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Retrospective Analysis of Morphological Anomalies in Fetuses from 

Spontaneous Abortions: A Clinical and Pathological Study 

 

Background: Spontaneous abortion is a common complication of pregnancy, affecting 

up to 30% of conceptions. Fetal anomalies often underlie these losses. This study aimed 

to characterize morphological anomalies in spontaneous abortions to clarify underlying 

etiologies and related factors. 

 

Methods: A retrospective cohort of 180 spontaneous abortions (10–23+6 weeks) was 

analyzed at a tertiary hospital. All cases underwent fetal autopsy with clinical, 

pathological, and genetic review. Cases with and without anomalies were compared. 

 

Results: Fetal anomalies were found in 39.4% of cases. Morphological anomalies were 

most frequent (57.7%), particularly fetal growth restriction, cardiac defects, and 

complications of monochorionic twin pregnancies. Trisomies 21, 13 and 18 accounted 

for 54.6% of chromosomal anomalies. No significant associations were found with 

maternal factors. Chromosomal anomalies were linked to earlier gestational loss 

(p=0.004). 

 

Conclusion: This study highlights the value of autopsy and multidisciplinary assessment 

in identifying fetal anomalies and improving diagnostic accuracy and reproductive 

counseling. 

Keywords: spontaneous abortion; chromosomal anomalies; morphological anomalies; 

fetal autopsy; genetic testing; gestational loss 
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Introduction 

Spontaneous abortion is defined as the involuntary termination of a pregnancy before the 

fetus reaches viability, generally occurring before 20 to 24 weeks of gestational age [1, 

2]. These discrepancies in timing are attributable to differences in international 

guidelines: the World Health Organization (WHO) advocates the term gestational loss at 

22 weeks of gestation, while, for example, the United Kingdom sets the limit at 24 

completed weeks of gestation and the United States at 20 completed gestational weeks 

[3]. 

In reality, gestational loss is a very relevant issue, given that it represents the most 

common complication of human pregnancy, which, according to estimates, affects 10% 

to 15% of pregnancies that are clinically acknowledged and up to 30% of all pregnancies 

[2]. It is estimated that approximately 23 million gestational losses occur globally every 

year, which translates to 44 losses per minute [1]. 

Gestational losses are commonly classified as early and late [3, 4]. Most of the 

cases are early gestational losses and are usually associated with chromosomal 

abnormalities, which are identified in up to 75% of cases [5].  Human reproduction is 

notably inefficient. In fact, some studies report fetal malformations in over 80% of early 

losses [4]. Notably, definitions of early loss vary slightly between professional societies: 

the American College of Obstetricians and Gynecologists (ACOG) defines early 

gestational loss as occurring before 13 weeks, whereas the European Society of Human 

Reproduction and Embryology (ESHRE) uses a cut-off of 10 weeks [6]. 

The occurrence of spontaneous abortion is influenced by several factors, including 

genetic, anatomical, endocrinological, immunological, and environmental factors [4]. 

Advanced maternal age is strongly associated with an increased risk, primarily due to a 
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higher prevalence of fetal chromosomal abnormalities, such as aneuploidy [2, 7, 8]. Other 

maternal factors that have been identified as contributing to the risk of gestational loss 

include uterine anomalies, poorly controlled diabetes and thyroid autoimmunity [4]. 

Furthermore, it has been demonstrated that behavioral and environmental modifiable 

factors, such as smoking, alcohol consumption, high caffeine intake, obesity, 

psychological stress, and exposure to air pollution and pesticides, further contribute to the 

risk [1, 4, 8, 9]. 

Emerging evidence highlights the role of immunological dysregulation and 

impaired endometrial receptivity in gestational loss. Additionally, other studies have 

revealed the contribution of paternal factors, such as compromised integrity of the sperm 

DNA, to an increased risk of gestational loss  [4]. 

Despite advancements in the understanding of various risk factors, 30% to 50% 

of gestational losses remain idiopathic, highlighting the need for further research in this 

area [9]. 

Spontaneous abortion has profound physical, psychological, and social 

implications that affect not only women but also their partners and their families [9]. As 

a matter of fact, couples who suffer a gestational loss often experience significant 

emotional distress and a diminished quality of life [2]. By identifying and characterizing 

the multifactorial causes of spontaneous abortion, healthcare professionals and 

policymakers can work towards reducing its incidence and will be able to enhance and 

improve reproductive counselling, elevate prenatal care, adapt preventive strategies and 

provide comprehensive support to the women affected [9]. 

Despite a general decline in fetal autopsy rates worldwide, postmortem 

morphological data analysis can contribute to a more precise assessment of the underlying 
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causes of gestational loss. In fact, although new prenatal diagnostic techniques have 

improved the detection of fetal anomalies, autopsy provides relevant diagnostic 

clarification in a significant proportion of cases. It can confirm, refine and expand prenatal 

findings, identify additional or previously unsuspected anomalies and, in some cases, lead 

to a reassessment of the risk of recurrence, which can be especially important for parental 

counselling. Autopsy remains, thereby, not only a key tool for determining the etiology 

of gestational loss and optimizing reproductive care, but also an important resource for 

research and education [10-15]. 

The aim of this study is the critical evaluation of morphological anomalies in 

fetuses from spontaneous abortion, with the goal of elucidating the underlying etiology 

and associated factors. 
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Material and Methods 

A retrospective observational cohort study was conducted to assess all spontaneous 

gestational losses that occurred between January 1st, 2014, and December 31st, 2023, at 

Unidade Local de Saúde de São João (ULS São João), a tertiary referral and teaching 

hospital. 

This study was approved by the Ethics Committee of the ULS São João (approval 

no. CE-358-2024). Given its retrospective nature, informed consent and consent to 

publish were waived. However, all data were anonymized to ensure patient 

confidentiality. 

Fetuses from spontaneous gestational losses with a gestational age between 10 

weeks and 23 weeks + 6 days that underwent autopsy at the Developmental Pathology 

Unit of the Department of Pathology were included. We excluded cases of termination of 

pregnancy. 

Of the 184 cases of spontaneous gestational loss reviewed, 4 cases were excluded 

from the final analysis because of the poor state of conservation and severe maceration 

of the fetal specimens, which did not allow for a reliable pathological analysis. Hence, 

we ended up with a final sample of 180 cases.  

Clinical data were retrieved from electronic medical records, such as SClínico and 

Obscare. The following parameters were assessed: maternal clinical data, including age, 

parity, body mass index (BMI), pre-existing medical conditions and lifestyle factors 

during pregnancy; obstetric data, including mode of conception (spontaneous vs. assisted 

reproductive technology (ART)), ultrasound findings, and gestational age at fetal death; 

fetal and placental pathology data, incorporating fetal sex, morphological anomalies 
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(external and internal) and histopathological findings, as well as genetic studies or other 

analytics studies. 

At ULS São João, the study of gestational loss systematically includes a 

multidisciplinary approach that combines fetal autopsy, genetic testing, and infection 

screening [16]. Fetal autopsies and placental examinations are routinely performed to 

evaluate morphologic abnormalities. It should be noted that all fetal autopsies were 

conducted by a dedicated team including specialized perinatal pathologists and trained 

technicians, following standardized protocols. Genetic evaluation is also part of the 

standard investigation protocol: until 2012, conventional karyotype determination was 

mainly performed; from 2013 onwards chromosomal microarray analysis began to be part 

of clinical practice allowing for a more detailed detection of submicroscopic 

chromosomal abnormalities; in cases where it was justified, broader genetic studies were 

also carried out. 

Gestational age was determined based on the measurement of crown-rump length 

in the first-trimester ultrasound. In cases where this was not possible, it was determined 

postmortem by assessing fetal biometric parameters and organ maturation. 

Body mass index (BMI) was characterized as underweight (BMI<18.5), normal 

(18.5-24.9), overweight (BMI 25-29.9) and obesity (BMI ≥30).  

Cases were then divided into two groups: (A) fetuses with anomalies and (B) 

fetuses without anomalies. A comparative analysis between these groups was undertaken 

in hopes of providing insights into the underlying causes and associated factors.  

It is also important to note that the unit of analysis in the study was the fetus and 

not the mother, so that the same woman could have been included more than once if she 

had suffered more than one gestational loss during the study period. Each case was treated 
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independently, as maternal characteristics (such as age, BMI, or clinical conditions) could 

vary between pregnancies. This approach allowed for case-based analysis of the fetal 

outcomes and ensured compatibility with the study objectives. 

