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(57) ABSTRACT 

An automatic skin perfusion measuring device automati 
cally analyzes perfusion measurements to identify motion 
artifact and SPP values. Motion artifact is ignored. Perfusion 
measurements are designated as SPP values if various cri 
teria are met. SPP value criteria pertain to factors including 
cuff pressure, perfusion, perfusion change percentages rela 
tive to previous and Subsequent perfusion measurements, 
and whether perfusion measurements are increasing or 
decreasing relative to previous and Subsequent perfusion 
measurementS. 
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FIG. 2A 
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FIG. 2B 
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METHOD AND INSTRUMENT FOR AUTOMATED 
MEASUREMENT OF SKIN PERFUSION 

PRESSURE 

0001) This application claims the benefit under 35 USC 
119(e) of U.S. Patent Application No. 60/609,175, filed Sep. 
10, 2004, the entirety of which is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an instrument for 
the automated measurement of skin perfusion pressure of a 
local or regional body Site. More particularly the invention 
relates to an instrument for the automated measurement of 
skin perfusion pressure that detects and rejects motion 
artifact. 

0004 2. Description of the Related Art 
0005 Skin perfusion pressure measurements are taken to 
determine whether local blood flow, i.e. capillary perfusion, 
of a local or regional body Site having an ulcer or wound is 
Sufficient to Support wound healing. The accurate measure 
ment of this parameter, therefore, is critical to physicians 
who treat patients Suffering from open Surface wounds 
resulting from complications from diabetes, preSSure ulcers, 
burns, accidents, and the like. 

0006 Traditionally, skin or surface perfusion pressure is 
measured utilizing a Surface or Skin perfusion pressure 
monitoring device coupled to a laser Doppler or other type 
of optical sensor. For example, U.S. Pat. No. 6,178,342 to 
Borgos et al. discloses a Surface perfusion pressure monitor 
used in conjunction with a laser Doppler probe that mea 
Sures the “amount” of moving blood contained within a 
microvascular observation volume in percent tissue hemat 
ocrit. This measurement is taken as a function of applied 
preSSure. The laser Doppler optical probe defines an obser 
Vation volume in the Skin near the Surface of the patient and 
a pressure cuff is used to manually apply pressure to the limb 
near the optical probe. 

0007. The laser Doppler sensor is placed against the skin 
under a pneumatic cuff that is Secured to the affected limb, 
i.e. toe, ankle, arm, leg, etc. A user using an inflation bulb 
manually inflates the pneumatic cuff. The inflation pressure 
must be sufficiently high to stop local blood flow at the site 
of the optical probe. A display instrument is coupled to the 
optical probe typically via a fiber optic cable, and to the 
inflation bulb through a tube. Deflation starts and the optical 
probe monitors the number of moving red blood cells 
moving into or out of the observation Volume without regard 
to velocity. The number of moving red blood cells detected 
within the control volume is expressed as a percent and 
displayed on the display monitor. This value is shown as 
both a numeric value and a bar graph on the Y-axis. The 
instrument also measures the pressure within the cuff and 
displays the applied cuff preSSure in millimeters of mercury 
on the X-axis of the display. A moving bar chart along the 
X-axis shows the operator which cuff preSSure is currently 
being measured. AS pressure is slowly manually released, an 
indicator of blood flow return is provided in bar chart form. 
While a technician conducts the test, a physician interprets 
the data displayed on the display monitor. 
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0008. Therefore, a significant problem with the use of 
skin perfusion pressure instruments described by Borgos et 
al. is that reliable, reproducible measurements are heavily 
dependent on operator/technician Skill and the skill of the 
physician who interprets the Surface perfusion preSSure 
measurement. Another problem associated with manual 
deflation is that it is Sensitive to motion artifact caused by the 
operator or patient (e.g. patient movement, pressure tubing 
movement, or sensor movement). In addition, motion arti 
fact may result from patient movement, involuntary muscu 
lar movement, operator intervention, and other causes 
affecting the reading of skin perfusion pressure. If a patient 
moves the limb to which the sensor/pneumatic cuff is 
attached, the physician who makes the determination of the 
preSSure at which flow returns might very easily err by 
reading “motion artifact as the Surface perfusion preSSure 
measurement. When a skin perfusion pressure test is con 
ducted on a sick patient, the physician is already expecting 
a low value for the Surface perfusion pressure measurement. 
Consequently, given an occurrence of “motion artifact the 
physician may interpret it as a skin perfusion preSSure 
reading that is artificially higher than the actual skin perfu 
Sion pressure measurement. 

0009 For example, illustrated in FIG. 2A is a display 
from a prior art monitor. AS can be seen, measured perfusion 
rises in percent value as the cuff pressure decreases. The 
physician conducting the skin perfusion test will likely 
record the value of skin perfusion pressure as forty-five 
millimeters of mercury. FIG. 2B again illustrates a display 
from a prior art monitor with the perfusion measurement 
rising in percent value as the cuff pressure decreases. How 
ever, motion artifact is now displayed at forty-five millime 
ters of mercury. A physician conducting the Skin perfusion 
test may erroneously record the value of skin perfusion 
preSSure as forty-five millimeters of mercury. 

0010 Given the situation described above, there is a need 
for a System that compensates for, or eliminates, motion 
induced artifacts in patient-attached critical care monitoring 
instruments. In addition, there is a need for a System that 
increaseS reliability and reproducibility by eliminating user 
created error for example, variable inflation and deflation 
and/or variable interpretation of the results. A new and 
improved skin perfusion System that automatically inflates 
and deflates the pressure cuff, controls inflation and defla 
tion, and detects and rejects motion artifact, and automati 
cally determines an SPP value is needed. 

SUMMARY OF THE INVENTION 

0011. Accordingly it is an object of the present invention 
to overcome the problems and disadvantages of the Surface 
perfusion pressure instruments of the prior art. It is, there 
fore, an object of the present invention to automate the 
measurement of skin perfusion preSSure and generate an SPP 
value. 

