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General Ultrasound Concepts  

ÅScanning Planes  

ÅAxial : Transverse  

ÅSaggital: Longitudinal  

ÅCoronal  
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ÅGeneral Ultrasound Concepts  

ÅScanning Planes  

With permission from Ray O. Bahado -Singh, M.D., MBA  
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ÅTransducer frequency/use:  

Å3.0 MHz: low (high penetration, low 

resolution)  

Å10.0 MHz: high (low penetration, high 

resolution)  

Å3-5 MHz: transabdominal exams  

Å5-10 MHz: transvaginal, special exams  

ÅTransducer types:  

ÅLinear array  

ÅSector  

ÅTransvaginal  
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ÅGeneral Ultrasound Concepts  
Potential barriers to anatomy visualization:  

1. Patient Specific:  

a. Maternal body habitus  

b. Abdominal wall scarring  

c. Anterior uterine wall masses  

2. Sonographer skill  

3. Transducer resolution/penetration  

4. Gestational age (fetal size, bone ossification)  

5. Fetal position, fetal number  

6. Examination time  

Catanzarite V. Ultrasound Obstet Gynecol 2005; 26:521 -526. 
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ÅGeneral Ultrasound Concepts  
ïComprehensive ultrasound exam: Ó50 images 

ïScan time vs % comprehensive exam 

completion (no patient barriers, single fetus):  

Å10 minutes: 8%  

Å15 minutes: 31%  

Å20 minutes: 53%  

Å25 minutes: 72%  

Å30 minutes: 81%  

Catanzarite V. Ultrasound Obstet Gynecol 2005; 26:521 -526. 
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ÅGeneral Ultrasound concepts  

-Gestational age vs % 

comprehensive exam completion:  

Å16+0-17+6  weeks: 67%  

Å18+0-19+6  weeks: 82%  

Å20+0-21+6  weeks: 96%  

ïPlacenta site vs % comprehensive 

exam completion:  

ÅAnterior: 57%  

ÅPosterior: 74%  
Catanzarite V. Ultrasound Obstet Gynecol 2005; 26:521 -526. 
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Embryology: day 21 embryo  

Moore KL, Persuad TVN. The Developing Human,  7th ed  Philadelphia: Saunders; 2003:68.  



©AIUM 

Spine  
ÅEmbryology: day 22 and 23 

embryo  

Moore KL, Persuad TVN. The Developing Human. 7th ed. Philadelphia: Saunders; 2003:86.  
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http://www.chw.org/display/PPF/DocID/35573/Nav/1/router.asp 

ÅAnatomy            Vertebra (N = 29)  

Cervical - 7 

Thoracic - 12 

Lumbar - 5 

Sacral - 5 

95% = 29 vertebra  3% = 30 - 31 vertebra  

2 % = 28 vertebra  
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ÅAnatomy: Vertebra Ossification  
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Spine: Vertebra Shape  

Cervical - quadrangular  Thoracic - triangular  

Lumbar - triangular  Sacral - flat  

Spinal cord  Iliac bone  
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ÅLongitudinal (Sagittal) Scan Plane  
ÅSpine appears as 2 parallel lines (railroad track).  

ÅThe thicker line represents the vertebral body.  

ÅThe thinner line represents the posterior  elements of 

the vertebra.  
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Longitudinal (Sagittal) Scan Plane: 

Lumbo/Sacral  
Å Convergence of vertebral body and posterior elements 

leading to loss of railroad track sign.  

Å Image enlargement can identify nerve roots inferior to 

end of cord (conus medullaris/cauda equina).  

Spinal cord  Convergence of posterior line  
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ÅCoronal Scan Plane  

Å This view may show the vertebral body and transverse 

processes as 3 lines.  

