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Abstract
Purpose: This study aimed to compare CGH array and karyotype for prenatal diagnosis in high-risk individuals in the first trimester screening.
Materials and Methods: The present study is a cross-sectional descriptive prospective study that was performed on high-risk mothers screened in the first trimester of pregnancy. In this study, pregnant women who had amniocentesis and chorionic villus sampling (CVS) due to high-risk screening results in the first trimester of pregnancy or abnormal ultrasound findings in the first trimester or abnormalities in the previous infant. Based on personal consent for the screening test, individuals Individuals were allocated into two groups under karyotype and CGH array. Because this study is based on genetic testing data, it does not require a follow-up. Information on age, number of pregnancies, history of abortion, history of disease and screening results were collected and analyzed. Data analysis was done using SPSS Version 22 (IBM).
Results: In total 247 cases were analyzed with 128 cases in the karyotype group and 119 cases in the CGH group. 116 samples (90.6%) in the karyotype group and 99 samples (83.2%) in the CGH group showed a normal karyotype. 4.2% (5 samples) and 7.9% (10 samples) of chromosomal abnormalities were trisomy in the CGH group and the karyotype group, respectively. CGH array analysis on chromosomal abnormalities identified copy number variation (CNV) in about 9.2% (11 samples) of cases. In terms of risk factors structural chromosomal, there was a statistically significant relationship was observed in terms of history of disabled children in the family, old age of the mothermaternal age, history of anomalies, screening of the first trimester of pregnancy, and increased NT (p<0.05).
Conclusions:  According to the results of recent studies, highHigh-resolution arrays might be specifically to prevented fetal malformations. Until now, normal prenatal chromosome analysis has been shown a relatively standard method, but CGH may be helpful to specialists in diagnosing chromosomal abnormalities, especially in unknown chromosomal abnormalities.
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Introduction 
The development of molecular genetics has significantly reduced the number of births with genetic defects, and mothers should seek diagnostic tests after 11  weeks of gestation for greater reassurance (1, 2). About 40,000 amniocentesis and chorionic villus samples are processed each year in the UK, predominantly due to screening for the prenatal detection of chromosomal abnormalities (3, 4).  Of these, the vast majority have a normal karyotype with complete microscopic analysis. a A small number of cases of with chromosomal abnormalities have been identified, about that 80% are autosomal trisomies (involving chromosomes 13, 18, 21) (5, 6). 
The remaining abnormal karyotypes consist ofare changes in the number of sex chromosomes and chromosomal structural rearrangements such as deleted, amplified, inverted, and balanced and unbalanced translocation, . although  Although microscopic analysis is very valida valid method, it has many several limitations (7). 
Due to the requirement for cell culture, the average reporting time for results in the UK can be up to 14 days. Furthermore, microscopic karyotyping is labour intensive and therefore costly, needs skilled interpretation, and is not easily amenable to automation. This method is based on cnv’s CNV’s sizes up to 10Mb (8, 9).
Comparative genomic hybridization (CGH) is a molecular cytogenetic technique for analysinganalyzing copy number variations (CNVs) relative to ploidy level in the DNA of a test sample compared to a reference sample, deprived of the requirement for culturing cells (10, 11). This method allows the identification of similarities and unknowns related to fetal genetic diseases, such as chromosomal abnormalities and aneuploidy in prenatal diagnosis and selection of a complete fetus for this technique (12). In a study, CGH array analysis on embryos with multiple abnormalities recognized genomic rearrangements in about 16% of cases that had not been detected by karyotype analysis (13). In the present study, we compared CGH array and karyotype for prenatal diagnosis in high-risk individuals in the first-trimester screening. The article was descriptive and not random, but in the end the population of both groups was similar.
Material and methods 
The current studyThis is a descriptive cross-sectional study that was examined in high-risk mothers during the first trimester of pregnancy. The study protocol was accepted by the Ethical Committee of Ahvaz Jundishapur University of Medical Sciences with the code of IR.AJUMS.HGOLESTAN.REC.1399.068. According to a study by schaeffer et al., the sample size was calculated based on the following formula:


