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Gestatinal age 

 In the United States, approximately 65% of pregnant 

women have at least one ultrasound examination. In the 

absence of other specific indications, the optimal timing 

for a single ultrasound examination is at 18 to 22 weeks 

of gestation.  



 Ultrasound estimates of gestational age are based on the assumption that 

gestational sac size, embryo size (eg, crown rump length [CRL]), and the size 

of fetal parts (eg, cranium, long bones, abdomen) correlate with age. 

 If sonography is performed selectively, sonographic estimation of gestational 

age is essential when: 

 Menstrual cycles are irregular (vary by ≥7 days) 

 LMP is unknown or uncertain 

 The patient conceived while using hormonal contraception 

  Uterine size on physical examination differs from that predicted by the 

LMP 

 



 First trimester sonograms can be performed via the transvaginal (TVS) and/or 

the transabdominal (TAS) route.  

 In the earliest stages of pregnancy, TVS generally provides clear and accurate 

images while TAS may be unable to even detect an intrauterine gestation. 

 Therefore, TVS is recommended for evaluation of the gestational sac and other 

early embryonic structures (eg, yolk sac, earliest identification of cardiac 

activity). Measurement of CRL in the first trimester is easier with TVS than with 

TAS, but not more accurate for determining gestational age. 



 pregnancy is "suboptimally dated" in the absence of an ultrasound examination 

showing a CRL or fetus with cardiac activity before 22+0 weeks of gestation 

confirming or revising the EDD. 

 Crown-rump length (CRL) measured in the first trimester (up to 13+6 weeks), if 

available, is the most accurate sonographic method of determining the EDD. 

 For twin pregnancies, if there is a discrepancy between the twins in biometric 

measurements, the general consensus is that the EDD should be based on the 

measurements for the larger twin. 



 Measurement of CRL at 7 to 10 weeks of gestation is the most accurate 

biometric parameter for pregnancy dating (±3 days). After 10 weeks, the 

accuracy of the CRL falls slightly with a margin of error of ±5 days at 10 to 14 

weeks and ±8.4 days by the 15 week.  

 CRL should be used to estimate gestational age up to 84 mm (14 weeks of 

gestation), and the biparietal diameter (BPD) should be used for CRL 

measurements >84 mm. 



 After the first trimester, the preferred biometric measurements for assessment 

of gestational age are a combination of biparietal diameter (BPD), head 

circumference (HC), femur length (FL), and abdominal circumference (AC). 

 Prior to 16 weeks, the accuracy of BPD, HC, FL, and AC for estimating 

gestational age is ±7 days, but this gradually falls to three to four weeks in the 

third trimester. 

 Fetal biometry at ≥22+0 weeks of gestation is not sufficiently accurate to 

change menstrual dating without correlative sonographic follow up. 



 When the conception/fertilization date is known with certainty, as with assisted 

reproduction, the EDD can be calculated based on this date. 

 In pregnancies with an unknown or uncertain LMP and late first sonogram, 

ossification of the distal femoral epiphysis suggests a fetal age of at least 32 

weeks, and ossification of the proximal tibial and humeral epiphyses suggests a 

fetal age of at least 35 weeks. 

 



 Fetal weight is estimated using formulas that incorporate measurements of 

BPD, HC, AC, and/or FL. 

 Serial measurements over three to four weeks may be helpful. 

 Normal interval growth supports the sonographic estimate of gestational age, 

while suboptimal interval growth suggests a growth-restricted fetus who may be 

further along in gestation than predicted by biometry.  

 Accelerated fetal growth suggests a large for gestational age fetus who may be 

less far along than predicted by biometry. 

 



First trimester 

  First trimester ultrasonography is used to confirm the presence of 

an intrauterine pregnancy, estimate gestational age, diagnose or 

evaluate multiple gestations, confirm cardiac activity, and 

evaluate pelvic masses or uterine abnormalities (as an adjunct to 

chorionic villus sampling, embryo transfer, or localization and 

removal of intrauterine contraceptives). It is also useful for 

evaluating vaginal bleeding, suspected ectopic pregnancy, and 

pelvic pain. 

