
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Chromosome abnormalities in first-trimester pregnancy loss

Goddijn, M.

Publication date
2003
Document Version
Final published version

Link to publication

Citation for published version (APA):
Goddijn, M. (2003). Chromosome abnormalities in first-trimester pregnancy loss. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/chromosome-abnormalities-in-firsttrimester-pregnancy-loss(b763d3b5-a3a9-4eb9-b4e7-e9c981fb2833).html


Chromosom e e 

abnormalitie ss in 

first-trimeste r r 

pregnanc yy los s 



CHROMOSOMEE ABNORMALITIE S IN FIRST-TRIMESTER PREGNANCY LOSS 

MARIETTEGODDIJN N 



Chromosomee abnormalities in first-trimester pregnancy loss 

Mariëttee Goddijn 

PhDD Thesis, University of Amsterdam - with references- with summary in Dutch 

ISBN:9051707150 0 

Keywords:: chromosome abnormalities, ectopic pregnancy, miscarriage, recurrent 

miscarriage e 

Coverr illustration: ConeylJay 

Lay-out:: Liza Taco 

Printedd by: Thela Thesis 

Thee cover illustration shows a graphical, artistic representation of a human chromosome, 

andd does not reflect the scientific contents of the thesis 

©© M Goddijn, Amsterdam, 2003 

Thee study, described in chapter 7 of this thesis was financially supported by a grant of 

thee Foundation 'De Drie Lichten' in The Netherlands, and by the Dutch Ministry of Health, 

courtesyy of the Institute for Medical Technology Assessment (iMTA), Erasmus University 

Rotterdam. . 

Publicationn of this thesis was generously supported by: 

Dee Stichting Gynaecologische Endocrinologie en Kunstmatige Humane Voortplanting 

Dee Vrouwenkliniek AMC 



Chromosom ee abnormalitie s in first-trimeste r 
pregnanc yy loss 

Academisc hh proefschrif t 

terr verkrijging van de graad van doctor 

aann de Universiteit van Amsterdam 

opp gezag van de Rector Magnificus 

prof.. mr. P. F. van der Heijden 

tenn overstaan van een door het college voor promoties ingestelde 

commissie,, in het openbaar te verdedigen in de Aula der Universiteit 

opp vrijdag 20 juni 2003, te 14.00 uur 

door r 

Mariëtt ee Goddij n 

geborengeboren te Amsterdam 



Promotiecommissi e e 

Promotoress Prof dr F van der Veen 

Proff dr NJ Leschot 

Co-promotorr Prof dr GJ Bonse! 

Overigee leden Prof dr PMM Bossuyt 

Proff dr MPM Burger 

Drr GCML Christiaens 

Drr N Exalto 

Proff drJPM Geraedts 

Proff drJWWladimiroff 

Faculteitt Geneeskunde 

Thiss thesis was prepared at the Centerfor Reproductive Medicine, Department of 

Obstetricss and Gynecology, the Department of Clinical Genetics and the Department 

off Public Health, Academic Medical Center, Amsterdam, The Netherlands. 



'Wantt in de tijd verdwijnt wat niet van waarde is' 

Leonn de Winter 





CONTENTS S 

11 Genera l introductio n g 

22 Cytogeneti c characteristic s of ectopi c pregnanc y 21 
MM Goddijn, F van derVeen, GH Schuring-Blom, WM Ankum, NJ Leschot. 

HumanHuman Reproduction 1996;11:2769-71 

33 Detectio n of chromosom e abnormalitie s in chorioni c vill i of ectopi c 31 
pregnancie ss by multiple x fluorescen t polymeras e chai n reactio n and 
fluorescenc ee in sit u hybridizatio n 
MM Goddijn, M van Stralen, GH Schuring-Blom, EJW Redeker, E van Leeuwen, S Repping, 

NJJ Leschot, F van der Veen. 

SubmittedSubmitted for publication 

44 Associatio n of histologi c feature s and cytogeneti c abnormalitie s in 43 
ectopi cc  pregnancie s 
MM Goddijn, D Roos, M van Wely, FJWten Kate, DR Cohen, F van der Veen. 

FertilityFertility and Sterility 2000;73:1201 -5 

55 Geneti c aspect s of miscarriag e 53 
MM Goddijn and NJ Leschot. Bailliere's Best Practice and Research. 

ClinicalClinical Obstetrics and Gynaecology 2000;14:855-65 

66 Lack of agreemen t concernin g definition , diagnosi s and treatmen t of 71 
recurren tt  miscarriag e in th e Netherland s 
Translatedd from M Goddijn, F van der Veen, WM Ankum, GJ Bonsel, NJ Leschot, K Boer. 

NederlandsNederlands Tijdschrift voor Geneeskunde 1999;143:897-902 

77 Diagnosin g structura l chromosom e abnormalitie s in couple s wit h 8s 
recurren tt  miscarriage ; th e relevanc e of materna l age 
MM Goddijn, JHK Joosten: AC Knegt, F van der Veen, MTM Franssen, Gl Bonsel, 

NJJ Leschot. Submitted for publication 

88 Summary , conclusion s and implication s fo r futur e researc h 97 
Samenvatting,, conclusies en aanbevelingen voor vervolgonderzoek 104 

Dankwoor d d 112 2 





Generall  introductio n chapter 



Introductio n n 

Inn human reproduction, pregnancy loss is a frequent event. Only approximately 30% of all 

conceptionss progress to a successful delivery1. Early pregnancy loss, at present most often 

regardedd as subclinical oroccult pregnancy loss, ends before pregnancy is clinically 

detected.. It occurs in about 13-22% of all pregnancies detected by hCG testing2'3. 

First-trimesterr pregnancy loss, consists of sporadic miscarriage, ectopic pregnancy, 

recurrentt miscarriage and gestational trophoblastic disease4. Sporadic miscarriages account 

forr most first-trimester pregnancy losses, its incidence accounting for 12-15% of all clinically 

recognizedd pregnancies2'5'6. The vast majority of sporadic miscarriages occur before 12 weeks 

off gestation7. In sporadic miscarriage, a lot of data concerning the frequency and type of 

chromosomee abnormalities is available8 17. In ectopic pregnancies however, less is known 

aboutt the role of chromosome abnormalities. In recurrent miscarriage, insufficient light has, 

ass yet, been shed on the consequences of parental chromosome abnormalities. 

Thiss thesis deals with chromosome abnormalities in first-trimester pregnancy loss, 

specificallyy ectopic pregnancies and recurrent miscarriage. 

EctopicEctopic pregnancy 

Ectopicc pregnancy is defined as an implantation occurring outside the uterine cavity18. Up to 

95%% of ectopic gestations are located in the Fallopian tube, other implantation sites being 

thee ovary, cervix, abdominal cavity, and occasionally liver, spleen and vagina19. 

Ectopicc pregnancies constitute approximately 1-2% of all clinically recognized pregnancies20. 

Severall risk factors and associated conditions for the development of ectopic pregnancies 

havee been found. Among these, the strongest risk factors are: previous ectopic pregnancy, 

previouss tubal surgery, documented tubal pathology, and in utero DES exposure21'22. 

Previouss genital infections, infertility, current IUD use, and more than one sexual partner are 

associatedd with a mildly increased risk. Previous pelvic and/orabdominal surgery, smoking 

andd an early age at first sexual intercourse are associated with a slightly increased risk21'22. 

Thee etiology of about 30% of cases still remains unknown23. Suggested factors are under-

reportingg of pelvic inflammatory disease, altered transport mechanisms by an oestrogen/ 

progesteronn imbalance, and fetal chromosome abnormalities1824'25. 

Soo far, studies focusing on chromosome abnormalities in ectopic pregnancies, have reported 



aa wide range of prevalence of abnormalities26"35. Because of these inconclusive findings, 

furtherr investigation seems justified. 

RecurrentRecurrent miscarriage 

Recurrentt miscarriage is ill-defined, probably because of the uncertainty, complexity and 

heterogeneityy surrounding the condition36. When defined as three or more miscarriages, 

irrespectivee of parity, recurrent miscarriage is estimated to occur in 0.5-1% of all couples 

tryingg to conceive37. When women with two or more pregnancy losses are included, the scale 

off the problem increases to include more than 3% of the couples6. 

Recentt evidence shows that genetic abnormalities of the conceptions account for the majority 

off cases with recurrent miscarriage38. If only one miscarriage occurs, it is usually regarded as 

aa sporadic miscarriage by chance. In sporadic miscarriages the frequency of numerical 

chromosomee abnormalities of the conceptus is high, approximately 50-60%. 

Inn a subgroup of couples with recurrent miscarriage, the cause of the miscarriages can be a 

repetitionn of numerical chromosome abnormalities39. It is known that an effect of maternal 

agee on the frequency of trisomies exists40,41. Among women <25 years, about 2% of all 

clinicallyy recognized pregnancies are trisomic, but among women aged 40 this value 

approachess 25%40. The age-associated increased risk of a miscarriage is largely attributable 

too abnormalities in the oocyte. Most of the trisomies result from a maternal meiotic error, 

whichh preferentially occurs during the first meiotic division42. Proposed mechanisms at the 

molecularlevell are meiotic spindle abnormalities43, and single chromatid abnormalities44. 

Iff more recent techniques, like (semi-)direct chromosome technique, fluorescence in situ 

hybridizationn (FISH) or comparative genomic hybridization (CGH) are used, the prevalence of 

chromosomee abnormalities in sporadic miscarriage is higher when compared to culture45"47. 

Whenn these results are extrapolated and related to couples with recurrent miscarriage, the 

relativee proportion of recurrence of chromosome abnormalities can be supposed to be even 

higher.. In another subgroup of couples with recurrent miscarriage, although less frequent, 

ann important genetic factor accounting forthe recurrence of miscarriages exists. Eitherthe 

womann and/or man carries a structural chromosome abnormality. Carriership of a structural 

chromosomee abnormality is present in 4.7% of all couples ascertained for two or more 

miscarriages,, and the abnormality is most commonly a balanced reciprocal or Robertsonian 

translocation49. . 



Still,, some non-genetic causes may also explain the recurrence of miscarriages. Among 

them,, thebest established risk factor for recurrent miscarriage is the presence of 

antiphospholipidd antibodies. Antiphospholipid antibodies - lupus anticoagulant (LA) and 

anticardiolii pin antibodies of the IgG or IgM class - are present in 15% of women with 

recurrentt m iscarriages49. The live birth rate (live born babies per total number of clinically 

recognizedd pregnancies) in these women may be as low as 10%50. 

Itt is difficjl t to assess the importance of other non-genetic factors, like uterine structural 

abnormalitii es. Amongst women with recurrent miscarriage they seem to play a minor role51. 

Contraryy to prior conviction, available evidence rulesoutthata large partis played by 

endocrinee f actors. Well controlled diabetes mellitus and treated thyroid dysfunction are 

noo risk factors for recurrent miscarriage51. 

Thuss far, the main factors predicting the chance of a livebirth in couples with recurrent 

miscarriagee are maternal age, number of previous miscarriages, the presence of 

antiphospholipidd antibodies, and parental carnership of structural chromosome 

abnormalities3'51"54. . 

PossiblePossible cssociation between recurrent miscarriage and ectopic pregnancies 

AA two- to four-fold increase in ectopic pregnancies has been reported in women with 

recurrentmiscarnage55"58.. Also, the risk of recurrence of an ectopic pregnancy was reported 

too be highe r in these women (OR = 3-4 to 11.9; 95% CI 1.6-7.3 to 4.3 to 32.6, depending 

onn the number of miscarriages)59. In another study, a tendency to more miscarriages was 

foundd both before and after the ectopic pregnancy60. These associations suggest some 

commonn risk factors for both reproductive failures. Nevertheless, no clear causal factor 

hass beenfound so far. 

Remarkably,, two other phenomena are shared by miscarriages and ectopic pregnancies, 

i.e.. the age related riskand theirseasonal variability. 

Highh maternal age is a risk factorfor miscarriage and ectopic pregnancy61"63. As stated 

earlier,, an effect of maternal age has been demonstrated on the frequency of trisomies in 

miscarriages4041.. In ectopic pregnancies, no such studies regarding the origin of the age 

relatedd riskare known. A higher proportion of chromosome abnormalities could be one 

explanation,, but being exposed more frequently to a pelvic inflammatory disease (PID), 

especiallyy Chlamydia infection, at higher maternal age could be another explanation6455. 

Thee second common factorin miscarriages, and ectopic pregnancy, not yet explained, is 

thee seas en j l variability i.e. an increase in these phenomena in autumn and wintertime2056. 



ChromosomeChromosome abnormalities in ectopic pregnancies and recurrent miscarriage 

Beforee the writing of this thesis, conflicting evidence existed regarding the role of 

chromosomee abnormalities in ectopic pregnancies. Highly varying numbers of chromosome 

abnormalitiess were reported, determined by different techniques. For three reasons new 

studiess were needed to determine a more accurate frequency of chromosome abnormalities 

inn well defined ectopic pregnancies. 

Firstly,, the older studies were performed in another diagnostic era, before non-invasive 

diagnosticc strategies were introduced. By introducing these strategies, the surgical removal 

off non-vital ectopic pregnancies, destined to disappear spontaneously was no longer 

necessary67.. Surgical removal of ectopic pregnancies could then be restricted to vital ectopic 

pregnancies,, in which growth was likely to continue. It is possible that in this subgroup 

off vital ectopic pregnancies a relatively low number of chromosome abnormalities is present. 

Secondly,, with the availability of newer molecular biological techniques, like PCR, FISH and 

CGH,, it seemed feasible to obtain a higher numberof successful chromosomal diagnoses, 

whenn compared to conventional techniques. 

Thirdly,, data regarding maternal age and gestational age was not available in some older 

studies.. Furthermore, before the start of the present studies, no evidence was available as 

too whether it was possible to identify chromosome abnormalities in ectopic pregnancies by 

histologicall examination. 

Att this moment in time, there is no consensus on whether carriership analysis is useful in 

coupless with recurrent miscarriage and advanced maternal age. 

Testingg for carriership is time-consuming and therefore expensive. The yield of the testis 

relativelyy low, as a structural chromosome abnormality is found only in about 4.7% of couples 

withh recurrent miscarriage48. Women with recurrent miscarriage and advanced maternal age 

aree eligible for prenatal diagnosis, in addition to parental karyotyping. The effectiveness of 

offeringg both screening programmes -karyotyping for parental carriership and prenatal 

chromosomee studies of the fetus- to this group of women has not yet been determined. 

Wee aim to investigate whether withholding carriership detection in the subgroup with 

recurrentt miscarriage at maternal age of 36 years or higher is justified. Therefore, the 

frequencyy of carriership in couples with recurrent miscarriage at maternal age <36 years, 

andd >36 years needs to be determined, as well as possible unbalanced offspring after having 

establishedd parental carriership. 



Thee aim of the thesi s 

Thee aim of this thesis is to address the following questions: 

11 What is the prevalence of chromosome abnormalities in ectopic pregnancies? 

22 Can multiplex fluorescence polymerase chain reaction (MF-PCR) and/orfluorescence 

inn situ hybridization (FISH) detect chromosome abnormalities in ectopic pregnancies? 

33 Are histological features associated with cytogenetic abnormalities in ectopic 

pregnancies? ? 

44 What is known about the frequency and type of chromosome abnormalities in sporadic 

miscarriagee and recurrent miscarriage? 

55 What is the current policy on diagnosis and treatment of recurrent miscarriage in 

thee Netherlands? 

66 What is the projected prevalence of parental structural chromosome abnormalities 

inn couples with recurrent miscarriage, especially in the subgroup with maternal 

agee > 36 years? 



Outlin ee of the Thesis 

ChapterChapter 2 

Chorionicc villi of 30 ectopic pregnancies were karyotyped by (semi-)direct technique. 

Ass controls, ten cases of intrauterine pregnancies were investigated. 

ChapterChapter 3 

Seventyy chorionic villi samples of ectopic pregnancies were studied by multiplex fluorescent 

polymerasee chain reaction (MF-PCR). Fluorescence in situ hybridization (FISH) was 

performedd where results of MF-PCR showed aneuploidy, in case of uninterpretable MF-PCR 

results,, and in ten cases with normal MF-PCR results. 

ChapterChapter 4 

Thee association between specific histological features and cytogenetic abnormalities in 54 

ectopicc pregnancies was assessed. Histologic evaluation was carried out by two pathologists 

whoo were unaware of the cytogenetic outcome. 

Chapters Chapters 

Literaturee regarding chromosome abnormalities and miscarriages was reviewed. 

Subsequently,, cytogenetic abnormalities, like numerical chromosome abnormalities, 

structurall chromosome abnormalities and mosaicism, single-gene abnormalities and other 

geneticc mechanisms were described. Special attention was paid to chromosome 

abnormalitiess in recurrent miscarriage. 

ChapterChapter 6 

AA cross-sectional survey was conducted to investigate policy on diagnosis and treatment of 

recurrentt miscarriage in the Departments of Obstetrics and Gynecology in the Netherlands. 

ChapterChapter 7 

AA historical cohort study was conducted, including couples with recurrent miscarriage. 

Dataa was retrieved from medical records and telephone interviews. The obstetric follow-up 

wass recorded for at least two years after parental karyotyping. Frequencies of carriership for 

structurall chromosome abnormalities in couples with maternal age <36 years, and maternal 



agee > 36 years were compared at different points in time. A projected prevalence of 

carriershipp was calculated for these two subgroups by multiplying numbers of couples 

includedd to the original level of the screening population. 

ChapterChapter 8 

Thee results of present studies are summarized. Implications for future research are given. 
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Abstrac t t 

Duringg a 12-month period tissue was collected from 30 surgically managed patients 

presentingg with vital ectopic pregnancies. Chorionic villi of the removed tissue were 

successfullyy karyotyped by (semi-)direct chromosome technique in 22 cases. Only one 

222 abnormal chromosomal complement, a triploidy (69,XXX) was found. As controls, ten 

casess of intrauterine pregnancies were investigated, all showing a normal karyotype. 

Thesee findings do not suggest an important role for chromosome abnormalities in the 

etiologyy of vital ectopic pregnancies. 

Introductio n n 

Itt is generally acknowledged that maternal factors play an important role in the etiology 

off ectopic pregnancy. Factors with a proven role in the pathogenesis of ectopic pregnancies 

includee previous ectopic pregnancy, previous tubal surgery, tubal pathology, in-utero 

diethylstilboestroll exposure, previous pelvic inflammatory disease, pregnancy after 

sterilizationn and an intrauterine contraceptive device (IUD) in situ1'2. Maternal risk factors 

havee been studied extensively, but very little research is done on fetal factors. In theory, 

ann abnormal conceptus could be predisposed for ectopic nidation as a result of delayed 

migration.. Among these factors are chromosome abnormalities, which indeed have been 

foundd in a varying percentage of ectopic pregnancies. Published data about chromosome 

abnormalitiess are shown in Table l3"9 . Notable are the high proportions of chromosome 

abnormalities,, varying between 13/55 arid 47/60 in recent publications7"9. When all 

publishedd data about this subject are taken into account, the proportions of chromosome 

abnormalitiess in ectopic pregnancies range from 4/25 to 47/60. Our objective was to examine 

thee frequency of chromosome abnormalities in ectopic pregnancies compared with normal 

intrauterinee pregnancies to rule out possible confounding factors such as gestational age 

andd maternal age. 

Material ss  and method s 

Inn a prospective study 30 cases of ectopic pregnancy at the Academic Medical Center in 

Amsterdamm were included. A strict diagnostic protocol was followed, based on the integrated 

resultss of transvaginal sonography and serum human chorionic gonadotrophin (hCG) 

measurements.. According to this protocol, patients with suspected ectopic pregnancy and 



Tablee 1 Cytogeneti c finding s amon g reporte d serie s of ectopi c pregnancie s 

Seriess Type of cytogeneti c No.. ofEP's No. of successfu l No. and typ e of abnorma l 

karyotype s s 

Busch h 

1974 4 

Poland d 

1976 6 

Celll culture 

Celll culture 33 3 

25 5 

16 6 

Elias s 

1981 1 

Schafer r 

1989 9 

Karikoski i 

1993 3 

Cohen n 

1993 3 

Celll culture 

Celll culture 

DNAA flow cytometry 

23 3 

20 0 

42 2 

23 3 

(Semi-)directt chromosome 78 

technique e 

42 2 

60 0 

Toikkanen n 

1993 3 

DNAA flow cytometry 55 5 55 5 

chromosoma ll  complemen t 

No. . 

