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(57) ABSTRACT

The invention provides a health care delivery system com-
prising a plurality of health care delivery devices (e.g., via the
Internet, etc.), which can disposed in treatment centers rang-
ing from patient homes to commercial health care facilities
such as hospitals, dialysis centers and so forth. Reporting
functionality can, instead of or in addition to identifying (and
reporting on) discrepancies in the raw and/or analyzed data
from the delivery devices, infer (and report) on possible
causes of those discrepancies and, in some aspects of the
invention, remedy those causes, thereby, providing auto-
mated operations support for the treatment centers.
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I”é‘reatment # patients #ix ‘V?Tx wit.h alarms/Tx alarm min/ [Alarm min/
enter Hypotension Tx alarm
1 59 2127 24.4% 2.88 2.79 0.97
2 133 3730
3 92 1789
4 86 1328
5 55 480
6 65 466
7 55 562 19.8% 2.54 2.17 0.85
8 177 954 8.8% 3.27 2.84 0.87
Total 722 11436 19.3% 3.31 3.05 0.92

Figure 6



Patent Application Publication  Aug. 15,2013 Sheet 7 of 7 US 2013/0211206 A1

B ngotev\siow alerts
Detect alert(s) and/or sensor readings )
Blood pressure readings

y

treatment, administrative
L &———ov other data from those
devices and/or center(s)

Collect patient record data, healtheare
provider data, ete.

Covvelate data

Conditions for
causal inference

No

Generate report/alert

Control device

Flgure #




US 2013/0211206 Al

PATIENT TREATMENT AND MONITORING
SYSTEMS AND METHODS WITH CAUSE
INFERENCING

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 12/613,394, filed Nov. 5, 2009,
entitled “Patient Treatment and Monitoring Systems and
Methods,” the teachings of which are incorporated herein by
reference

BACKGROUND OF THE INVENTION

[0002] The invention relates to apparatus and methods for
medical treatment. It has application, by way of non-limiting
example, in the delivery of dialysis care, e.g., in the home, in
hospitals, dialysis centers or other central care facilities.
[0003] Dialysis is an important treatment regimen for a
variety of chronic diseases. To meet the need for regular care,
patients typically travel to hospitals or dialysis centers that are
designed for efficient and routine therapy. Typically, a nurse
or patient care technician oversees the treatment sessions and
records patient information, such as patient vitals, treatment
details, and billing information. The nurse or care technician
can also assess the patient’s health and, if necessary, make a
referral to his or her regular physician (or, if necessary, to an
emergency physician) for additional medical attention.
[0004] With the advent of more affordable equipment,
home dialysis is increasingly an option for many dialysis
patients, who find it offers them greater privacy, flexibility of
scheduling and overall comfort. Home provision of hemodi-
alysis can also be advantageous to health care providers since
it does not require the nursing, equipment and space overhead
of standard in-center care. Medicare/Medicaid and other
insurers stand to benefit, too, since home hemodialysis tends
to lower coverage costs over the long term.

[0005] The decision to place a patient on home hemodialy-
sis (HHD) is not necessarily an easy one, however. The
demands of a hemodialysis regime, even one administered in
the home, are such that HHD programs suffer a high dropout
rate as patients revert to in-center dialysis. These dropouts are
not necessarily for medical reasons but, rather, are often due
to the mental and/or physical demands HHD care places on
patients and their partners. Considering the costs of providing
patient training, the expenses of adjustment of the infrastruc-
ture at the patient’s home, cost for installation of the equip-
ment and delivery charges, patients that drop out of HHD
programs create an economic burden on the health care sys-
tem.

[0006] Even for those patients on a course of HHD therapy,
full compliance with the regimen can be difficult. This is true,
for example, with respect to administration of medications
taken as part of the regimen. Erythropoietin, a drug com-
monly administered to hemodialysis patients to prevent ane-
mia, is one example. Dosages of this expensive drug can be
reduced, if it administered subcutaneously. That can be more
painful, however, leading HHD patients to skip doses. This
not only adversely affects treatment outcome but may raise
the specter of insurance fraud—since, unless the patients
admit they are under-dosing, care providers are likely to dis-
pense and seek reimbursement for monthly complements of
EPO, regardless of whether patients have used them.

[0007] An additional consideration in the decision to place
a patient on HHD is that of patient monitoring. HHD therapy
affords fewer opportunities to assess patient health, well-
being and treatment compliance. Care givers typically have
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that opportunity only when HHD patients visit their local
dialysis clinic for monthly evaluation—and, then, only to the
extent that the success of treatment can be determined from
routine testing and from patient reporting. Significantly,
although HHD equipment may record limited patient infor-
mation (such as date/time of treatment, blood pressure and
pulse), it does not afford the care giver insight into adverse
events that occur during actual HHD treatment sessions, such
as dizziness, vomiting and cramps. Moreover, while the prior
art does suggest that there has been some effort to collectin a
central databases even the limited patient data acquired by
HHD equipment, this has not been perceived by care provid-
ers as a suitable substitute for in-center visits.

[0008] Inview of the foregoing an object of the invention is
to provide improved medical care systems and methods. A
more particular object is to provide such systems and methods
as are adapted for patient treatment and monitoring.

[0009] A further object of the invention is to provide such
systems and methods as are adapted for use in health delivery,
e.g., in the home, in hospitals, dialysis centers or other central
care facilities.

[0010] A still further object of the invention is to provide
such systems and methods as are adapted for use in hemodi-
alysis and peritoneal dialysis treatment.

[0011] A still further object of the invention is to provide
such systems and methods as are adapted for use in hemodi-
alysis and peritoneal dialysis treatment, regardless of the
treatment setting (e.g., whether operated at a central care
facility, a home or otherwise).

SUMMARY OF THE INVENTION

[0012] The foregoing are among the objects attained by the
invention, which provides apparatus and methods for delivery
of health care that collect subjective and objective measures
of patient health and treatment, analyzing them (e.g., corre-
lating them with one another, with prior such information
and/or with norms) and reporting them to aid in on-going
patient diagnosis and treatment (both on acute and chronic
bases), as well as to aid physicians, nurses and other caregiv-
ers in decision support, monitoring treatment compliance,
facilitating regulatory compliance, billing, and so forth.
Advantages of the system are, among others, that it helps
ensure that the patient is doing as expected (e.g., in terms of
physical health, mental health and well-being, and/or treat-
ment compliance), allowing care providers to readily monitor
and document (or otherwise report on) the patient’s treatment
and response, providing alerts or other warnings when those
are not proceeding as expected.

[0013] Thus, for example, in some aspects, the invention
provides a health care delivery device comprising a medical
treatment apparatus, such as a hemodialysis or peritoneal
dialysis unit, that is coupled to a processor. The processor
generates patient queries in connection with treatments ren-
dered by dialysis equipment (or other treatment apparatus).
The queries are directed, at least in part, to subjective topics,
such as the state of the patient’s mental health and well being,
quality of life, degrees of pain, views on success of therapy,
and so forth. They are presented on an LCD screen or other
output device coupled to the processor to elicit responses on
a keyboard or other input device, also coupled to the proces-
SOr.

[0014] Further aspects of the invention provide a health
care delivery device, for example, as described above, that
includes communications logic, e.g., hardware and/or soft-
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ware operating in conjunction with the processor, that trans-
mits the patient’s query responses to a health care provider,
e.g., a nurse or patient care technician at a dialysis center.
Those responses can be transmitted in connection with treat-
ments rendered by the dialysis equipment (or other treatment
apparatus), e.g., at or around the time of completion of each
treatment session.

[0015] In related aspects of the invention, a health care
delivery device, for example, as described above, can include
a memory or other store for patient responses. That store can
operate in connection with the communications logic, e.g.,
retaining the responses while awaiting transmission to the
health care provider.

[0016] Further aspects of the invention provide a health
care delivery device, for example, as described above,
wherein the communications logic transmits text or other
messages input by the patient (e.g., via the input device) to the
health care provider. The messages can be, for example, ques-
tions by the patient regarding his or her immediate or long-
term treatment. In related aspects of the invention, the com-
munications logic of such a health care delivery device can
accept messages transmitted from the provider and can
present those messages on the output device. These can be,
for example, responses to the patient’s questions, suggestions
on treatment, words of encouragement, and so forth.

[0017] Still further aspects of the invention provide a health
care delivery device, for example, as described above, that
includes one or more physiometric sensors that take readings,
e.g., of patient temperature, blood pressure, other vital signs,
and so forth, in connection with treatments rendered by the
dialysis equipment (or other treatment apparatus). The com-
munications logic can transmit those readings to the health
care provider, e.g., along with the patient’s responses to the
queries for the corresponding treatment session.

[0018] In related aspects of the invention, a health care
delivery device, for example, as described above, includes
one or more sensors that sense operating conditions of any of
the health device and the medical treatment apparatus. The
communications logic can transmit those readings to the
health care provider, e.g., along with the patient’s responses
to the queries and/or physiometric readings for the corre-
sponding treatment session.

[0019] In further related aspects of the invention, a health
care delivery device, for example, as described above,
includes one or more one or more monitors that signal alerts
or alarms (terms which are used interchangeably herein) in
response to any of (i) selected patient physiometric charac-
teristics, e.g., pulse, blood pressure and/or other vital sign
readings over designated values, etc., and (ii) selected oper-
ating conditions of any of the health device and the medical
treatment apparatus, e.g., diagnostic warnings, power surges,
and so forth. As above, the communications logic can trans-
mit those alerts to the health care provider, e.g., along with the
patient’s responses and/or physiometric readings.

[0020] Still other aspects of the invention provide a health
care delivery system that includes a health care delivery
device, for example, as described above, that is coupled to a
digital data processing system, e.g., by way of the Internet, a
cellular phone network, or other arrangement of wireless
and/or wired network media. In a system according to this
aspect of the invention, the health care delivery device can be
disposed, for example, in a patient’s home and the digital data
processing system can be disposed, for example, in a hospital,
dialysis center or other central location. The communication
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system, according to these aspects of the invention, transmits
patient responses, physiometric readings, operating condi-
tions and/or alerts to the remote digital data processing sys-
tem, e.g., in connection with treatments rendered by the dialy-
sis equipment (or other treatment apparatus) or otherwise.
[0021] In related aspects of the invention, the digital data
processing system of a health care delivery system, e.g., as
described above, analyzes patient responses, physiometric
readings, operating conditions and/or alerts received from the
health care delivery device and, for example, correlates them
with (i) each other, (ii) prior responses, readings, conditions,
alerts from the device and/or other information for the patient
(e.g., from medical records), (iii) expected responses, read-
ings, conditions and/or alerts, e.g., based on empirical, nor-
mative or other standards, and/or (iv) so forth, in order to aid
the health care provider in on-going patient diagnosis and
treatment (both on acute and chronic bases), decision support,
monitoring treatment compliance, facilitating regulatory
compliance, billing, and so forth.

[0022] In other related aspects of the invention, the digital
data processing system of a health care delivery system, e.g.,
as described above, includes reporting functionality that
reports patient responses, physiometric readings, operating
conditions and/or alerts received from the health care delivery
device. These can be on a per-session basis or over selected
periods of time, e.g., per day, per week, etc. Alternatively
and/or in addition, this functionality can report results of the
aforementioned correlation(s), e.g., indicating whether the
responses, readings, conditions and/or alerts show unex-
pected and/or undesirable indications.

[0023] Byway ofnon-limiting example, the reporting func-
tionality can report treatment times, medication dosages and
times, alarms, and so forth. This can be used by the health care
provider in providing acute and/or chronic care. It can be
used, alternatively or in addition, for regulatory, billing or
other such purposes. Selected portions of these reports, for
example, can be automatically transmitted to the physician,
nurse and other caregivers, as well as, for example, to the
patient (e.g., via e-mail, messaging transmitted from the digi-
tal data processor to the health care delivery device, etc.), the
insurer and/or others.

[0024] Inother aspects of the invention, one or more of the
aforementioned functions of the digital data processor can be
carried out, instead or in addition, by the health care delivery
device. Thus, for example, the processor executing on that
device can analyze patient responses, physiometric readings,
operating conditions and/or alerts and correlate them with (i)
each other, (ii) prior responses, readings, conditions, alerts
from the device and/or other information for the patient (e.g.,
from medical records), (iii) expected responses, readings,
conditions and/or alerts, e.g., based on empirical, normative
or other standards, and/or (iv) so forth. While the results of
such analysis can be transmitted to the remote digital data
processing system, e.g., for reporting to the health care pro-
vider, those results can be also be used to generate more
urgent messages to the patient and/or his health care provider.
[0025] Other aspects of the invention provide a health care
delivery system as described above in which the health care
delivery device and the digital data processing system are
located at the same facility (e.g., in a hospital, dialysis center
or other central location) and/or in the same department, floor,
ward and/or room of such a facility.