Pregnant women who underwent amniocentesis and chorionic villus sampling (CVS) in the first trimester of pregnancy due to high risk in first trimester screening or abnormal ultrasound in the first trimester or abnormalities in the previous baby were included in the study. According to the Women with high-risk report as a resultpregnancy of in the first trimester screening,  and increased NT in the first trimester ultrasound, or abnormalities in previous pregnancies were included in the study. Based on personal consent for screening test, individuals were divided into two groups under karyotype and CGH array. Both CGH array and karyotype tests were explained to individuals, and in some cases, especially for anomalies, the CGH array was strongly recommended, and decisions were made based on cost and patient consultation. Because this study is based on genetic testing data, it does not require a follow-up. Information on age, number of pregnancies, history of abortion, history of disease and screening results were collected and analyzed.
Statistical Analysis
Data analysis was done performed using SPSS Version 22 (IBM). To describe the data, the mean and standard deviation or median and mid-quarter amplitude in quantitative variables and frequency and percentage in qualitative variables were used. Normal distribution of the quantitative data was tested with the Kolmogorov–Smirnov test. Due to the abnormality of the data distribution in this study, Kruskal-Wallis and Mann-Whitney nonparametric tests were used to analyze the results. Spearman's correlation coefficient and chi-square tests were used to determine the association between the variables. P value<0.05 was considered to be significant.
Results
3.1. Descriptive statistics of study variables
The mean and standard deviation of age of the subjects in the karyotype and GCH groups were 32.83 ± 6.45 and 31.03 ± 6.14, respectively. Due to the normality of data distribution using independent t-test between age variables in karyotype and GCH groups, there is was a significant relationship between these two groups and age variables (p=0.02). In terms of the number of gravities in both groups, the highest frequency was related to the number of gravities one and two with 40 (31.3%) and 39 (32.8%) in the karyotype and GCH groups, respectively. While the lowest frequency of gravities in both groups is was related to the number of gravities five with a frequency of 2 (1.7%) in the GCH group and 4 (3.1%) in the karyotype group. In general, the our results presented showed that there is was no statistically significant relationship between the number of gravities in the two groups (p=0.95) (Table 1). 
In terms of number of parities, 47 (39.5%) in GCH group and 46 (35.9%) in the karyotype group had not no parity. On the other hand, 40 (33.6%) and 45 (35.2%) had one parity in the karyotype and GCH groups, respectively. The lowest number of parities in two both groups is was related to the number of 4 parity with frequency 1 (0.8%) in the GCH group and 4 3 (2.3%) in the karyotype group. The result of Chi-square test indicated that there is was no statistically significant relationship between the number of parities in thebetween two groups of karyotypes and GCH (p=0.088). 
Also, no abortion history was reported in 93 cases (39.5%) and 101 cases (78.9%) in the karyotype and GCH groups, respectively. While in 21 cases (33.6%) in the karyotype group and 24 cases (18.8%) in the GCH group, there was had  a history of one abortion. The results revealed that there was no statistically significant relationship between the number of abortions in the twoboth groups of karyotypes and GCH (p=0.7).


