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Board-Review Questions

1. AIUM has issued a formal position discouraging the use of diagnostic ultrasound for non-medical

'keepsake' fetal imaging (e.g., souvenir videos at a shopping-mall kiosk). What is the primary basis for
this position?

A. Keepsake imaging always uses illegal, completely unregulated equipment
B. Keepsake imaging is simply more expensive than clinical imaging
C. Keepsake imaging always produces better images than any clinical exam

D. It exposes the fetus to unjustified energy with no medical benefit

2. Proper electrical grounding of an ultrasound system, verified as part of routine biomedical equipment
maintenance and distinct from leakage-current testing, primarily protects against:

A. Doppler velocity measurement inaccuracy issues
B. Image resolution degradation happening over time
C. Acoustic output power drift over time

D. A fault current finding a hazardous path through the patient

3. The Mechanical Index safety limit applied specifically to ophthalmic (eye) ultrasound imaging,
compared with the general diagnostic MI limit used elsewhere in the body, is:

A. Identical to the general diagnostic limit, with no special consideration
B. Set lower than the general diagnostic MI limit, given the eye's particular sensitivity
C. Not regulated at all for ophthalmic imaging

D. Set higher than the general limit to ensure adequate penetration

4. Current prudent-use guidance regarding spectral (pulsed) and color Doppler use in very early first-
trimester pregnancy generally recommends:

A. Limiting spectral/color Doppler in very early pregnancy unless clinically indicated
B. Spectral Doppler should never be used at any point in pregnancy

C. Doppler output is identical to B-mode output, so no special caution applies



D. Doppler use is only a concern in the third trimester, never earlier

5. A department performs identical tissue-mimicking phantom QA scans on three different ultrasound
systems to compare their measurement accuracy against each other, in addition to each system's own
baseline. What does this specific inter-unit comparison add beyond each system's individual QA testing?

A. It verifies measurements stay consistent across different equipment, not just one machine
B. It has no additional value at all beyond single-system QA testing
C. It replaces the need for any single-system QA testing going forward

D. It only checks image storage capacity, never measurement accuracy at all

6. High-level disinfection of an endocavity transducer, per Spaulding classification for a semicritical
device, generally requires the disinfectant solution to remain in contact with the probe for what type of
parameter, specified by the product's manufacturer instructions?

A. There is no required contact time; any brief wipe is sufficient

B. A specific minimum contact time and solution concentration, per the product's validated
instructions

C. Contact time is determined by the sonographer's personal judgment alone

D. Contact time is irrelevant as long as the correct chemical is used

7. When a patient does not speak the same language as the sonographer, appropriate practice for
obtaining valid informed consent for an invasive ultrasound-guided procedure requires:

A. Proceeding without any interpretation, since the procedure itself does not require verbal
communication

B. Using only written materials in the sonographer's own language, regardless of the patient's
literacy in that language

C. Asking an accompanying family member of any age to interpret, without any other option
offered

D. Using a qualified medical interpreter (in-person or via a language line service) to ensure the
patient genuinely understands the risks, benefits, and alternatives



8. Compared with iodinated contrast media used in CT or gadolinium-based agents used in MRI, a
recognized safety advantage of diagnostic ultrasound (used without any contrast agent) is:

A. Ultrasound imaging carries no risk of allergic reaction ever, of any kind, from any cause
B. Ultrasound is always faster to perform than any CT or MRI exam
C. Ultrasound provides better spatial resolution than CT or MRI in every clinical scenario

D. Ultrasound performed without a contrast agent carries no risk of contrast-associated
nephrotoxicity

9. When an ultrasound exam is technically limited (for example, by patient body habitus or bowel gas)
and certain structures cannot be adequately visualized, appropriate practice regarding the exam report is
to:

A. Omit any mention of the limitation, since it may alarm the referring provider
B. Report the incomplete structures as definitively normal despite not being seen
C. Explicitly document which structures were inadequately visualized and why, as part of the report

D. Cancel and destroy the entire exam record if any single structure is limited

10. A department's contingency plan for an unexpected complete system failure during active patient
care should specifically address:

A. Ensuring no plan is needed, since ultrasound systems never fail unexpectedly

B. A defined backup procedure (such as a backup unit or documented escalation path) so patient
care is not left without a clear next step

C. Automatically canceling all remaining scheduled patients for the entire day regardless of the
failure's severity

D. Relying solely on the sonographer's improvisation with no documented plan at all

11. Beyond individual transducer maintenance, an ultrasound system as a whole (console, cables,
wheels, power system) should undergo which type of periodic attention?

A. No system-level maintenance is needed if individual transducers are maintained

B. System-level maintenance should only occur after a complete system failure



C. A scheduled preventive maintenance program for the whole system, separate from transducer-
specific care

D. System-level maintenance is the sole responsibility of the sonographer using it that day

12. A piezoelectric element’s thickness is deliberately manufactured according to which relationship to
set its resonant (center) operating frequency?

A. The element thickness is set to exactly one full wavelength at the desired frequency

B. The element thickness is set to approximately one-half wavelength at the desired resonant
frequency

C. Element thickness has no relationship to resonant frequency at all

D. The element thickness is set randomly during manufacturing with no target frequency in mind

13. The Rayleigh criterion, borrowed from optics and applicable to any focused wave system including
ultrasound, describes:

A. The minimum angular separation needed to resolve two closely spaced point sources as distinct
B. The specific temperature at which a piezoelectric crystal depolarizes
C. The percentage of beam energy reflected at a tissue interface

D. The maximum PRF before range ambiguity occurs

14. Within a single given tissue medium (not comparing different tissues), how does the propagation
speed of sound generally change with a modest increase in that tissue's temperature?

A. Propagation speed always decreases dramatically with any temperature increase

B. Propagation speed is generally unaffected by frequency, but can change somewhat with
temperature within a given medium

C. Propagation speed is exclusively determined by transducer frequency, not tissue temperature

D. Propagation speed instantly becomes exactly 1540 m/s regardless of temperature



15. A beam encounters an interface where 20% of the incident intensity is reflected. Approximately how
much of the original intensity, expressed in decibels, does this reflected loss represent?

A. Approximately 0.2 dB
B. Approximately 20 dB
C. Approximately 100 dB

D. Approximately 7 dB

16. In simple, non-technical terms, the Doppler effect (the basis for all Doppler ultrasound applications)
describes:

A. A change in the color of light reflected off a moving object
B. An apparent shift in echo brightness due to the interpreting physician's viewing angle
C. A change in the physical size of a moving object as observed by a stationary observer

D. An apparent change in the frequency of a wave due to relative motion between the
source/reflector and the observer

17. A transducer operates at 4,000,000 Hz. Using the standard soft-tissue propagation speed of 1,540
m/s (154,000 cm/s), what is the approximate wavelength?

A. Approximately 0.00385 cm
B. Approximately 0.0770 cm
C. Approximately 0.0385 cm

D. Approximately 3.85 cm

18. Two media have acoustic impedances Z1 = 1.5 and Z2 = 4.5 (arbitrary matched units). Using the
reflection coefficient formula R = [(Z2-Z1)/(Z2+Z1)]?, approximately what fraction of incident intensity
is reflected?

A. Approximately 0.05 (5%)
B. Approximately 0.15 (15%)

C. Approximately 0.50 (50%)



D. Approximately 0.25 (25%)

19. Medium 1 has a propagation speed of 1450 m/s and Medium 2 has a propagation speed of 1600 m/s.
Approximately what is the critical angle for a beam traveling from Medium 1 into Medium 2?

A. This is approximately 25 degrees
B. This is approximately 65 degrees
C. There is no critical angle for this speed combination

D. Exactly 90 degrees, regardless of the actual speed values

20. At an oblique tissue interface where the propagation speeds of the two media differ, when
transmission occurs (i.e., the interface is not at the critical angle or beyond), what else typically occurs
simultaneously at that same interface?

A. Only transmission occurs; reflection at an oblique interface is impossible
B. The beam'’s frequency permanently doubles at the interface
C. Partial reflection also occurs simultaneously with the partial transmission/refraction

D. The transducer element immediately fails

21. The effective aperture of a focused transducer and its focal length together determine the diffraction-

limited beam width at the focus, in a manner analogous to which other physical concept already
discussed in this exam?

A. The duty factor calculation
B. The Curie point temperature threshold
C. The Rayleigh criterion for angular resolution

D. The Spaulding classification system

22. Two continuous sound waves of the same frequency arrive at a point exactly in phase with one
another (crest aligning with crest). What results from their combination at that point?

A. Constructive interference, producing a wave of increased amplitude



B. Destructive interference, producing complete cancellation
C. No interaction occurs between the two waves at all

D. The two waves automatically cancel each other's frequency

23. In the fundamental relationship propagation speed = frequency x wavelength, which of the three
variables is determined by the transducer/source, and which is determined by the medium being traveled
through?

A. Wavelength is fixed by the medium; frequency and propagation speed are both fixed by the
transducer

B. Frequency is set by the transducer/source; propagation speed is set by the medium; wavelength is
the dependent result of the other two

C. Propagation speed is set by the transducer; frequency and wavelength are both properties of the
medium alone

D. All three variables are always fixed by the transducer, with the medium having no influence at
all

24. The phase of a wave, and the phase difference between two waves, is best described as:
A. The wave's total acoustic power output only
B. The wave's operating frequency, measured in Hz
C. A measure of only the wave's amplitude

D. A point's position within a cycle, and offset between waves

25. A time-domain representation of an ultrasound pulse (amplitude vs. time) can be mathematically
transformed into a corresponding frequency-domain representation, which instead displays:

A. The exact same information, just relabeled with different axis names
B. The range and relative strength of the different frequency components that make up the pulse
C. Only the pulse's total travel time to a specific depth

D. The transducer's physical dimensions in millimeters



26. A graph plotting ultrasound beam intensity against increasing distance traveled through a uniformly
attenuating tissue characteristically shows which shape?

A. A straight, linearly declining line
B. An increasing curve, since intensity rises with distance
C. A flat, perfectly horizontal line with no decline at all

D. An exponential decay curve, not a straight line

27. Acoustic impedance (Z) for a given tissue is calculated using which formula?
A. The frequency value divided by the wavelength
B. Tissue density multiplied by propagation speed in that tissue
C. The attenuation coefficient value multiplied by distance

D. The amplitude value divided by the intensity

28. Comparing a focused transducer with an unfocused (flat-faced) transducer of the same aperture and
frequency, the focused transducer's beam characteristically:

A. Diverges immediately from the transducer face with no near zone at all

B. Narrows to a minimum beam width at a specific focal depth before diverging again beyond that
point

C. Remains exactly the same width at every depth with no variation whatsoever

D. Cannot be manufactured using piezoelectric material of any kind

29. Comparing beam formation in a linear sequential array with beam formation in a phased array, a key
difference in element activation is:

A. A linear array fires grouped elements in sequence; a phased array fires all elements with timing
delays

B. Both array types always fire every element simultaneously with identical timing

C. A phased array fires elements strictly one at a time, with no timing coordination



D. Element activation pattern has no bearing on how either array forms its beam

30. Comparing a diagnostic imaging transducer (operating in the low-single-digit to double-digit MHz
range) with a therapeutic HIFU (high-intensity focused ultrasound) transducer, a key design distinction
is that HIFU transducers:

A. Operate at dramatically higher frequencies than any diagnostic transducer
B. Concentrate high energy at a focal point for therapy
C. Cannot be focused at all, unlike diagnostic transducers

D. Use no piezoelectric material whatsoever, unlike diagnostic transducers

31. Comparing a curvilinear (convex) abdominal transducer with a sector/phased-array cardiac
transducer of similar overall size, a key practical difference in physical design is:

A. The curvilinear probe has a physically larger contact footprint at the skin than the small-footprint
sector probe

B. The two transducer types have identical contact footprints in every case
C. The sector probe always has a larger footprint than the curvilinear probe

D. Footprint size has no relevance to transducer selection for any clinical application

32. A modern broadband transducer's ability to operate continuously across a wide, essentially
continuous range of frequencies (rather than at a few fixed discrete settings) primarily distinguishes it
from:

A. Any transducer simply manufactured after the year 2020
B. Endocavity transducers specifically, as compared with all external transducers
C. Transducers used exclusively and only for Doppler applications

D. Older transducers offering only discrete, fixed frequency settings

33. An excessively long transducer cable, compared with a shorter cable of otherwise identical
construction, can introduce which practical signal-related consideration?
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A. An automatic increase in the transducer's operating frequency
B. A permanent change in the transducer's total element count
C. Additional resistance/capacitance that can degrade the signal versus a shorter cable

D. Complete elimination of any need for a matching layer

34. A transducer's specification sheet lists an operating range of '5-12 MHz." This range describes:
A. The single fixed frequency the transducer uses for every exam
B. The span of frequencies the transducer can operate across
C. The total number of physical elements in the transducer

D. The transducer's total physical weight, measured in grams

35. Comparing a transducer optimized primarily for Doppler sensitivity with one optimized primarily for
high-resolution B-mode imaging, a general design trade-off consideration is:

A. A Doppler-optimized design may favor flow sensitivity over the finest B-mode resolution

B. There is no meaningful design difference between Doppler-optimized and imaging-optimized
transducers

C. A Doppler-optimized transducer physically cannot produce any B-mode image at all

D. An imaging-optimized transducer always has superior Doppler sensitivity to any Doppler-
optimized design

36. Accidentally dropping a transducer onto a hard floor is a recognized common cause of which type of
subsequent equipment problem?

A. Element damage or dropout from the physical impact
B. An automatic, permanent increase in the transducer's frequency
C. Spontaneous improvement in image quality

D. No possible damage, since transducers are built to be fully impact-proof
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37. A standard linear array transducer's default, unsteered scan lines are oriented perpendicular to the

array face. What practical Doppler-angle limitation does this create for a vessel running parallel to the
skin surface directly beneath the probe?

A. No limitation exists; perpendicular default beam is always ideal for Doppler
B. The default perpendicular beam approaches 90 degrees, poor for Doppler unless steered/angled
C. The transducer automatically disables Doppler mode entirely in this situation

D. The vessel's flow direction reverses due to the perpendicular beam

38. Comparing a simple 1D linear array, a 1.5D array, and a full 2D matrix array, the key distinguishing
capability that increases progressively across these three designs is:

A. Total transducer footprint size, which is identical for all three
B. The degree of elevational electronic control, from none to full
C. Operating frequency range, which decreases progressively from 1D to 2D matrix

D. Total cost, which is identical regardless of array complexity

39. The number of active channels in a beamformer and the number of physical elements in an array
transducer are related but are not always numerically identical, because:

A. Element and channel count are always exactly identical, no exceptions
B. Channel count refers exclusively to the number of focal zones selected
C. Element count refers exclusively to the transducer's operating frequency

D. Some designs use multiplexing, sharing element groups across fewer channels

40. An annular array transducer, composed of concentric ring-shaped elements rather than a linear row
of elements, achieves electronic focusing in which dimension(s), and requires what additional
mechanism for real-time 2D image formation?

