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Introduction to Ultrasound
Humans can hear sound with frequencies of 20 to 20,000 cycles per second (20-20,000 Hertz or Hz). Any frequency higher than that is called ultrasound. 

Ultrasound is diagnostically useful in medicine two modalities, continuous energy and pulsed energy:

· Continuous sound energy uses a steady sound source, and has applications that include fetal heart beat detectors and monitors. This Doppler ultrasound can also be used to evaluate blood flow through different structures.

· Pulsed sound energy utilizes a quick blip of sound (like a hand clap), followed by a relatively long pause, during which time an echo has a chance to bounce off the target and return to the transducer. Through electronic processing of the returning sounds, a two-dimensional image can be created that provides information about the tissues and objects within the tissues.
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Physics

Ultrasound is a form of mechanical energy that in many respects behaves according to the properties of wave-form physics. For this reason, terminology of wave-form physics is usually applied, including such terms as wave amplitude and cycle frequency.

Remember that sonic energy is not identical to electromagnetic radiation and that while they share some of the same properties, sound can behave differently, particularly at extreme ends of the spectrum, when passing through complex media, or when interfered with by conflicting sounds. 

Doppler Ultrasound

The Doppler Principle is easiest illustrated by listening to a train approaching. As it gets closer, you hear the horn at a certain pitch (frequency). As the train passes, you hear the sound of the horn drop to a lower pitch. You have just experienced the Doppler Principle.

Consider an object that generates a sound. At rest, the sound frequency is constant. If the object moves towards you, the sound that you hear will seem a little higher in frequency. If the object moves away from you, the sound will have a lower frequency.

Fetal heart beat detectors generate a constant sound. Some of the sound is reflected back toward the transducer. The frequency of the outgoing sound and incoming sound is the same, UNLESS the object is moving (either toward the transducer or away from it. Blood passing through the heart or major placental vessels will reflect back sound that is a slightly different frequency (higher or lower) than the frequency generated by the machine. Because they are of a slightly different frequency, they never line up evenly, except every now and then when the both incoming and outgoing sound energies line up perfectly. The "beat frequency" happens to be in the audible range (less than 10,000 Hz), and can be detected and amplified.

So when you are listening to a fetal heart beat, you are not actually hearing the sound of the heart. You are hearing the beat frequency generated by the interference between the outgoing ultrasound frequency and the incoming ultrasound frequency, that are slightly different because of the movement of the heart wall and blood flowing through the heart and large vessels. 

	


Clap-Echo System


Pulsed Ultrasound

If you clap your hands in a large, empty room, you may hear the echo from the sound of the clap bouncing off the far wall and returning to you. Pulsed ultrasound imaging technology is similar to the clap and echo.

If you could accurately measure the time it took from your handclap to the time you heard the returning echo, you could calculate how far the sound has traveled, and by inference, how far away the wall is from you.

distance = (time) x (speed of sound in air)
Of course, you have to remember that the distance traveled by the sound is twice the distance to the wall...the sound had to travel out to the wall and then back to you (a round trip). 

	


A-Mode Ultrasound


A-Mode Ultrasound

On an oscilloscope, this simple clap-echo system would look like this.

The initial spike from the clap would be followed some time later by the echo. The earliest "A-Mode" ultrasound machines worked in this way. You could know how far the echo has traveled, and how loud the echo was when it got back to you.

There were (and are) several problems with this simple system:

· You don't know the exact direction it came from.

· You don't know for sure what the echo bounced off of.

· You don't know what the object generating the echo looks like.
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B-Mode Ultrasound Imaging

B-Mode ultrasound imaging collects the same information, but adds a sense of direction (where the echo is coming from in a two-dimensional plane) as well as the memory to recall all the different echoes, strong and weak.

This image becomes recognizable, particularly with practice. The recognizable image can then be evaluated for abnormalities, and measured.

B-mode imaging was the first practical application of ultrasound for diagnostic purposed. 

Real Time Imaging

The ability to appreciate the structures within a two-dimensional image is very much enhanced by visualizing the changes that occur within that image over time.

A real-time image is still a 2-dimensional view, but one that is constantly updated. This then becomes 3-dimensional imaging (height, width, and time).

