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I.  Development of the Fetus as our 

second patient

Å Fantastic advances in human embryology in 19th 
century

ÅMoral theory of personhood

ÅDiscovery of the 46 chromosomes by Dr LeJeune 
along with Trisomy 21 as the source of Downôs 
syndrome

Å The advent of diagnostic ultrasound in the last 30 
years giving us a fantastic window to the womb

Å Technological advances in therapies for newborns

ÅThe new science of ñin utero therapyò



The New Science of ñin utero 

therapyò

ÅDr William Liley and in-utero transfusions 

for Rh disease in the 1960ôs using 

fluoroscopy

ÅPrenatal diagnosis of anomalies/conditions 

in utero that could be treated



II. In-Utero Therapies

Å Bladder Outlet Obstruction

Å Isoimmune Hydrops Fetalis

Å Infectious Hydrops Fetalis

Å Congenital Diaphragmatic Hernia

Å Congenital Cystic Adenomatoid Malformation (CCAM)

Å Neural Tube Defects (NTD)

Å Sacrococcygeal Teratoma

Å Severe Combined Immunodeficiency Syndrome

Å Twin-twin Transfusion Syndrome (TTTS)

Å Fetal Arrhythmias

Å Hypoplastic Left Heart Syndrome



III.  Therapeutic Options: 

Bladder Outlet Obstruction 

ÅResults usually from incomplete 

cannulization between the pelvic and distal 

urogenital sinus

Å Incidence is 1/5000-1/8000 male fetuses

ÅBabies die from pulmonary hypoplasia with 

decreased amniotic fluid

ÅFetal urinalysis provides prognosis



Fetal urinary biochemsitry for good prognosis (after 

Glick, Nicolaides, Mandelbrot, and Johnson MP)



Bladder Outlet Obstruction 

Å Good prognosis includes:

Å Urine sodium < 100 Meq/liter

Å Urine chloride < 90Meq/liter

Å Urine osmolality < 200 milliosmo/liter

Å Beta-2 microglobulin < 6 mg/liter

Å Algorithm requires three sequential urine samples 48-72 hours apart

Å Place double pig-tail vesicoamniotic shunt to drain bladder

Å Does not necessarily solve renal dysplasia

Å Prevents pulmonary hypoplasia

Å 33-50% risk of renal failure in childhood

Å Possible role in renal biopsy of fetus



Obstructive uropathy (Callen pg 

765)



Isoimmune Hydrops Fetalis

ÅTriumph of science going from 43.3/1000 

samples in 1967 to 2.6/1000 samples in 

1996 after Rh immune globulin at 28 weeks 

and post-partum

ÅRh negativity 
Å 15% Caucasian of European descent

Å 8% African-Americans

Å 8% Hispanics from Mexico/Central America 

Å <1% in Eskimo, Native American, Chinese, Japanese



Isoimmune Hydrops Fetalis

ÅTest for Rh Antibody

ÅCritical titer 1:8 to 1:32

ÅNeed 4 fold rise from base (monthly)

ÅTest paternal Rh status/zygosity

ÅFetal blood type on amniocentesis (98+%)



Isoimmune Hydrops Fetalis

ÅUsed to do amniocentesis for titers at 18-22 weeks 
and use curves-uses 3 zones to determine critical 
values

Å Fetal blood sampling to determine Hct < 30% or 2 
standard deviations below mean for gestational 
age

ÅNow use ultrasound (<35 weeks) with peak 
middle cerebral artery velocity (MCA) to 
determine need for sampling or delivery-98% 
accurate at >1.5 MoM (multiples of median for 
gestational age) 



Isoimmune Hydrops Fetalis

Å Intravascular transfusions now done for fetuses 

with Hct < 30% (as early as 18 weeks)

ÅUse doppler/amnio data

ÅEnter cord at placental insertion if able

ÅObtain opening Hct and transfuse to Hct 35-40%

ÅHct degrades about 1%/day so multiple procedures 

often necessary

ÅMost babies delivered between 35-37 weeks with last 

transfusions at 30-32 weeks 



Infectious Hydrops Fetalis

ÅTwo most common are toxoplasmosis and 
Parvo-B19

ÅToxoplasmosis seroconversion may take 1-
4 months and carries risk of infection in 
fetus of:

Å15% first trimester

Å25% second trimester

Å65% third trimester



Infectious Hydrops Fetalis

ÅDiagnosis of toxoplasmosis is by maternal 
blood testing for IgM (acute infection) and 
IgG (previous infection)

ÅFetal infection may represent ultrasound 
findings of :

ÅHydrops

ÅCerebral calcifications

ÅLiver calcifications



Infectious Hydrops Fetalis

ÅDiagnosis in fetus may be done with 

amniocentesis with DNA-PCR on amniotic 

fluid (sensitivity of 95%)

ÅTreatment in-utero with antibiotics 

(spectinimcyin and sulfas) has been 

successful in at least one case of hydrops



Infectious Hydrops Fetalis

ÅParvo-B19 is more common than thought 
and has been seen in 10-15% of previously 
undiagnosed cases of hydrops

ÅViral transmission rate is about 30% and 
risk for fetal death is 5-10% of that so risk 
is < 1% for fatality.

ÅHydrops result of bone marrow suppression 
by the virus



Cordocentesis paths (after Hagen-Ansert 

pg 697)



Infectious Hydrops Fetalis

ÅDiagnosed by positive IgM (acute infection) in 
maternal serum

Å Follow with serial weekly ultrasounds for 8-12 
weeks to rule out hydrops

ÅHydrop changes or increased dopplers (MCA) 
necessitate IVT

ÅData shows that IVT survival after hydrops 
diagnosis 84% where observation survival was 
only 70%



Congenital Diaphragmatic Hernia

ÅOccurs in 1-4.5/10,000 live births

ÅMale/female equally affected

ÅLeft sided 75-90%, right side-10%, and 
bilateral < 5%

ÅUnknown etiology but failure of closure of 
pleuroperitoneal canals

ÅDiagnosed antepartum most commonly by 
ultrasound with fluid in fetal chest



Congenital Diaphragmatic Hernia

ÅMortality in unselected cases 80%

Å Prognosis related to:

Å Large size

ÅDiagnosis at < 24 weeks

Å Liver above diaphragm

Å Liver above survival 43%/ECMO 53%

Å Liver below survival 93%/ECMO 19%

ÅSmall contralateral lung

ÅAssociated anomalies

Å bliateral



Congenital Diaphragmatic Hernia

ÅOriginally tried open repairs in-utero with varied 
success-with liver above diaphragm often 
ñkinkedò the umbilical/portal vein causing death

ÅNow have a NIH trial at San Fransisco to try 
fetoscopic tracheal occlusion
ÅUse videofetoscopic technique to occlude trachea

ÅUse ex utero intrapartum treatment (EXIT) procedure to 
partially deliver baby by c-section, tracheal clip 
identified by string and removed, and fetus intubated-
success rates in 8 fetuses so far are 75% versus 
traditional surgery post-delivery.



Congenital Cystic Adenomatoid 

Malformation (CCAM)

ÅCCAM is a hamartomatous pulmonary lesion seen 
on ultrasound as a cystic mass

ÅUsually unilateral, may involve either lung and 
any lobe but usually is isolated to one lobe or 
segment in about 95% of cases.

Å Bilateral in < 2% cases

Å Three types:
Å Macrocystic (cysts 2-10 cm) (60% includes medium cysts)

Å Medium size cysts (cysts < 2 cm)

Å Microcystic (cysts < 0.5 cm) (40%)


