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Spontaneous abortion (SA) is a common event in human reproduction, with 15-20% of all clinically recognized pregnancies being spontaneously lost.  For practical purposes, SA can be subdivided into early and late abortions.  The early SA occurs in the embryonic period and the late SA refers to fetal death in the 9th to 18th week of development.  The most frequent causes of SA are:

1.
chromosomal errors (over 60% of early SA);

2.
infection (20-30% of late SA);

3.
abnormal placentation;

4.
maternal hormonal imbalance or abnormal deciduation.

The basic definitions used in the study of abortions include: 

(1) 
the conceptus, or products of conception, which means all the structures that develop from the zygote;  the embryo, or fetus, and the placenta with its membranes. 

(2)  
The developing human is considered to be an embryo from conception until the end of the 8th week, by which time all major organ systems have been formed.

(3)
From the beginning of the 9th week until birth, the developing human is called a fetus.

(4)
Developmental age of an embryo and fetus extends from the day of fertilization to the death of the embryo/fetus within the uterus, or to livebirth.

(5)
Gestational or menstrual age extends from the last menstrual period to the expulsion or removal of the conceptus.

(6)
Intrauterine retention period refers to the time between the death of the embryo/fetus and its expulsion or removal.
The quality of pathological investigation of SA specimens determines the quality of future prenatal medical and preventive care for the couple and their relatives.  Selected examples below demonstrate the clinical significance of pathological examination of SA specimens.
1)
Detection of developmental defects:

Developmental defects are more frequent among spontaneously aborted embryos and previable fetuses than among stillbirths or liveborns.  Each malformation may have several different pathogenetic mechanisms.  The accurate pathological diagnosis establishing a specific etiology of the defect provides guidance to the geneticist and obstetrician in informing the parents regarding the risk of recurrence in future pregnancies.  For example, congenital heart disease of multifactorial inheritance has a recurrence risk in future pregnancies of 2-5%, depending on the type of defect, while there is no risk in cases of congenital heart disease associated with chromosomal defect (e.g. SA or newborn with Trisomy 18 syndrome).

2)
Chromosomal defects
Over 60% of early SA show chromosomal defect, including trisomy, monosomy, triploidy and tetraploidy.  There is no characteristic embryonic phenotype associated with chromosomal defects aborted in the first trimester, but the morphological diagnosis of embryonic growth disorganization or malformed embryo points to a very high possibility of chromosomal abnormality.   Screening with DNA probes which are chromosome specific can be used for diagnosis of most common numerical defects.  The presence of numerical chromosomal defects in SA does not predispose a future pregnancy to chromosome defect.  However, as the mother is getting older, the probability of numerical chromosome defect (specifically trisomy) increases.  To prevent liveborn infant with chromosome defect, prenatal cytogenetic diagnosis is offered to all mothers over 35 years of age.  Structural chromosome defects are less common in SA and their detection requires traditional cytogenetic analysis.

Only 5-6% of late SA are associated with chromosome defects and these are mostly trisomy 21, 13 and 18.  Their phenotype is characteristic and similar to that of a stillborn or liveborn infant with these trisomies.

A well developed, non-degenerated, normal embryo in a SA specimen strongly suggests abnormal hormonal function of the corpus luteum, or endometrial insufficiency, as a cause of SA.  When a normal karyotype is confirmed, (the probability of chromosomal defect in a normal embryo is less than 20%), the obstetrician can initiate an early treatment during the next pregnancy.

When a normal fetus is spontaneously aborted, the cause is usually related to infection (microbiological cultures are required), cervical or placental abnormalities.  The probability of chromosomal defect is very low (<20%).  For certain types of infection, therapy is needed.

3)
Complete and partial hydatidiform moles.  

Biologically interesting group of SA are complete and partial hydatidiform moles.  They represent examples of genomic imprinting in humans and characteristic morphologic placental manifestations of an abnormal chromosomal complement.  The complete mole, which is a less common finding than the partial mole, has a chromosomal complement that is diploid, but entirely of paternal origin (androgenetic diploidy).  The partial mole, a more common condition, has a polyploid chromosomal complement (triploidy or tetraploidy) with one or two extra haploid set(s) of paternal origin (diandric triploidy or triandric tetraploidy).