Real-time sonography is most useful when the visualized object is moving (like a fetal heart), but is also valuable when the transducer beam is swept through the object, enhancing the operator's appreciation for details, texture, and shape.

1st Trimester Scanning
First trimester scanning is useful to identify abnormalities in the early development of a pregnancy, including miscarriage and ectopic pregnancy, and provides the most accurate dating of a pregnancy. 

Technique

First trimester scanning can be performed using either an abdominal approach or a vaginal approach. Abdominal scanning is performed with a full maternal bladder, provides a wider field of view, and provides the greatest depth of view. Vaginal scanning is best performed with the bladder empty, gives a much greater resolution with greater crispness of fine detail. In circumstances where both approaches are readily available, the greater detail provided by transvaginal scans usually outweighs other considerations, and is preferred.

The patient is scanned in the normal examination position (dorsal lithotomy) with her feet secure in stirrups and her perineum even with the end of the examination table. Place a small amount of ultrasonic coupling gel on the tip of the transvaginal transducer. Then cover the transducer with a condom. After lubricating the vaginal opening, gently insert the transducer into the vagina.

Visualize the longitudinal plane of the uterus (sagital section) and evaluate its' size. It can be measured from the cervix to the fundus, AP diameter, and width. Normal uterine volume is less than 100 cc (nulliparous patients) and less than 125 cc (multiparous patients). Identify (if present), the gestational sac, yolk sac, fetus (or fetuses), presence or absence of fetal movement and fetal heart beat. 

After the uterus is evaluated by sweeping up and down and side to side, the ovaries are identified and evaluated. This is most easily accomplished by first identifying the internal iliac vessels. The ovaries are usually located just anterior to the iliac vessels.

Document important views and measurements on film or electronically. Then document your findings in some written format.

Gestational Sac

The gestational sac is the earliest sonographic finding in pregnancy. The gestational sac appears as an echogenic (bright echoes) ring surrounding a sonolucent (clear) center. The gestational sac does not correspond to specific anatomic structures, but is an ultrasonic finding characteristic of early pregnancy. Ectopic pregnancies can also have a gestational sac identified with ultrasound, even though the pregnancy is not within the endometrial cavity. 

The gestational sac first appears at about 4 weeks gestational age, and grows at a rate of about 1 mm a day through the 9th week of pregnancy. 

Your ability to identify an early gestational sac will depend on many factors, including the capabilities of the ultrasound equipment, your approach (vaginal or abdominal), your experience, the orientation of the uterus (generally it is easier to see if the uterus is anteflexed or retroflexed), and the presence of such complicating factors as fibroid tumors of the uterus. While a gestational sac is sometimes seen as early as during the 4th week of gestation, it may not be seen until the end of the 5th week, when the serum HCG levels have risen to 1000-1500 mIU.

Gestational sac size may be determined by measuring the largest diameter, or the mean of three diameters. These differences rarely effect gestational age dating by more than a day or two.

Yolk Sac
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As the pregnancy advances, the next structure to become visible to ultrasound is the yolk sac. This is a round, sonolucent structure with a bright rim. 

The yolk sac first appears during the fifth week of pregnancy and grows to be no larger than 6 mm. Yolk sacs larger than 6 mm are usually indicative of an abnormal pregnancy. Failure to identify (with transvaginal ultrasound) a yolk sac when the gestational sac has grown to 12 mm is also usually indicative of a failed pregnancy.

Yolk sacs that are moving within the gestational sac ("floating"), contain echogenic material (rather than sonolucent), or are gross misshapen are ominous findings for the pregnancy.

Fetal Heart Beat

Using endovaginal scanning, fetal cardiac activity is often seen even before a fetal cell mass can be identified. The fetal cardiac muscle begins its' rhythmic contractions, and that rhythmic motion can be seen along the edge of the yolk sac. Initially, the fetal cardiac motion has a slower rate (60-90 BPM), but cardiac rate increases as the fetus develops further. Thus, for these early pregnancies, the actual cardiac rate is less important that its presence or absence.

Sometimes, with normal pregnancies, the fetal heartbeat is not visible until a fetal pole of up to 4 mm in length is seen. Failure to identify fetal cardiac activity in a fetus whose overall length is greater than 4 mm is an ominous sign.