4 4 

5 5 

4 4 

3 3 

22 2 

47 7 

13 3 

Type e 

47,XY,, + 21 

46,XX/45,X X 

46,XX/47,XXff + D 

47,, XY, +21 

47,XY,, + 16 

92.XXYY Y 

92* * 

46,XY,del(l6)(q22) ) 

46,XX/47,XX,+9 9 

46,XX/45,X X 

46,XX/47,XX,+mar r 

92rXXXX X 

Increasedd fragility 

46,XY,-14,+t(l;14) ) 

(lqter->lql2:: : 

14pl2->l4qter) ) 

Aneuploidy y 

Near-diploidy y 

45,X X 

Trisomyy 3 

Trisomyy 9 

Trisomyy 13 

Trisomyy 16 

Trisomyy 18 

Trisomyy 20 

46,XY/69,XXY Y 

69.XXY Y 

69,XXX X 

92,XXXX X 

45,XY,-10 0 

45,XY,-A A 

48,XXY,+16 6 

46rXX,-l6,, + 13 

Near-diploid d 

Aneuploid d 

Tetraploid d 

Bigg G2/M 

1 1 

2 2 

2 2 

1 1 

14 4 

8 8 

13 3 

2 2 

2 2 

3 3 

9 9 

1 1 

1 1 

5 5 

3 3 

2 2 

2 2 

1 1 

1 1 

1 1 

1 1 

4 4 

5 5 

1 1 

3 3 

** Inadequate karyotype 



loww serum hCG are treated with expectant management to avoid invasive interventions in 

patientss with an early intrauterine pregnancy or trophoblast in regression10"12. During a 

12-monthh period, all surgically removed ectopic pregnancies were cytogenetically analysed. 

Alll removed tissues (products of conception, sometimes with surrounding tube) were 

transferredd to a sterile glass container with Hanks' medium supplemented with penicillin/ 

streptomycinn and heparin. Specimens were transported directly to the laboratory of Clinical 

Geneticss or kept in Hanks' medium at room temperature before being transported the next 

workingg day. Data defining our study group like gestational age, maternal age and risk 

factorss were recorded and histological examination was performed. 

Tenn specimens of intrauterine pregnancies, obtained at termination for psychosocial reasons 

fromm an abortion clinic in Amsterdam, served as a control group. All pregnancies were evaluated 

byy ultrasound. The specimens were transported directly to the laboratory or kept in Hank's 

mediumm at room temperature before being transported the next working day. Chorionic villi were 

identifiedd underthe dissecting microscope and placed in a Petri dish containing RPMI medium 

.. Villi were treated according to standard techniques used for prenatal diagnostic chorionic 

villuss samples. Briefly, DNA synthesis was blocked overnight (i5h) using fluorodeoxyuridine. 

Thee block was subsequently released with thymidine, and colcemid was added to obtain 

sufficientt numbers of metaphases. After a hypotonic treatment the tissue was fixed in 

methanol/aceticc acid (3:l) and stored at C until further use. 

Thee tissue was rehydrated through an ethanol series and after removing the water 0.2 ml of 70% 

aceticc acid was added per 15 mg of tissue, and slides were made of a cell suspension consisting 

mainlyy of cells of the cytotrophoblast. The Q-banding technique wasapplied and metaphases 

weree analysed13. 

Result s s 

Karyotypingg was successful in 22 out of 30 ectopic conceptuses. The mean maternal age of 

thee ectopic pregnancy group was 32.5 years (range 25-39) and the mean gestational age was 

8Q/77 weeks (range 55/?to 130/7). In fourcases no villi were found, and four casesshowed no 

mitosess due to degenerated villi at histological examination. In the group of 22 karyotyped 

ectopicc pregnancies only one abnormal chromosomal complement, a triploidy (6g,XXX) was 

found.. This ectopic pregnancy occurred in a 30 year old woman with an IUD in situ and was 

diagnosedd at 13 weeks of gestation. All other chromosomal complements were normal. The 

cytogeneticc diagnoses of the 22 karyotyped ectopic pregnancies are represented in Table 2. 

Sixx women out of the 22 with an ectopic pregnancy had one or more proven risk factors for 



developingg an ectopic pregnancy (see Table 3) . The mean age of women with a r iskfactorwas 

30.66 years (range 28-33) , whereas the mean age of women without a r iskfactorwas 33.2 

yearss (range 26-41). In our control group, karyotyping was successful in 10 out of 11 

intrauter inee pregnancies, all showing a normal chromosomal complement. The karyotypes 

aree shown in Table 2. The mean maternal age was 31.7 years (range 21-43) and the mean 

gestationall age was 66 / 7 weeks (range 50 / 7 to 8 1 / 7 ) . 

Tablee 2 Cytogeneti c diagnosi s in 22 ectopi c pregnancie s and 10 intrautenn e pregnancie s 

Karyotyp e e 

Ectopicc pregnancies 

46,XX X 

46,XY Y 

No.. of mitose s per pregnanc y 

IB B 

69,XXX X 

Intrauterinee pregnancies 

46,XX X 

46,XY Y 

1 1 

5 5 

5 5 

>10 0 

9 9 

>10 0 

9 9 

7 7 
1 1 

5 5 

>10 0 

>10 0 

7 7 

5 5 
1 1 

9 9 

4 4 
1 1 

1 1 

1 1 

5 5 

4 4 
1 1 

Tablee 3 Risk factor s in 22 successfull y karyotype d ectopi c pregnancie s 

Riskk factor s 

Noo risk factors 

ln-uteroo DES exposure 

Previouss tubal surgery 

Previouss PID 

Previouss EP 

Previouss tubal surgery and tubal pathology 

IUDD fn situ 

No.. of patient s 

16 6 

1 1 

1 1 

1 1 

I I 

1 1 

1 1 



Discussio n n 

Onlyy one abnormal karyotype (triploidy) was found in a group of 22 ectopic pregnancies. 

Recently,, Karikoski et al, Cohen et al. and Toikkanen et al. reported a high proportion of 

chromosomee abnormalities in ectopic pregnancies (see Table l )7"9 . However, these data were 

nott compared to a control group and possible confounding factors such as early gestational 

agee and high maternal age are either not mentioned or only partially mentioned in these 

studies.. These observations therefore, might also be explained by the early gestational age 

off ectopic pregnancies, thus revealing a normal biological pattern of human procreation14,15. 

Inn our study and control group mean maternal and mean gestational age were comparable. 

Job-Spiraa et al. performed two case-control studies and found indirect arguments for an 

etiologicall role of egg chromosome abnormalities in a small group of older women (>40 

years)16.. Ourstudy, in which chorionic villi of ectopic pregnancies in a younger group of 

patientss were karyotyped, did not detect a high proportion of chromosome abnormalities. 

AA possible disadvantage of (semi-)direct chromosome technique is the discrepancy which 

mayy occur between embryonic cells and chorionic villi. Such a discrepancy might be due to 

thee fact that mosaicism is found only in placental tissue (confined placental mosaicism) and 

thuss the fetal karyotype may not be represented correctly17,18. The estimated percentage of 

mosaicismm is 2% for (semi-)direct chromosome preparations when performed for prenatal 

diagnosiss of pregnancies of 10-12 weeks19,20. We preferred this method to a long-term 

culturee in orderto prevent maternal cell contamination. In the present study no mosaicism 

wass found. 

Becausee of a high percentage of distorted, degraded or devitalized tissue in ectopic 

pregnancies,, it is unlikely that karyotyping will ever be 100% successful. The low proportion 

off chromosomally abnormal ectopic pregnancies in our series might be explained by our 

diagnosticc management, where patients with low and declining hCG levels were not submitted 

too surgical intervention. As a result, cases of early tubal abortions are not represented in our 

series.. Another possibility is that chromosomal defects existed in the unsuccessful cases, 

butt from our data on 22 patients, we conclude that the proportion of chromosome 

abnormalitiess in vital ectopic pregnancies is low, suggesting that chromosomal aberrations 

aree unimportant in the etiology of vital ectopic pregnancies. 
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Backgroundd In ectopic pregnancies, the frequency of chromosome abnormalities appears 

too be low, but conventional cytogenetic techniques fail in a high percentage. 

Thee question therefore is whether molecular cytogenetic techniques can detect 

chromosomee abnormalities more reliably. 

Methodss 70 chorionic villi samples of ectopic pregnancies were studied by multiplex 

fluorescentt polymerase chain reaction (MF-PCR). Probes for chromosomes 16, 

21,, X and Yin chorionic villi were evaluated. FISH was performed where results 

off MF-PCR showed aneuploidy, in case of uninterpretable MF-PCR results, and 

inn ten cases with normal MF-PCR results. FISH was performed without prior 

knowledgee of the MF-PCR results. 

Resultss MF-PCR gave a resultin 53 (76%) cases of ectopic pregnancy. Fifty-one (73%) 

off these results were normal and two (3%) were abnormal, one trisomy 16 and 

onee triploidy. The trisomy 16 could be confirmed with fluorescence in situ 

hybridization.. In ten control cases MF-PCR diagnosis was confirmed by FISH. 

Inn seventeen cases (24%) inconclusive findings, partial results or no results 

weree found with MF-PCR. In five of these cases (7%) a result could be obtained 

withh FISH. 

Conclusionss In ectopic pregnancies, MF-PCR and/or FISH techniques can establish the 

chromosomall status for chromosomes 16, 21, X and Y, but the technical failure 

ratee is still considerable. 

KeyKey words ectopic pregnancy/quantitative fluorescent polymerase chain reaction/STR/ 

trisomy/FISH/aneuploid d 



Introductio n n 

Thee role of chromosome abnormalities as a cause of ectopic pregnancies is still controversial. 

Inn about 30% percent of ectopic pregnancies no maternal risk can be identified1. Although a 

highh percentage of chromosome abnormalities in ectopic pregnancies was originally reported 

(47/60=?8%)2,, this could not be confirmed in three more recent studies, with respectively 

3/211 (14%), 1/22 (5%) and 3/62 (5%) chromosome abnormalities3"5. In respectively 1/22 

(5%),, 8/30 (27%) and 32/94 (34%) of cases no chromosomal diagnosis could be established, 

duee to the failure of conventional cytogenetic techniques3'5. The main reason that these 

techniquess are often not successful in ectopic pregnancies is non-viability or lack of fetal 

tissue. . 

Itt has been suggested that multiplex fluorescent polymerase chain reaction (MF-PCR) can 

bee performed on single cells, and it might thus be of use in ectopic pregnancies6. Thus far, 

thee technique has been used effectively in prenatal diagnosis -amniotic fluid samples7"9, 

fetall tissues and blood10. 

Wee report our first experiences using MF-PCR to determine the chromosomal status for 

chromosomess 16, 21, X and Y of chorionic villi in ectopic pregnancies. These chromosomes 

weree chosen, as trisomy 16 is the most common trisomy in miscarriages. Other frequently 

notedd chromosome abnormalities are trisomy 13, IB, 21 and 22, sex chromosome monosomy 

(45,X)) and t r i - and tetraploidy11'12. Fluorescence in situ hybridization (FISH) was used to 

confirmm chromosomal outcome of MF-PCR. 

Material ss  and method s 

Specimens Specimens 

Betweenn January igg6 and July 2001 surgically removed material of 128 consecutive ectopic 

pregnanciess was sent in Hank's Balanced Salt Solution (HBSS) to the department of Clinical 

Genetics.. All tissues were examined under a dissecting microscope, freed of maternal tubal 

tissuess if necessary, and washed clean of blood in HBSS. Only in 71 cases (55%), a sufficient 

amountt of chorionic villi (2,5 mg or more) was found. Chorionic villi were dried and stored 

att C forlater DNA extraction. The remainderof the samples was sent for histological 

examination. . 



MF-PCRMF-PCR preparation and analysis 
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DNAA was extracted from all frozen samples using a Masterpure™ DNA Purification Kit. 

Fourr DNA markers were used for chromosome 21, and ten DNA markers for chromosome 16. 

Forsexing,, the AMELXY probe was used13. Thirteen probes forthe X chromosome were used. 

Alll probes are listed in Table 1. As positive controls, cell lines containing trisomy 21 (n = 5), 

andd a triploidy, 6g,XXY (n = l ) of chorionic villi material were used. Extracted DNA samples 

rangingg from 18 ng to 500 ng (in a volume of 1,2 ul) were amplified in a reaction mixture 

comprisingg 0,2 to 0,75 uJ of each primer, 1,5 Ml (1,25 mM) deoxyribonucleoside triphosphate 

(dNTP)) (Roche, Mannheim), 0,08 ul AmpliTaq Gold® DNA Polymerase (Applied Biosystems/ 

Roche,Roche, Mannheim), 0,75ul GeneAmp PCR Gold Buffer (Roche, Mannheim), 0,72 uT MilliQ, 

andd 25 mM MgCl2. After denaturation at C for seven minutes, 10 cycles at , 55 , 

.. 15,15 and 30 seconds, and 20 cycles at , , . 15,15 and 30 

seconds,, and C forten minutes, were performed in a Gene Amp® PCR system 9600/9700. 

Thee entire procedure took 1.7 hour. 

Tablee l Markers used for chromosome s 16,21. X and Y 

Chromosomee 16 

D16S503 3 

D16S515 5 

D16S520 0 

D16S3068 8 

D16S3075 5 

D16S3091 1 

D1653046 6 

D1653136 6 

Chromosomee 21 

D21S263 3 

D21S266 6 

D2151914 4 

D21S1252 2 

XX chromosome 

DX599? ? 

DXS990 0 

DXSggi i 

DXS993 3 

DX51001 1 

DX51060 0 

DX51068 8 

DXS1073 3 

DX51106 6 

DXS1227 7 

DXS8043 3 

DXS8051 1 

DXS8091 1 

YY chromosome 

AMELXY Y 

Onee to two microliters of PCR product was mixed with 1.7 ul formamide/Rox mixture and 

amplificationn products were sized using capillary electrophoresis on an ABI-PRISM1''1 310 

Geneticc Analyzer. MF-PCR reactions producing inconclusive results were repeated to clarify 



thee result. Positive and consistent results from at least two informative markers for each 

chromosomee were required before a conclusion could be drawn9. 

SlideSlide preparation and FISH analysis 

Priorr to FISH analysis, tissues were thawed, washed in HB55, then Collagenase dissociation of 

thee thawed specimens was performed, followed by fixation in methanol/acetic acid (3:1) for 

att least 15 min, and the tissue was suspended in a few drops of 70% acetic acid. The dispersed 

singlee cells were dropped onto clean slides, dried at C and placed in an incubator at C 

overnight.. Two slides were prepared for each sample. FISH was performed using two sets of 

probee mixtures. Probe mix 1 identified chromosomes 16 and 21. Probe mix 2 identified 

chromosomess X and Y. 

Inn each mixture the probes were directly-labelled with different fluorophores, which could 

bee visualized with appropriate filter combinations. Slides were analysed with a Zeiss 

epifluorescencee microscope, equipped with selective filters. Three-colour analysis with 

greenn (fluorescein isothiocyanate=FITC/SpectrumGreen), red (SpectrumOrange/ 

SpectrumRed)) and blue (4,6-diamidino-2-phenylindole = DAPI forcounterstaining of the 

nuclei)) was performed. The number of hybridization signals was counted in at least 50 nuclei. 

FISHH was performed without prior knowledge of the MF-PCR results. Aneuploidy was 

diagnosedd when >20% of the cells showed an abnormal number of signals14. 

Statistica ll  analysi s 

Priorr to MF-PCR processing, it was decided to perform FISH analysis when MF-PCR results 

showedd aneuploidy, in case of partial or uninterpretable MF-PCR results, and in ten cases 

withh a normal MF-PCR result. If these ten cases with a normal MF-PCR result could all be 

confirmedd with FISH, they are supposed to reflect a 60% chance on a true error rate of 5%. 

Meann values of maternal age, gestational age, and median of hCG values were calculated, 

usingg the Statistical Package for Social Sciences 10.0 (SPSS Inc., Chicago, IL, USA). 



Result s s 

MF-PCRMF-PCR data 

Off the frozen samples, in one case, no DNA could be extracted (1/71 = 1%), In the remaining 

700 samples MF-PCR processing was performed. The results obtained with MF-PCR are 

summarizedd in Table 2. 
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Tablee 2 Result s in 70 MF-PCR processe d ectopi c pregnancie s for chromosome s 16, 21, X and Y, 

andd eventua l FISH result s 

Normal l 

Abnormalities s 

Inconclusivee findings 

Partiall result 

Noo result 

Trisomyy 16 

Triploidy y 

Possiblee trisomy 16 

Possiblee trisomy 21 

MF-PCR R 

No. . 

51a a 

1 1 

1 1 

2 2 

2 2 

9 9 

4 4 

% % 
73 3 

1,4 4 

1,4 4 

2,9 9 

2,9 9 

13 3 

5,7 7 

FISH H 

Tested/Confirmed d 

10/10 0 

l / l l 

Tested/Result t 

--
l/normal*3 3 

3/33 x normal 

l/normal l 

aa In seven cases, only one marker for chromosome 21 gave result and in two cases, only one marker for 

chromosomee 16 gave result, 

bb FISH showed a disomy 21 in this sample. 

Definitee MF-PCR results were obtained in 53 cases (53/70=76%), consisting of 51 normal 

resultss (51/53=96%), and two abnormal results (2/53=4%), one trisomy 16 and one triploidy. 

Inn Figure 1 MF-PCR amplification products are shown fora normal case, showing disomy 16, 

andd the trisomy 16 case. 

Inn the remaining 17 cases no definite MF-PCR results were obtained. In four cases there were 

inconclusivee findings (4/70=6%), in nine cases partial results (9/70=13%), and in four cases 

theree was no amplification (4/70=6%,). For the respective probes used, different results were 

obtained. . 

Establishingg MF-PCR results was possible in 63 (90%) cases for chromosomes X and Y. In 33 

casess a normal male gender (XY) was established, in 29 cases a normal female gender (XX), 

andd one triple X (XXX) in the triploid case. In one female karyotype, results were derived from 

onlyy one marker. 



Forr chromosome 16, results were available in 65 (93%) cases, in 60 cases a normal disomy 

wass established, in two cases a trisomy 16 (one in the triploid case), twice a possible trisomy 

16,, and there was one inconclusive result. In six cases, results were derived from only one 

marker.. For chromosome 21, results were available in 57 (8l%) cases, in 55 cases a normal 

disomyy was established, twice a possible trisomy 21, and there was one inconclusive result. 

Inn nine cases, results were derived from only one marker. The triploid case failed to show 

amplificationn for chromosome 21. 

Figuree l Multiple x fluorescenc e PCR figur e showin g peaks consisten t wit h a trialleli c 
trisom yy 16 (a) and a norma l disom y 16 (b) 
TheThe x axis shows the length of the PCR products. The y axis shows fluorescent intensities 

inin arbitrary units. Probe D16S3091. 
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.1000 0 

.500 0 

175.14 4 179.28 8 

FISHFISH data 

Off the 51 samples with normal MF-PCR outcome, ten samples were at random verified by FISH 

method.. In all samples, the probes used confirmed normal results, and matching gender. 

Onee abnormal MF-PCR result, a trisomy 16 was confirmed by FISH method (see Figure 2). 

Inn the case with a MF-PCR result showing triploidy no material was available for FISH 

confirmation.. FISH confirmation in four other samples, with possible abnormalities did not 

succeedd in three cases, due to problems in slide preparation. In one case, for which trisomy 

211 could not be ruled out with MF-PCR, FISH showed normal results for all chromosomes 

tested. . 



Figur ee 2 FISH result s consisten t wit h trisom y 16 and disom y 21 (a) and a norma l disom y 

166 and 21 (b) 
| 5 || = chromosome 16 specific probe 

<  = chromosome 21 specific probe 

AA full colour image of figure 2a is available available on the inside back cover. 

Clinica ll  data 

Inn 70 cases out of 128 (55%) ectopic pregnancy samples, MF-PCR processing was done. 

Inn this group of women, the mean maternal age was 31.3 years (range ig to 46). Thirty-nine 

womenn were multiparous, 31 women were nulliparous. The mean gestational age was 71''7 

weekss (range 43/7 to l l 1 / 7 ) . The median level of hCG at day of surgery was 4,400 U/L (range 

4900 - 84,600). Altogether, the women had had 134 pregnancies before the current ectopic 

pregnancy.. Of these pregnancies, 25 had resulted in a miscarriage (19%) and 20 in an 

ectopicc pregnancy (15%). 

