
Title: 

Novel usage of micro-focus computed tomography (Micro-CT) for visualisation of human embryonic 

development – implications for future non-invasive post-mortem investigation 

 

Short Running Title: 

Human embryonic development using Micro-CT 

 

Manuscript word count:  1140 words 

Table count:    1 

Figure count:    1 (3 figure parts in total) 

 

Names of all authors: 

 John Ciaran Hutchinson (1,2) 

 Susan Cheng Shelmerdine (1,3) 

 Joseph D Suich (1) 

 Xin Kang (4) 

 Michael Ashworth (1,2) 

 Jacques C Jani (4) 

 Neil J Sebire (1,2) 

 Owen J Arthurs (1,3) 

 

Institutional Affiliations: 

(1)  Department of Pathology, Great Ormond Street Hospital for Children NHS Foundation 

Trust, London, UK  

(2)  Department of Radiology, Great Ormond Street Hospital for Children NHS Foundation 

Trust, London, UK 

(3)  UCL Great Ormond Street Institute of Child Health, London, UK 

(4) Department of Obstetrics and Gynaecology, University Hospital Brugmann, Université 

Libre de Bruxelles, Brussels, Belgium 

 

Corresponding Author: 

Name:   Dr. Susan Shelmerdine,  

Title:   Paediatric Radiology Research Fellow  

Affiliation: Department of Radiology, Great Ormond Street Hospital for Children NHS Foundation 

Trust, London, UK WC1N 3JH 

E mail:   susan.shelmerdine@gosh.nhs.uk  

Tel/Fax  +44(0)20 7405 9200 

 

Conflict of Interest: 

The authors have no conflicts of interest to disclose 



 

Acknowledgements: 

None  

 

Funding Statement: 

Part of this work was supported by the Pathological Society of Great Britain and Northern Ireland 

awarded to JCH and JDS. JDS was also supported through an educational bursary by the British 

Division of the International Academy of Pathology (BDIAP). SCS is supported by a RCUK/ UKRI 

Innovation Fellowship and Medical Research Council (MRC) Clinical Research Training Fellowship 

(Grant Ref: MR/R00218/1). This award is jointly funded by the Royal College of Radiologists (RCR).  

 

OJA is supported by a National Institute for Health Research (NIHR) Clinician Scientist Fellowship 

awards (NIHR-CS-012-002), and NJS is supported by an NIHR Senior Investigator award.  OJA, NJS 

and JCH receive funding from the Great Ormond Street Hospital Children’s Charity and NIHR GOSH 

Biomedical Research Centre. This article presents independent research funded by the NIHR and the 

views expressed are those of the author(s) and not necessarily those of the NHS, the NIHR, or the 

Department of Health. None of the funders were involved in the design or interpretation of the results.  

 
 
Bulleted Statements: 

 

1) What is already known about this topic? 

 Accurate pathological assessment of small gestational age fetuses is challenging. 

 Dating an embryo/fetus is essential to recognise expected human developmental stages and 

prevent misdiagnosis. 

 

2) What does this study add? 

 Micro-CT offers a non-destructive, digital method for dating human embryos 

 The micro-CT imaging here is of the earliest gestation human embryo published to date with 

corresponding pathology. It can provide an alternative to autopsy even at early stages of 

development. 

 

  



Research Letter: 

Conventional autopsy remains the gold standard for post-mortem examination1, although early 

experience with a high-resolution imaging modality known as micro-focus computed tomography 

(micro-CT) can provide detailed anatomical information comparable to light microscopy. This has the 

added benefit of allowing non-destructive assessment, with digital storage and manipulation of the 

information acquired. Recently published work by Hutchinson et al2 has shown that fetal micro-CT for 

early gestation pregnancy loss has a sensitivity rate of 93.8% when compared to conventional 

autopsy, and may provide an alternative option for post-mortem examination3.  It is potentially helpful 

when a primary diagnosis or verification of a suspected developmental anomaly is required4 and can 

offer information that would be missed if performing autopsy alone e.g. for cardiac anomalies 5,6,7.   

 

Nevertheless, interpreting any novel imaging modality requires an accurate knowledge of normal 

findings, and in this particular setting - the gestational age and thus expected developmental anatomy 

is of utmost importance to prevent disease misdiagnosis. In this case study we present post-mortem 

micro-CT imaging of a very early pregnancy loss where accurate dating of embryonal age was 

possible, and to a similar level as histopathology. The study not only represents the earliest human 

embryo assessed by micro-CT in the medical literature, but also offers an understanding for the 

possibilities of this technology in future pregnancy losses. 

 

The specimen was imaged as part of a larger study investigating minimally invasive autopsy 

techniques and novel methods of post mortem imaging (CE13/LO/1494 and CE2015/81). Fully 

informed, written parental consent for conventional autopsy, imaging and the use of tissue for 

research was obtained. The embryo was referred to our institution as fresh tissue following a 

termination of pregnancy for social reasons, without any history of underlying congenital anomalies. 

The estimated gestational age was approximately 11-12 weeks (by date of maternal last menstrual 

period, LMP).  

