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(7) ABSTRACT

A system and method for synchronizing patient medical
parameters and dialysis parameters. The system and related
method allow for the determination ofthe effect of dialysis on
patient health. The invention also allows for the determina-
tion of whether observed patient health effects are due to
specific dialysis parameters and for making necessary

changes to the dialysis parameters in order to improve patient
health.
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PRECISION DIALYSIS MONITORING AND
SYNCHONIZATION SYSTEM

FIELD OF THE INVENTION

[0001] The device, system and methods of the invention
relate to a components and methods that can monitor a mam-
mal with heart failure, kidney disease or both, and make
predictions about the likelihood of a life threatening ventricu-
lar arthythmia. The systems and methods of the invention
include electronic circuits, electronic sensors, a computer
processor, an algorithm and a telecommunications set-up.
The invention further relates to methods for signal processing
and patient monitoring.

[0002] The invention relates to systems and methods for
synchronizing and presenting medical data obtained from
sensors to provide precision care for dialysis patients. The
systems and methods can identify dialysis session parameters
and provide clinically actionable information that can be
implemented using special-purpose computers and systems
to provide improved medical outcomes. The systems include
implantable and non-implantable sensors for gathering data
on one or more medical parameters, and for gathering data on
oneormore dialysis session parameter. The collected medical
parameter and dialysis session parameter data can be pre-
sented in synchronized and/or simultaneous form to assist in
analysis and possible modification of dialysis parameters to
reduce incidence and risk of arrhythmia and/or Sudden Car-
diac Death (SCD).

[0003] The systems and methods further provide for com-
puter-assisted methods for dialysis algorithms capable of
implementing clinical action on networked health systems in
a secure, HIPAA compliant environment based on any of the
collected data. The systems and methods can further connect
patient data to an Electronic Medical Record (EMR) provid-
ing historical data to assist in future dialysis sessions.

BACKGROUND

[0004] Dialysis patients have very high mortality rates with
Cardiac Disease accounting for 43% of deaths. Data indicates
that approximately 27% of the mortalities are due to Sudden
Cardiac Death (SCD). SCD is unexpected death from a car-
diac cause within a short time period, generally less than an
hour from the onset of symptoms in a person without a prior
condition that would appear to be fatal. In most cases, SCD
death occurs because of Ventricular Arrhythmias (abnormal
heart rhythms), including Ventricular Tachycardia (VT) or
Ventricular Fibrillation (VF). Moreover, Life Threatening
Ventricular Arrhythmia (LTVA), specifically, is one of the
most common causes of death among Chronic Kidney Dis-
ease (CKD) patients. CKD, also known as chronic renal dis-
ease, is a progressive loss in renal function over a period of
months or years. Excessive fluid, ions and other toxins accu-
mulate in patients with CKD. Although CKD patients are
usually treated by hemodialysis therapy, the treatment is not
continuous, but periodic, causing the build-up of excessive
amount of fluids, electrolytes and waste in the body between
hemodialysis sessions.

[0005] Although hemodialysis and pharmaceutical treat-
ment reduces the concentration of elevated potassium in the
bloodand in the tissues in a patient, there is no current method
to predict the onset of LTVA. As such, there is a need to detect
an increase in the likelihood of a LTVA. There is also a need
for a method to determine the onset of a life threatening
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cardiac event, so a patient can be prophylactically treated
including by the administration of anti-arrhythmic drugs or
additional dialysis. There is also a need for techniques to
monitor various bodily functions and parameters such as
tissue impedance that can than lead to better capabilities to
predict LT VA in patients with cardiac disease, and/or in dialy-
sis patients.

[0006] Arrhythmias are sometimes caused by the delivery
of dialysis. This may be due to cardiovascular stress caused
by fluid overload prior to dialysis, rapid changes in fluid or
electrolyte levels during dialysis, or the rebalancing of fluid or
electrolyte levels in a period shortly after dialysis. Hemodi-
alysis patients have a rate of fatal arrhythmias that is 40 times
greater than the general population. Although End Stage
Renal Disease (ESRD) patients are at increased risk of
arrhythmias and Sudden Cardiac Death (SCD), known sys-
tems do not relate data for the prevalence or likelihood of
arrhythmias to a particular dialysis schedule in an on-going,
dynamic, or patient-specific manner. Medical care in known
dialysis settings fail to provide or respond to feedback
obtained from sensors. Further, it is often unknown what
happens after a patient has left the medical facility. Impor-
tantly, how a patient responds to particular course of dialysis
is not collected, stored, analyzed, or associated with a patient
medical record. Although physicians may collect pertinent
data from disparate sources, the collected data is not obtained
nor monitored by specially adapted dialysis computer sys-
tems and processors such as implanted ECG and impedance
sensors. Moreover, known systems do not monitor physi-
ological data pre- or post-dialysis. Instead, blood pressure or
heart rate monitoring is limited to 30-minute intervals during
treatment.

[0007] Known dialysis systems and methods of treatment
provide a fixed schedule of dialysis with little to no monitor-
ing of related medical parameters, and consequently, no
adjustment of dialysis parameters. Known dialysis systems
also do not collect ECG data when a patient is not inside a
hospital setting. Known systems also fail to provide preva-
lence of arrhythmias data in relationship to a particular set of
dialysis parameters in synchronized form. Instead of provid-
ing a precise dialysis schedule that responds to observed
arrhythmia events, most dialysis is prescribed in advance with
little to no computer assisted monitoring. As such, known
dialysis systems and methods are incapable of providing per-
sonalized care keyed to on-going feedback obtained from a
patient.