A. Symmetric radial focusing, but needs mechanical wobble to sweep the beam
B. Full electronic beam steering, no mechanical motion needed at all

C. No focusing capability at all, neither electronic nor mechanical
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D. Electronic focusing only in the elevational dimension, never azimuthal

41. Beyond the acoustic lens specifically, the outer housing material of a transducer (such as the plastic
casing) must also be chemically compatible with:

A. Only the patient's own body temperature, with no other consideration
B. The cleaning agents routinely used on the probe, to avoid housing cracking over time
C. Only the specific ultrasound system it happens to be connected to

D. The transducer's own internal operating frequency setting

42. For adequate elevational-plane beam symmetry and predictable image quality, a well-designed array
transducer generally requires:

A. No elevational focusing consideration at all, since only the azimuthal plane matters
B. The elevational plane to always be left completely unfocused intentionally
C. Elevational and azimuthal planes to always use two entirely separate, unrelated transducers

D. Elevational focus to be reasonably matched/coordinated with azimuthal focusing behavior

43. A mechanical 3D/4D transducer achieves volumetric acquisition using which general mechanism?

A. A motorized mechanism that physically sweeps a conventional 1D or 1.5D array through a
volume of tissue

B. Purely electronic beam steering with absolutely no moving parts whatsoever
C. An entirely separate, second transducer housed in a different probe

D. Manual, freehand sweeping performed exclusively by the sonographer's hand, with no internal
motor

44. The physical face of a transducer should maintain good flatness and surface contact uniformity
primarily because:

A. Flatness has no bearing whatsoever on image quality

B. An uneven contact surface creates inconsistent coupling and air-gap artifacts
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C. Face flatness determines the transducer's total element count

D. Face flatness is purely a cosmetic manufacturing consideration

45. The 'delamination’ failure mode in a transducer refers to:
A. An increase in the transducer's operating frequency over time

B. Separation or peeling apart of the bonded layers (such as the matching layer or lens) from the
underlying element

C. A software error preventing the probe from being recognized by the system

D. Complete loss of the entire transducer housing's structural integrity all at once

46. Strain elastography and shear-wave elastography are two distinct approaches to tissue-stiffness
imaging. What is a key methodological difference between them?

A. Strain elastography estimates stiffness from tissue displacement; shear-wave elastography
measures actual shear-wave speed

B. The two terms describe exactly the same underlying technique with no methodological
difference

C. Strain elastography requires an intravenous contrast agent, while shear-wave elastography never
does

D. Shear-wave elastography can only be performed on the liver, never on any other organ

47. Tomographic ultrasound imaging (TUI), a specialized 3D-derived display mode, presents the
acquired volume as:

A. A single flat 2D image, identical to standard real-time B-mode
B. A single external 3D surface rendering, with no internal slices shown

C. Multiple, evenly spaced parallel 2D slices displayed simultaneously, as in CT/MRI

D. An audio-only representation of the data, with no visual component
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48. A dual-probe or dual-image real-time comparison mode, allowing simultaneous side-by-side
imaging of paired bilateral organs (such as both kidneys or both testes), is primarily useful for:

A. Reducing the total exam time to less than one second regardless of the organs being compared

B. Directly comparing size, echogenicity, or vascularity between the two paired organs under
matched, simultaneous conditions

C. Automatically diagnosing any asymmetry without any interpreting physician review

D. Replacing the need to image either organ individually at any point during the exam

49. A time-stamped, on-screen contrast agent dose and injection-rate tracking display, used during a
contrast-enhanced ultrasound exam, primarily helps the sonographer or physician to:

A. Automatically diagnose the lesion, with no further image interpretation needed
B. Determine the patient's blood type before contrast administration
C. Correlate contrast timing/amount with the observed enhancement on the curve

D. Replace the need for any grayscale imaging during the contrast study

50. Ultra-high-frequency 'micro-ultrasound' transducers, operating at frequencies well above typical
abdominal or cardiac imaging frequencies, are primarily suited for:

A. Very superficial, fine-detail imaging, at the cost of significantly reduced penetration depth
B. Deep abdominal imaging in a large-bodied patient, given superior penetration
C. Cardiac imaging through the entire chest wall in every patient

D. Replacing all standard-frequency transducers for every possible clinical application

51. A breath-hold technique, in which the patient is asked to hold their breath briefly during an
abdominal ultrasound exam, is primarily used to:

A. Permanently and significantly increase the transducer's operating frequency
B. Reduce respiratory motion artifact for a clearer, stable image

C. Permanently and significantly lower the patient's heart rate
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D. Eliminate the need for any TGC adjustment during the exam

52. An on-screen numeric depth-scale gradation readout, marking specific centimeter increments along
the side of the displayed image, primarily helps the sonographer to:

A. Automatically calculate the patient's body mass index
B. Determine the system's current PRF setting numerically
C. Quickly estimate a structure's depth from the display without placing calipers

D. Replace the need for any formal caliper-based measurement entirely

53. Comparing a curvilinear (convex) transducer's scan-line geometry with a linear array's scan-line
geometry, the fundamental difference is:

A. Curvilinear scan lines radiate outward from a virtual point; linear scan lines run parallel
B. Both transducer types always produce perfectly parallel scan lines with no exceptions
C. A linear array's scan lines radiate outward, the opposite of the truth

D. Scan-line geometry has no effect on the resulting image's field-of-view shape

54. Excessive persistence (frame averaging) applied while imaging a rapidly moving structure, such as a
fetal heart valve, characteristically produces which visual effect?

A. Motion blur/smearing of the rapidly moving structure across displayed frames

B. A perfectly sharp, motion-free image regardless of how fast the structure moves
C. An automatic increase in the system's true frame rate

D. No visible effect whatsoever on a moving structure

55. A split-screen dual-frequency display mode, showing the same anatomic region processed at two
different frequencies side by side (rather than combined into one merged image), allows the viewer to:

A. View two entirely different, unrelated patients simultaneously

B. Automatically select the better of the two frequencies with no further sonographer input needed
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C. Directly compare how the same structure appears when processed at each individual frequency,
unmerged

D. Eliminate the need for frequency selection in future exams

56. A color-flash suppression algorithm, available on many modern ultrasound systems, is designed to:
A. Reduce the transient color flash artifact from motion, without losing real flow
B. Permanently and entirely disable color Doppler mode altogether
C. Increase the color box size automatically to its maximum

D. Automatically convert color Doppler into spectral Doppler mode

57. Automatic bladder-volume calculation software, commonly used in point-of-care and urology
ultrasound, functions by:

A. Automatically measuring bladder dimensions and applying a formula to estimate volume
B. Requiring a contrast agent injection into the bladder for every single measurement
C. Measuring only the kidney, never the bladder itself despite the name

D. Providing no numeric output of any kind, only a qualitative full/empty assessment

58. A quad-image (four-panel) simultaneous split display mode, distinct from a simple two-panel split
screen, allows the sonographer to:

A. View exactly one image at a time, identical to standard full-screen display
B. Display four completely unrelated, different patients simultaneously
C. Automatically merge all four panels into a single combined 3D volume

D. Simultaneously display and compare up to four separate images or clips

59. A time-intensity curve (TIC), generated during a contrast-enhanced ultrasound exam, displays:
A. The patient's heart rate value plotted against exam duration

B. The contrast agent's signal intensity in a region, plotted over time
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C. The transducer's operating frequency over the course of the exam

D. The system's PRF setting changes throughout the whole exam

60. Automated volume-flow calculation software, integrating an automatically traced vessel diameter
with simultaneously measured PW Doppler velocity, functions by:

A. Requiring the sonographer to perform the entire volume-flow calculation by hand with no
software assistance

B. Measuring only vessel diameter, with no velocity component included at all
C. Measuring only Doppler velocity, with no diameter/area component included at all

D. Combining the automatically derived cross-sectional area with the measured velocity to calculate
volume flow rate automatically

61. Comparing a fully automatic/dynamic TGC feature (which adjusts amplification based on scene
content) with traditional manual TGC slider adjustment, a key distinction is:

A. Automatic TGC adjusts compensation without manual sliders; manual TGC needs direct input
B. The two approaches are functionally identical in every respect, with no distinction
C. Manual TGC is only on the newest systems; automatic TGC is older

D. Automatic TGC eliminates the underlying physical need for any depth-based compensation at all

62. Exam-specific measurement-package presets (such as a dedicated OB package versus a dedicated
vascular package) available on most systems primarily serve to:

A. Physically change which transducer is currently connected to the system
B. Permanently lock the system into only that one exam type going forward
C. Eliminate the need for the sonographer to perform any measurements manually

D. Preconfigure the relevant measurement tools, formulas, and normal-value references for that
exam
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63. Al-assisted Doppler waveform abnormality flagging, an emerging feature on some systems, is
designed to:

A. Automatically and finally diagnose the patient, no physician needed
B. Physically and directly alter the patient's actual blood flow
C. Completely replace the need for any Doppler acquisition at all

D. Highlight waveforms suggestive of abnormality, for the sonographer/physician's further attention

64. Real-time fusion imaging registration between a live ultrasound image and a previously acquired CT
or MRI volume can experience registration drift over the course of a procedure. What does 'registration
drift' refer to?

A. A gradual decrease in the ultrasound transducer's operating frequency over time

B. A progressive misalignment between the live ultrasound image and the fused prior-imaging
volume, requiring periodic re-registration

C. An automatic, permanent improvement in fusion accuracy over the course of the procedure

D. A change in the patient's actual anatomic position that the fusion system cannot ever detect or
correct for

65. A sonographer applies 2x magnification using ‘'write zoom' (true zoom, applied before scan
conversion) to a structure originally 3 cm across on the display. Approximately how large will that
structure now appear on the display, in terms of its represented dimension?

A. Still exactly 3 cm, since write zoom has no effect on displayed size
B. Approximately 4.5 cm
C. Approximately 6 cm, doubled from the original 3 cm

D. Approximately 1.5 cm, since zoom always shrinks the displayed image

66. A system uses 128 scan lines across a sector field of view, with a PRF of 5000 Hz and one focal
zone. Approximately what frame rate results (ignoring processing overhead)?

A. Approximately 5 frames per second

B. Frame rate cannot be estimated from this information
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C. Approximately 640 frames per second

D. Approximately 39 frames per second

67. A system's dynamic range is set to 60 dB, compressing the full range of received echo amplitudes
into a limited number of gray shades for display. Compared with a wider 120 dB dynamic range setting,
the 60 dB setting will generally produce an image with:

A. ldentical contrast appearance to the wider 120 dB setting
B. A permanently lower overall acoustic output power
C. Higher contrast, with fewer distinguishable gray shades overall

D. A permanently and drastically altered PRF value

68. A displayed TGC curve on-screen shows a steep upward slope in the near field followed by a flatter
slope in the far field. This curve shape indicates the system is currently compensating for:

A. No compensation at all; the curve is purely decorative with no functional meaning
B. Uniform attenuation identical at every single depth, requiring no differential compensation
C. An error requiring immediate service, since curves must be a straight line

D. Relatively greater near-field amplification than the smaller adjustment applied farther out

69. A specific post-processing gray-map curve is selected to enhance contrast in the mid-gray range at

the expense of contrast in the very dark and very bright ranges. This type of adjustment is best described
as:

A. Selectively redistributing contrast toward gray levels most relevant to the structure
B. An adjustment that actually changes the transducer's transmitted frequency itself
C. An adjustment that permanently alters the patient's real tissue echogenicity

D. An adjustment that has no visible effect on the displayed image whatsoever

70. Overly aggressive edge-enhancement processing, applied to compensate for a soft-looking image,
carries which recognized risk?
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A. It always improves diagnostic accuracy with absolutely no possible downside
B. It has no effect on tissue border appearance in any way
C. It can create artificially sharp borders that don't reflect the true interface

D. It automatically corrects any focusing or gain problem causing softness

71. Compared with a single-angle B-mode image, spatial compound imaging's combination of multiple
steered angles specifically helps reduce which category of image degradation?

A. Only the transducer's total physical element count
B. Only the system's maximum available depth setting
C. Angle-dependent artifacts, absent at one angle but not another

D. Only the patient's actual heart rate during the exam

72. When color Doppler signal and underlying grayscale B-mode information overlap at the same pixel
location, a color-to-grayscale display priority setting determines:

A. That the grayscale information is always permanently deleted from the system
B. Which of the two overlapping signals takes precedence at that pixel location
C. The system's maximum available scanning depth

D. The patient's actual physiologic heart rate

73. A needle-guide overlay, displaying a projected needle-path line on screen for a biopsy procedure,
requires periodic calibration verification primarily to ensure:

A. The transducer's own operating frequency stays entirely unchanged
B. The patient's vital signs are being continuously and closely monitored
C. The system's dynamic range setting stays fixed at its default value

D. The displayed guide line still matches the actual needle path
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74. In a dual-modality split-screen setup (for example, ultrasound alongside a separately displayed prior
CT image), a practical technical consideration is:

A. The two images are always perfectly synchronized with zero possible lag
B. Split-screen display only works if both images share the same system
C. Split-screen display automatically fuses the two images into one combined dataset

D. Potential display-syncing lag between two separately sourced images, live versus static

75. A structured worksheet that auto-populates with values from the measurement package as the
sonographer performs each required measurement primarily serves to:

A. Reduce transcription effort and help ensure all required measurements are captured consistently
B. Physically perform the ultrasound scan on behalf of the sonographer
C. Replace the need for a physician to ever review the completed study

D. Automatically and independently diagnose any abnormality found during the exam

76. Comparing surface-mode 3D rendering with a 'glass-body" (transparent) 3D rendering mode, the key
visual distinction is:

A. The two modes produce visually identical output in every case
B. Glass-body mode can only be used on the fetal face
C. Surface mode shows only external contours; glass-body reveals internal structures translucently

D. Surface mode requires a contrast agent, while glass-body mode never does

77. A vessel has a true flow velocity of 40 cm/s, insonated at a 45-degree angle (cos 45 degrees = 0.707)
by a 6 MHz transducer, with propagation speed 1540 m/s. Approximately what Doppler shift frequency
results?

A. Approximately 2200 Hz
B. Approximately 1100 Hz

C. Approximately 4400 Hz

22



D. Approximately 550 Hz

78. A pulsed system has a PRF of 8000 Hz, insonating at a 30-degree angle (cos 30 degrees = 0.866)
with a 5 MHz transducer and propagation speed 1540 m/s. Approximately what is the maximum
velocity measurable before aliasing occurs?

A. This is approximately 71 centimeters per second
B. This is approximately 355 centimeters per second
C. This is approximately 1420 centimeters per second

D. Velocity cannot be estimated from this given data

79. A sonographer uses a large, uncorrected Doppler angle of 75 degrees (cos 75 degrees =~ 0.26) instead
of properly angle-correcting to a more favorable 45 degrees (cos 45 degrees =~ 0.71) for the same true
velocity. What effect does this have on the calculated (displayed) velocity if the system assumes the
smaller, corrected angle was actually used?

A. The displayed velocity will be substantially underestimated compared with the true velocity
B. The displayed velocity will be substantially overestimated compared with the true velocity
C. The displayed velocity will be exactly correct regardless of the angle used

D. Angle has no effect on the calculated velocity value at all

80. Multigate pulsed Doppler positions several range-gated sample volumes simultaneously across a
vessel's diameter. What clinical/research information does this specifically provide that a single standard
PW sample volume does not?

