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Summary

Preeclampsia is a complication of pregnancy which can suddenly 
change from a relatively mild phenotype into a life-threatening 
situation. One of the organs that is always involved during 
preeclampsia is the kidney. The placenta plays an important 
role in the renal pathophysiology of preeclampsia. The placenta 
produces excessive amounts of anti-angiogenic factors which 
are associated with systemic endothelial dysfunction. Although 
the underlying mechanisms of renal injury during preeclampsia 
remain unclear, women with preeclampsia have an increased risk of 
developing renal disease later in life. This observation suggests that 
preeclampsia ‘marks’ the mother—putatively in combination with 
pre-existent conditions—which might contribute to serious sequel 
throughout her life.  

The widespread endothelial dysfunction in preeclampsia is 
believed to be due to increased serum levels of anti-angiogenic 
factors—in particular sFlt-1—produced by the placenta.1 The studies 
described in CHAPTER 2 were focused on the mechanisms of 
sFlt-1 production within the placenta, and the systemic spreading 
of this anti-angiogenic factor. During both preeclampsia and 
uncomplicated pregnancy, the placenta is the principal source of 
sFlt-1. The outermost layer of the placenta, the syncytiotrophoblast, 
forms ‘knots’ that contain the anti-angiogenic protein sFlt-1, 
particularly during preeclampsia. Previous research has shown that 
these knots—called syncytial aggregates after detachment from the 
placenta—account for approximately 25% of all sFlt-1 protein in the 
maternal circulation.2 In this thesis, the spread of these syncytial 
aggregates was further investigated. We showed that—within the 
placenta—syncytial knots are indeed the primary production site 
of sFlt-1, which is significantly higher in placentas from patients 
with preeclampsia.  These knots detach from the placenta, and the 
systemic spread of the syncytial aggregates was confirmed by the 

presence of hCG-positive multinucleate aggregates in the lungs of 
pregnant women. We showed that preeclampsia is associated with 
higher numbers of syncytial aggregates in the maternal lung. In 
lung samples obtained from women who were carrying a male fetus 
co-localization of hCG and the Y-chromosome was observed, which 
strongly supports the idea that these aggregates are of fetal origin. 
Importantly, we observed that women with preeclampsia show 
increased sFlt-1 expression within these aggregates, as compared 
to the non-preeclamptic pregnant control subjects. It may be 
speculated that these aggregates influence the development of local 
immune tolerance in maternal organs early in pregnancy. Later 
in pregnancy, the sFlt-1 produced by these aggregates may cause 
endothelial injury. The presence and persistence of fetal cells in the 
maternal circulation and organs may also have both short- and 
long-term consequences for postpartum maternal health. On short-
term, the sFlt-1-loaded syncytial aggregates may undergo further 
disaggregation, forming smaller particles. Via the release of these 
smaller particles into the maternal circulation, it is not unlikely 
that these sFlt-1-loaded smaller particles contribute to endothelial 
dysfunction in maternal organs other than the lungs. On long-term, 
the fetal cells may result in chimerism, as they can be retained in 
the maternal blood and organs for decades after delivery.3 These 
cells—having stem cell-like properties—might affect maternal health 
for years after pregnancy, but it is currently unknown whether they 
cause disease or might have beneficial effects, or both.4, 5

Within the kidney, endothelial dysfunction can be caused by an 
imbalance between anti- and pro-angiogenic factors. In particular, 
vascular endothelial growth factor-A (VEGF-A)-signaling—necessary 
for the maintenance of the glomerular filtration barrier—seems to be 
affected during preeclampsia. Putative mechanisms playing a role 
in renal injury during preeclampsia were investigated in the studies 
described in CHAPTERS 3 and 4. Previous studies have shown 
that injury to the fenestrated endothelium within the glomerulus 
can lead to complement activation.6  Combining this observation 
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with the notion that preeclampsia is characterized by complement 
dysregulation—shown in placentas7-9 and serum10—we explored 
complement activation in the preeclamptic kidney in the studies 
described in chapter 3.  

