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Abstract

Background

Cardiac disease is being the leading non obstetric cause of death in pregnancy and puerperium. Hypertensive
disorders constitute 5-10% of all pregnancies, being one of the components of deadly triad with hemorrhage
and infection. Preeclampsia is a pregnancy complication of placental etiology with acute onset of
predominantly cardiovascular manifestations and constitutes 2-7% of medical disorders in pregnancies. In
India, preeclampsia accounts for approximately 8-14% of maternal deaths. There is limited knowledge with
respect to parameters of cardiac function in pregnancy and even less in the presence of pregnancy
complications such as preeclampsia. In preeclampsia mean arterial pressure and total vascular resistance are
increased resulting in increased afterload on heart. Transthoracic echocardiography is frequently considered
the reference standard for cardiovascular system monitoring. It is a non-invasive, precise device and is
validated in pregnancy.

Aim & Obijective:- To compare the echocardiography parameters in pregnant women with new onset
hypertension and normotensive pregnant women after 28 weeks of gestational age.

Methods:- This is a hospital based observational case control study carried out in the departments of
obstetrics and gynecology and cardiology at Gandhi hospital during the study period. Patients were enrolled in
the study after applying the inclusion and exclusion criteria. On admission subjects are assessed clinically,
appropriate biochemical tests done.

* The subjects were studied by standard 2 — dimensional and Doppler transthoracic echocardiography in the left
lateral decubitus position and data acquired at end expiration from standard parasternal/apical views.
Results:- In the present study, it is observed mean heart rate is 82.9bpm in cases and 84 bpm in controls. It is
observed that mean stroke volume index in cases is 39.05 and in controls is 39.06. Cardiac work index (CWI1) is
increased in cases compared to controls. Mean CWI in cases is 385 and in controls are 288.89.Mean E wave
velocity in cases is 0.79 m/s and in controls are 0.82 m/s. A wave is increased in cases which is statistically
significant. Mean A wave velocity in cases is 0.65 m/s and in controls is 0.60 m/s. E/A ratio is reduced in cases
which is statistically significant. Mean E/A ratio in cases is 1.22 and in controls is 1.35.In the present study it is
observed Left ventricular mass index (LVMI) is increased in cases compared to controls. Mean LVMI in cases is
75.26 gm/m2 and in controls is 70.48 gm/mz2,

Conclusion:- Preeclampsia is a multisystem disease complicating 5-10% of pregnancies and remains in the
top three causes of maternal morbidity and mortality globally. In women with preeclampsia cardiac work index
Jeft ventricular mass index,left ventricular posterior wall diameter and interventricular septal thickness are
increased as a result of increased workload on heart to maintain cardiac output against increased after
load.Systolic function is well preserved.

Diastolic function is reduced and those with global diastolic dysfunction are at increased risk of developing
pulmonary edema.
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I.  Introduction:-

Cardiac disease is being the leading non obstetric cause of death in pregnancy and puerperium®.
Hypertensive disorders constitute 5-10% of all pregnancies, being one of the components of deadly triad with
hemorrhage and infection®. These hypertensive disorders are classified based on gestation at which elevated
blood pressure identified (gestational hypertension, preeclampsia, eclampsia) presence and absence of
multisystem involvement or significant proteinuria and blood pressure normalizing in post natal period.

Preeclampsia is a pregnancy complication of placental etiology with acute onset of predominantly
cardiovascular manifestations and constitutes 2-7% of medical disorders in pregnancies. Pathological changes in
this disorder are primarily ischemic in nature and known to effect placenta, kidney, liver and brain, where as
there is scanty and conflicting information about the impact on heart *°. Deaths are due to intracranial
hemorrhage and cerebral infarction, acute pulmonary edema, respiratory failure, hepatic failure or rupture, and
bleeding such as may occur with disseminated intravascular coagulation or placental abruption. It is the leading
cause of fetal growth restriction, intrauterine fetal demise and planned preterm birth ***2,