Inn 34 cases (49%), one or more maternal risk factors for ectopic pregnancy, including 

histologicall signs of salpingitis at time of surgery, were present. Recorded were a historg 

off salpingitis (n = 20, 29%), tubal pathology (n = l8, 26%), histological signs of salpingitis 

post-surgeryy (n = lO, 14%), appendectomy (n=7, 10% ), previous tubal surgery (n = 8, 11%), 

in-uteroo DE5 exposure (n=2, 2.8%), previous laparotomy (n=l, 1.4%), and current IUD use 

(nn = 0). In ten cases of all ectopic pregnancies (10/70=14%) at least a part of an embryo was 

found.. In six of these cases, an intact fetus was seen. 



Thee MF-PCR established that trisomy 16 occurred in the ectopic pregnancy of a woman 

agedd 32 years and at gestational age of 54/7 weeks. She was known with one risk factor, i.e. 

aa previous salpingitis. In the triploid case, the women was aged 36 years, and the ectopic 

pregnancyy occurred in hersecond pregnancy, at a gestational age of 74/? weeks. She had 

hadd a single miscarriage before, and no risk factors were present. 

Discussio n n 

Thee current study was initiated in orderto evaluate the use of MF-PCR technique on frozen 

sampless of chorionic villi of ectopic pregnancies. FISH was performed to confirm test results 

whenn they showed aneuploidy, in case of uninterpretable MF-PCR results, and in ten random 

casess with normal MF-PCR results. To our knowledge, these are the first data on MF-PCR 

resultss performed in chorionic villi of ectopic pregnancies. 

Inn 53 (76%) cases of ectopic pregnancy conclusive results from MF-PCR were available, 

usingg probes for chromosomes 16, 21, Xand Y. Fifty-one (51/53=96%) of these results were 

normal,, and 2 (2/53=4%) were abnormal, one trisomy 16, and one triploidy. 

FISHH confirmation was performed in ten random cases with normal MF-PCR results, one case 

withh inconclusive findings, three with partial results, and one case without amplification. 

FISHH confirmed the findings of MF-PCR and furthermore was able to provide conclusive 

resultss in the five cases with no, partial orinconclusive results from MF-PCR. 

Thee group under study represents patients with vital ectopic pregnancies, as reflected by 

thee median hCG level 4,400 U/L (range 490- 84,600) at day of surgery. In 49% of cases a 

maternall risk factor was present. Due to the low number of chromosome abnormalities found 

itt was not relevant to correlate chromosome abnormalities with maternal risk factors. 

MF-PCRR has been mainly used in case of prenatal diagnosis (amniotic fluid samples ). 

Itt proved to be a reliable technique for the detection of trisomy 13, 18 and 21, and for 

triploidy7"9'15.. The advantage of the technique, is its feasibility in cases where very small 

volumess are available. Our study proved that determining disomy or trisomy 16 on chorionic 

villii of ectopic pregnancies is feasible. 

Inn the samples processed by MF-PCR, a failure rate of 24% was found, lowered to 17% after 

performingg FISH. Recently reported failure rates of conventional techniques in ectopic 

pregnanciess are 5%, 27% and 34% in respectively 22, 30 and 94 cases3"5. Most probably, 

thee number of results obtained after the use of fresh material by MF-PCR method would be 

higher. . 



Thee small tissue volume and non-viability of the tissue probably further increased the failure 

rate.. During this study it was found that a minimum of approximately l mg of fresh chorionic 

villii was needed to perform MF-PCR and approximately 5 mg to perform FISH. We can not rule 

outt the possibility that the samples with a chorionic villus amount of <2,5 mg, not tested by 

MF-PCR,, could be the ones with a chromosome abnormality. Maybe in the future with better 

probess forchromosome 21, MF-PCR alone may suffice fora reliable diagnosis. 

Microarrayss forthe genome-wide measurement of DNA copy numbers may become another 

alternative16.. The disadvantage of this technique however is the high cost in terms of 

materialss and equipment which makes it unlikely to be applicable on a large scale. 

Inn summary, the use of molecular biological techniques, like multiplex fluorescent 

polymerasee chain reaction and fluorescence in situ hybridization on frozen chorionic villi 

off ectopic pregnancies is feasible, but the technical failure rate is still considerable. 

Acknowledgement s s 

Wee thank our colleagues at the department of Obstetrics and Gynecology for their help in 

collectingg ectopic pregnancy specimens, 5KM van Daalen and CM Korver for FISH analysis, 

JMNN Hoovers and GJ Bonsel fortheir valuable comments. 



Reference s s 

11 Bouyer J, Coste J, Shojaei T et al. Risk factors for ectopic pregnancy: a comprehensive analysis based 

onn a large case-control, population-based study in France. Am J Epidemiol 2003;157:185-94-

22 Cohen 0, Sragos I, Berta C et al. Rapid karyotyping in ectopic pregnancies. Prenat Diagn 

1993;13:349-53-1993;13:349-53-

33 Block WA, Wolf GC, Best RG. Chromosomal abnormalities in ectopic pregnancy chorionic villi J Soc 

GynecolGynecol Investig 1998;5:324-6. 

44 Goddijn M, van der Veen F, Schuring-Blom GH, Ankum WM, Leschot NJ. Cytogenetic characteristics of 

ectopicc pregnancy. Hum Reprod 1996;11:2769-71. 

55 Coste J, Fernandez F, Joyé N et al. Role of chromosome abnormalities in ectopic pregnancy. 

FertilFertil Steril 2000;74:1259-60. 

66 Adinolfi, M, Sherlock J, Pertl B. Rapid detection of selected aneuploidies by quantitative fluorescent PCR. 

BioEssaysBioEssays 1995;17:661-4. 

77 Toth J, Findlay I, Papp C et al. Prenatal detection of trisomy 21 and 18 from amniotic fluid by quantitative 

fluorescentt polymerase chain reaction. J Med Genet 1998;35:126-9. 

88 Toth T, Findlay I, Papp C et al. Prenatal detection of trisomy 13 from amniotic fluid by quantitative 

fluorescentt polymerase chain reaction. Prenat Diagn 1998;18:669-74-

99 Levett U, Liddle S, Meredith R. A large-scale evaluation of amnio-PCR for the rapid prenatal diagnosis 

off fetal trisomy. Ultrasound Obstet Gynecol 2001:17:115-8. 

100 Pertl B, Kopp 5, Kroisel PM et al. Quantitative fluorescence polymerase chain reaction for the rapid 

detectionn of common aneuploidies and fetal sex. Am J Obstet Gynecol 1997;177:899-906. 

111 Goddijn M, Leschot NJ. Genetic aspects of miscarriage. Baillieres Best Pract Res Clin Obstet 

2000;2000; 14:855-65. 

122 Has50ld T, Hunt P. To err (meiotically) is human: the genesis of human aneuploidy. Nature Reviews 

GeneticsGenetics 2001;2:280-91. 

133 Sullivan KM, Mannucci A, Kimpton CP, Gill P. A rapid and quantitative DNA sex test:: fluorescence-based 

PCRR analysis of X-Y homologous gene amelogenin. BioTechmques 1993;15:636-42. 

144 Jobanputra V, Sobrino A, Kinney A, Kline J, Warburton D. Multiplex interphase FISH as a screen for 

commonn aneuploidies in spontaneous abortions. Hum Reprod 2002;17:1166-70. 

155 Cirigliano V, Ejarque M, Paz Canadas M et al. Clinical applications of multiplex quantitative fluorescent 

polymerasee chain reaction (QF-PCR) for the rapid prenatal detection of common chromosome 

aneuploidies.. Mol Hum Reprod 2001,7:1001-6. 

166 Snijders AM, Nowak N, Segraves R et al. Assembly of microarrays for genome-wide measurement of DNA 

copyy number. Nature Genet 2001;29:263-4. 



42 2 



Associatio nn of histologica l feature s and cytogeneti c 
abnormalitie ss in ectopi c pregnancie s 

MM Goddijn1, D Roos1, M van Wely1, FJW ten Kate2, DR Cohen', F van der Veen : 

andd the Dutch-Argent inian Collaborative Working Group on Ectopic Pregnancy4 

11 Center for Reproductive Medicine, Department of Obstetrics and Gynecology, 

Academicc Medical Center, Amsterdam, The Netherlands 

22 Department of Pathology, Academic Medical Center, Amsterdam, The Netherlands 

33 Department of Clinical Genetics, Sanatorio de la Mujer, Rosariö, Argentina 

44 CE Essed2,César D Nasio5, and GH Schuring-Blom6 

55 Department of Pathology, Dr Clemente Alvarez Hospital, Rosariö, Argentina 

66 Department of Clinical Genetics, Academic Medical Center, Amsterdam, The Netherlands 

chapter r 

Fertilityy and Sterility 2000;73:1201-5 



Abstrac t t 

44 4 

Objectivee To evaluate the association between specific histological features and 

cytogeneticc abnormalities in ectopic pregnancies. 

Designn Blinded histologic analysis. 

Settingg University hospital. 

Patientss Fifty-four patients with ectopic pregnancy for whom successful karyotypes 

andd sufficient histologic material were available. 

Intervention(s)) Histologic evaluation of chorionic villi of ectopic pregnancies was done by 

twoo pathologists who were unaware of the cytogenetic outcome. Seventeen 

histologicc features were evaluated: villus size, villus contour, ghost villi, 

hydropicc villi, trophoblastic hyperplasia, trophoblastic hypoplasia, syncytial 

knots,, Hofbauer cells, bloodvessels, trophoblastic lacunae, trophoblastic 

inclusionss or cisterns,, degeneration, fibrohyalinization, microcalcifications, 

andd perivillous and intervillous fibrin deposits. 

Mainn Outcome The association between histopathologic features and cytogenetic 

Measuree outcome. 

Resultss The presence of ghost villi and intervillous or perivillous fibrin was found 

too be associated with cytogenetic abnormalities. These features are 

associatedd with previous fetal cell death. 

Conclusionss This study does not support an association between specific histologic 

featuress of chorionic villi and cytogenetic abnormalities in ectopic 

pregnancies.. The only histologic features that were associated with 

cytogeneticc abnormalities (i.e. ghost villi and intervillous and perivillous 

fibrin)) are merely a result of previous fetal cell death. 



Introductio n n 

Muchh research has been done on a possible association between histologic features and 

chromosomee abnormalities in spontaneous abortion1-8. So far, a significant relation with 

histologicc features has been found only in triploidy7,8. 

Inn ectopic pregnancy (EP), chromosome studies have described abnormal karyotypes in 

5%-78%9"15.. Until now, no data have been published about histologic features and 

cytogeneticc findings in EPs. The aim of the present study was to investigate the relation 

betweenn histologic features and chromosome abnormalities in EP. 

Method s s 

Fifty-fourr cases of EP were reviewed histologically: 18 from the Academic Medical Center 

inn Amsterdam, the Netherlands and 36 from the Argentine Institute of Clinical Genetics 

inn Rosariö, Argentina. 

Att the Academic Medical Center, a strict diagnostic protocol was followed with use of the 

integratedd results of transvaginal ultrasonography and serum hCG measurements. According 

too this protocol, patients with suspected EP and low serum hCG concentrations (<i,SOO iU/L) 

weree treated with expectant management to avoid invasive interventions in patients with an 

earlyy intrauterine pregnancy (IUP) ortrophoblast in regression16. In Argentina, no such 

protocoll was followed, and in the case of a suspected EP (i.e. a positive pregnancy test, 

vaginall bleeding and/or abdominal tenderness and the absence of asonographically 

detectablee IUP), a laparoscopy was performed followed by surgical removal of the trophoblast 

iff EP was confirmed. Characteristics of the groups understudy, such as gestational age and 

maternall age, were recorded. 

Afterr surgical removal of the ectopic conceptus, the same processing route was followed in 

bothh hospitals. Chorionic villus tissue was dissected to perform cytogenetic analysis of 

cytotrophoblastt cells by a (semi-)direct method as described in former publications1114. 

Chromosomall results of the Dutch cohort have been presented previously14. 

Thee remaining material was fixed in buffered formalin (4%) and embedded in paraffin. 

Sectionss of 4 urn were stained with conventional hematoxylin and eosin. 



Seventeenn histologic features of chorionic villi and their corresponding qualitative scores 

weree recorded: villus size (small, intermediate, large, very large), villus contour (round, 

slightlyy irregular, irregular or scalloping), ghost villi, hydropic villi, trophoblastic 

hyperplasia,, trophoblastic hypoplasia, syncytial knots, Hofbauer cells, blood vessels, 

trophoblasticc lacunae, trophoblastic inclusions or cisterns, degeneration, fibrohyalinization, 

microcalcifications,, and perivillous and intervillous fibrin deposits (none, few, intermediate, 

abundant).. These features were derived from data found in the literature on the relation 

betweenn histologic features and cytogenetic abnormalities in spontaneous abortions1"817. 

Thee interpretation of a result as normal or pathologic was based on gestational age as found 

inn the EP group i.e., a mean of 7-8 weeks' gestational age. The histologic preparations were 

evaluatedd by two experienced pathologists at the Academic Medical Center in Amsterdam 

withoutt previous knowledge of the cytogenetic outcome. Consensus was formed about the 

finall scores. Institutional review board approval was obtained for the Dutch cohort. 

Thee relation between histologic features and cytogenetic abnormalities was tested by X2 

testss (Fisher's exact test). P<0.05 was defined as statistically significant. 

Result s s 

Thee study group consisted of 54 cases of EP. The mean age of the women in this study was 

30.44 years (range 16-40). No difference in age was found between the Argentine and Dutch 

women.. The mean gestational age was 80/7 weeks (range 5B/? to 130/7). No differences in 

histopathologicc quality or quality of chromosomal analysis were found between the Argentine 

andd Dutch group. 

ChromosomalChromosomal outcome 

Tablee l presents the cytogenetic diagnoses of the 54 EPs. Cytogenetic abnormalities were 

foundd in 24 cases (44%) of the whole group under study: one of the 18 Dutch specimens (6%) 

andd 23 of the 36 Argentine specimens (64%). 



Tablee l Karyotype s of 54 ectopi c pregnancie s 

Karyotyp e e 

Norma l l 

46,XY Y 

46,XX X 

Abnorma l l 

Trisomies s 

Trisomyy 3 

Trisomyy 9 

Trisomyy 13 

Trisomyy 16 

Triploidies s 

69,XXY Y 

59,XXX X 

Monosomies s 

45fXO O 

Mosaics s 

46,XY/6g,XXY Y 

Others s 

48,XXY,, + 16 

46,, XX, + 13,-16 6 

No. . 

30 0 

18 8 

12 2 

24 4 

8 8 

1 1 

l l 

2 2 

4 4 

6 6 

4 4 

2 2 

5 5 

S S 

3 3 

3 3 

2 2 

1 1 

1 1 

% % 
56 6 

33 3 

22 2 

44 4 

15 5 

11 1 

9 9 

5 5 

4 4 

HistologicHistologic features 

Thee scores for 15 histologic features are shown in Table 2. Two features are not represented in 

thee table: Hofbauer cells, which were present in all cases and cisterns, which were not seen in 

anyy cases. Pathologic scores occurred sporadically for seven of the features shown in Table 2: 

trophoblasticc hypoplasia, syncytial knots, bloodvessels, trophoblastic lacunae, trophoblastic 

inclusions,, fibrohyalinization and microcalcifications. 

Thee frequencies of the eight remaining features and theirassociations with chromosome 

abnormalitiess are shown in a contingency table (see Table 3). Statistical significance was 

foundd for ghost villi, perivillous fibrin deposits, and intervillous fibrin deposits, supporting 

ann association of these features with cytogenetic abnormality. 

Triploidyy was diagnosed six times and did not show a distinct histologic pattern. In these six 

cases,, the following abnormal features were seen: small villus size (one case), slightly 

irregularr contour (four cases), irregular contour (one case), ghost villi (three cases with few, 



Tablee 2 Histologi c feature s in chorioni c vill i of 54 ectopi c pregnancie s 

Histologi cc  featur e 

Villuss size 

Villuss contour 

Ghostt villi 

Hydropicc villi 

Trophoblastic c 

Hyy perplasia 

Trophoblastic c 

hypoplasia a 

Syncytiall knots 

Bloodvessels s 

Trophoblastic c 

Lacunae e 

Trophoblastic c 

Inclusions s 

Degeneration n 

Fibrotiyalinization n 

Microcalcifications s 

Perivillouss fibrin 

deposits* * 

Intervillouss fibrin 

deposits* * 

Valuess a re n 

Pathologi cc  scor e 

Category y 

Small l 

Veryy large 

Slightlyy irregular 

Irregular/scalloping g 

Few w 

Moderate e 

Abundant t 

Few w 

Moderate e 

Abundant t 

Moderate e 

Abundant t 

Moderate e 

Abundant t 

Moderate e 

Abundant t 

None e 

Abundant t 

Few w 

Moderate e 

Abundant t 

Few w 

Moderate e 

Abundant t 

Moderate e 

Abundant t 

Moderate e 

Abundant t 

Moderate e 

abundant t 

Moderate e 

Abundant t 

Moderate e 

Abundant t 

** ti = 53 (no consensus in one case) 

Abnormal l 
karyotype e 

4 4 

--
17 7 

3 3 

10 0 

8 8 

1 1 

4 4 

1 1 

1 1 

--
1 1 

--
--
--
--
--
--
1 1 

--

--
--

4 4 

7 7 

--
--
--
--
2 2 

4 4 

10 0 

3 3 

Normal l 
karyotype e 

11 1 

1 1 

14 4 

8 8 

6 6 

4 4 

1 1 

3 3 

7 7 

4 4 

--
--
--
1 1 

--
4 4 

--

2 2 

4 4 

3 3 

1 1 

--
--
--
3 3 

--
3 3 

3 3 

Normall  scor e 

Category y 

Intermediate e 

Large e 

Round d 

None e 

None e 

None e 

Few w 

None e 

Few w 

None e 

Few w 

Few w 

Moderate e 

None e 

None e 

None e 

Few w 

None e 

Few w 

None e 

few w 

None e 

Few w 

None e 

Few w 

Abnormal l 

karyotype e 

13 3 

7 7 

4 4 

5 5 

18 8 

18 8 

5 5 

23 3 

1 1 

24 4 

--
13 3 

11 1 

23 3 

24 4 

7 7 

6 6 

23 3 

1 1 

24 4 

--
16 6 

2 2 

5 5 

6 6 

Normal l 
karyotype e 

15 5 

3 3 

8 8 

19 9 

27 7 

9 9 

10 0 

30 0 

--
15 5 

14 4 

9 9 

17 7 

30 0 

28 8 

16 6 

7 7 

29 9 

--
29 9 

1 1 

14 4 

12 2 

16 6 

7 7 



twoo cases moderate), hydropic villi (one case with few, one case moderate), trophoblastic 

hyperplasiaa (one case abundant), degeneration (three cases intermediate, one case 

abundant),, perivillous fibrin deposits (one case intermediate), and intervillous fibrin 

depositss (four cases intermediate). No lacunae, inclusions, or cisterns were seen. 

Tablee 3 Frequencie s of histologi c feature s in chorioni c vill i of 54 ectopi c pregnancie s and 
associatio nn wit h chromosom e abnormalitie s 

Histeleg kk featur e 

Villuss size 

Villuss contour 

Ghostt villi 

Hydropicc villi 

Trophoblastic c 

hyperplasia a 

Degeneration n 

Perivillouss fibrin 

Deposits'3 3 

Intervillouss fibrin 

Deposits11 1 

Valuess are n (%) 

NSS = not significant 

Abnoma ll  scor e 

«omu ll  scor e 

Small,, very large 

Intermediate,, large 

Slightlyy irregular, irrt 

Round d 

Few,, moderate, abun 

None e 

Few,, moderate, abun 

None e 

Few,, moderate, abun 

None e 

Moderate,, abundant 

None,, few 

Moderate,, abundant 

Few,none e 

Moderate,, abundant 

Few,none e 

aa Two sided Fisher's exact test 

bb n = 53 

gularr or scalloping 

dant t 

dant t 

dant t 

Abnorma ll  karyo -

typee (11=24) 

4 4 

20 0 

20 0 

4 4 

19 9 

5 5 

5 5 

18 8 

1 1 

23 3 

11 1 

13 3 

6 6 

18 8 

13 3 

11 1 

(17) ) 

(83) ) 

(83) ) 

(17) ) 

(79) ) 

(21) ) 

(25) ) 

(75) ) 

(4) ) 

(96) ) 

(46) ) 

(54) ) 

(25) ) 

(75) ) 

(54) ) 

(46) ) 

Norma!!  karyo -

typee (n=30) 

12 2 

18 8 

22 2 

8 8 

11 1 

19 9 

3 3 

27 7 

11 1 

19 9 

7 7 

23 3 

3 3 

26 6 

6 6 

23 3 

(40) ) 

(60) ) 

(73) ) 

(27) ) 

(37) ) 

(63) ) 

(10) ) 

(90) ) 

(37) ) 

(63) ) 

(23) ) 

(77) ) 

(10) ) 

(90) ) 

(21) ) 

(79) ) 

P-valne 3 3 

NS S 

NS S 

0.009 9 

NS S 

NS S 

NS S 

0.006 6 

0.024 4 



Discussio n n 

Inn this study, three histologic features (ghost villi, intervillous fibrin and perivillous fibrin) 

weree associated with cytogenetic abnormalities in EP. To our knowledge, only one case report 

thatt described tri pi oi d y and histologic findings in an EP has been published18. 