 

The specimen was first immersed at room temperature in a solution of 10% formalin (to prevent tissue 

degradation) and potassium triiodide (I2KI / Lugol's iodine, to impart tissue contrast), with a total iodine 

content of 63.25 mg / mL (iodine mass of 2.49 × 10−4 mol / mL), in a 1:1 ratio for 48 hours prior to 

imaging. Immediately prior to imaging, the fetus was removed from the iodine solution, rinsed in water 

and dried with gauze. The imaging was acquired using an XTH 225 ST microfocus-CT scanner with a 

multi-metal target (Nikon Metrology, Tring, UK). Scanning parameters included X-ray energies and 

beam current at 80 kV and 87A respectively. Exposure time was 354ms, with the number of 

projections optimized at 3080 with one X-ray frame per projection. The resultant images were 

reconstructed using modified Feldkamp filtered back-projection algorithms with proprietary software 

(CTPro3D; Nikon Metrology, UK) and post processed using VG Studio MAX 3.0 (Volume Graphics 

GmbH, Heidelberg, Germany). The isotropic voxel size was 9.7 m. Following imaging, the embryo 

was de-iodinated using sodium thiosulphate pentahydrate dissolved in water (4%w/v) for 12 hours. 



The specimen was then embedded within a paraffin block and sectioned. A traditional autopsy was 

not possible due to the very small fetal size.  

 

In order to date the embryo on imaging, a similar method utilised by pathology was adopted based on 

the identification of various morphological features as early development occurs. These can be 

divided into the ‘embryonic’ (i.e. first 8 weeks post fertilisation) and ‘fetal’ period, with the former 

subdivided into 23 ‘Carnegie stages’, as described and developed by O’Rahilly & Muller8,9 (Table 1). 

Whilst the presence of different structures do not provide a specific age per se, only a developmental 

stage, rough approximations of gestational age can be inferred. Interpretation of the imaging findings 

were made using a computer graphics programme (VG Studio MAX 3.0 (Volume Graphics GmbH)) by 

consensus reading between a consultant pathologist and a radiologist. Figure 1 demonstrates the 

external and internal morphological appearances respectively on micro-CT, with the latter compared 

to the histological examination.  

 

Prior to imaging, the embryo had an estimated gestational age of approximately 11-12 weeks, 

however detailed analysis showed this to be in fact several weeks younger around 49-52 days post 

ovulation (Carnegie stage 21) corresponding to approximately 7 weeks. It is well known that 

estimation of the gestational age from the first day of the LMP of the mother can pose inherent 

inaccuracies10 given inconsistencies in dates of ovulation during a menstrual cycle9 and inaccurate 

maternal recollection11. The difference in this estimated gestation may therefore serves as a reminder 

for careful re-assessment of age at autopsy.  

 

During life in utero, antenatal ultrasound assessment of the greatest length of the embryo (i.e. crown 

rump length, CRL) is well regarded as the most accurate measure for estimating early gestational age 

(usually measureable by 6-7 weeks)12. Nevertheless, in our study there was no information on CRL 

from the referring hospital and the measured CRL on micro-CT suggested an embryo of an even 

younger gestational age (at approximately 6 weeks gestation, 42-45 days post ovulation; Carnegie 

stage 18). Whilst several pathological reasons may exist for this, it was felt that the discrepancy most 

likely arose from potential tissue shrinkage after the iodination and fixation process prior to scanning, 

which has previously been described by Lombardi et al5 and Vickerton et al13. Alternative and less 

likely explanations (given lack of significant antenatal history and that the tissue was obtained ‘fresh’) 

may be from stunted embryonal growth secondary to factors such as poor maternal nutrition, an 

underlying skeletal dysplasia or maceration. In fact, on initial radiological review a skeletal dysplasia 

had been an area of some debate, given the long bones of both upper and lower limbs appeared 

shortened in proportion to the hands and feet. Nevertheless this was later discounted as during 

normal developmental stages it is usual for long bones to lengthen over several few days subsequent 

to Carnegie stage 21. Although maceration is known to be detrimental to micro-CT analysis of early 

gestational embryos2, in this case our tissue was obtained fresh and there was no maceration on 

imaging or visual examination. 

 



In conclusion, this case has demonstrated that even at very early gestational pregnancy losses, 

micro-CT imaging can demonstrate internal and external morphological structures in an embryo 

similar to histopathology. This may provide a future viable alternative to autopsy where parental 

consent is refused, however there still remains much work to be established in this field. Research is 

needed but not limited to the assessment of significant changes in tissue properties induced by our 

tissue preparation procedures for scanning, production of a micro-CT imaging atlas of ‘normal 

embryonal and fetal development’ at different developmental stages and a better understanding for 

expected radiographic changes in congenital anomalies. Whilst early work in small case series 

appears promising, application to a larger population and wider range of pathologies is still required. 

At present in our institution this modality remains a powerful and useful adjunct to pathological 

assessment. 
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Figure Legends: 
 
Figure 1:  

(a) Volume rendered three dimensional image reconstructed from the micro-CT imaging of a 7 week 

embryo. This image clearly demonstrates characteristic external features expected at Carnegie stage 

21, with early eyelid and external ear development, appearance of individual digits at the hand with 

toe notches at the feet. Of note, the limbs appear relatively shortened compared to expected size for 

hands and feet which is normal at this stage of development. (b) Sagittal post-mortem micro-CT 

appearances of a 7 week gestational age embryo imaged at a resolution of 9.7um, with (c) 

corresponding sagittal histopathology section after hematoxylin & eosin staining. The similarity of 

internal detail obtainable by micro-CT imaging versus histopathology is clearly visible. 

 


