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Abstract
Proteinuria is a frequently detected symptom, found in 
20% of pregnancies. A common reason for proteinuria 
in pregnancy is preeclampsia. To diagnose preeclampsia 
clinically and to get new insights into the pathophysiol-
ogy of the disease it is at first essential to be familiar 
with conditions in normal pregnancy. Animal models and 
biomarkers can help to learn more about disease condi-
tions and to find new treatment strategies. In this article 
we review the changes in kidney function during normal 
pregnancy and the differential diagnosis of proteinuria 
in pregnancy. We summarize different pathophysiologi-
cal theories of preeclampsia with a special focus on the 
renal facets of the disease. We describe the current ani-
mal models and give a broad overview of different bio-
markers that were reported to predict preeclampsia or 
have a prognostic value in preeclampsia cases. We end 
with a summary of treatment options for preeclampsia 
related symptoms including the use of plasmapheresis 
as a rescue therapy for so far refractory preeclamp-
sia. Most of these novel biomarkers for preeclampsia 
are not yet implemented in clinical use. Therefore, we 
recommend using proteinuria (measured by UPC ratio) 
as a screening parameter for preeclampsia. Delivery is 
the only curative treatment for preeclampsia. In early 

preeclampsia the primary therapy goal is to prolong 
pregnancy until a state were the child has an acceptable 
chance of survival after delivery. 
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Core tip: This review summarises different pathophysi-
ological theories of preeclampsia with a special focus on 
the renal facets of the disease. In this context current 
animal models are presented. The reader gets a broad 
overview about different biomarkers for preeclampsia. 
Furthermore, the article discusses treatment options 
for preeclampsia related symptoms including the use of 
plasmapheresis as a rescue therapy for so far refractory 
preeclampsia.
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INTRODUCTION 
There are many physiological changes in the function of  
different organs during normal pregnancy. Changes in 
kidney function and low grade proteinuria are common 
findings in pregnancy. However, new onset of  proteinu-
ria is also one of  the primary symptoms for the clinical 
diagnosis of  preeclampsia[1]. To understand pathological 
conditions in pregnancy it is important to know the nor-
mal changes and also typical complications that may oc-
cur during pregnancy. In pregnancy the physician always 
treats two patients. What is required for treatment of  the 
mother is not always beneficial for the child. Many drugs 
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are contraindicated in pregnancy or there is no data on 
their safety. We review the development of  kidney func-
tion and proteinuria in pregnancy in general and then 
discuss preeclampsia in particular. This is likely the first 
review where all prevailing animal models for preec-
lampsia and all currently suggested markers for early 
detection of  the disease are presented with special focus 
on the kidney. Further more, we give treatment strategies 
for preeclampsia and discuss controversial new methods 
for therapy refractory preeclampsia.

KIDNEY FUNCTION IN PREGNANCY
During a normal pregnancy kidneys increase in size and 
the kidney volume can enlarge up to 30%[2]. In pregnant 
women the ureter and the renal pelvis are frequently 
dilated which can lead to an increased risk for urinary 
tract infections and pyelonephritis. There are no renal 
histological changes due to pregnancy but higher uri-
nary frequency, nocturia, dysuria, urgency and stress 
incontinence are common[3]. The glomerular filtration 
rate (GFR) rises by approximately 40% to 50% above 
baseline levels in pregnancy. Thus, a normal serum cre-
atinine can actually reflect significant renal insufficiency 
in a pregnant woman. Equations like Modification of  
Diet in Renal Disease (MDRD) formula, Cockcroft-
Gault formula and the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) formula are usually 
used to estimate GFR but are not accurate during preg-
nancy. Smith et al[4] compared eGFR calculated using 
the MDRD formula with inulin clearance in 24 healthy 
women during and after pregnancy. They found that 
MDRD formula underestimated GFR by more than 40 
mL/min during pregnancy. The Cockcroft-Gault formu-
la, the MDRD formula and the CKD-EPI formulas were 
evaluated for their accuracy in preeclampsia by Alper et 
al[5] All of  these equations were inaccurate in predicting 
GFR in preeclamptic women compared with creatinine 
clearance obtained from 24-h urine collections. 

Cystatin-C does not seem to be a useful marker in 
pregnancy because it increases in the third trimester. 
This is thought to be due to changes in size and charge 
selectivity of  the glomerular filtration barrier leading to 
decreased filtration of  cystatin-C [6]. Increased placental 
production of  cystatin-C may also play a role in the in-
creased levels observed in late pregnancy[7]. In line with 
this Saxena et al[8] found that serum cystatin-C did not 
correlate with inulin clearance during pregnancy or post-
partum. Therefore, the best method to determine the 
GFR in pregnancy is the mean of  urea and creatinine 
clearance obtained from collected urine. 

PROTEINURIA IN PREGNANCY
There are several methods used clinically to measure 
proteinuria. A dipstick test is the easiest method to quan-
tify proteinuria, however, in a recent study the dipstick 
test in spot-urine over and underestimated proteinuria[9]. 

