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METHODS AND SYSTEMS FOR MEASURING
AND COMMUNICATING PAIN AND
DISTRESS LEVEL

RELATED APPLICATIONS

[0001] This application claims priority benefit of U.S. Pro-
visional Application No. 61/390,482, filed on Oct. 6, 2010,
and U.S. Provisional Application No. 61/409,037, filed on
Nov. 1, 2010; the entirety of each of which is incorporated
herein by reference.

BACKGROUND

[0002] Infants in the newborn intensive care unit (NICU)
are vulnerable due in part to the critical stage of their neu-
rodevelopment and also because of the noxious nature of
many procedures that they experience as part of the standard
and common life-saving interventions that they bear. Such
procedures can range from something as innocuous as a dia-
per change to invasive “skin breaking” procedures, such as
catheter placements and circumcision.

[0003] Each of these procedures can be cause for pain and
distress in infants and possibly associated with both immedi-
ate and longer-term poor health outcomes. Simply put, pro-
cedures undertaken by these infants can carry a neurological
burden or load that may be harmful to infant development.
Currently, there is controversy in the literature as to when and
how procedures should be performed in the NICU; with some
advocating for the grouping or “clustering” of procedures,
and others pointing to the detrimental synergistic effects of
such a strategy. Because an average of 14 distress-causing
procedures are performed on these infants in the NICU per
day, it can be advantageous for clinicians to better understand
the effects of these procedures.

[0004] The measurement, monitoring, and/or indication of
distress and pain may assist clinicians in determining, in a
clinically meaningful manner, the timing, number, and nature
of procedures to be performed. Distress and pain, however,
are a challenge to measure, and particularly so with non-
communicative or non-verbal patients, such as newborn
infants. Some methodologies for measuring pain in newborns
includes the use of “penand paper” scales that are filled out by
clinicians to arrive at what is commonly referred to as a “pain
score.”

SUMMARY

[0005] Because determinations of measuring pain can be
rather subjective, clinicians also monitor vitals signs, such as
heart rate and respiration, determine pain and distress expe-
rienced by an infant. Notwithstanding the use of these pain
measuring methodologies, however, presently there is no
metric to quantify the distress and pain associated with the
procedures themselves. Consequently, there is no formal way
of measuring the potential impact of a clinicians’ actions, or
of quantitatively anticipating the potential effect of routine
procedural interventions. Existing attempts at quantifying
and classifying procedural distress intensity are limited to
investigational methods (i.e., not clinical or bedside tools)
and are at best categorical. Having a more precise means of
estimating procedure-associated distress in patients, such as
infants may help clinicians make better-informed decisions
about the potential effects of the procedure and the subse-
quent timing or delivery of additional procedures.
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[0006] It can be advantageous, therefore, to have systems
and methods for effectively communicating the distress or
pain experienced by the patients. It can also be advantageous
to have an objective quantification of procedural distress in
the NICU and/or a tool to track and display the current state of
distress of patients, such as newborn infants, based on the
nature of the clinical procedures experienced.

[0007] The subject technology generally relates to patient
care and pain management and, in particular, to methods and
systems for detecting, monitoring, and indicating pain and/or
distress and various methods and systems for communicating
a pain level for a patient.

[0008] According to various embodiments of the subject
technology, methods of communicating a pain level of a
patient are disclosed. The methods may include acquiring
objective measurements of one or more parameters associ-
ated with the pain level, and translating the one or more
parameters into a single pain score. In some embodiments
two ormore parameters are translated into a single pain score.
The methods may further include displaying a representation
of the single pain score. In some embodiments, acquiring the
objective measurements of one or more parameters associ-
ated with the pain level may include one or more of acquiring
a signal corresponding to heart rate of the patient, acquiring a
signal corresponding to facial electromyography of the
patient, and/or acquiring a signal corresponding to hand flex-
ing of the patient. In one embodiment, the acquired signal
may be a heart rate variability signal. In some embodiments,
translating the one or more parameters into a single pain score
includes adding the one or more parameters, applying Bool-
ean logic to the one or more parameters, and/or processing the
one or more parameters with a neural network. In some
embodiments, the representation of the single pain score
comprises a visual representation, such as visible light. In at
least one embodiment, the visible light is emitted from a ball
or orb, such as a frosted-glass ball

[0009] According to various embodiments of the subject
technology, systems are provided for measuring and commu-
nicating pain level. The system may include a sensory level
input device, and a processor communicably coupled to the
sensory level input device, the processor having executable
code configured to translate data received from the sensory
level input device into a pain score. The system may further
include a display configured to provide a representation of the
pain score. In some embodiments, the sensory level input
device is configured to provide data about one or more pain
level parameters. The sensory level input device may include
one or more of an electrocardiogram monitor configured to
provide data about heart rate, a facial electromyography
monitor configured to provide data about facial electromyo-
graphy, and/or a hand flexure sensor to provide data about
hand flexing. In some embodiments, the sensory level input
device may include an interface configured for use by a cli-
nician, and the processor may utilize a procedure load index
to translate the data received from the sensory level input
device into the pain score.

