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Purpose:  To understand enough about human development to help evaluate the question of when does 
life begin.
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Review the process of fertilization (quickly)

Metabolic Life:  Even egg and sperm are alive and can be killed.
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Genetic Life:  Union of new genetic material creates a 2N zygote (N + N = 2N)
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Zygote
Early Cleavage
2 Cell
4 Cell
Morula
Formation of the blastocyst -- Inner Cell mass and the Trophoblast (Chorion)



5

Zygote:  16 - 20 hours after insemination      Cleavage begins
Two cell stage:  24 hours after Insemination
Four Cell Stage: 45 hours
Eight Cell Stage:  72 hours
(NOTE:  Divisions do not occur necessarily simultaneously so embryos can have any number of cells)
Compaction Occurs:  closes any gaps between cells
Morula: 96 hours
The morula, a collection of around 30 cells (blastomere), is created at about 96 hours. Because these 
cells arise only through the cleavage of the zygote and all are found inside the pellucid zone, which 
cannot expand, no growth is seen. Every new cell is thus only half as large as the cell from which it 
derives. The name of this stage comes from its resemblance to a mulberry, since it really looks like a 
collection of spherical cells.
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On the 4th day after insemination the outermost cells of the morula that are still enclosed within the zona 
pellucida begin to join up with each other (so-called compaction). 
An epithelial cellular layer forms, thicker towards the outside, and its cells flatten out and become 
smaller. 
A cavity forms in the interior of the blastocyst into which fluid flows (the so-called blastocyst cavity). 
The two to four innermost cells of the preceding morula develop into the so-called inner cell mass of the 
blastocyst.
The actual embryo will develop solely from these cells (embryoblast). 
What has thus been formed is an outer cell mass (the trophoblast), consisting of many flat cells, and the 
inner cell mass, formed from just a few rounded cells. 
The ratio between the number of inner cell mass cells to those making up the trophoblast amounts to 
roughly 1:10. 
From the trophoblast the infantile part of the placenta and the fetal membranes will arise.
At this point the inner cell mass has about 12 cells and the trophoblast has about 100 cells.

http://www.embryology.ch/anglais/evorimplantation/furchung02.html
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Around the end of the fifth day the embryo frees itself from the enveloping pellucid zone. 
The embryo bursts through the covering. This is supported by enzymes that dissolve the pellucid zone 
at the abembryonic pole. 
This "first birth" is called hatching.
The volume of an embryo begins to grow as soon as the blastocyst cavity within the morula starts to 
form.
Hatching occurs on about day 6.
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The endometrium consists of a single-layered epithelium with or without cilia (depending on how far 
along the menstruation cycle is) and its basal lamina, uterine glands, and a specialized, cell-rich 
connective tissue (stroma) containing a rich supply of blood vessels. One recognizes the spiral arteries 
(end branches of the uterine arteries) as well as a venous outflow system.
The lower left diagram represents the normal zone of implantation (Green).
1Uterine cavity
2 Isthmus of the tube
3 Fallopian tube (tuba uterina)
4 Uterine cervix (cervix uteri)
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Trophoblast contains proteins that anchor the embryo to the uterus
Trophoblast then secretes enzymes that digest  the endometrium to bury the embryo deep in the uterine 
lining
Trophopblast produce HCG (Human Chorionic Gonadatropin) that stimulates ovary to produce 
progesterone
HCG Measured by typical pregnancy test.  
Role of progesterone:  one is to prevent the loss of the uterine lining; keeps lining soft; stimulate blood 
vessel formation around embryo

“D” in the lower right figure represents the endometrium during the window of implantation around day 7.

Implantation:  The embryo is now on its way to becoming a human.  An embryo certainly can’t develop 
into a human without nutrition and that comes via the placenta.

