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The authors hypothesized that preeclampsia may
change the phenotype of umbilical cord vessels.
Segments of umbilical cords were obtained from
29 pregnant women (20 healthy and 9 with
preeclampsia), which were histomorphometrically
assessed. Birth weight was 2928�613 g for the
control group vs 1749�656 g for the preeclamp-
sia group (P<.0001). A significantly shorter
gestational period was noted in the preeclampsia
group: 35 weeks vs 39 weeks in the healthy
group. Measurements of the outer layer area
(116.4�55 lm2 vs 56.5�25 lm2; P=.0038), the
inner layer area (63.1�16 lm2 vs 28.6�8 lm2;
P<.0001), the lumen area (8.4�1 lm2 vs
3.4�2 lm2; P=.0003), and the wall ⁄ lumen ratio
(20.3�9 vs 3.1�0.6; P<.0001) of arteries were
significantly larger in the preeclampsia umbilical
cords. Concerning veins, the wall ⁄ lumen ratio
was higher in the preeclampsia group. In this
study, the umbilical cord in preeclampsia showed
significant changes in the structure of umbilical

arteries, with increases in wall areas and wall ⁄
lumen ratios. J Clin Hypertens (Greenwich).
2011;13:30–34. ª2010 Wiley Periodicals, Inc.

Preeclampsia is a common complication of
pregnancy characterized by systemic endothe-

lial dysfunction and is usually diagnosed by the
appearance of hypertension and proteinuria.1,2

The association between reduced fetal growth
rate, small body size at birth, and a later risk of
disease are the long-term consequences of fetal
adaptive responses,3,4 following the developmen-
tal-origins hypothesis.5 Prematurity, independent
of the size at gestational age, has been associated
with insulin resistance and glucose intolerance in
prepuberal children4,6,7 that may track into
young adulthood and may be linked with ele-
vated blood pressure.8 New studies now demon-
strate that lower birth weight is associated with
narrower retinal arterioles,9 narrower bifurcation
angle,10 and higher retinal vessel tortuosity,11

providing evidence that fetal origins of cardiovas-
cular disease may partly be mediated by the
microcirculation. It remains unclear whether the
association is mediated through poor fetal growth
or short gestational duration. However, given the
strong correlation between duration of gestation
and birth weight, it is possible that the associa-
tion between low birth weight and disease
may be linked in part to preterm birth. The
umbilical cord is the nexus between the fetus and
the placenta, thus the umbilical vessel configura-
tion may be an indicator of fetal status.
The objective of this study was to analyze the
structure of umbilical cord vessels in pregnant
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Clı́nicas José de San Martı́n, Universidad de Buenos
Aires, Buenos Aires;2 and the Instituto de
Investigaciones Cardiológicas (ININCA)
UBA-CONICET, Buenos Aires, Argentina3

Address for correspondence:
Jose Milei, Instituto de Investigaciones Cardiológicas
(ININCA) UBA-CONICET, M.T.de Alvear 2270
(C1122AAJ) Buenos Aires, Argentina
E-mail: ininca@fmed.uba.ar
Manuscript received April 21, 2010; revised August 2,
2010; accepted August 10, 2010

doi: 10.1111/j.1751-7176.2010.00384.x

THE JOURNAL OF CLINICAL HYPERTENSION VOL. 13 NO. 1 JANUARY 201130



women with preeclampsia compared with healthy
controls.

METHODS
Segments of umbilical cords obtained at 2 cm from
the placental attachment were analyzed in 29
pregnancies (gestational age varied from 29 to
41 weeks). All mothers were free from Chagas’ dis-
ease and human immunodeficiency virus. From a
clinical point of view, 20 cases were considered
normal pregnancies and 9 were preeclamptic.

Preeclampsia was defined as an increase in blood
pressure to at least 140 ⁄90 mm Hg after the 20th
week of gestation, combined with proteinuria such
that protein excretion was at least 0.3 g per
24 hours.1–3

Transversal sections of the umbilical cords, 5 mm
in thickness, were fixed in buffered formaldehyde
(pH 7.0), embedded in paraffin, serially sectioned at
4 lm to 6 lm, and stained with hematoxylin and
eosin, Masson trichromic, acetic orcein for elastic
fibers, periodic acid-Schiff, Alcian blue pH 2.5, and
Mallory phosphotungstic acid hematoxylin.