It can sometimes be difficult identifying a fetal heartbeat from the background movement and maternal pulsations. You may find it useful in these cases to scan with one hand while taking the maternal pulse with the other. This makes it easier to identify sonographic movements that are dyssynchronous with the maternal pulse.

Fetal Pole

A mass of fetal cells, separate from the yolk sac, first becomes apparent on transvaginal ultrasound just after the 6th week of gestation. This mass of cells is known as the fetal pole. It is the fetus in its somite stage. Usually you can identify rhythmic fetal cardiac movement within the fetal pole, although it may need to grow several mm before this is apparent.

The fetal pole grows at a rate of about 1 mm a day, starting at the 6th week of gestational age. Thus, a simple way to "date" an early pregnancy is to add the length of the fetus (in mm) to 6 weeks. Using this method, a fetal pole measuring 5 mm would have a gestational age of 6 weeks and 5 days.

Crown Rump Length

This term is borrowed from the early 20th century embryologists who found that preserved specimens of early miscarriages assumed a "sitting in the chair" posture in both formalin and alcohol. This posture made the measurement of head-to-toe length impossible. Instead, they subsituted the head-to-butt length (crown rump length) as a reproducible method of measuring the fetus.

Early ultrasonographers used this term (CRL) because early fetuses also adopted the sitting in the chair posture in early pregnancy. Today, the crown rump length is a universally recognized term, very useful for measuring early pregnancies. The CRL is highly reproducible and is the single most accurate measure of gestational age. After 12 weeks, the accuracy of CRL in predicting gestational age diminishes and is replaced by measurement of the fetal biparietal diameter. 

In at least some respects, the term "crown rump length" is misleading:

· For much of the first trimester, there is no fetal crown and no fetal rump to measure.  

· Until 53 days from the LMP, the most caudad portion of the fetal cell mass is the caudal neurospone, followed by the tail. Only after 53 days is the fetal rump the most caudal portion of the fetus. 

· Until 60 days from the LMP, the most cephalad portion of the fetal cell mass is initially the rostral neurospore, and later the cervical flexure. After 60 days, the fetal head becomes the most cephalad portion of the fetal cell mass. 

· What is really measured during this early development of the fetus is the longest fetal diameter. 

From 6 weeks to 9 1/2 weeks gestational age, the fetal CRL grows at a rate of about 1 mm per day.

	Gestational Age (Weeks) 
	Sac Size
(mm)
	CRL
(mm) 

	4 
	3 
	  

	5 
	6 
	  

	6 
	14 
	  

	7 
	27 
	8 

	8 
	29 
	15 

	9 
	33 
	21 

	10 
	  
	31 

	11 
	  
	41 

	12 
	  
	51 

	13 
	  
	71 


Determination of Gestational Age

Measurement of the gestational sac diameter or the length of the fetal pole (CRL) can be used to determine gestational age. Charts have been developed for this purpose, but some simple rules of thumb can also be effectively used.

· Gestational Sac: Gestational age = 4 weeks plus (mean sac diameter in mm x days). This relies on the growth of the normal gestational sac of 1 mm per day after the 4th week of gestation. For example, a gestational sac measuring 11 mm would be approximately 5 weeks and 4 days gestational age. (4 weeks plus 11 days = 5 weeks and 4 days).

· Crown Rump Length: Gestational age = 6 weeks plus (CRL x days). This relies on the growth of the normal fetus of 1 mm per day after the 6th week of gestation. For example, a CRL of 16 mm would correspond to a gestational age of 8 weeks and two days (6 weeks plus 16 days = 8 weeks and 2 days). 
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Twins

Twins and other multiple gestations can usually be identified fairly early in pregnancy. They may be seen with two separate gestational sacs (diamniotic, dichorionic twins). They may be seen as two fetal poles occupying the same gestational sac (monochorionic twins). It is useful to identify twins early as the prognosis varies, depending on the chorionicity and amnionicity of the twins.

A "vanishing twin" occurs in about 20% of twin pregnancies. In these cases, one of the twins fails to grow and thrive. Instead, its development arrests and it is reabsorbed, with no evidence at delivery of the twin pregnancy. It will prove useful to advise patients of this phenomenon who are found to have twins early in pregnancy.

