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Preeclampsia

Primary Disciplinary Field(s): Obstetrics, Maternal-Fetal Medicine, Nephrology, Internal Medicine

1. Core Definition and Prevalence

Preeclampsia represents a complex and potentially life-threatening multisystem disorder primarily

characterized by the new onset of hypertension and significant proteinuria after 20 weeks of

gestation in previously normotensive women. This condition, unique to pregnancy, is not merely

elevated blood pressure but signifies a systemic vascular dysfunction with widespread implications

for both maternal and fetal health. It is broadly categorized into mild and severe forms, with distinct

clinical presentations and prognoses, necessitating careful monitoring and timely intervention.

Globally, preeclampsia is a leading cause of maternal and perinatal morbidity and mortality,

contributing significantly to adverse pregnancy outcomes.

The diagnostic criteria for preeclampsia involve a sustained elevation of blood pressure, typically

defined as a systolic blood pressure of 140 mmHg or greater, or a diastolic blood pressure of 90

mmHg or greater, measured on at least two occasions four hours apart, coupled with proteinuria.

In the absence of proteinuria, preeclampsia can still be diagnosed if new-onset hypertension is

accompanied by other signs of end-organ dysfunction, such as impaired liver function, renal

insufficiency, pulmonary edema, new-onset headache unresponsive to medication, or visual

disturbances. The unpredictable nature of its progression from a mild to a severe state

underscores the critical importance of early detection and continuous surveillance throughout

pregnancy.

2. Clinical Manifestations: Mild Preeclampsia

Mild preeclampsia is identified by specific clinical signs that, while not immediately life-threatening,

indicate the onset of the disorder and require close medical attention. The hallmark symptoms for

this milder presentation include persistent hypertension, generally defined as a systolic blood

pressure between 140-159 mmHg or a diastolic blood pressure between 90-109 mmHg,

consistently recorded on multiple occasions. This elevated blood pressure is often the first

discernible sign, prompting further diagnostic investigation to confirm the presence of

preeclampsia.

Concurrently, the presence of protein in the urine, known as proteinuria, serves as a crucial

diagnostic marker. This indicates renal involvement and impaired kidney function, where the

kidneys' filtration system becomes compromised, allowing proteins to leak into the urine. While the

amount of protein can vary, its consistent detection signifies a disruption in the normal

physiological processes of pregnancy. Additionally, generalized water retention, often manifesting

as swelling or edema in the hands, face, and feet, is another common symptom. Although
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peripheral edema can be a normal physiological change during pregnancy, its sudden onset or

significant exacerbation, especially in conjunction with hypertension and proteinuria, raises

suspicion for preeclampsia. These mild symptoms, while seemingly benign, serve as critical

indicators for vigilant management to prevent progression to more severe forms.

3. Clinical Manifestations: Severe Preeclampsia

The progression to severe preeclampsia signifies a critical medical emergency, characterized by a

constellation of symptoms indicative of widespread organ dysfunction and increased risk to both

mother and fetus. The symptoms are more pronounced and often reflect significant systemic

endothelial damage and organ ischemia. One of the most alarming symptoms is persistent and

severe headaches, which are often refractory to standard analgesics and may be a precursor to

central nervous system complications such as eclampsia or cerebral hemorrhage. These

headaches are thought to be caused by cerebral vasospasm or edema.

Visual disturbances, such as blurred vision, scotomata (blind spots), or even temporary blindness,

can arise from retinal arteriolar spasms, edema, or occipital lobe dysfunction. Infrequent urination,

characterized by significantly reduced urine output (oliguria), points to acute kidney injury and

compromised renal perfusion. This reduction in urinary volume is a direct consequence of the

systemic vasoconstriction and endothelial dysfunction affecting renal blood flow and glomerular

filtration.

Other severe manifestations include intense abdominal pain, particularly in the epigastric region or

right upper quadrant, which is often indicative of liver capsule distension due to hepatic edema or

hemorrhage, a potential sign of impending HELLP syndrome (Hemolysis, Elevated Liver enzymes,

Low Platelets). Shortness of breath or dyspnea, if not explained by other conditions, can signal

pulmonary edema, a life-threatening accumulation of fluid in the lungs due to increased capillary

permeability and cardiac dysfunction. Furthermore, excessive fatigue and easy bruising may reflect

underlying hematological abnormalities, including thrombocytopenia (low platelet count), which

impairs the blood's clotting ability and increases the risk of hemorrhage. These severe symptoms

mandate immediate hospitalization and aggressive medical management to stabilize the patient

and prevent dire outcomes, including progression to eclampsia.