0012. It is a further object of the present invention to 
provide a skin perfusion preSSure System that automatically 
inflates and deflates and controls the inflation pressure and 
deflation rate of cuff pressure. 

0013. It is a further object of the invention to provide a 
skin perfusion pressure monitoring System that automati 
cally detects and rejects motion artifact. 
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0.014. It is a further object of the invention to provide a 
skin perfusion preSSure monitoring System that uses a per 
fusion Sensitive tolerance that progressively adjusts Sensi 
tivity thresholds as perfusion returns. 
0.015. It is a further object of the invention to provide a 
skin perfusion pressure monitoring System that actively 
controls the rate of cuff deflation. 

0016. It is a further object of the invention to provide a 
skin perfusion pressure monitoring System that determines 
when motion is Severe enough to affect either the rate of cuff 
deflation or an accurate determination of an SPP value. 

0.017. It is a further object of the invention to provide a 
skin perfusion pressure monitoring System that does not 
report an SPP value if motion is determined to be too severe 
or if the resulting SPP waveform does not have a recogniz 
able perfusion Signature. 

0.018. It is a further object of the invention to provide a 
skin perfusion preSSure monitoring System that evaluates 
duration of perfusion change. 
0019. It is a further object of the invention to provide a 
skin perfusion pressure monitoring System that evaluates the 
profile of perfusion change. 

0020. In a first embodiment of the present invention a 
skin perfusion pressure monitoring System that automati 
cally calculates the SPP value from perfusion measurements 
is disclosed. The monitoring System controls and measures 
cuff pressure and closely controls the rate of cuff deflation 
during the critical deflation portion of the skin perfusion 
preSSure test cycle. 

0021. In another embodiment of the present invention, 
the monitoring System uses a perfusion Sensitive tolerance 
that progressively adjusts Sensitivity thresholds as perfusion 
returns. This allows for measurements of perfusion over a 
wide dynamic range while being leSS Sensitive to motion 
transients. 

0022. In another embodiment of the present invention, 
the monitoring System actively controls the rate of cuff 
deflation and determines when motion is Severe enough to 
affect this rate. The test is ended if motion is determined to 
be too severe. 

0023. In another embodiment of the present invention, 
the monitoring System monitors duration of perfusion 
change. AS microcirculation returns it produces a perfusion 
Signal that changes from baseline flow. Motion aritifact, on 
the other hand, produces a perfusion signal that has greater 
oscillatory content. 

0024. In another embodiment of the present invention, 
the monitoring System monitors the profile of perfusion 
change. AS both macrocirculation and microcirculation nor 
mal flow resumes, it produces a change in perfusion signals 
that have recognizable and differentiable patterns. Motion 
artifact, on the other hand, produces a perfusion signal that 
is generally random, Short-lived, and has more oscillatory 
content. Therefore, changes that do not follow a perfusion 
return signature are ignored by the monitoring System of the 
present invention. In addition, there are known perfusion 
return Signatures that do not have a signature amenable to 
the automated qualification of an SPP value and the data can 
be displayed for the physician to interpret. For example, 

Mar. 16, 2006 

non-reactive hyperemia is a circulatory condition that results 
in Such a known perfusion pattern. 
0025 These and other objects and advantages of the 
present invention will become apparent during the course of 
the following detailed description and appended claims. The 
invention may best be understood with reference to the 
accompanying drawings, wherein an illustrative embodi 
ment is shown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 is a schematic representation of the perfu 
Sion pressure monitor in use with a patient; 
0027 FIG. 2A is a schematic diagram of a prior art 
display monitor illustrating bars in a normal test progres 
Sion; 
0028 FIG. 2B is a schematic diagram of a prior art 
display monitor illustrating motion artifact as a Spiked bar; 
0029 FIG. 3 is a flowchart representing the operation of 
the perfusion pressure monitor with respect to inflation; 
0030 FIG. 4 is a flowchart representing the operation of 
the perfusion pressure monitor with respect to deflation; 
0031 FIG. 5A is a schematic diagram illustrating the 
preSSure line output display of the skin perfusion preSSure 
monitoring System in accordance with the present invention; 
0032 FIG. 5B is a schematic diagram illustrating the 
preSSure line output display of the skin perfusion preSSure 
monitoring System in accordance with the present invention 
with a Spike indicating motion artifact, 
0033 FIG. 5C is a schematic diagram illustrating the 
preSSure line output display of the skin perfusion preSSure 
monitoring System in accordance with the present invention 
with a spike indicating motion artifact, bars, and a true 
reading of Surface perfusion pressure. 
0034 FIG. 5D is a schematic diagram illustrating the 
preSSure line output display in a circulatory condition known 
as non-reactive hyperemia. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0035. Before the inventive devices and methods are dis 
closed and described, it is to be understood that certain 
terminology is used to describe the invention but different 
aspects of it may vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments only and is not intended to be 
limiting. 

0036. It must be noted that, as used in the specification 
and the appended claims, the Singular forms “a,”“an,” and 
“the' include plural referents unless the context clearly 
dictates otherwise. 

0037. The term “adequate perfusion” means the perfu 
Sion criteria used to continue the cuff inflation Sequence. 
This criterion ensures that there is proper contact between 
the probe and the patient's skin. It is typically perfusion that 
is greater than 0.1%. 
0038. The term “no flow” means the perfusion criteria at 
which cuff deflation is initiated and is approximately leSS 
than 0.1%. 
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0039. The term “baseline flow” means the flow between 
the determination of “no flow” and qualified SPP value. 
0040. The term “motion artifact” means the absence of 
the characteristic patterns of perfusion return including 
caregiver, operator or environmental influences Such as 
patient movement, Voluntary and involuntary muscle con 
traction, unwanted noise, and caregiver and operator inter 
ference. 

0041. The term “perfusion measurement” is the calcula 
tion proportional to the AC/DC ratio of the Signals acquired 
by a perfusion Sensor measured at an applied cuff pressure. 
0042. The term “pressure cuff” or “cuff and similar 
references means a pneumatic cuff or any device that applies 
preSSure to the Site, e.g. from above, adjacent the Site, 
circumferentially, etc. 

