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REVIEW

Trophoblastic In jury: New Eti o log i cal and Patho log i cal Con cept of Preeclampsia

Naohiro Kanayama

De part ment of Ob stet rics and Gy ne col ogy, Hamamatsu Uni ver sity School of Med i cine, Hamamatsu, Ja pan

Aim. To an a lyze pub lished data re lated to mod ern in sight in the eti ol ogy of preeclampsia.

Methods. We an a lyzed 38 pub lished ar ti cles on the eti ol ogy of preeclampsia. The ar ti cles were iden ti fied by a com -
bined search of PubMed da ta base of the Na tional Li brary of Med i cine, USA, by us ing the key words “preeclampsia”
and “cause/eti ol ogy”. Full-text ar ti cles were re trieved from the li brary of Hamamatsu Uni ver sity School of Med i cine
and Ja pan’s li brary net work.

Re sults. Ac cord ing to the re ports, vasospasm and vas cu lar en do the lial in jury were two ma jor patho log i cal con di tions
of preeclampsia. They could be clas si fied into 4 types of uteroplacental cir cu la tion fail ure: 1) dis tur bance in the cir cu la -
tion from the aorta to the uter ine ar tery, 2) dis tur bance in the cir cu la tion of the spi ral ar tery, 3) dis tur bance in the cir cu la -
tion of the intervillous space, and 4) dis tur bance in the cir cu la tion of the uter ine vein re flux dis or der. Ma jor ves sel bed
of the uteroplacental unit con sists of trophoblast, not of en do the lial cells. More over, the trophoblast has many cel lu lar
func tions, such as en do the lial, im mune, neu ral, and hor monal, re sult ing in pro duc tion of var i ous vasoactive sub -
stances. Thus, trophoblastic in jury in duced by uteroplacental cir cu la tion fail ure could af fect and de te ri o rate the sys -
temic cir cu la tion of the mother, re sult ing in preeclamptic symp toms.

Con clu sion. The de vel op ment of preeclampsia could be en vi sioned as a se ries of events from uteroplacental cir cu la -
tion fail ure to trophoblastic in jury to vas cu lar en do the lial in jury or vasospasm. The con cept of “trophoblastic in jury at -
trib ut able to the uteroplacental cir cu la tion fail ure” can be a sign post for fur ther in ves ti ga tions into the eti ol ogy of
preeclampsia and type-spe cific treat ment of preeclampsia.
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Preeclampsia is a dis or der of un known eti ol ogy,
which oc curs only dur ing preg nancy and is char ac ter -
ized by ges ta tional hy per ten sion, fluid re ten tion, and
proteinuria (1). Vasospasm and vas cu lar en do the lial
in jury are two ma jor patho log i cal fea tures of pre -
eclampsia, which lead to the de vel op ment of hy per -
ten sion, proteinuria, and edema (2). Many fac tors are
in volved in vasospasm and vas cu lar en do the lial in -
jury: endothelin pro duc tion is in creased (3), ni tric ox -
ide pro duc tion is im paired (4), prostacyclin level is
de creased (5), and cel lu lar fibronectin con cen tra tion
is in creased (6). As far as the eti ol ogy of preecla mpsia
is con cerned, there are many hy poth e ses. Pla cen tal
hypocirculation and hypoxia (7,8), poor in va sion of
extravillous trophoblast (9,10), dis or der of an gio ten -
sin sys tem (11), stim u la tion of sym pa thetic ner vous
sys tem (12), in su lin re sis tance (13), and throm bo -
philia (14) are sus pected to play a role in the or i gin of
preeclampsia. How ever, there has been no com mon
hy poth e sis which could ex plain these var i ous pa tho -
log i cal and pathophysiological changes ac com pa ny -
ing the dis or der.

The ma ture pla centa con sists of 15-20 cot y le -
dons, each be gin ning with the prin ci pal villus, which
di vides into four villi of the first line. First-line villi di -
vide into the next 10-12 villi of the sec ond line, which 
end in so-called ter mi nal villi. Some ter mi nal villi pro -
trude freely in the intervillous space, whereas oth ers
are at tached to the decidua, thus giv ing the sta bil ity to 
the pla centa. Ma ter nal blood flows through the inter -
villous space, and fe tal blood flows through the vil -
lous stroma. For pla cen tal func tion to be nor mal, it is
es sen tial that all struc tures of ma ter nal and fe tal cir cu -
la tion de velop nor mally, ie, uteroplacental or hemo -
chorionic mem brane, which con sists of tro pho blast,
villous stroma, col la gen fi bers, and cap il lary en do the -
lium (15). These struc tures un dergo qual i ta tive and
quan ti ta tive changes on ac count of in creased nu tri -
tional, re spi ra tory, and hor monal needs of the fe tus as
the end of the preg nancy ap proaches.

