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Editorial Commentary

Maternal Fetal/Placental Interactions and Abnormal
Pregnancy Outcomes

James M. Roberts, Frauke Von Versen-Hoeynck

ytotrophoblast cells from the placenta invade the

maternal spiral arteries during normal pregnancy.

This results in a striking increase in luminal diameter
and causes the vessels to lose their smooth muscle enabling
the expansion of vascular capacity necessary to support fetal
growth. Preeclampsia, growth restriction, recurrent abortion,
and preterm birth in many cases are caused by abnormal
implantation with failure of this process. Of these implanta-
tion abnormalities, preeclampsia is well known to be associ-
ated with later life cardiovascular disease.!? Furthermore,
several persistent metabolic and cardiovascular differences are
present in women with preeclamptic compared with normal
pregnancies. The data relating the other implantation disorders to
later life cardiovascular diseases are less compelling. It is
possible, however, in large population studies, to document
increased cardiovascular mortality in women with pregnancies
complicated by these disorders.!-3

In this issue of Hypertension, Germain et al* clearly
demonstrate that similar abnormalities of endothelial function
are present 11 to 27 months postpartum in women who had
previous pregnancies complicated not only by preeclampsia
but also by recurrent abortion. There is reduced flow-induced
endothelial-mediated vasodilatation, reduced circulating NO,
and higher cholesterol in both groups. They present the
reasonable conclusion that endothelial dysfunction may pre-
dispose to abnormal implantation and incomplete placental
bed vascular remodeling.

This is counter to an idea that I have previously advanced,
including in a recent review in this journal.> The concept of
a 2-stage model of preeclampsia with the first stage being
abnormal implantation and placental bed vascular remodeling
and the second the maternal syndrome was presented. In it, it
was posited that abnormal implantation was insufficient to
explain the linkage of the 2 stages and that it was the
“maternal constitution” interacting with the reduced placental
perfusion that resulted in preeclampsia. Although the figure
presenting the model (Figure) included a connection between
the maternal constitution and abnormal implantation, this was
largely to explain the impact of thrombophilias on placenta-

The opinions expressed in this editorial are not necessarily those of the
editors or of the American Heart Association.

From the Magee-Womens Research Institute (J.M.R., F.V.V.-H.) and the
Department of Obstetrics Gynecology and Reproductive Sciences (J.M.R.,
F.V.V.-H.) and Epidemiology (J.M.R.), University of Pittsburgh, Pa.

Correspondence to James M. Roberts, Magee-Womens Research Insti-
tute, 204 Craft Avenue, Pittsburgh, PA 15215. E-mail RSIUMR@mwri.
magee.edu

(Hypertension. 2007;49:15-16.)

© 2006 American Heart Association, Inc.

Hypertension is available at http://www.hypertensionaha.org
DOI: 10.1161/01.HYP.0000251523.44824.02

15

tion. It is clear in the presentation that the metabolic and
vascular changes of the mother were proposed to have their
impact exclusively by rendering the mother sensitive to the
effects of reduced perfusion with resulting preeclampsia.
Given the data from Germain et al,* the model advanced
previously may be both incorrect and correct.

The demonstration of abnormal endothelial function in
women with recurrent abortion, as well as the previously
recognized association of growth restriction, preterm birth,
and abortion with an excess of cardiovascular disease in later
life supports the concept that whatever increases the risk of
later life cardiovascular disease also increases the risk of
implantation abnormalities. Germain et al* suggest that this
abnormality is endothelial dysfunction leading to failed vas-
cular remodeling. Although the causality of endothelial dys-
function is a reasonable suggestion, there are a plethora of
metabolic differences that have been demonstrated in for-
merly preeclamptic women, including increased insulin resis-
tance, elevated triglycerides, increased apolipoprotein B, and
small dense low-density lipoprotein® that were not tested in
the women with recurrent abortion in this study. As devil’s
advocate it is also important to point out that there is no
guarantee that the recurrent abortion or preeclampsia did not
cause the resultant endothelial dysfunction rather than the
converse. The authors of the article make the point that they
were testing the relationship of the abnormal endothelial
function to recurrent abortion to avoid the possibility that the
vascular changes of preeclampsia would cause residual en-
dothelial damage. They felt that this would not happen with
recurrent abortion. This is reasonable, but again there is no
evidence that it is true. It is also possible that a normal
pregnancy improves cardiovascular function as indicated by
increased stroke volume that persists after normal pregnancy
and is further increased (and persists) with a subsequent
pregnancy.” Nonetheless, the suggestion that abnormal im-
plantation is associated with cardiovascular and perhaps
metabolic antecedents is well supported by the findings of the
group. From that perspective, the model presented in this
article was incorrect. However, there are differences found in
the study by Germain et al* between the women with former
preeclampsia and those with previous recurrent abortion that
support the contention that there are maternal characteristics
that predispose the abnormal implantation to lead to the
maternal syndrome of preeclampsia. The women with previ-
ous preeclampsia persisted with higher (but normal) blood
pressure than either women with previous normal pregnan-
cies or with recurrent abortion. Likewise, there was an excess
of cardiovascular disease in the fathers of women with a
history of preeclampsia. Thus, it does appear that the trans-
lation of reduced placental perfusion to the preeclampsia
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Maternal fetal/placental interactions in preeclampsia. Maternal
constitutional factors, such as endothelial dysfunction, lead to
abnormal remodeling of maternal vessels with subsequent
reduced placenta perfusion. The development of the maternal
syndrome of preeclampsia requires that reduced placental per-
fusion interact with maternal factors. These constitutional fac-
tors are the maternal characteristics that increase the risk of
cardiovascular disease in later life. They are modified by the
physiological changes of pregnancy.

syndrome and the abnormal implantation may both be dic-
tated by features of the maternal constitution but not neces-
sarily the same factors.

