Chapter I :                                                                   PRE-ECLAMPSIA

PRE-ECLAMPSIA
Definition of preeclampsia (PE) :
Pre-eclampsia (PE) is a multisystem disorder of pregnancy previously defined by the onset of hypertension accompanied by significant proteinuria after 20 weeks of gestation. Recently, the definition of PE hasbeen broadened. (Brown et al., 2018). 
According to the ISSHP, PE is defined as systolic blood pressure at ≥140 mm Hg and/or diastolic blood pressure at ≥90 mm Hg on at least two occasions measured 4 hours apart in previously normotensive women and is accompanied by one or more of the following new-onset conditions at or after 20 weeks of gestation:

1. Proteinuria (i.e. ≥30 mg/mol protein:creatinine ratio; ≥300 mg/24 hour; or ≥2 + dipstick); 

2. Evidence of other maternal organ dysfunction, including: acute kidney injury (creatinine ≥90 μmol/L; 1 mg/dL); liver involvement (elevated transaminases, e.g. alanine aminotransferase or aspartate aminotransferase >40 IU/L) with or without right upper quadrant or epigastric abdominal pain; neurological complications (e.g. eclampsia, altered mental status, blindness, stroke, clonus, severe headaches, and persistent visual scotomata); or hematological complications (thrombocytopenia–platelet count <150 000/μL, disseminated intravascular coagulation, hemolysis); or

3. Uteroplacental dysfunction (such as fetal growth restriction, abnormal umbilical artery Doppler waveform analysis, or stillbirth). (Brown et al., 2018).  

Preeclampsia is a multisystem disorder that complicates 2%–5% of pregnancies  and constitutes a major source of morbidity and mortality worldwide (Poon et al., 2019).Women with PE are at an increased risk for life-threatening obstetric or medical complications. Worldwide, ten to fifteen  percent of direct maternal deaths are associated with  PE . For the fetus,  PE can lead to intrauterine growth restriction and oligohydramnios, as well as medically or obstetrically indicated preterm birth. As a result, perinatal morbidity and mortality are increased (Brown et al., 2018).
PE can be subdivided into : early onset PE requiring delivery before 34 weeks of gestation and late onset PE with delivery at or after 34 weeks. Because the former is associated with a higher incidence of adverse outcomes a major challenge is early identification and prediction of these cases (Poon et al.,2014).
Antenatal care with the aim of identifying pregnancies at risk for development of PE and administration of prophylactic therapy could significantly ameliorate this condition and improve pregnancy outcome.   (Abdel Razik et al.,2016).
Criteria for the diagnosis of preeclampsia(ACOG2013):
Systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg on two occasions at least four hours apart after 20 weeks of gestation in a previously normotensive patient. If systolic blood pressure is ≥160 mmHg or diastolic blood pressure is ≥110 mmHg, confirmation within minutes is sufficient.
And Proteinuria ≥0.3 grams in a 24-hour urine specimen or protein/creatinine ratio ≥(30 mg/mmol). Dipstick ≥1+ if a quantitative measurement is unavailable.
In a patient with PE, the presence of one or more of the following indicates a diagnosis of "PE with severe features"
Symptoms of central nervous system dysfunction:
Photopsia, scotomata, cortical blindness, retinal vasospasm.
Severe headache (ie, incapacitating, "the worst headache I've ever had") or headache that persists and progresses despite analgesic therapy. Altered mental status.
Hepatic abnormality: Severe persistent right upper quadrant or epigastric pain unresponsive to medication and not accounted for by an alternative diagnosis or serum transaminase concentration ≥2 times the upper limit of the normal range, or both.

Severe blood pressure elevation: Systolic blood pressure ≥160 mmHg or diastolic blood pressure ≥110 mmHg on two occasions at least four hours apart while the patient is on bed rest .

