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(57) ABSTRACT 
Tourniquet effector system estimates and indicates the pres 
sure gradients produced on the surface of the body by an 
effector, thereby allowing the pressure gradients to be mini 
mized. The system also detects and monitors blood flow 
beneath the effector, thereby allowing the pressure applied by 
the effector to be regulated near the minimum necessary to 
stop blood flow past the effector. 

15 Claims, 6 Drawing Sheets 
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TOURNIQUET EFFECTOR 

FIELD OF THE INVENTION 

This invention pertains to a tourniquet effector for safely 
stopping the flow of arterial blood in a region of a body in 
order to reduce morbidity and mortality, or to facilitate the 
performance of a surgical procedure. 

BACKGROUND OF THE INVENTION 

Tourniquet systems are commonly used in limb surgery. 
Typical surgical tourniquet systems of the prior art include a 
tourniquet cuff which encircles the limb of a surgical patient 
and a tourniquet instrument which is releasably connected to 
an inflatable portion within the tourniquet cuff through a 
length of tubing, thereby establishing a gas-tight passageway 
between the cuff and the tourniquet instrument. The tourni 
quet instrument supplies pressurized gas to inflate and regu 
late the pressure in the tourniquet cuff above a minimum 
pressure required to stop arterial blood flow distal to the cuff, 
for a duration suitably long for the performance of a surgical 
procedure. Many types of surgical tourniquet systems have 
been described in the prior art, such as those described by 
McEwen in U.S. Pat. Nos. 4,469,099, 4,479,494, 5,439,477 
and McEwen and Jameson in U.S. Pat. Nos. 5,556,415 and 
5,855,589. 

Tourniquet systems are increasingly used in pre-surgical 
settings to stop arterial blood flow and thereby reduce blood 
loss, morbidity and mortality. For example, specialized emer 
gency and military tourniquets based on apparatus described 
by McEwenetal in U.S. Pat. No. 6,746,470 have been used in 
combat settings, field hospitals and in civilian pre-hospital 
settings. In comparison to earlier, non-pneumatic device of 
the prior art, the pneumatic tourniquet apparatus described by 
McEwen etal in U.S. Pat No. 6,746,470, reduces unnecessary 
injuries by reducing the pressure levels and pressure gradients 
required to stop arterial blood flow in limbs reliably and 
safely. 

Typically, tourniquet cuffs of the prior art encircle a 
patient’s limb at a desired location. Studies published in the 
surgical literature have shown that the safest tourniquet infla 
tion pressure is the lowest pressure that will stop the flow of 
arterial blood past a specific tourniquet cuff applied to a 
specific patient for the duration of that patient’s surgery. Such 
studies have shown that higher tourniquet inflation pressures 
are associated with higher risks of tourniquet-related injuries 
to the patient. 

It has been also been shown in the published literature that 
higher pressure gradients are associated with higher prob 
abilities of injuries. Pressure gradients are produced on limbs 
beneath tourniquet cuffs and extend across the width of the 
cuffs. Variables that affect pressure gradients produced on 
limbs by encircling pneumatic tourniquet cuffs include: cuff 
width; cuff design and materials; characteristics of any stiff 
ening element or means within the cuff; shape and size of any 
inflatable region of the cuff; degree of match between the 
shape of the limb and shape of the encircling cuff; and the 
inflation pressure level employed to stop blood flow. Typi 
cally, tourniquet cuffs of the prior art have only been useful 
when a sufficient width of a patient’s limb is available for the 
application of the tourniquet cuff so that it can encircle the 
limb and overlap upon itself. However, there are many situa 
tions in which there is a need to reliably and safely stop 
arterial blood flow and in which the use of prior-art tourniquet 
cuffs is not possible. For example, prior-art encircling tour 
niquet cuffs may not safely and reliably stop arterial blood 
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2 
flow in the limbs of short and obese patients. Other situations 
include certain traumatic injuries to the proximal portions of 
limbs that leave insufficient room for application of a prior-art 
tourniquet cuff, and situations in which traumatic injuries to 
limbs would extend beneath a prior-art tourniquet cuff if 
applied. In addition, for certain surgical procedures not 
involving limbs, there is a need for apparatus that can selec 
tively stop arterial blood flow in order to facilitate surgery, to 
reduce surgical precision and time, to increase safety and to 
improve long-term surgical outcomes. Such procedures 
include surgery of the hip, surgery of the shoulder and 
abdominal surgery. For a variety of procedures performed on 
limbs, there is a need for apparatus which could safely and 
reliably stop blood flow in selected arteries, rather than stop 
ping all blood flow in all vessels that would otherwise under 
lie an encircling prior-art tourniquet cuff. The present inven 
tion addresses these needs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section view of the preferred embodiment. 
FIG. 2 is view of the body surface contact face of the 

effector of the preferred embodiment. 
FIG. 3A is cross-section view of the effector applied nor 

mal to a body surface. 
FIG. 3B is a graph of the pressure applied by the effector 

shown in FIG. 3A. 
FIG. 4A is cross-section view of the effector when applied 

at tangent to a body surface. 
FIG. 4B is a graph of the estimated pressure gradient 

applied by the effector shown in FIG. 4A. 
FIG. 5A is cross-section view of the effector adapted to 

apply minimal pressure gradients when applied at tangent to 
a body surface. 