Uteroplacental mem brane thick ens, al low ing a
close con tact be tween ma ter nal blood in the inter -
villous space and fe tal blood in the villi. Ev ery patho -
log i cal pro cess af fect ing trophoblast, villous stroma,
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col la gen fi ber, or cap il lary en do the lium in the pla -
centa can re sult in patho log i cal con di tion if not de -
tected on time.

Mother’s ad ap ta tion to preg nancy is a com plex
pro cess re sult ing in bi o log i cal changes of the great est
im por tance for the ap pro pri ate per fu sion of the feto-
 pla cen tal unit. Be cause of the lack of au ton o mous
con trol, feto-pla cen tal unit mostly de pends on the re -
lease of vasoactive sub stances, which are ei ther pro -
duced lo cally in the en do the lial cells or trans ported
by blood cir cu la tion. Preg nancy can in duce hy per ten -
sion in normotensive women or make al ready ex is -
tent hy per ten sion worse (16). Proteinuria can ac com -
pany hy per ten sion (1). In ne glected pa tients, this con -
di tion can evolve into the most se vere form –
eclampsia.

Preeclampsia is ac com pa nied by in creased ma -
ter nal, fe tal, and neo na tal mor tal ity (16). It mostly ap -
pears in the first preg nancy, mul ti ple preg nan cies,
mo lar preg nancy, and in preg nant women with pre-
 ex i s tent vas cu lar dis or ders (16,17). Al though the dis -
or der has been known for a long time, the pathophy -
siological pro cesses lead ing to its de vel op ment are
still un clear.

The aim of this sys tem atic re view was to es tab -
lish the com mon con cept of eti ol ogy of preeclampsia, 
based on the anal y sis of pub lished sci en tific med i cal
ar ti cles, with a hy poth e sis that trophoblastic in jury in -
duced by uteroplacental cir cu la tion fail ure could be a 
ma jor cause of preeclampsia.

Ma te rial and Methods

I an a lyzed 78 ar ti cles on the eti ol ogy and patho physi olo gy
of preeclampsia, pub lished in the in ter na tional jour nals be tween
mid-1960’s and 2002. The ar ti cles were iden ti fied by com bined
search of PubMed da ta base (Na tional Li brary of Med i cine). For
the search, we used “preeclampsia” and “eti ol ogy/patho physi -
ology” as key words. Forty pa pers pub lished in a lan guage other
than Eng lish were ex cluded from the study, and the re main ing 38 
pa pers were in cluded in the anal y sis (Ta ble 1). The se lected ar ti -
cles in the full-text for mat were re trieved from the li brary of
Hamamatsu Uni ver sity School of Med i cine and Ja pan’s li brary
net work. The ar ti cles we an a lyzed cov ered pathophysi ology of
preeclampsia, an i mal ex per i ments, pre clin i cal stud ies, and case
re ports. The se lected 38 ar ti cles were di vided into 2 groups: re -
ports on the pathophysiology of preeclampsia and re ports on
uteroplacental cir cu la tion or other topic. There were 24 pa pers
on uteroplacental cir cu la tion, which were fur ther an a lyzed.

Re sults

Ac cord ing to the 38 an a lyzed ar ti cles on pre -
eclampsia (Ta ble 1), vasospasm and vas cu lar en do -
the lial in jury were the two ma jor patho log i cal path -
ways for the de vel op ment of preeclampsia. Other

stud ies also re ported sim i lar find ings (2,3,16,17). It
seems that uteroplacental cir cu la tion fail ure is in -
volved in both con di tions and that it can de velop at 4
sites or lev els: uter ine ar tery, spi ral ar tery, intervillous
space, and uter ine vein. Fur ther more, ac cord ing to
the re ports, the ma jor ves sel bed of the uteroplacental 
unit con sists of the trophoblast rather than en do the lial 
cells. Thus, trophoblastic in jury in duced by uteropla -
cental cir cu la tion fail ure could af fect and im pair the
sys temic cir cu la tion, re sult ing in preeclamptic symp -
toms.

Vasospasm
The vasospasm re sults from an im bal ance be -

tween vasoconstrictive and vasodilative sub stances,
with vasoconstriction pre dom i nat ing in the case of
preeclampsia. Vasoactive sub stances in volved in the
vasospasm in preeclampsia are catecholamine, ni tric
ox ide, endothelin, se ro to nin, prostaglandins, and an -
gio ten sin II.

Catecholamines. Catecholamines are vaso con -
stric tors and ac ti va tors of sym pa thetic ner vous sys -
tem. In creased con cen tra tion of a2-adrenoreceptors
on plate lets and higher ac tiv ity of sym pa thetic ner -
vous sys tem as mea sured in the peroneal mus cle im -
ply that sym pa thetic ner vous sys tem is more ac tive in
preeclampsia (12). Among other vasoconstrictive sub -
stances, neuropeptide Y is also in creased in pre -
eclampsia (18).

