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Abstract
Background: Assessment of diastolic function during late pregnancy and early delivery is not

addressed well in literature. However, it is important as it could predict heart failure in
cases of preserved ejection fraction.

Aim of the work: the current study aimed to assess the diastolic cardiac function in the late normal

pregnancy (third trimester) and early after delivery (within one week).

Methodology: 221 women with normal singleton pregnancy were included. The study carriedout

Results:

from January 2018 to January 2020 in a tertiary care hospital. All women received
standard antenatal care, and their age, body mass index, parity, past history of chronic
medical diseases, duration of pregnancy, mode of delivery, fetal weight, blood loss during
delivery need for blood transfusion and maternal mortality were recorded. All had an
echocardiography examination during the third trimester and within one week after
delivery.

the women age ranged between 24 and 36 years. The majority of them had normal body
mass index and para 2 were prevalent (54.3%). Past history of hypothyroidism was
recorded for 4.5%, asthma for 1.8%, renal disease for 1.4% and connective tissue disease
for 0.9%. The history of gestational hypertension was reported among 3.2%, chronic
hypertension 1.8%, preeclampsia 1.4%, gestational diabetes 4.1% and abnormal
placentation 3.6%. Preterm labor was reported among 3.6%. The fetal birth weight ranged
between 2.50 to 3.52 kg. The normal vaginal mode of delivery was the prevalent(73.3%).
No woman need blood transfusion and maternal mortality was absent. There was
significant increase of left ventricle dimensions and mitral valve velocities after delivery
than during gestation, while E/A ratio, EDT, and E’ were significantly decreased after
delivery. Blood pressure was significantly increased after delivery whileheart rate and
left ventricle ejection fractions showed non-significant difference. No
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woman had diastolic dysfunction. Changes in left ventricle diastolic functions remains
in normal levels during gestation and after delivery.

Conclusion: Normal pregnancy is associated with normal cardiac diastolic function during late
pregnancy and early after delivery. This is valuable for prediction of heart failure during
this critical period. The routine echocardiographic evaluation of cardiac function during
the peripartum period is advocated.
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Introduction

The Maternal cardiovascular system undergoes marked changes in functions gestation to cope with
the fluctuating hemodynamics. All changes function to aid the fetal development and protecting
the mothers against the risks associated with delivery (1). One of the major physiologic changes
is the enlargement of left ventricle (LV) chamber size and mass with preserved contraction (2).
These physiological changes start early and reach the peak during the second and third trimesters
of pregnancy (3). However, the changes in diastolic function during gestation is not studied
sufficiently (4-6).

In women with past history of preeclampsia, the diastolic function of the heart was reported
to be worsened (7,8).

In addition, high parity was reported to be a risk factor for diastolic dysfunction of the left
ventricle with or without a past history of preeclampsia (9,10). The previously mentioned changes
suggested that, diastolic function of the heart could be impaired during normal peripartum period.
However, the heart function was not studied well during peripartum period.

The aim of the work
The current study aimed to investigate the changes in the diastolic function of the heart during late
pregnancy (the third trimester) and early after delivery.

Methodology

We prospectively included 300 pregnant women during their third trimester of normal gestation.
They were followed up till the time of delivery and shortly after that. Women who did have
echocardiographic examination during the third trimester or who lost the follow up visit were
excluded from the study and finally we included 221 women in the final analysis. All were selected
from the Department of Obstetrics and Gynecology, Al-Azhar University Hospital (New
Damietta), from January 2018 to January 2020.

All women received standard antenatal care, and at the first visit, the followed data were
collected: woman age, pre-pregnancy weight, height and body mass index, exposure to smoking
or other environmental toxins, parity, past history of chronic medical diseases, duration of
pregnancy (calculated by last menstrual period and confirmed by ultrasound examination) and
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mode of delivery. In addition, the birth weight and amount of blood loss during delivery, needfor
blood transfusion or any maternal mortality were documented.

Echo cardiographic examination

Cardiac function was evaluated by cardiac sonographer who had three-years’ experience of
echocardiography. The examination had been carried out during the third trimester (after 28 weeks
of gestation) and within the first week after delivery. The procedure was performed in a standard
manner described by the American Society of Echocardiography (11). The Teichholz method was
used to measure the left ventricle ejection fraction. The tissue doppler indices of early diastolic
mitral annulus velocity (e”) were measure at the septal basal region, and ¢’ <7 cm/s or E/e’ ratio
>15.11 was recognized as left ventricle diastolic dysfunction (12).