Based on autopsy and genetic findings, congenital anomalies were then divided 

into three main groups based on autopsy or genetic findings: chromosomal anomalies, 

morphological anomalies and other anomalies. Other anomalies included anomalies 

secondary to severe oligohydramnios and amniotic band syndrome. 

Morphological anomalies were further categorized into nine main groups based 

on commonly accepted terminology and classifications: nervous system anomalies, 

cardiac defects, respiratory anomalies, gastrointestinal anomalies, abdominal wall 

defects, facial anomalies, cystic hygroma, fetal hydrops, fetal growth restriction, specific 

anomalies of monochorionic twin pregnancies and multiple anomalies.  Each case was 

assigned to a single category. 

The statistical analyses were performed with SPSS (IBM SPSS Statistics for 

Windows, Version 30). Descriptive analysis was conducted: categorical variables were 

expressed as frequencies and percentages, while continuous variables, in this case 

maternal age and gestational age at the time of abortion, were shown by means and 

standard deviations or medians and interquartile ranges (IQR), along with minimum and 

maximum values, depending, respectively, on whether the distribution was normal or not. 

Furthermore, the chi-square test or Fisher’s exact test was applied for categorical 

variables, and the Mann-Whitney U-test was used for continuous variables with skewed 

distributions. For all tests, a p-value of less than 0.05 was considered significant.  

With the intention of addressing missing data, a binary variable was created to 

indicate whether each case had at least one missing value. Chi-square tests were then used 
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to verify whether there was any association between missing data and the presence or 

absence of anomalies.  

This study was conducted in accordance with the STROBE guidelines for 

retrospective cohort studies. 
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Results 

 Of the 180 spontaneous abortions included and analyzed in this study, fetal anomalies 

were identified in 71 fetuses (39.4%), while no anomalies were identified in the remaining 

109 of the cases (60.6%), either in fetal autopsy or genetic analysis. Table 1 presents a 

summary of the distribution of anomalies by type. 

Among the anomalies, isolated morphological anomalies stood out as the most 

common, having been observed in more than half of the cases, followed by chromosomal 

anomalies that were present in 31% of the cases. In six fetuses, the anomalies were 

considered secondary to severe oligohydramnios, which could have limited the 

examination of the primary fetal morphology. Finally, amniotic band syndrome was 

observed in a smaller number of cases. 

Minor anomalies, isolated anatomical manifestations without clinical 

significance, were not included in the primary classification of fetal anomalies but were 

documented in a total of 74 cases (41.1%) with 40 fetuses in the group without major 

anomalies and 34 fetuses in the group that had major anomalies. 

The 41 cases exhibiting morphological anomalies were further classified into nine 

major categories, based on the anatomically affected system or syndrome, as shown in 

Table 2. The most common finding was fetal growth restriction (FGR), seen isolated in 

15 fetuses (36.6%) and 17 fetuses in total (41.4%). 

Cardiac anomalies constituted the second largest group, having been detected in a 

total of 10 fetuses (24.4%). Among these, 6 cases corresponded to isolated cardiac defects 

and another 4 occurred in association with other major anomalies and therefore were 

categorized as “multiple anomalies”. The vast majority of these anomalies consisted of 
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cardiac septal defects (in fact, all isolated defects), including 3 cases of perimembranous 

ventricular septal defects and 2 cases of complete atrioventricular septal defects.  

Specific complications of monochorionic twin pregnancies were the third most 

common occurrence and were identified in 8 of the cases (19.5%), including both Twin 

Reversed Arterial Perfusion (TRAP) sequence and Twin-to-Twin Transfusion Syndrome 

(TTTS). 

Multiple anomalies accounted for 17.1% of the morphological anomalies and 

included combinations of cardiac, neurological, gastrointestinal, and genitourinary 

anomalies. 

Genetic analysis was performed in 125 of the 180 cases. Among these 125 cases, 

chromosomal abnormalities were found in 22 fetuses, while 96 had normal results. In 7 

cases, analysis was attempted but ended up being unsuccessful due to lack of cell growth. 

In the remaining 55 cases, genetic testing was not performed, either because it was not 

requested or due to unavailability of material. 

Regarding the chromosomal alterations, the most frequent were trisomy 21, 

followed by trisomy 13 and trisomy 18, accounting together for more than half of the 

chromosomal anomalies (54.6%). Other findings included one case of triploidy, two cases 

of sex chromosome numeric abnormalities (45,X and 47,XXY), as well as structural 

abnormalities, including microdeletion or microduplication syndromes identified by array 

comparative genomic hybridization (array CGH). A complete list is presented in Table 3. 

One case with full deletion of the short arm of chromosome 18 (18p) was also identified 

and the chromosomal nomenclature is further detailed in the table legend, according to 

the International System for Human Cytogenetic Nomenclature (ISCN 2024) [17]. 
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In 14 of the 16 chromosomal anomalies detected by conventional karyotype, 

morphological alterations were detected during the postmortem evaluation and appeared 

consistent with the expected phenotypic expression associated with each specific 

chromosomal abnormality. However, the remaining two cases (Klinefelter syndrome and 

marker chromosome) presented no associated morphological findings at autopsy. 

Regarding the pathogenic variants detected by array-CGH, specific morphological 

alterations were found in five of the six cases. The case of chromosome 15 

microduplication syndrome presented no associated morphological anomalies. 

No significant associations were found between missing data and the presence of 

fetal anomalies (p > 0.05), which corroborates the assumption that the data was missing 

completely at random (MCAR). 

Of the 180 spontaneous abortions analyzed, male fetuses were reported to be 

slightly more frequent than female (56.1% versus 43.9%). Most pregnancies resulted 

from natural conception (85.1%), and most women had no previous deliveries (55.9%) 

and had experienced two gestations (38.2%). A history of previous abortions was reported 

in 41.2% of cases, and records of previous ectopic pregnancies were rare in the overall 

sample (1.8%). 

Regarding prenatal care, 5.6% of pregnancies was non-monitored. In terms of 

BMI, more than half of the women had a BMI that fell within the normal range (54.0%), 

while 29.9% were overweight, 12.4% were classified as obese and only a small 

percentage of the sample categorized as underweight (3.6%). 

The median maternal age of the women included in our study was 33 years (IQR: 

28–37), ranging from 16 to 48 years. The median gestational age at the time of loss was 

17 weeks (IQR: 14–21). 
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The prevalence of anomalies did not significantly differ in any of the demographic 

or obstetric variables analyzed, as shown in Tables 4 and 5. In fact, no statistically 

significant differences were found between fetuses with and without anomalies 

concerning maternal age (p = 0.987), number of pregnancies (p = 0.868), deliveries (p = 

0.920), BMI (p = 0.130) or history of previous abortions (p = 0.653). The frequency of 

monitored pregnancies, type of conception, fetal sex, history of ectopic pregnancy and 

previous maternal conditions were also comparable between the groups. 

Approximately one third of the women (33.3%) had a history of previous medical 

conditions. In the subgroup analysis (Table 4a), no individual pathology type (e.g., 

hypertension, diabetes, autoimmune, psychiatric, uterine abnormalities) was significantly 

associated with the presence of fetal anomalies.  

It is also important to note that the gestational age at fetal loss was significantly 

lower in cases of chromosomal anomalies (median: 14 weeks; IQR: 13–16) than in 

morphological anomalies’ cases (median: 17 weeks; IQR: 14–21) (p = 0.004, Mann-

Whitney U test).  

The median maternal age was slightly higher in the chromosomal anomaly group 

(median: 35 years, IQR: 29–39) than in the morphological anomaly group (median: 32 

years, IQR: 27.5–37); although this difference was not statistically significant (p = 0.445, 

Mann-Whitney U test).  
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Discussion 

The overall prevalence of fetal abnormalities in our sample of spontaneous gestational 

losses was 39.4%. Among cases with abnormalities, the most frequent were 

morphological abnormalities (57.7%), followed by chromosomal abnormalities (31.0%), 

and other causes (11.3%). This distribution is in line with previous studies that suggest 

structural abnormalities and aneuploidies as the most important causes of gestational loss 

in the first and second trimesters [15, 18, 19].  Truthfully, there is some variation in the 

estimates of prevalence across studies, but congenital anomalies are consistently reported 

as one of the leading causes of fetal loss in the first and second trimesters [19, 20]. 