Å May also show fewer lines:  

ïOne line: thick central line  (vertebral body)  

ïTwo lines: thinner lateral lines  (transverse processes)  
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ÅISUOG Education Committee

Sonographic examination of fetal CNS:  

ÅBasic exam:  

ïHead shape (BPD, HC)  

ïLateral ventricles  

ïCavum septi pellucidi  

ïThalami  

ïCerebellum (Transcerebellar diameter )  

ïCisterna magna  

ïSpine  

ÅThree scanning planes: transverse (axial),  

sagittal, coronal  
ISUOG Guidelines. Ultrasound Obstet Gynecol 2007; 29:109 ï 116. 
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a = transventricular  

b = transthalamic (BPD level)  

c = transcerebellar  
ISUOG Guidelines. Ultrasound Obstet Gynecol 2007; 29:109 -116. 

ÅAxial Scanning Planes of Head  
a 

b 

c 
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ÅTransventricular Scanning Plane  

 Anterior and posterior portion of lateral 

ventricle:  
ÅAnterior (frontal) horns:  

ïComma -shaped fluid -filled structure, well -defined lateral 

wall  

ïSeparated by cavum septi pellucidi (visible at 16 weeks, 

obliterated at 37 weeks)  

ÅPosterior horns (atria):  

ïComplex of fluid -filled atrium and echogenic glomus of 

choroid plexus  

ïBright echogenic parallel lines of medial and lateral walls of 

ventricle  

ïProximal horn (closest to transducer) not seen due to 

artifact  

ISUOG Guidelines. Ultrasound Obstet Gynecol 2007; 29:109 -116. 
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ÅTransventricular Scan Plane Image  

Frontal horns  

Cavum septi pellucidi  

Choroid plexus  

Atria  

Falx cerebri  
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Transventricular Plane: Posterior Atria  
Å Measurement of posterior atria (PA) is inner wall to inner wall.  

Å Calipers should be perpendicular to PA axis.  

Å Measurement should not be in far narrow area of PA.  

Å PA stable  7 ± 1 mm (14-40 weeks).  

Å PA >10 mm indicates ventriculomegaly.  
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ÅTransthalamic Scanning Plane  

ïIntermediate scan plane level  

ïReferred to as biparietal diameter 

plane  

ïAnatomic landmarks:  

ÅFrontal horns of lateral ventricle  

ÅCavum septi pellucidi (CSP)  

ÅThalami  

ÅHippocampal gyruses  
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Transthamalmic Scan Plane Image  

Frontal horn  

Cavum septi pellucidi  

Thalami  

Midline Falx  
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ÅTranscerebellar Scanning Plane  

ïOblique frontal -occipital scan plane  

ïLandmarks:  

ÅFrontal horns of lateral ventricle  

ÅCavum septi pellucidi (CSP)  

ÅThalami  

ÅCerebellum (bilobed butterfly shape)  

ÅCisterna magna (fluid -filled space)  

ïEvaluation Pearl: should not be larger than 

10 mm from mid to late gestation  
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ÅTranscerebellar Scan Plane Image  

Frontal horns  

Cisterna magna  

Cavum septi pellucidi  

Cerebellar hemispheres  

Thalami  
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ÅEmbryology: Neural Tube Defects  

Moore KL, Persuad TVN. The Developing Human . 7th ed . Philadelphia: Saunders; 2003:441.  
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NTD: Risk Factors and Incidence 

Mother as reference  

General incidence  0.14-0.16% 

Diabetic mothers  2.0% 

First -trimester valproic acid  1.0 -2.0% 

Fetus as reference  

1 sibling with NTD  1.5-2.0% 

2 siblings with NTD  5.7% 

Parent with NTD  1.1% 

Half sibling with NTD  0.8% 

First cousin (motherôs sisterôs child) 1.0% 

Other first cousins  0.3% 

Sibling with severe scoliosis from multiple 

vertebral defects  

1.5-3.0% 

Sibling with occult spina bifida  1.5-3.0% 

Sibling with SCT or hamartoma  ~1.5 - 3.0% 

Modified: Main DM, Mennuti MT. Obstet Gynecol 1986; 67:1 -16. 
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Åa-Fetoprotein  (AFP) 