[0026] Further aspects of the invention provide a health
care delivery system, e.g., as described above in which the
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digital data processing system is coupled to a plurality of the
health care delivery devices (e.g., via the Internet, etc.), which
can be disposed in treatment centers ranging from patient
homes to commercial health care facilities such as hospitals,
dialysis centers and so forth. The aforesaid reporting func-
tionality can, instead of or in addition to identifying (and
reporting on) discrepancies in the raw and/or analyzed data
from the delivery devices, infer (and report) on possible
causes of those discrepancies and, in some aspects of the
invention, remedy those causes, thereby, providing auto-
mated operations support for the treatment centers. This may
be based on, for example, patient heart rate, blood pressure,
temperature, oxygen (O2) saturation, blood volume, blood
flow, dialysate flow, conductivity, dialyzer clearance, alarm
state, venous pressure, arterial pressure, and/or other infor-
mation regarding the patients and/or the health care delivery
devices, as provided by the aforementioned sensors or other-
wise.

[0027] Related aspects of the invention provide health care
delivery systems, e.g., as described above, in which the
reporting functionality facilitates correction of the identified
causes, €.g., the setting or resetting of alarms, recalibration of
sensors, blocking or unblocking device operation, communi-
cating or implementing a physician-ordered prescription, and
so forth, all by way of example.

[0028] Related aspects of the invention provide health care
delivery systems, e.g., as described above, in which the
reporting functionality facilitates such correction indirectly,
e.g., through alerting of (and action by) a technician or other
personnel local to a device requiring such correction.

[0029] Further related aspects of the invention provide
health care delivery systems, e.g., as described above, in
which the reporting functionality facilitates such correction
directly, e.g., by sending control signals to one or more of the
health care delivery devices.

[0030] Still further related aspects of the invention provide
health care delivery systems, e.g., as described above, in
which the reporting functionality (i) infers from patterns of
hypotension reflected in data from the health care delivery
devices that patients under care at one or more treatment
centers may require “dry weight” adjustment or other inter-
vention, and (ii) generates reports and/or immediate alerts
directing health care providers of such need for possible
adjustment and/or effects such adjustment directly.

[0031] Yet further related aspects of the invention provide
health care delivery systems, e.g., as described above, in
which the reporting functionality makes such an inference
whenever the sensors of a treating device detect an instance of
hypotension during a treatment session. In other aspects, this
can be conditioned on detection of multiple such instances
during a session. In yet other aspects, it can be conditioned on
detection of such condition or conditions over multiple treat-
ment sessions of the same patient.

[0032] Still yet further related aspects of the invention pro-
vide health care delivery systems, e.g., as described above, in
which the reporting functionality makes such an inference by
cross-correlating hypotension alerts signaled (and/or blood
pressure readings taken) by devices of one or more centers
with treatment, administrative or other data from those
devices and/or center(s). This can facilitate, for example,
identification of a specific health care provider (e.g., dialysis
nurse and/or physician) or group of providers (e.g., personnel
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of a given center, personnel trained by a specific trainer, and
so forth) whose treatment regiments necessitate dry weight or
other therapy adjustments.

[0033] Yet still yet other related aspects of the invention
provide health care delivery systems, e.g., as described above,
in which the reporting functionality infers, from like data as
discussed above, that sensors of one or more devices may be
signaling false hypotension alerts and/or providing incorrect
blood pressure readings.

[0034] Related aspects of the invention provide health care
delivery systems, e.g., as described above, in which the
reporting functionality (i) infers from patterns of hypotension
reflected in data from the health care delivery devices, as well,
optionally, as from supplemental infusate supplies, sensors
and/or monitoring logic of those devices that patients under
care at one or more treatment centers may require medication
adjustment, and (ii) generates reports and/or immediate alerts
directing health care providers of the need for possible adjust-
ments and/or effects such adjustment directly.

[0035] Related aspects of the invention provide health care
delivery systems, e.g., as described above, in which the
reporting functionality (i) infers from patterns ofhypotension
reflected in data from the health care delivery devices, as well,
optionally, as from other sensors and/or monitoring logic of
those devices that one or more of those devices may require
filtration rate adjustment, and (ii) generates reports and/or
immediate alerts directing health care providers of the need
for such possible adjustment and/or effects such adjustment
directly.

[0036] Related aspects of the invention provide health care
delivery systems, e.g., as described above, in which the
reporting functionality (i) infers from patterns of hypotension
reflected in data from the health care delivery devices, as well,
optionally, as from other sensors and/or monitoring logic of
those devices that patients under care at one or more treatment
centers may incoming/fresh dialysate temperature adjust-
ment, and (ii) generates reports and/or immediate alerts
directing health care providers of the need for such possible
adjustment and/or effects such adjustment directly.

[0037] Related aspects of the invention provide health care
delivery systems, e.g., as described above, in which the
reporting functionality (i) infers from patterns of atrial and/or
venus pressure alarms reflected in data from the health care
delivery devices, as well, optionally, as from other sensors
and/or monitoring logic of those devices that patients under
care at one or more treatment centers may require hemoco-
agulant adjustment and/or vascular access evaluation, and (ii)
generates reports and/or immediate alerts directing health
care providers of the need for such possible adjustment and/or
effects such adjustment directly.

[0038] Related aspects of the invention provide health care
delivery systems, e.g., as described above, in which the
reporting functionality (i) infers from patterns of conductivity
alerts reflected in data from the health care delivery devices,
as well, optionally, as from information from other sensors
and/or monitoring logic of those devices that one or more of
those devices may require supply correction, and (ii) gener-
ates reports and/or immediate alerts directing health care
providers of the need for possible adjustments and/or effects
such adjustment directly.

[0039] Related aspects of the invention provide health care
delivery systems, e.g., as described above, in which the
reporting functionality (i) infers from patterns of alerts,
alarms and other information from the health care delivery
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devices indicative of dialysate temperature, dialysate flow,
and so forth, that one or more of those devices may require
supply correction, and (ii) generates reports and/or immedi-
ate alerts directing health care providers of the need for pos-
sible adjustments and/or effects such adjustment directly.
[0040] Still further aspects of the invention provide meth-
ods paralleling operation of the health care device, system,
and components thereof, discussed above. By way of non-
limiting example, one such method includes delivering medi-
cal treatment to a patient via a medical treatment apparatus,
subjectively querying the patient via a health care treatment
device associated with the medical treatment apparatus,
accepting patient responses to those subjective queries, and
transmitting the patient responses to a remote health care
provider.

[0041] These and other aspects of the invention are evident
in the drawings and in the text that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] A more complete understanding of the invention
may be attained by reference to the drawings, in which:
[0043] FIG. 1 depicts examples of a health care delivery
device and system according to the invention;

[0044] FIG. 2 depicts a method for operating a health care
delivery device and system of FIG. 1;

[0045] FIGS. 3-4 depict examples of reports of the type
generated by a health care delivery system of FIG. 1;

[0046] FIG. 5 depicts a system for health care delivery
comprising a plurality of health care delivery devices of the
type shown in FIG. 1;

[0047] FIG. 6 depicts a chart-style report of the type gen-
erated by an analysis and reporting module in a system of the
type shown in FIG. 5 showing comparative treatment data for
multiple commercial health care facilities; and

[0048] FIG. 7 depicts a method for such inferential report-
ing on and/or control of patient in a system according to the
invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT

[0049] Architecture

[0050] FIG. 1 depicts examples of a health care delivery
device and system according to the invention. Illustrated
device 10 comprises a medical treatment apparatus 12, a
processor 14, an output device 16 and an input device 18, all
coupled as shown.

[0051] Illustrated medical treatment apparatus comprises a
dialysis unit and, more particularly, a hemodialysis unit of the
type commercially available or otherwise known in the art for
such purpose, e.g., including, for example, fresh and spent
dialysate containers 12A, 12B, filter/dialyzer 12C, pump
12D, supplemental infusate supply 12E (e.g., for heparin
and/or other medications), and so forth, as adapted in accord
with the teachings hereof. The illustrated medical treatment
apparatus 12 is, moreover, of the type adapted for use in the
home or other locale remote for a dialysis center, hospital or
other central treatment center. Alternatively, or in addition,
the apparatus 12 may be adapted for use in such a dialysis
center, hospital or other treatment center. This may, for
example, at a location in such a center remote from a physi-
cian, nurse, patient care technician or other health care pro-
vider—or it may be nearby such a provider. In other embodi-
ments apparatus 12 may comprise a peritoneal dialysis
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machine or other medical treatment apparatus of the type
known in the art or otherwise, again, as adapted in accord with
the teachings hereof.

[0052] Processor 14 comprises a microprocessor or other
processing unit of type commercially available or otherwise
known in the art, as adapted in accord with the teachings
hereof. The processor 14 may be integral to medical treatment
apparatus 12 or it may separate therefrom, albeit coupled for
communication therewith. Illustrated processor 14 is coupled
with liquid crystal display (LCD) or other output device 16,
which may be of the type commercially available in the mar-
ketplace or otherwise known in the art, as adapted in accord
with the teachings hereof. Processor 14 is also coupled with
keyboard or other input device 18 (e.g., mouse, touch-screen,
touchpad, etc.) which, too, may be of the type commercially
available in the marketplace or otherwise known in the art,
again, as adapted in accord with the teachings hereof. The
LCD 16 (and/or other output device) and/or keyboard 18
(and/or other input device) may be integral to medical treat-
ment apparatus 12 or separate therefrom. Alternatively, or in
addition, LCD 16 and/or keyboard 18 may be co-housed with
processor 14 or separate therefrom, as well as from one
another.

[0053] Processor 14 is coupled with network interface 20 to
support communications with a health care provider 22, e.g.,
a physician, nurse or patient care technician, via digital data
processing system 24 and network media 26. That media 26
may comprise IP, telephone and/or other networks of the type
known in the art—wired, wireless and/or otherwise. Network
interface 20 comprises a modem, network interface card and/
or other functionality of the type commercially available in
the marketplace or otherwise known in the art suitable for
supporting communications over network 26, as adapted in
accord with the teachings hereof. Examples include cable
modems, cellular telephone modems, USB modems, Ether-
net cards, and combinations thereof, just to name a few. It will
be appreciated that some of that functionality for supporting
communications with care provider 22 via digital data pro-
cessor 24 and network media 26 may reside on processor 14,
as in the case, for example, of operating system drivers,
network protocol stacks, and so forth. Together, this function-
ality (i.e., hardware and/or software) is referred to, here, as
“communications logic.”

[0054] Processor 14 is also coupled with sensors 28 that
take biometric readings of the patient 20. These “physiomet-
ric sensors,” as they are referred to herein, can include blood
pressure sensors, temperature sensors, and so forth. In the
illustrated embodiment they are of the type commercially
available in the marketplace or otherwise known in the art, as
adapted in accord with the teachings hereof. Those sensors
may be integral to apparatus 12, processor 14 and/or co-
housed with device 10, or otherwise. In the illustrated
embodiment, the sensors include a pulse sensor 28A, a blood
pressure sensor 28B, a temperature sensor 28C and a electro-
chemical sensor 28D (e.g., for sensing blood urea levels,
ammonia levels, and so forth). Sensors 28A—28C are shown
coupled to the patient, while sensor 28D is coupled in the
blood fluid-flow path of apparatus 12. Other embodiments of
the invention may include a greater or fewer number of such
sensors, coupled to the patient, the flow-path of apparatus 12,
etc., as shown or in other ways known in the art, as adapted in
accord with the teachings hereof.

[0055] Processor 14 is also coupled to sensors 30 that sense
operating conditions of the device 10, apparatus 12, and/or
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components thereof. These can include sensors that measure
the rates of fluid flow, fluid temperature, level, and composi-
tion, power conditions, maintenance status and so forth, all by
way of non-limiting example. In the illustrated embodiment
they are of the type commercially available in the marketplace
or otherwise known in the art, as adapted in accord with the
teachings hereof. Those sensors may be integral to apparatus
12, processor 14 and/or co-housed with device 10, or other-
wise. In the illustrated embodiment, the sensors include an
inflow blood flow-rate or pressure sensor 30A, and outflow
blood flow-rate or pressure sensor 30B, fresh dialysate level
sensor 30C, spent dialysate level sensor 30D. An additional
sensor (not shown) can, by way of non-limiting example,
sense levels or dosings from supplemental infusate supply
12E. In other embodiments, other operational sensors of the
type suggested above are provided instead or in addition to
those shown in the drawing and/or discussed here.

