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ABSTRACT

In recent years, incidence of hypertension in pegmy is increasing manifold. Termed as pregnanduded
hypertension (PIH), it is associated with generdizZdema and proteinuria which is known as preeptian.Early
diagnosis, proper management plays a vital rol¢hés disease causes considerable morbidity andatityrin both

the mother and fetus. The objective of our revigiela is to elaborate on pathophysiology of pregupsia & give
recent insights on the criteria’s used for takidmical decisions at different levels of pregnaraye for patients
with PIH & preeclampsia. Our article also highlighthe newer diagnostic procedures and treatmentafitas for

the management of the above conditions.
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INTRODUCTION

Pregnancy-induced hypertension (PIH), which océnirs10% of pregnancies, is a major risk factor riwaiternal,
perinatal morbidity and mortality. [IPIH includes gestational hypertension as well aegampsia and eclampsia.
Gestational hypertension is characterized by arombal rise in blood pressure that usually develafier 20th
week of pregnancy. In addition to hypertension, gtgms of preeclampsia include proteinuria and eddfrtae
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condition progresses to eclampsia, life threatesimgvulsions and coma can occur. PIH can alsotresplreterm
labor and low-birth-weight infants.

Preeclampsia is a complex disease otherwise knewyertensive disorder of pregnancy; result indewariety

of unpredictable clinical manifestations, as wsllagverse health outcomes for both mother andetiis.fDifferent
strategies have been proposed for preventing Eegsia. These include low-dose aspirin, as wellra®xidants,
zinc, magnesium & calcium supplementation.[2] Aseréh is no proper diagnostic methods available for
preeclampsia, identification and diagnosis of dise@re done by assessment of risk factors and biensd3, 4, 5]

The National High Blood Pressure Education ProgreniNHBPEP) working group classifies hypertensiveedse
in pregnancy into 4 groups: [6]

1.Gestational Hypertension

2.Chronic Hypertension

3.Pre eclampsia/Eclampsia

4.Superimposed pre eclampsia (on chronic hypertehsion

Incidence of pregnancy induced hypertension is drigh developing countries in comparison to devetbpnes
which complicates about 10% of pregnancy.[7]The Gtimfidential Enquiry into maternal & child healttvealed
pre eclampsia & eclampsia as the second leadingecafidirect maternal death [8] accounting for 105% of
maternal mortality.[9] Pre eclampsia is also resiae for various morbidity associated with pregnasuch as
seizure (leading to eclampsia), intracranial hehremye, pulmonary edema, hematological abnormaliteg(ulation
defect) & heart, renal, liver failure. Fetus iscalsot spared from the hypertensive disorder of paegy, facing
complications including still birth [10], abruptfmacentae, intrauterine growth retardation and jptane delivery.

ETIOPATHOGENESIS:

Pregnancy-induced hypertension (PIH) is estimatedffect 7% to 10% of all pregnancies in the Unitdtes.
Despite being the leading cause of maternal deadhaamajor contributor of maternal and perinatatbiity, the
mechanisms responsible for the pathogenesis ofnild not yet been fully explained. More than 30ryeayo Dr.
Leon Chesley, a pioneer in the field of hypertensiopregnancy divided the most likely causativetdainto four
major categories: dietary, renal, immunologic ardcental.[11]Subsequently, the theory that poot die pre
existing renal abnormalities underlie majority opisodes of preeclampsia was abandoned. The role of
immunologically mediated vascular injury, as thiiating cause still remained a plausible cause tieeds to be
explored.

Studies during the past decade, however, have gedva better understanding of the potential meshami
responsible for the pathogenesis of PIH. Delivérpglacenta usually leads to resolution of acuteicél symptoms
of pre eclampsia, highlighting the fact that plaegplays a central role in preeclampsia pathogenBsiring normal
pregnancy, the placenta undergoes dramatic vasatian to enable circulation between fetus and hmiot
Placental vascularization involves vasculogenesigjiogenesis and maternal spiral artery remodelirtgese
processes require a delicate balance of pro angioged antiangiogenic factors. The imbalance ofpgiogenic
and antiangiogenic factors in preeclampsia is thoug trigger abnormal placental vascularization alisease
onset. Numerous conditions predispose to preeclantige previous history and family history of pod@mpsia, in
primipara, twin pregnancy and are also associatfdobesity, diabetes and essential hypertension.