Another alternative to estimate proteinuria is the urine 
protein creatinine (UPC) ratio. A UPC-ratio above 700 
mg/g creatinine predicts significant proteinuria while a 
UPC ratio of  less than 150 mg/g creatinine is normal. 
Nevertheless, the UPC ratio has several disadvantages. It 
cannot detect changes in proteinuria over the course of  
the day or take into account orthostatic changes that can 
potentially cause relevant changes in proteinuria. Moreo-
ver, likely day-to-day biological variation of  the UPC-ra-
tio has to be considered and only relatively large changes 
indicate a reliable change in disease status[10]. Proteinuria 
is known to have a circadian rhythm so when samples 
for the calculation of  UPC ratio are collected at a fixed 
time of  the day UPC ratio can be an acceptable alterna-
tive for 24-h urine collections, especially in an outpatient 
setting[11]. UPC ratio was a reasonable “rule-out” test for 
detecting proteinuria of  0.3 g/d or more in hypertensive 
pregnancy[12], but normal UPC ratio cannot rule out mild 
preeclampsia[13]. 

Different cut-off  values for UPC ratio have been 
suggested with different results. In one study a cut-off  
value of  220 mg/g creatinine predicted significant pro-
teinuria with 87% sensitivity and 92.6% specificity[14]. 
According to another study random UPC ratio is helpful 
primarily when it is below 150 mg/g creatinine, in that 
proteinuria of  more than 300 mg is unlikely below this 
threshold. The accuracy of  this UPC ratio in predicting 
300 mg of  protein in 24-h urine collection in pregnant 
patients with suspected preeclampsia had a sensitiv-
ity ranged from 90%-99% and specificity ranged from 
33%-65%[15]. In contrast to that UPC ratio and 24-h 
urine total protein level showed a poor correlation with 
negative predictive value of  47.5% and specificity of  
55.8% in a study of  220 women by Durnwald et al[16] 
Nevertheless he same authors admit that UPD ratio can 
predict severe preeclampsia and thus can be used for 
rapid diagnosis of  severe preeclampsia as the correlation 
of  UPD ratio and 24-h proteinuria increases with the 
amount of  proteinuria.

Therefore the gold standard for proteinuria is the 
24-h urine collection. However, the 24-h urine collection 
is inconvenient for pregnant women, expensive and may 
be inaccurate due to insufficient collection. To address 
this problem and for validation of  the results quantifica-
tion of  the urine creatinine excretion should be done. 
Urinary creatinine excretion should be between 15 and 
20 mg/kg body weight if  the collection was adequate. 

Urinary protein excretion increases due to both 
increased glomerular filtration and increased perme-
ability of  the glomerular filtration barrier during normal 
pregnancy. Urinary protein excretion rises to about 180 
to 200 mg/d in the third trimester of  the pregnancy. In 
women with pre-existing proteinuria the rise in protein-
uria is often higher and cannot be explained by increased 
GFR alone. 

The majority of  women with pre-existing glomeru-
lar disease have increased proteinuria during the course 
of  their pregnancy and can develop nephrotic range 
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proteinuria in the third trimester. Nevertheless, the pres-
ence of  nephrotic syndrome due to renal disease, in the 
absence of  significant renal insufficiency or significant 
hypertension, does not seem to affect the natural course 
of  renal disease or foetal survival[17]. De novo renal dis-
ease like lupus nephritis or renal diseases secondary to 
diabetes or hypertension are other possible causes of  
increased proteinuria in pregnant women. In addition a 
symptomatic urinary tract dilatation may also be associ-
ated with proteinuria in pregnancy[18]. Thus, the underly-
ing reason for proteinuria in pregnancy is often clinically 
uncertain. Sometimes a definitive cause of  renal disease 
can only be found histologically. The published evidence 
for the benefit of  a kidney biopsy during pregnancy is 
heterogeneous and there are only a few reports of  renal 
biopsies during pregnancy which were performed to de-
termine the definite diagnosis of  renal disease. 

Packham et al[19] reported 111 renal biopsies per-
formed before the 29th week of  gestation where com-
plications of  the procedure were similar to those in 
the non-pregnant population. Day et al[20] showed that 
pregnancy itself  does not increase the risk associated 
with a renal biopsy. In contrast to that, other investiga-
tors reported a significantly higher risk of  complications 
for kidney biopsies in pregnancy, with a peak at around 
the 25th gestational week[21]. Some clinicians prescribe 
empirical therapy with steroids in nephrotic syndrome 
in pregnancy. However, diabetic nephropathy or amy-
loidosis may be exacerbated by steroid therapy. Lupus 
nephritis during pregnancy follows a variable course and 
the type and extent of  renal lesions can only be assessed 
histologically. Patients with a biopsy-proven diagnosis of  
mesangial-proliferative lupus nephritis usually have a fa-
vourable prognosis. Diffuse proliferative lupus nephritis 
typically results in a decreased glomerular filtration rate, 
a poor prognosis and requires aggressive therapy. Renal 
biopsy for the diagnosis of  glomerulonephritis or preec-
lampsia led to therapeutic changes in 66% of  cases[21]. In 
general we would recommend waiting until postpartum 
before performing a renal biopsy unless an unexplained 
rapidly progressive loss of  renal function or unexplained 
nephrotic range proteinuria occurs. Therapeutic options 
in pregnancy are given below.