0043. The term “P” is the perfusion measurement that is 
being evaluated or qualified for an SPP value. 

0044) The term “return flow' means the resumption of 
normal microcirculatory flow. 

0045. The term “skin perfusion pressure value” or “SPP 
value' represents the cuff pressure at which microcirculatory 
flow returns to the observation volume of tissue during the 
cuff deflation portion of the test. 
0.046 Referring to FIG. 1, a schematic diagram depicting 
a representative, but not limiting, perfusion pressure moni 
toring System 10 is illustrated. The skin perfusion pressure 
monitoring System 10 broadly includes optical probe 12, 
preSSure cuff 14, and skin perfusion pressure instrument 22 
with display monitor 30. The optical probe 12 is positioned 
underneath preSSure cuff 14 against the Skin of the patient's 
limb 18. Alternatively, optical probe 12 may be positioned 
distal to cuff 14 or inside cuff bladder 14. In an alternative 
embodiment, cuff 14 may, include a transparent window to 
observe optical probe 12. The skin perfusion pressure instru 
ment inflates the pressure cuff 14 through tube 26. The size 
of pressure cuff 14 may be varied depending on whether the 
limb involved is the arm, toe, leg, ankle, etc. but must be 
capable of Sustaining a Sufficiently high pressure (above 
systolic) to stop local blood flow at the site of the optical 
probe 12 in the observation volume of tissue 20. The 
observation volume of tissue 20 may be at the same location 
as the applied preSSure, at a location near the applied 
preSSure, or distal from the applied preSSure, e.g. where flow 
is measured on the toe and pressure is applied at the ankle. 
The skin perfusion instrument 22 is coupled to the optical 
probe 12 via a fiber optic cable 24, and the pressure cuff 14. 
0047 The optical probe 12 monitors microcirculatory 
flow within the observation volume of tissue 20. Microcir 
culation detected within the observation volume of tissue 20 
is expressed as a percent and displayed on the Y-axis of the 
perfusion pressure display instrument. AS best Seen in FIG. 
5C, the percent value is shown as both a numeric value, 
typically from 0% to 10% and graphically is shown as a bar 
graph on the Y-axis of the instrument display 30. The skin 
perfusion pressure instrument 22 also measures the pressure 
within the cuff 14 and displays the applied cuff pressure in 
millimeters of mercury on the X-axis of the display in 
descending uniform increments. As best seen in FIGS. 5A-B 
line 15 moves along the X-axis and shows the operator the 
cuff pressure that is currently being measured. 
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0048) Optical probe 12 depicted in FIG. 1 includes at 
least a laser transmitter fiber 32 and at least one receiver 
photodiode 34. In an alternative embodiment, the laser or 
photodiode, or both, may be placed in probe 12 without a 
need for fiber optic elements. In operation, coherent light 
Supplied from a Solid State, or other laser device within the 
perfusion pressure display instrument 22 is conducted to the 
transmitter fiber 32 that is in contact with the patient's skin 
through the pressure cuff 14 bladder. Photons emitted from 
the transmit fiber 32 are scattered by the patient's tissues. A 
Small portion (less than 5%) of the emitted photons is 
collected by the receiver fiber 34. The spacing between the 
fibers and the optical apertures of the fibers establish the 
Volume of tissue that is monitored. Typically a single 
transmitter fiber is used with a pair of receiver fibers. The 
nominal fiber core diameter is on the order of 50 to 100 
microns and is used to establish an observation Volume of 
approximately one to two cubic millimeters. A Suitable 
optical probe is disclosed in U.S. Pat. No. 5,654,539 to 
Borgos, the entirety of which is hereby incorporated by 
reference. 

0049. Notwithstanding, those skilled in the art will rec 
ognize that there are many ways to determine the point at 
which microcirculatory flow returns to a given observation 
Volume. For example, Visual observation Such as the change 
in color of the observation site, ultra-Sound; optical plethyS 
mography, measurements of increases in temperature; 
Sound, e.g. a microphone for pulsatile flow in the macrocir 
culation; metabolic indicatorS Such as pCO2 or lactate; and 
bioimpedance or pulse OXimetry or both, each with a pull 
Satile measurement and a blood Volume measurement. 

0050. Some back-scattered photons are frequency shifted 
by moving cells present in the microcirculation. The col 
lected photons are collected by the skin perfusion preSSure 
instrument 22 via cable 24 where they impinge on a pho 
todiode. Thus, photons are impinging on the photodiode as 
a result of Scattering off moving and Stationary cells. The 
photodiode Voltage contains both frequency and power 
information. The Doppler shifted frequency is related to cell 
Velocity while the Spectral power information is related to 
the volume of moving cells at that given frequency. The DC 
Signal component results from the total number of photons 
received by the receive fiber 34. The AC signal component 
results from the mixing of frequency shifted photons with 
photons from Stationary Structures. If the number of moving 
cells present within the observation Volume increases then 
the magnitude of the AC component will increase while the 
DC offset will remain nearly constant. The AC component 
increases because more returned photons undergo a Doppler 
shift. The DC component remains nearly constant because 
the total number of photons scattered by collisions with 
Stationary cells within the measurement Volumn is reduced 
only Slightly by moving cells. Therefore, the perfusion 
measurement is proportional to the ratio of the AC Signal to 
the DC signal, which is an indication of the volume of 
moving cells in the observation Volume of tissue. This type 
of measurement is commonly computed with both analog 
and digital Signal processing. For example, it is common to 
convert the AC Signal to an RMS equivalent through analog 
processing. It is these values that are presented to the A/D 
converter. The microprocessor then may Square these digi 
tized values prior to forming the ratio. The ratio value may 
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be Scaled by an empirically derived Scaling factor that 
depends on the gain distribution throughout the Signal 
processing paths. 