Å 1956  Bergstrand and Czar   

 discover in AF  

Å Glycoprotein,  initial  

 production in yolk sac then  

gastrointestinal tract then liver  

Å Enters AF by transudation 

 across skin and fetal urination  

Å Different [AFP] by  

 compartment and  

 gestational age  

Å 1972 Brock and Sutcliffe report  AF 

AFP is elevated in cases  of NTD 

Å 1977 Wald et al report AFP 

 elevated in maternal serum of NTD 

cases  
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ÅMSAFP Screening  
Å  >90% NTD cases have no 

 risk factors.  

Å MSAFP reported as MoM.  

Å Cutoff values 2.0 and 2.5 MoM.  

Å 2.0 MoM: 85%-90% detection 

 and 4%-6% false -positive rate.  

Å 2.5 MoM: 75%-80% detection 

 and 2%-3% false -positive rate.  

Å Elevated values need 

 ultrasound exam .  

Å IMPORTANT: affected cases 

 can have normal MSAFP.  
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ÅFactors Affecting MSAFP Values  

Factor  Impact on MSAFP  

Gestational age   Increase or decrease  

Maternal weight 

increased  

 Lower  

Maternal race  Black: 10%  higher  

Asian: 15%  higher  

IDDM 20% lower  

Multifetal gestation  Increased  

Fetal À/reduction Increased  
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Spina Bifida (SB)  
ïSynonyms: spinal dysraphism, rachischisis, meningocele, 

myelomeningocele  

ïDefect of dorsal arch of vertebra that results in exposure of 

elements of neural canal:  

ÅSB aperta (open): 85% of dorsal defects  

ÅSB occulta (closed): 15% dorsal defects  

ÅMyeloschisis: spinal cord open and is part of defect wall, 

absent dorsal arches, pedicles far apart  

ïPathogenesis: 2 theories:  

ÅArrhapia: failure or neuropore closure  

ÅHydromelic: imbalance in CSF production and reabsorption 

in embryonic period  
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Modified from Botto L et al. N Engl J Med 1999; 341:1509-1519 

Spina Bifida Classification  

Spina bifida aperta  
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Spina Bifida Occulta  
ïAccounts for 15% of dorsal tube defects.  

ïDefect in bone: skin and muscle intact and 

covers defect.  

ïAsymptomatic, usually incidental diagnosis 

with x -ray exam of spine for other reasons, 

finding of hypertrichosis or skin dimple.  

ïMSAFP value would not be elevated.  

ïDifficult prenatal diagnosis unless 

associated lipoma:  

ÅLipoma would appear as soft tissue mass 

ñtailò in sacral area. 
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Spina Bifida Aperta  
Myelomeningocele, meningocele:  

ÅDefect in bone, overlying skin, and muscle.  

ÅNeural canal is exposed.  

ÅThin membrane cover gives cystic 

appearance.  

ïMeningocele: meninges herniated 

through defect.  

ïMyelomeningocele: spinal cord elements 

in hernia sac.  

ÅElevated AFP (maternal, amniotic fluid)  
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ÅSpina Bifida Aperta  (Cont)  

Ultrasound findings:  

ÅLongitudinal (sagittal) plane:  

ïLoss of ñrailroad trackò feature: 

»Loss of posterior line and overlying 

tissue at level of lesion  

ïThin -all herniated meningeal sac:  

»With or without spinal cord elements  

ïCephalic part of defect determines level:  

»Level determined by counting ossified 

vertebral segment  
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Loss of railroad tract  

 Railroad tract   

Herniated meningeal sac  

Myelomeningocele: sagittal  scan plane  
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ÅSpina Bifida Aperta  (Cont)  
ïUltrasound findings:  

ÅTransverse plane:  

ïLoss of circular order of 3 ossification centers  

ïLateral ossifications (processes) splayed:  

»Defect has  a ñUò shape 

ïThin -wall herniated meningeal sac:  

» With or without spinal cord elements  

» Sac may not be easily seen if spine close 

to uterine wall.  

