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I Introduction

Numgerous physiologicil changes oceur in the
pregnant woman that aftcet blood rheology. Sig-
nificant among these are the following: a) the
neo-formation of a uteroplacental vascular net-
work with a Jarge maternal-fetal exchange surface
arca, at the level of the intervillous space (this is
of fundamental importance for [etal nutrition and
oxygenation) [48) where blood flow depends ba-
sicully on lhe hematocrits, cell aggregation capac-
ity and erythocyte deformabibty |11, 15, 17, 241,
b) in the pregnant woman, changes occur in the
protein composition of the plasma, which affects
blood flow [12]. These changes arc compensated
by the characteristic physiological hemodilution
in pregnancy which involves a fall in hematocrit
levels (4 circumstance that favours blood flow at
the level of the intervillous space) [13. 17. [8].

The increase in blood viscosity during pregnancy
produces a fall in vteroplacental blood flow [6,
43|, retarded intrauterine growth with hypoxia
and fetal lactic acidosis [9. 32, 42, 47], reduced
normal term birthweight [21, 44, 48] and a higher
incidence of fetal death and acute fetal suffering
[507.

We believe the thevlogical properties of the ges-
tating woman'’s blood may influence maternal-fe-
tal bloodflow and fetal development. For this
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reason, it was decided to analyze the rheological
changes that occur during the various stages of a
normal term pregnancy and the factors that con-
trol such changes, together with the consequences
for fetal growth and for the nconate.

2  Materials and methods

A prospective jongitudinal and observational
study of 36 healthy pregnant women was carried
out by the Obstetrics Scrvice of Granada Univer-
sity llospital, starting in March [992. Wc ex-
cluded from the study women with previous his-
tory ol any chronic discase (renal, cardiac, meta-
bolic disease etc.) and those suffering any pathol-
ogy during the current pregnancy (diabeles, {ox-
emia, retarded intrauterine growth cte.). All the
pregnancies were evaluated by the same gynecol-
opist, who followed the protocol recommended
by the Conscnsus Group of the Spanish Perinatal
Medicine Scclion [14]. The four cvaluation dates
were chosen to comncide with the check ups pro-
grammed by the Obstetrics Service that were
closest to the 10th, 20th, 30th and 37th weeks of
gestation. The following variables were studied at
cach of the evaluation dates:

Fetal and gestational variables: Gestational age,
maternal weight, systolic and diastolic blood pres-
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sure, fetal biparietal diameter and femur length,
gestational age at birth, birthweight, Agpar score
after onc minute and five minutes, type of delivery
(spontaneous, forceps, caesarian).

Rhcological and erythrocyte variables: The risk
factors in this study wece taken as cut off points,
For these variables, we used mean values plus 1
standard deviation (SD) (table [). Plusma viscos-
ity was determined according to the recommen-
dations of the International Committee for Stan-
dardization in Haematology (ICSH) [20], by
means of a falling-ball Haake viscosimcter. The
rigidity index was oblained according to the rec-
ommendations of the ICSH | 19] using the method
deseribed by Schonbein et al (1], modified with
a water pressure of — 10 cm and Millipore filters
with a diameter of 5 um [4]. Intraerythrocyte vis-
cosity was determined with the Haake viscosime-
ter using the proccdure described by Reinhart et
at [39]. The following were also obtained: levels
of erythrocytes, hemaglobin (Hb), hematocrits
(Hto), Mecan Corpuscle Volume (MCV), Mean
Hemoglobin Corpuscle Concantratinn (MHCC),
Plasma osmolarity (calcutated as Osmolarity =
(Nax2) + (Glucose/18) + (Urca/2.8)).

Biochemical variables: Sodium, chlorine, potas-
sium, calcium, urea, glucose, phosphorus, and
calcium (colorimetric method).

Proteinic variables (electrophosphoresis in gel):
albumin (Alb), alpha-globulins, afpha2-globulins.
beta globulins, gamma globulins, total proteins,
albumin/globuline index (Alb/Glo) and fibrino-
gen.