a. Uteroplacental Ischemia

The initiating event in PIH starts during early g#datation and appears to be caused by reducedplaeeotal
perfusion as a result of abnormal cytotrophoblagasion of spiral arterioles. By the end of theoselctrimester of
normal pregnancy, the uterine spiral arteries iwed! exclusively by cytotrophoblast, and endothal&ls are no
longer present in the endometrial or superficiabmegtrial regions. This remodeling of the uteringaparteries
results in the formation of a low resistance aolari system with a dramatic increase in blood syppkhe growing
fetus. In preeclampsia, invasion of the uterineadrteries is limited to the proximal deciduatw0% to 50% of
the spiral arteries of the placental bed escapipeascular trophoblast remodeling. [12, 13] Myamaésegments
of these arteries remain anatomically intact, watdd, and adrenergic nerve supply to the spirarieg is not
affected. This failure of vascular remodeling pragean adequate response to increased fetal denf@aniood
flow that occur as gestation progresses. This défeattributed to inappropriate integrin expreadiy extravillous
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cytotrophoblast. [14] Impaired trophoblast invasion preeclampsia results in a reduction in uterogidal
perfusion, with the placenta becoming increasiigthemic as gestation progresses.

b.Endothelial Dysfunction

Endothelial dysfunction is manifested by the alesgnthesis and release of endothelial cell praduditric oxide
synthesis should increase in pregnancy, wheredysamaf tissue and urine samples strongly sugtest nitric
oxide production is impaired in preeclamptic woniEslimbalance between vasodilating and vasocortstgc
prostaglandins lead to decrease in vasorelaxardtgagclin and increase in vasoconstrictor thromhexan
preeclamsia.

c¢. Antiangiogenic factor:

Studies by Karumanchi et al have highlighted the af anti angoiogenetic factors like increasedregpion of
soluble fms-like tyrosine kinase (sFltl), along hwitecreased placental growth factor (PGF) and Vascu
endothelial growth factor (VEGF) signaling. [16]ItdFconsists of the extracellular ligand-bindinghtiin of Flt1,
but lacks the transmembrane and intracellular $igmalomain. Hence, it is secreted into the cirtalawhere it
binds, antagonizes both vascular endothelial grdatiior (VEGF) and placenta growth factor (PGF)ttBare
potent stimuli for the vascular expansion essetdialevelopment of the uteroplacental unit andvactheir effects
on endothelial cells. Recent clinical data’s alapport the theory that both circulating and plaaktevels of this
soluble receptor blocker is higher in women witlegolampsia than in women with uncomplicated pregnan
Circulating levels of sFlt1 and PGF are alterecesaweeks before the onset of clinical diseaseaaadorrelated
with severity of the disease. sFltl levels nornealéeveral days after delivery, coinciding with imyggment in
proteinuria and hypertension.[17]Another factorlubte endoglin (SEng), has now been also found éoub
regulated in preeclampsia in a pattern similarRib1sEng acts as a co-receptor for TGF-, a poteatgmgiogenic
molecule. Eng mRNA is up regulated in the preecliamgacenta and extracellular region of Eng istgobytically
cleaved, to release excess of soluble Eng (sEng)tle circulation of preeclamptic patients. Tbisnpound not
only potentiates the anti-angiogenic actions oftstkinase, but also decreases production ofandxide.

d.Renin-Angiotensin System

Renin, angiotensin Il & aldosterone decrease irlamsia unlike normal pregnancy. Numerous studégent the
presence of angiotensin Il type 1 receptor aganattibody (AT1 Ab) found circulating in pre eclatigpwomen.
These auto antibodies could lead to increase itaicefactors (FItl, sEng, Plasminogen activatoribitor-1,

reactive oxygen species, tissue factor, and NADRidase) that lead to endothelial cell dysfunction aascular
damage.

e. Geneticsin preeclampsia

Presence of preeclampsia in first degree relativegases a woman'’s risk of preeclampsia by 2 fl@dt Genetics
come to play by altering the angiogenic imbalancentl in patients with preeclampsia.[18]Recentlyesal
polymorphisms in sFltl and VEGF have been assatiatth severity of preeclampsia, thus establistangle of
genes. Likewise women with trisomy 13 fetuses Haaen found to have higher incidence of preeclanjfiSjh

RISK FACTORS:
The risk factors related to pre eclampsia are ifladsbased on various factors such as maternaérpa &/or
specific to pregnancy state. [20,21]

Risk factorsthat arerelated to mother:

o Inherent risk factors:

= Age < 20 or 35 — 40 years, Nulliparity, previousnfly history of pre eclampsia (four times the riskmaternal
death than mothers who did not have preeclampslafmpsia)[22],previous H/O cardiovascular diseaseman
born small for gestational age

0 Medical conditions:

= Obesity, Chronic hypertension, Chronic renal disgddiabetes mellitus, antiphospholipid antibody dgme,
connective tissue disorders, thrombophilia

= Specific to pregnancy state like Multiple gestati@ocyte donation, new partner, UTI, hydatidifornole)
hydrops foetalis
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Risk factorsrelated to father:
Limited sperm exposure, barrier contraception; firme father, donor insemination, partner who éaéd a pre
eclamptic pregnancy in another woman.

