
ANNALS O F CLINICAL AND LABORATORY SCIENCE, Vol. 21, No. 1
Copyright © 1991, Institute for Clinical Science, Inc.

The Anatomic Basis of Maternal 
Serum Screening

ROBERT W. BENDON, M .D.

Department o f Pathology and Laboratory Medicine
University o f Cincinnati, 

Cincinnati, OH 45267-0529

ABSTRACT

Fetal serum  markers, such as alpha fetoprotein (AFP), must traverse 
one of two very different pathways to reach maternal serum, either from 
fetus to amnion fluid, membranes and decidua or from fetal to maternal 
circulation through the placental villi. Alpha fetoprotein usually enters the 
amnion fluid through body wall defects uncovered by skin or through 
urine. Placental AFP leakage may be from villous hemorrhage or injury. 
These observations from anatomic pathology suggest that biochemical 
markers may exist to identify the source of elevated m aternal serum AFP.

The purpose of this report is to convey 
to the laboratory specialist in maternal 
serum  screening  the  insight resulting  
from the study of the relevant pathologic 
anatomy. The physiology will not be con
sidered in any detail. The basic anatomic 
rea lity  is th a t fetal b lood and serum  
markers m ust reach the maternal circu
lation through one of two major anatomic 
routes. The most direct route is through 
the placental villi w here m aternal and 
fetal circulations are, of necessity, in 
close proximity. The alternative route 
requires escape from the fetus into the 
amnion fluid, and then through the avas
cular epithelium  of amnion and chorion 
in to  th e  v ascu la rized , d ec id u a lized , 
m aternal endom etrium .

The fetal route usually begins with a 
breach of the fetal skin. This is the basis 
of m aternal serum  alpha fe top ro te in  
(MSAFP) screening for neural tube and 
body wall defects. I f  skin covers the  
defect, alpha fetoprotein (AFP) will not

be elevated in amnion fluid or maternal 
serum, and, hence, a fundamental limit 
to A FP screen ing . Skin may cover a 
body wall defect of any size or at any 
location, including neural tube defects, 
and omphalocele (figures 1, 2, and 3).

Serum markers can also escape from 
the fetus through the kidney, because 
u rin e  is th e  m ajor source of am nion 
fluid. E levated amnion fluid AFP has 
been  reported  in congenital nephrotic 
syndrom e in w hich p ro te in  would be 
expected  to leak from  fetal blood to 
u r in e .1 Renal in jury  (cystic dysplasia) 
from ureth ral obstruction may also be 
detectable by m aternal serum  AFP. Such 
detection is im portant because correc
tive fetal surgery  m ust be perform ed 
prior to p erm anen t renal dam age .2 A 
case was presented in which the MS AFP 
was 2.6 (MOM), which prom pted a level 
2 ultrasound showing urethral obstruc
tion w ith  m inim al renal abnorm ality. 
Fetal urinalysis followed which yielded
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F ig u r e  1A. Fetus (22 
w e e k  g e s ta t io n )  w ith  a 
s k in  c o v e r e d  l u m b a r  
m y e lo m en in g o ce le  and  
c a u d a l  d y s p la s ia .  T h e  
m a te rn a l  s e ru m  a lp h a  
fetoprotein was 0.8 m ulti
p l e s  o f  t h e  m e d i a n  
(M O M ). IB : F e tu s  (20 
w e e k  g e s t a t i o n )  w i th  
m em brane covered  lu m 
b a r m y e lo m en in g o ce le . 
M a te rn a l  s e ru m  a lp h a  
fetoprotein was 3.9 m ulti
p l e s  o f  t h e  m e d i a n  
(MOM).

isotonic u rine, a bad prognostic indica
tor, and abortion , ra th e r  than  surgery, 
was elected . T he kidneys did  show early 
d y sp la s ia . T h e  re la t io n s h ip  o f re n a l 
in ju ry  to m a te rn a l seru m  A FP values 
needs fu rth e r study. A final role of renal 
leakage is in cases in which a known m eta
bolic defect w ould be  expected  to p ro 
duce an abnorm al u rine  m etabolite. This 
m e ta b o l i te  c o u ld  f in d  its  w ay from  
am nion flu id  to m aternal serum .