4. Pathophysiology and Mechanisms

The underlying pathophysiology of preeclampsia is understood as a two-stage process, primarily

originating from a dysfunctional placenta. The initial stage involves abnormal placental

development during early pregnancy. Unlike normal pregnancies where the spiral arteries of the

uterus are extensively remodeled by invading trophoblasts to become wide, low-resistance

vessels, in preeclampsia, this remodeling is incomplete or shallow. This results in narrow, high-
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resistance placental blood vessels that are prone to ischemia and oxidative stress, leading to

inadequate placental perfusion.

The second stage, triggered by this placental ischemia, involves the release of various vasoactive

substances, anti-angiogenic factors (such as soluble fms-like tyrosine kinase 1, sFlt-1), and

inflammatory mediators into the maternal circulation. These factors cause widespread maternal

endothelial cell dysfunction, leading to systemic vasoconstriction, increased vascular permeability,

and an exaggerated inflammatory response. This global endothelial activation is responsible for the

diverse clinical manifestations of preeclampsia, including the characteristic hypertension,

proteinuria, and end-organ damage observed in the kidneys, liver, brain, and other systems.

Consequently, this systemic dysfunction impacts the feto-placental unit. The compromised blood

flow to the placenta directly impairs nutrient and oxygen delivery to the developing fetus. This lack

of adequate nourishment can significantly hinder fetal growth, leading to low birthweight and

intrauterine growth restriction (IUGR). The chronic stress on the fetus due to placental insufficiency

also increases the risk of preterm birth, fetal distress, and other perinatal complications. The

severity of maternal symptoms often correlates with the degree of placental dysfunction and its

impact on fetal well-being, highlighting the intricate connection between maternal systemic health

and fetal development in preeclamptic pregnancies.

5. Risk Factors and Predisposing Conditions

Several factors significantly increase a pregnant woman's susceptibility to developing

preeclampsia, highlighting a complex interplay of genetic, immunological, and environmental

influences. A prior history of hypertension, even before pregnancy, is a strong predisposing factor,

as chronic hypertension can exacerbate the vascular stressors inherent in preeclampsia. Similarly,

a family history of preeclampsia, particularly in mothers or sisters, suggests a genetic

predisposition, indicating that certain hereditary factors may increase an individual's vulnerability to

the condition. This familial link underscores the importance of a thorough medical history during

prenatal assessments.

Carrying multiple babies, such as in twin or triplet pregnancies, substantially elevates the risk due

to a larger placental mass. A greater placental surface area can lead to increased demands on the

maternal circulatory system and a higher likelihood of the abnormal placentation that underlies

preeclampsia. Maternal obesity is another well-established risk factor, associated with chronic

inflammation, insulin resistance, and endothelial dysfunction, all of which contribute to an

environment conducive to preeclampsia development.

Pre-existing medical conditions, particularly kidney concerns or renal disease, significantly

heighten the risk. Women with compromised kidney function before pregnancy are more

susceptible to the renal manifestations of preeclampsia. Furthermore, maternal age plays a
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bimodal role: women older than 40 years old and those younger than 20 years old face an

increased risk, possibly due to physiological changes associated with advanced age or the

developmental immaturity of the reproductive system in younger individuals. Other notable risk

factors include a history of preeclampsia in a previous pregnancy, nulliparity (first pregnancy),

certain autoimmune diseases (e.g., systemic lupus erythematosus, antiphospholipid syndrome),

and pre-existing diabetes. The presence of multiple risk factors further amplifies the likelihood of

developing this serious pregnancy complication.

6. Potential Complications and Prognosis

The complications of preeclampsia can be severe, affecting both the mother and the baby, and can

have profound short-term and long-term health implications. For the fetus, the impaired placental

blood flow often leads to intrauterine growth restriction (IUGR), meaning the baby receives

insufficient nourishment and oxygen for optimal development, resulting in low birthweight. This

compromised intrauterine environment also increases the risk of preterm birth, either spontaneous

or medically indicated to protect maternal health, which itself carries risks for neonatal respiratory

distress syndrome, developmental delays, and other complications of prematurity. In severe cases,

placental abruption, where the placenta detaches from the uterine wall prematurely, can lead to

life-threatening hemorrhage for the mother and severe fetal distress or demise.