Ethical considerations: The study protocol was introduced to, investigated and approved
by the Institutional Review Board of Damietta Faculty of Medicine, Al-Azhar University (An
internationally, registered board) (IRB no.#IRB00012367-20-01-016). In addition, each woman
and her husband signed an informed consent to participate in the study. Their confidentiality and
withdrawal rights were guaranteed. The study had been completed according to Helsinki
declaration codes for research conduct and reporting.

Statistical analysis: For quantitative and qualitative data, statistical measures were mean
+SD, frequency and percentages, respectively were used to represent data. Value before and after
delivery were compared by paired samples “t” test, and p value < 0.05 was considered significant.
All measures and test were carried out by the statistical package for social sciences (SPSS) version
16 (SPSS Inc., USA).

Results

The included women age ranged between 24 and 36 years. The majority of them had normal body
mass index (BMI) and para 2 was reported among 54.3% of them. Past history revealed that,
hypothyroidism was reported among 4.5%, asthma in 1.8%, renal disease in 1.4% and connective
tissue disease in 0.9%. The gestational hypertension was reported among 3.2%, which chronic
hypertension was reported among 1.8%, preeclampsia developed among 1.4%, gestational
diabetes in 4.1% and abnormal placentation among 3.6%. All these cormobid conditions were of
mild nature and treated by standard protocols with no more complications. Premature delivery was
reported among 3.6%. The gestational age at delivery ranged between 35and 40 weeks and fetal
birth weight ranged between 2.50 to 3.52 kg. The normal vaginal mode ofdelivery was the
prevalent (73.3%). The blood loss during delivery was 314.43+74.91 ml. No female need blood
transfusion and maternal mortality was absent (Table 1).

Echocardiographic changes after delivery when compared to values at the third trimester
of pregnancy, showed non-significant difference regarding left ventricle ejection fraction.
However, LVDd, LVDs, IVST, PWT, LAD, LAVI, mitral peak (E), mitral peak A-wave velocity,
E/e’ were significantly increased, while E/A ratio, EDT, and E’ were significantly
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decreased after delivery. Finally, blood pressure was significantly increased after delivery while
heart rate showed non-significant difference (Table 2). No woman had diastolic dysfunction.

Table (1): Peripartum data of studied populations

Variables Measures (n=221)
Prenatal Age (years) Mean+SD 29.82+3.56
characteristics Min. — Max. 24-36
BMI (kg/m?) Mean+SD 24.88+1.12
Min. — Max. 22.59- 30.04
Parity Primipara 28(12.7%)
Para 1 52(23.5%)
Para 2 120(54.3%)
Para 3 or more 21 (9.5%)
Mean+SD 1.61+0.83
Past history Hypothyroidism 10(4.5%)
Of comorbid Asthma 4(1.8%)
diseases Renal disease 3 (1.4%)
CTD 2 (0.9%)
Perinatal Gestational hypertension 7(3.2%)
comorbid Chronic hypertension 4(1.8%)
conditions Preeclampsia 3 (1.4%)
Gestational diabetes 9(4.1%)
Abnormal placentation 5(2.3%)
Premature delivery 8(3.6%)
Fetal data Gestational duration Mean+SD 38.04+0.93
(weeks) Min. — Max. 35- 40
Birth weight Mean£SD 3.07+0.19
(kg) Min. — Max. 2.50 —3.52
Delivery Mode of delivery NVD 162(73.3%)
CS 59(26.7%)
Blood loss (ml) Mean +SD 314.43+74.91

BMI: Body mass index; CTD: connective tissue disease; NVD: Normal vaginal delivery; CS:
cesarean section; SD: standard deviation
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Table (2): Echocardiographic data during pregnancy compared to values after delivery