Ni tric ox ide. Syn thetic ac tiv ity of ni tric ox ide, a
po tent vasodilator, and its me tab o lites is sup pressed
in preeclampsia (19). Also, an i mals ad min is tered
NG- ni tro- L-arginine methyl es ter (LNAME), an in hib i -
tor of ni tric ox ide syn the sis, de velop a preeclampsia-
 like patho log i cal con di tion (19). These find ings in di -
cate that de crease in ni tric ox ide could ac count for
vasospasms, sug gest ing gen eral im pair ment of vaso -
dilative sys tem in preeclampsia.

Endothelin-1. This is one of the three po tent
vaso co nstrictive sub stances – endothelin-1, endothe -
lin-2, and endothelin-3 – pro duced in the vas cu lar en -
do the lium. Bind ing of endothelin-1 to endothelin-re -
cep tors on the vas cu lar smooth mus cle cells ac ti vates
phospholipase C, which leads to the in crease in
intracellular cal cium con cen tra tion and con trac tion
of the smooth mus cle. The blood con cen tra tion of
endothelin-1 is in creased in se vere preeclampsia and
HELLP (hemolysis, el e vated liver en zyme syn drome,
and low platelet) syn drome. Endothelin-1 is likely to
be in volved in pro gres sion of preeclampsia, but it is
un known whether the sub stance is in volved in the
early stage of the de vel op ment of the dis or der.
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Ta ble 1. Char ac ter is tics of 38 ar ti cles on preeclampsia eval u ated in this review
Topic of the article Type of the study Reference No.

Pathophysiology of preeclampsia: reviews 2,3,4,5,16
 vasospastic mediators (catecholamine, NO, endothelin,
  serotonin, PGs, angiotensin II)

review and clinical studies 4,5,15

 endothelial injury (platelets, white blood cells) review, cross-sectional studies, and clinical studies 2,3,6
Uteroplacental circulation: 7,8
 uterine artery constriction basic and clinical studies 11,12,13,17,18,19,30
 invasion of trophoblast basic and clinical studies 9, 10,31
 villous proliferation basic and clinical studies 33,34,35,36,37
 thrombophilia and pregnancy case reports and clinical studies 14,42,43
 uterine vein reflux disorder case reports and clinical studies 26,27,38



Se ro to nin. Plate lets con tain large amounts of this 
sub stance and re lease it into the blood cir cu la tion
when ac ti vated. The con cen tra tion of se ro to nin me -
tab o lite 5-hydroxy tryptophan (5-HT) is in creased in
preecla mpsia and ad min is tra tion of ketanserin, a se -
ro to nin type-2 re cep tor blocker, is re ported to be an
ef fec tive treat ment of preeclampsia (20).

Prostaglandins. In preeclampsia, pro duc tion of
vasodilative sub stance pros ta glan din I2 in the vas cu lar 
en do the lial cells is de creased, whereas the pro duc -
tion of thromboxane A2 is in creased. This im bal ance
changes the ves sel tone, re sult ing in vasospasm. It
pro vides a the o ret i cal back ground for low dose as pi -
rin ther apy (21).

An gio ten sin II. An gio ten sin II di rectly acts on the
vas cu lar smooth mus cle and stim u lates the sym pa -
thetic ner vous sys tem. In ad di tion, it in creases blood
pres sure through se cre tion of aldosterone and en -
large ment of so dium re serves. In preeclampsia, de -
pressed re sponse to A-II re cep tor is stron ger and
causes vasoconstriction. Re cently, sev eral stud ies re -
ported on an gio ten sin II and an gio ten sin II re cep tor
gene mu ta tions in women with preeclampsia (22,23).

Vas cu lar En do the lial In jury
Platelet ac ti va tion, in creased blood co ag u la tion,

and ac ti va tion of white blood cells all cause vas cu lar
en do the lial in jury.

Platelet ac ti va tion and in creased blood co ag u la -
tion. He ma tol o gists sug gest that preeclampsia could
be viewed as a chronic dis sem i nated intravas cu lar co -
ag u la tion re sult ing from ex ces sive pro duc tion of
thrombin due to platelet ac ti va tion and ag gre ga tion.
Thus, blood co ag u la tion on the vas cu lar en do the lium 
can be re spon si ble for vas cu lar en do the lial in jury.
Clin i cal symp toms (hy per ten sion, proteinuria, and
edema) of preeclampsia closely cor re late with blood
co ag u la tion (24).

Ac ti va tion of white blood cells. White blood
cells pro duce free rad i cals on stim u la tion. In pre -
eclampsia, neu tro phils are ac ti vated and pro duce free 
rad i cals to in crease lipid per ox ides. In ad di tion, ac ti -
va tion of white blood cells causes in creased re lease of 
elastase or in flam ma tory cytokines. These fac tors are
also closely as so ci ated with oc cur rence of vas cu lar
en do the lial in jury (25).