[0056] Processor 14 can include monitoring logic, here,
represented by modules 32, that monitor operational states of
device 10 and/or apparatus 12, as well as detect alert or alarm
(terms which are used interchangeably herein) conditions,
e.g., as reported directly from components of device 10 and/
or apparatus 12 and/or when readings from the physiometric
sensors 28 and/or operational sensors 32 fall outside of
selected ranges. That monitoring logic can also, by way of
non-limiting example, monitor when and for how long the
various sensor readings, for example, are outside those
ranges.

[0057] Thus, for example, the monitoring logic 32 can
detect the incidence and duration of systolic blood pressure
readings below physician- (or other care provider-) defined
levels, as well as changes (deltas) in blood pressure greater
than such levels. By way of further example, the monitoring
logic can detect when medications are administered and in
what quantity. By way of still further example, the monitoring
logic can detect when treatment sessions are initiated and how
long they are run; the incidence and duration of “door ajar”
alerts, “filter replacement™ alerts, “dialysate replacement”
alerts, and/or other alerts or conditions reflecting whether
proper and efficient care is being delivered to the patient 20,
and so forth. Though illustrated here has modules (i.e., soft-
ware and/or hardware) executing on/forming part of proces-
sor 14, in other embodiments, monitoring logic 32 can be
form part of apparatus 12 and/or may be co-housed with
device 10, or otherwise.

[0058] Processor 14 is also coupled, in the illustrated
embodiment, with a storage device 34, such as a disk drive,
memory stick and/or other medium, removable or otherwise.
[0059] Digital data processing system 24 comprises one or
more cell phones, smart phones, personal digital assistants,
computers, or other devices suitable for communicating with
device 10 via network 26 to receive patient query responses,
physiometric sensor readings, operational sensor readings
and/or alerts of the type described above. In the illustrated
embodiment, the system 24 is remote from device 10 and
comprises a computer system of the type commonly available
in a hospital, dialysis center or other central location of the
type that employs or otherwise physicians, nurses, patient
care technicians or other health care providers to oversee
treatment of patients 20, all as adapted in accord with the
teachings hereof. In other embodiments, the system 24 is
located with the device 10 at the same facility (e.g., in a
hospital, dialysis center or other central location) and/or in the
same department, floor, ward and/or room of such a facility,
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by way of non-limiting example, and coupled therewith by
way of a bus, network or other media, or combination thereof,
wired or wireless, dedicated, shared or otherwise.

[0060] The illustrated system 24 also includes an analysis/
reporting module 24 A, implemented in software on one or
more of the computers or other computational devices mak-
ing up that system, that analyzes and/or reports the informa-
tion collected and transmitted by device 10 in accord with the
teachings hereof to aid in on-going patient diagnosis and
treatment, as well as to aid physicians, nurses and other car-
egivers in diagnostics, decision support, monitoring treat-
ment compliance, billing, and so forth. The system 24 also
includes an LCD display or other output unit 24B of the type
commercially available in the marketplace or otherwise
known in the art (as adapted in accord with the teachings
hereof) for presenting results generated by module 24A.
[0061] Operation

[0062] FIG. 2 depicts operation of the system of FIG. 1
according to one practice of the invention. In step 40, appa-
ratus 12 and sensors 28 are coupled to patient 20 and other-
wise set-up for treatment delivery in the conventional manner
known in the art (as adapted in accord with the teachings
hereof).

[0063] Instep 42, treatment is administered in the conven-
tional manner known in the art, as adapted in accord with the
teachings hereof. In connection with at least selected treat-
ment sessions (e.g., every session, every other session, one
session per week, or so forth), processor 14 generates queries
to the patient 20. The queries can directed to, by way of
non-limiting example, subjective topics, such as the patient’s
perception of his or her own mental health and well being,
quality of life, degrees of pain, views on success of therapy,
and so forth. The queries may include questions with yes/no
answers, questions with a numeric grading, questions with a
numeric value, and/or open-ended questions, etc. By way of
example, queries designed to uncover depression (which has
a correlation with patient morbidity and mortality) may
include general questions regarding the emotional status of
the patient and the quality of life and screens for depression.
These may be questions to which the patient 20 responds with
ratings, e.g., with values from one to five. The queries are not
limited to subject topics and may include, for example, ques-
tions about the patient’s eating habits, whether he/she is tak-
ing prescribed treatment medications and, if so, when and in
what doses, and so forth.

[0064] Insome embodiments, the processor generates spe-
cific queries based on the patient’s underlying medical con-
dition, medications and/or diagnoses (as reflected, for
example, in start-up parameters for device 10 set at the time of
installation or otherwise, e.g., by the health care provider).
For example, based on such parameters, the processor can
generate queries for a diabetic patient 20 regarding they took
their prescribed insulin or whether they measured their fast-
ing blood sugar, etc. In cases where treatment is rendered with
assistance of a domestic or other care-giving partner, the
queries can be directed to that person’s perceptions of the
patient’s mental health and well being, etc., instead of or in
addition to the patient’s own perceptions.

[0065] The queries can be presented to the patient before,
during and/or after the selected treatment session(s). See
steps 44, 46. Preferably, in the case of pre- or post-treatment
queries, they are generated sufficiently close in time (e.g.,
within an hour of treatment and, more preferably, within V2
hour of treatment and, still, more preferably within 10 min-
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utes of treatment) to assure that the answers reflect the
patient’s state at the time of the treatment session.

[0066] In some embodiments, however, the processor 14
does not generate the queries in connection with selected
treatment sessions per se. Rather, it generates the queries at a
pre-determined time, at a time selected ad hoc by the patient,
or otherwise, on a daily, bi-daily, weekly, biweekly basis, or
otherwise, regardless of treatment time. In such embodi-
ments, the queries can nonetheless be directed to the patient’s
state in connection with the most recent treatment session(s)
or otherwise.

[0067] Queries generated by the processor 14 are presented
to the patient (and/or, for example, his/her domestic or other
care-giving partner) via a liquid crystal display (LCD) 16 or
other output device. Responses are input via keyboard or
other input device 18. In the discussion that follows, the terms
“patient query,” “queries presented to patient,” and the like,
refer to the foregoing queries—regardless of whether they are
presented to the patient directly or to his’/her domestic or other
care-giving partner. Likewise, the terms “response to query,”
“query responses,” and the like, refer to responses to such
queries—regardless of whether they are input by the patient
directly or by his/her domestic or other care-giving partner.
[0068] In connection with at least selected treatment ses-
sions—and, preferably, in connection with each treatment
session—processor 14 acquires physiometric readings from
sensors 28, operational readings from sensors 30, alerts (in-
cluding incidence and duration information) from monitoring
logic 32, and so forth. See step 48.

[0069] The communications logic (e.g., network interface
20) operates under control of the processor 14 to transmit
query responses to the digital data processing system 24,
along with readings from sensors 28, 30 and alerts from
monitoring logic 32, for consideration by health care provider
22. See step 50. In the illustrated embodiment, those
responses are transmitted e.g., at or around the time of
completion of each treatment session, though, they can be
transmitted at regular intervals (e.g., daily, weekly and so
forth), e.g., when the device 10, network 26 and/or data pro-
cessing system 24 is otherwise amenable to such transfer.
[0070] Alternatively, or in addition, the processor can store
the query responses for each treatment session, along with
readings from sensors 28, 30 and alerts from monitoring logic
32, to storage device 34, e.g., retaining the responses while
awaiting transfer to the care provider. Indeed, in the case of
such devices with removable media, the patient 20 can bring
that with him/her to monthly evaluation sessions at the hos-
pital, dialysis clinic or other center, for uploading to digital
data processing system 24 and consideration by health care
provider 22.

[0071] Health care provider 22 utilizes the information
transferred from device 10 for on-going diagnosis and treat-
ment of the patient (both on acute and chronic bases), as well
as for decision support, monitoring treatment compliance,
facilitating regulatory compliance, billing, and so forth. See
step 52. Thus, for example, the health care provider can
initiate printing or other reporting of some or all of the trans-
ferred information for the patient’s medical record or flow
sheet, for patient billing, and so forth. Alternatively, or in
addition, such printing and/or reporting can be initiated by
analysis/reporting module 24A. Likewise, the health care
provider and/or module 24 A can print or otherwise report all
or selected portions of the transferred information to support
reimbursement requests and/or refilling of prescriptions for
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medications (such as EPO) provided to the patient as part of
the treatment regimen. This can include, for example, report-
ing drugs taken by the patient in connection with treatment,
including, for example, when those drugs were taken and in
what amounts. The foregoing will, among other things,
ensure that the provider has sufficient documentation to prove
use, for example, of EPO and other renal-related pharmaceu-
ticals (Vitamin D analogues, iron preparations etc) in connec-
tion with treatment of the patient 20. The printing/reporting of
this will also allow for notification or even adjustment of
billing for these drugs.

[0072] To that end, analysis/reporting module 24 A can ana-
lyze the information transmitted by device 10, including,
correlating response queries, sensor readings and alerts trans-
mitted by device 10 and/or data in the patient’s 20 electronic
medical record and database with (i) each other, (ii) prior
responses, readings, conditions, alerts from the device and/or
other information for the patient (e.g., from medical records),
(iii) expected responses, readings, conditions and/or alerts,
e.g., based on empirical, normative or other standards, and/or
(iv) so forth, in order to facilitate the health care provider’s
understanding of individual or multiple treatment sessions
(e.g., over week-, month-, three month-periods, and so forth)
and, more generally, in on-going patient diagnosis and treat-
ment (both on acute and chronic bases), decision support,
monitoring treatment compliance, facilitating regulatory
compliance, billing, and so forth. See step 54.

[0073] By way of non-limiting example, the module 24A
can correlate response queries, sensor readings and alerts
transmitted by device 10 with one another to identify discrep-
ancies, e.g., between response queries and physiometric sen-
sor readings (e.g., patient reports “feeling fine,” yet sensors
suggest high fever), between operational and/or physiometric
sensor readings (e.g., operational readings show numerous
treatment sessions, yet, physiometric readings suggest
decline in patient condition), and so forth. The module 24 A
can also correlate response queries, sensor readings and alerts
transmitted by device 10 with historical such data transmitted
by that device for the same patient, e.g., to discern whether the
patient is improving or falling out of compliance with a treat-
ment regime. The module 24A can also correlate response
queries, sensor readings and alerts transmitted by device 10
with empirical or normative standards, e.g., established for
patients of similar demographics, by health care provider,
treatment center, by the insurer, by government agencies, and
so forth. Module 24 A can, additionally, analyze the transmit-
ted data to identify additional alarm conditions or data pat-
terns (e.g., based on ad hoc or other input from the physician,
nurse or other health care provider).

[0074] In addition to performing the foregoing analyses,
module 24A can identify trends occurring over time in the
results of those analyses and/or in the underlying data
received from device 10, facilitating not only identification of
chronic or long-term conditions. For example, the module can
identify trends in the patient’s responses to questions directed
to general emotional status and can correlate those trends
with objective or other data (e.g., from the patient’s electronic
medical record) and/or perform trend analysis that, for
example, provides an early indication of burn-out and allow
for a timely intervention.

[0075] Moreover, the module 24A can identify patterns and
frequencies of alarms, alerts, treatment information, patient
symptoms and/or responses which represent deviations from
the patient, health care provider and/or treatment facility
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norms and indicate potential problems or inefficiencies for
evaluation and correction. The number, frequency and pattern
of machine alarms, alerts, the time required to clear an alarm
and vital sign information (blood pressure and pulse measure-
ments) can provide significant information about individual
patients clinical condition and/or changes in their medical
condition. It also provides information about care delivery
issues during both home hemodialysis, peritoneal dialysis
and/or in-center hemodialysis. In this latter regard, for the
example, the module 24A can provide the foregoing correla-
tions not only for a given patient, but also for a treatment
facility, e.g., comparing statistics for query responses, sensor
readings, and/or alerts for multiple patients of a given facility
with those of other facilities and/or standards. The module
24A can generate reports or other documentation with the
outcome(s) of those comparisons, e.g., in support of billing,
regulatory compliance, and so forth. Thus, paralleling an
advantage discussed above, the module 24A helps ensure that
treatment facilities are doing as expected.