Lipid variables (spectrophotometer LKB-7400):
total cholestcrol (CT), HDL cholesterol (HDL-
CT), LDL cholesterol (LDL-CT). triglyccerides
(TG), phospholipids (PL). free fatty acids
(AACC)Y (enzymatic colorimetnc mcthod), Al
apoprotem (Apo-A) and apoprotcin B (Apo-B)
(immunodiffusion).

Statistical method: Al each stage of the study
we carried out a correlation study between the
rheological variables (rigidity index, intraerythro-
cyte viscosity, plasma viscosity and osmolarity)
and the other variables. We also performed logis-
tic regression analysis for the rbeological risk
factors under study, erythrocyte deformability and
plasma viscosity. An ANOVA study was made
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o 1dentify the changes occurring in the variables
during gestation and a Bonferroni test was used
to determine exactly when such changes occur.

3 Results

The neonates in the study had a birthweight ol
3,190 (SD 520) g and a gestational age of 38.6
(SD 1.9) weeks. There were 3 preterm deliveries,
with no apparent cause (at a gestation age of 32,
34 and 36 weeks). Twelve women were excluded
from the study due to gestational diabetes, high
blood pressure, pre-existing renal disease or be-
causc their consent could not be obtained. During
the gestation monitoring process, 6 women did
not keep their third appoinument (n = 30) and 13
missed the fourth one (n = 23). All the women
had normal pregnancies and were analyzed when
they attended the follow up session.

During normal lerm pregnancy, we observed a
progressive increase in plasma viscosity, with no
statistically significant differences between the
trimesterss. Osmolarity remained constant during
the whole pestational period (fable 1),

Erythrocyte rigidity increascd between wecks 20
and 30 of gestation (p < 0.05), coinciding with a
decrease in intracellular viscosity (p < 0.01) (ta-
ble 1). The fetuses of the women with high levels
of erythrocyte rigidity (mean = | DS) between
weeks 24 and 36 of their pregnancy presented a
smaller biparietal diameter and shorter femurs:
moreover, birth occurred earlier and nconates had
a signilicantly lower birthweight. Erythrocyte ri-
gidity was also rclated to increases ip serum
levels of alpha2-globulins and decreases in the
albumin/globuline index (table 1I). Simple logis-
tic regression analysis also identifies the increase
in erythrocyte ngidity as the sole matermal rheo-
logical factor associated with a smaller fetal bipa-
rictal diameter (Relative Risk (RR) = 3.98),
lower birthweight (RR = 3.67) and lower gesta-
tional age at birth (RR = 3.42), In relation to he-
matocrits and ptasma viscosity, multiple logistic
regression analysis reveals that the increase in
crythrocyte rigidity 1s the most influential factor
in fetal growth and development (table V). To
a ccrtain extenl, the tower birthweight of these
neonates depends more on the increase in eryth-
rocyte rigidity (RR = 2.44) than on their lower
gestational age (p = 0.64).
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The fall in intraerythrocyte viscosity occurring
between weeks 25 and 36 of gestation (30.9
weeks (SD 2.5)) (table [) s related to an increase
in MIECC (r = - 0.62, p < 0.01), in LDL-choles-
terot (r = —0.67, p < 0.01) and in serum phos-
pholipids (r = —0.82, p < 0.001).

The small increase in plasma viscosity during the
course of normal pregnancy (table 1) is not a
facror associated with feta) development or birthi-
weight (table 4).

4 Discussion

There i3 a great variability in the parameters of not-
mality during pregnancy: in fetal growth variabil-
iy [2], in the normal gestational age at birth
(37—42 weeks’ gestation), in full-term birthweight
(3.500 g {SD 800)), 1 the Apgar score ol the neo-
natc (normal score 7—10), etc. Thus, numerous
fuctors contribute to fetal and perinatal normality.

