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Diagnosis of hypertensive disorders in pregnancy: an update
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Abstract: Hypertensive disorders occur in up to 10% of pregnancy and can seriously affect the mother

and fetal health. Pre-eclampsia (PE) and eclampsia are the most severe forms of hypertensive disorders and

are associated with short- and long-term sequelae. PE is defined by the presence of blood pressure elevation

(>140/90 mmHg) and relevant proteinuria (more than 300 mg/24 h) or, in the absence of proteinuria, the

increase of creatinine concentration or a low platelet count or the increase of liver transaminases or presence

of pulmonary edema, visual disturbances, neurological signs or utero-placental dysfunctions that lead to felt

growth retardation. Eclampsia is a convulsive condition associated with PE or haemolysis, elevated liver

enzymes, and low platelet count syndrome. This review aimed at focusing on the correct classification and at

accurately describing clinical and biochemical features of PE. Early detection of PE/eclampsia and accurate

prediction of maternal risk of developing PE is crucial in the management of this threatening condition.
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Classification and definition of hypertensive
disorder in pregnancy

Hypertensive disorders complicate 5-10% of pregnancy
and, according to “The FIGO Textbook of Pregnancy
Hypertension” (1) and the International Society for the
Study of Hypertension in Pregnancy (ISSHP) (2), are
classifiable in 4 categories:

(I)  Pre-existing hypertension;

(II)  Gestational hypertension (GH);

(II) Pre-eclampsia (PE) and eclampsia;

(IV) Other conditions.

Pre-existing hypertension can be found in approximately
1% of woman and is defined either when systolic blood
pressure (SBP) is higher or equal to 140 mmHg and/
or diastolic blood pressure (DBP) is higher or equal
to 90 mmHg before the 20" of gestation or persisting
after 12™ week after delivery. GH, that occurs in above
3% of pregnancy, is defined as the de novo presence of
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hypertension arising after the 20" week of gestation without

the characteristics that define PE (Figure 1).

PE can complicate GH, chronic hypertension or can
develop in women with normal blood pressure (BP) until
diagnosed.

Other conditions that can be diagnosed during
pregnancy are:

% White coat hypertension: findings of SBP >140 mmHg
or DBP >90 mmHg in office but repeatedly less than
135/85 mmHg at home, measured by ambulatory
BP measurement (ABPM) or Home BP monitoring
(HBPM). It is a widespread condition, up to 30% of
women diagnosed with GH and 30% of women in
the first trimester of pregnancy (3);

% Masked hypertension: the presence of normal BP
values in the clinic but high values at home or when
ABPM is performed.

Therefore, it is necessary to measure BP before
pregnancy for differential diagnosis, otherwise, diagnosis
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Blood pressure

SBP 140 mmHg OR DBP 90 mmHg in two measurements taken at least
4-h apart after 20 weeks of gestation in a woman with previously unaltered
pressure

SBP =160 mmHg OR DBP =110 mmHg in measurements separated by a
short time interval

AND

Proteinuria

>300 mg/24 h

Protein/creatinine ratio on spot urine >0.3 mg/mg

At least 1 g/L on the urinary dipstick test which corresponds to 2+

Without proteinuria but with new-onset hypertension and:

Hematological disorders

Platelet count <150,000/mm®, disseminated intravascular coagulation,
haemolysis

Renal impairment

Creatinine >1.1 mg/dL or doubling of basal creatinine in the absence of other
renal diseases

Hepatic failure

Increased transaminases at least 2 times the upper limit of the normal range
+ pain in the right upper abdominal quadrant or in epigastrium

Pulmonary edema

Neurological complications

Eclampsia, stroke, blindness, hyperreflexia with intense headache,
hyperreflexia with clonus, alteration of the state of consciousness, persistent
scotomas

Uteroplacental dysfunction

Reduction of fetal growth

Figure 1 Diagnostic criteria of pre-eclampsia. DBP, diastolic blood pressure; SBP, systolic blood pressure.

cannot be sure.