Implantation in the Uterine Lining
Trophoblast cells become the chorion
Chorion becomes the placenta
What does chorion do?  Exchange of oxygen, nutrients, wastes; 

produces chemicals to block the mother’s immune system from attacking embryo
Placenta Formation

http://www.advancedfertility.com/implantation.htm
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Adhesion of the blastocyst to the endometrium 

After the apposition of the free blastocyst at the uterine epithelium  the microvilli on the surface of the 
outermost trophoblast cells interact with the epithelial cells of the uterus. 
In this stage the blastocyst can no longer be eliminated by a simple flushing out. 
The adhesion of the blastocyst on the endometrium arises through cell surface glycoproteins, the 
specific mechanisms of which, though, are not yet well understood.
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The trophoblast produces enzymes that will cause apoptosis of the epithelial cells. 
The trophobast (3, top left) develops quickly and quickly envelops the entire embryo inside the 
endometrium
Maternal capillaries are eroded and the spaces are filled with fluid and eventually material blood.
The amnion is beginning its development (8 lower right)
The embryo will develop from the two layers of inner cell mass (3,4 lower left)
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A nice summary diagram
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Extraembryonic Membranes:

Chorion from trophoblast; others from Inner cell mass:  Differentiation
Trophoplast cells adhere to uterus and then interact with uterus to make the placenta
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Explain a little about how the placenta works

Note how chemicals can cross between the mom’s blood and the baby’s blood
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Figure 4-1: A. Implantation site at the end of the second week. B. Representative view of the germ disc 
at the end of the second week of development. The amniotic cavity has been opened to permit a view on 
the dorsal side of the epiblast. The hypoblast and epiblast are in contact with each other and the 
primitive streak forms a shallow groove in the caudal region of the embryo.
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Figure 4-3 B: Cross section through the cranial region of the streak at 15 days showing invagination of 
epiblast cells. The first cells to move inward displace the hypoblast to create the definitive endoderm. 
Once definitive endoderm is established, inwardly moving epiblast forms mesoderm.

**The Embryo can no longer form identical twins.  
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Fraternal twins result from independent conceptions of two ovum/sperm pairs, and it  is like two 
separate pregnancies happening at the same time.These fraternal twin  embryos are slightly 
different in size, because conceptions were a few  hours  apart.

Most twins are fraternal -- about 2/3 of all twins
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Identical  Twins (also known as Uniovular or Monozygotic (MZ) twins).

During the fertilization  process, only one ovum is impregnated by only one spermatozoid, but 
the egg divides in 2 embryos afterwards. They have exactly the same chromosomes, they have a 
perfect resemblance and they have the same sex.

There are 3 different  ways that identical  twins can develop and be carried�
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Think about individuals - an embryo cannot become two individuals after gastrulation
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A - (33%)  Splits before trophoblast formation - before Day 5 in fallopian tube.  Each implants separately 
with own chorion and amnion
If the separation takes place just after the first cellular division, then in this case both of the 
twins will have their own placenta and an amniotic sac each. (This last case is an identical 
situation to fraternal twins).

B - (66%) Days 5 - 9 - Splits between trophblast formation and amnion formation.  Share the chorion 
and placenta that feeds the babies but have separate amnions.
The separation can also take place a little later in the development of the embryonic cells but 
before the blastocyte has fully defined the roles of each type of cell. At that moment, twins will 
be in the same placenta, but they will have 2 amniotic sacs. These fetuses may share a blood 
supply in the placenta.  Sometimes one twin can get the bulk of the blood supply with that twin 
having an overworked heart (too much blood) and the other with too little blood and retarded growth 
and development.

C - Rare - After Day 9 - One amnion and one chorion:  risk for “Siamese Twin formation  (RARE)
In the last of the identical twin scenarios, if the separation takes place at the stage when the 
amniotic bag is already being formed, then the twins will be in the same placenta, and in the 
same amniotic sac. This can cause problems because the umbilical cords can become 
intertwined together.  One source:  50% of mono-amnion identical twins die due to umbilical 
cord entanglement.



24

What happens if separation is incomplete?  What happens if gastrulation doesn’t go as planned?  The 
result is CONJOINED TWINS.

Result is not quite two separate children.  Occurs in 1/200,000 live births (1 to 2 per day in the world) 
although many do not survive.

Depending on how much of the twin is shared, tough questions arise as to what makes an individiual 
person individual. For instance, are you two people if you have two heads? What if you share a heart? A 
spinal cord? What if you're just joined at the buttocks (one of the more common and viable forms of 
Siamese twinning)? Where does one twin end and the other begin?

The variety of attachment types makes this question even harder to answer.
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Story of Eng and Chang

Originated the term Siamese Twins

Most famous:  Chang and Eng, 

originated the term  "Siamese Twins". 

Eng and Chang were born in Siam (Thailand) in  1811; known as  "The Chinese Twins”; brought  celebrity to their small village. 

