Ultrasound Physics and Instrumentation, 5e

Chapter 7
Test Answers
1) Write the Doppler equation:
Answer:
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2) What is the approximate peak velocity for the flow indicated in the associated Doppler spectrum?
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a) 15 cm/sec

b) 50 cm/sec

c) –15 cm/sec

d) –50 cm/sec

Answer: D (note that the spectral display is inverted)
3) Which statement best describes the flow at the time indicated by the white arrow?
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a) Accelerating flow toward the transducer

b) Accelerating flow away from the transducer

c) Decelerating flow toward the transducer

d) Decelerating flow away from the transducer

e) Constant flow away from the transducer

Answer: D 

4) If the transmitted frequency is 6.0 MHz, and the received signal is 5.997 MHz, what is the Doppler shift (in kHz)?

Answer: –3 kHz (5.997 MHz – 6.000 MHz)
5) Using a 6 MHz Doppler, a Doppler shift of  –9.3 kHz was measured.  If the frequency is decreased to 2 MHz (with no other changes), what would the Doppler shift be?

Answer: –3.1 kHz 
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6) Describe the advantages and disadvantage of PW over CW Doppler

Answer:

PW has good range specificity, whereas there is no inherent range specificity with CW.  However, CW can detect virtually unlimited velocities whereas PW is limited by Nyquist and aliasing.

7) If at a stenosis the blood velocity increased from 0.2 m/sec to 1.8 m/sec, what would happen to the Doppler shift?  

a) Would not change

b) Increase by a factor of 1.6

c) Increase by factor of 9

d) Decrease by a factor of 1.6

e) Decrease by a factor of 9

Answer: C 
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8) For venous Doppler, at what setting would you expect to set the spectral Doppler wall filters?  

a) About 25 Hz

b) About 100 Hz

c) About 200 Hz

d) About 400 Hz

e) About 800 Hz

Answer: A 
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In which direction is the blood flowing?  

[image: image10.jpg]BAPTIST MED CTR DO. 3cm F739L BAPTIST MED CTR DO. 7cm E739L
IM#1 +2:04: 06 = - RENAL 4010P +2 CAROTID
&5 ~ CINE 0439 120F CINE 0087

- 296 43CG 276

60DR IMu? 2 72DR

E3 ME A2 o = R1 A3 P16

INTERNAL CAROTID STENOSIS
B- FLOW

ERNAL CAROTID STENOSIS

MI=0.7 A0=100% % .1 A0=69%




[image: image11.png]HSC Winnipeg 700 BT0GO 4cm [BLA3Y

4010P  +1: CAROTID
120F . CINE 0091
44c6 z 256
IM#2 A - 72DR

5 P16
25

b

TIS=1.3 MI=0.5 A0=69%




[image: image12.png]GE MEDICAL SYSTEMS D8. S5cm _E348c
S =

3000P YP~ ABDMENL
225F CINE 0131
63C6 336
TH#2 . 66DR
R A7 P16
46
>
46
en/s

— —=
PIGGYBACK SITE / SUPRA IVC
LIVER TRANSPLANT




[image: image13.png]



a) Cannot be determined
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Answer: B
10) Which statement is best regarding the flow indicated by the white arrow?  
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a) The mean velocity is below 31 cm/sec

b) The peak velocity is below 31 cm/sec

c) The mean velocity is 31 cm/sec

d) The mean velocity is above 31 cm/sec

e) The peak velocity is 31 cm/sec
Answer: D
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In which direction is the blood flowing?  
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c) Cannot be determined
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Answer: A
12) What artifact does HPRF Doppler exploit to achieve higher possible detectable velocities than standard PW?

Answer: Range ambiguity

13) What can be said about the Doppler angle that resulted in the following spectrum?  

[image: image22.emf]
a) Nothing without the reference image
b) The Doppler angle was greater than 90 degrees

c) The Doppler angle was less than 90 degrees

d) The Doppler angle was 0 degrees

e) The Doppler angle was 90 degrees

Answer: B (Notice that the flow above the baseline is labeled as -47 cm/sec implying that the cosine was negative and that the angle was greater than 90 degrees).
14) [image: image23.emf]The Doppler spectrum has been cropped out of the associated color image.  Which two choices describe how the flow would appear?  

a) Below the baseline if invert is on

b) Below the baseline if invert is not on

c) Above the baseline if invert is on

d) Above the baseline if invert is not on

e) Are you kidding?

Answer: B and D (Notice that the Doppler angle is greater than 90 degrees (in fact almost 180 degrees) – so that the Doppler spectrum would be in the negative direction, or below the baseline if invert is not on, or above the baseline if invert is on).
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15) Which of the following system setting changes would least likely eliminate the mottled appearance (yellow, blue, and red) of the jet in the associated color image?

a) Decrease the color gain

b) Increase the color scale

c) Shift the color baseline

d) Use a lower transmit frequency

Answer: A (the mottled appearance is the result of aliasing – changing the receiver gain does not affect aliasing.)
16) [image: image25.png]BE W8
a

40dB 2/ -/-/E
W F=103mm

11:40:48AM
avac 21s
H4.© MHz|
aCARDIAC-DIFF
GENERAL
m

Mitral Insufficiency




In which direction is the blood flowing?  




a) Cannot be determined

Answer: E (this is non-directional power Doppler – direction cannot be determined.)