Thrombocytopenia: <100,000 platelets/microL.
Renal abnormality: Progressive renal insufficiency (serum creatinine >1.1 mg/dL or doubling of serum creatinine concentration in the absence of other renal disease).
Pulmonary edema.
Complications of preeclampsia :

Known complications related to PE are eclampsia, abruptio placentae with disseminated intravascular coagulopathy, cerebral haemorrhage, pulmonary oedema, hepatic failure, HELLP (Hemolysis Elevated Liver enzymes Low Platelet count) syndrome and acute renal failure (Duley et al., 2009).
PE  increases perinatal mortality five-fold, with most deaths caused by iatrogenic prematurity, Preterm birth in itself is responsible for the majority of neonatal deaths and nearly one half of all cases of congenital neurologic disability.  PE and gestational hypertension that occur earlier in pregnancy are more likely to be associated with IUGR and SGA than when these conditions occur close to term (Redman et al., 2010).
  Furthermore, to be born SGA increases the risk of hypertension, diabetes and coronary heart disease as adults (Barker, 2004).Later in life, women who have had PE  have an increased risk of early cardiac, cerebro-vascular and peripheral arterial diseases and cardiovascular mortality (Mcdonald et al., 2008). Severe and recurrent hypertensive disorders during pregnancy have a stronger association with ischemic heart disease later in life compared with mild and non-recurrent disease (Wikstrom et al., 2005).
Risk factors for preeclampsia:
The known risk factors for PE are of multivariate origin. Not all studies have reported the same risks (Pabinger, 2009).     
1-Age:

Advanced maternal age, defined as age greater than or equal to 35 years at the time of delivery, is associated with 1.2 to 3-fold increased risk of developing PE. Predictive probability of PE increases when maternal age is greater than 35 years and the probability further increases rapidly when maternal age is greater than 40 years. One study has evaluated the maternal age associated risk according to the severity of PE. Using multivariate logistic regression analysis, adjusting for confounders, the risk for late-onset PE has been shown to increase by 4% with every 1-year increase in maternal age above 32 years. However, maternal age is not associated with increased risk of early-onset PE.  (Khalil et al., 2013).
Young adolescents are at increased risk for adverse pregnancy outcomes as preeclampsia, eclampsia, preterm delivery and low birth weight (Eure et al., 2002). Egypt has a high birth rate, which is nearly constant at 2.7%, and the rate of adolescent pregnancy ranges from 4.1% in urban societies to 11.3% in rural areas.  (El-Henawy et al., 2000).
2-Parity:

The incidence of  PE  in nulliparous populations ranges from 3 to 10 %. The incidence of  PE  in multiparas is also variable but is less than that for nulliparas ( Sibai and Cunningham, 2009). Nulliparity is a statistically significant risk factor for PE and eclampsia (Gaio et al., 2001).
3- Multiple Pregnancies:

Certain pregnancy complications are more likely to occur during a twin gestation, including preeclampsia and other hypertensive disorders (Young and Wylie, 2012). Multiple pregnancies double the risk of preeclampsia (Broughton and Roberts, 2000).
Numerous studies discussed the incidence of hypertensive disease in singleton versus twin gestations. The range of relative risk of eclampsia, preeclampsia and gestational hypertension for singleton compared to twin gestations is 1.2 to 2.7,2.8 to 4.4 and 3.4 to 5.1 respectively (Krotz et al., 2002).
Women who conceive multiple gestations through assisted reproductive technologies have a 2.1-fold higher risk of  PE than those who conceive spontaneously (Lynch et al., 2002).
4-Previous Preeclampsia:

Compared to nulliparous women, women with PE  in a previous pregnancy had significantly higher rates of PE  and adverse perinatal outcomes associated with preterm delivery (Uzan et al., 2011). 
5-Obesity:

Body weight is strongly correlated with progressively increased PE  risk (Knight et al., 2010). Pre-pregnancy body mass index ≥ 25 kg/ m2  and weight gain ≥ 0.5 kg per week are risk factors of both early and late onset PE (Aksornphusitaphong and Phupong, 2013).
6- Essential Hypertension:

Women who have relatively high systolic>130mmHg or diastolic blood pressure>90mmHg  before 20 weeks of pregnancy are at increased risk for preeclampsia (Anderson et al., 2012).
7- Diabetes Mellitus:
 Women with pregravid Type 1 diabetes have high rates of PE and adverse neonatal outcome with increased severity of diabetes (Sibai, 2000; Anderson et al., 2012).