0051 Referring now to FIGS. 1 and 3, the cuff inflation 
Sequence is illustrated. The skin perfusion instrument 22 
commences the cuff inflation process and the laser in optical 
probe 12 is enabled. The cuff 14 bladder is initially filled 
with a low pressure, Such as 5 to 10 mmHg, to ensure that 
the Sensing probe is in contact with the patient's skin So that 
adequate perfusion can be detected and measured. If 
adequate perfusion cannot be measured, cuff inflation is 
aborted and the test does not proceed. If adequate perfusion 
can be measured, the pressure cuff 14 is inflated to the target 
preSSure, near or at Systolic and perfusion is measured. If “no 
flow is not achieved at this target pressure and the maxi 
mum target pressure has not been reached, preSSure is 
increased incrementally (e.g. 40 mmHg increments) and the 
"no flow criteria is tested again. If the maximum target 
pressure has been reached, and the “no flow” criterion still 
has not been met, cuff inflation is aborted and the test 
discontinued. 

0.052 FIG. 4 depicts the cuff deflation sequence. As 
noted above, if the skin perfusion pressure instrument rec 
ognizes a “no flow signal, cuff pressure Starts to automati 
cally deflate at a controlled rate. A controlled rate of defla 
tion provides reproducibility from measurement to 
measurement on the same patient and between patients. If 
the pressure is not dropping at the controlled rate, which 
may be caused by Severe patient movement, cuff deflation is 
aborted and the test discontinued. If the pressure is dropping 
at the controlled rate, P is analyzed for an SPP value. If all 
conditions for an SPP value are met, e.g. those discussed 
below, an SPP value is reported. If the conditions are not 
met, the test continues for a Specified time period after which 
perfusion measurements are displayed for the physician to 
interpret but an SPP value is not reported for that test. The 
physician can then use the displayed perfusion data along 
with any other information that is available to her to deter 
mine whether another test should be conducted or if based 
on her expertise, she can determine an appropriate SPP 
value. 

0053 FIGS. 5A-D illustrate different stages of output 
data as depicted on the display monitor. Referring to FIG. 
5A data being recorded during the testing procedure is 
displayed. Moving line 15 rises as pressure decreases. AS 
can be seen, points representing adequate perfusion 35, no 
flow 36, baseline flow 37, SPP value 38, and the return of 
normal microcirculation 39 are depicted. FIG. 5B illustrates 
the same pressure line that rises as pressure decreases but 
now displays motion artifact 40. As illustrated, the skin 
perfusion pressure monitoring System in accordance with the 
present invention rejects motion artifact as not being a 
perfusion measurement and the test continues as Seen by 
continuing line 15. Referring to FIG. 5C, the skin perfusion 
preSSure monitor in accordance with the present invention 
analyzes numerous different criteria for detecting and reject 
ing motion artifact in qualifying P. for a SPP value. If P has 
been qualified as an SPP value, a bar graph is overlaid on 
line 15, as best seen in FIG. 5C, and the SPP value 38 is 
recorded. AS those skilled in the art can appreciate, any 
graphical representation can be used to depict the perfusion 
measurement data Set. The skin perfusion preSSure monitor 
ing System 10 considers unique criteria in qualifying Po as an 
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SPP value and in assessing whether motion artifact is 
present. Those skilled in the art can appreciate that many or 
few criteria may be considered. In addition, other criteria 
can be used other than those described below. For example, 
linear regression, Slope intercept, differentiation, weighted 
average, and other known mathematical models may be used 
in addition to or in lieu of the criterialisted below. Whether 
the number of criteria considered is few or many, all criteria 
will be used to reject unwanted noise, environmental influ 
ences, or motion in combination with the qualification of a 
preSSure at which microcirculatory flow returns to the obser 
Vation or measurement Volume. 

0054 As a preliminary screening step, if motion artifact 
is Severe enough to affect the rate of deflation, i.e. Severe 
patient movement, the instrument will halt the test and 
inform the operator that the Sensor/probe is unable to make 
accurate measurementS. 

0055. Initially as a first criterion, Po must be within a 
valid range for the system to qualify an SPP value. If P is 
not within a valid range, for example from approximately 1 
mmHg to approximately 150 mmHg, the system will not 
indicate that a particular Po is an SPP value. 

TABLE 1. 

APPLIED CUFF 
APPLIED CUFF PRESSURE > 

PERFUSION PRESSURE 100 OR = 100 
MEASUREMENT mm Hg mm hg 

<0.15% (Low) 100% 100% 
O.15 to O.20% 50% 50% 
(Medium) 
>0.20% (High) 25% 40% 

0056. Another criterion is whether the perfusion increase 
is large enough relative to the measurement. If the perfusion 
increase is not large enough an SPP value will not be 
qualified. In interpreting “step size” (i.e. perfusion increase 
large enough from the prior measurement) the instrument 
uses a perfusion Sensitive tolerance that progressively 
adjusts Sensitivity thresholds as perfusion returns. This 
allows the system to qualify SPP values over a wide 
dynamic range while being leSS Sensitive to motion tran 
Sients. For example, if perfusion is very low then the 
instrument allows for the detection and rejection of motion 
artifact due to its perfusion Sensitive tolerance. Referring to 
Table 1, preferred perfusion increases are noted. If the 
perfusion measurement is greater than 0.20% (i.e. high 
perfusion measurement) and the applied cuff pressure is less 
than 100 mmHg a perfusion increase of from 10% to 50% 
and preferably 25% relative to the prior measurement, is 
necessary. If the perfusion measurement is greater than 
0.20% (i.e. high perfusion measurement) and the applied 
cuff pressure is greater than or equal to 100 mmHg a 
perfusion increase of from 20% to about 80%, and prefer 
ably 40%, relative to prior measurement is necessary. If the 
perfusion measurement is between 0.15 to 0.20% (i.e. 
medium perfusion measurement) and the applied cuff pres 
Sure is any valid pressure a perfusion increase of from 25% 
to 100%, and preferably 50%, relative to the prior perfusion 
measurement is necessary. If the perfusion measurement is 
less than 0.15% (i.e. low perfusion measurement) and the 
applied cuff pressure is any valid pressure a perfusion 
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increase of from 50% to 200%, and preferably 100%, 
relative to the prior perfusion measurement is necessary. 
0057 Those skilled in the art will recognize that the 
foregoing criterion does not need to be limited to high, 
medium and low perfusion measurements or a few isolated 
points for applied cuff pressure, i.e. above and below 100 
mmHg. These may be expressed as a continuous function of 
perfusion measurements or applied cuff pressure, or both. 
0.058 Another criterion is whether the perfusion mea 
Surement under evaluation, i.e. P, is large enough, i.e. 
whether flow is above baseline. The perfusion should be 
preferably from between 0.05 to 0.2% and more preferably 
at least 0.10% at point P or no skin perfusion pressure will 
be recorded. 