[0010] Insomeembodiments, therepresentationofthe pain
score includes an indication of decay of the pain score over
time. In other embodiments, the display provides a visual
representation of the pain score, wherein the display com-
prises a ball or orb, and the visual representation comprises a
colored light emitted from the ball or orb. In some embodi-
ments, the processor may be configured to translate the data
received from the one or more pain level parameters by sum-
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ming the data, applying Boolean logic to the data, and/or
processing the data with a neural network. In other embodi-
ments, the processor and the display are housed in a tablet PC.
[0011] According to various embodiments of the subject
technology, methods of measuring distress in a patient are
disclosed. The methods may include acquiring an objective
indication of a distress level of the patient, and translating
data from the indication of the distress level into a distress
score. The methods may further include displaying a repre-
sentation of the distress score on a display. In some embodi-
ments, acquiring the objective indication of the distress level
of the patient may include assigning the distress level based
on selection of a particular distressing procedure, and trans-
lating data from the indication of the distress level into the
distress score can include looking up a pre-determined dis-
tress level associated with the particular distressing procedure
in a procedure load index. In some embodiments, the methods
may further include calculating future distress scores, and
displaying the calculated future distress scores, where calcu-
lating future distress scores comprises applying a distress
score decay rate to the distress score.

[0012] According to various embodiments of the subject
technology, methods of determining when to perform a dis-
tressing procedure are disclosed. The methods may include
determining a first distress score and determining a second
distress score. The methods may also include determining
whether the combination of the first distress score and the
second distress score exceed a predetermined limit. In some
embodiments, determining the first distress score further
includes acquiring objective indication of a first distress level,
and translating data from the indication of the first distress
level into the first distress score. In at least one embodiment,
acquiring objective indication of distress level can include
clinician input of the distress level. In some embodiments, the
first distress score includes distress measured from at least
one prior distressing procedure. The first distress score may
have decayed at a predetermined rate from an initial distress
score present at the time of the prior distressing procedure. In
some embodiments, the second distress score is determined
by looking up the distressing procedure in a procedure load
index. In one or more embodiments, the methods may further
include projecting decay of the first distress score and the
second distress score and calculating when the combination
of the first distress score and the second distress score will fall
below the predetermined limit. In other embodiments, the
methods may further include calculating a third distress score
and determining whether the combination of the first distress
score, the second distress score, and the third distress score
exceed the predetermined limit.

[0013] Additional features and advantages of the subject
technology will be set forth in the description below, and in
part will be apparent from the description, or may be learned
by practice of the subject technology. The advantages of the
subject technology will be realized and attained by the struc-
ture particularly pointed out in the written description and
embodiments hereof as well as the appended drawings.
[0014] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the subject technology.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide further understanding of the subject technology and
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are incorporated in and constitute a part of this specification,
illustrate aspects of the disclosure and together with the
description serve to explain the principles of the subject tech-
nology.

[0016] FIG. 1 illustrates an exemplary system for commu-
nicating pain level, in accordance with various embodiments
of the subject technology.

[0017] FIG. 2 illustrates examples of various sensory level
input devices, in accordance with various embodiments of the
subject technology.

[0018] FIGS. 3-5 illustrate examples of circuit diagrams
that produce a pain level parameter signal for sensory level
input devices, in accordance with various embodiments of the
subject technology.

[0019] FIG. 6 illustrates an example of signal combination
schemes, in accordance with various embodiments of the
subject technology.

[0020] FIG. 7 illustrates a flowchart of a method for com-
municating pain level, in accordance with various embodi-
ments of the subject technology.

[0021] FIG. 8 illustrates an exemplary system for measur-
ing pain or distress, in accordance with various embodiments
of the subject technology.

[0022] FIG. 9 illustrates a flowchart of a method for mea-
suring pain or distress, in accordance with various embodi-
ments of the subject technology.

[0023] FIG. 10 illustrates a flowchart of a method for deter-
mining when to perform a distressing procedure, in accor-
dance with various embodiments of the subject technology.
[0024] FIG. 11 illustrates a bar chart that provides proce-
dural load index values that can be applied to various distress-
ing procedures.

[0025] FIG. 12 illustrates an exemplary generalized labeled
magnitude scale.

DETAILED DESCRIPTION

[0026] Inthe followingdetailed description, numerous spe-
cific details are set forth to provide a full understanding of the
subject technology. It will be apparent, however, to one ordi-
narily skilled in the art that the subject technology may be
practiced without some of these specific details. In other
instances, well-known structures and techniques have not
been shown in detail so as not to obscure the subject technol-
ogy.

[0027] FIG. 1illustrates isa system 100 for communicating
a pain or distress level experienced by a patient, according to
one or more aspects of the disclosure. The system 100
includes a sensory level input device 102, a processor 104,
and a display 106. The system 100 may be a standalone
bedside device having separate components, or it may be
incorporated into a larger system, such as a bedside monitor
or an infusion pump.

[0028] The sensory level input device 102 may include one
or more sensory inputs 108 configured to measure and collect
data about one or more pain level parameters. While only
three sensory inputs 108 are depicted in FIG. 1, more or less
than three sensory inputs 108 may be employed without
departing from the scope of the disclosure. The processor 104
is communicably coupled, either wired or wirelessly, to the
sensory level input device 102 and includes executable code
configured to translate the data received from the sensory
level input device 102 into a pain score, also characterized
herein as a distress score. The display 106 is communicably
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coupled, either wired or wirelessly, to the processor 104 and
configured to provide a representation of pain score.