[0076] Illustrated analysis/reporting module 24A can
report the information transmitted by device 10 and/or results
of the foregoing analyses for use by the health care provider
in providing on-going patient diagnosis and treatment (both
on acute and chronic bases), decision support, monitoring
treatment compliance, facilitating regulatory compliance,
billing, and so forth. Moreover, module 24A can trigger an
immediate alert (e.g., in the form of e-mail, text message or
otherwise) to a physician, nurse or other health care provider
and/or generate a printout/report allowing an assessment of
the patient’s prescription and/or other medical co-morbidities
and diagnoses. For sake of simplicity, as used herein, the term
“report” additionally encompasses notification of immediate
alerts, unless otherwise evident from context.

[0077] In some embodiments, the processor 14 is adapted
to perform some or all of the analyzes and reporting functions
described above in connection with module 24A. The results
of those analyses can be transmitted to digital data processor
24 and/or can form the basis of immediate reporting alerts,
e.g., to the patient and/or the physician, nurse or other health
care provider. Thus, for example, such alerts can be generated
if user starts to performs unusual steps during in setup or
treatment, e.g., failing to perform disinfection, performing
operations out of order, attempting to improperly increase
ultrafiltration setting, offering bizarre subjective responses
indicating illness, distress and/or incoherence. In some
embodiment, when the processor 14 detects such conditions,
it stops or prevents further treatment, e.g., in addition to
signaling an alert.

[0078] FIGS.3A-3B depict examples of reports of the type
generated by module 24 A (and/or processor 14 providing like
functionality) correlating alarm (or other) information trans-
mitted from device 10 with clinical information. More par-
ticularly, FIG. 3A depicts an example of a chart of the type
generated by module 24 A plotting the total number of alarms
per treatment session vs date for a given patient over multiple
treatment sessions, here, illustrated as running between Sep-
tember 29 and November 12. The circled regions of the plots
identify total alarm counts of interest, e.g., values running
above an upper control limit (“UCL”) or below a lower con-
trol limit (“LLCL”), as well as other alarm counts of interest,
e.g., as determined in accord with standard statistical control
principles (or otherwise). Those counts may results from
mistakes in the procedure executed by the patients, abnormal
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physiological conditions resulting from patient illness, erro-
neous operation of device 10 or otherwise.

[0079] Although the illustrated plot is for total alarm
counts, the module 24A (and/or processor 14 providing like
functionality) can provide like charts for specific alarms,
groups of alarms and/or other values contained within the
information transmitted from device 10. Moreover, although
the illustrated plot is for an individual patient, the module 24 A
(and/or processor 14 providing like functionality) can provide
like charts per treatment facility, per health care provider, or
otherwise. Likewise, although the date axis in the drawing is
by date, the module 24 A (and/or processor 14 providing like
functionality) can provide like charts by week, bi-week,
month, quarter, and so forth.

[0080] FIG. 3B likewise depicts an example chart of the
type generated by module 24 A similar to that shown in FIG.
3A, though, plotting a moving range. As above, the circles
regions indicate values of interest. And, although the illus-
trated plot is for a moving range of total alarm counts, the
module 24A (and/or processor 14 providing like functional-
ity) can provide like charts for moving ranges of specific
alarm counts, of groups of alarms and/or of other values
contained within the information transmitted from device 10.
Moreover, although the illustrated plot is for an individual
patient, the module 24A (and/or processor 14 providing like
functionality) can provide like charts per treatment facility,
per health care provider, or otherwise. Likewise, although the
date axis in the drawing is by date, the module 24A (and/or
processor 14 providing like functionality) can provide like
charts by week, bi-week, month, quarter, and so forth.
[0081] With reference to FIGS. 3A-3B, module 24A can
generate circles or indications of the sort shown to identify
values of interest in the illustrated plots, or can rely on the
physician, nurse or other health care provider, himself or
herself; to discern the problematic readings. Where the mod-
ule 24 A generates those circles or other indications, they can
be based on standard statistical control principles or other-
wise.

[0082] Module 24A can also generate patient and facility
reports, as well as tabular “report cards” of the type shown in
FIG. 4, by way of non-limiting example. That report lists, by
patient, minimums, maximums, averages or other represen-
tative indications of the alarms, sensor readings or other data
received from device 10 (here, indicated by abbreviations
“Air”, “AP”, “BF”, and so forth, along the top row of the
chart). Also included on the illustrated report are comments
by the health care provider, although, patient query responses,
text messages (of the type described below) can be provided
instead or in addition. The report can also provide totals for
the identified patients, standards-based values, and compari-
sons therebetween, all as shown, by way of example, in the
final three rows of the illustrated report.

[0083] The illustrated report includes colorations to iden-
tify readings or other values requiring physician, nurse or
other health care provider attention. As above, module 24A
can provide such coloration or indications on the generated
reports, or can rely on the physician, nurse or other health care
provider, himself or herself, to discern the problematic read-
ings.

[0084] Analysis/reporting module 24A may generate the
reports depicted in FIGS. 3-4 for printing or display, e.g., on
LCD or other output device 24B. As well, these may be
displayed on the liquid crystal display (LCD) or other output
device 16 of device 10 in instances where it is deployed for
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access by the physician, nurse or other health care provider
(e.g., when the device 10 is deployed at a hospital, dialysis
clinic or other site).

[0085] Advantages of the analysis and reporting of query
responses, sensor readings and alerts transmitted by device 10
and/or data in the patient’s 20 electronic medical record as
described herein and shown, by way of example, in FIGS. 3-4
are that it readily permits the physician, nurse or other health
care provider to identify patients requiring medical attention,
further training, counseling or other support. By way of fur-
ther example, by reporting total number of alarms and time
required to clear them, module 24 A can be used to determine
whether proper and efficient care is being delivered to the
patient 20, and so forth.

[0086] This is advantageous over current practice, wherein
clinicians respond to individual alarms and alerts but are not
presented with patterns for individual treatments and for mul-
tiple treatment sessions that provide clinical context or nor-
mative references. This has heretofore prevented utilization
of HHD-provided data to identify individual patient problems
or issues with facility function or care delivery. This system
will correct this gap and allow the full use of this additional
and important information for care delivery and patient and
facility oversight.

[0087]

[0088] In addition to the features discussed above, the
aforementioned communications logic of device 10 can
transmit text or other messages input by the patient via key-
board or other input device 18 to the health care provider. See
steps 56, 58. The messages can be, for example, questions by
the patient regarding his or her immediate or long-term treat-
ment. They may be so-called “instant” messages that are
transmitted in real-time (e.g., as the patient is entering them)
to the digital data processing system 24 for presentation to
care provider 22 and/or they can be queued for later transfer
by the communications logic, e.g., along with the transfer
query responses, sensor readings and alerts for each session.
Though typically entered by the patient at the end of a treat-
ment session, the keyboard or other input device 18 can
accept a message from the patient (and the communications
logic can transmit it) at any time the device 10 is operational.

[0089] The communications logic can, likewise, accept
messages transmitted from the health care provider 22 via
digital data processor 24. See step 60. Those messages, which
may be, for example, responses to the patient’s questions,
suggestions on treatment, words of encouragement, and so
forth, can be routed to processor 14 to LCD or other output
device 16 for presentation to the patient. See step 62.

Messaging

[0090] Although the communications logic can transmit
text and other messages of the type just described between
device 10 and digital data processor 24 via the same network
26 as is used for transfer of query responses, sensor readings
and alerts for the treatment sessions, that communications
logic can use other network media instead or in addition.
Thus, for example, the communications logic can utilize the
cellular phone network to transmit such messages (e.g., in the
form of SMS messages or otherwise), while using an IP
network such as the Internet to transfer the query responses,
sensor readings and alerts for the treatment sessions. By way
of further example, the communications logic can transmit
such messages to a central monitoring system at digital pro-
cessor 24, which then forwards them, e.g., via regular email,
to a care delivery coordinator.
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[0091] Systems for Health Care Delivery

[0092] FIG. 5 depicts a system for health care delivery
comprising a plurality of health care delivery devices 10 of
the type shown in FIG. 1 and discussed above, here, accord-
ingly labeled 10A-10P. The devices 10A-10P are coupled via
network media 26 to digital data processing system 24, as
above, that includes analysis/reporting module 24 A that (i)
analyzes and/or reports the information collected from
devices 10A-10P as discussed above and, further, below, and/
or (ii) that optionally controls devices 10A-10P as discussed
below.

[0093] Tllustrated devices 10A-10P, which may comprise
inter alia peritoneal dialysis or other medical treatment appa-
ratus, are constructed and operated as described above as
further adapted in accord with the teachings that follow. As
indicated by dashed-line boxes, devices 10A-10P are dis-
posed in “treatment centers” 64 A-64F that range in size from
stand-alone instances in patient homes to multiples of such
devices in commercial facilities such as hospitals, dialysis
centers or other central locations (and/or departments, floors,
wards and/or rooms of such facilities), all by way of non-
limiting example.

[0094] As discussed above, system 24 and, specifically, for
example, module 24A analyzes sensor readings, alerts and
other information provided by the devices 10A-10P, e.g., to
identify and report deviations from norms of patient care.
Examples of this are shown in FIGS. 3A-3B and are discussed
above.

[0095] FIG. 6 provide a further example, to wit, a chart-
style report of the type generated by module 24A showing
comparative treatment data for multiple commercial health
care facilities (e.g., dialysis centers) and, more particularly,
showing for each of eight treatment centers 64A-64F over a
designated time period (e.g., one month) a number of patients
treated, a total number of treatments, a percentage of treat-
ments in which the patient was hypotensive, an average num-
ber of alarms per treatment, an average number of alarm-
minutes per treatment, and the average number of alarm-
minutes per alarm. The figures presented by module 24A in
the chart of FIG. 6 are a result of an analysis by module 24A
of raw data extracted from information uploaded by the
devices 10A-10P to the digital data processor 24, particularly,
in this example, an arithmetic and statistical analysis. Other
reports may be prepared utilizing the raw data itself and/or
results of other analyses.

[0096] With continued reference to FIG. 6, in addition to
presenting data (raw, analyzed of otherwise) from the devices
10A-10P in a report and/or alert, module 24A (i) identifies in
that data (and/or in underlying information from the devices
10A-10P) deviations that potentially reflect differences in
care offered by the treatment centers 64A-64F, and (ii) for-
mats or other modifies the report to reflect those deviations.
The module 24A may uncover those deviations, as noted
above, in numbers, frequencies and patterns of machine
alarms, alerts, times required to clear alarm, vital sign infor-
mation, and so forth, by way of example. In the illustrated
example that is FIG. 6, module 24A generates the report of
FIG. 6 highlighting the hypotension, alarms per treatment and
alarm-minutes per treatment entries for treatment center #5,
along with the alarm minutes per alarm entry for treatment
center #6, indicating that the devices, personnel and/or pro-
cedures used in those centers did not operate to par with the
other centers (at least in regards reflected by the respective
highlighted statistics) during the period covered by the chart.
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[0097] While in some embodiments, the module 24A can
identify (and report on) discrepancies in the raw and/or ana-
lyzed data from the devices 10A-10P, module 24 A of other
embodiments can, in addition, infer and report on possible
causes of those discrepancies, thereby, providing automated
operations support for the treatment centers.

[0098] More generally, the module 24A can identify pat-
terns in data received from multiple devices 10A-10P (e.g., in
a given treatment center, in a given region geographic region,
etc.) and can infer therefrom and/or from like data received
from other such devices (e.g., at other treatment centers, other
geographic regions, etc.) causes of discrepancies reflected in
those patterns, e.g., resulting from (i) the operation of indi-
vidual such devices or groups of such devices (e.g., at the
given treatment center), (ii) care offered to patients treated by
those devices, and/or (iii) patient demographics, among other
factors. This may be based on, for example, heart rate, blood
pressure, temperature, oxygen (020 saturation, blood vol-
ume, blood flow, dialysate flow, conductivity, dialyzer clear-
ance, alarm state, venous pressure, arterial pressure, and/or
other information regarding the patients and/or the health care
delivery devices, as provided by the aforementioned sensors
or otherwise.

