I.  Fetal Period

A.)  Characterized by:



1. Tissue Maturation



2. Organ Maturation



3. Rapid Growth




- Crown-rump length (CRL):  sitting height of fetus




- Crown-heel length (CHL):  standing height 




- Pregnancy duration:  280 days or 40 wks after onset of last 





                         normal menstrual period (LNMP) or,







 266 days or 38 wks after fertilization


B.)  Monthly Changes



- 6th week:  Intestinal loops cause large swelling in umbilical cord &



  by 12th week loop w/draws into abdominal cavity.  



- 3rd Month:  face more human looking, eyes move ventral, ears come 



  close to position, limbs reach relative length.  Slowing in growth of



  head--head constitutes ½ CRL.  12th wk:  primary ossification centers 



  present & external genitalia is seen & sex derminated



- 4th & 5th Months:  fetus lengthens rapidly & at end of 1st ½ of uterine



  life, the CRL is 15 cm & wt is 500 g



- 5th Month:  head constitutes 1/3 of CHL, therefore growth of body



  accelerates & head growth slows.  Mother feels fetus movement.



- 6th Month:  skin of fetus is red & wrinkled.  Vernix caseosa is the white



  fatty substance that covers the skin at the end of uterine life.



- 9th Month:  skull is largest circumference of body


C.)  Time of Birth



- Head constitutes ¼ CHL.  Most fetuses born w/in 10-14 days of 



   calculated delivery date



- Age of embryo determined by using data of onset of LMP w/ fetal 



   length, weight, & morphological characteristics



- Normal wt is 3,000-3,400 g (6.6 lbs)



- CRL = 36 cm



- CHL = 50 cm


D.)  Prenatal Screening Techniques



1. Ultrasonography:  

- Measurement of CRL during 7-14th wks. 

- Measurements in 16-30th wks are biparietal diameter, head

   & abdominal circumference, and femur length.

- See size, position, mult births, malformations such as neural tube,

   cardiac, & abdominal all defects.  

- Images of placenta and offspring.



2. Amniocentesis




- 20-30mL fluid w/drawn.




- Analyzed for α-feto protein (AFP)...this is in high conc w/ open




   neural tube defects, such as spina bifida & anencephaly, 




   abdominal malformations such as gastroschisis & omphalocele.



3. Chorionic Villus Sampling




- Contains rapidly dividing cells for analysis of chromosomal &




   biochemical defects




- Performed early in preg (8 wks)




- Immediate analysis...no waiting for cell cultures 




- Can’t determine AFP levels...disadvantage

II.  Fetal Membranes and Placenta

A.)  Trophoblast



1. Secondary and Tertiary Villi




- By 2nd month, trophoblast characterized by these villi that give it




   a radial appearance



2. Chorionic Plate




- Villi enclosed in mesoderm of this plate.



3. Cytotrophoblast



4. Maternal decidua




- Villi are anchored in the mesoderm of the chorionic plate and

   attached peripherally to maternal decidua by way of the




   outer cytotrophoblast shell.  The surface of the villi is formed by




   the syncytium, resting on a layer of cytotrophoblastic cells that,




   in turn, cover a core of vascular mesoderm.



5. Extraembryonic Vascular System




- The capillary system that develops in the core of the villous stems




   and comes into contact with capillaries of the chorionic plate and




   connecting stalk.



6. Intervillous Spaces




- Small extentions that sprout from existing villous stems into the 




   surrounding lacunar or intervillous spaces




- Between the chorionic & decidual plates

7. Syncytial Knots


- Large pieces of the syncytium that break off and drop into the 


   intervillous blood lakes.


- They enter the maternal circulation, degenerate, and usually don’t


   cause any symptoms.


B.)  Chorionic Frondosum and Decidua Basalis



1. Chorion frondosum (bushy chorion)




- Villi on the embryonic pole con’t to grow and expand, giving rise




   to the chorion frondosum.  



2. Chorion lavae




- Villi on the embryonic pole degenerate, and by the 3rh month this 




   side of the chorion is known as chorion lavae, and is smooth.



3. Decidua




- The functional layer of the endometrium, which is shed during 




   parturition. 





- Decidua basalis






- The decidua over the chorion frondosum






- Consists of compact layer of large decidual cells,






   with abundant amounts of lipids and glycogen.






- This layer, the decidual plate, is tightly connected






   to the chorion.

- Decidua capsularis






- The decidual layer over the abembryonic pole.






- With growth of the chorionic vesicle, it become stretched 

   and degenerates.





- Decidua parietalis






- The chorion laeve comes into contact with the






   uterine wall (decidua parietalis) on the opposite






   side of the uterus, and the 2 fuse, obliterating the






   uterine lumen.




4. Amniochorionic Membrane





- Fusion of the amnion & chorion





- Obliterates the chorionic cavity





- This is what ruptures in labor...“breaking of the water”


C.)  Structure of the Placenta



1.  Fetal portion




- Formed by chorion frondosum       



2.  Maternal portion




- Formed by decidua basalis



  
- On fetal side, the placenta is bordered by the chorionic plate



  
- On maternal side, the placenta is bordered by the decidua basalis, of



    
  which the decidual plate is most intimately incorporated into the 



   
  placenta.



