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A Novel Strategy to Reveal Latent Liver Abnormalities in Human 
Embryonic Stages from a Large Embryo Collection

T. Takakuwa (Kyoto Univ.)

The cause of spontaneous abortion of normal conceptuses remains unknown in most embryos because of the difficulty 
of diagnosing too small embryos. We aimed to reveal latent liver abnormalities using novel phase-contrast radiographic 
computed tomography (PXCT). Embryos with liver volumes ≥ 2 SD above or below the mean for the stage of develop-
ment were screened from 1156 MR images from the Kyoto Collection. Selected embryos were further analyzed by us-
ing PXCT. Liver abnormality was detected in 9 embryos by our protocol. Most of such liver abnormality embryos do not 
survive, as liver function becomes essential.

The cause of spontaneous abortion of normal con-
ceptuses remains unknown in most embryos [1] be-
cause of the difficulty of obtaining appropriate embryo 
materials as well as diagnosing internal abnormalities 
in very small embryos. The crown-rump length of an 
embryo is ranging 23 to 32 mm during the embryonic 
period by Carnegie stage (CS) 23 (about 56–60 days 
after fertilization) [2], by which stage all primordia of the 
organs are already provided.

Many factors are involved in spontaneous abortion, 
not only the embryonic factor itself but also maternal 
health and the intrauterine environment affected by un-
specified modulators. Such complicated factors distract 
attention from the laborious inspection of embryos, es-
pecially when embryos are externally normal.

More than 40,000 embryo and fetal specimens have 
been collected in the Kyoto Collection since 1961 for 
revealing the mechanism of congenital anomalies [3]. 
An MRI database of approximately 1200 well-preserved 
human embryos, diagnosed as externally normal, was 
acquired in 2000–2005 (the Kyoto embryo visualizing 
project) [4] to observe a number of normal human em-
bryos. The database has proven to be useful for re-
search purposes and as a teaching material [5].

Although the MRI database includes only externally 
normal embryo specimens, whether the internal organs 
were also normal cannot be guaranteed. Considering 
that the cumulative intrauterine mortality rate in normal 
conceptuses was estimated at 18% [1], the MRI data-
base includes embryos that have potential abnormali-
ties that would have led to spontaneous abortion. Thus, 
detailed observation of the internal organs of embryo 
specimens from the database may provide clues to 
spontaneous abortion in the embryonic and fetal peri-
ods. In this connection, we aimed to determine the la-
tent abnormalities that may cause spontaneous abortion 
by using the MRI database and novel phase-contrast 
radiographic computed tomography (PXCT).

The MRI database was screened by using the vol-
ume of the liver as the target organ. Embryos with liver 

volumes ≥ 2 SD above or below the mean for the stage 
of development were selected. Embryos with potentially 
abnormal livers were further analyzed by using PXCT. 
The PXCT data provide a resolution of ≥ 18 µm/pixel, 
which enabled highly sensitive measurement, approxi-
mately > 1000 times more sensitive than the conven-
tional radiographic method using absorption contrast [6].

Liver abnormality was detected in 9 embryos after 
the procedure of our protocol (Fig. 1), which consisted 
of hepatic agenesis (2 embryos), hepatic hypogenesis 
(4), liver lobe defect (1), involvement of the liver to the 
thoracic cavity by diaphragm herniation (1), and other 
(1). Three embryos had only liver abnormalities and 
6 exhibited complications in other organs. The preva-
lence of liver malformations in CS18 and CS21 in the 
intrauterine population of externally normal embryos 
is approximately 1.7%. Most of such liver abnormality 
embryos do not survive, as liver function becomes es-
sential during development [7].

A representative embryo with liver agenesis is 
shown in Fig. 2. The size and gestational age were 
within the normal range for the embryo at CS 21. Ob-
vious damage to, or anomalies of, the external forms 
were not present (Fig. 2a). The liver at CS21 usually oc-
cupies a large space in the abdominal cavity, which has 
a smooth surface due to the contact between the cranial 
surface and the diaphragm, and between the ventral 
surface and the abdominal wall [7]. In the present em-
bryos, the liver was not detected in any of the serial 
plane sections (Fig. 2b). The locations of all intratho-
racic, retroperitoneal, and intra-abdominal organs were 
reconstructed in three dimensions (Fig. 2c). The ab-
sence of the liver had affected the locations of the other 
internal organs, especially the stomach, duodenum, and 
pancreas. The stomach was observed on the midsagit-
tal line in the Th4 transverse sections, indicating that 
the stomach had deviated cranially and ventrally. The 
diaphragm was apparent in these sections.

The present study demonstrates that PXCT may be 
considered a powerful tool for visualization of internal 
structures of embryos, and for the detection of novel 
abnormalities during the embryonic period, without the 
need for histological analysis. The non-invasive and 
non-destructive properties of the technique are impor-
tant for analysis of scarce specimens, such as human 

embryos. The present study is the first step toward elu-
cidating the latent abnormalities that result in spontane-
ous abortion in externally normal embryos [8].
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Figure 1: Protocol for detecting latent abnormal embryos that may 
result in spontaneous abortion.

Figure 2: Representative embryos with liver abnormality (liver agenesis). 
a External view of the embryo at CS21, which shows no obvious external abnormality. b Phase-contrast X-ray computed tomography (PXCT) 
transverse sections at the level of Th4. No liver (Li) was detected in the plane sections, while the stomach (St) was observed in the midsagittal 
transverse sections at Th4. The diaphragm is indicated by arrow heads. Lung (Lu). c Left anterior oblique view of the three-dimensional (3-D) 
PXCT reconstruction of the embryo using Amira software (Visage Imaging, Berlin, Germany), demonstrating the locations of all intrathoracic, 
retroperitoneal, and intra-abdominal organs.
The findings of note were as follows: agenesis of the liver; the stomach was deviated ventrally and cranially; the pancreas (Pa) was deviated 
ventrally; and the right mesonephros (Ms) and genital ridge (Ge) were absent. Adrenal gland (Ad), metanephros (Mt), and heart (He).


