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Follow-Up Diagnostic Assessment of the At-Risk Pregnancy

Pregnancies can be at risk for maternal reasons, fetal reasons, or both. These guidelines will focus on two maternal medical conditions, the hypertensive disorders of pregnancy and thromboembolic disease for a number of reasons. Firstly, they are among the most common medical disorders of pregnancy. Secondly, they are the most serious of those disorders, being the most common causes of maternal death
. Thirdly, the management of both is focused on laboratory testing. Finally, they are increasingly interrelated in terms of pathogenesis and management.

The hypertensive disorders of pregnancy

Hypertensive disorders complicate 5-10% of pregnancies worldwide, and remain a major cause of both maternal and perinatal mortality and morbidity in both developed and developing countries. There is a lack of consensus in the literature regarding how one should diagnose and classify the hypertensive disorders of pregnancy (HDP), in addition to how one should manage them. This is due in large part to inconsistencies in terminology, for both the maternal HDP and the perinatal outcomes of interest. It is also due to the ill-defined relationship between the current classifications and the adverse maternal and perinatal outcomes that all clinicians and women wish to avoid. 

Classification of HDP

Similar guidelines for the diagnosis, and classification of pre-eclampsia have been produced by the Canadian Hypertension Society (CHS)
, the US National High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy
, and the Australasian Society for the Study of Hypertension in Pregnancy (ASSHP)
 (Table 1), the latter two largely merged by the International Society for the Study of Hypertension in Pregnancy (ISSHP). All of these guidelines are based largely on expert opinion and all have their limitations. 
First, most classifications are predicated on the occurrence of both hypertension and proteinuria. This fails to occur within the week prior to an eclamptic seizure in 40% of women
. Therefore, in practice, the diagnosis of pre-eclampsia needs to be considered and excluded (by renal, hepatic, and haematological investigation) when either non-proteinuric gestational hypertension (present in 20% of women within a week of their first eclamptic seizure) or non-hypertensive gestational proteinuria (present in 10% of women) arise. Furthermore, in a secondary analysis of the National Institute for Child Health and Development (NICHD) aspirin trial for the prevention of pre-eclampsia, women who developed severe non-proteinuric gestational hypertension (vs. those who developed mild pre-eclampsia) had higher rates of both preterm delivery (<37wk) and small-for-gestational-age infants
. This reinforces the importance of considering the condition as other than one of pure hypertension and proteinuria.

Second, dichotomising pre-eclampsia into mild or severe disease presumably differentiates women with lower risk from those with higher risk, but there are no shades of grey over a broad range of clinical situations.

Third, that gestational age has not been accounted for in any of the current classification systems is a major problem. It is the most important predictor of both maternal and perinatal outcomes. Early-onset pre-eclampsia (<32wk) is associated with a 20-fold higher risk of maternal mortality compared with pre-eclampsia that occurs at term
, and is consistent with more perturbed neutrophil function and cytokine levels QUOTE "" 
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. Also, gestational age is the most important determinant of perinatal outcome among diploid fetuses
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. A greater than 50% chance of intact fetal survival in pre-eclampsia arises only when the delivery gestational age is >27+0wk at a birthweight >600g
. 

Fourth, how aspects of the fetal syndrome of pre-eclampsia, which are identified by the CHS as adverse features, predict maternal risk is not known.


Predicting pre-eclampsia

It is obvious that the current classifications of HDP are focused on diagnosing pre-eclampsia, because it is the most dangerous for both mother and baby. This is why so much of antenatal care is devoted to the detection of the disorder, and one of the primary reasons why women are seen every four weeks early in pregnancy, every two as pregnancy advances, and then every week for the last four to six weeks.

Pre-eclampsia is a multisystem disorder which has its roots in inadequate placentation (e.g., having an immunological basis) and/or excessive fetal demands (e.g., multiple gestation). However, this mismatch is generated, there has been documented release from the utero-placental circulation, an intravillous soup. This includes various inflammatory mediator cytokines and trophoblast fragments that produce maternal systemic inflammation and the well-documented endothelial cell dysfunction which is thought to lead to multiple organ system dysfunction of preeclampsia. This most commonly consists of hypertension and proteinuria, but may consist only of eclampsia, or liver enzyme abnormalities, for example. The Canadian guidelines are the only ones that attempt to account for the multiple organ dysfunction of pre-eclampsia, by including ‘adverse features’ in the classification of HDP.


