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Question: 2095

A duplex ultrasound is ordered to evaluate a 6-week-old left brachiocephalic arteriovenous fistula (AVF) because of difficult cannulation
during hemodialysis sessions. The sonographer measures the flow volume (Q) in the brachial artery feeding the fistula using a 60-degree
angle of insonation. The time-averaged mean velocity (V;...,) over three cardiac cycles is 70 cm/s, and the vessel diameter (d) is 5.0 mm.

Using the standard formula Q = Viuean - 7+ (£)? - 60, what is the estimated flow volume, and what does it indicate regarding fistula function?

A. Flow volume is approximately 330 mL/min; indicating an under-developed fistula or inflow stenosis.
B. Flow volume is approximately 1250 mL/min; indicating a hyperdynamic state at risk for high-output cardiac failure.
C. Flow volume is approximately 525 mL/min; indicating normal development for immediate clinical use.

D. Flow volume is approximately 824 mL/min; indicating a well-matured fistula ready for clinical use.

Answer: D

Explanation: The mathematical calculation for the flow volume is executed as follows: Convert the diameter from millimeters to centimeters
(d = 0.5 cm, so radius = 0.25 cm). The cross-sectional area A = 7. 7% = 3.1416 - (0.25)2 = 0.19635 cm?. The flow volume per second is

Q = Viypean - A =70 cm /s - 0.19635 cm? = 13.745 cm?/s. Converting this to milliliters per minute (1 cm® = 1 mL and multiplying by 60 seconds):
13.745 - 60 = 824.7 mL/min. For an autogenous arteriovenous fistula to be considered mature and suitable for successful dialysis, a minimal
flow volume of 500 to 600 mL/min is typically required along with a diameter of > 6 mm. A volume flow of roughly 825 mL/min

demonstrates high clinical suitability and excellent maturation.

Question: 2096

A patient with suspected upper-extremity DVT is sent for arterial duplex by mistake because the referral order was mislabeled. What is the

most appropriate operational step?

A. Cancel all vascular imaging for that patient
B. Perform the wrong test to avoid delay
C. Ignore the discrepancy if the schedule is full

D. Verify the indication before performing the selected test
Answer: D
Explanation: Study indications must be matched to the correct vascular test. When the order and clinical question do not align, the

laboratory should verify appropriateness and clarify the request before proceeding if possible. This prevents misdiagnosis, wasted resources,

and unnecessary patient inconvenience.

Question: 2097

A patient undergoes lower extremity arterial duplex ultrasound for progressive foot ischemia. The anterior tibial artery demonstrates absent
color Doppler flow over a long segment. Distal dorsalis pedis artery flow is reconstituted through collateral vessels with monophasic

waveforms. Which interpretation is most appropriate?



A. Normal infrapopliteal arterial circulation
B. Chronic anterior tibial artery occlusion with collateral reconstitution
C. Mild tibial artery stenosis without hemodynamic significance

D. Acute arterial embolism without collateral formation

Answer: B

Explanation: Chronic arterial occlusion is characterized by absent flow through the occluded segment and development of collateral vessels
that restore distal perfusion. The resulting distal monophasic waveforms reflect reduced perfusion pressure and chronic compensation. In

contrast, acute occlusions often lack well-developed collateral circulation and typically present with abrupt, severe ischemia.

Question: 2098

Upper extremity duplex reveals compressible veins but with loss of respiratory variation in subclavian vein and increased collateral channels
in neck. What is most likely?

A. Central venous obstruction
B. Isolated perforator incompetence
C. Superficial venous thrombosis

D. Normal variant with collateral anatomy

Answer: A

Explanation: Collaterals with loss of phasicity in central veins strongly indicate chronic central venous obstruction.

Question: 2099

A renal transplant duplex shows a focal area of markedly elevated velocity (PSV 320 cm/s) at the arterial anastomosis with a parvus-tardus

waveform pattern in the downstream intrarenal arteries. What is the most likely diagnosis?

