XXX Facility
Lower Extremity Arterial Physiologic Segmental Pressures and Waveforms
I. PURPOSE: 

Indirect testing modalities can be reliable, inexpensive methods for determining the presence of peripheral arterial occlusive disease and categorizing the overall severity and general location. 
II. INDICATIONS:
A. Claudication;
B. Ischemic rest pain;
C. Foot or toe ulcer/gangrene;
D. Infection of the leg with absent palpable pulses;
E. Suspected acute limb ischemia;
F. Surveillance of known PAD (peripheral arterial disease);
G. Decreased ABI from previous study;
H. Following revascularization or intervention, stent placement.
III. CONTRAINDICATION/LIMITATIONS:
A. Suspected or known acute deep venous thrombosis (DVT) may need to be limited to waveform analysis only or use of a toe/brachial index (TBI);
B. Recent surgery, ulcers, casts or dressings that cannot or should not be compressed by pressure cuffs;
C. Any site of trauma, surgery, ulceration, etc. which should not be compressed by a blood pressure cuff;
D. Patients with incompressible arteries due to medial calcification (TBI may be used);
E. Morbidly obese patients in whom a high-thigh pressure may be not obtainable due to limb girth;
F. Patients who have significant tremors or involuntary movement may render waveform collection suboptimal or unreliable.
IV. EQUIPMENT/SUPPLIES
A. Instrumentation that allows a display of the (choose one: Doppler or plethysmographic) waveforms and segmental pressure and includes:
i. waveform display capabilities;
ii. continuous wave Doppler with a carrier frequency that ranges between 4-10 MHz; and
iii. blood pressure cuffs (limb and digital) of varied width and length. Pressure artifacts occur when the cuff size is not appropriate for the girth of the leg or digit. Recommended size is 20% wider than the diameter of the limb. The length of the bladder should be twice its width. Pressure artifacts occur when cuff sizes are not appropriate for very large girth limbs or unusually small limbs. Cuff pressures will vary from intra-arterial pressure in proportion to limb girth. Non-uniform limb sizes result in variations in pressure. If the cuff is too small, it will result in erroneously high pressures. If it is too wide, the measurement will be erroneously too low. For instance: in small women and in children, it may be more appropriate to use the 10 cm cuff  or even an 8 mm cuff to measure arm pressure.

Cuff size should be based on limb circumference.

Standard cuff sizes:
Arm = 12 x 23 cm
Ankle, calf = 10 x 23 cm
Metatarsal = 9 x 20 cm
Digit = 2-2.5 x 5 cm
Thigh = 16-23 cm wide (usually contoured)

Accurate pressure measurements can be obtained only when the head of pressure generated by the bladder can reach the artery in question. When the bladder fails to encircle the limb, the bladder of the cuff must be placed over the artery. In addition, the bladder must compress soft tissue, not bony structures. Therefore, the below-knee cuff should be placed just distal to the tibial tubercle. Failure to adhere to the guidelines will produce falsely elevated pressure readings.
iv. Aneroid manometers or automatic inflation device;
v. Gel and wipes;
vi. Hardcopy storage capability of waveforms and pressures.
V. PATIENT PREPARATION/ASSESSMENT
A. Explain the procedure and how long it will take to the patient.
B. Answer any questions the patient may have regarding the testing procedure.
C. Interview the patient and/or review the medical record to document appropriate signs, symptoms, risk factors and other relevant medical history.
D. Assess for signs and symptoms of peripheral vascular disease, bruits, hypertension, any prior revascularizations or the presence of any signs or symptoms of peripheral vascular disease: claudication, rest pain, ulceration, gangrene, ischemia, hair loss, coolness, pallor, dependent rubor.
E. Verify that the requested procedure correlates with the patient’s clinical presentation.
F. The patient should rest in a supine position for 10-15 minutes before beginning to collect waveforms or pressures. This resting period ensures that peripheral blood flow will be at resting level and not increased due to any hyperemia which may have occurred as a result of walking in to the facility.
G. The patient should be supine with the extremities at the same level as the heart; the head of the bed should be flat with the patient’s head on a pillow. If the patient is unable to lie in this position, document on the record that pressures were taken with the head of the bed elevated since artifacts can occur from the effect of hydrostatic pressure when the point of measurement is not at the same level with the heart.
H. Efforts should be made to keep the patient‘s limbs covered and warm during the study to prevent vasoconstriction.
VI. SEGMETAL LIMB SYSTOLIC PRESSURES