Missed Abortion

A missed abortion is an abnormal pregnancy that is destined to miscarry. About one in five early pregnancies will not survive. These will grow for a while, with HCG in the urine and serum, but eventually will stop growing normally, and then will stop growing at all. Most of these (two-thirds) will have abnormal chromosomes. Evidence of a missed abortion using high-resolution transvaginal scanning includes:

· Absence of any growth of the gestational sac or fetal pole over a 5-day period of observation. 

· Absence of a visible fetal heartbeat when the CRL is greater than 5 mm. 

· Gestational sac larger than 12 mm mean diameter without visual evidence of a yolk sac. 

· Yolk sac larger than 6 mm diameter 

· Yolk sac that is abnormally shaped or echogenic (sono dense rather than the normal sono lucent). 

· Loss of fetal cardiac activity that was previously seen. 

Threatened Abortion

A threatened abortion is any 1st trimester pregnancy that demonstrates uterine bleeding and/or cramping. Such patients are frequently evaluated with ultrasound. Bleeding in early pregnancy is a common event and is seen in 25 to 40% of pregnancies. About half of these will go on to miscarry while the other half will be normal.

The benefits to ultrasound evaluation include:

· Detection of abnormal pregnancies that are destined to miscarry. 

· Enabling scheduled intervention, if desired by the patient. 

· Enabling collection of pregnancy tissue for chromosomal analysis, if desired by the patient. 

· Reassurance to the patients with normal ultrasound scans. 

Unfortunately, diagnosis of an abnormal pregnancy does not allow for intervention to correct the abnormality.

In the presence of uterine bleeding, visualization of a gestational sac, a yolk sac, a fetal pole and fetal heart beat changes the risk of a threatened abortion leading to miscarriage from 50/50 to about 5%.

Observation of subchorionic bleeding (blood outside the sac) is noted in about 20% of patients with threatened abortion. This is a worrisome sign, and reduces the pregnancy continuation rate to about 2/3.

Incomplete Abortion

Ultrasound is sometimes used after passage of pregnancy tissue to determine whether any pregnancy tissue remains inside the uterus. Findings will vary in these cases. Sometimes, it is obvious that there is nothing left inside the uterus, as evidenced by a thin, complete endometrial stripe. In other cases, there will be obvious pregnancy tissue. In the remaining cases, some material will still be present inside the uterus, but it won't be clear (on ultrasound) whether this is blood, blood clot, or retained products of conception.

Ectopic Pregnancy

Early intrauterine pregnancies are relatively easy to see with high resolution transvaginal ultrasound scanning. Pregnancies outside the uterus (ectopic pregnancies) are more difficult. The appearance of the ectopic pregnancy itself is the same as for intrauterine pregnancies. Depending of the gestational age and normalcy of development, you may see a gestational sac, a yolk sac, a fetal pole, and a fetal heartbeat. The difficulty lies in finding the pregnancy without the normal uterine landmarks.

Using transvaginal scanning, about half of the ectopic pregnancies can be directly visualized, but in the other half of cases, only indirect evidence of an ectopic pregnancy will be found. Such indirect evidence includes:

· Absence of an identifiable intrauterine pregnancy with maternal serum HCG levels of more than 1500 (this number varies and may be lower in some labs). 

· Presence of an intrauterine gestational "pseudosac." These thin-walled structures represent some fluid (sometimes blood) within a decidualized endometrium that bears a superficial resemblence to a gestational sac. However, it lacks the bright echogenic ring of a true gestational sac and will never contain a yolk sac. 

· Large amounts of free fluid (blood) inside the abdominal cavity. Small amounts of free fluid are non-diagnostic, as this is commonly seen in cases of spontaneous abortion, ruptured ovarian cysts, and ovulation. 
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Corpus Luteum Cyst

Following release of the egg, the ovarian follicle changes into a corpus luteum, responsible for production of hormones that will help support the developing pregnancy. The observation of these small (usually less than 5 cm) ovarian cysts during early pregnancy is essentially a normal finding. Should the cyst be large (5 cm or more), or have suspicious characteristics, they may be followed as most corpus luteum cysts will resolve spontaneously sometime during the first trimester.

Not all ovarian cysts identified during the first trimester are corpus luteum cysts. Innocent paratubal cysts can be seen, requiring no treatment, as well as ovarian dermoid tumors which can be more threatening.

