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SUMMARY 1 

Preeclampsia (PE) is a complication during pregnancy associated with cardiovascular dysfunction and 2 

ensuing maternal and perinatal mortality and morbidity (1). The pathogenesis of the disease is 3 

unclear, and it is possible that otherwise healthy women may be predisposed to its development prior 4 

to pregnancy (2). During healthy pregnancy, the cardiovascular system is stressed in a similar fashion 5 

to that seen during exercise in non-gravid females. We hypothesise that cardiovascular assessment at 6 

rest and during moderate exercise in the pre-conception period will establish if the developmental 7 

origins of PE exist prior to gestation. 8 

 9 

BACKGROUND 10 

Cardiovascular function during normotensive vs. pre-eclamptic pregnancy 11 

Healthy pregnancy is characterised by progressive physiological adaptation of the maternal 12 

cardiovascular (CV) system that facilitates optimal foetal development. The adaptations that 13 

constitute a healthy or normal progression are not always evident, and in particular, CV adaptation to 14 

pregnancy is highly individualised. Some women develop pregnancy-related CV dysfunction such as 15 

preeclampsia (PE). Typically, PE is diagnosed by the development of hypertension and proteinuria 16 

after 20 weeks of pregnancy (3, 4) and is the leading cause of maternal and perinatal mortality and 17 

morbidity (1). Despite continued efforts to improve the understanding of the aetiology and 18 

pathophysiology and subsequently, treatment for the disease, cardiovascular changes in PE are not 19 

well understood. Preeclampsia before 34 weeks (early onset PE) is believed to differ in pathogenesis 20 

from late onset PE (>34 weeks) and can be characterised by a haemodynamic profile of increased 21 

systemic vascular resistance (SVR) and lower cardiac output (CO). Early onset PE is more often 22 

associated with uteroplacental insufficiency and significant adverse maternal and perinatal outcomes. 23 

In contrast, late onset PE (>34 weeks) involves an increased CO and lower SVR and is less likely to 24 

be associated with uteroplacental insufficiency and adverse perinatal outcomes (5). It is not known if 25 

PE develops secondary to the cardiovascular maladaptation in pregnancy or if a pre-existing 26 

cardiovascular dysfunction predisposes some women to develop PE (6). Screening, diagnosis and 27 



disease management would be vastly improved if more were known about the onset of the 28 

maladaptive process associated with PE. To date, a combination of maternal factors including medical 29 

history, body mass index (7), age, parity (8) and blood pressure (BP) (3, 9) have been used to predict 30 

the development of PE. In the first trimester, arterial stiffness is significantly increased in women who 31 

develop PE (9). Current hypotheses speculate that cardiovascular dysfunction is evident very early in 32 

pregnancy in PE (2, 6) and precedes the clinical manifestation at a later stage but whether 33 

cardiovascular dysfunction is present before pregnancy remains to be elucidated.   34 

The potential of left ventricular twist 35 

During left ventricular (LV) contraction, the human heart muscle undergoes complex deformation. 36 

This deformation is caused by the heart muscle’s specific anatomical form (10) and results in a 37 

wringing motion, termed LV twist. This motion improves the efficiency of cardiac function, 38 

distributes myofibre stress evenly across the chamber’s muscle and may be sensitive to subtle sub-39 

clinical changes in cardiac function prior to the development of overt disease (11-13). A recent study 40 

has shown that LV twist was significantly reduced in one of two groups of young male individuals 41 

(14). Importantly, there were no differences in cardiac structure, heart rate or arterial haemodynamics 42 

between these groups. These data suggest that even in otherwise healthy individuals without overt 43 

cardiovascular abnormalities, differences in LV twist may be present. This highlights the potential of 44 