Insufficient uteroplacental blood circulation is the
main cause of reduced fetal growth and retarded
mtrautcsine growth. Studies of gestating infants
presenting retarded intrauterine growth (IUGR)
have shown that when the Doppler velocimetry
of uteroplacental flow is abnormal, most fctuscs
present hypoxia, acidosis and hyperlactacidemia
[35, 37, 47]. This has not been observed, how-
ever, in the IUGR fetuses with normal maternal-
fetal blood flow [36].

During gectalion, the nterine arteries ramify into
radial arteries and into an tmportang vascular net-
work that forms the intervillous space (the loca-
tion of maternal-fetal blood exchange, which i3
fundamental in fetal nutrition and oxygenation)
where the blood flows through a pressure gradi-
ent at low flow. In this vascular network, the utc-
roplacental blood flow depends fundamentally on
hematocrit levels, erythrocyte deformability and
on erythrocyte aggregation {7, 13, 27, 29, 38].

On studying the factors contributing to blood
flow in the intervillous space, we found that dur-
ing the gestation period of greatest fetal growth
(from wecks 20 to 30) there is an increase in the
rigidity of the matemal erythrocytes {10, 21, 26,
28] (table 1), a risk factor contributing to reduced
fetal growth, lower birthweight [21] and lower
gestational age at birth, probably due to a diminu-
tion in maternal-fetal perfusion arising from an

increase in blood viscosity in the intervillous
space (tables J[—1V).

The deformability of the red blood cell depends
on cetlular morphology, the surface/volume ratio
of its membrane, the viscoelastic properties of the
membrane and on its intracellular viscosity [24].
Taking all this into account, during a normal term
pregnancy the incrcasc in erythrocyte rigidity
cannot be atributed 1o increases in the size of the
erythrocyte (MCV is invariable during gestation),
to increases in MHCC (which afier a decrcase at
the start of the gestation remained constant from
week 20 until delivery) or Lo increases in intrace-
ythrocyte viscosity (which fell, counterbalancing
the increase in erythrocyte rigidity) (table 1Y, This
led us to spcculate that the incrcased rigidity of
the erythrocytes n the pregnant woman may be
due to alterations in the fluidity or elasticity of
the red blood cell membrane, induced by the
pregnancy [1, 10, 28], which coincide with alter-
ations in ntracetlular viscosity. in turn related to
increases in LDL-cholesterol, phosphohipids and
bload atherogenic indices [31]. influencing the
flusdity and permeabilily of the erythrocyte mem-
brane and fetal and placental size [30, 45].

We do not believe that alterations in fetal growth
or the perinatal variations observed in normal
gestations are exclusively the resuit of the 20%
increase in the rigidity of matemal erythrocytes.
As demonstrated in table 2, increases in the glob-
ulins (mainly alpha2-globulins) and the decrease
in the albumin/giobuline ratio (Alb/globulins) as
well as being associated with jower erythrocyte
deformability, reinforcos the aliraction between
cells and erythrocyte aggregation capability [8,
40], especially in areas of low velocity blood
flow, such as the intervillous space [16, 17].

For these reasons, between weeks 25 and 36 the
blood viscosity in the intervillous space is af-
feeted by an inercasc in the rigidity of the er-
yrthrocytes and in their aggregation capacity.
These rheological alterations might explain a re-
duced blood flow in the pregnant woman at the
period of greatest fetal growth (between weeks
20 and 30 of gestation) (table 1) [15, 17, 23]. The
fall in hematocrit levels (the physiological hemo-
dilution of pregnancy) as well as reducing the vis-
cosity of the woman’s blood also lowers the ag-
gregation capability of the red blood celis and im-
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Table I. Rhcological, erythrocyte and fctal growth alterations during normal pregnancy

