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postoperative period can result in more favorable
outcomes.1-3

Several essential elements must exist for a sur-
veillance program to be worthwhile. Vascular testing
should be noninvasive, inexpensive, and should have
diagnostic accuracy with high sensitivity to ensure
that clinically significant lesions are not missed. It is
also necessary that mechanisms of arterial repair
failure have a pathology and natural history appro-
priate for detection by a surveillance protocol.
Lesion severity, that is, degree of stenosis, should
correlate with risk of failure, and testing should be
capable of detecting stenosis progression from mild
to severe categories. The incidence of lesion devel-
opment should be sufficiently common (incidence =
5%-10% or greater) to be cost-effective. Finally, but
vitally important, there must be safe and effective
procedures to repair identified lesions. Many, if not
all, open and endovascular interventions performed
for peripheral atherosclerotic disease in the carotid
or lower limb arterial circulations satisfy these con-
ditions for surveillance to be of clinical benefit.
Certainly, if the primary failure mode of arterial
repair is the result of myointimal hyperplasia, sur-
veillance and timely repair of lesions that progress to
a severe stenosis should enhance long-term patency.
Another important measure of a surveillance program

The rationale for the application of duplex
ultrasound surveillance after peripheral arte-
rial intervention is straightforward—to assess

residual technical error and to identify developing
lesions for repair prior to failure. The failure of arte-
rial reconstructive procedures whether performed by
open repair, arterial bypass, or endovascular inter-
vention (balloon, stent, stent graft, atherectomy) is
an important clinical problem. The likelihood of fail-
ure varies with procedure type, patient characteris-
tics, and disease severity; when arterial repair
thrombosis occurs, patient morbidity and health
care costs increase. The most common mechanisms
of arterial repair failure are technical error, stenosis
caused by myointimal hyperplasia, and atheroscle-
rotic disease progression. These vascular conditions
are readily identified by duplex ultrasound imaging,
and their severity can classified as mild, moderate,
or severe, that is, a critical lesion that should be
repaired. It has been our experience that the use of
duplex ultrasound testing at operation and in the
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is the incidence of arterial repair failure when testing
is normal, that is, no anatomic or hemodynamic
abnormality is identified. When duplex testing is
interpreted as showing no stenosis or other anatomic
abnormality (aneurysm, mural thrombus), repair
failure should be uncommon; if it occurs, the cause
should be from a condition, which testing would
not have detected such as a cardiac embolus or an
acquired hypercoagulable state. It has been our
observation that when arterial surveillance is prop-
erly performed and interpreted, the incidence of
unexpected repair failure should in the range of 1%
to 5%/year—depending on the arterial repair type.1-3

The algorithm for arterial repair surveillance
should begin with an intraprocedural study to assess
technical error, followed by enrollment in a surveil-
lance protocol with an initial testing several weeks
after the procedure (Figure 1). When an intraoperative
duplex scan is performed, and the findings confirm a
normal, that is, no imaged defect and normal hemo-
dynamics, arterial repair, or bypass graft, the likeli-
hood of initial surveillance study will demonstrate a
severe stenosis is low (<2%-4%). This has been our
experience following carotid endarterectomy and
lower limb bypass grafting and to a lesser extent after
peripheral angioplasty.1-3 Documenting normal duplex
ultrasound findings after arterial intervention is
clinically useful. It confirms absence of technical
error, predicts early clinical success, and establishes
a baseline for subsequent surveillance testing to
detect stenosis development. The use of clinical
assessment alone, which relies on patient recogni-
tion of the symptoms associated with procedure fail-
ure, or the use of indirect physiologic testing methods,
such as ankle brachial systolic pressure index after
lower limb arterial interventions, is not sufficiently
sensitive to detect developing myointimal hyperplasia
and is completely insensitive to aneurysmal degenera-
tion. Myointimal stenosis capable of producing arterial
repair failure can develop without symptoms until a
high-grade stenosis forms or a thrombosis occurs. 