FIG. 5B is a graph of the estimated pressure gradient 
applied by the effector shown in FIG. 5A. 

FIG. 6A is an illustration showing an artery beneath the 
effector and the scanning region of an ultrasound transducer 
that forms part of the effector. 

FIG. 6B is an illustration showing a closed artery beneath 
the effector and the distance that arterial blood penetrates into 
the scanning region. 

FIG. 6G is an illustration showing a closed artery beneath 
the effector and the distance that arterial blood penetrates into 
the scanning region. 

FIG. 7 is view of the body surface contact face of an 
alternate effector. 

FIG. 8 is an illustration showing a closed artery beneath the 
alternate effector of FIG. 7 and the scanning regions of ultra 
sound transducers that form part of the effector. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The specific embodiment illustrated is not intended to be 
exhaustive or to limit the invention to the precise form dis 
closed. It is chosen and described in order to explain the 
principles of the invention and its application and practical 
use, and thereby enable others skilled in the art to utilize the 
invention. 
A tourniquet effector system is shown in cross-section in 

FIG. 1 and consists of controller 2, fixture 4, actuator 6 and 
effector 8. Controller 2 communicates with actuator 6 and 
effector 8 via cable 10. Alternatively, controller 2 may com 
municate with actuator 6 and effector 8 via a wireless radio 
link. Controller 2 includes a user interface that permits a user 
to control the operation of the tourniquet effector system and 
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that displays relevant information regarding the operation of 
the tourniquet effector system to the user. Controller 2 dis 
plays the following information to a user of the tourniquet 
effector system: estimates of the pressures applied by effector 
8 to the body surface; estimates of the pressure gradients 
produced on the body surface by effector 8; information 
regarding the flow and penetration of arterial blood in the 
tissues underlying effector 8; and warning and alerts if pres 
sure gradients, applied pressures or blood flows exceed either 
predetermined limits or limits set by a user of the tourniquet 
effector system. The user interface of controller 2 permits a 
user of the tourniquet effector system to set reference levels 
for the pressure to be applied by effector 8 and pressure 
gradients to be produced by effector 8; set alarm limits for 
applied pressures and gradients produced by effector 8, set 
reference levels and alarm limits for the penetration of arterial 
blood and blood flow beneath effector 8. 

Effector 8 applies pressure to a patient’s body surface 12 to 
close an underlying artery 14. Effector 8 has a back face for 
attaching to actuator 6 and a front face for applying pressure 
to the body surface. In order to effectively close underlying 
artery 14 the width of the front face of effector 8 is greater 
than the diameter of underlying artery 14. To minimize the 
risk of nerve and tissue injury when occluding underlying 
artery 14 the shape and contours of the front face of effector 
8 are predetermined to minimize the pressure gradient(s) (rate 
of change of pressure) produced on the body surface 12 by the 
front face of effector 8. High pressure gradients on the body 
surface can cause tissue and nerve damage in the region 
underlying effector 8. 

Pressure is applied by an effector to the area of the body 
surface that is in contact with the effector, no pressure is 
applied beyond the perimeter of the effector. The width, area 
and shape of an effector are factors that affect the pressure 
gradients produced by the effector on the body surface when 
force is applied to the effector. A pressure gradient produced 
by an effector can be estimated by direct measurement with 
one or more applied pressure sensors as described below. A 
pressure gradient produced by an effector can also be esti 
mated indirectly if the force applied to the effector and the 
physical characteristics of the effector are known. 
As shown in FIG. 2 and described further below effector 8 

has pressure sensors at predetermined locations on the front 
face of effector 8 and at other locations within effector 8 that 
indicate the pressure applied by the front face of effector 8 to 
the surface of the body. The pressure sensors produce signals 
indicative of the pressure sensed that are communicated to 
controller 2 via cable 10. 

Controller 2 estimates the pressure gradients produced by 
the front face of effector 8 on the body surface using some or 
all of the following parameters: the total force applied to 
effector 8 by actuator 6; applied pressure measurements from 
selected predetermined locations on the front face of effector 
8; stored information describing the shape and properties of 
the materials that comprise effector 8; and stored information 
describing the properties and compressibility of the body 
tissues that underlie effector 8. 

To estimate the pressure gradients on the body surface 
underlying effector 8 controller 2 may use: a lookup table of 
data derived from previous experimentation and measure 
ment of pressure applied the effector to the surface of various 
regions of the body; a mathematical model to estimate the 
pressure applied by the effector; calculation using the force 
applied to the effector by the actuator and the physical char 
acteristics of the effector face; simple calculation using 
applied pressure measurements from known locations on the 
face of effector 8; or other techniques known in the prior art. 
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4 
Fixture 4 provides a frame of reference relative to a 

patient’s the body surface so that effector 8 can apply pressure 
to the body surface and acts to maintain effector 8 and actua 
tor 6 in position above a selected location on body surface 12. 
For clarity fixture 4 is illustrated in FIG. 1 as a rigid clamp like 
structure, alternatively fixture 4 may be any structure that 
provides a frame of reference relative to the body surface to 
which the effector is to apply pressure, such as a garment or 
body armor worn by the patient; a harness or strap applied 
around the patient’s body or any other suitable structure. 

