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57 ABSTRACT

A system for improving hospital patient care by generating a
Health Score. The system includes an interface module for
receiving incoming medical data from a patient, a transfor-
mation module for transforming each of the medical datum
into a transformed Health Score value, and a combination
module for combining the transformed Health Score values
corresponding to each of the medical datum into a single
Health Score. A presentation and comparison module dis-
plays the Health Score as a Health Score plot over a prede-
termined time frame, such that a user may identify health
trends in a patient by evaluating said Health Score plot.
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STEP 200. PATIENT ADMITTED AND CONNECTED
TO SYSTEM.

[STEP 202. MONITORS ARE ATTACHED TO PATIENT. |

l

STEP 204. RAW MEDICAL DATA IS SENT INTO
SYSTEM 10 VIA INTERFACE MODULE 12.

!

STEP 206. INTERFACE MODULE 12 SENDS RAW
DATA TO COLLECTION MODULE 14.

#

STEP 208. COLLECTION MODULE 14 SENDS RAW
DATA TO TRANSFORMATION MODULE 16 AND
STORED DATA TO MODULE 20.

1

STEP 210. TRANSFORMATION MODULE 16
TRANSLATES RAW MEDICAL DATA TO USEABLE FORM.

!

STEP 212. TRANSFORMED DATA IS SENT TO
CALCULATION MODULE 18 WHICH CALCULATES THE
CURRENT HEALTH SCORE OF THE PATIENT.

!

STEP. 214. THE HEALTH SCORE IS FORWARDED
TO PRESENTATION AND COMPARISON MODULE 20
TO GENERATE A HEALTH SCORE SHART.

!

STEP 216. HEALTH SCORE CHART 100 IS
MODIFIED AS DESIRED (OPTIONAL).

!

STEP 218. HEALTH SCORE CHART 100 IS SAVED
IN STORAGE MODULE 24

!

STEP 220. ALERT MODULE 22 SENDS AN ALERT
TO ATTENDING PHYSICIANS IF NECESSARY.

FIG. 3
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SYSTEMS AND METHODS FOR PROVIDING
A CONTINUAL MEASUREMENT OF
HEALTH

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. Ser. No.
11/362,450, filed Feb. 24, 2006, which claims the benefit of
U.S. Provisional Application Ser. No. 60/657,365, filed on
Feb. 28, 2005, the entirety of these applications is incorpo-
rated herein by reference.

FIELD

[0002] The present invention relates to a system and
method for improving hospital patient care. More particu-
larly, the present invention relates to a system and method for
providing a continual measurement and display of each
patient’s health.

BACKGROUND

[0003] One of the major problems in delivery of effective
medical treatment in hospitals is the quality and continuity of
patient care. A typical patient, undergoing a serious proce-
dure in a hospital, may easily see five or more physicians
during a stay, and also many nurses and other supporting
personnel. Maintaining a complete medical record for each
patient (“charting”) swallows huge amounts of nursing time
without providing any guidance to the medical staff on how to
improve the patient’s care. The present state of the art in
medical care within hospitals makes very little use of the
medical record, which is so bulky and awkward that it can
only be quickly perused by doctors on their rounds. Such
reading of the chart makes it almost impossible to evaluate
treatment modalities, or to detect a patient’s declining health
in time for intervention (before a crisis).

[0004] During a week’s hospital stay, each patient may see
many doctors and many nurses. This makes it extremely
difficult to provide continuity of care. Every different car-
egiver must understand the medical record to give the patient
optimum care, but the form and content of present-day medi-
cal charting provides no help. Each subsequent physician,
whether a consultant or a shift replacement, is ill-prepared by
current methods to obtain a correct overall medical status of
the patient, thus posing a danger to the continued care of the
patient, particularly in the recovery stages after serious opera-
tions

[0005] For example, an attending physician, while making
rounds in a hospital, may stop in on a patient, see that the
patient has good color and is sitting up in bed, and thusly
satisfied, goes on to his next appointment. However, if that
patient had been walking up and down the corridors two days
ago, and now cannot get out of bed, there is a problem. The
patient may be experiencing a major and potentially life-
threatening complication.

[0006] The essence of this problem is that, although all the
medical information is recorded, it is not easily understood.
Afterjust a few days in the hospital, a patient may have twenty
or even one hundred pages in their hospital record, including
physician progress reports, nursing evaluations, records of
vital signs, test results, heart monitoring information, and so
on. However, even if every doctor and nurse who saw the
patient were fully aware of the material in this record, it would
not be enough to allow for the best medical care because it is
very difficult to detect trends in such voluminous data.

May 3, 2012

[0007] The result of this arrangement has been to allow a
number of patients in recovery, post-operation or procedure,
to deteriorate to the point of medical crisis before addressing
their problems. This causes a serious drain to the resources of
the hospital, and much unnecessary pain and suffering, even
death. It is particularly bothersome because many of the con-
ditions that lead to such crises can easily be avoided if the
failing condition of a patient were discovered hours or days
earlier.

[0008] One thing that a few hospitals have done is to
employ an Early Warning System (EWS) as a means for
deciding whether a patient needs to be transferred to the ICU.
Other hospitals have developed a Modified Early Warning
System (MEWS). Both existing systems typically use a small
number of factors such a pulse, blood pressure, temperature,
and respiratory rate. For each factor, a partial score is given,
and all of these are then tabulated into a total score, which in
turn is expressed as a binary recommendation: whether or not
to move the patient into the ICU; no other action is suggested,
no other information is obtained.