A. Renal vein thrombosis
B. Transplant renal artery aneurysm
C. Acute allograft rejection

D. Transplant renal artery stenosis at the anastomotic site

Answer: D

Explanation: A focal, markedly elevated velocity specifically at the arterial anastomosis, combined with a downstream parvus-tardus
(dampened, delayed-upstroke) waveform pattern in the intrarenal arteries reflecting the hemodynamic consequence of the proximal
narrowing, is the classic duplex presentation of transplant renal artery stenosis, a well-recognized vascular complication typically occurring
at the surgical anastomotic site. Acute rejection would more typically present with diffusely elevated intrarenal resistive indices rather than
this focal anastomotic velocity elevation with a hemodynamically downstream parvus-tardus pattern, and renal vein thrombosis would show

absent or abnormal venous flow rather than this arterial finding.

Question: 2100



A transplant renal duplex shows a renal-iliac ratio of 3.1 with elevated peak systolic velocity at the anastomosis and tardus-parvus distal

waveforms. What is the most likely diagnosis?

A. Renal vein thrombosis
B. Transplant renal artery stenosis
C. Normal post-transplant flow

D. Renal cortical atrophy only

Answer: B

Explanation: An elevated renal-iliac ratio and focal velocity increase at the anastomosis with tardus-parvus distal waveforms are classic for
transplant renal artery stenosis. This is a post-intervention vascular complication that can impair graft perfusion. Renal vein thrombosis

would usually show different venous and parenchymal findings.

Question: 2101

A 62-year-old male with a history of progressive chronic renal failure undergoes an intrarenal duplex ultrasound to evaluate for parenchymal
disease. The sonographer obtains a peak systolic velocity of 40 cm/s and an end-diastolic velocity of 6 cm/s within the interlobar arteries.
The acceleration time is sharp at 0.04 seconds. Calculate the resistive index (RI) and determine if it indicates the presence of parenchymal

renal disease.

A. RI = 0.54; indicates a proximal main renal artery high-grade stenosis
B. RI = 0.15; does not indicate the presence of significant parenchymal disease
C. RI = 0.85; indicates the presence of significant intrinsic renal parenchymal disease

D. RI = 0.85; indicates an acute intrarenal arteriovenous fistula formation

Answer: C

Explanation: The resistive index (RI) is calculated as:

PSV-EDV _ 40-6
PSSV~ 40

An RI value greater than or equal to 0.80, associated with normal, rapid systolic upstrokes, confirms the presence of increased intrarenal

34
RI= =4 =085

vascular resistance, which is highly indicative of advanced intrinsic renal parenchymal disease.

Question: 2102

A 69-year-old male returns for a 6-month surveillance duplex ultrasound after receiving a left lower extremity femoropopliteal bypass graft
using a prosthetic PTFE conduit. The sonographer measures a peak systolic velocity (PSV) of 195 cm/s at the proximal anastomosis, 110
cmy/s in the mid-graft body, and 210 cm/s at the distal anastomosis. The velocity ratios (V;) at both anastomoses are calculated as 1.77 and

1.91, respectively. The waveforms remain triphasic throughout. What is the appropriate interpretation of this study?

A. Severe stenosis (greater than 75% diameter reduction) requiring immediate intervention.
B. Normal graft function with expected mild, non-obstructive velocity elevations at the anastomoses.
C. Graft failure due to an over-dilated mid-graft body acting as a functional aneurysm.

D. Moderate stenosis (50-74% diameter reduction) localized at both anastomotic sites.



Answer: B

Explanation: In prosthetic peripheral bypass grafts, mild velocity elevations at the proximal and distal anastomotic sites are normal and
expected due to mild geometric transitions, compliance mismatches, and localized flow disturbances between the native vessel and the
synthetic graft. A hemodynamically significant stenosis (> 50%) is diagnosed when the velocity ratio (V;) is > 2.0 and the local PSV is
elevated (> 180 cm/s for vein grafts or > 180 — 200 cn/s for prosthetic grafts). Because the velocity ratios here are below 2.0 (1.77 and 1.91)

and the waveforms remain triphasic, these findings indicate normal graft function with non-obstructive mechanical transitions.