Among fetuses with abnormalities, morphological anomalies were the most 

prevalent. These anomalies correspond to congenital morphologic anomalies of a single 

organ or body part that arise from a perturbation of the primary developmental program 

and may occur in isolation or as part of more complex syndromic patterns [21]. In our 

study, the most frequently observed morphological findings, considering the total and not 

just isolated anomalies, were fetal growth restriction (41.4% of cases), cardiac defects 

(24.4% of cases) and complications specific to monochorionic twin pregnancies (19.5%). 

These findings are in line with the known associations between early gestational loss and 

factors such as congenital anomalies, fetal growth restriction and maternal comorbidities 

[19]. 

Fetal growth restriction (FGR) was the most common observed morphological 

anomaly in our sample. Although the literature specifically addressing fetal growth 

restriction in spontaneous abortions remains scarce, FGR is widely recognized as a major 

contributor to fetal demise in later gestation. Prior research has reported FGR in 

approximately 17% of stillbirths [19, 22], and it is considered the single largest 

contributor to perinatal mortality in non-anomalous fetuses [22]. In particular, FGR has 
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been shown to increase the risk of stillbirth by eightfold when not identified prenatally 

[19],  emphasizing the importance of early identification with routine ultrasound and 

Doppler evaluation, especially in high-risk pregnancies [19, 20].  The widespread 

prevalence of FGR in our study may indicate underlying placental insufficiency, 

subclinical genetic conditions, or syndromic associations, which were not confirmed due 

to limitations in genetic testing [20, 22].  

Cardiac anomalies comprised the second most frequent morphological category, 

observed in 24.4% of the cases. The majority were isolated septal defects, such as 

perimembranous ventricular and complete atrioventricular septal defects. This 

predominance of midline defects is in agreement with previous autopsy-based studies in 

which ventricular septal defects were found to represent the most common congenital 

heart defect, both in isolated form and in association with other extracardiac anomalies 

[23, 24]. The reported prevalence of cardiac defects in spontaneous abortions shows 

significant variation across the literature. Some studies report a lower incidence of cardiac 

defects in spontaneous abortions (around 1.2–5.4%) [25], while others have reported 

frequencies ranging from 15 to 22%, depending on gestational age and the completeness 

of autopsy protocols [24]. For instance, one study specifically described prevalence as 

high as 15.4% in a cohort restricted to fetuses under 24 weeks of gestation, which is 

closely aligned with the gestational window we used in this study [26]. These 

discrepancies in published frequencies of heart defects may also be related to differences 

in the applied methodology, including the use of histological examination of very small 

hearts, the dissection protocols employed or variations in classification criteria. 

Furthermore, we highlight that most studies have reported the prevalence of cardiac 

defects based on the total number of autopsied fetuses, while our proportions relate 
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specifically to the number of fetuses with morphological defects. This distinction might 

explain the observed differences in reported frequencies. 

Interestingly, the relatively high prevalence of congenital heart defects in our 

study raises the hypothesis of a potential interaction between cardiac morphogenesis and 

other developmental disruptions or etiological and genetic factors that may lead to 

gestational loss, even though such defects are often thought to be survivable in liveborns. 

As noted in prior research, cardiac development is influenced not only by genetic factors 

but also environmental exposures, such as maternal smoking, alcohol consumption or 

drug use during pregnancy and other teratogenic exposures [25]. These factors have also 

been implicated in the development of other congenital anomalies, underscoring the 

importance of genetic-environment interactions in fetal development [9, 27, 28]. In our 

study, however, information on these maternal lifestyle factors was often absent or 

inconsistently reported in clinical records, which made it impossible to include these 

variables in the analysis, limiting our ability to explore these associations. This highlights 

a relevant limitation in retrospective studies and reinforces the importance of 

comprehensive maternal history in elucidating the multifactorial origins of fetal 

anomalies. 

In our sample of gestational losses, 40% of fetuses with cardiac defects also 

presented with extracardiac anomalies, which is consistent with findings from other 

studies [23-25]. The extracardiac manifestations observed, including central nervous 

system and genitourinary anomalies, are also in line with the most frequently described 

associations in the literature  [23-25]. Although our dataset was limited in scope for a 

detailed organ-system analysis, the predominance of isolated defects may also partially 

reflect a selection bias inherent to the classification used, which excluded fetuses with 

confirmed chromosomal anomalies from the morphological group.  
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Another relevant observation in our study was that 19.5% of fetuses with 

morphological anomalies were monochorionic twins presenting characteristic 

complications, namely both twin-to-twin transfusion syndrome (TTTS) and twin reversed 

arterial perfusion (TRAP) sequence. This proportion is considerably higher than the 

expected prevalence of monochorionic gestations, suggesting an increased susceptibility 

to spontaneous loss in these pregnancies. Although our study was not designed to compare 

singleton and multiple gestations, these findings reinforce the well-documented risks 

associated with monochorionic twin pregnancies [29, 30].  

The chromosomal anomalies identified in our cohort were mostly numerical, with 

trisomies 21, 13 and 18 emerging as the most frequent. This pattern correlates with 

previous cytogenetic studies reporting these trisomies, but also monosomy X and 

triploidies as the most prevalent chromosomal abnormalities in early gestational losses 

[10, 15, 31-33]. However, monosomy X and triploidy are typically associated with very 

early gestational losses (often before the 10-week mark) [34-37] and therefore do not 

feature strongly in this study, which only included cases from 10 to 23 weeks and six days 

of gestation. The predominance of trisomy 21 likely reflects the greater prevalence and 

increased gestational viability, rather than a higher risk of fetal loss [35, 36]. 

In fact, chromosomal abnormalities accounted for 31.0% of our cases, lower than 

the 47% to 62% prevalence found in most cytogenetic studies of spontaneous abortions 

[32]. This discrepancy may be partly explained by the small number of cases in our study, 

which may not have been sufficient to identify less frequently occurring chromosomal 

alterations. However, this value is similar to that found by Creasy et al. (30.6%) [38] in a 

study predominantly composed of later gestational losses, which are known to present 

lower rates of chromosomal anomalies [32]. This variability between studies likely 

reflects differences in gestational age distribution, fetal viability at the time of sample 



23 
 

collection, and the success rate of karyotyping, which tend to be lower in macerated or 

poorly preserved specimens. 

Among the chromosomal abnormalities identified by array CGH in our cohort, 

several involved regions known to be associated with neurodevelopmental disorders, such 

as 15q13.3, 16p13.2, 16p11.2 and 17q11.2. These copy number variations (CNVs) are 

typically characterized by their postnatal features, that include developmental delay, 

autism spectrum disorders, and psychiatric symptoms, often without consistent or specific 

structural abnormalities detectable during fetal development [39-43]. Although some 

prenatal ultrasound findings have been described in the literature, the general prenatal 

phenotype of these CNVs remains subtle or non-specific and frequently undetectable on 

fetal autopsy or routine imaging [39, 44]. Therefore, in the context of gestational loss, 

their identification may not always be related to evident morphological abnormalities. 

This demonstrates the diagnostic utility of chromosomal microarray analysis, particularly 

in cases with normal or unspecific fetal morphology, underscoring the value of bringing 

molecular data to formalize a more comprehensive etiological evaluation beyond 

morphology and facilitating appropriate reproductive counselling. 

As expected, the median gestational age was significantly lower in cases with 

chromosomal anomalies compared to those with morphological anomalies,  reflecting the 

well-known association between severe genetic defects and earlier fetal demise [32, 35, 

45]. This observation aligns with existing evidence that shows that chromosomal 

abnormalities are most frequently detected during the earliest gestational weeks, with a 

sharp decline in prevalence after the first trimester [45]. 

In our study, while most fetuses with chromosomal abnormalities presented with 

associated morphological alterations, three cases showed no visible external anomalies 

identified on autopsy. This highlights that a normal external appearance cannot exclude a 
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chromosomal abnormality, especially in the earliest stages of development [15]. Notably, 

in our cohort, 86.4% of the cases with chromosomal abnormalities also presented with 

morphologic anomalies, reinforcing the diagnostic value of fetal autopsy even when 

genetic results are available. This complementarity between cytogenetics and 

anatomopathological examination has been widely emphasized in the literature as 

necessary for a complete etiological evaluation of early gestational losses [10, 15]. 

