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SUMMARY
For a significant part of infant and fetal deaths, 

specific pathophysiologic processes cannot be 
recognized. Thus, the scientific community is 
called to identify novel post-mortem diagnostic 
tools. This manuscript proposes the results of a 
pilot study which reports a novel post-mortem 
technique to study and reconstruct fetal/
infant coronary arteries. The study included 
human fetuses characterized by the absence 
of macroscopic cardiac abnormalities at post-
mortem in situ examination. For the study of 
fetal hearts, it was used a curing radiopaque 
silicone rubber compound (which solidified after 
injection in the coronary arteries) and an X-Ray 
microtomography (micro-CT). After micro-
CT scans, coronary arteries’ branches were 
reconstructed throughout a specific software. 
At injection, it was possible to macroscopically 
evaluate coronary arteries’ perfusion. The 
analysis of the three-dimensional reconstructions 

highlighted that the aforementioned compound 
reached deep branches too. This approach can 
be considered a novel post-mortem technique for 
fetal/infant hearts. Nevertheless, the manuscript 
also discussed the following limitations: in some 
spots, coronary arteries’ reconstruction appeared 
interrupted; the compound also perfused parts 
of internal cardiac chambers. Until now, in the 
literature there are not methods that allow study 
with reconstruction of fetal/infant coronary 
arteries throughout micro-CT. The present paper 
pointed out the first indications for the application 
of this technique in human samples.
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INTRODUCTION
According to the Center for Disease Control 

and Prevention (CDC), each year about 3,400 
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sudden unexpected infant deaths (SUID) occur 
in the United States. Among them, the 37% is 
attributable to the sudden infant death syndrome 
(SIDS) and the 34.7% to unknown causes (https://
www.cdc.gov/sids/data.htm). It is also important 
to know that the most common negative outcome 
of pregnancies is represented by fetal death. 2.6 
million stillbirths are globally reported in 2015 
(Lavezzi et al., 2019). In 2014, in the United States 
about 24,000 stillbirths were reported. 30% of 
them was attributable to unspecified causes 
(https://www.cdc.gov/ncbddd/stillbirth/data.
html).

In the light of the above, it can be stated that, for 
a significative part of infant and fetal deaths, the 
specific pathophysiologic processes cannot be 
recognized, not permitting to communicate the 
specific cause of death to parents and to identify 
preventive measures (Lavezzi et al., 2019). In 
addition, in case of medical malpractice claims 
and/or inspections requested by prosecutors, 
the impossibility to identify a certain – or at 
least probable – cause of infant/fetal death is 
a significant limitation for forensic operators 
(Kettner et al., 2014; Lupariello et al., 2019; 
Lupariello et al., 2021; Rutty et al., 2019).

In order to reduce the number of fetal/infant 
deaths with unknown causes, the scientific 
community should be called to explore and 
identify novel post-mortem diagnostic tools 
which can allow to give new insights in pathology 
and forensic routine.

During standard post-mortem evaluations, 
a meaningful limitation is represented by the 
extreme difficulty to analyse and reconstruct 
superficial and deep coronary arteries of fetal/
infant hearts. For this reason, this manuscript 
describes a novel post-mortem technique 
which can be useful to reconstruct and study 
these arteries. Even if until now in the scientific 
literature there are no clear indications about 
this novel tool, the abovementioned technique 
(capable to highlight the architecture of fetal/
infant coronary arteries) could be commonly used 
in post-mortem examination.

MATERIALS AND METHODS

Study Samples

The study included 7 human fetuses (15 to 36 
weeks of gestational age) characterized by negative 
prenatal ultrasonography for heart diseases. 
They had been referred to the Department 
of Pathology of the University of Turin after 
spontaneous demise. Parental consent for the 
study was obtained. All fetuses underwent post-
mortem examination (24 to30 hours: interval 
time between miscarriage and post-mortem 
examination). In all cases, in situ examination of 
cardiovascular system confirmed the absence of 
macroscopic cardiac abnormalities.