[0029] In exemplary operation, the system 100 measures,
monitors, and indicates distress and/or pain associated with
distress-causing procedures experienced by vulnerable
patients, such as infants in the newborn intensive care unit
(NICU) and/or other non-communicative individuals. Such
distress-causing procedures can range from invasive proce-
dures, such as catheter placements, to seemingly innocuous
procedures, such as diaper changes. The system 100 com-
bines various behavioral and physiologic signs implicated in
pain experience and expression into one objective, real-time
output provided at the bedside of the vulnerable patient. This
real-time output is provided via the display 106 and can be in
the form of a digitally-displayed number, a visual indicator,
an auditory indicator, or any other output designed to alert the
clinician of a calculated pain or distress score registered by
the patient.

[0030] In some embodiments, the display 106 may be an
ambient device, such as a frosted-glass ball or orb (as illus-
trated), that is capable of changing color or light intensity in
response to the input received from the processor 104. In
other embodiments, the display 106 may be an LED or other
light-emitting interface adapted to represent the output pro-
vided from the processor 104 in a subtle, intuitive, and clear
manner. Accordingly, changes in the status of the patient,
such as an increase in pain, may be easily recognizable as a
change in color or intensity of light emitted by the display
106. This approach may prove beneficial since it provides a
clinician with immediate feedback from the vulnerable
patient as to her status related to clinically-relevant signs of
pain.

[0031] In some embodiments, the display 106 may be a
computer monitor or screen, or any other device or apparatus
capable of providing a visual or otherwise quantifiable rep-
resentation of the pain score to the clinician. In some embodi-
ments, the display 106 may include speakers or other types of
auditory devices capable of providing the clinician with an
audible alert as to pain or distress experienced by the patient.

[0032] Referring now to FIG. 2, the one or more sensory
inputs 108 (shown as first, second, and third sensory inputs
108a, 1085, and 108c¢, respectively) in the sensory level input
device 102 may be configured to acquire various signals
associated with pain level parameters that reflect distress
and/or pain in the patient. The rationale behind the selection
of the signals derived by the first, second, and third sensory
inputs 108a-¢ is founded on their involvement in the pain
display 106. Acquiring distress and/or pain signals involves
the gathering of specific behavioral and/or physiologic dis-
plays of pain, whether induced internally or externally on the
patient.

[0033] As illustrated, the sensory level input device 102
may monitor and acquire several types of signals associated
with corresponding pain level parameters, such as heart rate
metrics 202a (e.g., heart rate and heart rate variability
(HRV)), electromyography of the mouth (EMG) 2025 (e.g.,
facial grimacing), and/or finger splaying (FS) 202¢. As can be
appreciated, several other types of distress and pain signals
corresponding to other pain level parameters may be acquired
via the sensory level input device 102 such as, but not limited
to, galvanic skin response (GSR) signals, electroencephalog-
raphy (EEG) signals, near-infrared spectroscopy (NIRS) sig-
nals, combinations thereof, or the like. The ultimate decision
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as to how many and which combination of signals is ideal or
required may vary depending on the application.

[0034] AsshowninFIG. 2, the first sensory input 108a may
be configured to capture heart rate and/or HRV corresponding
to the first pain level parameter 202a. The first sensory input
108a may include an electrocardiogram signal commonly
outputted by existing technology, such as a GENERAL
ELECTRIC® NICU monitor or other electrocardiogram
monitors that provide data about heart rate, or may be any
external device adapted to provide heartbeat or pulse detec-
tion. The signal may be derived through an electrocardiogram
circuit, such as the exemplary circuit 300 illustrated in FIG. 3.
It will be appreciated, however, that various forms of the
electrocardiogram circuit 300 may be employed to obtain the
desired signal, without departing from the scope of the dis-
closure. The signal may be acquired via one or more skin
electrodes, processed by the sensory level input device 102, or
otherwise, through an algorithm, changed from time domain
to a frequency domain, and a specific frequency in the HRV
may be monitored for indications of pain/distress.

[0035] Still referring to FIG. 2, the second sensory input
1085 may be configured to capture facial grimacing of the
patient corresponding to the second pain level parameter
202b. The second sensory input 1085 may include a facial
electromyography monitor adapted to provide data about
facial electromyography. In some embodiments, facial gri-
macing may be captured by one or more skin electrodes
placed over a specific area of the face that indicate a vertical
opening of the mouth, thereby providing an associated elec-
tromyography (EMG) signal. The EMG signal may be pro-
cessed through several types of EMG circuits, such as, butnot
limited to, the EMG circuit illustrated in FIG. 4.

[0036] Finger splaying (FS) may be captured by the third
sensory input 108¢ corresponding to the third pain level
parameter 202¢. To obtain appropriate FS signals, a small
hand flexure sensor may be used, the flexure sensor being
configured to provide data about hand flexing on the palm of
the hand of the patient. In operation, the flexure sensor senses
the opening and closing of the hand and, via standard bedside
electrodes, provides the FS signal. The design of the flexure
sensor may combine various materials and techniques safe
enough for the sensitive skin of an infant, yet resilient enough
configured to withstand clinical and engineering demands,
such as fluctuating temperature and humidity. In some
embodiments, the FS signal is obtained through the flexure
sensor circuit 500 illustrated in FIG. 5. It will be appreciated,
however, that various forms of the flexure sensor circuit 500
may be used to obtain the desired signal, without departing
from the scope of the disclosure.