Variables During pregnancy After delivery Paired test P value

LFEF% 62.09+3.94 62.17+3.89 1.27 0.20

LVDd (mm) 48.25+3.77 48.73+3.71 6.67 <0.001*
LVDs (mm) 30.39+1.12 31.80+1.02 30.45 <0.001*
IVST (mm) 6.55+0.25 6.78+0.32 15.71 <0.001*
PWT (mm) 6.47+0.25 6.55+0.28 6.19 <0.001*
LAD (mm) 30.67+1.60 31.01+1.70 5.05 <0.001*
LAVI (mL/m?) 17.31+1.42 19.78+1.30 29.67 <0.001*
E [cm/s] 0.78+0.04 0.85+0.03 28.56 <0.001*
A [cm/s] 0.52+0.04 0.65+0.04 30.38 <0.001*
E/A ratio 1.53+0.14 1.334£0.10 19.38 <0.001*
E DT [ms] 182.45+4.01 173.01+4.57 27.31 <0.001*
E’ (cm/s) 12.95+1.21 11.32+0.81 17.21 <0.001*
E/e’ 6.21+0.65 7.58+0.62 26.34 <0.001*
SBP (mmHg) 111.60+9.02 117.8948.21 14.45 <0.001*
DBP (mmHg) 67.89+7.36 71.92+7.49 13.00 <0.001*
HR (beats/min) 74.39+2.36 74.29+2.39 1.73 0.08

LVEF: left ventricle ejection fraction; LVDd, left ventricular diastolic dimension; LVDs, left
ventricular systolic dimension; IVST, interventricular septal thickness;PWT, posterior wall
thickness; LAD, left atrial dimension; E, mitral peak E-wave velocity; A, mitral peak A-wave
velocity;e’, velocity of mitral annulus early diastolic motion; SBP: Systolic blood pressure; DBP:
diastolic blood pressure; HR: heart rate.
Discussion
The main results of the current study included slight reduction of diastolic function after delivery
than values during pregnancy. The cardiac diastolic function is within normal during normal
pregnancy and no one had diastolic dysfunction with pregnancy or after delivery. However, the
diastolic dysfunction in the current work was assessed by e’, E/e’, peak velocity of tricuspid
regurgitation (TR velocity), and LAVI (13). Although, LAVI is a reflection of cumulative effects
of higher left ventricle filling pressure within time. Thus, it is difficult to reflect short-term
alteration in the diastolic function during gestation. Interestingly, it is increased in the current work
after delivery. Thus, the increased volume by affect the increase in LAVI, added to the cumulative
effects of filling pressure. Alternatively, tissue doppler imaging is less dependent on the cardiac
load than conventional Doppler and more accurate for evaluation of diastolic functionduring
pregnancy (14). Thus, we used ¢’ and E/e’ for assessment of diastolic function. Previous studies
showed that, during normal pregnancy, the heart had normal geometry (15-18). However,the
changes in the third trimester and early after delivery is not well addressed.

In the current work, LVMI was significantly increased after delivery. This explained by
LV wall thickness increase with enlarged dimensions of the left ventricle (19). Kim et al. (20)
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reported eccentric hypertrophy of the left ventricle in the third trimester of normal pregnancy, with
a spherical LV, as the best adaptation for efficient filling of the heart during diastole, with increased
stroke volume to achieve increased needs of pregnancy (20,21). However, this eccentric
hypertrophy usually reported with hypertensive diseases of pregnancy. This could be fully
addressed in the current work due to few cases of gestational hypertension (22, 23).

In the current study, the systolic and diastolic blood pressure was significantly higher after
delivery than before delivery (at the time of echocardiography). The value of ¢’ is less affected by
afterload, while transmitral flow is affected by the volume and after load of LV/(13). However, in
the current work changes in the blood pressure, irrespective of its significant changes, remain in
the normal values. The elevated blood pressure could be linked to changes in the systemic vascular
resistance (SVR) during pregnancy. SVR usually reduced with progressionof pregnancy, reaching
the lowest values during the early third trimester. The SVR gradually returned to normal values
after delivery (1), which could explain changes in blood pressure after delivery compared to values
during late gestation.

Daimon et al. (24) reported comparable results to the current work regarding ¢’ and E/e’
in normal non-pregnant women. In addition, blood pressure was similar to the current reported
values. Taking these results in considerations, it could be suggested that, blood pressure exerts
minimal effects on the changes in diastolic functions (12).

