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ABSTRACT

Stereological methods were used to examine fibrin-type fibrinoid deposition in the intervillous spaces of human
placentas collected during gestation (12-41 weeks) and from term pregnancies at low (400 m) and high (3.6 km)
altitude. The main aim was to test predictions about the relationships between fibrinoid deposits and either the
volume of intervillous space or the surface area of (intermediate + termina) villi. Fields of view on Masson
trichrome-stained paraffin sections were selected as part of a systematic sampling design which randomised section
location and orientation. Relative and absolute volumes were estimated by test point counting and surfaces by
intersection counting. Apparent differences were tested by analyses of variance and rel ationships by correlation and
regression analysis. Fibrinoid volumeincreased during gestation and correlated positively with intervillous volume
and villous surface area. However, relative to intervillous volume, the main increase in fibrinoid occurred towards
term (36-41 weeks). At high altitude, placentas contained more intervillous space but less fibrinoid. At both
altitudes, there were significant correl ations between fibrinoid volume and villous surface area. Inal cases, changes
in fibrinoid volume were commensurate with changes in villous surface area. Whilst findings lend support to the
notion that fibrinoid deposition during normal gestation isinfluenced by the quality of vascular perfusion, they also
emphasise that the extent of the villous surface is a more generally important factor. The villous surface may
influence the steady state between coagulation and fibrinolysis since some pro-coagulatory events operate at the
trophoblastic epithelium. They occur notably at sites of trophoblast de-epitheliaisation and these arise following

trauma or during the extrusion phase of normal epithelial turnover.
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INTRODUCTION

Recently, there has been a resurgence of interest in
deposits of fibrinoid within the human placentaand their
differencesin origin, composition and possiblefunctional
significance (Frank et al., 1994; Lang et al., 1994,
Kaufmann et al., 1996; Mayhew et al., 2000). Fibrin-
type fibrinoid (FTF) is essentialy a blood coagulation
product found in the materna intervillous space (IVS).
This being so, formation of FTF will be regulated by the
reactions of the coagulation cascade and the fibrinolysis
pathway. The steady state is determined by the relative
activities of thesetwo pathways. WithinthelVS, deposits
of FTF are often associated with the surfaces of villi
(Fox, 1967a, 1968, 1975; Kaufmann et al., 1996; Demir
et al., 1997; Mayhew et al., 2000) and this perivillous
FTF is deposited principally at sites of trophoblastic de-
epithdialisation (Nelson et al., 1990; Nelson, 1996;
Brownhill et al., 2000; Mayhew et al., 2000).

It has been argued (Fox, 1967h, 1975) that, normally,
theamount of FTF simply reflectsthe quality of vascular

perfusion within the IVS and, in abnormal pregnancies,
deposition is diminished. Morphometric studies on
placentas collected at different stages of gestation have
indicated that volumes of ‘fibrin’ and 1V S both increase
towards term (Aherneand Dunnill, 1966; Boyd, 1984). In
contrast, thereis inconsistent support for the suggestion
that deposits occur less freguently in abnormal
pregnancies (Aherneand Dunnill, 1966; Teasdale, 1984,
1985, 1987; Kaufmann et al ., 1996; Mayhew and Sidley,
1998; Mayhew et al., 2000). In pregnancy at high
atitude, the volume of FTF seems to decline despite a
marked increase in volume of the IVS (Jackson et al.,
19874).

If FTF is deposited as the result of a fixed steady
state between coagulation and fibrinolysis, we might
predict that its volume would be directly proportional to
IV Svolume. In such circumstances, thevolumedensity of
FTF in the IVS space would be constant. By the same
token, if FTF deposition depends principaly on the
surface extent of villi, we might predict astrong positive
correlation between FTF volume and villous surfacearea.



To test these predictions, placentas were collected
from 12-41 weeks of gestation and from term pregnancies
completed at low (400 m above sea level) and high (3.6
km) altitudes. They werethen examined stereologically so
as to explore relationships between the volume of FTF
and the volume of 1V S and surface area of villi.