ïAmniotic fluid surrounding defect helps 

visualization  

ïMany feel this is best plane to see defect.  
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Myelomeningocele: transverse  scan plane  

Loss of circular order of ossifications centers  

Splayed lateral ossification centers  

ñU ñ shape defect 

Herniated meningeal sac  

Spinal cord elements  

Iliac bone  
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Meningocele: transverse  scan plane  

Meningeal sac  

No spinal cord elements  
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ÅSpina Bifida Aperta  (Cont)  

Ultrasound findings:  

ÅCoronal plane:  

ïLoss of normal 3 parallel line format  

ïCentral line is lost  

ïExternal lines (lateral processes) are 

wider apart  
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ÅMeningocele: coronal scan plane  

Central line lost  
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ÅSpina Bifida: Other Considerations  

ïDifferential diagnosis:  

ÅCystic sacrococcygeal teratoma  

ÅHemivertebrae  

ïAssociated anomalies:  

ÅTalipes (clubfoot)  

ÅAneuploidy: 17%  (13, 18, triploidy)  

ÅVentricular enlargement:  

ï70% midtrimester vs 90% at birth  

ÅArnold -Chiari type II malformation:  

ïIntracranial sign open NTD  

ï>95% of NTD cases have intracranial signs  
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Clubfoot  

Long axis of lower leg  

Plantar surface of foot  
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ÅSpina Bifida: Management  
ïDetailed anatomy survey  

ïKaryotype (16% risk of aneuploidy):  

ï<24 weeks: discuss medical induction  

ï>24 weeks or elect to continue pregnancy:  

ÅCounseling (genetics, neonatology, neurologist, 

neurosurgeon, urologist, orthopedic surgeon)  

ÅDelivery route: controversial:  

ïMany favor cesarean unless aneuploidy, fatal findings  

ïIn utero repair: experimental:  

ÅLimited reports in humans: lower risk of Arnold -Chiari II 

sequela, postnatal shunts  

ÅOngoing multicenter National Institutes of Health trial: 

MOMS: 

ïwww.spinabifidamoms.com  
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ÅSpina Bifida: Prognosis  

ïStillbirths: ~25%  

ïInfant mortality: 20%  year 1, 35% by year 5  

ïIncontinence: ~83%  

ïLesion level impacts outcome
* 

Thoracolumbar  Lumbosacral  Sacral  

Mortality  35% 11% 0% 

IQ >80 44% 65% 100% 

Able to walk  71% 81% 100% 

Walk without appliance  0% 16% 83% 

* Modified: Main DM, Mennuti MT. Obstet Gynecol 1986; 67:1 -16. 
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ÅSpina Bifida  

ïGenetics and recurrence:  

ÅMultifactorial:  

Å1.5%-3% after 1 affected child  

Å~6% after 2 affected children  

ïPrevention * 
ÅRecurrence 1: 72% reduction:   

ï4 mg folic acid/day before conception and thru 12 

weeks  

ÅFirst occurrence 2: 

ï400 mg folic acid/day for women of child -bearing age  

* MMWR: 1, 1991; 40:513 -515 ; 2, 1992 ; 41:RR-14 . 
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 INTRACRANIAL SIGNS  

Ventriculomegaly: enlarged posterior atria:  

ïNot specific for neural tube defects  

ï70% of cases midtrimester vs  

ï 90% at birth  
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Lemon Sign  
ïConcave deformity of frontal bones  

ï<24 weeks 98% of case vs >24 weeks 13% of cases  

ïCan be seen in 1% -2% of normal fetuses  
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INTRACRANIAL SIGNS  

Banana Sign (Cerebellar Deformity)  