Thee specimens we included were derived from two different countries, the Netherlands and 

Argentina.. The same (semi-)direct chromosome technique and preservation of histologic 

slidess were used in both centers. All histologic analyses were performed at the Academic 

Medicall Center in Amsterdam. The therapeutic approaches to EP differed, as explained 

previously,, with more expectant management in the Dutch center. This variation could have 

causedd the difference in the percentages of chromosome abnormalities between the 

countries,, being l of 18 (6%) among the Dutch women and 23 of 26 (64%) among the 

Argentinee women. 

Ourr hypothesis is that when an ectopic conceptus has a chromosome abnormality that is lethal 

inn origin, the EP will regress spontaneously without the necessity of surgical intervention. 

Thiss hypothesis is reflected by the association found in ourstudy between chromosome 

abnormalitiess and ghost villi, perivillous and intervillous fibrin deposits. These three features 

aree considered to be associated with previous fetal cell death. In spontaneous abortions, it 

iss known thatthe longerthe conceptus is retained, the less apparent the vascularization 

becomes,, the stroma becomes more densely collagenized and eventually is largely replaced 

byy fibrin deposited on the surface the villus19. The mechanism by which a chromosome 

abnormalityy could lead to regression of the conceptus is unclear. 

Knowledgee of the cytogenetic outcome of early pregnancy loss could be worthwhile in 

predictingg future pregnancy outcome. When a cytogenetic abnormality is found in 

spontaneouss abortion, the recurrence risk in future pregnancies is considered not to be 

increasedd in case of a trisomy, and probably slightly increased in case of a nontrisomic 

abnormalityy (odds ratio 2.0; 95% confidence interval 1.0-4.0)20. 

Inn conclusion, histologic examination is still needed to confirm EP, but, asin spontaneous 

abortions,, histologic results do not add any information regarding chromosomal outcome. 
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Abstrac t t 

Fetall chromosome abnormalities account for about 50% of first trimester pregnancy losses. 

Mostt of these abnormalities are numerical abnormalities (86%) and a low percentage is 

causedd by structural abnormalities (6%) or other genetic mechanisms, including chromosome 

mosaicismm (8%). The recurrence risk of numerical abnormalities is low, so karyotyping of 

fetall material in case of a miscarriage does not seem worthwhile in daily practice. 

Halff of the structural abnormalities may be inherited from a parent carrying a balanced 

chromosomee translocation orinversion. Parental carriership is found in 4-6% of the couples 

withh recurrent miscarriage. In case of parental carriership of a balanced structural 

chromosomee abnormality, a next pregnancy may result in a child with an unbalanced 

structurall chromosome abnormality. This child can have multiple congenital malformations 

and/orr a mental handicap. Prenatal diagnosis is therefore recommended. 

Conventionall laboratory techniques, such as tissue culturing and karyotyping, or (semi-) 

directt chromosome technique of chorionic villi, and the recently developed laboratory 

techniquess such as fluorescence in situ hybridization (FISH) and comparative genomic 

hybridizationn (CGH) are described successively. 

Untill now, not enough evidence has been available about the role of other genetic 

mechanisms,, such as single-gene abnormalities, uniparental disomy, genomic imprinting, 

multifactoriall disorders and skewed X chromosome inactivation, in the occurrence of 

miscarriages. . 



Introductio n n 

Thee prevalence of miscarriages has been estimated to be between 10 and 15% of all clinically 

recognizedd pregnancies, with the majority of these occurring in the first trimester of 

pregnancy.. Fetal chromosome abnormalities account for about 50% of first-trimester 

pregnancyy losses. Pregnancy loss of chromosomal origin is uncommon after is weeks of 

gestation1.. Therefore, this chapteris concerned mainly with first-trimester miscarriages. 

Thee World Health Organization's definition of miscarriage is: the expulsion or extraction from 

itss mother of an embryo orfetus weighing 500 g orless. The weight criterion corresponds 

withh a gestational age of roughly 20-Z2 weeks2. Many synonyms are used for the terms 

'miscarriage'' and 'recurrent miscarriage'. In this chapter we use the term 'miscarriage' to 

meann spontaneous abortion or first trimester miscarriage, and the term 'recurrent 

miscarriage'' to mean repeated, recurrent, multiple or habitual abortion. It is probable that the 

differentt synonyms do not reflect different clinical entities, so that terms such as 'recurrent 

miscarriage'' and 'habitual abortion' can be used interchangeably. More important than a 

semanticc discussion is an accurate description of gestational age and number of miscarriages 

inn studies concerning miscarriage or recurrent miscarriage. 

Inn this chapter we present what is currently known about the laboratory techniques, 

prevalencee and causes of chromosome abnormalities of miscarriages and recurrent 

miscarriage.. The following mechanisms will be considered: cytogenetic abnormalities, 

i.e.. numerical abnormalities, structural abnormalities and mosaicism, single-gene 

abnormalitiess and other genetic mechanisms, such as multifactorial disorders and skewed 

XX chromosome inactivation. Furthermore, we will discuss the clinical implications of each 

geneticc mechanism. 

Cytogeneti cc  abnormalitie s 

Cytogeneticc abnormalities can be subdivided into numerical chromosome abnormalities, 

structurall chromosome abnormalities and other mechanisms, such as mosaicism. 

Conventiall cytogenetic analysis of aborted fetal material depends on tissue culturing 

andd karyotyping or the use of a (semi-)direct chromosome technique on chorionic villi. 

Thee technique of tissue culturing is laborious and subject to problems such as external 



contamination,, culture failure and selective growth of maternal cells3. A possible 

disadvantagee of the (semi-)direct preparation is the discrepancy that may occur between 

embryonicc cells and chorionic villi. Such a discrepancy might be due to the factthat 

mosaicismm is found only in placental tissue, i.e. confined placental mosaicism. Thus, the fetal 

karyotypee may not be represented correctly by the villous karyotype. The estimated 

percentagee of mosaicism is 1-2% for (semi-)direct chromosome preparations in chorionic 

villuss samplings (CVS)45. 

Cytogeneticc analysis of fetal tissue is expensive. Formerly, it was thought that histological 

featuress of miscarriages could predict karyotype, and could be a possible alternative to 

karyotyping.. Examples of such histological features are: villus contour, hydropic villi, 

trophoblasticc hyperplasia, trophoblastic lacunae, cisterns, inclusions, perivillous and 

intervillouss fibrin deposits. So far, hydropic villi and trophoblastic lacunae showed a 

significantt association with triploidy in one study6, and trophoblastic hyperplasia, cisterns 

andd inclusions with triploidy in another study7. No histological features were significantly 

associatedd with other chromosome abnormalities6"9. In general, histological features are 

inconvenientt for predicting karyotype. The presence of a cytogenetic abnormality in 

miscarriagess explains the reason for the loss10. Some authors favour routine karyotyping of 

fetall material in miscarriages311. We think that this is unnecessary because, in women who 

havee had only one miscarriage, the recurrence risk of another miscarriage is not, or only 

slightly,, elevated (16%) when compared to the initial risk of all women (10-15%)12,13. 

AA study which pooled data of 5318 miscarriages appeared in 198714. tt combined the data of 

fourlargee studies1518. The overall percentage of chromosome abnormalities was reported to 

bee 51%. The chromosome abnormalities were subdivided in numerical chromosome 

abnormalitiess (96%), structural chromosome abnormalities (3%) and other chromosome 

abnormalitiess (1%). As tissue sampling, culture technique and direct preparation of chorionic 

villii have improved since then, we have pooled the data of more recent chromosome studies. 

Tablee 1 gives an overview of the reported frequency of chromosome abnormalities among 11 

seriess of single miscarriages (data from 4696 spontaneous miscarriages)3'19"28. These data 

differr only slightly from the percentages found in the earlier studies. An overall percentage 

off 4g% chromosome abnormalities was calculated, and chromosome abnormalities were 

subdividedd into 86% numerical abnormalities, 6% structural chromosome abnormalities and 

8%% other chromosome abnormalities. The most remarkable finding is a higher incidence of 

otherr chromosome abnormalities, such as mosaicism, double and triple trisomies and 

miscellaneouss chromosome abnormalities. 



Itt is suggested that most of the chromosome abnormalities resultin disordered development 

incompatiblee with prolonged intrauterine survival and live birth. The mechanism by which a 

chromosomee abnormality could lead to regression of the conceptus is unclear. 

Newerr techniques which can be used in detecting chromosome abnormalities of miscarriages, 

andd which offer a possible additional role to conventional laboratory techniques are 

fluorescencee in situ hybridization (FISH) and comparative genomic hybridization (CGH). 

Untill now there have been only a few published studies concerning the use of these new 

techniquess in relation to miscarriages. One study used FISH in pre-implantation embryos 

inn patients with unexplained recurrent miscarriages, and found that 16/39 (41%) of the 

pre-implantationn embryos were aneuploid29. The authors suggest that pre-implantation 

diagnosiss could be a feasible method for improving the chance of a successful pregnancy. 

Inn another study, the percentage of chromosome abnormalities detected by FISH in these 

pre-implantationn embryos proved to be higherin the group with unexplained recurrent 

miscarriagess (35/66=53%) when compared to a control group (l2/62=ig%)30. 

Comparativee genomic hybridization (CGH) is a molecular-cytogenetic assay capable 

off detecting chromosomal gains and losses by FISH. It provides a whole-genome screen 

forr unbalanced aberrations, and can detect the origin of extra or missing chromosomal 

material31.. CGH has been shown to detect chromosome abnormalities in 50% of the aborted 

fetall samples, as compared with 42% abnormality displayed by culture of chorionic villi 

(n=i2)32. . 

Neww insights can be expected by the use of DNA microarrays. DNA microarrays consist 

off short pieces of DNA, from 20 to over 1000 nucleotides in length. By using these 

microarrays,, every desired DNA sequence can be stained, and microdeletion syndromes or 

duplicationss can be diagnosed33. No information is yet available about the use of microarrays 

inn miscarriages 

NumericalNumerical abnormalities 

Numericall abnormalities can be subdivided in aneuploidy (trisomiesand monosomies) and 

polyploidy.. Trisomies occur most frequently (52%), followed by polyploidy (21%) and 

monosomyy X (13%) (see Table 1). 
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Mostt trisomies are believed to occuras a consequence of non-disjunction during maternal 

meiosiss I. Trisomy 16 is the most common trisomy, accounting for 32% of all trisomies. 

AA conceptus with trisomy 16 never survives to term. Other frequently noted trisomies include 

trisomyy 13, 18, 21 and 22 U 4 . 

Monosomyy X usually occurs as a result of paternal sex chromosome loss. Autosomal 

monosomiess are seen less frequently than monosomy X in miscarriages. Of the cytogenetic 

resultss of 4696 miscarriages only 5 autosomal monosomies were reported per 2319 

chromosomee abnormalities (0.2%) (see Table l )2 5 . The reason why certain types of 

chromosomee abnormalities, such as autosomal monosomies, are infrequent, or even lack 

inn miscarriages, like trisomy 1, is unknown. It has been postulated thatthese chromosome 

abnormalitiess are responsible for very early pregnancy losses34. 

Polyploidy,, triploidy (3n = 6g) or tetraploidy (4n=92), result from one or more extra haploid 

chromosomee complements. The most frequent pathogenic mechanism for triploidy is 

dispermy.. Another possible mechanism is failure of maternal meiotic cell division resulting 

inn diploid oocytes. The parental source of the extra chromosome can be detected by DNA 

analysis.. The pathogenetic mechanism for tetraploidy is mitotic failure after fertilization14. 

Theree are indications for a relationship between the phenotype of fetuses with triploidy and 

thee parental origin of the extra haploid set of chromosomes. Fetuses with a relatively normal 

growthh in association with a large cystic placenta appeared to have an extra paternal haploid 

set,, whereas fetuses with marked intrauterine growth retardation and a disproportionately 

largee head without trophoblastic hyperplasia appeared to have a maternal origin of the extra 

haploidd set3538. Altogether, the extra chromosome complement proved to be of paternal 

originn in 25 fetuses, of maternal origin in eight fetuses and uninformative in two fetuses 

(n=355 fetuses). Although the association of the phenotypes with the parental origin of the 

extraa haploid set of chromosomes was suggested consistently in these reports, conclusions 

withh regaru to genomic imprinting are iimiteu by the reiativeiy sman number ui 1 eta 1 cases. 

Thee risk fortrisomiesincreases with maternal age39. Monosomy X is inversely associated with 

maternall age40, whereas the relation of polyploidies with maternal age is still unclear4041. 

AA mechanism resulting in recurrent miscarriages is the recurrence of aneuploidy. Little 

informationn is available about this subject. The question whetherthe karyotype of one 

miscarriagee predicts the karyotype of a subsequent pregnancy loss was addressed correctly 

inn only one study. The authors karyotyped fetal material of at least two miscarriages in 273 



women.. The recurrence risk of a chromosome abnormality was not increased when there has 

beenn a trisomy, and probably slightly increased when there has been a non-trisomic 

abnormalityy (odds ratio 2.0 [95% confidence interval 1.0-4.0])42. In anotherstudy, prenatal 

diagnosis,, amniocentesis or chorionic villus sampling was offered to women with recurrent 

miscarriagess (without carriership) and a controlgroup. It was reported that the rate of 

aneuploidd conceptions was significantly higher in women with recurrent miscarriages 

(5/611 = 1.6%) when compared to controls (3/979=0.3%, P=0.02)43. 

Inn our view, prenatal diagnosis is not justified when there has been a chromosome 

abnormalityy in fetal material, because of the low recurrence risk of chromosome 

abnormalities.. Prenatal diagnosis is also not indicated in recurrent miscarriages without 

parentall carriership of a balanced abnormality. 

StructuralStructural chromosome abnormalities 

Structurall chromosome abnormalities can be subdivided into deletions, translocations, 

inversionss and duplications, but only translocations and inversions play a role in miscarriage 

andd recurrent miscarriage44'45. 

Structurall chromosome abnormalities occurin 6% of chromosomally abnormal abortuses 

(seee Table l ) . About half of these abnormalities may arise 'de novo' during gametogenesis, 

andd the other half may be inherited from a parent carrying a 'balanced' translocation or an 

inversion14. . 

Thee latter has important implications and will be discussed here. In ïggo, a review was 

publishedd based on 200 cytogenetic studies in 22199 couples experiencing repeated 

pregnancyy loss. Overall, 5% of the couples with two or more spontaneous miscarriages 

includedd a carrier individual (reciprocal and Robertsonian translocations and inversions). 

Carriershipp of a balanced structural chromosome abnormalities was at least 10 times more 

frequentt in couples with recurrent miscarriages when compared to the general population 

(0.34%).. The distribution of chromosome abnormalities according to the number of 

miscarriagess ( l , 2, >3) did not show any increase in the frequency of the inversions, sex 

chromosomee aneuploidies and supernumerary chromosomes when the number of 

miscarriagess increased, whereas there was a correlation between the incidence of 

Robertsoniann and reciprocal translocations and the number of miscarriages (P<0.05). 

Women,, rather than men, appeared to be more likely carriers of a translocation (reciprocal 

orr Robertsonian), an inversion or a supernumerary chromosome ( P<0.05)4'. 



Resultss of more recent parental chromosome studies report a comparable percentage of 

carriership:: respectively 8% in 639 couples, 2% in 241 couples and 5% in 1743 couples46"48. 

Thee overall percentage of the preceding three studies is 6% carriership in 2623 couples. 

AA high incidence of cytogenetic abnormalities was found in couples with miscarriage and 

aa normal child (7 and 18% respectively)49,50. The prevalence of carriership of a balanced 

structurall chromosome abnormality in recurrent miscarriage is now well established. 

Thee impact of carriership on fetal outcome has been studied less frequently. Only one study 

wass found to report the outcome of prenatal diagnosis for pregnancies of reciprocal carriers 

withh recurrent miscarriages. When the carrier was maternal 10/209 (5%) unbalanced 

conceptionss were found, and when the carrier was paternal 2/139 (l%) unbalanced 

conceptionss were found51. 

Whenn one of the parents is a carrier of a balanced structural chromosome abnormality, 

aa pregnancy can result in three types of offspring: a child with a normal chromosome pattern, 

aa child with a balanced structural chromosome abnormality, or a conceptus with an 

unbalancedd structural chromosome abnormality. The latter case will lead to either 

aa spontaneous miscarriage or to a liveborn child with multiple congenital malformations 

and/orr mental handicaps (5-10%). 

Thee greater'the chromosomal unbalance', the higherthe chance of a miscarriage. 

Standardd studies (blood lymphocyte karyotyping with G and Q banding) should be used as 

routinee screening tests when there have been recurrent miscarriages. FISH can be considered 

whenn a specific defect is suggested by routine tests52. 

Untill now a genetic evaluation (parental karyotypes) is generally recommended after two 

orthreee miscarriages. A cost-effectiveness study to evaluate whether karyotyping should 

bee carried out after two orthree miscarriages is needed. 

Whenn parental karyotyping is performed, and a translocation or inversion is found, a strong 

indicationn for prenatal diagnosis in a subsequent pregnancy exists, because of the above-

mentionedd chance for a child with multiple congenital malformations and/or a mental 

handicap. . 

ChromosomeChromosome mosaicism 

Inn mosaicism, two or more different genetic cell lines are present in an individual. Depending 

onn the timing of the mutational event, i.e. prior or after the differentiation of embryonic and 



chorionicc compartments, the mosaicism may be found in the placenta and embryo oronly in 

onee of them. Confined placental mosaicism has been mentioned earlierasthe main source of 

false-positivee results of viable pregnancies at CVS ( l-2%)4 5. Different types of mosaicism 

cann play a role in fetal loss. Among them are chromosome abnormalities limited to the 

placentaa with complete dichotomy between placenta and fetus53. This type of mosaicism 

wass found in 2/141 abortuses (l%)54. Another type is mosaicism confined to the placenta, 

withh both cell lines represented in the placenta. This type was found in respectively 10/54 

abortusess (19%), while another pattern of mosaicism, confined to the embryo was found in 

1/544 abortuses (2%)55. 

Thee majority of mosaic miscarriages thus represent a confined placental mosaicism. 

AA positive correlation between placental mosaicism, diagnosed by CVS, and fetal cell death 

hass been given in one other study55. On the other hand, mosaicism can be a survival 

mechanismm as well. It is described in advanced trisomy 13 and 18 gestations that have 

aa normal cell line confined to the placenta. The normality of part of the placental cells 

iss supposed to be a mechanism for gestational survival". 

Mosaicismm originating from a trisomic zygote can result in uniparental disomy. If the cells 

thatt eventually will form the fetus itself loose the extra chromosome, there is a 1:3 chance 

thatt both remaining homologue chromosomes are derived from one parent only. This is 

calledd uniparental disomy5859. 

Forr some genes, only one of the genes (maternal or paternal allele) is expressed in certain 

cells.. This phenomenon is known as genomic imprinting. If uniparental disomy occursin 

chromosomess of which parts are known to be imprinted or inactivated, abnormal phenotypic 

effectss are to be expected. Lethal effects have been reported in mice, but an effect on fetal 

celll death, resulting in miscarriages in women, 15 still unclear59. 

Singl ee gene abnormalitie s 

Singlee gene disorders associated with recurrent miscarriage are myotonic dystrophy, lethal 

skeletall dysplasias, such as thanatoporic dysplasia and type II osteogenesis imperfecta60"62. 

