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General Ultrasound Concepts

A Scanning Planes
AAxial : Transverse
A Saggital: Longitudinal
ACoronal




' General Ultrasound Concepts
A Scanning Planes

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

A 3.0 MHz: low (high penetration, low
resolution)

A 10.0 MHz: high (low penetration, high
resolution)

A 3-5 MHz: transabdominal exams
A5-10 MHz: transvaginal, special exams

Transducer types:
ALinear array
A Sector
A Transvaginal
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General 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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General Ultrasound Concepts
IFComprehensive ultrasounc

I Scan time vs % comprehensive exam
completion (no patient barriers, single fetus):

A10 minutes: 8%

A15 minutes: 31%
A20 minutes: 53%
A25 minutes: 72%
A30 minutes: 81%

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

- Gestational age vs %
comprehensive exam completion:

A16+0-17+6 wee
A18+0-19+6 wee
A204+0-21+6 wee

KS: 6/%
KS: 82%

KS: 96%

I Placenta site vs % comprehensive
exam completion:

AAnterior: 57%
APosterior: 74%

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

Pericardial
coelom

Pericardio- .
peritoneal Somite Neural folds about to Somatopleure

canal fuse to form neural tube

Peritoneal
coelom (cavity)

Level of
section F

Intraembryonic coelom

Splanchnopleure

Moore KL, Persuad TVN. The Developing Human, 7th ed Philadelphia: Saunders; 2003:68.
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Spine
Embryology: day 22 and 23

\ Optic groove
Neural groove AR NG (primordium of eye)

Neural folds fusing
_ W to form primary
Somite R 3 x brain vesicles
1 Neural tube
Rostral

Neuropores SRR SR .
P Caudal R LA : Somites

Caudal
neuropore

! Actual size 2.5 mm I Actual size 3.0 mm

B 23 Days
Moore KL, Persuad TVN. The Developing Human. 7th ed. Philadelphia: Saunders; 2003:86.
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Anatomy Vertebra (N = 29)

3% = 30 - 31 vertebra
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Main Embryonic Period (In weeks) Fetal Period (in weeks) ————————>

5 6

Period of dividing
zygote, implantation,
and bilaminar embryo

® Common site(s) of action
of teratogens

Embryonic disc D Less sensitive period

;  of female genitalia . Extemal genitalia
| e i i
ot mopitie b, FGON: Merisiive fperiod TA—Truncus arferiosus; ASD— Alrial septal defect;

eratogenes K T VSD—Ventricular septal defect

Death of emb nd : . :
spomf.zous wg: Zommon Major congenital anomalies Functional defects and minor anomalies
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Anatomy: Vertebra Ossification

Secondary ossification centers

Primary
ossification

centers
Anular epiphysis

Body
F




Spine: Vertebra Shape
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OB
Spatial Compound
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- N o Gain= 5dB  a=2

Progress
2:41:11

Store in

Longitudinal (Sagittal) Scan Plane
A Spine appears as 2 parallel lines (railroad track).
A The thicker line represents the vertebral body.

A The thinner line represents the posterior  elements of
the vartehra
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Convergence of posterior line ' _ /

Spinal cord

Longitudinal (Sagittal) Scan Plane:

Lumbo/Sacral
AConvergence of vertebral body and posterior elements

leading to loss of railroad track sign.
Almage enlargement can identify nerve roots inferior to

end of cord (conus medullaris/cauda equina).
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Coronal Scan Plane

A This view may show the vertebral body and transverse
processes as 3 lines.

A May also show fewer lines:
I One line: thick central line (vertebral body)
I Two lines: thinner lateral lines (transverse processes)
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ISUOG Education Committee

Sonographic examination of fetal CNS:

ABasic exam:
I Head shape (BPD, HC)
I Lateral ventricles
I Cavum septi pellucidi
I Thalami
I Cerebellum (Transcerebellar diameter )
I Cisterna magna
I Spine
AThree scanning planes: transverse (axial),

sagittal, coronal
ISUOG Guidelines. Ultrasound Obstet Gynecol 2007; 29:109 i 116.
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a = transventricular
b = transthalamic (BPD level)
Cc = transcerebellar

ISUOG Guidelines. Ultrasound Obstet Gynecol 2007; 29:109  -116"
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Transventricular Scanning Plane

Anterior and posterior portion of lateral

ventricle:

A Anterior (frontal) horns:

I Comma-shaped fluid -filled structure, well -defined lateral
wall

I Separated by cavum septi pellucidi (visible at 16 weeks,
obliterated at 37 weeks)

A Posterior horns (atria):