In the studies described in chapter 3 we investigated renal autopsy 
tissues from women who died due to preeclampsia, as well as 
control subjects, for the presence of complement components.  
Preeclampsia was significantly associated with the presence of 
C4d—a stable marker of complement activation—and markers of 
classical pathway activation. To explore whether complement 
activation during preeclampsia in the kidney is caused by 
antibody-mediated injury, we performed immunofluorescence 
stainings on the renal autopsy tissues mentioned, for the presence 
of immunoglobulins. Immune deposits of the IgM-subtype were 
significantly more frequently observed in kidneys of women with 
preeclampsia, whereas IgG deposits were sporadically observed in 
all study groups, and IgA was never observed.  It is not possible 
to investigate the causative role of sFlt-1 in the activation of the 
complement system in the kidney in vivo in humans. Therefore, 
a sFlt-1-induced-mouse model of preeclampsia was used. Mice 
injected with sFlt-1 show increased deposition of C4 in the 
kidneys as compared to control mice. These findings suggest that 
angiogenic imbalance may play an important role in activation 
of the complement system in the kidney during preeclampsia. The 
observations described in this chapter raise the question: what 
causes the presence of the IgM-subtype in glomeruli of patients with 
preeclampsia? Although glomerular IgM deposition is observed in a 
variety of renal diseases and its role remains elusive, the presence of 
this subtype might have several explanations. Firstly, the presence 
of the IgM-subtype could reflect the binding of IgM antibodies to 
endothelium injured by sFlt-1. Natural IgM-antibodies play a major 
role in the clearance of damaged cells,11, 12 and they can bind to 
both hypoxic13 and apoptotic cells14, 15 through intracellular antigens 

that become externalized under these conditions. Secondly, IgM is 
a large molecule, and due to its polymeric nature, it easily binds 
non-specifically to endothelium.16 Finally, although we did not 
observe other immunoglobulin subtypes, it may be hypothesized 
that the presence of IgM might be caused by auto-antibodies.17 
Altogether, the studies in this chapter show that preeclampsia is 
strongly associated with activation of the classical pathway of 
the complement system in the kidney. These findings suggest that 
complement activation might amplify local inflammation, and could 
contribute to the renal injury in preeclampsia. Our findings further 
support the concept of complement inhibition as a therapeutic 
tool, targeting both the renal and placental manifestations of 
preeclampsia. 

The extent of renal injury during preeclampsia was investigated 
in the studies described in chapter 4. Preeclampsia is characterized 
by loss of podocytes into the urine. Therefore, this chapter was 
devoted to quantification of the numbers of podocytes within the 
glomeruli of patients with preeclampsia and of control subjects, 
using the same renal autopsy tissues as in chapter 3. The numbers 
of glomerular podocytes did not differ significantly between the 
preeclamptic and control groups. Podocyte injury and loss are 
often associated with increased parietal epithelial cell activation. 
Therefore, we evaluated parietal epithelial cell activation in 
the setting of preeclampsia. Women with preeclampsia showed 
significantly higher numbers of activated parietal epithelial cells 
on a podocyte location. It remains to be investigated whether 
activation and proliferation of parietal epithelial cells compensate 
for ongoing podocyte injury and loss, or whether these cells 
contribute to glomerular injury, or both. The findings described in 
this chapter may provide new insights into the renal complications 
of women with preeclampsia later in life. Parietal epithelial cell 
activation is associated with focal and segmental glomerulosclerosis 
(FSGS),18 and women with preeclampsia have a higher risk of 
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developing FSGS later in life.19 As further discussed below, we 
hypothesize that the higher numbers of activated parietal epithelial 
cells in the preeclamptic kidney as described in this chapter, may 
play an important role in the pathogenesis of the development of 
FSGS later in life.  

It is evident from the studies described in chapters 3 and 4, that 
the kidney—and in particular, the glomerulus—is targeted during 
preeclampsia. An important cause of this, as mentioned earlier, is 
believed to be the angiogenic imbalance, in which an excess of 
particularly sFlt-1 prevents VEGF-A from adequately maintaining 
the renal endothelium. As a VEGF-A-signaling pathway is 
responsible for cross-talk between endothelial cells and podocytes, 
it is believed that both endothelial cells and podocytes are injured in 
situations of angiogenic imbalance. Injured podocytes may detach 
from the glomerular basement membrane. After detachment from 
the glomerular basement membrane, podocytes are shed into the 
urine. Podocyturia during preeclampsia was further investigated in 
the studies described in CHAPTER 5. In this chapter, we explored the 
potential of using quantitative polymerase chain reaction (qPCR) as 
a means to detect the mRNA levels of podocyte-specific molecules 
in urine samples of women with preeclampsia and of control 
subjects. Women with preeclampsia showed significantly elevated 
urinary mRNA levels of nephrin, podocin, and VEGF as compared 
to normotensive pregnant control subjects, and non-pregnant 
control subjects. In addition, significantly elevated levels of nephrin 
mRNA were detected in urine of women with preeclampsia as 
compared to that of women with gestational hypertension. We 
found mRNA encoding for podocyte-specific molecules in urine of 
non-pregnant women, normotensive pregnant women, and women 
with gestational hypertension, which indicates that during all these 
conditions, there is a (physiological) loss of podocytes in urine. It 
may be speculated that normal pregnancy, gestational hypertension, 
and preeclampsia are a continuous spectrum of (mild) endothelial 

