensive pregnancy, 
125, 129 

in normal pregnancy, 90 
Sodium metabolism, in normal pregnancy, 72-73, 

81-92 
in preeclampsia, 81-92 

Sodium restriction, in hypertensive pregnancy, 
91-92, 125, 129 

Sodium retention, in normal pregnancy, 82-90 
in preeclampsia, 77-78, 82-90 
posture and in pregnancy, 89-90 

SPA. See Suprapubic aspiration specimen 
Sterilization, following renal transplantation 197 
Streptococcus faecalis, 211T, 212, 213 
Stroke volume in normal pregnancy, 1 
Sulfonamides, 219 
Suprapubic aspiration specimen (SPA), 207, 208 

Tarnm-Horsfall protein, 135, 137 
Tetracycline, 219 
Thiazide therapy, in pregnancy, 92, 124. See also 

single drugs 
Thiopental, sodium, 114 
Thrombin, 37-40 
Thrombin clotting time, in acute Die, 41, 41T 
Thrombocytopenia, 41, 98, 98T, 169, 177 

in acute Ole, 41 
Thrombotic microangiopathy, 40, 41, 43, 172-173 
Tocopherol. See Vitamin E 
Toxemia of pregnancy. See Preeclampsia 
Transplantation, contraception following renal, 

197 
infections during pregnancy following renal, 

199 
menstruation following renal, 197 
preeclampsia in patients after, 198-199 
renal, after postpartum renal failure, 181 
renal functional impairment during pregnancy, 

in women after, 198 

Index 237 

risks of pregnancy following renal, 197-200 
sexual function before and after, 195-197 
sterilization following renal, 197 

Transplanted patients, pregnancies in, 185-192, 
186T, 187T, 189T, 190T, 191T, 195-203 

Trimethoprim, 219 
Tuberculosis, 207 
Tubulointerstitial disease, 47 
Twin pregnancy, and preeclampsia, 13 

Ultrafiltration coefficient, 4--5 
Ultrasound examination, during pregnancy, 221 
Urea, 

clearance of, 67-68, 70 
plasma concentration of, 68-70 

Uric acid, clearance of, in pregnancy, 70-71, 76 
plasma concentration of, in pregnancy, 70-71, 

76--77 
Urinary tract, changes in the, during pregnancy, 

210 
Urinary tract infection, clinical diagnosis of, 

209 
continuous therapy of, 221 
diagnosis of, 205-209 
natural history of, 215-216 
in pregnancy, 72, 155, 167, 205-222 
single-dose treatment of, 220 
treatment of, during pregnancy, 219-220 

Uteroplacental ischemia. See Ischemia, 
uteroplacental 

UTI. See Urinary tract infection 

Vasopressin, 21, 73, 101 
Vesicoureteric reflux, 155 
Visual disturbances, during eclampsia, 110 

in preeclampsia, 98T, 103, 105, 106, 109 
Vitamin E, and preeclampsia, 14, 23 
Vitamin excretion, in pregnancy, 72 
Volume contraction, ARF due to, 170-171 
Volume depletion, and PIH, 3 

Water retention, in normal pregnancy, 82-89, 167 
in preeclampsia, 82-89 

Weight, birth, of children born to transplanted 
and dialyzed mothers, 189-190, 190T 

Weight gain, in normal pregnancy, 82 
in preeclampsia, 90, 102-105 

Zinc, and preeclampsia, 15 
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