Question: 2103

A patient with suspected arterial trauma from a knee dislocation undergoes popliteal artery duplex, showing a normal triphasic waveform
proximal to the level of injury but a markedly dampened, monophasic waveform with reduced velocity distal to this level, without a clearly

visualized flap or discrete occlusion. What is the most appropriate next step given this indirect finding?

A. Assume a false-negative study and take no further action

B. Recognize this as a concerning indirect sign of possible popliteal artery injury (such as intimal injury or partial disruption) despite the lack
of a directly visualized discrete lesion, and recommend further evaluation such as CTA given the high-risk mechanism

C. Report the artery as completely occluded based on the distal waveform alone

D. Reassure the patient that the popliteal artery is definitively normal based on the proximal waveform alone

Answer: B

Explanation: In the setting of a high-risk traumatic mechanism such as knee dislocation, which carries a well-recognized association with
popliteal artery injury, a distal waveform change from normal triphasic to markedly dampened monophasic flow is a concerning indirect sign
of possible arterial injury (such as an intimal tear or partial wall disruption) even in the absence of a discrete, directly visualized flap or
occlusion, and this finding should prompt further evaluation with an appropriate imaging modality such as CT angiography given the
potential for limb-threatening injury if missed. This scenario should not be dismissed as normal or as a false negative without further action,
and reporting complete occlusion would overstate the finding, since a distal signal, albeit abnormal, is still present rather than completely

absent.

Question: 2104

A 35-year-old female presents with left upper extremity swelling and vague chest discomfort. She is a competitive tennis player. Venous
duplex ultrasound of the left arm reveals that the internal jugular, axillary, and brachial veins are fully patent and compressible. However,
the subclavian vein demonstrates a continuous, dampened spectral Doppler waveform with an absolute loss of the normal cardiac pulsatility
and respiratory phasicity. Direct compression of the subclavian vein cannot be performed due to the overlying clavicle. What condition is

strongly suspected based on this physiologic waveform pattern?

A. Acute isolated superficial vein thrombosis of the cephalic vein
B. Extrinsic venous compression or thrombosis of the brachiocephalic vein or superior vena cava
C. Normal physiological flow adaptation related to hypertrophied shoulder girdle musculature

D. Paget-Schroetter syndrome causing isolated acute thrombosis of the distal ulnar vein

Answer: B

Explanation: Normal waveforms in the subclavian and internal jugular veins are highly phasic with respiration and exhibit distinct cardiac

pulsatility due to their proximity to the right atrium. A loss of this pulsatility and phasicity, resulting in a flat or continuous dampened

waveform, indicates a hemodynamically significant obstruction proximal (downstream) to the site of interrogation. Because the subclavian



vein waveform is flat, the obstruction must be located closer to the heart, such as in the brachiocephalic vein or the superior vena cava

(SVC), which may be caused by central venous thrombosis or extrinsic compression from a mediastinal mass.

Question: 2105

A 65-year-old woman has upper-extremity physiologic testing with a normal brachial pressure but a lower radial pressure and monophasic
distal digital waveforms. Which pattern is most consistent with the findings?

A. Bilateral thoracic outlet syndrome at rest only

B. Distal upper-extremity arterial disease

C. Isolated toe ischemia

D. Normal proximal inflow with no disease

Answer: B

Explanation: Preserved brachial pressure with reduced radial pressure and monophasic digital waveforms points to distal upper-extremity
arterial disease in the forearm or wrist. Normal proximal inflow would not create the distal pressure drop. Thoracic outlet syndrome primarily

affects more proximal vessels and is usually positional. Toe ischemia is a lower-extremity issue.

Question: 2106

A patient undergoes duplex evaluation two years after femoral artery stenting. The stented segment demonstrates uniform color filling and

only mildly elevated velocities throughout the stent without focal acceleration or turbulence. Which interpretation is most appropriate?
A. Stent fracture with pseudoaneurysm formation

B. Patent stent without significant restenosis

C. Complete in-stent occlusion

D. Hemodynamically significant recurrent stenosis

Answer: B

Explanation: Mildly elevated velocities may occur within stents because of altered vessel compliance. Uniform Doppler flow throughout the

stent without focal acceleration, color aliasing, or turbulence indicates satisfactory stent patency rather than restenosis.