MATERIALS AND METHODS

GESTATIONAL AND ALTITUDINAL
STUDIES

For the gestationa study, random sub-samples of
placentas were drawn from a larger set spanning 10
weeks to term (for further details, see Boyd, 1984;
Jackson et al., 1992; Mayhew et al., 1994). Here, 77
placentas at 12-41 weeks wereinvestigated. Details of the
larger dltitudina study have aso been presented
edsewhere (Haas, 1980; Jackson et al., 1987a).
Indigenous Amerindian and non-Indian womenin Bolivia
wereincluded on the basis of uneventful term pregnancies
(36-41 weeks). Present results are based on 24 (10
Amerindian, 14 non-Indian) low-altitude and 44 (16
Amerindian, 28 non-Indian) high-altitude subjects.

In al cases, gestational ages were assessed by the
date of the last menses and checked by ultrasound and
clinical examinations. Immediately after delivery, feta or
birth weights (g) wererecorded and placental weights(g)
were determined after trimming away membranes and
removing blood clots. Subsequently, placental volumes
(ml) were estimated by fluid displacement or fromweights
and tissue densities (g/ml).

TISSUE SAMPLING PROTOCOLS

Concurrent and unbiased stereological estimation of
tissue volumes and surfaces requires a sampling design
which randomises section location and orientation. To
this end, the basis of tissue selection was systematic
random sampling (Gundersen and Jensen, 1987; Mayhew
and Burton, 1988) giving all regions of the placenta an
equal and independent chance of being chosen. Although
not as rigorous as methods which generate IUR
encounters between surfaces and test lines (Baddeley et
al., 1986; Mattfeldt et al., 1990; Nyengaard and
Gundersen, 1992; Howard and Reed, 1998), physical
randomisation of tissue orientation was introduced prior
to embedding by dicing tissue samples and alowing them
to settle haphazardly in paraffin wax. Fortunatdy, the3D
orientations of placental villi are sufficiently variableto
make it unlikely that they will compromise the isotropy
reguirement.
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Full-depth columns of tissue were systematically
sampled, immersion-fixed in formalin and embedded in
wax. Sections (thickness 3-5 um) were stained by the
Masson trichrome techniqueto facilitateidentification of
FTF deposits. Microscopical fields of view were chosen
by systematic random sampling and prepared as
micrographs (x250) and colour slide transparencies
(x1500-2000). The latter were projected onto a flat
screen. Magnifications were calibrated with stage
micrometer scales as internal standards.

STEREOLOGICAL ESTIMATIONS

Test point and intersection counting (Howard and
Reed, 1998) were used to estimate tissue volumes (ml)
and villous surface areas (m?). IVS and FTF volumes
were derived from fresh placental volumes and volume
densities by point counting. Villous surface areas were
estimated from component densities using appropriate
areal correction factors cal culated using red cdl diameters
asaninternal calibration standard. Previous studies have
shown that these corrections for processing distortions
are capable of generating values similar to thoseobtained
using glutaraldehyde fixation and resin embedding.

STATISTICS AND ALLOMETRY

Group means and standard errors of means (SEM)
were calculated. Comparisons between groups were
drawn using analyses of variance (Soka and Rohlif, 1981)
with age and fetal gender (gestational study) and altitude,
ethnic group and gender (atitudinal study) as the main
factors. Inthe gestational study, placentaswereassignedto
one of five age groups: 12-17 weeks (n=5), 18-23 weeks
(n=6), 24-29 weeks (n = 15), 30-35 weeks (n = 24) and 36-
41 weeks (n=27).

Rdationships between volumes (V, ml) and surfaces (S,
m?) were examined using untransformed data(correlation
analysis) or log-transformed data (linear regression
analysis). For the latter, we rdated logV of FTF (the
dependent or outcome variable) tologV of IVSor logSof
villi (independent or predictor variables). The linear
regression equation, logD =logA + (B x logl), identifies
the dependent variable (D), independent variable (1),
slopeof theline (B) and integration constant (A). LogA is
theintercept onthelogD axis and A representsthevalue
of D for aunit amount of | (e.g. the predicted volume of
FTF for an IVS volume 1ml). Conveniently, B
corresponds to the exponent (or scaling factor) of the
alometric relation D= A x 1® and this was calculated
together with its SEM.
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In each statistical test, the appropriate ‘null’
hypothesis was reected if the probability leve, P, was
less than 0.05. All tests were undertaken using Unistat
statistical software (version 4.53c, Unistat Ltd, London).