PREECLAMPSIA
A common reason for increased proteinuria in pregnan-
cy is preeclampsia. Preeclampsia affects 2%-8% of  preg-
nancies and is defined as the combination of  pregnancy 
induced hypertension and proteinuria[22]. Recently the 
American College of  Obstetricians and Gynecologists 
removed proteinuria as an essential criterion for diagno-
sis of  preeclampsia in 2013[23]. Therefore, it is possible 
that in recent studies 10% of  women with clinical and/
or histological manifestations of  preeclampsia had no 
proteinuria[24].

It has been hypothesized that preeclampsia results 
from a reduction in uteroplacental perfusion which leads 

to uteroplacental ischemia. In the preeclamptic placenta 
trophoblasts do not develop normally and are unable 
to invade the myometrium effectively[25]. Specifically the 
placental tissue but not the foetus is involved in the de-
velopment of  preeclampsia, since preeclampsia also oc-
curs in women with a hyaditiform mole[26-29]. Risk factors 
for preeclampsia include family history of  preeclampsia, 
multiple gestation, nulliparity, obesity, older maternal age, 
molar pregnancies, diabetes mellitus, pre-existing hyper-
tension, chronic renal disease and thrombotic vascular 
disease[30-33]. Paradoxically, smoking during pregnancy is 
associated with a reduced risk of  preeclampsia[34,35]. Nic-
otine inhibition of  thromboxane A2 production might 
explain this. However, it must be stated that smoking in 
general and especially during pregnancy has an increased 
health risk and is absolutely contraindicated. 

Preeclampsia can cause small-for-gestational-age 
infancy, preterm delivery, hypoxic neurologic injury and 
foetal death. Perinatal mortality is approximately 10% 
and maternal mortality even occurs in 10% to 15%[36]. 
Maternal complications of  preeclampsia include renal 
failure, eclampsia, HELLP syndrome (haemolysis, el-
evated liver enzymes, and thrombocytopenia), seizures, 
liver failure and stroke. In contrast to normal pregnancy 
where blood urea nitrogen (BUN) and creatinine de-
crease, preeclamptic women have BUN and creatinine 
levels similar to non-pregnant women due to reduced 
GFR and RPF. 

Clinical signs of  preeclampsia generally resolve spon-
taneously within 12 wk after delivery whereas proteinuria 
due to other renal disease does not. New-onset proteinu-
ria after 20 wk of  gestation together with new-onset hy-
pertension is a strong indicator of  preeclampsia. The se-
verity of  proteinuria does not correlate with the severity 
of  preeclampsia and can even be absent in 10% of  the 
cases[1,37,38]. However, a high UPC ratio in preeclamptic 
women is associated with a highly increased likelihood 
of  adverse maternal outcomes[39].

In cases where information on the presence or ab-
sence of  proteinuria in early pregnancy is lacking, the 
distinction between an underlying primary renal disease 
and preeclampsia can be very difficult. If  thrombotic throm-
bocytopenic purpura occurs for the first time during preg-
nancy, it may mimic severe preeclampsia.

The timing of  preeclampsia can also be atypical with 
onset before the 20th week of  gestation or up to 4 wk 
postpartum. Thus, in some cases, the distinction between 
preeclampsia and other renal diseases in pregnancy can 
only be made in retrospect.

Postpartum preeclampsia is the occurrence of  hyper-
tension and proteinuria after delivery. Late postpartum 
eclampsia is an atypical form of  eclampsia beginning 
between 48 h to 4 wk after delivery[40]. The incidence of  
postpartum preeclampsia is dependent on the popula-
tion included in the study. In one 10-year retrospective 
case series it was 5.7%[41]. In the same analysis 15.9% of  
hypertensive or preeclamptic women in the postpartum 
period develop eclampsia.
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Most patients with postpartum preeclampsia have 
no evidence of  preeclampsia during pregnancy[42]. Hy-
pertension is a common but not universal finding in 
postpartum preeclampsia. In postpartum preeclampsia 
proteinuria may occur less often than in preeclampsia 
during pregnancy[43]. Seizures are often more severe and 
refractory to treatment.

Persistence of  trophoblasts is associated with the de-
velopment of  preeclampsia in gestational trophoblastic 
disease[28,29]. Even though found only on the microscopic 
level, trophoblastic, tissue was found in patients with 
postpartum preeclampsia and suggests that it causes the 
disease. Epstein et al[44] demonstrated that women with 
preeclampsia develop hypertension more often than 
their non-preeclamptic siblings.

ANIMAL MODELS FOR PREECLAMPSIA
A number of  animal models have been proposed for 
preeclampsia but have some limitations. Mice have shal-
low trophoblast invasion and three trophoblast layers 
verses a single layer of  trophoblasts of  the human pla-
centa in pregnancy. Therefore mice models are less use-
ful for studying trophoblast invasion processes. In order 
to model reduced uterine perfusion pregnant rats under-
go clipping of  the aorta above the iliac bifurcation at day 
14 of  gestation[45]. There are also some mouse models of  
preeclampsia that employ manipulation of  sFlt-1, VEGF 
121[46], endothelin, endothelial nitric oxide synthase[47] or 
the renin-angiotensin system[48].