Systolic pressures obtained correspond to the vessels at the site of the blood pressure cuff and not to the vessels at the level of the transducer that is recording the pressure signals.Variability in systolic pressure measurements should always be considered. Two or three measurement should be made to ensure consistency.
A. A high frequency (8-10 MHz) Doppler transducer is usually used at the ankle and brachial.
B. The Doppler transducer is positioned with the transducer directed proximally so that arterial flow will move directly into the ultrasound beam at an angle of 40-60 degrees.
C. Appropriately sized cuffs should be placed on the thigh (choose three cuff or four cuff method: one thigh cuff for three cuff method; two for four cuff method), upper calf and one 2-3 cm. above the medial malleolus. If toe pressures are being taken, toe cuffs are applied to the great toe.
i. The width of the cuff should be at least 20% wider than the girth of the limb segment.
ii. All cuffs should fit snugly so that inflation of the bladder transmits the head of pressure immediately into the tissue rather than into space between the bladder and the extremity, which would produce falsely elevated readings.
iii. Proper cuff application: Inappropriately applied cuffs result in erroneous pressure measurement.
a. Patients should not lift their leg in an attempt to assist with placing the cuff; as soon as they relax their muscles, the cuff becomes loose and a too loose cuff can affect the accuracy of the pressure.
b. Cuffs should be placed straight rather than angled, even thought the latter may better conform to the limb.
c. Accurate pressure measurements can be obtained only when the head of pressure generated by the bladder can reach the artery in question. When the bladder fails to encircle the limb, the bladder of the cuff must be placed over the artery. The bladder should be placed on the posterior–medial aspect of the limb, bringing the cuff one full wrap, then pull upward and across to tighten. The below knee cuff should be placed below the bony structures of the knee, just distal to the tibial tubercle, otherwise, falsely elevated pressures will be obtained.
d. Bilateral systolic brachial blood pressures are recorded using the Doppler transducer.
e. Pressures are taken bilaterally at the dorsalis pedis and posterior tibial artery.

iv. Locate the dorsalis pedis (DPA) signal on the dorsum of the foot between the first and second metatarsal heads at or proximal to the talonavicular joint. If the signal is damped, retrograde or absent at this level, move to the ankle and search for the anterior tibial signal.
v. Look for the posterior tibial (PTA) posterior to the tibia above the medial malleolus.
vi. If either the DPA or the PTA is absent, the peroneal artery can be found slightly anterior to the lateral malleolus.
D. While listening to the Doppler signal, the pressure in the cuff is inflated until the audible signal is no longer heard and there is no pulsatility to the waveform on the recording device.  In order to assure complete cessation of blood flow, the cuffs should be inflated 20-30 mmHg beyond the last audible Doppler arterial signal. The cuff is then slowly deflated. Deflation of the cuff should be at a rate of 2-4 mmHg per second.  If pressure measurements need to be repeated, the cuff should be fully deflated for approximately one minute prior to repeat measurement. The systolic pressure is recorded as the pressure at which the first audible Doppler arterial signal returns.
E. Care must be taken not to compress the underlying artery with the Doppler transducer. 
F. Ankle brachial index is calculated using the highest systolic ankle pressure on each side (dorsalis pedis or posterior tibial) divided by the higher of the two brachial pressures. If any of the pressures are incompressible (and the cuffs are correctly placed) them medial calcification should be suspected which would render the pressures invalid.
i. Systolic pressures are invalid in the presence of calcified, incompressible vessels and interpretation must rely on waveform analysis and toe-brachial waveforms.
ii. If neither brachial signal is normal, the brachial pressure would not be an accurate indicator of central arterial pressure, and calculation of indices would underestimate the disease. In this case neither the ABI nor the TBI would be accurate so interpretation would have to be by waveform analysis.
iii. Digital brachial indices (DBI) or toe-brachial indices (TBI) are calculated using the toe pressure divided by the highest brachial pressure. The toe pressure can be obtained using photoplethysmography (see technique below for application) or using PVR.
VII. WAVEFORMS
A. Doppler Velocity Waveform Analysis

Care must be taken to assure the recording of the optimal velocity signal. Sufficient acoustic gel must be used to eliminate any air between the probe and the skin. The Doppler beam must be aligned with the long axis of the vessel; an angle of 45-60 degrees is usually the best practical angle of insonation. (In the popliteal fossa, an angle approaching 90 degrees to the skin may produce the optimal signal since the course of the popliteal artery is not parallel to the skin.) 

The Doppler beam is positioned to exclude interference from the adjacent vein.

Signals are optimized by sliding the transducer slowly from medial to lateral across the artery until the strongest and best signal is obtained. The transducer is then adjusted so that an approximately 45 degree angle with the skin is achieved. This is varied slightly so that an accurate waveform with a maximum deflection is achieved. Modest probe pressure should be used to ensure good contact while not distorting the signal. For most sites, an 8 MHz transducer permits adequate depth penetration. However, the 4 MHz probe may be used if the signal is attenuated due to depth or calcification. Representative waveforms are recorded with an analog recorder at a paper speed of 25 mm/sec.
i. Representative Doppler waveforms are obtained from the bilateral common femoral artery, the popliteal artery, the posterior tibial and dorsalis pedis arteries. (optionally also the peroneal artery)

ii. At least three representative waveforms (i.e., cardiac cycles) should be obtained at all levels. 
iii. Gain settings should be maximized to define waveform morphology at each level.
B. Pulse Volume Recording Waveforms (PVR or VPR)