3.  Junctional zone




- Trophoblast & decidua cells intermingle




- Characterized by decidual & sycytial giant cells




- Rich in amorphous extracellular material 



4.  Decidual septa




- Formed by the decidua in 4th & 5th months




- Project into intervillous spaces but don’t reach the chorionic




  plate.




- Have core of maternal tissue, but surface is layer of syncytial




   cells, so that at all times a syncytial layer separates maternal




   blood in intervillous lakes from fetal tissue of the villi.



5.  Cotyledons




- Compartments of the placenta as a result of septum formation.




- After birth, these can be seen from the maternal side of the 




   placenta, covered by thin layer of decidua basalis



6.  Velamentous insertion




- When the umbilical cord inserts into the chorionic membranes 

   outside the placenta. (Attachment of the umbilical cord is usually

   eccentric and sometimes even marginal)

D.)  Circulation of the Placenta


1.  Spiral arteries (80-100)



- These pierce the decidual plate and enter the intervillous spaces at



   regular intervals so cotyledons receive blood.


2.  Blood flow pattern



- Spiral arteries narrow, this incr. B.P. which forces blood deep into



  intervillous spaces.  As pressure decr., blood flows back from chorionic 



  plate toward decidua where it enters the endometrial viens.



- ~150 ml blood in intervillous spaces of mature placenta


3.  Syncytium has brush border consisting of many microvilli, therefore



  incr. surface area, & therefore incr. exchange rate between maternal & 

  fetal circulation.


4.  Placental membrane separates maternal & fetal blood....4 Layers:




1.  Endothelial lining of fetal vessels




2.  C.T. in villus core




3.  Cytotrophoblastic layer




4.  Syncytium



-From 4th month on, placental memb gets thinner since endothelial

 lining of vessels comes in intimate contact in syncytial memb, therefore 

 greatly incr. rate of exchange



5. Hemochorial




- Term/Def.. maternal blood in the intervillous spaces is separated from 

  the fetal blood by a chroionic derivative the placenta.


E.)  Function of the Placenta



1.  Exchange of metabolic & gaseous products




- Between maternal & fetal blood streams




- Rh factor & antibody exchange...ex:  Rh- mom, Rh+  baby




- Gas exchange by simple diffusion




- Exchange of nutrients & electrolytes..ex:  a.a, f.f.a, carbs & vit. is rapid




  & incr as pregnancy advances.

F.)  Amnion and Umbilical Cord (2cm diam., 50-60 cm length)



1.  Amnioectodermal junction




- The oval line of reflection between the amnion & embryonic ectoderm




  is the primitive umbilical ring.



2.  Primitive Umbilical Ring--at 5th wk. the following pass thru




- connecting stalk...contains allantois & the umbilical vessels (2 a & 1 v)




- yolk sac...w/ vitelline vessels




- canal connecting the intraembryonic & extraembryonic coelonic cavities



3.  Physiological Umbilical Hernias




- caused from extruding intestinal loops



4.  Jelly of Wharton




- rich in proteoglycans




- functions as a protective layer of blood vessels




- this surrounds the umbilical vessels in the cord when the allantois &

  vitelline duct & its vessels are also obliterated.


G.)  Amniotic Fluid



1.  Function...fills amniotic cavity produced by amniotic cells but is derived 



     primarily from maternal blood.




- absorbs jolts




- prevents adherence of embryo to surrounding tissue




- allow for fetal movement


H.)  Fetal Membranes & Twins



1.  Dizygotic twins




- fraternal




- 2/3 of twins are this




-result of stimultaneous shedding of 2 oocytes w/ fertilization of 2 sperm




- own placenta, amnion, & chorionic sac




- fusion occurs if placentas are too close




- totally different genetic constitutions




- each twin can have diff. RBC types (erythrocyte mosaicism), indicating




  that fusion of placenta occured and RBC were exchanged.



2.  Monozygotic Twins




- identical




- 3-4 in 1000




- single oocyte (2 cell stage split (at early blastocyst stage), divide & 

  separate, creating 2 zygotes)




- 2 amnions, 1 chorion, 1 placenta

3.  Conjoined Twins




- inability to separate axially along germ disc




- 1 amnion, 1 chorion, 1 placenta



-- Vanishing twin syndrome...blood supply shifts in favor of 1 over other, 



    anastamose between the 2....60-100% chance that both will die



-- 20% missing artery in cord have cardiovascular probs.

IV.  Congenital Malformations

A.)  Describes disorders at birth, such as:



1.  structural (major)




- 2-3% of live born infants 




- non-discriminatory 




- genetic factors



2.  behavioral



3.  functional



4.  metabolic



--- Birth defects are the leading cause of infant deaths 



--- Birth defects are the 5th leading cause of years of potential life lost before 65.


B.)  Teratology



- the science that studies these disorders


C.)  Minor abnormalities



- small ears, pigmented spots, short palpebral fissures



- not detrimental to health



- additive...1 minor anomaly, 3% chance to have major defect




      2 minor, 10% chance




      3 minor, 20% chance



So, minor anomalies are clues for diagnosing more serious, underlying defects.