 



 Evaluation of placental and cervical abnormalities may be accomplished with 

ultrasonography.  

 Placental abruption can be identified by ultrasonography in approximately half of all 

patients who present with bleeding and do not have placenta previa. 

  Grayscale or color-flow Doppler ultrasound assessment is used to identify placenta 

accreta.  

 Transvaginal ultrasound examination most accurately can visualize the cervix and can 

also be employed to detect or rule out placenta previa as well as an abnormally 

shortened cervix (defined as less than 25 mm), which has been correlated with an 

increased risk of preterm delivery when measured at less than 28 weeks of gestation. 



screening 

 An ultrasound examination may be targeted to help diagnose chromosomal 

abnormalities in the first trimester. 

 One such examination is measurement of nuchal translucency (NT), the lucent area 

behind the head in the nuchal region. Use of standardized techniques for measuring NT 

has resulted in higher detection rates for Down syndrome, trisomy 18, trisomy 13, 

Turner syndrome, and other anatomic abnormalities such as cardiac defects. 

 Measurement of nuchal translucency alone is less effective for first-trimester screening 

of the singleton pregnancy than is combined testing (nuchal translucency measurement 

and biochemical markers).  















 Various types of ultrasound examinations performed during the second or third 

trimester can be categorized as “standard,” “limited,” or “specialized.”  

 A standard examination is performed during the second or third trimester of 

pregnancy. It includes an evaluation of fetal presentation and number, amniotic fluid 

volume, cardiac activity, placental position, fetal biometry, and an anatomic survey. If 

technically feasible, the uterus and adnexa should be examined as clinically appropriate. 



  A limited examination is performed when a specific question requires investigation. 

In an emergency, for example, a limited examination can be performed to evaluate heart 

activity in a bleeding patient.  

 A detailed or targeted anatomic specialized examination is performed when an 

anomaly is suspected on the basis of history, biochemical abnormalities or clinical 

evaluation, or suspicious results from either the limited or standard ultrasound 

examination. Other specialized examinations might include fetal Doppler, biophysical 

profile (BPP), fetal echocardiography, or additional biometric studies. 

 

 









Assessment of Fetal Growth 

 Ultrasound is the most valuable tool in assessing fetal growth and has many potential 

uses for both fetal dating and identifying fetal anomalies 



Assessment of Fetal Well-Being 

 

 Assessment of fetal well-being includes subjective maternal perception of fetal activity 

and several objective tests using electronic fetal monitoring and ultrasonography. Tests 

of fetal well-being have a wide range of use, including the assessment of fetal status at a 

particular time and prediction of future well-being for varying time intervals, depending 

on the test and the clinical situation. 

 The goal of antepartum fetal assessment is to identify fetuses at risk of 

intrauterine death or neurologic complications of intrauterine hypoxia and 

intervene to prevent these adverse outcomes, if possible. 



INDICATIONS FOR FETAL SURVEILLANCE 

 Diabetes – Pregestational diabetes or gestational diabetes treated with anti-
hyperglycemic drugs. Gestational diabetes in which glucose levels are normal on 
nutritional therapy does not appear to be associated with an increased risk of 
stillbirth, so antepartum fetal testing can be omitted.  

 Hypertensive disorders: chronic hypertension or pregnancy-associated hypertension 

 Fetal growth restriction 

 Twin pregnancy 

 Post-term pregnancy – Testing may be initiated at estimated gestational age of 39 to 
40 weeks in a suboptimally dated pregnancy 

 Decreased fetal activity 

 Systemic lupus erythematosus 

 Antiphospholipid syndrome 



 Sickle cell disease 

 Alloimmunization 

 Oligohydramnios or polyhydramnios 

 Prior fetal demise 

 Preterm premature rupture of membranes – Preterm premature rupture of 
membranes may be associated with oligohydramnios and possibly subclinical 
intrauterine infection. The goal of antenatal testing in this setting is early 
recognition of intra-amniotic infection necessitating delivery. 