The second m ajor rou te  betw een  fetal 
and m aternal blood is across the m icron 
distances from fetal placental capillaries 
to m aternal intervillous placental blood 
flow. In som e cases, this could occur by 
hem orrhage, as ev idenced  pathologically 
by  th e  co m m o n ly  fo u n d  in te rv illo u s  
th ro m b u s .3,7 H o w e v e r, in d ire c t  e v i
dence suggests tha t o th er types of villous 
injury such as ischem ia or inflam m ation 
may also cause A FP to leak into m aternal 
b lo o d .4,5 T hus, se ru m  A F P  m ay b e  a 
m arker of m ultip le pregnancy com plica
tions.

Knowing w hich pathw ay led to an e le 
vated  MS A FP could be  very useful. The

high false positive rate in screening for 
neural tu b e  defects could be reduced  if a 
second  m ark e r d em o n s tra te d  th a t th e  
A FP elevation was due  to villous hem or
rhage or injury, rather than a fetal anoma
ly. T he distinction from villous hem or
rhage m ight be m ade by dem onstrating 
fetal red  blood cells (although th ere  is a 
false positive ra te  in the  second trim es
ter) or red  cell precursors. Fetal serum  
from villous in ju ry  w ould have a very  
d iffe ren t p a th  o f physical b a rrie rs  than  
serum  that had to  travel through amnion 
and chorion. In addition, villous injury 
should release m arkers of fetal tropho- 
blast injury such as hum an placental lac
togen or chorionic gonadotrophin.

Yet ano th er value to knowing the p a th 
way of MS A FP is in elucidating the  re la
tionship of M SAFP to fetal d ea th .6 This 
association could be  due  to the diffusion 
of A FP through dead  tissue into am nion 
fluid, as hem olysis is seen to stain tissue 
throughout the  fetus who has rem ained  
dead in utero  for hours. If, however, the 
A FP w ere a m arker for the  injury caus
in g  d e a th ,  ( th e  m a te rn a l c irc u la tio n
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F ig u r e  2A. Fetus (20 
w eek gestation) w ith skin 
c o v e re d  e n c e p h a lo c e le . 
M a te r n a l  s e ru m  a lp h a  
fetoprotein unknown. 2B: 
Fetus (18 week gestation) 
from an insulin d ep enden t 
d ia b e tic  m o th e r  w ith  a 
m em b ran e  co v ered  p o r
tion of the  encephalocele 
(a rro w ). T h e  m a te rn a l  
serum  a lp h a  fe to p ro te in  
was 2.1 m ultip les o f th e  
median. (MOM).

m aintains the  viability of the placenta), a 
d ifferent p a tte rn  of fetal serum  m arkers 
m ight be  elevated  in m aternal serum .

Ultimately, the  cooperation of chem ist 
(to know  ab o u t p o ten tia l u n iq u e  fetal 
chem ical m arkers), fetal physiologist (to 
u n d e rs ta n d  th e  p a r ti t io n in g  of th o se  
m arkers), and  anatom ic pathologist (to

c o rre la te  th e  se ru m  find ings w ith  th e  
m o rpho log ic  and  patho log ic  process), 
sh o u ld  p ro v id e  lab o ra to ry  te s tin g  to 
refine fu rth e r the  m eaning of a positive 
(h igh) M S A FP  sc reen . I f  th is  can  b e  
done on th e  sam e blood sam ple before 
final reporting , m aternal anxiety can be 
reduced  w ith no risk and low cost. This

F ig u r e  3A . Fetus (16  
week gestation) w ith skin 
c o v e r e d  o m p h a lo c e le .  
M a te rn a l  s e ru m  a lp h a  
fetoprotein unknown. 3B: 
Fetus (20 weeks gestation) 
w ith early am nion rup tu re  
s e q u e n c e  w ith  a la rg e  
m e m b r a n e  c o v e r e d  
a b d o m in a l w all d e fec t. 
M a te rn a l  s e ru m  a lp h a  
fetoprotein was 29 m ulti
p l e s  o f  t h e  m e d i a n  
(MOM).



ANATOMIC BASIS O F MATERNAL SERUM SCREENING 39

might also perm it lowering risk cut offs 
to increase total detection. At best, new 
insight and potential new therapies need 
to be developed for obstetrical disease 
based on m aternal serum screening.
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