LV twist to be used as a sensitive early marker of altered cardiac function in the absence of gross 45 

changes in LV structure or haemodynamics. In addition, because of its sensitivity to loading 46 

conditions and contractile state (15-19) – both which are altered during pregnancy as a consequence 47 

of raised blood volume (20) and myocardial contractility (21) - measuring LV twist will reflect not 48 

only the local changes in cardiac function but also in part respond to differences in the 49 

haemodynamics between women. Only few studies have examined LV twist (22) and other markers 50 

of LV deformation such as LV strain (21, 23, 24), during pregnancy and to date no data exist from 51 

pre-eclamptic women or in pre-pregnancy. Thus, at pre-conception, it may be possible to identify 52 

women with altered LV twist, strain and preload / afterload which may be an early predictor of 53 

pregnancy-related complications such as PE. Moreover, LV twist can be assessed in the non-pregnant 54 



and pregnant woman during exercise, which allows for the quantification of ‘twist reserve’ and 55 

thereby provides insight into the integrated, dynamic adjustment of the pre-pregnancy cardiovascular 56 

system to enhanced cardiovascular demand.  57 

Role of exercise testing 58 

Pregnancy has been described as a continuous physiological stress test for the maternal CV system 59 

(25). The pregnant woman’s body is permanently exposed to a changing physiological environment 60 

and thus disturbance of homeostasis. Consequently, acute adjustments of all integrated systems are 61 

required. From a cardiovascular perspective, adequate responses are not only necessary to provide an 62 

enhanced blood flow to the mother and the foetus; rapid acute adjustments are also pivotal to prevent 63 

excessive stress on the heart and arteries (26). While not directly comparable, acute exercise alters the 64 

magnitude of cardiac loading conditions and arterial haemodynamics similarly to that observed during 65 

the second and third trimester of pregnancy (e.g. increased CO, reduced SVR, BP, end-diastolic 66 

volume / preload and stroke volume) (23, 27, 28). In comparison, a differing haemodynamic pattern 67 

of increased SVR and lower CO occurs in early-onset PE, and a reduced SVR and higher CO in late-68 

onset PE (5, 25). Therefore, challenging the non-pregnant woman’s cardiovascular system acutely by 69 

exercise may mimic similar cardiovascular response and provide an early insight into the ability to 70 

adjust to the cardiovascular stress of pregnancy. Previously, LV twist has been shown to increase 71 

acutely during exercise in healthy non-pregnant women (27), and has been minimally researched at 72 

rest in healthy pregnancy (21, 22, 29), but the relationship of LV twist and PE has not been explored. 73 

While it is unlikely that initial tests will be able to predict and differentiate between possible 74 

pregnancy complications, it may be possible to detect maternal factors that predispose the 75 

development of PE in the pre-conception period. A series of comprehensive investigations will be 76 

required to provide more precise information and maybe ultimately normal reference values for 77 

optimal pre-pregnancy cardiovascular function and concerted efforts from research collaborations will 78 

be required to achieve this long-term aim. 79 

 80 

HOW THE HYPOTHESIS MIGHT BE TESTED 81 



i) A thorough preconception assessment is necessary to identify the origin and onset of development 82 

of CV maladaptation to pregnancy. Mahendru et al. (30) have demonstrated successful recruitment 83 

at preconception. Whilst there are significant difficulties associated with the recruitment of 84 

participants, including cohort size, infertility and pregnancy loss following implantation, the 85 

collection of data prior to pregnancy is imperative to understand the origins and the development 86 

of the different pathogenic isoforms of PE. Mahendru et al.’s study was strengthened by the 87 

longitudinal design, and adequate sample size to show statistical power, increasing the confidence 88 

that preconception assessment – when done well – can be successful. 89 

 90 

ii) Despite advances in diagnostic testing, assessment of the response of CV parameters to exercise is 91 

still understudied. Previous studies have demonstrated the potential of exercise testing to unmask 92 

abnormalities that are otherwise undetected at rest (31). We hypothesise that challenging the 93 

maternal CV system with exercise in the pre-conception period may mimic the haemodynamic 94 

response to later stages of pregnancy.  Previous studies (9, 23, 25, 28, 30, 32) have measured CV 95 

parameters at rest, and have not assessed the dynamic function of the system under physiological 96 

stress. Moderate, short duration exercise is a safe method of inducing physiological stress and 97 

transiently increasing the haemodynamic load without the use of invasive procedures or drugs and 98 

will provide an accurate evaluation of global CV function and functional reserve, the latter of 99 

which may be indicative of future CV responses during pregnancy. 100 

  101 

iii) Recently, it has been shown that LV twist is reduced in high-fitness male volunteers independently 102 