A. A velocity profile showing how velocity varies across the vessel's cross-section
B. An entirely angle-independent velocity measurement requiring no angle correction whatsoever
C. Automatic elimination of the Nyquist limit for every sample gate

D. A complete replacement for color Doppler imaging in every clinical scenario

81. A color 'bleed’ or overwrite artifact, in which color signal appears to extend visibly beyond the true
anatomic wall of a vessel into adjacent tissue, is most directly caused by:
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A. An error in the locked answer key requiring immediate system replacement
B. A complete absence of any actual blood flow in the vessel
C. The wall filter being set far too low for the clinical scenario

D. Excessive color gain, causing the system to color-encode weak adjacent tissue signal

82. Positioning a PW Doppler sample volume specifically near the vessel wall (rather than centered in
the lumen) is a deliberate, specialized technique sometimes used to assess:

A. The exact same information as a centrally placed sample volume
B. Only the patient's direct systemic blood pressure value itself
C. Wall-adjacent flow characteristics, distinct from the faster central-stream velocity

D. Only the vessel's outer diameter, with no velocity information at all

83. Beyond peak systolic velocity ratio criteria, carotid stenosis grading protocols may also incorporate a
specific end-diastolic velocity (EDV) threshold. What is the general clinical rationale for including an
EDV criterion alongside PSV-based measures?

A. EDV is entirely unrelated to stenosis severity and included only for research purposes
B. EDV tends to rise further with worsening stenosis, supporting a higher-grade diagnosis
C. EDV always falls to zero regardless of severity, a poor criterion

D. EDV is measured only in the aorta, never in the carotid artery

84. Doppler assessment of reflux at the saphenofemoral junction, a specific site relevant to varicose vein
evaluation, is typically performed using which provocative technique?

A. Continuous-wave Doppler exclusively, since pulsed Doppler cannot be used at this specific site
B. No provocative maneuver is needed; reflux is always spontaneously present at rest
C. Measuring only the vessel's diameter, with no flow assessment component at all

D. A Valsalva maneuver or manual distal augmentation/release, assessing for a pathologically
prolonged period of reversed flow
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85. Klippel-Trenaunay syndrome, a congenital vascular malformation syndrome sometimes evaluated
with Doppler ultrasound, is classically characterized by which combination of findings?

A. Isolated coronary artery disease with no other vascular involvement

B. A combination of venous malformation, capillary malformation (port-wine stain), and soft-
tissue/limb overgrowth

C. Complete absence of any detectable venous system in the affected limb

D. A finding restricted exclusively to the coronary arteries, never affecting a limb

86. A persistent sciatic artery, an uncommon congenital vascular variant sometimes identified on
Doppler evaluation of the lower extremity, refers to:

A. An embryologic artery persisting as a major lower-limb supply via the posterior thigh
B. A normal artery universally present in every single patient, without exception
C. An artery found only in the upper extremity, never in the lower extremity

D. A vein, not an artery, despite what its name suggests

87. Renal vein thrombosis, occurring in a native (non-transplant) kidney and sometimes associated with
nephrotic syndrome, characteristically produces which Doppler finding?

A. An entirely normal-appearing renal vein waveform in every case, indistinguishable from a
healthy kidney

B. A waveform found only in the renal artery, with the renal vein itself never assessable by Doppler

C. Absent or markedly abnormal flow within the renal vein, sometimes with a corresponding
increase in renal arterial resistive index

D. A finding exclusively associated with renal transplant patients, never occurring in a native, non-
transplanted kidney

88. The color Doppler 'twinkle' artifact is a recognized, clinically useful sign specifically associated with
which type of structure?

A. A ureteral or renal calculus (stone), appearing as a rapidly alternating color signal deep to the
stone
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B. A completely normal, entirely unremarkable vessel with no associated pathology
C. The presence of a large amount of free intraperitoneal fluid

D. A properly functioning prosthetic heart valve, as an entirely expected normal finding

89. Postpartum ovarian vein thrombosis, a recognized obstetric vascular complication typically
presenting in the days following delivery, is characteristically evaluated with Doppler to identify:

A. A normal, unremarkable ovarian vein with entirely normal flow, ruling out the diagnosis
definitively in every case

B. An enlarged, thrombosed ovarian vein with absent flow signal and, often, a visible echogenic
intraluminal thrombus

C. A finding restricted exclusively to the fallopian tube, never actually involving the ovarian vein
itself

D. A finding that can only ever be assessed using CT, with Doppler ultrasound contributing no
useful information at all

90. The 'yin-yang sign' on color Doppler, seen in the setting of a pseudoaneurysm, refers to:
A. A sign indicating complete, uniform, unidirectional flow throughout the entire structure

B. A bidirectional swirling color pattern within the pseudoaneurysm sac, reflecting to-and-fro flow
between the sac and the parent vessel

C. A finding exclusively seen on grayscale imaging, never demonstrable with color Doppler

D. A sign specifically indicating the complete absence of any flow within the sac

91. Color Doppler hyperemia (increased flow signal) within the gallbladder wall is a recognized
supportive sonographic sign in the evaluation of suspected:

A. Acute cholecystitis, reflecting inflammatory hyperemia of the gallbladder wall
B. A completely normal, unremarkable gallbladder with no pathology present
C. Isolated common bile duct stone, with no gallbladder wall involvement whatsoever

D. Chronic, burned-out, non-inflamed gallbladder wall fibrosis
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92. Isolated torsion of a testicular appendage (a small embryologic remnant), distinct from torsion of the
testicle itself, characteristically shows which Doppler pattern?

A. Complete absence of flow throughout the testicle, identical to true torsion
B. Normal or increased testicular flow, with only a small focal appendage abnormality
C. A finding assessable only with MRI, never with Doppler ultrasound

D. A finding restricted exclusively to female patients, never occurring in males

93. Comparing Doppler findings in post-transplant acute tubular necrosis (ATN) with acute rejection, a
general distinguishing pattern sometimes described is:

A. ATN and rejection always produce identical resistive index values with no distinguishing pattern
whatsoever

B. ATN tends to be associated with relatively lower resistance patterns, while acute rejection tends
to be associated with relatively higher resistance (elevated RI) patterns

C. Only rejection can be assessed with Doppler ultrasound; ATN produces no detectable Doppler
abnormality at all

D. ATN always produces a completely absent arterial signal, indistinguishable from complete graft
infarction

94. Doppler assessment of an abdominal aortic aneurysm (AAA) sac can help distinguish a patent flow
channel from mural (wall-adherent) thrombus within the sac. What Doppler characteristic distinguishes
the two?

A. Both the patent lumen and thrombus show identical, robust color flow
B. Mural thrombus always shows stronger color flow signal than the adjacent patent lumen
C. Doppler cannot be used to evaluate any portion of an AAA sac

D. The patent channel shows detectable flow signal, while mural thrombus shows none

95. The normal jugular venous Doppler waveform, reflecting central venous/right atrial pressure
changes across the cardiac cycle, is best characterized as:

A. A completely flat, unchanging waveform with no cyclical variation whatsoever
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B. A triphasic or multiphasic pattern reflecting right atrial pressure and volume changes across the
cardiac cycle

C. A waveform that exists only during held inspiration, and is entirely absent during any other part
of respiration

D. A waveform indistinguishable in every respect from a peripheral arterial waveform

96. Thoracic outlet syndrome, evaluated in part with Doppler ultrasound, is characterized by positional
compression of which structures, elicited with specific arm maneuvers?

A. The subclavian artery/vein, compressed with certain provocative arm positions
B. The abdominal aorta, compressed with any arm movement at all
C. The femoral artery, compressed specifically with shoulder abduction motion

D. The carotid artery, compressed by any lower-extremity movement at all

97. Comparing a scrotal hematoma with a scrotal tumor on Doppler evaluation, a key distinguishing
feature is:

A. Both a hematoma and tumor always show identical, robust vascularity
B. A hematoma always shows more internal vascularity than any tumor does
C. Doppler cannot contribute any useful information to this specific differential at all

D. A hematoma is characteristically avascular internally, while a tumor shows internal vascularity

98. Comparing the respiratory phasicity of the subclavian vein (a peripheral central vein) with that of the
IVC, both reflect changes with respiration, but the underlying mechanism differs somewhat in that:

A. Subclavian vein flow varies with intrathoracic pressure, a mechanism distinct from the IVC's
diaphragmatic response

B. The subclavian vein shows absolutely no respiratory variation whatsoever, unlike the IVC
C. Only the IVC can be assessed with Doppler; the subclavian vein cannot

D. Respiratory phasicity is identical in mechanism for every vein in the body
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99. A sonographer notices inconsistent Doppler signal quality despite an apparently adequate spectral
trace, and suspects an interaction between the spectral gain and the separately displayed color gain
settings in a duplex/triplex acquisition. What is the most appropriate troubleshooting approach?

A. Assume the two gain controls are permanently linked, not independent
B. Increase both gain settings simultaneously to their absolute maximum values
C. Recognize spectral and color gain are independent controls, optimizing each separately

D. Conclude that gain settings have no bearing on Doppler signal quality whatsoever

100. A lower-extremity synthetic bypass graft (distinct from a dialysis access graft) is monitored with
serial Doppler surveillance primarily to detect:

A. Only cosmetic changes to the overlying skin, with no assessment of the graft itself

B. Developing graft stenosis or a failing graft segment, before frank graft occlusion or limb-
threatening ischemia occurs

C. The patient's systemic cholesterol level directly from the Doppler waveform

D. Only the presence or absence of a palpable pulse, with no Doppler waveform assessment at all

101. A very slow, faint trickle of residual flow around a near-total arterial thrombus can sometimes be

mistaken for complete occlusion if Doppler technique is not optimized. Which specific pitfall does this
scenario illustrate?

A. That complete occlusion and near-total thrombosis with trickle flow are, in fact, clinically and
hemodynamically identical in every respect

B. That Doppler technique optimization (appropriate gain, low PRF/scale, low wall filter) has no
bearing on detecting this subtle flow pattern

C. That this specific pitfall applies only to venous, never arterial, assessment

D. That a genuinely patent, if severely compromised, vessel segment can be mistakenly read as
completely occluded if Doppler settings are not optimized to detect the faint residual signal

102. Ultrasound-guided compression repair, a minimally invasive treatment for an iatrogenic
pseudoaneurysm (such as after a femoral arterial access procedure), uses Doppler imaging to:

29



A. Monitor for flow cessation in the sac during compression, confirming thrombosis
B. Permanently block all flow in the adjacent native artery
C. Provide no useful monitoring information during the compression procedure at all

D. Replace the need for any grayscale imaging during the entire procedure

103. A renal artery aneurysm, distinct from renal artery stenosis, is characterized on Doppler by which
finding?

A. A focal narrowing with elevated velocity, identical in every respect to stenosis
B. Complete absence of any detectable flow signal in the renal artery
C. A focal dilation with an intact but abnormally widened lumen, unlike a narrowed one

D. A finding occurring only in the renal vein, never the renal artery

104. Fibromuscular dysplasia (FMD), a non-atherosclerotic arterial disease sometimes affecting the
renal or carotid arteries, can produce a characteristic 'string-of-beads’ appearance. On Doppler
ultrasound, this corresponds to which finding?

A. Alternating segments of narrowing and dilation, producing alternating increased and normal
velocity

B. A single, isolated, smoothly tapered stenosis with no alternating pattern whatsoever
C. Complete, uniform occlusion of the entire artery from origin to termination

D. A finding that produces no detectable Doppler abnormality of any kind

105. A dialysis arteriovenous fistula develops a focal, pulsatile, expansile outpouching along its course.

Doppler evaluation to characterize this as a true aneurysm versus a pseudoaneurysm primarily assesses
for:

A. Whether the wall is intact (aneurysm) or ruptured with contained flow (pseudoaneurysm)
B. The patient's blood type, which directly determines the classification
C. Only the outpouching's skin color, with no Doppler flow assessment at all

D. A finding occurring exclusively in native fistulas, never in synthetic grafts
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106. Doppler assessment of the response to a pharmacologic vasodilator or vasoconstrictor challenge,
used in certain physiologic/research testing contexts, evaluates:

A. Only the transducer's own performance characteristics, not the patient's actual vascular response

B. A fixed, unchanging Doppler waveform regardless of which pharmacologic agent is
administered

C. How a vessel's waveform changes in response to a vasoactive agent, showing reactivity

D. Only the patient's heart rate, with no assessment of the vessel's flow pattern itself

107. Contrast-enhanced Doppler signal augmentation, using a microbubble contrast agent specifically to
boost a weak or technically difficult Doppler signal (distinct from CEUS B-mode lesion
characterization), functions by:

A. Eliminating the underlying tissue signal entirely, leaving only artifact
B. Converting Doppler ultrasound into an entirely different, non-acoustic imaging modality
C. Working only when a vessel is completely occluded with zero flow

D. Strong microbubble backscatter substantially boosting Doppler signal from weak, difficult-to-
detect flow

108. In a patient presenting with acute limb ischemia, Doppler assessment characteristically
demonstrates which finding, reflecting the surgical emergency nature of this presentation?

A. A completely normal, entirely unremarkable triphasic arterial waveform throughout the affected
limb

B. An unusually elevated, supranormal velocity throughout the entire limb

C. A finding identical in every respect to chronic, longstanding peripheral arterial disease with well-
developed collaterals

D. Absent or severely diminished arterial flow signal distal to the level of acute occlusion,
correlating with the clinical emergency

109. A complex multi-vessel trauma evaluation requires distinguishing arterial from venous injury,
characterizing a very high-velocity traumatic arteriovenous fistula jet, and precisely localizing signal to
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one of several closely adjacent injured vessels. Which combined Doppler approach is best suited to
address all of these needs together?

A. Power Doppler used entirely alone, no other Doppler modality involved at all
B. Grayscale B-mode imaging alone, with no Doppler modality used at any point
C. Color for overview, CW for the jet without aliasing, PW for localization

D. Spectral Doppler used entirely alone, with color and power Doppler entirely omitted

110. A comprehensive vascular trauma protocol combines B-mode, color Doppler, spectral (PW and
CW) Doppler, and power Doppler as needed for a given clinical scenario. What is the overarching
principle guiding modality selection in such a protocol?

A. Selecting the specific Doppler (or grayscale) modality whose particular strengths best address
the specific clinical question at hand, rather than defaulting to one single modality for every
situation

B. Always using every single available modality simultaneously for every single patient, regardless
of the specific clinical question

C. Using only the newest, most recently released modality available on the system, regardless of
whether it is actually the best fit for the specific question

D. Selecting modality based solely on which one takes the least total scan time, regardless of
diagnostic adequacy for the clinical question

Answers

1. D. D. The position against non-medical keepsake imaging rests on the principle that any ultrasound
exposure should have a medical justification and be performed by a trained operator under appropriate
medical supervision; keepsake imaging exposes the fetus to acoustic energy for entertainment purposes
only, performed by operators without medical training, with no diagnostic benefit to weigh against that
exposure. It is not specifically about equipment legality, which varies by venue rather than being a
defining feature of the position (contradicting A). Cost (B) is not the stated basis for the concern. Image
quality (C) is irrelevant to the underlying safety/justification rationale, and in any case keepsake imaging
does not reliably produce superior images.