Proteinuria as an essential component of the classification of HDP

In the classification of HDP, proteinuria is key, but is diagnosis is problematic. Proteinuria is defined by the gold standard 24-hour urinary protein measurement of 0.3g/d or more. In antenatal clinics, urinary dipstick testing (by visual inspection of dipsticks) is used because of its low cost and efficiency. This method is known to be neither sensitive nor specific although these can be improved with use of an automated device
. In actual fact, the negative predictive value (NPV) of a negative or trace dipstick proteinuria in pregnancy is actually very good, exceeding 90%, regardless of the method used. 

The real problem is encountered for 1+ proteinuria; the positive predictive value (PPV) being less than 50% with use of automated testing. According to the existing classification systems, 1+ proteinuria should trigger the clinician to perform a 24-hour urine collection. Until the result is back, how to manage that woman depends on how worried the clinician is. The situation is not much better when urinary dipstick testing reveals 2+ proteinuria, which has a PPV close to 50%. The clinician can be more certain about the presence of proteinuria with 3+ or 4+ proteinuria.

Given the uncertainties associated with interpretation of urinary dipstick testing, there has been enthusiasm for evaluation of urine protein:creatinine ratios, which compared with 24-hour urine collections, are cheaper, easier for the patient to perform, and can be reported to the clinician on the same day. With a cut-off of >30mg protein/mmol of creatinine, the PPV is at least 90%
.  

To complicate matters further, there is also evidence that the method of urinary protein analysis alters the quantification of urinary protein in a 24-hour urine collection, the ‘gold standard’
. The benzoyl chloride assay, which is commonly used in hospital laboratories and is more sensitive to a complex protein mixture, has been found to be more sensitive than the Bradford assay, which is widely used in scientific laboratories and appears to be more specific. Protein assay specificity may be important as albumin and transferrin  are the principal components of proteins in less well-developed pre-eclampsia.

Recommended laboratory tests

Table 2 lists the recommended laboratory tests for the diagnosis and evaluation of pre-eclampsia. This list represents an amalgamation of those put forth by the Canadian, Australasian and American groups, all of which differ in their specific recommendations. For example, the Canadian group recommends that urinary dipstick testing be abandoned, that tests of coagulation not be performed routinely (unless surgery and/or disseminated intravascular coagulation (DIC) is likely), and that serum albumin not be performed. However, the Australasians do recommend coagulation studies, as well as serum albumin testing given the inverse relationship between hypoalbumenemia and the risk of pulmonary edema. 

We surveyed Canadian practitioners, and asked them whether or not they use the commonly recommended tests in Table 2, and if so, how frequently they use them
. Most reported using all of the blood tests and the urine tests at least once weekly. The exception was urinary dipstick proteinuria which is used daily for women with suspected pre-eclampsia. 

What remains to be determined is exactly how the results of these tests, individually or in combination, relate to the risk of adverse maternal and perinatal outcomes that we wish to avoid. This awaits further study, and until such time, the recommended tests in Table 2 are based heavily on expert opinion. 


Differential diagnosis of pre-eclampsia

The differential diagnosis of pre-eclampsia is that of underlying hypertension and/or other microangiopathies, such as thrombocytopenic purpura hemolytic-uremic syndrome, anti-phospholipid antibody syndrome, sepsis/disseminated intravascular coagulation, vasculitis, or malignant hypertension. Also, pre-eclampsia must always be distinguished from the more ominous acute fatty liver of pregnancy, in which there is early liver dysfunction, characterized by an elevated INR and high bilirubin. Therefore, tests used to diagnose pre-eclampsia must include further testing if the history and physical raise the suspicion of another disease process. Urinalysis may be particularly useful. In pre-eclampsia, the glomerular lesion of ‘endotheliosis’ is not a proliferative one, and there should be no associated red blood cells (RBCs) or casts; RBCs should prompt consideration of associated placental abruption and/or another glomerular lesion. 


Postnatal work-up of the woman who had pre-eclampsia


There are two issues to address: i) ruling out underlying conditions that may have predisposed a woman to pre-eclampsia, and may require or benefit from treatment (e.g., diabetes); and ii) identifying other cardiovascular risk factors because having had a HDP increases your long-term cardiovascular mortality and morbidity
.


Risk factors for pre-eclampsia

Risk factors for pre-eclampsia include pre-existing hypertension. Follow-up beyond six weeks postpartum is necessary, recognizing that the hypertension of pre-eclampsia may take a few months to resolve. Persisting hypertension should be regarded as pre-existing, and prompt investigation: electrolytes, creatinine, urinalysis, TSH, calcium, and a plasma renin:aldosterone ratio. Fasting blood glucose will detect underlying diabetes, and a follow-up 24-hour urinary protein (beyond three months postpartum) will detect persistent proteinuria suggestive of underlying renal disease. If pre-eclampsia was of early onset and severe, then thrombophilia testing is recommended, the details of which will be discussed below under ‘Thromboembolic disease’.