0059) Another criterion determines whether the “next 
Steps, i.e. those following point P, are increasing or 
decreasing. NeXt Steps must not be decreasing as this is not 
characteristic of a typical Signature for returning microcir 
culatory flow to an observation volume with decreasing 
preSSure. This fourth criterion focuses on the duration of 
increasing perfusion change. AS microcirculation flow 
returns it produces a perfusion Signal that increases and 
holds in a Signature pattern. Motion artifact produces a 
perfusion Signal that has more OScillatory content, thereby 
having greater tendencies to decrease. 

TABLE 2 

Applied Cuff 
Pressure Range Number of Following Steps 

LOW 
MEDIUM 
HIGH 
VERY HIGH 

0060. When applied cuff pressure is low, i.e. preferably 
from about 0 to 20 mmHg and more preferably less than 15 
mmHg, the number of neXt Steps analyzed in determining 
whether next steps are increasing or decreasing is one. When 
the applied cuff pressure is in a medium range, for example 
from about 10 to 50 mmHg and more preferably from about 
15 to about 20 mmHG, the number of next steps analyzed in 
determining whether next Steps are increasing or decreasing 
is two. When applied cuff pressure is high, for example from 
about 40 to 120 mmHg and preferably greater than 50 
mmHg but less than 100 mmHg, the number of next steps 
analyzed in determining whether next steps are increasing or 
decreasing is three. When pressure is very high, preferably 
from 80 to 150 mmHg, and most preferably greater than 100 
mmHg, the number of neXt Steps analyzed in determining 
whether next Steps are increasing or decreasing is five. The 
higher the number of neXt Steps being analyzed, i.e. N, the 
more confidence that the system has qualified an SPP value. 
0061 Another criterion for detecting and rejecting 
motion artifact is the profile of perfusion change. Microcir 
culation produces a perfusion signal that increases Step-wise 
while motion produces a perfusion Signal that has more 
oscillatory content. Changes that do not follow a perfusion 
return signature are ignored. Referring again to Table II, the 
perfusion change profile criterion for detecting and rejecting 
motion artifact is whether the Specified number of Steps 
following P are at least at or above the perfusion value for 
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P. These Steps must not be decreasing. In other words, P 
to PN must all be greater than P. This criterion is especially 
effective in rejecting motion, as those Signals are not long 
lived. 

0062) If all criteria are met the skin perfusion pressure 
system will qualify P as the SPP value 38. 
0063 FIG. 5D depicts a model of what might be viewed 
if a patient has non-reactive hyperemia. In this case, the skin 
perfusion pressure System will recognize Such a pattern as 
not characteristic of a normal perfusion measurement and no 
SPP value will be generated. In such cases, the perfusion 
data is reported and the physician is left to determine the SPP 
value for that test. 

0064. Although the description of the preferred embodi 
ment has been presented, it is contemplated that various 
changes, including those mentioned above, could be made 
without deviating from the spirit of the present invention. It 
is therefore desired that the present embodiment be consid 
ered in all respects as illustrative, not restrictive, and that 
reference be made to the appended claims rather than to the 
foregoing description to indicate the Scope of the invention. 
What is claimed is: 

1. An automated Skin perfusion pressure measuring 
device comprising: 

an inflatable cuff; 
a first Sensor in communication with the cuff; 
a Second Sensor in communication with the cuff for 

reading pressure levels in the cuff; 
a pressure instrument in fluid communication with the 

cuff for inflation and deflation thereof, the pressure 
instrument comprising: 

a Source of pressurized air; 
a conduit connected to the Source of pressurized air and 

the cuff, thereby placing the Source of pressurized air in 
fluid communication with the cuff; 

a microprocessor arranged to receive inputs from the first 
Sensor and the Second Sensor, the microprocessor 
capable of controlling preSSurized airflow to and from 
the cuff; 

a computer program executable by the microprocessor 
Such that when executed, the computer program causes 
the microprocessor to: 
initiate an automatic inflation Sequence resulting in a no 

flow condition; 
initiate an automatic deflation Sequence; 
automatically qualify a perfusion measurement as an 
SPP value upon one or more conditions being met 
during the deflation Sequence. 

2. The automated skin perfusion pressure measuring 
device of claim 1 wherein the first Sensor is positioned 
underneath the cuff. 

3. The automated skin perfusion pressure measuring 
device of claim 1 wherein the first Sensor is positioned distal 
to the cuff. 

4. The automated Skin perfusion pressure measuring 
device of claim 1 wherein the first Sensor is positioned inside 
a bladder within the cuff. 
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5. The automated Skin perfusion pressure measuring 
device of claim 1 wherein the first sensor is selected from the 
group consisting of optical probe means, pulse OXimeter 
means, optical plethemography means, motion detecting 
means, and laser Doppler means. 

6. The automated Skin perfusion pressure measuring 
device of claim 5 wherein the optical probe means com 
prises a laser transmitter fiber and a receiver photodiode. 

7. The automated Skin perfusion pressure measuring 
device of claim 5 wherein the optical probe means com 
prises a laser transmitter. 

8. The automated Skin perfusion pressure measuring 
device of claim 7 wherein the optical probe means further 
comprises a receiver photodiode. 

9. The automated Skin perfusion pressure measuring 
device of claim 5 wherein the optical probe means is 
connected to the pressure instrument via a fiber optic cable. 