dysfunction, contributing to podocyturia.  The results from the 
studies described in this chapter demonstrate that qPCR is a highly 
promising, non-invasive method for quantifying podocyturia in 
patients with preeclampsia, but it still needs to be assessed whether 
measuring podocyturia is a more reliable marker than conventional 
biomarkers are. Importantly, a very recent study showed that 
podocyturia precedes proteinuria and the clinical features of 
preeclampsia,20 which is discussed in detail on page 168 of this 
chapter.  

To identify possible first-trimester biomarkers in preeclampsia, 
the work described in CHAPTER 6 focused on the presence of 
metabolites in early-pregnancy urine samples, and their potential 
role in predicting preeclampsia. The set of metabolites that reflects 
the organism under a particular set of conditions, is called the 
metabolome.21 The metabolome is the product of environmental 
and genetic conditions, and provides a new logical framework to 
elucidate disease etiology. In the studies described in chapter 6, 
first trimester urine samples were analyzed using nuclear magnetic 
resonance spectroscopy. The concentrations of 36 metabolites 
were compared in a nested case-control study of 73 women who 
developed preeclampsia later during pregnancy and 138 pregnant 
control subjects derived from a prospective cohort study consisting 
of 33.602 singleton pregnancies.22 Although ethnicity appeared 
to be a strong confounding factor, we identified a first trimester 
urinary metabolomics signature within the two largest ethnical 
subgroups—Caucasians and Blacks—for patients developing 
preeclampsia later in pregnancy. The significantly different urinary 
metabolomics signature in the first trimester of pregnancy in 
women destined to develop preeclampsia, potentially holds the 
promise of a screening test, and offers insight into the pathogenesis 
of preeclampsia.
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General Discussion

ON RENAL PATHOPHYSIOLOGY IN PREECLAMPSIA
Because the kidney is always involved in preeclampsia, the causes 
and consequences of kidney injury, both on the short- and long 
term, will be discussed below. 

CAUSES AND CONSEQUENCES OF ENDOTHELIAL INJURY
As mentioned earlier, endothelial injury is considered to play an 
essential role in the pathogenesis of preeclampsia. A significant part 
of this injury is thought to arise by the excessive amounts of the 
anti-angiogenic factor sFlt-1, which is produced by the placenta 
during pregnancy. However, not all pregnant women with high sFlt-
1 serum concentrations develop preeclampsia. The overlap of sFlt-1 
concentrations between women with preeclampsia and women 
with uncomplicated pregnancies illustrates this phenomenon.1 
Therefore, the rise in sFlt-1 can not solely be held accountable 
for the endothelial injury observed during preeclampsia. It 
remains debatable why some patients are so sensitive to high 
concentrations of sFlt-1, whereas other patients abide the high 
concentrations of sFlt-1 very well. sFlt-1 binds to VEGF-A, which 
leads to low concentrations of bio-active VEGF-A.23, 24 Thereby, 
the physiological functions of VEGF-A are impaired, including 
proliferation, angiogenesis, lymphogenesis, inducing endothelial cell 
permeability, and vasodilation.23, 24 Perhaps, pre-existent endothelial 
injury increase the vulnerability for a rise in sFlt-1. It is known 
that conditions associated with endothelial injury predispose to 
preeclampsia, such as diabetes mellitus, obesity, and hypertension.25 
It may be that women with such pre-existent endothelial injury 
are more vulnerable to the stress imposed on the endothelium 
during pregnancy.26-28 Thus, the rise in sFlt-1 which occurs during 
preeclamptic pregnancy might aggravate pre-existent endothelial 
injury. Furthermore, other anti-angiogenic factors, such as soluble 

