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7) ABSTRACT

The disclosed embodiments relate to a system and method for
monitoring patient data. An exemplary method comprises
obtaining plethysmographic pulse variation data that corre-
sponds to a variation in a plethysmographic pulse of a patient,
searching the plethysmographic pulse variation data for an
indication of a reduction of venous return in response to a
maneuver on or by the patient, and generating an output if the
indication of the reduction of venous return is detected.
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MANEUVER-BASED PLETHYSMOGRAPHIC
PULSE VARIATION DETECTION SYSTEM
AND METHOD

FIELD OF THE INVENTION

[0001] This invention relates systems and methods for
detecting and monitoring adverse disorders in clinical medi-
cine.

BACKGROUND AND SUMMARY OF THE
INVENTION

[0002] Acute reductions in venous return are potential
problems in hospitals, nursing homes and in the home envi-
ronment. Actions which reduce venous return, particularly
those which increase the intrathoracic pressure are common
in the critical care unit. Many factors other than blood volume
affect the respiratory variation of pulse pressure, cardiac out-
put and heart rate. This is particularly true when a patient has
acomponent of respiratory distress. Systems which detect the
magnitude of respiratory variation in pulse pressure as a
means for determining blood volume or venous return are
unreliable in situations wherein the patient is experiencing a
significant increase in respiratory effort. There is a need fora
system which reliably detects a reduction in venous return or
blood volume.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG.1isablock diagram of a system that is adapted
to analyze data corresponding to variations in a plethysmo-
graphic pulse signal in accordance with an exemplary
embodiment of the present invention; and

[0004] FIG. 2 is a process flow diagram illustrating a
method of processing patient data in accordance with an
exemplary embodiment of the present invention.

DETAILED DESCRIPTION

[0005] An exemplary embodiment of the present invention
detects a cardiovascular variation indicative of reduced
venous return in timed relation to a maneuver in addition to or
other than tidal breathing, which maneuver is known to
reduce venous return, so that the timed relationship of the
maneuver can be determined in relation to the induced car-
diovascular variation to thereby better establish the presence
of reduced venous return. An exemplary embodiment of the
present invention comprises a venous return assessment sys-
tem and method. Furthermore, exemplary embodiments of
the present invention may comprise a system and method to
identify a timed pattern of at least one fall in venous return to,
for example, identify patients with more sustained patterns of
blood pressure fall or with incomplete recovery after the fall.
Accordingly, an exemplary reduced venous return detection
system comprises a hemodynamic signal detector, such as a
pulse oximeter, an input device for automatically or manually
inputting an occurrence of a maneuver, such as adjusting peep
or changing a parameter on a mechanical ventilator), and a
processor for generating a time series of a hemodynamic
signal (such as a plethysmographic pulse signal) and for
outputting an indication based on both the maneuver and the
time series. In one exemplary embodiment, the processor is
programmed to determine at least one variation of the pulse
signal (such as the systolic variation of the plethysmographic
pulse), to output a time series of the variation and to detect a
threshold and/or pattern of variation and to output an indica-
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tion based on the detection. The variation of the plethysmo-
graphic pulse signal is one example of hemodynamic varia-
tion data that corresponds to a variation in intravascular
hemodynamics of a patient. In another exemplary embodi-
ment, the processor outputs a signal corresponding to at least
one pleth waveform component prior to the maneuver (such
as the amplitude of the pleth signal, for example, the average
minimum of the pleth signal, the average maximum ampli-
tude of the pleth signal, or a value indicative of a respiratory-
related plethysmographic waveform variation). The proces-
sor then outputs the pattern or value indicative of at least one
pleth waveform component after the maneuver and then com-
pares the value or pattern prior to the maneuver with the value
or pattern after the maneuver. The processor can determine
and/or calculate the difference between the pre-maneuver and
post maneuver values.

[0006] One exemplary embodiment of detecting reduced
venous return according to an exemplary embodiment of the
present invention comprises measuring at least one pleth
waveform component, inputting the occurrence of a maneu-
ver on a patient into a processor, measuring at least one pleth
waveform component after the maneuver, comparing the
pleth waveform component measured before the maneuver to
the pleth waveform component after the maneuver. Another
exemplary embodiment includes the acts of deriving a time
series of a pleth waveform component, providing an indica-
tion of the time of at least one maneuver along the time series
and outputting the time series. Another exemplary embodi-
ment may include the act of comparing a pleth waveform
pattern before a maneuver to the pleth waveform pattern after
the maneuver.

[0007] FIG. 1isablock diagram of a system that is adapted
to analyze data corresponding to variations in a plethysmo-
graphic pulse signal in accordance with an exemplary
embodiment of the present invention. The system is generally
referred to by the reference number 100. The system 100
comprises a pulse oximeter 102, which is connected to a
processor 104. The processor 104 may be programmed to
perform calculations and analysis on data corresponding to
variations in a plethysmographic pulse signal. In the exem-
plary embodiment illustrated in FIG. 1, the pulse oximeter
102 is adapted to receive plethysmographic pulse data from a
plethysmographic sensor 106, which may be connected to a
patient. In an alternative embodiment, the processor 104 may
be adapted to analyze previously obtained data stored in a
memory 108, which is coupled to the processor 104. The
exemplary system 100 may include an input device 110 to
signal the performance of a maneuver by or on a patient. In
this way, data being evaluated by the system 100 may be
analyzed in the context of when it occurred relative to the
performance of the maneuver. While an exemplary embodi-
ment of the invention comprises the pulse oximeter 102, other
devices that detect and/or monitor a hemodynamic pulse
related parameter such as, for example, a pressure transduced
arterial catheter, a continuous blood pressure monitor, or a
digital volumetric plethysmograph, to name a few, may be
employed to detect the hemodynamic and systolic pressure
variations discussed below. The system 100 may additionally
include an output device 112, such as a printer, display device,
alarm or the like. The output device 112 may be adapted to
signal or provide an indication of a condition detected by the
processor 104.

[0008] Those of ordinary skill in the art appreciate that the
detection and quantification of at least one pleth waveform
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component (such as magnitude of the respiratory related
variation of the pleth) is possible. One method of processing
the pleth signal is described in U.S. Pat. No. 7,081,095 (the
contents of which are incorporated by reference as if com-
pletely disclosed herein). An example of a pleth waveform
component is the pleth variation associated with ventilation
as calculated from the plethysmographic pulse of the pulse
oximeter 102, which is a sensitive indicator of intravascular
blood volume in patients undergoing mechanical ventilation.
The plethysmographic waveform (or pulse) variation can, for
example, be outputted as a percentage of the peak pleth ampli-
tude (see, for example, Pulse Oximetry Plethysmographic
Waveform During Changes in Blood Volume, British Journal
of Anesthesia, 82 (2): 178-81 (1999), the contents of which
are hereby incorporated by reference as if completely dis-
closed herein).