Their mother refused to allow doctors  to attempt to separate the boys, fearing death of one or both. Instead she taught them to stretch 
the tissue  that joined them so that they could stand side-by-side rather than  always face-to-face.  A mercant Robert Hunter succeeded in 
gaining permission from the government to take the boys abroad.

17 year-olds Chang and Eng left for Boston;  successful and profitable tour of  the States;  sailed to England where they became quite 
popular. They were extensively examined by doctors and visited by  royalty. They toured extensively in Europe, continuing to pack 
venues.

In 1832 Chang and Eng broke off their  arrangement  and joined with P. T. Barnum, with whom they toured until 1839,  when they decided 
to quit the exhibition life and settle down in Wilkesboro, North Carolina where  they began the life of farmers. In 1839 they became United 
States  citizens. Chang and Eng began to date Adelaide and  Sarah Ann Yates, two of nine daughters of local farmer David Yates. 

The townspeople disapproved of the marriage, so Chang and Eng  scheduled a separation surgery in Philadelphia. Their fiances found  
out and quickly stopped the proceeding, and in April, 1843, Chang was married to Adelaide and Eng to Sarah Ann in a double wedding. 
During the course of their marriages, Eng  fathered six boys and five girls; Chang seven girls and three boys.  

In January, 1874, Chang Bunker died after a  severe case of bronchitis, possibly from a cerebral clot. Eng died shortly thereafter.  After 
their deaths it was determined  they could have been successfully separated, a medical option that was never offered to Eng and Chang 
during their lives.  
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Video on next slide
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Figure 4-3 B: Cross section through the cranial region of the streak at 15 days showing invagination of 
epiblast cells. The first cells to move inward displace the hypoblast to create the definitive endoderm. 
Once definitive endoderm is established, inwardly moving epiblast forms mesoderm.

**The Embryo can no longer for identical twins.  
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Differentiation of cell types

Differentiation means there is a significant decrease in pluripotency
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The first indication of heart 
development is around day 
16-19. Clusters of 
angiogenetic cells form a 
"horseshoe-shaped" cluster 
anterior and lateral to the 
brain plate.  Angiogenic cells are 
ones that can contract 
spontaneiously
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Following cardiac mesoderm involution during gastrulation, the two endocardial tubes fuse 
along the 
embryonic midline. The heart starts to beat at day 22, but the circulation does not start 
until days 27 to 29. The single tubular heart develops many constrictions outlining future 
structures.
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Prior to looping the heart tubes forms constrictions defining separate components of the 
heart, 
these are (cranial to caudal): Bulbus Cordis, Ventricle and Atrium. 

The primitive atrium is still paired and connects caudally to the paired sinus venosus. 
The heart tube will bend ventrally, caudally and slightly to the right.



33



34

At this stage the paired sinus venosus extend laterally and give rise to the sinus horns. 
As the cardiac looping is developing the paired atria form a common chamber 
and move into the pericardial sac
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Figure 5-9: Transverse sections showing development of the mesodermal germ layer. A. Day 17. B. 
Day 19. C. Day 20. D. Day 21. The thin mesodermal sheet gives rise to paraxial mesoderm (future 
somites), intermediate mesoderm (future excretory units), and lateral plate, which is split into parietal 
and visceral mesoderm layers lining the intraembryonic cavity.
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Beginning of the Nervous System
It is interesting to note that the neural tube, at this stage of development, contains 
around 125,000 cells. 
At birth, the human brain contains around 100 billion neurons - we can infer from this 
information that new neurons are being 
generated at the rate of about 250,000 per minute during the nine months of gestation.

The neural crest is derived from neuroectodermal cells that originate in the dorsal aspect 
of the neural folds or neural tube; 
these cells leave the neural tube or folds and differentiate into various cell types including 
dorsal-root ganglion cells, 
autonomic ganglion cells, the chromaffin cells of the adrenal medulla, Schwann cells, 
sensory ganglia cells of cranial 
nerves, 5, 9, and 10, part of the meninges, or integumentary pigment cells.

Failure or ineffective closure of the neural tube, is the cause of spina bifida

Not until 25 weeks will the brain activity look like a normal brain wave
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Many neuroblasts migrate (travel) in a fashion we can consider as similar to an amoeba, 
that is, 
by extending a part of itself, grabbing something to hang onto and then pulling the rest of 
the cell along. 
In the neocortex and cerebellum, neuroblasts must travel to their final destinations,
locating themselves in the correct cell layer, orient themselves, and initiate dendritic 
growth to make the appropriate synaptic connections.

