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Abstract

When cytogenetic analysis of miscarriage tissue is considered, conventional karyotyping is the 

technique usually applied. This procedure is often complicated by culture failure and selective 

overgrowth of maternally derived cells. Telomere multiplex ligation-dependent probe amplification 

(T-MLPA) is potentially able to solve these problems and can target a large number of small DNA 

sequences at low costs. The aim of this study is to compare the success rates of T-MLPA and 

karyotyping in miscarriage tissue from women with unexplained recurrent miscarriage and to 

determine whether T-MLPA detects small subtelomeric cytogenetic abnormalities that could 

not be detected with karyotyping. The success rates of both techniques were evaluated in a 

paired comparison analysis. Twenty-nine miscarriage tissue samples of women with preceding 

unexplained recurrent miscarriage were collected. The success rates of T-MLPA and karyotyping 

were 62% (18/29) for both techniques (p=1.00). One abnormality remained undetected with 

T-MLPA. T-MLPA on the other hand revealed a normal chromosomal pattern in one sample with 

culture failure. In conclusion, the success rates of T-MLPA and conventional karyotyping were 

the same and T-MLPA did not reveal small subtelomeric cytogenetic abnormalities missed with 

karyotyping. 
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Introduction

Recurrent miscarriage, when defined as two or more miscarriages, affects 1 to 3% of 

all couples trying to conceive.1-3 In half of these couples no underlying cause can be 

identified.1-3 Unexplained recurrent miscarriage is extremely distressing for the couple. 

Therefore, the search for etiologic factors is very important for both couples and clinicians. 

The percentage of cytogenetic abnormalities in miscarriage tissue samples from women 

with a sporadic miscarriage detected by conventional karyotyping has been reported to 

be around 50% in two reviews covering more than 10.000 samples.4, 5 The percentage 

of cytogenetic abnormalities of miscarriage tissue samples in couples with recurrent 

miscarriage is around 45% reported by series totalling 1045 miscarriage tissue samples.6-11

Conventional karyotyping of miscarriage tissue in the second and subsequent 

miscarriages or all miscarriages in women at advanced maternal age has been stated to 

be informative for both clinicians and patients in the evaluation of recurrent miscarriage.12, 

13 Technical problems however may hamper karyotyping of miscarriage tissue. Culture 

failure has been reported to occur in 10-40% of all cases.9, 14-18 Selective overgrowth of 

maternally derived cells was found in 29% of first trimester miscarriage tissue samples.19 

Multiplex ligation-dependent probe amplification (MLPA) is a relatively new molecular 

DNA technique potentially able to overcome problems that occur with karyotyping of 

miscarriage tissue. Since DNA is used, its extraction and processing does not require cell 

culture.15, 20 Another advantage of MLPA being a multiplex technique is to target a large 

number of small DNA sequences (50-70nt) at low costs.21, 22 MLPA encompasses some 

limitations as MLPA cannot be used to detect ploidy changes and balanced chromosomal 

rearrangements. Nevertheless, a previous study showed that telomere-MLPA (T-MLPA) 

is a valid method not only to detect numerical chromosome abnormalities like trisomy in 

miscarriage tissue, but also to detect unbalanced structural chromosome abnormalities 

of telomere regions, such as deletions and duplications, with higher success rates than 

conventional karyotyping.20 

The aim of this study was to compare the success rates of T-MLPA and karyotyping in 

miscarriage tissue from women with unexplained recurrent miscarriage. Furthermore, 

we aimed to determine whether T-MLPA detects small subtelomeric cytogenetic 

abnormalities that could not be detected with karyotyping. 

Materials and methods

Study population
Women visiting the Recurrent Miscarriage Clinic in the Academic Medical Center, 

Amsterdam and diagnosed with unexplained recurrent miscarriage were eligible. 
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Recurrent miscarriage was defined as at least two miscarriages with an upper 

gestational age of 20 weeks. Unexplained recurrent miscarriage was diagnosed in case 

of normal parental karyotypes of both partners, the absence of uterine pathology on 

pelvic ultrasound, absence of antiphospholipid syndrome (lupus anticoagulant and 

anticardiolipin IgG and IgM), and a normal fasting level of homocysteine (lower than 

16 µmol/L). In case of an (imminent) miscarriage, defined as a positive urinary HCG 

and a gestational age (calculated form the first day of the last menstruation) of at least 

6 weeks, informed consent was asked in order to perform T-MLPA and karyotyping in 

a miscarriage tissue sample. Demographic information was collected when informed 

consent was given. Miscarriage tissue was obtained by expectant management or by 

dilatation and curettage. The obtained tissue sample was isolated, captured in HANK’s 

medium with heparin and kept at room temperature. One part of the material was 

isolated for cell culture to perform karyotyping; another part was used for DNA-isolation 

to perform T-MLPA. The women who participated in the study received the results of the 

conventional karyotyping.