In India, preeclampsia accounts for approximately 8-14% of maternal deaths™. It is estimated that
approximately 50,000 women die each year of preeclampsia worldwide and approximately 300,000 babies die
predominantly due to premature birth in women with preeclampsia’®. There is limited knowledge with respect to
parameters of cardiac function in pregnancy and even less in the presence of pregnancy complications such as
preeclampsia. In the latter condition, there is at present no consensus on the systolic and diastolic parameters of
cardiac function and the literature are contradictory about whether there is increased, decreased or any change in
cardiac output. Normal pregnancy is characterized by decreased vascular resistance and mean arterial pressure
with increased cardiac output. In preeclampsia mean arterial pressure and total vascular resistance are increased
resulting in increased afterload on heart'*. Echocardiography is a safe, noninvasive technique to assess cardiac
structure and function in pregnancy®**®. Modern ultrasound technologies can demonstrate subtle changes in
cardiac geometry and performance, and has important potential for longitudinal assessment in view of its non
invasive nature’®??. Transthoracic echocardiography is frequently considered the reference standard for
cardiovascular system monitoring. It is a non-invasive, precise device and is validated in pregnancy.

Transthoracic echocardiography is becoming increasingly widespread and has the potential to provide
far greater diagnostic insight into the cardiovascular abnormality associated with preeclampsia, thereby offering
improved patient care’.

Several long term studies confirm that hypertension during pregnancy is a marker for increased events
of later cardiovascular related morbidity and mortality. In the present study we assess cardiovascular
hemodynamics in hypertensive disorders of pregnancy using transthoracic echocardiography in comparison with
appropriately matched controls.

AIM AND OBJECTIVES
To compare the echocardiography parameters in pregnant women with new onset hypertension and
normotensive pregnant women after 28 weeks of gestational age.

I1.  Materials And Methods
This is a hospital based observational case control study carried out in150 cases and 150 controls in the
departments of obstetrics and gynecology and cardiology at Gandhi hospital during the study period [October
2016 — September 2018]. Approval was taken from the Institutional Ethical Committee before commencing the
study. The participants were informed regarding the purpose, procedures, risks and benefits of the study. Written
and Informed Consent was obtained from all participants.

INCLUSION CRITERIA:

* Singleton pregnancy

* Gestational age>28 weeks

* Gestational hypertension, preeclamptic pregnant women

EXCLUSION CRITERIA:

Gestational age<28 weeks

Heart disease

Twin gestation

Severe anemia

Alcohol and tobacco abuse

Chronic hypertension

Angina pectoris, previous Myocardial infarction
Diabetes mellitus.
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METHODS OF COLLECTION OF DATA:

Approval from institutional ethics committee was obtained prior to commencement of the study. Patients were
enrolled in the study after applying the inclusion and exclusion criteria.

* 150 pregnant woman admitted with the diagnosis of gestational hypertension and preeclampsia were recruited
as cases by simple random sampling

* An equal number of age [+ 2yrs] and gestation[+ 1wk] matched healthy normotensive pregnant woman
attending the antenatal OP during the study period constituted control group

Blood pressure is measured in right arm in sitting position with arm at the level of heart. Appearance of sound
[phase | korotkoff] and disappearance of sound [phase v korotkoff] is recorded as systolic and diastolic BP
respectively.

On admission cases are assessed clinically, appropriate biochemical tests done, Controls are assessed clinically.
* The subjects were studied by standard 2-dimensional and Doppler transthoracic echocardiography in the left
lateral decubitus position and data acquired at end expiration from standard parasternal/apical views.

* Cardiac indices were normalised for body surface area.

* Heart remodelling

Chamber quantification and left ventricular geometric pattern were estimated using M-mode

M-mode study is performed at the level of aorta, left atrium, left ventricle at a midposition between the tips of
mitral valve and papillary muscles. Pulsed doppler flow across the mitral valve is recorded to obtain the left
ventricular diastolic filling pattern.

STATISTICAL ANALYSIS

Data was entered and analyzed using MS Excel and SPSS (Statistical Package for the Social Sciences) version
23.0 and the data was analyzed and statistical test as applicable was used to test the significance of differences
between proportions. A p value of less than 0.05(p<0.05) was considered statistically significant.