Other scientific societies use other slightly different
classifications. American College of Obstetrician and
Gynaecologist (ACOG), Society of Obstetricians and
Gynaecologists of Canada (SOGC), Royal College of
Obstetricians and Gynaecologists (RCOG), Society
of Obstetric Medicine of Australia and New Zealand
(SOMANZ), in line with ISSHP, describe chronic
hypertension as a disturbance detected before 20 weeks
of gestation. GH for ACOG and RCOG is the new-
onset elevation of BP after 20 weeks of gestation without
proteinuria. SOMANZ and SOGC take into consideration
the absence of proteinuria and or fetal features of PE
(abnormal fetal heart rate, oligohydramnios, stillbirth,
abruption with evidence of maternal or fetal compromise,
presence of reverse ductus venous A wave) to define GH
ACOG definition of PE takes into consideration the
presence of proteinuria (more than 300 mg/day) or target
organ damage but the criteria of platelet (PLI’) count is less
than 100,000/pL (4) ASSHP use a cut-off of 150,000/uL) (5).
RCOG considers PE the presence of hypertension with
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proteinuria and eclampsia a convulsive condition associated
with PE or haemolysis, elevated liver enzymes, and low
PLT count syndrome (6).

How to measure BP in pregnancy

BP measurement in pregnancy does not deviate from
the measurement outside this period: women should be
positioned seated, without crossed legs, with feet touching
the floor and the back completely resting on the chair.
The lying or supine or side position can underestimate
the pressure value (7). Women must refrain from talking,
reading, consulting the telephone or watching television.
The arm should not be stretched and should be at heart
level. If not, a pillow can be used. The first measurement
must be taken after at least 5 minutes of sitting position at
rest. The cap should not be placed over clothes and should
be of the right size. The length should cover two-thirds
of the distance between the shoulder and the elbow; the
lower edge of the cuff should be 1-2 cm above the fold of
the elbow. The width must be such that the inflatable part

7 Lab Precis Med 2020;5:8 | http://dx.doi.org/10.21037/jlpm.2019.11.04



Journal of Laboratory and Precision Medicine, 2020

of the cuff should be around 80% of the woman’s arm.
This avoids overestimating the pressure if it is too tight
(the error can be as much as 7-13 mmHg for SBP and
5-10 mmHg for DBP). BP should be measured several
times. By sphygmomanometer, the first measurement must
be discarded, and the average value of the two successive
measurements should be considered. By automatic devices,
the average of two successive measurements one minute
apart must be considered (1,8).

Finally, the role of the device by which the pressure is
measured appears pivotal. The gold standard device remains
the mercury sphygmomanometer but the measurement with
automatic instruments eliminates some errors due to the
observer. However, only a few devices have been validated in
pregnancy (9-12), particularly if PE is diagnosed (11,13,14).

Recently the FIGO has validated a risk score for
early screening of PE that can be extensively read
in “FIGO initiative on pre-eclampsia” (15). For this
purpose BP should be measured during the first trimester
(11"-13" week of gestation) by validated automated and
semi-automated devices (http://www.dableducational.org/
sphygmomanometers/devices_1_clinical. heml#ClinTable) in
sitting position, with arms supported at the level of the heart
with an appropriate size adult cuff depending on the mid-
arm circumference, after rest for 5 minutes, in both arms
simultaneously. Two sets of recordings should be performed
at 1-minute intervals (16). The four sets of measurements
are required to insert into the risk calculator and the final
mean arterial pressure measurement (average of four sets
of measurements) will be automatically calculated for the
calculation of patient-specific risk.