[0008] Known dialysis systems further fail to incorporate
data obtained from implantable medical devices (IMDs),
such as implantable dialysis devices, pacemakers, drug deliv-
ery devices, ILRs, blood panels, a micro-fluidics based ambu-
latory blood composition monitor, or other devices that can
monitor and record medical information from patients, such
as the occurrence of arrhythmia, heart rate, or blood pressure.
As such, the known systems and methods cannot determine
the effect of such obtained data and thereby cannot improve
therapy nor correctly align the monitored data with the peri-
odic occurrences of dialysis for further computation and
analysis. Known IMDs are not capable of generating a report
tailored to show the relationship between changes in the
medical data and the occurrence of dialysis for a specific
patient. Known systems also cannot monitor at-home dialysis
systems. Known monitoring systems do not provide a method
to generate reports showing a relationship for long periods
before and after dialysis for at-home systems.
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[0009] Hence, there is a need for a personalized dialysis
system that can present and analyze data to optimize dialysis
treatment. There is also a need for obtaining, monitoring, and
presenting patient data in an on-going, dynamic, or patient-
specific manner. The need extends to providing a display for
showing a relationship between data from at least one dialysis
session parameter and data from at least one medical param-
eter. The need extends to systems and methods configured for
monitoring patients when they are not under direct observa-
tion in a hospital or medical care setting. The need includes
collecting, analyzing, and displaying inter-session data
between dialysis visits. The need further includes configura-
tions for monitoring and transmitting such data for at-home
patients.

[0010] Thereisalso aneed for amedical monitoring system
that can simultaneously provide the monitored medical data
and show the occurrence of dialysis sessions so that health
care personnel can properly interpret the changes in patient
health due to dialysis, thereby enabling changes in dialysis
treatment in order to avoid unwanted medical issues. There is
further a need for a medical monitoring system that can pro-
vide displayed reports configured to the needs of medical
professionals or researchers for interpreting the effects of
dialysis on medical parameters.

[0011] There is a need for monitoring physiological data
pre- or post-dialysis. There is further a need for providing a
precise dialysis schedule that responds to observed arrhyth-
mia events using specially adapted computers and dialysis
systems suitable for the requirements of a healthcare setting
including patient privacy. There is a need for dialysis systems
and methods capable of providing personalized care based on
data obtained from a patient. The dialysis systems and meth-
ods should incorporate data obtained from implantable medi-
cal devices (IMDs), such as implantable dialysis devices,
pacemakers, drug delivery devices, ILRs, blood panels, a
micro-fluidics based ambulatory blood composition monitor,
or other devices that can monitor and record medical infor-
mation from patients, such as the occurrence of arrhythmia,
heart rate, or blood pressure. The need extends to correctly
aligning therapy parameters based on the monitored data
using specially adapted computers that address the technical
challenges extant in healthcare settings such as patient safety
and privacy.

SUMMARY OF THE INVENTION

[0012] The first aspect of the invention is directed to a
medical device and an accompanying algorithm for monitor-
ing of subjects with cardiac disease or kidney disease receiv-
ing dialysis treatment, and related medical systems, methods
for providing improved treatment and diagnostic medical
devices and related monitoring algorithms.

[0013] In any embodiment of the first aspect of the inven-
tion, a medical device can comprise one or more sensors in
electronic communication with a processor, the sensors deter-
mining one or more physiological parameters, and commu-
nicating the physiological parameter to the processor, and the
processors using an algorithm to determine the probability of
a ventricular arrhythmia based on the physiological param-
eters.

[0014] In any embodiment of the first aspect of the inven-
tion, the physiological parameters can be any one selected
from the group of tissue impedance, the number of spontane-
ous ventricular tachycardia and ventricular fibrillation events
per day, the time spent in atrial fibrillation, and information

May 28, 2015

about the patient’s dialysis status data. In any embodiment of
the first aspect of the invention, at least one of the sensors can
be a component integrated into an implantable medical
device. In any embodiment of the first aspect of the invention,
the medical device can have a signaling mechanism to signal
if the probability of ventricular arrhythmia is higher than a
preset value. In any embodiment aspect of the invention, the
processor can be implanted into a patient.

[0015] In any embodiment of the first aspect of the inven-
tion, the algorithm, for each of the one or more physiological
parameters, can calculate an individual hazard estimate given
by yl(t):hl(t)®x1(t), wherein h, ()=k ™, tis time, y, (1) is
the individual hazard estimate at time t, k, and k, are con-
stants for the given parameter, x,(t) is the physiological
parameter at time t, and (x) is a convolution operator.

[0016] In any embodiment of the first aspect of the inven-
tion, wherein the convolution operator can be defined by
[h1®x Jm=2, _ *“h (m)x,(n-m), wherein n is time,
h,(n)=k,e™”", x,(n) is the physiological parameter at time n,
and k, and k, are constants for the given parameter.

[0017] In any embodiment of the first aspect of the inven-
tion, the algorithm can further calculate a total hazard func-
tion: f(t)=2, __.*y, (1), wherein f(t) is the total hazard at
timet, y, (1) is an individual hazard estimate for parameter m
at time t, and n is the number of physiological parameters
used.

[0018] In any embodiment of the first aspect of the inven-
tion, the algorithm can further calculate a total hazard func-
tion:

1
——— | +k
1+e*(z%:1}’m(’):‘] ?

so=(

wherein f(t) is the total hazard at timet, y,,(t) is an individual
hazard estimate for parameter m at time t, k; is an offset
coefficient, and n is the number of physiological parameters
used.

[0019] In any embodiment of the first aspect of the inven-
tion, the device can be configured to allow for entering actual
results at time t for the patient into the processor, and the
algorithm can further calculate a total error as the difference
between the total hazard and the actual results at time t, and
the algorithm can further adjust each of the coefficients to
minimize the error.

[0020] In any embodiment of the first aspect of the inven-
tion, the physiological parameters can be any one of selected
from the group consisting of tissue impedance, number of
spontaneous ventricular tachycardia and ventricular fibrilla-
tion events per day, time spent in atrial fibrillation, and dialy-
sis status data.

[0021] Any of the features disclosed as being part of the
first aspect of the invention can be included in the first aspect
of the invention, either alone or in combination.

[0022] The second aspect of the invention is directed to a
method for determining the probability of a ventricular
arrhythmia. In any embodiment of the second aspect of the
invention, the method can have the steps of obtaining one or
more physiological parameters of a patient from one or more
sensors, communicating the parameters to a processor,
wherein the processor utilizes an algorithm to determine the
probability of a ventricular arrhythmia.

[0023] In any embodiment of the second aspect of the
invention, the physiological parameters used for the method
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can be any one of tissue impedance, the number of spontane-
ous ventricular tachycardia and ventricular fibrillation events
per day, time spent in atrial fibrillation, and information about
the dialysis status data.