< 12 SG 12 24 SG 25-36 SG > 36 SG

(n = 36) (n = 36) (n = 30) (n = 23)
Gestational age (weeks) R.7 192 (3.1) 30.9 (2.3) 374 (1.0)
Biparictal diameter (mm) 19.3 (8.3) 44.4 (9.3) 0.0 (7.4) 929 (3.3)
Length of femur (mm) — 28.3 (8.4) 583 (6.2) 71.4 (2.7)
Rigidity Index 23.2 (8.6) 224 (74) 28.5 (13.8) 29.7 (13.3)
Cryvthrocyte inlernal viscosity (mPa.s) (mPa.s) 7.4 (3.2) 6.3 (4.1) 4.2 (1.8) 50 (4.6)
Piasma viscosity (ma ¢) 133t 1A (009 1.34 (0.08) 1.38 (0.12)
Hemoglobin (g/dL) 3.1 (1.0) 12.3 (0.9 12.1 (0.8) 12.4 (1.0)
Hematocrit (%) 37.2 (3.1) 357 (2.8) 35.2 (2.3) 35.8 (2.6)
MCV mm® 873 (3.8) 80.4 (4.1) 88.7 (4.2) 886 (4.3)
MHCC (mmol/L) 35.1¢1.0) 343 (0.7) 34.5 (0.7) 34.7 (0.8)

Table 11, Correlation of erythrocyte rigidity (ER) with fetal growth, perinatal results and proteinic variables

< 128G 12—-24 SG 25-36 SG > 36 SG

(n = 36) (n — 36) (n = 30) (n=23)

r o r P T p r p
Biparieral diameter (mm) (25 NS —0.50 ** 0.04 NS
Length of femur (mm) —0.20 NS -0.48 -0.01 NS
Delivery gestationa) age (weeks) 000 NS 0.11 NS —0.73  **x 0.13 NS
Weight of newborn (g.) 0.13 NS —0.08 NS —0.63  *x* 0.29 NS
Apgar I’ 0.06 NS 0.08 NS -0.36 NS —0.08 NS
Apgar 5’ 0.21 NS 0.15 NS 0.67 xx* —0.01 NS
a2-globulins (g/dl) 0.02 NS —0.]9 NS 0.87 ook -031 NS
Albumin./Globulins (g/dl) 0.03 NS -0.07 NS —076 F** 0.29 NS

NS = No signiticance, ¥ = p < 0.05, ** p 0.01, ***p < 0.00]

Table IlII. Differences between pregnancies [eaturing increased crythrocyte rigidity (mcan = SD) and normal
pregnancies from weeks 25 to 36 of gestation

R. [. Normal R. 1. Elevado { Student p

Rigidity index 22.4 SDS.1 46.7 SD15.6 3.82 0.008
Erythrocyte intermal viscosity (mPa.s) 4.6 SD1.9 3.58D0.9 [.0R NS
Plasma viscosity (mPa.s) 1.33 SD0.1 1.35 SDO.1 0.36 NS
Riparictal damcter (mm) §1.1 SD7.4 76.6 SD7.3 t.37 NS
Length of femur (mm) 59.4 SD6.4 55.5 SDS.S 1.30 NS
Delivery, gestational age {weeks) 39.0 SD1.2 37.5SD34 1.24 NS
Weight of newborn (Kg) 3.26 SD0.4 2§31 SD0.6 1.96 0.06
Hematocrit (%) 34.7 SD2.3 36.6 SD1.8 1.94 0.06
MCV 89.4 SD4) 87.6 SD3.2 1.04 NS
MHCC 34.4 SD0.7 348 SDI.0 1.27 NS
Cholesterol (mgy/dl) 249 SD47 273 SD26 1.23 NS
Phospholipids (mg/dl) 244 SD37 276 SD39 1.42 NS
alpha2-globulins 0.71 SDO.1 1.04 SD0O.4 .64 NS