[0009] However, while a decrease in effective venous
return (as induced by a decrease in blood volume) commonly
increases the respiratory-related pleth waveform (or systolic
pressure) variation, a rise in respiratory effort can also
increase this variation so that the linkage of this variation to
the intravascular volume becomes much more complex in
spontaneously breathing patients. Simplistic approaches,
which attempt to determine the trend of the this plethysmo-
graphic waveform variation to determine blood volume, can
provide a false trend which may suggest a falling blood vol-
ume due to a plethysmographic waveform variation cased by
a rising respiratory effort due to bronchospasm, pulmonary
embolism, or even an excess in blood volume inducing pul-
monary edema.

[0010] Theinventor ofthe present invention has recognized
that, because the pleth waveform variation increases with
both a fall in effective venous return or an increase in respi-
ratory effort (which can be associated with excess venous
return, heart failure and increases in lung water), the pattern
of the pleth waveform variation (or other pleth waveform
components) are best analyzed in timed relation to a maneu-
ver (such as a change in a mechanical ventilation setting),
which is known to reduce venous return, especially in disease
states and in the presence of certain medications or in states of
low blood volume so that the relationship of the change in
pleth waveform variation to the maneuver can be determined
to thereby better establish the presence of reduced venous
return and to identify when the magnitude of venous return
and/or the vasoconstrictive arterial response to a decline in
venous return, is abnormal.

[0011] In an exemplary embodiment of the present inven-
tion, the processor 104 is programmed to detect a falling
SPO2 combined with a rising magnitude of the pleth respira-
tory variation or a change or a pattern of change in a plethys-
mographic pulse component in relation to a maneuver that
potentially reduces venous return. In an exemplary embodi-
ment of the present invention, the processor 104 can be pro-
grammed, as by using an objectification method, to convert
the plethysmographic time seties into program objects such
as dipoles (see, e.g. U.S. patent application Ser. No. 10/150,
842 filed on Aug. 21, 2003 (now U.S. Patent Publication No.
20030158466), the contents of which are incorporated by
reference as if completely disclosed herein) and objects com-
prised of events such as rises and falls and reciprocations
(fundamental level).

[0012] Reciprocation objects can be defined by the user or
by adaptive processing, as a threshold or pattern of reduction
of amplitude, peak value, nadir value, slope, area under the
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curve (AUC) or the like. The components of the rises and falls
such as the peaks, the nadirs, the slopes, or the AUC, to name
a few, can be applied to render the composite level of the
plethysmographic time series. The pattern of the reciproca-
tions of one or more of these values (the composite level) can
use used to detect respiration rate wherein the respiration rate
is defined as the average number of reciprocations at the
composite level per minute. More complex variations in the
pattern of the plethysmographic pulse will also be detectable
at the composite level such as apneas or sustained variations
in blood flow to the finger (as, for example, may be induced by
a mechanical ventilator setting change or a change in body
position from the supine to the upright position). The SPO2
can be similarly processed in parallel with the pulse and the
pattern of the pulse at the any level of the pulse compared with
the pattern of the SPO2 at any level.

[0013] In an exemplary embodiment of the present inven-
tion, the number of reciprocations per minute and/or the
magnitude of the amplitude of the reciprocations, amplitude,
as determined by calculating the number of reciprocations per
minute, is compared using the processor 104 with the time
series of the SPO2 at, for example, the raw, dipole or funda-
mental level. The relationship between these two time series
determined by the processor 104 may be used to detect and
quantify the relationship between the ventilation time series
(derived of the plethysmographic pulse) and the oxygen satu-
ration time series.

[0014] In an exemplary embodiment of the present inven-
tion, the processor 104 is programmed to detect a change
(such as a fall) in a plethysmographic pulse component (as for
example the components noted above) in response to a
maneuver, which affects venous return to the heart. Examples
of such maneuvers include changes in a mechanical ventilator
(such as an increase in positive pressure delivery to the
patient, an increase in positive and expiratory pressure deliv-
ery to the patient, a change or changes in tidal volume, PEEP,
respiration rate, I: E ratio, an exogenous ventilation maneuver,
to name a few examples). The processor 104 can be pro-
grammed to automatically detect the maneuver or to receive
an input from the input device 110 indicative of the occur-
rence or pattern of the maneuver. In an exemplary embodi-
ment of the present invention, the input device 110 can be
accessed through a menu which can allow the user to specify
the maneuver.

[0015] In an exemplary embodiment of the present inven-
tion, the processor 104 is adapted to detect reduced venous
return. An input is provided via the input device 110 when the
patient undergoes a maneuver. The beginning of the maneu-
ver may be taken into account when analyzing the corre-
sponding SPO2, respiration and ventilation data. A variation
in a least one component of the plethysmographic pulse may
be quantified and a relationship between the variation and the
maneuver may be identified. By way of example, a fall in the
average pleth amplitude (such as the systolic variation) of
about 20% or more in response to a maneuver can result in an
output that indicates to an attendant that there is a potentially
significant reduction in venous return in association with the
maneuver. Alternatively, the processor 104 can be pro-
grammed to detect an increase in the reciprocation amplitude
at the composite level of about 20-40% or more can output an
indication of the presence and/or magnitude and/or pattern of
orthostatic variation in the pleth amplitude pattern. In one
exemplary embodiment of the present invention, the pulse
oximeter 102 is adapted to be used for spot checks of the
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SPO2. The system may also be adapted to display a menu on,
for example, either the input device 110 or the output device
112 depending on system design considerations. A user may
specify that one or more maneuver(s) is (are) to be initiated
via the menu. The user may then be instructed to press a
button or touch the screen at the time the maneuver is initi-
ated. The processor 104 tracks the pattern of the pleth and
outputs and detects threshold pattern changes or lack thereof
as noted above. An indication (such as a textual indication or
alarm) of the presence or absence of threshold maneuver
induced variation value and/or pattern may be provided. In
addition, the slope or other components of the pattern of the
variation subsequent to the maneuver can be determined and
quantified. A time series indicative of the variation with the
points of the occurrence of the maneuver marked along the
time series may be outputted for over reading by the physi-
cian. Furthermore, a time series of one or more of the maneu-
vers may also be created. A time series of pleth variation data
may be compared to the time series of one or more maneu-
vers.