3.2. Evaluation of analysis results in two groups Karyotype and GCH
Table 2 shows the results of sample analysis in two groups. In the present study, the total number of cases was 247 with 128 cases in the karyotype group and 119 cases in the CGH group CGH. Based on the results of the analysis, 116 samples (90.6%) in the karyotype group and 99 samples (83.2%) in the CGH group showed normal karyotype. 4.2% (5 samples) of chromosomal abnormalities in the CGH group shows displayed trisomy while in the karyotype group 7.9% (10 samples) of them iswas trisomy. The results of karyotypes related to other chromosomal abnormalities in the two groups of karyotypes and GCH areis shown in Table 2. In the present study, CGH array analysis on chromosomal abnormalities identified showed copy number variation (CNV) in about 9.2% (11 samples) of cases that was not observed by karyotype analysis. The frequency of syndromes diagnosed only by CGH is shown in Table 3.
3.3. Risk factors structural chromosomal in two the groups Karyotype and GCH groups
Frequency and percent risk factors structural chromosomal in two groups karyotype and CGHis presented in figure Table 4. based on the results of the present study, a A statistically significant relationship was observed in term of history of disabled children in family, old age of the mothermaternal age, history of anomalies, screening of the first trimester of pregnancy, and increased NT (p<0.05). 
3.4. Investigating the relationship between sampling type in two groups of karyotypes and GCH
According to the results of the current study, in terms distribution of sample types used, in In the karyotype group, 121(95%) samples were CVS and 7 (5%) samples were AC, while there were 161 (96%) and 9 (4%) samples in CGH group 161 (96%) samples were CVS and 9 (4%) samples were AC, respectively. There was no statistically significant relationship between the type of sampling in two the groups of karyotypes and GCH groups (p=0.4)
Discussion 
The current method of prenatal diagnosis of chromosomal abnormalities is was non-invasive evaluation of trisomy 21 and other aneuploidy risk in the first trimester of pregnancy, or comprehensive risk screening for all pregnant women (14). If these screening methods are at high risk, standard chromosomal analysis after chorionic villus sampling (CVS) or amniocentesis (AC) is recommended to detect numerical or structural chromosomal abnormalities (15). However, in clinical practice, pregnant women with high risk of aneuploidy for a variety of reasons often show normal chromosomal analysis (16). The restricted clinical data provided by ultrasound imaging of fetal anatomy and physical progress usually does notcannot confirm the diagnosis of a particular disease with a specific test, leaving parents with the risk of developing a developmental delay and / or accepting a high-risk condition with unknown details (17). Array comparative genomic hybridization (aCGH), which can offer higher resolution than conventional karyotyping, is now the first choice genetic test for prenatal study of intellectual disability (ID) and/ or multiple congenital abnormalities (MCA) (18). However, important questions about the appropriate platform and clinical practice resolution remain unanswered (19, 20). Significant advances in previous screening and diagnostic testing of genetic disorders have shifted prenatal diagnosis to the second trimester before diagnosis (21). In the experimental third ultrasound centers, the detection rate of fetal structural abnormalities in the first trimester ultrasound is as high as 40%. Since the purpose of the first trimester screening is to provide an initial diagnosis, we considered the chorionic villi sample to be an invasive method of selection (22). Row-based methods have the ability to considerably decrease turnout time and quickly change testing via the interface FISH, QF-PCR, or MLPA (23).  CGH on chorionic villi can provide time-saving and preliminary approaches for comprehensive and high-resolution diagnosis of chromosomal abnormalities after the first trimester risk screening (24). In our experience, CGH is was an important diagnostic test. The CGH test is a good potent test for fetal abnormalities in the pre-selected high-risk populations and is a gooda suitable way to detect autosomal mosaic trisomy that is not covered by PCR (25). Though, it is difficult to assess the degree of mosaicism in the fetus because of the deterioration of cell culture. Once this technique became accessible in the laboratory, the CGH array soon became part of the clinical program (26). Parental samples are usually analyzed with fetal samples, which is necessary to get timely final conclusions for the possibility of making fact-based decisions about pregnancy (27). In our study, it was found that there was a significant increase in the power of detection by CGH-array and karyotype, regardless of the age of the mother, the history of the disabled child anomalies (Table 3-1). The Our results also showed that the detection power of CGH in the diagnosis of chromosomal abnormalities is was 9.2% that in , of which 6 cases (5%) are was related to deletion and in , 5 cases (4.2%) are was related to duplication. For risk factors for chromosomal composition in syndromes diagnosed solely by CGH, most risk factors were increased NT history and history of disabled children in family. In the present study, clinical indications CGH invasive prenatal testing enhanced the risk of nuclear translucency (> 3 mm) and / or high risk first trimester screening. Recently, Leung et al. More thanA recent study evaluated on 4 pathogenic submicroscopic abnormalities have beenand reported while usingused custom designed arrays with a nuclear translucency of more than 3.5 mm at an average resolution of 100 KB in