1. Observation And Results
TABLE -1 -DISTRIBUTION OF CARDIAC PARAMETERS IN CASES AND CONTROLS (n=300)

CASES CONTROLS P VALUE

HEART RATE 82.9 (74— 90) 84 (73— 93) >0.05
STROKE VOLUME INDEX 39.05 (33— 45) 39.06 (28 — 48) >0.05
AORTIC ROOT DIAMETER 2.46 cms(2.3 — 2.8) 2.09 cms (2 2.3) <0.05
INTER  VENTRICULAR _ SEPTUM

THICKNESS (ems) 0.958 (0.8 - 1.1) 0.8 (0.7-0.9) <0.05
LEFT  VENTRICULAR  POSTERIOR

WALL THICKNESS (oms) 0.98 (0.8 - 1.3) 0.79 (0.7 -0.9) <0.05
CARDIAC INDEX l/min/m? 3.23(2.6-3.8) 33 (24 38) >0.05
EJECTION FRACTION 67.12 (53— 79) 68.05 (55 — 80) >0.05
FRACTIONAL SHORTENING 37.78 (27— 48) 26.03 (28 _ 45) >0.05
E WAVE (m/s) 0.79 (0.72 — 0.95) 0.82 (0.72 _ 0.94) >0.05
A WAVE (m/s) 0.65 (0.55 - 0.72) 0.60 (0.55 — 0.67) <0.05
E/ARATIO 1.22 (1-1.43) 1.35(1.25 _ 1.64) <0.05

In the present study as shown in table 1, it is observed mean heart rate is 82.9bpm in cases and 84bpm
in controls. It is observed that mean stroke volume index in cases is 39.05 and in controls is 39.06.1t is observed
that mean aortic root diameter in cases is 2.46cm and in controls is 2.09 cm. The mean Inter ventricular septum
thickness in cases is 0.958 and in controls is 0.8. Mean Left ventricular posterior wall thickness in cases is 0.98
and in controls is 0.79. Both are increased in cases compared to controls.

Systolic function is preserved in cases. Mean cardiac index in cases is 3.23 and controls is 3.3. Mean
Ejection fraction in cases is 67.12 and in controls is 68.05. Mean Fractional shortening in cases is 37.78 and in
controls is 36.03.

It is observed that E wave is reduced in cases which is statistically not significant. Mean E wave
velocity in cases is 0.79 m/s and in controls are 0.82 m/s. A wave is increased in cases which is statistically
significant. Mean A wave velocity in cases is 0.65 m/s and in controls is 0.60 m/s. E/A ratio is reduced in cases
which is statistically significant. Mean E/A ratio in cases is 1.22 and in controls is 1.35.
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Table — 2 - DISTRIBUTION OF CARDIAC WORK INDEX IN CASES AND CONTROLS
(p<0.05)(n=300)

CARDIAC WORK INDEX(CWI)

(mm of hg X lit/min/m?) 191-290 291-390 391-490
CASES - .
385 (311-455) 83(55.34%) 67(44.66%)
CONTROLS

288.89( 197-344) 70(46%) 80(54%)

In the present study it is observed CWI is increased in cases compared to controls. Mean CWI in cases
is 385 and in controls are 288.89. In 70(46%) of controls CWI is in the range of 191-290. In 83(55.34%) of
cases and 80 (54%) of controls CWI is in the range of 291-390. In 67 (44.66%) of cases CWI is in the above
normal range of more than 390 as shown in table 2.

Table — 3 - DISTRIBUTION OF LEFT VENTRICULAR MASS INDEX IN CASES AND CONTROLS

(p<0.05)
LVMI(gm/m?) 56-65 66-75 76-85 8605
CASES 9 0 o 21(14%)
75.26(60-94) 3(2%) 93(62%) 33(229%)
CONTROLS
70.48(57-83) 39(26%) 82(55%) 29(19%)

In the present study it is observed LVMI is increased in cases compared to controls. Mean LVMI in
cases is 75.26 gm/mz2 and in controls is 70.48 gm/m2. In 3(2%) of cases and 39(26%) of controls LVMI is in the
range of 56-65. In 93(62%) of cases and 82(55%) of controls LVMI is in the range of 66-75. In 33(22%) of
cases and 29(19%) of controls LVMI is in the range of 76-85. In 21(14%) of cases LVMI is in the range of 86-
95 as shown in table 3.