10. The automated Skin perfusion pressure measuring 
device of claim 1 wherein Said one or more conditions 
comprise the perfusion measurement being within 1 mmHg 
to approximately 150 mmHg. 

11. The automated Skin perfusion pressure measuring 
device of claim 10 wherein if Said perfusion measurement is 
less than 0.20% and said cuff pressure is less than 100 
mmHg, then Said one or more conditions comprise a perfu 
sion increase of from 10% to 50% from a previous perfusion 
measurement. 

12. The automated Skin perfusion pressure measuring 
device of claim 10 wherein if Said perfusion measurement is 
greater than 0.02% and Said cuff preSSure is greater than or 
equal to 100 mmHg, the Said one or more conditions 
comprise a perfusion increase of from about 20% to about 
80%. 

13. The automated Skin perfusion pressure measuring 
device of claim 10 wherein if Said perfusion measurement is 
from 0.15% to about 0.20% and said cuff pressure is any 
valid cuff preSSure, the Said one or more conditions comprise 
a perfusion increase of from about 25% to about 100%. 

14. The automated Skin perfusion pressure measuring 
device of claim 10 wherein if Said perfusion measurement is 
less than 0.15% and said cuff pressure is any valid cuff 
preSSure, the Said one or more conditions comprise a per 
fusion increase of from about 50% to about 200%. 

15. The automated Skin perfusion pressure measuring 
device of claim 1 wherein the Said one or more conditions 
comprises the perfusion measurement being from about 
0.05% to about 0.2%. 

16. The automated Skin perfusion pressure measuring 
device of claim 1 wherein Said one or more conditions 
comprise whether Steps following the perfusion measure 
ment being tested for as an SPP value are decreasing. 

17. The automated Skin perfusion pressure measuring 
device of claim 16 wherein if the cuff pressure is low, the 
number of StepS analyzed following the perfusion measure 
ment being tested for as an SPP value is one. 

18. The automated Skin perfusion pressure measuring 
device of claim 16 wherein if the cuff pressure is at a 
medium range, the number of StepS analyzed following the 
perfusion measurement being tested for as an SPP value is 
tWO. 

19. The automated Skin perfusion pressure measuring 
device of claim 16 wherein if the cuff pressure is high, the 
number of StepS analyzed following the perfusion measure 
ment being tested for as an SPP value is three. 
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20. The automated Skin perfusion pressure measuring 
device of claim 16 wherein if the cuff pressure is very high, 
the number of StepS analyzed following the perfusion mea 
surement being tested for as an SPP value is five. 

21. The automated Skin perfusion pressure measuring 
device of claim 1 wherein Said one or more conditions 
comprise whether Steps following the perfusion measure 
ment being tested for as an SPP value are increasing. 

22. The automated Skin perfusion pressure measuring 
device of claim 21 wherein if the cuff pressure is low, the 
number of StepS analyzed following the perfusion measure 
ment being tested for as an SPP value is one. 

23. The automated Skin perfusion pressure measuring 
device of claim 21 wherein if the cuff pressure is at a 
medium range, the number of StepS analyzed following the 
perfusion measurement being tested for as an SPP value is 
tWO. 

24. The automated Skin perfusion pressure measuring 
device of claim 21 wherein if the cuff pressure is high, the 
number of StepS analyzed following the perfusion measure 
ment being tested for as an SPP value is three. 

25. The automated Skin perfusion pressure measuring 
device of claim 21 wherein if the cuff pressure is very high, 
the number of StepS analyzed following the perfusion mea 
surement being tested for as an SPP value is five. 

26. The automated Skin perfusion pressure measuring 
device of claim 1 further comprising a display monitor 
operably connected to the pressure instrument and capable 
of displaying data. 

27. The automated Skin perfusion pressure measuring 
device of claim 26 wherein the display monitor is capable of 
displaying data pertaining to microcirculation within an 
observation volume of tissue. 

28. The automated Skin perfusion pressure measuring 
device of claim 26 wherein the display monitor is further 
capable of displaying data pertaining to cuff pressure. 

29. The automated Skin perfusion pressure measuring 
device of claim 28 wherein the display monitor is further 
capable of graphically displaying cuff pressure verSuS 
microcirculation within an observation Volume of tissue. 

30. The automated Skin perfusion pressure measuring 
device of claim 1 wherein the cuff comprises a transparent 
window uSeable to observe the perfusion Sensor. 

31. A method of measuring skin perfusion preSSure in a 
patient comprising: 

providing an inflatable cuff in communication with a first 
Sensor, 

initiating an automatic inflation Sequence resulting in a no 
flow condition; 

initiating an automatic deflation Sequence, and 
automatically qualifying a perfusion measurement as an 
SPP value upon one or more conditions being met 
during the deflation Sequence. 

32. The method of claim 31 wherein initiating an auto 
matic inflation Sequence comprises: 

inflating the cuff to a first pressure; 
Verifying the first Sensor is detecting and measuring 

perfusion; 

inflating the cuff to a Second pressure; 
Verifying a no flow condition is achieved, otherwise: 
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increasing cuff pressure in predetermined increments until 
a no flow condition is achieved; 

aborting the inflation Sequence if the cuff pressure attains 
a predetermined maximum value before a no flow 
condition is achieved. 

33. The method of claim 32 wherein inflating the cuff to 
a first pressure comprises inflating the cuff to 5 mmHg to 10 
mmHg. 

34. The method of claim 32 wherein inflating the cuff to 
a Second pressure comprises inflating the cuff to approxi 
mately the patient's Systolic pressure. 

35. The method of claim 32 wherein increasing the cuff 
preSSure in predetermined increments until a no flow con 
dition is achieved comprises increasing the cuff pressure in 
predetermined increments of approximately 40 mmHg until 
a no flow condition is achieved. 

36. The method of claim 31 wherein automatically quali 
fying a perfusion measurement as an SPP value upon one or 
more conditions being met during the deflation Sequence 
further comprises identifying that the measured skin perfu 
Sion pressure is not the result of motion artifact. 