RESULTS

GESTATIONAL STUDY

Fetal and placental characteristics are summarisedin
Table 1. Two-way analyses of variance failed to revedl
any significant gender or interaction effects and so data
from male and female fetuses were pooled within each
agegroup. Over the period examined, group mean (SEM)
fetal weightsincreased from 81 (23) g at 12-17 weeksto
3183 (122) g at 36-41 weeks. In the same age groups,
mean placental weightsrosefrom 58 (6) gto 442 (18) g.

Anaysis of stereological data demonstrated
significant increasesin thetotal volumesof IVSandFTF
and total surface areas of villi. IVS volume increased
from 28 (5) ml at 12-17 weeks to 191 (9) ml towards
term (variance ratio, F=26.97; degrees of freedom,
df =4,67; P<0.001). Over the same period, villous
surface area expanded from 0.9(0.1) m* to
10.8 (0.4) m? (F=56.62; P<0.001) and FTF volume
from 0.5 (0.1) ml t0 5.9 (0.9) ml (F = 6.47; P<0.001).

During gestation, the volume of FTF correlated
positively with thevolume of IV S (corrdation coefficient,

r=0.537; df =75; P<0.001) and surface area of villi
(r=0.627; P<0.001). Allometric analysis of log-
transformed data reveadled that FTF volume expanded
according to therdations

VFib = 0.00595 x Viys-2t (012
and
Vfib = 0.415 x Svilli®9 09

The ratio of FTF volume to IVS volume atered
during gestation (F = 2.62; P < 0.05) and, in particular,
appeared to increase towardsterm (Table 1). In contrast,
therewas no significant changeintheratio of FTF volumeto
villous surfaceareaduring gestation. Therefore FTFvolume
appeared to expand disproportionatdy to IV Svolumeandin
a manner more commensurate with the growth in villous
surfacearea.

ALTITUDINAL STUDY

Findings are summarised in Table 2. Three-way
analyses of variancefailed to identify any gender-related
effects and so results are confined to atitudinal and ethnic
differences. At low altitude, neonates had a mean
birthweight of 3309 (84) g and mean placental weight of
458 (21) g. The placenta contained 179 (12) ml of 1VS,
6.9 (0.4) m? of villous surface and 8.5 (0.8) ml of FTF,
giving an FTF volume density in the IVS of
0.050 (0.005) mi/ml and a density with reference to the
villous surface of 1.24 (0.08) ml/m*

Tablel. Fetal and placental characteristics between 12 and 41 weeks of gestation. Values are group means (SEM).

Variable 12-17 weeks 18-23 weeks 24-29 weeks 30-35 weeks 36-41 weeks
(n=5) (n=6) (n=15) (n=24) (n=27)
Fetal weight (g) 81 (23) 427 (77) 1022 (72) 1915 (95) 3183 (122)
Placental weight (g) 58 (6) 141 (12) 259 (13) 342 (16) 442 (18)
IVS volume (ml) 28 (5) 59 (7) 119 (6) 165 (10) 191 (9)
FTF volume (ml) 05(0.1) 1.3(0.3) 2.3(0.3) 29(0.5) 5.9(0.9)
Villous surface (m?) 0.9(0.2) 25(0.49) 5.0(0.3) 7.7 (0.4) 10.8 (0.4)
Vfib/Vivs (ml/ml) 0.018 (0.005) 0.022 (0.005) 0.020 (0.002) 0.017 (0.003) 0.032 (0.005)
Vfib/Svilli (ml/m?) 0.56 (0.12) 0.52 (0.07) 0.46 (0.04) 0.36 (0.06) 0.54 (0.07)

VTib/Vivs represents the volume density of FTF within the IV S and Vfib/Svilli the ratio of FTF volume to villous surface



Significant differences between dltitudes were
detected for hirthweight (reduced at high atitude;
F=9.91; df =1,60, P<0.01), IVS volume (greater at
high dtitude; F=23.92; P<0.001), FTF volume
(reduced; F=8.88; P<0.01), villous surface area
(reduced; F =8.29; P < 0.01) and the volume density of
FTF in IVS (reduced; F=33.97; P<0.001). Ethnic
differences were confined to birthweight (greater in
Amerindians; F=5.23; df =1.60; P<0.05) and no
significant interaction terms were detected.