As cell migrate over the next weeks, various regions begin formation:

third and fourth week sees the development of the spinal cord

cerebral hemispheres differentiate around the fifth week

sixth week the rudimentary development of the five brain vesicles is complete.
The cerebral hemispheres have grown and now cover the diencephalon, the 
mesencephalon and the cerebellum, which has only just begun development
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The cerebral cortex has undergone remarkable growth and development during this first 
eight weeks.
By its growth and folding, it now caps two thirds of the sub-cortical brain. 
First the frontal lobes form, then the parietal and concurrently, the temporal and occipital 
lobes. 
The limbic system is well developed by this time and all will continue to grow and develop 
during the next stages.
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Brain functions are expressed through activity of neural circuits.
These circuits are formed throughout the fetal period and throughout
the life by the formation of synapses in a process which has been called 
synaptogenesis. Not all synapses formed in the fetal period will survive,
and new synapses are formed shortly after birth.

Myelination of the nerve fibers begins in the third month. The ventricular system 
(which allows the flow of cerebrospinal fluid throughout the brain and spinal cord) is now 
largely complete.

4th  month - This is the beginning of motor function for the new entity, as evidenced in 
the first bringing of it’s
hands together and turning bodily within the uterus.

5th month - motor development rate increases, as felt by the interuterine movements of 
the fetus. Myelin formation In
the spinal cord and dorsal root nerves begins, and further development and refinement of 
the motor tracts takes place.

6th month - The cerebral hemispheres now cover the whole top and sides of the brain 
including the cerebellum. 
Cerebellar development begins from this moment, but will not be complete until two years 
after birth. Six distinct 
layers are now differentiated within the cerebral cortex, and almost all of the neurons 
within the central nervous 
system are present by the end of this sixth month of life and neural 'circuitry' continues to 
develop.



The seventh month is essentially characterized by rapid growth, development and 
organizational refinement.
By the eighth month, the fetus will be 405+ millimeters (16+ inches), from crown 
to heel. During this month of
development the fetus will strengthen its body and the nervous system will 
increase its connections and 
receive more sensory input, and gain more motor control  .During the ninth 
month the fetus will reach 510 
mm (20 inches) or more. All ossification points are in place, and further 
refinement of motor and other 
neuronal connections take place for the ninth month fetus is usually very active.
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At birth, all reflexes are of brain stem origin with minimal cortical control.

The weight of the brain of the newborn is approximately 300 grams (or around 10% of 
body weight)
in contrast to the adult brain - which weighs approximately 1400 grams (only 2% of body 
weight). 
Brain weight increases with age and achieves 'adult' weight between six and fourteen 
years of life.
(Each of us is unique and therefore possess differing patterns of growth of development). 
We are born with our full compliment of neurons.

Postnatal growth of the brain is due to an increase in the size of neurons, and subsequent 
increase in number of 
supporting cells (glia), development of neural processes and synapses (The contacts with 
other neurons which
provide for the 'circuitry' of the brain), and the laying down of the insulation of nerve 
processes (myelin sheaths). 
Synapses are formed at a very rapid rate during the early months of life, usually achieving 
maximum density between
six and twelve months after birth. There is a decrease after this due to disuse or natural 
attrition. The brain is a judicious 
budgeter of energy. The infant's brain forms and retains only those synapses that it 
frequently uses. Early sensory 
experiences are thus vital to the formation and retention of synapses.
http://home.iprimus.com.au/rboon/StagesofBrainDevelopment.htm
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EEG stands for electroencephalography which is a safe and quick way of recording the electrical activity 
of the brain. 
The simultaneous activity of thousands and thousands of neurons in the brain can be detected and 
recorded with small electrodes placed at the scalp.
Electrical activity is due to ion movement across the membranes of neurons.
One Way For Children:

The recording of brainwaves involves placing the electrodes at the scalp at measured locations. The 
electrode array, called SensorNet contains 128 electrodes and looks a lot like a hairnet. The net will be 
soaked in distilled water (a very small amount of salt added) before placing it on to improve the 
connectivity of the electrodes. The placement of the net usually takes about 5-20 minutes and it is fairly 
comfortable and completely painless. This technique is widely used in all age groups �even in babies.