For the mother, untreated preeclampsia can rapidly progress to eclampsia, characterized by new-

onset grand mal seizures, which are a major cause of maternal mortality. Other severe maternal

complications include HELLP syndrome (Hemolysis, Elevated Liver enzymes, Low Platelets), a

severe variant of preeclampsia involving red blood cell destruction, liver damage, and impaired

blood clotting. This syndrome is associated with high maternal and perinatal morbidity and

mortality. Further complications can involve acute kidney injury, liver rupture, cerebral hemorrhage,

pulmonary edema, and acute respiratory distress syndrome (ARDS). These critical events

underscore the urgent need for timely diagnosis and aggressive management of preeclampsia.

Beyond the immediate pregnancy, women who have experienced preeclampsia, especially severe

forms or those with early onset, face a significantly increased long-term risk of cardiovascular

disease, including chronic hypertension, stroke, and ischemic heart disease. They also have a

higher risk of developing metabolic syndrome and kidney disease later in life. Similarly, children

born to mothers with preeclampsia may have an elevated risk of developing cardiovascular and

metabolic disorders in adulthood. These long-term sequelae highlight the importance of post-

pregnancy follow-up and counseling regarding lifestyle modifications and ongoing health

surveillance for both mother and child.

7. Diagnosis and Monitoring
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The diagnosis of preeclampsia is primarily established through consistent monitoring of blood

pressure and urine protein levels during routine prenatal care. A new onset of hypertension,

typically defined as a systolic blood pressure of 140 mmHg or greater or a diastolic blood pressure

of 90 mmHg or greater on two occasions at least four hours apart, is a fundamental criterion. This

must occur after 20 weeks of gestation in a woman who was previously normotensive. The second

key diagnostic component is the presence of proteinuria, usually quantified as 300 mg or more in a

24-hour urine collection, or a protein/creatinine ratio of 0.3 mg/dL or greater. Alternatively, a

dipstick reading of 1+ or greater is suggestive but requires confirmation.

In cases where proteinuria is absent, preeclampsia can still be diagnosed if new-onset

hypertension is accompanied by other signs of end-organ dysfunction. These signs include

thrombocytopenia (platelet count less than 100,000/microL), impaired liver function (elevated liver

transaminases to at least twice the normal concentration), renal insufficiency (serum creatinine

greater than 1.1 mg/dL or a doubling of serum creatinine in the absence of other renal disease),

pulmonary edema, or new-onset cerebral or visual disturbances. Regular prenatal visits are crucial

for screening these indicators.

Once preeclampsia is suspected or diagnosed, rigorous monitoring protocols are initiated to

assess disease progression and fetal well-being. This includes frequent blood pressure

measurements, repeated urine analyses for protein, and comprehensive blood tests to evaluate

liver function, kidney function, and platelet count. Fetal surveillance involves serial ultrasounds to

assess fetal growth and amniotic fluid volume, Doppler studies of umbilical artery blood flow to

detect placental insufficiency, and non-stress tests or biophysical profiles to monitor fetal activity

and responsiveness. The intensity of monitoring is tailored to the severity of the preeclampsia and

the gestational age, aiming to balance maternal stabilization with optimal fetal development until a

safe delivery can be achieved.

8. Management and Therapeutic Interventions

The definitive management for preeclampsia is the delivery of the fetus and placenta, as this

resolves the underlying placental pathology. However, the timing of delivery depends critically on

the gestational age, the severity of the disease, and the presence of maternal or fetal

complications. For mild preeclampsia at term (≥37 weeks' gestation), induction of labor is often

recommended. In cases of mild preeclampsia before term, expectant management may be

pursued with close maternal and fetal monitoring, aiming to prolong the pregnancy to allow for

further fetal maturation, provided the maternal condition remains stable and there are no signs of

worsening disease.