[0009] Such systems determine a patient’s need to be trans-
ferred to the ICU by providing an emergency alert. However,
these systems do not provide assistance to the doctor or nurse
in helping to anticipate and thereby avoid medical crises, nor
are they helpful to the clinical researcher in evaluating the
efficacy of procedures and treatments. They convey no health
trend information. Also, they are limited in the number of
factors analyzed and thus are not very sensitive to general
health conditions. For example, in the above-described
example of a patient sitting up and alert in bed, this type of
evaluation completely misses the patient’s declining health.
Because the patient still does have acceptable vital signs, heis
not moved to the ICU, and neither the EWS, nor the MEWS,
would generate an alert. However, if during the two previous
days, this same patient had been walking around the hospital
halls, but is now not able to rise from a bed, an important
medical decline has happened, possibly one that will lead to a
medical crises if not attended to, even though his major vital
signs are still acceptable. Our invention addresses these omis-
sions, providing new continual, sensitive tools for improving
medical care.

SUMMARY

[0010] The present invention overcomes the drawbacks
associated with the prior art by providing a system and
method for continually tracking the health of a patient in a
hospital. One advantage of such a system is, in general, to
allow physicians and nurses and clinical researchers to pro-
vide more effective health care for each patient, especially
those spending several days in a hospital. A second advantage
is that hospitals can avoid errors and reduce crisis manage-
ment by using the invention’s capability to detect trends in a
patient’s health before the patient reaches a crisis point. Rec-
ognizing a serious decline soon enough to administer proper
treatment is a life-saving benefit. A third advantage is that
such a system gives physicians and nurses a way in which to
get the “big picture” of a patient’s condition and absorb in a
glance perhaps 100 pages of a patient’s medical records. This
deeperunderstanding, along with this new capability to detect
health trends, both short-term (over the space of hours), and
long-term (over the space of days), is extremely important in
delivery of effective medical care. A fourth advantage is to
enable an entirely new field of scientific study, where medical
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and surgical treatments can be evaluated by the new measure-
ments provided by this invention.

[0011] The present invention generates a new measurement
of health, herein termed the patient “Health Score” which is
continually plotted and displayed to show each patient’s
medical progress during his hospital stay. This invention may
prove to be avital aid for improving the quality and continuity
of medical care.

[0012] To this end the present invention provides a system
for improving hospital patient care by generating a Health
Score. The system includes an interface module for receiving
incoming medical data from a patient, a transformation mod-
ule for transforming each of the medical datum into a trans-
formed Health Score value, and a combination module for
combining the transformed Health Score values correspond-
ing to each of the medical datum into a single Health Score. A
presentation and comparison module displays the Health
Score as a Health Score plot over a predetermined time frame,
such that a user may identify health trends in a patient by
evaluating said Health Score plot.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For the purpose of illustrating the invention, there
are shown in the drawings several forms, which are presently
preferred, it being understood, however, that the invention is
not limited to the precise arrangements and instrumentalities
shown.

[0014] FIG. 1 is a logical diagram of the Health Score
system, in accordance with one embodiment of the present
invention;

[0015] FIG. 2 is an installation arrangement of the Health
Score system as shown in FIG. 1, in accordance with one
embodiment of the present invention;

[0016] FIG. 3 is a flow chart of the generation of a Health
Score chart, using the Health Score system illustrated in FIG.
1, in accordance with one embodiment of the present inven-
tion:

[0017] FIG. 4 isasample Health Score chart, in accordance
with one embodiment of the present invention;

[0018] FIG. 5 is a sample Health Score chart as shown in
FIG. 4 with additional pre-operation information, in accor-
dance with one embodiment of the present invention;

[0019] FIG. 6 is a sample Health Score chart as shown in
FIG. 4 with additional statistical reference curves, in accor-
dance with one embodiment of the present invention;

[0020] FIG. 7 is a sample Health Score chart as shown in
FIG. 4 with additional principal corresponding measurement
curves, in accordance with one embodiment of the present
invention;

[0021] FIG. 8 is a sample Health Score chart as shown in
FIG. 4 with additional principal corresponding measurement
curves, in accordance with one embodiment of the present
invention;

[0022] FIG. 9 is a sample Health Score chart as shown in
FIG. 4 with additional component expansion window, in
accordance with one embodiment of the present invention;
[0023] FIG. 10 is a sample Health Score chart as shown in
FIG. 4 with additional slope lines, in accordance with one
embodiment of the present invention;

[0024] FIG.11isapanel of Health Score charts as shown in
FIG. 4, in accordance with one embodiment of the present
invention; and
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[0025] FIG. 12 is a chart showing the correlation between
patient Health Scores and rate of expiration, in accordance
with one embodiment of the present invention.

DETAILED DESCRIPTION

[0026] In one embodiment of the present invention, a
Health Score system 10 is provided for generating and pre-
senting a Health Score chart. The newly invented Health
Score is a medical reference “figure-of-merit” that is used by
a physician or nurse to track the patient’s health before, dur-
ing or after a medical procedure or illness, in order to assist in
preventing that patient from reaching a health crisis. When
used in this manner, the Health Score chart enables the attend-
ing physicians and nurses to detect trends in the patient’s
health over time, particularly in evaluating post-operative
recovery in the hospital. It also provides a statistically signifi-
cant “outcome” for both clinical studies and retrospective
studies of the relative efficacies among various surgical pro-
cedures or techniques, and among medical treatments and
drugs.

[0027] Inaddition to short term intensive use of the Health
Score system 10, a similar modified form may be used on a
long term basis by regular general practitioners or other
health care facilitates such as nursing homes. For example, as
itstands, yearly physicals are usually accompanied by a series
of medial measurements of the patient. Entering such data in
Health Score system 10 may be useful in spotting long term
declining health trends, even if none of the particular medical
conditions have reached a crisis level.

[0028] To generate and present the Health Score, as illus-
trated in FIG. 1, system 10 maintains an interface module 12,
a collection module 14, a transformation module 16, a com-
bination module 18, a presentation and comparison module
20, an alert module 22, and a storage module 24.