Myotonicc dystrophy, an autosomal dominant disease is characterized at the molecular level, 

itss gene localised at chromosome I9ql3-3. It is one of the 'trinucleotide repeat diseases'. 

Thee phenomenon of anticipation which occursin myotonic dystrophy is the reason why 



diseasee symptoms become more severe and the age at onset earlier in successive generations 

off an affected family. More severely affected patients have more CTG repeats. Stillborns have 

thee highest number of CTG repeats59. It is conceivable that miscarriages show an even higher 

numberr of CTG repeats but there is as yet no evidence for this. 

AA recently discovered single-gene abnormality which possibly plays a role in some cases of 

recurrentt miscarriages is the factor V Leiden mutation. The factor V Leiden mutation is the 

mostt common genetic predisposition to thrombosis. Its carrierfrequency in the white 

populationn is 3-4%. A twofold increase in the factor V Leiden carrierfrequency was found in 

122 of 139 (9%) abortuses compared with 1? of 403 (4%) unselected pregnant women53. 

Comparablee results have been found in peripheral blood screening of American and European 

womenn with recurrent miscarriages64,65. Two other studies report that the factor V Leiden 

mutationn is not a common cause of recurrent miscarriage66'57. In a Japanese population no 

associationn was found between the factorV Leiden mutation and recurrent miscarriages68. 

Otherr  geneti c mechanism s 

Otherr genetic mechanisms which play a possible role in the etiology of miscarriages are 

multifactoriall disorders, sperm chromosome abnormalities and skewed X chromosome 

inactivation. . 

Inn multifactorial disorders the genetic mechanism is considered to be the result of mutations 

orr gene variants at several loci in combination with -mostly unknown- environmental factors. 

Neurall tube defects are an example of multifactorial disorders which play a role in the cause 

off a miscarriage. In neural tube defects the environmental factor, insufficient folic acid 

intake,, is well known. The incidence of neural tube defects is about ten times higher in 

miscarriagess than in live births69. A significantly higher miscarriage rate (48%, n = 100) in the 

precedingg pregnancy was found in the neural tube defect group compared to the group with 

otherr birth defects (20%, n = lOO)70. 

Onlyy one study has reported data about chromosome studies on spermatozoa in couples with 

recurrentt miscarriage. All men subjected to this study had a normal karyotype. No significant 

differencess between spermatozoa of the control group and the recurrent miscarriage group 

weree found for the following parameters: total rate of anomalies, rates of aneuploidy, 



hypohaploidyy and hyperhaploidy and total rate of structural anomalies. However, there was 

aa significant difference in the occurrence of chromosome breaks (control group: n = i0/4 i3 

(2%);; recurrent miscarriage group: n=l8/308 (6%) and acentric fragments (control group: 

n=lO/4l33 (2%); recurrent miscarriage group: n=25/308 (8%)) of spermatozoa71. 

Anotherr genetic mechanism, possibly related to the occurrence of miscarriages, is skewed X 

chromosomee inactivation. X chromosome inactivation isthe preferential use of eitherthe 

paternall or maternal X chromosome. The inactivation is considered to be a random process 

duringg early embryonic development. As a consequence, the maternal X chromosome is 

inactivatedd approximately as often as the paternal X chromosome. Skewed X chromosome 

inactivationn is defined as preferential use of one, maternal or paternal, X chromosome in 

>90%% of peripheral leukocytes. Skewed X chromosome inactivation has been found more 

oftenn in recurrent miscarriages when compared to controls (7/48 = 14.6% vs 1/68 = 1.5%, 

P<0.01)) and (14/76=18% vs 6/111 = 5%, P<O.OOl)72'73. More evidence is needed to establish 

thiss genetic mechanism. 

Conclusion ss and recommendation s 

Thee frequency and type of cytogenetic abnormalities in miscarriages is well established. 

Afterr a single miscarriage, genetic evaluation -karyotyping of the fetal material- seems not 

worthwhilee because of the low recurrence risk of another miscarriage with chromosome 

abnormalitiess and the high chance of a liveborn child in a next pregnancy. 

Parentall carriership is found in 4-6% of the couples with recurrent miscarriages. Although 

thiss is a relatively low percentage, it is important to recognize because it can eventually 

resultt in a seriously handicapped child. In case of parental carriership prenatal diagnosis is 

recommendedd in the next pregnancy. Whether a couple should be karyotyped after two or 

threee miscarriages needs to be evaluated by a cost-effectiveness study. Clinical 

recommendationss are summarized in Figure 1. 



Figuree l Clinica l recommendation s 
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Abstrac t t 

Objectivee To review the current policy in diagnosis and treatment of recurrent 

miscarriagee in the Netherlands. 

Designn Cross-sectional survey. 

Methodd In 1996 a printed questionnaire was sent to all 125 Departments of 

Gynecologyy in the Netherlands with questions concerning definition, 

diagnosiss and treatment of recurrent miscarriage. 

Resultss The response rate was 90% (n = l i z ) . Twenty-nine percent of the respondents 

definedd recurrent miscarriage as having two or more miscarriages and 71% as 

threee or more miscarriages. In 42% of the departments a diagnostic protocol 

forr recurrent miscarriage was present. Diagnostic investigations most 

frequentlyy performed were transvaginal ultrasound (79%), parental 

chromosomee analysis (78%), thyroid-stimulating hormone (72%), lupus 

anticoagulantt (69%), blood glucose concentration (65%), 

hysterosalpingographyy (56%) and anticardiolipin antibodies 

(lgG,lgM)(56%).. Treatment most frequently used was the prescription 

off folic acid (53%). 

Conclusionss The definition of recurrent miscarriage differed. Uncertainty about a rational 

diagnosticc approach was evident from the large number of tests requested by 

20-50%% of the respondents. Some diagnostic tests such as immunological 

investigationss and the search forinfectious factors were not followed by a 

therapeuticall intervention. 



Introductio n n 

Thee prevalence of recurrent miscarriage in couples trying to conceive, defined as three or 

moree consecutive miscarriages, irrespective of parity, is estimated at G.5-1%1 z. 

Noo agreement exists within the literature regarding the diagnostic and therapeutic strategy 

too be pursued in case of recurrent miscarriage. We conducted a survey on this subject among 

alll Departments of Gynecology in the Netherlands, as a starting point for further research 

intoo the effectiveness of diagnosis in recurrent miscarriage. 

Method s s 

Inn October 1996 we sent out a printed questionnaire to each of the 125 Departments of 

Gynecologyy in the Netherlands. Of these departments, 36 (29%) were part of a teaching 

hospital.. The questionnaire consisted of closed questions. First of all, the departments were 

askedd for their definition of recurrent miscarriage. Possible answers were '> two miscarriages' 

andd '> three miscarriages'. As far as diagnosis was concerned, participants were asked 

whethertheyy used a standardized diagnostic protocol. They were also asked to tick the 

relevantt diagnostic tests on a list of specified items and to state what additional diagnostic 

testss were ordered in a subsequent pregnancy. With regard to treatment, the respondents 

weree asked whether advice was given regarding lifestyle and which treatments had been 

carriedd out in the case of recurrent miscarriage over the past five years. If necessary, 

thee answers were followed up by a telephone call. Differences between teaching and non-

teachingg hospitals were checked applying the x2-test, with Yates-correction or the Fisher's 

exactt test if necessary (Epilnfo 5.0). A difference of p<0.05 was regarded as significant. 

Result s s 

Sixtyy six of the 125 questionnaires (53%) were completed and returned. After a written 

reminderinn February 1997 and a telephone remindersoon afterwards, another46 

questionnairess were returned, so that the total response was 112 questionnaires (90%). 

Theree was a 94% response (34/36) from teaching hospitals and an 88% response (78/89) 

fromm non-teaching hospitals. 



Off the remaining 13 departments, five stated that their non-response was due to the 

followingg factors: that they were only willing to complete questionnaires commissioned by 

thee Dutch Society of Obstetrics and Gynecology (NVOG: Nederlandse Vereniging voor 

Obstetriee en Gynaecologie) (n = i ) , that some of the questions on the list were not clearly 

definedd (n = 2), and thatthey were expected to fill in too many questionnaires anyway (n=2). 

Definition Definition 

Inn 32 departments (29%) the term recurrent miscarriage referred to patients with two or more 

miscarriages,, in 80 departments (71%) the term was used afterthree miscarriages. In 38 

departmentss (34%) the term 'recurrent miscarriage' was restricted to patients who had never 

hadd a normal pregnancy, in 57 departments (51%) this term was used regardless of the 

presencee of any normal pregnancy, while 17 departments (15%) did not answer this issue. 

Inn 60 departments (54%) a miscarriage was defined as a pregnancy not exceeding 17 weeks, 

inn 19% of departments (17%) after less than 16 weeks of pregnancy: 24 departments (21%) 

didd not specify the length of pregnancy. The remaining nine departments (8%) defined a 

periodd of less than 24 weeks (n=l), less than 15 weeks (n=3), less than 14 weeks (n=l) f less 

thann 13 weeks (n = l ) or less than 12 weeks (n = 3). In 38 departments (34%) recurrent 

miscarriagee was defined as occuring in pregnancies from the same partner, in 52 departments 

(46%)) this concept was defined regardless of the partner; 22 departments (20%) had no 

opinionn on this matter. 

Diagnosis Diagnosis 

Inn 47 departments (42%) there was a standardized diagnostic protocol for the patients 

presentingg with recurrent miscarriage. This was the case in 56% of the teaching hospitals 

(19/34)) and 36% of the non-teaching hospitals (28/78). Seventy respondents (62%) also 

referredd to another hospital for additional diagnostic testing. This was the case in 53% of 

thee teaching hospitals (18/34) and 67% of the non-teaching hospitals (57/78). 

Thee results of the survey into diagnostic tests requested in recurrent miscarriage have been 

summarizedd in Table 1. Some rarely requested tests (maximum care) have not been listed in 

thiss table. The diagnostic tests which were carried out most frequently were transvaginal 



Tablee 1 Diagnosi s in patient s wit h recurren t miscarriag e 
ResultsResults of a survey conducted among 112 Gynecological Departments in the Netherlands, 1996 

Diagnosti cc  investigatio n 

Geneticc factors Karyotype (woman) 

Karyotypee (man) 

Anatomicall factors Transvaginal sonography 

Hysterosalpingography y 

Hysteroscopy y 

MR! ! 

Endocrinee factors Thyroid-stimulating hormone (T5H) 

Bloodd glucose concentration 

Serumm progesterone 

Luteinizingg hormone/follicle stimulating 

hormonee (LH/F5H) 

Freee thyroxine 

Thyroxme/tri-iodothyroninee (T4/T3) 

Endometriall biopsy 

Thyroxine-bindingg globulin 

Clottingg factors Platelets 

Proteinn C 

Proteinn S 

Activatedd partial thromboplastin time (APTT) 

Methionine-loadingg test 

Antithrombinn III 

Prothrombinn time 

Factorr XII 

Activatedd protein C resistance 

Plasminogen n 

FactorVV Leiden mutation 

Dilutee Russel's viper venom time* 

Infectiouss factors Chlamydia trachomatis 

Cytomegalovirus s 

MycoplasmaMycoplasma hominis 

UreaplasmaUreaplasma urealyticum 

Otherinfections s 

Immunologicall Lupus anticoagulant 

factorss Anticardiolipin antibodies (IgG, IgM) 

Antinuclearr antibodies 

Humann leucocyte antigen (HLA) -sharing** 

Naturall killer cell activity 

Blockingg antibodies 

Precursorss of cytotoxic T-lymphocytes (CTL) 

Numberr  of practice s 

63 3 

46 6 

11 1 

81 1 

73 3 

58 8 

52 2 

51 1 

45 5 

22 2 

15 5 

48 8 

35 5 

34 4 

33 3 

31 1 

26 6 

21 1 

19 9 

19 9 

15 5 

14 4 

8 8 

46 6 

32 2 

22 2 

22 2 

19 9 

77 7 

63 3 

30 0 

3 3 

2 2 

2 2 

2 2 

78 8 

79 9 

56 6 

41 1 

10 0 

72 2 

65 5 

52 2 

46 6 

46 6 

40 0 

20 0 

13 3 

43 3 

31 1 

30 0 

29 9 

28 8 

23 3 

19 9 

17 7 

17 7 

13 3 

12 2 

7 7 

41 1 

29 9 

20 0 

20 0 

17 7 

69 9 

56 6 

27 7 

3 3 

2 2 

2 2 

2 2 

"Testt to identifyy specific clotting anomalies. 

**Deterrmmngg whether there are similar HLA-antigens present in the woman and her partner. 



sonographyy (79%), parental chromosome analysis (78%), hysterosalpingography (56%) and 

aa number of blood tests, such as thyroid-stimulating hormone (T5H) (72%), lupus 

anticoagulantt (69%), blood glucose (55%) and anticardiolipin antibodies (IgGJgM) (56%). 

Somee rarely applied tests were the ones for human leucocyte antigen (HLA)-sharing 

(establishingg whetherthere are similar HLA-antigens present in the woman and her partner) 

(3%),, natural killer (NK)-cell activity (2%), blocking antibodies (2%) and precursors of 

cytotoxicc T-lymphocytes (CTL) (2%). Compared to respondents from non-teaching hospitals, 

respondentss from teaching hospitals requested the following tests more frequently: parental 

chromosomee analysis (31/34=91% versus 56/78-72%; p=0.044), lupus anticoagulant 

determinationn (29/34=85% versus48/78=62%: p=0.O23), methionine-loading test 

(16/34=47%% as opposed to 15/78-19%; p=0.005) and plasminogen determination (8/34=24% 

ass opposed to 7/78 = 9%; p = 0.04l). 

Thee coverage of etiological categories (i.e. genetic, anatomical, endocrine, clotting, 

infectiouss and immunological anomalies) within the diagnostic package was also considered. 

Too this end, the different departments had to have requested at least one item relevant to 

thatt category. Twenty-five departments (22%) requested items from all categories, 21 (19%) 

fromm all categories except the infectious anomalies, nine (8%) from all categories except the 

clottingg anomalies, seven (6%) from all categories except the genetic anomalies and six (5%) 

fromm all categories except those with immunological and infectious causes. The remaining 44 

departmentss were divided over 15 other, different combinations of choices. 

Thee diagnostic tests that were performed in a new pregnancy of a couple with a history of 

recurrentt miscarriage is listed in Table 2. Most practices routinely performed transvaginal 

ultrasoundd before eight weeks (85%)- There were no differences between teaching and non-

teachingg hospitals. 

Tablee 2 Diagnosti c tests durin g pregnanc y in patient s wit h a histor y of recurren t miscarriag e 
ResultsResults of a survey among 112 Gynecological Departments in the Netherlands, 1996 

Diagnosti cc  investigatio n 

Inn an intact pregnancy 

Immediatelyy after 

aa miscarriage 

Ultrasoundd before the eighth week 

Bloodd glucose concentration 

Humann choriongonadotrophin 

Haemoglobinn Ale 

Progesterone e 

Prenatall diagnosis (CVB orammocentesis) 

Chromosomee analysis of the embryo 

Virologicall tests 

Chorionicc villus sampling 

Numbe rr  of practice s 

95 5 

37 7 

24 4 

18 8 

7 7 

8 8 

19 9 

7 7 

2 2 

% % 
85 5 

33 3 

21 1 

16 6 

6 6 

7 7 

17 7 

6 6 

2 2 



Treatment Treatment 

Thee advice given and the treatment undertaken by the respondents atleast once in 

thee last five years is summarized in Table 3. Most frequently this involved the prescription of 

folicc acid (53%), giving up smoking (46%), myomectomy (39%), prescription of 

progestagenss (28%) and correction of septate uterus (23%). Rarely tocolytic agents (2%), 

oocytee donation (2%) and corticosteroids (1%) were used. None of the respondents indicated 

thatt they had carried out immunizations (passive immunization (IgG), active immunization 

withh paternal leucocytes or donor leucocytes or other immunizations). Among the 

departmentss which had carried out diagnostic tests into immunological anomalies, i.e. 

naturall killer cell activity (2%), HLA-sharing (3%), blocking antibodies (2%) and CTL-

precursorss (2%) further information was requested by telephone. All three departments 

indicatedd that these tests had no therapeutic consequences.Respondents from teaching 

hospitalss indicated more frequently than respondents from non-teaching hospitals that they 

hadd carried out the following treatment: correction of septate uterus (13/34=38% versus 

13/78=17%;; p=0.025) and myomectomy (19/34-56% versus 25/78=32%; p=0.030). 

Tablee 3 Advic e given and treatmen t earned out at least once in the past five years among patient s 
wit hh recurren t miscarriag e 
ResultsResults of a survey among 112 Gynecological Departments in the Netherlands, 1996 

Advic ee and treatmen t 

General l 

Genetics s 

Uterinee anomaly 

Hormonal l 

Clotting g 

Infections s 

Remainingg medication 

Immunology y 

Givingg up smoking 

Advisingg against drinking coffee 

Artificiall insemination with donor sperm 

Oocytee donation 

Correctionn of septate uterus 

Myomectomy y 

Cervicall suture 

Progestagens s 

Humann choriongonadotmphin 

Gomiphencc citrate 

Thyroxine e 

Corticosteroids s 

Aspirin n 

Heparin n 

Antibiotics s 

Folicc acid 

Tocolyticc agents 

Passivee immunization (IgG) 

Activee immunization with paternal 

leucocytess or donor leucocytes 

Otherr immunizations 

Numberr  of practice s 

51 1 

4 4 

8 8 

2 2 

26 6 

44 4 

20 0 

31 1 

23 3 

17 7 

3 3 

1 1 

30 0 

10 0 

0 0 

59 9 

2 2 

0 0 

0 0 

0 0 

% % 
46 6 

4 4 

7 7 

2 2 

23 3 

39 9 

18 8 

28 8 

21 1 

15 5 

3 3 

1 1 

27 7 

9 9 

0 0 

S3 3 

2 2 

0 0 

0 0 

0 0 



Discussio n n 

Thee high reponse rate (90%) suggests the present questionnaire to be representative for the 

currentt policy on recurrent miscarriage in Dutch Departments of Gynecology. In the survey we 

didd not ask forabsolute figures of diagnostic tests ordered orthe treatments carried out, as 

wee surmised that these figures are difficult if not impossible to obtain. With the help of the 

percentagess indicated, it was possible to get an overview of the diagnostic and therapeutic 

policyy in the Netherlands. 

Definition Definition 

Theree was obvious discussion as to whether the term 'recurrent miscarriage' applies to two or 

threee miscarriages and whetherthe miscarriages should come directly one after the other 

withoutt a normal pregancy in between. The length of pregnancy, considered typical for 

recurrentt miscarriage, also varied. There was no consensus among the respondents on the 

issuee of whether recurrent miscarriage takes place with one partner or regardless of the 

partner.. This also applies to the question whether possible earlier normal pregnancies should 

bee included in the definition of recurrent miscarriage. In the literature there are also 

differencess of opinion. Stirrat argues that in view of the good prognosis after two 

miscarriages,, recurrent miscarriage should only be referred to afterthree or more 

miscarriages3.. The chance of a succesful pregnancy after two miscarriages in his data is 80%. 

Hee acknowledges that, in practice, tests are often requested after only two miscarriages due 

too the anxiety of the patient. The Dutch Society of General Practioners (NHG: Het Nederlands 

Huisartss Genootschap) refers to recurrent miscarriage after two or more consecutive 

miscarriages.. Furthermore, they point out that the chances of finding an underlying anomaly 

whichh can be treated, is virtually non-existent4. The trend to order diagnostic tests after two 

miscarriagess would be justified if the percentage of causal factors discovered is significantly 

higheraftertwoo miscarriages than the percentage in the general population. Clinical 

Geneticistss in particular argue that karyotyping is already indicated aftertwo miscarriages, 

becausee the chance of one of the parents being a carrier is higher than among the general 

population,, whereas that chance hardly increases with further miscarriages5. The percentage 

off carriers of balanced chromosome abnormalities found aftertwo miscarriages does not 

differr significantly from the percentage found afterthree miscarriages60. However in one 

studyy a significant increase in the percentage of being a carrier of a balanced chromosome 

abnormalityy correlated significantly with the number of spontaneous miscarriages9. 



Inn another study percentages found were similar for al) causal factors (genetic, anatomical, 

endocrinee and immunological anomalies and 'others') after two and afterthree miscarriages10. 

AA large number of the departments (34%) indicated that they only referred to recurrent 

miscarriagee in the abscence of normal pregnancies. Some studies, however, report an 

increasess prevalence of chromosome abnormalities among couples with recurrent miscarriage 

andd a successful pregnancy or pregnancies compared to couples with recurrent miscarriage 

whoo have no children7'11. 