8- Nutritional deficiency:

Maternal vitamin D deficiency may increase the risk of  PE and fetal growth restriction. However, it was not associated with the subsequent risk of an adverse pregnancy outcome (Shand et al., 2010).
9- Cigarette Smoking:

Smoking is associated with a decrease in the incidence of pregnancy induced hypertensive disorders and PE , even among women with abnormal uterine artery Doppler (Llurba et al., 2012). However, the damaging effects of smoking on general health and perinatal outcomes outweigh the positive effect of lowered incidence of PE(Dildy et al.,2007).
10-Gestational Age:

A peak of gestational age incidence is seen after 20 weeks gestation. Rarely PE does develop earlier than this except in cases of hydatidiform degeneration (Cunningham et al., 2010).

11-Genetic Factor:

It is reported that men who were themselves born of pregnancies complicated by PE are twice as likely to have a child who is the product of pregnancy complicated by PE as are men who were born after a normal pregnancy. There thus seems to be both a maternally transmitted and a paternally transmitted genetic predisposition to PE (Esplin et al., 2001).
12-Additional risk factors:
Some risk factors contribute to poor placentation, where as others contribute to increased placental mass and poor placental perfusion secondary to vascular abnormalities (ACOG, 2012).
 PE risk factors also include the following:

· Hydatidiform mole.

· Thrombophilia.
· Birthplace in Africa.
· Oocyte donation or donor insemination.

· Urinary tract infection.

· Collagen vascular disease.
(Conde-Agudelo et al., 2008; Julian, 2011)
Prevention of pre-eclampsia:
Dekker and Sibai, 2001 categorized prevention of PE into: primary, secondary and  tertiary prevention .

· Primary prevention means avoiding occurrence of a disease, Today the only guaranteed primary prevention of PE is avoidance of pregnancy. Although  there are identified risk factors, where intervention could allow primary prevention, such as maternal age, interval between pregnancies and maternal weight.