[0099] In addition, the module 24 A of some embodiments
can, instead or in addition, effect changes in operation of the
devices 10A-10P to facilitate correction of those causes, e.g.,
the setting off or resetting of alarms, recalibration of sensors,
blocking or unblocking device operation, communicating or
implementing a physician-ordered prescription, and so
forth—all by way of example. Such changes can be effected
indirectly, e.g., through alerting of (and action by) a techm-
cian or other personnel (e.g., physician, nurse or other health
care provider) local to the device being controlled, or directly,
e.g., through transmission of control signals to suitably
equipped such devices 10A-10P (e.g., a device equipped for
remote control) via network 26 and the aforesaid communi-
cations logic.

[0100] A flow chart depicting operation of embodiments
that provide for such inferential reporting on and/or control of
treatment is provided in FIG. 7, examples of which are
described in the text that follows.

[0101] Dry Weight Adjustment

[0102] Thus, for example, in embodiments where devices
10A-10P comprise dialysis units and, more particularly, for
example, hemodialysis units, module 24A can (i) infer from
patterns of hypotension reflected in data from the devices
10A-10P (raw, analyzed of otherwise) that patients under care
by those devices at one or more treatment centers 64A-64F
may require “dry weight” adjustment, and (ii) generate
reports and/or immediate alerts directing health care provid-
ers and/or others at affected treatment centers of a possible
need to make such adjustment.

[0103] Instead of, or in addition to generating such reports
and/or alerts, module 24A of some embodiments can control
the devices 10A-10P to facilitate adjustment of dry weight on
a per-patient, per-provider or other basis. In addition, that
module 24A can effect changes in operation of the devices
10A-10P, e.g., the setting or resetting of alarms, recalibration
of sensors, blocking or unblocking of device operation, com-
municating or implementing a physician-ordered prescrip-
tion, and so forth—all by way of example. Such changes can
be effected indirectly, e.g., through alerting of (and action by)
atechnician or other personnel (e.g., physician, nurse or other
health care provider) local to the device being controlled, or
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directly, e.g., through signaling of a suitably equipped such
device 10A-10P (e.g., a device equipped for remote control)
via network 26 and the aforesaid communications logic.
[0104] Dry weight, as used here, is a treatment parameter
representing, e.g., what each patient would weigh in the
absence of kidney disease and, therefore, determining how
much fluid should be removed from the patient during a
treatment session by devices 10A-10P. Likewise, hypoten-
sion refers to a condition in which a patient’s systolic blood
pressure (SBP) is less than 90 mmHg and decreases more than
30 mmHg from maximum SBP during a treatment session by
devices 10A-10P. In other embodiments, dry weight and
hypotension may be defined otherwise consistent with the
teachings hereof.

[0105] Particularly, for example, module 24A can infer
from hypotension alerts signaled (and/or blood pressure read-
ings taken) by a device, e.g., device 10K, during treatment of
a single patent in a single treatment session that the patient
may require dry weight adjustment, and can generate reports
and/or immediate alerts as discussed above in order to alert
that health care providers and/or others associated with that
treatment center 64F. In the illustrated embodiment, the mod-
ule 24A makes such an inference whenever the sensors of the
treating device, here, 10K, detect even a single instance of
hypotension (as defined above) during a treatment session. In
other embodiments, this can be conditioned on detection of
multiple (e.g., three or more) such instances during a session.
In yet other embodiments, it can be conditioned on detection
of such condition or conditions over multiple treatment ses-
sions of the same patient (e.g., detection of two or more
incidents in at least three out of five consecutive treatment
sessions for that patient).

[0106] In addition to, or instead of, reporting on the pos-
sible need for dry weight adjustment, module 24A of some
embodiments can, instead or in addition, effect changes in
operation of the devices 10A-10P to facilitate such adjust-
ment, e.g., through signaling of a suitably equipped such
device 10K to correct any dry weight values input to the
device (e.g., by the health care provider) in connection with
treatment of the patient.

[0107] Instead or in addition, module 24A of the embodi-
ment of FIG. 5 can infer, by cross-correlating hypotension
alerts signaled (and/or blood pressure readings taken) by one
or more devices of a single center (e.g., devices 10K-10M of
center 64F) or of multiple centers (e.g., devices 101-10J,
10K-10M, 10P of centers 64D-64F) with treatment, admin-
istrative or other data from those devices and/or center(s), that
patients under the care of a specific device or devices, specific
health care provider (e.g., dialysis nurse and/or physician) or
group of providers (e.g., personnel of a given center, person-
nel trained by a specific trainer, and so forth) may require dry
weight adjustment. In the illustrated embodiment, the module
24A makes such an inference whenever the cross-correlations
suggest that hypotension-producing treatments associated
with a given such device or provider (or group thereof) devi-
ate statistically significantly from health care provider, treat-
ment facility or other norms. In other embodiments, such an
inference can be conditioned on such deviation over the
course over a specific period, e.g., a week or month. In yet
other embodiments, it can be conditioned, instead or in addi-
tion, on statistically significant deviation that exceeds a des-
ignated threshold of statistical significance, e.g., a designated
chi-squared test threshold value, by way of non-limiting
example.
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[0108] In addition to, or instead of, reporting on the pos-
sible need for dry weight adjustment, module 24A of some
embodiments can, instead or in addition, effect changes in
operation of the devices (e.g., 101-10J, 10K-10M, 10P) to
facilitate such adjustment, e.g., through signaling of those
devices to correct any dry weight values input to in connec-
tion with treatment of patients under the care of a specific
health care provider (e.g., dialysis nurse and/or physician) or
group of providers

[0109] While module 24A can infer that a given (group of)
patient(s) may require dry weight adjustment as discussed
above, in some embodiments, module 24A can infer from
similar data that sensors of one or more devices 10A-10P may
be signaling false hypotension alerts and/or providing incor-
rect blood pressure readings. To this end, module 24A can
generate reports and/or immediate alerts in order to alert the
health care providers and/or others of the possible need for
device maintenance by drawing such an inference from cross-
correlation of hypotension alerts signaled (and/or blood pres-
sure readings taken) by multiple devices of a single center
(e.g., devices 10K-10M of center 64F) or of multiple centers
(e.g., devices 101-10J, 10K-10M, 10P of centers 64D-64F)
with treatment, administrative or other data from those
devices and/or center(s) suggesting that a pattern or fre-
quency of hypotension-producing alarms (or sensor readings)
associated with a single such device deviates statistically
significantly from those of other devices, e.g., when factors
such as patient treated, health care provider delivering treat-
ment, etc. are factored out. In other embodiments, such an
inference can be conditioned on such deviation over the
course over a specific period, e.g., a week or month. In yet
other embodiments, it can be conditioned, instead or in addi-
tion, on statistically significant deviation that exceeds a des-
ignated threshold of statistical significance, e.g., a designated
chi-squared test threshold value, by way of non-limiting
example.

[0110] In addition to, or instead of, reporting on the pos-
sible need for device maintenance of a device or devices per
the above, module 24 A of some embodiments can, instead or
in addition, effect changes in operation of the devices requir-
ing such maintenance, e.g., through signaling of those devices
to recalibrate blood pressure sensors, reset hypotension
alarms, and so forth, by way of example.

[0111] Medication Adjustment

[0112] By way of further example, in embodiments where
devices 10A-10P comprise dialysis units and, more particu-
larly, for example, hemodialysis units, module 24A can (i)
infer from patterns of hypotension reflected in data from the
devices 10A-10P (raw, analyzed of otherwise), as well,
optionally, as from supplemental infusate supplies, sensors
and/or monitoring logic of those devices 10A-10P that detect
medication supplies and/or dosings, that patients under care
by those devices at one or more treatment centers 64A-64F
may require medication adjustment, and (ii) generate reports
and/orimmediate alerts directing health care providers and/or
others at affected treatment centers of a possible need to make
such adjustments and/or control the devices 10A-10P to
facilitate such adjustment on a per-patient, per-provider or
other basis.

[0113] Particularly, for example, module 24A can infer
from hypotension alerts signaled (and/or blood pressure read-
ings taken) by a device, e.g., device 10K, as well, optionally,
as from alerts and/or readings from a supplemental infusate
supply, sensor and/or monitoring logic of that device, during
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treatment of a single patent in a single treatment session that
the patient may require medication adjustment, and can gen-
erate reports and/or immediate alerts as discussed above in
order to alert health care providers and/or others associated
with that treatment center 64F. In the illustrated embodiment,
the module 24A makes such an inference whenever the sen-
sors of the treating device, here, 10K, detect a single instance
ofhypotension (as defined above) during a treatment session.
In other embodiments, this can be conditioned on detection of
multiple such instances during a session, e.g., coupled with
alerts and/or sensor readings indicating that dosings of medi-
cation by device 10K are below a threshold value (e.g., a
maximum dose, a dosage in the 75th quartile, etc.). In yet
other embodiments, it can be conditioned on detection of such
condition or conditions over multiple treatment sessions of
the same patient (e.g., detection of two or more hypotension
incidents coupled with sub-threshold dosings in at least three
out of five consecutive treatment sessions for that patient).

[0114] In addition to, or instead of, reporting on the pos-
sible need for medication adjustment, module 24A of some
embodiments can, instead or in addition, effect changes in
operation of the devices 10K to facilitate such adjustment,
e.g., through signaling of a suitably equipped such device
10K to modify dosages in connection with treatment of the
patient. Typically, such control is effected along with an alert
to processor 14 and accompanying display on LCD 16 of
device 10K necessitating confirmation of the change by a
health care provider via keyboard 18 before it makes further
treatment of the patient.

[0115] Instead or in addition, module 24 A of the embodi-
ment of FIG. 5 can infer, by cross-correlating hypotension
alerts signaled (and/or blood pressure readings taken) by one
or more devices of a single center (e.g., devices 10K-10M of
center 64F) or of multiple centers (e.g., devices 101-10J,
10K-10M, 10P of centers 64D-64F) as well, optionally, from
alerts and/or readings from a supplemental infusate supplies,
sensors and/or monitoring logic of those devices, with treat-
ment, administrative or other data from those devices and/or
center(s), that patients under the care of a specific device or
devices or a specific health care provider (e.g., dialysis nurse
and/or physician) or group of providers (e.g., personnel of a
given center, personnel trained by a specific trainer, and so
forth) may require medication adjustment. In the illustrated
embodiment, the module 24 A makes such an inference when-
ever the cross-correlations suggest that hypotension-produc-
ing treatments and medication dosings associated with a
given such device or provider (or group thereof) deviate sta-
tistically significantly from health care provider, treatment
facility or other norms. In other embodiments, such an infer-
ence can be conditioned on such deviation over the course
over a specific period, e.g., a week or month. In yet other
embodiments, it can be conditioned, instead or in addition, on
statistically significant deviation that exceeds a designated
threshold of statistical significance, e.g., a designated chi-
squared test threshold value, by way of non-limiting example.

[0116] In addition to, or instead of, reporting on the pos-
sible need for medication adjustment, module 24A of some
embodiments can, instead or in addition, effect changes in
operation of the devices (e.g., 10I-10J, 10K-10M, 10P) to
facilitate such adjustment, e.g., through signaling of those
devices to modify dosages in connection with treatment of
patients under the care of a specific health care provider (e.g.,
dialysis nurse and/or physician) or group of providers. As
above, typically such control is effected along with an alert to
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processors 14 and accompanying displays on LCDs 16 of the
respective devices necessitating confirmation of the changes
via keyboards 18 before they carry out further treatment of the
patient.

[0117] While module 24A can infer that a given (group of)
patient(s) may require medication adjustment as discussed
above, in some embodiments, module 24A can infer from
similar data that sensors of one or more devices 10A-10P may
be signaling false hypotension or medication alerts, and/or
providing incorrect blood pressure and/or medication dosage
readings. To this end, module 24 A can generate reports and/or
immediate alerts in order to alert the health care providers
and/or others of the possible need for device maintenance in
these regards upon drawing such an inference when cross-
correlation of hypotension alerts signaled (and/or blood pres-
sure readings taken) by multiple devices of a single center
(e.g., devices 10K-10M of center 64F) or of multiple centers
(e.g., devices 101-10J, 10K-10M, 10P of centers 64D-64F) as
well, optionally, as from alerts and/or readings from a supple-
mental infusate supplies, sensors and/or monitoring logic of
those devices, with treatment, administrative or other data
from those devices and/or center(s) suggest that a pattern or
frequency of hypotension-producing and/or medication dos-
ing-related alarms (or sensor readings) associated with a
single such device deviate statistically significantly from
those of other devices, e.g., when factors such as patient
treated, health care provider delivering treatment, etc. are
factored out. In other embodiments, such an inference can be
conditioned on such deviation over the course over a specific
period, e.g., a week or month. In yet other embodiments, it
can be conditioned, instead or in addition, on statistically
significant deviation that exceeds a designated threshold of
statistical significance, e.g., a designated chi-squared test
threshold value, by way of non-limiting example.