17) Which correctly describes the difference between the phase of the spectrum labeled “1” and the phase labeled “2”?  

a) The direction of  “2”  is reversed from the direction of “1”

b) “1” is aliased but “2” is not

c) The amplitude of “1” is greater than the amplitude of “2”

d) Since the spectrum is inverted, “1” is away and “2” is towards the probe.

e) The velocity of “1” is greater than the velocity of “2”

Answer: E

18) Which statement is best regarding the flow indicated by the white arrow?  


a) The mean velocity exceeds 200 cm/sec

b) The Doppler angle is greater than 90 degrees
c) There is slow acceleration and deceleration from the baseline
d) The flow appears below the baseline because of aliasing
e) The wall filters are affecting the detected peak velocity
Answer: B
19) Describe how color priority works

Answer: 

Color priority is a threshold technique such that when a pixel has both a grayscale value and a color signal, the color priority threshold determines whether the pixel will be presented in grayscale or in color.  Higher color priority gives higher preference to color over grayscale.  When a grayscale amplitude is above the set threshold, the pixel is displayed as grayscale, but when the grayscale amplitude is below the threshold the pixel is displayed as color.  Therefore, turning up color priority moves the grayscale threshold up, making it more likely that color will be displayed.  

20) Describe how color wall filters are affected by changing the color scales (PRF).  Why does knowing this fact matter?  

Answer: 

The color wall filters are tied to the color Doppler scales, such that increasing the scales increases the wall filters (and decreasing the scales decreases the wall filters).  Knowing this fact matters since low velocity flow detection is greatly affected by wall filters.  When measuring low velocity flow, color scales must be lowered to achieve lower color wall filters.

21) At a clinical rotation, you are told by the clinical coordinator that your color gain is too high.  Which two characteristics of the color image would most likely have indicated this to the clinical coordinator? (choose 2)

a) Color speckle in the flow region

b) Color speckle in the regions of no flow

c) Color blossoming 

d) Strong flashes of color

e) Regions of color dropout in the image

Answer:  B and C

Note that choice A would only be true if the gain was set exceedingly high which would be evident to everyone.

22) Which of the following would not decrease the likelihood of aliasing

a) Increase the PRF

b) Decrease the Doppler gate depth

c) Measuring lower velocity flow

d) Decrease the operating frequency

e) Going from a 50 degree to a 30 degree Doppler angle

Answer:  E

(A smaller Doppler angle produces a larger cosine and hence a greater, not lower, risk of aliasing.)
23) Write the Nyquist relationship in terms of the maximum Doppler shift and the PRF.

Answer:  
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24) Assume that using a 2 MHz transmit frequency, with a PRF of 6 kHz, the Doppler shift is measured as 0.9 kHz.  At what transmit frequency would aliasing begin?

a) 2 MHz

b) 4 MHz

c) 7 MHz

d) 8 MHz 

e) 12 MHz
Answer:  D

[image: image5.wmf]6

3

22

so increasing the operating frequency by

 a factor of 4 (from 2 to 8 MHz) 

results in a Doppler shift of 4(0.9 kHz)

 = 3.6 kHz which will alias.

(max)

Dop

Dopo

PRFkHz

fkHz

ff

===

µ


25) Color Doppler yields
a) a mean velocity estimate.
b) a peak velocity estimate.
c) an amplitude weighted mean velocity estimate.
d) a modal velocity estimate.
e) an amplitude weighted velocity variance.
Answer:  A

26) Referring to the associated color bar, assume that the wall filters are approximately 5% of the scales.  Below what velocity would flow signals not present?
a) 8.4 cm/sec.

b) + 8.4 cm/sec
c) + 4.2 cm/sec
d) 0.042 cm/sec
e) 0.168 cm/sec
Answer: C    (0.05) *(+ 84 cm/sec) = + 4.2 cm/sec

27) Assuming that the grayscale map is defined such that the bottom of the scale (dark black) is represented by a value of 0 and the top of the scale (the brightest white) is represented by a value of 100.  Which statement is best regarding color priority?
a) Color signals with amplitudes higher than approximately 35 would be displayed as color.
b) 2D signals with amplitudes higher than approximately 35 would be displayed as grayscale.
c) Color signals with amplitudes below approximately 35 would be displayed as color.

d) 2D signals with amplitudes lower than approximately 35 would be displayed as grayscale.

e) There is no way of knowing anything about color priority from this color bar.

Answer: B
28) Regarding the optimal frequency for Doppler which statement is best?
a) Deeper than 8 cm, the operating frequency should be lower than 3 MHz.

b) Deeper than 2 cm, the operating frequency should be higher than 4 MHz.

c) Deeper than 3 cm, the operating frequency should be lower than 3 MHz.
d) Shallower than 4 cm, the operating frequency should be higher than 4 MHz.
e) Deeper than 6 feet, bodies should always be buried.