[0029] Interface module 12 is configured to obtain raw
medical input, either directly from patient monitoring
devices, or from attending physicians or nurses. Collection
module 14 collects the raw medical data from interface mod-
ule 12, and further collects additional material from storage
module 24, including the patient’s historical medical data as
well as other required general medical data (optional statis-
tics). The raw medical data is transmitted to transformation
module 16, and the stored and historical medical data is sent
to presentation and comparison module 20.

[0030] Transformation module 16 receives incoming raw
medical data and converts this data into a usable format for
generating the patient’s Health Score. Transformation mod-
ule 16 converts raw medical data into a form that will allow
different types of data to be combined. The transformed data
is then sent to combination module 18, which in turn gener-
ates a patient’s Health Score, using a predetermined algo-
rithm.

[0031] Presentation and comparison module 20 receives
the calculated Health Score and prepares a Health Score chart
100, plotting the patient’s Health Score as a function of time.
Alert module 22, generates an alarm for the attending physi-
cians and nurses when a problem is detected with a patient’s
Health Score chart 100. Such problems are alerted when the
Health Score of a patient descends below an acceptable
threshold, determined in advance by system 10 or set by the
attending physician, or if a downward trend is detected. Stor-
age module 24 is configured to store and retrieve Health Score
information at various times during the Health Score genera-
tion and presentation procedure.
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[0032] It is understood that the above list of modules is
intended only as a sample of the logical organization of mod-
ules within system 10. For example, many of the modules
may be combined with one another or subdivided and sepa-
rated according to their function. Any similar Health Score
system, employing similar logical modules to obtain a Health
Score is also within the contemplation of the present inven-
tion.

[0033] Furthermore, it is noted that the modules of system
10, illustrated in FIG. 1, are to show their logical relationship
to one another. However, this is not intended to limit the
physical construction of such a system. For example, system
10 may be employed on a single larger computer or on a series
of smaller computers, possibly with different components
residing within different geographical locations, such as the
use of an off-site storage module 24. Any similar health care
system 10, employing similar modules to generate a Health
Score alert, is within the contemplation of the present inven-
tion.

[0034] FIG. 2 gives atypical example of an arrangement for
system 10, showing five patient recovery rooms 30, in a
typical hospital with a central nursing station 32 that is moni-
tored 24 hours a day. System 10 has a local terminal 10A in
each of the five patient rooms 30 and a main terminal 10B at
nursing station 32.

[0035] FIG. 3 is a flow chart outlining the process for gen-
erating and presenting a patient’s Health Score via system 10.
In step 200, a patient is admitted for a particular illness or
surgical procedure and is subsequently connected to system
10. At step 202, various medical devices/monitors for obtain-
ing the pertinent raw medical data are attached to the patient,
such as blood pressure monitors, heart rate monitors, etc.
[0036] At step 204, interface module 12 begins obtaining
the pertinent raw medical data about the patient and imports
this data into system 10. Some data is obtained directly from
the attached medical devices or from electronic medical
records. Other data may be entered into the system by an
attending physician or nurse. At step 206, this data is sent to
collection module 14. At step 208, collection module 14
further obtains any necessary past medical data, most impor-
tantly the past Health Scores of the same patient. The raw data
is transmitted to transformation module 16, and the historical
data is sent to presentation and comparison module 20.
[0037] Next, at step 210, transformation module 16 trans-
forms the raw patient medical data into a usable format, so
that all of the disparate forms of medical data can readily be
compiled with one another. At step 212, the transformed
medical data is sent to combination module 18, which con-
verts that raw transformed medical data into a Health Score
using a predetermined algorithm. At step 214, the Health
Score is transmitted to presentation and comparison module
20, which uses the current Health Score, as well as historical
data from storage module 24 (past Health Scores), to generate
a Health Score chart 100.

[0038] A sample Health Score chart 100 is shown in FIG. 4,
plotting a patient’s Health Score, calculated by system 10 as
a function of time. Chart 100 includes scale markings 102 and
label material 104 and a Health Score plot 106. This chart 100
shows a sample Health Score plot 106 for a patient recovering
from open-heart surgery, for 6 days. Initially the recovery was
going well, but at approximately the beginning of the fourth
day, health deteriorated. A more detailed description of the
contents and evaluation of a Health Score chart 100 is
included below.
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[0039] At step 216, after Health Score chart 100 has been
generated, presentation and comparison module 20 may
modify and display the Health Score chart 100 to healthcare
providers, via interface module 12 of system 10. At step 218,
presentation and comparison module may further save any
necessary information to storage module 24.

[0040] Finally at step 220, if the Health Score, according to
plot 106, falls below a predetermined threshold, alert module
22 informs the healthcare providers, either through interface
module 12 or via some other alarm, that the patient is in need
of attention.

[0041] Tt is noted that the above list of steps for generating
Health Score chart 100 via system 10 is intended only to show
an exemplary step-by-step process. For example, several of
the steps may be combined with one another or possibly one
step may be divided into anumber of subroutines. Any similar
process using steps to create a Health Score chart on a similar
system is also with in the contemplation of the present inven-
tion.

[0042] Turning now to a more detailed description of the
various modules of system 10, interface module 12 receives
raw medical data input at step 204, and transmits it to the
various collection and processing modules 14, 16, 18, 20, 22
and 24 of system 10, at step 206. Typically, the input may
include any number of the medical statistics that are used to
generate the Health Score produced by system 10. Interface
module 12 of system 10 may be as simple as a keyboard and
monitor, used for manual entry of patient data. Furthermore,
it may additionally include a set of automated electrical
instruments such as pulse clips, automated blood pressure
devices, blood oxygen measuring devices, fluid monitoring
devices or any other standard medical measuring device,
attached either by wire or remotely to interface module 12.
[0043] In addition to providing an interface for receiving
medical data on the patients, interface module 12 may also be
configured to present a means for users, such as doctors or
nurses, to update, modify or review the patient’s Health Score
at step 216. Furthermore, interface module 12 may also be
employed by alert module 22 at step 220 to alert the health-
care providers that alert module 22 has detected a threshold
breach, which is explained in greater detail below

[0044] Collection module 14 is coupled to interface module
12 for receiving the various raw patient data at step 206.
Collection module 14 accepts this data from various ports,
including interface module 12 as well as other programs, such
as electronic medical records (EMR), and stores this data in
storage module 24. Thus, in addition to the raw physical
patient data and physician/nurse input obtained from inter-
face module 12, collection module 14 further collects and
organizes all of the data necessary to generate and maintain
the Health Score chart 100 of the patient, including collection
of historical data, performed at step 208.