2. D. D. Proper grounding provides a low-resistance path for a fault current (from an internal equipment
malfunction) to safely dissipate to ground rather than finding an unintended path through the patient or
operator, which could otherwise result in a serious electrical shock — a distinct electrical-safety check
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from leakage-current testing, which instead measures small currents present even during normal, non-
fault operation. This is not related to Doppler velocity accuracy, a separate functional performance
parameter (contradicting A); it does not address image resolution, a separate imaging-quality concern
(contradicting B); and it has no relationship to acoustic output power drift, a separate acoustic
calibration issue (contradicting C).

3. B. B. Because the eye is considered a particularly sensitive structure, regulatory and manufacturer
output limits set a lower Mechanical Index ceiling specifically for ophthalmic applications than the
general diagnostic MI limit used elsewhere in the body, reflecting an extra margin of caution for this
specific application. This directly contradicts a claim that the limit is identical to the general limit (A) or
higher than it (D, the opposite of the actual relationship), and ophthalmic imaging is very much subject
to output regulation, not exempt from it (contradicting C).

4. A. A. Because spectral and color Doppler modes generally have higher acoustic output (and
correspondingly higher Thermal Index) than simple B-mode imaging, prudent-use guidance
recommends limiting their use in very early pregnancy (particularly the embryonic period) to situations
with genuine clinical indication, applying ALARA with extra caution during this theoretically more
vulnerable developmental window. This is not a claim that Doppler should never be used in pregnancy
at all, since it is often clinically indicated later or when needed (contradicting B); Doppler output is not
identical to B-mode output, which is the entire basis for the extra caution (contradicting C); and the
concern is specifically about early pregnancy, not limited to the third trimester as claimed in D.

5. A. A. While routine single-system QA tracks a given machine's performance against its own
established baseline over time, an inter-unit comparison using the same phantom across multiple
systems checks whether measurements remain consistent when a patient might be scanned on different
equipment within the same department, catching a type of drift or discrepancy that single-system
trending alone would not reveal. This has clear additional value, not none (contradicting B); it
supplements rather than replaces ongoing single-system QA testing (contradicting C); and it specifically
addresses measurement accuracy/consistency, not storage capacity, an unrelated system parameter
(contradicting D).

6. B. B. High-level disinfection is only effective when the disinfectant solution contacts the device
surface for a specific validated minimum time at a specific concentration, both specified in the product's
manufacturer instructions for use; using the correct chemical but an inadequate contact time or diluted
concentration would not achieve genuine high-level disinfection despite appearing compliant. A brief
wipe with no defined contact time (A) does not meet the validated standard. Contact time is not left to
individual discretion without reference to validated instructions (contradicting C), and both the correct
chemical AND adequate contact time/concentration are necessary together, not chemical selection alone
(contradicting D).

7. D. D. Valid informed consent requires that the patient genuinely understand the risks, benefits, and
alternatives of the procedure, which for a language-discordant patient requires a qualified medical
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interpreter (in-person or via a telephone/video language line service), rather than relying on an
unqualified ad hoc solution that risks a genuine communication gap and questionable consent validity.
Proceeding without any interpretation assumes communication is unnecessary, which is not true for a
consent discussion even if the physical procedure itself is largely nonverbal (contradicting A). Written
materials only in a language the patient may not read fluently do not ensure genuine understanding
(contradicting B). Relying solely on an accompanying family member, particularly if that person may be
a minor or may have their own reasons to distort the information, is not considered an adequate
substitute for a qualified interpreter when one can be arranged (contradicting C).

8. D. D. Because standard diagnostic ultrasound (without a contrast agent) does not use an iodinated or
gadolinium-based contrast medium, it carries none of the contrast-associated nephrotoxicity risk that
iodinated CT contrast poses in patients with impaired renal function, or the rare but serious concerns
associated with certain gadolinium agents — a genuine, recognized safety advantage in appropriate
patients. This does not mean ultrasound carries zero allergic-reaction risk of any kind from any cause
whatsoever, an overly absolute claim (contradicting A); exam duration varies by study type and is not
universally faster for ultrasound (contradicting B); and ultrasound does not provide superior spatial
resolution in every clinical scenario compared with CT/MRI, which often exceed ultrasound for certain
applications (contradicting C).

9. C. C. When portions of an exam are technically limited, appropriate and medical-legally sound
practice is to explicitly document which structures could not be adequately visualized and the reason
(such as overlying bowel gas or body habitus), so the referring provider understands the exam's
limitations and can determine whether further imaging is needed — omitting this information or
reporting unseen structures as normal would be misleading and could delay diagnosis. Omitting the
limitation to avoid alarming the provider (A) is not appropriate documentation practice. Reporting
unvisualized structures as definitively normal (B) is factually inaccurate and potentially harmful. A
single limited structure does not require canceling and destroying the entire exam record, which remains
a valid medical record for the portions that were adequately performed (contradicting D).

10. B. B. A sound downtime/contingency plan defines a clear backup procedure — such as access to a
backup unit, a documented escalation path to biomedical engineering, or a protocol for safely pausing
and rescheduling the affected exam — so that staff have a clear, pre-established next step rather than
having to improvise entirely in the moment during a stressful equipment failure. This directly
contradicts an assumption that no plan is needed because failures never happen, since equipment can and
does fail unexpectedly despite maintenance (contradicting A). An appropriate plan does not require
blanket cancellation of the entire day's schedule regardless of the failure's actual severity or how quickly
it can be resolved (contradicting C), and relying solely on improvisation with no documented plan at all
is precisely the gap a good contingency plan is meant to close, not an acceptable substitute for one
(contradicting D).

11. C. C. In addition to transducer-specific care (cleaning, disinfection, acceptance testing), the
ultrasound system as a whole benefits from a scheduled preventive maintenance program addressing the
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console, cabling, casters/wheels, and power system, catching developing issues before they cause a
failure or safety hazard — a broader equipment-management practice distinct from, and complementary
to, individual probe maintenance. Transducer maintenance alone does not substitute for whole-system
maintenance (contradicting A). Waiting until a complete system failure occurs (B) is a reactive, not
preventive, approach, and undermines the point of preventive maintenance. System-level preventive
maintenance is typically the responsibility of clinical/biomedical engineering following a defined
schedule, not left solely to an individual sonographer's daily informal judgment (contradicting D).

12. B. B. A piezoelectric element's thickness is deliberately manufactured to approximately one-half
wavelength at the desired resonant (center) operating frequency; this specific half-wavelength dimension
IS what causes the element to vibrate most efficiently at that particular frequency when electrically
excited, directly linking crystal thickness to the transducer's fundamental operating frequency. It is not
set to a full wavelength, which would not produce the correct resonant behavior (contradicting A);
element thickness very much determines resonant frequency, the opposite of having no relationship at
all (contradicting C); and this dimension is a precisely engineered design parameter targeting a specific
frequency, not a random manufacturing choice (contradicting D).

13. A. A. The Rayleigh criterion defines the minimum angular (or equivalently, spatial) separation
required for a focused imaging system to resolve two closely spaced point sources as two distinct objects
rather than a single blurred one, a diffraction-limited resolution concept that applies broadly to focused
wave systems, including the lateral resolution limits of an ultrasound beam. It is unrelated to a
piezoelectric material's Curie point, a thermal/material property (contradicting B), it is not a measure of
reflected beam energy percentage, which instead relates to acoustic impedance mismatch (contradicting
C), and it has no relationship to the PRF/range-ambiguity relationship, a separate pulse-timing concept
(contradicting D).

14. B. B. Propagation speed within a given medium is fundamentally determined by that medium'’s
density and stiffness/compressibility, and while it is essentially independent of the transducer's operating
frequency, it can shift somewhat with temperature change within the same medium, since temperature
affects a material's stiffness and density properties. This contradicts a claim of a dramatic, universal
decrease with any temperature rise (A, an overstated and generally inaccurate claim), it is not
exclusively determined by transducer frequency, which is a separate, largely independent parameter
(contradicting C), and real tissue propagation speed varies somewhat around the 1540 m/s soft-tissue
average rather than being fixed at exactly that value regardless of conditions (contradicting D).

15. D. D. Converting an intensity ratio to decibels uses dB = 10 x log10(ratio); for a reflected fraction of
0.2 (20%), dB = 10 x logl0(0.2) = 10 x (-0.70) = -7 dB, meaning the reflected loss represents
approximately 7 dB relative to the incident intensity. Option A (0.2 dB) mistakes the raw fraction itself
for a dB value without applying the logarithmic formula at all. Option B (20 dB) mistakes the
percentage value itself for the dB value, also skipping the required logarithmic conversion. Option C
(100 dB) is a much larger value inconsistent with a modest 20% reflected fraction.
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16. D. D. The Doppler effect, familiar from everyday experience such as a passing ambulance siren's
pitch change, describes an apparent shift in the observed frequency of a wave (sound, light, or
otherwise) caused by relative motion between the source (or reflector) and the observer — in ultrasound,
this manifests as a shift in the frequency of sound reflected from moving blood cells, forming the basis
of Doppler-based flow assessment. It is not specifically a light-color phenomenon, though an analogous
effect exists in light/astronomy (contradicting A, which misattributes the general acoustic Doppler effect
to color specifically); it has nothing to do with the interpreting physician's viewing angle, a
display/interpretation matter unrelated to the underlying wave phenomenon (contradicting B); and it
describes a frequency shift, not an actual physical size change in the moving object (contradicting C).

17. C. C. Wavelength = propagation speed + frequency = 154,000 cm/s + 4,000,000 Hz = 0.0385 cm,
matching the standard shortcut of 1.54 + frequency-in-MHz (1.54 + 4 = 0.385 mm = 0.0385 cm). Option
A is off by a factor of 10 (a decimal-place/unit-conversion error). Option B is roughly double the correct
value. Option D is off by a factor of 100, consistent with a unit-conversion mistake (e.g., confusing cm
and mm, or MHz and Hz) rather than the correct wavelength-formula application.

18. D. D. R = [(4.5-1.5)/(4.5+1.5)]? = [3.0/6.0]? = [0.5]? = 0.25, meaning approximately 25% of the
incident intensity is reflected at this interface, with the remaining 75% transmitted onward. Option A
(5%) and Option B (15%) are both well below the correctly calculated value, consistent with an
arithmetic error in applying the formula's squaring step. Option C (50%) reflects the un-squared ratio
(0.5) mistaken for the final answer, omitting the required squaring operation specified in the formula.

19. B. B. The critical angle occurs when the refraction angle reaches 90 degrees; using Snell's law,
sin(critical angle) = cl/c2 = 1450/1600 = 0.906, so the critical angle = arcsin(0.906) = 65 degrees. A
critical angle exists specifically because c2 > c1 in this scenario (beam traveling from a slower into a
faster medium), directly contradicting the claim in C that no critical angle exists for this combination.
Option A (25 degrees) is roughly the complement of the correct answer, consistent with a common
arcsin/arccos confusion. The critical angle is not fixed at exactly 90 degrees regardless of the actual
speed values, which would only be true in a degenerate case, not for these specific given speeds
(contradicting D).

20. C. C. At most real tissue interfaces, particularly where there is any acoustic impedance mismatch,
both partial reflection and partial transmission (with refraction, if the speeds differ and the angle is
oblique) occur simultaneously — the incident beam's energy is split between a reflected component and
a transmitted, refracted component, rather than the interface producing only one or the other exclusively.
This directly contradicts a claim that only transmission occurs with reflection being impossible at an
oblique interface (A); frequency does not change at a tissue interface under normal diagnostic conditions
(contradicting B); and this normal physical interaction does not cause immediate transducer element
failure, an unrelated equipment malfunction concept (contradicting D).

21. C. C. The relationship between aperture size, focal length, and the resulting diffraction-limited beam
width at the focus is directly analogous to the Rayleigh criterion from optics, which similarly relates
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aperture size and wavelength to the minimum resolvable angular separation — both describe how a
focused wave system's aperture geometry fundamentally limits its best achievable resolution. It is not
analogous to duty factor, a pulse-timing ratio unrelated to aperture/resolution geometry (contradicting
A); it is not analogous to the Curie point, an unrelated thermal/material property of a piezoelectric
crystal (contradicting B); and it has no relationship to the Spaulding classification, an infection-control
category system entirely outside the domain of beam physics (contradicting D).

22. A. A. When two waves of the same frequency arrive perfectly in phase (crest aligning with crest,
trough with trough), their amplitudes add together at that point, a phenomenon called constructive
interference, producing a resulting wave of greater amplitude than either wave alone. This is the
opposite of destructive interference/cancellation, which instead requires the waves to be out of phase,
typically by 180 degrees (contradicting B); waves of the same frequency meeting at a point do interact
through superposition, not remain independent with no interaction (contradicting C); and interference
affects amplitude at that point, not the underlying frequency of either wave, which remains unchanged
(contradicting D).

23. B. B. In this fundamental relationship, frequency is set by the transducer/source and does not change
as the beam travels between different media, propagation speed is a property of the specific medium the
beam is currently traveling through (determined by that tissue's density and stiffness), and wavelength is
the dependent result of dividing propagation speed by frequency — which is why wavelength changes
when a beam of unchanged frequency crosses into a medium with a different propagation speed. This
contradicts a claim that wavelength alone is fixed by the medium while frequency is also transducer-
determined but propagation speed is not properly attributed to the medium (contradicting A, which
misassigns propagation speed); it is not the transducer that sets propagation speed, which is
fundamentally a medium property (contradicting C); and the medium clearly does influence the outcome
(via propagation speed and the resulting wavelength), contradicting a claim that the medium has no
influence at all in D.

24. D. D. Phase describes where a given point in a wave's cycle currently sits, conventionally expressed
as an angle (0 to 360 degrees, or 0 to 2r radians) across one complete cycle; phase difference between
two waves describes the angular offset between their respective cycles at a given moment, which is the
key factor determining whether their interference will be constructive, destructive, or something in
between. It is not a measure of the wave's total power output, an unrelated energy-related parameter
(contradicting A); it is not the same as frequency, which describes how many cycles occur per second
rather than a point's position within one cycle (contradicting B); and it is not simply amplitude, a
separate wave property describing the wave's maximum displacement rather than cycle position
(contradicting C).

25. B. B. A frequency-domain representation (obtained via a mathematical transform such as a Fourier
transform) displays the range of frequency components present within a pulse and their relative
strength/amplitude, revealing information such as the pulse's bandwidth that is not as directly visible in
the time-domain (amplitude vs. time) waveform alone — the two representations show different,
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complementary aspects of the same underlying pulse. This is not merely the same information with
relabeled axes, since it genuinely reveals different structural information about the pulse's frequency
content (contradicting A); it does not display travel time to a specific depth, a time-domain, range-
related concept rather than a frequency-domain one (contradicting C); and it has no relationship to the
transducer's physical dimensions, an unrelated hardware specification (contradicting D).