Nuchal Translucency Thickness

Late in the first trimester, an echolucent area can be identified at the back of the neck of normal fetuses. Normally thin, it has been observed that an unusually thick translucency is sometimes associated with such abnormalities as trisomy 21 and other fetal malformations. 

Between the 11th and end of the 13th week of gestation, the measurement of nuchal translucency is obtained with the fetus in saggital section and a neutral position of the fetal head (neither hyperflexed nor extended, either of which can influence the nuchal translucency thickness). The fetal image is enlarged to fill 75% of the screen, and the maximum thickness is measured, from leading edge to leading edge. It is important to distinguish the nuchal lucency from the underlying amnionic membrane. 

Normal thickness depends on the overall size of the fetus (CRL), but it should not exceed 3 mm at any gestational age. Among those fetuses whose nuchal translucency exceeds the normal values, there is a relatively high risk of significant abnormality. Between 65 and 85% of trisomic fetuses will have a large nuchal thickness. Further, other, non-trisomic abnormalities may also demonstrate an enlarged nuchal transparency. This leaves the measurement of nuchal transparency as a potentially useful 1st trimester screening tool, particularly in combination with biochemical screening. Abnormal findings allow for early careful evaluation of chromosomes and possible structural defects on a targeted basis.

2nd & 3rd Trimester
Technique

The patient is examined while reclining, with the abdomen exposed. Particularly late in pregnancy, this may not be a comfortable position for the patient, who can experience symptoms from inferior vena cava compression by the heavy, gravid uterus. Women in this position should be watched carefully for agitation, shortness of breath, dizziness or faintness. Should any of these symptoms occur, role the patient onto her side and the symptoms will usually disappear within a few seconds. Once she feels better, you can have her role back, or partially back, to continue the scan. Rarely, a patient will need to be evaluated with her abdomen displaced, either manually, or by maternal position.

A full  maternal bladder, often required in the past, is rarely needed with currently used ultrasound equipment.

Scanning is usually done in a darkened (but not dark) room, to minimize the reflected glare off the screen.

After applying a sonic coupling agent to the abdomen, most sonographers begin their evaluation with a simple sweep of the transducer up and down the abdomen and side-to-side across the abdomen to get a rough sense of the uterine contents before focusing on specific areas of interest.

Basic Ultrasound Exam

In evaluating the pregnancy with ultrasound, the following observations are usually made:

· Number of fetuses and their position within the uterus.

· Observation of the fetal heartbeat

· Location of the placenta

· Assessment of amniotic fluid volume

· Determination of gestational age, based on various fetal measurements

· screening evaluation of the fetus for gross anatomic abnormalities.

· Evaluation of the maternal pelvis for masses.

Fetal Anatomic Survey

Definitions vary, but one common collection of views for the fetal anatomic survey include:

1. Evaluation of cerebral ventricles (enlarged, small or normal) and the posterior fossa (abnormal fluid collections)

2. 4-chamber fetal cardiac view and axis evaluation (the cardiac axis is usually about 45 degrees off a line drawn from anterior to posterior, through the fetal sternum to the fetal spine.

3. Fetal spine, including a longitudinal view looking for splaying of the spine, and transverse views, to detect abnormal skin bulges or notching.

4. Stomach. The stomach should be present within the abdominal cavity. If empty, it will usually fill by the end of the examination.

5. Kidneys.

6. Urinary bladder

7. Umbilical cord insertion into the fetal abdomen. 

 

Biparietal Diameter

The biparietal diameter (BPD) is among the most accurate 2nd trimester measures of gestational age. Measured from the beginning of the fetal skull to the inside aspect of the distal fetal skull ("outer to inner") at the level of the cavum septum pelucidum, this is one of the basic fetal measurements. Using this same image, the frontal occipital diameter (FOD) is obtained and the fetal head circumference (HC) is either obtained directly, or by formula from the BPD and FOD.
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Scanning for the BPD
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Biparietal Diameter


The BPD can be used to determine gestational age with a 95% confidence of 10 to 14 days. If the gestational age is already known with precision (1st trimester ultrasound scan), then the BPD can be used to evaluate fetal growth. In cases of symmetrical growth retardation, the fetal BPD will fall below the 10th percentile.
Abdominal Circumference

The abdominal circumference (AC) is a transverse section (coronal) through the fetal abdomen at the level where the umbilical vein enters the liver. The AC may be measured directly, or calculated from the AP and transverse abdominal measurements. Both techniques give good results. Although the AC can be used to calculate gestational age, it is more useful in determining fetal weight. Combined with the BPD, with or without the fetal femur length, reliable formulas can be used to predict fetal weight.
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Abdominal Circumference
	[image: image6]
Scanning for the AC


Femur Length

The femur length can be used to determine gestational age, but it is more useful in helping evaluate fetal weight. It is also useful as a marker for fetal malformation and genetic abnormality. Many, though not all, trisomy 21 fetuses will have shortened femurs.