[0016] In another exemplary embodiment of the present
invention, the plethysmographic monitor system 100 serves
as a pulse rate and pattern detection system. The processor
104 is programmed to determine the time intervals of the
pleth including the time between pulses, and the time of
systole, the time of diastole, the time of the rise, the time of the
fall, and the pattern of pulses. Different patterns can be
detected such as the pattern of atrial fibrillation (for example,
identified by detecting an irregularly irregular interval
between pulses and/or an irregularly irregular pulse ampli-
tude), or a paroxysmal tachycardia (for example, detected by
noting a precipitous increase in pulse rate which resolves
precipitously). This pulse rhythm and pulse amplitude diag-
nostic function is complementary to the detection of a fall in
venous return. This allows a routine ambulatory pulse oxime-
ter to serve as a cardiac arrhythmia screener with the detection
of premature beats (as well as the fall in pulse amplitude
associated with premature beats to be detected and quantified.
The presence of a severe fall in amplitude (for example 50%
or more) suggests poor cardiac function or the presence of a
ventricular premature beat. A high degree of pleth amplitude
variation in a patient during routine rest monitoring, with a
pattern which is not suggestive of atrial fibrillation is sugges-
tive of significant cardiac disease. In one embodiment the
magnitude of beat to beat variation of at least one component
of the pleth (such as magnitude of variation of the pulse
pressure) is determined and a time series of the variation is
derived. The average and median variation for different time
intervals is determined as a marker of cardiac function and
health. If desired the variation can be filtered to eliminate or
separate the cyclic variation which occurs with ventilation in
some patients and both ventilation related variation and non
ventilation related ventilation can be reported separately.

[0017] Inyetanother exemplary embodiment ofthe present
invention, a time series of the respiratory rate (as for example
determined from the pleth), a time series of the pleth varia-
tion, and a time series of the SPO2 are compared to identify
the pattern relationships between these parameters such as a
rise in pleth variation and a fall in SPO2, a rise in pleth
variation and rise in respiratory rate, and/or a rise in respira-
tory rate and a fall in SPO2 and/or in relation to a maneuver.
The processor 104 may be programmed to detect pathophysi-
ologic divergence of the respiratory rate and/or the pleth
variation and/or the SPO2.
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[0018] In an exemplary embodiment of the present inven-
tion, an associated processor may be programmed to detect an
oxygen saturation parameter (such as the ratio of ratios and/or
the SPO2) and arespiration parameter (such as the respiration
rate) and a magnitude of pleth variation. For example, the
magnitude of pleth variation may be determined by the pleth
amplitude and/or pleth slope variation. The pattern of the time
series of the respiratory rate may then be compared with the
pattern of the SPO2 to detect and abnormal relationship, such
as pathophysiologic divergence with an increasing difference
between the respiratory rate and the SPO2, for example. The
processor may be programmed to output an indication based
on the detection of the pattern or absolute value of the rela-
tionship and/or to output an index value indicative the rela-
tionship. The detection of a rise in respiration rate associated
with a fall in plethysmographic pulse variation can be
detected, quantified, and the pattern of the relationship ana-
lyzed and tracked by the processor. The processor can be
programmed to provide an updated indication of the relation-
ship and the pattern of the relationship to the user. The method
of processing can, for example, be of the type discussed in
U.S. Pat.No. 7,081,095 (the contents of which is incorporated
by reference as if completely disclosed herein). In an exem-
plary embodiment of the present invention, a plurality of
parameters are combined to determine the global respiratory
variation, including the amplitude of the events (at the fun-
damental level), the variation of the peak values (fundamental
level). and the variation of the nadirs (also fundamental level).
[0019] Thesystem 100 may comprise an optional ventilator
114 operatively coupled to the processor 104. The ventilator
114 may comprise an airflow generator 116 that is adapted to
deliver an airflow to a patient. The system 100 may optionally
include an oxygen source 118, the application of which may
be controlled by the processor 104 via an optional oxygen
flow valve 120. The processor 104 may be programmed so
that the time series of the systolic pleth variation (for
example) is displayed on the output device 112 adjacent a
time series of at least one ventilation parameter. The proces-
sor 104 can be programmed for example to detect a pattern or
threshold increase in systolic pressure variation in relation to
a ventilator change and to output an indication of the pattern
or threshold increase to the operator.

[0020] FIG. 2 is a process flow diagram illustrating a
method of processing patient data in accordance with an
exemplary embodiment of the present invention. The diagram
is generally referred to by the reference number 200. At block
202, the process begins.

[0021] At block 204, plethysmographic pulse variation
data is obtained. The plethysmographic pulse data, which
corresponds to a variation in a plethysmographic pulse of a
patient, may be obtained, for example, from a memory device
or directly from monitoring a patient in real time. At block
206, the plethysmographic pulse variation data is searched for
an indication of a reduction of venous return in response to a
maneuver performed on or by the patient. An output, such as
an alarm, printout and/or display, is generated if the indication
ofreduction of venous return is detected, as indicated at block
208. At block 210, the process ends.

[0022] In another embodiment the aforementioned time
series objectification processing system can be employed
with a plurality of parameters during a learning interval to
automatically optimize subsequent therapy at subsequent
times when less parameters are available for monitoring. In
accordance with an exemplary embodiment of the present
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invention, during an initial learning period, at least one tem-
porary target parameter is monitored in relation to the deliv-
ery of therapy in response to at least one working parameter.
The target parameter is a parameter that is monitored tempo-
rarily during a learning period and that changes in relation to
changes in the therapeutic parameter when those changes in
the therapeutic parameter are made in response to a pattern or
threshold value of a working parameter and wherein therapy
applied in response to variations along the working parameter
cause or would cause repeatable changes in the target param-
eter. While the working parameter provides desirable infor-
mation concerning dosing or timing of the therapy, it may not
be linearly or otherwise optimally related to the therapeutic
goal so that it is generally the target parameter which is more
completely indicative of the therapeutic goal.