For severe preeclampsia, management is more aggressive and typically involves hospitalization. If

the pregnancy is at or beyond 34 weeks' gestation, delivery is generally recommended. Before 34
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weeks, expectant management may be considered in specialized centers if maternal and fetal

conditions permit, often to allow for administration of corticosteroids (e.g., betamethasone) to

accelerate fetal lung maturity, which significantly reduces the risk of respiratory distress syndrome

in preterm infants. However, if there are signs of severe maternal organ dysfunction, uncontrolled

blood pressure, or fetal distress, immediate delivery is indicated irrespective of gestational age.

Pharmacological interventions play a crucial role in managing preeclampsia symptoms.

Antihypertensive medications, such as labetalol, nifedipine, or hydralazine, are used to control

severe maternal hypertension and prevent complications like cerebral hemorrhage. Magnesium

sulfate is the mainstay for preventing and treating eclamptic seizures in women with severe

preeclampsia, providing neuroprotection. It is typically administered intravenously and continued

for at least 24 hours postpartum. Postpartum surveillance is also critical, as preeclampsia can

worsen or manifest for the first time in the immediate postpartum period. Close monitoring of blood

pressure and symptoms is maintained until the condition resolves, which typically occurs within

days to weeks after delivery.

9. Prevention Strategies and Lifestyle Recommendations

While there is no guaranteed method to entirely prevent preeclampsia, several strategies can help

mitigate risk, particularly in high-risk individuals, and promote overall maternal health during

pregnancy. For pregnant women at increased risk of developing preeclampsia, such as those with

a history of preeclampsia, chronic hypertension, diabetes, or autoimmune diseases, low-dose

aspirin (typically 81 mg daily) initiated in the late first trimester has been shown to reduce the

incidence of both preterm and severe preeclampsia. Calcium supplementation may also be

beneficial in populations with low dietary calcium intake. These interventions are usually prescribed

and managed by healthcare providers.

General lifestyle recommendations, while not primary prevention for all cases, contribute to overall

maternal well-being and may help manage some symptoms or reduce general risk factors.

Physicians often advise pregnant women to ensure adequate water intake to maintain hydration,

which supports kidney function and overall circulation. Reducing salt intake can help manage blood

pressure and minimize fluid retention, although severe salt restriction is not typically recommended

without specific medical advice.

Other recommendations include taking time to elevate the feet to alleviate edema and improve

venous return, particularly during periods of rest. Ensuring sufficient rest and engaging in

moderate, regular exercise, as approved by a healthcare provider, are important for cardiovascular

health and stress reduction. Furthermore, avoiding alcohol and excessive caffeine intake is

generally recommended for all pregnant women to support healthy fetal development and maternal

well-being. Adherence to regular prenatal care appointments is paramount, as it allows for early
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detection of risk factors, prompt identification of initial symptoms, and timely intervention, which are

critical for optimizing outcomes in pregnancies complicated by preeclampsia.

10. Historical Context and Future Directions

The understanding of preeclampsia has evolved significantly over centuries. Historically, the

condition was often grouped under the umbrella term "toxemia of pregnancy," implying a circulating

toxin caused the symptoms. This concept prevailed for decades, reflecting a limited understanding

of its true pathogenesis. It was only with advancements in medical science, particularly in

obstetrics and vascular biology, that the focus shifted from a vague "toxin" to recognizing the

central role of placental dysfunction and widespread maternal endothelial damage as the primary

drivers of the disease. This shift marked a critical turning point, paving the way for more targeted

research and management strategies.

Despite significant progress in diagnosis and management, preeclampsia remains a major

challenge in maternal-fetal medicine. Current research is actively exploring various avenues to

enhance our understanding and improve patient outcomes. One key area of focus is the

identification of reliable biomarkers for early prediction of preeclampsia, even before the onset of

clinical symptoms. This includes investigating circulating angiogenic and anti-angiogenic factors,

microRNAs, and genetic markers that could identify high-risk individuals early in pregnancy,

allowing for timely preventive interventions.

Future directions also include developing novel therapeutic strategies that target the underlying

pathophysiological mechanisms, rather than just managing symptoms. This could involve therapies

aimed at improving placental perfusion, modulating the inflammatory response, or restoring

endothelial function. Furthermore, research continues into the long-term cardiovascular and

metabolic health implications for women who have had preeclampsia, aiming to develop effective

post-pregnancy surveillance and preventive strategies to mitigate these risks. These ongoing

efforts underscore the complex nature of preeclampsia and the persistent global commitment to

improving maternal and fetal health outcomes associated with this challenging condition.
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