[0037] In one or more embodiments, the various signals
(e.g., HRV, EMG, and FS) may be interpreted “off line” so as
to develop accurate and precise interpretive algorithms of the
data. Thus, the signals may be processed and stored on a hard
drive for further analysis. For example, the signals may be
first collected or otherwise retrieved via the sensory inputs
108a-c, then initially/basically processed in real-time at the
bedside of the patient (e.g., yes/no; on/off) using the sensory
level input device 102. The resulting signal data is subse-
quently stored for further algorithm development, such as for
research and development purposes. Once the algorithm
refinement is satisfactory, the data may be displayed as a
signal output for clinical purposes. Displaying the data viathe
display 106 may be in addition to, or as an alternative to, the
storage of the signal data.
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[0038] Once the sensory level input device 102 has col-
lected the data regarding the pain level parameters 202a-c, the
data is transmitted to the processor 104 for signal processing.
Signal processing may include software and decision making
algorithms involved in interpreting signal input data and
translating it into a clinically-meaningful metric imple-
mented using microcontroller or other computational tech-
niques. As can be appreciated, various alternatives or tech-
niques for signal processing may be used. For example, as
illustrated in F1G. 6, the processor 104 may perform a simple
sum of inputs 602, apply Boolean logic to the inputs 604, or
use a neural network 606 to provide an output. However,
signal processing is not limited to these examples. The output
from the processor 104 may be used by or otherwise trans-
mitted to the display 106.

[0039] Several advantages are gained using the system 100,
as will be apparent to those skilled in the art. For example, an
immediate interpretation and visual depiction of pertinent
pain and/or distress data is provided to the clinician. Conse-
quently, there is no need to fill out time-intensive paper scales,
or calculate individual potential deviations in biophysiologic
signs. Also, the system 100 provides an objective, machine-
processed, constant display of these data such that subjective
human judgment in the form of infant observation for signs is
entirely removed. Moreover, the pain score is empirically
derived from multiple behavioral and physiological sources
(i.e., the pain level parameters). As can be appreciated, mul-
tidimensional and triangulated signals may be preferable over
individual signals. At least one more advantage of the system
100 may be in the subtle graphic nature of the ambient display
106 (e.g., the ambient orb or ball described above), which is
non-intrusive and therefore does not add a potential noxious
burden of additional alarms in already loud patient settings,
such as the NICU.

[0040] Referring now to FIG. 7, illustrated is a flowchart of
amethod for communicating pain level, according to one or
more embodiments of the disclosure. The method may
include acquiring objective measurements of parameters
associated with the pain level, as at 702. One or more of the
pain level parameters may include, but are not limited to,
HRM. facial EMG, and finger splaying. Other pain level
parameters may be measured, depending on the application.
The signal acquired to determine HRM may include a signal
corresponding to heart rate (e.g., from a heart rate monitor),
such as an HRV signal. The signals acquired to determine
facial EMG and finger splaying may include signals corre-
sponding to facial electromyography and hand flexing,
respectively.

[0041] The method may also include translating the pain
level parameters into a single pain score, as at 704. In one
embodiment, the parameters are translated into the single
pain score using a simple sum of the data inputs. In other
embodiments, the parameters are translated into the single
pain score using Boolean logic, a neural network, combina-
tions thereof, or the like. The method may further include
displaying a representation of the pain score, as at 706. In one
embodiment, the pain score is displayed or otherwise repre-
sented via an ambient display, such as a frosted-glass ball or
orb that changes colors or light intensity to indicate pain or its
magnitude.

[0042] Thus, a process and system is disclosed that may
capture, treat, store, interpret and output signals, employing
interactive techniques with current technologies (e.g., tap-
ping into the beside monitor). The combination of signals
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chosen, the manner of their collection (e.g., specific place-
ment of leads) and their integration into one device may have
many advantages. Applications for the subject technology
may include monitoring pain and/or distress in premature
infants. Other applications may include pain and distress
monitoring in non-communicative populations regardless of
age (e.g., critically ill individuals, the cognitively impaired,
etc.) as well as potential broad applications for parental moni-
toring of newborn infants.

[0043] Referring now to FIG. 8, illustrated is a system 800
for measuring pain and/or distress, in accordance with vari-
ous embodiments of the subject technology. The system 800
may be substantially similar to the system 100 described
above with reference to FIG. 1, excepting the differences
noted and discussed below. Accordingly, the system 800 may
be best understood with reference to FIG. 1 and its attendant
discussion, where similar numbers correspond to similar ele-
ments that will not be described again in detail.

[0044] Similar to system 100 of FIG. 1, system 800
includes a sensory level input device 802, a processor 104,
and a display 106. The system 800 may be embodied as a
computer, such as a tablet PC (not illustrated), that houses the
sensory level input device 802, the processor 104, and/or the
display 106. Alternatively, the system 800 may be incorpo-
rated into a larger system, such as a bedside monitor or an
infusion pump. In some embodiments, the system 800 may be
a standalone bedside device. For simplicity, FIG. 8 illustrates
the system 800 as a standalone device with the sensory level
input device 102, processor 104, and display 106. The sensory
level input device 802 is configured to provide an indication
of pain or distress level to the processor 104, and the proces-
sor 104 includes executable code to translate data from the
sensory level input device 802 into a pain or distress score.
The display 106 provides a visual representation of the pain
score.

[0045] The system 800 measures, monitors, and indicates
distress and/or pain associated with distressing procedures
experienced by vulnerable patients (e.g., infants in the
(NICU) and/or other non-communicative individuals) Each
distressing procedure has an impact on the newborn causing
a neural offense, and each neural offense has an associated
recovery time. Infants ultimately recover after undergoing a
procedure as the neural load associated with the given proce-
dure eventually decays over time. Thus, measurement, moni-
toring, and/or indication of pain and distress may assist cli-
nicians in determining, in a clinically meaningful manner, the
timing, number, and impact of procedures to be performed.