Karyotyping 
Miscarriage tissue samples were processed for cell culture and DNA isolation after visual 

inspection. Recognizable fetal tissue parts or chorionic villi were first extracted manually. 

If neither fetal tissue nor chorionic villi were found in the tissue sample, it was discarded.

For cell culture fetal tissue samples were enzymatically treated to obtain cell suspensions. 

After 2 to 3 weeks, cultures were harvested and chromosome slides were made according 

to standard cytogenetic procedures. In case no recognizable fetal tissue was present, 

chorionic villi were applied for short term and/or long term cultures (according to routine 

procedures). Chromosomes were GTG-banded and the karyotype was defined following 

the International System for Human Cytogenetic Nomenclature (ISCN, 2009). 

T-MLPA 
Extracted fetal tissue samples or chorionic villi were processed for DNA extraction 

following standard procedures. T-MLPA was performed with the SALSA P036C and P070 

subtelomeric kits (MRC-Holland, Amsterdam, The Netherlands). These probe mixes were 

applicated for broad subtelomere screening of all chromosomes. MLPA was performed 

according to the manufacturers’ instructions with small modifications.21 Briefly, 100 ng 

DNA was processed and submitted to overnight hybridization before PCR-amplification. 

The relative peak height (RPH) for each probe was calculated, and the fraction of each 

autosomal peak was divided by the median peak fractions for all samples in that run of 

the corresponding locus. In case of a normal chromosome pattern, the result was 1.0, 

representing two copies of the target sequence in the sample. RPH values ≤ 0.7 and ≥ 

1.3 were considered as deletions and duplications respectively. 
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Statistical Analysis
The success rate of the two cytogenetic techniques was defined as the number of 

tests with a reliable result divided by the total number of initiated tests. We assumed 

a success rate of 60% by means of karyotyping9, 14-18 and a success rate of 90% by 

means of T-MLPA.15, 20 We designed a paired comparison study in which miscarriage 

tissue samples from women with unexplained recurrent miscarriage were screened with 

both techniques. With a two-sided alpha level of 0.05, a power of 90% and an assumed 

correlation coefficient (r) of 0.2,23 a total of 28 women had to be included. 

Success rates of a conclusive test result of T-MLPA and karyotyping were compared with 

the McNemar chi-square test for dependent paired proportions. A p-value < 0.05 was 

considered a statistically significant difference. Subsequently, the per-sample results of 

T-MLPA and karyotyping were compared to determine if T-MLPA detected cytogenetic 

abnormalities that had remained undetected with karyotyping and vice versa. 

Results

Between January 2006 and January 2009, 29 subsequent miscarriage tissue samples of 

women diagnosed with unexplained recurrent miscarriage were collected. The baseline 

characteristics of the 29 women are shown in table 1. The mean maternal age of the 

Table 1. Baseline characteristics of 29 women with unexplained recurrent miscarriage

Baseline characteristics

Number of previous miscarriages – median (range) 3 (2-10)

2    - no.(%) 11 (37.9)

3    - no.(%) 6 (20.7)

≥ 4 - no.(%) 12 (41.4)

Gestational age in weeks at time of previous miscarriages – mean (SD) 8.6 (2.1)  

Women with 2 miscarriages - mean 8.6

Women with 3 miscarriages - mean 9.0 

Women with ≥ 4 miscarriages - mean 8.4 

Maternal age in years at time of index miscarriage - mean (SD) 35.7 (5.3)

Weeks of gestation at time of index miscarriage - mean (SD) 9.1 (2.1)

Daily smokinga, ≥1 cigarette – no.(%) 7 (24.1)

Daily alcohol consumptiona, ≥ 8 gr – no.(%) 6 (20.7)