Equipment 

For the study of fetal hearts the authors used: 
a) an X-Ray microtomography (SkyScan1172, 
Bruker; settings: acquisition at 80KV using a 
0.5mm aluminium filter at a resolution of 10 
µm, 0.4° of rotation step, 180° scan, 4x frame 
averaging; for each sample, scanning time was 
fixed to 90 minutes) (Lupariello et al., 2021); b) 
a curing radiopaque silicone rubber compound 
(Microfil MV-122, Flow Tech Inc) that – initially 
fluid – solidifies after about 30 minutes from its 
injection.

Procedures

Before hearts’ removal, pathologists realized a 
small hole in the superior surface of the aorta – 
just before the origin of the brachiocephalic ar-
tery. Clamping the aorta in order to block the flow 
towards its distal branches, pathologists injected 
the curing radiopaque silicone rubber compound 
(Microfil MV-122, Flow Tech Inc) towards coro-
nary arteries’ origins. Then, the 7 hearts were 
removed, fixed in 4 % aqueous buffered formal-
dehyde, and stored at room temperature for 20 
to 30 days. Hearts were scanned by the X-Ray mi-
crotomography (SkyScan1172, Bruker) with the 
abovementioned settings. Finally, a three-dimen-
sional (3D) reconstruction of hearts’ coronary 
arteries was obtained throughout the CTvox soft-
ware. Then, all 3D reconstructions were evaluated 
to identify possible defects and/or anomalies of 
perfusion. These data are reported in Table 1. 
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RESULTS
The most significant results are available in 

Table 1, in Figs. 1 and 2, and in Videos 1 and 2. 
At injection, thanks to the rubber compound’s 
yellowish color, it was possible to macroscopically 
evaluate coronary arteries’ perfusion. However, 
the perfusion was incomplete in all cases because 
the Microfil did not reach all coronary branches 
(Table 1). Video 1 and Fig. 1 depict the compound 
filling superficial coronary arteries of a fetal 
heart (case number one; Table 1). The three-
dimensional reconstruction highlighted that 
Microfil perfusion also reached deep branches. 
Nevertheless, in some spots coronary superficial 
and/or deep arteries’ reconstruction appeared 
interrupted. In addition, in some cases the 
Microfil also perfused parts of internal cardiac 
chambers (Table 1, Video 2, Fig. 2). Comparing 
the three-dimensional reconstructions with 
gross examination’ findings, in all cases the X-Ray 
microtomography (in association with Microfil 
injection) demonstrated a better capability to 
highlight the not superficial branches of the 
coronary arteries.

DISCUSSION
Unlike conventional computed tomography 

(CT), Micro-Computed Tomography (micro-
CT) is not yet implemented in clinical routine. 
Its resolution ability is under to 1 mm3 (higher 
than CT). Nevertheless, it can be used only to 
analyse small samples. Indeed, in the scientific 
community it has been commonly used to study 
(in and ex vivo) animal fetuses and organs (Clark 
et al., 2014; Degenhardt et al., 2010; Hutchinson 
et al., 2017; Hutchinson et al., 2018; Lombardi et 
al., 2014; Liu et al., 2013; Lombardi et al., 2019; 
Lupariello et al., 2021).

Emerging applications of micro-CT in human 
samples consist of “the study of fetal/infant 
organs and whole fetuses, and their two/three-
dimension reconstruction, representing an 
innovative approach because it allows: to facilitate 
pathologists’ role in the identification of causes of 
fetal stillbirth and of infant death; to create digital 
two and/or three-dimension representations of 
fetal/infant organs and whole fetuses which can 
be easily discussed in civil and/or penal courts” 
(Lupariello et al., 2021). In particular, the scientific 

Table 1 - Summary of the results

Case 
number

Gestational 
age (weeks) Methodology Perfusion’s pattern Reconstruction’s anomalies Perfusion

1 17
Microfil injection 
towards coronary 
arteries’ origins

Microfil perfused both right 
and left coronary arteries 

Reconstruction’s defects of 
deep branches Incomplete

2 20 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects 
of superficial and deep 
branches; perfusion of parts 
of internal cardiac chambers