From a renal point of  view the sFLT model is one of  
the most promising because it is the only one that shows 
glomerular endotheliosis as well as hypertension and 
proteinuria[49]. Karumanchi et al[50] created a rat model of  
preeclampsia by administration of  a sFLT1-expressing 
adeno-virus. The administration of  the sFLT1 by this 
vector resulted in a dose-dependent hypertension, pro-
teinuria, and glomerular endotheliosis in pregnant rats[50]. 
As preeclampsia only occurs spontaneously in pregnant 
women, no animal model can completely mimic the en-
tire pathogenesis of  human preeclampsia and all animal 
models only reflect some limited aspects of  the underly-
ing disease. Thus, the definitive studies on preeclampsia 
must be clinical. 

In the last few years many potentially useful bio-
chemical markers have been proposed for the predic-
tion and outcome of  preeclampsia. The timeframe of  
diagnostic usefulness of  these biomarkers to distinguish 
women at risk for preeclampsia from healthy pregnant 
women will be reviewed below. 

BIOMARKERS IN PREECLAMPSIA
Autoantibodies 
Gant et al[51] identified hypersensitivity to infused Angio-
tensin Ⅱ in preeclamptic patients. However, circulating 
levels of  Angiotensin Ⅱ are not increased in preeclamp-
sia[52]. Instead, immunoglobulins from preeclamptic 
women increased the beating rate of  neonatal rat car-

diomyocytes. These immunoglobulins contained Angio-
tensin Ⅱ type 1 (AT1) autoantibodies that stimulate the 
Angiotensin-receptor. The increased heartbeat rate could 
be blocked by treatment with losartan and it could be 
demonstrated that the autoantibodies bind to the second 
extracellular loop of  the AT1 receptor[53]. AT1 agonistic 
autoantibodies are not only found in preeclampsia but 
also in antibody mediated kidney transplant rejection[54]. 
In kidney-transplant recipients who had severe allograft 
dysfunction without anti-HLA antibodies but detection 
of  AT1 agonistic autoantibodies rejection was accompa-
nied by accelerated hypertension and convulsions[55]. It is 
proposed that similar mechanisms might be involved in 
preeclampsia and refractory allograft rejection and it was 
found that one rejecting kidney-transplant recipient had 
had preeclampsia 16 years earlier[55].

Adrenomedullin 
Pregnancy is associated with high concentrations of  
adrenomedullin in maternal and foetal blood and in the am-
niotic fluid[56]. Adrenomedullin has a potent and long-lasting 
hypotensive effect when injected intravenously in anaesthe-
tised rats. Hata et al[57] measured circulating adrenomedullin 
concentrations in preeclampsia and normotensive pregnant 
women and showed that adrenomedullin concentrations are 
significantly lower in preeclamptic women.

Podocyturia
Renal involvement in preeclampsia can be at least partly 
explained by impaired podocyte function. Podocytes are 
the major source of  VEGF in the glomerulus[58]. Podocyte-
derived VEGF has paracrine functions on endothelial cells 
as well as autocrine functions on the podocytes them-
selves[58-60]. New data suggest that detection of  podocy-
turia might serve as an early diagnostic marker for pre-
eclampsia prior to the development of  proteinuria and 
hypertension. Garovic et al[61] showed that podocyturia is 
present at delivery in women with preeclampsia. Podo-
cyturia also had a significantly greater sensitivity and 
specificity for the subsequent diagnosis of  preeclampsia 
than any single angiogenic marker or a combination 
thereof  in the second trimester[62]. A strong correlation 
was found by Aita et al[63] between the number of  podo-
cytes lost in urine and blood pressure, but no correlation 
with proteinuria. Several markers have been used in dif-
ferent studies to detect podocyturia. Nevertheless, it is 
important to keep in mind that the expression of  marker 
proteins does not allow a definite allocation of  the in-
volved glomerular cell types. De- or transdifferentiation 
and detachment of  cells as well as changes in the urine 
milieu have a direct effect on marker protein expression. 
According to Skoberne et al[64], the urine markers most 
reliable for assessing disease activity of  certain glomeru-
lar diseases are PDX- or CD68-positive cells.

mRNA
Recently, quantitative polymerase chain reaction for 
podocyte-specific markers was found to be a rapid meth-
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od to detect preeclampsia. Significantly elevated mRNA 
levels of  nephrin, podocin, and VEGF were detected in 
preeclamptic women compared with healthy controls[65].

Placental protein 13 
Placental protein 13 (PP13) is a member of  the galectin 
super family and is important for differentiation and pro-
liferation. Than et al[66] found reduced PP13 mRNA levels 
in placentas obtained from patients with preeclampsia and 
HELLP syndrome in the first trimester compared to con-
trols. Blood levels of  PP13 mRNA were also significantly 
lower in preeclampsia compared to controls[67].