Diagnosis s 

Atthee time of the survey, guidelines based on scientific research for diagnosis in recurrent 

miscarriagee were unavailable. This is reflected in the large numberof tests (n = i5) that was 

carriedd out by 20-50% of the respondents. In view of the substantial practice variation, a 

nationall diagnostic protocol seems to be of great importance. Guidelines for the diagnosis 

andd treatment in recurrent miscarriage have recently been drawn up by a working party of 

thee NVOG (Dutch Society of Obstetrics and Gynecology). This NVOG-guideline was published 

inn January 1999. In the future, the degree of implementation could be assessed, taking the 

resultss of this study as reference. 

Twoo articles state that a lack of clarity exists in current diagnostic protocols in recurrent 

miscarriagee and testify many controversies regarding the possible etiological factors12'13. 

Diagnosticc tests can lead to classification and, if an effective treatment does exist, to 

treatment.. Additionally, diagnostic tests may reveal important prognostic factors concerning 

thee outcome of a subsequent pregnancy14. An example of a diagnostic test regarded 

worthwilee in recurrent miscarriage is the karyotyping of both partners. The relationship 

betweenn structural chromosome abnormalities, translocations and inversions and recurrent 

miscarriagee is undisputed. In 3-5% of couples with recurrent miscarriage one of the partners 

iss the carrier of a balanced structural chromosome abnormality. In an identified carrier, a 

subsequentt pregnancy can result in a miscarriage, a healthy child ora child with congenital 

defects.. These carriers can be offered prenatal screening in a subsequent pregnancy. 

Treatment Treatment 

Dataa on treatment give an impression of the treatment carried out in recurrent miscarriage 

overthee five years preceding the survey. Remarkably, the diagnostic testing did not always 



leadd to treatment consequences. For example, in around 25% of the departments, tests were 

donee to detect infections, yet none of the respondents had prescribed antibiotics in the past 

fivee years to prevent another miscarriage. One might question the usefulness of diagnostic 

testingg in those cases. The most frequent treatment was the prescription of folic acid (53% 

off the respondents). Howeverthe NVOG already advises her members, on the grounds of 

advicee from the National Health Council (Gezondheidsraad) and the Nutritional Council 

(Voedingsraad),, to point outto all women trying to conceive, to take folic acid around the 

timee of conception to reduce the incidence of fetal neural tube defects17,18. 

Thee cornerstone of treatment in recurrent miscarriage is the improvement in the chances of 

havingg a normal pregnancy with evidence-based methods14. Overa period of 10 years there 

hass been a slight increase in established causa! factors in recurrent miscarriage19. 

Thiss improvement had not yet led to an increase in the number of successful pregnancies 

afterr recurrent miscarriage. It is possible that treatment with folic acid in women with 

recurrentt miscarriages and with hyperhomocysteinemia could have a beneficial effect on 

thee subsequent pregnancy, but controlled studies are not available20.The advice to stop 

smokingg was given by a relatively high number of the respondents (46%) in the past five 

years.. It has been reported that smoking could lead to an increase in the number of 

miscarriagess amongst female smokers. In a systematic review, seven studies were identified 

inn which the relationship between smoking and spontaneous abortion was examined21. 

Ann increased risk of miscarriage could not be proven in fourstudies, in women who smoked 

ass opposed to women who did not. However, in three studies, a slightly increased risk 

forr women who smoked was proved, with odds ratios varying from 1.2 to 1.8 ( 95%-

confidencee intervals: 1.13 -1-32; 1.09 - 1.33; 1.3 - 2.5). Considering the heterogeneity of 

thee research no summary statistics could be performed21. 

Recently,, two overview articles have appeared in which immunization with (allogenic) 

leucocytess was discussed22,23. A meta-analysis of nine randomized trials was carried out by 

twoo different teams. Both found a small, yet significant treatment-effect23. The number of 

livee births was taken as main outcome measure. The live birth ratio (the ratio of live births 

inn the treatment- and control-group) in the two different analyses was respectively 1.16 

(95%% CI: 1.01-1.34) and 1.21 (95% CI: 1.04-1.37). The additional number of live births per 

1000 women treated in the two analyses was respectively 7.6 and 10. Surprisingly, none of 

thee respondents indicated that they had applied this treatment overthe past five years. 

Overthee past ten years the relationship between antiphospholipid antibodies (lupus 

anticoagulantt and anticardiolipin antibodies) and recurrent miscarriage has been thoroughly 



studied.. In a large group of women with recurrent miscarriage (n = 500), 14% had a positive 

testt result. In a small group of women with antiphospholipid antibodies (n = 20), fetal heart 

activityy was more frequently observed before the miscarriage (86%) than in women who 

hadd had negative test results in all the tests (43%; n = i00)24. So far, the effects of prednison, 

low-dosee aspirin, subcutaneous heparin and various combinations have been studied25"27. 

Currentlyy itseemsthatthe treatment of low-dose aspirin combined with subcutaneous 

heparinn is an effective treatment. In randomized trials among 90 women with three or more 

miscarriages,, low-dose aspirin (75 mg a day) was compared to low-dose aspirin in 

combinationn with heparin (BOOO units 2 dd subcuaneously). In the group receiving only 

low-dosee aspirin, 42% of women had a successful pregnancy compared to 71% in the group 

receivingg low-dose aspirin and heparin. The odds ratio was 3-4 (95% - Cl: I.4-8.1)27. 

Althoughh recurrent miscarriage is an intensively researched topic, there is still no treatment 

forr recurrent miscarriage which is evidently effective. This is possibly due to the relatively 

highh percentage of miscarriages with unknown etiology. 

Conclusion ss and recommendation s for futur e researc h 

Onn the subject of recurrent miscarriage there is lack of agreement on the definition and on 

whichh diagnostic tests and which interventions should be used. Some diagnostic tests, such 

ass for immunological and infectious causes, are carried out without any therapeutic 

implications.. At the same time, many treatments are put into practice, although little is 

knownn about their effectiveness. The emphasis of future research will have to be on cost-

effectivenesss analyses of screening tests which are most frequently carried out in recurrent 

miscarriage,, such as transvaginal sonography outside of pregnancy and parental karyotyping. 

Researchh questions could be: is chromosome analysis useful after two or only after three 

miscarriages?? Should maternal age be considered in the decision whether or not to carry 

outt chromosome analysis, taking into consideration that the number of miscarriages 

increasess on the basis of an increase in aneuploidy? Should antiphospholipid antibodies 

bee determined particularly in miscarriages in which fetal heart activity had been recorded? 

Afterr further scientific research, guidelines concerning diagnostic testing in recurrent 

miscarriagee will be able to carry more weight. 
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Backgroundd The annual number of parental karyotypes in case of recurrent miscarriage is 

increasingg gradually in the Netherlands. Women with recurrent miscarriage 

andd advanced maternal age are eligible for prenatal chromosome studies, 

inn addition to parental karyotyping. The efficiency of offering parental 

karyotypingg in couples with recurrent miscarriages has not been evaluated, 

especiallyy forthe group with miscarriages at advanced maternal age. 

Methodss A historical cohort study and nested case control study was conducted, 

includingg couples with at least two miscarriages. Data was retrieved from 

medicalmedical records and telephone interviews. The obstetric follow-up was 

recordedd forat least two years afterthe chromosome analysis. Data was 

analysedd to compare frequencies of carriers and non-carriers in couples in 

whichh maternal age was >36 years or <36 years at the time of karyotyping, 

att second miscarriage and at third miscarriage. A projected prevalence of 

carriershipp of a structural chromosome abnormality was calculated by 

extrapolatingg the number of included patients to the original level of the 

totall screening population. 

Resultss 41 couples with carriership of a structural chromosome abnormality and 76 

coupless without carriership were included. A trend towards a lower projected 

prevalencee of carriership was found at higher maternal age. 

Conclusionss In conclusion, a relative low frequency of carriership isfound in women with 

recurrentt miscarriage who are >36 years at second miscarriage, without any 

unbalancedd offspring after the detection of carriership. 

KeyKey words recurrent miscarriage, structural chromosome abnormalities, carriership, 

translocation,, maternal age 



Introductio n n 

inn the Netherlands, the annual numberof parental karyotypes in case of recurrent 

miscarriagee isincreasing gradually. In 1992, karyotyping for this indication was performed 

2,5955 times and in 2001, 5,015 times. Between 1992 and 2001 942/38,099 = 2.5% carrier 

individualss were detected. Epidemiological evidence showsa steep increase in sporadic 

miscarriagee rate in women of 36 years and older1 5. This age-related risk is due to a higher 

numberr of aneuploidies, mainly trisomies6"8. The age-dependent increase of trisomies, 

withh recurrent miscarriage as its manifestation, may be due to a recurrence of sporadic 

chromosomee abnormalities8. 

Womenn with recurrent miscarriage and advanced maternal age are eligible for prenatal 

diagnosis,, in addition to parental karyotyping. The effectiveness of offering women both 

screeningg programmes - karyotyping for parental carriership and prenatal chromosome 

studiess of the fetus- to this group of women needs to be better explored. Therefore, we 

investigatedd the yield of chromosome analysis for parental carriership in two maternal age 

groupss in women with recurrent miscarriages. 

Material ss  and method s 

StudyStudy Design 

AA historical cohort study of couples who had presented themselves in the past for carriership 

detectionn aftertwo or more miscarriages was conducted. From January 1992 until June 2000, 

alll carriers detected in the Academic Medical Center, as well as a random subset of two non-

carrierss per carrier, were invited. We included men and women with two or more miscarriages 

upp to 20 weeks gestational age, proven by a pregnancy test and/or ultrasound. In case only 

onee parent was karyotyped with a normal karyotype result, these couples were not included 

inn the study. Genetic diseases otherthan a structural chromosome abnormality were 

recorded.. Carriers and non-carriers were contacted by mail with an invitation to participate 

inn the study, and informed consent was obtained. Reminders were sent out in cases of non-

response.. Data was retrieved from medical records and telephone interviews, and focused 

onn the parental characteristics atthe time of the chromosome analysis, the previous 

miscarriages,, obstetric history and obstetrical outcome for at least two years after 

chromosomee analysis. Institutional Review Board approval was obtained. 



StatisticalStatistical Analysis 

Thee number of carriers and non-carriers In two maternal age groups, <36 years and >36 years 

weree established at the time of karyotyping, at second miscarriage, and at third miscarriage. 

Thenn Odds Ratios with their 95% CIs were calculated to establish a difference of risk on being 

aa carrier in the two respective age-groups. Statistical significance was defined as confidence 

intervalss did not include l.O. Statistical analysis was performed with the Statistical Package 

forthee Social Sciences 10.0 (SPSS Inc., Chicago, IL). 

Givenn the total number of karyotypes performed in the same period, frequencies of 

carriershipp in the study population were calculated back to the original level of the screening 

population. . 

Result s s 

Thee screening population in the inclusion period consisted of 1324 couples. All couples were 

referredd for karyotyping because of recurrent miscarriage. 

Inn 51 of the 1324 couples, a carrier was identified, and these couples served as cases, forthe 

controll couples, 106 couples without carriership were selected in a random, chronological 

way,, i.e. they were karyotyped directly before and afterthe carrier. In 25 couples we could 

nott objectivate the miscarriages due to non-response (unknown address, or no telephone 

(n=i4),, refusal to participate in the study (n = n ) ) . In five couples we identified only one 

miscarriage,, however in combination with another obstetrical adverse outcome. In four 

coupless no pregnancy test and/or ultrasound was performed. 

Wee excluded five non-carrier couples, because one parent or semen donor was not 

karyotypedd and the other parent had a normal karyotype, and another couple was excluded 

becausee the fatherwas detected to be carrier of a structural chromosome abnormality only 

afterr the birth of a child with congenital abnormalities. 

AA total number of 117 couples remained for analysis, which consisted of 41 couples including 

onee carrier and 76 non-carrier couples. In 103 couples, the country of birth was the 

Netherlandss (88%). In the 14 other couples, the remaining countries of birth were Surinam 

(n=4),, Turkey (n=3), Curacao (n=2), Africa (n=2), and other countries (n=3). The mean age 

off the women at time of karyotyping was 34-3 years (range 22.3-46.4). No difference in 

maternall age was found between the carrier-couples (33.2 years, range 22.3-43.6) and the 

non-carrierr couples (34.9 years, range 23.5- 46.4). Consanguinity was found in l carrier-



couplee (nephew-niece) and in 2 non-carrier couples (nephew-niece). The couples were 

referredd from four sources: 58 couples were referred by an academic gynecologist (49.6%), 

544 couples by a gynecologist from a general hospital (46.2%), three couples by a midwife 

(2.6%)) and two couples by a general practitioner (1.7%). 

ChromosomalChromosomal Outcome 

Thee structural chromosome abnormalities of the 41 carrier couples are listed in Table 1. 

Wee found more female carriers (n=27) than male carriers (n-14). There were 26 reciprocal 

translocationss (63.4%), five pericentric inversions (12.2%), four paracentric inversions 

(g.8%),, three Robertsonian translocations (7.3 %), two (Y;22) translocations (4-9%) and 

onee marker chromosome (2.4%). 

NormalNormal Variable Chromosome Features 

Inn three non-carrier couples one partner represented normal variable chromosome features. 

Thee three karyotypes were two low-level mocaicisms: mos45,X[l]/47,XXX[2]/46,XX[27], 

andd mos 45,X[3]/46,XX[27], and one increased satellite: 46, XX, 21s+. 

ObstetricalObstetrical History 

Beforee karyotyping, the 41 carrier couples had had 160 pregnancies, and the 76 non-carrier 

coupless 294 pregnancies. The mean number of pregnancies per couple before karyotyping 

wass the same for carrier couples (3.9; range 2-11) and non-carrier couples (3-9; range 2-10). 

Nearlyy half of the couples had had two miscarriages (56/117=48%), 41 couples had had three 

miscarriagess (41/117=35%) and 20 couples had had four or more miscarriages (20/117=17%). 

Thee highest number of miscarriages was ten. The mean gestational age was 9.0 weeks in 

carrierss (n=i24 miscarriages, range 4 - 1 9 weeks) and 8.6 weeks in non-carrier couples 

(n=2l66 miscarriages, range 5-19 weeks). No statistical differences in frequencies of 

carriershipp were found between couples with two miscarriages versus couples with three 

miscarriages,, and between couples with three miscarriages versus couples with four or more 

miscarriagess (see Table 2). 



Tablee 1 Type of structura l chromosom e abnormalitie s of the 41 earner couple s wit h 

recurren tt  miscarriag e 

Femalee Carrier s (11=27) 

Reciproca ll  Translocation s 

46t XX, t ( l ;7 ) (q32.1 ;q32) ) 

46,XX, t ( l ;10) (q23;22.3) ) 

46 ,XX , t ( l ; l l ) ( p34 .3 ;q l 3) ) 

4 6 , X X , t ( l ; l 6 ) ( p 3 5 . 3 - p 3 6 . 1 ; p l 3 . 3) ) 

461XX, t (2 ;8 ) (p l5 ;q l3 . l) ) 

46,XX, t (2 ;12) (p25;q l3) ) 

46 (XX,t(3;6)(q25-q26;q23-q24) ) 

46 fXX,t(3;5)(q2B;q23. l) ) 

46,XX, t , (3 ;15) (p l3 ;q26 . l) ) 

46(XX,t (4 ;6) (q31.1;q22.32) ) 

46 ,XX, t (4 ;10 ) (q l3 .3 ;q24 .3) ) 

46 ,XX, t (5 ; l 2 ) (p l5 . l ; q22) ) 

46l XX, t ( l l ; 12 ) (p l5 .4 ;p l 3 .2) ) 

461XX, t ( l l ; 20 ) (q l3 ;p l3) ) 

46,XX,, t ( H ; l 8 ) ( q 2 2 ; q l l . 2) 

46 ,XX, t ( l 6 ;20 ) (q24 ;p l3) ) 

46 ,XX f t ( l7 ; l8 ) (q21 .1 ;q l2 .2) ) 

mos46f XX[2O] /46 ,X, t (X ;14) (p21.1 ;q21.1 ;q2 l ) [ l0] ] 

Robertsonia nn Translocation s 

4S,XX rder( l3;22)(qlO;qlO) ) 

4B,XX f der ( l3 ;14) (q l0 ;q l0 ) * * 

(Y;155 and Y;22) Translocation s 

46,XX,der(22)t (Y;22)(q l2;p l2/13) ) 

46 (XX,der(22) t (Y;22)(q l2;p l2/13) ) 

Pericentri cc  Inversion s 

46 ,XX, inv (8 ) (p l l . 22q l3 . l ) ) 

46,XX, inv(g)(p l3q l3) ) 

Paracentri cc  Inversion s 

46,XX,inv(6)(p21.3p25) ) 

46,XX.i5hmv(8)(p21p23) ) 

46 ,XX, inv ( l l ) (q2 lq23) ) 

Malee Carrier s (n=l4 ) 

Reciproca ll  Translocation s 

46,XY,t( l ;3)(q21;q25) ) 

46,XY,t(2;13)(q35;q32) ) 

46,XY,t(B;12)(q3B.l;q24.l) ) 

46,XY,t(5;17)(q33.1;q25.3) ) 

46,XY,t(6; l6)(q25.3;pl3.3) ) 

46,XY,t(B;12)(p23.1;pl3-3) ) 

46,XY,t( lO;13)(q23.3;ql3) ) 

46 ,XY , t ( l l ; 2 l ) ( p l 5 .4 ;q22 . l) ) 

Robertsonia nn Translocation s 

45,XY (der( l3 ;14)(q lO;q lO) ) 

Pericentri cc  Inversion s 

46,XY, inv(2) (p l l .2q l3) ) 

46,XY,inv(5)(pl5.3q35)) + * 

46,XY, inv(9)(p l3ql3) ) 

Paracentri cc  Inversion s 

46,XY, inv( l2) (q l5q24. l ) ) 

Marke rr  Chromosome s 

47,XY,+ id ic ( l5) (q l l .2) ) 

Thee carrier of this translocation is known with Autosomal Dominant Beniqn Myopathy. 

Thee inversion was only detected in second instance after the birth of a child with congenital abnormalities 

(seee discussion section). 



Tablee 2 Frequenc y of carrie r couple s after differen t number of miscarriage s 

Carriershipp after 2 

versuss 3 miscarriages 

Carnershipp after 3 

vss >4 miscarriages 

22 miscarriage s 3 miscarriage s 14 miscarriage s Oil 

18/566 15/41 1.2 

15/41 1 8/20 0 1.2 2 

95%% Ci 
0.52-2.84 4 

0.39-3.46 6 

MaternalMaternal Age 

Tablee 3 shows the frequency of carrier couples at different points in time, i.e. at the time of 

karyotyping,, at second and at third miscarriage for two maternal age groups, <36 years and 

>366 years. Thus, Odds Ratios could be calculated forthe occurrence of carriership in the two 

agee groups. The Odds Ratio calculated at the time of karyotyping showed no clear difference 

betweenn the risk of being a carrier when maternal age is <36 years, versus a maternal age >36 

yearss (Odds Ratio 1.6; 95% CI: 0.7- 3-4). 

Thee Odds Ratio calculated at the time of second miscarriage was 2.7 (95% CI: 0.9 - 7.8) which 

impliess that the risk of being a carrier was higher when maternal age is below 36, although a 

significantt level was not met. The Odds Ratio calculated at the time of third miscarriage was 

quitee similar (Odds Ratio 2.6; 95% CI: 0.5 - 13.7). 

Extrapolationn of data from table 3, by multiplying numbers to the original level of the 

screeningg population, provides a prevalence estimate in this population. In two carrier 

couples,, the yearin which miscarriages occurred was unknown. Therefore, at the time of 

secondd miscarriage results of 39 out of 51 carrier couples were available for analysis, and the 

multiplicationn factor was 1.3 (51/39). For non-carrier couples the multiplication factor was 

17.22 (1273/74). Then, atthe time of second miscarriage, a prevalence of 3-9 % carrier couples 

wass found, 4-6 %in the maternal age group <36 years, and 1.9 % in the maternal age group 

>366 years. 

Aboutt the same prevalences could be calculated attime of third miscarriage. When 

multiplyingg the number of carrier couples with 2.4 (51/21), and non-carrier couples with 34.4 

(1273/37),, a 4-4 % prevalence of carriership was found in the maternal age group <36 years, 

andd 1.8 % in the maternal age group >36 years. 