[0045] In one example of generating a Health Score chart
100, the necessary patient data that must be collected by
collection module 14 of system 10 may include: diastolic
blood pressure, systolic blood pressure, temperature, pulse,
respiration rate, a pain score, skin breakdown score, EKG
pattern, and a set of nursing assessments. Nursing assess-
ments may include: respiration, pain, cardiac, gastrointesti-
nal, genitourinary, nutrition, musculoskeletal, skin, neuro-
logical, psycho-social, peripheral vascular, and safety
(likelihood of falling). Thus, collection module 14 obtains
both past and present data necessary for the patient on each of
the categories to form Health Score chart 100.
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[0046] Transformation module 16 is configured to trans-
form each of the pieces of medical data obtained from col-
lection module 14 into a numerical quantity at step 210. The
transformation performed by module 16 may include any
number of mathematical or logical operations. Transforma-
tions may also take multiple inputs to produce a single trans-
formed output. Multiple inputs may include historical data for
this patient or for any given class of patients. For example, if
the patient’s pulse is greater then one standard deviation
above that expected for a certain group of patients at this stage
of their recovery, then the value of “High Pulse” is one,
otherwise it is zero. An example of a transformation for dias-
tolic blood pressure (TDBP) would be:
[0047] if diastolic blood pressure (DBP)<50, then
TDBP=2;
[0048] if DBP >50 and DBP <90, then TDBP=0;
[0049] if DBP >89 and DBP <100, then TDBP=1;
[0050] if DBP >99 then, TDBP=2.
[0051] Inthis case, either very low values of diastolic blood
pressure (less than 50), or high values of diastolic blood
pressure (greater than 99), are considered dangerous.
[0052] Another example of a transformation may be for a
nursing assessment. For example, if the respiration assess-
ment equals “met standards” then the transformed respiration
rate equals zero. If the nursing assessment for respiration
equals “did not meet standards” then the transformed respi-
ration rate equals one.
[0053] Thus, transformation module 16, after receiving raw
data from collection module 14, processes the data and trans-
forms them into numbers for use in generating a Health Score
for the patient.
[0054] The following serves as an example of a list of
typical conversions of raw medical data into numerical form
(“transformed numbers”) by transformation module 16, for
use by system 10 in developing a patient Health Score:
[0055] if diastolic blood pressure <50 then Transformed
Diastolic BP=2
[0056] diastolic between 50 and 89, then . .. 0
[0057] diastolic between 90 and 99, then . . . 1
[0058] diastolic >99, then . . .2
[0059] all nursing assessments . . . Met=0 . . . or Not
Met=1 multiply cardiac, neurological, pain, peripheral
vascular, psychosocial, respiratory and skin/tissue
assessments by 2

[0060] if Braden score <18, then ... 1

[0061] if Braden score greater or equal to 18, then ... 0
[0062] if systolic blood pressure <70, then . . . 3
[0063] if systolic >69 and <81, then . ..2

[0064] if systolic >80 and less than 101, then ... 1
[0065] if systolic >100 and <200, then . . . 0
[0066] if systolic >199, then .. .2

[0067] if heart rate <40, then . . . 2

[0068] if heart rate >39 and <51, then ... 1

[0069] if heart rate >50 and <101, then . . . 0
[0070] if heart rate >100 and <111, then . .. 1
[0071] if heart rate >110 and <130, then . . .2
[0072] if heart rate >129, then . . .3

[0073] if respiration <9, then . .. 2

[0074] if respiration >8 and <15, then ... 0

[0075] if respiration >14 and <21, then ... 1
[0076] if respiration >20 and <30, then . . . 2
[0077] if respiration >29, than .. .3

[0078] if temperature <95, then . .. 2

[0079] if temperature >94 and <101.1, then . .. 0
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[0080] if temperature greater or equal to 101.1, then . . .
2

[0081] If the monitored heart pattern is “atrial fibrilla-
tion”, “sinus rhythm”, “sinus tachycardia” or “paced”
then...1

[0082] If the monitored heart pattern is “sinus bradycar-

dia”then...2
[0083] If the monitored heart pattern is “atrial flutter”
OR “heart block” then . . . 3
[0084] If the monitored heart pattern is “junctional
rhythm” then . . . 4
[0085] If the monitored heart pattern is “‘ventricular
tachycardia” then . .. 5
[0086] Or if the monitored heart pattern is “ventricular
fibrillation” then . . . 5.
[0087] These conversions of patient data into numbers are
done solely for the purpose of example. It is understood that
any conversion of raw medical data into a useable form for
further calculation within the context of system 10 is within
the contemplation of the present invention.
[0088] The above conversions of medical data into scaled
numbers is geared to assessment of negative factors. How-
ever, it is understood that positive assessments may be
included too, resulting in “negative” scaled numbers, that
would show a positive affect on the Health Score. For
example, transformation module 16 may give a negative
scaled number in the event that heart rate or lung capacity or
other such medical data is not only OK, but is in fact at an
ideal state.
[0089] Combination module 18 is configured to take the
transformed quantities from transformation module 16, apply
weighting modifiers, and to combine them, and then to scale
them onto a range, such as a score between 0 and 100, at step
212. This score, generated by combination module 18, is
based on the various health factors measured and transformed
above, the resulting score being a relative overall Health
Score of the patient being monitored.
[0090] An example of a combination Health Score gener-
ated by combination module 18, using the “transformed num-
bers” (as described above) generated by transformation mod-
ule 16 of system 10, may be:
“Health Sum”=Diastolic Blood Pressure+Tempera-
ture+Respiration+Systolic Blood Pressure+Heart
Rate+Braden Score+Cardiac Assessment+Food
Assessment+Gastrointestinal Assessment+Genitouri-
nary Assessment+Heart Rhythm+Musculoskeletal
Assessment+Neurological Assessment+Pain Score+