[0046] The system 800 provides an objective quantification
of procedural distress and provides a tool to track and display
the current state of distress of a patient based on the nature of
the clinical procedures undertaken. Displaying the pain or
distress score in the form of a visual representation on the
display 106 may inform the clinician of the current and/or
predicted state of pain and distress of the patient. The avail-
ability of such a display 106 may aid clinicians in evaluating
patient readiness for additional procedures. In some embodi-
ments, the system 800 offers a live visual display of a graph
(not illustrated) with an x-axis corresponding to time and a
y-axis corresponding to the pain score (e.g., based on 0-10
scaling). In some embodiments, the system 800 allows “what
if” evaluations and simulations of procedures in order to
better plan the delivery of care so as to minimize negative
health outcomes.
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[0047] The sensory level input device 802 in system 800
may be akeyboard, but it may also be a touch screen device or
other interface. In operation, doctors, nurses, or other clini-
cians may use the sensory level input device 802 by inputting
an observed, estimated, or predictive pain or distress level in
real-time. The distress level may be a number or other type of
indication entered by the clinician based on observation or
evaluation of the patient. Alternatively, or additionally, the
distress level may be partially or wholly based on a distress
score obtained from a “procedure load index,” as will be
described in more detail below.

[0048] Briefly, the procedure load index provides normal-
ized distress scores for various pre-identified distress-causing
procedures. The clinician may enter the appropriate distress
level via the sensory level input device 802 by selecting one or
more procedures from a list of the pre-identified distress-
causing procedures. The processor 104 computes the distress
score from the inputted distress level(s) and utilizes the pro-
cedure load index for the selected procedure(s) to transform
the single or combined distress score into a visual represen-
tation depicted on the display 106. In some embodiments, the
display 106 may be a monitor or screen (as illustrated) or any
other device or apparatus capable of providing a visual rep-
resentation of the distress score. In some embodiments, how-
ever, the display 106 may be a device or apparatus capable of
audibly reporting the distress score, such as speakers or the
like.

[0049] With both actual and theoretical distress scores, it
may be useful to ascertain when the patient will be physically
and/or psychologically ready to undergo additional distress-
causing procedures. Accordingly, in addition to translating
data acquired through the sensory level input device 802 into
a distress score, the processor 104 may simultaneously cal-
culate and project a decay rate of the distress score over time.
The distress score decay rate may be applied to any particular
distress score to determine when the distress score will fall
below a predetermined limit. In one or more embodiments,
the predetermined limit may be a fixed pain threshold number
that may or may not vary between patients. In at least one
embodiment, the predetermined limit is based on general
conditions present during treatment, such as whether the
patient is sleeping or awake, the time of day, specific feeding
schedules, whether the patient is crying or calm, combina-
tions thereof, or the like.

[0050] The decay rate projection may be simultaneously
indicated in the visual representation of the distress score on
the display 106, thereby allowing the clinician to determine if
and when the patient is ready for additional distress-causing
procedures. In one or more embodiments, the processor 104
may be configured to compound distress scores from multiple
distressing procedures and provide a representation of the
cumulative effects of such procedures over time. Likewise, a
compounded distress score decay rate may be applied to a
compounded distress score to determine the expected time at
which the compound distress score will fall below the prede-
termined limit, and the patient will then be deemed ready to
undergo additional procedures.

[0051] Referring to FIG. 9, illustrated is a method of mea-
suring distress, according to one or more aspects of the sub-
ject technology. The method includes acquiring an objective
indication of distress level, as at 902. As briefly described
above, acquiring the objective indication of distress level may
involve consultation of a procedure load index, either by the
clinician or by the processor 104. In the event the processor
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104 consults the procedure load index, a menu may be dis-
played on the display 106, such that the clinician can select a
particular distress-causing procedure from the menu.

[0052] The method also includes translating data acquired
from the indication of distress level into a corresponding
distress score, as at 904. In some embodiment, the processor
104 translates or otherwise computes the data from the dis-
tress level (or distressing procedure indication) entered by the
clinician by looking up, in the procedure load index, the
distress score associated with the particular distress-causing
procedure. Alternatively, the clinician may manually consult
the procedure load index and assign a distress score based on
a particular distressing procedure. The selected distressing
procedure may be one already experienced by the patient, or
may be a procedure the clinician would like to simulate prior
to actually undertaking the distress-causing procedure.
Accordingly, future or prognosticated distress scores may be
calculated and provided to the clinician for reference.
[0053] Themethod furtherincludes displaying a visual rep-
resentation of the calculated distress score, as at 906. In
operation, the visual representation of the distress score is
presented on the display 106, as generally described above.
Upon viewing the displayed distress score, the clinician may
be able to make an informed decision as to whether the patient
is ready for the selected distressing procedures, or whether an
alternative course should be pursued. It will be appreciated,
however, that the representation of the calculated distress
score need not be visually conveyed, but may also be con-
veyed audibly through, for example, audible alerts commu-
nicated through speakers or the like.