the range of 1.2 mm to 7.9 MB. Nevertheless, 2 of these fetuses had additional sonographic abnormalities. Both, Leung and our study have  relatively the sample size small the overall detection rate of pathogenic CNV in embryos with NT is known to be low, but more studies are still needed (28). The CGH procedure solution may be an effective method in diagnosing of CNV of in unknown medical significance (28). Egloff et al. ReportedIt has been found that there is a large group of embryos with distinct enhanced nuchal translucency. In a recent this study, pathogen copy number changes were detected in only 2.7% of euploid fetuses with a nuchal translucency incidence of ≥ 3.5 mm (n ¼ 16) and approximately half of them had CNV with neurodevelopmental disorders (n ¼ 7). In Laura Tanner's studyBesides, CNV was identified in 13.7 of the embryos with increased nuchal translucency (N ¼ 15). But, aneuploids are were included in this number due to failure or delay in PCR testing (including one case of trisomy 21, 1 case of complete X monosomy and 3 cases of X monosomal mosaicism) and the actual percentage of pathogenic CNVs in oploid embryos. It was 9.2%, which included 2 cases of 22q11.2 deletion, 1 case of feline eye syndrome, 1 case of unbalanced chromosomal displacement, and 2 cases with more than one pathogen CNV (29). 
In a group, of 4282 embryos,  described by Wapner et al., Diagnostic diagnostic performance was 6% in samples with normal fetal karyotype and structural abnormalities, and 1.7% had positive screening results in cases of advanced maternal age (30). Breman et al indicated aIn addition,  there was the diagnostic yield of 4.2% in a the group of 1,075 preterm fetuses without known chromosomal abnormalities or familial genomic imbalances (31).
According to a meta-analysis by Srebniak et al, pPregnant women under the age of 36 actually appeared to have a higher prevalence of submicroscopic disease than trisomy 21 during invasive testing, which may be due to maternal age or maternal anxiety (32). In a 2009 study in France by Vialard et al.,study, 39 fetuses with 2 or more abnormalities in the cardiovascular, urinary, skeletal, and gastrointestinal systems or central nervous system were diagnosed with CGH after birth. Thirty-seven of them had normal karyotypes, and two had unbalanced karyotypes that could not be detected by conventional cytogenetic methods. Two unbalanced karyotypes were identified by CGH array, and four additional abnormalities were identified: , an unbalanced translocation, band deletion, q11.222 deletion, p361, and a .6p12.1-21.2 amplification at the end of chromosomal imbalance at 6 m 39.4 The embryo was identified and showed the importance of the CGH array routinely in cases with multiple inherited disorders as well as unspecified chromosomal rearrangements (33).
Rickman and colleagues conducted a 2005 study in the UK on 30 pre- and post-birth specimens cultured. In this study, they diagnosed chromosomal imbalances before birth by CGH array. Analyzes showed thatBesides, a study illustrated that the CGH array was able to detect aneuploidy in DNA collected from at least 1 ml of uncultured amniotic fluid. 29.30 Samples samples were appropriately identified, with the exclusion of one case of triploidy. (34).
In a 2004 study in the United States, Schaeffer et al. used DNA arrays containing genomic clones for each telomere to analyze 41 karyotyped samples. They concluded that the CGH array could identify all abnormalities formerly detected by microscopic karyotype analysis, as well as further abnormalities. The CGH-array DNA overcomes many limitations of routine cytogenetic analysis and increases the detection of fetal chromosomal abnormalities (35).
In the present study in the CGH group, patients showed increased nuchal translucency and an increased NT history, while the ratio of fetuses to congenital anomalies was relatively low. Our findings are consistent with the results of Faas et al., Who who showed an increase in nuchal translucency in 95 fetal samples with ultrasound abnormalities when performing performed a strategy to detect a typical array parallel to the QFPCR. Thus, high-resolution genome arrays might be particularly effective in pregnancies with diverse fetal ultrasound abnormalities or in the accurate determination of rare structural chromosomal abnormalities. Our method with a detection rate of 11.2% for CNVs of unknown importance in a given resolution demonstrates and confirms d that aCGH seems to be a reliable way to diagnose the first trimester pregnancies in women with high risk for chromosomes abnormalities (36). In our experience, aCGH is was technically reliable as a first-line diagnostic test for prenatal specimens, substituting the laborious direct CVS preparation, as well as other rapid but fewer extensive testing procedures. Consequently, aCGH offers the benefit of providing patients with a further complete genome (37, 38). The finding of the our analysis is was for a short period of time. Higher resolution matrices may become more important, as we can believe that the clinical use of non-invasive diagnostics for common aneuploidies will can enhance the percentage of high-risk pregnancy samples achieved by invasive diagnosis. Nonetheless, the suitable resolution of the matrix remains a matter of debate and may requirement to be tailored to the specific clinical indication and / or parental expectations (39, 40).
Conclusion 
According to the findings of the latest studies, highHigh-resolution arrays might be shownmay specially to prevent fetal malformations. Until now, normal prenatal chromosome analysis has been shown a relatively standard method, but CGH may be helpful to specialists in diagnosing chromosomal abnormalities, especially in unknown chromosomal abnormalities.











