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Medical Compression Bandaging

Major treatment component for
venous uilcers and Ilimb lymphedema




Medical Compression Pressures

Pressures need to be ——————
adequate but not so f Sl e i
high as to negatively | o ——

iImpact blood flow. N
A special concern is
use in patients with
co-present diabetes
and/or lower extremity
arterial disease.

Standard is about
40 mmHg at ankle

DP = Dynamic Pressure = (max-min) |
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System Setup




Flow Recording Parameters

PEAK FLOW

PEAK/2

Sh L L AT NORMALIZED PERIOD (t/T) 1.0

FLOW = (Area under flow-time curve) x Heart Rate
PERFUSION = FLOW / ( Limb volume distal to measured site)

ASI| = PERFUSION / Width




rterial Status Report”
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Flow Signals at g T e
multiple limb sites [ EES
with paired limbs

simultaneously

determined

RIGHT LEG LEFT LEG

81 ml/min ASI: 9.94 76 ml/min ASI:10.73
44 cm LM 1.90/ 0.19 46 cm LM = 1.82/ 0.1
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77 ml/min ASI:14.45 A 79 ml/min
36 cm LM 2.61/ 0.18 | 36 cm LM

68 ml/min :12. 64 ml/min
32 cm LM . : : 32 cm LM




MRF Perfusion

- Left =0.957 Right + 0.043
R =0.882, N= 30 leg pairs

Regression

Line of &
[ Identity |A| = 0.19 + 0.14sd
ml/min/100g
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Right Leg (ml/min/100q)




BILATERAL PULSATILE
BLOOD FLOW S

FOUR-LAYER
COMPRESSION
BANDAGE ONE

LEG (Profore)

1) First in 14 healthy subjects '

2) 5 Venous Ulcer patients
and 5 healithy subjects

MAGNETIC RESONANCE j

FLOWMETRY

MONITOR
SUB-BANDAGE
PRESSURE

\ 40.7 + 4.0 mmHg

REPEAT
BILATERAL
FLOW
MEASUREMENTS
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Pressure i
~ Sensors

———

Profore layer 1 (no compression)
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Unilateral Compression Flow



Blood Flow Response to Compression

48 ml/min é 57 BPM 8 BPM
35 cm/ M 15 beats 5 beats

Compression

Values are Average of
Pulse Flow Waves by

Left Leg Magnetic Resonance Flowmetry Left Leg
Pre-Bandage Bandaged




Arterial Flow Pulses

Below Knee Blood Flow via Nuclear Magnetic Resonance

Treated Leg

ml/min & A Before
B Bandage

. With
ml/min Bandage

Increased pulses
likely augment
Lymph/venous

transport



Perfusion Effects of Bandaging

[ Before bandaging target leg
_....4 With bandage on target leg

N=14

Decreased perfusion
in control leg with
target leg bandaged

N
o

Y
(0))

—
T
O

=,

=

F

—

=
£

=
E
'

P<0.05
Control

l 7 770

3
N

Z
O
n
=
T
14
LLi
o
)
O
O
=
0

Dr. HN Mayrovitz




Paired Leg Flow Ratio Increases
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Paired-Leg flow ratio

18" Greater with bandaging

1.6

This group with bandage

1.4 \l{ B

Paired-ratio normal range

1.2 N=60

=
3
s
o
d
LL
Q
o
O
-
m

(Bandaged Leg / Control Leg)

1.0

0.8

0

Malleolus

LEG SITE (%)




Flow Increases with Compression
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Similar Perfusion Increases

Before bandaging target leg
o..AWith bandage on target leg
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(Bandaged Leg / Control Leg)

Ulcer Leg |

HEALTHY V. ULCER
SUBJECTS PATIENTS
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What are the Flow Augmenting
Mechanisms of Compression?



Doppler Ultrasound - Posterior Tibia
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Before compression With Compression Compression off

DUS also demonstrates the compression effect



Myogenic Response

Limb under

Compression Artery with myogenic

response properties

Tissue pressure increases

Artery transmural
pressure decreases

Reduced Arteriolar Resistance

¥

Artery Diameter With

Compression
Before P

compression :
' Myogenic Response

via smooth muscle

Reduction due to initial relaxation due to
transmural pressure decrease reduced wall stretch

may occur (mechanical) (Active Response)
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Veno-Arterial (V-A) Coupling

Limb under
Compression Compressed
Vein

Increased
wall
shear

V-A reflex  Stress

. Arteriolar e
Vasodilation

or- FIN Mayrovitz I......‘

Altered Reduced
Arteriolar Arteriolar
Compliance Resistance




Compliance Related Affects
P .

Femoral Artery

Pressure-wave
I

P, Py A
_L Pressure gradient /\gﬁwadieﬂt
(space derivative) U:
Time —
Flow ~ dp/dz ~ dp/dt. oW

C
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Flow pulse peak and pattern depend

on pulse-wave speed and dp/dt both of
which are affected by artery compliance




Flow Augmenting Mechanisms of Compression?

Arteriolar transmural Venous Artery
pressure decreases compression compliance
Myogenic response + venous velocity Pulse Pressure
*Wave Speed (C)
+ wall shear rate * dp/dt
Vascular smooth l
muscle relaxation + Nitric oxide Pressure Gradient
| V-A reflex dp/dz
Vasodilation
! Flow ~ dp/dz ~ 4R/dt.
Decreased C
resistance
! + Peak and + Width

+ Forward Flow-Wave
- Backward Flow-Wave

of measured composite
Flow Pulse




Summary

* Flow pulse peak and width are both increased
* Occurs in healthy legs and those with long-standing V. Ulcers
* Pulse flow increase may aid in reducing wbc-capillary effects
postulated to be involved in V. ulcer etiology and maintenance
* Pulse flow increase may augment lymph/venous transport
 Mechanism of the flow increase being investigated include:
> Arteriolar vasodilation via
Transmural pressure affects
Veno-arterial coupling and NO
> Compression related increase in arterial compliance

> Altered arterial pulse-wave reflection features
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