Actuator 6 is attached to fixture 4 and the back face of 
effector 8. Actuator 6 in response to control signals from 
controller 2 extends to apply force to the backface of effector 
8 to press effector 8 against body surface 12 at a selected 
location to close an underlying artery 14. 

In the preferred embodiment as shown in FIG. 1 actuator 6 
has a single degree offreedom and is an electric motor driven 
linear actuator that extends to apply force to effector 8. Actua 
tor 6 responds to control signals from controller 2 to apply a 
selected amount offorce to effector 8. By regulating the force 
applied by actuator 6 controller 2 can maintain the pressure 
applied by effector 8 and the pressure gradients produced by 
effector 8 on the body surface near previously established 
reference levels. 

Other types of controllable linear actuators with a single 
degree of freedom such as pneumatic or hydraulic cylinders 
may also be used to apply a chosen amount offorce to effector 
8. Alternatively, actuator 6 may be selected to have multiple 
degrees freedom so that both the direction and magnitude of 
force applied to effector 8 may be varied by controller 2 to 
affect the pressure gradients produced by the front face of 
effector 8 at the body surface. In some circumstances, such as 
when an artery is to be closed temporarily, automatic control 
ofactuator 6 may not be required, and force may be applied to 
effector 8 manually by the user of the tourniquet effector 
system. 

FIG. 2 is a view of the front (body surface contact) face of 
effector 8. As shown in FIG. 2, the front face of effector 8 
includes a two-dimensional ultrasound transducer array 16 
located near the center of the effector. Pressure sensor 18 is 
positioned behind ultrasound transducer array 16 and indi 
cates the pressure applied to body surface 12 by the face of 
ultrasound transducer array 16. Multiple additional pressure 
sensors 20 are positioned at various predetermined locations 
on the front face of effector 8. The pressure sensors measure 
the pressure applied by the front face effector 8 to the body 
surface at the predetermined locations. FIG. 2 depicts eight 
applied pressure sensors 20, it will be appreciated that a 
greater or lesser number of sensors may be used depending 
upon the size and shape of effector 8. For clarity only the 
operation of pressure sensors 20A, 18 and 20B located at 
points along cross-section line A-A will be described further 
below. 

FIG. 3A is a cross-section view of effector 8 corresponding 
to cross-section line A-A in FIG. 2. Effector 8 is shown in 
FIG. 3A normal to body surface 12 applying pressure to close 
an underlying artery. FIG. 3B is graph corresponding to FIG. 
3A of the estimated pressure applied by the front face of 
effector 8 to body surface 12 at cross-section A-A. 

Referring the FIG. 3B, line 22 represents the magnitude of 
the pressure applied by the front face of effector 8 to body 
surface 12 at cross-section A-A as estimated by controller 2. 
Pressure measurements from pressure sensors 20A, 18 and 
20B are shown at points 24, 26 and 28 respectively. Controller 
2 uses information known about: the shape of the front face of 
effector 8; the properties of the materials comprising effector 
8; the characteristics of the underlying tissue; the force 
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11. The tourniquet effector of claim 10 wherein the con 
troller controls the actuator for advancing the front face based 
upon the distance of penetration of blood flow in an artery 
underlying the front face as determined by the transducer. 

12. The tourniquet effector of claim 11 wherein the trans 
ducer comprises a two-dimensional ultrasonic array. 

13. A tourniquet effector for stopping arterial blood flow in 
a body, comprising: 

an effector having a front face sized to overlie an artery in 
a region of the body and having a predetermined area, 
the effector also having a back face; 

actuation means for applying force to the back face to 
position the effector front face at a surface of the body to 
overlie the artery and for applying the effector front face 
to the body surface with a level of pressure sufficient to 
stop blood flow in the artery; 

pressure sensors mounted at the front face for estimating at 
least two levels of pressure applied by the effector front 
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face to at least two locations between which is defined a 
distance across the body surface; and 

means for communicating with the sensors and for produc 
ing a user-perceptible indication of a pressure gradient, 
wherein the pressure gradient is a rate of change of 
pressure across a distance in the body. 

14. The tourniquet effector of claim 13 wherein the shape 
of the tourniquet effector front face is changeable, thereby to 
enable changes in the pressure gradient. 

15. The tourniquet effector of claim 13 further comprising: 
transducer means for detecting a distance of penetration of 

blood flow in the artery; 
control means communicating with the transducer means 

for controlling the actuation means for pressing the 
effector front face against the surface with a pressure 
sufficient to maintain the distance of penetration of 
blood in the artery near a selected distance of penetra 
tion. 