[0023] According to an exemplary embodiment of the
present invention, during a learning period the processor 104
(FIG. 1) recognizes at least one relationship between at least
one characteristic of a time series of therapeutic parameter
and at least one characteristic of a time series of a working
parameter (which may be a preset relationship), and identifies
a pattern or threshold value along the time series of the target
parameter which is associated with that relationship. If the
time series of the target parameter is not exhibiting the desired
pattern or threshold value, the generated therapeutic output
(and the associated the times series of the therapeutic param-
eter) is then repeatedly adjusted to change at least one of its
characteristics in relation to the time series of the working
parameter, until the desired pattern or threshold value along
the time series of the target parameter is achieved. The rela-
tionships between the characteristics of the time series of the
therapeutic parameter and characteristics of the time series of
the working parameter which is associated with the desired
pattern or threshold value in the target time series are termed
“therapeutic characteristic matches” and are stored to
memory. The step above can be repeated during the learning
period for various ranges of breathing patterns and values (as
by having the patient proceed through different maneuvers
such as exercise, talking, or eating) to identify the “therapeu-
tic match” for each range of breathing patterns and/or values.
[0024] During routine operation, after the learning period
has been completed, the processor 104 (FIG. 1) is pro-
grammed to respond to dynamic changes in the time series of
the working parameter by frequently adjusting therapy to
maintain the presence of at least one of the therapeutic
matches to achieve desired patterns and thresholds of the
target parameter without the need to monitor the target
parameter. Ifno match is available, the processor 104 (FIG. 1)
adjusts the therapy to a default value. If a high number of
adjustments to a default value are occurring, the processor
104 (FIG. 1) is programmed to notify the user that additional
learning intervals may be useful.

[0025] Inoneexemplary embodiment, the target parameter
is physiologically linked to the working parameter and can be
the physiologic subordinate of the working parameter so that
specific therapy applied in timed response to specific patterns
or events along the working parameter will produce repeat-
able changes along the target parameter.

[0026] According to one aspect of the present invention, the
automated detection of patterns or timing events along at least
one time series of at least one working parameter is used to
trigger delivery of a therapy while a target parameter is being
monitored during a learning period and this timing is adjusted
until the desired pattern(s) or threshold(s) of the target param-
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eter is achieved. The timing and dose of therapy in relation to
specific patterns or timing of events along at least one time
series of at least one working parameter which achieved the
desired time series of the target parameter is then recorded by
the processor 104 (FIG. 1) and used for subsequent delivery
of therapy when time series of the target parameter is not
available. In one exemplary embodiment, an auto optimiza-
tion algorithm is initially defined during at least one learning
period with a plurality of target parameters.

[0027] An exemplary embodiment of the present invention
comprises a processor-driven ambulatory oxygen conserva-
tion and therapy system. During ambulatory oxygen therapy,
it is readily possible to continuously monitor nasal pressure
through a nasal cannula but it is cumbersome to continuously
monitor the SPO2. However, SPO2 is the target parameter
that is preferably optimized during routine day to day activi-
ties, such as exercise and sleep. According to an exemplary
embodiment of the present invention, the processor 104 (FIG.
1) can be programmed to control the output of an oxygen
delivery device using an inputted time series of the SPO2 as a
target parameter during a temporary learning period to iden-
tify desirable oxygen flow characteristics in response to spe-
cific breathing characteristics. In this embodiment, the SPO2
is applied as a target parameter and the nasal pressure is
applied as a working parameter. Oxygen flow from the oxy-
gen delivery system toward the cannula is applied as the
therapeutic parameter. The processor 104 (FIG. 1) is pro-
grammed to control the valve 120 on the oxygen source 118
to deliver a specific pattern and/or rate of oxygen flow through
the nasal cannula in relation to at least one specific pattern
and/or rate of breathing, and to detect the occurrence of an
unfavorable or favorable SPO2 pattern or value, and to adjust
the oxygen flow characteristics upon the occurrence of an
unfavorable SPO2 pattern or value until a desirable SPO2
pattern or value is identified. The processor 104 (FIG. 1)
identifies the timing rate and pattern relationship between
oxygen flow (the oxygen flow characteristics) and the timing
rate and pattern of breathing (the breathing characteristics)
which are associated with a favorable SPO2 pattern or value
and thereby identifies a “therapeutic characteristic match”.
The processor 104 (FIG. 1) is programmed to apply the thera-
peutic characteristic match during a subsequent routine
operation period by adjusting to the matched oxygen flow
characteristics whenever a given previously detected breath-
ing characteristic is detected.

[0028] Inone exemplary embodiment of the present inven-
tion, the processor 104 (FIG. 1)-based method of optimiza-
tion of a target physiologic parameter comprises the steps of:
(1) placing a medical device having a processor, a therapeutic
output, and monitoring sources of at least two physiologic
inputs in monitoring communication and therapeutic connec-
tion with a patient; (2) initiating a training period; (3) during
the training period, monitoring a first input indicative of the
target parameter and further monitoring a second input
indicative of a surrogate parameter; (4) adjust the timing of
the therapy in relation to the surrogate parameter to improve
the target parameter; (5) identify at least one timing relation-
ship between the therapy and the surrogate parameter which
is associated with the desired pattern or threshold of the target
parameter; and (6) after the training period, delivering
therapy in accordance with the identified relationship to
achieve the desired pattern or threshold of the target param-
eter without monitoring the target parameter.
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[0029] Theexemplary embodiment discussed above can be
used to address an issue that occurs with home oxygen
supplementation. Conventional oxygen reservoir systems
often include oxygen conservation systems that detect breath-
ing by nasal pressure and provide a pulse of oxygen during
inspiration to conserve oxygen (by the avoidance of the pro-
vision of potentially wasted oxygen during exhalation). In
one exemplary embodiment of the present invention, a por-
table oxygen concentrator is provided to continuously replace
the oxygen in a small reservoir (which may be an elastomeric
reservoir capable of containing pressurized oxygen of a small
volume, for example, a volume of about 100 m1 of oxygen or
less). As discussed below, the processor 104 (FIG. 1) controls
the valve 120 (FIG. 1) to deliver oxygen with highly effica-
cious timing and flow characteristics so that the concentrator
and an associated battery can have much less weight and be
compact and still provide sufficient oxygen (for example a
continuous output of only 0.5 liter per minute but delivered in
a 0.25 second pulse delivered with a substantially square
waveform at a flow rate of 4 liters minute). In conventional
oxygen delivery systems, inspiration effort is often quite vari-
able in response to different activities. Additionally, the trans-
mission of the effort to the nasal cannula may be delayed by
dynamic hyperinflation (auto peep) which has to be overcome
before negative pressure is generated at the nostril. In these
situations, an important component of the pulse of oxygen
may be provided too late or not at all in various situations
associated with alterations in the breathing rates or patterns
(such as exercise, talking or eating). Since this “oxygen pulse
timing failure” commonly occurs during exercise when oxy-
gen is needed most to reduce dyspnea it is a significant issue.
For this reason, oxygen conserving devices are often least
useful during intervals when the patient has the greatest need.