Whole sections of the arteries and the vein were
digitalized and used for histomorphometry. The fol-
lowing measurements were obtained in the veins
(in pixels): (1) lumen area, and (2) area of the mus-
cular layer. In the arteries, the (1) lumen area, (2)
area of the internal muscular layer, and (3) area of
the external muscular layer were also assessed,
using a microscope WPI Professional H602 and the
software IMAGE J version 1.37 (NIH, Bethesda,
MD). All parameters were adjusted by the body
weight of newborns. Values were expressed as
mean � standard deviation except for gestational
age or gestational period, which were expressed as
median (interquartile range). All statistical analyses
were processed through GRAPH PAD PRISM ver-
sion 4.0 for Windows (Graph Pad Software, San
Diego, CA). The significance of differences between
group parameters was evaluated by Fisher exact
test or Student t unpaired test as appropriate.
The selected level of significance was P<.05 (two-
tailed).

RESULTS
Maternal and fetal demographic data are shown in
Table I. Mean birth weight was 2928�613 g for
the control group vs 1749�656 g for the pree-
clampsic group (P<.0001; unpaired t test). Gesta-
tion period was significantly shortened in the
preeclampsic group (35 vs 39 weeks).

Umbilical cords consisted of two arteries follow-
ing a helical course around a unique vein, giving
the cord a twisted appearance. No adventitia,
external elastic lamina, or vasa vasorum were pres-
ent. Both vessel lumens were lined by endothelium.
The arterial lumen was constricted with a typical
irregular branched shape. The media was particu-
larly thick, showing an inner layer of longitudinal
smooth muscle cells (SMCs) and an outer coat con-
sisting of crossing spiraled SMCs (Figure 1). The
lumen of veins demonstrated preservation of the
circular shape, and the intima was thinner than in
the arteries (Figure 2). Medial SMCs were arranged
in circumferential branched lamina consisting of 2

Table I. Maternal and Fetal Demographic Data

Birth

Weight, g Men Women

Gestation

Period, wk

Maternal

Age, y

Preeclampsia 1749�656a 5 4 35 (4) 28 (16)
Normal 2928�613 10 10 39 (1) 31 (16.5)

aP=.0002 vs normal (unpaired t test). Birth weight is expressed as mean � standard deviation, while gestational period and

maternal age are expressed as median (interquartile range).

Figure 1. Umbilical artery: (A) lumen area, (B) inner
layer area, (C) outer layer area. Masson’s trichrome
�40.
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or 3 cells separated by blebs positive for Alcian
blue and containing cell debris. Scarce groups of
longitudinally or oblique-oriented SMCs were also
observed. The values of histomorphometry of
umbilical vessels are detailed in Table II.

The outer layer area, inner layer area, lumen
area, and wall ⁄ lumen ratio of arteries were signifi-
cantly higher in the preeclamptic patients. In veins,
wall area and the wall ⁄ lumen ratio were also higher
in the preeclamptic patients, but only significantly
so in the latter.

DISCUSSION
Women with preeclampsia had a shorter gestational
period and delivered newborns with lower birth
weight and significant structural changes in umbili-
cal cord vessels. Forced delivery of the preterm and
low birth weight fetus is often necessitated by
maternal and fetal indications, thereby shortening
the gestational period. Lower birth weight may also

be attributed to the same cause and, in part, to the
disease itself.

Assessment of maternal disease during pregnancy
as well as intrinsic fetal sickness is facilitated by
umbilical cord evaluation by different methods
because of its close relation to fetal evolution.12,13

The imbalance between endogenous regulators of
angiogenesis and compounds that modulate vascu-
lar tone in the placenta and umbilical cord can lead
to pregnancy complications. Therefore, the finding
of fetal growth restriction and low weight at birth
in different diseases such as preeclampsia may be
interpreted as a consequence of fetal adaptive
responses.14,15

Both epidemiologic and mechanistic studies have
supported the notion that vascular and hemody-
namic function are at least partially programmed in
early life and that this background could play an
important role in the process of vascular aging and
arterial stiffening in later life.16,17 Consequently,
umbilical cord vessels may be useful in detecting
differential phenotypes since vascular wall cells
experience hormonal and hemodynamic changes
during the fetal life period. These phenotypes can
be studied through indirect assessment using nonin-
vasive techniques such as pulse wave velocity and
reflecting waves.