Laboratory testing for early screening

Since 2019 the pharmacological prevention of PE with
low dose aspirin was based on analysis of risk factors from
maternal demographic characteristics and medical history
(2,5,17-21). Factors to be considered for assuming low
dose aspirin are hypertensive disease in previous pregnancy,
chronic hypertension, chronic renal disease, diabetes
mellitus, autoimmune disease or any two of the moderate-
risk factors (nulliparity, age >40 years, body mass index
(BMI) >35 kg/m’, family history of PE, or inter-pregnancy
interval >10 years). The detection rate with the risk factors
mentioned above was proven to be very low (39% for
preterm PE and 34% for term PE) with a quite high risk
of false-positive rate (10.3%) (4). An alternative approach
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to screening for PE was recently validated and estimate
patient-specific risk using Bayes theorem. The tools take
into consideration maternal characteristics and medical
history (the « priori risk) and the results of biophysical and
biochemical measurements (22). The biomarkers considered
in this validated tool are placental growth factor (PIGF)
and pregnancy-associated plasma protein-A (PAPP-A).
Unbalanced expression of angiogenic factors is pivotal in the
pathophysiology of PE because are involved in endothelial
injury and capillary permeability (23). Numerous
biomarkers have been tested for early screening with
different results in specificity and sensibility (24). PIGF is
a proangiogenic factor, member of the vascular endothelial
growth factor (VEGF) sub-family whose main source is
the placental trophoblast (25). It binds to VEGEF receptor
1 (VEGFR-1) and exerts vasculogenic and angiogenic
functions. PIGF levels are reduced in PE by several weeks
to months before the onset of PE, correlate with disease
severity, and normalize after delivery (26). According to a
recent meta-analysis, comparing PIGF, human chorionic
gonadotropin (hCGQ), placental protein-13 (PP-13), PAPP-A
measured singularly, the concentrations of PIGF measured
in the first trimester have the highest detection rate and
perform better in predicting early-onset PE than late-
onset PE (sensitivity 40%, specificity 90%) (27). PAPP-A
is a metalloproteinase that joins the insulin-like growth
factor. Reduced levels of this molecule have been linked
with high risk to develop PE (28-31). Impaired placentation
and/or placental dysfunction, caused by an inadequate
trophoblastic invasion of the maternal spiral arteries, are
the pathogenic mechanisms of PE. Measuring biomarkers
before 20 weeks of gestation seems useful in early
prediction of PE, but how reliable they are in predicting
PE development so far from the event is still uncertain and
undoubtedly not advisable in routine clinical practice (24).
The recent published “FIGO initiative on pre-eclampsia”
suggests the use of a combination of biochemical (PIGF and
PAPP-A), anamnestic (age, BMI, mean arterial pressure,
ethnicity, obstetric history, inter-pregnancy interval, family
history of PE, method of conception, history of chronic
hypertension or diabetes or systemic lupus erythematosus
or antiphospholipid syndrome, smoking habit), clinical
parameter (mean arterial pressure and uterine pulsatility
index) to obtain a reliable estimation of risk (15). Evidence
is based on 3 studies on more than 120,000 pregnancies at
11-13 weeks of gestation (22,32,33). The detection rate at
the screen-positive rate of 10% of early-PE, preterm-PE,
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and all-PE was about 90%, 75%, and 50% (34).