[0054] Referring now to FIG. 10, illustrated is a method for
determining when to perform a distress-causing procedure,
according to one or more aspects of the subject technology.
The method includes determining a first distress score, as at
1002. Determining the first distress score may include acquir-
ing an objective indication of a first distress level. In some
embodiments, the objective indication of the first distress
level is acquired via clinician input into the sensory level
input device 802, such as through the use of the procedure
load index. In some embodiments, the objective indication of
the first distress level is acquired by direct measurement of
distress indicators on the patient such as heart rate, tempera-
ture, respiration rate, combinations thereof, or other measure-
ments and indications described herein. Consequently, the
first distress score may be a monitored, a measured, an indi-
cated, and/or a calculated distress score. The first distress
level data may then be translated into the first distress score in
the processor 104.

[0055] In any event, the first distress score may indicate
lingering distress from at least one prior distressing proce-
dure, with each procedure having a different decay magnitude
and/or duration. Thus, it may be desirable for the first distress
score to be calculated at a point in time of an expected addi-
tional distressing procedure, so as to determine the compound
effect of the additional distressing procedure along with the
past distressing procedure(s).

[0056] Themethod also includes determining a second dis-
tress score, as at 1004. The second distress score may be
determined or otherwise calculated substantially similar to
the determination of the first distress score described above,
including the implementation of the procedure load index.
The combination of the first and second distress scores may
then be compared against a predetermined limit, as at 1006.
The predetermined limit may be a fixed pain threshold num-
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ber, or it may vary between patients, or be wholly or partially
based on conditions present during treatment (e.g., sleeping v.
awake, time of day, feeding schedules, crying v. calm, etc.).
As can be appreciated, comparing the aggregate distress
scores with the predetermined limit may help the clinician
ascertain whether an additional distress-causing procedure is
appropriate at that time, or whether additional time is recom-
mended to allow the patient to recover.

[0057] While only two distress scores are described with
reference to FIG. 10, it will be appreciated that any number of
distress scores may be calculated and combined for compari-
son against the predetermined limit, without departing from
the scope of the disclosure.

[0058] FIG. 11 illustrates a bar chart 1100 depicting exem-
plary procedure load index (PLI) values corresponding to
several exemplary distress-causing procedures, as may be
used in accordance with the subject technology. Since neo-
nates and other non-communicative patients cannot directly
state the amount of pain and/or distress experienced during
potentially distressing procedures, the PLI values offer an
estimated pain or distress value that can be referenced by
clinicians and used by the system 800. Each PLI value indi-
cates an initial distress score associated with the correspond-
ing distress-causing procedure, where higher values indicate
more distressful procedures.

[0059] In assigning a PLI value to a specific procedure, as
discussed above, the clinician may reference the bar chart
1100, or a similarly-populated PLI chart. Over time, each
initial PLI value will tend to decrease or decay, based on a
number of factors, until the patient has completely, or at least
substantially, recovered from the distress-causing procedure.
The factors for decay may include, but are not limited to, the
type of distressing procedure and the conditions of the
patient, such as whether the patient is sleeping or awake.
[0060] The exemplary PLI values shown in FIG. 11 were
defined or otherwise measured through a study and survey
conducted of eighty-six clinicians who were asked to esti-
mate pain or distress as it is associated with the fifty-five
procedures indicated in the bar chart 1100. Two types of
psychophysical techniques were used in the study to estimate
the corresponding PLI values: magnitude estimation (ME)
and a generalized labeled magnitude scale (gLMS).

[0061] Magnitude estimation is used to scale the intensity
of the evoked perception of an applied stimulus based on
Steven’s power law, which states that equal stimulus ratios
tend to produce equal sensation ratios. Magnitude estimation
has an established history in pain or distress estimation, such
as joint discomfort/mobility, pain catastrophizing, thermal
pain, chronic pain, and post-operative pain. In ME, a refer-
ence stimulus or “modulus” is first given a value against
which all other stimuli are subsequently compared. Thus, a
respondent given the procedure “heel stick” as the modulus
couldrate its distress intensity at 20; if she felt that the distress
magnitude of an intravenous cannula insertion, for example,
were twice that of the heel stick, she would assign an intensity
of 40 to that procedure. Likewise, if a diaper change were
estimated to cause halfthe distress of a heel stick, the respon-
dent would assign an intensity of 10 to the diaper change.
Magnitude estimation has ratio level scaling properties and
has been demonstrated to be a better methodology than Likert
scales, particularly with variations at higher stimulus levels.
[0062] The gL.MS is a semantic scale combining categori-
cal scaling with a visual analog scale based on a quasi-loga-
rithmic axis, and it has been demonstrated to yield psycho-
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physical results equivalent to ME. The gLMS uses
standardized wording, such as ‘Low’, ‘Moderate’, and
‘Strongest Imaginable’ to represent apparent sensations.
While comparatively newer than ME, the gl.MS is thought to
be a more user friendly approach, requiring less abstraction
(e.g., the consideration of stimuli as a proportion of the modu-
lus).

[0063] Generally, in applying psychophysical techniques,
respondents are asked to estimate the level or amount of a
given stimulus directly experienced or imagined. In the cur-
rent study, respondents were asked to estimate the magnitude
(intensity of pain/distress) that various stimuli (i.e., NICU
procedures) are thought or believed to produce in an infant
(i.e., not themselves). This approach is referred to herein as
“indirect psychophysics.” Indirect, or third-party estimation
of pain is common in pain research and is often referred to as
“proxy rating,” wherein a clinician (or a parent) estimates the
pain state of a child using linear scales, such as the visual
analog scale or facial pain scales. The current study used
ratio-scaling psychophysical techniques, not common linear
scaling, and attempted to estimate not the experience (i.e., the
pain response felt or thought to be felt by self or others) but
rather the amount of distress associated with a stimulus or
specific procedure.

