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ABSTRACT

The purpose of this study was to further our understanding of 

the causes of prenatal and perinatal deaths in Montana. Prenatal and 

perinatal deaths are due to a number of causes which may be 

chromosomal or nonchromosomal. The present study showed that of 

the 251 specimens studied the largest category of prenatal and 

perinatal fatalities was due to nonchromosomal causes. This group 

accounted for 42% of the deaths and included idiopathic and genetic 

causes. Seventy-one of the 106 cases listed under the 

nonchromosomal category were multiple congenital anomalies. 

Multiple congential anomalies usually suggest chromosomal 

abnormalities. Genetic factors, accounted for 7% of the 106 

nonchromosomal cases. These factors, however, involve heritable 

chromosomal transmissions. The causes of death due to 

chromosomal abnormalities accounted for 24% of the number of 

cases. Another category, termed "blighted ovum", may in fact be due 

to chromosomal abnormalities. Many of the specimens in this group 

were 46,XX but had unsuccessful karyotypic analyses. The normal 

findings may be misleading, because they may represent maternal 

cells instead of the embryonic tissue. Over 50% of the prenatal and 

perinatal deaths appear to have resulted from chromosomal 

abnormalities in this current study.
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LITERATURE REVIEW AND INTRODUCTION

Our society sees human conception and delivery as a natural 

process which in general proceeds without complications and 

results in the birth of a normal healthy infant. Unfortunately, 

however, not all pregnancies proceed normally, and they may 

terminate unsuccessfully. Scientific investigations have shown us 

why these abnormal results occur and suggest that the frequency of 

futile conceptions is relatively high. Studies conducted in 1982 by 

Edmonds and 1985 by Wilcox demonstrated that a high frequency, 

34.5% (Wilcox) to 57% (Edmonds), of implantational loss of the 

embryo occurs before the mother's first missed period, (cited in 

Opitz)12 Furthermore, as many as fify percent of all human ova may 

have a chromosomal abnormality, the vast majority of which (99%) 

are lethal. Therefore, the highest mortality rate in humans is 

greatest before birth. These studies have indicated that societal 

attitudes about conception and birth are erroneous.

In 1987 Opitz wrote a lecture which delved into the area of

Developmental Pediatric Pathology and discussed prenatal and

perinatal deaths and the challenges they hold for pediatrics,

obstetrics, genetics, and pathology. This study provided a

justification for doing autopsies on prenatally and perinatally dead

embryos and fetuses in order to determine why, what, and how the

death occurred. The studies conducted at the genetics laboratory at

Shodair attempted to provide an explanation and correct diagnosis of

observed abnormalities and mutation rates in order to provide: (1)

genetic counseling for the parents; (2) monitoring of the subsequent 
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pregnancy; (3) identification of teratogens; and (4) an improved 

* possibility of the birth of a healthy viable fetus. The research

which began at Shodair Hospital consisted of almost 400 cases

which were studied between 1981 and the end of 1986.

The present study constitutes an update of a segment of the

study conducted by the staff at the Department of Medical Genetics 

at Shodair in 1987. Its purpose was to further our understanding of 

the causes of prenatal, and perinatal deaths. The time span covered 

in the updated research was from June of 1981 to April of 1989. 

This update thus includes information from the previous study of 

Opitz.1 2

Terms

For the reader unfamiliar with the clinical terminology of 

genetics, commonly used terms are described below.

Brachman de Lanae Syndrome - A syndrome known to be caused 

genetically which effects multiple systems and characterized by 

mental retardation (Fitzgerald, personal communication).

Bilateral renal agenesis - a condition in which the kidney and ureter 

are completely absent, and thought to be due to the failure of the 

ureteric bud to develop from the mesonephric duct or the early 

degeneration of the ureteric bud. This abnormality is very rare (1 in 

4,000 births) and is incompatible with life.1 0

Fetal hydrops - the general increase in interstitial fluid which 
occurs prenatally.1 0

Idiopathv - a disease of unknown origin or cause.

Infantile polvcvstic disease - an autosomal-recessive inherited

trait in which a number of mutant genes operate together to cause 
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the disease. This condition affects the body bilaterally, and both of 

the kidneys are abnormally enlarged."1 0

Neonatal death - the death of a liveborn infant within the first 27 

days, 23 hours, and 59 minutes from the time of birth.® 

Osebold-RemondiniSvndrome - An autosomal dominant inherited 

syndrome characterized by skeletal dysplasia (Fitzgerald, personal 

communication).