Endoglin,29 have been described to play an important role in the 
endothelial injury during preeclampsia. These observations support 
the hypothesis that endothelial injury during preeclampsia is a 
multifactorial condition. Taken together, there is an overlap between 
the concentrations of anti-angiogenic factors in healthy pregnant 
women and women with preeclampsia. This phenomenon could be 
explained by the assumption that healthy pregnant women are not 
as sensitive to high concentrations of anti-angiogenic factors, or 
might not have pre-existent endothelial injury, or both. Rising levels 
of anti-angiogenic factors alone may not be sufficient to cause 
systemic endothelial injury. 

Preeclampsia is associated with certain genetic variants.30 These 
genetic variants concern genes associated with the coagulation, 
fibrinolysis, immunological, and renin-angiotensin-aldosterone 
systems. In addition, these genetic variants also seem to concern 
genes involved in cardiovascular disease and its risk factors, such 
as diabetes mellitus, obesity, and hypertension.30 Illustratively, 
women with preeclampsia have an 8-fold higher risk of death 
from cardiovascular causes later in life than women who have 
had an uncomplicated pregnancy.31 However, not all women with 
preeclampsia do develop cardiovascular disease later in life.32, 33 
The question that remains is, whether preeclampsia is the cause of 
remaining endothelial injury, causing cardiovascular disease later 
in life, or that the genetic make-up and other risk factors of these 
women result in pre-existent endothelial injury and predispose to 
both preeclampsia and cardiovascular disease.  

The different genetic predispositions associated with preeclampsia 
could also be the reason for distinct metabolic profiles in women 
with preeclampsia, compared to pregnant control subjects. In a 
recent study, a metabolomics signature in serum was described to 
be specific for preeclampsia.34 In the results described in chapter 6, 
we observed that the levels of specific metabolites differ in first-
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trimester urine samples between patients who develop preeclampsia 
and control subjects, and we found that ethnic background was a 
confounding factor. These findings may provide a viable method 
for predicting preeclampsia early, even before symptoms develop, 
and may provide key insight into the disease’s pathogenesis. It may 
be, that the factors playing a role in early pregnancy could also 
contribute to the pre-existent endothelial injury, and subsequent 
vulnerability for sFlt-1 in preeclampsia.  

Within the murine preeclamptic kidney, endothelial injury through high 
sFlt-1 levels manifests as endotheliosis (swelling of endothelial cells).35 
However, there is increasing evidence that complement activation 
also contributes to the kidney injury in preeclampsia. The results 
described in chapter 3 are the first observations to suggest a putative 
role that injured endothelium itself might play in initiating activation 
of the complement system during preeclampsia. In particular, the 
presence of complement deposits in a sFlt-1-induced-mouse model 
of preeclampsia, strongly supports the hypothesis that sFlt-1 induced 
endothelial injury is—at least in part—responsible for activation of the 
complement system. Activation of the complement system can be the 
result of binding of auto-antibodies.36, 37 In the kidney specifically, 
complement activation could result from binding of auto-antibodies 
to glomerular structures, or by glomerular deposition of circulating 
immune complexes.6 In preeclampsia, immune complex deposition 
and subsequent complement activation could, for instance, result 
from binding of angiotensin II type 1 receptor agonistic antibodies 
(AT1-AA). These antibodies are frequently observed in women 
with preeclampsia,17 and in a murine model the presence of these 
antibodies resulted in glomerular complement activation.38 However, 
not all women with preeclampsia have circulating antibodies against 
the angiotensin II type I receptor. In the work described in chapter 
3 of this thesis, glomerular complement activation was observed 
in all studied women with preeclampsia. Although the number of 
patients studied was relatively small, this finding suggests that 

other mechanisms than binding of auto-antibodies might also be 
responsible for activation of the complement system. Indeed, another 
putative cause for complement activation is the interplay between the 
complement system and dysregulation of pro- and anti-angiogenic 
factors resulting in angiogenic imbalance. Within the kidney there is 
evidence that complement activation is a consequence of angiogenic 
imbalance. The high concentrations of circulating sFlt-1 bind to 
VEGF-A, which leads to low concentrations of bio-active VEGF-A.23, 