Since the etiology of pre-eclampsia is not welkslfied and well understood [23], investigation demtification of
the most important risk factors is vital for diagisy prevention & proper management of pre eclaapsi

TYPESOF PRE ECLAMPSIA:

Classification of pre eclampsia is mainly basedsewerity (mild, moderate, severe) and time of oasebrding to
gestational age (pre term or term).It is again typed pathophysiologically according to the pregeotmaternal
and/or placental factors.[24]In placental pre-egaim, failure in trophoblast differentiation playtte central role
whereas in maternal pre-eclampsia, pathogenesigliénteraction between a normal placenta ane:malt factors
increasing susceptibility to microvascular damdgedman describes a continuum in the severity dfi bbtthese
etiologies, with the extremes being isolated SGhdgntal) and term pre-eclampsia (maternal), ard rtost
common presentation involving dysfunction of bdth placenta and the maternal system to varyingegsgr

1.Mild: diastolic blood pressure (DBP) 90—-99 mmHg, systoliod pressure (SBP) 140-149 mmHg.
2.Moderate. DBP 100-109 mmHg, SBF50-159 mmHg.

3.SevereDBP>110 mmHg, SBP160 mmHg.

a.HELLP syndrome

One of the following features is necessary foragdosis of severe preeclampsia:

* CNS symptoms (severe headache, blurry vision,egterental status, Stroke)

* Signs and symptoms of liver disease (hausea andfoiting with abdominal pain)

» Twofold rise in liver enzymes

» Very high blood pressure (> 160 systolic or 11#sthlic)

» Thrombocytopenia (low platelet count)

» > 5¢ of protein in a 24-hour sample

* Very low urine output (< 500mL in 24 hours)

 Signs /symptoms of respiratory involvement (pulnrgreddema, bluish tint to the skin)
» Severe fetal growth restriction

The distinction between mild and severe preeclaangsiries importance as the management strateffies.d

HELLP syndrome: It is a life-threatening liver dider ( a type of severe preeclampsia) charactebgédiemolysis
(destruction of red blood cellslevatedLiver enzymes (which indicate liver damage), &ralv Platelet count.
About 10% to 20% of women who have severe preedargevelop HELLP. [25, 26]

DIAGNOSIS& TREATMENT MODALITIESIN PRE-ECLAMPSIA:

Diagnosis:

Screening for preeclampsia during first prenatalt\after 20 weeks of gestation is always an ingurmeasure.
Women who are at risk of developing pre eclampsistnundergo uterine artery Doppler velocimetry @t-2
24weeks. [27]After diagnosis, the patient must be hospitalized groper care & follow up. Assessment of
proteinuria, full blood count, liver function tegfsilirubin, transaminase), electrolyte & kidneynfion tests must
be done to evaluate the stage & severity of pramspsia. The aim of antihypertensive medications tnies
considered to maintain the SBP below 150mm Hg aRB Between 80 — 100mm Hg.

PREVENTION OF PRE ECLAMPSIA & PREGNANCY INDUCED HYPERTENSION:

Not well established and no full proof methods hbaeen developed till date for the prevention of clampsia;
only an assumption has been made that calciumlglbanefit high risk women in the communities whéwey

dietary intake of calcium is always a problem. Aoc@rane systemic review in 2010 concludes that adithquate
calcium supplementation there was around half réalucate of risk of pre eclampsia, reduce the dtpreterm
birth and risk of death & serious morbidities. [28]
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Antiplatelet therapy with low dose aspirin (75 -0Oibtg) in early gestational period (<16 weeks) ndy oaduces the
development of pre eclampsia with abnormal uteramery but also reduces the incidence of gestdtiona
hypertension & intrauterine growth retardation.][29

MANAGEMENT PROTOCOL:

The treatment of gestational hypertension follovferknt guidelines in comparison to the treatmafgeneral high
blood pressure. The main goal of treatment in pragnmvomen is to prevent the development of moreoser
conditions like fetal growth restriction or placah@abruption. The most commonly used treatmentooptifor
pregnant women with high blood pressure are:

» Bed rest
» Short-term (acute) drug therapy
» Long-term (chronic) drug therapy

In choosing a specific treatment plan, details sashvhether the high blood existed before the @egyy how far
along the pregnancy is, and how well the baby isglust all be considered.