37. The method of claim 31 wherein automatically quali 
fying a perfusion measurement as an SPP value upon one or 
more conditions being met during the deflation Sequence 
comprises determining whether the perfusion measurement 
is within a valid range to qualify as an acceptable SPP value. 

38. The method of claim 37 wherein determining whether 
the perfusion measurement is within a valid range to qualify 
as an acceptable SPP value comprises determining whether 
the perfusion measurement is within 1 mmHg to approxi 
mately 150 mmHg. 

39. The method of claim 31 wherein automatically quali 
fying a perfusion measurement as an SPP value upon one or 
more conditions being met during the deflation Sequence 
comprises determining whether a perfusion increase from a 
prior measurement is greater than a predetermined minimum 
increase value. 

40. The method of claim 39 wherein determining whether 
a perfusion increase from a prior measurement is greater 
than a predetermined minimum increase value comprises 
determining whether the perfusion increase is from 10% to 
50% when the perfusion measurement is greater than 0.20% 
and the cuff pressure is less than 100 mmHg. 

41. The method of claim 39 wherein determining whether 
a perfusion increase from a prior measurement is greater 
than a predetermined minimum increase value comprises 
determining whether the perfusion increase is from 20% to 
80% when the perfusion measurement is greater than 0.20% 
and the cuff pressure is greater than or equal to 100 mmHg. 

42. The method of claim 39 wherein determining whether 
a perfusion increase from a prior measurement is greater 
than a predetermined minimum increase value comprises 
determining whether the perfusion increase is from 25% to 
100% when the perfusion measurement is from 0.15% to 
0.20% and the cuff pressure is any valid cuff pressure. 

43. The method of claim 39 wherein determining whether 
a perfusion increase from a prior measurement is greater 
than a predetermined minimum increase value comprises 
determining whether the perfusion increase is from 50% to 
200% when the perfusion measurement is less than 0.15% 
and the cuff pressure is any valid cuff preSSure. 

44. The method of claim 31 wherein automatically quali 
fying a perfusion measurement as an SPP value upon one or 
more conditions being met during the deflation Sequence 
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further comprises analyzing a number of Subsequent perfu 
Sion measurements to determine whether the Subsequent 
perfusion measurements are increasing or decreasing. 

45. The method of claim 44 wherein analyzing a number 
of Subsequent perfusion measurements to determine whether 
the Subsequent perfusion measurements are increasing or 
decreasing comprises analyzing one Subsequent perfusion 
measurement if the cuff pressure is from 0 to 20 mmHg. 

46. The method of claim 44 wherein analyzing a number 
of Subsequent perfusion measurements to determine whether 
the Subsequent perfusion measurements are increasing or 
decreasing comprises analyzing two Subsequent perfusion 
measurements if the cuff pressure is from 10 to 50 mmHg. 

47. The method of claim 44 wherein analyzing a number 
of Subsequent perfusion measurements to determine whether 
the Subsequent perfusion measurements are increasing or 
decreasing comprises analyzing three Subsequent perfusion 
measurements if the cuff pressure is from 40 to 120 mmHg. 

48. The method of claim 44 wherein analyzing a number 
of Subsequent perfusion measurements to determine whether 
the Subsequent perfusion measurements are increasing or 
decreasing comprises analyzing five Subsequent perfusion 
measurements if the cuff pressure is from 80 mmHg to 150 
mmHg. 

49. The method of claim 44 wherein automatically quali 
fying a perfusion measurement as an SPP value upon one or 
more conditions being met during the deflation Sequence 
further comprises a condition Selected from the group con 
sisting of (i) when the cuff pressure is less than 15 mmHg 
and one Subsequent perfusion measurement is increasing; 
(ii) when cuff pressure is from 15 to 20 mmHg and two 
Subsequent perfusion measurements are increasing; (iii) 
when cuff pressure is from 50 to 100 mmHg and three 
Subsequent perfusion measurements are increasing; (iv) 
when cuff pressure is 100 mmHg to 150 mmHg and five 
Subsequent perfusion measurements are increasing. 

50. A device for measuring skin perfusion pressure in a 
patient comprising: 

an inflatable cuff with perfusion Sensing means for Sens 
ing perfusion in communication with Said cuff; 

means for automatically inflating the cuff, according to an 
automatic inflation Sequence, to a pressure resulting in 
a no flow condition; 

means for automatically deflating the cuff according to an 
automatic deflation Sequence; 

means for testing a perfusion measurement against a set of 
predetermined criteria to reject motion artifact and 
automatically qualify an SPP value. 

51. The device of claim 50 wherein the automatic inflation 
Sequence comprises: 

inflating the cuff to a first pressure; 

Verifying the perfusion Sensing means is detecting and 
measuring perfusion; 

inflating the cuff to a Second pressure; 

Verifying a no flow condition is achieved; 

increasing cuff preSSure in predetermined increments until 
a no flow condition is achieved; 
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aborting the inflation Sequence if the cuff pressure attains 
a predetermined maximum value before a no flow 
condition is achieved. 

52. The device of claim 50 wherein the automatic inflation 
sequence inflates the cuff to a first pressure of 5 mmHg to 10 
mmHg. 

53. The device of claim 50 wherein the automatic inflation 
Sequence inflates the cuff to the patient's Systolic preSSure. 

54. The device of claim 50 wherein the automatic inflation 
Sequence increases the cuff pressure in predetermined incre 
ments of 40 mmHg until a no flow condition is achieved. 

55. The device of claim 50 wherein the automatic defla 
tion Sequence comprises: 

(a) releasing pressure from the cuff at a desired controlled 
rate, 

(b) monitoring the deflation rate; 
(c) aborting the deflation sequence if the deflation rate is 

not Substantially equal to the desired controlled rate; 

(d) analyzing whether a perfusion measurement qualifies 
as an SPP value using the testing means, 

(e) determining whether at least one automatic Stop cri 
terion has been met; 

(f) repeating Steps (a)-(e) until at least one automatic Stop 
criterion has been met; 

(g) reporting the SPP value from step (d) if any. 
56. The device of claim 55 wherein the automatic defla 

tion Sequence further comprises: 

(h) after a predetermined number of repetitions of steps 
(a)-(e) in the absence of an acceptable SPP value, 
continuing to repeat steps (a)-(e) for a predetermined 
period of time; 

(i) displaying perfusion measurements on a display for 
physician interpretation. 