Cardiovascular risk factors

After 6-12 weeks postpartum, whenat least the majority of the physiological changes of pregnancy resolved, it is appropriate to perform: testing for hyperlipidemia, hemoglobin A1C, hyperhomocysteinemia, as well as electrocardiography and echocardiography (to rule of left ventricular hypertrophy). For these women, as for women with gestational diabetes, pregnancy should be viewed as a ‘stress test’, which they failed, and which has afforded them the opportunity to appreciate their increased risk and address it.

Thromboembolism in pregnancy

Thromboembolism results from an interaction between environmental factors and patient factors (i.e., thrombophilia). It is well recognized that venous thromboembolic events (e.g., deep vein thrombosis) are associated with thrombophilia, either genetic or acquired. However, it has been more recently appreciated that thrombophilia may be related to adverse placentally mediated events: early severe pre-eclampsia; severe intrauterine growth restriction (usually defined as birth weight <5th or <3rd centiles), stillbirth, or recurrent fetal loss (defined as three or more consecutive, unexplained miscarriages)
. Although the association has not been entirely consistent, this may relate to different populations studied (e.g., Caucasians, 5% of whom carry the Factor V Leiden mutation), and variable definitions of outcomes. Therefore, thrombophilia testing may be required because of, for example, either a previous maternal DVT or a history of previous unexplained stillbirth. 


Thrombophilia screening tests

Thrombophilia may be genetic or acquired. There has been a resurgence of enthusiasm for screening with the advent of newer tests, such that testing reveals an abnormality in approximately 50% of individuals with thromboembolism or a family history of such. As shown in Table 3, thrombophilia may result from a deficiency of anti-thrombotic factors (antithrombin, protein C, protein S), an increase in substrate (e.g., fibrinogen), abnormal coagulation proteins (e.g., Factor V Leiden mutation), or biochemical abnormalities (e.g., hyperhomocysteinemia). Although tissue factor pathway inhibitor is also relevant, to date, problems with this haven't been described in pregnancy. Also, problems with the fibrinolytic system haven't been proven to be operative in patients with venous thromboembolic disease in or out of pregnancy.

When thrombophilia testing is performed in pregnancy, it must be recalled, that normal pregnancy is associated with an increase in procoagulant factors (e.g, Factor VIII), a decrease in some anticoagulant factors (e.g., Protein S) (Table 3). 


Other pregnancy specific risk factors

There are other specific antenatal risk factors for thromboembolism in pregnancy: age of 35 years or more; high gravidity; obesity; nephrotic syndrome, diabetes, gross varicose veins, a current infection, bed rest for more than four days prior to delivery, and pre-eclampsia
. The most common delivery risk factor, which is present in at least 20% of deliveries in North America, is Caesarian section; in the UK, thromboprophylaxis guidelines have been developed for women delivered by Caesarian section
. Other 'delivery' risk factors are: pelvic trauma, immobility and uterine sepsis. 


Should all pregnant women be screened?

Screening is not advocated for pregnancy alone, just as it is not prior to taking the oral contraceptive pill, which is associated with a higher RR of thromboembolism than is pregnancy
. 


What should be done with the results of thrombophilia screening?

If there is a history of a previous maternal event in pregnancy or on the pill, and the screen is negative, then the risk of recurrent DVT in pregnancy is approximately 2% and heparin thromboprophylaxis may be safely withheld
. If however, there is a family history of clot and/or there are one/more abnormalities on screening, then opinion favours thromboprophylaxis with heparin. Whether or not the latter is effective in preventing recurrent DVT in pregnancy, which may occur in up to 16% of women, is based on extrapolation of effectiveness from the surgical thromboprophylaxis literature. 

If there is a history of a previous 'placental event', then the presence of an antiphospholipid antibody and a history of recurrent miscarriage, warrants treatment with low-dose aspirin (81mg/d) and low-dose heparin (unfractionated or low molecular weight)
. Although observational literature suggests that heparin prophylaxis may be effective for other thrombophilias and a history of other 'placental events', this remains to be proven by randomized controlled trials. 

In summary, the thromboembolic disorders are of importance to both mother and fetus. How to manage women at increased maternal and/or fetal risk is very unclear. Prophylaxis is agreed upon for symptomatic thrombophilia, especially multiple thrombophilias, symptomatic being maternal events, and antiphospholipid antibody syndrome specifically, and recurrent fetal loss specifically. Other women should be enrolled in studies.
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