BMIb – mean (SD) 24.1 (4.0)

≤ 25 – no.(%) 16 (61.5)

> 25 – 29 – no.(%) 7 (26.9)

≥ 30 – no.(%) 3 (11.5)

a prior to the index pregnancy. b self reported measurements at time of (imminent) miscarriage
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Table 2. Karyotype and T-MLPA in miscarriage tissue of 29 women with unexplained recurrent 
miscarriage

Sample Karyotype Reason 
no result

T-MLPA Reason no result SEa / DCb GAc (wks)

1 46,XX     - Normal     - SE 12

2     - Culture failure Normal     - SE 10

3 46,XX     - Normal     - DC 6.5

4     - Culture failure     - No DNA found DC 10

5 45,X     - Monosomy X     - DC 13

6     - No tissued     - No tissued DC 13

7     - No tissued     - No tissued DC 7

8     - No tissued     - No tissued SE 11

9 47,XX,+22     - Duplication 22q     - DC 10

10 46,XX     - Normal     - DC 9

11 47,XX,+15     - Trisomy 15     - SE 9

12     - No tissued     - No tissued SE 11

13 46,XX     - Normal     - DC 6

14 47,XX,+21     - Trisomy 21     - DC 6

15 45,X     - Monosomy X     - SE 11

16 46,XY     - Normal     - DC 7

17 45,X     - Monosomy X     - DC 9

18     - No tissued     - No tissued SE 7

19 46,XY     - Normal     - DC 11.5

20 46,XX     - Normal     - DC 10

21 47,XY,+20     - Trisomy 20     - SE 8.5

22     - Culture failure     - No DNA found SE 7

23 47,XY,+7     -     - Unreliable heights; 
test failure

DC 8

24 47,XY,+8     - Trisomy 8     - DC 8

25 47,XX,+7     - Trisomy 7     - DC 8

26 46,XY     - Normal     - SE 8

27     - No tissued     - No tissued DC 6

28 46,XY     - Normal     - DC 9.5

29     - No tissued     - No tissued SE 10.5

aSE = Spontaneous evacuation. bDC = Dilation and Curettage. cGA = Gestational age at the time of 
index miscarriage; 3-4 days were rounded off as 0.5 week, 1-2 days were rounded down, 5-6 days 
were rounded up.dNeither fetal tissue nor chorionic villi were found
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women was 35.7 (SD 5.3) years and the median number of preceding miscarriages was 

3 (range 2-10).

T-MLPA and karyotyping results for each sample are summarized in table 2, as well 

as the gestational age (GA) at the time of the subsequent index miscarriage. T-MLPA 

and karyotyping were in agreement in 17 samples (17/29=59%): normal chromosomal 

patterns were shown by both T-MLPA and karyotyping in nine samples (9/29=31%) 

and both results were abnormal in eight samples (8/29=28%). For both T-MLPA and 

karyotyping no results were obtained in nine samples (9/29=31%), in 7 of which no 

suitable tissue was obtained for analysis.

In the three remaining cases there was a discrepancy between test results of T-MLPA and 

karyotyping (3/29=10%): in one case, T-MLPA reported a duplication of chromosome 

22q and karyotyping revealed a trisomy of chromosome 22 (sample 9, 1/29=3.4%). 

In the second case T-MLPA showed a normal chromosomal pattern, but karyotyping 

was impossible because tissue culture failed (sample 2, 1/29=3.4%) and in the last case 

T-MLPA was inconclusive, but the test result of karyotyping was normal (sample 23, 

1/29=3.4%). In total, the combined results of T-MLPA and karyotyping gave a success 

rate of 66% (19/29). The success rates of T-MLPA and karyotyping alone were 62% 

(18/29) for both techniques (p=1.00). 

T-MLPA did not reveal small subtelomeric cytogenetic abnormalities missed with 

karyotyping.

Discussion

The present study compared conventional karyotyping with a new technique, T-MLPA in 

miscarriage tissue from women with preceding unexplained recurrent miscarriage. Both 

techniques resulted in equal success rates (62%). Karyotyping and T-MLPA detected the 

same cytogenetic abnormalities in 17 cases (59%). T-MLPA revealed one cytogenetic 

abnormality where karyotyping failed (3.4%), and karyotyping was successful in one 

sample where T-MLPA failed (3.4%). T-MLPA did not reveal small subtelomeric cytogenetic 

abnormalities missed with karyotyping. 