Incomplete

3 15 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects of 
deep branches; perfusion 
of parts of internal cardiac 
chambers

Incomplete

4 19 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects of 
deep branches; perfusion 
of parts of internal cardiac 
chambers

Incomplete

5 25 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects of 
deep branches Incomplete

6 33 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects 
of superficial and deep 
branches; perfusion of parts 
of internal cardiac chambers

Incomplete

7 36 Microfil injection in 
the coronary arteries

Microfil perfused both right 
and left coronary arteries

Reconstruction’s defects of 
deep branches Incomplete

https://eurjanat.com/volume-26-number-4-video-1/
https://eurjanat.com/volume-26-number-4-video-2/
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literature reports the usefulness of micro-CT – in 
association with Lugol solutions – in post-mortem 
diagnosis of human cardiac abnormalities 
(especially the so-called congenital heart defects 
– CHDs) (Hutchinson et al., 2017; Hutchinson et 
al., 2018; Lombardi et al., 2014; Lupariello et al., 
2021; Sandaite et al., 2020).

On the contrary, until now in the scientific 
literature there are no indications about techniques 
which can allow us to reconstruct superficial and 
deep coronary arteries of human fetal/infant 
hearts. The results of this pilot study pointed out 
the possibility to impregnate the aforementioned 
arteries with the injection of a curing radiopaque 

Fig. 1.- A fetal heart (17 weeks of gestational age) during Microfil injection. All superficial coronary arteries appear to be perfused 
by the compound. ç: aorta; +: right auricle; §: branches of the right coronary artery; *: left anterior descending artery; #: right 
marginal branch of the right coronary artery.

Fig. 2.- Three-dimensional reconstruction of a fetal heart (20 weeks of gestational age). Right ventricle (RV) and left ventricle (LF) 
show multiple defects in the reconstruction of superficial coronary arteries.
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silicone rubber compound (Microfil). In addition, 
they highlighted the possibility to create – 
throughout micro-CT scans and specific software 
– three-dimensional reconstruction of fetal 
coronary arteries. Therefore, this approach can 
be considered a novel post-mortem technique for 
fetal/infant hearts. It could be commonly used in 
pathologists’ routine especially when anomalies 
of not superficial/deep branches of the coronary 
arteries could have caused the demise. 

The present study demonstrated a better 
capability of micro-CT to highlight the not 
superficial branches of the coronary arteries. On 
the contrary, due to their extremely small diameter, 
these branches are hardly distinguishable at 
standard gross examination of fetal/infant hearts, 
not allowing a complete analysis. The latter is a 
significant limitation in case of suspected fetal 
unexplained demise and sudden infant death 
syndrome, in which it is mandatory to exclude 
all cardiac anomalies for an accurate diagnosis. 
Thus, after proper standardization, micro-CT with 
coronary arteries’ perfusion could be implemented 
as a useful ancillary tool for pathologists.

The results highlighted that the perfusion 
of parts of internal cardiac chambers and the 
impossibility to reach all the extent of some 
coronary arteries represent significant limitations. 
In particular, the study pointed out defects in 
the reconstruction of superficial and/or deep 
arteries, not allowing a complete visualization 
of the coronary tree. Possible explanations for 
these effects are, respectively: internal cardiac 
chambers were perfused because the Microfil 
was not injected directly throughout left and right 
coronary arteries’ ostia (part of the compound 
went into heart cambers passing through the 
aortic valve); in some coronary arteries’ branches 
there were already clots which did not allow us to 
complete the perfusion (the interval time between 
miscarriage and post-mortem examination 
was 24 to 30 hours). However, future studies 
are planned in order to solve these limitations. 
Indeed, preventive perfusion of coronary arteries 
with anticoagulant solutions and direct injection 
of Microfil throughout right and left coronary 
arteries’ ostia could be suitable remedies to 
improve results.

REFERENCES
CLARK DP, BADEA CT (2014) Micro-CT of rodents: state-of-the-art 

and future perspectives. Phys Med, 30(6): 619-634.