 Other – Nonimmune hydrops, maternal cyanotic heart disease, poorly 
controlled maternal hyperthyroidism, and maternal vascular diseases are 
associated with an increased risk of fetal demise and generally considered 
appropriate indications for antenatal fetal testing 



Possible indications for antenatal testing 

 Advanced maternal age 

 

 Obesity 

 

  Major fetal structural anomalies 

 

 Abnormalities in first and second trimester maternal biochemistry Down 

syndrome screening results 



Biophysical Profile 

 

 If an NST is nonreactive, evidence to support fetal well-being, such as that provided by 

a BPP, is sought. 

  The BPP is a series of five assessments of fetal well-being, each of which is given a 

score of 0 (absent) or 2 (present).  

 The parameters include a reactive NST, the presence of fetal breathing movements, the 

presence of fetal movement of the body or limbs, the finding of fetal tone (flexed 

extremities as opposed to a flaccid posture), and an adequate amount of amniotic fluid 

volume.  



6.2 COMPONENTS OF THE 

REASSURING BIOPHYSICAL PROFILE 

 1. Nonstress test (NST) 

 Because the probability of fetal well-being is identical with scores of 10 out of 10 and 8 out of 10, NST 
can be omitted if the other four tests are normal. 

 2. Fetal breathing movements 

 At least one or more episodes of rhythmic fetal breathing movements of 30 seconds or more within 30 
minutes 

 3. Fetal movement  

 Three or more discrete body or limb movements within 30 minutes 

 4. Fetal tone  

 One or more episodes of fetal extremity extension with return to flexion, or opening or closing of hand 
within 30 minutes 

 5. Amniotic fluid volume 

 A pocket of amniotic fluid that measures at least 2 cm in two planes perpendicular to each other 



 A parameter may be assigned a normal score as soon as it is observed. The 

acute parameters (movement, tone, breathing) are subject to fetal sleep-wake 

cycles; therefore, the fetus should be observed continuously for at least 30 

minutes before the parameter is assigned 0 points. 



 A total score of 8 out of 10 is considered reassuring.  

 A total score of 6 is equivocal and should prompt further evaluation or delivery if the 

patient is at early term or beyond. If the patient is preterm, retesting in 24 hours may be 

appropriate. 

  A score of 4 or less is non reassuring and usually indicates that delivery is warranted, 

although further evaluation at pregnancies less than 32 0/7 weeks of gestation may be 

appropriate. Irrespective of the score, more frequent BPP testing or consideration of 

delivery may be warranted when oligohydramnios is present. Management based on the 

BPP depends not only on the score itself but also on the gestational age of the fetus ..2 

 



 A score of 10/10 or 8/10 without oligohydramnios is reassuring of fetal well-being. 

  6/10 without oligohydramnios is an equivocal test result and should be repeated 
within 24 hours if the patient is not delivered. 

  0 to 4/10 suggests a high risk of fetal asphyxia within one week if the patient 
remains undelivered or no therapeutic intervention is undertaken.  

 Scores of 6/10 or 8/10 with oligohydramnios (0 points for amniotic fluid) are 
abnormal tests, as the risk of fetal asphyxia within one week is 89/1000 with 
expectant management. These scores should be interpreted within the context of 
gestational age (eg, neonatal morbidity and mortality if the fetus is delivered) and 
maternal and obstetric factors (eg, risk of fetal death related to maternal, fetal, or 
obstetric disorder if the fetus is not delivered; whether cervix is favorable; maternal 
risks from continuing the pregnancy).  