· Secondary prevention is interception of the process of the disease before clinical signs are observed. Secondary prevention demands knowledge of the pathophysiological mechanism. Furthermore, the availability of techniques for early detection and intervention in the pathophysiological process are necessary.
Secondary prevention is the most important modality for preeclampsia. Screening methods have been tested by various researchers including history taking, examination and laboratory diagnosis. Presence of abnormal waveforms in uterine/uteroplacental Doppler flow studies has been used by many researchers, as a predictor of preeclampsia (Duckitt and Harrington, 2009).
 The major value of secondary prevention would be to identify women at high risk of PE and make a medical intervention so that the disorder never occurs or is postponed. The ultimate predictor of  PE should  be simple, rapid, non-invasive, inexpensive and the technology widely available. Furthermore it should be valid, reliable and reproducible with a high positive and a low negative likelihood ratio (Conde-Agudelo et al., 2004).  
Tertiary prevention means prevention of complications, which is more or less synonymous with treatment .Tertiary prevention of  PE  is by proper antenatal care which provides screening for hypertension and proteinuria, making intervention, such as timely delivery possible. With an organised antenatal care, such as is found in most high in-come countries, the maternal mortality and serious morbidity have decreased since the 1950s (Dekker and Sibai  2001).
Prediction of  pre-eclampsia:
The clinical manifestations of preeclampsia can appear any time from the late second trimester to the first few weeks postpartum; however, the blueprint for the disease is laid down in early pregnancy and is characterized by abnormal remodeling of the maternal spiral arteries at the placental site(Myatt et al.,2012).
Early pregnancy measurement of a variety of biological, biochemical and biophysical markers implicated in the pathophysiology of preeclampsia has been proposed to predict its development. Investigators have attempted to identify early markers of abnormal placentation, reduced placental perfusion, endothelial cell activation, dysfunction and activation of coagulation (Conde-Agudelo et al., 2008).
 There are currently no tests available in early pregnancy that can accurately distinguish women who will go on to develop preeclampsia from those who will not . For this reason, obstetric care providers focus primarily on early detection of the disease. All pregnant women are monitored for evidence of preeclampsia at each of their prenatal visits (ACOG 2015).
The accurate identification of women at risk , early diagnosis and prompt and appropriate management may improve maternal outcome and possibly perinatal outcome as well(Myatt et al.,2012).  
Prediction Of  PE  Based On Maternal  Risk Factors :
Evaluation of risk factors : Pregnant women should be evaluated early in pregnancy for risk factors for PE. By quantifying the risk of PE , the clinician is better equipped to estimate a woman's risk of  PE and whether she is a candidate for heightened pregnancy surveillance or prophylactic measures(low dose aspirin) . Early assessment is particularly important for women who are planning to receive pregnancy care and deliver in a low-risk setting (eg, midwifery practice, birthing center, home birth), which would be contraindicated if PE develops. These women should be offered consultation with a clinician with expertise in the management of this disease(SOGC 2016).
The United States Preventive Services Task Force (USPSTF)  criteria for high risk of development of preeclampsia are (Lefevre et al.,2014).
· Previous pregnancy with preeclampsia, especially early onset and with an adverse outcome

· Multifetal gestation

· Chronic hypertension

· Type 1 or 2 diabetes mellitus

· Renal disease
· Autoimmune disease (antiphospholipid syndrome, systemic lupus erythematosus)

· USPSTF criteria for moderate risk of development of preeclampsia are:

· Nulliparity

· Obesity (body mass index [BMI] >30 kg/m2)
· Family history of preeclampsia in mother or sister

· Age >35 years or <18 years.
· Sociodemographic characteristics (African, American ,low socioeconomic level)

· Personal risk factors (eg, history of low birth weight or small for gestational age, previous adverse pregnancy outcome, >10-year pregnancy interval) .
Historical risk factors only predict about 30 % of women who will develop preeclampsia . For this reason, use of laboratory and imaging tests in combination with historical risk factors to calculate a woman's risk of developing PE  is an active area of investigation.(Leslie et al., 2011 ).
Screening tests : Based on data from patients with established PE , a wide variety of laboratory and imaging tests have been proposed to detect women at high risk of developing the disease. Because the prevalence of  PE in the general obstetrical population is relatively low , a test would need a very high sensitivity and specificity to accurately predict or exclude the development of the disease (Cnossen et al., 2009).A good test for predicting women who will develop PE should be: simple , noninvasive , inexpensive , easy to perform , and should not expose the patient to discomfort or risk . the technology should be widely available and the results are reproducible and reliable. Ideally it should provide an opportunity for intervention to prevent development of the disease or at least result in better maternal and fetal outcome(Levine et al.,2009).