Pain Assessment+Peripheral Vascular Assessment+
Psycho-Sociological +Respiratory Assessment+Safety/

Fall Assessment+Skin/Tissue Assessment Part 1
Health Score=100*(30-“Health Sum™)/30 Part 2
[0091] Based upon the above formulae, a sample calcula-

tion of a patient’s Health Score could be performed by trans-
formation module 16 and combination module 18, if the
collection module 14 of system 10 found the following raw
medical data:

[0092] Diastolic Blood Pressure of 95=1

[0093] Negative nursing cardiac assessment=2
[0094] Negative nursing respiratory assessment=2
[0095] Braden Score of 18=0

[0096] Systolic Blood Pressure of 202=1

[0097] Heart Rate of 100=1

[0098] Respiration Rate of 14=0

[0099] Temperature of 98=0
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[0100] Heart Rhythm of sinus bradycardia=2
[0101] “Health Sum”=(totaling of all above)=9
[0102] Health Score=100*(30-“Health Sum”)/30=100%*

(30-9)/30=70
[0103] Such transformations and calculations are intended
only to be a simple example of determining a Health Score, as
performed by system 10. However, it is in no way intended to
limit the possible methods of calculating the score. For
example, not all measured raw medical data need to be incor-
porated into a Health Score. The attending physician may
wish to generate the score using only limited data to prevent
non-essential medical data from significantly altering the
Health Score.
[0104] Another example would be to include the use of
weighting factors (2 times, 3 times, etc.) that can be added or
multiplied to certain transformed numbers, such as the respi-
ratory factors, when a particular patient is recovering from a
lung-based ailment such as pneumonia. Likewise, similar
weighting factors can be added to the transformed scores of
heart rate, heart rhythm, systolic and diastolic pressure for
patients with heart ailments. It is understood that any number
of modifications introduced into a similar combination mod-
ule 18 within a similar system 10 for generating a Health
Score is within the contemplation of the present invention.
[0105] Presentation and comparison module 20 of system
10 is configured to import the various data components com-
piled by combination module 18 and to create a Health Score
chart 100 for the patient at step 214, and display it via inter-
face module 12 of system 10, or on an existing medical
information system, such as the hospital’s pre-existing com-
puter system. As discussed above, FIG. 4 illustrates a sample
Health Score chart 100 generated by system 10 using the
above-described modules. Additional functions of compari-
son module 20 are shown below which edit, modify or oth-
erwise present various versions of Health Score chart 100,
performed by system 10 at step 216.
[0106] Health Score chart 100 is for displaying the Health
Score of a patient at particular times, and more importantly, is
for detecting trends in a patient’s health. Thus, Health Score
chart 100 includes a number of Health Score assessments
taken frequently, both at periodic (e.g. every 15 minutes, or
every 3 hours), or at irregular intervals. This generates the
Health Score chart 106 as shown in FIG. 4, plotting the
patient’s Health Score versus time as set by scales 102.
[0107] For example in FIG. 4, the Health Score of the
patient is computed ten times a day, approximately every 2
hours over the course of the six-day post-operative stay. Dur-
ing the first four days, the patient progressed from an average
Health Score in the low 60s to the high 80s. But shortly
thereafter, at the beginning of the fourth day, the patient’s
score began to decline back into the 60s range.
[0108] Itis atthis particular moment, at the beginning of the
fourth day, that the Health Score chart 100 can prove to be a
critical tool for medical care. If an attending physician were to
see this patient at the end of day 4 without the Health Score
chart, the patient’s vital statistics would show a person of
decent physical health. This corresponds to the score of 70 on
the health chart, which is about average health during a post-
operation recovery, according to this example. Thus without
the chart 100, the patient would exhibit decent health, and the
attending physician would have to rely his own quick perusal
of the patient’s medical records.
[0109] However, with the Health Score chart 100 available,
it would be obvious to a physician or nurse that something is
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going wrong with the patient at the end of day 4. This is a
critical time for the patient, because immediate treatment may
prevent a crisis. The new information conveyed by chart 100,
beyond what is normally available (that the patient is cur-
rently in an acceptable state), is that: less than 1 day ago, this
patient was in a much better general state of health and is
currently in a state of declining health. Thus by intervening in
the situation right at the beginning of day 5, the doctors were
able to be stabilize the patient without further significant
decline, so that he could be released from the hospital at the
end of day 6.

[0110] Comparison module 20 may be used to generate and
present pre-operation reference curves. Information from
pre-operation 108 may be posted on the patient’s Health
Score chart 100 so as to give additional context to their con-
dition. For example, before an operation, the patient may have
exhibited a Health Score of 50. After the operation, the doc-
tors may expect the patient to be significantly better. Since
before the operation he had a Health Score of 75, we expect
that, although he will go through some difficult periods dur-
ing recovery, he will get back to 75 within a week. This acts as
a baseline reference, to help better personalize the chart 100
to each patient. FIG. 5 shows an example of pre-operation
Health Score information 108, included on a typical Health
Score chart 100, with a pre-operation Health Score of 80.
[0111] Statistical reference curves 110 may also be added
to Health Score chart by comparison module 20. For example,
when such information is available, statistically computed
average patient Health Score trajectories, for each specific
procedure and initial patient condition, may be included on
chart 100 next to the Health Score plot 106. This information
may be stored in a storage module 24, and be imported into
comparison module 20 by collection module 14. Statistical
reference curves 110 may include linear information with
standard deviation error bars or transformed values. If the
patient is below expectation by a certain number of standard
deviations, the system generates an alert using alert module
22, as discussed below.