Osteogenesis imperfecta - this disorder is also known as the brittle 

bone syndrome and is recognized as a heritable disorder of the 

connective tissue in which the fetus is characterized by deformed 

shortened limbs and unossified cranial vault."* ®

Pena Shokeir Syndrome - A type of autosomal recessive inheritable 

syndrome characterized by multiple contractures (Fitzgerald, 

personal communication).

Perinatal death - an all-inclusive term referring to both stillborn 
infants and neonatal deaths.®

Prenatal death - the death of the fetus which occurs prior to birth. 

Renal dysplasia - a developmental abnormality of the kidneys 

resulting from abnormal metanephric differentiation. With this 

condition there are usually associated congenital anomalies of the 

ureter and lower urinary tract.1 0

Spontaneous Abortions - the expulsion of all or any part of the 

products of conception and the gestational age of the abortuses is 
less than 20 weeks.®

Stillborn infants - fetuses, whose gestational age is greater than 20 

weeks, which after complete expulsion or extraction show no 
evidence of life.®

Teratogens - agents which cause fetal malformations.

Thanatophoric dysplasia - a common type of lethal chondrodysplasia 
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which is most likely a sporadic dominant mutation. In this disorder 

the endochondral ossification of the bone is severely disturbed, and 

the arrangement of the chondrocytes is disorganized. This type of 

dysplasia is incompatible with life.1 0
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MATERIALS AND METHODS

The Department of Medical Genetics at Shodair Hospital in 

Helena, Montana serves as the center for research in human genetics 

and as a repository for genetic information in the state of Montana. 

The remains of spontaneous abortions, stillbirths, and neonatal 

fatalities are sent to the laboratory to be examined. This thesis 

studies the prenatal, and perinatal deaths, which were sent to 

Shodair Hospital between June of 1981 and April of 1989. 

Anatomical studies and cytogenetic analyses of the chromosomes 

were usually completed by the staff of the Genetics Department at 

Shodair upon receipt of the products of conception. In certain cases, 

the specimens were transported to the Genetics Laboratory at the 

University of Wisconsin for further evaluation. The results of the 

evaluation were then entered into a computer data base at the 

hospital. These results were then accessed from the data base. 

Only the category of known genetic, chromosomal, or syndromal 

causes was accessed (data base C, category 16 [Diagnoses]).
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RESULTS

A total of 251 specimens were studied, covering the period 

from 1981-1989. The common diagnoses of the causes of death are 

listed in Table 1. These were 138 spontaneous abortions, 102 

stillborn births, and 8 live births, which resulted in death of the 

child.

Most deaths were due to nonchromosomal causes. One

hundred and six specimens were listed under this category, which

was further subdivided into Idiopathic or Sporadic causes and

genetic disorders. In the cases of Idiopathic/Sporadic

nonchromosomal causes, the listings were: (1) 71 cases of multiple

congenital anomalies; (2) 6 cases of nonimmune fetal hydrops; (3) 6

cases of schisis association; (4) 5 cases of amniotic band disruption

sequence, and (5) one case of sacrococcygeal teratoma. Multiple

congenital anomalies are usually due to chromosomal abnormalities;

however, in 55 cases of multiple congenital abnormalities

chromosomal analysis could not be completed due to unsuccessful

tissue cultures. Therefore, conclusive evidence could not be

obtained to claim that chromosomal abnormalities caused the

multiple congential anomalies. In the nonimmune fetal hydrops

category it is important to mention that there are many

mechanisms, involving both sporadic and genetic factors, which can

account for the manifestations of this condition. For example, in

one of the cases of nonimmune fetal hydrops, cystic hygroma was

present. This type of abnormality is frequently due to a

chromosomal abnormality, such as Ullrich-Turners syndrome. 
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Therefore, in determining the underlying cause of nonimmune fetal 

hydrops, both genetic and nongenetic factors must be examined.

Table 1. Common Diagnoses (n=251) from the Montana Fetal Genetic 

Pathology Program.

Diagnosis Number of cases %

1. Chromosomal causes 59 24

2. Nonchromosomal cases * 1 06 42
Idiopathic/Sporadic 89 35

Multiple Congenital Anomalies 71
Nonimmume fetal hydrops ** 6
Schisis association 6
Amniotic band sequence 5
Sacrococcygeal teratoma 1