24 In vivo cell experiments showed that on the podocytes’ surface, 
low concentrations of VEGF-A lead to reduced concentrations of the 
important complement regulator, factor H.39 Dysfunction of factor H 
is also associated with atypical Hemolytic Uremic Syndrome (aHUS).40 
Since aHUS and preeclampsia show overlapping histopathologic renal 
lesions—such as double contours of the glomerular basement membrane 
and signs of thrombotic microangiopathy—the underlying pathogenic 
mechanisms of these conditions may share the same pathways. In 
aHUS, the presence of mutations in factor H is associated with the 
deposition of complement products on the surface of platelets, resulting 
in a prothrombotic state.41 The other way around, complement may be 
activated on the membrane of activated platelets.42 Thus, these findings 
may suggest that complement dysregulation during preeclampsia, in 
particular regarding factor H, is linked to conditions associated with 
high incidence of thrombosis, which indeed seems to be the case.43 This 
multifaceted vicious cycle may aggravate the kidney injury during 
preeclampsia. In following, there are several questions that need to 
be answered. Is activation of the complement system a cause or a 
consequence of endothelial injury? Is activation of the complement 
system within glomeruli of patients with preeclampsia a result of sFlt-1 
induced endothelial injury? Or is the complement system activated 
through autoantibodies directed against the angiotensin II type I 
receptor, thereby causing endothelial injury? And does this endothelial 
injury then cause activation of the complement system, and thereby 
activation of the coagulation system?
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PODOCYTURIA: PREDICTION AND A GLIMPSE INTO THE FUTURE
Endothelial injury is thought to give rise to the clinical 
manifestations of preeclampsia, including hypertension and 
kidney injury.35 Clinically, this kidney injury results in worsening 
of kidney function and loss of proteins in the urine: proteinuria. 
Within the relatively short period of preeclamptic pregnancy, the 
glomerular filtration barrier is severely injured, which leads to 
leakage of proteins. Interestingly, Yu et al.44 demonstrated that 
in rat models of puromycin aminonucleoside-induced nephrosis, 
mesangioproliferative nephropathy, and hypertensive nephropathy, 
proteinuria is present during both active and chronic phases of 
glomerular injury, whereas podocyturia is confined to active, 
ongoing glomerular damage only. Based on these findings, 
podocyturia seems to be a good marker of ongoing glomerular 
damage. 

In the work described in chapter 5 of this thesis, increased podocyte 
specific mRNA levels were observed in urine of women with 
preeclampsia, as compared to pregnant control subjects. This  rapid 
and sensitive method seems useful in quantifying podocyturia. The 
question that remains is: is podocyturia a diagnostic tool to detect 
preeclampsia during the early stages of pregnancy, i.e. before the 
onset of clinical symptoms? Recently, a very promising paper was 
published, in which the authors describe that podocyturia precedes 
both proteinuria and the clinical features of preeclampsia.20 In 
all preeclamptic patients, podocyturia was detected in the second 
trimester, whereas podocyturia was never observed in normotensive 
controls, nor in patients who developed gestational hypertension. 
Podocyturia in the second trimester had a significantly greater 
sensitivity and specificity (both 100%, providing perfect likelihood 
ratios) for the subsequent diagnosis of preeclampsia than any single 
angiogenic factor, such as sFlt-1 or s-Eng, or a combination of 
these factors. These findings implicate promising possibilities of 
using podocyturia for accurate identification of pregnant women 

at risk for preeclampsia. Importantly, these findings also add to 
our understanding of the pathophysiologic mechanisms leading to 
preeclampsia-related proteinuria. Podocyturia was observed in the 
second trimester before the onset of proteinuria.20 This may indicate 
that glomerular loss of podocytes may lead to a disruption of the 
glomerular filtration barrier and, thereby, to proteinuria. However, 
it has also been described that proteinuria impairs podocyte 
regeneration,45 and it may be speculated that proteinuria therefore 
leads to podocyturia. Another possibility is that proteinuria and 
podocyturia are both caused by one upstream mechanism. It could 
also be the case that proteinuria and podocyturia happen at the 
same time, but are the result of different underlying mechanisms. 
Despite the significant loss of podocytes in the urine, the work 
described in this thesis showed that the number of glomerular 
podocytes is unaffected in preeclampsia. The higher number of 
activated glomerular parietal epithelial cells present in kidneys 
from women with preeclampsia may suggest that lost podocytes are 
replaced by progenitor cells of the parietal epithelium.  
 