Identify the fetal pelvis. Keeping one end of the transducer over the fetal pelvis, slowly sweep the other end of the transducer in a clockwise fashion toward the fetal small parts. The fetal femur will be found at about a 45 degree angle away from the fetal spine.

Slowly move the transducer back and forth until the longest bright echo within the femur is identified. This is the fetal femur length.
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Scanning for the FL
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Femur Length


Calculation of Gestational Age

Many fetal measurements can be used to determine gestational age. Early in pregnancy (1st trimester), fetuses of the same gestational age all are nearly identical in size. At this time in pregnancy, there is very little difference in size between those fetuses who ultrimately will be large, average size, or small. As pregnancy continues, these genetic and constitutional differences in size become more important clinically. It is not possible, for example to separate a 20 week fetus who is large from a 21 week fetus of normal size, or a 22 week fetus who is small for its age. All three will measure as though they were 21 weeks.

This divergence of growth rates has two important clinical implications:

1. The accuracy of ultrasound in predicting gestational age gets worse as the pregnancy advances. By 20 weeks, ultrasound is accurate only to within plus or minus two weeks, and by the third trimester, its accuracy falls to plus or minus 3 weeks.

2. If, from other sources, you know with certainty the gestational age of the fetus, you can estimate its growth rate by comparing the observed second and third trimester measurements with the expected measurements. Growth rates below the 10th percentile are considered abnormal.
	Weeks
Gestation
	BPD
(mm) 
	FL
(mm) 
	HC
(mm) 
	AC
(mm) 

	12 
	21 
	8 
	70 
	56 

	13 
	25 
	11 
	84 
	69 

	14 
	28 
	15 
	98 
	81 

	15 
	32 
	18 
	111 
	93 

	16 
	35 
	21 
	124 
	105 

	17 
	39 
	24 
	137 
	117 

	18 
	42 
	27 
	150 
	129 

	19 
	46 
	30 
	162 
	141 

	20 
	49 
	33 
	175 
	152 

	21 
	52 
	36 
	187 
	164 

	22 
	55 
	39 
	198 
	175 

	23 
	58 
	42 
	210 
	186 

	24 
	61 
	44 
	221 
	197 

	25 
	64 
	47 
	232 
	208 

	26 
	67 
	49 
	242 
	219 

	27 
	69 
	52 
	252 
	229 

	28 
	72 
	54 
	262 
	240 

	29 
	74 
	56 
	271 
	250 

	30 
	77 
	59 
	280 
	260 

	31 
	79 
	61 
	288 
	270 

	32 
	82 
	63 
	296 
	280 

	33 
	84 
	65 
	304 
	290 

	34 
	86 
	67 
	311 
	299 

	35 
	88 
	68 
	318 
	309 

	36 
	90 
	70 
	324 
	318 

	37 
	92 
	72 
	330 
	327 

	38 
	94 
	73 
	335 
	336 

	39 
	95 
	75 
	340 
	345 

	40 
	97 
	76 
	344 
	354 

	41 
	98 
	78 
	348 
	362 

	42 
	100 
	79 
	351 
	371 


 
Amniotic Fluid Volume

Amniotic fluid may be increased (polyhydramnios) in the presence of some congenital anomalies, diabetes, and fetal hydrops. It may be reduced (oligohydramnios) in the presence of fetal renal failure, postdate pregnancy, intrauterine growth retardation, and some congenital anomalies.

Amniotic fluid volume (AFV) is often evaluated subjectively by experienced examiners. One rule is that in the presence of polyhydramnios, the fetal shoulders are not both touching the uterine walls at the same time.