of changes in cardiac structure or arterial haemodynamics (14). These findings suggest that 103 

changes in LV twist, which have been linked to myocardial efficiency and myofibre stress, may 104 

occur prior to other cardiac structural and functional changes such as those associated with the 105 

later stages of pregnancy. The assessment of LV twist thus has the potential to be a marker of 106 

cardiac (dys)function that may facilitate an earlier risk categorisation of women prior to 107 

pregnancy. 108 

 109 



IMPORTANCE OF HYPOTHESIS 110 

If PE, in any of its pathogenic isoforms, has preconception origins and CV dysfunction can be 111 

detected prior to pregnancy using novel cardiac markers, such as LV twist and by pre-pregnancy 112 

response to the physiological stress of exercise, then it will improve understanding of the 113 

pathogenesis of the cardiovascular dysfunction in PE. This will allow development of earlier and 114 

improved treatment options which may enable reduction in the maternal and perinatal morbidity and 115 

mortality.. The intervention and management of risk would require further research. Pre-conception 116 

screening, identification of risk factors will provide time to modify these risk factors prior to 117 

pregnancy rather than screening at 11-13 weeks of gestation (8). Both techniques employed in this 118 

project – echocardiography-derived LV twist and exercise testing – could be implemented into a 119 

clinical setting if found to be valuable in identifying high risk women and then targeting preventive 120 

strategies for this group.. This hypothesis may identify a tool that is able to predict the future 121 

development of PE in pregnancy in a subpopulation of risk patients that may contribute to advancing 122 

intervention strategies, such as exercise programmes, and improving management of the disease. 123 

 124 

GENERALISABILITY 125 

Typically, large cohorts are studied to determine appropriate diagnostics and interventions in the 126 

general population (2, 6). However, large individual variability in the CV adaptation to pregnancy 127 

exists. Therefore, the proposed study aims to use a standardised preconception stressor, such as 128 

exercise, combined with novel indicators of cardiac stress to potentially identify a woman’s individual 129 

CV function before pregnancy and relate this to the individual CV adjustments during pregnancy. 130 

This individualised approach will hopefully enable to predict CV adaptation to pregnancy on a case-131 

by-case basis and long-term, through a series of careful examinations, provide normal reference 132 

values at preconception. Exercise testing and echocardiography may then be included alongside 133 

conventional measures in the routine pre-pregnancy evaluation, with the hope to facilitate preventive 134 

measures in those women at risk of  PE.  135 

 136 

ACKNOWLEDGEMENT 137 



The authors apologise for not referencing all relevant articles due to reference limitations. The authors 138 

thank Amita Mahendru, MD, MRCOG, Subspeciality trainee in Fetal and Maternal Medicine at 139 

Queen’s Medical Centre, Nottingham University NHS trust; and Rob Shave, PhD, Professor of Sport 140 

and Exercise Physiology at Cardiff School of Sport, Cardiff Metropolitan University for the critical 141 

revision of the manuscript. 142 

 143 

144 



REFERENCES 145 

1. Khan KS, Wojdyla D, Say L, Gulmezoglu AM, Van Look PF. WHO analysis of causes of 146 

maternal death: a systematic review. Lancet. 2006 Apr 1;367(9516):1066-74. 147 

2. Wen S, Tan H, Xie R, Smith GN, Walker M. A pre-conception cohort to study preeclampsia 148 

in China: Rationale, study design, and preliminary results. Zhong Nan Da Xue Xue Bao Yi Xue Ban. 149 

2012 Nov;37(11):1081-7. 150 

3. Poon LC, Karagiannis G, Leal A, Romero XC, Nicolaides KH. Hypertensive disorders in 151 

pregnancy: screening by uterine artery Doppler imaging and blood pressure at 11-13 weeks. 152 

Ultrasound Obstet Gynecol. 2009 Nov;34(5):497-502. 153 

4. Milne F, Redman C, Walker J, Baker P, Bradley J, Cooper C, et al. The pre-eclampsia 154 

community guideline (PRECOG): how to screen for and detect onset of pre-eclampsia in the 155 

community. BMJ. 2005 Mar 12;330(7491):576-80. 156 

5. Valensise H, Vasapollo B, Gagliardi G, Novelli GP. Early and late preeclampsia: two 157 

different maternal hemodynamic states in the latent phase of the disease. Hypertension. 2008 158 