Conversely, several cases with major morphological anomalies had normal 

karyotypes, suggesting a potential role of non-genetic factors. Teratogenic agents—such 

as infections, drugs, alcohol, or hyperthermia—can interfere with organogenesis and lead 

to structural anomalies despite a diploid chromosomal complement [8, 10]. This is in line 

with studies showing that a substantial proportion of morphologically abnormal embryos 

have a normal karyotype [15], reinforcing the multifactorial nature of gestational loss [8]. 

In this study, no statistically significant associations were found between the 

presence of fetal anomalies and maternal factors such as age, BMI, obstetric history, or 

pre-existing medical conditions. While these findings lend further support to the idea that 

a considerable proportion of spontaneous abortions may result from idiopathic causes, 

which may include sporadic genetic or epigenetic alterations, that are not necessarily 

linked to identifiable maternal conditions [46, 47], they should be interpreted with 

caution. The absence of associations may reflect limitations in sample size and incomplete 

documentation of certain maternal variables, which restricted our ability to conduct a 

more comprehensive analysis. It may also reflect the lack of non-chromosomal genetic 

studies in certain cases, which was caused by the gradual development of the genetic 

investigation protocol over the 10-year study period. 

Although advanced maternal age is widely recognized as a major risk factor for 

chromosomal abnormalities (particularly aneuploidies) and gestational loss [18, 20, 48], 
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our analysis was unable to establish a statistically significant difference in age distribution 

between the groups. This discrepancy may also partly relate to the sample size limitations 

or the gestational age distribution in our cohort. Notably, the literature shows that even 

after excluding all chromosomal abnormalities, the incidence of certain structural 

malformations (e.g., cardiac defects, club foot, diaphragmatic hernia) increases 

significantly with maternal age [20].  

Contrary to what has been previously reported in the literature [49-51], no 

association was found between maternal obesity and the risk of fetal anomalies in our 

study. This lack of association may one more time be a reflection of our small sample 

size. Additionally, the impact of obesity appears to be more pronounced in very early 

losses (<8 weeks) [50], which were not represented in our sample. While obesity is a 

known risk factor for many obstetric outcomes, its isolated contribution to fetal anomalies 

in spontaneous abortion in selected populations such as ours remains difficult to quantify 

[52, 53].  

A history of previous abortion is a known risk factor for subsequent gestational 

loss, with the risk increasing with the number of prior losses [18, 19]. In the present 

cohort, previous gestational loss was detected in 41% of women, a higher frequency than 

that described in some studies [19], yet this variable did not show a significant association 

with fetal anomalies, which may again reflect the multifactorial and sometimes idiopathic 

nature of gestational loss.  

Among the maternal conditions evaluated in this study, pregestational diabetes is 

the one most consistently associated with an increased risk of congenital anomalies, being 

widely recognized as one of the most significant teratogenic factors in human pregnancy 

[54-56]. Despite this established association, we found no significant association. This 

result may be explained by the limited number of diabetic cases due to the overall sample 
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size, which may have reduced the power to detect such associations. The other conditions 

we evaluated, such as hypertension and autoimmune disease, are not as clearly associated 

with malformations and are more commonly tied to fetal growth restriction, as evidenced 

in previous studies [15, 57-60].  

Although our study found no significant association between the number of 

previous pregnancies and the presence of fetal anomalies, previous research indicates 

different associations depending on the type of anomaly. For instance, nulliparity has been 

associated with an increased incidence of cardiac and abdominal wall anomalies, as well 

as amniotic band sequence while multiparity has shown to increase the incidence of limb-

reduction defects [61]. These findings could represent physiological and environmental 

differences between first and subsequent pregnancies, which our dataset may not have 

been sufficiently powered to detect. 

Lastly, the type of conception (natural vs. medically assisted reproduction) 

showed no significant difference between groups. Research in this area remains 

inconsistent: some studies have found an increased risk of congenital anomalies - 

especially following IVF or ICSI [62, 63], whereas others have found no significant 

difference when comparing the type of conception [64]. These differences may be due to 

differences in study size, standard protocol, and baseline maternal infertility. In our 

sample, a lack of association may have been due to similar issues: specifically the small 

sample size and the heterogeneous ART protocols. 

In addition to the previously discussed limitations, it should be addressed that it is 

difficult to directly compare studies such as ours with other studies due to significant 

methodological differences, including variations in gestational age limits, classification 

criteria, inclusion or exclusion of termination of pregnancy cases, the extent of genetic or 
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pathological data available and whether chromosomal abnormalities were included or 

excluded from the morphological analysis. 

One of the major strengths of this study relies on the systematic use of fetal 

autopsy in all cases included, performed by a team of experienced pathologists at a tertiary 

center.  This consistency and integration of genetic and histopathological expertise 

allowed for a greater accuracy and reliability in the assessment and detection of fetal 

anomalies and emphasized the limitations of relying solely on maternal history or clinical 

presentation to determine etiology. Additionally, in contrast to multicentered studies 

where protocols may diverge, the use of established procedures in our single institution 

enhances the internal validity of the findings and provides a robust foundation for future 

research in this area.  

In fact, the relatively high frequency of fetal anomalies identified in our study 

supports the additional diagnostic value of systematic pathological and genetic 

examination. Without this investigation, many of these anomalies, especially those 

involving subtle or unexpected structural defects, would likely have remained undetected 

and potentially misdiagnosed as idiopathic.  By providing diagnoses that may otherwise 

go unrecognized, this approach contributes to an enhanced quality of reproductive 

counselling and clinical decision-making in any subsequent pregnancies. Moreover, 

confirming suspected anomalies or identifying an etiologic cause may provide emotional 

reassurance and closure for families, as a vital part of comprehensive perinatal care [10, 

13, 15, 65].  

Nevertheless, it is important to emphasize that the reported presence of a fetal 

anomaly does not necessarily imply causality in the gestational loss. Further investigation 

is needed to better understand the pathogenic relevance of specific fetal anomalies to the 

context of spontaneous abortion. 
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It is also important to note that this study contains several limitations, mostly due 

to the retrospective nature of the design. The data was collected through medical record 

review, which often lacked completeness or contained inconsistencies due to variations 

in documentation practices over the 10 year period of the study. Earlier records tended to 

be less detailed, reflecting the evolving standards in clinical reporting and coding, which 

may have contributed to the potentially downplayed associations with fetal anomalies.  

 Additionally, the implementation of genetic testing protocols also varied 

significantly during the study period, leading to a heterogeneous availability of genetic 

data across the cases. In fact, genetic analysis was not performed in 62 cases, due to lack 

of cellular growth for karyotyping or not being clinically requested at the time. Besides, 

of the remaining cases, several did not undergo extended genetic investigations, such as 

gene panels or exome sequencing, which could have helped identify additional anomalies 

of genetic origin. This may have contributed to a potential underestimation of the true 

prevalence of chromosomal or other genetic abnormalities in our study. 

Furthermore, although all cases included had macroscopic fetal material, 

pathological examination of fetuses is frequently limited by incomplete specimens or 

degraded tissues, especially in more advanced stages of maceration, which may 

compromise the identification of subtle morphological anomalies.  

Lastly, while the emphasis on specialized expertise increases both the internal 

consistency and overall diagnostic accuracy of the study population, the setting of data 

collection (a single tertiary referral center) imposes some potential limitations. Verily, as 

a differentiated hospital, our institution receives a high number of referred cases, 

particularly those with suspected fetal or maternal pathology. This may have contributed 

to a greater prevalence of fetal anomalies in our study population than in the general 

obstetric population, which may have introduced some referral bias. As such, the external 
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generalizability of our findings may be limited, especially when applied to different 

healthcare settings, ethnic groups, or populations without access to universal healthcare. 

