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ABSTRACT

Although follow-up after open surgical and endovascular procedures is generally regarded as an important part of the
care provided by vascular surgeons, there are no detailed or comprehensive guidelines that specify the optimal ap-
proaches with regard to testing methods, indications for reintervention, and follow-up intervals. To provide guidance to
the vascular surgeon, the Clinical Practice Council of the Society for Vascular Surgery appointed an expert panel and a
methodologist to review the current clinical evidence and to develop recommendations for follow-up after vascular
surgery procedures. For those procedures for which high-quality evidence was not available, recommendations were
based on observational studies, committee consensus, and indirect evidence. Recognizing that there are numerous
published reports on the role of duplex ultrasound for surveillance of infrainguinal vein bypass grafts, the Society
commissioned a systematic review and meta-analysis on this topic.

The panel classified the strength of each recommendation and the corresponding quality of evidence on the basis of
the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system: recommendations were
graded either strong or weak, and the quality of evidence was graded high, moderate, or low. The resulting recom-
mendations represent a wide variety of open surgical and endovascular procedures involving the extracranial carotid
artery, thoracic and abdominal aorta, mesenteric and renal arteries, and lower extremity arterial revascularization. The
panel also identified many areas in which there was a lack of high-quality evidence to support their recommendations.
This suggests that there are opportunities for further clinical research on testing methods, threshold criteria, and the
role of surveillance as well as on the modes of failure and indications for reintervention after vascular surgery
procedures. (J Vasc Surg 2018;68:256-84.)
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SCOPE OF THE PROBLEM

Open surgical and endovascular interventions for the
treatment of vascular disease span a wide variety of
vessels and techniques. Whereas much is known about
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the durability of well-established procedures such as
infrainguinal vein bypass grafts, the clinical outcomes of
the newer endovascular approaches are less well docu-
mented." All vascular procedures have modes of failure
that must be identified and managed appropriately to
provide the best possible long-term results. Follow-up
of patients after vascular surgery procedures is generally
regarded as the key to detection of recurrent disease and
other complications that can lead to morbidity and mor-
tality. The primary goal of follow-up in this setting is to
detect significant problems at an early stage when they
can be managed most safely and effectively, even before
clinical signs and symptoms are evident. However, for
most vascular surgery procedures, the optimal methods
and frequency for follow-up are not clear. The challenge
to the vascular surgeon is to develop a follow-up plan for
each patient that will achieve this goal while minimizing
costs, risks, and disruption of the patient’s lifestyle.

The simplestapproach to follow-upis clinical monitoring
with a periodic vascular history and physical examination.
The term surveillance describes the routine, planned use
of serial objective testing to evaluate the status of a
vascular procedure. Surveillance is generally performed
in patients with no current evidence of a problem related
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Table 1. Criteria for grading strength of a recommenda-
tion and quality of evidence

Strength of recommendation
1 (Strong)
Benefits > Risks
Risks > Benefits
2 (Weak)
Benefits = risks

Quality of evidence precludes accurate assessment of
risks and benefits.

Quality of evidence
A (High)
Additional research is considered very unlikely to change
confidence in the estimate of the effect.
B (Moderate)

Further research is likely to have an important impact on
the estimate of the effect.

C (Low)

Further research is very likely to change the estimate of
the effect.

Adapted from Guyatt G, Gutterman D, Baumann MH, Addrizzo-Harris
D, Hylek EM, Phillips B, et al. Grading strength of recommendations
and quality of evidence in clinical guidelines. Chest 2006;129:174-81.

to the procedure and is based on the assumption that sig-
nificant abnormalities may not be detected by clinical
monitoring alone. Diagnostic testing refers to the use of
various physiologic or imaging methods in a patient who
has signs or symptoms suggestive of a problem with a pre-
vious vascular procedure, including an abnormal finding
on surveillance evaluation. Such testing may include
limb blood pressure measurements, duplex ultrasound
(DUS), computed tomography (CT) or magnetic reso-
nance (MR) imaging with and without contrast enhance-
ment, and catheter-directed angiography.

METHODS AND EVIDENCE

To provide guidance to the vascular surgery commu-
nity, the Clinical Practice Council of the Society for
Vascular Surgery appointed an expert panel of vascular
surgeons and a methodologist to develop recommenda-
tions for follow-up after vascular surgery procedures. A
review of the available clinical evidence was completed
to serve as the basis for these recommendations.
Because of the extensive literature on the role of DUS
for surveillance of infrainguinal vein bypass grafts, a dedi-
cated de novo systematic review and meta-analysis were
carried out on that topic by the Evidence-based Practice
Center of the Mayo Clinic College of Medicine, Rochester,
Minnesota. For those procedures for which high-quality
evidence could not be found, recommendations are
based on observational studies, committee consensus,
and indirect evidence.

The strength of each recommendation and the corre-
sponding quality of evidence were graded separately on

Zierler et al 257

the basis of the Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) system
(Table 1)°>® A recommendation was considered strong
(grade 1) when benefits clearly outweighed risks (or risks
outweighed benefits); a weak (grade 2) recommendation
was made when risks and benefits were closely balanced
or low-quality evidence precluded a definitive evaluation
of risks and benefits. The quality of evidence was graded
high (A), moderate (B), or low (C) according to an estimate
of whether additional research would be unlikely, likely, or
very likely to change the effect. The quality of evidence
fromm randomized trials and observational studies was
initially considered high or low, respectively; the quality of
evidence could then be adjusted up or down on the basis
of GRADE domains (eg, consistency, precision). In these
guidelines, the panel denoted strong and weak recom-
mendations by the terms we recommend and we suggest,
respectively. Some strong recommendations for surveil-
lance were made despite low-quality evidence. This was
done when the costs and risks of surveillance were consid-
ered to be relatively low and the early detection of compli-
cations was deemed critical from a patient’s perspective.

The panel's recommendations for follow-up after vascular
surgery procedures are presented in the following sections.
Theincluded proceduresinvolve the extracranial carotid ar-
tery, thoracic and abdominal aorta, mesenteric and renal
arteries, and lower extremity arterial revascularization.
Where appropriate, recommendations for both open surgi-
cal and endovascular interventions are included. Consid-
ering the large number of arterial procedures that
needed to be covered, and recognizing the highly special-
ized nature of procedures for venous disease, the panel
chose not to include recommendations for follow-up after
superficial and deep venous interventions. Surveillance af-
ter arteriovenous hemodialysis access procedures is also
not covered because that topic has been discussed in a
separate clinical practice guideline document.”

These guidelines for follow-up after vascular surgery
arterial procedures emphasize vascular laboratory
testing and vascular imaging. Other aspects of follow-
up, such as medical management and risk factor modi-
fication, are not specifically addressed. It is essential
that vascular laboratory testing be performed by quali-
fied personnel using appropriate instrumentation, as
demonstrated by individual credentialing and facility
accreditation. Whereas the panel has aimed to make
specific recommendations that are generalizable and
applicable to most patients, it is impossible to account
for every clinical eventuality, and surgeons should use
their best clinical judgment along with these guidelines
in the management of the individual patient.

EXTRACRANIAL CAROTID ARTERY

Carotid endarterectomy (CEA) is the preferred treat-
ment for symptomatic®® and asymptomatic'®" patients
with high-grade extracranial carotid stenosis compared
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Fig. Morphologic patterns of in-stent restenosis (ISR) based on B-mode imaging: type |, focal =10 mm, end-stent
lesions; type II, focal =10 mm, intrastent lesions; type lll, diffuse >10 mm, intrastent lesions; type IV, diffuse
>10 mm, proliferative lesions extending outside the stent; and type V, total occlusion.

with best medical therapy. The large number of CEAs
performed worldwide has resulted in a number of
post-CEA restenosis cases. It has also been shown that
carotid artery stenting (CAS) is technically feasible and
safe in high-risk patients requiring carotid interven-
tion."”’> With the approval of CAS in the United States
for high-risk symptomatic patients with significant ca-
rotid stenosis (=70%) and neurologic symptoms (ipsilat-
eral stroke, transient ischemic attack, and amaurosis
fugax), it is likely that the number of CAS procedures
will continue to increase. This will result in a number of
post-CAS in-stent restenosis (ISR) cases.

Modes of failure

Two mechanisms can account for restenosis after ca-
rotid procedures. Restenosis early (<24 months) after the
procedure is generally attributed to neointimal hyperpla-
sia. Restenosis that occurs later after carotid procedures is
believed to be caused by progressive atherosclerosis.'® The
patterns of developing neointimal hyperplastic lesions af-
ter CAS may reflect the aggressiveness of the hyperplastic
response and may also predict the future development of
high-grade restenosis (=80%) that may require reinter-
vention. The morphologic patterns of ISR have been
studied using B-mode imaging, and specific patterns of
post-CAS ISR have been described (Fig).” Mapping these
patterns with DUS after CAS may assist in determining
the frequency with which patients must be observed for
future high-grade restenosis.

Incidence and treatment of carotid restenosis

The Asymptomatic Carotid Atherosclerosis Study
(ACAS) follow-up data demonstrated that carotid reste-
nosis 3 to 18 months after CEA, defined as Doppler-
determined diameter reductions of =609%, occurred in

at least 7.6% of patients.'® In a study of patients undergo-
ing CAS during a follow-up period of 1 to 74 months
(mean, 18.8 = 10 months), 22 of 122 patients (18.0%)
demonstrated ISR =40%.'° All restenosis patients were
asymptomatic on presentation and were diagnosed by
DUS during routine follow-up. Only five of these patients
demonstrated high-grade ISR (=80%), whereas the
remaining fell in the lower ranges. The projected 5-year
rate for ISR =80% was 6.4%.

In the Carotid Revascularization Endarterectomy vs
Stenting Trial (CREST), restenosis or occlusion rates
were found to be no different between 1086 patients
undergoing CAS and 1105 undergoing CEA at 2 and
4 years after revascularization.’® Restenosis (defined as
a reduction in diameter of at least 70% diagnosed by a
peak systolic velocity [PSV] of at least 300 cm/s) or occlu-
sion occurred in 120 patients (58 CAS, 62 CEA). The
Kaplan-Meier estimate for the frequency of this compos-
ite outcome at 2 years was 6.0% for CAS and 6.3% for
CEA (hazard ratio, 0.90; 95% confidence interval, 0.63-
1.29; P = 58) after adjustment for age, sex, and symptom-
atic status; the Kaplan-Meier estimate at 4 years was 6.7%
for CAS and 6.2% for CEA (hazard ratio, 0.94; 95% confi-
dence interval, 0.66-1.33; P = .71).