Pregnancy associated plasma protein-A
Pregnancy associated plasma protein-A (PAPP-A) is 
mainly produced by the placental trophoblasts. PAPP-A 
and PP13 serum levels were significantly lower in the 
first and second trimesters in women who developed 
preeclampsia[68]. First-trimester PAPP-A provided a pre-
diction for preeclamspia when combined with uterine 
artery pulsatility measured by Doppler velocimetry[69].

Activin A and inhibin A
During the first trimester of  pregnancy, the foeto-placen-
tal unit is the main source of  circulating activin A and in-
hibin A. Activin A enhances Follicle-stimulating hormone (FSH) 
biosynthesis and secretion and is involved in the control 
of  trophoblast cell differentiation in the first trimester. 
Inhibin A down regulates FSH synthesis and inhibits FSH 
secretion. Activin A seems to be a sensitive marker for 
the risk of  later development of  preeclampsia at 21-25 
wk of  gestation[70]. Inhibin A is thought to be more sensi-
tive than activin A in predicting cases of  early-onset pre-
eclampsia at 15-19 wk of  gestation[70].

P-selectin
P-selectin belongs to the group of  cell adhesion mol-
ecules. It is expressed in granules of  platelets and the 
Weibel-Palade bodies of  endothelial cells and is involved 
in leukocyte-endothelial interactions. The P-selectin con-
centration was found to have a negative predictive value 
of  almost 99% for preeclampsia. Mean plasma P-selectin 
concentrations were significantly elevated at 10-14 wk of  
gestation in women who later developed preeclampsia[71]. 
Wang et al[72] suggested that the increase in neutrophil-
endothelial adhesion and activation seen in preeclampsia 
is at least in part due to up-regulation of  P-selectin. 
This would be in line with the theory that preeclampsia 
reflects an excessive maternal inflammatory response to 
pregnancy[73].

Pentraxin 3
Another inflammatory molecule involved in preeclamp-
sia is Pentraxin 3. It is expressed in response to inflam-
matory stimuli by endothelial cells, monocytes, macro-
phages and fibroblasts. Elevated maternal plasma levels 
of  pentraxin 3 in preeclamptic in comparison to normal 
pregnancies could represent altered endothelial func-

tion[74,75]. The increase in maternal plasma develops from 
11th to 13th week of  gestation in women with subsequent 
preeclampsia[76].

Fibronectin 
Maternal plasma fibronectin levels of  patients with pre-
eclampsia were significantly higher than those of  healthy 
pregnant women[77]. Significant elevations in fibronectin 
levels with an extra type Ⅲ domain occurred in the first 
trimester before clinical evidence of  preeclampsia. Fi-
bronectin plays a major role in embryonic development, 
cell adhesion, growth, migration and differentiation. 

Heat-shock proteins
Heat-shock proteins (Hsps) are highly conserved mol-
ecules that have chaperone functions. Circulating Hsps 
may also be cytoprotective, as exogenous Hsp70 increases 
the survival and protects from apoptosis in stressed arte-
rial smooth muscle cells[78]. Fukushima et al[79] reported 
significantly higher Hsp70 serum levels in preeclampsia. 
Higher serum levels of  Hsp70 were also found in patients 
with early onset of  severe preeclampsia[80,81]. The differ-
ence in serum Hsp70 concentration between preeclamptic 
patients and the control group was statistically significant 
in each gestational age. Thus, Hsp70 might not only be 
a marker but also play a role in the pathogenesis of  pre-
eclampsia.

Fms-like tyrosine kinase 1/ placental growth factor 
Gene expression profile studies identified the regula-
tion of  soluble fms-like tyrosine kinase 1 (sFlt-1) in 
preeclampsia. SFlt-1 binds and antagonises vascular 
endothelial growth factor (VEGF) and placental growth 
factor (PlGF). 

The described functions of  VEGF include induction 
of  matrix metalloproteinases, regulation of  angiogenesis, 
lymphangiogenesis and hematopoiesis and cell signalling. 
Serum concentration of  sFlt-1 decreases from 8-12 wk 
to 16-20 wk of  gestation, gradually increases at 26-30 wk 
of  gestation and rapidly elevates at 35-39 wk of  gesta-
tion in normal pregnancy[82].

SFlt1 concentrations increased gradually throughout 
pregnancy in women with preeclampsia and was sig-
nificantly higher between 25 and 28 wk of  gestation in 
women with preeclampsia than in women with normal 
pregnancies or isolated hypertension[83]. Of  note, sFlt1 
are high 5-6 wk prior to the onset of  preeclampsia and 
correlate with the severity of  disease[83-85]. In rats sFlt-1 
infusion increased vascular and placental oxidative stress, 
decreased maternal circulating VEGF and NO and re-
duced foetal weight[85].