Albumin/Globulins .37 SD0.3 1.09 SDO0.2 1.97 0.06

J. Pennit. Med. 27 (1999)
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‘Fable 1V. Influence of erythrocyte rigidity from 25 1o 36 weeks of gestation on BPD, hirthweight and gestational

age at birth

Gestational age al birth

Muttiple Regression Analysis Riparietal diameter Birthweight
(x — SD) (x - Sb) {(x — SD)
SRR SRR SRR
Erythrocyte rigidity 9.27 3.94 5.06
Plasma viscosity 0.86 .85 .01
Hematacris (.38 088 1.70

SRR: Standardized relative risk (relative risk divided by the typical deviation of the relative nsk. This allows us

to compare different relative risks).

proves the blood flow in areas of low flow, such
as the intervillous space [8. 16. 40).

[n processes that involve alterations in placental
uncrociuculation  (TUGR,  gestational  diabetes.
gestational toxemia) the incrcase in matermnal he-
matocrits could raise blood viscosity and lower
uteroplacental blood flow, factors which have
been celated Lo tow birthweight nconates [22, 23],

We agree with Norclifte ot al. [33], who anatyzed
hicmosheolagieal varations in §50 normal gesta-
tions and concluded that there is a critica) period
in matcrnal hemorheology between weceks 22 and
30 of gestation (table T1). We belicve that in nor-
mal pregnancies, fctal growth and development is
fundamentally influenced by uteroplacental blood
flow, and that rheological altcrations (decreases
in erythrocyte deformability. increases in cellular

Abstract

The increase in blood viscosity during pregnancy re-
duces maternal-fctal blood Now, which can lead 10 fetal
hypoxia and acidosis. These factors have been related
to a reduction in fetal growth and to premature births.
We carricd out a langitudinal study of 36 normal-tcrm
geslations at different stages of the pregnancy. We ana-
lyzed the erythocyte deformability. the intraerythocyte
viscosity and the plasma viscosity in lhe mother, as well
as the relation of these paramoters to fetal growth (bipa-
rictral diameter (BPD) and length of the femur), birth-
weight, gestational age al birth and the Agpar scorc, The
results obtained were as follows: from weeks 25 to 36
of pregnancy (30.9 (8D 2 weeks)) there occurs a signifi-
cant incrcase in maternal erythocyte rigidity (p < 0.05)
(despite the compensatory decrease in intracellujar vis-
cosily). This increase 1s very significantly related to the

aggregation, et¢.) may produce real erythrocyte
blockages 1 the vessels of the intervillous space
and lead to vascular lesions, though not as scvere
as those observed in pregnant fetuses with [UGR
[S, 34], which affect fetal growth and develop-
ment. Uzan et al. [46] showed that in pregnant
women with a high risk of JUGR, platelet antiag-
gregants raised  birthweight and reduced the
oumber ot periatal camplications.

On the basis of our results; we conclude that the
reduction in crythrocyte deformability is the most
important factor involved in the hemorheological
equilibrium during a normal gestation. As this s
a matcrnal characteristic that informs us of the
cfficiency of placental perfusion and fetal devel-
opment, it could be a useful parameter in the
cvaluation of the perinatal prognosis.

fetal biparictral diameter (r= - 0.50. p < 0.01). the
length of the fetal femur (r = —0.48, p < 0.02), gesta-
tional age at birth (r = —0.73, p < 0.0001, birthweight
(r=—0.63p < 0.00l) and the Agpar score 5 minutcs
after birth (r — 0.67, p < 0.001).

Our conclusions are (hat the reduction in erythocyte de-
formability (which we attribute to alterations in the Nu-
tdity or elasticity of its membranc) and the factors that
incrcasc the aggregation capacity of the red cells (mod-
ulators of blaad viscosity and of blood flow in the pla-
cental intervillous spacc) arc visk factors for reduced
fetal growth, lower birthweight and lower gestational
age at birth. By avoiding maternal hematocrit levels
higher than 36 % wc could improve uteroplacental per-
fusion, fet] growlh and perinatal results.

Keywords: Deformability, fetal growth, hemorheology, newbom, viscosity.
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