IV.  Discussion

Pregnancy induces a major stress on the maternal cardiovascular system. In pregnancy complicated by
hypertension, abnormal pressure overloading would lead to different cardiac remodelling compared to that of
normal pregnancy

In present study mean pulse rate for cases is 82.9bpm and ranges from 74-90bpm and 84bpm in
controls which ranges from 73-93bpm. In Karen Melchiorre et al® it is 80bpm in cases with normal diastolic
function an 83 in cases with global diastolic dysunction and 82bpm in controls. In Dennis et al * it is 81bpm in
cases and 78bpm in controls. There is no statistical significant variation in pulse rate between cases and controls.

In present study mean stroke volume index is 39.05 ml/m2 in cases and 39.06 ml/m2 in controls, this
function is preserved in cases and comparable (P>0.05) to Karen Melchiorre et al®® study (2011) in which mean
stroke volume index in cases with normal diastolic function is 36 ml/m2, in cases with global diastolic
dysfunction is 38 ml/m2 and in controls is 39 ml/m2 with 50 cases and 50 controls.

*Regarding cardiac work indexnormal value in non pregnant women 157-307 mm of hg X lit/min/m?2
andnormal value in pregnant women 208-380 mm of hg X lit/min/m2,

In present study cardiac work index is increased in cases compared to controls, it is 385 in cases an
288.89 in controls which is statistically significant(p<0.05) which is comparable to Narasinga rao et al 2
(2015)study where it is 386.7 in cases and 287.5 in controls and Karen Melchiorre et al* (2011) study where it
is 312 in cases with normal diastolic function ; 360 in cases with global diastolic dysfunction and 262 in
controls. In the entire studies cardiac work index is increased in cases compared to controls. This represents
increased work load on heart due to increased after load.

Normal value of left ventricular mass index in non pregnant woman is43-95 gm/m?2 and in pregnant women is
66-100 gm/m2 . In Karen Melchiorre et al® (2011) it is 73 in cases with normal diastolic function;80 in cases
with global diastolic dysfunction and 70 in controls. In Narasinga Rao et al study?(2015) it is 74.5 in cases and
70 in controls. In the present study it is 75.26 in cases and 70.48 in controls which is statistically significant
(p<0.05). In all the studies left ventricular mass index is increased in cases compared to controls. This is likely
to reduce the wall stress associated with increased afterload, thereby maintaining the balance between
myocardial oxygen demand and supply.

Aortic root diameter is found to be higher in cases when compared to controls. In present study aortic
root diameter is 2.46¢cm and in controls is 2.09 cm which is statistically significant (p<0.05) and comparable to
study observed by Solanki et al® study where aortic root diameter is 2.48cm in cases and 2.02cm in controls and
in Kyoung —Im Cho et al*® (2011) it is 2.96 in cases and 2.81 in controls.
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It is observed that inter ventricular septum thickness is more in cases than controls. In present study it
is 0.95cm in cases and 0.80cm in controls it is comparable and is statistically significant (p<0.05). In Karen
Melchiorre et al®® the mean inter ventricular septum thickness in cases with normal diastolic function is 1cm; in
cases with global diastolic dysfunction is 0.9cm and in controls is 0.8cm and in Narasinga et al* study where
cases have 0.96¢cm and in controls is 0.8cm

In present study mean left ventricular posterior wall thickness (cm) is 0.98cm in cases and 0.79cm in
controls which is statistically significant (p<0.05) and comparable to other studies like Karen Melchiorre et al %
where mean left ventricular posterior wall thickness is 1cm in both cases with normal diastolic function and with
global diastolic dysfunction and in controls is 0.8, in study observed by Narasinga Rao et al(2015) ?* it is 0.98
in2cases and 0.8 in controls .

Both interventricular septum thickness and left ventricular posterior wall thickness are increased in
cases compared to controls as a part of hypertrophy associated with increased afterload in order to reduce wall
stress in order to maintain the balance between myocardial oxygen demand and supply.