The Endarterectomy vs Angioplasty in Patients with
Symptomatic Severe Carotid Stenosis (EVA-3S) trial also
randomized patients to CAS or CEA and had ultrasound
follow-up information on 507 patients.”> Restenosis rates
for =50% diameter reduction were higher after CAS
(12.5%) vs CEA (5%), whereas restenosis rates for =70%
diameter reduction were modest and equivalent after
CAS or CEA (33% vs 2.8%, respectively, at 3 years of
follow-up). The Stenting and Angioplasty with Protection
in Patients at High Risk for Endarterectomy (SAPPHIRE)
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trial'”* and the Stent-Protected Angioplasty vs Carotid
Endarterectomy (SPACE) study'® have reported similarly
low restenosis rates ranging from 2.8% during 3 years
to 10.5% during 5 years after CAS.

The clinical significance of restenosis after carotid pro-
cedures is still debated. Because of the small number of
patients who develop significant restenosis after CAS or
CEA and the lack of clinical trials observing these patients
for extended periods, there is relatively little evidence to
guide treatment. The incidence of symptomatic resteno-
sis after CEA is low and ranges from 0% to 8.2%.%° In
patients with asymptomatic restenosis, the risk of stroke
or progression to total occlusion is small.?'?? Based on
the low incidence of symptoms in this cohort of patients,
it has been proposed that careful clinical follow-up alone
may be appropriate for asymptomatic patients.

Others have taken a more aggressive approach toward
asymptomatic restenosis and have elected to operate on
high-grade (=80%) asymptomatic lesions. In the series of
206 redo CEA procedures reported by O’Hara et al,”* only
43% had symptoms. Mansour et al** operated on 82
restenoses, of which 66% were symptomatic and the
remaining had high-grade asymptomatic restenoses of
=80%. DeGroote et al®® reported a low complication
rate with redo CEA for asymptomatic high-grade
(>80%) and symptomatic (>50%) carotid restenosis.
The rationale for an operative approach to asymptomatic
restenosis is that it is extremely difficult to predict which
high-grade lesions will progress to occlusion and subse-
guent neurologic deterioration.

Risk factors for carotid restenosis

Predictors for neointimal hyperplasia are the subject of
continued investigation. Diabetes is a well-known predic-
tor of early and aggressive intimal hyperplasia and ISR
after coronary artery stenting.?®?” One report observed
an increased incidence of ISR in patients with uncon-
trolled diabetes undergoing CAS.?® A multivariate analysis
of the CREST cohort demonstrated that patients with
restenosis (regardless of whether they had undergone
CAS or CEA) were more likely to be younger, women, dia-
betic, and hyperlipidemic.?® Restenosis was more com-
mon in smokers than in nonsmokers who underwent
CEA, but no difference was identified in those who under-
went CAS. In a separate study, restenotic lesions involving
the entire length of the stent (type IV; Fig) and a history of
diabetes were independent predictors of high-grade ISR
and reintervention (odds ratio, 5.1 and 9.7, respectively).”

Methods and instrumentation for follow-up

DUS is the standard technique used to observe patients
treated with CEA or medical therapy alone for carotid
artery disease. The advantages of DUS for follow-up of
patients undergoing carotid revascularization are well
recognized—it is noninvasive, free of complications, and
readily available in vascular laboratories. Although the
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reported experience with DUS for assessment of primary
native carotid artery stenosis is extensive and long-stand-
ing,”® the issue of establishing specific velocity criteria for
patients undergoing CAS has been addressed only very
recently. Two studies initially reported altered blood
flow velocities after carotid stent placement*°*' The
authors proposed that these variations in velocity mea-
surements adversely affected the accuracy of DUS in
CAS patients, and they concluded that ultrasound veloc-
ity measurements as an index of stenosis were not
consistent after carotid stent placement.

Stenting has been reported to alter the biomechanical
properties of the carotid artery such that compliance was
reduced.* The enhanced stiffness of the stent-arterial
wall complex rendered the flow-pressure relationship
of the carotid artery closer to that observed in a rigid
tube, so that the energy normally applied to dilate the ar-
tery resulted in an increased velocity. Subsequent studies
have confirmed that DUS is reliable in the diagnosis of
carotid restenosis after CAS, provided appropriate adjust-
ments are made in the threshold criteria used to diag-
nose diameter reduction.**>®

CT angiography and MR angiography are alternative
methods for determining restenosis after carotid proced-
ures. The attendant radiation, nephrotoxic contrast
agents, and expense incurred with these modalities
means that they are more frequently used to confirm a
suspected restenosis after CEA or CAS, such as when
elevated velocities are identified on follow-up DUS. CT
and MR angiography are also used to assess the aortic
arch and the anatomy of the proximal common carotid
artery (CCA) and distal internal carotid artery (ICA),
regions that are not well visualized on DUS. Cervical
contrast angiography is an invasive but reliable method
of confirming restenosis, especially in the event that a
therapeutic intervention is being considered.

Examination technique and protocols. The technique
of DUS after CAS and CEA is similar to that used for the
diagnosis of native carotid occlusive disease with addi-
tional emphasis on B-mode imaging. Bilateral examina-
tion using a high-resolution linear array transducer
should be performed in cross-sectional and longitudinal
scan planes starting at the proximal CCA, progressing
through the treated ICA and into the distal native ICA.

In CAS cases, the stent may traverse the origin of the
external carotid artery, but flow through the stent inter-
stices into the external carotid artery is usually main-
tained. An assessment should be made of stent
apposition to the surrounding plaque, expansion of the
lumen, and luminal encroachment due to neointimal
hyperplasia. The morphology of any hyperplastic lesion
can be mapped according to the classification
mentioned previously. Velocity waveforms and luminal
diameter measurements should be obtained at multiple
locations. The minimum number of sampling sites will
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Table Il. Optimal velocity threshold criteria for varying
severity of in-stent restenosis (ISR) after carotid artery
stenting (CAS)

ISR, %
diameter
reduction Velocity criteria
=20 PSV =150 cm/s and ICA/CCA ratio =215
=50 PSV =220 cm/s and ICA/CCA ratio =2.7
=80 PSV =340 cm/s and ICA/CCA ratio =4.15

CCA, Common carotid artery; ICA, internal carotid artery; ICA/CCA ratio,
PSV in the stented ICA/PSV in the native CCA; PSV, maximum peak
systolic velocity.

A PSV threshold of =300 cm/s was used to identify =70% stenosis in
the Carotid Revascularization Endarterectomy versus Stenting Trial
(CREST).*?

Adapted from Lal BK, Hobson RW 2nd, Goldstein J, Chakhtoura EY,
Duran WN. Carotid artery stenting: is there a need to revise ultrasound
velocity criteria? J Vasc Surg 2004;39:58-66; and Lal BK, Hobson RW
2nd, Tofighi B, Kapadia I, Cuadra S, Jamil Z. Duplex ultrasound velocity
criteria for the stented carotid artery. J Vasc Surg 2007:47:63-73.

depend on the location and the length of the stent. In
general, samples should be obtained from the proximal,
mid, and distal segments of the stent, with additional
samples taken distal and proximal to the stent. The
maximum PSV within the stent as well as the ratio of
this value to the native CCA PSV (ICA/CCA ratio) should
be measured.

In CEA cases, the arteriotomy closure sutures may be
seen as bright, evenly spaced echoes along the near
wall of the CCA and ICA in the B-mode image. If a patch
was used, it can create a dilation at the endarterectomy
site of varying dimensions. Whereas a vein patch may be
indistinguishable in appearance from the wall of the
native artery, the dilation and the sutures can help iden-
tify its presence. Prosthetic patches may have a typical
ultrasound signature. For example, a Dacron patch will
appear as a thick, brightly echogenic surface, and polyte-
trafluoroethylene will typically appear as a bright double
line that represents the thickness of the material and the
effects of ultrasound penetration.

Interpretation criteria. The utility of DUS in the detec-
tion of native carotid artery disease is well documented
and has led to the use of the PSV, end-diastolic velocity
(EDV), and ICA/CCA ratio, either alone or in some com-
bination, to define normal and increasingly stenotic ca-
rotid vessels. Doppler ultrasound velocities correlate with
angiographic percentage stenosis in the native ICA, and
the appropriate threshold velocities signifying different
degrees of stenosis have been intensively analyzed and
identified.??*°

In recent reports,***> DUS velocity measurements were
compared with luminal stenosis measured by conven-
tional angiography or CT angiography during follow-up
of CAS patients (n = 310 observations). Receiver oper-
ating characteristic (ROC) analysis demonstrated the
optimal threshold criteria for ISR shown in Table Il. These
velocity criteria have been subsequently substantiated in
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additional studies.***® Emerging data suggest the need
for similar revisions to velocity criteria after CEA; however,
additional studies need to be performed before firm
recommendations can be made.“%*

Summary of recommendations

1. After CEA or CAS, we recommend surveillance with DUS at
baseline and every 6 months for 2 years and annually
thereafter until stable (ie, until no restenosis or ISR is
observed in two consecutive annual scans). The first or
baseline DUS should occur soon after the procedure,
preferably within 3 months, with the goal of establishing a
post-treatment baseline. Considering the small risk of
delayed restenosis or ISR, some interval of regular
surveillance (eg, every 2 years) should be maintained for
the life of the patient.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: B (Moderate)

2. For patients undergoing CAS with diabetes, aggressive
patterns of ISR (type V), prior treatment for ISR, prior
cervical radiation, or heavy calcification, in addition to the
baseline DUS we recommend surveillance with DUS every
6 months until a stable clinical pattern is established and
annually thereafter.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: B (Moderate)

3. We recommend that DUS after CAS include at least the
following assessments:

A. Doppler measurement of PSV and EDV in the native
CCA:; in the proximal, mid, and distal stent; and in the
distal native ICA. As discussed before, modified
threshold velocity criteria should be used to interpret
the significance of these velocity measurements after
CAS.