Question: 2107

A venous duplex study shows color Doppler signal absent in a vessel that still compresses normally. What is the most likely explanation?
A. Calcified plaque artifact

B. Normal low-flow venous state or technical limitation

C. Acute arterial occlusion

D. Severe arterial stenosis

Answer: B

Explanation: Venous flow may be very low and undetectable on color Doppler despite normal compressibility.



Question: 2108

During assessment of the common carotid artery, gray-scale imaging reveals diffuse, circumferential wall thickening without a discrete focal

plaque, and Doppler shows normal velocities throughout. How should this CCA finding be best characterized?

A. Normal CCA anatomy with no abnormality present
B. A near-occlusive lesion requiring urgent surgical referral
C. A focal atherosclerotic plaque causing hemodynamically significant stenosis

D. Diffuse intimal-medial thickening consistent with early or diffuse atherosclerotic change rather than focal stenosis

Answer: D

Explanation: Circumferential, diffuse wall thickening without a discrete focal plaque and with normal Doppler velocities is best characterized
as diffuse intimal-medial thickening, reflecting early or generalized atherosclerotic change rather than a focal, hemodynamically significant
stenosis, which would instead present with a discrete plaque and corresponding elevated local velocities. This distinction matters because

diffuse thickening carries different clinical implications and management considerations than a focal high-grade stenosis.

Question: 2109

A 24-year-old male college athlete presents with progressive, severe pain and numbness in his right calf that is reproducible only after
running short distances. On physical examination, his resting distal pulses are strong and symmetric. A lower extremity duplex ultrasound is
ordered. At rest, the popliteal artery demonstrates normal, triphasic flow with a peak systolic velocity of 75 cm/s. However, when the patient
actively plantarflexes his right foot against resistance, the color Doppler signal in the popliteal artery abruptly disappears, and spectral
Doppler records an absolute cessation of flow. What dynamic arterial obstruction is present?

A. Popliteal artery entrapment syndrome

B. Atherosclerotic peripheral vascular disease

C. Adson syndromic arterial compression

D. Cystic adventitial disease of the popliteal artery

Answer: A

Explanation: Popliteal artery entrapment syndrome (PAES) is a non-atherosclerotic developmental anomaly where the popliteal artery has
an abnormal spatial relationship with the gastrocnemius muscle or adjacent fibrous bands. At rest, distal perfusion is often completely
normal. Provocative testing during duplex ultrasound—such as active ankle plantarflexion against resistance or passive ankle dorsiflexion—

compresses the artery, causing a dynamic drop in peak systolic velocity or a complete cessation of flow, which confirms the diagnosis.

Question: 2110

A patient with a dialysis graft reports pain and coolness in the hand distal to the graft, worse during dialysis sessions. Duplex evaluation
reveals retrograde flow in the distal radial artery beyond the graft's arterial anastomosis. What volume flow-related consideration is most

relevant when evaluating the severity of this steal phenomenon?

A. Comparing overall graft/fistula volume flow to the degree of distal arterial flow reversal and correlating with the severity of clinical
ischemic symptoms

B. Venous outflow diameter alone determines steal severity



C. Central venous waveform pattern determines steal severity

D. Volume flow measurements are not useful in the evaluation of suspected steal syndrome

Answer: A

Explanation: In the evaluation of dialysis access-associated steal syndrome, assessing the overall volume flow through the graft or fistula in
conjunction with the degree of retrograde flow in the distal native artery provides valuable information regarding the hemodynamic severity
of the steal phenomenon, as higher access volume flows are more likely to be associated with more significant degrees of distal arterial flow
diversion and, correspondingly, more severe clinical ischemic symptoms, which helps guide decisions regarding potential surgical revision
options such as banding or distal revascularization procedures aimed at reducing excessive access flow while preserving adequate flow for
dialysis. This combined volume flow and flow-reversal assessment is more informative than looking at either venous outflow diameter or
central venous waveform pattern in isolation, as neither of these directly quantifies the hemodynamic steal phenomenon itself, and volume
flow measurement is, in fact, a clinically useful and often employed component of the overall evaluation for suspected steal physiology

rather than being irrelevant to this assessment.