Vasospasm in duces ac ti va tion of plate lets, white
blood cells, and the blood co ag u la tion sys tem, which
re sults in the re lease of me di a tors and vas cu lar en do -
the lial in jury. On the other hand, vas cu lar en do the lial 
in jury in duces pro duc tion of vasoconstrictive sub -
stances, thus help ing fur ther vasospasm. Thus, vaso -
spasm and vas cu lar en do the lial in jury en hance each
other’s ef fects.

New Eti ol ogy of Preeclampsia – Trophoblast
In jury In duced by Uteroplacental Cir cu la tion
Fail ure

Whereas the sys temic vasospasm and vas cu lar
en do the lial in jury are pri mary patho log i cal con di -
tions of preeclampsia, the uteroplacental cir cu la tion
at tracts at ten tion as a pos si ble cause of preeclampsia.
It has been ob served that the trophoblast in vades

decidua and uter ine mus cle. If the in va sion is deep,
en do the lial cells of the spi ral ar ter ies con vert to
trophoblast, which re sults in di la ta tion of spi ral ar ter -
ies. If the in va sion is shal low, en do the lial cells of the
spi ral ar ter ies can not con vert to the trophoblast and
the cir cu la tion in intervillous space is de creased
(9,10). Throm bi that are formed in the intervillous
space and spi ral ar ter ies in the pla centa of pa tients
with preeclampsia cause uteroplacental cir cu la tion
fail ure. Since preeclampsia dis ap pears soon af ter the
de liv ery of the pla centa, uteroplacental cir cu la tion
fail ure must be taken into ac count as an im por tant eti -
o log i cal fac tor. The blood in uteroplacental cir cu la -
tion co mes from the aorta through the uter ine ar tery
and spi ral ar ter ies to the intervillous space, and then
leaves the intervillous space through the uter ine vein
to the re nal vein and fi nally the in fe rior vena cava
(Fig. 1). 

There are some well-known risk fac tors for pre -
eclampsia as well as clin i cal cases in which preeclam -
psia fre quently oc curs. We in ves ti gated the clin i cal
cases where preeclampsia was li a ble to oc cur and an -
a lyzed the uteroplacental cir cu la tion (18,27,28). Our
hy poth e sis was that preeclampsia is a patho log i cal re -
sult of uteroplacental cir cu la tion fail ure.

Dis tur bance in Aorta-to-Uter ine Ar tery
Cir cu la tion 

When the cir cu la tion from the aorta to the uter -
ine ar tery is dis turbed, a vasoconstricting con di tion
de vel ops, re sult ing in de creased blood sup ply to the
intervillous space (Fig. 2). This dis tur bance is caused
by in su lin re sis tance, ab nor mal sen si tiv ity to an gio -
ten sin, ac ti va tion of the sym pa thetic ner vous sys tem,
and chronic hy per ten sion (ar te rio scle ro sis).

In su lin resistance. Preeclampsia is quite of ten ac -
com pa nied by in su lin re sis tance (13). In su lin re sis -
tance is a state of lower in su lin in take and, in most
cases, a syn onym for hyperinsulinemia. The chronic
hyperinsulinemia causes thick en ing of smooth mus -
cle and ar te rio scle ro sis, which leads to the nar row ing
of the ar ter ies and hy per ten sion. Ex ces sive or ir reg u -
lar in ges tion of car bo hy drates in duces a con di tion of
sus tained hyperin sulinemia, re sult ing in in su lin re sis -
tance.
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Fig ure 1. Nor mal uteroplacental cir cu la tion.



Ab nor mal sen si tiv ity to angiotensin. In preec -
lam p sia, im paired re sponse to an gio ten sin is more
pro nounced and elas tic ity of ves sels is de creased. In
ad di tion, preeclampsia is more fre quent in cases of
ab nor mal ge netic cod ing for the an gio ten sin re cep -
tors (22,23).

Ex ces sive ac ti va tion of sym pa thetic nerve system 
(hyperthyroidism and stress). When preg nant an i mals 
are stim u lated by var i ous types of stress, symp toms
sim i lar to preeclampsia oc cur (28). Stress can be a
trig ger for the sym pa thetic ner vous sys tem to cause
vasoconstriction. Chronic stress de creases the utero -
placental cir cu la tion. In ad di tion, preeclampsia is of -
ten a com pli ca tion of hyper thyroidism. Thy roid hor -
mones may stim u late the ac tiv ity of the sym pa thetic
ner vous sys tem and dis turb the uteroplacental cir cu -
la tion. It is known that preg nant women with the pos i -
tive roll-over test de velop preeclampsia more of ten
(29). Some cases of pre eclampsia may be caused by
the stim u la tion of the ner vous sys tem or large ves sels
by en larged preg nant uterus.