The replacement of lost podocytes by activated parietal epithelial 
cells could be a favourable phenomenon. In a Munich Wistar 
Frömter (MWF) rat model of spontaneous glomerular injury, this 
compensatory mechanism has been described to contribute to 
remodeling of the glomerular architecture, if successful.46 Perhaps 
this mechanism could be responsible for the fact that the glomerular 
lesions in preeclampsia usually disappear within a few weeks after 
delivery.47, 48 However, instead of a repair response by parietal 
epithelial cells, murine studies have illustrated the important role 
of parietal epithelial cells in the development of FSGS, by showing 
that an excessive proliferative response of parietal epithelial cells is 
involved in the progression of FSGS.49 In human renal transplants, 
activated parietal epithelial cells are present in significantly higher 
numbers in early recurrent FSGS than in minimal change disease.18 
Women with preeclampsia have a higher risk of developing 
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FSGS later in life19, but the pathogenesis of this phenomenon is 
poorly understood. Based on the aforementioned studies, one may 
hypothesize that an excessive proliferative response of parietal 
epithelial cells may lead to kidney injury, in particular FSGS.  
 
We found higher numbers of activated parietal epithelial cells in 
kidneys from women with preeclampsia than in the control groups. 
Taking the abovementioned studies into consideration, it could be 
hypothesized that the higher numbers of parietal epithelial cells 
in the preeclamptic kidney could be a sign of repair, or a sign of 
progressive podocytopathy. In case the higher numbers of parietal 
epithelial cells are a sign of progressive podocytopathy,  this 
podocytopathy may be associated with the risk of developing FSGS 
on the long run. In addition, the replacement of lost podocytes by 
activated parietal epithelial cells might also be responsible for the 
increased risk (relative risk of approximately 4) for women with 
preeclampsia to develop end-stage renal disease.50  This increased 
risk could be a direct effect of preeclampsia. However, preeclampsia 
itself is also associated with an increased risk of cardiovascular 
disease, and cardiovascular disease is in turn associated with kidney 
disease.51 Therefore, it is challenging to distinguish the precise role 
of preeclampsia in the development of kidney disease.  However, 
the risk of kidney disease and micro-albuminuria one decade after 
preeclampsia seems to be greater than the risk of cardiovascular 
disease,52, 53 which underscores the hypothesis that preeclampsia 
might induce a primary renal insult.

PATIENTS’ PERSPECTIVES 
No single factor can be held responsible for the development of 
kidney disease during and after preeclampsia. A variety of risk 
factors and mechanisms probably underlies this phenomenon. 
Regardless of which factors contribute, preeclampsia is an important 
risk factor for subsequent chronic kidney disease. This notion 
calls for early detection and intervention. To start with, early 

prediction of preeclampsia—for example by using podocyturia 
or urinary metabolomics analysis—could provide an opportunity 
for close surveillance and preventive strategies, such as early 
delivery. It lends credence to speculation that targeting factors that 
contribute to the pathogenesis of kidney disease in preeclampsia 
may have therapeutic value. For instance, murine models have 
shown reversal of proteinuria and of histologic changes typical 
of preeclampsia when treated with complement inhibitors.54 In 
humans, Eculizumab—a terminal complement inhibitor—has recently 
been administered in a woman with preeclampsia. This resulted 
in abrogation of preeclampsia manifestations and prolongation of 
pregnancy.55 Further research is warranted to validate these findings 
in a larger clinical study, especially regarding the potential side 
effects of the treatment. In addition, several studies showed that 
targeting the excessive proliferative response of parietal epithelial 
cells56 can be achieved by therapies, such as ACE-inhibitors57 
and inhibitors of the Notch-signaling pathway.58 Similarly to 
Eculizumab, ACE-inhibitors, and Notch-signaling pathway 
inhibitors should be further studied in randomised controlled trials, 
in particular regarding the side effects for the mother and the fetus. 
Furthermore, long-term follow-up is recommended after delivery, 
especially with respect to hypertension, obesity, and insulin 
resistance.51 Whether monitoring of these risk factors and usage 
of the abovementioned therapeutic options will improve the renal 
condition during and after preeclampsia and might decrease the risk 
of kidney disease later in life, should be subject of future studies. 
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