Air plethysmographic devices record changes in segmental limb volume. The most important technical consideration for accurate results is to make sure that the cuff is appropriately sized, tightly wrapped and in close contact with the extremity.
i. Wrap appropriately sized cuffs on the thigh, upper calf and 2-3 cm above the medial malleolus. Toe waveforms can also be obtained using appropriately sized toe cuffs. (Same as for segmental pressures.)
ii. Once cuffs are correctly placed, inflate each cuff to 55-65 mm Hg.
a. Inconsistent wrapping can change the waveform.

b. The legs should be supported by placing a pillow under the heel to prevent cuffs from being compressed by the bed, being careful not to elevate the limb.
c. Record waveforms from each segment. At least three representative waveforms must be obtained at the thigh, calf and ankle bilaterally. (Standard of practice with this method is 4 levels – otherwise you would need CW Doppler to differentiate inflow from outflow disease). Standardized inflation pressures must be used in all cuffs. 
C. Digital photoplethysmographic waveforms

Toe pressures can be measured similar to other pressure measurements using photoplethysmographic (PPG) technique.
i. Place the PPG sensor on the great toe using double sided tape or a Velcro strap.

a. The surface of the skin on the toe must be intact, dry and not have oil or lotion for good adherence of the sensor.
b. It may be necessary to wipe the toe with  alcohol and thoroughly dry if the sensor does not stick well.
ii. Maximize the waveform and record.
a. Limb or digit movement can cause artifact.

b. Digits can be warmed to increase pulse amplitude.

c. Sometimes covering the sensor and the digit can reduce extraneous light from interfering with the waveform.

VIII. Exercise Testing

Exercise testing is used to determine functional impairment, to differentiate true claudication from pseudoclaudication, to investigate complaints of exercised induced discomfort in those patients who have a normal or near normal resting exam or to measure the effects of intervention.
A. Treadmill exercise
i. Treadmill is set to 10% grade @ 1-2 mph for a maximum of 5 minutes.

a. Exceptions to this can be made in frail patients or for those who may not tolerate the speed or elevation. Note in the record the speed and grade for future comparison.
ii. Contraindications for treadmill exercise: incompressible ankle pressures; unstable cardiac history, post cardiac procedure or myocardial infarction not cleared by the cardiologist; arrhythmias, recent chest pain, use of  nitroglycerin for chest pain, elevated systolic blood pressure > 180 mmHg, or unsteadiness that might make negotiating the treadmill unsafe. In addition, acute shortness of breath, poorly co-operative patients or poorly motivated patient may interfere with the ability to successfully exercise patients.

iii. Explain to the patient that he only needs to walk as long as it takes to reproduce the symptoms. The patient should be instructed to tell you as soon as any symptoms occur and where they begin.

iv. Have the patient ready before turning on the motor for the treadmill and steady the patient as they begin walking. Record the time that any symptoms begin and the length of time the patient is able to walk, up to 5 minutes. Record the speed and incline of the treadmill.
v. Treadmill exercise testing is discontinued if:
a. the patient has completed 5 minutes of exercise or symptoms of claudication force the patient to stop;

b. the patient experiences chest, shoulder, neck, jaw or arm pain;

c. there are any signs of SOB, fatigue, or faintness.
vi. Once the patient has stopped walking, assist them to the stretcher and have them lie flat while measuring both ankle pressures from the vessel with the  pre-exercise highest systolic pressure and then the brachial pressure is taken (from the arm with the highest prior pressure from the pre-exercise portion of the study).

vii. Continue to take the pressures every minute for the first three minutes and then every 5 minutes after that until they have returned to baseline (or until your time limit is up) (If the pressures immediately after the exercise are the same as or greater than the resting pressures, no additional pressures need to be taken).
viii. During this testing, the patient is asked if the symptoms have improved, worsened or remained unchanged. Location of the symptoms are noted.
ix. The amount of the post exercise pressure drop and the time to recovery are documented.
B. Toe-ups or heel raises

i. Technique
a. Pt stands, arch upward, balance on toes, then returns to standing position.

b. Repeat toe raises x 2 minutes or for 50 toe raises.

c. Immediate post-exercise ABI measurement as described in treadmill exercise.

C. Reactive Hyperemia
i. Used as surrogate test to exercise where treadmill testing is not possible.

ii. Thigh cuff is inflated to supra-systolic pressure for 3-5 min.
iii. Post-hyperemia pressures are taken similar to after treadmill exercise.
iv. Creates distal vasodilatation similar to exercise but not reproducible or comparable to treadmill.
IX. REVIEW OF THE EXAM FINDINGS
A. Document any exceptions to the normal protocol (limitations, omissions, any variations from the standard protocol must always be documented for future reference and for repeatability in follow-up studies).

B. Record all findings required on technical worksheet, logbook or other methods as determined by facility protocol so that the findings can be classified according to the diagnostic criteria. Provide preliminary results for the interpreting physician (as per facility protocol).
C. Report (preliminary report pending final interpretation) critical findings to the referring physician when appropriate (immediate medical attention may be warranted) and according to facility policy.
X. CLEANING AND CARE OF EQUIPMENT
A. The Doppler transducer is cleaned with antiseptic wipes.

B. Soiled cuffs are laundered in accordance with manufacturer's instructions. All cuffs are cleaned weekly or as needed with  germicidal disinfectant as per the cleaning protocol.
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