Chronic hy per ten sion (ar te rio scle ro sis). Ar te rio -
scle ro sis, such as in es sen tial hy per ten sion, de creases
the blood flow through the uter ine ar tery, re sult ing in
the uteroplacental cir cu la tion fail ure. Many cases of
mixed preeclampsia fall un der the cat e gory of utero -
placental cir cu la tion fail ure. As men tioned above, the 
ar te rial cir cu la tion fail ure can be a caus ative fac tor for
preeclampsia. Ac tu ally, a sur gi cal stric ture of the uter -
ine ar tery or aorta in preg nant an i mals in duces symp -
toms of preeclampsia (30). In ad di tion, chronic stim u -
la tion of the ab dom i nal sym pa thetic gan glia or chro -
nic cold stim u la tion of the rats also in duces chronic
hypersympathetic ner vous con di tion, re sult ing in a
patho log i cal preeclampsia-like con di tion (28). This is
prob a bly the re sult of the stim u la tion of sym pa thetic
ner vous sys tem, which con stricts the uter ine ar tery
and even tu ally leads to the uteroplacental cir cu la tion
fail ure. Such de vel op ment of the uteroplacental cir cu -
la tion fail ure fol lowed by preeclampsia, at trib ut able
to the re duc tion in the ar te rial blood flow to the uter -
ine ar tery, has been con firmed in an i mal mod els (30).

Ab nor mal Spi ral Ar tery

In nor mal preg nancy, the trophoblast in vades
deep into uter ine tis sue, mi grat ing into the smooth
mus cle and vas cu lar endothelia of the spi ral ar tery.
The smooth mus cle dis ap pears, which leads to the di -
la ta tion of the spi ral ar tery. Con se quently, the amount 
of blood that sup plies the intervillous space in creases. 
Re cent stud ies have dem on strated that preeclampsia
fre quently oc curs in cases where trophoblast in suf fi -
ciently in fil trates uter ine tis sue and walls of spi ral ar -
ter ies (9,10,31). When the trophoblast in fil tra tion is
shal low, the spi ral ar ter ies do not di late and the blood 
flow through the intervillous space re mains small,
caus ing uteroplacental cir cu la tion fail ure (Fig. 3). The
rea son why the in va sion of the trophoblast is sup -
pressed is not yet clear, al though this shal low tro -
phoblastic in va sion is con sid ered one of the eti o log i -
cal fac tors in many cases of preeclampsia. In ad di tion, 
preeclampsia is char ac ter ized by fe tal de vel op ment
de fi ciency.

Villous Pro lif er a tion and Hy per pla sia

Ex ces sive villous pro lif er a tion and hy per pla sia
nar row the intervillous space, re duc ing the blood
flow in the intervillous space and lead ing to utero -
placental cir cu la tion fail ure (Fig. 4).

Hydatidiform mole. When hydatidiform mole re -
mains un til the sec ond tri mes ter, a preeclampsia-like
symp toms of ten oc cur. A pos si ble patho log i cal con di -
tion in which vil lous pro lif er a tion nar rows the inter -
villous space, lead ing to clot for ma tion, re duc tion in
uteroplacental cir cu la tion, and uteroplacental cir cu -
la tion fail ure, could ex plain the de vel op ment of
preeclampsia (32).

Preg nancy com pli cated by diabetes. It is widely
known that di a be tes is of ten as so ci ated with oc cur -
rence of preeclampsia and that preg nant women with
di a be tes of ten have a gi ant pla centa (33). The tro pho -
blast ac tively grows in the gi ant pla centa, prob a bly
nar row ing the intervillous space and lead ing to
uteroplacental cir cu la tion fail ure. This re sem bles the
mech a nism for hydatidiform mole caus ing preeclam -
psia. The ex act mech a nism of gi ant pla centa in di a -
betic preg nancy is un known. How ever, it is sug gested 
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Fig ure 2. Dis tur bance in uteroplacental cir cu la tion be tween 
the aorta and the uter ine ar tery.

Fig ure 3. Dis tur bance in uteroplacental cir cu la tion in the
spi ral ar tery.



that hyperinsulinemia or high lev els of in su lin-like
growth fac tor in di a be tes could be one of the mech a -
nisms in volved.

Ballantyne syndrome (mirrors syndrome). This is
a syn drome lead ing to pla cen tal hy per tro phy, fe tal
hydrops or preeclampsia, and so-called tri ple edema
syn drome or mir rors syn drome, be cause of the fe tal
hydrops, pla cen tal hydrops (hy per pla sia) or ma ter nal
hydrops (34). In the re cent case of Ballantyne syn -
drome, the re lease of higher con cen tra tions of hu man 
cho ri onic go nad o tro pin (hCG) from the trophoblast
has been found, in di cat ing that Ballantyne syn drome
is a state of ex ces sive pro lif er a tion of the trophoblast
(35). It is sug gested that pre eclam psia as so ci ated with
Ballantyne syn drome de creases blood cir cu la tion in
the intervillous space be cause of ex ces sive pro lif er a -
tion of trophoblast, lead ing to the de vel op ment of
uteroplacental cir cu la tion fail ure. We have re cently
found that the villous cells grow ex ces sively in mice
whose cyclin-de pend ent kinase in hib i tor p57kip2
pro tein has been de ac ti vated (36). These mice have a
preeclampsia-like patho log i cal con di tion and could
be viewed as mod els of Bal lan tyne syn drome or
preeclampsia ob served in hydati di form mole (37).