Further prospective studies with broader and more diverse populations are needed 

to explore associations with maternal or fetal risk factors, including stratification by 

anomaly subtype and gestational age. Ultimately a more comprehensive understanding of 

fetal anomalies in spontaneous abortion is essential for developing more targeted 

preventive strategies, inform clinical decision-making and guide preconception and 

prenatal interventions aimed at reducing the incidence and burden of spontaneous 

abortion. 
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Conclusion 

In conclusion, the high prevalence of fetal anomalies in late spontaneous abortions 

reinforces the importance of performing fetal autopsy and genetic analysis to enhance 

diagnostic accuracy and support informed reproductive counseling. Accordingly, the 

integration of clinical, genetic and pathological data represents a major strength of this 

study, providing a multidimensional comprehensive overview on fetal anomalies and 

their contribution to gestational loss. 
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Table 1. Distribution of Fetal Anomalies by Type (n = 71) 

Type of anomaly n  % 
Chromosomal anomalies 22  31.0 
Morphological anomalies 41  57.7 
Other Anomalies 8  11.3 

- Anomalies secondary to severe oligohydramnios (6)   (8.5) 
- Amniotic band syndrome (2)  (2.8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



39 
 

Table 2. Classification of morphological anomalies by category (n = 41) 

Classes of Morphological Anomalies      n      % 
Nervous system anomalies 1  2.4 
            Polymicrogyria     1      2.4 
Cardiac defects 6  14.6 
            Complete atrioventricular septal defect     2      4.9 
            Perimembranous ventricular septal defect     2      4.9 
            Perimembranous ventricular septal defect + pulmonary   
            hypoplasia 

    1      2.4 

            Atrial septal defect (ostium primum)     1      2.4 
Respiratory anomalies 1  2.4 
             Laryngeal anomaly / hyoid bone malformation     1      2.4 
Gastrointestinal anomalies 1  2.4 
             Epithelial hepatoblastoma      1      2.4 
Abdominal wall defects 1  2.4 
             Omphalocele      1      2.4 
Cystic hygroma 1  2.4 
Fetal growth restriction (FGR) 15  36.6 
Specific anomalies of monochorionic twins 8  19.5 
             Twin reversed arterial perfusion (TRAP) sequence      4     9.8 
             Twin-to-twin transfusion syndrome (recipient, fetal hydrops)      2     4.9 
             Twin-to-twin transfusion syndrome (donor, FGR)      2     4.9 
Multiple anomalies 7  17.1 
              Right heart hypoplasia + pulmonary hypoplasia + nervous 
              system anomaly 

    1     2.4 

              Fetal growth restriction + fetal hydrops     1     2.4 
              Fetal growth restriction + Cystic hygroma     1     2.4 
              Parachute mitral valve + incomplete pulmonary fissures     1     2.4 
              Cardiac chamber asymmetry + mild left pelvicalyceal dilation     1     2.4 
              Omphalocele + intestinal malrotation + short colon     1     2.4 
              Craniofacial abnormalities + complex cardiac defects + 
              omphalocele + anal atresia + bladder dilatation 

    1     2.4 
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Table 3. Chromosomal anomalies detected by fetal autopsy and complementary 

genetic study (n = 22) 

Chromosomal anomaly    n % 
Identified by conventional karyotyping 16 72.7 
Trisomy 13 4 18.2 
Trisomy 18 2 9.1 
Trisomy 21 6 27.3 
Triploidy (69,XXX) 1 4.5 
Turner Syndrome (45,X) 1 4.5 
Klinefelter Syndrome (47,XXY) 1 4.5 
47,XY,+mar[3]/46,XY[28] 1 4.5 
Identified by array CGH 6 27.3 

6p22.2p22.1 Microduplication Syndrome 1 4.5 
15q13.2q13.3 Microduplication Syndrome 1 4.5 
16p13.2 Microdeletion Syndrome 1 4.5 
16p11.2p11.2 Microduplication Syndrome 1 4.5 
17q11.2 Microdeletion Syndrome  1 4.5 
18 Microdeletion and Microduplication Syndrome* 1 4.5 

*Specific alteration identified by array CGH: arr[GRCh37] 18p11.32p11.2(118,760_14,951,330)x1,18q12.1q23(20,704,842_78,010,032)x3 
(nomenclature according to ISCN 2024 [17])  
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Table 4. Maternal, Obstetric, and Fetal Characteristics According to the Presence 

of Fetal Anomalies 

Variables 
Overall Sample‡ 

Without Anomalies 
Frequency§ (%) 

With Anomalies 
Frequency§ (%) 

p-Value* 

BMI 
(n=137) 

Underweight 5 (3.6) 5 (100.0) 0 (0.0) 

0.130 
Normal 74 (54.0) 37 (50.0) 37 (50.0) 

Overweight 41 (29.9) 24 (58.5) 17 (41.5) 

Obesity 17 (12.4) 11 (64.7) 6 (35.3) 

Number of gestations 
(n=170) 

1 58 (34.1) 34 (58.6) 24 (41.4) 

0.868 2 65 (38.2) 41 (63.1) 24 (36.9) 

3 or More 47 (27.7) 28 (59.6) 19 (40.4) 

Number of deliveries 
(n=170) 

0 95 (55.9) 56 (58.9) 39 (41.1) 

0.920 
1 50 (29.4) 31 (62.0) 19 (38.0) 

2 18 (10.6) 11 (61.1) 7 (38.9) 

3 or More 7 (4.1) 5 (71.4) 2 (28.6) 

History of previous 
abortions 
(n=170) 

Yes 70 (41.2) 41 (58.6) 29 (41.4) 
0.653 

No 100 (58.8) 62 (62.0) 38 (38.0) 

History of ectopic 
pregnancy 
(n=170) 

Yes 3 (1.8) 1 (33.3) 2 (66.7) 
0.562† 

No 167 (98.2) 102 (61.1) 65 (38.9) 

Monitored pregnancy 
(n=162) 

Yes 153 (94.4) 90 (58.8) 63 (41.2) 
0.739† 

No 9 (5.6) 6 (66.7) 3 (33.3) 

Previous pathology 
(n=180) 

Yes 60 (33.3) 33 (55.0) 27 (45.0) 
0.281 

No 120 (66.7) 76 (63.3) 44 (36.7) 

Type of pregnancy 
(n=168) 

Natural conception 143 (85.1) 86 (60.1) 57 (39.9) 
0.989 

Medically assisted conception 25 (14.9) 15 (60.0) 10 (40.0) 

Sex of the aborted fetus 
(n=180) 

Male 101 (56.1) 64 (63.4) 37 (36.6) 
0.383 

Female 79 (43.9) 45 (57.0) 34 (43.0) 

 

‡ Percentages in this column are calculated relative to the total number of valid cases for each variable (may vary due to 

missing data). 

§ Percentages in these columns are row percentages (relative to the total within each category). 
† Fisher’s exact test was used instead of the Pearson chi-square test due to expected cell count < 5 in at least one cell. 

*p-value <0.05 are considered significant. 
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Table 4a. Distribution of Maternal Pathologies among cases with and without Fetal 

Anomalies (only positive cases shown) 

Type of pathology  
(n= 180) 

Overall Sample‡ 
Without Anomalies 

Frequency§ (%) 
With Anomalies 
Frequency§ (%) 

p-Value* 

Hypertension 7 (3.9) 2 (28.6) 5 (71.4) 0.114† 
Diabetes mellitus 14 (7.8) 9 (64.3) 5 (35.7) 0.766 
Autoimmune disease 10 (5.6) 4 (40.0) 6 (60.0) 0.196† 
Psychiatric disorder 7 (3.9) 4 (57.1) 3 (42.9) 1.000† 
Infectious comorbidity 4 (2.2) 4 (100.0) 0 (0.0) 0.155† 
Uterine Fibroids (Myoma) 5 (2.8) 3 (60.0) 2 (40.0) 1.000† 
Uterine malformation 1 (0.6) 0 (0.0) 1 (100.0) 0.394† 
Uterine surgery 11 (6.1) 5 (45.5) 6 (54.5) 0.347† 
Other pathology 13 (7.2) 6 (46.2) 7 (53.8) 0.270 

 

‡ Percentages in this column are calculated relative to the total number of valid cases for each variable (may vary due to 

missing data). 

§ Percentages in these columns are row percentages (relative to the total within each category). 
† Fisher’s exact test was used instead of the Pearson chi-square test due to expected cell count < 5 in at least one cell. 

*p-value <0.05 are considered significant. 
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Table 5. Maternal Age and Gestational Age at Loss in Cases with and without 

Fetal Anomalies 

Variables* 
(n= 180) 

Without Anomalies 
(n=109) 

With Anomalies 
(n=71) 

p-Value (Mann-
Whitney U)** 

Maternal Age Median (Q1–Q3) 33 (28-37) 32 (28-37) 
0.987 

Minimum–Maximum 16-47 19-48 

Gestational Age 
(completed weeks) 

Median (Q1–Q3) 18 (14-21) 16 (13-19) 
0.075 

Minimum–Maximum 10-23 11-23 

 

*Interquartile range (IQR = Q3 − Q1). 