[0024] In any embodiment of the second aspect of the
invention, at least one of the physiological parameters can be
obtained from a sensor that integrated into an implantable
medical device. In any embodiment of the second aspect of
the invention, the processor can have a signaling mechanism
to signal if the probability of ventricular arrhythmia is greater
than a pre-set value.

[0025] In any embodiment of the second aspect of the
invention, the method can also have a step for treating the
patient with a pharmaceutical such as anti-arrhythmia drugs if
the probability of ventricular arrhythmia is greater than a
pre-set value.

[0026] In any embodiment of the second aspect of the
invention, the algorithm in any system, method or device of
the invention can calculate for each of the one or more physi-
ological parameters, an individual hazard estimate given by
v, (0=h, (t)@x L(1), wherein h1(t)=k, e, t is time, y1(t) is the
individual hazard estimate at time t, k1 and k2 are constants
for the given parameter, x1(t) is the physiological parameter
at time t and (x) is a convolution operator.

[0027] In any embodiment of the second aspect of the
invention, the convolution operator in any system, method or
device of the invention can be defined by
[hl@xl](n):Zm:_oo+°°lll(m)xl(n—m), wherein n is time,
h1(n)=k,e"", x1(n) is the physiological parameter at time n,
and k1 and k2 are constants for the given parameter.

[0028] In any embodiment of the second aspect of the
invention, the algorithm in any system, method or device of
the invention can calculate a total hazard function: f(t)
=2__/"ym(t). wherein f(t) is the total hazard at time t, ym(t) is
an individual hazard estimate for parameter m at time t, and n
is the number of physiological parameters used.

[0029] In any embodiment of the second aspect of the
invention, the algorithm can calculate a total hazard function:

1
fo= (71 AT :lymm)] +4k9

wherein f(t) is the total hazard at time t, ym(t) is an individual
hazard estimate for parameter m at time t, k9 is an offset
coefficient, and n is the number of physiological parameters
used.

[0030] In any embodiment of the second aspect of the
invention, the device, systems or method can also have the
steps of entering actual results at time t for the patient into the
processor, and the algorithm can also calculate a total error as
the difference between the total hazard and the actual results
at time t, and the algorithm can further adjust each of the
coefficients to minimize the total error.

[0031] In any embodiment of the second aspect of the
invention, the algorithm in any system, method or device of
the invention can also utilize an adaptive filter to alter each of
the coeflicients for each patient periodically. In any embodi-
ment of the second aspect of the invention, the algorithm can
utilize the adaptive filter to alter each of the coefficients for
each patient every 14 days.

[0032] In any embodiment of the second aspect of the
invention, the information about the patient’s dialysis status
data can be determined by assuming the patient underwent
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dialysis when the sensor measures a periodic rise in tissue
impedance. In any embodiment of the second aspect of the
invention, the information about the patient’s dialysis status
data can be entered manually.

[0033] In any embodiment of the second aspect of the
invention, the information about the patient’s dialysis status
data can be communicated to the processor from a patient’s
electronic medical record. In any embodiment second aspect
of the invention, the method can also have the step of com-
municating the probability of a ventricular arrhythmia to the
patient or a health care professional. In any embodiment of
the second aspect of the invention, the actual results can be
whether or not the patient has been hospitalized.

[0034] In any embodiment of the second aspect of the
invention, the method can also have the step of entering actual
results at time t for a group of patients into the processor, and
the algorithm further calculates a total error as the difference
between the total hazard and the actual results for the group of
patients at time t, and the algorithm further adjusts each of the
coefficients for each patient to minimize the error.

[0035] In any embodiment of the second aspect of the
invention, a system can have one or more sensors in electronic
communication witha processor, the sensors obtaining one or
more physiological parameters of a patient and communicat-
ing the one or more physiological parameters to a processor;
and the processor has an algorithm to determine a probability
ofaventricular arrhythmia based on the physiological param-
eters wherein the processor can be component of an implant-
able medical device or be a separate stand-alone unit such as
contained in a desktop computer or base module.

[0036] Any of the features disclosed as being part of the
second aspect of the invention can be included in the second
aspect of the invention, either alone or in combination.
[0037] Thethird aspect of the invention is drawn to a use of
a device for determining the probability of a life-threatening
ventricular arrhythmia. In any embodiment of the third aspect
of the invention, the use can comprise the steps of obtaining
one or more physiological parameters from one or more sen-
sors, communicating the physiological parameters to a pro-
cessor, wherein the processor utilizes an algorithm to deter-
mine a probability of a ventricular arrhythmia.

[0038] Inanyembodiment of the third aspect of the inven-
tion, the physiological parameters can be tissue impedance,
number of spontaneous ventricular tachycardia and ventricu-
lar fibrillation events per day, time spent in atrial fibrillation,
and information about the dialysis status data.

[0039] In any embodiment of the third aspect of the inven-
tion, at least one of the physiological parameters can be
obtained from a sensor that is a component of an implantable
medical device.

[0040] In any embodiment of the third aspect of the inven-
tion, the processor can further comprise a signaling mecha-
nism to signal if the probability of ventricular arrhythmia is
greater than a pre-set value.

[0041] In any embodiment of the third aspect of the inven-
tion, the algorithm, for each of the one or more physiological
parameters, can calculate an individual hazard estimate given
by yl(t):hl(t)®x1(t), wherein h, ()=k, e, t is time, y, (1) is
the individual hazard estimate at time t, k; and k, are con-
stants for the given parameter, x,(t) is the physiological
parameter at time t, and @ is a convolution operator.
[0042] In any embodiment of the third aspect of the inven-
tion, the convolution operator can be defined by
[h, (%, 1()=E,,__.."h, (m)x,(n-m), wherein n is time,
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h,(n)=k,e™”, x,(n) is the physiological parameter at time n,
and k, and k, are constants for the given parameter.

[0043] In any embodiment of the third aspect of the inven-
tion, the algorithm can further calculate a total hazard func-
tion: f{t)==,,_,"y,(t), wherein f(t) is the total hazard at time t,
y,,(t) is an individual hazard estimate for parameter m at time
t, and n is the number of physiological parameters used.
[0044] In any embodiment of the third aspect of the inven-
tion, the algorithm can further calculate a total hazard func-
tion:

1
1+ e St Imli)

f(r):( ]+kg

wherein f(t) is the total hazard at time t, y,,(t) is an individual
hazard estimate for parameter m at time t, k, is an offset
coefficient, and n is the number of physiological parameters
used.