Thrombogenesis in Intervillous Spaces
(Thrombophilia) 

Thrombophilia re fers to a con gen i tal or ac quired
con di tion of hyperproduction of thrombin, which
leads to thromb for ma tion. Thrombophilia is fre -
quently as so ci ated with preeclampsia (14). Con gen i -
tal thrombophilia in cludes ab nor mal ity in the blood
co ag u la tion fac tor V, an gio ten sin-III de fi ciency, pro -
tein S de fi ciency, and homocystinemia. On the other
hand, ac quired thrombophilia is rep re sented by anti-
 phospholipid an ti body syn drome. The tropho blast
con tains in creased amount of neg a tively charged
pho s pholipids in the phospholipid com po nents of cel -
lu lar mem branes, which are li a ble to cause blood
coagulation, as com pared to the vas cu lar en do the -
lium. Slow blood flow in the intervillous space also
assists thrombogenesis. Thus, pa tients with thrombo -
philia ap pear to have blood clots in the trophoblast,
which lead to uteroplacental cir cu la tion fail ure (Fig. 5).

Uter ine Vein Re flux Dis or der
If a patho log i cal con di tion com pro mises blood

flow from the intervillous space back into the ma ter -
nal sys temic cir cu la tion and blocks the out let of the
uteroplacental cir cu la tion, blood is re tained in the
uter ine vein and the uteroplacental cir cu la tion fail ure
oc curs (Fig. 6). Most prob a bly, blood will be re tained
in the vein from the left ovary to the left kid ney, lo -
cated be tween the uter ine vein and in fe rior vena
cava. The left re nal vein crosses over the aorta and
can eas ily be com pressed by the preg nant uterus. In
the an a tom i cally ab nor mal cases where the left re nal
vein passes un der the aorta, ev ery preg nancy causes
preeclampsia (38). It is also known that con ges tion
can de velop in the left re nal kid ney vein if there is a
shunt be tween the por tal vein and the left re nal vein,
which leads to preeclampsia (26). In our hands, a
mag netic res o nance angiogram of the re peated type
of early-on set preeclampsia and a venogram of the left 
re nal vein re vealed di la tion of the left re nal and ovar -
ian veins (Fig. 7). The left re nal venogram in di cated
that blood was con gested in the left re nal vein, not
reach ing the in fe rior vena cava but flow ing into the
hemiazygos vein. In this clin i cal case with ab nor mal
blood re flux in the left ovar ian vein, the utero -
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Fig ure 4. Dis tur bance in uteroplacental cir cu la tion in the
intervillous space due to villous pro lif er a tion and hy per pla -
sia. 

Fig ure 5. Dis tur bance in uteroplacental cir cu la tion in the
intervillous space due to thrombophilia. 

Fig ure 6. Dis tur bance in uteroplacental cir cu la tion due to
the uter ine vein re flux dis or der.



placental cir cu la tion was pre sumed also to be bloc -
ked. In preeclampsia at trib ut able to the uter ine vein
ab nor mal ity, proteinuria-dom i nated preeclam psia is
fea tured with prom i nent di la ta tion of the left re nal
vein (27). More over, it is easy to find the ma ter nal left
re nal vein by putt ing the ul tra sound probe on the uter -
ine fundus in the sec ond or third tri mes ter. From these 
view points, the fol low-up of the ma ter nal left re nal
vein at rou tine ex am i na tions for preg nant women is
im por tant for early de tec tion of preeclam psia.

Dis cus sion

Al though a num ber of etiologic fac tors have
been pro posed, our new hy poth e sis of eti ol ogy of
preeclampsia – uteroplacental cir cu la tion fail ure – is
close to the pre vi ous the ory of pla cen tal ischemia
(7,8). Any dis or der or dis tur bance of blood flow in the 
uteroplacental cir cu la tion from the uter ine ar tery to
the uter ine vein will re sult in uteroplacental cir cu la -
tion fail ure. Preeclampsia can be ex plained by the
uteroplacental cir cu la tion fail ure in most cases, but
not in all. It is known that, in some cases, HELLP syn -
drome and eclampsia oc cur in pu er peral pe riod.
These events are dif fi cult to ex plain by the uteropla -
cental cir cu la tion fail ure, how ever, many cases of
preeclampsia (hy per ten sion plus proteinuria) could
be ex plained by the trophoblast in jury due to the
uteroplacental cir cu la tion fail ure.