Normal EEG is depicted in the top four tracing. These data were recorded on paper using a 
polygraph. The paper moves past a series of pens that wiggle back-and-forth tracing out 
the lines. Time is on the X-axis and voltage is on the Y-axis.
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The overall patterns of electrical activity of the brain can be measured by a recording 
device attached to the head called an electroencephalograph (EEG)

�The EEG has allowed us to understand better the activity of the brain in both the awake 
and sleep states.�When we are awake, we are in one of two different states according to 
the EEG:�a relaxed mental state (alpha waves)

Or

an alert mental state (beta waves).�

When we are asleep, we enter into several different states including theta & delta wave
which are much slower than those in the awake state.
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The overall patterns of electrical activity of the brain can be measured by a recording 
device attached to the head called an electroencephalograph (EEG)

�The EEG has allowed us to understand better the activity of the brain in both the awake 
and sleep states.�When we are awake, we are in one of two different states according to 
the EEG:�a relaxed mental state (alpha waves)

Or

an alert mental state (beta waves).�

When we are asleep, we enter into several different states including theta & delta wave
which are much slower than those in the awake state.
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Neonatal electroencephalography (EEG) presents some of the most difficult challenges in 
EEG interpretation.
It differs significantly in many ways from EEG of older children and adults.
Technologically, acquisition of a neonatal EEG is significantly more difficult and different 
than an adult EEG. 
There are numerous features that are age-specific and change almost week-to-week in 
the preterm infant.
Some features may be normal at one age and abnormal if they persist for several weeks. 
Many of these features also have different implications in neonates as compared to older 
individuals. 
These issues mandate a different approach to neonatal EEG interpretation.

From  American Journal of Electroneurodiagnostic Technology Article: pp. 12�35 | 
AbstractVolume 45, Issue 1 (March 2005)Review of Neonatal EEG

http://eileen.undonet.com/Main/infrmdC/Brain_Waves.htm
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Carnegie stages are a system used by embryologists to describe the apparent maturity of embryos. An 
embryo is assigned a Carnegie stage (numbered from 1 to 23) based on its external features. This 
staging system is not dependent on the chronological age nor the size of the embryo. The stages, 
are in a sense, arbitrary levels of maturity based on multiple physical features. Embryos that might 
have different ages or sizes can be assigned the same Carnegie stage based on their external 
appearance because of the natural variation which occurs between individuals.

1 zygote .1 mm
2 early cleavage 2- 16 cells
3 Blastocyst with inner cell mass and trophoblast -- .2 mm
4 4-7 implantation and begins gastrulation
5 8 end of gastrulation 2mm long
6 9 neural folds implies neural tube formation
7 10/11 neural tube fuses 3 mm long
8 12 see the head and tail regions of the embryo
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Try the Web page time line of the Carnegie stages of development.

14 - 23 major organs form
Grows from 3 to 35 mm
After 60 days (2 months), development becomes mostly a matter of growth and maturation rather than 
organ formation
End of 60 days embryo - fetus
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Performed at about 10-12 weeks of pregnancy (after organogenesis), earlier than Amnio (at 15-18 
weeks)
CVS has about a 0.5-1.0% greater risk than amniocentesis for causing a miscarriage (Risk is .5 to 1% 
for miscarriage)

�First, the vagina and cervix are thoroughly cleansed with an antiseptic. Then, using 
ultrasound as a guide, a physician inserts a thin tube through a woman’s vagina and 
cervix (transcervical CVS) to the villi, and uses gentle suction to remove a small sample. 
No anesthetic is required. Some women say CVS doesn’t hurt at all; others experience 
cramping or a pinch when the sample is taken.

Depending upon an individual woman’s anatomy, the physician may choose to reach the 
chorionic villi by inserting a needle through the abdominal wall (transabdominal CVS), also 
using ultrasound guidance. Studies have found the two forms of CVS to be equally safe, 
unless the woman has a retroverted (tipped) uterus, in which case the risk of miscarriage 
is higher if the procedure is done transcervically. Therefore, transabdominal CVS is 
recommended for women with a retroverted uterus. If the location of the placenta 
prevents this procedure, amniocentesis can be considered as an alternative.