At neither atitude did the amount of FTF in these
term placentas show a significant correlation with the
volume of IVS. Allometry revealed that FTF volume
atered at low altitude according to therdation

Vfib = 2.98 x 107 x Vivs % 004
whilst the corresponding relation at high altitude was
Vfib = 1.00 x 10°x Vivs?04 (0009

In contrast, FTF volume demonstrated significant
positive correlations with villous surface area at both low
altitude (r = 0.691; df = 22; P < 0.001) and high altitude
(r = 0.520; df = 42; P < 0.001). Corresponding allometric
relationships were

Vfib = 1.504 x Svillj+?(©2)
at low altitude, and
Vfib = 0.723 x Svil|j+ 028

at high dtitude. Again, the volume of FTF volume
seemed to changein amanner dependent more on villous
surface than VS volume.
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DISCUSSION

Present findings suggest that depositionof FTFinthe
intervillous space of the human placentais related mainly
to the surface area of villi rather than the volume of
intervillous space. In placentas examined between 12
weeks of gestation and term, the volumeof FTF increased
with both the volume of 1VS and villous surface area.
However, in term placentas from low- and high-altitude
pregnancies, differences between IVS and villous
relationships were resolved. At both dtitudes, no
significant corrdations between FTF volume and IVS
volume were detected but there were significant
associations with villous surface. In all cases, FTF
volume altered in direct proportion to the changes in
villous surface area.

Estimates of the volumes of FTF in normal
pregnancies are consistent with those seen in previous
studies. Typically, FTF occupies a relativdy small
volume (2-5%) of the IVS at term and this amounts to
roughly 5-10 cm® (Laga et al., 1973; Jackson et al.,
19874). Fox (1967h, 1975) proposed that the amount of
FTF merdy reflects the quality of IVS perfusion. If we
take IVS volume as a measure of perfusion, the present
findings support this proposal aswell as the observations
of others which indicate that volumes of IVS and FTF
increase throughout gestation (Aherneand Dunnill, 1966;
Boyd, 1984). However, there is a disproportionate
increase in the amount of FTF near term. Thisisimplicit
aso in the results of previous studies (see Aherne and
Dunnill, 1966; Bhargavaet al., 1976; Boyd, 1984) and it
indicates that the quality of vascular perfusionisnot the
only influential factor.

Table 2. Fetal and placental characteristicsin low- and high-altitude pregnancies. Values aregroup means (SEM).

Varisble Low Altitude High Altitude

Amerindian (n=10) Non-indian (n=14) Amerindian (h=16) Non-indian (n=28)
Birthweight (g) 3425 (138) 3226 (104) 3142 (89) 2927 (59)
Placental weight (g) 460 (32) 456 (28) 480 (17) 454 (15)
IVS volume (ml) 187 (25) 173 (10) 256 (10) 244 (11)
FTF volume (ml) 9.2(1.2) 8.0 (1.0) 6.9 (0.8) 5.6 (0.5)
Villous surface (m?) 6.7 (0.7) 7.0 (0.6) 6.3 (0.3) 5.2(0.2)
VTib/Vivs (ml/ml) 0.053 (0.007) 0.048 (0.006) 0.027 (0.003) 0.024 (0.003)
Vfib/Svilli (ml/m?) 1.33 (0.09) 1.18 (0.13) 1.10(0.11) 1.06 (0.07)
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There is evidence from normal pregnancies that
haemostatic factors, and hence the coagulation-
fibrinolysis steady state, vary (Mercelina-Roumanset al .,
1996). Especially during the last trimester, the
coagulation cascade is stimulated whilst fibrinolytic
activity decreases (Shaper et al., 1965; Fletcher et al.,
1979; Oliver et al., 1976). This shift in steady state
towards coagulation is entirely consistent with the present
increase in FTF deposition observed at 36-41 weeks of
gestation. The changes probably represent physiological
adaptations to help minimise bleeding at the time of
placental detachment.

