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PAD

Currently affects 8-12 million 
Americans

Estimated to reach 19 million in 
next 10 years

Incidence increases with age 

Occurs in 50% of patients >80 
years

Clinical Presentation

Chronic Lower Extremity Ischemia

Claudication

Critical Limb Ischemia

Rest Pain

Ulceration



Treatment Options

Optimization of medical therapy

Structured walking protocol

Interventions

Endovascular – PTA/Stent/atherectomy/DCB

Open – Endarterectomy, Bypass

- Vein vs Prosthetic Conduit

Outcomes



Outcomes

1 Year primary patency
77% Prosthetic grafts
64% GSV grafts
45% Spliced arm/ Ectopic vein

Outcomes

Below-knee Popliteal

Infra-popliteal



Mechanisms of Failure

Inadequate Inflow

- Progression of disease vs Anastomosis

Inadequate Outflow

- Runoff vs distal anastomosis

Conduit Problems

- Alternative veins prone to intrinsic problems

Timing of Failure

Early (30 days)

- usually technical issue or conduit problem

Midterm (30 days – 24 months)

- intimal hyperplasia

Late ( > 24 months)

- progression of disease



Confirm graft patency

Identify stenotic lesions

Assess risk of graft thrombosis

Monitor stenosis progression

Goals of Duplex Surveillance

Surveillance Protocol

Clinical Assessment

- Symptoms of recurrent ischemia

- Femoral and pedal pulse exam

- ABI

Color Doppler imaging of entire bypass

- Adjacent inflow/outflow arteries

- Characterize hemodynamics of graft flow



Characterized by Peak systolic velocities (PSV) 
along the length of the graft (cm/sec)

Pulsed-Doppler beam  with angle of 60° or less
Calculate mean systolic graft flow velocity

- Average PSV from 2/3 nonstenotic graft sites
- Correlates with volume of flow

Graft Flow

Characterized by Peak systolic velocities (PSV) 
along the length of the graft (cm/sec)

Pulsed-Doppler beam  with angle of 60° or less
Calculate mean systolic graft flow velocity

- Average PSV from 2/3 nonstenotic graft sites
- Correlates with volume of flow

Graft Flow



Low <40cm/s Normal  60-70cm/sec
- Threatened graft
- Larger lumen (>6mm)
- Pedal/ isolated tibial vessel

Graft Flow

Stenosis
If stenosis is noted by color Doppler imaging

- Measure PSV
- Measure Velocity ratio (Vr)
- Measure lesion length
- Measure vessel diameter

High grade stenosis (>70%)
- PSV >300cm/sec
- EDV >20cm/sec
- Prestenosis/stenosis ratio = >3.5



Stenosis

PSV = 519 cm/s
Vr = PSVmax/PSVprox = 519/64 = 8.1
Lesion length = 2cm
Vessel diameter = 5mm

Risk Stratification for Graft 
Thrombosis

Category High-Velocity 
Criteria

Low-Velocity 
Criteria

Change ABI

I (Highest Risk) PSV >300cm/sec

Vr > 3.5

GFV < 45cm/sec > 0.15

II (High Risk) PSV > 300cm/sec

Vr > 3.5

GFV > 45cm/sec < 0.15

III (Intermediate 
risk)

180< PSV > 300

Vr > 2.0

GFV > 45cm/sec <0.15

IV (Low Risk) PSV <180 cm/sec

Vr <2.0

GFV >45 cm/sec <0.15



Treatment Recommendations

Category Recommendation

I (Highest Risk) Pressure reducing stenosis with low flow levels 
below thrombotic threshold – Prompt repair

II (High Risk) Pressure reducing stenosis but graft flow 
maintained – Elective repair

III (Intermediate risk) Not pressure or flow reducing – More frequent 
serial scanning

IV (Low Risk) Not pressure or flow reducing – Continue 
normal surveillance protocol

Angiogram



Early Post-op Stenosis
Graft stenosis detected at 3 months

- About 1/3 of cases will regress
- 40% stay the same or progress to high grade 
stenosis

Obtain follow up imaging at 6 months
- Graft threatening lesions

- Quick progression to severity
- Increased surface thrombus
- Reduced graft flow

- If no change or improved at 6 months – not 
likely to be an issue

Incidence of stenosis

80% of grafts will be Category IV (no 
stenosis)

Recommend 6 month surveillance
If no stenosis but GFV < 40cm/sec – need 

to search inflow and outflow as well
If nothing is identified, consider 

anticoagulation for graft salvage
GFV <60 cm/sec for prosthetic grafts



Incidence of stenosis

20% of vein bypasses will have category I 
or II stenosis within the first year

Risk Factors
- Vein caliber
- Spliced vein
- Alternative conduit
- Prior graft revision
- Early graft thrombectomy

Treatment of Graft Stenosis

Most are < 2cm and can be treated with 
PTA

If >3 cm  - should consider revision
Stenosis free patency  at 2 years is 65%
3yr assisted patency is 80% regardless of 

method of intervention



Surveillance Algorithm for Graft 
Stenosis

PSV > 300cm/sec
Vr > 3.5

ABI fall > 0.2

REPAIR
STENOSIS

Return to start

Duplex-detected
graft stenosis

Resume 6-month
Surveillance schedule

200cm/sec < PSV < 300cm/sec
2 < Vr < 3.5

ABI normal or unchanged

Lesion PSV decreases
to < 200 cm/sec

Surveillance

3 month
scan interval

10%-20% of lesions
remain stable

Randomized Trial



Randomized Trial

Intensive (every 3 months) vs routine 
surveillance (every 12 months)
3-year Assisted patency higher with 
intensive (78% vs 53% p<0.05)
-did not improve PTFE patency

Systemic Review



Systemic Review

Compared with ABI and clinical exam, 
DUS surveillance did not change 
primary, secondary or assisted 
patency

Systemic Review

Compared with ABI and clinical exam, 
DUS surveillance did not change 
primary, secondary or assisted 
patency

Considering that DUS offers the 
opportunity for early intervention, it is 
noninvasive and low cost, Vascular 
surgeons may incorporate DUS as 
they individualize follow-up of LE vein 
grafts.



SVS Guidelines

SVS Guidelines



Pop-peroneal bypass with vein

Pop-peroneal bypass with vein



Pop-peroneal bypass with vein

Pop-peroneal bypass with vein



Patent Bypass – EIA Stent

Patent Bypass



Patent Bypass

>50% Proximal Stenosis



>50% Proximal Stenosis

>50% Proximal Stenosis



>50% Proximal Stenosis

Vein Bypass w/ Proximal Stenosis



Vein Bypass w/ Proximal Stenosis

PTFE Graft w/ Proximal Stenosis



PTFE Graft w/ Proximal Stenosis

PTFE Graft w/ Proximal Stenosis



Thrombosed Insitu Vein

Thrombosed Insitu Vein



Thrombosed Insitu Vein

In Situ Branch



Pop-DP Bypass

Pop-DP Bypass



Pop-DP Bypass

Pop-DP Bypass



1) Early follow-up with clinical exam, ABI and DUS 
to establish baseline for infrainguinal vein graft 
surveillance

2) Follow at 3, 6, 9, 12 months and yearly after

3) More frequent for uncorrected abnormalities or 
compromised conduit

4) DUS is optional after PTFE bypass and 
surveillance should be every 6 – 12 months if 
no new symptoms

Summary