Genetic disorders 1 8 7
Skeletal dysplasia 8
Bilateral renal agenesis, renal 8

dysplasia, and infantile poly-
cystic kidney disease

Brachmann de Lange Syndrome 1
Pena Shokeir Syndrome 1

3. Blighted ovum, growth disorganized 45 1 8
and stunted embryos

4. Twinning 8 3

5. Molar pregnancy 4 2

6. Fetal constraint 2 1

7. Other various causes - unclassified 26 1 0

‘cells or tissue did not grow, therefore no chromosome results were obtained
** one NIFH case with cystic hygroma; one NIFH case due to Ullrich-Turners syndrome;
this category may also be placed under genetic disorders
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The deaths due to genetic causes (not associated wiht 

chromosomal abnormalities) included eight cases of skeletal 

dysplasias. These dysplasias consisted of: (1) four cases of 

Thanatophoric dysplasias; (2) two cases of Osteogenesis imperfecta; 

(3) one case of Osebold-Remondini Syndrome, and (4) one case of 

Platyspondylic Lethal Chondrodysplasia. Bilateral renal agenesis, 

renal dysplasias and infantile polycystic kidney disease combined to 

account for eight causes of death. There was one case of both 

Brachmann de Lange Syndrome and Pena Shokeir Syndrome. As a 

whole group, genetic factors accounted for 7% of the causes of 

death.

The second largest category of prenatal and postnatal death 

consisted of chromosomal abnormalities. A listing of the various 

types of abnormal chromosomes can be seen in Table 2. 

Chromosomal anomalies accounted for fifty-nine cases of death. 

These abnormalities consisted of 6 cases of euploid triploidy 

embryos, 1 case of an aneuploid triploidy trisomy 8 (70,XXX +8), 1 

case of an aneuploid tetraploid embryo (92,XXYY), 33 cases of 

various trisomy conditions, 12 cases of Ullrich-Turners syndrome 

(45,X0), 1 cases of Klinefelters syndrome (47,XXY), and 5 cases of 

gross chromosomal abnormalities.

The third largest category of common diagnoses was the 

blighted ovum and growth disorganized stunted embryos. This group 

consisted of 45 cases in which 22 specimens had the normal number 

of diploid chromosomes and 18 cases had a nondeterminant 

cytogenetic analyses. Nondeterminant cytogenetic analyses result 

from either insufficient growth, no growth, or contamination of the 

tissue culture.
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Table 2. Chromosomal Abnormalities (n=59) from the Montana

Fetal Genetic Pathology Program.

Chromosomal Abnormalities n

Euploid Triploidy 6
Aneuploid Triploidy Trisomy 8 1
Tetraploidy (92.XXYY) 1
Trisomy: 33 cases

Trisomy 5 (mosaicism) 1
Trisomy 6 1
Trisomy 9 1
Trisomy 10 1* * * * c
Trisomy 13 > » 0
Trisomy 14 1
Trisomy 16 6
Trisomy 18** 5
Trisomy 21** 1 1
Trisomy 22 1

Ullrich-Turners syndrome (45,X0) 1 2
Klinefelters syndrome (47,XXY) 1
46,XX, 9q+ 2
46,X, mar(X)/46,XX 1
46,XX der10, t(3;10) 1
46,XX der4, rcp(4;5)mat 1

* .......... ... ..............

59

chromosomal analysis could be done.
“probable trisomy 13 diagnoses by clinical exam. A case of twinning. 
’Translocation trisomy 13

” In two cases diagnoses was determined through clinical exams
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The remaining categories were: (1) twinning, in which 8 cases 

were reported; (2) 4 cases of molar pregnancies; and (3) fetal 

constraint which accounted for 2 cases. The remaining specimens 

are listed under the category of "Other various causes" which were 

not classified. This division consists of numerous different causes 

of death, such as, Antikell Antibody, isoimmune platelet antibodies, 

fetal alcohol syndrome, hypoxic ischemic brain damage, 

Erythroblastosis Fetalis caused by Rh sensitization, placental 

abnormalities, multiple pterygia, chorioamnionitis, Patent Ductus 

Arteriosus, maternal gestational diabetes, intrauterine compression 

due to malformations of the uterus, prematurity, and a possible FG 

syndrome.

Table 3. Cytogenetic Analysis Findings

from the Montana Fetal Genetic Pathology Program

n %

Total 251 100

No results 116 46

Results: 135 54
Normal 76

46,XX 50
46,XY 26

Abnormal 59 24

Of the 251 specimens, cytogenetic results were obtained in

1 0



135 cases. The findings of the karyotypic analysis are listed in 

Table 3. Of these one hundred and thirty-five cases, the results were 

chromosomally abnormal in 59 of the specimens and chromosomally 

normal in 76 specimens. Of the 76 specimens which tested 

chromosomally normal, 50 cases were 46,XX and only 26 cases were 

46,XY. The large amount of 46,XX results may suggest a mixture of 

maternal cells. No cytogenetic results were completed for 116 of 

the cases. The lack of chromosomal results may be due to numerous 

reasons: (1) the insufficient or no growth of the tissue culture; (2) 

the contamination of the culture; or (3) cytogenetic analysis was not 

deemed necessary because the cause of death was obviously 

nonchromosomal.