57. The device of claim 55 wherein analyzing whether a 
perfusion measurement qualifies as an acceptable SPP value 
comprises identifying that the measured perfusion pressure 
is not the result of motion artifact. 

58. The device of claim 55 wherein analyzing whether a 
perfusion measurement qualifies an acceptable SPP value 
comprises determining whether the perfusion measurement 
is within a valid range of pressure to qualify as an acceptable 
SPP value. 

59. The device of claim 58 wherein determining whether 
the perfusion measurement is within a valid range to qualify 
as an acceptable SPP value comprises determining whether 
the perfusion measurement is within 1 mmHg to approxi 
mately 150 mmHg. 

60. The device of claim 55 wherein analyzing whether a 
perfusion measurement qualifies an acceptable SPP value 
comprises determining whether a perfusion increase from a 
prior measurement is greater than a predetermined minimum 
increase value. 

61. The device of claim 60 wherein determining whether 
a perfusion increase from a prior measurement is greater 
than a predetermined minimum increase value comprises 
determining whether at least one of the following criteria is 
met: 
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a perfusion measurement greater than 0.20% when cuff 
preSSure is less than 100 mmHg, and the perfusion 
increase is from 10% and 50%; 

a perfusion measurement greater than 0.20% when cuff 
preSSure or greater than or equal to 100 mmHg, and the 
perfusion increase is from 20% and 80%; 

a perfusion measurement of from 0.15% to 0.20% when 
the cuff pressure is any valid cuff pressure, and the 
perfusion increase is from 25% to 100%; 

a perfusion measurement is less than 0.15%, when the cuff 
preSSure is any valid cuff pressure, and the perfusion 
increase is from 50% to 200%. 

62. The device of claim 60 wherein determining whether 
a perfusion increase from a prior measurement is greater 
than a predetermined minimum increase value comprises 
determining whether one of the following criteria is met: 

a perfusion measurement greater than 0.20% with a cuff 
preSSure less than 100 mmHg, and the perfusion 
increase is 25%; 

a perfusion measurement greater than 0.20% with a cuff 
preSSure greater than or equal to 100 mmHg, and the 
perfusion increase is 40%; 

a perfusion measurement equal to from 0.15% to 0.20% 
with any valid cuff pressure, and the perfusion increase 
is 50%; 

a perfusion measurement less than 0.15% with any valid 
cuff pressure, and the perfusion increase is 100%. 

63. The device of claim 55 wherein analyzing whether a 
perfusion measurement qualifies as an acceptable SPP value 
comprises determining whether the perfusion measurement 
is from 0.05% to 0.2%. 

64. The device of claim 55 wherein analyzing whether a 
perfusion measurement qualifies an acceptable SPP value 
comprises: 

comparing the perfusion measurement to Subsequent per 
fusion measurements to determine whether the Subse 
quent perfusion measurements are increasing or 
decreasing; 

qualifying the perfusion measurement as an SPP value if 
one criteria is met Selected from the group consisting of 
(i) a cuff pressure of from 0 to 20 mmHg and one 
Subsequent perfusion measurement is increasing; (ii) a 
cuff pressure of from 10 to 50 mmHg and two Subse 
quent perfusion measurements are increasing; (iii) a 
cuff pressure of from 40 to 120 mmHg and three 
Subsequent perfusion measurements are increasing; (iv) 
a cuff pressure greater than 80 mmHg and five Subse 
quent perfusion measurements are increasing. 

65. The device of claim 64 wherein qualifying the per 
fusion measurement as an SPP value comprises qualifying 
the perfusion measurement as an SPP value if one criteria is 
met Selected from the group consisting of (i) a cuff pressure 
less than 15 mmHg and one Subsequent perfusion measure 
ment is increasing; (ii) a cuff pressure from 15 to 20 mmHg 
and two Subsequent perfusion measurements are increasing; 
(iii) a cuff pressure of from 50 to 100 mmHg and three 
Subsequent perfusion measurements are increasing; (iv) a 
cuff pressure of from 100 mmHg to 150 mmHg and five 
Subsequent perfusion measurements are increasing. 
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66. The device of claim 55 wherein analyzing whether a 
perfusion measurement qualifies as an SPP value comprises: 

defining a perfusion change profile; 
determining whether the perfusion measurement is one of 

a Sequence of perfusion measurements that fits the 
perfusion change profile. 

67. The device of claim 66 wherein defining a perfusion 
change profile comprises defining a profile in which a 
measured perfusion measurement meets the criteria Selected 
from the group consisting of (i) when cuff pressure is from 
0 to 20 mmHg, a next Subsequent perfusion measurement is 
not decreasing; (ii) when cuff pressure is from 10 to 50 
mmHg, two immediately Subsequent perfusion measure 
ments are not decreasing; (iii) when cuff pressure is from 40 
to 120 mmHg, three immediately Subsequent perfusion 
measurements are not decreasing; (iv) when cuff pressure is 
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greater than 80 mmHg, five immediately Subsequent perfu 
Sion measurements are not decreasing. 

68. The device of claim 67 wherein defining a perfusion 
change profile comprises defining a profile in which a 
measured perfusion measurement meets the criteria Selected 
from the group consisting of (i) when cuff pressure is less 
than 15 mmHg, a next Subsequent perfusion measurement is 
not decreasing; (ii) when cuff pressure is from 15 to 20 
mmHg, two immediately Subsequent perfusion measure 
ments are not decreasing; (iii) when cuff pressure is from 50 
to 100 mmHg, three immediately Subsequent perfusion 
measurements are not decreasing; (iv) when cuff pressure is 
from 100 mmHg to 150 mmHg, five immediately subse 
quent perfusion measurements are not decreasing. 