[0112] For example, in FIG. 6, on the Health Score chart
100, the line labeled “Standard Open Heart” may be a statis-
tical reference curve 110 of the average recovery of an open-
heart surgery patient of age 80. The Health Score plot 106
labeled “Jane Smith—Room 7A” is the actual Health Score
representation of the recovery of Jane Smith. One sees that
although Ms. Smith has steadily improved since her opera-
tion, for the last several days she has improved at a much
slower rate than would be expected when compared to aver-
age (past) patients of the same age undergoing a similar
procedure. Statistical reference curves 110 can be compiled
from current patients or an evaluation of past patients by using
their records to generate Health Score histories.

[0113] Further subdivisions can also be made for such sta-
tistical reference curves. For example, instead of having a
single reference curve 110 for average open-heart patients of
age 80, it can be further broken down by gender, and even
further modified as to a patient’s initial condition by using
only patients with similar Health Scores at the time of admis-
sion into the hospital.

[0114] Principal corresponding measurement curves 112
may also be generated by comparison module 20 of system
10. The Health Score chart 100 provides an instant context
and patient health trajectory on Health Score plot 106. It is
also important for healthcare providers to have access to other
direct measurements. F1G. 7 illustrates a typical Health Score
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chart 100 that includes these direct medical measurements
112. The measurement curves 112 may include but are not
limited to: diastolic blood pressure, temperature, respiration
rate, pulse, and pain score. This allows healthcare providers to
detect other trends that may be affecting the Health Score and,
thus, the patient.

[0115] In the example in FIG. 7, the patient has a severely
reduced Health Score from December 12 through December
15. By looking at the accompanying principal corresponding
measurement curves 112, it can be seen that the patient had
developed a fever on the 12 and was also dealing with Atrial
Fibrillation. By the 167 these conditions had been resolved,
with a corresponding sharp increase in Health Score.

[0116] FIG. 8 is another example of adding principal cor-
responding measurement curves 112 to a standard Health
Score chart 100. In this example, it can be seen that the
Principal Corresponding Measurement curves 112 them-
selves are important. The line at the bottom of the Health
Score chart 100 is “pain scale” which is an evaluation of the
patient’s pain level. It is scaled between zero and ten. This
patient is experiencing significant pain almost exactly every
24 hours. This situation may be the result of a poor pain
management strategy; the patient is under-medicated until he
experiences a crisis, at which time a large dosage of medica-
tion is administered. Evaluation of the chart would prompt
modification of this patient’s pain medication frequency and
dosage.

[0117] It is understood that, when using the option of add-
ing direct medical data to the Health Score chart 100, system
10 has the ability to let the healthcare provider select which
principal corresponding measurements 112 they would like
to see. When the Health Score is improving or is adequate,
such features may be toggled off, as they are less important in
such instances. They can easily be added to chart 100 if the
score on plot 106 again drops, allowing the healthcare pro-
vider, optionally, to have additional analysis tools for deter-
mining the cause of the drop.

[0118] In another embodiment, presentation and compari-
son module 20 may be configured to alter Health Score chart
100, so that when a healthcare provider detects a trend in the
Health Score plot 106, they can understand exactly what
factors are contributing. To this end, as illustrated in FIG. 9,
system 10 provides for a component expansion window 114,
such that if the patient has a Health Score of 65 (for example),
the expansion might show that the patient lost 12 points dueto
elevated temperature (over 101 Fahrenheit), lost 18 points
due to rapid pulse (between 100 and 110 beats per minute)
and lost 5 points due to a pain score of 5; all out of the perfect
Health Score of 100.

[0119] In another embodiment, presentation and compari-
son module 20 may also alter Health Score chart 100 to obtain
certain kinds of slope information. Even though trends are
usually easy to spot by eye upon looking at Health Score plot
106, an automatic “simple” slope calculation may also be
useful. Mathematically, this is the first derivative of the
Health Score as a function of time. Due to the “noisiness” of
typical Health Score plots 106, some averaging methods may
be employed as well. If the slope is positive, the patient is
probably getting better; if it is approximately zero, then the
patient is staying the same; and if it is negative, then the
patient is probably getting worse. Slope lines 116 may be
added to the Health Score plot 106, as shown in FIG. 10. Such
slope information may help identify trends in Health Score
plot 106, particularly, when plot 106 is “noisy” due to large

May 3, 2012

variations between each Health Score measurement.
Although normally “staying the same” would not be consid-
ered a negative, in the situation where the patient is expected
to be recuperating, “staying the same” may be quite worri-
some. In the present example, although the most recent
Health Scores on plot 106 are constant at about a level of 70,
the slope line 116 shows a negative slope, taking into account
prior points, including a time early on day 4 when the score
was closer to 90.

[0120] Presentation and comparison module 20 of system
10 may also compute “rate of change” of the simple slope. For
instance, although the patient is still getting better, the rate of
improvement may be decreasing. This slow-down inrecovery
could be evidence of a problem just beginning to develop.
Mathematically, this curvature information is the second
derivative of Health Score as a function of time. Similar to the
slope data 116, due to the “noisiness” of the curves, averaging
is included in the computation. It is understood that attending
physicians can adjust the slope calculation to include more or
less reference Health Scores from plot 100 depending on the
time span over which the physician intends to analyze.
[0121] When the raw data is noisy, a “running average” or
other “smoothing” of the Health Score can be displayed on
Health Score charts. The smoothed Health Score curve 118,
shown in FIG. 10, could incorporate both the 1% derivative
(slope) and/or the 2"¢ derivative (curvature) by color-coding
or by thickness of the displayed line. For example, if the
patient was getting worse (negative slope), the line might be
colored red. If the patient is getting worse at an accelerating
rate, or is getting better at a lessening rate, then the line could
be bolded for emphasis.