Chromosomal polyploidy is found in approximately 21% of early spontaneous abortion specimens.  Triploidy is more common than tetraploidy and most frequently results from double fertilization.  Abnormal gametes, such as a diploid sperm or diploid ovum, are less common causes of triploidy.  Tetraploidy can arise either from abnormal cleavage after a normal zygote has formed, or from fertilization by three sperms.  Both triploidy and tetraploidy due to a predominant component of paternal genome (two or three paternal sets and only one maternal set) result in a typical placental morphology of the conceptus known as the partial hydatidiform mole.  Triploidy with a dominant maternal genome and tetraploidy arising from abnormal cleavage show no specific placental or villous morphology.

The gross and microscopic features of the partial hydatidiform mole are summarized in Table 1 and compared with findings in the complete mole.  A partial hydatidiform mole differs from a complete mole in three main respects:

1.
An embryo/fetus commonly is present in partial hydatidiform moles.

2.
A cystic villous pattern usually is focal and is less prominent than in a complete mole.

3.
Trophoblastic hyperplasia is less prominent and sometimes strikingly focal or absent

 in partial hydatidiform moles.

The majority of complete moles have a 46,XX karyotype, resulting from duplication of a haploid sperm in a functionally empty ovum.  this process is called diploid androgenesis.  The XY karyotype, which is found in only approximately 4% of complete moles, results from the fertilization of an empty ovum by two different spermatozoa, a process known as dispermy.  No significant difference has been noted in the gross and microscopic findings between the XY and XX complete moles.  Genetic differences between partial and complete hydatidiform moles are summarized in Table 2.  Both types of mole represent examples of chromosomal imprinting effect in humans.

Chromosomal imprinting is defined as modification of genetic material in male and female gametes leading to different gene expression following fertilization.  Experiments with transplantation of female and male pronuclei in murine zygotes have shown that replacement of a male pronucleus by a female pronucleus allows the development of the embryo past the implantation stage, but the trophoblast develops poorly.  On the other hand, two male pronuclei lead to an overgrowth of trophoblast and very early embryonic death.  This type of experiment, in which a zygote with two male pronuclei is produced, basically duplicates the conditions from which a complete hydatidiform mole arises in humans.  In the partial mole, although there is a predominant component of the paternal genome leading to focal trophoblastic hyperplasia and focal cystic pattern in the placenta, the presence of the maternal haploid chromosomal complement allows for the development of the embryo/fetus.

Clinically, it is important to distinguish between partial and complete moles, as malignant transformation rate in partial hydatidiform mole is the same as in any normal pregnancy.  Complete moles have a significantly increased risk of malignant  transformation.  

Conclusions
1.
Morphological examination of SA specimens often determines the  need for additional  investigation of aborted tissues, such as cytogenetic, molecular and microbiological studies.

2.
Non-hereditary "de novo" numerical cytogenetic defects are especially common among malformed or growth disorganized embryos and can be rapidly detected by specific DNA probes.  However, detection of less common structural defects requires traditional cytogenetic studies.

3.
Prenatal care in future pregnancies is dependent on the complete and correct interpretation of SA examination.
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TABLE 1:  GROSS AND MICROSCOPIC FINDINGS OF THE PARTIAL AND
COMPLETE MOLES

Partial Hydatidiform Mole

Complete Hydatidiform Mole

Gross findings:

  Both placenta and embryo/fetus present

Microscopic findings:

  Focal trophoblastic hyperplasia

  Focal villous swelling with cistern formation

  Scalloping of villous outline

  Trophoblastic inclusions

  Presence of embryonic/fetal erythrocytes


Gross findings:

  Cystic placenta with no embryo or fetus

Microscopic findings:

  Generalized trophoblastic hyperplasia

  Villous edema

  No embryonic vasculature

TABLE 2:  COMPARISON OF THE GENETIC ASPECTS OF PARTIAL AND COMPLETE MOLES

Partial  Hydatidiform Mole

Complete Hydatidiform Mole

69 chromosomes with XXX, XXY, or XYY

  complements

92 chromosomes with XXXX and XXYY

Egg fertilized by two or three spermatozoa

Both maternal and paternal haploid

   chromosomal sets present with dominance

  of paternal sets in the zygote


Anuclear egg fertilized with either two different

  sperms or one sperm that duplicates its

  haploid 23,X set

95% 46,XX both homozygous and hetero--

   zygous, 5% 46,XY heterozygous;  only

  paternal haploid sets present
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