 A low BPP score in a high-risk patient requires the provider to consider the fetal and 
neonatal risks of expectant management versus delivery and deliver when the 
balance shifts to greater fetal risk 



 The minimum gestational age for initiating testing should reflect the lower limit 

that intervention with delivery would be considered. We repeat a normal BPP 

score (10/10 or 8/10 without oligohydramnios) weekly or twice weekly until 

delivery when the high-risk condition persists and appears stable, and more 

frequently when there is significant deterioration in the clinical status (eg, 

worsening preeclampsia, decreased fetal activity) or in selected very high-risk 

settings (severe fetal growth restriction with abnormal Doppler velocimetry. 







 In observational studies, use of the BPP score as part of the management of 

high-risk obstetric patients has been associated with a significant reduction in 

perinatal mortality. 



Modified BPP 

 Modified BPP combines the use of an NST and assessment of an amniotic fluid using 

the deepest vertical pocket sonographically or an amniotic fluid index (AFI).  

 The AFI is a semiquantitative, four-quadrant assessment of amniotic fluid depth. The 

importance of adequate amniotic fluid volume is well established. Diminished 

amniotic fluid is thought to represent decreased fetal urinary output caused by chronic 

stress and shunting of blood flow away from the kidneys. The decreased amniotic fluid 

provides less support for the umbilical cord, which may be more compressed, reducing 

blood flow.  

 The modified BPP is less cumbersome than the BPP and appears to be as predictive of 

fetal well-being. 



Amniotic fluid volume 

 Qualitative or semi-quantitative assessment of amniotic fluid volume (AFV) is a 

standard component of every second- and third-trimester ultrasound 

examination.  

 Abnormalities of AFV are associated with a variety of pregnancy complications. 

In clinical practice, ultrasound estimation of AFV is used in conjunction with 

other clinical and sonographic assessments (eg, biophysical profile, nonstress 

test, ultrasound examination for estimated fetal weight, anatomic survey) to 

provide information for assessing fetal well-being and managing complicated 

pregnancies. 

 The most common ultrasound techniques used to estimate the adequacy of 

AFV are the single deepest pocket (SDP), amniotic fluid index (AFI), and 

qualitative assessment. 



 The SDP and the AFI methods are equivalent in their prediction of adverse 

outcomes and actual oligohydramnios and polyhydramnios in singleton 

pregnancies, but use of the AFI increases the number of labor inductions and 

cesarean deliveries without any improvement in perinatal outcome. This favors 

use of the SDP for AFV assessment. 

 Ultrasound estimates of AFV in multifetal pregnancies correlate poorly with dye-

determined low or high volumes. We suggest qualitative assessment in 

multifetal pregnancies and use of the SDP for each amniotic sac if a semi-

quantitative measurement is needed. The results for each fetus are interpreted 

using the same SDP criteria used for singletons.  



 Single deepest pocket 

 Oligohydramnios – Depth <2 cm 

 Normal – Depth ≥2 cm and <8 cm 

 Polyhydramnios – Depth ≥8 cm 

  Amniotic fluid index 

 Oligohydramnios – AFI ≤5 cm 

 Normal – AFI >5 cm and <24 cm 

 Polyhydramnios – AFI ≥24 cm 



Doppler Ultrasound of Umbilical Artery 

 

 Umbilical artery Doppler flow ultrasonography is a noninvasive 

technique to assess resistance to blood flow in the placenta. It can 

be used in conjunction with other biophysical tests in high-risk 

pregnancies associated with suspected IUGR.  

 There is a significant association between abnormal Doppler 

indices and fetal hypoxia, fetal acidosis, and adverse perinatal 

outcome. 

 Umbilical cord Doppler flow velocimetry is based on the 

characteristics of the systolic blood flow and the diastolic blood 

flow.  



 The most commonly used index to quantify the flow velocity 

waveform is the systolic/diastolic ratio. 

 As peripheral resistance increases, diastolic flow decreases and 

may become absent or reversed, and the systolic/diastolic ratio 

increases.  

 Reversed end-systolic flow can be seen with severe cases of 

IUGR secondary to uteroplacental insufficiency and may suggest 

impending fetal demise. 