In Simmons,Gillin et al*’(2002) mean cardiac index is 4.1 in cases and 4.2 in controls. In Karen
Melchiorre et al®® (2011) it is 3.2 in cases with normal diastolic function; 2.9 in cases with global diastolic
dysfunction and 3.2 in controls. In Narasinga Rao et al?* (2015) study it is 3.3 in cases and controls. In present
study it is 3.23 in cases and 3.3 in controls. In Simmons,Gillin et al’(2002), Narasinga Rao et al**(2015) and
present study there is no significant difference in cardiac index between cases and controls while in Melchiorre
et a”(2011) it is reduced in cases with global diastolic dysfunction.

Ejection fraction is an indicator of systolic function. In present study mean ejection fraction is 67.12%
in cases an 68.05 in controls which shows that systolic function is preserved in hypertensive’s .Other studies
with similar results were Narasing rao et al* with 66.6% in cases and 67.9% in controls and Tanuja Muthyala et
al'® with 57.55% in cases and 57.8 in controls

In present study parameters of systolic function are cardiac index, ejection fraction and fractional
shortening. Variation in results of different studies might be possibly due to variation in parameters.

E wave is significantly more in cases than controls in Solanki Rizwana® study, Mi-jeong kim et
al®(2016) Padmaja Tangeda et al *° (2017) Subha sivagami sengodan et al*’(2017) . It is significantly less in
cases with global diastolic function in Karen Melchiorre et al®® (2011) Narasinga rao et al(2015) ** Zainab et
al**(2016) and same in Kyoung-im cho et al *(2011) while there is no significant difference in present study.

In Simmons,Gillin et al?’(2002) mean A-wave velocity in cases and controls is 0.55. In Karen
Melchiorre et al®® (2011) it is 0.60 in cases with normal diastolic function(p more than 0.05); 0.82 in cases with
global diastolic dysfunction(p <0.05) and 0.64 in controls. In Solanki Rizwana® study it is 0.77 in cases
(p<0.05) and 0.50 in controls. Kyoung-im cho et al  (2011) observed 0.75 in cases and 0.64 in controls. Study
conducted by Narasinga et al(2015) * observed 0.64 in cases and 0.60 in controls, while study by zainab et al**
observed 0.91 in cases and 0.77 in controls, study by Mi-jeong kim et al*®(2016) shows 0.75 in cases and
0.62 in controls.

In present study it is 0.65 in cases and 0.60 in controls (p<0.05). A wave is significantly more in cases
than controls in present study, Solanki Rizwana® study, Kyoung-im cho et al 2(2011), Narasinga et al(2015) #,
Mi-jeong kim et al®®(2016), Zainab et al*'(2016) and in Melchiorre et al®® (in cases with global diastolic
dysfunction).

The higher peak A wave velocity in cases suggests more important role of atrial systole in filling of the
hypertrophied ventricle in these women.

In Karen Melchiorre et al®® (2011) mean E/A ratio in cases with normal diastolic function 1.34(p more
than 0.05) ; in cases with global diastolic dysfunction 0.81(p< 0.05) and in controls is 1.14. In Dennis study™
(2012) it is 1.29 in cases(p<0.05) and 1.45 in controls. In Rafik.Hamad et al’ (2010) study it is 1.29 in
cases(p<0.05) and 1.54 in controls In Present study it is 1.22 in cases ( p <0.05) and 1.35 in controls. E/A ratio is
significantly reduced in cases compared to controls in present study , R.R.Hamad study’ (2010) and in
Melchiorre et al®® (2011)(in cases with global diastolic dysfunction) while in Solanki Rizwana® study it is more
in cases compared to controls but is statistically insignificant.

In present study parameters of diastolic function are E wave, A wave and E/A ratio and it is found that
though the diastolic function in cases is within normal limits it is reduced compared to controls. This is a
preliminary study undertaken to evaluate cardiovascular function in hypertensive disorders of pregnancy in
comparison with normotensive controls. Variation in results of diastolic function in comparison with other
studies who found diastolic dysfunction in significant proportion of cases might be due to inadequacy of
conventional indices used in the present study to identify subtle changes in preeclampsia. Further studies can be
carried out to evaluate cardiovascular function in hypertensive disorders of pregnancy, diastolic function in
particular taking into consideration numerous other parameters and advanced techniques like speckle tracking
echocardiography are extremely helpful. LV myocardial relaxation is paradoxically an energy-dependent
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process that results in a rapid decrease in LV pressure after the end of contraction and during early diastole.
Hence, the process of myocardial relaxation is more vulnerable than contraction and is apparently compromised
in both early-stage cardiovascular disorders and in PE.