ïArnold -Chiari type II malformation  

ïSeen in 95% of cases at any stage of gestation  

Obliteration of cisterna magna  

Concave deformity of cerebellum  
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Sacrococcygeal Teratoma  
ïPresacral germ cell tumor arises 

from Hensenôs node 

ï Incidence, 1:40,000 births  

ïFemale:male,  4:1  

ïFour types:  

ÅI , external, minimal presacal  

ÅII, external with intrapelvic 

component  

ÅIII, internal with abdominal 

extension  

ÅIV, internal, no external 

component  

ïSonographic types  

ÅCystic, 15%  

ÅSolid or mixed, 85%  

Other Defects  
80% 

10% 

www.radhelper.com/é/slide0194.htm 
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Sacrococcygeal Teratoma (SCT)  

Histologic types:  

ÅMature (benign): 55% -75%:  

ïNormal  tissues (eg, skin, bone, bowel)  

ïFrequently cystic  

ïFetus less likely to develop hydrops  

ÅImmature: 11% -28%: 

ïEmbryonal neuroepithelial or renal tissue  

ïFrequently cystic  

ÅMalignant: 7% -13%: 

ïYolk sac, endodermal sinus tumor  

ïProduces AFP  

ïPredominantly solid tumor  

ïSignificant vascular component:  

» Risk for hydrops  
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SCT Ultrasound 

Diagnosis  

Å  Cystic, solid, or mixed 

 mass arising from 

 sacrococcygeal region  

Å  Color Doppler can 

 show vascular  

 component of solid 

 tumors  

Å  May not easily see 

 intrapelvic type IV  

Å  ± polyhydramnios/

 hydrops depending on 

 tissue type  
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SCT: Differential 

Diagnosis  

Å Myelomeningocele:  

ÅSCT will have 

normal intracranial 

anatomy  

Å Other region tumors  

Å SCT: associated 

anomalies:  

Å Postnatal: 5% -25% 

 but no specific pattern  

Å Prenatal: rare except 

 for hydrops  

Intracranial anatomy of case slide 56  
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SCT Prognosis: 52%-68% Mortality 

ïFetal hydrops: 

ÅSeen with large solid tumors 

Å~100% mortality  

ïTissue histology: 

ÅMalignant tumors, rapidly fatal 

ÅType I, rarely malignant 

ÅType II, 6% metastatic 

ÅType III, 20% metastatic 

ÅType IV, 76% metastatic 

ïTumor size: large lesion = more surgical risk 
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SCT Prognosis (Cont) 

Time diagnosis-mortality: 

ÅPrenatal, 50% 

ïMortality factors: 

» Physiology, develop hydrops 

» Tumor size, rupture, hemorrhage,  

dystocia, preterm delivery 

ÅPostnatal, 5%  

ïMortality factors: 

» Malignant degeneration 
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SCT: Pregnancy Management 
ÅMultidiscipline counseling  

ÅPreviable: offer medical termination 

ÅSerial ultrasound exams (1-2 weeks) assess for 

cardiac failure, urinary tract obstruction 

ÅIn utero resection: fetal surgical centers: 

ÅCase reports: variable outcome 

ÅConsider experimental 

ÅDelivery 37 weeks with lung maturity: 

ÅCesarean birth preferred 

Å?? Vaginal delivery if small:  

ÅDystocia : 13% 

ÅTrauma risk: rupture/hemorrhage, avulsion, À 
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ÅScoliosis/kyphosis 

Å  Abnormal spine curvature: 

Å  Scoliosis lateral curvature 

Å  Kyphosis, anterior 

 angulation 

Å  Kyphoscolosis 

Å  Curvature: minor or 900 

Å  Etiologies: 

ÅNTD, most common 

ÅHemivertebra 

ÅVACTERAL 

ÅAmniotic band 

ÅLBWC 

ÅArthrogryposis 

ÅSkeletal dysplasia 

Breech  

Other Defects  

Thoraco -Lumbar  

Spine  