Song et al. (25) reported reduction in cardiac diastolic function during the third trimester

of pregnancy, that covered and returned to normal within 6 months after delivery of normal
gestation. The current work confirmed these results and added that, there was significant reduction
in the diastolic function shortly after delivery. However, it remains normal. No diastolic
dysfunction was reported during gestation or after delivery. However, Kimura et al.
(12) reported a diastolic function in 0.7% during third trimester of gestation that increased to 2%
after delivery. Thus, minority of women with normal gestation could develop diastolic
dysfunction, which may be accumulated pregnancy after the other (increased with increased
parity). This reported by Aggarwal et al. (10), as they linked diastolic dysfunction to high parity
(more than or equal five live births).

The significance of checking LV function during the peripartum period stands on the fact
that diastolic dysfunction of the left ventricle could lead to heart failure despite preservation of
LVEF (26). Thus, both systolic and diastolic cardiac functions must be evaluated to predict heart
failure with LVEF preservation during late pregnancy and early after delivery.

In short, the current study showed that, normal pregnancy is associated with normal
diastolic function of the left ventricle during late pregnancy and early after delivery. This is
valuable for prediction of heart failure during this critical period. The routine echocardiographic
evaluation of cardiac function during late gestation is recommended. However, the limitation of
the current work included the absence of strain analysis during echocardiography and short follow
up period after delivery. These shortages must be avoided in the future studies.

589



Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 ~ VOLL11, ISSUE 04, 2020

Authors contributions

Alaa Eldin Mahmoud Megahed: All steps of the study from idea and protocol to the
revision of the final version of manuscript and echocardiography.

Hamouda Abdelkhalek Elbahnasy: All steps of the study from idea and protocol to the
revision of the final version of manuscript and echocardiography.

Mohamed Ibrahim Elraghy:All steps of the study from idea and protocol to the revision
of the final version of manuscript and echocardiography.

Abdullah Almilaibary: protocol development, statistical analysis, manuscript drafting,
revision and final approval.

NB: All authors held equal responsibility and are accountable for the research.
Conflict of interest: none
Financial disclosure: none

REFERENCES

1. Meah VL, Cockcroft JR, Backx K, Shave R, Stohr EJ. Cardiac output and related
hemodynamics during pregnancy: a series of meta-analyses. Heart. 2016
Apr;102(7):518-26. doi: 10.1136/heartjnl-2015-308476.

. Kazma JM, van den Anker J, Allegaert K, Dallmann A, Ahmadzia HK. Anatomical and
physiological alterations of pregnancy.) PharmacokinetPharmacodyn. 2020
Aug;47(4):271-285. doi: 10.1007/s10928-020-09677-1.

. O'Kelly AC, Sharma G, Vaught AJ, Zakaria S. The Use of Echocardiography and Advanced
Cardiac Ultrasonography During Pregnancy. Curr Treat Options Cardiovasc Med.
2019 Nov 21;21(11):71. doi: 10.1007/s11936-019-0785-5.

4. Ouzounian JG, Elkayam U. Physiologic changes during normal pregnancy and delivery.
CardiolClin. 2012 Aug;30(3):317-29. doi: 10.1016/j.ccl.2012.05.004.

. Yuan LJ, Duan YY, Xue D, Cao TS, Zhou N. Ultrasound study of carotid and cardiac
remodeling and cardiac-arterial coupling in normal pregnancy and preeclampsia: a
case control study. BMC Pregnancy Childbirth. 2014 Mar 25; 14:113. doi:
10.1186/1471-2393-14-113.

. Adeyeye VO, Balogun MO, Adebayo RA, Makinde ON, Akinwusi PO, Ajayi EA, et al.
Echocardiographic Assessment of Cardiac Changes During Normal Pregnancy Among
Nigerians. Clin  Med Insights Cardiol.2016 Sep 7; 10:157-62.doi:
10.4137/CMC.S40191.

. Bokslag A, Franssen C, Alma LJ, Kovacevic I, Kesteren FV, Teunissen PW, Kamp O,
Ganzevoort W, Hordijk PL, Groot CJM, Paulus WJ. Early-onset preeclampsia
predisposes to preclinical diastolic left ventricular dysfunction in the fifth decade of
life: An observational study. PLoS One. 2018 Jun 12;13(6):e0198908. doi:
10.1371/journal.pone.0198908.