Semi-quantitative methods of estimating AFV include the deepest pocket measurement and the amniotic fluid index (AFI). The single deepest pocket of amniotic fluid is measured vertically. If it is at least 2 cm deep, then true oligohydramnios is not considered present. Some sonographers and clinicians find this definition too restrictive and will measure the largest pocket in two diameters.

Using the AFI, the deepest pocket of fluid in each of four uterine quadrants is measured. The four measurements are added to each other. If the sum is less than 7.0 (some say 5.0), then oligohydramnios is present. If more than 25.0, then polyhydramnios is present. While these measurements are commonly used, there is considerable subjectivity involved in obtaining them. Further, the amount of amniotic fluid present varies, depending to some extent on the state of maternal hydration.

 

Placental Location

In most cases, the exact location of the placenta is of little clinical consequence. In a few cases (such as 2nd and 3rd trimester bleeding, placenta previa, low-lying placenta), the location of the placental is very important.

 

Level I and Level II Scanning (Screening vs Targeted Scanning)

Level I (screening) scanning consists of the basic evaluation listed above. It is usually relatively simple to perform, readily available, and relatively inexpensive. More detailed scanning (Level II, or targeted scan) requires higher resolution (more expensive) equipment and sonographic skills that are more limited in their availablity and significantly more expensive. Indications for a Level II scan may include:

· Suspicious findings on a Level I scan

· History of prior congenital anomaly

· Insulin dependent diabetes or other medical problem that increases the risk of anomaly.

· History of seizure disorder, particularly if  being treated with medications known to increase the risk of anomaly.

· Teratogen exposure

· Elevated MSAFP

· Suspected chromosome abnormality

· Symmetric IUGR

· Fetal arrhythmia

· Oligohydramnios, hydramnios

· Advanced maternal age

Routine Scanning

Debate continues whether all patients should have ultrasound scans, or only those with specific indications. As a practical matter, ultrasound scanning has proven to be so popular with patients and their obstetricians, that almost everyone receiving regular prenatal care ends up with at least one scan anyway. For this reason, the focus of the debate has more recently shifted to when and under what circumstances should patients have ultrasound scans. Those favoring frequent, routine scans, do so on the basis that incorrect gestational age assessments can be corrected, many congenital anomalies can be detected, growth abnormalities can be identified and treated, and multiple gestations identified early, when intervention is more likely to improve results. Those opposed to routine scanning point to the lack of significant improvement in outcome identified to date in large studies or routinely-scanned patients. The debate continues.

Doppler Flow Studies

Using the Doppler principle, blood flow through structures such as the umbilical cord can be identified and quantified. Currently, the best use of this technology has been to identify fetuses with placental vascular resistance, as evidenced by a change (increase) in the systolic/diastolic ratio in the uterine artery. As placental resistance to flow increases, the amount of diastolic flow through the umbilical artery decreases, although systolic flow rates are usually unchanged. As the resistance increases further, diastolic flow into the placenta ceases. In the most severe form of placental resistance, the diastolic flow reverses.

Doppler flow studies can be useful in determining fetal status in the second trimester fetus who is too small for traditional fetal monitoring techniques to be useful. Doppler can also be helpful as another measure of fetal well-being in the potentially compromised fetus with growth restriction.

 
Gynecologic Scan
Technique

This scan can be done abdominally, transvaginally, or both. The abdominal scan tends to give a larger field of view, but less detail, particularly for structures deep in the pelvis and partially hidden by the pubic symphysis. If scanning abdominally, a full bladder is helpful as sound transmits well through water. In this case, the full bladder serves as an acoustic "window" into the pelvis. The full bladder also helps raise pelvic structures up from behind the symphysis and into view. If scanning transvaginally, a full bladder makes the scan more difficult because it pushes the uterus, tubes and ovaries further away from the vaginal transducer.

While performing the scan, you may use the vaginal probe as though it were your examining fingers, putting pressure on different structures to see if they are tender or fixed in place. Similarly, you may use your other had abdominally to press down, bringing structures closer to the vaginal probe. This type of dynamic ultrasound scanning may provide information you might otherwise miss.

Ultrasound Adjustments

When performing this type of scan, adjusting various settings for the equipment can have a significant effect on improving the images and clarifying detail. 