[0122] Presentation and comparison module 20 may fur-
ther display a panel of Health Score charts 120, as shown in
FIG. 11. Typically, a nurse or a doctor or a unit supervisor
wants to see, on a single page, the graphs for all the patients in
their care. Therefore, system 10 provides for the creation of a
patient panel 120, displaying a series of Health Score charts
100. Patient IDs can be included in the label data 104 to
identify each chart 100 on panel 120. This is especially useful
because an attending physician may wish to appoint more of
his time to patients with falling Health Scores (rather than
rising ones), given that those patients with falling scores will
likely require more attention and given that the physician’s
time is usually very limited.

[0123] It is understood that such modifications to patient
Health Score charts 100 are intended only as example modi-
fication and are in no way intended to limit the scope of the
present invention. Any similar invention that utilizes modi-
fied Health Score charts 100 is also within the contemplation
of the present invention.

[0124] Inoneembodimentofthe present invention, as illus-
trated in FIG. 1, alert module 22 may send an alert to an
attending physician or supervising nurse that a Health Score
of a particular patient has fallen below a pre-determined
threshold at step 220. For example, if an attending physician
sets a threshold of 70, then patients falling below such a level
will cause alert module 22 to send an alert message to system
terminal 10B at nursing station 32. Although the physician
may wish to see Health Score charts 100, regardless of the
alerts, alert module 22 acts a reserve precaution warning of
the general failing health conditions of a patient who may be
approaching a crisis situation. It is understood that the alert
may actually be set to an upper threshold as well. Keeping
physicians aware of improving health conditions of certain
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patients may be useful in making discharge decisions or in
adjusting medication. Alerts may also be triggered by a fall of
so many points in Health Score or by a slope that is of a
sufficient negative magnitude.

[0125] As such, the above-described system 10 and accom-
panying generated Health Score charts 100 provide a conve-
nient means for monitoring patient health status, particularly
in hospital post-operational situations. It allows doctors to get
a feel for the overall health of the patient and to detect trends
in the patient’s health. Such information is particularly useful
in preventing crisis situations from arising in patients, where
the worsening condition (of a patient of adequate, yet dete-
riorating health) is overlooked until it is too late. The creation
of the Health Score chart 100, by the present invention, helps
in alerting attending physicians, nurses, or “rapid response
teams” to deteriorating conditions, even when a spot check of
the patient’s health would seem to show the patient to be in an
adequate state of health.

[0126] In addition to the uses outlined above, the Health
Score can be used for statistical analysis. For example, the
Health Score and the Health Score charts 100 can be used in
retrospective research. Many studies of drugs and procedures
are published monthly. These studies would benefit from the
inclusion of a readily computable Health Score.

[0127] Forexample, a procedure is often evaluated in terms
of mortality rate, length of hospital stay, or number of re-
admissions to the hospital. These measures are all significant,
but at the same time are all rather crude measures. For
example, if “Procedure A” has a mortality rate of 0.5% and
“Procedure B” has a mortality rate of 0.7%, it may be very
difficult to judge one the superior of the other, using only
these mortality statistics. However, if patients discharged
after Procedure A have an average Health Score of 80, and
those discharged after Procedure B have an average Health
Score of 60, there may be a real and meaningful difference
between the two procedures in terms of overall efficacy in
treating the patient. Thus, system 10 may provide a more
sensitive measurement of health than any other available
measure, since it is not based solely on major “outcomes”
(like discharge or death), but rather on a more subtle combi-
nation of overall health factors. A medical study using the
Health Score, which this invention makes readily available
for every patient, would find earlier and easier and more
meaningful “statistical significance” than a similar study that
needed to wait for eventual mortality outcomes.

[0128] An additional feature of Health Scores generated by
system 10 is that the Health Score can be used as a predictor
to assist in determining which patients require the most care.
Although individual symptoms and raw medical data may be
varied, the amalgamated Health Score, as shown on Health
Score charts 100, tends to be an accurate predictor of patient
outcome. For instance, using Health Score data generated
post facto, FIG. 12 shows actual graphic correlation between
Health Scores from system 10 (computed at transfer to the
ICU from a regular ward of the hospital) versus the rate of
predicted expiration after an ICU stay. The chart shows a
precipitous decline in survival rates when the patient has,
incoming to the ICU, an overall Health Score below 65. In
such instances, ICU units admitting patients with Health
Scores below 65 may choose to divert additional resources to
these patients, in order to reduce morbidity and mortality
rates. The Health Score is a sensitive new tool for the ICU use.
In this example, patient “A” with a Health Score of 65, versus
patient “B” with a Health Score of 75, might not exhibit
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obviously different symptoms, and thus the patients might be
treated similarly if the Health Score were not available. But
when the doctors know that there is a statistically significant
decline in survival rate when the Health Score is 65, patient
“A” may get the additional care that would save his life.
[0129] Furthermore, incoming Health Scores can be used
as an indicator of survival rates before undergoing certain
procedure. Not all patients are equal when entering the hos-
pital for a procedure. In some cases, a decision “not to oper-
ate” may be made if the risks of complication are too great. An
admission-timed Health Score from system 10 may also pro-
vide statistical information for post-operative survival rates,
which could greatly influence a hospital’s decision to recom-
mend the use of surgery, versus alternative treatments.
[0130] While only certain features of the invention have
been illustrated and described herein, many modifications,
substitutions, changes or equivalents will now occur to those
skilled in the art. It is therefore, to be understood that this
application is intended to cover all such modifications and
changes that fall within the true spirit of the invention.