Question: 2111

A patient with suspected Raynaud’s phenomenon undergoes cold immersion testing. The baseline digital PPG waveform is normal. After 2
minutes of cold water immersion, the waveform becomes severely dampened. Which recovery time to baseline would confirm a diagnosis of

Raynaud’s disease?

A. Less than 5 minutes
B. Less than 2 minutes
C. More than 10 minutes

D. Recovery within 3 minutes

Answer: C

Explanation: While cold immersion causes a degree of temporary vasoconstriction in most individuals, a prolonged recovery time to baseline

waveform morphology and amplitude—specifically taking more than 10 minutes—is the diagnostic hallmark of Raynaud’s phenomenon.

Question: 2112

A physician is optimizing an ultrasound system to evaluate a critical stenosis in an internal carotid artery. The spectral Doppler waveform is

displaying aliasing. Which configuration change will successfully expand the velocity scale without changing the transducer frequency?

A. Adjust the baseline upward and decrease the wall filter setting
B. Shift the sample volume gate closer to the vessel wall boundary layer
C. Increase the pulse repetition frequency (PRF) scale to its maximum allowed limit

D. Raise the dynamic range and increase the acoustic output power setting

Answer: C

Explanation: Spectral aliasing occurs when the Doppler frequency shift exceeds the Nyquist limit, which is equal to half of the pulse

repetition frequency (PRF/2). To eliminate aliasing and expand the measurable velocity range without changing the transducer frequency,

the operator must increase the PRF scale. This samples the blood flow more frequently, raising the Nyquist limit above the maximum



frequency shift generated by the high-velocity jet.

Question: 2113

A 72-year-old woman has chronic leg heaviness. Venous insufficiency testing shows reflux in the great saphenous vein at the thigh lasting

3.8 seconds after distal compression-release. Deep veins compress fully and show no reflux. Which finding is the best interpretation?

A. Deep venous incompetence with calf obstruction
B. Post-thrombotic obstruction of the popliteal vein
C. Isolated superficial venous reflux in the great saphenous vein

D. Normal reflux duration for the superficial system

Answer: C

Explanation: Reflux lasting several seconds in the great saphenous vein is abnormal and indicates superficial venous incompetence. Normal
deep venous compressibility and absent deep reflux argue against deep system failure or post-thrombotic obstruction. The reflux duration

described is clearly pathologic and clinically consistent with symptomatic superficial venous insufficiency.

Question: 2114

A 70-year-old man has a femoral artery stent with PSV values that fluctuate considerably between studies but without consistent focal
elevation; distal pulses are stable. What is the most appropriate interpretation?

A. Duplex cannot evaluate stents and should be abandoned entirely

B. Possible measurement variability or non-hemodynamically significant lesion; correlate clinically and repeat with standardized technique
C. Definitive high-grade restenosis requiring immediate surgery

D. Complete stent occlusion masked by collaterals

Answer: B

Explanation: Fluctuating PSV without consistent focal elevation or clinical deterioration often reflects measurement variability (angle,
transducer pressure, patient state) rather than a hemodynamically meaningful lesion. Standardizing technique and repeating study, possibly
comparing to prior baselines, is appropriate. Immediate surgery is not indicated without reproducible hemodynamic and clinical evidence.

Duplex can evaluate stents but requires careful technique.

Question: 2115

A carotid exam identifies an area of plaque with surface irregularity and a crater-like defect extending into the lumen on color Doppler.
What term best describes this feature?

A. Ulceration
B. Intimal thickening
C. Laminar flow

D. Complete occlusion



Answer: A

Explanation: A crater-like defect extending into a plaque surface and communicating with the lumen is characteristic of plaque ulceration.
This is an important morphological feature because it may be associated with embolic risk. It is distinct from simple intimal thickening,

normal laminar flow, or occlusion.