I Complex of fluid -filled atrium and echogenic glomus of
choroid plexus

I Bright echogenic parallel lines of medial and lateral walls of
ventricle

I Proximal horn (closest to transducer) not seen due to
artifact

ISUOG Guidelines. Ultrasound Obstet Gynecol 2007; 29:109  -116. GAIUM
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Transventricular Scan Plane Image
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~ Cavum septi pellucidi _
= GMD > e L Fallx cerebri

ES

Frontal horns

Choroid plexus

©AIUM



+D=5.4 mm
Transventricular Plane: Posterior Atria
A Measurement of posterior atria (PA) is inner wall to inner wall.
A Calipers should be perpendicular to PA axis.
A Measurement should not be in far narrow area of PA.
A PA stable 7 +1 mm (14-40 weeks).
A PA >10 mm indicates ventriculomegaly.
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Transthalamic Scanning Plane
I Intermediate scan plane level

I Referred to as biparietal diameter
plane

I Anatomic landmarks:
AFrontal horns of lateral ventricle
ACavum septi pellucidi (CSP)
AThalami
AHippocampal gyruses
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Transthamalmic Scan Plane Image

Cavum septi pellucidi

—
N

Midline Falx
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Spine

Transcerebellar Scanning Plane
I Oblique frontal -occipital scan plane

I Landmarks:
AFrontal horns of lateral ventricle
ACavum septi pellucidi (CSP)
AThalami
A Cerebellum (bilobed butterfly shape)
ACisterna magna (fluid -filled space)

I Evaluation Pearl: should not be larger than
10 mm from mid to late gestation
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Transcerebellar Scan Plane Image
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Spine
Embryology: Neural Tube Defects

Neural tubbe
/

Naural fold —_

Hostral

Caudal nauropore
NOUropoTra o Por

Somite

Defactive closure of Datective closure of
rostral neuropore caudal nouraponre

incomplate dovelopmeant

of brain with do naration

Incompiaete developmeoent

of calvaria (cranial vault)

Aharation In facios (lacial asppearance)
+/+ auricie

MNaural groove

Noural fold

Brain tissue l

Naural deficit

Datoct In vertebral
caudal to lesion Maningomyelooels

arch of vertobra

Meroanencaephaly

- t / . hal Spina biida occults
(Aanencaphaly) fe Clubioo - Hydrocephalus Sp o

Tuft of hair
{ Dura mator

Subamohnoid spaces

Incomplete
vartebral arch

Spinal cord

“Vortebra

Moore KL, Persuad TVN. The Developing Human . 7th ed . Philadelphia: Saunders; 2003:441.



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 SWEL
Parent with NTD 1.1%
Half sibling with NTD 0.8%

First cousin (moth

er 0sl1.0%i st €

Other first cousins 0.3%
Sibling with severe scoliosis from multiple 1.5-3.0%
vertebral defects
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.

©AIUM



GRS Bl /a-Fetoprotein (AFP)

A1956 Bergstrand and Czar
discover in AF

AGlycoprotein, initial
production in yolk sac then

gastrointestinal tract then liver

AEnters AF by transudation
across skin and fetal urination

ADifferent [AFP] by
compartment and
gestational age

A1972 Brock and Sutcliffe report ~ AF
» s AFP is elevated in cases of NTD

CNNOTEEONE A1977 Wald et al report AFP
elevated in maternal serum of NTD

Source: Cunningham FG, Leveno KL, Bloom SL, Hauth JC, Gilstrap LC, Wenstrom KD
Williams Obstetrics, 22nd Edition: http://www. accessmedicine.com cases

Copyright @ The McGraw-Hill Companies, Inc. All rights reserved,
©AIUM
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Felfectes MSAFP Screening

Open spina bifida A >90% NTD cases have no
/ risk factors.

AMSAFP reported as MoM.

A2.0 MoM: 85%-90% detection

- | A2.5 MoM: 75%-80% detection

7 :
S A

o 25 5,0 10.0 ' and 2%-3% false -positive rate.

Maternal serum alpha-fetoprotein level AElevated values need
(MU'tlp‘eS of the median) ultrasound exam .

Source: Cunningham FG, Leveno KL, Bloom SL, Hauth JC, Gilstrap LC, Wenstrom KD AI MPORTANT: affected cases

Williams Obstetrics, 22nd Edition: hitp://www. accessmedicine.com can have normal MSAFP.
Copyright ® The McGraw-Hill Companies, Inc. All rights reserved,

ACutoff values 2.0 and 2.5 MoM.

and 4%-6% false -positive rate.