Risk of infection and amniotic fluid leakage  risk of miscarriage:  1/100 to 1/200 (Amnio:  1/200 to 1/400)

It's used to check for certain disorders, such as Down syndrome, in everyone who's tested. But it's used 
to look for certain other problems, such as Tay-Sachs disease, cystic fibrosis, or sickle cell anemia, but 
only if your baby is thought to be at risk for them. The test can't detect neural tube defects, such as spina 
bifida.

About 4% of women who have had CVS have had a miscarriage following the test. We do not know 
which of the miscarriages are actually due to the test, although it is believed that many of them are not 
due to the test but occur spontaneously
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Used to diagnose and especially rule out genetic diseases of the fetus

Performed at about 15 - 18 weeks of pregnancy (after organogenesis)

Amniocentesis is performed by inserting a thin, hollow needle into the uterus and 
removing some of the amniotic fluid that surrounds the baby. During the procedure, the 
pregnant woman lies flat on her back on a table. Her belly is cleansed with an iodine 
solution and the physician, using ultrasound to guide her, inserts a thin needle through 
the abdomen and uterus into the amniotic sac. She then withdraws about one to two 
tablespoons of fluid and removes the needle. After the sample is taken, the physician uses 
ultrasound to check that the fetal heartbeat is normal. The entire procedure takes just a 
few minutes.

Living cells from the fetus float in the amniotic fluid. After a sample of amniotic fluid is 
removed, these cells are grown in a laboratory for one to two weeks, then tested for 
chromosomal abnormalities or various genetic birth defects. Test results usually are 
available within 3 weeks. Because AFP can be measured directly, without waiting for cells 
to grow, results of this test may take only a few days. 

Amniocentesis does carry some small risk of causing a miscarriage. This risk is usually 
quoted at 0.25 - 0.5% That means that 99.5% of the pregnancies will go on from that 
point without miscarriage attributable to the amnio.
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March of Dimes:  150,000 babies born/year with birth defects ==>  1/28 babies has a birth defect.

Several thousand different birth defects have been identified (physicial or mental disability or fatal)

About 60-70% of birth defects are from unknown causes

Malformations:  Genetic events 
(gene mutations; chromosomal Numbers):  eg. Marfan syndrome (lose connective tissue - Dominant) 
problems with stretchy aorta &  heart values (serious);  due to a protein protein

Tay-sachs (recessive);  Hemophilia (Sex-linked)Down Syndrome - extra chromosome #21;  Extra #13 or 
18 (Edward’s syndrome - 95% die in utero)have multiple defects (malformations of hearts, kidneys, and 
other inernal organs)  and usually dies within 1 month of birth.

Syndromes = several abnormalities seen together (D.S. - mental retardation, heart defedcs, intestinal 
defects, distinct facial features, small ears)
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Disruptions - result from external, environmental agents 
chemicals, viruses, radiation, fever, etc.
teratogens - cause disruptions

Example:  Alcohol:  The symptoms of FAS are mental retardation, poor growth, facial defects, heart 
defects and behavioral problems. 
It is one of the leading causes of mental retardation in children significant delays in thinking, speech, 
movement and social skills.

No safe level of alcohol has been established for pregnant women

Most harmful around 3 months of gestation

Example:  Thalidomide (1960s stop morning sickness), Accutane, DES (1950s for miscarriage)
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Effective to prevent nausea (morning sickness) and as a sedative in pregnant women in 1960’s

Powerful teratogen - shortening of the long bones of the arms and legs

10,000 babies born with effects of drug in Europe; only one tablet needed to cause effects; N. America 
saved because a gov. physician had noted the drug’s adverse effects on lab monkeys

Cocaine - induces fetal strokes -- miscarriage

Cigarette smoke - crosses placenta; prevents Hemoglobin from binding oxygen
Smoke exposed placenta lack impt. Growth factors -->  increased risk of miscarriage, stillbirth, low birth 
weight

Alcohol -->  sev. Drinks/day or lg. amt at one  critical time -->  fetal alcohol syndrome (small head, flat 
face and nose, slow growth, learning disabilities to mental retardation; lack social skills, difficult to 
understand consequences of their actions, form friendships, interpret social cues

Accutane:  spontaneous abortion, defects of heart, nervous system, and face

Rubella - German measles; epidemic spread in USA in 1960’s
20,000 fetuses infected were born deaf, blind or both and with heart defects and or 

mental retardation (vaccination now available)