· Increasing to higher ultrasound frequency will give better resolution, but poorer depth of penetration. In the obese patient, depth of penetration is very important and resolution may need to be sacrificed somewhat in order to see all of the structures.

· Increasing the gain (amplification) will bring out more echoes on the screen, particularly at the lower end of the image, but increasing the gain results in more artifact. Decreasing the gain will clear up some of the artifact (particularly in cystic masses), but with some loss of signal, particularly deep in the tissues.

· Focal distances can be varied. Set the focus just below the deepest structure you wish to see clearly.

· Field of view can be widened or narrowed. The narrower the field of view, generally the better the image quality within the field.
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Normal Uterus, Sagittal View
	[image: image10]
Normal Uterus, Transverse View


The Normal Uterus

Start by visualizing the uterus in its long axis. You should see the endocervical canal connecting to the endometrial stripe.

Measure the uterus in three dimensions, total length, width and depth. 

Sweep through the uterus  both lengthwise and transversely, evaluating the myometrium for the presence of fibroids. Small cystic masses in the cervix are Nabothian cysts and are of no clinical significance.

Endometrium

The endometrial lining, or "stripe," varies in thickness and texture with the menstrual cycyle. 

Uterine Abnormalities
Fibroid tumors are the most common uterine abnormality seen with ultrasound. These round masses are seen within the myometrium or projecting out from the myometrium.

Normal Ovaries
Normal ovaries appear lateral to the uterus and vary in their relative position within the pelvis. In this example, the ovary lies in the classical position just above the vessels. In other cases, the ovaries may be quite remote from this location.
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Normal Ovary
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Normal Ovarian Follicle


During childbearing years, the ovaries are usually readily identified by the presence of small ovarian follicles. As the menstrual cycle advances, several ovarian follicles are recruited and grow to 8-12 mm in diameter. Then, one dominant follicle is usually selected which continues to grow at 2-4 mm/day, until it reaches about 25 mm (22-30). It then releases the egg and partially collapses, forming a corpus luteum. 
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Hemorrhagic Corpus Luteum Cyst
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Polycystic Ovary


If there is any internal bleeding into the cyst cavity, the corpus luteum takes on an irregular, "cob-web" appearance that promptly resolves. This is known as a hemorrhage corpus luteum cyst and is innocent, though it has a somewhat disturbing ultrasound appearance.

At menopause, the ovarian follicles no longer grow and the ovary may become difficult to identify. 

Similar findings can be seen among long-term oral contraceptive pill users, although the changes are generally not as dramatic.

 Ovarian Abnormalties
A large number of ovarian abnormalities can be seen, among them cysts, solid tumors, and endometriomas.
Fluid-Enhanced Ultrasound
	Endometrial Polyp


 One technique that is particularly useful in the office evaluation of abnormal uterine bleeding is sonohysterography, or fluid-enhanced ultrasound.

A thin catheter is introduced through the cervix and into the uterine cavity. Then, transvaginal ultrasound scanning is performed while sterile saline is injected through the catheter into the cavity. This separates the uterine walls and outlines any intrauterine masses, such as polyps or fibroids. The uterine lining can also be carefully evaluated for thickening or projections.

Once identified, these abnormalities can be removed through D&C. Conversely, those whose cavities and lining are normal will not usually not benefit from D&C or hysteroscopy as no abnormality will be found.
Hysterosalpingogram
The interior of the uterus and fallopian tubes can be evaluated with an x-ray dye study call a hysterosalpingogram. This is often performed as part of an infertility evaluation. It's purpose is to identify anatomic abnormalities (submucous fibroids, endometrial polyps, uterine malformations, blocked fallopian tubes and others).

It is performed during the early proliferative phase (after cessation of menses but before ovulation) to avoid disrupting an early pregnancy.

Radio-opaque dye is injected through the cervix into the uterus. The dye fills the uterine cavity and travels retrograde into the fallopian tubes. The internal diameter of the tube is identified and ultimately dye spills out the finbriated end and into the abdominal cavity.
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1. A metal catheter is in the cervix. Dye fills the uterine cavity and is starting to fill the tubes.
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2. As the dye passes into the ampullary portion of the tube, it spreads.
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3. Both tubes show free spill of dye.
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4. Further free spill.
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5. Dye spreads throughout the abdomen where it will be absorbed over time.
	