B. B-mode imaging should be used to supplement and to
enhance the accuracy of velocity criteria to estimate the
severity of luminal narrowing.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: C (Low)

THORACIC AND ABDOMINAL AORTA

Surveillance after thoracic endovascular aortic repair
(TEVAR)

TEVAR has become the first-line treatment for
descending thoracic aneurysms. Furthermore, TEVAR
has been expanded to other thoracic aortic diseases,
such as penetrating ulcers, blunt aortic injuries, and
complicated aortic dissections.***” These indications
are usually in a population of younger patients with
added concerns about long-term durability and efficacy.
At present, there is no evidence that TEVAR for descend-
ing thoracic aneurysmal disease is superior to open
repair for long-term outcomes. This paucity of convincing
long-term data and the need for reintervention have led
to recommendations for lifelong surveillance. Given that
TEVAR is no longer restricted to a cohort of older pa-
tients, the consequences of lifelong surveillance deserve
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special consideration, especially in younger patients (eg,
trauma and dissection).*?** The accumulated radiation
dose of treatment followed by yearly lifelong CT scans
places these patients at an increased risk of radiation-
induced cancer.*®

Rationale for surveillance. As for endovascular aneu-
rysm repair (EVAR) in the abdominal aorta, it will be
necessary to show that the benefits of surveillance after
TEVAR are justified by the risks and cost over time. These
benefits may include prevention or treatment of graft-
related problems, such as endoleak, collapse, and
migration, as well as of aortic abnormalities, such as
aneurysmal degeneration of contiguous segments.*®>?
The rationale is that intervention might reduce the risk
of aneurysm-related death. However, unlike EVAR, which
is mostly done for aneurysmal disease, TEVAR is used in
disparate pathologic processes, including aneurysms,
dissection, trauma, penetrating ulcers, and intramural
hematoma.>® Thoracic aneurysms and dissections have
post-TEVAR complications similar to those of abdominal
aortic stent grafts, namely, progressive aortic dilation and
endoleaks, and therefore close follow-up is warranted.>*
Conversely, blunt thoracic aortic injuries are typically
focal and are associated with TEVAR done in younger
patients.>®> Complications have been seen in the short
term and include unsuccessful exclusion and endograft
infolding. Surveillance regimens in those patients may be
relaxed yet not completely stopped as the long-term
device behavior is still uncertain.*®

Endoleak. Endoleak occurs in up to 30% of aneurysm
patients after TEVAR.>”*® Type | and type Ill endoleaks
represent the most concerning types and are considered
treatment failures because of persistent aneurysmal sac
pressurization, and these require immediate attention to
prevent rupture and possible death.>?®? Most type II
endoleaks originating from the left subclavian artery
require intervention, especially if they are associated with
sac enlargement.®® At 2 years of follow-up, 56% of these
required a secondary intervention.®* Presence of late
endoleak was the only predictor of decreased survival in
a single-center prospective series, emphasizing the po-
tential hazards of undetected and untreated late TEVAR
complications.®®

Migration and collapse. Proximal migration can lead
to encroachment on arch vessel ostia,°® whereas device
collapse can lead to type IA endoleak at up to 3 years
after TEVAR.®” Both of these device-related complica-
tions can occur in the early and late postoperative
periods. Other rare complications of TEVAR include
retrograde type A dissection and aortoesophageal fistula,
both often requiring open conversion for salvage.®”
Jonker et al®® reviewed endograft collapse after TEVAR
in 60 cases collected from 32 publications. Those cases
were performed for trauma in 39 (65%) and acute or
chronic type B aortic dissections in 9 (15%). The median
time interval between TEVAR and diagnosis of endograft
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collapse was 15 days (range, 1 day-79 months). The
prognosis is not entirely benign, with a 30-day mortality
of 83% and freedom from procedure-related death at
3 years after diagnosis of stent graft collapse of 83.1% for
asymptomatic patients compared with 72.7% for
patients who had symptoms at diagnosis (P = .029).
Endograft collapse was associated with excessive over-
sizing in 20% of cases, and a small radius of curvature of
the aortic arch was responsible in 48%.

Aortic remodeling and detection of contiguous
aneurysms. Aortic remodeling and false lumen throm-
bosis are both predictive of survival after TEVAR-treated
chronic type B dissection, and surveillance is important
to monitor these end points.®® A systematic review of 17
studies and >500 patients with dissection showed that
reinterventions were observed in up to 60% of patients
when no regular follow-up was documented.”’ Most
patients required secondary reinterventions for enlarge-
ment of the untreated aorta remote from the stent graft
repair.>? Post-TEVAR aneurysmal progression warrants
regular follow-up, even in the absence of endoleak.”®

Duration of surveillance. Late complications after
TEVAR for either aneurysmal disease or dissection are
common and can develop at various time points regard-
less of the indication or device selection.®® Based on the
currently available evidence, it seems prudent to
continue ongoing surveillance for TEVAR, as the duration
after which no further complications occur has not been
identified for either aneurysmal disease or aortic
dissection.>*”!

Surveillance modalities. CT scanning is ideal for follow-
up after TEVAR, especially with three-dimensional pro-
jections and delayed image acquisition to detect
low-flow endoleaks. Despite the cumulative risks of ra-
diation exposure, the benefits of continued surveillance
are likely to be justified.”? Certain predisposing factors
have been shown to increase the risks of endoleak,
including “bird-beaking” at the proximal seal zone”®
compromised proximal seal zone due to length or
angulation, greater length of aortic coverage and num-
ber of components used,”* and larger diameter at the
proximal seal zone and coverage of the left subclavian
artery without endovascular or open ligation.”> Grafts
placed along the lesser curve of a large aneurysm have
the potential for outward migration with resultant
component dislocation and type 1l endoleak.”®

Follow-up after open surgical repair for thoracic aortic
aneurysm

Two multicenter trials comparing TEVAR with open
surgical repair for the treatment of thoracic aortic aneu-
rysms reported 5-year results>®”” In both trials, the
follow-up of the open (control) arm was incomplete.
Of 94 patients in the Gore TAG (W. L. Gore & Associates,
Flagstaff, Ariz) trial, reinterventions directly related to
open aneurysm repair occurred in two patients, with
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one having a proximal anastomotic collection drained
and one having débridement and drain placement for
an aortoesophageal fistula. Follow-up consisted of pa-
tient visits, four-view chest radiographs, and CT scans
at 1 month, 6 months, and 12 months and then yearly.
The aneurysm reintervention rate was 21% for the
open controls>® In the Zenith TX2 (Cook Medical, Bloo-
mington, Ind) trial, 70 patients were enrolled in the
open (control) arm. Patients in the control group under-
went clinical evaluation before discharge or at 1 month
and then at 12 months and yearly thereafter for up to
5 years. Secondary interventions occurred at similar
rates between the groups.”” Thus, the data on reinter-
vention after open thoracic aortic repair are limited to
recent clinical trials that compared new devices with
the open standard. There are limited clinical data on
which to base a decision, but the degenerative process
of aortic aneurysms raises the clinical suspicion that sur-
veillance at some interval is warranted because of the
potential for late failures.
Surveillance after endovascular abdominal aortic
aneurysm repair

The overall use of EVAR in comparison to open surgery
for treatment of abdominal aortic aneurysms has risen
sharply in the past 15 years—from 5.2% in 2000 to 74%
in 2012—even though the total number of abdominal
aortic aneurysm repairs has remained stable at 45,000
cases per year.’® Current guidelines recommend the
use of serial CT scanning after EVAR to monitor for aneu-
rysm expansion, endoleak, graft migration, and structural
failures.”®

Existing recommendations and surveillance pro-
tocols. Protocols for EVAR surveillance were established
as an extension of the initial Food and Drug
Administration-sponsored pivotal trials and consist of
four-view plain abdominal radiographs and CT imaging
at T month, 6 months, and 12 months after initial repair
and yearly thereafter.’?®° More recently, increased
concern about the cost and cumulative risk of cancer
from radiation exposure has led to increased interest in
use of ultrasound as the sole modality for post-EVAR
follow-up.®" Although ultrasound avoids radiation expo-
sure and use of nephrotoxic contrast agents, questions
have been raised in the past about the variable sensitivity
of ultrasound in identifying endoleaks® % A meta-
analysis of 10 published studies comparing color duplex
ultrasound (CDU) with contrast-enhanced CT found a
sensitivity and specificity of 69% and 91%, respectively,
with greater sensitivity in detecting type | and type llI
endoleaks than type Il endoleaks.?® Recent studies have
suggested that CDU has a high degree of correlation
with CT scanning in detection of endoleak and sac
size®”°°  Moreover, contrast-enhanced ultrasound
(CEUS) has increased sensitivity, specificity, negative
predictive value, and accuracy compared with CDU.?"%*
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Vascular practices have increasingly been using CDU,
with or without CEUS, as an alternative to CT imaging,
especially in patients with renal insufficiency, young pa-
tients, and those with a shrinking aneurysm sac. If CT im-
aging does not identify an endoleak or sac enlargement
at 30 days, the 6-month CT imaging study can be elimi-
nated and follow-up done with CDU, as long as the pa-
tients endograft can be imaged by ultrasound.”*°®
Conversely, if an endoleak or other abnormalities are
detected at 30 days and beyond, a more rigorous imag-
ing protocol is implemented, usually with CT imaging at
6 months. Similarly, contrast imaging will be required if a
new endoleak is detected or sac enlargement is identi-
fied by ultrasound.?” This need for rigorous surveillance
decreases over time as the aneurysm continues to
shrink.?®°° However, there is a risk of late endoleak up
to 15% despite normal findings on initial CT imaging.'°°®
The utility of ultrasound is limited in obese patients or
those presenting with substantial bowel gas or a large
ventral hernia.

Examination technique and protocols. In the absence
of endoleak or aneurysm sac enlargement on CT scan in
the first year after EVAR, DUS (including CDU) may be a
reasonable alternative for surveillance. However, these
examinations should be performed by a skilled vascular
technologist in an accredited vascular laboratory. The basic
technique of DUS testing after EVAR is similar to that used
for the diagnosis of abdominal aortic aneurysms.

