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Umbilical blood flow and placental pathology
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Summary: The aim of the study was to establish whether or not placental morphostructural
damage correlates with umbilical artery Doppler waveform and neonatal condition. To this end,
seriated ultrasonographic monitoring, flowmeter tests on the cord artery and computerized cardio-
tocography were carried out in a population of 93 pregnant women in the second half of pre-
gnancy, After birth placentas were subjected to macroscopic and microscopic examination. The Re-
sistance Index showed a good correlation with pl cental vascular lesions, characterized by a distinct
reduction in terminal villi and muscular wall ar erioles. Two types of intrauterine growth retarda-
tion were discernible, the first of genetic origin with a low-profile growth curve and therefore not
amenable to treatment, but with a positive fet l-neonatal prognosis, and the second with a patho-
logic placental component, presenting a late flattening growth curve with evolution towards fetal

distress and a negative fetal-neonatal prognosis.

Key words: Placental damage; Doppler umbilical flowmetry; Intrauterine growth retardation.

Before the introduction of ultrasono-
graphy, studying the fetoplacental unit
was rather limited to the direct data, that
could be obtained through morphological
evaluation after birth (33 3,

The antenatal diagnosis of placental
pathological alterations is now possible
with the availability of reliable and imme-
diate evaluation parameters (1 %). The si-
gnificance of biochemical data has been lar-
gely reduced with time. The degrees of
placental maturation, as described by
Grannum (*), express development stages
(1%). Their alteration has a pathological
significance and the ultrasonographic fea-
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tures of a pathological placenta are by
now codified (2 15 17. 15, 24, 25, 26,29

The studies carried out on Doppler wa-
veform at the funicular artery during pre-
gnancy have proved to be an indirect mea-
surement of placental vascular resistance
(1 20.27.31.33, 3 [Up to now few studies
have been performed in order to identify
lesions associated with pathological flow
values and retarded fetal growth (*® %),

As gestational age goes on, the increase
in the placental bed, the increase in ter-
tiary villi and vascular changes cause a
progressive decrease in placental resistan-
ce under physiological conditions (*).

It would seem that a decrease in the
number of tertiary villi and a reduction
of their vascular component accompany
growth retardation; such a phenomenon,
which had already been pointed out by
Brosens in 1977 (°) in pathological pla-
centas, was related by Giles in 1985 (®)
to umbilical artery flows.
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In our opinion, the morpho-structural
changes of the placenta may have a role
in the pathogenesis of IUGR. The purpo-
se of this research is to prove such a
hypothesis.

MATERIAL AND METHODS

Seriated ultrasonographic monitoring, flowme-
ter tests on the cord artery and computerized
cardiotocography wete cartied out on a popula-
tion of 93 pregnant women in the second half of
pregnancy

The ultrasonographic biometrical parameters
investigated were:

— Biparietal Diameter (BPD);

— Transverse Abdominal Diameter (DTA);

— Femur length (Fl);

— Estimated Fetal Weight, following Shepard
() (EFW);

— Ponderal Index = EFW/3F1 (IP).

The placental ultrasonographic structural fea-
tures considered were:

— Placental volume in cm?® according to the
Hellmann (16) technique;

— Echographic  placental
num) (4);

— Gray scale histogram, exptessed in terms of
Skewness;

— Vascular resistances (umbilical artery dop-
pler flow), expressed in terms of resistance in-
dex (RI).

In normal pregnancies the gray scale histo-
gram (Ansaldo AU 940) shows that Skewness
(Fig. 1) increases up to the 24th week, then it

grading  (Gran-

keeps steadily correlated to the degree of pla-
cental maturation following Grannum.

The flowmeter test was performed by analy-
zing the waveform obtained on the funicular
artery by a continuous-wave Doppler apparatus
(Multigon 500A); results are expressed in terms
of Resistance Index (RI).

As to cardiotocography, the mean range,
evaluated by computerized analysis (System
8000 - Sonicaid), was used to express heart rate
variability (normal value > 30, borderline
30-20, pathological <20) (8 ).

Data concerning delivery and neonatal condi-
tions (Apgar score, pH) were recorded as
usual.

After birth placentas were subjected to gross
pathological examination following Bartholo-
mew’s criteria (1):

— Ischemic necrosis with fibrin deposition
(INFD);

— True acute infarct (D-E Bartholomew);

— True subacute infarct (B-C Bartholomew);

— True chronic infarct (A Bartholomew);

— DPlacental caverns.

Parameters considered by microscopic exami-
nation are:

— Trophoblast surface (Syncytial Layer, Syn-
cytial Sprouts, Cytotrophoblastic proliferation) ;

— Intervillous Spaces (Villi Agglutination,
Intervillous Thrombosis, Fibrin Deposition);

— Villi Vascular Component (Thrombosis,
Capillary Caliber Tertiary Villi, Muscular Arte-
riolar Number).

Specific immunohistochemical stains for acti-
na were performed to show the muscular fibro-
cells of small vessel walls, and the number of
muscular arterioles was counted (Fig. 2).

::- Grey scale histogram
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Fig. 1. — The values of skewness increase with gestational age and correlated with placental

grading of Grannum.
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Fig. 3. — Reduction of tertiary villi and muscular arterioles in a pathologic case (specific

stain for actina).
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Table 1. — Gestational age distribution of estimated fetal weight and neonatal weight.