Itisalso clear that the rdationship between FTF and
IVS volume does not offer a complete explanation for
changes seen in al pregnancies. It is not true in genera
that FTF deposition occurs less frequently in abnormal
pregnancies (Aherne and Dunnill, 1966; Fox, 1967b,
1975; Teasdale, 1984, 1985, 1987; Mayhew et al., 1994;
Kaufmann et al., 1996; Mayhew and Sisley, 1998;
Mayhew et al., 2000). The present finding confirms that
FTF volumeis less in high-altitude pregnancies despite
the presence of amorevoluminous IV S and anincreasein
the mean volume of its ‘pores’ (Jackson et al., 1987a;
Lee and Mayhew, 1995). Thesefindings suggest that the
steady state between coagulation and fibrinolysis in the
IVS varies in different pregnancy complications.
However, the absolute amount of FTF is influenced also
by the available villous surface and thisis diminished at
high altitude (see also Jackson et al., 1987b).

Changes in haemostatic factors aso occur in
abnormal pregnancies including those associated with
pre-eclampsia (Condie and Ogston, 1976; Kobayashi and
Terao, 1987), maternal smoking (Mercelina-Roumans et
al., 1996) and type 2 diabetes mdlitus (Quinn and Grant,
1999). The reduced FTF content in high-atitude
placentas cannot be explained by the changes in IVS
volume or the accompanying ateration in the plasma
fraction which results from elevated haematocrits
(Haas,1980). This suggeststhat thereis an altered steady
state favouring fibrinolysis in the highland placenta.

Onepossible substrate for promoting the coagulation
cascade is the villous surface and, particularly, denuded
regions of trophoblastic epithelium. During gestation, and
in term organs at low and high altitudes, there are strong
associations between FTF deposition and villous surface
area. Thepreferential association of perivillous FTFwith
damaged areas of trophoblast is well-documented (Fox,

1967a; Nelson et al., 1990; Demir et al., 1997; Mayhew
et al., 2000). Damaged epithdiumislikely to activatethe
extrinsic coagulation pathway.

Healthy syncytiotrophoblast is potentially pro-
coagulatory becauseit externalises phosphatidylserineat
its maternal membrane surface during cytotrophoblast
fusion and intrasyncytial apoptosis (Huppertz et al.,
1998, 1999). Despite these featuresof normal trophoblast
turnover (Mayhew et al., 1999), coagulation does not
normally occur acrossthe entirevillous surfaceandthisis
partly because the placenta produces the anti-coagulant
protein annexin-V which binds to phosphatidylserine
(Krikun et al., 1994; Rand et al., 1994; Vogt €t al.,
1997). Denudation sites may aso display apoptotic
syncytiotrophoblast nuclei (Nelson, 1996; Ratts et al.,
2000). Pre-apoptotic and apoptotic nuclel accumulatein
multinucleated syncytial knot regions and are extruded
into the maternal circulation as part of continuous
epithelial replacement (Huppertz et al ., 1998; Mayhew et
al., 1999). These observations prompted us to suggest
that some sites of de-epitheliaisation with FTF deposits
may arisefollowing the extrusion of syncytia trophoblast
fragments into the intervillous space (Mayhew et al.,
2000).

Other factorsin thetrophoblast, or at its surface, may
aso influence haemostasis. For instance, nitric oxide
inhibits platelet activation and the trophoblastic
syncytium contains the endothelial isoform of nitric oxide
synthase, levels of which fall during the last trimester
(Ramsay et al., 1996; Lyal et al., 1998). The
plasminogen activators convert inactive plasminogeninto
plasmin, the key fibrinolytic enzyme. The urokinase
plasminogen activator (UPA) and its receptor (UPAR)
have been implicated in trophoblast repair and FTF
surveillance (Pierleoni et al., 1998). Normal trophoblast
expresses UPA and uPAR (Hofmann et al., 1994,
Multhaupt et al., 1994) and the latter may be associated
with FTF deposition sites (Pierleoni et al., 1998).
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