Only two hundred and forty-two cases of the two hundred and 

fifty- one specimens have the recorded maternal age, which ranged 

from 16 years to 45 years of age. The median of the maternal age 

was 28 years and the mean was 28.78 years of age. The distribution 

of maternal age of the 242 specimens is shown is Figure 1. 

Approximately one-third of the women fall into the category of 25 

years old and younger, another one-third are 25 to 29 years of age, 

and about one-third are 30 years and older.

*
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Figure 1. Maternal Age Distribution for 242 
Embryos and Fetuses
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DISCUSSION

Nonchromosomal causes accounted for approximately 42% of 

the causes of death in the 251 specimens. Eighty-eight cases were 

due to idiopathic/sporadic nonchromosomal causes. This figure, 

however, may not be entirely accurate because nonchromosomal 

cases should be considered genetic unless proven otherwise, and 77% 

of the multiple congenital anomalies had unsuccessful karyotypic 

analyses. These specimens are candidates for genetic or 

chromosomal abnormalities as the cause of death. This nongenetic 

category was formed to segregate definite genetically caused 

nonchromosomal factors from unproven nonchromosomal causes. The 

idiopathic or sporadic causes include multiple congenital anomalies 

(71 cases), nonimmune fetal hydrops (6 cases), schisis association 

(6 cases), amniotic band disruption sequence (5 cases), and 

sacrococcygeal teratoma (one case). Genetic nonchromosomal 

causes included cases of skeletal dysplasias, bilateral renal 

agenesis, renal dysplasias, infantile polycystic kidney disease, and 

Brachmann de Lange Syndrome. The category of genetic causes has a 

frequency of 7%, which probably does not accurately reflect the 

number of deaths caused by genetic abnormalities. This percentage 

should be greater considering that 77% of the multiple congenital 

anomalies placed in the the nongenetic category had unsuccessful 

chromosomal analyses, and that these anomalies are usually related 

to genetical causes.

Among early spontaneous abortions, chromosomal defects of 

the embryo or the trophoblast have been observed at frequencies13 COREITE UBfWCARROLL COLLEGE



(

greater than 50%.3-"11 >12>13 This contrasts with the incidence of 

chromosomal defects in perinatal deaths which is lower, 5.6% to»
7.2%."'1 In the present study the percentage of spontaneous abortions 

was 55%. The frequency of chromosomal abnormalities in this group 

was 28%. The low percentage may be due to a number of reasons. 

Firstly, 38% of the cytogenetic analyses done on the chromosomes 

were unsuccessful. Chromosomal abnormalities have been shown 

to cause the failure of tissue cultures. 1 >3 The lower frequency may 

be due to differences in cytogenetic analysis success. If the number 

of nondeterminant chromosomal analyses is not included in the 

percentage calculation, then the frequency of abnormal karyotypes in 

spontaneous abortions is 51%. Secondly, of the normal diploid 

number of chromosomes, 68% were 46,XX, which suggests a mixture 

of the maternal cells. The cytogenetic analysis may reflect the 

maternal chromosomes and not the karyotype of the embryos or 

fetuses. The probable percentage of spontaneous abortions due to 

chromosomal abnormalities is greater than 28%. The percentage of 

perinatal deaths due to chromosomal anomalies was 13% which is 

slighter greater than the 5.6% to 7.2% sited in previous studies.

Two of the women, listed under the "blighted ovum" category,

had a history of recurrent spontaneous abortions. Each of these

females had two previous spontaneous abortions. Studies have

shown that the possibility of chromosomal abnormalities increases

in direct proportion to the number of recurrent spontaneous

abortions.in each case cytogenetic analyses was done on the

chromosomes of the abortuses, and the finding was the normal

diploid number of 46,XX. This may be misleading, however, because

the results may have been obtained from a maternal cell which was

mixed with the conceptus. Therefore, the cause of the recurrent 
14



spontaneous abortions may be due to chromosomal abnormalities in 

both of these cases.