[0045] In any embodiment of the third aspect of the inven-
tion, the use can further comprise entering actual results at
time t for the patient into the processor, and the algorithm can
further calculate a total error as the difference between the
total hazard and the actual results at time t, and the algorithm
can further adjust each of the coefficients to minimize the
error.

[0046] In any embodiment of the third aspect of the inven-
tion, the algorithm can further utilize an adaptive filter to alter
the coefficients for each patient periodically.

[0047] In any embodiment of the third aspect of the inven-
tion, the algorithm can utilize the adaptive filter to alter the
coeflicients for each patient every 14 days.

[0048] In any embodiment of the third aspect of the inven-
tion, the information about the dialysis status data can be
entered manually.

[0049] In any embodiment of the third aspect of the inven-
tion, the information about the dialysis status data can be
communicated to the processor from an electronic medical
record.

[0050] In any embodiment of the third aspect of the inven-
tion, the use can further comprise entering actual results at
time t for a group of patients into the processor, and the
algorithm can further calculate a total error as the difference
between the total hazard and the actual results for the group of
patients at time t, and the algorithm can further adjust each the
coefficients for each patient to minimize the error.

[0051] Any of the features disclosed as being part of the
third aspect of the invention can be included in the third aspect
of the invention, either alone or in combination.

[0052] The fourth aspect of the invention relates to a medi-
cal monitoring system. In any embodiment of the fourth
aspect of the invention, the medical monitoring system can
comprise an external or implantable medical device compris-
ing one or more sensors configured to detect at least one
medical parameter; an input configured to receive at least one
dialysis session parameter; a processor in electronic commu-
nication with the external or implantable medical device and
the input wherein the processor is configured to synchronize
the medical parameter to the at least one dialysis session
parameter to determine whether an arrhythmia is related to an
occurrence of dialysis.

[0053] Inanyembodiment ofthe fourth aspect of the inven-
tion, the processor can receive fluid management data and
electrolyte management data, and determine whether the

May 28, 2015

arrhythmia is due to any one of fluid management, electrolyte
management, or both fluid management and electrolyte man-
agement.

[0054] Inany embodiment ofthe fourth aspect of the inven-
tion, the system can provide an electronic-mediated commu-
nication to a medical server based on the determination of
whether the arrhythmia is due to any one of fluid manage-
ment, electrolyte management, or both fluid management and
electrolyte management or the system provides an electronic-
mediated communication to the medical server to adjust
monitoring.

[0055] Inanyembodiment ofthe fourth aspect of the inven-
tion, the electronic-mediated communication can be elec-
tronically transmitted to one or more of a data hub, a handheld
data receiver, or a patient electronic medical record.

[0056] Inanyembodiment ofthe fourth aspect of the inven-
tion, the sensor can be implanted and electronically transmit
data via any one of Bluetooth Low Energy, radio frequency,
and cellular technologies.

[0057] Inany embodiment ofthe fourth aspect of the inven-
tion, the medical parameter can be selected from the group
consisting of arrhythmia information, heart rate, fluid level,
blood ion levels, and blood pressure, post-dialysis weight,
and pre-dialysis weight.

[0058] Inany embodiment ofthe fourth aspect of the inven-
tion, the dialysis session parameter can be selected from the
group consisting of an occurrence of dialysis, fluid removal
rate, dialysate electrolyte composition, and dialysate pH.
[0059] Inanyembodiment ofthe fourth aspect of the inven-
tion, the system can further comprise a non-transitory
memory configured to receive and store the synchronized
data from the processor.

[0060] Inanyembodiment of any aspect of the invention, a
processor can be a medical device processor having an algo-
rithm to determine a probability of a ventricular arrhythmia
based on the physiological parameters. The algorithm, for
each of the one or more physiological parameters of a patient,
can calculate an individual hazard estimate given by
v, (O)=h, (t)@x ((t), wherein h, (t)=k, &, t is time, y, () is the
individual hazard estimate at timet, k, and k, are constants for
the given parameter, x,(t) is the physiological parameter at
time t, and (x) is a convolution operator.

[0061] Any of the features disclosed as being part of the
fourth aspect of the invention can be included in the fourth
aspect of the invention, either alone or in combination.

[0062] The fifth aspect of the invention is drawn to a medi-
cal monitoring system that can comprise a medical device
comprising one or more sensors configured to sense at least
one medical parameter, an input configured to receive at least
one parameter of a dialysis session, a processor in electronic
communication with the medical device and the input con-
figured to obtain the data from the medical device and the
input, and to synchronize the data from the medical device
and the input; and an output configured to output the at least
one medical parameter and the at least one parameter of a
dialysis session, wherein the output is configured to display
the at least one medical parameter and at least one parameter
of a dialysis session simultaneously.

[0063] In any embodiment of the fifth aspect of the inven-
tion, the system can provide an electronic-mediated commu-
nication to a medical server based on a determination of
whether the arrhythmia is due to any one of fluid manage-
ment, electrolyte management, or both fluid management and
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electrolyte management or the processor provides an elec-
tronic-mediated communication to a medical server to adjust
monitoring.

[0064] In any embodiment of the fifth aspect of the inven-
tion, the at least one medical parameter can be selected from
the group consisting of arrhythmia information, heart rate,
fluid level, blood ion levels, and blood pressure, post-dialysis
weight, and pre-dialysis weight.

[0065] In any embodiment of the fifth aspect of the inven-
tion, the arrhythmia information can comprise at least one
parameter selected from the group consisting of arrhythmia
timing, arrhythmia duration, arrhythmia rate, arrhythmia bur-
den, and arrhythmia type.

[0066] In any embodiment of the fifth aspect of the inven-
tion, the output can comprise a chart showing at least one
medical parameter and at least one dialysis parameter on the
same chart.

[0067] In any embodiment of the fifth aspect of the inven-
tion, the medical device can be configured to continuously
monitor the at least one medical parameter.