Evaluation of cardiovascular function can have significant clinical implications for peripartum
intravascular volume management, because the women with global diastolic dysfunction are the ones most
likely to sustain acute cardiopulmonary morbidity, most commonly from pulmonary edema® . The latter may
be better predicted by the early diastolic mitral wave velocity/average lateral and septal diastolic myocardial
velocities ratio in patients with global diastolic dysfunction, because it is a better indirect index of pulmonary
capillary wedge pressure than central venous pressure®***. The study findings also demonstrate that PE is
associated with heart remodeling and significant changes in cardiac function. Many of the altered Tissue
Doppler indices are known to be independently related to the long-term risk of cardiovascular morbidity in
nonpregnantsubjects®®®’. A better understanding of the relationship of these indices and subsequent morbidity in
the context of pregnancy may provide an opportunity for early cardiovascular risk stratification and the
introduction of prophylactic strategies.

V.  Conclusion

» Preeclampsia is a multisystem disease complicating 5-10% of pregnancies and remains in the top three
causes of maternal morbidity and mortality globally.

» During pregnancy mean arterial pressure and vascular resistance decrease, while blood volume and basal
metabolic rate increase resulting in increased cardiac output

» In hypertensive disorders of pregnancy there is currently no consensus on the systolic and diastolic
parameters of cardiac function and the literature is conflicting regarding whether there is increased,
decreased or any change in cardiac output.

» Women with a history of preeclampsia/eclampsia have approximately double the risk of early cardiac,
cerebrovascular, peripheral arterial disease,thromboembolic events and cardiovascular mortality.

» This study is undertaken to evaluate cardiovascular hemodynamic alterations in hypertensive disorders of
pregnhancy in comparision with appropriately matched age, parity, body surface area and gestational age
control normotensive pregnancies.

» In women with preeclampsia cardiac work index ,left ventricular mass index,left ventricular posterior wall
diameter and interventricular septal thickness are increased as a result of increased workload on heart to
maintain cardiac output against increased after load.Systolic function is well preserved.

» Diastolic function is reduced and those with global diastolic dysfunction are at increased risk of developing
pulmonary edema.

» Advanced techniques like speckle tracking echocardiography can better identify those with compromised
cardiovascular function.

References

[1]. Cantwell R, Clutton-Brock T, Cooper G, Dawson A, Drife J, Garrod D,Harper A, Hulbert D, Lucas S, McClure. Saving Mothers’
Lives: Reviewing maternal deaths to make motherhood safer: 2006-2008. The Eighth Report of the Confidential Enquiries into
Maternal Deaths in the United Kingdom. BJOG. 2011;118(suppl1):1-203.

[2]. Martin JN Jr, Owens My, Keiser SD, et al: Standardized Mississippi protocol treatment of 190 patients with HELLP syndrome:
slowing disease progression and preventing new major maternal morbidity. Hypertens Pregnancy 31(1):79, 2012.

[3]- Report of the National High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy. National
High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy. Am J Obstet Gynecol.
2000;183:51-S22.

[4]. Hibbard JU, Shroff SG, Lang RM. Cardiovascular changes in preeclampsia. Semin Nephrol. 2004;24:580 —587.Borghi C, Esposti
DD, Immordino V, Cassani A, Boschi S, Bovicelli L

[5] Ambrosioni E. Relationship of systemic hemodynamics, left ventricular structure and function, and plasma natriuretic peptide
concentrations during pregnancy complicated by preeclampsia. Am J Obstet Gyneco 2000;183:140-147.

[6]. Bamfo JE, Kametas NA, Chambers JB, Nicolaides KH. Maternal cardiac function in normotensive and preeclamptic intrauterine
growth restriction. Ultrasound Obstet Gynecol. 2008;32:682— 686.

[7]. Hamada RR, Larssonb A, Pernowc J, Bremmea K, Erikssond MJ.Assessment of left ventricular structure and function in
preeclampsia by echocardiography and cardiovascular biomarkers. J Hypertens. 2009;27:2257-2264.