Twenty-four precent of the prenatal and perinatal deaths was 

due to chromosomal abnormalities. Trisomy conditions 

predominated and accounted for 53% of the chromosomal 

abnormalities. This figure is comparable to a percentage obtained in 

a previous study.5 In the current study autosomal trisomies 

accounted for over 50% of the chromosomal anomalies and recurrent 

pregnancy losses. The most frequent trisomy is that of chromosome 

21, which is commonly known as Downs syndrome. Eleven of the 

thirty-three trisomy cases reported were due to the addition of the 

autosomal chromosome 21. Turners syndrome (45,X0) represented 

20% of the karyotypic abnormalities. This frequency is consistent 
with other studies done on chromosomal anomalies. 3>5

The mean maternal age of abortuses with chromosomal

abnormalities consisting of autosomal trisomies has been

demonstrated to be higher than those for normal chromosomes.3’5’7

The mean maternal age of the embryos or fetuses whose cause of

death was due to a trisomic condition was 28.7 years (data is not

shown). The mean maternal age of trisomic spontaneous abortions in

New York City was 30.4 years of age with a standard deviation of 6.9
years.7 The mean maternal age determined from the data available

at Shodair Hospital is approximately 1.7 years less but falls within

the standard deviation of the other research. The effect of maternal

age on the condition of trisomy was more pronounced, with small

chromosomes (chromosomes 13-20) than those involving large- or

medium-sized chromosomes (chromosomes 1-12).7 Trisomy

involving chromosomes 13,14,16, and 18 was much more prevalent

than in the large- to medium-sized chromosomes 5,6,9, and 10.
1 5



In addition, trisomic zygotes have previously been shown to 

arise from paternal origin. Chromosomal nondisjunction during 

spermatogenesis appears to be a frequent event. Paternal age, 

however, was not recorded in this present study; thus, no correlation 

can be made between paternal age and the frequency of trisomies.

Maternal age does not seem to be reflected in all chromosomal 

anomalies, such as triploidy or tetraploidy.3 The frequency of 

triploidy was 10% of the total karyotypic abnormalities, which is 

slightly lower than a previous investigation directed by Geisler and 

Kleinebrecht.5 The percentage of chromosomal abnormalities in 

this study is 24%, more than twice the percentage of chromosomally 

anomalies found in the earlier study. The doubled frequency may be 

due to two reasons: (1) the rise in the number of cases being sent to 

the genetics laboratory at Shodair Hospital, and (2) the mean 

maternal age was 27.98 years in the study conducted in 1987, 

compared to a mean age of 28.78 years in this later study. The 

slightly older distribution of maternal age in the later study may 

account for the increased percentage of karyotypic abnormalities.

Blighted ova and growth disorganized embryos accounted for 

18% of the diagnoses. The diagnosis of blighted ovum technically 

should be reserved for cases of intact but empty sacs. At the 

Department of Medical Genetics at Shodair Hospital, however, the 

term blighted ovum refers to cases in which an intact empty sacs, 

and most or part of the amniotic sac is present with other products 

of conception, but there is no trace of an embryo."^ Twenty-two 

specimens in this case had the normal amount of diploid 

chromosomes; however, 18 cases had no chromosomal results.

Twinning was apparent in eight of the cases. Twinning in

itself is an abnormal event in nature and the perinatal mortality 
1 6



rate in twins is at least four times that of singletons.(cited in 

Keeling) 10 |n some of the cases a twin-twin transfusion syndrome 

occurred, which included Vater complex anomaly, and in others the 

cause was monozygotic twinning."10

Molar pregnancies constituted only 2% of the common 

diagnoses of prenatal and postnatal deaths. Hydatidiform moles are 

abnormal products of conception which are characterized by 

swollen, fluid-filled placental villi. The molar pregnancies may be 

characterized by complete or partial moles. Partial hydatidiform 

moles are produced when two haploid sperm or one diploid sperm 

fertilizes a normal ovum. This type of mole is a triploid and the 
additional haploid set of chromosomes is paternal in origin.®’1® 

Complete hydatidiform moles result from the fertilization of an 

anucleate egg by two haploid sperm, or the duplication of a single 

haploid sperm after fertilization of an "empty ovum".13 Complete 

moles have genetic information derived solely from paternal origin. 

A small proportion of the complete moles may result from dispermy 

and can be either a 46,XX, or a 46,XY chromosome.® Four cases of the 

molar pregnancies resulted in the normal diploid number of 

chromosomes. One of the cases of molar pregnancy had a 

chromosome constitution of 69,XXY, a triploid embryo, and was a 

partial hydatidiform mole. This specific case was placed in the 

category of chromosomal abnormalities as the diagnosis for the 

cause of death.

This study and additional updates of Opitz's study should 

contribute to our understanding of the causes of prenatal and 

perinatal death in Montana and provide a means of monitoring shifts 

in the causes of such deaths.
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