1.  Malformations




- occur during formation of structures...during organogenesis, usually




  during 3-8th weeks of gestation.



2.  Disruptions




- result in morphological alterations of already formed structures




- due to destructive processes



3.  Deformations




- due to mechanical forces that mold a part of the fetus over a 




  prolonged period.




- ex:  clubfeet




- often involve musculoskeletal system




- may be reversible postnatally



4.  Syndromes




- a group of anomalies occurring together that have specific common




  cause




- CHARGE





- Colobomas





- Heart defects





- Atresia of the chonanae





- Retarded growth





- Genital anomalies





- Ear abnormalities




- VACTERL





- Vertebral





- Anal





- Cardiac





- TracheoEsophageal





- Renal





- Limb anomalies



-- See 1 of these, look for more


D.)  Environmental Factors



- Discovery by Greg that German measles affecting mom caused probs in the



  embryo, realized that malformations could be environmental.



- Thalidomide..sedative that causes defects



- Many agents have been identified as teratogens (factors that cause defects)



1.  Infectious Agents




- Rubella, Cytomegalovirus, Herpes, HIV, Chicken pox, Influenza,




  Syphilis, Toxoplasmosis



2.  Radiation




- Hiroshima & Nagaskaki...28% aborted, 25% birth to kids who died in 1st



  year of life, 25% severe birth defects involving CNS.



3.  Chemical Agents




- NIH study says women took 900 diff. drugs, for an ave. of 4/woman




- only 20% of pregnant women used 0 drugs




- thaldomide..antinauseant & sleeping pill...in Germany, incr. in amelia &




  meomelia.




- antipsychotic & antianxiety drugs




- aspirin (in large doses)




- alcohol...FAS (1 in 100 live births)...leading cause of mental retardation




- cigarette smoking not linked to major birth defects



4.  Hormones




- Androgenic agents




- Endocrine disrupters




- Oral contraceptives




- Cortisone



5.  Maternal Disease




- Diabetes...stillbirths, large infants, malformations...risk of anomalies is 3




  to 4 times that of nondiabetics...as high as 80% if diabetic w/ long-




  standing disease....insulin is not teratogenic.




- Phenylketonuria (PKU)...incr. serum conc. of phenylalanine...infants w/




  mental retardation, microcephaly, & cardiac defects.  If woman remains 



 
  on low phenylalanine diet prior to conception reduce risk to infant to




  that of the general pop.



6.  Nutritional Deficiencies




- Vit. B12  & Folic Acid




- Endemic cretinism...related to iodine deficiency



7.  Hypoxia




- kids born in high alt. are usu. lighter in wt. & smaller...no incr. in 




  incidence of malformations have been noted.




- women w/ cyanotic cardiovascular disease give birth to small infants


E.)  Principles of Teratology



- Factors determining the capacity of an agent to produce birth defects...they incl:




1.  Genotype of the conceptus & maternal genome




2.  Developmental stage at time of exposure (3rd - 8th wks sensitive period)










(period of embryogenesis)




3.  Dose & duration of exposure




4.  Mechanisms, pathogenesis




5.  Manifestations are death, malformation, retardation, functional 

     disorders


F.)  Chromosomal & Genetic Factors



1.  Numerical




- Trisomy 21

-Down Syndrome

- 1 in 2000 conceptions for women under 25 years, this risk incr. 

  w/ maternal age...1 in 300 at 35, 1 in 100 at 40.




  
- In 4% of cases, there is an unbalanced translocation bet. chromos. 

  21 & chromos. 13,14, or 15.




- Trisomy 18

- mental retardation, congenial heart defects, low-set ears, flexion

   of fingers & hands

- 1 in 5000

- usually die by age 2 months.




- Trisomy 13

-mental retardation, heart defects, deafness, cleft lip, eye defects




  
- 1 in 5000 live births

- die by age 3 months




- Klinefelter Syndrome

- only in males

- usually detected at puberty...sterility, testicular atrophy, 

  hyalinization of seminiferous tubules

- cells have 47 chromos. w/ a sex chromos. XXY, & sex chromatin 

  body is found in 80% of cases

- 1 in 500 males

- nondisjuction of XX is cause.




- Turner Syndrome

- women

- absence of ovaries & short stature, webbed neck, broad chest w/ 

  widely spaces nipples

- in 80% of these women nondisjunction in the male gamete is 

  cause




- Triple X Syndrome

- infantile, w/ scanty menses, some mental retardation

- have 2 sex chromatin bodies in their cells.



2.  Structural




- Breakage...caused by environmental factors




- Deletions...broken piece gets lost





- Cri-du-chat syndrome

-partial deletion of chromosome 5

- kids have catlike cry, mental retardation, heart disease



3.  Mutant Genes




- many congenital malformations are inherited




- single gene mutation..account for approx. 8% of all human malformation




- dominant mutation...if mutant gene produces abnormality in a single

  dose despite the presence of a normal allele

- recessive mutation...if both alleles are abnormal (double dose) or if

  mutation is X-linked in the male