Fasting patients are scanned using the B-mode (gray-
scale) and color flow DUS modalities. Measurements of
the aneurysm sac diameter are recorded, and color flow,
Doppler spectral waveforms, and ultrasound contrast
(for CEUS) can be used to identify endoleaks. For diameter
measurements and assessment of arterial anatomy, gray-
scale imaging is performed beginning at or above the
level of the renal arteries and followed down at least to
the common iliac artery bifurcations or beyond the distal
limb attachment sites. For assessment of aortic aneurysm
sac diameter, electronic caliper measurements are made
from outer wall to outer wall. Both anteroposterior and
transverse diameter can be measured; however, the aortic
walls are usually visualized more clearly in the anteropos-
terior direction. Special attention is directed to the area of
maximum dilation of the aneurysm where both limbs of
the endograft are usually visualized. A meticulous evalua-
tion for the presence of pulsatile color flow is performed at
the attachment sites proximally and distally as well as
at the junctional points of modular grafts and throughout
the aneurysm sac. Potential areas of endoleak, such as
the inferior mesenteric artery or lumbar arteries, are
also inspected.

The utility of DUS scanning as a screening test for the
detection of abdominal aortic aneurysms has been well
documented in a large population-based trial.'”"'°? The
cross-sectional dimensions of an abdominal aortic aneu-
rysm on DUS correlate well with CT scanning.?” Both
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CDU and CEUS have been shown to correlate with post-
EVAR CT scans for the detection of endoleak or sac
enlargement.”?'%®

Follow-up after open surgical repair for abdominal
aortic aneurysm

Surveillance programs have not been well described
after open repair of an abdominal aortic aneurysm.'9*'9°
This is largely due to the low incidence of graft-related
complications.'°®%7  However, the most common
complication after open repair is graft limb occlusion,
especially if the limb extends to the common femoral ar-
tery.'%® Furthermore, open abdominal aortic aneurysm
repair carries a threefold increased risk of incisional her-
nia compared with surgery performed for arterial occlu-
sive disease.'”? The probability of a para-anastomotic
aneurysm is 0.8% at 5 years, 6.2% at 10 years, and 35.8%
at 15 years."° Future aneurysmal degeneration in contig-
uous or noncontiguous segments of the aorta is reported
in between 0.5% and 10%."" The Open Versus Endo-
vascular Repair (OVER) Veterans Affairs Cooperative
Study Group reported 2-year outcomes of 881 patients
randomized to open or endovascular abdominal aortic
aneurysm repair, including any aortoiliac procedures at
any time during follow-up."® The 55 secondary therapeu-
tic procedures in the open repair group included 24
incisional hernia repairs, 7 aortic graft procedures, 4
procedures for wound complications, 4 amputations in
three patients, 4 laparotomies for bowel obstruction, 2
laparotomies for hematoma, 2 procedures to relieve
claudication, and 8 miscellaneous minor procedures.

Summary of recommendations

1. We recommend contrast-enhanced CT scanning at 1
month and 12 months and then annually after TEVAR for
thoracic aortic aneurysm. If the 1-month CT scan detects
an abnormality, a repeated CT scan at 6 months should be
considered.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: B (Moderate)

2. We recommend contrast-enhanced CT scanning at 1
month, 6 months, and 12 months and then annually after
TEVAR for thoracic aortic dissection.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: B (Moderate)

3. We recommend contrast-enhanced CT scanning at 1
month and 12 months and then annually after TEVAR for
blunt thoracic aortic injury. If the 1-month CT scan detects
an abnormality, a repeated CT scan at 6 months should be
considered. Future studies may provide data to support
longer surveillance intervals after TEVAR for traumatic
injury once a stable clinical pattern is established.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: B (Moderate)

4. We recommend CT scanning with or without contrast
enhancement at 5-year intervals after open surgical repair
for thoracic aortic disease.

(Continued)
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Continued.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: C (Low)

5. We recommend contrast-enhanced CT scanning at 1
month and 12 months after EVAR, with consideration of
more frequent imaging if an endoleak or other
abnormality of concern is detected at 1 month.

Strength of Recommmendation: 1 (Strong)
Quality of Evidence: B (Moderate)

6. We recommend DUS at 12-month intervals as alternative
imaging surveillance after EVAR if no endoleak or sac
enlargement was detected during the first year.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: B (Moderate)

7. We recommend DUS and non-contrast-enhanced CT
scanning as alternative imaging surveillance after EVAR in
patients with contraindications to iodinated contrast
agents.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: B (Moderate)

8. We recommend total aortic imaging with non-contrast-
enhanced CT scanning at 5-year intervals after open
surgical repair or EVAR to detect aneurysmal
degeneration of other aortic segments.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: C (Low)

MESENTERIC ARTERIES

Chronic mesenteric arterial insufficiency is manifested
by postprandial pain and weight loss, and untreated, it
is a potentially fatal condition. Treatment options by
open surgical reconstruction include transaortic endar-
terectomy of the celiac and superior mesenteric arteries,
antegrade bypass from the supraceliac aorta to the
celiac and superior mesenteric arteries, and retrograde
bypass from the infrarenal aorta or an iliac artery to the
superior mesenteric and celiac arteries. Endovascular
approaches consist of balloon angioplasty, with or
without stenting, of the celiac, superior mesenteric, or
inferior mesenteric arteries. As stenoses in the mesen-
teric arteries are typically orificial with a high likelihood
of plaque recoil after balloon angioplasty alone,
balloon-expandable stents are commonly deployed.

Rationale for follow-up

Open surgical repair is more durable than endovascular
repair for revascularization of the mesenteric arteries
(Tables Il and 1V)."® However, patients with chronic
mesenteric arterial insufficiency are typically malnour-
ished, frail, and poor candidates for major surgical pro-
cedures. Consequently, endovascular intervention has
become the more frequent treatment modality for
chronic mesenteric arterial insufficiency, trading an
increased risk of recurrent stenosis or occlusion for lower
periprocedural morbidity and mortality."®""” This is a
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Table IlIl. A, Open mesenteric artery repair, primary
patency

Reference No.” 4 years, % 5 years, %
Jimenez,”'? 2002 47 69
Kruger,”*° 2007 39 92
Zerbib,**' 2008 34 79
Number of patients or cases.
Table IlIl. B, Open mesenteric artery repair, secondary
patency

1year, 2years, 5years, 6 years,

Reference No.” % % % %
McMillan,"® 1995 25 89
Jimenez,”'® 2002 47 100
Atkins,"” 2007 34 90
Davies,”** 2009 17 100

Number of patients or cases.

reasonable strategy because although primary patency
of angioplasty with stenting of the mesenteric arteries
is not ideal, assisted and secondary patency rates are
good (Table IV)."® However, for this strategy to be safe
and effective, surveillance is required as mesenteric
infarction and death may be the consequence of a failed
intervention. Clinical follow-up alone is not sensitive to
failing or even failed mesenteric arterial reconstruc-
tions."® Therefore, both open and endovascular mesen-
teric arterial reconstructions should undergo imaging
surveillance.

Methods and instrumentation for follow-up

Examination techniques and protocols. DUS is the
most common modality for follow-up of mesenteric
arterial interventions. Patients should be fasting over-
night before the examination to reduce interference
with ultrasound imaging due to bowel gas. Doppler flow
waveforms are obtained from the celiac axis and the
splenic, common hepatic, superior mesenteric, and
inferior mesenteric arteries, recording the PSV and EDV
at multiple locations along the arteries. Direction of flow
is recorded, particularly in the common hepatic artery, as
flow may be reversed in that vessel in the presence of
occlusion or stenosis of the celiac axis.

Interpretation criteria. There are no well-established
DUS criteria to diagnose recurrent stenosis after endo-
vascular or open surgical mesenteric arterial reconstruc-
tion."® Published experience suggests that the standard
criteria used to identify stenosis in the native celiac axis
and superior mesenteric artery will overestimate the
degree of restenosis after bypass or stenting.'?° 22

AbuRahma et al'>° compared DUS and arteriographic
findings in 30 stented celiac and 32 stented superior
mesenteric arteries. Based on ROC analysis, they recom-
mended the PSV thresholds for ISR in the celiac axis and
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superior mesenteric artery that are shown in Table V. In a
similar study, Soult et al'*® reviewed 103 paired DUS scans
and arteriograms after mesenteric artery stenting,
including 66 superior mesenteric and 37 celiac arteries,
and proposed the PSV thresholds listed in Table V. Other
authors have advocated various other criteria'*'?° Baker
et al'*? advocated obtaining a baseline DUS scan and
reintervening if the PSV increased significantly from
baseline or was =500 cm/s. There are no published
criteria for diagnosis of restenosis after mesenteric artery
bypass grafts.

Summary of recommmendations

1. There are no prospective reports documenting the efficacy
of a surveillance protocol after mesenteric artery stenting
or bypass grafts; however, recurrent mesenteric ischemia
is potentially life-threatening. Therefore, after mesenteric
artery (celiac, superior mesenteric, and inferior
mesenteric) angioplasty with or without stenting or
mesenteric artery bypass grafting, we recommend the
following:

A. Clinical follow-up and baseline DUS within 1 month of
the procedure.

B. Clinical follow-up and DUS at 6 months, 12 months, and
then annually thereafter.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: C (Low)

2. We suggest contrast imaging for patients with symptoms
of recurrent mesenteric ischemia after mesenteric artery
stents or bypass grafts or for the following DUS findings:

A. Celiac axis: PSV >370 cm/s or a substantial increase
from the post-treatment baseline PSV (what constitutes
a substantial increase has not been defined).

B. Superior mesenteric artery: PSV >420 cm/s or a
substantial increase from the post-treatment baseline
PSV (what constitutes a substantial increase has not
been defined).

C. Inferiormesenteric artery: Substantial increase from the
post-treatment baseline PSV (what constitutes a
substantial increase has not been defined).

Strength of Recommendation: 2 (Weak)
Quality of Evidence: C (Low)

RENAL ARTERIES

Renal artery reconstruction is typically considered to
preserve renal function or to manage severe hyperten-
sion in the presence of significant occlusive disease.
Atherosclerosis is the most common etiology, causing
>90% of renal artery stenoses. Fibromuscular dysplasia
is the second most common cause. The results of inter-
vention are more favorable for fibromuscular dysplasia
than for renal artery atherosclerosis.'””