Mild preeclampsia: For mild preeclampsia that is not rapidly gettingrse, reducing level of activity, monitoring,
frequent office visits and testing.

Moderate to severe preeclampsia with HELLP SYNDROME: For moderate or severe preeclampsia, or for
preeclampsia that is rapidly getting worse, patiaaly need to go to the hospital for expectant mamagt. This
typically includes bed rest, medicine, and closaiteoing of mother and foetus.

Severe preeclampsia/life threatening preeclampsiarmeclamptic seizure is treated with magnesiutphsie.
Intravenous magnesium sulphate is the drug of ehoath for prevention and treatment of seizure3). [3

If pregnancy is near term, delivery may be planrédestational age is less than 34 weeks, andt@4+-hour
delay is possible, antenatal corticosteroids teedpgp the baby's lung development before delivary lee given.
Delivery before 34 weeks is only indicated in magdffetal compromise or if blood pressure doesntne down
irrespective of proper management. [31, 32, 33]

PHARMACOTHERAPY:

The antihypertensive agents used should be effioacand safe to the mother and foetus. Methyldspa
recommended for women whose hypertension is firggribsed during pregnancy. Calcium channel blocker,
labetalol can be used.[34]Regular blood pressurasorement, proteinuria assessment & inpatient eaémice of
patient is always mandatory till the stabilizatiofi blood pressure. ACEI (Angiotensin converting @ng
inhibitors), ARBs (Anngiotensin receptor blockersddium nitroprusside are contraindicated in pragpaUse of
low dose diuretics is discouraged, since, pre-eptaanis a volume —depleted state. [35]

In the past, Hydralazine (arteriolar dilator) haeib used for the management of acute rise of BRard@eent the
maternal hypotension & subsequent fetal distre86, il of crystalloid fluid before or with the firgtose of IV
hydralazine is recommended. [36]

Labetalol is the first line treatment given intravesly either as bolus doses or as an infusion doage severe
hypertension. [37] In conditions such as bronch&thma where beta blockers are contraindicated gtioeips of
drugs are indicated such as calcium channel blsckech as oral; not sublingual nifedipine (comaiated before
20 weeks of gestation), methyldopa, a central syhgbgics, atenolol & metoprolol (cardioselectiveta blockers).
Recent studies have proved that instead of hydr&aaifedipine and labetalol have better outcomethie
management of pre eclampsia. [36]

Antiplatelet drugs, primarily low dose aspirin, uveg the relative risk of pre-eclampsia by 19% (9&8hfidence

interval 12% to 25%) and of stillbirth or neonadiglath by 16% (4% to 26%; 38 trials, 34 010 wom&v¥pmen at
high risk should be offered low dose aspirin. [38]
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Magnesium sulphate is an agent that is mainly urseéde management of eclampsia (treatment of chdiaeit is
also used in severe pre eclampsia for preventi@tliaimpsia and is usually considered once decfsiodelivery is
made or in immediate postpartum period. Use théaBotative Eclampsia Trial [39] regimen for admirasion of
magnesium sulphate, loading dose of 4 g shouldvsngntravenously over 5 minutes, followed by afusion of 1
g/hour maintained for 24 hours recurrent seizutesulsl be treated with a further dose of 2—4 g gieser 5
minutes. Do not use diazepam, phenytoin or lyticktail as an alternative to magnesium sulphate amen with
eclampsia. It can interact with nifedipine to produprofound muscle weakness, maternal hypotensidet&l
distress.[40,41,42]

If preeclampsia is rapidly getting worse or fetabnitoring suggests that the foetus cannot safelydiea
labor contractions, a cesarean section deliveneeded. If moderate to severe preeclampsia cakepfiseizures
(eclampsia) continues for the first 24 to 48 haafter delivery .So magnesium sulfate can be coatrfor 24 hours
after delivery.

ACUPUNCTUR THERAPY IN PRE ECLAMPSIA:

Acupuncture is used to balance and relax the baay,is most successful in combination with lifestgtjustments
especially regular exercise, stress relief, anceathy diet. Acupuncture and Pregnancy in Labowbrfa Betts
writes, “positive changes are clearly achievabléhwaeicupuncture, indicating that it can help theybtmnormalize
and allow women to progress naturally through tipeegnancy. These changes include reduction inagid to

normal levels and stabilization of liver enzymes,veell as the more obvious signs of blood presseaglings
remaining within acceptable medical limits”

As per NICE guideline, fluid restriction (total ftllimited to 80ml/hr in women with severe pre exfsia) to
reduce the chance of fluid overload and ultimateding to pulmonary edema is always a measuteeiitis no
association of maternal hemorrhage.