[0068] In any embodiment of the fifth aspect of the inven-
tion, the medical device can be an implantable medical
device.

[0069] In any embodiment of the fifth aspect of the inven-
tion, the at least one parameter of a dialysis session can be
selected from the group consisting of an occurrence of dialy-
sis, dialysis initiation time, a dialysis time length, and a dialy-
sis session prescription.

[0070] In any embodiment of the fifth aspect of the inven-
tion, the output can show the at least one medical parameter
for a preset time before a dialysis session, during the dialysis
session and for a preset time after the dialysis session.
[0071] In any embodiment of the fifth aspect of the inven-
tion, a user can select the preset time before the dialysis
session and the preset time after the dialysis session.

[0072] In any embodiment of the fifth aspect of the inven-
tion, the preset period can be selected from between: 1 hour-1
year, 1-2 hours, 1 hour-1 day, 4 hours-7 days, 1 day-1 month,
7 days-30 days, 30 days-6 months, or 4 months-1 year.
[0073] In any embodiment of the fifth aspect of the inven-
tion, the output can show the at least one medical parameter
for a period of time including multiple dialysis sessions.
[0074] In any embodiment of the fifth aspect of the inven-
tion, the input can be configured to automatically receive the
at least one parameter of a dialysis session.

[0075] In any embodiment of the fifth aspect of the inven-
tion, the input can be configured to receive the at least one
parameter of a dialysis session from a dialysis machine or a
device in communication with a dialysis machine.

[0076] In any embodiment of the fifth aspect of the inven-
tion, the medical monitoring system can further comprise an
interface, wherein the interface is configured to allow for
input of at least one parameter of a dialysis session.

[0077] Any of the features disclosed as being part of the
fifth aspect of the invention can be included in the fifth aspect
of the invention, either alone or in combination.

[0078] The sixth aspect of the invention relates to a method
of displaying medical data and dialysis data simultaneously.
In any embodiment of the sixth aspect of the invention, the
method can comprise obtaining at least one set of data of at
least one medical parameter from a sensor; obtaining at least
oneparameter from a dialysis session performed on a subject;
and associating the at least one medical parameter and the at
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least one dialysis parameter with a time corresponding to the
time of obtaining the at least one medical parameter and at
least one dialysis parameter.

[0079] In any embodiment of the sixth aspect of the inven-
tion, the method can comprise the step of providing a syn-
chronized output showing the at least one set of data of at least
one medical parameter and the at least one dialysis parameter
as a function of the time.

[0080] In any embodiment of the sixth aspect of the inven-
tion, the processor can determine whether an arrhythmia is
due to fluid management by one or both of: comparing a fluid
level of the patient to a fluid level of the patient before, during
or after previous dialysis sessions, wherein the previous
dialysis sessions did not result in arrhythmia; and comparing
the rate and magnitude of fluid level drop during a dialysis
session within a set time period of the arrhythmia to a rate and
magnitude of fluid level drop during a previous dialysis ses-
sion of the patient, wherein the previous dialysis session did
not result in arrhythmia.

[0081] In any embodiment of the sixth aspect of the inven-
tion, the method can further comprise continuously monitor-
ing the at least one medical parameter fora period of time over
multiple dialysis sessions, and the output can be a display
showing the at least one set of data of at least one medical
parameter for a period of time including multiple dialysis
sessions.

[0082] In any embodiment of the sixth aspect of the inven-
tion, the method can comprise providing an output showing
the atleast one set of data of at least one medical parameter for
a set time period before the dialysis session, during the dialy-
sis session and after the dialysis session

[0083] In any embodiment of the sixth aspect of the inven-
tion, the set period before the dialysis session and the set
period after a dialysis session can be between any of: 1 hour-1
year, 1-2 hours, 1 hour-1 day, 4 hours-7 days, 1 day-1 month,
7 days-30 days, 30 days-6 months, or 4 months-1 year.
[0084] In any embodiment of the sixth aspect of the inven-
tion, the at least one set of data of at least one medical
parameter can be obtained from an implantable medical
device.

[0085] In any embodiment of the sixth aspect of the inven-
tion, at least one dialysis parameter from a dialysis session
can be obtained automatically from a dialysis machine or
device in electronic communication with a dialysis machine.
[0086] In any embodiment of the sixth aspect of the inven-
tion, the method can comprise adjusting a measurement fre-
quency based any one of an occurrence of arrhythmia, patient
fluid level, post-dialysis weight, pre-dialysis weight, or a time
duration of an arrhythmia.

[0087] In any embodiment of the sixth aspect of the inven-
tion, the method can comprise further comprising obtaining
arrhythmia data for a patient during time periods before,
during and after several dialysis sessions, and computing a
risk score corresponding to the risk of arrhythmia during each
of the time periods.

[0088] Inanyembodiment ofthe fsixth aspect of the inven-
tion, the method can comprise adjusting an ultrafiltration rate
or ultrafiltration magnitude based on the processor determin-
ing that a rate or magnitude of fluid level drop during a
dialysis session within the set time period of the arrhythmia is
different from the rate and magnitude of fluid level drop
during the previous dialysis session of the patient.

[0089] In any embodiment of the sixth aspect of the inven-
tion, the output can be provided on a monitor.
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[0090] In any embodiment of the sixth aspect of the inven-
tion, the method can comprise determining the average of the
medical parameter value for pre-set time windows before and
after each dialysis session, and outputting the average value
of the medical parameter in each window before and after
each dialysis session.

[0091] In any embodiment of the sixth aspect of the inven-
tion, the medical parameter can comprise at least one of
occurrence of an arrhythmia or occurrence of atrial fibrilla-
tion, and the frequency of measurements of the medical
parameter can be adjusted based on a frequency of the occur-
rence of arrhythmia or the occurrence of atrial fibrillation.
[0092] In any embodiment of the sixth aspect of the inven-
tion, the medical parameter can comprise atleast one ofa time
duration of atrial fibrillation or a time duration of arrhythmia,
and the frequency of measurements of the medical parameter
can be adjusted based on the time duration of atrial fibrillation
or the time duration of arrhythmia.