Open surgical reconstruction, either endarterectomy or
bypass, has been largely supplanted by percutaneous
angioplasty and stenting.'?® The literature reports good
anatomic outcomes after renal artery angioplasty and
stenting; however, the Angioplasty and Stenting for
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Table IV. A, Endovascular mesenteric artery repair, primary patency

Atkins,"” 2007 3] 58

Fioole,??° 2010 51 86 60

Sharafuddin??” 2012 26 58 33

SMA 92 55

Table IV. B, Endovascular mesenteric artery repair, assis-
ted primary patency

Atkins,"” 2007 3 65

Fioole ?*° 2010 51 88 79

Table IV. C, Endovascular mesenteric artery repair, sec-
ondary patency

Sarac,”** 2008 65 99

Renal Artery Lesions (ASTRAL) and Cardiovascular Out-
comes in Renal Atherosclerotic Lesions (CORAL) ran-
domized trials failed to demonstrate a clinical benefit
of renal artery intervention compared with best medical
therapy for patients with moderate stenosis and
hypertension.'??'%°

Rationale for follow-up

Restenosis is not uncommon after renal artery inter-
vention, although reported rates are variable because
of different types of interventions, different definitions
of restenosis, and different follow-up modalities
(Table VI). Nonetheless, there is a substantial rate of
restenosis after renal artery angioplasty and stenting.
Various techniques have been described to treat renal
artery ISR, including simple balloon angioplasty, cutting
balloon angioplasty, repeated stenting with a bare-
metal stent, repeated stenting with a drug-eluting
stent, insertion of a covered stent, and surgical

Table V. Optimal velocity threshold criteria for varying
severity of in-stent restenosis (ISR) after mesenteric artery
stenting

=70 363 cm/s

412 cm/s

bypass.”'"*® However, recurrent stenosis after reinter-
ventions is also common, occurring at rates of 20% to
71% after secondary interventions.”'"*® No single tech-
nigue appears to be superior.'?'1521567158

Methods and instrumentation for follow-up

Examination techniques and protocols. CT angiog-
raphy has been shown to be effective and sensitive but
not specific for detecting renal artery ISR.®°™C After
stenting, metallic artifact can affect the ability to visualize
the flow lumen compared with the renal artery diameter.
In addition, CT angiography requires iodinated vascular
contrast material, a serious drawback in patients with
renal artery disease.

DUS is the most common modality used for follow-up
of renal artery interventions. As for the evaluation of
mesenteric artery interventions, patients should be fast-
ing overnight before the examination to limit bowel
gas and to improve visualization of the renal arteries. A
low-frequency, curved linear or phased array transducer,
typically 1 to 5 MHz, is most commonly used. PSVs and
EDVs are recorded in the supramesenteric aorta and in
the origin, proximal, mid, distal, and hilar renal artery seg-
ments. A renal to aortic velocity ratio is calculated as the
highest renal artery PSV divided by the supramesenteric
aortic PSV. This ratio is valid only if the aortic PSV is in the
normal range (typically between 40 and 100 cm/s). The
length of each kidney should also be measured.
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Table VI. A, Rates of restenosis after intervention for renal artery atherosclerosis

Dorros,*? 1995 92

N
ul

White>*' 1997 80

—
(o)

—_
N

Rocha-Singh,** 1999 180

Henry,”*> 1999 259 21

Yutan,?*” 2001 86 37

Sivamurthy,”*° 2004 183 30

Muller-Hulsbeck,”*! 2005 50

—
(3]
N
Tl

Sahin,*** 2006 15

o
o
Sl

Rocha-Singh,**®* 2008 n7z

N
=

N
N
W
N

Misra,”*” 2008 (drug-eluting stents) 16

Corriere?*® 2009 101 50

(o))
(@]

Thalhammer.?*° 2010 105 17

Jaff > 2012 241 10

Interpretation criteria. Published experience suggests Continued.

141

renal artery ISR are listed in Table VII.

1. There are no prospective reports documenting the efficacy
of a surveillance protocol after renal artery interventions.
After renal artery angioplasty with or without stenting or
renal artery bypass or endarterectomy, we suggest the
following:

B. Clinical follow-up and DUS at 6 months and 12 months
and then annually thereafter.

Quality of Evidence: C (Low)

(Continued)

A. Renal artery: PSV =280 cm/s or a substantial increase
from the post-treatment baseline PSV (what constitutes
a substantial increase has not been defined).

Strength of Recommendation: 2 (Weak)

OPEN LOWER EXTREMITY ARTERIAL
REVASCULARIZATION

Open surgical revascularization of the lower extremities
includes many different procedures in a variety of
anatomic locations. Anatomic and extra-anatomic
bypass can be performed with prosthetic or autogenous
materials, and each carries its own morbidity and failure
rates. Surveillance protocols include clinical assessment,
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Table VI. B, Rates of restenosis after intervention for renal
artery fibromuscular dysplasia

Birrer,”** 2002 31 23

Kim,*>* 2008 16 22

Ham,?>* 2010° 62 9 20 20
Ham,?** 2010° 12 27 51 51
Mousa,'?” 2012 43 5 29 50

Number of arteries.

PTakayasu arteritis and fibromuscular dysplasia: open reconstructions.
“Takayasu arteritis and fibromuscular dysplasia; endovascular
reconstructions.

Table VII. Optimal velocity threshold criteria for varying
severity of in-stent restenosis (ISR) after renal artery
stenting

Bakker,”°°1999 9 >50 226 27
Chi,*' 2009 67 >70 395 51
Mohabbat**® 518 >60 280 45
2009°
Fleming.>*” 30 >60 250
2010
Del Conde,*® 132 >60 296 44
2013

PSV, Peak systolic velocity; RAR, renal to aortic velocity ratio.
@Number of arteries.

PRenal artery stents and stent grafts inserted during endovascular
aortic reconstruction.

measurement of the ankle-brachial index (ABI), and DUS
of the treated arterial segment or bypass graft.'“>'** The
optimal frequency and duration of surveillance depend
on the intervention and arterial bed, but surveillance
generally begins immediately after surgery and then
continues at 3, 6, and 12 months and then every 6 to
12 months thereafter."**

Aortoiliac and infrainguinal interventions constitute the
two major groups of open lower extremity revasculariza-
tion procedures. Aortoiliac interventions can be further
classified as anatomic and extra-anatomic bypasses,
which are usually but not exclusively performed with
prosthetic material. Infrainguinal interventions may use
autogenous or prosthetic conduits, and there are a num-
ber of adjuncts that can be applied to the prosthetic pro-
cedures, including vein cuffs and distal arteriovenous
fistulas.!*> 147

Rationale for follow-up

Mechanisms of failure after open lower extremity revas-
cularization range from inadequate inflow or outflow to
problems inherent in the conduit used. Anastomoses are
particularly prone to intimal hyperplastic lesions, and
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vein grafts—especially those using veins other than the
great saphenous vein—frequently develop intrinsic prob-
lems related to a variety of factors. DUS provides the ability
to accurately assess all aspects of an arterial reconstruc-
tion over time and is therefore appealing as a means of
long-term surveillance. Numerous studies have demon-
strated that identifying and repairing graft-threatening
lesions prolongs bypass patency,'*®'°° but there have
been few comprehensive reviews on this topic.

Methods and instrumentation

Methods for postoperative surveillance include both
physiologic testing and direct imaging modalities and
have been described primarily with infrainguinal bypass.
Approaches for follow-up of aortoiliac reconstruction are
less well defined in the literature. The ABI has proved less
sensitive than direct imaging with DUS, which has been
the historical method most often applied to bypass graft
surveillance.!”’ When DUS is performed, it includes the
native inflow and outflow vessels, proximal and distal
anastomoses, and multiple locations along the course
of the bypass graft conduit.

Aortoiliac revascularization

Aortobifemoral bypass. Aortobifemoral bypass may be
performed for aneurysmal or occlusive disease. Patency
rates are excellent and in the range of 88% to 93% at 3
to 5 years.”?'*® High flow rates and large conduits un-
doubtedly contribute to these high patency rates, and
as a result, there are no studies describing long-term
surveillance for these bypasses.

lliofemoral bypass. This procedure is performed for
unilateral iliac artery occlusive disease as an alternative
to femoral-femoral bypass and avoids bilateral groin in-
cisions. In a review of 468 unilateral iliofemoral occlusions
treated during a 20-year period, Melliere et al"* used
DUS surveillance to follow 144 iliofemoral bypasses and
compared them with alternative bypasses and endar-
terectomy. At 8 years, primary patency was 66% and
secondary patency was unchanged. Carsten et al'>® re-
ported 5-year secondary patency of 93.3%, suggesting
that iliofemoral bypass is a durable alternative to aorto-
bifemoral and femoral-femoral bypass, again using DUS
in addition to ABI and clinical examination. In a retro-
spective case series, Nazzal et al"®® reported 61.3% pri-
mary patency and 80.5% secondary patency at 5 years,
although surveillance was not used.

Femoral-femoral bypass. Extra-anatomic femoral-
femoral bypass can be performed for unilateral iliac ar-
tery occlusive disease or at the time of EVAR when only
one iliofemoral system is intact and generally results in
patency rates lower than those of aortobifemoral bypass.
In a prospective case study review, Piotrowski et al'>’
demonstrated 5-year primary patency rates of 72%, 56%,
and 35% for aortobifemoral, iliofemoral, and femoral-
femoral bypasses, respectively, although surveillance was
not clearly described. When femoral-femoral bypass was
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performed with aortouni-iliac EVAR, Hinchliffe et al'*®

reported a 5-year cumulative patency of 83%, suggesting
that the durability of this procedure is better in treating
aneurysmal disease. Surveillance was done by CT scan in
this series. Stone et al'> used DUS-derived criteria (PSV
>300 cm/s and PSV ratio >35) to guide revision of
femoral-femoral grafts and increased 5-year primary or
assisted primary patency from 62% to 88%.

Axillobifemoral bypass. Axillobifemoral bypass is an
extra-anatomic revascularization performed in two
main groups of patients: those unfit for a direct aortic
reconstruction, and those with infection of a previous
aortic graft to avoid placement of a new graft in the
infected field. The length of the bypass, the general
health of the patients, and the presence of infection re-
sults in a relatively high risk of occlusion and other
complications. Although this procedure is relatively
common, there is very little literature addressing sur-
veillance. Cumulative patency rates of 85% to 87% at 3 to
4 years were reported in early studies without any
mention of surveillance.'®%'®!