Nov;52(5):873-80. 159 

6. Wen SW, Xie RH, Tan H, Walker MC, Smith GN, Retnakaran R. Preeclampsia and 160 

gestational diabetes mellitus: pre-conception origins? Med Hypotheses. 2012 Jul;79(1):120-5. 161 

7. Sohlberg S, Stephansson O, Cnattingius S, Wikstrom AK. Maternal body mass index, height, 162 

and risks of preeclampsia. Am J Hypertens. 2012 Jan;25(1):120-5. 163 

8. Duckitt K, Harrington D. Risk factors for pre-eclampsia at antenatal booking: systematic 164 

review of controlled studies. BMJ. 2005 Mar 12;330(7491):565. 165 

9. Khalil A, Akolekar R, Syngelaki A, Elkhouli M, Nicolaides KH. Maternal hemodynamics at 166 

11-13 weeks' gestation and risk of pre-eclampsia. Ultrasound Obstet Gynecol. 2012 Jul;40(1):28-34. 167 

10. Buckberg GD. Basic science review: the helix and the heart. J Thorac Cardiovasc Surg. 2002 168 

Nov;124(5):863-83. 169 

11. Dokainish H, Sengupta R, Pillai M, Bobek J, Lakkis N. Assessment of left ventricular systolic 170 

function using echocardiography in patients with preserved ejection fraction and elevated diastolic 171 

pressures. Am J Cardiol. 2008 Jun 15;101(12):1766-71. 172 



12. Vendelin M, Bovendeerd PH, Engelbrecht J, Arts T. Optimizing ventricular fibers: uniform 173 

strain or stress, but not ATP consumption, leads to high efficiency. Am J Physiol Heart Circ Physiol. 174 

2002 Sep;283(3):H1072-81. 175 

13. Beyar R, Sideman S. Left ventricular mechanics related to the local distribution of oxygen 176 

demand throughout the wall. Circ Res. 1986 May;58(5):664-77. 177 

14. Stöhr EJ, McDonnell B, Thompson J, Stone K, Bull T, Houston R, et al. Left ventricular 178 

mechanics in humans with high aerobic fitness: adaptation independent of structural remodelling, 179 

arterial haemodynamics and heart rate. J Physiol. 2012;590(9):2107-19. 180 

15. Burns AT, La Gerche A, Prior DL, Macisaac AI. Left ventricular torsion parameters are 181 

affected by acute changes in load. Echocardiography. 2010 Apr;27(4):407-14. 182 

16. Weiner RB, Weyman AE, Khan AM, Reingold JS, Chen-Tournoux AA, Scherrer-Crosbie M, 183 

et al. Preload dependency of left ventricular torsion: the impact of normal saline infusion. Circ 184 

Cardiovasc Imaging. 2010 Nov 1;3(6):672-8. 185 

17. Weiner RB, Weyman AE, Kim JH, Wang TJ, Picard MH, Baggish AL. The impact of 186 

isometric handgrip testing on left ventricular twist mechanics. J Physiol. 2012 Oct 15;590(Pt 187 

20):5141-50. 188 

18. Helle-Valle T, Crosby J, Edvardsen T, Lyseggen E, Amundsen BH, Smith HJ, et al. New 189 

noninvasive method for assessment of left ventricular rotation: speckle tracking echocardiography. 190 

Circulation. 2005 Nov 15;112(20):3149-56. 191 

19. Rademakers FE, Buchalter MB, Rogers WJ, Zerhouni EA, Weisfeldt ML, Weiss JL, et al. 192 

Dissociation between left ventricular untwisting and filling. Accentuation by catecholamines. 193 

Circulation. 1992 Apr;85(4):1572-81. 194 

20. Hunyor SN. Vascular, volume, and cardiac response to normal and hypertensive pregnancy. 195 

Hypertension. 1984 Nov-Dec;6(6 Pt 2):III129-32. 196 

21. Estensen ME, Beitnes JO, Grindheim G, Aaberge L, Smiseth OA, Henriksen T, et al. Altered 197 

maternal left ventricular contractility and function during normal pregnancy. Ultrasound Obstet 198 