[0118] In addition to, or instead of, reporting on the pos-
sible need for device maintenance of a device or devices per
the above, module 24A of some embodiments can, instead or
in addition, effect changes in operation of the devices requir-
ing such maintenance, e.g., through signaling of those devices
to recalibrate sensors, reset alarms, and so forth, by way of
example.

[0119] Filtration Rate Adjustment

[0120] By way of further example, in embodiments where
devices 10A-10P comprise dialysis units and, more particu-
larly, for example, hemodialysis units, module 24A can (i)
infer from patterns of hypotension reflected in data from the
devices 10A-10P (raw, analyzed of otherwise), as well,
optionally, as from sensors and/or monitoring logic of those
devices 10A-10P that detect filtration rates, that patients
under care at one or more treatment centers 64A-64F may
require filtration rate adjustment, and (ii) generate reports
and/orimmediate alerts directing health care providers and/or
others at affected treatment centers of a possible need to make
such adjustments and/or control the devices 10A-10P to
facilitate such adjustment on a per-patient, per-provider or
other basis.

[0121] Particularly, for example, module 24A can infer
from hypotension alerts signaled (and/or blood pressure read-
ings taken) by a device, e.g., device 10K, as well, optionally,
as from filtration rate alerts and/or readings from sensors
and/or monitoring logic of that device, during treatment of a
single patent in a single treatment session that the patient may
require filtration rate adjustment, and can generate reports
and/or immediate alerts as discussed above in order to alert
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that health care providers and/or others associated with that
treatment center 64F. In the illustrated embodiment, the mod-
ule 24 A makes such an inference whenever the sensors of the
treating device, here, 10K, detect a single instance of
hypotension (as defined above) during a treatment session. In
other embodiments, this can be conditioned on detection of
multiple such instances during a session, e.g., coupled with
alerts and/or sensor readings indicating that filtration rates by
device 10K are below a threshold value. In yet other embodi-
ments, it can be conditioned on detection of such condition or
conditions over multiple treatment sessions of the same
patient (e.g., detection of two or more hypotension incidents
coupled with above-threshold filtration rates in at least three
out of five consecutive treatment sessions for that patient).

[0122] In addition to, or instead of, reporting on the pos-
sible need for filtration rate adjustment, module 24A of some
embodiments can, instead or in addition, effect changes in
operation of the devices 10K to facilitate such adjustment,
e.g., through signaling of a suitably equipped such device
10K to modify filtration rates in connection with treatment of
the patient. Typically, such control is effected along with an
alert to processor 14 and accompanying display on LCD 16 of
device 10K necessitating confirmation of the change by a
health care provider via keyboard 18 before it makes further
treatment of the patient.

[0123] Instead or in addition, module 24A of the embodi-
ment of FIG. 5 can infer, by cross-correlating hypotension
alerts signaled (and/or blood pressure readings taken) by one
or more devices of a single center (e.g., devices 10K-10M of
center 64F) or of multiple centers (e.g., devices 101-10J,
10K-10M, 10P of centers 64D-64F) as well, optionally, from
filtration rate alerts and/or readings from sensors and/or
monitoring logic of those devices, with treatment, adminis-
trative or other data from those devices and/or center(s), that
patients under the care of a specific device or group of
devices, a specific health care provider (e.g., dialysis nurse
and/or physician) or group of providers (e.g., personnel of a
given center, personnel trained by a specific trainer, and so
forth) may require filtration rate adjustment. In the illustrated
embodiment, the module 24 A makes such an inference when-
ever the cross-correlations suggest that hypotension-produc-
ing treatments and filtration rates associated with a given such
provider (or group) deviate statistically significantly from
health care provider, treatment facility or other norms. In
other embodiments, such an inference can be conditioned on
such deviation over the course over a specific period, e.g., a
week or month. In yet other embodiments, it can be condi-
tioned, instead or in addition, on statistically significant
deviation that exceeds a designated threshold of statistical
significance, e.g., a designated chi-squared test threshold
value, by way of non-limiting example.

[0124] In addition to, or instead of, reporting on the pos-
sible need for filtration rate adjustment, module 24A of some
embodiments can, instead or in addition, effect changes in
operation of the devices (e.g., 10I-10J, 10K-10M, 10P) to
facilitate such adjustment, e.g., through signaling of those
devices to modify filtration rates in connection with treatment
of patients under the care of a specific health care provider
(e.g., dialysis nurse and/or physician) or group of providers.
As above, typically such control is effected along with an alert
to processors 14 and accompanying displays on LCDs 16 of
the respective devices necessitating confirmation of the
changes via keyboards 18 before they carry out further treat-
ment of the patient.
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[0125] While module 24A can infer that a given (group of)
patient(s) may require filtration rate adjustment as discussed
above, in some embodiments, module 24A can infer from
similar data that sensors of one or more devices 10A-10P may
be signaling false hypotension or filtration rate alerts, and/or
providing incorrect blood pressure and/or filtration rate read-
ings. To this end, module 24A can generate reports and/or
immediate alerts in order to alert the health care providers
and/or others of the possible need for device maintenance in
these regards upon drawing such an inference when cross-
correlation of hypotension alerts signaled (and/or blood pres-
sure readings taken) by multiple devices of a single center
(e.g., devices 10K-10M of center 64F) or of multiple centers
(e.g., devices 101-10J, 10K-10M, 10P of centers 64D-64F) as
well, optionally, as from filtration rate alerts and/or readings
from sensors and/or monitoring logic of those devices, with
treatment, administrative or other data from those devices
and/or center(s) suggest that a pattern or frequency of
hypotension-producing and/or filtration-related alarms (or
sensor readings) associated with a single such device deviate
statistically significantly from those of other devices, e.g.,
when factors such as patient treated, health care provider
delivering treatment, etc. are factored out. In other embodi-
ments, such an inference can be conditioned on such devia-
tion over the course over a specific period, e.g., a week or
month. In yet other embodiments, it can be conditioned,
instead or in addition, on statistically significant deviation
that exceeds a designated threshold of statistical significance,
e.g., a designated chi-squared test threshold value, by way of
non-limiting example.

[0126] In addition to, or instead of, reporting on the pos-
sible need for device maintenance of a device or devices per
the above, module 24 A of some embodiments can, instead or
in addition, effect changes in operation of the devices requir-
ing such maintenance, e.g., through signaling of those devices
to recalibrate sensors, reset alarms, and so forth, by way of
example.

[0127] Dialysate Temperature Adjustment

[0128] By way of further example, in embodiments where
devices 10A-10P comprise dialysis units and, more particu-
larly, for example, hemodialysis units, module 24A can (i)
infer from patterns of hypotension reflected in data from the
devices 10A-10P (raw, analyzed of otherwise), as well,
optionally, as from sensors and/or monitoring logic of those
devices 10A-10P that detect patient internal body tempera-
tures and fresh/incoming dialysate temperatures, that patients
under care at one or more treatment centers 64A-64F may
require dialysate temperature adjustment, and (ii) generate
reports and/or immediate alerts directing health care provid-
ers and/or others at affected treatment centers of a possible
need to make such adjustments and/or control the devices
10A-10P to facilitate such adjustment on a per-patient, per-
provider or other basis.

[0129] Particularly, for example, module 24A can infer
from hypotension alerts signaled (and/or blood pressure read-
ings taken) by a device, e.g., device 10K, as well, optionally,
as from dialysate temperature alerts and/or readings from
sensors and/or monitoring logic of that device that monitor
temperatures of the patient and fresh/incoming dialysate, dur-
ing treatment of a single patent in a single treatment session
that the patient may require dialysate temperature adjust-
ment, and can generate reports and/or immediate alerts as
discussed above in order to alert that health care providers
and/or others associated with that treatment center 64F. In the
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illustrated embodiment, the module 24 A makes such an infer-
ence whenever the sensors of the treating device, here, 10K,
detect a single instance of hypotension (as defined above)
during a treatment session. In other embodiments, this can be
conditioned on detection of multiple such instances during a
session, e.g., coupled with alerts and/or sensor readings indi-
cating that dialysate temperatures by device 10K are below a
threshold value. In yet other embodiments, it can be condi-
tioned on detection of such condition or conditions over mul-
tiple treatment sessions of the same patient (e.g., detection of
two or more hypotension incidents coupled with above-
threshold dialysate temperatures in at least three out of five
consecutive treatment sessions for that patient).

[0130] In addition to, or instead of, reporting on the pos-
sible need for dialysate temperature adjustment, module 24A
of some embodiments can, instead or in addition, effect
changes in operation of the devices 10K to facilitate such
adjustment, e.g., through signaling of a suitably equipped
such device 10K to modify dialysate temperatures in connec-
tion with treatment of the patient. Typically, such control is
effected along with an alert to processor 14 and accompany-
ing display on LCD 16 of device 10K necessitating confir-
mation of the change by a health care provider via keyboard
18 before it makes further treatment of the patient.

[0131] Instead or in addition, module 24 A of the embodi-
ment of FIG. 5 can infer, by cross-correlating hypotension
alerts signaled (and/or blood pressure readings taken) by one
or more devices of a single center (e.g., devices 10K-10M of
center 64F) or of multiple centers (e.g., devices 10I-10J,
10K-10M, 10P of centers 64D-64F) as well, optionally, from
dialysate temperature alerts and/or readings from sensors
and/or monitoring logic of those devices, with treatment,
administrative or other data from those devices and/or center
(s), that patients under the care of a specific device or group of
devices, a specific health care provider (e.g., dialysis nurse
and/or physician) or group of providers (e.g., personnel of a
given center, personnel trained by a specific trainer, and so
forth) may require dialysate temperature adjustment. In the
illustrated embodiment, the module 24 A makes such an infer-
ence whenever the cross-correlations suggest that hypoten-
sion-producing treatments and fresh/incoming dialysate tem-
peratures associated with a given such provider (or group)
deviate statistically significantly from health care provider,
treatment facility or other norms. In other embodiments, such
an inference can be conditioned on such deviation over the
course over a specific period, e.g., a week or month. In yet
other embodiments, it can be conditioned, instead or in addi-
tion, on statistically significant deviation that exceeds a des-
ignated threshold of statistical significance, e.g., a designated
chi-squared test threshold value, by way of non-limiting
example.

[0132] In addition to, or instead of, reporting on the pos-
sible need for dialysate temperature adjustment, module 24A
of some embodiments can, instead or in addition, effect
changes in operation of the devices (e.g., 101-10J, 10K-10M,
10P) to facilitate such adjustment, e.g., through signaling of
those devices to modify dialysate temperatures in connection
with treatment of patients under the care of a specific health
care provider (e.g., dialysis nurse and/or physician) or group
of providers. As above, typically such control is effected
along with an alert to processors 14 and accompanying dis-
plays on LCDs 16 of the respective devices necessitating
confirmation of the changes via keyboards 18 before they
carry out further treatment of the patient.
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[0133] While module 24A can infer that a given (group of)
patient(s) may require dialysate temperature adjustment as
discussed above, in some embodiments, module 24A can
infer from similar data that sensors of one or more devices
10A-10P may be signaling false hypotension or dialysate
temperature alerts, and/or providing incorrect blood pressure
and/or dialysate temperature readings. To this end, module
24A can generate reports and/or immediate alerts in order to
alert the health care providers and/or others of the possible
need for device maintenance in these regards upon drawing
such an inference when cross-correlation of hypotension
alerts signaled (and/or blood pressure readings taken) by
multiple devices of a single center (e.g., devices 10K-10M of
center 64F) or of multiple centers (e.g., devices 101-10J,
10K-10M, 10P of centers 64D-64F) as well, optionally, as
from dialysate temperature alerts and/or readings from sen-
sors and/or monitoring logic of those devices, with treatment,
administrative or other data from those devices and/or center
(s) suggest that a pattern or frequency of hypotension-pro-
ducing and/or dialysate temperature-related alarms (or sensor
readings) associated with a single such device deviate statis-
tically significantly from those of other devices, e.g., when
factors such as patient treated, health care provider delivering
treatment, etc. are factored out. In other embodiments, such
an inference can be conditioned on such deviation over the
course over a specific period, e.g., a week or month. In yet
other embodiments, it can be conditioned, instead or in addi-
tion, on statistically significant deviation that exceeds a des-
ignated threshold of statistical significance, e.g., a designated
chi-squared test threshold value, by way of non-limiting
example.