. Reddy M, Wright L, Rolnik DL, Li W, Mol BW, La Gerche A, et al. Evaluation of Cardiac
Function in Women With a History of Preeclampsia: A Systematic Review and

N

w

(6]

(o2}

\‘

oo

590


https://ijma.journals.ekb.eg/?_action=article&au=155236&_au=Moahmed%2BIbrahim%2BElraghy

Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 ~ VOLL11, ISSUE 04, 2020

Meta-Analysis. J Am Heart Assoc. 2019 Nov 19;8(22):e013545. doi:
10.1161/JAHA.119.013545.

9. Beale AL, Cosentino C, Segan L, Mariani JA, Vizi D, Evans S, Nanayakkara S, Kaye DM. The
effect of parity on exercise physiology in women with heart failure with preserved
ejection fraction. ESC Heart Fail. 2020 Feb;7(1):213-222. doi: 10.1002/ehf2.12557.

10. Aggarwal SR, Herrington DM, Vladutiu CJ, Newman JC, Swett K, Gonzalez F, Kizer JR,
Kominiarek MA, Tabb KM, Gallo LC, Talavera GA, Hurwitz BE, Rodriguez CJ.
Higher number of live births is associated with left ventricular diastolic dysfunction
and adverse cardiac remodelling among US Hispanic/Latina women: results from the
Echocardiographic Study of Latinos. Open Heart. 2017 May 8;4(1):e000530. doi:
10.1136/openhrt-2016-000530.

11. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA, et al.; Chamber
Quantification Writing Group; American Society of Echocardiography's Guidelines
and Standards Committee; European Association of Echocardiography.
Recommendations for chamber quantification: a report from the American Society of
Echocardiography's Guidelines and Standards Committee and the Chamber
Quantification Writing Group, developed in conjunction with the European
Association of Echocardiography, a branch of the European Society of Cardiology. J
Am SocEchocardiogr. 2005 Dec;18(12):1440-63. doi: 10.1016/j.echo.2005.10.005.

12. Kimura Y, Kato T, Miyata H, Sasaki I, Minamino-Muta E, Nagasawa Y, Numao S, Nagano
T, Higuchi T, Inoko M. Left Ventricular Diastolic Function During the Normal
Peripartum Period. Circ J. 2019 Oct 25;83(11):2265-2270. doi: 10.1253/circj.CJ-19-
0501.

13. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, Edvardsen T, et al.
Recommendations for the Evaluation of Left Ventricular Diastolic Function by
Echocardiography: An Update from the American Society of Echocardiography and
the European Association of Cardiovascular Imaging. J Am SocEchocardiogr. 2016
Apr;29(4):277-314. doi: 10.1016/j.echo.2016.01.011.

14. Pintaudi B, Di Vieste G, Corrado F, Creazzo MF, Fazio A, Valenti A, D'Anna R, Di Benedetto
A. Cardiac diastolic evaluation in pregnant women with abnormal glucosetolerance:
an opportunity to detect the early and subclinical alterations and prevent
cardiovascular  diseases. J Diabetes Res. 2013; 2013:486593. doi:
10.1155/2013/486593.

15. De Jong KA, Czeczor JK, Sithara S, McEwen K, Lopaschuk GD, Appelbe A, Cukier K,
Kotowicz M, McGee SL. Obesity and type 2 diabetes have additive effects on left
ventricular remodelling in normotensive patients-a cross sectional study.
CardiovascDiabetol. 2017 Feb 8;16(1):21. doi: 10.1186/512933-017-0504-z. Erratum
in. CardiovascDiabetol. 2017 Apr 20;16(1):53. PMID: 28178970; PMCID:
PMC5299776.

591



16.

17.

18.

19.

20.

21.

22.

23

24

Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 ~ VOLL11, ISSUE 04, 2020

Collén AC, Johansson MC, Guron CW, Gustafsson H, Manhem K. Cardiac structure and
function is related to current blood pressure rather than to previous hypertensive
pregnancy. J Hum Hypertens. 2015 Nov;29(11):702-4. doi: 10.1038/jhh.2015.68.
Epub 2015 Jul 2. PMID: 26134623.