26. D. D. Because attenuation removes a roughly constant proportion (not a constant absolute amount)
of the remaining beam intensity per unit distance traveled, the resulting intensity-versus-distance
relationship in a uniformly attenuating medium follows an exponential decay curve, similar in
mathematical form to radioactive decay, rather than a straight declining line, which would instead
represent a constant absolute loss per unit distance. This contradicts a simple straight-line linear decline
(A, which does not correctly represent the proportional nature of attenuation); intensity decreases, not
increases, with distance due to attenuation, the opposite of what is described in B; and a flat line would
imply no attenuation is occurring at all, contrary to the premise of a uniformly attenuating tissue
(contradicting C).

27. B. B. Acoustic impedance is calculated as the product of a tissue's density and the propagation speed
of sound within that tissue (Z = p x c), a fundamental tissue property that determines how much of an
incident beam is reflected versus transmitted at an interface between two different tissues with differing
impedance values. It is not calculated as frequency divided by wavelength, which instead equals
propagation speed itself, a related but distinct formula (contradicting A); it is not attenuation coefficient
multiplied by distance, which instead relates to total attenuation in dB, an unrelated calculation
(contradicting C); and it is not amplitude divided by intensity, which does not correspond to any
standard formula relevant to acoustic impedance (contradicting D).

28. B. B. A focused transducer's beam narrows progressively to a minimum width at a specific focal
depth (through an acoustic lens or, for an array, electronic focusing), then diverges again beyond that
focal point — in contrast to an unfocused (flat) transducer's beam, which follows the more gradual
natural near-zone-to-far-zone divergence pattern without this deliberately induced narrowing at a
specific depth. This contradicts a claim of immediate divergence with no near zone at all, which
mischaracterizes even an unfocused beam's natural near-zone behavior (contradicting A); a focused
beam's width very much varies with depth, narrowing at the focus, not remaining constant at every depth
(contradicting C); and focused transducers are commonly manufactured using standard piezoelectric
materials with an added focusing lens or electronic focusing capability, not some entirely different, non-
piezoelectric material (contradicting D).

29. A. A. A linear sequential array forms each scan line by firing a small group of adjacent elements
together, then shifting that active group sequentially across the array face for the next scan line, while a
phased array instead fires all or most of its elements together for every single pulse, using calculated
timing (phase) delays across those elements to both focus and steer the resulting beam — a
fundamentally different element-activation strategy between the two array types. This contradicts a
claim that both array types always fire every element simultaneously with identical timing (B), which
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describes neither type accurately; a phased array's defining feature is precisely its coordinated timing
across many elements, not firing them strictly one at a time with no coordination (contradicting C); and
element activation pattern is, in fact, the fundamental basis for how each array type forms and steers its
beam, not irrelevant to it (contradicting D).

30. B. B. HIFU transducers are specifically engineered to concentrate a large amount of acoustic energy
at a tightly focused point to achieve a therapeutic, tissue-ablative thermal effect, often operating at
frequencies in the lower end of, or even below, the typical diagnostic imaging range, since their design
goal (energy deposition) differs fundamentally from diagnostic imaging's goal (safe, low-output
visualization). This contradicts a claim that HIFU always operates at dramatically higher frequencies
than diagnostic ultrasound (A, which reverses the typical relationship); HIFU transducers are, if
anything, very deliberately and tightly focused, not incapable of focusing (contradicting C); and HIFU
transducers, like diagnostic ones, rely on piezoelectric (or related) materials to generate their acoustic
output, not some entirely different mechanism (contradicting D).

31. A. A. A curvilinear abdominal transducer typically has a physically larger contact footprint at the
skin surface, suited to a broad field of view for abdominal imaging, while a sector/phased-array cardiac
transducer is specifically designed with a small footprint to fit within a narrow intercostal acoustic
window — a genuine, clinically relevant physical design difference between the two probe types. This
contradicts a claim that the two footprints are identical in every case (B) or that the sector probe has the
larger footprint (C, which reverses the actual typical relationship). Footprint size is, in fact, a highly
relevant practical consideration in transducer selection for a given clinical application, contradicting the
claim of no relevance in D.

32. D. D. A modern broadband transducer's key advantage is its ability to operate effectively across an
essentially continuous range of frequencies (frequency-agile operation), in contrast to older transducer
designs that offered only a few discrete, individually selectable fixed frequency settings rather than
smooth, continuous tunability — a meaningful design evolution in transducer technology. This
distinction is not simply about a specific manufacturing year (A, an arbitrary and non-substantive basis
for the comparison); it is not specific to endocavity transducers as a category compared with external
transducers, since broadband capability spans many transducer types and applications (contradicting B);
and it is not a distinction unique to Doppler-only transducers, since broadband capability benefits both
imaging and Doppler applications broadly (contradicting C).

33. C. C. A longer cable introduces additional electrical resistance and capacitance along its length,
which can attenuate or otherwise degrade the transmitted and received electrical signal compared with a
shorter cable of identical construction, a practical engineering consideration manufacturers account for
in cable design and length limits for a given transducer. This has no effect on the transducer's actual
operating frequency, a fixed hardware property unrelated to cable length (contradicting A); cable length
does not change the transducer's physical element count, a separate hardware property (contradicting B);
and cable length has no relationship to the continued need for a matching layer, an entirely separate
structure at the transducer face (contradicting D).
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34. B. B. A published frequency range such as '5-12 MHz' on a transducer's spec sheet describes the
span of frequencies across which that broadband transducer can be operated, allowing the sonographer
to select an appropriate frequency within that range for a given depth/resolution trade-off in a specific
exam, rather than being locked to one single fixed value. This is not describing one single exact
frequency used for every exam, which would instead be characteristic of an older narrowband, single-
frequency transducer (contradicting A); it has no relationship to element count, a separate hardware
specification (contradicting C); and it does not describe the transducer's physical weight, an unrelated
physical specification (contradicting D).

35. A. A. Because Doppler sensitivity and the finest achievable B-mode spatial resolution can involve
some competing design considerations (such as bandwidth and frequency choices optimized for
detecting weak, moving-blood signal versus those optimized for the sharpest possible stationary-tissue
detail), a transducer's specific design emphasis can favor one goal to some degree, representing a
genuine, if often modest, engineering trade-off rather than a scenario where one design is simply
superior at everything. This contradicts a claim of no meaningful design difference at all between the
two emphases (B); a Doppler-capable transducer, even one optimized more for Doppler sensitivity,
generally still produces a usable B-mode image for anatomic localization, so it does not physically lack
B-mode capability altogether (contradicting C); and an imaging-optimized design does not automatically
have superior Doppler sensitivity compared with a Doppler-optimized design, the opposite of the actual
trade-off relationship (contradicting D).

36. A. A. A dropped transducer experiencing physical impact is a well-recognized common cause of
internal element damage, including cracked elements or element dropout (loss of function in specific
elements), which can degrade image quality in a way that may not always be immediately obvious
without dedicated element-integrity testing. This is not a mechanism that increases operating frequency,
which is a fixed design property unrelated to impact damage (contradicting B); physical impact damage
does not spontaneously improve image quality, the opposite of the actual typical outcome (contradicting
C); and transducers, while reasonably durable for normal clinical handling, are not fully impact-proof
against a hard-floor drop, contradicting the absolute claim in D.

37. B. B. Because a standard linear array's default, unsteered scan lines travel perpendicular to the array
face, a vessel running parallel to the skin surface directly under the probe would be insonated at close to
a 90-degree angle by default — a poor angle for Doppler, since the cosine of 90 degrees approaches
zero, yielding minimal or no usable Doppler shift; electronic beam steering (where available) or
physically angling/heel-toeing the probe is needed to achieve a more favorable angle. This is the
opposite of a claim that a perpendicular default is always ideal for Doppler (A, which misunderstands
the cosine relationship central to Doppler angle optimization); the transducer does not automatically
disable Doppler mode in this scenario, though the resulting signal may simply be poor or absent
(contradicting C); and beam angle does not cause the vessel's actual flow direction to physically reverse,
a nonsensical claim (contradicting D).
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38. B. B. A simple 1D array has essentially fixed elevational focusing (via a lens only, no electronic
elevational control), a 1.5D array adds limited electronic control in the elevational dimension (typically
a modest number of rows enabling some elevational focusing adjustment), and a full 2D matrix array
provides comprehensive electronic control in both azimuthal and elevational dimensions, enabling true
real-time 3D/4D acquisition — a progressively increasing capability across these three designs. This is
not a claim about footprint size being identical across all three (A, an unrelated and generally inaccurate
claim), nor about frequency range systematically decreasing with array complexity (C, an unrelated and
inaccurate generalization); and cost generally increases, not stays identical, with the added complexity
and channel count of more sophisticated array designs, contradicting D.

39. D. D. In some transducer/system designs, particularly higher-element-count arrays such as certain
matrix arrays, multiplexing is used, in which groups of physical elements are switched or shared across a
smaller number of actual processing channels in the beamformer, rather than requiring a dedicated one-
to-one channel for every single physical element — a cost/complexity engineering trade-off. This
directly contradicts a blanket claim that element count and channel count are always exactly identical
with no exceptions (A); channel count refers to the beamformer's processing pathways, not to focal zone
selection, a separate imaging parameter (contradicting B); and element count refers to the physical
number of piezoelectric elements in the array, not to operating frequency, a distinct transducer property
(contradicting C).

40. A. A. An annular array's concentric ring elements allow electronically adjustable, symmetric
focusing in all radial directions (an advantage for a uniformly shaped focal zone), but because the ring
geometry does not provide the azimuthal element arrangement needed for electronic beam steering the
way a linear array does, an annular array requires a mechanical mechanism (such as a wobbling motion)
to sweep the beam across the field of view and build a real-time 2D image. This contradicts a claim of
full electronic steering in any direction with no mechanical motion needed (B, which describes a
linear/phased array's capability, not an annular array's actual limitation); an annular array does have
genuine electronic focusing capability, not none at all (contradicting C); and its focusing capability is
symmetric/radial, not restricted to only the elevational dimension as claimed in D.

41. B. B. Just as the acoustic lens has specific approved cleaning-agent compatibility requirements, the
transducer's outer housing material (typically a durable plastic) must also be chemically compatible with
the disinfecting and cleaning agents routinely used on the probe, since repeated exposure to an
incompatible agent can degrade, discolor, or crack the housing over time, potentially compromising both
durability and infection-control integrity. This is not primarily a body-temperature compatibility issue,
an unrelated consideration for a housing material (contradicting A); housing material compatibility is a
general property of the probe itself, not something that varies by which specific system it happens to be
connected to at a given time (contradicting C); and housing material has no relationship to the
transducer's internal operating frequency, a separate electronic parameter (contradicting D).

42. D. D. Good overall beam quality and predictable slice-thickness/elevational resolution depend on the
elevational focusing (whether via a fixed acoustic lens or, in a 1.5D design, limited electronic
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elevational control) being reasonably matched or coordinated with the array's azimuthal (in-plane,
electronically controlled) focusing behavior, so that the beam's profile is well-behaved in both
dimensions rather than badly mismatched. This contradicts a claim that elevational focusing does not
matter at all (A, since it directly affects elevational/slice-thickness resolution, a real image-quality
parameter); leaving the elevational plane deliberately entirely unfocused would generally worsen, not
help, image quality and is not standard design practice (contradicting B); and elevational and azimuthal
focusing are properties of the same single array transducer working together, not achieved via two
entirely separate, unrelated transducers (contradicting C).

43. A. A. A mechanical 3D/4D transducer contains a motorized mechanism inside the probe housing
that physically sweeps (typically wobbles or rocks) a conventional 1D or 1.5D array through an arc,
acquiring a series of closely spaced 2D image planes that are then reconstructed into a 3D volume — a
genuine internal moving-parts mechanism, distinct from a true 2D matrix array's fully electronic
volumetric acquisition. This contradicts a claim of purely electronic operation with no moving parts at
all, which instead describes a true matrix array design rather than the mechanical 3D probe described
here (contradicting B); it does not involve a second, entirely separate transducer housed elsewhere
(contradicting C); and while freehand/position-sensor-tracked 3D acquisition is a distinct alternative
technique that does rely on manual sweeping, the specific mechanical 3D/4D transducer type described
in this question achieves its sweep via an internal motor, not the sonographer's manual hand motion
alone (contradicting D).

44. B. B. A transducer face that is uneven, warped, or has surface damage can create inconsistent
acoustic coupling across different parts of the beam, with small localized gaps effectively introducing
air-interface reflection artifacts in those areas, degrading image quality unevenly across the field of view
— a genuine functional, not merely cosmetic, reason for maintaining face integrity. This contradicts a
claim of no bearing on image quality whatsoever (A); face flatness does not determine element count, a
separate internal hardware property unrelated to the external face's physical condition (contradicting C);
and while an uneven face may also look aesthetically imperfect, its primary significance is the functional
coupling consequence described, not simply cosmetic appearance (contradicting D).

45. B. B. Delamination refers to the bonded layers of a transducer — such as the matching layer or
acoustic lens — separating or peeling apart from the underlying piezoelectric element, typically due to
age, thermal stress, or fluid ingress, which degrades acoustic transmission efficiency and image quality
in the affected area even though the probe may still appear grossly intact. This is not related to a change
in operating frequency, a separate, fixed design property (contradicting A); it is a physical/mechanical
bonding failure, not a software recognition error, which would instead present as a probe-
ID/communication problem rather than a layer-separation issue (contradicting C); and delamination is
typically a localized, gradual layer-separation problem rather than sudden, complete structural failure of
the entire housing all at once (contradicting D).

46. A. A. Strain elastography assesses relative tissue stiffness by comparing tissue displacement (strain)
in response to an applied compression, typically manual, yielding a qualitative or semi-quantitative
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stiffness map, while shear-wave elastography instead generates and measures the actual propagation
speed of induced shear waves through tissue, which relates more directly and quantitatively to tissue
stiffness — two genuinely different underlying methodologies for the same general clinical goal. This
contradicts a claim that the two terms are simply identical with no methodological difference (B);
neither elastography technique requires an intravenous contrast agent, a separate and unrelated imaging
modality (contrast-enhanced ultrasound) (contradicting C); and shear-wave elastography is used across
multiple organs, including but not limited to the liver, not restricted to that single organ as claimed in D.

47. C. C. Tomographic ultrasound imaging (TUI) takes an acquired 3D volume and displays it as a
series of multiple, evenly spaced parallel 2D slice images simultaneously on screen, conceptually similar
to how a CT or MRI study is reviewed as a stack of tomographic slices, allowing systematic review of
the volume's internal structure across many parallel planes at once rather than as a single 2D image or a
single external 3D rendering. This is not simply identical to standard single-plane real-time B-mode,
which shows only one live 2D plane, not a multi-slice parallel set (contradicting A); it is not a single
external 3D surface rendering with no internal slices, which would instead describe surface-mode 3D
rendering (contradicting B); and it is fundamentally a visual, image-based display mode, not an audio
representation (contradicting D).

48. B. B. Simultaneous side-by-side dual-image comparison of paired bilateral organs allows direct
comparison of size, echogenicity, or vascularity between the two organs under closely matched
acquisition conditions (similar depth, gain, and timing), which can make subtle asymmetries more
apparent than comparing two images acquired at different times with potentially different settings. This
is not a claim of reducing total exam time to under one second, an implausible and unsupported claim
(contradicting A); the feature displays paired images for the sonographer's or physician's own
comparison and judgment, not an automatic diagnosis without any physician review (contradicting C);
and this comparison mode supplements, rather than replaces, the need to also image each organ
individually in adequate detail during the exam (contradicting D).