Declarations
Authors’ contributions
S. M. and E. SH. have made contributions to the writing of the manuscript. F. M. and N. S. have made contributions to the design of the tables and the revision of the manuscript. M. B. and E. SH. have made contribution to the analysis of the data. All authors have approved the submitted version of the article and have agreed to be personally accountable for the author’s own contributions and to ensure that questions related to the accuracy or integrity of any part of the work. All authors read and approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.
Ethics approval and consent to participate
Not applicable. 
Consent for publication 
Not applicable
Competing interests
The authors declare that there is no competing interests.
Acknowledgements
Not applicable



	Table 1. Descriptive statistics of study variables

	Variable
	karyotype
	CGH
	p-value

	
	Frequency (percent)
	Frequency (percent)
	
0.95

	
Number of gravities
	1
	(31.3)40 
	(32.8)39 
	

	
	2
	(31.3)40 
	(32.8)39 
	

	
	3
	(21.9)28 
	(21)25 
	

	
	4
	(12.5)16 
	(11.8)14 
	

	
	5
	(3.1)4 
	(1.7)2 
	

	
parity
	0
	(35.9)46 
	(39.5)47 
	0.88

	
	1
	(35.2)45 
	(33.6)40 
	

	
	2
	(22.7)29 
	(21.8)26 
	

	
	3
	(3.9)5 
	(4.2) 5 
	

	
	4
	(2.3)3 
	(0.8) 1 
	

	Number of abortions
	0
	(78.9)101 
	(39.5)93 
	0.7

	
	1
	(18.8)24 
	(33.6)21
	

	
	2
	(22.7)3 
	(21.8)5 
	

	Age (mean±SD)
	32.83 ± 6.45
	31.03 ± 6.14
	0.02





	Table 2. The results of sample analysis in two groups

	Chromosomal abnormalities
	karyotype
	GCH
	p-value

	
	Frequency (percent)
	Frequency (percent)
	0.005

	45 XO/turners
	
	
	

	47 xxxx
	
	
	

	Deletion of ch 
	
	
	

	Down syndrome (Trisomy 21)
	
	
	