Scantlebury DC, Kane GC, Wiste HJ, Bailey KR, Turner ST, Arnett DK, Devereux RB,
Mosley TH Jr, Hunt SC, Weder AB, Rodriguez B, Boerwinkle E, Weissgerber TL,
Garovic VD. Left wventricular hypertrophy after hypertensive pregnancy
disorders.Heart. 2015 Oct;101(19):1584-90. doi: 10.1136/heartjnl-2015-308098.Epub
2015 Aug 4. PMID: 26243788; PMCID: PMC4568146.

Nardi E, Palermo A, Mulé G, Cusimano P, Cerasola G, Rini GB. Prevalence and predictors
of left wventricular hypertrophy in patients with hypertension and normal
electrocardiogram.Eur ~ J  PrevCardiol. 2013  Oct;20(5):854-61. doi:
10.1177/2047487312447845. Epub 2012 May 3. PMID: 22556375.

Umazume T, Yamada T, Yamada S, Ishikawa S, Furuta I, lwano H, et al. Morpho-functional
cardiac changes in pregnant women: associations with biomarkers. Open Heart. 2018
Jul 16;5(2):e000850. doi: 10.1136/openhrt-2018-000850.

Kim MJ, Seo J, Cho KI, Yoon SJ, Choi JH, Shin MS. Echocardiographic Assessment of
Structural and Hemodynamic Changes in Hypertension-Related Pregnancy. J
Cardiovasc Ultrasound. 2016 Mar;24(1):28-34. doi: 10.4250/jcu.2016.24.1.28.

Masugata H, Senda S, Inukai M, Murao K, Hosomi N, lwado Y, Noma T, Kohno M, Himoto
T, Goda F. Differences in left ventricular diastolic dysfunction between eccentric and
concentric left ventricular hypertrophy in hypertensive patients with preserved systolic
function. J Int Med Res. 2011;39(3):772-9. doi: 10.1177/147323001103900309.
PMID: 21819708.

Cho KI, Kim SM, Shin MS, Kim EJ, Cho EJ, Seo HS, Shin SH, Yoon SJ, Choi JH. Impact of
gestational hypertension on left ventricular function and geometric pattern.Circ J.
2011;75(5):1170-6. doi: 10.1253/circj.cj-10-0763. Epub 2011 Mar 7. PMID:
21389638.

. Hieda M, Yoo JK, Sun DD, Okada Y, Parker RS, Roberts-Reeves MA, Adams-Huet B, Nelson
DB, Levine BD, Fu Q. Time course of changes in maternal left ventricular function
during subsequent pregnancy in women with a history of gestational hypertensive
disorders. Am J Physiol Regul Integr Comp Physiol. 2018 Oct 1;315(4):R587-R594.
doi: 10.1152/ajpregu.00040.2018. Epub 2018 Jun 13. PMID: 29897820; PMCID:
PMC6230888.

. Daimon M, Watanabe H, Abe Y, Hirata K, Hozumi T, Ishii K, Ito H, lwakura K, Izumi C,

Matsuzaki M, Minagoe S, Abe H, Murata K, Nakatani S, Negishi K, Yoshida K,

Tanabe K, Tanaka N, Tokai K, Yoshikawa J; JAMP Study Investigators. Normal

values of echocardiographic parameters in relation to age in a healthy Japanese

population: the JAMP study. Circ J. 2008 Nov;72(11):1859-66. doi: 10.1253/circj.cj-

08-0171. Epub 2008 Sep 29. PMID: 18827372.

592



Journal of Cardiovascular Disease Research

ISSN: 0975-3583,0976-2833 ~ VOLL11, ISSUE 04, 2020

25. Song G, Liu J, Ren W, Qiao W, Zhang J, Zhan Y, Bi W. Reversible Changes of Left Atrial
Function during Pregnancy Assessed by Two-Dimensional Speckle Tracking
Echocardiography. = PLoS  One. 2015 May 1;10(5):e0125347.  doi:
10.1371/journal.pone.0125347. PMID: 25933100; PMCID: PMC4416904.

26. Rogers FJ, Cooper S. Peripartum heart failure caused by left ventricular diastolic dysfunction.
J Am Osteopath Assoc. 2010 Feb;110(2):87-90. PMID: 20160247.

593