[8]. Lang RM, Pridjian G, Feldman T, Neumann A, Lindheimer M, Borow KM. Left ventricular mechanics in preeclampsia. Am Heart
J.1991;121:1768-1775.

[9]. McDonald SD, Malinowski A, Zhou Q, Yusuf S, Devereaux PJ. Cardiovascular sequelae of preeclampsia/eclampsia: a systematic
review and meta-analyses. Am Heart J. 2008;156:918 —930.

[10]. Tanuja Muthyala, Saurabh Mehrotra, Pooja Sikka, Vanitha Suri. Maternal Cardiac Diastolic Dysfunction by Doppler
Echocardiography in Women with Preeclampsia. Journal of Clinical and Diagnostic Research. 2016 Aug, Vol-10(8): QC01-QC03.

[11]. Khan KS, Wojdyla D, Say L, Gulmezoglu AM, Van Look PF.World Health Organization (WHO) analysis of causes of maternal
death: a systematic review2006: 367; 1066-74.

[12]. Lewis G (2007) 'The Confidential Enquiry into Maternal and Child Health(CEMACH). Saving Mothers' Lives:reviewing maternal
deaths to make motherhood safer - 2003-2005.' CEMACH, London.

[13].  Vidya AT, Afreen Anwar. A study of maternal morbidity and mortality due to pre eclampsia and eclampsia. Al Ameen J Med Sci
2017:10(3)174-179.

DOI: 10.9790/0853-1812120713 www.iosrjournals.org 12 | Page



A Comparative Study of Echocardiographic Parameters between Pregnant Women with New Onset ..

[14].
[15].
[16].

[17].
[18].

[19].

[20].
[21].
[22].
[23].
[24].
[25].

[26].

[271.

[28].

[29].
[30].

[31].
[32].
[33].
[34].
[35].

[36].

[37].

Dennis AT, Castro J, Carr C, Simmons S, Permezel M, Royse C.Haemodynamics in women with untreated pre-eclampsia.
Anaesthesia.2012;67:1105-1118. doi: 10.1111/j.1365-2044.2012.07193.x.

Van Oppen AC, Stigter RH, Bruinse HW. Cardiac output in normal pregnancy: a critical review. Obstet Gynecol. 1996;87:310-318.
doi:10.1016/0029-7844(95)00348-7.

Robson SC, Hunter S, Boys RJ, Dunlop W. Serial study of factors influencing changes in cardiac output during human pregnancy.
Am J Physiol.1989;256(4 pt 2):H1060-H1065.

Hunter S, Robson SC. Adaptation of the maternal heart in pregnancy. Br Heart J. 1992;68:540-543.

Rubler S, Damani PM, Pinto ER. Cardiac size and performance during pregnancy estimated with echocardiography. Am J
Cardiol.1977;40:534-540.

Savu O, Jurcut R, Giusca S, van Mieghem T, Gussi I, Popescu BA,Ginghina C, Rademakers F, Deprest J, Voigt JU. Morphological
and functional adaptation of the maternal heart during pregnancy. Circ Cardiovasc Imaging. 2012;5:289-297. doi:
10.1161/CIRCIMAGING.111.970012.

Fok WY, Chan LY, Wong JT, Yu CM, Lau TK. Left ventricular diastolic function during normal pregnancy: assessment by spectral
tissue Doppler imaging. Ultrasound Obstet Gynecol. 2006;28:789-793. doi: 10.1002/uog.3849.

Zentner D, du Plessis M, Brennecke S, Wong J, Grigg L, Harrap SB.Deterioration in cardiac systolic and diastolic function late in
normal human pregnancy. Clin Sci (Lond). 2009;116:599-606. doi:10.1042/CS20080142.

Naqvi TZ, Elkayam U. Serial echocardiographic assessment of the human heart in normal pregnancy. Circ Cardiovasc Imaging.
2012;5:283-285.d0i:10.1161/CIRCIMAGING.112.974808.

Melchiorre K, Sutherland GR, Liberati M, Thilaganathan B. Preeclampsia is associated with persistent postpartum cardiovascular
impairment. Hypertension. 2011;58:709-715.