DEGENHARDT K, WRIGHT AC, HORNG D, PADMANABHAN 
A, EPSTEIN JA (2010) Rapid 3D phenotyping of cardiovascular 
development in mouse embryos by micro-CT with iodine staining. Circ 
Cardiovasc Imaging, 3(3): 314-322.

https://www.cdc.gov/ncbddd/stillbirth/data.html.

https://www.cdc.gov/sids/data.htm.

HUTCHINSON JC, SHELMERDINE SC, SIMCOCK IC, SEBIRE 
NJ, ARTHURS OJ (2017) Early clinical applications for imaging at 
microscopic detail: microfocus computed tomography (micro-CT). Br 
J Radiol, 90(1075): 20170113.

HUTCHINSON JC, KANG X, SHELMERDINE SC, SEGERS V, LOMBARDI 
CM, CANNIE MM, SEBIRE NJ, JANI JC, ARTHURS OJ (2018) Postmortem 
microfocus computed tomography for early gestation fetuses: a 
validation study against conventional autopsy. Am J Obstet Gynecol, 
218(4): 445.e1-445.e12.

KETTNER M, POTENTE S, SCHULZ B, KNAUFF P, SCHMIDT PH, 
RAMSTHALER F (2014) Analysis of laryngeal fractures in decomposed 
bodies using microfocus computed tomography (MFCT). Forensic Sci 
Med Pathol, 10(4): 607-612.

LAVEZZI AM, PISCIOLI F, PUSIOL T, JORIZZO G, FERRERO S (2019) 
Sudden intrauterine unexplained death: time to adopt uniform 
postmortem investigative guidelines? BMC Pregnancy Childbirth, 19(1): 
526.

LIU X, TOBITA K, FRANCIS RJB, LO CW (2013) Imaging techniques 
for visualizing and phenotyping congenital heart defects in murine 
models. Birth Defects Res C Embryo Today, 99(2): 93-105.

LOMBARDI CM, ZAMBELLI V, BOTTA G, MOLTRASIO F, CATTORETTI 
G, LUCCHINI V, FESSLOVA V, CUTTIN MS (2014) Postmortem micro-
computed tomography (micro-CT) of small fetuses and hearts. 
Ultrasound Obstet Gynecol, 44(5): 600-609.

LOMBARDI S, SCOLA E, IPPOLITO D, ZAMBELLI V, BOTTA G, CUTTIN 
S, TRIULZI F, LOMBARDI CM (2019) Micro-computed tomography: a 
new diagnostic tool in postmortem assessment of brain anatomy in 
small fetuses. Neuroradiology, 61(7): 737-746.

LUPARIELLO F, NUZZOLESE E, DI VELLA G (2019) Causes of death 
shortly after delivery and medical malpractice claims in congenital 
high airway obstruction syndrome: Review of the literature. Leg Med 
(Tokyo), 40: 61-65.

LUPARIELLO F, GENOVA T, MUSSANO F, DI VELLA G, BOTTA G (2021) 
Micro-CT processing’s effects on microscopic appearance of human 
fetal cardiac samples. Leg Med (Tokyo), 53: 101934.

RUTTY GN, BROUGH A, BIGGS MJP, ROBINSON C, LAWES SDA, 
HAINSWORTH SV (2013) The role of micro-computed tomography in 
forensic investigations. Forensic Sci Int, 225(1-3): 60-66.

SANDAITE I, LOMBARDI C, COOK AC, FABIETTI I, DEPREST J, BOITO 
S (2020) Micro‐computed tomography of isolated fetal hearts following 
termination of pregnancy: A feasibility study at 8 to 12 weeks’ gestation. 
Prenatal Diagnosis, 40(8): 984-990.