[0093] In any embodiment of the sixth aspect of the inven-
tion, the medical parameter can comprise a patient fluid level
and an arrhythmia occurrence, and the frequency of measure-
ments can be adjusted based on the patient fluid level.
[0094] In any embodiment of the sixth aspect of the inven-
tion, the method can comprise obtaining a fluid level of a
patient corresponding to an estimated dry weight of the
patient, and the frequency of measurements can be adjusted
based on the difference between the fluid level of the patient
and the fluid level corresponding to the estimated dry weight
of the patient.

[0095] In any embodiment of the sixth aspect of the inven-
tion, the method can comprise obtaining arrhythmia data for
a patient during time periods before, during and after several
dialysis sessions, and computing a risk score corresponding
to the risk of arrhythmia during each of the time periods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0096] FIG. 1 is a block diagram of the calculation of the
total hazard function.

[0097] FIG. 2 is a block diagram of the predictive model.
[0098] FIG. 3a is an illustration of adaptive version of the
predictive model.

[0099] FIG.3bisagraph showing the error in the prediction
as a function of one of the variables.

[0100] FIG. 4a is a tracing of the daily impedance for a
patient in the time domain.

[0101] FIG. 45 is a tracing of the daily impedance for a
patient in the frequency domain.

[0102] FIG. 5 is a histogram showing the day of the week
that the minimum tissue impedance is observed in a 1,257
patient data set.

[0103] FIG. 6a is the result of the non-adaptive predictive
model when the mean values of the coefficients are used.
[0104] FIG. 6 is the result of the non-adaptive predictive
model when the median values of the coefficients are used.
[0105] FIG. 6¢ is the result of the trivial case where no test
is done and no patient is selected for treatment.

[0106] FIG.7a s the result of the adaptive predictive model
where the mean values of the coefficients are used.

[0107] FIG. 7b is the result of the adaptive model when the
median values of the coefficients are used.

[0108] FIG. 8 is a block diagram of the Medtronic
Carelink® System.

[0109] FIG. 9 is a screenshot of a query using the DWAS
system.
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[0110] FIG. 10 is a diagram of a pacemaker with a bipolar
pacing lead.
[0111] FIG. 11 is a diagram of a two electrode system for

impedance measurement.

[0112] FIG. 12 is a set up of the system for obtaining real
time data during a dialysis session.

[0113] FIG. 13 is a diagram of a three electrode system for
measuring impedance.

[0114] FIG. 14 is a diagram of a four electrode system for
measuring impedance.

[0115] FIG. 15 is a sample display according to one
embodiment showing the arrhythmia data of a patient before,
during and after a dialysis session.

[0116] FIG. 16 is a sample display according to one
embodiment showing the hours of atrial fibrillation per day
and the occurrence of dialysis (shaded bars) for the same
patient.

[0117] FIG. 17 is a sample display according to one
embodiment showing the occurrence of arrhythmia and the
occurrence of dialysis for the same patient.

[0118] FIG. 18 is a sample display according to one
embodiment showing the relative fluid level of a patient
before, during and after a dialysis session.

[0119] FIG. 19 shows sample impedance value trends cor-
responding to changes in subject fluid levels.

[0120] FIGS. 20a-e show sample impedance value trends
corresponding to changes in subject fluid levels at a variety of
starting impedance values and fluid removal rates.

[0121] FIG. 21 is a sample display according to one
embodiment showing the relative fluid level of a patient
between dialysis sessions.

[0122] FIG. 22 is a sample display according to one
embodiment showing the relative fluid level of a patient for a
time period spanning multiple dialysis sessions.

[0123] FIG. 23 is a sample display showing the percentage
over dry weight of a subject over the course of multiple
dialysis sessions.

[0124] FIG. 24 is a sample display showing the relative risk
of arrhythmia with respect to the timing of dialysis sessions.
[0125] FIG. 25 shows an embodiment of the invention
showing the communications between a dialysis machine, a
medical device and a processor.

[0126] FIG. 26 shows the inputs and outputs according to
an embodiment of the invention.

[0127] FIG. 27 shows a flow chart depicting the traditional
method of dealing with arrhythmia in dialysis patients.
[0128] FIG. 28 shows a flow chart depicting a method of
dealing with arrhythmias in dialysis patients with the system
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0129] Unless defined otherwise, all technical and scien-
tific terms used herein generally have the same meaning as
commonly understood by one of ordinary skill in the relevant
art.

[0130] The articles “a” and “an” are used herein to refer to
one or to more than one (i.e., to at least one) of the grammati-
cal object of the article. For example, “an element” means one
element or more than one element.

[0131] The term “adaptive filter” refers to a mathematical
operation that recalculates constants for use in another opera-
tion periodically based on the differences between the pre-
dicted results of the second operation and the actual results.



US 2015/0148697 A1l

[0132] The term “algorithm” refers to a set of steps used to
solve a mathematical computation.

[0133] An “arrhythmia” or “arrhythmia event” is a condi-
tion wherein a subject’s heart beats at an abnormal rhythm. As
used herein, arrhythmia can refer to atrial fibrillation, atrial
flutter, ventricular fibrillation, ventricular tachycardia, brad-
yarrhythmia, or any type of arrhythmia known in the art.
[0134] “Arrhythmia information” refers to any data corre-
sponding to an observed arrhythmia. Arrhythmia information
includes, but is not limited to, arrhythmia timing, arrhythmia
type, arrhythmia burden, arrhythmia rate, or arrhythmia dura-
tion.

[0135] The term “atrial fibrillation” refers to a condition
wherein the atria beat rapidly and irregularly.

[0136] “Bluetooth Low Energy” refers to a wireless com-
munication that transmits data using ultrahigh frequency
radio waves.

[0137] “Blood ion levels” as used herein refer to the con-
centration of specific solutes in the blood of a patient.
[0138] “Cellular technology” refers to a method of trans-
mitting information electronically through short wave analog
or digital signals to or from a transmitter.

[0139] The term “chart,” as used herein describes a dia-
gram, plot, graph, or visual representation of data of any kind.
The chart can be presented on a computer monitor computer
window or handheld device and can also be reduced to any
tangible medium without limitation.