Periods of susceptibility - depends on what is forming
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Periods of susceptibility

First two weeks - either teratogen damages all cells and embryo dies or so few cells that the remaining 
cells can compensate

Weeks 3 - 8 - Period of organiogensis - most susceptible to teratogens

Some, fingers and toes, very short senstivity.
Nervous system continues to develop after 8 weeks and thus is continually susceptible to teratogens 

EEG detectable about week 25 (beginning of the 7th month)
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Babies in utero too long get too big to be born successfully; so as soon as the  baby is ready, it needs to 
be born.
Lungs are the last organ to mature.
Lung maturation means surfactants released into amniotic fluid

Surfactants cause an “inflammation or immune response” in fetal cells that in turn release proteins 
signals uterus to contract -- tells mom the baby can “go it alone”

Labor ensues; cervix is pulled open and the contractions push the baby through the cervix.

Baby’s breathing causes the by-pass of blood to the lungs to close and blood enters lungs.  The 
umbilical cord can now safely be cut.
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http://xenophilius.wordpress.com/2008/04/10/peers-into-the-lives-of-two-headed-twins/

The above address has a 5 minute video
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Life was much more difficult for two pygopagus (joined at pelvis and back)girls born into 
slavery on July 11, 1851. They were also in North Carolina, but Millie and Christine McCoy 
were separated from their family and sold several times. Some of their owners recognized the 
commercial value of the unusual sisters and put them on public display. 
As toddlers, the twins were purchased by their last owner, J. D. Smith, who subsequently 
reunited the girls with their family. Smith assumed the role as manager to the twins' growing 
career on stage.While appearing in New Orleans a year later, Millie-Christine was kidnapped by 
a man Smith had hired as their exhibitor. As "stolen property", the girls could not be shown 
publically, but instead were made available to small, private groups. Several years later, Smith 
was able to locate the girls in London.
After a lengthy court trial, Millie-Christine were returned to their owner and distraught 

mother, Monimia. Before returning to America, where their career continued to progress, 
Millie-Christine met Queen Victoria, who thought them charming and unusual.
Billed as the "Two-Headed Lady" or the "Two Headed Nightingale", Millie-Christine enjoyed 
tremendous success in show business. They danced and sang songs written especially for 
them. Like Eng and Chang before them, the sisters withstood regular medical examinations to 
determine their physiology. Doctors were often quoted in the advertisements printed for each 
of the twin's appearances.
As a result of the Civil War, Millie-Christine were freed, but they chose to remain with their 

manager's widow, earning as much as six hundred dollars each week.
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Joining at the thorax is most common, 1/3 siamese twins joined this way.  They share a single heart and 
cannot be separated.

Abdominal - joined at the mid to lower torso. Somewhat less common than Thorax joining.

About 1/5 are joined at their bottoms:  They have the highest rate of  successful separation.

About 1/20 share varying amounts of the lower body -- two torsos with one set of legs to one torso with 
two heads.  Appear to be one person with two heads.  Share many organs.

About 1/50 are joined at the head.  Extremely problematic with regard to separation.  These Siamese 
Twins often make headlines.  Often are very high risk of death for both twins

More sharing:  Can be joined along the back and share a head.  The head has two faces, one looking 
forward and one looking backward; bodies are back to back, facing outward.  Virtually impossible to 
separate.