[0064] Specifically, a two-part survey was conducted to
evaluate each clinician’s opinion on the level of distress asso-
ciated with fifty-five procedures that are commonly per-
formed in the NICU. The subject population consisted of an
estimated two hundred clinicians actively working at a level
IV NICU in a research-intensive institution in the Northeast-
ern United States. Of the estimated two hundred clinicians,
eighty-six responded, the respondents being physicians and
nurses providing direct care to infants in the NICU.

[0065] The survey asked respondents to estimate the dis-
tress level associated with each of the fifty-five procedures
using each psychophysical technique (ME and gL.MS). Thus,
each procedure was rated twice by each respondent; once
using each method in its given section. In ME, respondents
assigned a number to a subjective sensation associated with a
stimulus. Specifically, respondents were asked to enter a
value for the level of distress associated with the heel stick.
The heel stick is a very common procedure performed in the
NICU and was assigned as the modulus or the reference
stimulus against which all other stimuli were to be subse-
quently compared. After assigning this value, all subsequent
procedures were randomly presented one at a time for com-
parison and rating in relationship to the modulus. For
example, if a value of 10 was chosen for the heel stick and a
proposed procedure was twice as distressful, 20 was entered.
If it was half as distressful, 5 was entered.

[0066] In gl.MS, the respondents were asked to place a
mark along a horizontal axis that only has verbal labels, with
no numerical indicators. Referring to FIG. 12, illustrated is an
example of such a horizontal axis 1200. As indicated, the
horizontal axis 1200 corresponds to the heel stick procedure.
The axis 1200 consists of a linear scale from 0 to 999 (num-
bers were invisible to respondents of the survey), and on
which words were spaced in a quasi-logarithmic fashion with
the labels: barely detectable, low, moderate, strong, very
strong, and strongest imaginable. For each procedure, the
clinicians were asked to estimate the level of distress by
sliding, with a computer mouse or touchpad, an indicator
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1202 along the horizontal axis 1200. Similar to ME, each
procedure was individually presented, in random order, for
intensity estimation.

[0067] Responses for both ME and gLMS procedures tend
to have a lognormal distribution. Therefore, raw data for each
set of responses for each clinician were normalized by com-
puting the logarithm of each response value and standardized
by dividing by the mean of the response values for that indi-
vidual across for all procedures. An intermediate logarithmic
procedureload (PL,,,) fora given procedure, i, and for a given
subject, k, based on either ME or gL MS responses, was
computed using the following equation:

log o (xig +¢)

PLigg (i, k) = 7
;(?) log) (@D +0O)

@ indicates text missing or illegiblewhen filed

[0068] where x, is the raw response value for a given pro-
cedure, ¢ is an additive constant, and n is the number of
procedures (n=55). Values entered as zero or approximately
zero, which occurred in the data, produced invalid results
because log,,(0) is undefined. In previous analyses of this
type, additive constants ranging from 0.24 to 1.0 have been
used to avoid this problem. The additive constant, however,
must be large enough to avoid the zero problem but small
enough to avoid distortion. In this study, the constant ¢=0.7
satisfied both criteria and was added to each of the ME and
gL MS raw values prior to analysis. The final standardized and
normalized procedure load PL(i) associated with a given pro-
cedure, i, was computed by averaging the PL,, (1,k) values
across all N subjects and taking the anti-log to convert the PL,
back to a linear scale, according to the following equation:

PLi) =

@ indicates text missingor illegiblewhen filed

[0069] Both gL MS and ME responses were analyzed in the
same manner. Because of the log-normal distribution trend
for both ME and gL MS data, the raw data for both sets were
normalized by computing the logarithms. Below are the equa-
tions used for the data analysis. Equation (1) shows how the
individual responses were standardized. Equation (2) com-
putes the procedure load associated with a given procedure as
the mean of the PL,, across N respondents.

logo(x;i +¢) (D
1=
- Z log;(x; +¢)
=t

PLipgyi =

1¢
Pliogy = ﬁz Pligyi
=1

PL, = 107Hiogy 3

[0070] where N is the number of respondents, n is the
number of procedures, y refers to either ME or gL MS, and ¢
refers to the constant added. Both gL MS and ME were ana-
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lyzed the same, and the final results take the anti-log of the
PL,,, values to convert back to a base 10 scale (Equation 3).

[0071] The results of the survey showed a high correlation
between gL MS and ME across all procedures (r=0.95). These
findings demonstrate the application of indirect psychophysi-
cal techniques in the development of a ratio-level scale to
estimate procedural distress in the NICU and support the
psychophysical equivalence between ME and gl.MS. Conse-
quently, a procedure load index value was computed for each
of fifty-five common NICU procedures yielding two almost
identical ratio level scales. These PLI values, or similarly-
derived PLI values, can be referenced or otherwise used by
clinicians in conjunction with the system 800 described
herein in order to measure current and/or future pain or dis-
tress in vulnerable patients.

[0072] The foregoing description is provided to enable a
person skilled in the art to practice the various configurations
described herein. While the subject technology has been par-
ticularly described with reference to the various figures and
configurations, it should be understood that these are for
illustration purposes only and should not be taken as limiting
the scope of the subject technology.