[0030] U.S. Pat. No. 6,371,114, which is entitled “Control
Device for Supplying Supplemental Respiratory Oxygen,”
the disclosure of which is incorporated by reference as if
completely disclosed herein, describes a control device for
supplying supplemental oxygen using a pulse oximeter. How-
ever, an aspect of the system disclosed in U.S. Pat. No. 6,371,
114 is the dependence of a closed loop device on continuous,
or at least frequent, measurements of oxygen for optimal
oxygen conservation. The inconvenience of being connected
to even a simple wrist oximeter with a transmitter-based
connection to the oxygen conservation valve system is not
conducive to optimal long term ambulatory application out-
side the hospital. This issue has hampered widespread appli-
cation of such devices. There has long been a need for an
oxygen conservation delivery system and method which does
not need continuous or near continuous oxygen measure-
ments to provide for optimal oxygen delivery and conserva-
tion during a wide range of physiologic states including exer-
cise. An exemplary embodiment of the present invention is
directed to such a system and method.

[0031] An exemplary embodiment of the present invention
comprises the oximeter (or other oxygen detecting device)
102 (FIG. 1), in communication with the processor 104 (FIG.
1) controlling the oxygen flow valve 120 (FIG. 1) mounted to
the source of oxygen 118 (FIG. 1). The processor 104 (FIG. 1)
is programmed to learn the oxygen flow characteristics which
achieve the desired target SPO2 value during various training
periods such as rest, exercise, eating, and in relation to spe-
cific respiratory patterns, rates and respiratory efforts. Oxy-
gen flow characteristics include, for example, the magnitude
of the oxygen flow rate, the oxygen flow rate waveform,
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and/or the timing of the oxygen flow waveform in relation to
the inspiration or expiration waveform. The processor 104
(FIG.1) s further programmed to retain in memory the favor-
able settings defined during the learning periods and to apply
those setting in response to variations in nasal pressure during
routine use when an oximeter is not available.

[0032] In an exemplary embodiment of the present inven-
tion, the pulse oximeter, the processor 104 (FIG. 1), and the
oxygen valve system can be connected to a conventional
system for delivery of nasal cannula oxygen. The processor
104 (FIG. 1) can be configured to detect and record the nasal
pressure time series (the surrogate parameter) contempora-
neous with the timed oxygen saturation time series (the target
parameter). The processor is further programmed to auto
adjust the output of the oxygen flow valve 120 (FIG. 1) during
a range of training periods to allow auto optimization of
oxygen delivery and conservation for application during rou-
tine use (without the subsequent need for the oximeter). In
one embodiment the processor 104 (FIG. 1) has a setting for
“routine operation” when the oximeter would be not routinely
be connected, and a setting for “oxygen delivery training,”
when the oximeter is connected to the patient and the proces-
sor 104 (FIG. 1). The mode of operation can be selected from
amenu or the training setting can be automatically triggered
by the detection of acceptable SPO2 time series input of a
compatible pulse oximeter. The training setting is intended to
allow the user, or healthcare worker, to regularly update the
processor 104 (FIG. 1)-irduced outputted oxygen delivery
response patterns to the inputted nasal pressure time series.

[0033] In an exemplary embodiment of the present inven-
tion, the processor 104 (FIG. 1) is further programmed to
adjust the operation of the oxygen flow valve 120 (FIG. 1) if
the SPO2 time series exhibits adverse patterns (examples of
adverse SPO2 patterns include a fall below threshold value, a
fall toward a threshold value having a threshold slope, and a
cluster pattern of SPO2 reciprocation indicative of Cheyenne-
Stokes Respiration, to name a few). The processing system
which converts time series patterns into objects for analysis,
as discussed previously in this application, can be used for
analyzing and detecting patterns along the SPO2 (target) time
series and for analyzing and detecting patterns along the
breathing (surrogate) time series (such as nasal pressure time
series) and the oxygen delivery (therapeutic) time series for
comparing the time series to detect a relationship between a
pattern(s) or object(s) (such as a fall or rise along one time
series in relation to a fall or rise in the other time series after
adjusting for the expected delay between the time series.
Types of breathing patterns detected include those previously
discussed, such as rises and/or falls (and reciprocations) in the
slope, amplitude, or duration of at least one component of the
reciprocations along a time series of nasal tidal pressure,
and/or a times series respiratory rate. Also, relationships
between reciprocations, and/or rises and falls can be detected
as previously discussed.

[0034] In an exemplary embodiment of the present inven-
tion, the processor 104 (F1G. 1) is programmed to identify the
pattern(s) of breathing (as by the nasal pressure waveform)
which preceded a pattern of SPO2 (such as a range of specific
fall patterns) and to detect specific components or relation-
ships of that breathing pattern. Potential adverse pattern
objects of breathing relevant oxygen delivery include, for
example, an increasing slope (more rapidly negative) or
amplitude (more negative) of consecutive falls along the nasal
pressure time series or a reduction in the duration of the falls.
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These detected patterns may indicate the potential for higher
inspiration flow rates (which may dilute the inspired oxygen)
or shorter inspiration time (limiting the time for inspiration).

[0035] Upon detection of a specific adverse pattern (rel-
evant oxygen delivery) of breathing and upon detection of an
adverse pattern along the SPO2 waveform indicating that
oxygen delivery is not optimal, the processor 104 (FIG. 1) is
programmed to cause the valve 120 (FIG. 1) to modify the
oxygen delivery to improve the SPO2. For example, upon
detection of a shortening of the inspiration time in association
with a subsequent adverse SPO2 pattern, the processor 104
(FIG. 1) is programmed to adjust the timing of the oxygen
pulse delivery (in relation to the patent’s inspiration or expi-
ration), the oxygen flow rate, and the oxygen flow/time wave-
form, in response to the target SPO2 time series. The proces-
sor 104 (FIG. 1) is programmed to adjust for the delay (as
discussed previously) when it makes a determination of the
detected response of the pulse oximeter to the adjustments in
oxygen pulse timing, flow rate, flow waveform, or any other
change in oxygen delivery.