Serum concentration of  PlGF increases gradually 
from 8 wk until 29-32 wk of  gestation and then de-
creases at 33-40 wk of  gestation in normal pregnancy[79]. 
PlGF levels in women who later developed preeclampsia 
were significant lower than those of  controls from 13-16 
wk of  gestation until delivery[85]. As the change of  PlGF 
occurs earlier than that of  sFlt-1, it might be the better 
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angiogenic factor for predicting preeclampsia. Serum 
sFlt-1 to PlGF ratio (sFLT-1/PIGF) was also suggested 
as screening parameter. An adenovirus-expressing sFlt-1 
in rodents caused a clinical syndrome with glomerular 
endotheliosis, proteinuria, and hypertension[86]. Glomer-
ular capillary endotheliosis is another typical lesion in 
preeclampsia. 

Soluble endoglin
Serum levels of  sEng in normal pregnancy are quite 
stable and slightly increase by 33-42 wk of  gestation[87]. 
Placental endoglin is up-regulated in preeclampsia and 
released in the circulation. Rising levels of  circulating 
soluble endoglin (sEng) herald the onset of  preeclamp-
sia. Women with higher sEng levels at 21 through 32 
wk of  gestation had an increased risk of  preterm pre-
eclampsia and an increased risk for a small-for-gestation-
al-age infant[87].

Cellfree fetal DNA
Cellfree fetal DNA (cffDNA) is increased at 11-13 wk 
of  gestation in pregnancies that experience preeclamp-
sia[88]. Hypoxia within the intervillous space of  the pla-
centa leads to tissue oxidative stress and increases pla-
cental apoptosis and necrosis. This might be the cause 
of  increased levels of  cffDNA. Elevated cffDNA is not 
specific for preeclampsia and is also seen in other condi-
tions associated with placental pathology[17].
 
Uric acid
Uric acid is the end product of  purine metabolism in 
the liver. In normal pregnancy uric acid concentrations 
initially fall 25%-35% due to estrogens, expanded blood 
volume and increased glomerular filtration rate[89]. By 
term concentrations slowly rise to those observed in 
non-pregnant women. In contrast to that, uric acid levels 
increase at 10 wk of  gestation and continue to rise until 
48 h postpartum in preeclamptic women[90]. The increase 

in uric acid precedes the reduction in plasma volume 
in preeclampsia[91]. Uric acid may be protective during 
preeclampsia as an antioxidant, but is at the same time 
proinflammatory and contributes to endothelial dysfunc-
tion[92]. In a recent study the concentration of  serum uric 
acid in preeclamptic women was associated with disease 
severity[93].

Nevertheless, lowering uric acid with probenacid had 
no effect on the degree of  hypertension in preeclamptic 
women[94]. Another study with allopurinol showed no 
significant effects on the outcome of  pregnancy in hu-
mans[95].

A summary of  timed expression of  these biomarkers 
in preeclampsia is given in Figure 1.

The optimal management of  a pregnant woman with 
preeclampsia depends on gestational age and disease se-
verity. Delivery is the only curative treatment for preec-
lampsia. Indicators for delivery in preeclampsia are given 
in Table 1 (modified from[22]). 

The severity of  the disease must always be weighed 
against the risks of  infant prematurity. A mild preec-
lampsia at or beyond 37 wk should be delivered. In 
severe preeclampsia, induction of  delivery should be 
considered after 34 wk of  gestation. Prior to induction 
corticosteroids should be given to accelerate lung matu-
rity. The prevention of  seizures and adequate control of  
maternal blood pressure should also be of  high prior-
ity. Maternal evaluation includes monitoring of  blood 
pressure, urine output, cerebral status, epigastric status, 
tenderness or vaginal bleeding. Platelet count, liver en-
zymes and serum creatinine should be controlled closely. 
The target of  blood pressure is between 140-160 mmHg 
systolic and 90-105 mmHg diastolic. The blood pressure 
should not be lowered under 140/90 mmHg to prevent 
insufficient utero-placental blood flow and reduced birth 
weight[96,97]. Foetal evaluation includes foetal heart rate 
monitoring, a biophysical profile, ultrasonographic as-
sessment of  foetal growth, amniotic fluid status and um-
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bilical artery doppler velocimetry. 

Antihypertensives
Methyldopa, nifedipine, labetalol and hydralazine are 
the antihypertensives of  choice for preeclampsia. Oral 
Methyldopa is suggested for mild to moderate hyperten-
sion in an outpatient with preeclampsia. Oral nifedipine 
is used for treatment of  moderate or severe pregnancy 
hypertension in a dose of  10-20 mg every 4-6 h[98]. As 
a calcium channel blocker nifedipine acts on arteriolar 
smooth muscle cells and induces vasodilatation by block-
ing calcium entry into the cells. The side effects of  nife-
dipine include tachycardia, palpitations and headaches. 
The calcium channel blockade with isradipine lowered 
the maternal mean arterial blood pressure in women 
with hypertension but not in women with proteinuria[99].