** p-value <0.05 are considered significant. 
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into account sources of potential bias 
or imprecision. Discuss both direction 
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protocol by a local ethics committee has been obtained. See Complying with Ethics of

Experimentation for further information. This information should be documented in the

Material and Methods section.

Submissions of research involving animal subjects must include details on housing,

husbandry and steps taken to reduce suffering. In submissions describing the sacrifice

of experimental animals, details must be provided on humane endpoints. Any

euthanasia or anesthesia methods must be described in detail, including information

about the agents used. For further information, please refer to the T&F Editorial policies.

A statement to confirm Consent to Publish must be included within the Material and

Methods section. Authors must also state who granted consent to publish.

Due to concerns regarding cross-contamination and misidentification, if human cell

lines are used in a study, authors are strongly encouraged to include the following

information in their manuscript: Source of the cell line, including when and from where

it was obtained; Whether the cell line has recently been authenticated and by what

method; Whether the cell line has recently been tested for mycoplasma contamination.

Methods should provide sufficient details of the materials and methods used so that

the work can be repeated by others. As per many reporting guidelines, this section

should also include a brief discussion of allowances made (if any) for controlling bias or

unwanted sources of variability. Any limitations of the datasets should be discussed.

The Results should be presented in a logical sequence.

The Discussion should commence with a presentation of the major findings of the

study and conclude with the implications and/or applications of the findings.

Should be written with the following elements in the following order: Title page;

Abstract; Keywords; Introduction; Patients/Materials and Methods; Results; Discussion;

Conclusions; Acknowledgments; Ethical approval; Declaration of Interest statement;

Author Contributions statement; Data Availability Statement; References; appendices (as

appropriate); table(s) with caption(s) (on individual pages); figures; figure captions (as a

list).

Should contain a structured abstract of 150 words.

Background/Objective(s)/Introduction; Patients/Materials and Methods; Results;

Conclusion(s)

Should contain between 3 and 10 keywords. Read making your article more

discoverable, including information on choosing a title and search engine optimization.

Review Article
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involved in the conception and design, or analysis and interpretation of the data; the

drafting of the paper, revising it critically for intellectual content; and the final approval

of the version to be published; and that all authors agree to be accountable for all

aspects of the work.

Further information about this article type: Methods articles are a medium length,

peer-reviewed article type that describes an advancement or development of current

methods and research procedures. These should include adequate and appropriate

validation to be considered. Any datasets associated with the paper must publish all

experimental controls and make full datasets available where possible. If there are

concerns about identifying factors in datasets, these should be discussed with the

Editor-in-Chief prior to submission.

Please note, that authors submitting protocol and methodology articles have the

option to share their methods on  protocols.io. Please note, this is not required for

submission but is encouraged.

Should be written with the following elements in the following order: title page;

abstract; keywords; main text introduction, materials and methods, results, discussion;

acknowledgments; declaration of interest statement; author contributions statement;

references; appendices (as appropriate); table(s) with caption(s) (on individual pages);

figures; figure captions (as a list).

Should contain a structured abstract of 150 words.

Introduction, Methods, Results, Discussion.

Should contain between 3 and 6 keywords. Read making your article more

discoverable, including information on choosing a title and search engine optimization.

Style Guidelines

Please refer to these quick style guidelines when preparing your paper, rather than any

published articles or a sample copy.

Please use American spelling style consistently throughout your manuscript.

Please use double quotation marks, except where “a quotation is ‘within’ a quotation”.

Please note that long quotations should be indented without quotation marks.

Formatting and Templates

Papers may be submitted in Word or LaTeX formats. Please do not submit your paper as

a PDF. Figures should be saved separately from the text. To assist you in preparing your
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paper, we provide formatting template(s).

Word templates are available for this journal. Please save the template to your hard

drive, ready for use.

A LaTeX template is available for this journal. Please save the LaTeX template to your

hard drive and open it, ready for use, by clicking on the icon in Windows Explorer.

If you are not able to use the template via the links (or if you have any other template

queries) please contact us here.

References

Please use this T&F standard NLM reference style when preparing your paper. An

EndNote output style is also available to assist you.

Taylor & Francis Editing Services

To help you improve your manuscript and prepare it for submission, Taylor & Francis

provides a range of editing services. Choose from options such as English Language

Editing, which will ensure that your article is free of spelling and grammar errors,

Translation, and Artwork Preparation. Taylor & Francis Editing Services can also help you

create research promotion materials, including infographics, video abstracts, lay

summaries and graphical abstracts, to support your article’s impact. For more

information, including pricing, visit this website.

Checklist: What to Include

1. Author details. Please ensure everyone meeting the International Committee of

Medical Journal Editors (ICMJE) requirements for authorship is included as an author of

your paper. Please ensure all listed authors meet the Taylor & Francis authorship

criteria. All authors of a manuscript should include their full name and affiliation on the

cover page of the manuscript. Where available, please also include ORCiDs and social

media handles (Facebook, Twitter or LinkedIn). One author will need to be identified as

the corresponding author, with their email address normally displayed in the article PDF

(depending on the journal) and the online article. Authors’ affiliations are the affiliations

where the research was conducted. If any of the named co-authors moves affiliation

during the peer-review process, the new affiliation can be given as a footnote. Please

note that no changes to affiliation can be made after your paper is accepted. Read more

on authorship.
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2. CRediT Roles. From February 2025, this journal collects CRediT roles as part of the

submission process and includes them on published articles when supplied by the

authors. You may be required to provide CRediT roles (contributor details) for yourself

and your co-authors. For more information about CRediT visit Author Services.

3. Graphical abstract (optional). This is an image to give readers a clear idea of the

content of your article. It should be a maximum width of 525 pixels. If your image is

narrower than 525 pixels, please place it on a white background 525 pixels wide to

ensure the dimensions are maintained. Save the graphical abstract as a .jpg, .png, or

.tiff. Please do not embed it in the manuscript file but save it as a separate file, labelled

GraphicalAbstract1. Taylor & Francis Editing Services provides a graphical abstract

creation service for a fee.

4. You can opt to include a video abstract with your article. Find out how these can help

your work reach a wider audience, and what to think about when filming. Taylor &

Francis Editing Services provides a video abstract creation service for a fee.

5. Funding details. Please supply all details required by your funding and grant-awarding

bodies as follows:

For single agency grants

This work was supported by the [Funding Agency] under Grant [number xxxx].

For multiple agency grants

This work was supported by the [Funding Agency #1] under Grant [number xxxx];

[Funding Agency #2] under Grant [number xxxx]; and [Funding Agency #3] under Grant

[number xxxx].

6. Disclosure statement. This is to acknowledge any financial or non-financial interest

that has arisen from the direct applications of your research. If there are no relevant

competing interests to declare please state this within the article, for example: The

authors report there are no competing interests to declare. Further guidance on what is a

conflict of interest and how to disclose it.

7. Data availability statement. If there is a data set associated with the paper, please

provide information about where the data supporting the results or analyses presented

in the paper can be found. Where applicable, this should include the hyperlink, DOI or

other persistent identifier associated with the data set(s). Templates are also available to

support authors.

8. Data deposition. If you choose to share or make the data underlying the study open,

please deposit your data in a recognized data repository prior to or at the time of

submission. You will be asked to provide the DOI, pre-reserved DOI, or other persistent

identifier for the data set.

9. Supplemental online material. Supplemental material can be a video, dataset, fileset,

sound file or anything which supports (and is pertinent to) your paper. Articles with
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extenders, such as infographics or video summaries, are up to 108% more likely to be

downloaded (based on data in May 2024 from Plain Language Summary of Publication

and Clinical Trial Protocol articles published in Future Oncology in 2023). We publish

supplemental material online via Figshare. Find out more about supplemental material

and how to submit it with your article. Taylor & Francis Editing Services can help you

create research promotion materials, including infographics, video abstracts, lay

summaries and graphical abstracts, to support your article’s impact. For more

information, including pricing, visit this website.

10. Figures. Figures should be high quality (1200 dpi for line art, 600 dpi for grayscale and

300 dpi for colour, at the correct size). Figures should be supplied in one of our

preferred file formats: PS, JPEG, TIFF, or Microsoft Word (DOC or DOCX) files are

acceptable for figures that have been drawn in Word. For information relating to other

file types, please consult our Submission of electronic artwork document.

11. Tables. Tables should present new information rather than duplicating what is in the

text. Readers should be able to interpret the table without reference to the text. Please

supply editable files.