It is essential to use objective interpretation cri-
teria to grade the lesion severity in a surveillance
program. This allows for the application of threshold
criteria for reintervention or for a decision for addi-
tional arterial imaging. Establishing 2 or 3 disease
categories is sufficient to characterize an arterial
repair as normal or abnormal and to further grade the
abnormality as one that be followed for progression,
that is, intermediate lesion, or the one that should
be considered for repair (Table 1, Figure 1). We

recommend using combined peak systolic velocity
(PSV) and velocity ratio thresholds to define the
severe (>70%-75% diameter reduction) stenosis cat-
egory. A duplex-detected stenosis with a PSV >300
cm/s and associated turbulent velocity spectra at
the lesion is associated with a resting systolic pres-
sure gradient of >20 mm Hg; thus, it meets the cri-
teria for hemodynamically significant stenosis.1,2

The use of duplex testing for screening or interven-
tion decisions depends on the surveillance applica-
tion. Following visceral (mesenteric, renal) artery
angioplasty, the application of duplex testing is a pri-
mary screening method to identify stent or angio-
plasty stenosis. An abnormal study should prompt
additional confirmatory angiographic imaging and/or
pressure gradient measurement to assess lesion
severity and clinical significance. After peripheral
interventions, duplex testing may be used for man-
agement decisions including reintervention. The
finding of >75% duplex-detected stenosis is suffi-
cient anatomic or hemodynamic information, if used
in conjunction with limb blood pressure measure-
ments or treadmill exercise testing, to recommend
and to proceed with a secondary intervention
(endovascular or open surgical repair). Typically, the
stenotic lesions detected during surveillance are
focal in nature and thus amenable to endovascular
therapy. At the time of angioplasty, lesion severity
will be confirmed, and other anatomic features that
correlate with technical success and durability can
be assessed. 

Duplex Ultrasound Surveillance / Bandyk, Chauvapun 355

Figure 1. Schematic of a duplex ultrasound surveillance pro-
tocol following peripheral arterial intervention. Components
included a procedural study to exclude technical error, initial
surveillance using duplex surveillance to identify residual repair
abnormality, and then periodic surveillance testing to detect and
repair acquired stenotic lesions that meet criteria for severe
critical stenosis. 
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The goal of arterial surveillance is to prolong
patency and to avoid thrombotic events as well as
other procedure-specific adverse events such as
stroke following carotid endarterectomy or stent
angioplasty, amputation after peripheral arterial
intervention, organ ischemia after visceral bypass or
angioplasty. Assessment of patency, including inter-
vention-free patency, is relatively straightforward to
calculate using life-table (Kaplan-Meier) methods,
which take into account duration of follow-up and
death of patient. Duplex ultrasound is the preferred
method to assess arterial repair patency because it is
inexpensive, highly accurate, and applicable to the
spectrum of carotid, visceral, and peripheral arterial
interventions. The primary (freedom from intervention
or thrombosis) and secondary (freedom from throm-
bosis despite intervention, including thrombectomy
or thrombolysis) patency rates of a hypothetical pro-
cedure X estimated by life-table analysis shown in
Figure 2 depict decrease in arterial repair patency
with time. The treatment that can increase second-
ary patency thereby improving clinical outcome
should be used. If surveillance is successful, sec-
ondary patency rates should be higher than with
no surveillance or with an ineffective surveillance

protocol that does not identify and correct the
lesions producing failure. Thus, assessment of sec-
ondary patency rate is an appropriate measure of
surveillance efficacy and procedure durability. The
improved patency with surveillance is due to correc-
tion of identified lesions, which if left unrepaired
would lead to thrombosis or failure. The term
“assisted-patency” was developed to deal with the
failing arterial repair or bypass and to provide a
measure of patency following revision of a patent
but abnormal arterial intervention. This concept is
useful because in clinical vascular surgery once
thrombosis of an arterial repair or bypass occurs,
secondary interventions to restore patency are not
considered durable. Thus, an important principle of
vascular procedure surveillance is correcting lesions
electively to prevent thrombosis rather than waiting
until thrombosis occurs and then attempting to
restore patency and salvage the repair. Peripheral
arterial interventions with assisted-primary, that is,
intervention-free patency, and secondary patency
rates that exceed 80% at 5 years are generally con-
sidered to be clinically successful and durable.