[0140] The term “Chronic Kidney Disease” (CKD) refers
to a condition often characterized by the slow loss of kidney
function over time. The most common causes of CKD are
high blood pressure, diabetes, heart disease, and diseases that
cause inflammation in the kidneys. CKD can also be caused
by infections or urinary blockages. If CKD progresses, it can
lead to end-stage renal disease (ESRD), where the kidneys
fail completely.

[0141] The terms “communicate” and “‘communication”
include but are not limited to, the connection between the
electrical elements of the system, either directly or wirelessly,
using optical, electromagnetic, electrical, acoustic or
mechanical connections, for data transmission among and
between said elements.

[0142] The term “comprising” includes, but is not limited
to, whatever follows the word “comprising.” Use of the term
indicates the listed elements are required or mandatory but
that other elements are optional and may or may not be
present.

[0143] The term “configured to detect” refers to the ability
ofasensor or detector to make a measurement concerning one
or more medical parameters.

[0144] Theterm “configured to receive” refers to the ability
of adevice to obtain data from another source. The device can
be configured to receive data via electronic transmission of
the data or by manual entry of the data.

[0145] The term “consisting of” includes and is limited to
whatever follows the phrase the phrase “consisting of”” The
phrase indicates the limited elements are required or manda-
tory and that no other elements may be present.

[0146] The phrase “consisting essentially of”” includes any
elements listed after the phrase and is limited to other ele-
ments that do not interfere with or contribute to the activity or
action specified in the disclosure for the listed elements. Thus,
the phrase indicates that the listed elements are required or
mandatory but that other elements are optional and may or
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may not be present, depending upon whether or not they
affect the activity or action of the listed elements.

[0147] A “convolution operator” is a mathematical func-
tion that operates on two other mathematical functions.

[0148] “Dialysate electrolyte composition” refers to the
types and/or concentrations of solutes in the dialysate used
for a dialysis session.

[0149] “Dialysis” is a type of filtration, or a process of
selective diffusion through a membrane. Dialysis removes
solutes of a specific range of molecular weights via diffusion
through a membrane from a fluid to be dialyzed into a dialy-
sate. During dialysis, a fluid to be dialyzed is passed over a
filter membrane, while dialysate is passed over the other side
of that membrane. Dissolved solutes are transported across
the filter membrane by diffusion between the fluids. The
dialysate is used to remove solutes from the fluid to be dia-
lyzed. The dialysate can also provide enrichment to the other
fluid.

[0150] A “dialysis parameter,” “dialysis session param-
eter,” or “parameter of a dialysis session” is any factor of a
dialysis session that tends to affect the health of the patient
during and after dialysis. As used herein, “dialysis parameter”
includes, but is not limited to, occurrence of dialysis, fluid
removal prescription such as a “dialysis session prescription,”
fluid removal rate, electrolyte balance of the dialysate or pH
of the dialysate.

[0151] A “dialysis session” is time period that a patient is
treated by dialysis, hemodialysis, hemofiltration, ultrafiltra-
tion, or other blood fluid removal therapy.

[0152] A “dialysis session prescription” can refer to any
parameter of a dialysis session, including the amount of fluid
removed, the dialysate composition, the rate of fluid removal,
the length of the dialysis session, the frequency of dialysis
session or any other parameter used for one or more dialysis
sessions of a patient.

[0153] The term “dialysis status,” as used herein, refers to
whether the patient has undergone dialysis, whether and how
often the patient is regularly undergoing dialysis, and how
long it has been since the patient’s last dialysis session.

[0154] The term “display” as used herein means presenta-
tion of information on a computer screen of any type or form.

[0155] A “data hub” is a server or computer system
designed to aggregate and store data from multiple sources.

[0156] The terms “electrical impedance,” “impedance,” or
“tissue impedance,” generally, refer to a measure of the dif-
ficulty an electrical current faces when it traverses through a
biological tissue. Electrical impedance can be the ratio of the
voltage to the current, and given in the units of Ohms. Elec-
trical impedance can be measured by applying a known volt-
age and measuring the electrical current, or by applying a
known electrical current and measuring the resulting voltage.
In either case, a direct current (DC) or preferably an alternat-
ing current (AC) can be used. The AC waveform can be in the
form of a sinusoidal current, a square wave, a pulse train or
any other repeating form.

[0157] The term “electrocardiogram” (ECQG) refers to a
time varying waveform, produced by the electrical activity of
the cardiac muscle and the associated electrical network
within the myocardium. The term is often used interchange-
ably for the ECG tracing available from the surface of the
subject, or from an implantable device.
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[0158] “Electrolyte management data” refers to data affect-
ing the electrolyte balance of a patient. Electrolyte manage-
ment data can include the concentration of electrolytes in the
patient’s blood.

[0159] “Electronic communication” refers to the connec-
tion between the electrical elements of the system, either
directly or wirelessly.

[0160] An “electronic-mediated communication” is any
communication sent by electronic means. This includes wire-
less technology or wired communication.

[0161] Theterm “error” as used herein, refers to the differ-
ence between the predicted results and the actual results for
predictions given based on one or more parameters, and
include such physiological parameters as defined herein.
“Total error” refers to the combination of all of the errors for
each parameter used in the prediction.

[0162] “Fluid management data” refers to data affecting the
fluid levels of a patient. The data can include ultrafiltration
rate, ultrafiltration amount, fluid level, pre-dialysis weight,
post-dialysis weight, and frequency of fluid removal.

[0163] A “handheld data receiver” refers to a device
capable of receiving data in electronic form and small enough
to be held in the hand.

[0164] The term “implantable medical device” describes a
device, component or module intended to be totally or par-
tially introduced, surgically or medically into a mammalian
body, or by medical intervention that remains after the pro-
cedure.

[0165] The term “individual hazard estimate” refers to a
function that correlates a single variable with a probability of
a given event occurring.

[0166] An “input”asused herein is a component that allows
data to be entered into or received by a device or system. The
input can provision the submission of data of any type for
further processing by the device or system.

[0167] An “interface” is a component that allows a user to
manually communicate information to a processor or a
memory device.

[0168] The “magnitude of a fluid level drop” refers to the
difference between the fluid level of a patient at one point in
time and the fluid level of a patient at some other point in time.
[0169] A “medical device” is any device, component or
module capable of sensing one or more medical parameters
and/or delivering medical therapy.