[0134] In addition to, or instead of, reporting on the pos-
sible need for device maintenance of a device or devices per
the above, module 24A of some embodiments can, instead or
in addition, effect changes in operation of the devices requir-
ing such maintenance, e.g., through signaling of those devices
to recalibrate sensors, reset alarms, and so forth, by way of
example.

[0135] Blood Clotting

[0136] By way of further example, in further embodiments,
module 24A can (i) infer from patterns of atrial and venus
pressure alerts reflected in data from the devices 10A-10P
(raw, analyzed of otherwise) that patients under care at one or
more treatment centers 64A-64F may require adjustment of
anticoagulant medications and/or vascular access evaluation
to prevent excessive clotting, and (ii) generate reports and/or
immediate alerts directing health care providers and/or others
at affected treatment centers of a possible need to make such
adjustments and/or control the devices 10A-10P to facilitate
such adjustment on a per-patient, per-provider or other basis.
[0137] Particularly, for example, module 24A can infer
from venus and/or atrial pressure alerts signaled (and/or port
blood flow readings taken) by a device, e.g., device 10K
during treatment of a single patent in a single treatment ses-
sion that the patient may require anticoagulant medication
adjustment and/or vascular access evaluation, and can gener-
ate reports and/or immediate alerts as discussed above in
order to alert that health care providers and/or others associ-
ated with that treatment center 64F. In the illustrated embodi-
ment, the module 24 A makes such an inference whenever the
sensors of the treating device, here, 10K, detect a single
venous or arterial pressure alert (or out of bounds sensor
reading) during a treatment session. In other embodiments,
this can be conditioned on detection of multiple such
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instances during a session. In yet other embodiments, it can be
conditioned on detection of such condition or conditions over
multiple treatment sessions of the same patient (e.g., detec-
tion of two or more venous or arterial pressure alert in at least
three out of five consecutive treatment sessions for that
patient).

[0138] In addition to, or instead of, reporting on the pos-
sible need for anticoagulant medication adjustment and/or
vascular access evaluation, module 24A of some embodi-
ments can, instead or in addition, effect changes in operation
of'the devices 10K to facilitate such adjustment, e.g., through
signaling of a suitably equipped such device 10K to infuse
such medication into the dialysate in connection with treat-
ment of the patient. Typically, such control is effected along
with an alert to processor 14 and accompanying display on
LCD 16 of device 10K necessitating confirmation of the
change by a health care provider via keyboard 18 before it
makes further treatment of the patient.

[0139] Instead or in addition, module 24 A of the embodi-
ment of FIG. 5 can infer, by cross-correlating venous or
arterial pressure alert signaled (and/or blood flow readings
taken) by one or more devices of a single center (e.g., devices
10K-10M of center 64F) or of multiple centers (e.g., devices
101-10J, 10K-10M, 10P of centers 64D-64F) with treatment,
administrative or other data from those devices and/or center
(s), that patients under the care of a specific device or group of
devices and/or of a specific health care provider (e.g., dialysis
nurse and/or physician) or group of providers (e.g., personnel
of a given center, personnel trained by a specific trainer, and
so forth) may require anticoagulant medication adjustment
and/or vascular access evaluation. In the illustrated embodi-
ment, the module 24 A makes such an inference whenever the
cross-correlations suggest that venous or arterial pressure
alert-producing treatments associated with a given such pro-
vider (or group) deviate statistically significantly from health
care provider, treatment facility or other norms. In other
embodiments, such an inference can be conditioned on such
deviation over the course over a specific period, e.g., a week
or month. In yet other embodiments, it can be conditioned,
instead or in addition, on statistically significant deviation
that exceeds a designated threshold of statistical significance,
e.g., a designated chi-squared test threshold value, by way of
non-limiting example.

[0140] In addition to, or instead of, reporting on the pos-
sible need for anticoagulant medication adjustment, module
24A of some embodiments can, instead or in addition, effect
changes in operation of the devices (e.g., 101-10J, 10K-10M,
10P) to facilitate such adjustment, e.g., through signaling of
those devices to modify amounts of anticoagulant infused
into dialysates in connection with treatment of patients under
the care of a specific health care provider (e.g., dialysis nurse
and/or physician) or group of providers. As above, typically
such control is effected along with an alert to processors 14
and accompanying displays on LCDs 16 of the respective
devices necessitating confirmation of the changes via key-
boards 18 before they carry out further treatment of the
patient.

[0141] While module 24A can infer that a given (group of)
patient(s) may require anticoagulant medication adjustment
and/or vascular access evaluation as discussed above, in some
embodiments, module 24A can infer from similar data that
sensors of one or more devices 10A-10P may be signaling
false venous or arterial pressure alerts. To this end, module
24A can generate reports and/or immediate alerts in order to
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alert the health care providers and/or others of the possible
need for device maintenance in these regards upon drawing
such an inference when cross-correlation of venous or arterial
pressure alert signaled (and/or blood flow readings taken) by
multiple devices of a single center (e.g., devices 10K-10M of
center 64F) or of multiple centers (e.g., devices 10I-10J,
10K-10M, 10P of centers 64D-64F) with treatment, admin-
istrative or other data from those devices and/or center(s)
suggest that a pattern or frequency of venous or arterial pres-
sure alerts (or blood flow sensor readings) associated with a
single such device deviate statistically significantly from
those of other devices, e.g., when factors such as patient
treated, health care provider delivering treatment, etc. are
factored out. In other embodiments, such an inference can be
conditioned on such deviation over the course over a specific
period, e.g., a week or month. In yet other embodiments, it
can be conditioned, instead or in addition, on statistically
significant deviation that exceeds a designated threshold of
statistical significance, e.g., a designated chi-squared test
threshold value, by way of non-limiting example.

[0142] In addition to, or instead of, reporting on the pos-
sible need for device maintenance of a device or devices per
the above, module 24 A of some embodiments can, instead or
in addition, effect changes in operation of the devices requir-
ing such maintenance, e.g., through signaling of those devices
to recalibrate sensors, reset alarms, and so forth, by way of
example.

[0143] Dialysate Supply

[0144] By way of further example, in further embodiments,
module 24A can (i) infer from patterns of dialysate flow,
dialysate temperature and/or conductivity alerts (and/or sen-
sor data) reflected in information from the devices 10A-10P
(raw, analyzed of otherwise) that the devices have a faulty
dialysate supply (e.g., a leak in a supply line, an incorrect or
empty supply constituent, etc), and (ii) generate reports and/
or immediate alerts directing health care providers and/or
others at affected treatment centers of a possible need to make
such adjustments and/or control the devices 10A-10P to
facilitate such adjustment on a per-patient, per-provider or
other basis.

[0145] Particularly, for example, module 24A can infer
from dialysate flow, temperature and/or conductivity alerts
signaled (and/or readings taken) by a device, e.g., device 10K
during treatment of a single patent in a single treatment ses-
sion that the device may have a faulty supply, and can gener-
ate reports and/or immediate alerts as discussed above in
order to alert that health care providers and/or others associ-
ated with that treatment center 64F. In the illustrated embodi-
ment, the module 24 A makes such an inference whenever the
sensors of the treating device, here, 10K, detect even a single
conductivity, dialysate flow or temperature alert during a
treatment session. In other embodiments, this can be condi-
tioned on detection of multiple such instances during a ses-
sion. In yet other embodiments, it can be conditioned on
detection of such condition or conditions over multiple treat-
ment sessions of the same patient (e.g., detection of two or
more conductivity, temperature and/or flow alerts in at least
three out of five consecutive treatment sessions for that
patient).

[0146] In addition to, or instead of, reporting on possible
dialysate supply faults, module 24A of some embodiments
can, instead or in addition, effect changes in operation of the
devices 10K to correct such faults, e.g., through signaling of
a suitably equipped such device 10K to use an alternate sup-
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ply source in connection with treatment of the patient. Typi-
cally, such control is effected along with an alert to processor
14 and accompanying display on LCD 16 of device 10K
necessitating confirmation of the change by a health care
provider via keyboard 18 before it makes further treatment of
the patient.

[0147] Instead or in addition, module 24 A of the embodi-
ment of FIG. 5 can infer, by cross-correlating conductivity,
dialysate temperature and/or dialysate flow alerts signaled
(and/or readings taken) by one or more devices of a single
center (e.g., devices 10K-10M of center 64F) or of multiple
centers (e.g., devices 101-10J, 10K-10M, 10P of centers 64D-
64F) with treatment, administrative or other data from those
devices and/or center(s), that such devices when operated
under the care of a specific device or group of devices and/or
of a specific health care provider (e.g., dialysis nurse and/or
physician) or group of providers (e.g., personnel of a given
center, personnel trained by a specific trainer, and so forth)
routinely suffer dialysate supply faults. In the illustrated
embodiment, the module 24 A makes such an inference when-
ever the cross-correlations suggest that alert-producing treat-
ments associated with a given such provider (or group) devi-
ate statistically significantly from health care provider,
treatment facility or other norms. In other embodiments, such
an inference can be conditioned on such deviation over the
course over a specific period, e.g., a week or month. In yet
other embodiments, it can be conditioned, instead or in addi-
tion, on statistically significant deviation that exceeds a des-
ignated threshold of statistical significance, e.g., a designated
chi-squared test threshold value, by way of non-limiting
example.

[0148] In addition to, or instead of, reporting on the pos-
sible need for dialysate supply correction, module 24A of
some embodiments can, instead or in addition, effect changes
in operation of the devices (e.g., 10I-10J, 10K-10M, 10P) to
facilitate such correction, e.g., through signaling of those
devices to utilize alternate supply sources connection with
treatment of patients under the care of a specific health care
provider (e.g., dialysis nurse and/or physician) or group of
providers. As above, typically such control is effected along
with an alert to processors 14 and accompanying displays on
LCDs 16 of the respective devices necessitating confirmation
of the changes via keyboards 18 before they carry out further
treatment of the patient.

[0149] While module 24A can infer that devices 10A-10P
operated by a given (group of) health care provider(s) rou-
tinely require dialysate supply correction, in some embodi-
ments, module 24 A can infer from similar data that sensors of
one or more devices 10A-10P may be signaling false conduc-
tivity, dialysate temperature and/or flow alerts (or other read-
ings). To this end, module 24 A can generate reports and/or
immediate alerts in order to alert the health care providers
and/or others of the possible need for device maintenance in
these regards upon drawing such an inference when cross-
correlation of alerts signaled (and/or readings taken) by mul-
tiple devices of a single center (e.g., devices 10K-10M of
center 64F) or of multiple centers (e.g., devices 101-10J,
10K-10M, 10P of centers 64D-64F) with treatment, admin-
istrative or other data from those devices and/or center(s)
suggest that a pattern or frequency of conductivity, tempera-
ture or flow alerts (or readings) associated with a single such
device deviate statistically significantly from those of other
devices, e.g., when factors such as patient treated, health care
provider delivering treatment, etc. are factored out. In other
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embodiments, such an inference can be conditioned on such
deviation over the course over a specific period, e.g., a week
or month. In yet other embodiments, it can be conditioned,
instead or in addition, on statistically significant deviation
that exceeds a designated threshold of statistical significance,
e.g., a designated chi-squared test threshold value, by way of
non-limiting example.

[0150] In addition to, or instead of, reporting on the pos-
sible need for device maintenance of a device or devices per
the above, module 24 A of some embodiments can, instead or
in addition, effect changes in operation of the devices requir-
ing such maintenance, e.g., through signaling of those devices
to recalibrate sensors, reset alarms, and so forth, by way of
example.

[0151] Described herein are systems and methods meeting
the objects set forth above, among others. Advantages of the
systems and methods are, among others, that they allow care
providers to readily monitor and document (or otherwise
report on) the patient’s treatment and response, providing
alerts or other warnings when those are not proceeding as
expected. Additional advantages are that the methods and
systems provide operations support that can range from gen-
erating printed or online reports identifying those causes
(e.g., for post-facto assessment by health care providers,
administrators and the like seeking to improve the provision
and/or efficiency of care delivered by devices 10A-10P) to
immediate alerts (e.g., for physicians, nurse or other health
care providers or other personnel at the front line of care
delivery) to automated device control (e.g., for efficient deliv-
ery of care).