Tablee 3 Frequenc y of earner couple s at differen t point s in time 

Materna ll  age at 

measuremen t t 

Att karyotyping 

Att second miscarriage 

Att third miscarriage 

Carriershi p p 

<366 yrs (n/N) 

23/57 7 

34/87 7 

19/48 8 

Carriershi p p 

^366 yrs (n/N) 

18/60 0 

5/26 6 

2/10 0 

No.. of 

couple s s 

117 7 

113 3 

58 8 

OR R 

1.6 6 

2.7 7 

2.6 6 

95%% CI 

0.7-3.4 4 

0.9-7.8 8 

0.5-13-7 7 

nn = number of carrier couples in maternal age group. 

NN = total number of couples in maternal age group. 

ObstetricalObstetrical Outcome in Carrier Couples 

Thee mean duration of follow-up for carrier couples was 71.7 months, range 25-118 months. 

Twenty-fivee out of 41 carrier couples (61%) were pregnant at time of karyotyping, with atthat 

timee unknown carrier status. Of the 25 pregnancies, 22 resulted in a healthy child (88%) and 

threee resulted in a miscarriage (12%). In 18 of these pregnancies, prenatal diagnosis was 

performed.. Actually, six of these cases were referred for parental karyotyping by our Prenatal 

Diagnosticc Center, after emergence of the history of two or more miscarriages. No unbalanced 

structurall chromosome abnormalities were found. In nine cases, a balanced karyotype related 

too the parental carrier was found, including one marker chromosome. In another nine cases, a 

normall karyotype was obtained. 

Afterr the results of karyotyping were available a total number of 43 pregnancies was 

establishedd in 25 carrier couples with childwish. Of these 43 pregnancies, 30 resulted in a live 

bornn healthy child (70%), 11 resulted in a miscarriage (26%), one pregnancy was ongoing 

(2%),, and one abnormal pregnancy was reported (2%). Prenatal diagnosis was performed in 

266 pregnancies. In 15 pregnancies (58%) a balanced karyotype, related to the parental carrier 

wasfound,, in the resulting 11 pregnancies (42%), a normal karyotype was obtained. Mean 

maternall age at time of prenatal diagnosis was 33.0 years (range 22 - 44). The abnormal 

pregnancyy occurred in a couple in which the mother was a carrier of a paracentrical inversion 

off chromosome 8 (karyotype 46, XX ish inv(8)(p2ip23)). The couple initially decided against 

prenatall diagnosis. During routine ultrasound examination a Dandy-Walker malformation was 

detected.. Before the chromosome result of a secondarily performed amniocentesis was 

available,, the pregnancy was terminated at 24 weeks. The Dandy-Walker malformation 

diagnosiss was postnatally confirmed by histology. The chromosome diagnosis was a balanced 

paracentricall inversion of chromosome 8 (karyotype: 46, XY,inv(8)(p2lp23)) just like the 

mother,, and seemed unrelated to the Dandy-Walker malformation. 



Discussio n n 

Inn couples with recurrent miscarriage, we compared frequencies of carriership of a structural 

chromosomee abnormality in women with a maternal age >36 years and women with a maternal 

agee <36 years at time of karyotyping, at second and at third miscarriage. Less carriers were 

foundd in women with a maternal age >36 years, indicating a lower risk of carriership in these 

women.. The difference was not statistically significant (Odds Ratio 2.7; 95% CI: 0.9 - 7.8). 

Thiss trend reflects the biological phenomenon of a higher miscarriage rate at older maternal 

age,, due to a higher number of numerical chromosome abnormalities1 8. To our knowledge, 

definingg frequencies of carriership of a structural chromosome abnormality in different 

maternall age groups has not been reported previously in couples with recurrent miscarriage. 

Whenn the frequency of carriership in ourstudy population was multiplied to the level of the 

originall screening population, we found a low projected prevalence (1.9%) in the group with 

aa maternal age >36 years, when compared to the group with a maternal age of <36 years at 

secondd miscarriage (4-6%). 

Afterr one single miscarriage, couples will not be karyotyped. The risk of a structural 

chromosomee abnormality after one single miscarriage has been found to be 1.16 %in 

individuals,, and approximately 2.3% in couples9. It seems therefore reasonable to withhold 

karyotypingg when risks are below these percentages. The projected prevalence we calculated 

inn the higher maternal age group at second miscarriage was slightly lower, i.e. 1.9% in 

couples.. So it seems justified to withhold karyotyping, when maternal age at second 

miscarriagee is 36 years or higher, in this group, possible structural chromosome 

abnormalitiess of the fetus, can be detected by prenatal diagnosis. Even more important is 

thee fact that no unbalanced reproductive outcome was found in ourstudy population, which 

stressess the low risk for such an serious adverse event in women with recurrent miscarriage. 

Thee mean duration of follow-up for carrier couples was six years. Karyotyping of 1324 couples 

ascertainedd for recurrent miscarriage did not prevent the birth of a single child with 

congenitall abnormalities. In one case, the structural chromosome abnormality in the father, 

aa 46,XY,inv(5)(pl5.3q35) karyotype, was only detected at second instance afterthe birth 

off a child with microcephaly, an atrial septal defect and a ventricularseptal defect. Many 

studiess which describe frequencies of carriership of structural chromosome abnormalities 

inn couples with recurrent miscarriage, do report obstetrical history, but data about obstetric 

follow-upp is limited. We found three relatively small studies in which registration of 

subsequentt pregnancies in case of carriership and recurrent miscarriage took place. 

Noo unbalanced reproductive outcome was reported in respectively 7, 35 and 17 carrier couples 



withh recurrent miscarriage10 12. These studies favoura normal pregnancy outcome in carriers 

whoo were traced afterthe occurrence of miscarriages. The results of our study, with an even 

higherr number of carriers, are in concordance with theirfindings. 

Thee risk of having a handicapped child with an unbalanced karyotype depends on the type 

off translocation, and on the sex of the transmitting parent13"15. Generally a 5-10% risk on a 

livee born child with multiple congenital abnormalities is mentioned in case of carriership16. 

Whenn the 5-10% risk figure of a live born child with multiple congenital handicaps is used, 

then,, in ourstudy population three live born children with multiple congenital handicaps 

weree to be expected (43 pregnancies in carrier couples multiplied by 0.075). But, beside a 

casee with Dandy Walker malformation, most probably unrelated to the parental carrier, in our 

studyy population no children with handicaps were born out of a total number of 43 

pregnancies. . 

Thee risk that parents will bear offspring with an unbalanced chromosome complement 

depends,, besides the sex of the carrier and type of rearrangement as stated above, also on 

thee method of ascertainment17. The frequencies of unbalanced reciprocal translocations at 

prenatall diagnosis in subsequent pregnancies are much higher when a family is ascertained 

throughh prior full-term unbalanced progeny than when they are ascertained through 

recurrentt miscarriage (19.8% versus 4.8% for maternal carriers; 22.2% versus 1.4% for 

paternall carriers)18. 

Whetherr our study population is a selection rather than a reflection of the whole population 

off couples with recurrent miscarriage is difficult to determine. It is unlikely that couples with 

recurrentt miscarriage who are not referred for karyotyping have a worse obstetric history, 

thuss reflecting a subgroup with translocations leading more often to unbalanced offspring. 

Inn conclusion, a relatively low frequency of carriership is found in women with recurrent 

miscarriagee who are >36 years, without any unbalanced offspring after the detection of 

carriership.. Withholding karyotyping in the older maternal age groups seems justified, but 

thiss needs to be confirmed with more data. A nation wide study is currently underway in the 

Netherlands. . 
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Summar y y 

First-trimesterr pregnancy loss is a frequent event, with many etiological factors still 

unknown.. It consists of sporadic miscarriage, ectopic pregnancy, recurrent miscarriage and 

gestationall trophoblastic disease. In this thesis, ectopic pregnancy and recurrent 

miscarriagee are the primary subject of investigation. 

Ectopicc pregnancy is defined as an implantation occurring outside the uterine cavity. Ectopic 

pregnanciess constitute 1-2% of all clinically recognized pregnancies. Maternal factors, in 

particularr tubal pathology, previous ectopic pregnancy, in utero DE5 exposure, or previous 

genitall infections play an etiological role. The etiology of about 30% of cases still remains 

unknown.. Suggested factors are underreporting of pelvic inflammatory disease, hormonal 

imbalancee and fetal chromosome abnormalities. Studies focusing on chromosome 

abnormalitiess in ectopic pregnancies have reported a wide range of prevalence of 

chromosomee abnormalities. Because of these inconclusive findings, furtherinvestigation 

seemss justified. 

Inn recurrent miscarriage, many uncertainties exist regarding definition, a rational diagnostic 

approachh and treatment. When defined as three or more miscarriages, irrespective of parity, 

recurrentt miscarriage is estimated to occur in 0.5-1% of all couples trying to conceive. 

Whenn women with two or more pregnancy losses are included, the scale of the problem 

increasess to more than 3% of couples. 

Recentt evidence shows that genetic abnormalities of the conceptions account forthe majority 

off miscarriages. At present, there is no consensus on whether carriership analysis is useful 

inn couples with recurrent miscarriage and advanced maternal age. These women are eligible 

forr prenatal diagnosis, in addition to parental karyotyping. Testing for carriership is time-

consumingg and expensive. Therefore, investigation whether withholding carriership detection 

inn the subgroup with recurrent miscarriage at maternal age of 36 years or higher is needed. 

Inn this thesis, the results of chromosome studies in ectopic pregnancies are presented. 

Firstly,, by (semi-)direct chromosome technique, and then by multiplex fluorescent 

polymerasee chain reaction (MF-PCR) and fluorescence in situ hybridization (FISH). 

Furthermore,, an association study between histologic features and chromosome 

abnormalitiess in ectopic pregnancies is described. 

Too investigate current policy on diagnosis and treatment of recurrent miscarriage, a cross-



sectionall survey among Dutch Departments of Obstetrics and Gynecology was performed. 

Parentall karyotyping, one of the diagnostic tests most frequently requested in couples with 

recurrentt miscarriage, was further evaluated. In a historical cohort study, frequencies of 

carriershipp in couples with recurrent miscarriage at maternal age <36 years and >36 years, 

andd possible unbalanced outcome afterthe detection of carriership were established. 

Thee aim of the thesis as outlined in Chapter l was to answer six questions, each described 

separatelyy in chapters 2 until 7. 

Chapterr  2 focuses on the first question: 

WhatWhat is the prevalence of chromosome abnormalities in ectopic pregnancies? 

Tissuee was collected from 30 surgically managed patients presenting with vital ectopic 

pregnancies.. Chorionic villi of the removed tissue were successfully karyotyped by (semi-) 

directt chromosome technique in 22 cases. Only one abnormal chromosomal complement, 

aa triploidy (69,XXX) was found (1/22=5%). As controls, 10 cases of intrauterine pregnancies 

weree investigated, all showing a normal karyotype. A low prevalence of chromosome 

abnormalitiess was found in ectopic pregnancies. These findings suggest that chromosome 

abnormalitiess do not play an important role in the etiology of vital ectopic pregnancies. 

Chapterr  3 addresses the second question: 

CanCan multiplex fluorescence polymerase chain reaction (MF-PCR) and/or fluorescence in situ 

hybridizationhybridization (FISH) detect chromosome abnormalities in ectopic pregnancies? 

Chorionicc villi samples of 70 ectopic pregnancies were studied by multiplex fluorescent 

polymerasee chain reaction. Probes for chromosomes 16, 21, X and Y in chorionic villi were 

evaluated.. FISH was performed where results of MF-PCR showed aneuploidy, in case of 

uninterpretablee MF-PCR results, and in ten cases with normal MF-PCR results. FISH was 

performedd without prior knowledge of the MF-PCR results. 

MF-PCRR gave a resultin 53 (76%) of ectopic pregnancies. Fifty-one (73%) of these results 

weree normal and two (3%) were abnormal, one trisomy 16 and one triploidy. The trisomy 16 



couldd be confirmed with fluorescence in situ hybridization. In ten random control cases MF-

PCRR diagnosis was confirmed by FISH. In seventeen cases (24%) inconclusive findings, partial 

resultss or no results were found with MF-PCR. In five of these cases (7%) a result could be 

obtainedd with FISH. 

Inn conclusion, MF-PCR and/orfluorescence in situ hybridization (FISH) technique can 

establishh the chromosomal status for chromosomes 16, 21, X and Y in ectopic pregnancies, 

butt the technical failure rate is still considerable. 

Chapter 44 focuses on the third question: 

AreAre histologic features associated with cytogenetic abnormalities in ectopic pregnancies? 

Inn fifty-four patients with ectopic pregnanciesadditional histologic evaluation was carried 

outt on chorionic villi. Seventeen histologic features of chorionic villi were evaluated: villus 

size,, villus contour, ghost villi, hydropic villi, trophoblastic hyperplasia, trophoblastic 

hypoplasia,, syncytial knots, Hofbauer cells, blood vessels, trophoblastic lacunae, 

trophoblasticc inclusions or cisterns, degeneration, fibrohyalinization, microcalcifications, 

perivillouss and intervillous fibrin deposits. Histologic evaluation was carried out by two 

pathologistss who were unaware of the cytogenetic outcome. The relationship between 

histologicc features and cytogenetic abnormalities was tested by X2 tests (Fisher's exact test). 

P<0.055 was defined as statistically significant. 

Thee presence of ghost villi, intervillous or perivillous fibrin was found to be associated with 

cytogeneticc abnormalities. These features are associated with prior fetal cell death. 

Histologicc examination is still needed to confirm an ectopic pregnancy, but as in 

miscarriages,, histologic results do not add any information regarding chromosomal outcome. 

ÏÏ Chapter 5 focuses on the fourth question: 

zz What is the the prevalence of chromosome abnormalities in sporadic miscarriage and recurrent 

I-I- miscarriage? 

ii This question was primarily addressed by a review of the literature. Fetal chromosome 

looo abnormalities account for about 50% of sporadic miscarriages. Most of these abnormalities 



aree numerical chromosome abnormalities (86%) and only a few are caused by structural 

chromosomee abnormalities (6%) or other genetic mechanisms, including chromosome 

mosaicismm (8%). In couples with recurrent miscarriage, parental carriership is found in 4-6% 

off the couples. These balanced structural chromosome abnormalities are mainly 

translocationss or inversions. In case of parental carriership, a subsequent pregnancy may 

resultt in a child with an unbalanced structural chromosome abnormality. This child could have 

multiplee congenital malformations and/or mental handicaps. 

Conventionall laboratory techniques, such as tissue cultunng and karyotyping, or (semi-) 

directt chromosome technique, and results of recently developed laboratory techniques such 

ass fluorescence in situ hybridization (FISH) and comparative genomic hybridization (CGH) 

aree described successively. The newer molecular cytogenetic techniques can probably reveal 

aa higher number of chromosome abnormalities. 

Untill now, not enough evidence has been available about the role of other genetic 

mechanisms,, such as single-gene abnormalities, uniparental disomy, genomic imprinting, 

multifactoriall disorders and skewed X chromosome inactivation, in the occurrence of 

miscarriages. . 

Inn conclusion, following literature, chromosome abnormalities play an important role in the 

etiologyy of sporadic miscarriages. In couples with recurrent miscarriage, parental carriership 

off a structural chromosome abnormality, although relatively infrequent, is important, 

becausee of its possible consequences in future pregnancies. 

Chapterr  6 focuses on the fifth question: 

WhatWhat is the current policy on diagnosis and treatment of recurrent miscarriage in the 

Netherlands? Netherlands? 

Too review policy on diagnosis and treatment of rprurrent miscarriage in the Netherlands, a 

cross-sectionall survey was developed. In 1996/1997 a printed questionnaire was sent to all 

1255 Departments of Obstetrics and Gynecology in the Netherlands, with questions about 

definition,, diagnosis and treatment of recurrent miscarriage. The response rate was 90% 

(nn = 112). The definition of miscarriage differed. Twenty-nine percent of the respondents 

definedd recurrent miscarriage as having two or more miscarriages and 71% as three or more 

miscarriages.. In 42% of the departments a diagnostic protocol for recurrent miscarriage was 

present.. Diagnostic investigations most frequently performed were transvaginal ultrasound 



(79%),, parental chromosome analysis (78%), thyroid-stimulating hormone (72%), lupus 

anticoagulantt (69%), blood glucose concentration (65%), hysterosalpingography (56%) and 

anticardiolipinn antibodies (IgG, fgM)(56%). Uncertainty about a rational diagnostic approach 

wass evident from the large number of tests requested by 20-50% of the respondents. Some 

diagnosticc tests such as immunological investigations and the search for infectious factors 

weree not followed by therapeutic intervention. Treatment most frequently used was the 

prescriptionn of folic acid (53%). 

Inn conclusion, Dutch gynecologists used different definitions of recurrent miscarriage. 

Lackk of agreement exists concerning a rational diagnostic approach and treatment. 

Chapter 77 focuses on the sixth question; 

WhatWhat is the projected prevalence of structural chromosome abnormalities in couples with 

recurrentrecurrent miscarriage, especially in the subgroup with maternal age >36 years? 

Too answer this question, a historical cohort study and a nested case control study were 

conducted.. In couples with recurrent miscarriage, data from 41 couples with a carrier of a 

structurall chromosome abnormality and 76 couples without carriership was obtained from 

medicalmedical records and telephone interviews. All couples were karyotyped between 1992-2000. 

Obstetricall outcome for at least two years after chromosome analysis was obtained. 

Thee numberof carrier couples and non-carriercouples in two maternal age groups, <36 years 

andd >36 years, were established at the time of karyotyping, at second miscarriage, and at 

thirdd miscarriage. 

AA low projected prevalence (l.9%) of carriership was found in the maternal age group >36 

yearss at the time of second miscarriage compared to the group with maternal age <36 years 

(4.6%).. No unbalanced offspring arose after the detection of carriership. 

Withholdingg karyotyping in the higher maternal age groups therefore seems justified, but 

thiss needs to be confirmed by more data. 

Implication ss for Futur e Research 

Thiss thesis rejects a likely role of chromosome abnormalities in the etiology of ectopic 

pregnancies.. So far, by (semi-)direct chromosome technique and by molecular cytogenetic 

techniquess (MF-PCR and FISH), chromosome abnormalities were not detected in the majority 



off cases. Still, a large number of ectopic pregnancies can not be explained by a maternal, 

mainlymainly tubal, factor. The question remains whether even more advanced molecular 

cytogeneticc techniques, such as the genomic micro array technique, can reveal currently 

undetectedd submicroscopic chromosome abnormalities. 

Futuree research should also coverthe role of abnormal implantation in ectopic pregnancies. 

Recently,, molecularmechanismsin embryo implantation have been unravelled. Defects in 

thee selectin adhesion system could possibly account for unexplained reproductive loss1. 

Inn recurrent miscarriage, structural chromosome abnormalities may play some role, but 

inn view of the absence of unbalanced chromosome abnormalities, the effectiveness and 

efficiencyy of parental karyotyping should be further investigated. The nationwide multi-

centerr study, build on top of our study, most likely will have sufficient power to decide 

onn a policy change based on maternal age in couples with recurrent miscarriage. 

Whenn pre-implantation genetic screening is performed in couples with a history of 

unexplainedd recurrent miscarriage, a higher amount of chromosome abnormalities has been 

found,, when compared with controls2. Most likely, these 'extra' chromosome abnormalities, 

mainlymainly autosomal monosomies characterize conceptions which are eliminated during the 

implantationn process. Larger studies are needed to reveal the importance of pre-implantation 

geneticscreeningg in the reproductive outcome of couples with unexplained recurrent 

miscarriage,, and the benefit of in-vitro fertilization (IVF) combined with pre-implantation 

geneticc screening should be compared with spontaneous reproductive outcome in this group. 

Finally,, the tentative role of skewed X chromosome inactivation in couples with recurrent 

miscarriagee needs further investigation. Thus far, a significant relationship between skewed X 

chromosomee inactivation and recurrent miscarriage has been found. Recently, an association 

betweenn skewed X chromosome inactivation and trisomic losses was found in women with 

recurrentt miscarriage3. The frequency of this phenomenon in couples with recurrent 

miscarriagee and the usefulness of diagnostic testing needs to be further evaluated. 

11 GenbacevOD, Prakobphol A, Foulk RA, Krtolica AR, llic D, Singer MS et al. Throphoblast L-Selectin-

mediatectt adhesion at the maternal - foetal interface. Science 2003;299:405-8. 