49. C. C. A time-stamped dose/injection-rate tracking display allows the sonographer or interpreting
physician to correlate exactly when and how much contrast agent was administered with the observed
enhancement pattern on the corresponding time-intensity curve, supporting more precise interpretation
of wash-in and wash-out timing relative to the actual injection rather than relying on an unrecorded,
approximate mental estimate of timing. This is not a tool that automatically diagnoses the lesion with no
further interpretation, since correlating administration timing with enhancement pattern still requires
expert image interpretation (contradicting A); it has no relationship to determining the patient's blood
type, an unrelated laboratory parameter (contradicting B); and grayscale imaging remains a necessary
part of the overall contrast-enhanced exam, not replaced by this dose-tracking display feature
(contradicting D).

50. A. A. Micro-ultrasound systems operate at very high frequencies, well beyond typical abdominal or
cardiac ranges, providing exceptionally fine spatial resolution for very superficial structures (such as
small parts, skin, or certain specialized superficial applications), but this comes at the well-established
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physical cost of significantly reduced penetration depth, following the same frequency/penetration trade-
off that governs all diagnostic ultrasound. This is the opposite of being suited for deep abdominal
imaging, which instead favors lower, not higher, frequencies for adequate penetration (contradicting B);
it is not well suited for imaging through the entire chest wall for cardiac assessment, which similarly
requires greater penetration than an ultra-high-frequency probe can provide (contradicting C); and it is a
specialized tool for specific superficial applications, not a general replacement for standard-frequency
transducers across all clinical uses (contradicting D).

51. B. B. Asking the patient to briefly hold their breath reduces the respiratory motion of abdominal
organs (particularly the liver, which moves substantially with diaphragmatic excursion), producing a
more stable image with less motion blur and allowing more precise structure identification and
measurement during that brief still period. This has no effect on the transducer's operating frequency, a
separate hardware-selected parameter (contradicting A); it does not permanently lower heart rate, an
unrelated and implausible physiologic claim for a brief breath-hold (contradicting C); and it has no
bearing on the ongoing need for appropriate TGC adjustment, a separate depth-compensation setting
unrelated to respiratory motion (contradicting D).

52. C. C. An on-screen depth-scale gradation, marking specific centimeter increments along the side of
the image, allows the sonographer to quickly estimate the approximate depth of a structure of interest
just by visually referencing the scale, without needing to place formal calipers for a quick, rough depth
assessment during real-time scanning. This numeric depth marker does not calculate body mass index,
an entirely unrelated patient parameter (contradicting A); it displays depth, not the system's PRF setting,
a separate timing parameter that may be shown elsewhere on screen but is not what this specific depth-
scale readout indicates (contradicting B); and it does not replace the continued need for formal, precise
caliper-based measurement when an accurate, documented distance measurement is actually required,
remaining a quick visual reference rather than a measurement substitute (contradicting D).

53. A. A. A curvilinear (convex) array's scan lines radiate outward at diverging angles from a virtual
apex point behind the physical array, producing the characteristic wider, fan-shaped (trapezoidal-like)
field of view that widens with depth, while a standard linear array's scan lines instead run essentially
parallel to one another perpendicular to the array face, producing a rectangular field of view of
consistent width at any depth — a fundamental geometric difference underlying each probe type's
characteristic image shape. This contradicts a claim that both transducer types always produce perfectly
parallel scan lines with no exceptions (B, which is only true of the linear array, not the curvilinear one);
it also reverses the actual relationship if attributed the other way around, contradicting C; and scan-line
geometry does, in fact, directly determine the resulting image's field-of-view shape, contradicting a
claim of no effect in D.

54. A. A. Because persistence averages information across multiple consecutive frames to reduce noise
and produce a smoother-looking image, applying excessive persistence to a rapidly moving structure
causes that structure's position across the averaged frames to blur or smear together, since the structure
has genuinely moved between the frames being averaged — an important trade-off to recognize when
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persistence is set too high for the structure being evaluated. This is the opposite of producing a perfectly
sharp, motion-free image, since excessive persistence specifically degrades depiction of rapid motion
rather than sharpening it (contradicting B); persistence is a processing/display setting and does not
increase the system's true underlying frame rate (contradicting C); and a real, often clinically significant,
blurring effect does occur on a rapidly moving structure with excessive persistence, contradicting a
claim of no visible effect in D.

55. C. C. A dual-frequency split-screen display processes and shows the same acquired anatomic region
at two different frequencies side by side without merging them into a single combined image (distinct
from frequency compounding, which does combine them), allowing the viewer to directly compare how
a given structure's appearance differs at each individual frequency setting — useful for evaluating which
frequency best depicts a particular finding. This is not a tool for viewing two unrelated patients at once,
a nonsensical claim for a same-region display feature (contradicting A); it displays both frequency-
processed views for the sonographer's own comparison and judgment, rather than automatically
selecting one without any further input (contradicting B); and using this feature does not eliminate the
ongoing need for frequency selection in subsequent, separate exams (contradicting D).

56. A. A. Color-flash suppression algorithms use processing (often based on distinguishing the
characteristic broad, transient spectral signature of motion-induced flash from genuine, more consistent
blood-flow signal) to reduce the disruptive flash artifact that can obscure a color image during tissue or
transducer motion, while still preserving genuine flow information — a targeted artifact-reduction
feature rather than a blunt, complete suppression of all color signal. This is not a feature that
permanently disables color Doppler mode altogether, which would defeat its purpose of improving
usable color imaging (contradicting B); it does not automatically maximize color box size, an unrelated
separate display parameter (contradicting C); and it does not convert the display into spectral Doppler,
remaining a color-mode-specific processing feature (contradicting D).

57. A. A. Automatic bladder-volume software analyzes the acquired bladder image(s) (often from
multiple scan planes), automatically identifying the bladder's dimensions and applying a standard
geometric volume-estimation formula to calculate an estimated bladder volume, commonly used for
post-void residual assessment. This is not a technique requiring an injected contrast agent into the
bladder for every use, an invasive and unnecessary requirement for this simple, common assessment
(contradicting B); despite superficial naming confusion, the tool specifically measures the bladder itself,
not the kidney, an entirely different organ (contradicting C); and it does provide a specific numeric
volume estimate, not merely a vague qualitative full/empty impression, which is the entire clinical value
of the automated calculation (contradicting D).

58. D. D. A quad-image display mode divides the screen into four panels, allowing the sonographer to
simultaneously display and compare up to four separate images or clips — such as four different
anatomic views, or the same view captured at four different timepoints — within a single screen layout,
offering more simultaneous comparison capability than a simple two-panel split screen. This is not
equivalent to standard full-screen single-image display, which shows only one image at a time rather
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than four (contradicting A); it is intended for comparing different images or views from the same
patient's exam, not for displaying four entirely unrelated different patients at once (contradicting B); and
it does not automatically merge the four separate 2D panels into a combined 3D volume, remaining a
simple side-by-side multi-panel 2D display arrangement (contradicting C).

59. B. B. A time-intensity curve plots the contrast agent's signal intensity within a selected region of
interest (such as a liver lesion) against time following contrast injection, characterizing the lesion's
enhancement pattern — how quickly and to what degree it enhances (wash-in) and how it subsequently
washes out — which provides quantitative information supplementing the qualitative visual impression
of contrast enhancement. It is not a plot of heart rate over exam duration, an unrelated physiologic
parameter (contradicting A); it does not track transducer operating frequency, a separate acquisition
setting that does not typically change moment-to-moment during a single contrast study in this way
(contradicting C); and it does not track PRF setting changes, a Doppler-related parameter unrelated to
contrast time-intensity quantification (contradicting D).

60. D. D. Automated volume-flow software combines an automatically or semi-automatically traced
vessel cross-sectional area (derived from the measured diameter) with the simultaneously obtained PW
Doppler velocity measurement, applying the volume-flow-rate relationship (area x velocity)
automatically to output a volume flow rate value, streamlining what would otherwise require a manual,
multi-step calculation. This is the opposite of requiring the sonographer to perform the entire calculation
by hand with no software assistance, which defeats the purpose of the automated feature (contradicting
A); it is not a diameter-only tool with no velocity component (contradicting B); and it is not a velocity-
only tool with no area/diameter component, since both measurements together are essential to the
volume-flow-rate calculation (contradicting C).

61. A. A. An automatic/dynamic TGC feature analyzes the image content and adjusts depth-based
amplification without requiring the sonographer to manually position each individual TGC slider
control, whereas traditional manual TGC requires the sonographer to directly set the compensation curve
at each depth zone based on their own visual assessment — a genuine workflow distinction, even though
both ultimately serve the same underlying depth-compensation goal. This contradicts a claim that the
two approaches are functionally identical in every respect (B); the historical/technological relationship
is, if anything, the reverse of what is claimed in C, since manual TGC is the older, more traditional
approach and automatic TGC the newer feature; and automatic TGC does not eliminate the underlying
physical need for depth-based compensation, which remains necessary due to attenuation regardless of
how the compensation is applied (contradicting D).

62. D. D. An exam-specific measurement package preconfigures the system with the relevant
measurement tools, calculation formulas (such as gestational-age formulas for an OB package or
velocity-ratio calculations for a vascular package), and applicable normal-value reference tables
appropriate to that specific type of exam, streamlining workflow compared with manually building each
relevant measurement tool from scratch. This is not a feature that physically changes which transducer is
connected, an unrelated hardware action (contradicting A); selecting a measurement package does not
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permanently lock the system into only that exam type, since a different package can be selected for a
subsequent, different exam (contradicting B); and the sonographer still actively performs the
measurements using the preconfigured tools, rather than the software eliminating the need for
measurement entirely (contradicting C).

63. D. D. Al-assisted waveform-flagging features are designed to highlight spectral Doppler waveforms
with characteristics suggestive of an abnormal pattern (such as findings suggestive of a stenosis or an
abnormal resistance pattern), drawing the sonographer's or interpreting physician's attention for further
evaluation and independent clinical judgment, functioning as a decision-support aid rather than a fully
autonomous diagnostic tool. This is not a claim that the software provides a final diagnosis with no
physician involvement at all, which would be an inappropriate and inaccurate characterization of a
decision-support tool's actual role (contradicting A); the software cannot physically alter the patient's
actual blood flow, a nonsensical claim (contradicting B); and the feature analyzes acquired Doppler data,
so it does not eliminate the underlying need to actually acquire Doppler waveforms in the first place
(contradicting C).

64. B. B. Registration drift refers to a progressive misalignment that can develop between the live
ultrasound image and the fused prior CT/MRI volume over the course of a procedure, often due to
patient movement, breathing, or tissue deformation, which is why periodic re-registration (realigning the
two datasets using a recognizable anatomic landmark) is often necessary to maintain fusion accuracy
throughout a longer procedure. This is not a change in the transducer's operating frequency, an unrelated
hardware parameter (contradicting A); drift represents a worsening, not an automatic permanent
improvement, in fusion accuracy over time (contradicting C); and while patient movement can
contribute to drift, well-designed fusion systems do provide mechanisms (such as manual or landmark-
based re-registration) to detect and correct for this, rather than being entirely unable to address it as
claimed in D.

65. C. C. True (write) zoom, applied before scan conversion, increases the actual acquired line density
and displayed scale for the magnified region, so a 2x magnification factor approximately doubles the
represented size of a given structure on the display — a 3 cm structure would appear as approximately 6
cm under 2x write zoom. This contradicts a claim of no effect on displayed size at all (A, which would
describe no zoom being applied); it is not simply a 1.5x-style partial increase to 4.5 cm, which does not
match a stated 2x magnification factor (contradicting B); and zoom used to magnify a structure
increases, rather than shrinks, its displayed size, contradicting D.

66. D. D. Frame rate =~ PRF + number of scan lines = 5000 Hz + 128 lines = 39 frames per second, the
standard relationship between pulse repetition frequency, scan line count, and resulting frame rate for a
single focal zone. Option A is far too low, roughly matching the result if scan-line count were
mistakenly used as the divisor for a much smaller PRF value. Option C incorrectly multiplies rather than
divides the two values, producing a result far larger than physically achievable. The needed information
(PRF and line count) is fully sufficient to estimate frame rate for a single focal zone, directly
contradicting the claim in B that it cannot be estimated.
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67. C. C. A narrower (lower) dynamic range setting, such as 60 dB, compresses a smaller range of echo
amplitudes into the available display gray shades, producing a higher-contrast, more black-and-white-
appearing image with fewer distinguishable intermediate gray shades between the weakest and strongest
echoes, compared with a wider 120 dB setting, which spreads that same gray-shade range across a larger
amplitude range for a softer, more gradual-appearing image. This directly contradicts a claim of
identical appearance between the two settings (A); dynamic range is a display/processing setting and
does not itself change the transducer's actual transmitted acoustic output power (contradicting B); and
dynamic range has no relationship to PRF, a separate pulse-timing parameter (contradicting D).

68. D. D. A TGC curve with a steep near-field slope tapering to a flatter far-field slope indicates the
system is applying a relatively larger, steeply increasing amplification boost to compensate for
attenuation as depth increases through the near-to-mid field, with a smaller additional adjustment needed
farther out where the amplification is already substantially built up — reflecting the sonographer's or
system's compensation for how attenuation actually accumulates with depth in the specific patient being
scanned. This is not a purely decorative, functionless display element (contradicting A); a curve with
differing slopes at different depths reflects differential, not uniform, attenuation being compensated for
(contradicting B); and a curved or multi-slope TGC pattern is a normal, expected, adjustable feature
reflecting real tissue attenuation patterns, not inherently indicative of a system error requiring service,
contradicting the absolute claim in C.

69. A. A. A post-processing gray-map curve redistributes how the available range of received echo
amplitudes maps onto displayed gray shades, and selecting a curve that emphasizes contrast in the mid-
gray range (at some cost to contrast in the extremes) is a way of tailoring the displayed contrast toward
the specific gray-level range most clinically relevant to the structures currently being evaluated, without
changing any of the underlying acquired data. This has no effect on the transducer's actual transmitted
frequency, a separate acquisition-side hardware parameter (contradicting B); it does not alter the
patient's real tissue echogenicity, which is a physical property of the tissue itself, not something a
display-side processing curve can change (contradicting C); and such a gray-map selection does produce
a real, visible difference in the displayed image's contrast distribution, contradicting a claim of no visible
effect in D.