Gynecol. 2013 Jun;41(6):659-66. 199 



22. Yoon AJ, Song J, Megalla S, Nazari R, Akinlaja O, Pollack S, et al. Left ventricular torsional 200 

mechanics in uncomplicated pregnancy. Clin Cardiol. 2011 Sep;34(9):543-8. 201 

23. Savu O, Jurcut R, Giusca S, van Mieghem T, Gussi I, Popescu BA, et al. Morphological and 202 

functional adaptation of the maternal heart during pregnancy. Circ Cardiovasc Imaging. 2012 May 203 

1;5(3):289-97. 204 

24. Geva T, Mauer MB, Striker L, Kirshon B, Pivarnik JM. Effects of physiologic load of 205 

pregnancy on left ventricular contractility and remodeling. Am Heart J. 1997 Jan;133(1):53-9. 206 

25. Novelli GP, Vasapollo B, Gagliardi G, Tiralongo GM, Pisani I, Manfellotto D, et al. Left 207 

ventricular midwall mechanics at 24 weeks' gestation in high-risk normotensive pregnant women: 208 

relationship to placenta-related complications of pregnancy. Ultrasound Obstet Gynecol. 2012 209 

Apr;39(4):430-7. 210 

26. Oakley C, Warnes CA. Heart disease in pregnancy. 2nd ed. ed. Malden, Mass. ; Oxford: 211 

Blackwell; 2007. 212 

27. Nio AQX, Stöhr EJ, Meah V, Stembridge M, Shave R, editors. Cardiac function and left 213 

ventricular mechanics in men and women at rest and during exercise. European College of Sport 214 

Science 18th Annual Congress; 2013; Barcelona, Spain: European College of Sport Science. 215 

28. Clapp JF, 3rd, Capeless E. Cardiovascular function before, during, and after the first and 216 

subsequent pregnancies. Am J Cardiol. 1997 Dec 1;80(11):1469-73. 217 

29. Papadopoulou E, Kaladaridou A, Agrios J, Matthaiou J, Pamboukas C, Toumanidis S. Factors 218 

Influencing the Twisting and Untwisting Properties of the Left Ventricle during Normal Pregnancy. 219 

Echocardiography. 2013 Sep 13. 220 

30. Mahendru AA, Everett TR, Wilkinson IB, Lees CC, McEniery CM. Maternal cardiovascular 221 

changes from pre-pregnancy to very early pregnancy. J Hypertens. 2012 Nov;30(11):2168-72. 222 

31. Gibbons RJ, Balady GJ, Beasley JW, Bricker JT, Duvernoy WF, Froelicher VF, et al. 223 

ACC/AHA Guidelines for Exercise Testing. A report of the American College of 224 

Cardiology/American Heart Association Task Force on Practice Guidelines (Committee on Exercise 225 

Testing). J Am Coll Cardiol. 1997 Jul;30(1):260-311. 226 



32. Estensen ME, Remme EW, Grindheim G, Smiseth OA, Segers P, Henriksen T, et al. 227 

Increased arterial stiffness in pre-eclamptic pregnancy at term and early and late postpartum: a 228 

combined echocardiographic and tonometric study. Am J Hypertens. 2013 Apr;26(4):549-56. 229 

33. Burns AT, La Gerche A, MacIsaac AI, Prior DL. Augmentation of left ventricular torsion 230 

with exercise is attenuated with age. J Am Soc Echocardiogr. 2008 Apr;21(4):315-20. 231 

 232 

 233 

 234 

 235 

 236 

 237 

 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

248 



Figure Legend 249 

  250 

 251 

 252 

Figure 1. Hypothetical left ventricular (LV) twist response in three conditions: 253 

Hypothesis 1) Non-pregnant female at rest and during healthy pregnancy; 254 

Hypothesis 2) Non-pregnant healthy female at rest and during exercise*; Hypothesis 255 

3) Non-pregnant female with future early- or late-onset pre-eclampsia at rest and 256 

during exercise. Note the hypothetically higher LV twist at rest and the lower reserve 257 

with exercise, similar to that seen with aging (33). *LV twist response of healthy non-258 

pregnant female at rest and during exercise data adapted from Nio et al. (27). 259 
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