We could say that the re search in the eti ol ogy of
preeclampsia re sem bles a blind man touch ing the el e -
phant. We be lieve that we have es tab lished the com -
mon eti o log i cal con cepts for preeclampsia: “tro pho -
blastic in jury”. Trophoblastic in jury me di ates be -
tween the uteroplacental cir cu la tion fail ure and leads
to preeclampsia ac com pa nied by hy per ten sion or
proteinuria (Fig. 8). “Trophoblastic in jury” is con sid -
ered to in duce the sys temic vas cu lar en do the lial im -
pair ment and vasospasm. The most im por tant fact is
that the trophoblast oc cu pies the ma jor part of the
vas cu lar bed for uteroplacental cir cu la tion. In utero -
pla cental cir cu la tion, blood is in di rect con tact not
with the vas cu lar en do the lial cells but with the
trophoblast in the ves sels orig i nat ing from the spi ral
ar tery to the part of the uter ine vein. In the spi ral ar tery 
and uter ine vein, extravillous trophoblast is in con tact 
with ma ter nal blood (Fig. 1). Thus, extra villous and
intravillous trophoblast has a role of the en do the lium
(Fig. 1). There fore, uteroplacental cir cu la tion fail ure
even tu ally causes “trophoblastic in jury” rather than
vas cu lar en do the lial in jury.

Which sub stances are pro duced dur ing the tro -
phoblastic in jury? Gratton et al (39) have re cently re -
ported that the supernatant from the trophoblast cul -
tures un der a hypoxic con di tion causes spasms of the
ar te ri oles, sug gest ing that the trophoblast pro duces
vasoconstrictive sub stances in large quan ti ties.

Trophoblast Char ac ter is tics 
Neu ral func tions. The trophoblast pro duces var i -

ous neuropeptides, in clud ing neurokinin and corti co -
tropin re leas ing hor mone (40). The trophoblast also
ex presses the re cep tors of nerve-stim u lat ing sub -
stances, in clud ing neuropeptide Y re cep tors. In ad di -
tion, no re pinephrine is pro duced from the villous
cells (41). In case of the uteroplacental cir cu la tion fail -
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Fig ure 7. Mag netic res o nance angiogram (MRA) of re peated 
early-on set preeclampsia and a venogram of the left re nal
vein (LRN). Ab nor mal blood re flux in the left ovar ian vein
(LOV) and the uteroplacental cir cu la tion are vis i ble. A. The
MRA im age shows di la tion of the left re nal and ovar ian
veins. ROV – right ovary vein. B. The left re nal venogram
in di cated that blood was con gested in the left re nal vein,
not reach ing the in fe rior vena cava (IVC) but flow ing into
the left hemiazygos vein. 

A
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circulation failure of aorta and uterine artery

abnormal spiral artery

villous proliferation thrombophilia

uterine vein reflux disorder

uteroplacental circulation failure

trophoblast injury

vascular endothelial injury/vasospasm

preeclampsia

Fig ure 8. Sug gested pathophysiological path way, eti ol ogy,
and pa thol ogy of preeclampsia.



ure, the tro pho blast pro duces more of these neuro -
genic vaso ac ti ve sub stances, which en ter the ma ter -
nal sys temic vas cu lar sys tem.

Vas cu lar endothelial func tions. The trophoblast
clearly has the vas cu lar en do the lial func tions. Ni tric
ox ide and endothelin pro duc tion sys tems are pres ent, 
while the re duc tion in ni tric ox ide pro duc tion and in -
crease in endothelin pro duc tion are ob served un der
the uteroplacental cir cu la tion fail ure, as in the case of
or di nary vas cu lar en do the lial dis or der. Ni tric ox ide
binds to sol u ble guanylate cyclase in the cy to plasm of 
the vas cu lar smooth mus cle to pro duce cy clic guano -
sine monophosphate (cGMP) and re duce the intracel -
lular cal cium con cen tra tion to re lax the smooth mus -
cle. Ni tric ox ide is pro duced also in the tropho blast.
The con cen tra tion of the ni tric ox ide me tab o lites in
pa tient’s blood with preeclampsia is re duced, sug -
gest ing that ni tric ox ide pro duc tion mech a nism in the
tropho blasts may be dis turbed not only in preeclam -
psia but also in vas cu lar en do the lial dis or der. In ad di -
tion, thrombin re cep tors and thrombomodulin are
pres ent in the vas cu lar en do the lium, where blood
clots are formed in the trophoblast in jury. Pro duc tion
of vasodilatatory fac tor prostacyclin in the trophoblast 
de creases.