Diagnosis of PE

To be diagnosed PE requires BP criteria and significant
proteinuria or organ dysfunction. Proteinuria is considered
significant when is higher than 300 mg/day. During
pregnancy, an increase in glomerular filtration secondary to
the augmented circulating volume and to the modification
of protein handling in the nephron results in a slight
increment in proteinuria (normal range between 150 and
300 mg/day) (35). These changes resolve with the end
of the pregnancy. The value of 300 mg/24 h represents
the 95" percentile of the proteinuria confidence interval
in pregnancy (36) but does not necessarily constitute a
pathological level; more likely the risk of maternal and
fetal adverse events increases with proteinuria higher than
500 mg/24 h (37). Proteinuria can be both glomerular
and tubular type and the single most represented protein
is the Tamm-Horsfall protein but albumin, thyroxine-
binding pre-albumin, immunoglobulins, al-antitrypsin,
transferrin, B-lipoprotein and low-molecular-weight
proteins can be detected (38). All pregnant women
should be screened for proteinuria in early pregnancy,
to search for pre-existing renal disease and to acquire
a baseline value to follow during the evolution of
pregnancy, especially in women at increased risk of
PE (1). There are various methods for measuring
proteinuria (on spot samples: urinary dipstick testing, heat
coagulation test, urinary protein/creatinine ratio, or urinary
albumin/creatinine ratio and 24-h collection). Two are the
most reliable samples: the 24-h sample and the spot sample
in which to measure the urinary protein/creatinine ratio.
The 24-h collection is the gold standard method (threshold
300 mg/24 h) but it is time-consuming and often not
accurate. A study conducted by Cété er al. in 2008
demonstrates that 24-h urine collection is frequently
inaccurate based on 24-h urinary creatinine excretion,
especially in lean bodyweight women (39). The ratio has
the advantage of being simpler to obtain than 24-h urine
collection. The threshold value that best corresponds to
24-h proteinuria greater than 300 mg/24 h, according
to the most recent meta-analysis is 34 mg/mmol
(0.30 mg/mg), with sensitivity and specificity above
80% (24). The international federation of obstetrician
gynaecologists advises considering 30 mg/mmol without
forgetting that the evaluation of proteinuria is only one of
the aspects to consider when it is necessary to manage a
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gestation complicated by hypertension (1). In the case of
twin pregnancies, the level to consider not pathological
is higher but the threshold value is still discussed. PE
can occur even in the absence of proteinuria but with
a sign of target organ damage. In the suspicion of PE,
women should undergo laboratory tests to search for
renal, liver, metabolic or haematological features of PE.
The laboratory tests also allow to explore the severity of
the organ damage and to check for differential diagnoses
(Table 1). A complete blood count is useful for at least three
parameters. Haemoglobin concentration can be higher than
the normal value in case of intravascular volume depletion
(and consequent uteroplacental circulation deficiency)
or lower in the case of haemolysis elevated liver enzyme
low platelet (HELLP) syndrome (a form of severe PE
that includes in the diagnostic criteria haemolysis). Look
for haemoglobin is mandatory for differential diagnoses
to search for signs of dehydration (for various causes
such as vomiting or diarrhoea), or haemolysis for causes
other than HELLP syndrome [enzyme deficiencies,
hemoglobinopathies, membrane defects of red blood cells,
liver disease, infections like malaria or sepsis, autoimmune,
micro-angiopathic like thrombotic thrombocytopenic
purpura (T'TP) or haemolytic uremic syndrome (HUS)]
or for search indices of chronic anaemia or acute bleeding.
White blood count can help in support or exclude infections
when suspected causes of reduced or augmented levels of
haemoglobin. PLT must be checked as an index of PE.
Moreover, their reduction is generally associated with poor
outcome (40,41). PLT count can be reduced also because
of gestational thrombocytopenia (a mild, asymptomatic
condition in which PLT count is usually not lower than
70,000/mm’, not associated with risk of bleeding and that
usually occurs in late gestation and resolves spontaneously
after delivery; it is not combined with other alteration
of biochemical indices) or for chronic liver disease with
hypersplenism or in case of immune thrombocytopenia
and in myelodysplastic condition. Even viral infections
(like rubella, mumps, varicella, parvovirus, hepatitis C, and
Epstein-Barr virus), drugs, congenital thrombocyte defects,
and TTP can reduce PLT count. Coagulation tests can be
useful for differential diagnosis and to evaluate the severity
of PE. Disseminated intravascular coagulation (DIC) is a
threatening condition typical features of abruption placenta
and severe sepsis; activated partial thromboplastin time can
be prolonged in antiphospholipid syndrome and acute fatty
liver of pregnancy. Finally, fibrinogen level can help because
it is not altered in PE but is reduced in other causes of DIC.
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Table 1 Laboratory tests for PE
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LAB test Levels in PE

Differential diagnosis

Hemoglobin Can be higher than the normal values in case
of intravascular volume depletion (consequent
uteroplacental circulation deficiency)

Can be low in case of HELLP syndrome

Platelet count Low

PT-INR Prolonged in case of superimposed DIC
aPTT Prolonged in case of superimposed DIC
Fibrinogen Usually normal

Creatinine blood Can be high
test

AST/ALT Can be high
Uric acid Can be high
Bilirubin Can be high
LDH Can be high

High in any causes of volume depletion: vomiting; diarrhoea;
dehydration

Low in: microangiopathic haemolysis from other cause; chronic
anaemia (nutritional deficiency or myelodysplasia); acute bleeding