Narasinga Rao YL, Kanankamahalakshmi A, Vani |,Lakshmi Rama P.Assessment of cardiovascular hemodynamics in gestational
hypertension and preeclampsia.lAIM, 2015;2(8):17-23.

Solanki R, Maitra N. Echocardiographic assessment of cardiovascular hemodynamics in preeclampsia. J Obstet Gynaecol India
2011;61:519-22.

Kyoung-Im Cho, Seong-Man Kim, Mi-Seung Shin, Eui-Joo Kim, Eun-Joo Cho, Hae-Sun Seo, Sung-Hee Shin, Se-Jung Yoon,Jung-
Hyun Choi. Impact of Gestational Hypertension on Left Ventricular Function and Geometric Pattern.Circulation journal.2011, 75:
1170 - 1176.

Simmons LA , Gillin AG,Jeremy RW. Structural and functional changes in left ventricle during normotensive and preeclamptic
pregnancy. Am J Physiol Heart Circ Physiol.2002; 283 (4):H1627-33.

Mi-Jeong Kim, Jonggoo Seo, Kyoung-Im Cho, Se-Jung Yoon, Jung-Hyun Choi, and Mi-Seung Shin, Echocardiographic
Assessment of Structural and Hemodynamic Changes in Hypertension- Related Pregnancy J Cardiovasc Ultrasound 2016;24(1):28-
34,

Tangeda P, Shastri N. Maternal left ventricular systolic and diastolic function during second trimester of pregnancy with
preeclampsia. J NTR Univ Health Sci 2015;4:224-8.

Sengodan SS, Dhanapal M, Pandian A. Left ventricular dysfunction in preeclampsia: an echocardiographic study. Int J Reprod
Contracept Obstet Gynecol 2017;6:4895-8.

Zainab Abdulkhaleq Al-Rikabi, Ghassan T. Saeed,Ghazi Farhan Haji, Estimation of Left Ventricular Diastolic Function in
Gestational Hypertension during the Third Trimester Inbaghdad Teaching Hospital. IOSR Journal of Dental and Medical Sciences
(IOSR-JDMS)e-ISSN: 2279-0853, p-1SSN: 2279-0861.Volume 15, Issue 7 Ver. 111 (July. 2016), PP 123-128.

Bauer ST, Cleary KL. Cardiopulmonary complications of pre eclampsia.Semin Perinatol.2009;33:158 —165.

Clark SL, Cotton DB. Clinical indications for pulmonary artery catheterization in the patient with severe preeclampsia. Am J Obstet
Gynecol.1988;158:453-458.

Ommen SR, Nishimura RA, Appleton CP, Miller FA, Oh JK, RedfieldMM, Tajik AJ. Clinical utility of Doppler echocardiography
and tissueDoppler imaging in the estimation of left ventricular filling pressures: acomparative simultaneous Doppler—
catheterization study. Circulation.2000;102:1788 —1794.

Mogelvang R, Goetze JP, Pedersen SA, Olsen NT, Marott JI, Schnohr P,Sogaard P, Jensen JS. Preclinical systolic and diastolic
dysfunction assessed by tissue Doppler imaging is associated with elevated plasma pro B-type natriuretic peptide concentrations. J
Cardiac Fail. 2009;15:489-495.

Chapman AB, Abraham WT, Zamudio S, Coffin C, Merouani A, Young D, Johnson A, Osorio F, Goldberg C, Moore LG, Dahms
T, and Schrier RW.Temporal relationships between hormonal and hemodynamic changes in early human pregnancy. Kidney Int
1998Dec; 54 (6):2056-63.

Bamfo J, Kametas NA ,Chambers JB, and Nicolaides KH. Maternal cardiac function in normotensive and pre-eclamptic intrauterine
growth restriction. Ultrasound in Obstetrics and Gynecology.2008; 32(5):682-686.

Dr.B.Sumalatha. “A Comparative Study of Echocardiographic Parameters between Pregnant :
Women with New Onset Hypertension and Normotensive Pregnant Women after 28 Weeks of i
Gestational Age”. IOSR Journal of Dental and Medical Sciences (IOSR-JDMS), vol. 18, no. !
12, 2019, pp 07-13. !

|

DOI: 10.9790/0853-1812120713 www.iosrjournals.org 13| Page