[0073] There may be many other ways to implement the
subject technology. Various functions and elements described
herein may be partitioned differently from those shown with-
out departing from the scope of the subject technology. Vari-
ous modifications to these configurations will be readily
apparent to those skilled in the art, and generic principles
defined herein may be applied to other configurations. Thus,
many changes and modifications may be made to the subject
technology, by one having ordinary skill in the art, without
departing from the scope of the subject technology.

[0074] It is understood that the specific order or hierarchy
of steps in the methods disclosed is an illustration of exem-
plary approaches. Based upon design preferences, it is under-
stood that the specific order or hierarchy of steps in the pro-
cesses may be rearranged, or some of the steps may be
performed simultaneously. The accompanying method
claims present elements of the various steps in a sample order,
and are not meant to be limited to the specific order or hier-
archy presented.

[0075] A phrase such as an “aspect” does not imply that
such aspect is essential to the subject technology or that such
aspect applies to all configurations of the subject technology.
A disclosure relating to an aspect may apply to all configu-
rations, or one or more configurations. A phrase such as
“aspect” may refer to one or more aspects and vice versa. A
phrase such as an “embodiment” does not imply that such
embodiment is essential to the subject technology or that such
embodiment applies to all configurations of the subject tech-
nology. A disclosure relating to an embodiment may apply to
all embodiments, or one or more embodiments. Moreover, a
phrase such as “embodiment” may refer to one or more
embodiments and vice versa.

[0076] Furthermore, to the extent that the term “include,”
“have,” or thelike is used in the description or the claims, such
term is intended to be inclusive in a manner similar to the term
“comprise” as “comprise” is interpreted when employed as a
transitional word in a claim. The word “exemplary” is used
herein to mean “serving as an example, instance, or illustra-
tion.” Any embodiment described herein as “exemplary” is
not necessarily to be construed as preferred or advantageous
over other embodiments.
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[0077] Lastly, a reference to an element in the singular is
not intended to mean “one and only one” unless specifically
stated, but rather “one or more.” All structural and functional
equivalents to the elements of the various configurations
described throughout this disclosure that are known or later
come to be known to those of ordinary skill in the art are
expressly incorporated herein by reference and intended to be
encompassed by the subject technology. Moreover, nothing
disclosed herein is intended to be dedicated to the public
regardless of whether such disclosure is explicitly recited in
the above description.

What is claimed is:

1. A method of communicating a pain level of a patient,
comptrising:

acquiring objective measurements of two or more param-
eters associated with the pain level;

translating the two or more parameters into a single pain
score; and

displaying a representation of the single pain score.

2. The method of claim 1, wherein acquiring the objective
measurements of two or more parameters associated with the
pain level further comprises acquiring a signal corresponding
to heart rate of the patient.

3. The method of claim 1, wherein acquiring the objective
measurements of two or more parameters associated with the
pain level further comprises acquiring a signal corresponding
to facial electromyography of the patient.

4. The method of claim 1, wherein acquiring the objective
measurements of two or more parameters associated with the
pain level further comprises acquiring a signal corresponding
to hand flexing of the patient.

5. The method of claim 1, wherein translating the two or
more parameters into a single pain score comprises one of
adding the two or more parameters, applying Boolean logic to
the two or more parameters, or processing the two or more
parameters with a neural network.

6. The method of claim 1, wherein the representation of the
single pain score comprises a visual representation.

7. The method of claim 6, wherein the visual representation
comprises visible light.

8. The method of claim 7, wherein the visible light is
emitted from a ball or orb.

9. A system for measuring and communicating pain level
comprising:

a sensory level input device;

a processor communicably coupled to the sensory level
input device, the processor having executable code con-
figured to translate data received from the sensory level
input device into a pain score; and

adisplay configured to provide a representation of the pain
score.
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10. The system of claim 9, wherein the sensory level input
device is configured to provide data about one or more pain
level parameters.

11. The system of claim 10, wherein the sensory level input
device comprises two or more of an electrocardiogram moni-
tor configured to provide data about heart rate, a facial elec-
tromyography monitor configured to provide data about
facial electromyography, and a hand flexure sensor to provide
data about hand flexing.

12. The system of claim 9, wherein the sensory level input
device obtains an objective measurement comprising at least
two or more of a heart rate, a heart rate variability, a facial
electromyography monitor, a galvanic skin response, an elec-
troencephalography signal, and a near-infrared spectroscopy
signal.

13. The system of claim 9, wherein the processor utilizes a
procedure load index to translate the data received from the
sensory level input device into the pain score.

14. The system of claim 9, wherein the representation of
the pain score comprises an indication of decay of the pain
score over time.

15. The system of claim 9, wherein the display provides a
visual representation of the pain score.

16. The system of claim 15, wherein the display comprises
a ball or orb, and the visual representation comprises a col-
ored light emitted from the ball or orb.

17. A method of measuring distress in a patient, compris-
ing:

acquiring an objective indication of a distress level of the

patient;

translating data from the indication of the distress level into

a distress score; and

displaying a representation of the distress score on a dis-

play.

18. The method of claim 17, wherein acquiring the objec-
tive indication of the distress level of the patient comprises
assigning the distress level based on selection of a particular
distressing procedure.

19. The method of claim 18, wherein translating data from
the indication of the distress level into the distress score
comprises looking up a pre-determined distress level associ-
ated with the particular distressing procedure in a procedure
load index.

20. The method of claim 17, further comprising:

calculating future distress scores; and

displaying the calculated future distress scores, wherein

calculating future distress scores comprises applying a
distress score decay rate to the distress score.
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