Low in: Gestational thrombocytopenia (>70,OOO/mm3); chronic liver
disease; immune thrombocytopenia; myelodysplasia; viral infections
(rubivirus, paramyxovirus, HHV-3, parvovirus, HCV, EBV); adverse
reaction to drugs; TTP (usually <20,000/mm?®); SLE reactivation

Prolonged in APS, DIC from other causes (sepsis)
Prolonged in AFLP

Low in: DIC for all causes; AFLP
Usually normal in: TTP-HUS

High in: acute or chronic kidney disease (e.g. Malignant
hypertension); TTP-HUS; AFLP

High in: AFLP; intrahepatic cholestasis of pregnancy; viral hepatitis;
cholecystitis
Usually normal in TTP-HUS

High in: dehydration; medication (e.g., diuretics); genetic causes

High in: AFLP; haemolytic anaemia; liver disease (acute or chronic);
genetic diseases (Gilbert disease, Dubin-Johnson syndrome); biliary
tract obstructions

High in: AFLP; haemolysis

PE, pre-eclampsia; HELLP syndrome, haemolysis elevated liver enzyme low platelet syndrome; HHV-3, human herpes virus-3; HCV,
hepatitis C virus; EBV, Epstein-Barr virus; TTP, thrombotic thrombocytopenic purpura; SLE, systemic lupus erythematosus; PT-INR,
prothrombin time-international normalized ratio; aPTT, activated partial thromboplastin time; DIC, disseminated intravascular coagulation;
APS, antiphospholipid syndrome; AFLP, acute fatty liver of pregnancy; ALT, alanine aminotransferase; AST, aspartate aminotransferase;

HUS, haemolytic uremic syndrome; LDH, lactate dehydrogenase.

Elevated serum creatinine is another possible feature of PE
as a marker of acute kidney failure and severity of PE. It is
important to test it also for rule out other acute or chronic
kidney disease, renal failure in malignant hypertension and
TTP-HUS (in case of coincidence of thrombocytopenia) or
acute fatty liver of pregnancy (mixed with liver dysfunction).
Regarding serum uric acid in PE it is associated with
poor perinatal outcomes but not with adverse maternal
outcomes (42). It is generally attributed to a reduction
in glomerular filtration rate and increased reabsorption
in the proximal renal tubules (43). It can also rise
in case of dehydration, use of diuretics and genetic
causes (44). Another important organ to evaluate is the liver
through liver enzyme [alanine aminotransferase/alanine

aminotransferase (ALT/AST)] and bilirubin. AST or ALT
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elevation is associated with adverse maternal outcome. In
PE the cause is probably due to a reduction in the hepatic
blood flow that causes ischemia and haemorrhage in
the peri-portal spaces. Hepatocyte integrity may also be
threatened by peri-portal and sinusoidal fibrin deposition
and fat accumulation (45,46). Bilirubin increase is an index
of liver failure, whereas indirect bilirubin level suggests the
presence of haemolysis (in the context of HELLP or not).
Liver involvement in PE must be differentiated from other
hepatic chronic or acute complication typical of pregnancy
status or not: in particular acute fatty liver of the pregnancy
is a serious condition that usually determines a more severe
liver involvement with hypoglycaemia, hyper-ammoniemia,
and DIC that are very rare in PE. Liver transaminases can
also arise in a benign condition, the intrahepatic cholestasis
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of pregnancy or conditions not associated with pregnancy
(like viral hepatitis or cholecystitis). Finally, lactate
dehydrogenase is also useful, especially because is associated
with adverse maternal outcome and with the severity of PE/
HELLP. It can also be elevated in TTP-HUS, and acute
fatty liver of pregnancy.

Conclusions

Hypertensive disorders of pregnancy are associated with
short and long-term complications both for the mother and
for the foetus. Clinical and biochemical reliable screening
for early treatment with the only, but effective, drugs that
can prevent PE (i.e., acetylsalicylic acid) is crucial for
reducing maternal and fetal sequelae. Correct classification
and differential diagnosis of PE is central to manage in the
most proper way this potentially life-threatening condition.
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