[0036] Inoneexemplary embodiment, the pulse oximeter is
connected with the processor 104 (FIG. 1), which is pro-
grammed to adjust the oxygen flow characteristics in
response to the time series of breathing (e.g. nasal pressure)
based on the output of the pulse oximeter. In an example, the
processor 104 (FIG. 1) can be programmed to respond to a fall
in SPO2 below 90% (or another preferred value) by shifting
the onset of the oxygen pulse to an earlier timing in response
to the onset of detected inspiration (for example 50-100 mil-
liseconds). Insome cases, this shift may mean that the oxygen
pulse will now be anticipatory and initiated before the
detected inspiration the relationship can be maintained how-
ever by measuring the rate of breathing or the time between
the onset or end of expiration and the selected onset of the
shifted pulse and then using the rate of breathing or the onset
or end expiration relationship to trigger the oxygen pulse. To
improve the SPO2, the oxygen flow characteristics can be
modified in many ways. For example the oxygen pulse can be
shifted (provided earlier or delayed) or prolonged. Addition-
ally, the oxygen flow or pressure waveform can be modified,
or any of these approaches can be combined. In an exemplary
embodiment of the invention, the processor 104 (FIG. 1) is
programmed to proceed through a sequence of changes to
oxygen flow characteristics to achieve a target SPO2 for each
change in breathing characteristic. For example, for an
increase in respiration rate above 14 or a rapidly upwardly
sloping respiration rate the processor 104 (FIG. 1) may adjust
the oxygen flow characteristics first initiating an earlier oxy-
gen pulse, then if this does not produce a satisfactory SPO2
(after the expected delay of 0.5-2 minutes, for example),
prolonging the pulse, then if this does not produce a satisfac-
tory SPO2 after the expected delay, modifying at least a
portion of the oxygen flow waveform (for example increasing
the instantaneous oxygen delivery flow rate in the initial
portion of the wave or prolonging the duration of the peak
instantaneous flow rate along the wave. Once satisfactory
target SPO2 has been achieved for a given set of breathing
character tics, the effective oxygen flow characteristics (and
the timed relationship of these oxygen flow characteristics to
the breathing characteristic), are recorded to the memory 108
(FIG. 1) by the processor 104 (FIG. 1) and used later during
the “routine operation” to adjust oxygen flow characteristics
in response to changes in the characteristics of breathing
without the presence for a pulse oximeter. In an example,
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during routine operation, in response to detection of a respi-
ration rate of 10 and an inspiration time of 1-2 seconds, the
processor 104 (FIG. 1) responds as programmed during the
prior learning period to cause the valve 120 (FIG. 1) to gen-
erate an oxygen pulse with a square waveform at 4 liters per
minute for one second, whereas upon subsequent detection by
the processor 104 (FIG. 1) of the breach of a threshold rise in
respiration rate to 16 breaths per minute (or, in another
example, a fall in inspiration time to less than one second) the
processor 104 (FIG. 1) may now respond (as also pro-
grammed during the prior learning period) to cause the valve
120 (FIG. 1) to make an adjustment to generate an changed
oxygen pulse of 0.75 second duration with a decelerating
waveform with a peak flow rate of 8 liters per minute. In this
example, these therapeutic choices are assumed to have been
identified by the processor as adequate to achieve the desired
target SPO2 during a prior learning period.

[0037] Another exemplary embodiment of the present
invention, which may be useful for the treatment of sleep
disordered breathing, comptises the pulse oximeter 102 (FIG.
1), the processor 104 (FIG. 1), a ventilator 114 (FIG. 1) and an
airflow generator 116 (FIG. 1) (such as a CPAP or Bi-level
non-invasive ventilator) connected to a system for delivery of
gas to the nose and/or mouth. The system for delivery of gas
may comprise the oxygen source 118 (FIG. 1) and the oxygen
flow valve 120 (FIG. 1). The processor 104 (FIG. 1) can be
configured to detect and record the pressure or flow time
series (the working parameter) contemporaneous with the
timed oxygen saturation time series (the target parameter).
The processor 104 (FIG. 1) is further programmed to auto
adjust the output of the flow valve 120 (FIG. 1) or airflow
generator 116 (FIG. 1) during a range of training periods to
allow auto optimization of gas delivery for application during
routine use (without the subsequent need for the oximeter). In
one exemplary embodiment, the processor 104 (FIG. 1) hasa
setting for “routine operation” when the oximeter 102 (FIG.
1) would not routinely be connected, and a setting for “oxy-
gen delivery training,” when the oximeter 102 (FIG. 1) is
connected to the patient and the processor 104 (FIG. 1). The
operational mode can be selected from a menu or the training
setting can be automatically triggered by the detection of
acceptable SPO2 time series input of a compatible pulse
oximeter. The training setting is intended to allow the user, or
healthcare worker, to regularly update the processor 104
(FIG. 1) induced outputted gas delivery response patterns to
the inputted pressure and/or flow time series.

[0038] In an exemplary embodiment of the invention, the
processor 104 (FIG. 1) is further programmed to adjust the
operation of the gas delivery valve and/or flow generator if the
SPO2 time series exhibits adverse patterns (examples of
adverse SPO2 patterns include; a fall below threshold value,
a fall toward a threshold value having a threshold slope, and a
cluster pattern of SPO2 reciprocations, to name a few). The
processing system which converts time series patterns into
objects for analysis, as discussed previously in this applica-
tion, can be used for analyzing and detecting patterns along
the SPO2 (target) time series and for analyzing and detecting
patterns along the breathing time series (such as flow time
series) and the gas delivery (therapeutic pressure) time series
for comparing the times series to detect a relationship
between a pattern(s) or object(s) (such as a fall or rise along
one time series in relation to a fall or rise in the other time
series after adjusting for the expected delay between the time
series. Types of breathing patterns detected include those
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previously discussed, such as rises and/or falls (and recipro-
cations) in the slope, amplitude, or duration of at least one
component of the reciprocations along a time series of pres-
sure or flow, and/or a times series respiratory rate. Also,
relationships between reciprocations, and/or rises and falls
can be detected as previously discussed. In an example, the
processor 104 (FIG. 1) is programmed to identify the pattern
(s) of breathing (as by the pressure and/or flow waveform)
which preceded a pattern of SPO2 (such as a range of specific
fall patterns) and to detect specific components or relation-
ships of that breathing pattern. Potential adverse pattern
objects of breathing relevant to oxygen delivery include, for
example, cluster of flow or pressure reciprocations indicative
of clusters of apneas, a progressively falling tidal pressure or
flow amplitude of consecutive breaths along the pressure or
flow time series. The adverse patterns indicative of upper
airway and ventilation instability have been extensively dis-
cussed herein.