Pre anaesthetic assessment is also a importantredashe looked as these patients are at risdexhe pharyngo -
larynx and require airway assessment. [43Rdlmonary edema is a rare but serious complicaticreasing

maternal & perinatal mortality.[45] After delivergimple analgesics like paracetamol or NSAIDs aeduwith

caution. Oxytocics of choice is syntocinon,

Evaluation of fetus: Fetus is main target to be evaluated in pre eclampbther to exclude the IUGR which is
done by ultrasound assessment of fetal growth &iaenfluid volume along with umbilical artery Dolgy
velocimetry. An ultrasound should be done at 16a2@ks to see the growth rate of the baby, a “noessttest”
along with an “amniotic fluid index” or a “biophysl profile” on a weekly basis towards the endhaf pregnancy,
to ensure the progress of normal growth.

How to manage the ddivery? In mild to moderate pre eclampsia, women may bieled between 34 — 37 weeks
of gestation depending upon the present conditfdroth mother & baby, presence of risk factors &itability &
facility of neonatal ICUIn cases where the blood pressure is severelytelbvar preeclampsia, early delivery is
often considered. In general, most of the womem pitegnancy-induced hypertension have successittiefn
delivery with healthy infants.

RECENT TRENDS OF MANAGEMENT:

Pharmacotherapy is proved to be an effective medsurmoderate blood pressure during pregnancyhaitmust
be totally depending on the selection and admartistn of a proper drug as drug therapy during pregg may be
risky for both the mother and baby (Teratogenie&fbf many drugs). That is the reason why drugseserved for
use only in cases where the blood pressure ishighy typically >150/100 mmHg.

Short term pharmacotherapy in pre eclamptic woraen i

 Labetalol — a beta blocker, Hydralazine — artetikgtor

» Sustained release nifedipine & immediate releasardipine — a calcium channel blocker

« If the above three modalities of drug treatmenitedato control the blood pressure, a drug calleroxide is
used if immediate blood pressure control needed.

Long term pharmacotherapy: (for weeks or months)
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» Drug of choice - Labetalol (safe during pregnancy)
» Methyldopa
» Long-acting calcium channel blockers (Nifedipine)

CALCIUM SUPPLEMENTATION IN PRE ECLAMPSIA:

JAMA published a study that reported that consunsafficient calcium during pregnancy can reduce ribk of
PIH and preeclampsia. The researchers found tid 22000 mg daily of calcium supplementation camer the
risk of PIH by 70% and the risk of preeclampsiadver 60%. Supplemental calcium may exert an effety in
women whose diets are inadequate in calcium. [46present, there is not enough evidence to suppatine
calcium supplementation of all pregnant women. Hmwvehigh-risk groups, such as pregnant teens, |ptipns
with inadequate calcium intake, and women at risldeveloping PIH, may benefit from consuming adxfitil
dietary calcium.

A study on exercise and gestational hypertensiortloded that the most active women were 43% lésgdylito
develop preeclampsia than sedentary warj#f]

THE DANGERS OF PREECLAMPSIA
Though majority of preeclamptic females experieanly mild symptoms, some may lead to severe pregua
associated with various complications in terms offrar & fetus.

Maternal complications
* 1 risk of stroke d/t high BP, kidney and liver dysttion
» Eclampsia (pre eclamptic features associated wittuses), HELLP syndrome

Fetal complications: IUGR d/t high BP and narrow uterine arteries, ptéakblood flow> less 02 and nutrients to
the fetus> born with a low birth weight.

» Acidosis d/t less oxygen supply to fete® produces a toxic byproduct known as lactic acidhigh level
accumulates> baby unconscious.

* Preterm Birth: sometimes necessary to deliver badgre 36 weeks may lead to developmental problamas
even fetal death.

FUTURE AREA OF INTEREST:

The best way to lower the risk of preeclampsiaoisniaintain routine prenatal care and regular singefor the
condition. Till date, there are no full proved saglavailable to support routine calcium supplemtbon of all
pregnant women. But definite benefit was seen fommsuming additional dietary calcium with high-rigkoups,
mentioned above.

Therefore the above statement may be an areawtftgsearch to identify

« Effect of increasing calcium intake in women witskrof pre eclampsia

* To determine whether women with PIH have impairgdiam absorption

» Whether the timing of calcium supplementationniportant,[eg, early in pregnancy when alterationsalcium
homeostasis are already beginning to occur [48]

» Whether consumption of dairy foods has a largerichphan does supplemental calcium alone.

Pre conception counseling is always a better oftiotthese women for their subsequent pregnanoi¢swer the
risk of maternal & fetal risks and they requirethlt preventive measures starting from their ansperiod.
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