	_Hlk101874772
	_Hlk101874802
	_Hlk74660816
	_Hlk73624502
	_Hlk94620951
	_Hlk74741741
	_Hlk63345295
	_Hlk92804205
	_Hlk93577429
	_Hlk93411835
	_Hlk93575895
	_Hlk93317413
	_Hlk93498763
	_Hlk74922349
	_Hlk74922127
	_Hlk93495390
	_Hlk93580788
	_Hlk94534125
	_Hlk96028925
	_Hlk96473819
	_Hlk96475113
	_Hlk82784795
	_Hlk96471274
	_Hlk96471406
	_Hlk74384590
	_Hlk97181919
	_Hlk103764804
	_Hlk102672081
	_Hlk96423269
	_Hlk96422210
	_Hlk96422227
	_Ref444416250
	_Ref444420223
	_Ref444420647
	_Hlk43732328
	_Hlk43732360
	_Hlk43732369
	_Hlk43732389
	_Hlk43732397
	OBITUARY
	Dimension variability of the M2 human molar teeth: comparisons between prehistoric and medieval samples
	Ozana-Maria Petraru1,2, Vasilica-Monica Groza1, Luminita Bejenaru1,2, Mariana Popovici1

	Immunolocalization of intermediate filaments in the kidney of the dromedary camel (Camelus dromedarius)
	Lemiaa Eissa1, Mortada M.O. Elhassan1, Rasha B. Yaseen1, Hassan A. Ali2, Haider I. Ismail1, M.-C. Madekurozwa3 

	Radiographic assessment of maxillary sinus lateral wall and anatomy of posterior superior alveolar artery: a cone beam computed tomographic study
	Renuka Devi KR, Mahima V. Guledgud, Karthikeya Patil, Sanjay CJ, Nagabhushana D, Harshitha N

	Insulin improves ovarian function during the ovarian cycle in adult mice
	Ali Younesi1,2*, Mohammadhosssein K. Godaneh1,2*, Mohammadmahdi Gheibi1,2, Mohammad A.T. Zavareh1, Sanaz Ziaeipour1, Abbas Aliaghaei1, Amirhosein Hasani1, Amirreza Khosravi1, Vahid Ebrahimi3, Amir Raoofi4, Shabnam Abdi5, Mohammad-Amin Abdollahifar1,2

	Prevalence of styloid process elongation on digital panoramic radiography in South India population from Chengalpet district
	Krishnaeswari Veluchamy1, D.H. Gopalan2, Murali Punniakotti3, M. Vani1

	A study on the effects of ageing on mandibular morphology: A digital radiographic assessment
	N. Harshitha, Karthikeya Patil, C. J. Sanjay, D. Nagabhushana, S. Viveka

	Reversion of neuronal differentiation induced in human adipose-derived stem cells
	Rosa Hernández1,2,3,†, Gloria Perazzoli1,2,†, Cristina Mesas1,2,3, Francisco Quiñonero1,2,3, Kevin Doello1,4, Raul Ortiz1,2,3, Jose Prados 1,2,3, Consolación Melguizo1,2,3

	Micro-CT to study and reconstruct fetal and infant coronary arteries: a pilot study on a novel post-mortem technique
	Francesco Lupariello1, Tullio Genova2,3, Federico Mussano3, Giancarlo Di Vella1, Giovanni Botta4

	A retrospective study on the need of deriving ultrasonographical fetal gestational nomograms for fetal biometric parameters in the population of Udaipur Region
	Hina Sharma1, Ila Sharma2, Dharamanjai K Sharma3

	Bizygomatic distance as a predictor of age and sex determination: a morphometric analysis using cone beam computed tomography
	Karthikeya Patil1, K.P. Mahesh1, C.J. Sanjay1, M. Aparna Vijayan1, D. Nagabhushana1, Aishwarya Ramesh2

	Self-reported anatomy skills among Norwegian physicians - Need for improved postgraduate teaching provision
	Camilla S. Mehlum*1, Hanan Mahmood*2, Kristoffer Ellingsen*3, Ole Øyen4, Trygve B. Leergaard4, Anne Spurkland4

	A review of the importance of research in Anatomy, an evidence-based science
	Mariana Tapia-Nañez, Alejandro Quiroga-Garza, Francisco D. Guerrero-Mendivil, Yolanda Salinas-Alvarez, Guillermo Jacobo-Baca, David de la Fuente-Villarreal, Santos Guzman-Lopez, Rodrigo E. Elizondo-Omaña 