[0152] It will be appreciated that the embodiments
described here are merely examples of the invention and that
other embodiments, incorporating modifications on those
shown here, fall within the scope of the invention. Thus, by
way of non-limiting example, in some embodiments, digital
data processor 24 is co-located with device 10, e.g., in a
dialysis clinic. In view of the foregoing, what we claim is:

1. A health care delivery system comprising:

A. a health care delivery device including
i. medical treatment apparatus,

ii. an input device that accept patient responses to one or
more queries,

iii. sensors that sense (a) physiometric characteristics of
the patient in connection with treatment by the medi-
cal treatment apparatus, and (b) operating conditions
of any of the health device and the medical treatment
apparatus,

B. functionality that transmits one or more of the patient
responses, physiometric characteristics and operating
conditions a remote digital data processor,

C. the remote digital data processor
(i) correlating one or more of the patient responses,

physiometric characteristics, and operating condi-
tions received from the health care delivery device
with any of (a) one another, (b) prior information
received from the health care delivery device and/or
from the patient’s records, (¢) one or more standards,
and

(ii) any of generating a report and signaling an alert on
determining that the patient is not doing as expected.

2. The health care delivery system of claim 36, wherein the

remote digital data processor (i) correlates any of patient
responses, physiometric characteristics, and operating condi-
tions received from a plurality of health care delivery device
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with any of (a) one another, (b) prior information received
from the health care delivery devices and/or from patient
records, (¢) one or more standards, and (ii) any of generates a
report and signals an alert on determining that a treatment
facility is not doing as expected.

3. A health care delivery system comprising:

A. a plurality of health care delivery devices, each com-
prising (i) medical treatment apparatus, and (ii) includ-
ing sensors that sense (a) physiometric characteristics of
the patient in connection with treatment by the medical
treatment apparatus, and (b) operating conditions of any
of the health care delivery device and the medical treat-
ment apparatus,

B. functionality that transmits the physiometric character-
istics and operating conditions from the plurality of
health care delivery devices to a remote digital data
processor,

C. the digital data processor

(1) inferring causes of hypotension evidenced in infor-
mation received from one or more of the plurality of
said health care delivery devices,

(ii) any of generating a report indicative of that cause,
signaling an alert indicative of that cause, and trans-
mitting to a said health care delivery device a control
signal for correction of that cause.

4. The health care delivery system of claim 3, in which the
digital data processor (i) infers from patterns of hypotension
reflected in data from the health care delivery device that
patients under care by one or more of said health care delivery
devices may require “dry weight” adjustment, and (ii) gener-
ates reports and/or immediate alerts directing health care
providers of the need for possible adjustments and/or effects
such adjustment directly.

5. The health care delivery system of claim 4, in which the
digital data processor makes such an inference in response to
one or more instances of hypotension during a treatment
session evidenced in information received from one or more
of the plurality of said delivery devices.

6. The health care delivery system of claim 5, in which the
digital data processor makes such an inference in response to
a selected plurality of instances of hypotension during a
selected number of treatment session evidenced in informa-
tion received from one or more of the plurality of said delivery
devices.

7. The health care delivery system of claim 5, in which the
digital data processor makes such an inference by cross-
correlating hypotension alerts signaled and/or blood pressure
readings taken by one or more said delivery devices with
treatment, administrative and/or other information from said
delivery device and/or treatment centers in which they are
disposed.

8. The health care delivery system of claim 3, in which the
digital data processor (i) infers from patterns of hypotension
reflected in treatment information from said delivery device
and/or from treatment, administrative and/or other informa-
tion from those delivery devices and/or treatment centers in
which they are disposed that sensors of one or more devices
may be signaling false hypotension alerts and/or providing
incorrect blood pressure readings, and (ii) generates reports
and/or immediate alerts directing health care providers of the
need for possible adjustments and/or effects correction of
faulty such delivery device.
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9. A health care delivery system comprising:

A. a plurality of health care delivery devices, each com-
prising (i) medical treatment apparatus, and (ii) includ-
ing sensors that sense (a) physiometric characteristics of
the patient in connection with treatment by the medical
treatment apparatus, and (b) operating conditions of any
of the health care delivery device and the medical treat-
ment apparatus,

B. functionality that transmits the physiometric character-
istics and operating conditions from the plurality of
health care delivery devices to a remote digital data
processor,

C. a digital data processor (i) infers from patterns of
hypotension reflected in data from the health care deliv-
ery device, as well, optionally, as from supplemental
infusate supplies, sensors and/or monitoring logic of
said apparatus that patients under care by one or more of
said health care delivery devices may require medication
adjustment, and (ii) generates reports and/or immediate
alerts directing health care providers of the need for
possible adjustments and/or effects such adjustment
directly.

10. The health care delivery system of claim 9, in which the
digital data processor makes such an inference by cross-
correlating alerts signaled and sensor readings taken by one or
more said delivery devices with treatment, administrative
and/or other information from said delivery device and/or
treatment centers in which they are disposed.

11. The health care delivery system of claim 9, in which the
digital data processor (i) infers from patterns of hypotension
reflected in treatment information from said apparatus and/or
from treatment, administrative and/or other information from
those delivery devices and/or treatment centers in which they
are disposed that sensors of one or more devices may be
triggering false alerts and/or providing incorrect readings,
and (ii) generates reports and/or immediate alerts directing
health care providers of the need for possible adjustments
and/or effects correction of faulty such delivery device.

12. A health care delivery system comprising:

A. a plurality of health care delivery devices, each com-
prising (i) medical treatment apparatus, and (ii) includ-
ing sensors that sense (a) physiometric characteristics of
the patient in connection with treatment by the medical
treatment apparatus, and (b) operating conditions of any
of the health care delivery device and the medical treat-
ment apparatus,

B. functionality that transmits the physiometric character-
istics and operating conditions from the plurality of
health care delivery devices to a remote digital data
processor,

C. a digital data processor (i) infers from patterns of
hypotension reflected in data from the health care deliv-
ery device, as well, optionally, as from information from
other sensors and/or monitoring logic of said apparatus
that one or more of said apparatus may require filtration
rate adjustment, and (ii) generates reports and/or imme-
diate alerts directing health care providers of the need for
possible adjustments and/or effects such adjustment
directly.

13. The health care delivery system of claim 12, in which
the digital data processor makes such an inference by cross-
correlating alerts signaled and sensor readings taken by one or
more said delivery devices with treatment, administrative
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and/or other information from said delivery device and/or
treatment centers in which they are disposed.

14. The health care delivery system of claim 12, in which
the digital data processor (i) infers from patterns of hypoten-
sion reflected in treatment information from said apparatus
and/or from treatment, administrative and/or other informa-
tion from those delivery devices and/or treatment centers in
which they are disposed that sensors of one or more devices
may be triggering false alerts and/or providing incorrect read-
ings, and (ii) generates reports and/or immediate alerts direct-
ing health care providers of the need for possible adjustments
and/or effects correction of faulty such delivery device.

15. A health care delivery system comprising:

A. a plurality of health care delivery devices, each com-
prising (i) medical treatment apparatus, and (ii) includ-
ing sensors that sense (a) physiometric characteristics of
the patient in connection with treatment by the medical
treatment apparatus, and (b) operating conditions of any
of the health care delivery device and the medical treat-
ment apparatus,

B. functionality that transmits the physiometric character-
istics and operating conditions from the plurality of
health care delivery devices to a remote digital data
processor,

C. a digital data processor (i) infers from patterns of
hypotension reflected in data from the health care deliv-
ery device, as well, optionally, as from information from
other sensors and/or monitoring logic of said apparatus
that one or more of said patients under care by said
apparatus may require incoming/fresh dialysate tem-
perature adjustment, and (ii) generates reports and/or
immediate alerts directing health care providers of the
need for possible adjustments and/or effects such adjust-
ment directly.

16. The health care delivery system of claim 15, in which
the digital data processor makes such an inference by cross-
correlating alerts signaled and sensor readings taken by one or
more said delivery devices with treatment, administrative
and/or other information from said delivery device and/or
treatment centers in which they are disposed.

17. The health care delivery system of claim 15, in which
the digital data processor (i) infers from patterns of hypoten-
sion reflected in treatment information from said apparatus
and/or from treatment, administrative and/or other informa-
tion from those delivery devices and/or treatment centers in
which they are disposed that sensors of one or more devices
may be triggering false alerts and/or providing incorrect read-
ings, and (ii) generates reports and/or immediate alerts direct-
ing health care providers of the need for possible adjustments
and/or effects correction of faulty such delivery device.

18. A health care delivery system comprising:

A. a plurality of health care delivery devices, each com-
prising (i) medical treatment apparatus, and (ii) includ-
ing sensors that sense (a) physiometric characteristics of
the patient in connection with treatment by the medical
treatment apparatus, and (b) operating conditions of any
of the health care delivery device and the medical treat-
ment apparatus,

B. functionality that transmits the physiometric character-
istics and operating conditions from the plurality of
health care delivery devices to a remote digital data
processor,

C. adigital data processor (i) infers from patterns of arterial
and/or venous pressure alarms reflected in data from the
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health care delivery device, as well, optionally, as from
information from other sensors and/or monitoring logic
of said apparatus that one or more of said patients under
care by said apparatus may require hemocoagulant
medication adjustment and/or vascular access evalua-
tion, and (ii) generates reports and/or immediate alerts
directing health care providers of the need for possible
adjustments and/or effects such adjustment directly.

19. The health care delivery system of claim 18, in which
the digital data processor makes such an inference by cross-
correlating alerts signaled and sensor readings taken by one or
more said delivery devices with treatment, administrative
and/or other information from said delivery device and/or
treatment centers in which they are disposed.

20. The health care delivery system of claim 18, in which
the digital data processor (i) infers from patterns of hypoten-
sion reflected in treatment information from said apparatus
and/or from treatment, administrative and/or other informa-
tion from those delivery devices and/or treatment centers in
which they are disposed that sensors of one or more devices
may be triggering false alerts and/or providing incorrect read-
ings, and (ii) generates reports and/or immediate alerts direct-
ing health care providers of the need for possible adjustments
and/or effects correction of faulty such delivery device.

21. A health care delivery system comprising:

A. a plurality of health care delivery devices, each com-
prising (i) medical treatment apparatus, and (ii) includ-
ing sensors that sense (a) physiometric characteristics of
the patient in connection with treatment by the medical
treatment apparatus, and (b) operating conditions of any
of the health care delivery device and the medical treat-
ment apparatus,

B. functionality that transmits the physiometric character-
istics and operating conditions from the plurality of
health care delivery devices to a remote digital data
processor,

C. a digital data processor (i) infers from patterns of con-
ductivity, temperature and/or flow alarms reflected in
data from the health care delivery device, as well,
optionally, as from conductivity, temperature and/or
flow-related information from other sensors and/or
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monitoring logic of said apparatus that one or more of
said apparatus may require supply correction, and (ii)
generates reports and/or immediate alerts directing
health care providers of the need for possible adjust-
ments and/or effects such adjustment directly.

22. The health care delivery system of claim 21, in which
the digital data processor makes such an inference by cross-
correlating alerts signaled and sensor readings taken by one or
more said delivery devices with treatment, administrative
and/or other information from said delivery device and/or
treatment centers in which they are disposed.

23. The health care delivery system of claim 21, in which
the digital data processor (i) infers from patterns of hypoten-
sion reflected in treatment information from said apparatus
and/or from treatment, administrative and/or other informa-
tion from those delivery devices and/or treatment centers in
which they are disposed that sensors of one or more devices
may be triggering false alerts and/or providing incorrect read-
ings, and (ii) generates reports and/or immediate alerts direct-
ing health care providers of the need for possible adjustments
and/or effects correction of faulty such delivery device.

24. A method of health care delivery system comprising:

A. delivering medical treatment to a plurality of patients

via one or more medical treatment apparatus, each
including sensors that sense (a) physiometric character-
istics of the patient in connection with treatment by the
medical treatment apparatus, and (b) operating condi-
tions of any of the health device and the medical treat-
ment apparatus,

. transmitting the physiometric characteristics and oper-
ating conditions from the plurality of health care deliv-
ery devices to digital data processor,

C. with the digital data processor,

(1) inferring causes of hypotension evidenced in informa-
tion received from one or more of the plurality of said
delivery devices,

(i1) any of generating a report indicative of that cause,
signaling an alert indicative of that cause, and transmit-
ting to a said health care delivery device a control signal
for correction of that cause.

* % Ed Ed *
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