What is claimed is:

1. A system for determining overall efficacy of a surgical
procedure, a medical treatment or a drug comprising:

an interface module, executing on a computer, for obtain-
ing, over a period of time, incoming disparate medical
data relating to a patient who has undergone the surgical
procedure, undergone the medical treatment or taken the
drug;

a storage module, executing on a computer, for storing
historical medical data relating to the patient;

a collection module, executing on a computer, for collect-
ing the incoming disparate medical data from the inter-
face module and for collecting the historical medical
data relating to the patient from the storage module;

a transformation module, executing on a computer, for
transforming each of the incoming disparate medical
data collected at a single point in time into a transformed
numerical quantity health score value, wherein each of
the transformed numerical quantity health score values
are in a format for combining together;

a combination module, executing on a computer, for com-
bining each of the transformed numerical quantity
health score values into a single health score, the single
health score representing the health of the patient at the
single point in time at which the incoming disparate
medical data was collected; and

a presentation and comparison module, executing on a
computer, for continually plotting and displaying on a
health score plot single health scores that have been
calculated for the patient as a function of time, wherein
each ofthe single health scores displayed at a given point
in time are recalculated using any new incoming dispar-
ate medical data,

wherein, based on the values of the single health scores dis-
played on the health score plot, the overall efficacy of the
surgical procedure, the medical treatment or the drug can be
determined.

2. The system of claim 1 wherein the incoming disparate
medical data includes at least one datum from a nursing
assessment, wherein the nursing assessment is performed by
a nurse.

3. The system of claim 1 wherein the historical medical
data relating to the patient is a past single health score.
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4. The system of claim 1 further comprising an alert mod-
ule, executing on a computer, for alerting a user when a single
health score falls below a predetermined threshold.

5. The system of claim 1 wherein the transformation mod-
ule transforms each of the incoming disparate medical data
collected at a single point in time into a scaled number, and
wherein the combination module adds together the scaled
numbers, and applies a predetermined algorithm to the added
scaled numbers to generate the single health score.

6. The system of claim 5 wherein the user can modify the
algorithm used to generate the single health score based on an
illness or condition of the patient.

7. The system of claim 1 wherein the presentation and
comparison module displays a statistical reference curve on
the health score plot so that the health score plot can be
compared to a health score plot of a patient who has under-
gone the same surgical procedure, undergone the same medi-
cal treatment or taken the same drug.

8. The system of claim 1 wherein the presentation and
comparison module displays principal corresponding mea-
surements of direct medical data on the health score plot.

9. The system of claim 2 wherein the at least one datum
from the nursing assessment includes at least one of: respira-
tion, pain, cardiac, gastrointestinal, genitourinary, nutrition,
musculoskeletal, skin, Braden score, neurological, psycho-
social, peripheral vascular, and safety.

10. A method for determining overall efficacy of a surgical
procedure comprising:

generating a health score plot as a function of time for a

patient who has undergone the surgical procedure,

wherein the health score plot is generated by:

continually obtaining on a computer, over a period of
time, incoming disparate medical data relating to the
patient;

transforming, on a computer, each of the incoming dis-
parate medical data collected at a single point in time
into a transformed numerical quantity health score
value, wherein each of the transformed numerical
quantity health score values are in a format for com-
bining together;

combining, on a computer, each of the transformed
numerical quantity health score values into a single
health score, the single health score representing the
health of the patient at the single point in time at which
the incoming disparate medical data was collected,;

generating, on a computer, a health score plot of single
health scores that have been calculated for the patient
as a function of time, wherein each of the single health
scores displayed at a given point in time are recalcu-
lated using any new incoming disparate medical data;
and

determining, based on the values of the single health scores

displayed on the health score plot, the overall efficacy of
the surgical procedure.

11. The method of claim 10 wherein the incoming dispar-
ate medical data includes at least one datum from a nursing
assessment, wherein the nursing assessment is performed by
a nurse.

12. The method of claim 10 further comprising:

alerting, on a computer, a user when a single health score

falls below a predetermined threshold.
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13. The method of claim 10 wherein the transformed
numerical quantity health score value is a scaled number,
wherein the scaled numbers are added together, and wherein
a predetermined algorithm is applied to the added scaled
numbers to generate the single health score.

14. The method of claim 13 wherein the algorithm used to
generate the single health score is modified based on an
illness or condition of the patient.

15. The method of claim 10 wherein the health score plot
includes a statistical reference curve so that the health score
plot can be compared to a health score plot of a patient who
has undergone the same surgical procedure.

16. The method of claim 10 wherein principal correspond-
ing measurements of direct incoming medical data is dis-
played on the health score plot.

17. The method of claim 11 wherein the at least one datum
from the nursing assessment includes at least one of: respira-
tion, pain, cardiac, gastrointestinal, genitourinary, nutrition,
musculoskeletal, skin, Braden score, neurological, psycho-
social, peripheral vascular, and safety.

18. A method for determining overall efficacy of a medical
treatment or a drug comprising:

generating a health score plot as a function of time for a

patient who has undergone the medical treatment or

taken the drug, wherein the health score plot is generated

by:

continually obtaining on a computer, over a period of
time, incoming disparate medical data relating to the
patient;

transforming, on a computer, each of the incoming dis-
parate medical data collected at a single point in time
into a transformed numerical quantity health score
value, wherein each of the transformed numerical
quantity health score values are in a format for com-
bining together;

combining, on a computer, each of the transformed
numerical quantity health score values into a single
health score, the single health score representing the
health ofthe patient at the single point in time at which
the incoming disparate medical data was collected,

generating, on a computer, a health score plot of single
health scores that have been calculated for the patient
as a function of time, wherein each of the single health
scores displayed at a given point in time are recalcu-
lated using any new incoming disparate medical data;
and

determining, based on the values ofthe single health scores

displayed on the health score plot, the overall efficacy of
the medical treatment or the drug.

19. The method of claim 18 wherein the incoming dispar-
ate medical data includes at least one datum from a nursing
assessment, wherein the nursing assessment is performed by
a nurse.

20. The method of claim 18 wherein the health score plot
includes a statistical reference curve so that the health score
plot can be compared to a health score plot of a patient who
has undergone the same medical treatment or taken the same
drug.
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