Parasitic twins -- one twin essentially lives off the healthier twin

Let’s Look at the most famous case of conjoined twins:  Chang and Eng, the Siamese Twins.
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Reba and Lori Schappell of Reading, Pennsylvania, are believed to the the oldest living female conjoined twins in the world. 
They are craniopagus twins, which are joined only at the head and account for only 2% of conjoined twins. The sisters were born 
Lori and Dori Schappell on September 18, 1961 and lived in a home for people with severe mental disabilities until they were 24 
years old. Because they detested the rhyming names their mother had given them, Dori legally changed her name to Reba, after 
her hero Reba McEntire.In addition to sharing 30% of their brain tissue and their non-functional left eye, Reba suffers from spina 
bifida and is unable to walk, so she uses a customized wheeled stool for locomotion. The twins are facing in opposite directions
and use a mirror to watch television, and the sisters have never seen each other's faces without the aid of a mirror. Although 
their brains are anatomically joined and separation would be surgically impossible even with modern technology, the sisters insist 
vehemently that they have separate thoughts, emotions and personalities.Since leaving the institution, Lori and Reba have made 
successful careers for themselves as individuals. Reba is a country singer who won the L.A. Music Award for Best New Country 
Artist in 1997. She has performed in Germany and Japan, as well as multiple places in the U.S., and sung the National Anthem 
at the Cabbie vs. Stuttering John fight in May, 2002. Previously she designed support equipment for people with physical 
handicaps and is credited with coining the term "handi-capable". She is also an trophy-winning bowler. Lori works part-time in a
hospital laundry, taking only positions that allow her to take time off for her sister's concert dates. Lori is very witty and is the 
more outspoken of the sisters. Responding to a stranger on the street who ran up and snapped a photo of the twins (with Lori 
facing them), she said, "You can't take my picture without asking." Then she pointed to Reba and said "Take her picture, she's in 
show business!" The twins frequently appear on talk shows and in documentaries, including the 1998 A&E documentary Face to 
Face: The Schappell Sisters and The Learning Channel's Separate Lives, a two-hour special about the medical and social 
history of conjoined twins. They live in an apartment in Reading, Pennsylvania with their pet Chihuahua, who is paralyzed in the
back legs and moves around on a wheeled device designed by Reba."We would never do it. (If one of us were to die) we'd be 
separated ... Then and only then. And then the only reason is because the other one is not there." - Lori Schappell "Don't 
assume [our life] is difficult, until we tell you it is." -Lori Schappell
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A documentary film is to be made to focus on life of Iranian conjoined twins Laleh and Ladan who lost their lives during a 
medical surgery in Singapore aiming to give them chance of getting separated after 29 years, IRNA reported from Tehran.

Surgeons have always been fascinated by the challenge of separating conjoined twins, and there have been 
many remarkable operations over the centuries. Until the mid-20th century, separation was attempted only 
if:�

The join was simple, unlikely to involve shared liver or other organs, and situated away from the head, heart or 
pelvis.�

The children had already survived beyond the first few months.

What to Consider?

In deciding whether separation is an option, doctors employ a battery of tests such as ultrasound, MRI (magnetic 
resonance imaging) and 3D graphics to assess:

1. the whereabouts and extent of the join; 
2. whether any internal organs are involved.
3. The experience of the medical team who would perform the separation is also a factor. 
4. If separation seems feasible, its effects on both twins must be weighed up.
5. Are both twins equally robust?
6. What are the chances of one or both surviving surgery?
7. What quality of life is likely for one or both twins after surgery?
8. How does this compare with the probable quality of life if the twins remain joined?
9. Economics?

What is the Legal Status of the Two Twins?  Can each Vote?  What if there is conflict?  What is one commits a 
crime that stipulates jail time?

Who decides?

With most sets, one twin is stronger, and doctors may make decisions in the interests of that twin, rather than 
both. Sometimes there are sufficient internal organs to support only one twin after separation, and the 
outcome of the operation may also be doubtful for the other. In these situations the questions arise:� Is it 
right to sacrifice the life of one twin in order to save the other, as in the recent case of Jodie and Mary? Is it 



reasonable to invest scarce resources in uncertain operations?

Ladon and Laleh Bijani were operated on in 2003 and both dies from the surgery.
http://www.wired.com/wired/archive/11.10/twins.html?pg=1&topic=&topic_set=
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'Jodie' and 'Mary' were the pseudonyms used for Gracie and Rosie Attard, whose parents 
came to the UK from the Maltese island of Gozo (off the coast of Italy) for their birth. 

The twins were joined at the lower abdomen and spine, but because they had only one 
functional heart and one set of lungs, separation meant the inevitable death of one twin.
'Mary'/Rosie was described as having 'primitive brain functions', while 'Jodie'/Gracie 
showed normal mental development. If left unseparated, both would have died.

Their parents opposed separation because as Roman Catholics they believed that it was 
wrong to take human life. 

The case sparked an intense legal debate over the ethics of separation:  the rights of 
parents and the courts in deciding the children's future.The Court of Appeal ruled that the 
girls be separated and the operation took place when they were three months old. As 
expected, Rosie died. Gracie has made good progress, and should be able to lead a 
normal life.

Do you feel the courts 
made the right decision?
should have been able to make the decision?

http://news.bbc.co.uk/2/hi/health/920487.stm