The primary, assisted-primary, and secondary
patency rates of 3 hypothetical arterial procedures

Table 1. Classification of Stenosis Severity Following Arterial Intervention

Duplex Ultrasound Surveillance Categories

Abnormal

Normal Intermediate Stenosis Severe Stenosis

<50% DR 50%-75% DR >75% DRa

Carotid repair
CEA PSV < 150 cm/s PSV > 150 cm/s PSV > 300 cm/s

PSVICA/PSVCCA > 2 PSVICA/PSVCCA > 4
Stent PSV < 150 cm/s PSV > 150 cm/s PSV > 300 cm/s

PSVICA/PSVCCA > 2 PSVICA/PSVCCA > 4
End-diastolic > 125cm/s

Bypass graft PSV < 180 cm/s PSV = 180-300 cm/s PSV > 300 cm/s
Vr < 2 Vr ≤ 3.5 Vr > 3.5

Peripheral angioplasty PSV < 180 cm/s PSV = 180-300 cm/s PSV > 300 cm/s
Vr ≤ 3.5 Vr > 3.5

<60% DR >60% DRa

Renal stent PSV < 200 cm/s PSV > 200
RAR ≤ 3.5 RAR > 3.5
<70% DR >70% DRa

SMA stent PSV < 300 cm/s PSV > 300 cm/s

NOTE: DR = diameter reduction; PSV = peak systolic velocity; Vr = PSV ratio across stenosis; CEA = carotid endarterectomy;
SMA = superior mesenteric artery; RAR = renal aortic ratio; ICA = internal carotid artery; CCA = common carotid artery.
aThreshold for reintervention or additional arterial imaging to confirm stenosis severity.
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(A, B, and C) that used duplex surveillance to improve
outcomes are shown in Figure 3. Each procedure
has a similar primary patency rate—indicating
interventions and/or thrombosis occurred with loss
of intervention-free patency. Inspecting differences
in the assisted-primary and secondary patency
curves of each procedure, the benefit or absence of
benefit from duplex surveillance can be assessed.
After procedure A, surveillance produced a signifi-
cant increase in both assisted-primary and second-
ary patency rates—indicating that surveillance and
intervention for duplex-detected lesions were suc-
cessful and prevented thrombosis. Contradictorily,
duplex surveillance after procedure B produced only
a minimal increase in assisted-primary and secondary
patency rates; thus, the efficacy and cost-effectiveness
of surveillance were not justified. Surveillance was also
not useful after procedure C because only secondary
patency was increased. The difference between the
assisted-primary and secondary patency rate curves
indicates the procedure C surveillance protocol did
not adequately detect lesions that produced throm-
bosis, but secondary procedures to restore patency
were successful. All the hypothetical procedures
depicted demonstrated a progressive decrease in
secondary patency rate, that is, failure despite medical
treatment, surveillance, and intervention for stenosis
or thrombosis, which is known to occur clinically.
The meaning of a secondary patency curve, which is
minimally increased from the assisted-primary
patency curve, is that additional interventions for
thrombosis to salvage the arterial procedure are of
marginal benefit. Thus, efforts to enhance proce-
dure patency should be directed at measures to
avoid thrombosis, that is, repair threatening lesions
while the repair, angioplasty, or bypass are patent.

The loss of primary patency with time during
duplex surveillance deserves additional comment as
it is related to several factors: criteria for interven-
tion, thrombosis rate despite surveillance, and com-
pliance by both the patient and physician in adhering
to the surveillance protocol including agreement to
a recommendation for intervention. If the threshold

Figure 2. Primary and secondary patency rates of a hypothet-
ical procedure X, which depict a >20% increase in secondary
patency with the application of a surveillance protocol.

Figure 3. Primary (square box line), primary-assisted (dotted
line), and secondary (solid line) patency rates of 3 hypothetical
procedures (A, B, and C) managed in a duplex ultrasound sur-
veillance program. Duplex surveillance and intervention for
severe stenosis improved assisted-primary and secondary
patency rates to >80% only for procedure A. Duplex surveillance
was of no benefit in improving patency after procedure B
(no significant increase in secondary patency) or procedure C
(no significant increase in primary-assisted patency).
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for intervention is too high or identified lesions are
not repaired, the primary patency rate will be higher
and the potential benefit of surveillance will be less
evident. Thus, a significant increase in assisted-
primary patency compared with primary patency
should be present and is supporting evidence that
there may be a benefit in repairing lesions prior to
thrombosis. This is especially true when the sec-
ondary patency rate curve is similar to the
assisted-primary patency curve—indicating that once
thrombosis occurs, other secondary interventions
are not successful. Duplex surveillance should result
in an increase in the number of secondary interven-
tions performed compared with the clinical patient
follow-up alone; more abnormal but patent arterial
repairs will be identified. If the primary and assisted-
primary patency curves of a procedure are not sig-
nificantly different (using log-rank analysis), it can
be concluded that surveillance did not identify any
clinically significant lesions. If secondary patency
rates are also similar to the primary and assisted-pri-
mary patency curves, the clinical benefit of surveil-
lance is lost. 