[0039] Upon detection of a specific adverse pattern of
breathing and/or upon detection of an adverse pattern along
the SPO2 waveform indicating that oxygen delivery is not
optimal, the processor 104 (F1G. 1) is programmed to cause
the flow generator or valve modify the delivery of room air
and/or oxygen to improve the SPO2 in specific response to the
type of SPO2 pattern detected with or without consideration
of the pattern of another signal such as a ventilation signal.
For example, upon detection of a cluster of SPO2 reciproca-
tions, the processor 104 (FIG. 1) can be programmed to adjust
the magnitude of the end expiratory pressure delivery
(EPAP). In another example, upon detection of a rising ven-
tilation rate or other magnitude and a falling SPO2, the pro-
cessor 104 (FIG. 1) can be programmed to initiate oxygen or
increase the oxygen flow rate. In another example, upon
detection of a falling ventilation rate or other magnitude and
a falling SPO2 (indicative of hypoventilation), the processor
104 (FIG. 1) can be programmed to the inspiration pressure
(IPAP), the spontaneous breathing rate, and/or convert to a
mandatory breathing rate, the oxygen flow rate, and the oxy-
gen flow/time waveform, in response to the target SPO2 time
series. The processor 104 (FIG. 1) is programmed to adjust
for the delay (as discussed previously) when it makes a deter-
mination of the detected response of the pulse oximeter to the
adjustments in therapy.

[0040] In one exemplary embodiment, the processor 104
(FIG. 1) is programmed to provide a menu offering different
testing modes. The testing modes can be, for example, of the
types discussed above or as disclosed in U.S. patent applica-
tion Ser. No. 11/351,961, entitled “System and Method for
Automatic Detection of a Plurality of SPO2 Time Series,” the
contents of which are incorporated by reference as if com-
pletely disclosed herein, or U.S. patent application Ser. No.
11/351,690, entitled “System and Method for the Detection
of Physiologic Response to Stimulation,” the contents of
which are incorporated by reference as if completely dis-
closed herein. Examples of different modes that may be
employed include; a first mode for sleep testing, a second
mode for exercise testing, a third mode for maneuver testing,
to name a few. By selecting the mode, the operator causes a
respective program to be engaged, which provides an analysis
of the SPO2 time series and any additional time series pro-
vided based on the selected mode. In one example, the pro-
cessor 104 (FIG. 1) is programmed to receive automatic or
manual input at the onset of an event and the end of the event,
such as exercise. The processor is further programmed to
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compare the time series of SPO2 and/or pleth or other output
of the oximeter prior to the event, during the event and after
the event. The processor provides an output based on the
comparison. The output can comprise, for example the aver-
age SPO2 at rest prior to exercise, the lowest SPO2 with
exercise, the slope of the fall in SPO2 with exercise, the slope
of the rise in SPO2 after exercise, the time to return to resting
levels after exercise to name a few. The oximeter 102 (FIG. 1)
can be a compact, hand held or patient-mounted oximeter
with memory. A GPS monitor or other activity monitor (not
shown) may be added to the system to provide an input of a
time series to the processor indicative of activity for compari-
son with the time series of SPO2 and/or pleth. or other time
series.

[0041] In another exemplary embodiment, a time series of
SPO2, sound. and chest impedance is provided by a combined
audio sensor and chest wall impedance lead (not shown) for
adhesive application to the chest. Additional leads with or
without additional incorporated audio sensors can be applied
to other regions of the chest to provide simultaneous or near
simultaneous impedance and a plurality of sound time series
outputs form a plurality of locations on the chest to the pro-
cessor 104. The plurality of sound outputs can be used to
localize airflow and detect regional airflow limitation or fail-
ure (as, for example, indicative of a pneumothorax or mucous
plug. The processor 104 (F1G. 1) receives the impedance time
series and the audio time series and compares the impedance
time series to the audio time series to identify when the chest
wall is moving without breath sounds thereby detecting air-
way obstruction. A detected cluster pattern of chest imped-
ance variation combined with a detected cluster pattern from
the audio sensor can, for example, be analyzed in a manner
described in the aforementioned patents.

[0042] While the invention has been described in connec-
tion with what is presently considered to be the most practical
and preferred embodiments, it is to be understood that the
invention is not to be limited to the disclosed embodiments,
but on the contrary, is intended to cover various modifications
and equivalent arrangements included within the spirit and
scope of the appended claims.

What is claimed is:

1. A method of monitoring patient data, comprising:

obtaining plethysmographic pulse variation data that cor-

responds to a variation in a plethysmographic pulse of a
patient;

searching the plethysmographic pulse variation data for an

indication of a reduction of venous return in response to
identification of an input indicative of an occurrence of
a maneuver on or by the patient; and

generating an output if the indication of the reduction of

venous return is detected.

2. The method recited in claim 1, wherein the maneuver
comprises a change in a ventilator setting.

3. The method recited in claim 1, wherein the maneuver
comprises an exogenous ventilation maneuver.

4. The method recited in claim 1, wherein the maneuver
comprises a ventilation maneuver comprising an increase in
positive pressure delivery to the patient.

5. The method recited in claim 1, wherein the maneuver
comprises a ventilation maneuver comprising an increase in
positive and expiratory pressure delivery to the patient.

6. The method recited in claim 1, wherein the maneuver
comprises a position change.



US 2008/0200775 Al

7. The method recited in claim 1, wherein the pulse varia-
tion comprises at least one pulse amplitude variation.

8. The method recited in claim 1, wherein the plethysmo-
graphic pulse variation data comprises a number of recipro-
cations per minute.

9. The method recited in claim 1, wherein the plethysmo-
graphic pulse variation data comprises a magnitude of ampli-
tude of variation of the plethysmographic pulse.

10. The method recited in claim 1, wherein the plethysmo-
graphic pulse variation data comprises a magnitude of slope
variation of the plethysmographic pulse.

11. The method recited in claim 1, wherein the plethysmo-
graphic pulse variation data comprises a pulse rate.

12. The method recited in claim 1, comprising:

connecting the patient to a mechanical ventilator; and

inputting the occurrence of a ventilation maneuver induced
by the mechanical ventilator.

13. The method recited in claim 12, comprising detecting
data indicative of an occurrence of the maneuver on or by the
patient.

14. The method recited in claim 12, wherein the maneuver
comptises a change in a ventilator setting.

15. The method recited in claim 12, wherein the maneuver
comprises an exogenous ventilation maneuver.

16. The method recited in claim 1, comprising generating a
time series corresponding to the plethysmographic pulse
variation data.

17. The method recited in claim 16, wherein the maneuver
comprises a change in a ventilator setting.

18. The method recited in claim 16, wherein the maneuver
comprises an exogenous ventilation maneuver.

19. The method recited in claim 1, comprising:

generating a time series corresponding to the plethysmo-

graphic pulse variation data;

detecting data indicative of an occurrence of the maneuver

on or by the patient; and

detecting along the time series an indication of a reduction

of venous return in association with the maneuver.