Estimated Neonatal
Gestational age Percentile No. cases fetal weight weight
M=SD M=SD

20-25 weeks < 10 1 900+ O 850+ 0
25 -30 weeks < 10 2 1450 +105 1190+ 80

AGA 8 2850+ 50 2625+225
30-35 weeks

< 10 9 1900 +295 1585289

AGA 13 3653+420 32224398
35-40 wteks

< 10 18 2250370 1850252

AGA 41 3889 +467 3581388
> 40 weeks

< 10 1 2900+ O 2580+ O

RESULTS

The population examined (93 cases)
concerned four groups of patients.

I) Clinically normal pregnancies (56
cases).

II) Gestosis ot pregnancy-induced hy-
pertension (PIH) with AGA fetuses (6
cases).

I1I) Clinically primitive TUGR, that is,
without any maternal complications (10
cases).

4) Clinically secondary IUGR, with
gestosis or PTH (21 cases).

All cases of neonates less than 10th
percentile were among the 31 cases of
TUGR screened by means of echo-biome-
try (Tab. 1).

They exhibited a different profile of
growth curves: 10 cases with low-profile
curves, included in the third group, and
22 cases with late-flattening curves, all but
one, included in the fourth group.

Placental features found during the an-
tenatal ultrasonographic test proved to be
correlated to the anatomo-pathological
examination after delivery (Tab. 2).

Table 2. — Correlation between antenatal ecographic patterns and postnatal anatomopathologic eva-

luation of placental characteristics.

PLACENTAL CHARACTERISTICS

Antenatal echographic

Postnatal anatomopat.

e AGA IUGR PIH tal analon AGA TUGR PTH
603 520 476 Weight 657 510 460
Volume (cm®) + + + cig + + +
144 113 163 (gr) 113 138 39
Macroscopic
11T Grannum .
grading (N) 11 1 2 16(5{17(0)1)15 13% 15% 29%
. 6.8 6.0 6.0 Microscopic
%{: z\xs];ilsesl)'ustogram + + + lesions 5% 10% 22%
5 6 5 (9)
56 56 67 Mean small
I(DISBP ler + + =+ arterial vessel 82 77 44
5 12 2 (n. count)
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Table 3. — Fetal and neonatal conditions in ca es with normal and pathological placenta.

FETAL STATUS

NEONATAL STATUS

No. DO[I)ipller Corrrlrl;J'.r?TG Apgar’L pH umb. art. NC.?.
<7 No m 7 0. ;)It.
2.4 30 0% © " dist. No.
+ds No (%) +ds Ne(%) OO was No.o) NI
7 435 7 1 7.17 12 14
Norm. plac. 64 56+ -
(1.6%) =10 (14%) (1.6%) =0.12 (19.3) 5 (9%)
9 41.2 8 2 7.16 8 7
Pathol. plac. 19 TPV
(47.8%) =*=14 (25%) (64%) £0.14 (255%) 4 (129%)

The ultrasonographic evaluation of pla-
cental volume correlated with the weight
at birth, with a clear reduction in TUGR
cases.

The Grannum grading proved related
to gestational age and not to growth re-
tardation, since it showed up only after
the 39th week.

Skew showed no statistically significant
difference between normal cases and
TUGR.

Doppler flow data proved pathological
in 13 cases: in only one case in normal
pregnancy (1.79%), in 2 cases in primitive
TUGR (209%) and in 10 cases in seconda-
ry TUGR (45.7%).

The Resistance Index showed a good
correlation with the vascular lesions de-

70

tected by the microscope, characterized by
a clear reduction in the number of termi-
nal villi and muscular wall arterioles
(Fig. 3).

Placental alterations detected before
birth by means of Doppler ultrasonogra-
phy and which were confirmed by the ana-
tomo-pathological examination after delive-
ry, proved to be significantly correlated
(Tab. 3) to the occurrence of fetal distress,
as shown by the increased incidence of
mean range values below 30 m.sec.

In this group the incidence of cesarean
sections with fetal distress proved to be
higher. Neonatal conditions showed a
small, though higher, incidence of altered
pH and Apgar score.

60+ o

504

40+ .

maZrun Zx»mIT

30+
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50 60

Fig. 4. — Correlation between mean
Index of cord artery evaluation.

70 80

range of computerized cardiotocography and Resistance
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CONCLUSIONS

The results of our research show the
existence of two IUGR groups, differing
in regard to clinical phenomena and even
more in regard to placenta] alterations.

In the primitive TUGR group, the etio-
logic factor is likely to be intrinsic to the
fetus and of a genetic type. From the
point of view of antenatal evaluation,
the growth curve is of the low-profile ty-
pe, generally speaking there are no ma-
ternal pathological conditions associated,
the placenta is normal or slightly altered,
fetal neonatal prognosis is good, newborns
are small but healthy.

On the contrary, in the second group,
the growth curve is of the late-flattening
type. The fetal neonatal prognosis is wor-
sened by tendency towards fetal distress.
In this group it is possible to detect, be-
sides small placental volume, microscopic
placental alterations, characterized by the
lost neoproduction of tertiary villi and mu-
scular arterioles.

The consequent increase in placental
resistance accounts for an increase in the
Resistance Index. Besides uteroplacental
ischemia, shown by Campbell (®) on the
maternal circulatory side, placental altera-
tions may also have their origin in the hae-
modynamic changes which set up as a
compensation on the fetal side (7).

The vicious circle of placental damage
and feto-placental circulatory failure stea-
dily worsens.

The further evolution of the damage
expresses itself in the correlation between
the increase in placental resistance and the
decrease in heart rate variability (Fig. 7),
leading to the occurrence of fetal
distress (°).
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