	Duplication
	
	
	

	Edward syndrom
	
	
	

	Jacob syndrom
	
	
	

	Normal
	
	
	

	Total
	128
	119
	


 


	Table 3. The frequency of syndromes diagnosed only by CGH

	CGH
	Frequency
	Percent

	Deletion of ch
	3
	2.5

	Di-george
	1
	0.8

	Duplication
	4
	3.4

	Micro-deletion
	2
	1.7

	Williams syndrome
	1
	0.8

	Total
	11
	9.2






	3.31. Risk factors structural chromosomal in two the groups Karyotype and GCH groups

	
	karyotype
	GCH
	p-value

	
	Frequency (percent)
	Frequency (percent)
	


	Disabled children
	No
	(98.6)126 
	(84)100 
	

	
	Yes
	(1.6)2 
	(16)19 
	

	Twin children
	No
	(96.9)124 
	(94.1)112 
	0.29

	
	Yes
	(3.1) 4 
	(5.9)7 
	

	Old age of the mother
	No
	(88.3)113 
	(99.2)118 
	0.001

	
	Yes
	(11.7) 15 
	(0.8)1 
	

	History of trisomy
	No
	(100)128 
	(92.4)110 
	0.002

	
	Yes
	0 (0)
	(7.6) 9 
	

	History of anomalies
	Yes
	(93.8)120 
	(76.5) 91
	<0.001

	
	No
	(6.3)8 
	(23.5)28 
	

	Screening of the first trimester of pregnancy
	Yes
	(70)90
	(84)118 
	0.8

	
	No
	(30)38 
	(0.8)1 
	

	Mental retardation
	Yes
	(72)91 
	(46.2)55 
	0.7

	
	No
	(28) 37 
	(53.8)64 
	

	Nuchal translucency test (NT)
	Yes
	(70)  90 
	(84)118 
	0.6

	
	No
	(30)38 
	(0.8)52 
	








	Table 4. Copy number variants of unknown significance in the CGH group

	Type of aberration
	Chromosomal region/ Maximal size of aberration
	Risk factors structural chromosomal
	Clinical finding

	Duplication
	Duplication of Chromosome 22
 (2.6 Mb)
	Screening of the first trimester of pregnancy
	Muscle Hypotonia
Delayed Speech
Intellectual Disability

	Deletion
	Deletion of Chromosome 7q
(301 Kb)
	Increased nuchal translucency (NT)
	No Clinical finding

	Deletion
	Deletion of Chromosome 12
(5.6 Mb)
	History of anomalies
	Growth Retardation
Developmental Delay
Intellectual Disability

	Deletion
	Deletion of Chromosome 17q 12 
(133 Kb)
	History of anomalies
	Development Delay
Muscle Hypotonia
Microcephaly
Intellectual Disability

	Duplication
	Duplication of Chromosome 3q 
(56.7 Mb)
	Increased nuchal translucency (NT)
	Multiple Congenital Anomalies

	Deletion
	Deletion of Chromosome 3p 25
 (5.6 Mb)
	Increased nuchal translucency (NT)
	Multiple Congenital Anomalies

	Deletion
	Deletion of Chromosome 17q 12, (1.26 Mb)
	Child with myelomeningocele
	-

	Deletion
	Deletion of Chromosome 17q 1
(5.6 Mb)
	Increased nuchal translucency (NT)
	Microcephaly

	Duplication
	Duplication of Chromosome 1q 21.1
 (258 Kb)
	Increased nuchal translucency (NT)
	Abnormality of Metatarsal Bone
Skin Aplasia

	Deletion
	Chromosome 17q11.23
Deletion syndrome 1.8 Mb
(William syndrome)
	Increased nuchal translucency (NT)
	Developmental disorder

	Deletion
	22q11.2 Deletion syndrome
(3 Mb)
	Screening of the first trimester of pregnancy
	Multiple Congenital Anomalies
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