70. C. C. Overly aggressive edge-enhancement processing artificially exaggerates transitions between
differing echo amplitudes to make borders appear crisper, but pushed too far, this can create artificially
sharp-appearing borders that do not accurately represent the true, sometimes genuinely more gradual,
underlying tissue interface — a real image-processing pitfall rather than a risk-free fix for a soft-looking
image. This directly contradicts a claim that it always improves diagnostic accuracy with no possible
downside (A); edge-enhancement processing specifically and directly affects the appearance of borders,
the opposite of having no effect at all (contradicting B); and it is a display-processing adjustment that
does not address or correct an underlying focusing or gain problem actually causing image softness,
which would instead require adjusting focus, gain, or frequency directly (contradicting D).
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71. C. C. Because certain artifacts, such as refraction-related edge shadowing or particular reverberation
patterns, are angle-dependent (occurring at some insonation angles but not others), combining
information acquired from multiple different steered angles in spatial compound imaging can reduce the
prominence of these angle-dependent artifacts in the final compounded image, since an artifact present
at one contributing angle may be absent or reduced at another and averaged out. Compounding has no
effect on the transducer's actual physical element count, a fixed hardware property (contradicting A); it
does not change the system's maximum available depth setting, an unrelated separate imaging parameter
(contradicting B); and it has no relationship to the patient's actual physiologic heart rate (contradicting
D).

72. B. B. Because color Doppler information and grayscale B-mode information can both be present at
the same pixel location in a color-flow image, a color-to-grayscale priority (or threshold) setting
determines which of the two signals actually takes precedence in what is displayed at that specific pixel
— for example, prioritizing color display above a certain grayscale brightness threshold while showing
grayscale detail elsewhere. This setting does not permanently delete the grayscale data from the system,
since it is a real-time display precedence choice rather than a data-deletion action (contradicting A); it
has no relationship to the system's maximum scanning depth, an entirely separate imaging parameter
(contradicting C); and it has no relationship to the patient's actual physiologic heart rate, an unrelated
physiologic parameter (contradicting D).

73. D. D. Because the needle-guide overlay is a calculated graphic prediction of where an inserted
needle will travel based on the guide attachment's geometry relative to the transducer, periodic
calibration verification ensures that this displayed projected path continues to accurately correspond to
the actual physical path the needle will take through the guide attachment, since a calibration drift or an
improperly seated guide attachment could otherwise create a dangerous mismatch between the displayed
line and reality. This is not primarily about the transducer's operating frequency, an unrelated separate
imaging parameter (contradicting A); needle-guide calibration is a distinct concern from continuous
vital-signs monitoring, a separate clinical safety practice (contradicting B); and it has no relationship to
the system's dynamic range display setting, an unrelated image-processing parameter (contradicting C).

74. D. D. When displaying two separately sourced images side by side, particularly a live real-time
ultrasound feed alongside a static prior study image, there is a practical technical consideration around
potential display-syncing lag or latency between the two feeds, which the system's display architecture
must manage appropriately, especially if any real-time correlation between the two is clinically
important. This contradicts an absolute claim of zero possible lag under any circumstance (A, an
overstated guarantee); split-screen comparison display does not require both images to originate from
the exact same ultrasound system, since comparing a live scan with an imported prior study from
another modality or system is a common use case (contradicting B); and simple side-by-side split-screen
display does not automatically perform full image fusion/registration into one combined dataset, which
is a distinct, more sophisticated feature (contradicting C).
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75. A. A. An auto-populating structured worksheet reduces manual transcription effort (the sonographer
does not need to separately write down each measurement value obtained) and helps ensure that all the
standard required measurements for a given exam type are captured and consistently documented in the
expected format, supporting both workflow efficiency and completeness. This is not a feature that
physically performs the scan itself, which remains the sonographer's hands-on task (contradicting B); it
does not replace the need for a physician to review and interpret the completed study, a separate clinical
responsibility (contradicting C); and it does not itself diagnose any abnormality, remaining a
documentation/workflow tool rather than a diagnostic one (contradicting D).

76. C. C. Surface-mode 3D rendering displays an externally shaded, opaque-appearing surface contour
of the structure being imaged (useful, for example, for depicting the fetal face), while glass-body
(transparent) rendering instead processes the volume to appear translucent, revealing internal structures
(such as fetal skeletal elements or internal organ detail) that would otherwise be hidden behind an
opaque external surface in standard surface-mode rendering — a genuinely different visual rendering
approach for the same acquired 3D volume. This contradicts a claim that the two modes produce
identical output (A); glass-body rendering is applied to various internal structures generally, not
restricted solely to the fetal face (contradicting B); and neither 3D surface nor glass-body rendering
mode inherently requires an injected contrast agent, which is an unrelated separate imaging technique
(contradicting D).

77. A. A. Doppler shift = (2 x transmit frequency x velocity x cos angle) / propagation speed = (2 x
6,000,000 Hz x 0.4 m/s x 0.707) / 1540 m/s = 2199 Hz, closest to the 2200 Hz answer. Option B is
roughly half this value, consistent with omitting the factor of 2 for round-trip shift. Option C is roughly
double the correct value, consistent with an extra unintended doubling. Option D is roughly one-quarter
of the correct value.

78. B. B. The Nyquist limit is PRF/2 = 4000 Hz; rearranging the Doppler equation for velocity, max
velocity = (Nyquist limit x propagation speed) / (2 x transmit frequency x cos angle) = (4000 x 1540
m/s) / (2 x 5,000,000 Hz x 0.866) ~ 3.55 m/s = 355 cm/s. Option A is roughly one-fifth of the correct
value, consistent with an arithmetic error. Option C is roughly four times too large. The three given
variables (PRF, angle, frequency) together with propagation speed are fully sufficient to calculate this
maximum velocity, directly contradicting the claim in D that it cannot be estimated.

79. A. A. Because the calculated velocity depends on dividing the measured Doppler shift by the cosine
of the angle the system is told to use, if the true angle is actually a poor 75 degrees (small cosine, small
true shift for a given velocity) but the system is instead set to assume the more favorable 45 degrees
(larger cosine), the calculation will substantially underestimate the true velocity, since a genuinely small
measured shift is being divided by a comparatively large assumed cosine value rather than the true small
one. This is the opposite of an overestimation (contradicting B); the displayed velocity is not correct
regardless of the angle used, since accurate angle correction is essential to the calculation (contradicting
C); and angle very much affects the calculated velocity through the cosine term in the Doppler equation,
contradicting the claim of no effect at all in D.
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80. A. A. By sampling multiple gated points simultaneously across the vessel's diameter, multigate
pulsed Doppler builds a velocity profile showing how velocity varies from wall to center to opposite
wall at a single moment, rather than the single representative velocity value a standard PW sample
volume provides from one location — useful for research or specialized flow-profile characterization. It
does not make the technique angle-independent, since each gate's velocity calculation still relies on the
standard angle-dependent Doppler equation (contradicting B); it remains a pulsed technique still subject
to the Nyquist limit at each gate, not exempt from it (contradicting C); and it does not replace color
Doppler's broader spatial flow-mapping role across an entire field of view, remaining a specialized,
narrower technique (contradicting D).

81. D. D. Excessive color gain causes the system to color-encode weak, low-level signal originating
from tissue immediately adjacent to the true vessel wall (not genuine intraluminal flow), making the
color appear to 'bleed' or extend beyond the actual anatomic wall boundary — reducing color gain to an
appropriate level typically corrects this artifact and restores an accurate correspondence between the
color overlay and the true vessel lumen. This is not related to any equipment defect requiring
replacement, a nonsensical characterization of a routine, correctable gain-setting artifact (contradicting
A); the artifact specifically results from real, if weak and non-luminal, signal being displayed, not from a
complete absence of flow (contradicting B); and it is caused by excessive color gain specifically, not by
wall filter setting, a different Doppler control governing low-frequency signal rejection rather than
overall signal amplification (contradicting C).

82. C. C. Because blood flow velocity is not uniform across a vessel's cross-section (typically fastest in
the central stream and slower near the vessel wall, following a roughly parabolic profile in laminar
flow), deliberately positioning the sample volume near the wall rather than centrally is a specialized
technique used to assess wall-adjacent flow characteristics, distinct from the higher central-stream
velocity a standard centrally placed sample volume would capture. This is not the same information as a
centrally placed sample volume, given the differing velocities present at these different locations within
the vessel (contradicting A); a Doppler sample volume does not directly measure systemic blood
pressure, a separate hemodynamic parameter (contradicting B); and this technique still yields velocity
information, not solely a diameter measurement with no velocity data (contradicting D).

83. B. B. As carotid stenosis becomes more severe, end-diastolic velocity, in addition to peak systolic
velocity, tends to rise further at the stenotic segment, so incorporating a specific EDV threshold
alongside PSV-based criteria can provide additional, sometimes more specific, supporting evidence for a
higher-grade stenosis classification, particularly at the higher end of the severity spectrum. This is not a
claim that EDV is unrelated to stenosis severity and used only for research (contradicting A); EDV does
not simply fall to zero regardless of severity, the opposite of the actual pattern of rising EDV with
worsening stenosis (contradicting C); and EDV as a stenosis-grading criterion is specifically applied to
the carotid artery, not exclusively the aorta, an unrelated vascular territory for this particular grading
criterion (contradicting D).
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84. D. D. Reflux at the saphenofemoral junction, like venous reflux elsewhere, is typically assessed
using a Valsalva maneuver or manual distal compression-and-release (augmentation) technique, looking
for a pathologically prolonged period of reversed retrograde flow following the maneuver, which
indicates valvular incompetence at this specific junction — the same general provocative-maneuver
principle applied to a clinically important specific anatomic site. This is not a technique requiring CW
Doppler exclusively, since PW Doppler is commonly and effectively used for this site-specific venous
assessment (contradicting A); a provocative maneuver is specifically needed to elicit and characterize
reflux, since brief physiologic reflux can occur even in competent valves without a distinguishing
maneuver-based assessment (contradicting B); and this is fundamentally a flow-based assessment, not
simply a diameter measurement with no flow component (contradicting C).

85. B. B. Klippel-Trenaunay syndrome is a congenital vascular malformation syndrome classically
characterized by the combination of a venous malformation (often with abnormal or absent deep venous
structures and prominent anomalous superficial veins), a capillary malformation (port-wine stain) of the
skin, and soft-tissue and/or bony overgrowth of the affected limb, with Doppler ultrasound used to
characterize the venous anomalies and any associated flow abnormalities. This is not isolated coronary
artery disease, an unrelated cardiac condition (contradicting A); the syndrome is defined by anomalous,
not absent, venous structures, so a complete absence of any detectable venous system would not
accurately describe the typical findings (contradicting C); and it is specifically a limb/soft-tissue
malformation syndrome, not a finding restricted to the coronary arteries (contradicting D).

86. A. A. A persistent sciatic artery represents the failure of a normal embryologic regression, resulting
in this vessel continuing to serve as a major (sometimes dominant) contributor to lower-limb arterial
supply, running along the posterior thigh in association with the sciatic nerve, in place of or alongside
the more typically dominant femoral artery pathway — a recognized, if uncommon, congenital arterial
variant relevant to lower-extremity vascular imaging and intervention planning. This is not a normal,
universally present vessel found in every patient, since it is specifically an uncommon variant, not the
typical anatomic pattern (contradicting B); despite involving the sciatic nerve's namesake territory, it is
very much a lower-extremity, not upper-extremity, vascular structure (contradicting C); and it is, as its
name indicates, an artery, not a vein (contradicting D).

87. C. C. Native renal vein thrombosis, sometimes seen in association with nephrotic syndrome's
hypercoagulable state, characteristically produces absent or markedly abnormal (such as high-resistance,
reversed, or minimal) flow signal within the affected renal vein on Doppler, and can also be
accompanied by a corresponding increase in the ipsilateral renal artery's resistive index reflecting
downstream venous outflow obstruction. This is not an entirely normal-appearing waveform, since
thrombosis produces a recognizably abnormal, not normal, Doppler pattern (contradicting A); the renal
vein is directly assessable with Doppler ultrasound, not an unassessable structure with only the artery
available for evaluation (contradicting B); and native (non-transplant) renal vein thrombosis is itself a
real, described clinical entity, not exclusively a transplant-associated phenomenon as claimed in D.
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88. A. A. The twinkle artifact appears as a rapidly alternating, colorful (often red/blue mixed) color
Doppler signal appearing deep to certain strongly reflective, rough-surfaced structures, most classically
a ureteral or renal calculus, and can serve as a helpful adjunctive sign supporting the presence of a stone,
particularly when the stone itself is difficult to visualize directly on grayscale imaging (such as within
the ureter). It is not associated with an entirely normal, unremarkable vessel with no associated finding
driving the artifact (contradicting B); it is not a sign of free intraperitoneal fluid, an entirely different,
non-artifactual grayscale finding (contradicting C); and while a prosthetic valve can sometimes produce
a related color artifact from its reflective components, the classically taught and most clinically
emphasized twinkle-artifact association is with calculi, not routine normal valve function as an expected
finding (contradicting D).

89. B. B. Postpartum ovarian vein thrombosis, more common on the right side and typically presenting
with pain and fever in the days following delivery, is characteristically evaluated with Doppler
ultrasound to identify an enlarged, thrombosed ovarian vein showing absent flow signal, often with
directly visualized echogenic thrombus filling the lumen on grayscale imaging, supporting a diagnosis
that can also be confirmed with CT when ultrasound findings are equivocal or the vessel is difficult to
visualize due to bowel gas or body habitus. This is not a normal, unremarkable vein ruling out the
diagnosis, since a genuinely thrombosed vein shows recognizably abnormal findings (contradicting A);
it specifically involves the ovarian vein itself, not being restricted to the fallopian tube, an entirely
different structure (contradicting C); and Doppler ultrasound does contribute meaningfully useful
diagnostic information to this specific entity, not solely being assessable by CT (contradicting D).

90. B. B. The yin-yang sign describes a bidirectional, swirling color Doppler pattern within a
pseudoaneurysm sac, visually resembling the yin-yang symbol, reflecting the to-and-fro flow that
characteristically occurs between the sac and the parent artery through the connecting neck — this color-
Doppler sign is the spatial counterpart to the to-and-fro spectral waveform pattern also associated with
pseudoaneurysm. This is not a sign of complete, uniform, unidirectional flow, the opposite of the
genuinely bidirectional, swirling pattern actually observed (contradicting A); it is specifically a color
Doppler sign, not one exclusively seen on grayscale imaging alone (contradicting C); and it reflects
active, bidirectional flow within the sac, not the complete absence of any flow, which would instead
suggest a thrombosed rather than patent pseudoaneurysm (contradicting D).

91. A. A. Increased color Doppler flow signal within a thickened gallbladder wall is a recognized
supportive sonographic sign of acute cholecystitis, reflecting the inflammatory hyperemia that
accompanies acute inflammation, and is used alongside other sonographic findings (wall thickening,
pericholecystic fluid, sonographic Murphy sign) to support the diagnosis. This is not a finding expected
in a completely normal, unremarkable gallbladder with no pathology, since increased wall vascularity
specifically reflects an inflammatory process (contradicting B); it is a gallbladder-wall-specific finding,
not descriptive of an isolated common bile duct stone without gallbladder wall involvement
(contradicting C); and chronic, burned-out, fibrotic gallbladder disease would more typically show
reduced rather than increased wall vascularity compared with the acute inflammatory hyperemia
described here (contradicting D).
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92. B. B. Because isolated appendage torsion affects only a small embryologic remnant structure rather
than the testicle’s own primary blood supply, Doppler evaluation characteristically shows normal or
even mildly increased (reactive hyperemic) flow within the testicle itself, with the abnormality instead
localized to a small, focal area corresponding to the torsed appendage — an important distinction from
true testicular torsion, which instead shows globally decreased or absent flow to the entire testicle. This
is the opposite of complete testicular flow absence, which would instead suggest true testicular torsion,
the very entity this condition must be distinguished from (contradicting A); appendage torsion is well
assessable with Doppler ultrasound, not requiring MRI exclusively (contradicting C); and a testicular
appendage, by definition, is a structure found only in a male patient, not a finding relevant to female
patients (contradicting D).