Prospective, randomized clinical trial, evidence-
based data proving efficacy of duplex surveillance is
limited, and all the clinical trials are subject to crit-
icism in that there was no true control group, that is,

no surveillance performed. Because vascular spe-
cialists are in agreement with the concept of patient
and procedure surveillance, randomized clinical tri-
als have compared outcomes with clinical assess-
ment versus duplex ultrasound surveillance. Criteria
for intervention thus differ, but benefits of surveil-
lance can be assessed by inspection of the assisted-
primary and secondary patency rates. Published
life-table patency rates of lower limb bypass and
endovascular procedures enrolled in either a ran-
domized clinical trial or prospective observational
study, which utilized duplex ultrasound surveillance
are shown in table 2. Clinical benefit of surveillance
was reported by the authors when assisted-primary
patency was significantly higher (P < .05) than pri-
mary patency, and secondary patency rates both
exceeded primary patency by >20% and achieved lev-
els to 80% or greater. These study data indicate that
the efficacy of duplex surveillance is dependent on
numerous factors—indication for procedure (critical
vs noncritical limb ischemia), criteria for interven-
tion, adherence to protocol, and study design. For a
surveillance program to increase long-term patency,
vascular testing must be accurate, interpreted correctly,
must result in timely, successful repair of duplex-
detected lesions that meet critical threshold criteria.
If secondary interventions do not restore anatomy

Table 2. Reported Infrainguinal Arterial Repair Patency Rates Associated With Duplex Ultrasound Surveillance

Arterial Repair Patency Surveillance

Clinical Report/Study Primary Assisted-Primary Secondary 
Design (%) (%) (%) Benefit

Lundell et al4 (1995)
Prospective, randomized vein bypass 55 78 82 Yes, at 3 y
Prosthetic 50 55 67 No, at 1 y

Ihlberg et al5 (1998)
Prospective, randomized vein bypass — 65 71 No, at 1 y

Davies et al6 (2005)
Prospective, randomized vein bypass 67 76 79 No, at 18 mo.

Armstrong et al7 (2004)
Prospective, observational arm vein 43 91 94 Yes at 3 y

Schanzer et al8 (2007)
Prospective, observational vein bypass 60 78 81 Yes, at 1 y

Chauvapun et al9 (2007)
Vein bypass 61 84 86 Yes, at 3 y

Nguyen et al10 (2004)
Prospective, observational revised vein bypass 49 76 80 Yes, at 5 y

Stone et al11 (2006)
Prospective, observational popliteal aneurysm repair 68 88 95 Yes at 3 y

Keeling et al12 (2007)
Retrospective, observational femoropopliteal atherectomy 62 64 76% No, at 1 y 
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and hemodynamics to normal, the benefit of surveil-
lance may be lost. When a clinical report extolled the
benefit of surveillance, the authors made 2 observa-
tions: unrepaired lesions resulted in thrombosis, and
normal testing was associated with primary-assisted
patency rates in excess of 80% at 3 to 5 years.2,4,7-10,13

The application of duplex ultrasound surveillance
after peripheral arterial intervention remains a deci-
sion of the interventionist. The patient can neither
request surveillance nor perform it adequately them-
selves. Arterial testing and its interpretation within a
surveillance protocol can be challenging. Many vas-
cular surgeons are not convinced that routine
duplex surveillance will benefit their patients or that
the logistics necessary to conduct a quality surveil-
lance program will be available to them. We are con-
vinced that duplex surveillance should be part of
patient service—a necessary component of vascular
surgery care that when applied correctly should improve
outcome after a variety of open and endovascular
arterial procedures. 
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