Question: 2116

A patient has ABI of 1.2 but post-exercise ABI drops to 0.55 with delayed recovery and severe claudication. What is the most likely

interpretation?

A. Significant exercise-induced peripheral arterial disease
B. Raynaud disease
C. Normal physiologic response

D. Venous claudication

Answer: A

Explanation: Normal resting ABI does not exclude disease. Significant post-exercise drop with symptoms confirms hemodynamically

significant arterial disease.

Question: 2117

A vertebral artery waveform shows to-and-fro flow, with antegrade flow in diastole and retrograde flow in systole, in a patient being

evaluated for arm claudication with exercise. What condition does this waveform most strongly suggest?

A. Vertebral artery hypoplasia
B. Normal vertebral artery flow
C. Partial (intermittent) subclavian steal

D. Complete subclavian steal

Answer: C

Explanation: A to-and-fro pattern, with antegrade diastolic flow but systolic reversal, represents an intermediate or partial subclavian steal
phenomenon, reflecting a moderate proximal subclavian stenosis where the pressure gradient is enough to reverse flow only during peak
systolic demand. Complete steal shows reversal throughout the entire cardiac cycle, and hypoplasia would show a small but consistently

antegrade low-velocity waveform without directional reversal.

Question: 2118

A 35-year-old female presents for evaluation of a suspected renal vascular disorder. A renal duplex scan shows normal velocities in both
main renal arteries. However, the right kidney is small (7.8 cm length) compared to the left kidney (11.5 cm length). The intrarenal resistive
index (RI) of the right kidney is 0.42 with a delayed acceleration time of 120 ms. What do these clinical findings suggest?

A. Intrinsic medical renal parenchymal disease of the right kidney

B. Right main renal artery stenosis or a significant polar accessory artery stenosis causing renal atrophy



C. Right renal vein thrombosis with associated acute parenchymal edema

D. Normal symmetrical renal anatomy and physiology

Answer: B

Explanation: A significant difference in kidney size (> 1.5 to 2.0 cm discrepancy) combined with an intrarenal parvus-tardus waveform (low
RI < 0.50 and prolonged acceleration time > 100 ms) is highly indicative of a significant upstream renal artery stenosis or a missed accessory
renal artery stenosis. The chronic ischemia leads to downstream pressure reduction (low RI) and subsequent renal parenchymal atrophy

(small kidney size).

Question: 2119

A 69-year-old man with transient monocular blindness has a carotid study showing a small mobile echogenic focus in the common carotid
artery lumen near the bifurcation. It moves independently with pulsation and causes transient minor shadowing but no clear flow
acceleration. What is the most likely incidental finding?

A. Intracranial embolus

B. Calcified plaque with shadowing only

C. Free-floating thrombus

D. Normal carotid valve remnant

Answer: C

Explanation: A mobile echogenic intraluminal structure that moves independently of the wall is most concerning for free-floating thrombus.
The absence of major velocity acceleration does not exclude thrombus, particularly if it is nonocclusive. Calcified plaque usually remains

wall-based and fixed. An intracranial embolus would not be directly visualized in the neck study.

Question: 2120

A renal transplant recipient develops new-onset hypertension one year after transplantation. Duplex ultrasound demonstrates peak systolic
velocity of 355 cm/s at the transplant renal artery anastomosis with distal tardus-parvus intrarenal waveforms. Serum creatinine has

increased over the past two months. Which diagnosis is most likely?

A. Chronic transplant rejection without vascular disease
B. Normal postoperative adaptation
C. Transplant renal vein thrombosis

D. Hemodynamically significant transplant renal artery stenosis

Answer: D

Explanation: Anastomotic transplant renal artery stenosis commonly presents with hypertension, declining renal function, elevated

anastomotic velocities, and delayed intrarenal systolic acceleration. Early diagnosis is important because endovascular intervention may

preserve graft function.
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