In hospital settings intravenous hydralazine (5-10 mg 
every 15-30 min) is commonly administered for hyper-
tensive emergencies associated with pregnancies. Hy-
dralazine is a direct peripheral arteriolar vasodilator. The 
most common adverse effect of  hydralazine is the un-
predictable hypotension. Other side effects are headache, 
nausea, maternal hypotension and vomiting. Labetalol is 
a selective alpha blocker and a nonselective beta blocker. 
The side effects of  labetalol are dizziness, nausea and 
headaches. When the medications mentioned above have 
failed to lower blood pressure sodium nitroprusside may 
be given. Nitroprusside causes vasodilatation by the re-
lease of  nitric oxide. Severe rebound hypertension may 
result. Therefore, nitroprusside should be reserved for 
use in postpartum care or just before the delivery be-
cause cyanide poisoning of  the foetus is also a possible 
side effect.

Diuretics
Despite peripheral oedema, the intravascular volume is 
depleted in patients with preeclampsia. In contrast, pul-
monary oedema can occur 48-72 h postpartum due to 
mobilization of  extravascular fluid. 

As preeclampsia is characterized by a reduction in 
circulating plasma volume diuretics are not generally 
recommended in preeclampsia. There are significant 
warnings against the use of  thiazides during pregnancy 
like metabolic risks to the mother and fetus including 
hyponatremia, hypokalemia, thrombocytopenia, hyper-
glycemia. 

Furthermore they may result in inhibition of  labor 

and decrease placental perfusion in pregnany. Therefore 
we do not recommend the general use of  diuretics in 
preeclampsia. 

Nevertheless, the use of  thiazide diuretics or loop 
diuretics is occasionally indicated for severe intractable 
or pulmonary oedema. The reduction of  excessive oe-
dema should be done slowly and under close supervi-
sion. There are no recommendations for dating, dosage 
or time for diuretics in this situation as it would be an 
individual symptom dependent and symptom guided 
therapy. We recommend to get written approval for the 
use of  diuretics from the mother after detailed education 
on risks and side effects during pregnancy. Measures to 
respond to blood pressure drops must always be avail-
able and vital signs of  the mother and foetus must be 
controlled continuously under diuretic treatment. This 
includes continuous electronic foetal heart rate monitor-
ing and cardiovascular monitoring of  the mother.

Antiepileptics
Magnesium sulfate is the drug of  choice for the treat-
ment and prevention of  eclampcia. Magnesium sulphate 
more than halves the risk of  eclampsia[100]. The Magpie-
Trial compared magnesium sulphate with placebo for 
women with preeclampsia and found a preventive ef-
fect[101,102]. Therefore, prophylactic treatment with mag-
nesium sulfate is indicated for all patients with severe 
preeclampsia. There is no consensus if  patients with 
mild preeclampsia need magnesium prophylaxis. Howev-
er, active seizures should be treated with an intravenous 
loading dose of  4 g magnesium sulphate over 5-10 min 
followed by an infusion of  1 g/h for 24 h. Seizures that 
are refractory to magnesium sulfate may be treated with 
lorazepam and phenytoin. 

Antiplatelet therapy
There is an imbalance between thromboxane and pros-
tacyclin production in preeclampsia. Thus, the use of  
low-dose aspirin in preeclampsia seems to be reason-
able. Wallenburg et al[103] conducted the first prospective 
double-blind controlled trial using 60 mg aspirin per day 
for the treatment of  women at risk for preeclampsia. 
Only two of  the 23 treated women versus 12 of  the 23 
controls became preeclamptic. Supplementation of  As-
pirin at or before the 16th week of  pregnancy reduced 
preterm preeclampsia without any effect on term pre-
eclampsia[104]. In other studies low-dose aspirin had no 
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Table 1  Indications for delivery in preeclampsia

Maternal Foetal

Eclampsia Severe foetal growth retardation 
Shortness of breath, pulse oximetry of < 94% on room air, pulmonary oedema severe oligohydramnios 
AST or ALT > 2 times above normal Foetal death
Uncontrolled severe hypertension Repetitive late or variable foetal heart rate decelerations
Oliguria , serum creatinine level of ≥ 1.5 mg/d Umbilical artery doppler imaging with reverse diastolic blood flow
Suspected abruptio placentae
Persistent platelet count < 100000 /mm3
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significant effect on the incidence of  preeclampsia in 
the low-risk groups but was more beneficial in high-risk 
groups[105,106].

Plasmapheresis/ apheresis
The experience and safety of  plasmapheresis (PE) in 
pregnancy is limited to case reports. In 1986 a successful 
use of  plasmapheresis during pregnancy was reported 
in a patient with unusually fulminant, antibody-negative 
myasthenia gravis[107].

Another case report has suggested that PE may be a 
successful treatment for pregnant women with antiphos-
pholipid syndrome[108]. PE was also successfully used 
in pregnant patients with acute fatty liver of  pregnan-
cy[109,110]. Additionally two cases of  hypertriglyceridemia-
induced acute pancreatitis during pregnancy and a case 
of  a pregnant woman with Pemphigus vulgaris were suc-
cessfully treated by PE[111,112]. Thrombocytopenia associ-
ated with microangiopathic disease in severe preeclamp-
sia generally resolves within 3 to 4 d after delivery. It was 
suggested to use PE when thrombocytopenia persists 
beyond this time[113].