Infrainguinal revascularization

Autogenous vein bypass. Although lower extremity
bypass with autogenous vein remains one of the most
common procedures performed by vascular surgeons,
there are multiple modes of failure and complications.
Selection of patients, comorbid conditions, inadequate
inflow or outflow, and imperfect conduits are some of
the factors contributing to adverse outcomes. Moreover,
once it is successfully performed, the bypass itself is at
risk for early, midterm, or late failure. Early failure (within
30 days) is generally attributed to technical error.
Midterm failure (30 days-24 months) usually results
from intimal hyperplastic lesions affecting the conduit
and anastomoses. Late failures (after 24 months)
frequently result from progression of atherosclerosis
involving the inflow or outflow vessels!®? It is the
midtermm and late failures that make surveillance
appealing as ABI and DUS can dependably identify graft-
threatening lesions that can then be treated to avoid
progression to occlusion.

A focal increase in PSV can be used to calculate a veloc-
ity ratio (Vr), defined as the PSV at the site of a stenosis
divided by the PSV in a normal vessel segment proximal
to the stenosis. Hemodynamic features of a successful
infrainguinal bypass graft include an ABI >0.9 or an in-
crease in ABI of at least 0.15 and graft flow velocity
>45 cm/s with low-resistance outflow waveforms.
Increased risk for graft thrombosis is indicated by a focal
increase in PSV of 180 to 300 cm/s and a Vr of 2.0 to 3.5.
The highest risk for graft thrombosis is conferred by a
focal increase in PSV to >300 cm/s, Vr >35, graft flow
velocity <45, and drop in ABI >0.15 (Table VIII).'%*

Golledge et al'®* in 1996 performed a systematic review
of infrainguinal bypasses, including 2680 under DUS
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surveillance and 3969 not surveyed. Surveillance identi-
fied 493 stenoses in 469 (19%) grafts, of which 98 (26%)
developed recurrent stenoses after intervention. The total
numbers of deaths and bypass graft occlusions were
higher in the nonsurveillance group; however, limb
salvage was not different between the two groups. Retro-
spective case review series suggest that close surveil-
lance enhanced assisted primary patency, especially
when risk stratification was used to identify the highest
risk bypasses."'“® A revision rate of 30.9% resulted from
such intensive follow-up.**'** |hlberg et al'®>'%®
described two randomized controlled trials comparing
DUS surveillance with simple clinical follow-up. In both
studies, primary patency, assisted primary patency, and
secondary patency were no different between the two
groups. Of note, very few graft revisions were necessary
in either study, so the statistical power of the studies
was low. Mofidi et al,'®” in a prospective cohort study,
demonstrated that a normal DUS scan at 6 weeks pre-
dicted excellent durability without the need for frequent
DUS surveillance.

A prospective randomized controlled trial performed
by Lundell et al™° showed a significant benefit with
intensive DUS surveillance. Assisted primary and second-
ary patency rates at 3 years were 78% and 82% in sur-
veyed grafts compared with 53% and 56% in
nonsurveyed bypasses. Of note, patency of prosthetic
bypasses was unaffected by surveillance. Davies et al'®®
reported the results of the Vein Graft Surveillance Rand-
omised Trial (VGST), in which 594 bypasses were random-
ized to a DUS surveillance or nonsurveillance protocol.
The nonsurveillance group had ABI measurement and
clinical examination on the same schedule as the surveil-
lance group. There was no difference in primary patency,
assisted primary patency, secondary patency, and limb
salvage between the groups. However, a significant num-
ber of bypasses were subjected to some secondary inter-
ventions in both protocols (16% nonsurveyed and 22%
surveyed bypasses). In addition, early graft failures may
have been missed, and DUS criteria for stenosis were
not standardized.

In an attempt to clarify the utility of DUS surveillance for
infrainguinal autogenous vein bypass grafts, the
Evidence-based Practice Center of the Mayo Clinic Col-
lege of Medicine conducted a systematic review and
meta-analysis of the current literature on this topic at
the request of the Society for Vascular Surgery, and a
detailed description of this review has been published
separately.'®® The review summarized 15 studies and
noted variation in the DUS surveillance protocols used.
Compared with ABI combined with clinical examination,
DUS surveillance was not associated with a significant
change in primary, assisted primary, or secondary
patency or mortality. Surveillance with DUS was associ-
ated with a nonsignificant reduction in amputation
rate (odds ratio, 0.70; confidence interval, 0.23-2.13).
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Table VIII. Duplex ultrasound (DUS) velocity and ankle-brachial index (ABI) threshold criteria for stratification of risk for

thrombosis of infrainguinal vein grafts

Category High-velocity criteria (PSV) Velocity ratio (Vr) Low-velocity criteria (GFV), cm/s Change in ABI
Highest risk >300 cm/s >35 <45 >0.15
High risk >300 cm/s >35 >45 <015
Moderate risk 180-300 cm/s >2.0 >45 <0.15
Low risk <180 cm/s <2.0 >45 <015

GFV, Graft flow velocity; PSV, peak systolic velocity; Vr, PSV velocity ratio—PSV at the site of a stenosis divided by the PSV in a normal vessel segment

proximal to the stenosis.

Adapted fromm Bandyk DF, Seabrook GR, Moldenhauer P, Lavin J, Edward J, Cato R, et al. Hemodynamics of vein graft stenosis. J Vasc Surg

1988;8:688-95.

Whereas certain DUS velocity parameters were strongly
correlated with vein graft failure, there was a poor corre-
lation between high-grade stenosis on CT angiography
and vein graft failure. A priori established subgroup ana-
lyses did not show statistically significant interactions to
explain heterogeneity of effect. The systematic review
demonstrated that the evidence base supporting routine
DUS surveillance of infrainguinal vein grafts remains
dependent on low-quality evidence. The review also
concluded that considering the opportunity for early
intervention offered by DUS and the noninvasive nature
and low cost of this approach, DUS can be incorporated
in surveillance protocols of lower extremity vein grafts
that can be individualized on the basis of the setting
and resources (Table [X).

Prosthetic bypass. In the randomized controlled trial
reported by Lundell et al,"*° surveillance was not effective
in predicting failure of prosthetic arterial bypass grafts in
the lower extremity. Numerous retrospective case reviews
suggest no utility of DUS in identifying such bypasses as “at
risk” for failure. However, there is a suggestion that low graft
flow velocities may predict failure and support the use of
anticoagulation with warfarin."”%17

Summary of recommendations

1. We recommend clinical examination and ABI, with or
without the addition of DUS, in the early postoperative
period to provide a baseline for further follow-up after
aortobifemoral bypass. This evaluation should be
repeated at 6 and 12 months and then annually as long as
there are no new signs or symptoms.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: C (Low)

2. We recommend clinical examination and ABI, with or
without the addition of DUS, in the early postoperative
period to provide a baseline for further follow-up after
iliofemoral bypass. This evaluation should be repeated at
6 and 12 months and then annually as long as there are no
new signs or symptoms.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: C (Low)

(Continued)

Continued.

3. We recommend clinical examination and ABI, with or
without the addition of DUS, in the early postoperative
period to provide a baseline for further follow-up after
femoral-femoral bypass. This evaluation should be
repeated at 6 and 12 months and then annually as long as
there are no new signs or symptoms.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: C (Low)

4. \We recommend clinical examination and ABI, with or
without the addition of DUS, in the early postoperative
period to provide a baseline for further follow-up after
axillobifemoral bypass. This evaluation should be
repeated at 6 and 12 months and then annually as long as
there are no new signs or symptomes.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: C (Low)

5. Based on the high prevalence of abnormalities detected
by DUS as well as the relatively low associated cost and
risks, we recommmend clinical examination, ABI, and DUS
for infrainguinal vein graft surveillance. This should
include an early postoperative baseline evaluation and
follow-up at 3, 6, and 12 months and at least annually
thereafter. More frequent surveillance may be considered
when uncorrected abnormalities are identified on DUS or
when alternative vein conduits (other than great
saphenous vein) are used.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: B (Moderate)

6. After prosthetic infrainguinal bypass grafts, we
recommend clinical examination and ABI, with or without
the addition of DUS, in the early postoperative period to
provide a baseline for further follow-up.This evaluation
should be repeated at 6 and 12 months and then annually
as long as there are no new signs or symptoms.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: B (Moderate)

ENDOVASCULAR LOWER EXTREMITY ARTERIAL
REVASCULARIZATION

With continuing innovation and development of endo-
vascular therapy (EVT), the number of patients with
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Table IX. Baseline characteristics of participants in the 15 included studies for the systematic review and meta-analysis on
duplex ultrasound (DUS) surveillance for infrainguinal vein bypass grafts

Dalsing,**° 143 12 176 NR NR NR  NR NR 1,3,6,9 and In situ (74) NR
1995 12 months Reversed
and every (20)
6 months Nonreversed
after that (2)

Ferris,*®' 204 224 24 865 NR NR  NR Ischemic tissue Firstyear:  Insitu (I75) 30
2003 loss (47%), every
ischemic rest 3 months
pain (32%), Second and
disabling third years:
claudication every
(18%), and 6 months
popliteal Following
aneurysm (3%)  years: once
annually

u, imb threatening First year: everse
Idu,>%® 1993 187 201 21 NR NR NR NR Limbth ing Fi R d (79) NR
(68.44%) every In situ (40)
Tissue necrosis 3 months
(28.3%) Second year:
Rest pain (40.1%) every
6 months

Ihlberg,'®® 179 185 12 73 33 152  NR Critical leg 1,3,6,9 and In situ (118) 98
1998 ischemia (128) 12 months Ex situ (34)

Lewis,2®° 143 148 15 69 NR NR NR NR NR Reversed NR
1998 (40)
In situ (103)
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Table IX. Continued.
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Moodly,>°° 63 63 N2 NR NR NR

1990

15.3,6,9, and NR NR
12 months

Stierli,?°® 41 43 15 72 NR NR

1992

NR NR NR In situ (25) NR
Reversed (4)
Nonreversed

(14)

peripheral arterial occlusive disease treated by these
methods has been steadily increasing and has surpassed
those revascularized by open surgical approaches. Tech-
niques such as angioplasty, stenting, and atherectomy
continue to expand in popularity.””4'7® Angioplasty in-
cludes “plain old balloon angioplasty,” cryoplasty, cutting
balloon angioplasty, and medicated balloon angioplasty.
Two general types of stents are available, self-expanding
and balloon-expandable stents, both of which are
available either bare or covered with polytetrafluoroethy-
lene, bioabsorbable, and drug eluting. There are
several categories of atherectomy or plaque removal
devices, such as orbital, rotational, and laser. Often,
multiple techniques or devices are used during a
single intervention.