The changes in luminal areas observed in this
study may be partially explained by the fact that
throughout the last 2 weeks of pregnancy, the cord
vessels show increasing responsiveness to mechani-
cal irritation that is not present during the preced-
ing periods of pregnancy.18 The increase in
thickness of the muscular layers of arteries and
veins may be due to other mechanisms. Fetal
responses to diseases during pregnancy or intrinsic
fetal sickness may include hormone production, tis-
sue sensitivity to these hormones, and alterations in
metabolism that may affect fetal intrauterine devel-
opment, leading to anatomic, physiologic, and met-
abolic changes.19–26

Studies during the past decade have provided
new insights into mechanisms that underlie the

Figure 2. Umbilical vein: (A) lumen area and (B) wall
area. Masson’s trichrome �40.

Table II. Histomorphometry of Umbilical Cord Vessels: Preeclampsia vs Normal Control Group

Arteries Veins

Outer

Layer Area

Inner

Layer Area

Lumen

Area

Wall:Lumen

Ratio Wall Area

Lumen

Area

Wall:Lumen

Ratio

Control 56.6�25 28.6�8 3.4�2 3.1�0.6 109.8�35 36.6�18 2.9�1
Preeclampsia 116.4�55 63.1�16 8.4�1 20.3�9 155.9�86 35.9�29 4.8�2
P Value .0038 <.0001 .0003 <.0001 NS NS .0126

Abbreviation: NS, nonsignificant. Unpaired t test.
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pathogenesis of preeclampsia.19–24 It is accepted
that placental ischemia ⁄hypoxia induces the pro-
duction of a variety of factors from the placenta
that generate profound effects on the cardiovascular
system.19–26 This dysfunction manifests itself as
enhanced formation of factors such as endothelin,
reactive oxygen species, and augmented vascular
sensitivity to angiotensin II. Alternatively, the pre-
eclampsia syndrome may also be evidenced by
decreased formation of vasodilator agents such as
nitric oxide and prostacyclin.23–26 Taken together,
these alterations may cause hypertension by impair-
ing renal pressure and natriuresis, increasing total
peripheral resistance, and inducing cardiac and vas-
cular remodeling. However, the quantitative impor-
tance of the various endothelial and humoral
factors that mediate vasoconstriction and elevation
of arterial pressure during preeclampsia remains to
be elucidated. Therefore, identifying the connection
between placental ischemia ⁄hypoxia and maternal
cardiovascular abnormalities with the aim of devel-
oping therapeutic regimens remains an important
area of investigation.25,26

Diverse structural and functional changes occur
within blood vessels during hypertension. Hyperten-
sion is generally associated with hypertrophy of the
aorta and other large arteries as indicated by an
increased cross-sectional area of the vessel wall.
Inward remodeling with or without increases in the
cross-sectional area is also a common finding in
smaller resistance vessels.27

Preeclampsia has been associated with changes
in left ventricular structure and function28,29 and,
according to our results, with an increased outer
layer area, the inner layer area, the lumen area,
and the wall ⁄ lumen ratio of umbilical arteries. Sim-
ilar results were reported by Junek and collea-
gues,30 who found no changes in thickness of the
umbilical veins but an increase in vessel wall thick-
ness of umbilical arteries. The enlargement was
caused by an increase of both the intima and the
media. The thickening of the intima was attributed
to a migration of SMCs toward the endothelium,
accompanied by a splitting of the internal elastic
lamina.30 SMCs of vessels in preeclamptic pregnan-
cies showed a metabolic activation demonstrated
by highly dilated endoplasmic reticulum. These
facts might represent part of the functional adapta-
tion of umbilical cord arteries to altered hemo-
dynamic conditions in preeclampsia.

CONCLUSIONS
Umbilical cord vessels in preeclampsia show signifi-
cant structural changes, including increases in wall

area and wall ⁄ lumen ratio. These vascular abnor-
malities may be expressions of ‘‘early vascular
aging’’ susceptibility because the structural and
mechanical properties of the large arteries can be
permanently affected by altered hemodynamic
stress early in life. Consequently, the analysis of
umbilical cord vessels may be useful in detecting
differential vascular phenotypes that may indicate
predisposal to cardiovascular events later in life.
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