22 Rubio C, Simon C, Vidal F, Rodngo L, Pehhvan T, Remohi J et al. Chromosomal abnormalit ies and embryo 

developmentt in recurrent miscarriage couples. Hum Reprod 2003;18:182-8. 

33 Beever CL, Stephenson MD, Penaherrera MS, Jiang RH, Kalousek DK, Hayden M et al. Skewed 

X-chromosomee inactivation is associated with trisomy in women ascertained on the basis of recurrent 

spontaneouss abortion or chromosomally abnormal pregnancies. Am J Hum Genet 2003;72:399-407. 



Samenvattin g g 

Zwangerschapsverliess in het eerste trimester komt frequent voor, terwijl vee] oorzakelijke 

factorenn nog onbekend zijn. Onder eerste-trimester zwangerschapsverlies wordt verstaan 

spontanee miskraam, extra-uteriene graviditeit, herhaalde miskraam en mola zwangerschap. 

Inn dit proefschrift is het onderzoek primair gericht op de extra-uteriene graviditeit en de 

herhaaldee miskraam. 

Eenn extra-uteriene graviditeit is een zwangerschap die optreedt buiten de baarmoederholte. 

Vann het totale aantal klinisch herkenbare zwangerschappen resulteert 1-2% in een extra-

uterienee graviditeit. Factoren van maternale origine, zoals tubapathologie, een voorafgaande 

extra-uterienee graviditeit, DES expositie in utero of eerdere doorgemaakte genitale infectie, 

spelenn een belangrijke rol in het ontstaan van extra-uteriene graviditeiten. De oorzaak blijft 

inn ongeveer 30% van de gevallen onbekend. Mogelijke factoren zijn onderrapportage van 

genitalee infecties, hormonale verstoringen en foetale chromosoomafwijkingen. Een grote 

spreidingg in de prevalentie van chromosoomafwijkingen bij extra-uteriene graviditeiten werd 

gerapporteerd.. Vanwege deze bestaande onduidelijkheid over het optreden van chromosoom-

afwijkingenn bij extra-uteriene graviditeiten lijkt nader onderzoek geïndiceerd. 

Bijj 'herhaalde miskramen' bestaan veel onzekerheden over de definitie, een rationeel 

diagnostischh protocol en de behandeling. Wanneer herhaalde miskraam wordt gedefinieerd 

alss drie of meer miskramen, ongeacht de pariteit, dan treedt het probleem op bij 0,5-1% 

vann de paren met kinderwens. Wanneer vrouwen met twee of meer miskramen worden 

geïncludeerd,, dan betreft het 3% van de paren met kinderwens. 

Recentt onderzoek laat zien dat genetische afwijkingen van de conceptus in een groot deel 

vann de gevallen een verklaring vormen voor het optreden van de miskramen. Op dit moment 

bestaatt geen consensus of karyotypering van man en vrouw waardevol is bij paren met 

herhaaldee miskramen waarvan de vrouw 36 jaar of ouder is. Naast karyotypering van de 

ouderss komen deze vrouwen in aanmerking voor prenatale diagnostiek. Screening op 

dragerschapp is tijdrovend en duur. Daarom is onderzoek nodig om in te schatten of parentale 

karyotyperingg achterwege kan blijven indien de miskramen optreden vanaf een maternale 

leeftijdd van 36 jaar en ouder. 

Inn dit proefschrift worden de resultaten van chromosoomstudies bij extra-uteriene 

graviditeitenn gerapporteerd. Allereerst komen de resultaten van de semi-directe methode 



aann bod, daarna de resultaten van 'multiplex fluorescent polymerase chain reaction' (MF-

PCR)) en fluorescentie in situ hybridisatie (FISH). Vervolgens wordt een associatie studie naar 

dee relatie tussen histologische kenmerken en chromosoomafwijkingen bij extra-uteriene 

graviditeitenn beschreven. 

Omm het huidige diagnostische en therapeutische beleid bij herhaalde miskramen in Nederland 

inn kaartte brengen, is een schriftelijke enquête gehouden onder Nederlandse gynaecologen. 

Karyotyperingg van de ouders, één van de diagnostische testen die het meest frequent werd 

aangevraagdd bij herhaalde miskramen, werd vervolgens nader geëvalueerd. 

Doorr middel van een historisch cohort onderzoek, konden de frequenties van dragerschap bij 

parenn met herhaalde miskramen en een maternale leeftijd <36 jaar of >36 jaar worden 

vastgesteld.. Tevens werden ongebalanceerde chromosomaal afwijkende zwangerschappen, 

ontstaann na vaststellen van dragerschap, geregistreerd. Resultaten van dit onderzoek worden 

gepresenteerd. . 

Hett doel van dit onderzoek, zoals geformuleerd in hoofdstuk l , is het beantwoorden van zes 

vragen,, die elk afzonderlijk in hoofdstuk 2 t/m 7 worden besproken. 

Hoofdstu kk 2 richt zich op de eerste vraag: 

WatWat is de prevalentie van chromosoomafwijkingen bij extra-uteriene graviditeit? 

Foetaall weefsel van 30 chirurgisch behandelde patiënten met een vitale extra-uteriene 

graviditeitt werd verzameld. Succesvolle karyotypering van chorionvlokken vond 22 maal 

plaats,, door middel van de semi-directe methode. Slechts één chromosoomafwijking, 

eenn triploïdie (6g,XXX) werd gedetecteerd (1/22=5%). Controle vond plaats middels het 

karyotyperenn van weefsel afkomstig van intra-uteriene zwangerschappen. In al deze 

gevallenn was het karyotype normaal. 

Concluderendd was sprake van een lage prevalentie van chromosoomafwijkingen bij vitale 

extra-uterienee graviditeiten. Deze bevindingen suggereren dat chromosoomafwijkingen 

geenn belangrijke rol spelen in de ontstaanswijze van vitale extra-uteriene graviditeiten. 

Hoofdstu kk 3 richt zich op de tweede vraag: 

KunnenKunnen chromosomale afwijkingen bij extra-uteriene graviditeiten betrouwbaar worden 

vastgesteldvastgesteld doormiddel van 'multiplex fluorescence polymerase chain reaction' (MF-PCR) 

en/ofen/of fluorescentie in situ hybridisatie (FISH)? 



Chrorionweefsell van 70 extra-uteriene graviditeiten werd onderzocht door middel van 

'multiplexx fluorescence polymerase chain reaction' (MF-PCR). Probes voor de chromosomen 

16,, 21, X en Y werden geëvalueerd. FI5H werd uitgevoerd indien met MF-PCR aneuploïdie 

werdd vastgesteld, indien de MF-PCR resultaten onduidelijk waren en tien keerter controle 

vann een normale MF-PCR uitslag. 

MF-PCRR was succesvol bij 53 (76%) van de extra-uteriene graviditeiten. Van deze uitslagen 

warenn 51 (73%) normaal en twee (3%) afwijkend, namelijk een trisomie 16 en een triploïdie. 

Dee trisomie 16 en de tien normale MF-PCR uitslagen konden worden bevestigd door middel 

vann FI5H. In 17 casus (24%) kon geen definitieve uitslag worden verkregen met behulp van 

MF-PCR.. Bij vijf van deze casus werd door middel van FI5H alsnog een uitslag verkregen. 

Dee recent ontwikkelde moleculair biologische technieken MF-PCR en FISH kunnen de 

chromosomalee status vaststellen voor de chromosomen 16, 21, X en Y bij extra-uteriene 

graviditeiten,, maar de kans op falen van de techniek blijft nog steeds vrij hoog. 

Hoofdstu kk 4 richt zich op de derde vraag: 

ZijnZijn histologische kenmerken geassocieerd met chromosoomafwijkingen bij extra-uteriene 

graviditeiten? graviditeiten? 

Bijj 54 patiënten met een extra-uteriene graviditeit werd histologische reëvaluatie van 

chorionvillii uitgevoerd door twee patholoog-anatomen die niet op de hoogte waren van 

dee uitkomsten van het chromosoomonderzoek. Zeventien histologische kenmerken van 

chorionvillii werden geëvalueerd: villus grootte, villus contour, ghost villi, hydropische villi, 

trophoblastt hyperplasie, trophoblast hypoplasie, 'syncytial knots', Hofbauer cellen, 

bloedvaten,, trophoblastaire lacunae, trophoblast inclusies of cisternen, degeneratie, 

fibrohyalimsatie,, microcalcificaties, penvilleuze en intervilleuze fibrine deposities. 

Dee relatie tussen histologische kenmerken en chromosoomafwijkingen werd getoetst met 

behulpp van de X2 test (Fisher's exact test). P<0,05 werd als statistisch significant beschouwd. 

Dee aanwezigheid van ghost villi, perivilleuze of intervilleuze fibrine deposities bleek 

geassocieerdd met chromosoomafwijkingen. Deze kenmerken zijn geassocieerd met 

voorafgaandee celdood. Histologisch onderzoek blijft noodzakelijk om een extra-uteriene 

graviditeitt te bevestigen, maar net zoals bij miskramen, dragen de onderzochte histologische 

kenmerkenn met bij aan een voorspelling betreffende de chromosoomuitslag. 



Hoofdstu kk 5 richt zich op de vierde vraag: 

WatWat is bekend bekend over de frequentie en het type chromosoomafwijkingen bij sporadische en 

herhaaldeherhaalde miskramen? 

Omm deze vraag te beantwoorden is literatuuronderzoek verricht. Bij 50% van de sporadische 

miskramenn kan een chromosoomafwijking worden vastgesteld. De meeste afwijkingen zijn 

numeriekee chromosoomafwijkingen (86%) en een klein percentage bestaat uit structurele 

chromosoomafwijkingenn (6%) of andere chromosoomafwijkingen zoals mozaïcisme (8%). 

Bijj 4-6% van de paren met herhaalde miskramen blijkt dragerschap van een gebalanceerde 

structurelee chromosoomafwijking te bestaan. Deze gebalanceerde chromosoomafwijkingen 

zijnn met name translocaties en inversies. In geval van dragerschap is het mogelijk dat een 

volgendee zwangerschap resulteertin een kind met een ongebalanceerde structurele 

chromosoomafwijking,, gepaard gaande met multipele congenitale afwijkingen en/of mentale 

handicaps. . 

Conventionelee laboratoriumtechnieken, zoals weefselkweek of de semi-directe methode en 

resultatenn van recent ontwikkelde laboratoriumtechnieken zoals fluorescentie in situ 

hybridisatiee (FISH) en 'comparative genomic hybridisation' (CGH) worden achtereenvolgens 

beschreven. . 

Dee nieuwere moleculaire cytogenetische technieken lijken een hoger aantal chromosoom-

afwijkingenn te detecteren. Tot op heden bestaat er onvoldoende bewijs voor de rol van enkele 

anderee genetische mechanismen, zoals monogenetische afwijkingen, uniparentale disomie, 

'genomicc imprinting', multifactoriele aandoeningen en 'scheve' lyonisatie, in de ontstaans-

wijzee van miskramen. 

Concluderendd spelen chromosomale afwijkingen een belangrijke rol in de ontstaanswijze van 

sporadischee miskramen. Bij herhaalde miskramen is dragerschap van een structurele 

chromosoomafwijking,, hoewel relatief weinig voorkomend, van belang in verband met het 

risicoo op naneslacht met ongebalanceerde afwijkingen. 

Hoofdstu kk 6 richt zich op de vijfde vraag: 

WatWat is het het huidige diagnostische en therapeutische beleid bij paren met herhaalde 

miskramenmiskramen in Nederland? 



Omm het huidige diagnostische en therapeutische beleid bij herhaalde miskramen in Nederland 

tee inventariseren, werd een enquête onderzoek verricht. Alle 125 afdelingen Verloskunde en 

Gynaecologiee in Nederland kregen in 1996/1997 een enquête toegestuurd, met vragen over 

definitie,, diagnose en behandeling bij herhaalde miskramen. De respons bedroeg 90% 

(nn = H2). De gehanteerde definitie van herhaalde miskramen verschilde sterk. Tweeëntwintig 

procentt van de respondenten verstond onder herhaalde miskramen twee of meer miskramen, 

enn 71% drie of meer miskramen. Op 42% van de afdelingen was een protocol aanwezig ten 

behoevee van diagnostiek bij herhaalde miskramen. De onderzoeken die het meest frequent 

werdenn uitgevoerd waren transvaginal echoscopie (79%), karyotypering van man en vrouw 

(78%),, thyreoid stimulerend hormoon (72%), plasma glucose (65%), hysterosalpingografie 

(56%)) en anticardiolipine antistoffen (igG, IgM) (56%). Een groot aantal diagnostische tests 

werdd door 20-50% van de respondenten aangevraagd, hetgeen aangeeft dat er geen 

consensuss bestaat over rationele diagnostiek. Sommige diagnostische testen, zoals 

immunologischh onderzoek en onderzoek naarinfectieuze oorzaken, werden verricht zonder 

daaraann therapeutische consequenties te verbinden. De meest frequent toegepaste 

behandelingg bij herhaalde miskramen was het voorschrijven van foliumzuur (53%). 

Concluderendd gebruiken Nederlandse gynaecologen verschillende definities voor herhaalde 

miskramen.. Er bestaat geen overeenstemming over een rationele diagnostische aanpak en 

therapie. . 

Hoofdstuk ??  richt zich op de zesde vraag: 

WatWat is de de geschatte prevalentie van structurele chromosoomafwijkingen bij paren met 

herhaaldeherhaalde miskramen, met name bij de subgroep met een maternale leeftijd >36jaar? 

Omm deze vraag te beantwoorden werd een historisch cohort onderzoek met een 'nested' case-

controlee onderzoek ontwikkeld. Bij paren met herhaalde miskramen werden gegevens van 41 

parenn met een drager van een structurele chromosoomafwijking en 76 paren zonder 

dragerschapp verzameld door middel van medische dossiers en telefonische interviews. 

Karyotyperingg van de paren vond plaats tussen 1992-2000. De obstetrische uitkomst werd 

verzameldd gedurende ten minste twee jaar na de uitslag van het chromosoomonderzoek. Het 

aantall dragerparen en niet-dragerparen van twee maternale leeftijdgroepen, <36jaar en >36 

jaarr werd vastgesteld op het moment van karyotypering, en ten tijde van de tweede en derde 

miskraam. . 



Dee geschatte prevalentie van dragerparen zoals vastgesteld in de maternale leeftijdsgroep 

>36jaartenn tijde van de tweede miskraam, was laag (1,9%) in vergelijking met de groep met 

eenn maternale leeftijd <36 jaar (4,6%). In de obstetrische uitkomst werden geen 

ongebalanceerdee chromosoomafwijkingen vastgesteld. Achterwege laten van karyotypenng 

lijktt gerechtvaardigd bij paren waarvan de vrouw >36jaaris ten tijde van de tweede 

miskraam,, maardit dient bevestigd te worden in een grotere onderzoekspopulatie. 

Implicatie ss voor toekomsti g onderzoe k 

Medee gezien de resultaten van huidige studies, lijkt het onwaarschijnlijk dat chromosoom-

afwijkingenn een belangrijke rol spelen in de ontstaanswijze van een extra-uteriene 

graviditeit.. Met de (semi-)direct methode en met moleculaire cytogenetische technieken 

(MF-PCRR en FI5H) kon tot op heden geen groot aantal chromosoomafwijkingen worden 

vastgesteldd bij vitale extra-uteriene graviditeiten. Nog steeds kan een deel van de extra-

uterienee graviditeiten niet door een maternale, met name tubaire oorzaak verklaard worden. 

Hett is de vraag of meergeavanceerde moleculair cytogenetische technieken, zoals micro-

arrays,, tot op heden niet gedetecteerde submicroscopische afwijkingen aan het licht zouden 

kunnenn brengen. 

Verderr zou de rol van abnormale implantatie bij extra-uteriene graviditeiten verder 

onderzochtt kunnen worden. Op dit moment worden moleculaire mechanismen in het proces 

vann embryo implantatie vastgesteld. Fouten in het seiectine adhesie systeem kunnen 

mogelijkk een rol spelen bij onverklaard vroeg zwangerschapsverlies1. 

Bijj paren met herhaalde miskramen kan dragerschap van een structurele chromosoom-

afwijkingg een rol spelen, maar gezien de afwezigheid van ongebalanceerde chromosoom-

afwijkingenn dient de effectiviteit van het chromosoomonderzoek naar dragerschap verder 

onderzochtt te worden. 

Dee resultaten van de Nederlandse multi-centerstudie, die momenteel voortvloeit uit de 

resultatenn van huidige studie, zal vermoedelijk van voldoende omvang zijn om 

beleidsbeslissingenn doorte voeren, waarbij naar verwachting de maternale leeftijd een 

belangrijkee rol speelt. 

Bijj pre-implantatie genetische screening, verricht bij paren met onverklaarde herhaalde 

miskramen,, werd een hogeraantal chromosomaal afwijkende embryo's gevonden in 



vergelijkingg met een controle-groep2. Deze toename lijkt echter met name te bestaan uit 

autosomalee monosomieën. Concept! met deze chromosoomafwijkingen zijn degenen die 

gedurendee het implantatie proces worden geëlimineerd. Grotere studies zijn nodig om het 

belangg van pre-implantatie genetische screening ten aanzien van zwangerschapsuitkomsten 

vastt te stellen. Daarnaast is het van belang om in vitro fertilisatie (IVF) in combinatie met 

pre-implantatiee genetische screening te vergelijken met de uitkomsten van spontane 

reproductie. . 

Dee rol van scheve lyonisatie bij paren met herhaalde miskramen dient nader onderzocht te 

worden.. Een significant verband werd aangetoond tussen het optreden van herhaalde 

miskramenn en scheve lyonisatie. Recentelijk werd ook een associatie gevonden tussen 

schevee lyonisatie en zwangerschapsverlies ten gevolge van een trisomie3. De omvang van dit 

probleemm bij paren met herhaalde miskramen en het nut van screenen op deze afwijking dient 

naderr onderzocht te worden. 

11 Genbacev OD, Prakobphol A, Foulk RA, Krtolica AR, llic D, Singer MS et al. Throphoblastt L-Selectin-

mediatedd adhesion at the maternal-foetal interface. Science 2003;299:405-8. 

22 Rubio C, Simon C, Vidal F, Rodrigo L, Pehlivan T, Remohi J et al. Chromosomal abnormalities and embryo 

developmentt in recurrent miscarriage couples. Hum Reprod 2003;18:182-8. 

33 Beever CL, Stephenson MD, Penaherrera MS, Jiang RH, Kalousek DK, Hayden M et al. Skewed X-

chromosomee inactivation is associated with trisomy in women ascertained on the basis of recurrent 

spontaneouss abortion or chromosomally abnormal pregnancies. Am J Hum Genet 2003;72:399-407. 
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Stellinge n n 
11 Het begrip 'herhaalde miskramen' wordt verschillend geïnterpreteerd onder 

Nederlandsee gynaecologen (ditproefschrift). 

22 Chromosoomafwijkingen lijken geen belangrijke oorzaak in de ontstaanswijze 

vann een extra-uteriene graviditeit (dit proefschrift). 

33 Structurele chromosoomafwijkingen die gevonden worden bij paren met herhaalde 

miskramenn leiden zelden of niet tot ongebalanceerde chromosoomafwijkingen bij 

hett kind (ditproefschrift). 

44 Vanuit doelmatigheidsstandpunt is bij het karyotyperen van paren met herhaalde 

miskramenn met name de leeftijd van de vrouw ten tijde van de miskramen relevant 

(dit(dit proefschrift). 

55 Een 'chaotisch' embryo hoeft niet te resulteren in een sloddervos. 

66 Een promotie met een bevalling vergelijken is een vergissing. Bij een promotie is 

hett gewenst je hoofd in te schakelen, bij een bevalling is dat af te raden. 

77 Wie een ernstig gehandicapt bestaan betitelt met 'wrongful life' doet geen recht aan 

hett leven. 

88 Hoewel vrouwen een hoge leeftijd kunnen bereiken en dus relatief lang jong blijven, 

wordenn ze reeds voor hun veertigste 'oudere' vrouw genoemd. 

gg Een promovendus is pastevree, met een stelling in de NRC. 

100 Belangstelling voor de neschiedenis van de geneeskunde vraagt om enige 

eigenn historie. 

111 Bijna-dood is ontegenzeglijk niet dood. 

122 Beter twee panda's in het bos dan twintig klonen van prehistorisch mos. 
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