Rationale for follow-up

The optimal frequency and method for follow-up after
EVT for lower extremity arterial occlusive disease have
not been established. A follow-up program should be

founded on patient-based clinical outcomes, hemody-
namic status, and anatomic assessment. Mounting evi-
dence suggests that optimizing medical management
of patients with peripheral arterial disease will improve
bypass graft or EVT patency as well as improve mortal-
ity.”9782 This is particularly important for patients with crit-
ical limb ischemia as suboptimal medical therapy in this
population can increase the risk of major amputation or
death by a factor of 8%

Clinical assessment consists of a focused history, phys-
ical examination with evaluation of peripheral pulses,
evaluation of existing wounds, inspection of arterial ac-
cess sites, and ABlI measurement. Medical management
and lifestyle modifications should be optimized.'®* Pa-
tients at higher risk for contrast-induced nephropathy—
those with a preintervention serum creatinine concentra-
tion >15 mg/dL or estimated glomerular filtration
rate <60 mL/min/1.73 m? and those with diabetes
mellitus—should have repeated laboratory testing at
the first follow-up visit.®®> Patients who develop acute
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kidney injury after angiography are at greater risk for pro-
gressive kidney disease.'®®

The most important limitation for all EVT in the lower
extremity arteries is restenosis of the treated segment.
Restenosis has generally been defined as >50% narrow-
ing of the luminal diameter or >75% reduction of the
cross-sectional area. The pathophysiologic mechanism
of restenosis is complex and incompletely understood.
After angioplasty, stent placement, or atherectomy,
the local vessel reacts to the mechanical injury with
an inflammatory response. The initial response is
platelet activation and thrombus formation. This is
then followed by activation of cytokines and growth
factors, which leads to migration and proliferation of
smooth muscle cells within the intima and media.
This results in intimal thickening and increased extra-
cellular matrix that may lead to restenosis because of
the increase of intimal mass.'®”'®® Simultaneously, arte-
rial remodeling is occurring. The mechanisms of arterial
remodeling are relatively unexplored compared with
intimal hyperplasia. Neointimal hyperplasia appears to
be the main cause of restenosis after stenting, whereas
restenosis after angioplasty or atherectomy occurs from
a combination of constrictive arterial remodeling along
with neointimal hyperplasia.'®*"'®*  Atherosclerotic
changes can arise within the neointima, but this is
usually a late phenomenon occurring >2 years after
the intervention.

For those arteries treated by stenting, an additional
concern has been the occurrence of stent fracture. Pub-
lished reports suggest that the incidence of stent
fracture ranges from 2% to 65%.'°*'°> The clinical conse-
qguences of these fractures have been debated, but the
most recent literature has suggested little clinical impact
of stent fractures in the absence of restenosis or symp-
tomatic decline.®®'®” Therefore, the role of surveillance
specifically targeting the identification of stent fractures
is not established.

Methods and instrumentation

Despite the widespread use of EVT and the general
availability of DUS for follow-up, the optimal frequency
and techniques for surveillance in this setting are not
well established. Some authors have suggested that clin-
ical examination alone is more useful than DUS,'"?®
whereas others have reported that routine DUS surveil-
lance can assist in preventing failure of EVT.”®® Velocity
criteria for detecting restenosis in peripheral arteries after
EVT are also not well established. DUS velocity and other
noninvasive testing criteria have been extrapolated on
the basis of experience with detection of lesions in un-
treated native arteries or stenoses in autogenous vein
bypass grafts; however, these criteria may not be valid af-
ter EVT. >

The natural history of restenosis after EVT is still unclear,
and therefore it is difficult to determine whether
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reintervention is clinically beneficial. Reintervention is
often more expensive than the initial procedure, espe-
cially for treating ISR, as costly techniques are typically
employed, such as atherectomy, covered stents, and,
recently, drug-eluting balloons and stents. In general,
patency after treatment of restenosis is shorter than after
treatment of the primary lesion, and multiple reinterven-
tions are often undertaken.

A baseline DUS within the first month after EVT is rec-
ommended for all patients undergoing lower extremity
interventions to establish a post-treatment baseline
and to identify those with residual stenoses. Such resid-
ual stenoses are frequently missed on completion angi-
ography and are associated with lower patency rates
and increased risk of amputation.?°° The results of sec-
ondary interventions are also extremely poor in patients
with residual stenotic lesions.?®’

Aortoiliac revascularization

Excellent midterm and long-term results have been
reported for EVT of occlusive aortoiliac disease. Studies
have reported primary patency rates of 64% to 82% af-
ter 5 years.?°?2% |n a large retrospective study, Soga
et al®®® reported primary patency of aortoiliac stenting
in 2096 patients to be 93%, 83%, and 78% at 1 year,
3 years, and 5 years. Reintervention was performed in
133 patients for restenosis. These excellent results are
similar to those of other large reported series. There
are few data concerning DUS surveillance after aortoil-
iac EVT. Spijkerboer et al*°® reported 72 iliac artery le-
sions that were treated with balloon angioplasty and
followed by DUS at 1 month, 3 months, and 1 year.
They used a Vr >25 to indicate a hemodynamically
significant stenosis. Having identified restenosis by
DUS, they found that the clinical outcomes in those
with a significant residual stenosis or restenosis were
not significantly different from those with a normal
finding on DUS.

Investigators in Melbourne, Australia, determined that
maximum PSV was the most consistent measurement
for serial follow-up of iliac artery interventions.?°” Deci-
sions for reintervention were based on clinical criteria
rather than on DUS findings. Based on life-table curves,
a threshold value of PSV >300 cm/s was identified. An
increase to PSV >300 cm/s occurred in 55% of limbs
that proceeded to reintervention for symptomatic reste-
nosis and in three of six limbs that progressed to occlu-
sion. Primary patency and assisted primary patency
were 67% and 95%, respectively, at 4 years. The authors
concluded that DUS surveillance could help identify
limbs with residual or recurrent stenosis or occlusion af-
ter iliac artery EVT; however, their reintervention deci-
sions were not guided by the DUS results. Most iliac
artery interventions are done for claudication, and a
restenosis or occlusion is unlikely to present with limb-
threatening ischemia. Furthermore, treatment of iliac
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artery restenosis is associated with very high success
rates, even in cases of occlusions.

Femoropopliteal revascularization

Anatomically, the femoropopliteal segment is the most
commonly treated arterial segment, and DUS is
commonly used to evaluate this segment before and af-
ter EVT. Even so, there are few studies investigating its
utility and validity in detecting restenosis after EVT. Inves-
tigators at the University of Pittsburgh Medical Center
conducted a retrospective review of 330 limbs that un-
derwent stenting of the superficial femoral artery.?%®
These patients were seen in follow-up at 1 month,
3 months, 6 months, and every 6 months thereafter.
Follow-up included clinical evaluation, ABlI measure-
ment, and DUS. Criteria for high-grade restenosis were
PSV >300 cm/s and Vr >3.5. Patients who had recurrent
symptoms, evidence of recurrent or de novo stenosis on
DUS, or significant decrease in ABI (>0.15) underwent
angiography and intervention when it was deemed
appropriate. Seventy-eight limbs had DUS images and
angiography within 30 days of each other. Multiple po-
tential thresholds for PSV and Vr were analyzed for sensi-
tivity, specificity, positive predictive value, and negative
predictive value to determine optimal criteria for >50%
stenosis and >80% stenosis. The combination of PSV
>190 cm/s and Vr >15 to identify a >50% stenosis was
associated with a sensitivity of 85%, specificity of 95%,
positive predictive value of 98%, and negative predictive
value of 67%. Combining a PSV >275 cm/s and a Vr >35
to identify an >80% stenosis was associated with a sensi-
tivity of 74%, specificity of 94%, positive predictive value
of 88%, and negative predictive value of 85%. The au-
thors concluded that these criteria may help determine
which patients with superficial femoral artery stents
have significant restenosis, thereby guiding secondary in-
terventions to optimize assisted patency rates.

Shrikhande et al* reported a similar surveillance protocol
with follow-up at 1 month, 3 months, and 6 months and
yearly thereafter. They examined all forms of EVT—
percutaneous transluminal angioplasty, stenting, and
atherectomy—for femoropopliteal or tibial artery occlu-
sive disease. A comparable reintervention strategy was
followed; those with recurrent or de novo stenosis by
DUS or recurrent symptoms underwent angiography
and reintervention when it was considered appropriate.
They concluded that a PSV >223 cm/s had both high
specificity and sensitivity in the femoropopliteal segment
to detect a >70% stenosis. Using a Vr >2.5 also identified a
high percentage of patients with a >70% angiographic
stenosis. A poor correlation was found between DUS find-
ings and angiographic measurements in the tibial vessels.

Special consideration may be given to follow-up forcom-
plex stenting of the femoropopliteal segment as this
has the potential for the most difficult reinterventions
for restenosis. The 3-year results of the VIABAHN
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Endoprosthesis vs Bare Nitinol Stent in the Treatment of
Long Lesion (=8 cm) Superficial Femoral Artery Occlusive
Disease (VIBRANT) trial, which compared the long-term
outcomes of complex superficial femoral artery disease
treated with Viabahn stent grafts with those treated with
bare-metal nitinol stents, showed similar albeit disap-
pointing primary patency rates of 24% and 26%, respec-
tively.?°° Assisted primary patency was better for bare-
metal stents (89% vs 70%), although secondary patency
rates were similar (89% vs 80%). More than 30% of patients
in both groups underwent at least one reintervention. The
authors concluded that a rigorous surveillance program
and judicious reintervention resulted in high assisted pri-
mary and secondary patency rates and sustained symp-
tomatic improvement. This reintervention rate is similar
to that in other studies that employed DUS surveillance
protocols.