In preeclampsia a potentially useful approach of  PE 
would be to subtract circulating autoantibodies from 
maternal circulation. In 1986 fourteen cases of  PE with 
fresh frozen plasma for maternal indications in selected 
cases of  preeclampsia and eclampsia were reviewed with 
promising results[114]. In contrast, PE did not prolong 
pregnancy in preterm preeclampsia in a report by Martin 
et al[115]. In another report, plasma exchange was com-
menced at 23, 26 and 29 wk of  gestation in preeclamptic 
women and continued until delivery. Here preeclamptic 
signs regressed and renal function stabilised. One baby 
with severe hyaline membrane disease died but the oth-
ers were delivered in good health[116].

Like PE with fresh frozen plasma heparin-mediated 
extracorporeal low-density lipoprotein precipitation has 
been attempted in preeclampsia[117]. Pregnancies were 
prolonged for 3 to 49 d in 9 very preterm preeclamptic 
women by the use of  this apheresis.

Thadhani et al[118] hypothesized that a selective ad-
sorption column would create a concentration gradient 
and augment the removal of  sFlt1. They treated 5 wom-
en with very preterm preeclampsia with dextran sulfate 
cellulose apheresis. This treatment reduced circulating 
sFlt-1 levels and proteinuria in a dose-dependent manner 
and stabilized blood pressure without apparent adverse 
events. Dextran sulfate cellulose apheresis was able to 
reduce sFlt-1 plasma levels by 20%-30%. Pregnancy was 
continued for 15 d with the use of  two apheresis and for 
23 d with four apherese sessions[118].

Maternal blood pressure was stable and was not 
markedly decreased after apheresis. However, antihyper-
tensive medications were stopped before treatments and 
saline infusions were given during treatments. Three pa-
tients with postpartum HELLP syndrome and persistent 
thrombocytopenia were treated with PE with prompt 
resolution of  their diseas[113]. There is no animal model 

for plasmapheresis at the meantime. Therefore the only 
way to get more experience on this filed is the clinical 
use in selected patients. 

Taken together single cases indicate that PE seems to 
be a treatment with low risk during pregnancy and could 
be a promising treatment option for otherwise refractory 
preeclampsia. We recommend only use this therapy in 
specialized centers with first class experience on the filed 
and with written consent of  the mother after detailed 
education about the risks and experimental status of  this 
therapy.  

Albumin substitution
Serum albumin levels of  preeclamptic women are often 
even below 10 g/L. Thus, one can suggest albumin sub-
stitution in preeclampsia. Albumin infusions increased 
serum albumin and colloid osmotic pressure values in 
preeclampsia[119].

However, daily albumin infusions did not lower 
blood pressure and was unable to stabilise renal func-
tion. Albumin substitution was also associated with high-
er foetal mortality[120]. Therefore, we do not recommend 
using albumin substitution in preeclampsia. 

Uterine curettage
Uterine curettage immediately after delivery accelerates 
the recovery of  severe preeclampsia[121]. This operation 
was also successfully used in single cases of  postpartum 
preeclampsia[122,123]. Due to the fact that even micro-
scopic level of  trophoplastic tissue can perpetuate pre-
eclampsia uterine curettage should be done after delivery. 

CONCLUSION
We reviewed the literature with a focus on proteinuria 
during pregnancy and preeclampsia. Several new diag-
nostic markers for preeclampsia were presented. Most 
of  these are not yet implemented in clinical use and 
several are only used in studies or experimental condi-
tions. Therefore, we recommend using proteinuria as a 
screening parameter for preeclampsia. The first screen-
ing should be UPC ratio. If  the UPC ratio is below 150 
mg/g total proteinuria is unlikely to be more than 300 
mg/d and needs no further investigation at that time. 
For a UPC ratio greater than 150 mg/g we suggest per-
forming a full 24-h urine protein collection as a second 
diagnostic tool for confirming accurate results. If  a new 
onset of  proteinuria greater than 300 mg/d together 
with hypertension and/or general oedema occurs after 
the 20th week of  gestation the diagnosis of  preeclampsia 
can be made. Atypical presentation must always be kept 
in mind. We presented different therapeutic options for 
preeclampsia.

Delivery is the only curative treatment for preeclamp-
sia. In early preeclampsia the primary therapy goal is to 
prolong pregnancy until a state were the child has an 
acceptable chance of  survival after delivery. In the mean 
time close maternal and foetal monitoring and evaluation 
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is necessary. We presented therapeutic options to treat 
hypertention, oedema and seizures during this period.

Plasmapheresis is not a common treatment strategy 
in preeclampsia but could be considered as rescue thera-
py in otherwise therapy refractory cases. 

When performing PE in preeclampsia measures to 
respond to blood pressure drops must always be avail-
able and vital signs must be controlled during and after 
the entire session. This includes continuous electronic 
foetal heart rate monitoring and cardiovascular monitor-
ing of  the mother. Eventually, antihypertensives must be 
paused before and/or after PE. In general after the 34th 
week of  gestation delivery is the better choice of  treat-
ment for both mother and child. 
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