Answer: C (see figure 8 of page 232)
29) Describe the cause of “smoke” (spontaneous contrast).
Answer:
Smoke or spontaneous contrast is the visualization of red blood cells in 2D (grayscale).  Generally, blood is visualized during Rouleau formation.  Rouleau formation is when red blood cells change their shape and adhere together into what looks like a roll of coins (hence the name).  Since the cross-sectional area of the Rouleau formation is larger than the cross-sectional area of individual blood cells, the reflectivity becomes stronger, increasing the likelihood of visualizing the blood.

30) What is the best estimate of the Doppler angle in the associated diagram?
a) 30 or 150
b) 60 or 135
c) 20 or 160

d) 45 or 120

e) 10 or 170

Answer: A
31) List at least three reasons why no Doppler signal may be present.
1. ____________________
2. ____________________
3. ____________________
Answer: (any three of the following)
1. No flow
2. Angle close to 90 degrees
3. Wall filters set too high
4. signal affected by artifacts such as shadowing
5. inadequate sensitivity
32) What system control was changed to go from the PW timing diagram labeled “A” to the diagram labeled “B”?

Answer: Transmit power was increased.
33) Wall filters are:
a) High pass filters

b) Low pass filters

c) Notch filters

d) Fourier filters

e) Passband filters

Answer: A 

34) Describe what happens if wall filters are set too low.
Answer: 

If the wall filters are set too low, high amplitude signals saturate the Doppler circuit, causing the circuit to ring.  When the circuit saturates there is a high amplitude (bright white) spike symmetric about the baseline and a corresponding loud pop in the Doppler audio.

35) What mathematical process is depicted by the figure below?
Answer: Fast Fourier Transform (FFT)

36) The associated spectrum is best defined as:
a) High amplitude, high frequency
b) Low amplitude, low freqeuncy
c) High amplitude, low frequency
d) Low amplitude, high frequency
Answer: C

37) Which of the following was/were discussed as miconceptions regarding PW and CW Doppler? (more than one MAY apply)
a) PW is spelled with a “P” and CW is spelled with a “C”
b) Aliasing does not occur in CW

c) When using CW Doppler, there is no means by which to create range specificity
d)  PW Doppler has no range ambiguity
e) Larger PW sample volumes result in less range specificity
Answer: C and D
38) Label the following picture both in terms of time and frequency.

Answer:

39) Which of the following changes should be made to the associated Doppler spectrum?

a) Increase transmit power

b) Increase contrast

c) Shift baseline down

d) Decrease PRF

e) Invert the spectrum

Answer: C
40) Explain why there is no signal near either side of the baseline.

Answer: The blacked out region about the baseline is the result of wall filtering.  The wall filters pass through the higher frequency signals, rejecting the lower frequency signals at and around the baseline.

41) What is the best estimate of the heart rate (in bpm) for this patient given that the sweep speed is 1 sec per major division?  (explain your process)

Answer:
The cardiac cycle repeats about every 4 minor divisions, which represents 4/5 of a second or 0.8 seconds (as indicated by the white dotted lines).  Therefore the calculation for beats per minutes is:
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42) What artifact does HPRF Doppler exploit to achieve higher possible detectable velocities than standard PW?
Answer: Range ambiguity
43) For the associated picture

a) What modality is presented? 

Answer: HPRF
b) What do the diamonds represent

Answer: Ambiguous gate locations
c) What is the advantage of this technique relative to standard PW

Answer: Ability to detect higher velocities without aliasing (Higher PRF)
d) What is the disadvantage of this technique relative to standard PW

Answer: There is ambiguity above the desired gate location (not just below)
44) What best explains why the vascular world typically uses angles close to 60 degrees and not 0 or 180 degrees?
a) 60 degrees is more accurate than 0 or 180 degrees
b) Angles of 0 and 180 are not typically achievable in vascular applications
c) The calculations are easier because the cosine of 60 degrees is 0.5

d) Small deviations in angle around 0 and 180 degrees cause larger errors in velocity measurements

e) The sensitivity is better at 60 degrees than 0 or 180 degrees

Answer: B
45) Explain why of the various ultrasound modalities, color Doppler generally has the worst temporal resolution.
Answer: 
Color Doppler generates a mean velocity estimate.  To produce a mean estimate, multiple acoustic color lines (a packet of lines) must be transmitted to produce a single color display line.  Clearly transmitting more lines requires more time, increasing the frame time and hence, decreasing the frame rate, degrading temporal resolution.
46) A standard 2D image is produced with a frame time of 20 msec.  If color is turned on with a packet size of 9 and the color box covers the entire 2D frame what is the new overall frame time?
Answer:

The total frame time = 2D frame time + color frame time.

The color frame time = 9*2D frame time = 180 msec

Therefore: the total frame time = 20 msec + 180 msec = 200 msec
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