93. B. B. While Doppler findings alone cannot definitively distinguish these entities and clinical
correlation with biopsy is often needed, a general pattern sometimes described is that acute tubular
necrosis tends to be associated with relatively lower-resistance intrarenal arterial waveforms, while
acute rejection tends to be associated with relatively higher-resistance patterns and an elevated resistive
index, reflecting the different underlying pathophysiology of each process on the renal microvasculature.
This contradicts a claim that the two always produce identical RI values with no distinguishing pattern at
all (A); ATN, unlike complete graft infarction, is generally still associated with detectable, if abnormal,
Doppler flow rather than a complete absence of any signal (contradicting D); and both entities are, in
fact, associated with Doppler findings that inform the differential, not solely rejection as claimed in C.

94. D. D. Within an AAA sac, the patent flow channel (the portion through which blood continues to
actively flow) will show detectable color and spectral Doppler flow signal, while the mural thrombus
portion (thrombus adherent to, and often circumferentially lining, the aneurysm wall) will show no flow
signal, since it is a static, non-perfused structure — this Doppler flow-versus-no-flow distinction,
combined with grayscale appearance, helps characterize the true patent lumen diameter versus the total
outer aneurysm sac diameter. This contradicts a claim that both patent lumen and thrombus show
identical strong flow signal (A, which would eliminate any ability to distinguish them at all); it also
contradicts a reversed claim that thrombus shows stronger flow than the patent lumen, which is not
physiologically sensible for a static, non-perfused thrombus (contradicting B); and Doppler assessment
of the AAA sac, including this specific lumen-versus-thrombus distinction, is a standard, useful part of
AAA evaluation, not something Doppler is incapable of assessing at all, contradicting C.

95. B. B. The normal jugular venous waveform reflects central venous and right atrial pressure/volume
changes across the cardiac cycle, producing a characteristic triphasic or multiphasic pattern (with
recognized components corresponding to atrial contraction, tricuspid valve closure, and ventricular
filling events) — a genuinely informative, dynamic waveform rather than a flat or featureless one, useful
in certain central venous and cardiac assessments. This directly contradicts a claim of a completely flat,
unchanging waveform with no cyclical variation (A); the waveform is present throughout the respiratory
cycle, with respiratory variation superimposed on it, not existing only during held inspiration and absent
otherwise (contradicting C); and the jugular venous waveform's characteristic multiphasic pattern,
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driven by central venous/right atrial events, is genuinely distinguishable from a typical peripheral
arterial waveform's very different systolic-upstroke-and-diastolic-runoff pattern (contradicting D).

96. A. A. Thoracic outlet syndrome involves positional compression of the subclavian artery and/or vein
(and sometimes the brachial plexus, though that specific nerve compression is not itself directly assessed
by vascular Doppler) as they pass through the thoracic outlet, with certain provocative arm maneuvers
(such as abduction and external rotation, sometimes combined with head rotation) used during the
Doppler exam to elicit and demonstrate a positional flow reduction or cessation supporting the
diagnosis. This is not a description of the abdominal aorta, an entirely unrelated vessel and anatomic
region for this specific syndrome (contradicting B); it does not involve the femoral artery, a lower-
extremity vessel unrelated to thoracic outlet anatomy (contradicting C); and it does not involve the
carotid artery being compressed by lower-extremity movement, a nonsensical and anatomically
unrelated claim (contradicting D).

97. D. D. A hematoma is characteristically an avascular collection internally on Doppler evaluation,
since it represents extravasated, clotted blood without its own internal blood supply, while a tumor (a
genuine mass composed of living, growing tissue) characteristically demonstrates some internal
vascularity on Doppler — a useful, though not always solitary or absolute, distinguishing feature that is
considered alongside clinical history (such as recent trauma) and grayscale appearance in evaluating a
scrotal mass. This contradicts a claim that both entities always show identical, robust vascularity (A,
which would eliminate any distinguishing value from Doppler assessment); a hematoma showing more
vascularity than a tumor reverses the actual expected pattern (contradicting B); and Doppler assessment
does contribute meaningfully useful information to this differential, not none at all (contradicting C).

98. A. A. Subclavian vein flow varies with respiration primarily due to intrathoracic pressure changes
during the respiratory cycle (a lower pressure during inspiration typically augmenting venous return
from a peripheral central vein like the subclavian), a related but somewhat mechanistically distinct
process from the I\VVC's respiratory variation, which is more directly tied to diaphragmatic movement and
intra-abdominal pressure changes — both veins show real respiratory phasicity, but through related, not
identical, physiologic pathways. This contradicts a claim that the subclavian vein shows no respiratory
variation at all, when in fact it does show a genuine, clinically useful phasic pattern (contradicting B);
the subclavian vein is readily assessable with Doppler ultrasound, not an entity that ultrasound cannot
evaluate at all (contradicting C); and respiratory phasicity mechanisms and appearance do genuinely
vary somewhat by venous location in the body, not being perfectly identical everywhere (contradicting
D).

99. C. C. Because spectral Doppler gain and color Doppler gain are independent controls, each
governing the sensitivity/brightness of its own respective display even when both are shown
simultaneously in a duplex or triplex acquisition, appropriate troubleshooting requires recognizing this
independence and optimizing each control separately for its own display, rather than assuming adjusting
one will automatically correct a problem specifically affecting the other. This contradicts an assumption
that the two controls are permanently linked and cannot be adjusted independently, since they are, in
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fact, separate controls (contradicting A); simply maximizing both settings regardless of resulting image
appearance is not an appropriate systematic troubleshooting approach and risks oversaturating one or
both displays (contradicting B); and gain settings very much affect Doppler signal quality and display
sensitivity, contradicting the claim of no bearing at all in D.

100. B. B. Serial Doppler surveillance of a lower-extremity synthetic bypass graft (used to restore blood
flow around an occluded or severely diseased native arterial segment) is performed primarily to detect
developing graft stenosis or a failing graft segment at an early, often still-correctable stage, before the
graft progresses to frank occlusion or the patient develops limb-threatening ischemia — proactive
surveillance intended to catch problems before a clinical crisis develops. This is not a technique limited
to assessing only cosmetic overlying skin changes, with no assessment of the graft's actual flow
characteristics (contradicting A); Doppler ultrasound does not directly measure the patient's systemic
cholesterol level, an unrelated laboratory parameter (contradicting C); and graft surveillance specifically
relies on detailed Doppler waveform and velocity assessment, not merely a simple palpable-pulse check
with no waveform information at all (contradicting D).

101. D. D. A near-total (subtotal) arterial thrombus with a very slow, faint residual trickle of flow can be
mistakenly interpreted as complete occlusion if Doppler settings are not properly optimized (adequate
gain, appropriately low PRF/scale, and a low wall filter setting to avoid inadvertently filtering out the
faint slow-flow signal), which is clinically significant because a genuinely patent, even if severely
compromised, segment may have different management implications than truly complete occlusion.
This is not a claim that the two scenarios are clinically and hemodynamically identical, since the
distinction between subtotal patency and complete occlusion can meaningfully affect management
(contradicting A); Doppler technique optimization very much affects the ability to detect this subtle,
faint flow pattern, contradicting a claim of no bearing at all in B; and this specific optimized-technique-
versus-missed-flow pitfall applies to arterial assessment as well as venous, not exclusively to venous
scenarios (contradicting C).

102. A. A. During ultrasound-guided compression repair of a pseudoaneurysm, color and/or spectral
Doppler is used in real time to monitor for cessation of flow specifically into the pseudoaneurysm sac as
the sonographer applies sustained, carefully directed transducer compression, confirming that the sac is
thrombosing successfully, while simultaneously verifying that flow in the adjacent native artery is
preserved (not inadvertently occluded) throughout the procedure. This is the opposite of a goal to
permanently block flow in the native artery, which would represent a treatment failure/complication
rather than the intended outcome (contradicting B); Doppler provides essential, real-time monitoring
information that guides the procedure, not no useful information at all (contradicting C); and grayscale
imaging remains necessary throughout the procedure for anatomic guidance alongside, not replaced by,
the Doppler monitoring (contradicting D).

103. C. C. A renal artery aneurysm appears on Doppler and grayscale imaging as a focal, saccular or
fusiform dilation of the artery (an abnormally widened, not narrowed, segment), sometimes containing
turbulent or swirling flow within the dilated segment, distinctly different from stenosis, which instead
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produces a narrowed lumen with locally elevated velocity. This is not the same finding as stenosis, since
aneurysm and stenosis represent opposite geometric abnormalities — widening versus narrowing —
despite both being recognized renal artery pathologies (contradicting A); an aneurysm, unlike a fully
thrombosed or occluded vessel, generally still shows detectable flow within its patent, if abnormally
dilated, lumen, not a complete absence of any flow signal (contradicting B); and a renal artery aneurysm
IS, as its name indicates, a renal ARTERY finding, not a renal vein entity (contradicting D).

104. A. A. Fibromuscular dysplasia's characteristic 'string-of-beads' appearance on angiography
corresponds to alternating segments of arterial narrowing and dilation, and on Doppler ultrasound, this
anatomic pattern can produce corresponding alternating segments of locally increased velocity (at the
narrowed segments) interspersed with more normal-velocity segments (at the dilated portions), a
somewhat distinctive multi-segment pattern rather than a single smooth, isolated narrowing. This is not
the same as a single, isolated, smoothly tapered stenosis without an alternating pattern, which would
instead be more typical of a discrete atherosclerotic lesion (contradicting B); FMD does not typically
present as complete, uniform occlusion of the entire vessel from origin to termination (contradicting C);
and this alternating anatomic pattern does produce a real, detectable, if sometimes subtle, Doppler
correlate, not an absence of any detectable abnormality at all (contradicting D).

105. A. A. Distinguishing a true aneurysm from a pseudoaneurysm in a dialysis access fistula centers on
evaluating the structure's wall: a true aneurysm involves dilation of the intact, though often weakened,
native vessel wall, while a pseudoaneurysm represents a contained rupture, in which blood flow escapes
through a defect in the vessel wall and is contained by surrounding tissue, characteristically showing
turbulent, swirling flow (sometimes with the color Doppler yin-yang pattern) at the connection point
(neck) between the true lumen and the outpouching. This is not determined by the patient's blood type,
an unrelated laboratory parameter (contradicting B); this distinction fundamentally relies on Doppler
flow assessment of the structure's connection and internal flow pattern, not simply external skin
appearance with no flow assessment at all (contradicting C); and both true aneurysms and
pseudoaneurysms can occur in either native fistulas or synthetic AV grafts, not exclusively in native
fistulas (contradicting D).

106. C. C. In certain physiologic or research testing contexts, Doppler waveforms are obtained before
and after administration of a vasoactive pharmacologic agent (a vasodilator or vasoconstrictor) to
evaluate how the vessel's flow pattern (velocity, resistance index, waveform shape) changes in response,
providing information about the vascular bed's reactivity or reserve capacity — a specialized application
beyond routine baseline Doppler assessment. This is not an assessment of the transducer's own
performance characteristics, an unrelated equipment-QA concept rather than a patient physiologic
assessment (contradicting A); the waveform is specifically expected to change in response to the
pharmacologic challenge, not remain fixed and unchanging regardless of the agent given, which would
defeat the purpose of the test (contradicting B); and this technique specifically assesses the vessel's flow
pattern itself, not merely heart rate, an unrelated separate parameter (contradicting D).
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107. D. D. Because gas-filled microbubble contrast agents produce a very strong acoustic backscatter
signal compared with blood alone, administering contrast specifically to augment a weak or technically
difficult Doppler signal (such as in a deep or technically challenging vessel, or in a patient with poor
acoustic access) substantially increases the detectable Doppler signal strength, improving the ability to
characterize flow that might otherwise be difficult or impossible to adequately assess with unenhanced
Doppler alone. This is not a technique that eliminates the underlying tissue signal to leave only artifact,
a mischaracterization of its actual signal-enhancing purpose (contradicting A); it remains fundamentally
an ultrasound-based (acoustic) technique, not a conversion to an entirely different imaging modality
(contradicting B); and it is specifically useful for enhancing detection of genuinely weak but present
flow, not limited to use only in a completely occluded vessel with zero flow, where there would be no
flow signal to augment in the first place (contradicting C).

108. D. D. Acute limb ischemia, typically caused by embolism or acute thrombosis of a previously less-
diseased artery (in contrast to chronic PAD, which often has well-developed collateral circulation),
characteristically demonstrates absent or severely diminished arterial Doppler flow signal distal to the
level of acute occlusion, correlating with the clinical presentation of a sudden, severely threatened limb
requiring urgent surgical or endovascular intervention. This is the opposite of a completely normal,
unremarkable waveform, which would not be consistent with a genuine acute ischemic emergency
(contradicting A); it does not show unusually elevated, supranormal velocity throughout the limb, the
opposite of the expected diminished/absent flow pattern distal to occlusion (contradicting B); and it is
specifically distinguished from chronic PAD by the lack of well-developed collateral flow, since the
acute nature of the process has not allowed time for collateral development, contradicting a claim of an
identical presentation to chronic disease in C.

109. C. C. As with other complex multi-modality Doppler scenarios, no single technique alone
optimally addresses every need in this trauma scenario: color Doppler offers an efficient overview of
flow direction and general character across the field of view to help distinguish arterial from venous
patterns, CW Doppler is best suited to accurately capture the very high-velocity jet characteristic of a
traumatic AV fistula without aliasing (since CW has no Nyquist limit), and PW Doppler's range-gating
capability allows precise localization of signal to one specific injured vessel among several closely
adjacent structures — using each modality for its particular strength addresses the full scenario. Power
Doppler alone (A) lacks directional and velocity information needed here. Grayscale alone (B) would
not provide any flow characterization at all, missing the core of what is being assessed. Spectral Doppler
alone, with color and power entirely omitted (D), would lose the efficient overview and localization
advantages that color and range-gated PW specifically contribute to this complex scenario.

110. A. A. The overarching principle guiding modality selection across a comprehensive protocol is
matching each specific clinical question to the Doppler or grayscale modality whose particular strengths
(such as CW's high-velocity capability without aliasing, PW's range-gated localization, color's efficient
overview, power Doppler's sensitivity to low-flow states, or grayscale's direct anatomic/lumen
visualization) best address that specific question, rather than mechanically applying one single default
modality to every situation regardless of fit. This contradicts an approach of always using every
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modality simultaneously for every patient regardless of the actual clinical question, which would be
inefficient and is not how thoughtful modality selection actually works (contradicting B); selecting
based solely on novelty rather than actual clinical fit for the question at hand is not a sound guiding
principle (contradicting C); and selecting based solely on scan-time efficiency without regard to
diagnostic adequacy would risk missing the specific information a particular clinical question requires,
contradicting D.
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