©AIUM
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AFactors 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

Fet al A/ r edulct i dntreased




Spine
Spina Bifida (SB)

I Synonyms: spinal dysraphism, rachischisis, meningocele,
myelomeningocele

I Defect of dorsal arch of vertebra that results in exposure of
elements of neural canal:

A SB aperta (open): 85% of dorsal defects
A SB occulta (closed): 15% dorsal defects

A Myeloschisis: spinal cord open and is part of defect wall,
absent dorsal arches, pedicles far apart

I Pathogenesis: 2 theories:
A Arrhapia: failure or neuropore closure

A Hydromelic: imbalance in CSF production and reabsorption
In embryonic period

©AIUM



Spina Bifida Classification

Spina bifida occulta Meningocele Myelomeningocele

Spina bifida aperta

- =2 e NEW ENGLAND
Modified from Botto L et al. N Engl J Med 1999; 341:1509-1519  {2&] ?DURNAL of MEDICINE

©AIUM



Spine
Spina Bifida Occulta

I Accounts for 15% of dorsal tube defects.

I Defect in bone: skin and muscle intact and
covers defect.

I Asymptomatic, usually incidental diagnosis
with x -ray exam of spine for other reasons,
finding of hypertrichosis or skin dimple.

I MSAFP value would not be elevated.

I Difficult prenatal diagnosis unless
associated lipoma:

ALipoma would appear as soft tissue mass
Atail o i n sacral area.
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Spina Bifida Aperta
Myelomeningocele, meningocele:
ADefect in bone, overlying skin, and muscle.
ANeural canal is exposed.

AThin membrane cover gives cystic
appearance.

I Meningocele: meninges herniated
through defect.

I Myelomeningocele: spinal cord elements
In hernia sac.

AElevated AFP (maternal, amniotic fluid)
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Spina Bifida Aperta (Cont)
Ultrasound findings:

ALongitudinal (sagittal) plane:
ifLoss of nrailtl road tr .

»Loss of posterior line and overlying
tissue at level of lesion

I Thin -all herniated meningeal sac:
»With or without spinal cord elements
I Cephalic part of defect determines level:

»Level determined by counting ossified
vertebral segment



Spine

Myelomeningocele: sagittal scan plane
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Railroad tract

==

Loss of railroad tract
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Spine

Spina Bifida Aperta (Cont)
I Ultrasound findings:
ATransverse plane:
I Loss of circular order of 3 ossification centers
I Lateral ossifications (processes) splayed:
»Def ect has a AUO shap
I Thin-wall herniated meningeal sac:
» With or without spinal cord elements

» Sac may not be easily seen if spine close
to uterine wall.

I Amniotic fluid surrounding defect helps
visualization

i Many feel this Is best plane to see defect.



Spine

Myelomeningocele: transverse scan plane
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Spine

Meningocele: transverse scan plane
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Spine

Spina Bifida Aperta (Cont)
Ultrasound findings:
ACoronal plane:
I Loss of normal 3 parallel line format

I Central line 1s lost

I External lines (lateral processes) are
wider apart




Spine

/A Meningocele: coronal scan plane
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Spine

Spina Bifida: Other Considerations

| Differential diagnosis:
ACystic sacrococcygeal teratoma
AHemivertebrae

I Assoclated anomalies:
ATalipes (clubfoot)
AAneuploidy: 17% (13, 18, triploidy)
AVentricular enlargement:
I 70% midtrimester vs 90% at birth

AArnold -Chiari type Il malformation:

I Intracranial sign open NTD
T >SO050H0 of NTD cases have intracranial sians




Clubfoot

= Plantar surface of foot

ong axis of Jower leg
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Spine

Splna Bifida: Management

Detailed anatomy survey
Karyotype (16% risk of aneuploidy):
<24 weeks: discuss medical induction

>24 weeks or elect to continue pregnancy:

A Counseling (genetics, neonatology, neurologist,
neurosurgeon, urologist, orthopedic surgeon)

A Delivery route: controversial:
I Many favor cesarean unless aneuploidy, fatal findings

In utero repair: experimental:

A Limited reports in humans: lower risk of Arnold -Chiari Il
sequela, postnatal shunts

A Ongoing multicenter National Institutes of Health trial:
MOMS:
T www.spinabifidamoms.com

©AIUM



Spine

Spina Bifida: Prognosis
I Stillbirths: ~25%

I Incontinence: ~83%

*

I Lesion level impacts outcome

I Infant mortality: 20% year 1, 35% by year 5

Thoracolumbar Lumbosacral Sacral
Mortality 35% 11% 0%
1Q >80 449% 65% 100%
Able to walk 71% 81% 100%
Walk without appliance 0% 16% 83%

* Modified: Main DM, Mennuti MT. Obstet Gynecol 1986; 67:1

©AIUM



Spine

Spina Bifida
I Genetics and recurrence;
AMultifactorial:

A1.5%-3% after 1 affected child
A~6% after 2 affected children

I Prevention

ARecurrence : 72% reduction:

I 4 mg folic acid/day before conception and thru 12
weeks

AFirst occurrence
I 400 ny folic acid/day for women of child -bearing age
*MMWR: 1, 1991; 40:513-515;  2,1992; 41:RR-14 .