Prediction  Based On Maternal Biophysical Markers :
Uterine artery Doppler velocimetry :  Impedance to flow in the uterine arteries normally decreases as pregnancy progresses. Increased impedance for gestational age is an early radiographic feature of preeclampsia and likely reflects high downstream resistance due to defective differentiation of trophoblast, which leads to defective invasion of spiral arteries and failure of these vessels to transform into low resistance vessels.(Velauthar et al., 2014).
Two types of uterine artery Doppler waveform analysis techniques have emerged for prediction of preeclampsia as well as other disorders associated with impaired placentation (eg, fetal growth restriction, pregnancy loss): (1) presence or absence of diastolic notching (unilateral, bilateral) of the uterine arcuate vessels and (2) flow waveform ratios (eg, high resistance or pulsatility index, systolic/diastolic ratio((Myatt et al., 2012). 
  The incidence of notch in uterine artery blood flow was observed in pregnancies with incomplete trophoblast invasion and inadequate placentation. Many studies confirmed that bilateral notch might be associated with increased  different pregnancy complications, particularly preeclampsia (Karwasik et al., 2012).The use of uterine artery Doppler velocimetry for prediction of preeclampsia was best illustrated in a 2008 systematic review of 74 studies including almost 80,000 women . The authors found that uterine artery Doppler ultrasonography was more accurate for prediction of preeclampsia when performed in the second trimester than in the first trimester. In women at high risk of developing preeclampsia, the overall risk of preeclampsia was best predicted by second-trimester elevation of pulsatility index accompanied by uterine artery notching (Maytt et al., 2012 ).
Blood pressure monitoring : there is a substantial evidence demonstrating that an increase in blood pressure in women destined to develop PE can be observed in the first and second trimesters of pregnancy (lauszus et al., 2001).
Prediction  Based On Maternal Biochemical Markers :
PAPP-A                                                                          L-Arginine 
Activin-A                                                                          L-homoagrinine                 
Adiponectin                                                                      Leptin 
Adrenomedullin                                                               magnesium 
Alphafetoprotein                                                              matrix metalloproteniase 
Alpha-1-microglobulin                                                     Microalbuminuria 
Antiphopholipid antibodies                                              Microtransferrinuria 
Antithrombin 111                                                             Neurokinin B
Atrial natriuretic peptide                                                  Neuropeptide Y
Beta2-microglobulin                                                         P-selectin
C-reactive protein                                                             pentraxin 3
Calcium                                                                             placental growth factor
Circulating trophoblast                                                      placental protein 13
Corticotropin releasing hormone                                       platelet activation 
Cytokines                                                                           platelet count                                                                    
Dimethyllarginine                                                              (ADAM12)
Endothelin                                                                        prostacyclin  

Estriol                                                                                Relaxin 
Ferritin                                                                               Resistin                                                                                

Fetal DNA                                                                         Serum lipids  

Free fetal hemoglobin                                                        Soluble fms like tyrosine k                                               
Fibronectin                                                                         Thromboxane 
Genetic markers                                                                 Thyroid function
Hepatoglobin                                                                     Transferrin 
Hematocrit                                                                         Tumor necrosis factor 1
Homocysteine                                                                    Urinary calcium
HCG                                                                                   Uric acid 
Human placental GH                                                          Urinary kallikrein
Inhibin A                                                                            VEGF  
Insulin like growth factor                                                   Visfatin
Insulin like growth factor binding protein    (Kelinrouweler et al.,2012).
PAPP-A and Preeclampsia :

Pregnancy-associated plasma protein A (PAPP-A) is aplacental glycoprotein produced by syncytial trophoblast of the placenta, which cleaves insulin-like growth factor binding protein 4 (IGFBP4) and is a positive regulator of insulin-like growth factors (IGFs), potentially influencing fetal growth and wellbeing  (poon et al .,2013).
Studies have tested the hypothesis that low maternal serum levels of PAPP-A in the first trimester is a prognostic factor for adverse  pregnancy outcomes associated with poor placental function  ( spencer et al ., 2008)
As part of the first trimester screening, it has long been used in risk Calculation for chromosomal abnormalities.We could show that  Patients with decreased levels of PAPP-A in maternal blood during the first trimester develop preeclampsia , especially an early-onset  preeclampsia as revealed also by others. (poon et al ., 2009).
Angiogenic modulators : Data from both human and animal models suggest that aberrant expression of angiogenic modulators is important in the pathogenesis of diffuse endothelial injury and increased capillary permeability, which are the pathophysiologic hallmarks of preeclampsia. The angiogenic factors of interest include vascular endothelial growth factor (VEGF) and placental growth factor (PlGF), as well as two anti-angiogenic proteins, soluble endoglin (sEng) and the truncated form of the full-length VEGF receptor type-1 (Flt1), known as soluble fms-like tyrosine kinase 1 (sFlt-1). Ischemic trophoblast increases production of anti-angiogenic proteins (sEng, sFlt1) and reduces production of angiogenic proteins (VEGF, PlGF). Alterations in absolute levels of VEGF (Chaworapongsai et al.,2010)], PlGF (Lam et al., 2005) , sFlt1(Venkatesha et al.,2006) , and sEng (Levine et al.,2009 ) in maternal blood and urine precede the onset of clinical preeclampsia by several weeks to months, correlate with disease severity, and normalize after delivery. 
Other blood tests : Increasing evidence suggests that unexplained abnormal maternal serum analyte concentrations (eg, pregnancy-associated plasma protein A and human chorionic gonadotropin) in the first and second trimesters are also predictive of adverse pregnancy outcomes including preeclampsia (Poon et al.,2014).
Novel Approaches :