 



 A peak systolic frequency shift to end-diastolic frequency shift (S/D) ratio >3.0 
or resistance index (RI) >0.6 at ≥28 weeks of gestation is the best threshold for 
identifying pregnancies at high risk of adverse outcome. 

 A gestational age-specific nomogram of UA Doppler indices may also be used. 

  In general, a Doppler index >95 centile for the gestational age should be 
considered non reassuring. 

 Systematic reviews of randomized trials of UA Doppler ultrasound show 
improved outcome, especially significantly reduced stillbirths, when this 
technique is used in pregnancies complicated by growth restriction or 
hypertensive diseases.  

 We recommend using UA Doppler as the primary fetal monitoring modality in 
these high-risk pregnancies. 



 Clinical management should integrate the Doppler approach with existing 

modalities of antepartum fetal monitoring. The most important diagnostic 

characteristic of the UA Doppler waveform is the state of the end diastolic 

velocity. 

  For pregnancies with suspected fetal growth restriction, umbilical artery 

Doppler studies should be performed weekly to assess for fetal deterioration. 

 Absent end-diastolic velocity (AEDV) is an ominous finding and reversed end-

diastolic velocity (REDV) should be interpreted as a preterminal finding. In 

pregnancies complicated by fetal growth restriction or preeclampsia, we 

recommend prompt delivery rather than expectant management in the setting of 

AEDV at ≥34 weeks and REDV at ≥30 weeks. 



Middle cerebral artery doppler 

 Doppler assessment of the fetal middle cerebral artery-peak systolic velocity is 

the best tool for monitoring for fetal anemia in at-risk pregnancies, such as 

those affected by Rh alloimmunization. 

 Middle cerebral artery Doppler is under investigation as an additional tool for 

surveillance of pregnancies complicated by growth restriction. Its use in this 

setting is based on the premise that systemic blood flow in these fetuses is 

redistributed from the periphery to the brain and Doppler measurement of flow 

velocity in the fetal middle cerebral artery can detect this brain-sparing effect. 

Specifically, the cerebroplacental ratio, calculated by dividing the Doppler 

indices of the middle cerebral artery by the umbilical artery, is emerging as a 

potential predictor of adverse outcome for both growth-restricted and 

appropriately-grown fetuses. 



Venous system 

 Venous Doppler parameters may be abnormal due to several abnormalities in 
cardiovascular function. These include decreased cardiac compliance and 
contractility, marked elevations in cardiac afterload, and abnormalities of cardiac 
rhythm and rate.  

 The clinical utility of venous Doppler velocimetry is therefore greatest in fetal 
conditions with cardiac manifestations and/or marked placental insufficiency.  

 These conditions include fetal growth restriction due to placental insufficiency, twin-
twin transfusion, fetal hydrops, and fetal arrhythmia. 

 The fetal precordial veins (ductus venosus and inferior vena cava) and the umbilical 
vein are the vessels most commonly evaluated in clinical practice, although flow 
velocity waveforms have been reported for many other venous vessels. Blood flow 
in the umbilical vein is continuous in normal pregnancies >15 weeks of gestation. In 
pathological states, such as fetal growth restriction, flow in the umbilical vein may be 
pulsatile, which reflects cardiac dysfunction related to increased afterload. The 
ductus venosus regulates oxygenated blood in the fetus and is resistant to 
alterations in flow except in the most severely growth-restricted fetuses. 



Uterine artery 

 Impedance to flow in the uterine arteries normally decreases as pregnancy 

progresses.  

 Failure of adequate trophoblast invasion and remodeling of maternal spiral 

arteries is characterized by a persistent high-pressure uterine circulation and 

increased impedance to uterine artery blood flow.  

 Elevated resistance indices and/or persistent uterine artery notching at 22 to 24 

weeks of gestation indicate reduced blood flow in the maternal compartment of 

the placenta and have been associated with development of preeclampsia, fetal 

growth restriction, and perinatal death . 