2:



INTRACRANIAL SIGNS
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Ventriculomegaly: enlarged posterior atria:
I Not specific for neural tube defects
I 70% of cases midtrimester vs
I 90% at birth



INTRACRANIAL SIGNS

I UNIVERSITY OF CONNECTICUT HEALTH CENTER- MFM- ROOM 1
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Lemon Sign
I Concave deformity of frontal bones
I <24 weeks 98% of case vs >24 weeks 13% of cases
I Can be seen in 1% -2% of normal fetuses




INTRACRANIAL SIGNS

l UNIVERSITY OF CONNECTICUT HEALTH CENTER- MFM~- ROOM 1

Concave deformity of cerebellu

A.

Obliteration of cisterna magna

Banana Sign (Cerebellar Deformity)
I Arnold -Chiari type Il malformation
I Seen in 95% of cases at any stage of gestation

©AIUM
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Sacrococcygeal Teratoma
Other Defects i Presacral germ cell tumor arises

from Hensends nodeé
I Incidence, 1:40,000 births
I Female:male, 4:1
I Four types:

A1, external, minimal presacal

A 11, external with intrapelvic
component

A 111, internal with abdominal
extension

A1V, internal, no external
component

I Sonographic types
A Cystic, 15%
A Solid or mixed, 85%

www. radhel per.com/ é/slide0194. ht m

10%
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Spine

Sacrococcygeal Teratoma (SCT)

Histologic types:
AMature (benign): 55% -75%:
I Normal tissues (eg, skin, bone, bowel)
I Frequently cystic
I Fetus less likely to develop hydrops

Almmature: 11% -28%:
I Embryonal neuroepithelial or renal tissue
I Frequently cystic
AMalignant: 7% -13%:
I Yolk sac, endodermal sinus tumor
I Produces AFP
I Predominantly solid tumor
I Significant vascular component:
» Risk for hydrops
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SCT Ultrasound

D i a g n O S i S UNIVERSITY OF CONNECTICUT HEALTH CENTER- MFM- ROOM 2
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ACystic, solid, or mixed i
mass arising from SRS
sacrococcygeal region " 4..:2,:#". |
A Color Doppler can y 2"'@ S v
show vascular AN ML
component of solid ‘A ges YR,
tumors E § & B
A May not easily see ‘\g e
intrapelvic type IV : ~";

A + polyhydramnios/
hydrops depending on
tissue type
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SCT: Differential
Diagnosis
AMyeIomeningoceIe:

A SCT will have
normal intracranial
anatomy

AOther region tumors

ASCT: associated
anomalies:

APostnatal: 5% -25%
but no specific pattern

APrenatal: rare except
for hydrops

UNIVERSITY OF CONNECTICUT HEALTH CENTER- MFM- ROOM 2

Intracranial anatomy of case slide 56
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Spine

SCT Prognosis: 52%-68% Mortality

I Fetal hydrops:
A Seen with large solid tumors
A~100% mortality

I Tissue histology:
AMalignant tumors, rapidly fatal
AType I, rarely malignant
AType I, 6% metastatic
AType 1, 20% metastatic
AType IV, 76% metastatic

I Tumor size: large lesion = more surgical risk




Spine

SCT Prognosis (Cont)
Time diagnosis-mortality:
APrenatal, 50%
I Mortality factors:

» Physiology, develop hydrops

» Tumor size, rupture, hemorrhage,
dystocia, preterm delivery

APostnatal, 5%

I Mortality factors:
» Malignant degeneration
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SCT: Preghancy Management

A Multidiscipline counseling
A Previable: offer medical termination

A Serial ultrasound exams (1-2 weeks) assess for
cardiac failure, urinary tract obstruction

AIn utero resection: fetal surgical centers:
ACase reports: variable outcome
AConsider experimental

A Delivery 37 weeks with lung maturity:
ACesarean birth preferred

A?? Vaginal delivery if small:
A Dystocia : 13%
ARTr auma r i < k - runture/ hemorr h




Spine

. Other Defects
A Scoliosis/kyphosis

A Abnormal spine curvature:
A Scoliosis lateral curvature

A Kyphosis, anterior
angulation

A Kyphoscolosis
A Curvature: minor or 90°
A Etiologies:

A NTD, most common
A Hemivertebra

A VACTERAL

A Amniotic band - L . | )
oraco -Lumpar reec

A LBWC S

A Arthrogryposis
A Skeletal dysplasia
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