1- Combination of tests :several investigators have used combinations of tests to increase sensitivity and specificity compared with single marker, Algorithms which combine maternal characteristics , biophysical and biochemical tests could potentially identify about 90% of pregnancies that subsequently develop PE(Giguere et al., 2010).
2- Proteomic profiling: Aunique proteomic fingerprint can predict PE. Nonrandom cleavage products of SERPINA1 and albumin could be observed several weeks prior to clinical manifestations and was highly associated with severe forms of PE  requiring early delivery(Buhimschi et al., 2008).
3- Genomic studies: the relationship between genetic polymorphism and development of disease including PE is an active area of investigation. Studies of candidate genes using varying methodologies have not yet yielded definitive results (Zhong et al.,2010).
Prediction  Based On Maternal Hematological Markers :
 The estimation of platelet indices method can be considered as an early, economical and rapid procedure for assessment of preeclampsia. Clinically platelet indices can be a useful screening test for early identification of preeclampsia. Also platelet indices can assess the prognosis of the disease in pregnant women. Thus platelet indices can have a significant impact on maternal and perinatal outcome (Annam et al., 2011).
There are studies suggesting the storage of platelet in the areas with endothelial damage as the cause of thrombocytopenia. The platelet counts (PC) were lower, while the mean platelet volume (MPV), platelet distribution width (PDW) and platelet large cell ratio(Plcr) were increased in preeclampsia as compared to control group (Annam et al., 2011).   
A decreasing PC is observed during the progression of PE and is suggested to be a characteristic of worsening disease. When associated with hemolysis and elevated liver enzymes it complete the triad HELLP syndrome where there is increased risk of adverse maternal and fetal outcomes(yang et al.,2014).  
Some recent studies show a predictive effect of increased mean platelet volume (MPV) in pregnant patients who have gestational hypertension and they developed PE  later on in the third trimester of pregnancy(Karehed et al., 2010).Women with MPV >8,5 fl at 24-28 weeks are almost three times at risk of PE development , serial MPV monitoring may assist obstetricians and other health care providers in predicting PE development(Dundar et al.,2008).
Yang et al , identified a PDW value of >13,5 as the optimal cut-off level for prediction of PE severity. They noted that this value had an AUC of 0,74 , a sensitivity of 72% and a specificity of 71% , also they reported that PDW had a statistically significant correlation with MAP and accordingly PDW is one of the best of PE markers(Yang et al.,2014).Furthermore it has been suggested that PDW can be a practical tool to evaluate activation of coagulation or thrombocytosis –related disease in addition to its role as marker for PE prediction(Vagdatli et al.,2010).
Risk prediction models : As described above, specific maternal characteristics, Doppler ultrasound findings, and biomarkers in blood are associated with an increased risk of preeclampsia. Multiple investigators have used these variables in logistic regression analysis to create algorithms to predict an individual woman's risk of developing preeclampsia while she is still early in pregnancy (Brunelli  et al.,2015).
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