12. Equations. If you are submitting your manuscript as a Word document, please ensure

that equations are editable. More information about mathematical symbols and

equations.

13. Units. Please use SI units (non-italicized).

Using Third-Party Material

You must obtain the necessary permission to reuse third-party material in your article.

The use of short extracts of text and some other types of material is usually permitted,

on a limited basis, for the purposes of criticism and review without securing formal

permission. If you wish to include any material in your paper for which you do not hold

copyright, and which is not covered by this informal agreement, you will need to obtain

written permission from the copyright owner prior to submission. More information on

requesting permission to reproduce work(s) under copyright.

Disclosure Statement

Please include a disclosure statement, using the subheading “Disclosure of interest.” If

you have no interests to declare, please state this (suggested wording: The authors report

there are no competing interests to declare). For all NIH/Welcome-funded papers, the

grant number(s) must be included in the declaration of interest statement. Read more

on declaring conflicts of interest.
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Clinical Trials Registry

In order to be published in a Taylor & Francis journal, all clinical trials must have been

registered in a public repository, ideally at the beginning of the research process (prior

to participant recruitment). Trial registration numbers should be included in the

abstract, with full details in the methods section. Clinical trials should be registered

prospectively – i.e. before participant recruitment. However, for clinical trials that have

not been registered prospectively, Taylor & Francis journals requires retrospective

registration to ensure the transparent and complete dissemination of all clinical trial

results which ultimately impact human health. Authors of retrospectively registered

trials must be prepared to provide further information to the journal editorial office if

requested. The clinical trial registry should be publicly accessible (at no charge), open to

all prospective registrants, and managed by a not-for-profit organization. For a list of

registries that meet these requirements, please visit the WHO International Clinical

Trials Registry Platform (ICTRP). The registration of all clinical trials facilitates the sharing

of information among clinicians, researchers, and patients, enhances public confidence

in research, and is in accordance with the ICMJE guidelines.

Complying with Ethics of Experimentation

Please ensure that all research reported in submitted papers has been conducted in an

ethical and responsible manner, and is in full compliance with all relevant codes of

experimentation and legislation. All original research papers involving humans, animals,

plants, biological material, protected or non-public datasets, collections or sites, must

include a written statement in the Methods section, confirming ethical approval has

been obtained from the appropriate local ethics committee or Institutional Review

Board and that where relevant, informed consent has been obtained. For animal

studies, approval must have been obtained from the local or institutional animal use

and care committee. All research studies on humans (individuals, samples, or data) must

have been performed in accordance with the principles stated in the Declaration of

Helsinki. In settings where ethics approval for non-interventional studies (e.g. surveys) is

not required, authors must include a statement to explain this. In settings where there

are no ethics committees in place to provide ethical approval, authors are advised to

contact the Editor to discuss further. Detailed guidance on ethics considerations and

mandatory declarations can be found in our Editorial Policies section on Research

Ethics.

Consent
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All authors are required to follow the ICMJE requirements and Taylor & Francis Editorial

Policies on privacy and informed consent from patients and study participants. Authors

must include a statement to confirm that any patient, service user, or participant (or that

person’s parent or legal guardian) in any type of qualitative or quantitative research, has

given informed consent to participate in the research. For submissions where patients

or participants can be potentially identified (e.g. a clinical case report detailing their

medical history, identifiable images or media content, etc), authors must include a

statement to confirm that they have obtained written informed consent to publish the

details from the affected individual (or their parents/guardians if the participant in not

an adult or unable to give informed consent; or next of kin if the participant is

deceased). The process of obtaining consent to publish should include sharing the

article with the individual (or whoever is consenting on their behalf), so that they are

fully aware of the content of the article before it is published. Authors should familiarize

themselves with our policy on participant/patient privacy and informed consent. They

may also use the Consent to Publish Form, which can be downloaded from the same

Author Services page.

Health and Safety

Please confirm that all mandatory laboratory health and safety procedures have been

complied within the course of conducting any experimental work reported in your

paper. Please ensure your paper contains all appropriate warnings on any hazards that

may be involved in carrying out the experiments or procedures you have described, or

that may be involved in instructions, materials, or formulae.

Please include all relevant safety precautions; and cite any accepted standard or code of

practice. Authors working in animal science may find it useful to consult the

International Association of Veterinary Editors’ Consensus Author Guidelines on Animal

Ethics and Welfare and Guidelines for the Treatment of Animals in Behavioural Research

and Teaching. When a product has not yet been approved by an appropriate regulatory

body for the use described in your paper, please specify this, or that the product is still

investigational.

Submitting Your Paper

This journal uses Taylor & Francis' Submission Portal to manage the submission process.

The Submission Portal allows you to see your submissions across Taylor & Francis'

journal portfolio in one place. To submit your manuscript please click here.
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If you are submitting in LaTeX, please convert the files to PDF beforehand. The PDF

should be uploaded as the “Manuscript - with author details”/”Manuscript - anonymous”

file. You will also need to upload your LaTeX source files, which should be uploaded as a

single zip file alongside your submission and marked as “LaTeX Source Files”.

Please note that Fetal and Pediatric Pathology uses Crossref™ to screen papers for

unoriginal material. By submitting your paper to Fetal and Pediatric Pathology you are

agreeing to originality checks during the peer-review and production processes.

On acceptance, we recommend that you keep a copy of your Accepted Manuscript. Find

out more about sharing your work.

Data Sharing Policy

This journal applies the Taylor & Francis Basic Data Sharing Policy. Authors are

encouraged to share or make open the data supporting the results or analyses

presented in their paper where this does not violate the protection of human subjects

or other valid privacy or security concerns.

Authors are encouraged to deposit the dataset(s) in a recognized data repository that

can mint a persistent digital identifier, preferably a digital object identifier (DOI) and

recognizes a long-term preservation plan. If you are uncertain about where to deposit

your data, please see this information regarding repositories.

Authors are further encouraged to cite any data sets referenced in the article and

provide a Data Availability Statement.

At the point of submission, you will be asked if there is a data set associated with the

paper. If you reply yes, you will be asked to provide the DOI, pre-registered DOI,

hyperlink, or other persistent identifier associated with the data set(s). If you have

selected to provide a pre-registered DOI, please be prepared to share the reviewer URL

associated with your data deposit, upon request by reviewers.

Where one or multiple data sets are associated with a manuscript, these are not

formally peer-reviewed as a part of the journal submission process. It is the author’s

responsibility to ensure the soundness of data. Any errors in the data rest solely with

the producers of the data set(s).

Publication Charges

There are no submission fees, publication fees or page charges for this journal.
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Color figures will be reproduced in color in your online article free of charge. If it is

necessary for the figures to be reproduced in color in the print version, a charge will

apply.

Charges for color figures in print are £300 per figure ($400 US Dollars; $500 Australian

Dollars; €350). For more than 4 color figures, figures 5 and above will be charged at £50

per figure ($75 US Dollars; $100 Australian Dollars; €65). Depending on your location,

these charges may be subject to local taxes.

Copyright Options

Copyright allows you to protect your original material, and stop others from using your

work without your permission. Taylor & Francis offers a number of different license and

reuse options, including Creative Commons licenses when publishing open access. Read

more on publishing agreements.

Complying with Funding Agencies

We will deposit all National Institutes of Health or Wellcome Trust-funded papers into

PubMedCentral on behalf of authors, meeting the requirements of their respective open

access policies. If this applies to you, please tell our production team when you receive

your article proofs, so we can do this for you. Check funders’ open access policy

mandates here. Find out more about sharing your work.

My Authored Works

On publication, you will be able to view, download and check your article’s metrics

(downloads, citations and Altmetric data) via My Authored Works on Taylor & Francis

Online. This is where you can access every article you have published with us, as well as

your free eprints link, so you can quickly and easily share your work with friends and

colleagues.

We are committed to promoting and increasing the visibility of your article. Here are

some tips and ideas on how you can work with us to promote your research.

Queries

If you have any queries, please visit our Author Services website or contact us here.

Updated 11th February 2025
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Taylor & Francis Standard Reference Style | NLM 

National Library of Medicine (NLM) is a member of the National Information Standards Organization 

and its various published standards have been adopted for the Library’s MEDLINE/PubMed 

database. See https://www.nlm.nih.gov/citingmedicine/ for complete guidance, including less 

frequently used reference types. Please note that Taylor & Francis does not require the inclusion of 

all optional elements, so you should match the samples below. 