20. The method recited in claim 19, comprising detecting
data indicative of an occurrence of a plurality of maneuvers,
wherein the maneuver comprises one of the plurality of
maneuvers.

21. The method recited in claim 19, comprising generating
a time series of the plurality of maneuvers.

22. The method recited in claim 21, comprising comparing
the time series of plethysmographic pulse variation data to the
time series of the plurality of maneuvers.

23. The method recited in claim 19, comprising searching
the time series of the plethysmographic pulse variation for a
pattern.

24. The method recited in claim 19, comprising comparing
the time series of the plethysmographic pulse variation before
the maneuver to the time series of the plethysmographic pulse
variation after the maneuver.

25. The method recited in claim 1, comprising:

generating a time series corresponding to the plethysmo-

graphic pulse variation data;

detecting data indicative of an occurrence of the maneuver

on or by the patient; and

detecting along the time series an indication of a reduction

of venous return subsequent to the maneuver.

26. The method recited in claim 25, wherein the maneuver
comprises a change in a ventilator setting
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27. The method recited in claim 25, wherein the maneuver
comprises an exogenous ventilation maneuver.

28. A system for monitoring patient data, comprising:

a plethysmographic sensor that is adapted to obtain
plethysmographic pulse variation data that corresponds
to a variation in a plethysmographic pulse of a patient;

a processor that is adapted to search the plethysmographic
pulse variation data for an indication of a reduction of
venous return in response to identification of an input
indicative of an occurrence of a maneuver on or by the
patient; and

an output device that is adapted to generate an output if the
indication of the reduction of venous return is detected.

29. The system recited in claim 28, wherein the maneuver
comprises a change in a ventilator setting

30. The system recited in claim 28, wherein the maneuver
comprises an exogenous ventilation maneuver.

31. The system recited in claim 28, wherein the maneuver
comprises a ventilation maneuver comprising an increase in
positive pressure delivery to the patient.

32. The system recited in claim 28, wherein the maneuver
comprises a ventilation maneuver comprising an increase in
positive and expiratory pressure delivery to the patient.

33. The system recited in claim 28, wherein the maneuver
comprises a position change.

34. The system recited in claim 28, wherein the pulse
variation comprises at least one pulse amplitude variation.

35. The system recited in claim 28, wherein the plethys-
mographic pulse variation data comprises a number of recip-
rocations per minute.

36. The system recited in claim 28, wherein the plethys-
mographic pulse variation data comprises a magnitude of
amplitude of variation of the plethysmographic pulse.

37. The system recited in claim 28, wherein the plethys-
mographic pulse variation data comprises a magnitude of
slope variation of the plethysmographic pulse.

38. The system recited in claim 28, wherein the plethys-
mographic pulse variation data comprises a pulse rate.

39. The system recited in claim 28, comprising:

a mechanical ventilator connected to the patient; and

wherein the processor is adapted to receive an input indica-
tive of the occurrence of a ventilation maneuver induced
by the mechanical ventilator.

40. The system recited in claim 39, wherein the processor
is adapted to detect data indicative of an occurrence of the
maneuver on or by the patient.

41. The system recited in claim 39, wherein the maneuver
comprises a change in a mechanical setting

42. The system recited in claim 39, wherein the maneuver
comprises an exogenous ventilation maneuver.

43. The system recited in claim 28, wherein the processor
is adapted to generate a time series corresponding to the
plethysmographic pulse variation data.

44. The system recited in claim 43, wherein the maneuver
comprises a change in a ventilator setting

45. The system recited in claim 43, wherein the maneuver
comprises an exogenous ventilation maneuver.

46. The system recited in claim 28, wherein the processor
is adapted to:

generate a time series corresponding to the plethysmo-
graphic pulse variation data;
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detect data indicative of an occurrence of the maneuver on

or by the patient; and

detect along the time series an indication of a reduction of

venous return in association with the maneuver.

47. The system recited in claim 46, wherein the processor
is adapted to detect data indicative of an occurrence of a
plurality of maneuvers, and wherein the maneuver comprises
one of the plurality of maneuvers.

48. The system recited in claim 46, wherein the processor
is adapted to generate a time series of the plurality of maneu-
vers.

49. The system recited in claim 48, wherein the processor
is adapted to compare the time series of plethysmographic
pulse variation data to the time series of the plurality of
maneuvers.

50. The system recited in claim 46, wherein the processor
is adapted to search the time series of the plethysmographic
pulse variation for a pattern.

51. The system recited in claim 46, wherein the processor
is adapted to compare the time series of the plethysmographic
pulse variation before the maneuver to the time series of the
plethysmographic pulse variation after the maneuver.

52. The system recited in claim 28, wherein the processor
is adapted to:

generate a time series corresponding to the plethysmo-

graphic pulse variation data;

detect data indicative of an occurrence of the maneuver on

or by the patient; and

detect along the time series an indication of a reduction of

venous return subsequent to the maneuver.

53. The system recited in claim 52, wherein the maneuver
comprises a change in a ventilator setting

54. The system recited in claim 52, wherein the maneuver
comprises an exogenous ventilation maneuver.

Aug. 21, 2008

55. A method of monitoring patient data, comprising:

obtaining plethysmographic pulse variation data that cor-
responds to a variation in a plethysmographic pulse of a
patient;
searching the plethysmographic pulse variation data for an
indication of a fall in venous return in response to pet-
formance of a maneuver on or by the patient; and

generating an output if the indication of a fall in venous
return is discovered.

56. A mechanical ventilation system, comprising;

an airflow generator adapted to provide an airflow to a

patient;

a ventilation monitor adapted to produce a ventilation out-

put corresponding to the airflow;,

a hemodynamic monitor adapted to generate a hemody-

namic output; and

a processor that is adapted to compare the ventilation out-

put to the hemodynamic output.

57. The mechanical ventilation system recited in claim 29,
wherein the processor is adapted to detect a ventilation
maneuver and to detect a change in the hemodynamic output
in response to the ventilation maneuver.

58. A mechanical ventilation system, comprising;

an airflow generator adapted to provide an airflow to a

patient;

a ventilation monitor adapted to produce a ventilation out-

put corresponding to the airflow;

a pulse oximeter adapted to generate a plethysmographic

pulse signal output;

aprocessor adapted to compare the ventilation output to the

plethysmographic pulse signal output.

59. The mechanical ventilation system recited in claim 58,
wherein the processor is adapted to detect a ventilation
maneuver and to detect a change in the plethysmographic
pulse signal output in response to the ventilation maneuver.
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