Cells with many negatively charged phospholi -
pids on the surface. Neg a tively charged phospholipi -
ds, such as phosphatidylserine or ethanolamine, are
al ter na tively ex pressed on the trophoblast cel lu lar
sur face (42). Such neg a tively charged phospholipids
are also ex posed on the ep i the lial cells of the small in -
tes tine, in di cat ing a char ac ter is tic of cells in volved in
the ac tive trans port. Usually, these neg a tively charged
phospholipids ex posed on the cel lu lar sur face ac ti -
vate blood co ag u lat ing fac tors V and X to pro duce fi -
brin. How ever, the villous cells carry anti-co ag u lant
pro teins, such as annexin V, on their sur face to pre -
vent blood co ag u la tion (43). When these pro teins are
re duced for any rea son, blood co ag u la tion im me di -
ately starts on the cel lu lar mem brane. This means that 
cells con sti tut ing the trophoblast are very prone to
caus ing blood co ag u la tion. In ad di tion, plasminogen
ac ti va tor in hib i tor I (PAI-1) pro duc tion is known to be
pro moted un der hypoxic con di tions. A re duc tion in
fibrinolytic ac tiv ity is as so ci ated with the pro mo tion
of thrombogenesis.

En do crine cells. The trophoblast pro duces var i -
ous hor mones: ste roid hor mones, such as es tro gen,
pro ges ter one, and cortisol and pro tein hor mones,
such as hu man cho ri onic go nad o tro pin (hCG) and
hu man pla cen tal lactogen (HPL). Re cently, leptin was 
also found to be pro duced in the trophoblast (44).
Leptin is not only in volved in lipid me tab o lism, but
also stim u lates pro duc tion of neuropeptide Y to ac ti -
vate the sym pa thetic ner vous sys tem. In pa tients with
preeclampsia, it is known that leptin pro duc tion in
the trophoblast is in creased. Adrenomedullin is also
pro duced by trophoblast. Re duced pro duc tion of
adre no me dullin is re ported in pa tients with cir cu la -
tion fail ure (45). Re duc tion in adrenomedullin may
be as so ci ated with dis or ders in the vas cu lar di la ta tion
sys tem. In uteroplacental cir cu la tion fail ure, vaso acti -
ve hor mones from the trophoblast are sug gested to be 
pro duced in larger amounts.

Immunocytes. Pro duc tion of in flam ma tory cyto -
kines, such as interleukin-1 (IL-1) and tis sue ne crotic
fac tor (TNF), in the trophoblast in creases un der hypo -
xic con di tions, prob a bly caus ing vas cu lar en do the lial 
in jury. In fact, the con cen tra tion of cytokines in amni -
otic fluid is in creased in pa tients who later de velop
preeclampsia. This sug gests that the trophoblast form -
ing the vas cu lar bed pro duces and re leases the in flam -
ma tory cytokines un der the uteroplacental cir cu la tion 
fail ure.

All to gether, the trophoblast has many func tions
and may sud denly, upon ex po sure to an ischemic or
hypoxic con di tion, start to pro duce and lib er ate var i -
ous sub stances, from en do the lial and nerve-de rived
sub stances to hor mones and blood co ag u la tion ac ti -
va tors. A num ber of vasoactive sub stances may be re -
leased in large amounts as the re sult of the tropho -
blast dis or der, as op posed to the gen eral vas cu lar en -
do the lium. Con se quently, the vas cu lar en do the lium-
 dam ag ing sub stances and vasoactive sub stances are
sug gested to sys tem i cally cir cu late, caus ing hy per ten -
sion or proteinuria. Hereby fol lows a di a gram pre -
sent ing a se ries of events (from uteroplacental cir cu la -
tion fail ure to trophoblastic in jury to vas cu lar en do -
the lial in jury/vasospasm), which could be in volved in 
the de vel op ment pro cess of preeclampsia.

Sug gested Treat ment
Preeclampsia should be in di vid u ally treated. For

preeclampsia at trib ut able to the vasoconstriction of
the uter ine ar tery, vaso di la tors should be ad min is -
tered. For preeclampsia at trib ut able to the ab nor mal
spi ral ar ter ies, no ef fec tive treat ment mo dal i ties have
been avail able so far. For the treat ment of thrombo -
philia, ex ces sive villous pro lif er a tion or ab nor mal ve -
nous re flux, an ti co ag u lants may be de sir able. In terms 
of our the ory, the in di vid ual ther apy for preeclampsia
could be pos si ble. Al though preeclampsia has long
been a dis ease of un known cause, eti ol ogy of fac tors
in volved in the de vel op ment of the typ i cal preeclam -
psia clin i cally ac com pa nied by hy per ten sion, protei -
nuria, and fe tal growth re stric tion could be nar rowed
down to the pla centa. Many stud ies on the eti ol ogy of
preeclampsia were fo cused on a sin gle fea ture of the
dis or der, thus miss ing the whole pic ture. We hope
that the con cept of “trophoblastic in jury at trib ut able
to the uteroplacental cir cu la tion fail ure” could serve
as a sign post for fur ther re search in the eti ol ogy of
preeclampsia.
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