The strength of our study is that we used T-MLPA analysis in miscarriage tissue from 

women with unexplained recurrent miscarriage instead of tissue from women with 

sporadic miscarriage. Previous studies only reported the use of T-MLPA in tissue from 

sporadic miscarriage.15, 20, 24 

There is recent evidence that two or more -not necessarily consecutive- miscarriages 

constitute recurrent miscarriage.25, 26 According to our opinion it is, in addition to the 

debate on the definition of recurrent miscarriage, of utmost importance to report the 

mean age and median number of preceding miscarriages per population studied.  
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Conventional karyotyping has proved to be a reliable test to detect chromosomal 

abnormalities in miscarriage tissue from couples with recurrent miscarriage.6-11 

Disadvantages of karyotyping are its high cost, a long processing period due to cell 

culture, and the high percentage of test failure.18, 19, 21

A great advantage of T-MLPA over karyotyping is that it does not require a long 

processing period and cell culture, because it is a multiplex PCR-based technique 

detecting abnormal copy numbers of up to 50 different genomic DNA sequences using 

only small amounts of DNA (20-200ng). Therefore, processing costs will be much lower 

than the costs of karyotyping.21, 22, 27 The main limitations of MLPA are the inability to 

detect polyploidy, which is found in 13% of all sporadic miscarriage samples, balanced 

chromosome rearrangements, and limited detection of mosaicism.15, 20 The inability to 

detect polyploidy could be compensated by applying FISH whenever the MLPA result is 

normal, but this additional procedure increases costs.15 Polymorphisms or single base 

mutations in the probe binding regions may affect MLPA results and may appear as 

exon deletions.22 A previous study on sporadic miscarriage tissue reported T-MLPA also 

as a potential method to detect subtelomeric abnormalities too small to be detected 

by karyotyping.20 Our study group was too small to validate this potential feature of 

T-MLPA.

A limitation of our study might be the relatively small sample size. Nevertheless, an a-priori 

power calculation was performed for comparing the success rates of both techniques 

and the number of samples was included accordingly. 

In nine samples (9/29=31%), no results were obtained in both T-MLPA and karyotyping.  

Seven samples did not reveal any tissue, hence no DNA extraction nor cell culture was 

possible. This points out the importance of adequate tissue collection since no cytogenetic 

technique can compensate for inadequate samples.

In addition to MLPA, comparative genomic hybridization array (CGH-array) is also a 

molecular cytogenetic technique that has proven to be a reliable diagnostic method in 

detecting cytogenetic abnormalities.28 The genome wide analysis of DNA copy number 

obtained with CGH-array could prove useful in research setting29, 30 but at this moment 

the clinical implications are unclear. For now, CGH-array is an expensive technique not 

suitable for routine diagnosis in miscarriage tissue. 

To date, the American College of Obstetrics and Gynaecology (ACOG) states that an 

abnormal miscarriage karyotype is a legitimate explanation for the loss that may provide a 

source of comfort to the couples.31 The European Society of Obstetrics and Gynaecology 

(ESHRE) advises genetic evaluation of miscarriage tissue only in the context of a research 

setting.32 The Royal College of Obstetricians and Gynaecologists (RCOG) do not provide 

a statement in its guideline on fetal karyotyping.33 Although the evidence is scarce, a 

normal chromosome pattern found in miscarriage tissue after preceding recurrent 

miscarriage has been named to be a predictor of a subsequent miscarriage.6, 8, 34, 35 
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Some experts recommend cytogenetic analysis of the conceptus in couples with recurrent 

miscarriage to avoid unnecessary evaluation and treatment,6, 13 others state that the effect 

of this information on clinical decision making is uncertain.36 In conclusion, T-MLPA and 

karyotyping had the same success rates to detect cytogenetic abnormalities in miscarriage 

tissue from 29 women with unexplained recurrent miscarriage. T-MLPA did not contribute 

to a higher yield of cytogenetic abnormalities in our study. Further research should clarify 

if T- MLPA, with additional techniques to cover the limitations, could replace karyotyping 

in the examination of miscarriage tissue from women with recurrent miscarriage. 
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