This new interpretation of the role of the maternal consti-
tution in implantation diseases raises 2 interesting questions.
First, what are the differences between women with abnor-
mal implantation that result or do not result in a maternal
syndrome of preeclampsia? Second, how do maternal consti-
tutional differences and, for the purposes of discussion of the
article by Germain et al,* endothelial dysfunction, result in
abnormal implantation and failed vascular remodeling of the
placental bed vessels?

Uterine artery Doppler velocimetry in the second trimester
is useful to predict preeclampsia, intrauterine growth restric-
tion, and preterm birth.® The abnormal Doppler pattern is
interpreted to indicate increased distal resistance secondary to
failed placental bed vascular remodeling. It is interesting that
not only are these implantation disorders predicted by the
abnormal Doppler findings but that ~50% of the women with
this finding go on to normal pregnancy outcome. Yet, even in
women with abnormal Doppler findings and normal out-
comes, there are measurable differences from women with
normal uterine artery velocimetry. Women with abnormal
Doppler velocimetry have an excess of low plasma ascorbate
concentrations,® increases in the concentration of the NO
antagonist asymmetrical dimethylarginine,'® and increased
frequency of an activating autoantibody for the angiotensin 1
receptor!! that are present more frequently in women with
preeclampsia. These are present regardless of outcome. Thus,
not only does reduced placental perfusion not always result in
preeclampsia, these data suggest that perfusion may be
reduced and still be associated with normal pregnancy out-
come. An interesting and important question is what deter-
mines the impact of reduced perfusion in a specific preg-
nancy? Also where do the physiological abnormalities

diverge to result in different outcomes? Perhaps studying
women with Doppler evidence of reduced placental perfusion
could help determine the sequence of the abnormalities
present in preeclampsia: metabolic changes, inflammation,
endothelial dysfunction, and so forth. Which of these are
necessary and which are sufficient for the several implanta-
tion disorders? Relevant to the article by Germain et al,* is
reduced placental perfusion associated with later life cardio-
vascular disease even when associated with normal preg-
nancy outcome?

If abnormal endothelial function is the deficit resulting in
failed remodeling, is there a logical mechanism? Endothelial
progenitor cells are reduced in preeclampsia.'> These cells are
also reduced with increasing cardiovascular risk and are felt
necessary for endothelial health. As advanced by Gammill
et al,'? it is possible that a deficiency of these cells could
result in failed vascular remodeling.

Although more questions are presented than answers pro-
vided, the insights from this study and the questions raised by
them direct us toward a new understanding of the relationship
of adverse pregnancy outcome and cardiovascular disease.

Source of Funding
Supported by National Institutes of Health grant POI-HD 030367
(to IM.R.).

Disclosures
None.

References

1. Irgens HU, Reisaeter L, Irgens LM, Lie RT. Long term mortality of
mothers and fathers after pre-eclampsia: population based cohort study.
BMJ. 2001;323:1213-1217.

2. Funai EF, Paltiel OB, Malaspina D, Friedlander Y, Deutsch L, Harlap S.
Risk factors for pre-eclampsia in nulliparous and parous women: the
Jerusalem perinatal study. Paediatr. Perinat. Epidemiol. 2005;19:59 —68.

3. Smith GC, Pell JP, Walsh D. Pregnancy complications and maternal risk
of ischaemic heart disease: a retrospective cohort study of 129,290 births.
Lancet. 2001;357:2002-2006.

4. Germain AM, Romanik MC, Guerra I, Solari S, Reyes MS, Johnson RJ,
Price K, Karumanchi SA, Valdes G. Endothelial dysfunction: a link
among preeclampsia, recurrent pregnancy loss, and future cardiovascular
events? Hypertension. 2007;49:90-95.

5. Roberts JM, Gammill HS. Preeclampsia: recent insights. Hypertension.
2005;46:1243-1249.

6. Hubel CA, Snaedal S, Ness RB, Weissfeld LA, Geirsson RT, Roberts JM,
Arngrimsson R. Dyslipoproteinaemia in postmenopausal women with a
history of eclampsia. Br. J. Obstet. Gynaecol. 2000;107:776-784.

7. Clapp JF, Capeless E. Cardiovascular function before, during, and after
the first and subsequent pregnancies. Am J Cardiol. 1997;80:1469—-1473.

8. Papageorghiou AT, Yu CK, Nicolaides KH. The role of uterine artery
Doppler in predicting adverse pregnancy outcome. Best Pract. Res. Clin.
Obstet. Gynaecol. 2004;18:383-396.

9. Chappell LC, Seed PT, Briley A, Kelly FJ, Hunt BJ, Charnock-Jones DS,
Mallet Al, Poston L. A longitudinal study of biochemical variables in
women at risk of preeclampsia. Am J. Obstet. Gynecol. 2002;187:
127-136.

10. Savvidou MD, Hingorani AD, Tsikas D, Frolich JC, Vallance P, Nico-
laides KH. Endothelial dysfunction and raised plasma concentrations of
asymmetric dimethylarginine in pregnant women who subsequently
develop pre-eclampsia. Lancet. 2003;361:1511-1517.

11. Walther T, Wallukat G, Jank A, Bartel S, Schultheiss HP, Faber R, Stepan
H. Angiotensin II type 1 receptor agonistic antibodies reflect fundamental
alterations in the uteroplacental vasculature. Hypertension. 2005;46:
1275-1279.

12. Gammill H, Lin C, Hubel CA. Endothelial progenitor cells and pre-
eclampsia. Frontier Biosci. In press.