Whereas multiple series have shown encouraging assis-
ted primary patency rates for EVT, it is unclear whether
reinterventions in the absence of symptoms conferred
a clinical benefit. Bui et al® investigated the natural his-
tory of restenosis in the femoropopliteal segment after
EVT. Ninety-four limbs were entered into a DUS surveil-
lance protocol after EVT, and the mean follow-up was
22 months. Moderate stenosis was defined by a PSV of
200 to 300 cm/s or a Vr of 2 to 3, and severe stenosis
was defined by a PSV >300 cm/s or a Vr >3. In general,
reintervention was performed only on the basis of symp-
toms regardless of DUS findings, which clouds any judg-
ment of the utility of surveillance, although it offers some
insight into the natural history of restenosis. Severe
stenosis developed in 25 of 94 limbs, of which 13 (52%)
presented with recurrent symptoms. Nine severe steno-
ses were found in asymptomatic limbs with no interven-
tion required at mean follow-up of 10 months. A total of
11 femoropopliteal segments occluded, and the status of
the treated arterial segment documented on the pre-
ceding DUS examination was normal in one, moderate
stenosis in nine, and severe stenosis in one. The authors
concluded that in contrast to autogenous vein grafts,
severe restenosis after EVT is less likely to thrombose,
and the treated segment is more often patent at the
time of clinical deterioration. In addition, reintervention
based on clinical findings rather than on the DUS criteria
established for vein graft reintervention may be more
beneficial after EVT.

ISR has been a particularly challenging problem in the
femoropopliteal segment. A comparison of the severity
of ISR and outcomes of reintervention revealed similar
procedural success for occlusions and nonocclusive
restenosis (96% vs 100%), although the development
of subsequent stenosis and occlusion was higher for
those who initially had occlusion.?’® Patients in this
study underwent routine DUS surveillance every
3 months for 1 year and every 6 to 12 months thereafter.
Reintervention for ISR was performed primarily for
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Table X. Threshold criteria for grading lower extremity angioplasty site and in-stent restenosis (ISR)

Reference Stenosis category PSV Velocity ratio (Vr) EDV Distal artery flow pattern
Tinder,' 2008 <50% <180 cm/s <2 = Normal
>50%, Moderate 180-300 cm/s 2-35 >0 cm/s Monophasic
>70%, Severe >300 cm/s >35 >45 cm/s Damped, monophasic
Occluded — — No flow detected Damped, monophasic
Baril,*°® 2009 <50% <190 cm/s <15
>50% 190-275 cm/s 15-35
>80% >275 cm/s >35
Occluded No flow detected
Bui,’ 2012 Normal <200 cm/s <20
Moderate 200-300 cm/s 2.0-3.0
Severe >300 cm/s >3.0
Shrikhande,” 2011 >70% >223 cm/s >25

EDV, End-diastolic velocity; PSV, peak systolic velocity; Vr, PSV velocity ratio—PSV at the site of a stenosis divided by the PSV in a normal vessel

segment proximal to the stenosis.

claudication in patients with nonocclusive ISR, whereas
56% of patients with occlusive ISR underwent interven-
tion for critical limb ischemia. No patients initially
treated for claudication presented with critical limb
ischemia on developing ISR.

This contrasted with the results of Vartanian et a
who examined reinterventions for bare-metal stents
and stent grafts in the femoropopliteal segment. The
proportion of claudicants presenting with critical limb
ischemia or acute limb ischemia after reocclusions was
9% for bare-metal stents and 17% for stent grafts. Yeo
et al”’? examined their experience with treatment of
femoropopliteal ISR. Indications for intervention were
DUS evidence of restenosis with or without associated
symptoms. EVT was performed on 22 limbs. Primary
patency was 55% and 48% at 6 months and 1 year,
respectively. Nine of these 22 interventions were on
occlusions, which had an 89% technical success rate.

In patients with claudication, Jones et al’"® evaluated
the correlation between DUS-detected restenosis and
symptom recurrence after EVT. This was a retrospective
series of 88 limbs in 71 patients providing 183 pairs of
DUS scans and symptom status to compare. The primary
level of disease treated was in the femoropopliteal ar-
teries in 56% and the iliac arteries in 44%. Eighty-two
percent of patients underwent angioplasty with adjunc-
tive bare-metal stent placement. Using ROC analysis, a
Vr >25 was accurate in distinguishing symptomatic
from asymptomatic patients after EVT of the femoropo-
pliteal arteries, but there was little correlation between
DUS and symptom status after EVT of the iliac arteries.
There were 12 limbs that were asymptomatic with a Vr
>2.5, of which 5 eventually developed symptoms and
required reintervention. Some of the threshold criteria
for grading of femoropopliteal angioplasty site restenosis
and ISR are summarized in Table X.

|2ﬂ

Tibial revascularization

EVT in the tibial arteries is associated with low patency
rates and high restenosis rates.”’*?'® Contrary to interven-
tions performed in the iliac or femoropopliteal arteries,
EVT in the tibial arteries is almost exclusively done for
critical limb ischemia. Saqib et al?'” reported on the out-
comes and predictors of restenosis for EVT of the tibial
arteries. A PSV >300 cm/s and Vr of >3.5 were used as in-
dicators of severe restenosis. Patients with worsening
wounds were re-evaluated with angiography regardless
of the DUS findings. Tibial artery restenosis or occlusion
occurred in 96 limbs (41%). Of these, only 10 limbs (10%)
were asymptomatic. Limb loss was significantly higher
in patients with restenosis or occlusion compared with
those with continued primary patency (27% vs 4%). Of
those patients with restenosis, 44% underwent repeated
EVT and 21% required open surgical bypass. The need for
further interventions in patients with repeated EVT was
high (36%). There have been conflicting reports about
the utility of DUS after EVT in the tibial arteries, with
some authors finding poor correlation to angiographic
findings,* whereas others have found it to be reliable
for surveillance after interventions.?'®

Critical limb ischemia after EVT, especially with tissue
loss, does not have a benign course. Restenosis and
symptomatic deterioration are common and can occur
early after revascularization. Frequent follow-up is essen-
tial to assist with limb salvage and to limit cardiovascular
morbidity and mortality; however, the utility of a DUS
surveillance program with current diagnostic criteria is
of questionable value if frequent clinical assessment is
performed. The efficacy of repeated tibial artery interven-
tion based on DUS findings in the presence of clinical
stability or improvement has not been established.
Thus, clinical assessment and ABI may provide better
data for clinical decision-making than DUS.
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Summary of recommendations

1. We recommend clinical examination, ABI, and DUS within
the first month after aortoiliac segment EVT to provide a
post-treatment baseline and to evaluate for residual
stenosis. Clinical examination and ABI,with or without the
addition of DUS, should be performed at 6 and 12 months
and then annually as long as there are no new signs or
symptoms.

Strength of Recommendation: 1 (Strong)
Quality of Evidence: C (Low)

2. We suggest clinical examination, ABI, and DUS within the
first month after femoropopliteal artery EVT to provide a
post-treatment baseline and to evaluate for residual
stenosis. Continued surveillance at 3 months and then
every 6 months is indicated for the following:

A. Patients with interventions using stents because of the
potential increased difficulty of treating an occlusive vs
stenotic in-stent lesion.

B. Patients undergoing angioplasty or atherectomy for
critical limb ischemia because of increased risk of
recurrent critical limb ischemia should the intervention
fail.

Strength of Recommendation: 2 (Weak)
Quality of Evidence: C (Low)

3. We suggest clinical examination, ABI, and DUS within the
first month after tibial artery EVT to provide a post-
treatment baseline and to evaluate for residual stenosis.
Continued surveillance at 3 months and then every 6
months should be considered. Those patients with a
deteriorating clinical vascular examination, return of rest
pain, nonhealing wounds, or new tissue loss should
undergo repeated DUS.

Strength of Recommendation: 2 (Weak)
Quality of Evidence: C (Low)

CONCLUSIONS

It is generally accepted that achieving optimal out-
comes from open surgical and endovascular proced-
ures depends on periodic follow-up and appropriate
reintervention. The options for follow-up range from
a simple vascular history and physical examination
(often including ABI measurement for procedures
involving the lower extremity arteries) to sophisticated
imaging methods such as CT or MR angiography and
more invasive catheter angiography. Noninvasive
vascular laboratory tests, particularly DUS, are ideally
suited for this purpose because they are safe and
relatively low in cost, and they provide objective
anatomic and physiologic information that can be
used to assess the durability of a vascular intervention
over time. The goal of routine surveillance is to identify
intervention sites that are at risk for failure, even in
the absence of signs or symptoms. However, this
approach is justified only if the consequences
of failure are severe and early reintervention can
improve the outcome. Additional requirements are
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the availability of accurate testing methods with
clinically relevant threshold criteria and appropriate
follow-up or testing intervals.

Although there are many publications on follow-up and
surveillance after a wide range of open surgical and
endovascular procedures, there has not been a compre-
hensive review of this topic that has provided detailed
practice guidelines. The expert panel appointed by the
Clinical Practice Council of the Society for Vascular
Surgery reviewed the relevant literature in an effort to
make specific recommendations for follow-up after
commonly performed arterial procedures. With the
possible exception of DUS for surveillance of infraingui-
nal vein bypass grafts, the panel found a general lack of
high-quality evidence to serve as a basis for these recom-
mendations. Therefore, the majority of recommenda-
tions in this paper are based on observational studies,
committee consensus, and indirect evidence. Among
the total of 24 recommendations made by the panel,
19 are strong and 5 are weak; however, the quality of ev-
idence supporting these recommendations was graded
moderate in 11 and low in 13, whereas none were graded
high. Consequently, it is likely that these recommenda-
tions will require updating as new evidence e/merges,
particularly with regard to the frequency and duration
of follow-up testing.

This review clearly shows that there is a pressing need
for better clinical evidence on all aspects of follow-up
after vascular surgery procedures. These include the
role of routine surveillance, modes of failure, indications
for reintervention, and resulting outcomes. Because the
vascular laboratory plays a central role in follow-up, there
are abundant opportunities for clinical research involving
testing methods, threshold criteria, and surveillance
protocols. Until more and better data are available, the
recommendations on follow-up from this panel can
provide some guidance. However, the variety of currently
performed open surgical and endovascular procedures
and the ongoing development of new interventional
techniques will continue to present challenges to
vascular surgeons as they pursue the best outcomes
possible for their patients.
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