If you are using this reference style the EndNote output style can be found at 

http://endnote.com/downloads/style/tf-standard-nlm 
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In the text 

Placement References are numbered consecutively in the order in which they are first 

mentioned in the text. Identify references in text, tables, and captions by 

bracketed numbers [1], and provide a list of references at the end of the 

article in numerical order with square brackets around the numbers. Reuse 

the original number assigned to the reference each time a reference is 

repeated in the text. 

Insert the citation numbers at the relevant place in the text, inside any 

adjacent punctuation mark. Examples: 

Myopathy typically occurs in fewer than one in 10,000 patients on standard 

doses [1]. 

This approach was successfully implemented by Benders et al. [30] and 

Zhao [31] for modular NN. 

For this purpose, the NNs were widely used in structural inverse problems 

[24], damage identification [14,25], or parameters estimation [26], among 

many applications. 

Multiple references When citing multiple references, use commas (without spaces) to separate 

them. Use an unspaced en dash to join inclusive first and last numbers, 

e.g. [2,3,4,5,7,10] would be abbreviated to [2–5,7,10]. Examples: 

Compared to the initial shape, the optimized surface shape can 

substantially improve the structural characteristics [12,13]. 

Most of the optimization methods proposed in previous studies are 

parametric methods [3–7]. 

See, for example, [1,3,10–13,15–20,22–25,27,28]. 

For some work along these lines, see [3,13,17,18,27]. 

The crack boundary was discretized using 10 discontinuous quadratic 

elements, where the crack-tip elements are discontinuous quarter-point 

[see 17,28]. 

Reference citing 

author name(s) in 

the text 

Give a number even if the author is named in the text: 

Jones [10] has argued that ... 

Jones and Smith [12] have argued that … 

If you want to name more than two authors in the text, use: 

Jones et al. [3] have argued that … 

Repeat mentions in 

the same paragraph 

Other efforts are including the perturbation method described in 

[8,11,12,16] and the perturbation method described in [11,15]. 

Page number Jones [10,p.23–27] states that … 

Note that page numbers in the text are different from those in the reference 

list, with no space before or after the page number. Do not elide page 

number ranges. Use an unspaced en dash between page numbers. 
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 In the text and in the reference list NLM uses p. rather than pp. 

With a quotation Author maintains that “This is author’s quoted text” [1,p.3]. 

Personal 

communication 

References to personal communications are cited only in the text. 

… and most of these proved to be fatal (2003 letter from RS Grant to me; 

unreferenced, see “Notes”) … 

 
 

Tables and figures 

Table and figure 

captions 

References cited only in tables or figure captions should be numbered in 

accordance with the sequence established by the first identification in the 

text of the particular table or figure. 

 
 

Reference list 

Order Numerical order based on first appearance in the text. 

Form of author 

name 

Surname and initials. 

Capitalize surnames and enter spaces within surnames as they appear in 

the document you are citing, e.g. Van Der Horn or van der Horn; De Wolf or 

de Wolf or DeWolf. 

Initials follow surname without punctuation, without spaces or full points 

between initials, e.g. Author AA. 

Place family designations of rank after the initials, without punctuation, e.g. 

Author AA Jr. 

See http://www.ncbi.nlm.nih.gov/books/NBK7282/ for further guidance. 

Journal 

Journal titles Journal titles are abbreviated according to ISO 4. See 

http://www.issn.org/services/online-services/access-to-the-ltwa/ 

Journal title abbreviations should not include full points, except at the end 

of the title; see examples below. Do not abbreviate journal titles consisting 

of a single word. 

Issue numbers The month is omitted if the journal is continuously paginated throughout the 

volume. The issue number can be omitted if the journal is paginated 

consecutively through the volume, but it is not incorrect to include it. 

DOIs Digital object identifiers (DOIs) are commonly featured in reference 

entries for journal articles, as well as in entries for other types of 

electronic resources. Authors do not need to include DOIs for published 

journal articles when preparing manuscripts. If they are retrievable from 

registries, the DOIs for published journal articles will be added to entries 

as links during the production process.  
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Basic format (with 

one author) 

Author AA. Title of article. Abbreviated Journal Title. 

Date;volume(number):pages. doi: ###### 

 

MacGregor RJ. A functional view of consciousness and its relations in brain. 
J Integr Neurosci. 2004;3(3):253–266. doi: 10.1142/s0219635204000531 

Two authors Prokai-Tatrai K, Prokai L. Modifying peptide properties by prodrug design 

for enhanced transport into the CNS. Prog Drug Res. 2003;61:155–188. 

doi: 10.1007/978-3-0348-8049-7_6 

Three authors Veronesi U, Maisonneuve P, Decensi A. Tamoxifen: an enduring star. J 

Natl Cancer Inst. 2007;99(4):258–260. doi: 10.1093/jnci/djk072 

More than three 

authors 

Meneton P, Jeunemaitre X, de Wardener HE, et al. Links between dietary 

salt intake, renal salt handling, blood pressure, and cardiovascular 

diseases. Physiol Rev. 2005;85:679–715. doi: 

10.1152/physrev.00056.2003 

Organization as 

author 

International Society for the Study of Trauma. Guidelines for 

treating dissociative identity disorder in adults, third revision. J 

Trauma Dissociation. 2011;12(2):115–187. doi: 

10.1080/15299732.2011.537247 

No author Physician oversight of specialized emergency medical services. 

Prehosp Emerg Care. 2019;23(4):590–591. doi: 

10.1080/10903127.2018.1551452 

Not in English Translate non-English titles into English where possible; place the 

translation in square brackets. Place the original language title or 

romanized title before the translation. Capitalize only the first word of the 

title, proper nouns, proper adjectives, acronyms, and initialisms unless the 

conventions of a particular language require other capitalization. Indicate 

the language after the pagination: 

 

Berrino F, Gatta G, Crosignani P. [Case-control evaluation of screening 

efficacy]. Epidemiol Prev. 2004;28:354–359. Italian. 

 

Wilkniss SM, Hunter RH, Silverstein SM. Traitement multimodal de 

l’agressivité et de la violence chez des personnes souffrant de psychose 

[Multimodal treatment of aggression and violence in individuals with 

psychosis]. Santé Ment Que. 2004 Autumn;29(2):143–174. French. doi: 

10.7202/010835ar 
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Article published 

online only or online 

ahead of placement 

in an issue 

Include any date of update or revision and a date of citation in square 

brackets following the date of publication. Use the dates for the individual 

journal article being cited. 

If the location (pagination) of the article is not provided, provide the DOI or 

URL of the article. Do not include a full point at the end of DOI or URL 

addresses. 

 

Author B. Title of article. Abbreviated Journal Title. Year [cited date]; [page 

length]. doi: ####### 

 

Gurnani B, Christy J, Kaur K, et al. Successful management of Pythium 

insidiosum keratitis masquerading as dematiaceous fungal keratitis in an 

immunosuppressed Asian male. Ocul Immunol Inflamm. 2023 [cited 2023 

March 2]; [4 p.]. doi: 10.1080/09273948.2023.2179495 

Not the Version of 

Record (including 

Author Manuscript 

Online, Advanced 

Author Version, 

etc.) 

Author AA. Article title. Abbreviated Journal Title. Forthcoming. [cited 

Date]:[pages]. [Format] available at [URL or DOI] 

 

Zheng H, Ng F, Liu Y, et al. Spatial and circadian regulation of cry in 

Drosophila. J Biol Rhythms. Forthcoming. [cited 2008 Aug 11]:[18 p.]. 

Author’s manuscript available at 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?tool=pubmed&pubmed 

id=18663236 PubMed Central; PMCID: PMC2504742. 

 

McDonnall MC, Steverson A, Sessler Trinkowsky R, et al. Assistive 

technology use in the workplace by people with blindness and low vision: 

perceived skill level, satisfaction, and challenges. Forthcoming. Assist 

Technol. [accessed 2023 May 24]:[25 p.]. Accepted author version 

available at doi: 10.1080/10400435.2023.2213762 

Supplementary 
material 

If a journal article has supplemental material accompanying it in the 

form of a CD-ROM, DVD, or other medium, begin by citing the article. 

Add the phrase “Accompanied by:” followed by a description of the 

medium. 

Author AH. Article title. Abbreviated Journal Title. 
Date;volume(number):pages. Accompanied by: Video on CD-ROM. 
