[0170] A “medical device processor” refers a special pur-
pose processor that can have any one of the following func-
tions of controlling the collection of external or implantable
medical device data, controlling the collection of metadata
based on the collected data of any type, synchronizing data,
and combinations thereof.

[0171] A “medical parameter” is any data that gives infor-
mation about the health of a patient. As used herein, the term
“medical parameter” includes, but is not limited to, elec-
tromyogram (EMG), an electroencephalogram (EEG), an
electrocardiogram (ECG), tissue impedance, blood pressure,
the level of specific ions in the blood of a patient such as, but
not limited to potassium, sodium, and calcium, patient weight
including both dry weight and wet weight, pre- and post-
dialysis, a fluid profile including current and historical pro-
files, or other data concerning the health of the patient such as
arrhythmia information, heart rate, fluid level, blood ion lev-
els, and blood pressure.

[0172] A “medical server” is a specifically designed server
capable of storing medical information. The medical server
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can have specialized software enabling the storage and pro-
tection of patient medical information.

[0173] “Monitoring” refers to the detection of one or more
patient parameters.

[0174] “Occurrence of dialysis” refers to the initiation of a
dialysis session, regardless of whether the session is com-
pleted as planned.

[0175] An “output” as used herein refers to a result
obtained from a computation of any type performed by a
processar or computer.

[0176] A “patient” is a member of any animal species,
preferably a mammalian species, optionally a human. The
subject can be an apparently healthy individual, an individual
suffering from a disease, or an individual being treated for an
acute condition or a chronic disease.

[0177] A “patient electronic medical record” is a digital file
containing health or medical information from a patient.
[0178] The term “physiological parameter” refers to any
data without limitations that gives any medical relevant infor-
mation about the health status of a patient. As used herein, it
includes, but is not limited to electromyogram (EMG), an
electroencephalogram (EEG), an electrocardiogram (ECG),
tissue impedance, or any other data concerning the health of
the patient. For example, the physiological parameters can
encompasses information such as age, weight, gender, cur-
rent drug therapies, smoking habits, diet, etc.

[0179] “Pre-dialysis weight” refers to the weight of the
patient just prior to a dialysis session. “Post-dialysis weight”
refers to the weight of a patient immediately after a dialysis
session. In any embodiment of the second, third, and fourth
inventions, the post-dialysis weight can be the patient’s dry
weight, or the patient’s weight when the patient is not fluid
overloaded. The pre-dialysis weight can be the patient’s wet
weight, or the weight of the patient while the patient is fluid
overloaded. The pre-dialysis weight minus the post-dialysis
weight would then equal the fluid overload of the patient.
[0180] The term “pre-set value,” as used herein, refers to a
variable wherein the user can determine the value of the
variable.

[0181] The term “processor” as used herein is a broad term
and is to be given its ordinary and customary meaning to a
person of ordinary skill in the art. The term refers without
limitation to a computer system, state machine, processor, or
the like designed to perform arithmetic or logic operations
using logic circuitry that responds to and processes the basic
instructions that drive a computer. In any embodiment of the
first, second, third, and fourth invention, the terms can include
ROM (“read-only memory”) and/or RAM (“random-access
memory”) associated therewith.

[0182] The term “programmable” as used herein refers to a
device using computer hardware architecture and being
capable of carrying out a set of commands, automatically.
[0183] “Radio frequency” refers to signals in the radio
wave portion of the electromagnetic spectrum.

[0184] The term “sensory unit” or “sensor” refers to an
electronic component capable of measuring a property or
condition of interest.

[0185] A “signaling mechanism,” as used herein, includes
any mechanism capable of alerting a person. The signal may
be audible, visual, or through some other means such as
vibration, that will get the attention of the user.

[0186] The term “simultaneously” as used herein refers to
the concurrent presentation of data or clinical information of
any type in any form. The concurrent presentation of data can
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include data from the same instance in time, but is not nec-
essarily limited to particular instances in time, and can
include past data and future expected data.

[0187] “Synchronize,” as used herein, means to place two
variables of any type on the same time scale.

[0188] The terms “treating” and “treatment” refer to the
management and care of a patient having a pathology or
condition. Treating includes administering one or more
embodiments of the present invention to prevent or alleviate
the symptoms or complications or to eliminate the disease,
condition, or disorder. As used herein, “treatment” or
“therapy” refers to both therapeutic treatment and prophylac-
tic or preventative measures. “Treating” or “treatment” does
not require complete alleviation of signs or symptoms, does
not require a cure, and includes protocols having only a mar-
ginal or incomplete effect on a patient.

[0189] The term “Ventricular Arrhythmias™ refers to any
type of abnormal heart rhythms in the ventricles of a heart
including Ventricular Tachycardia (VT) or Ventricular Fibril-
lation (VF) without limitation. One, specific, non-limiting
example of a Ventricular Arrhythmia can be a “Life Threat-
ening Ventricular Arrhythmia” (LTVA).

Medical Device and Algorithm

[0190] The first, second, third, fourth, fifth and sixth
aspects of the invention are directed to a medical device and
its accompanying algorithm for monitoring of subjects with
cardiac disease or kidney disease receiving dialysis treat-
ment, and related medical systems, methods for providing
improved treatment and diagnostic medical devices and
related monitoring algorithms.

[0191] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, a medical device can
comptrise one or more sensors in electronic communication
with a processor, the sensors determining one or more physi-
ological parameters of a patient, and communicating the
physiological parameter to the processor, and the processors
using an algorithm to determine the probability of a ventricu-
lar arrhythmia based on the physiological parameters.
[0192] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the parameters can be
any one selected from the group of tissue impedance, the
number of spontaneous ventricular tachycardia and ventricu-
lar fibrillation events per day, the time spent in atrial fibrilla-
tion, and information about the patient’s dialysis status data.
In any embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, at least one of the sensors can be
a component integrated into an implantable medical device.
In any embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, the medical device can have a
signaling mechanism to signal if the probability of ventricular
arrhythmia is higher than a preset value. In another embodi-
ment, the processor can be implanted into the patient.
[0193] The first, second, third, fourth, fifth and sixth
aspects of the invention are also directed to a method for
determining the probability of a ventricular arrhythmia. In
one embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, the method can have the steps
of obtaining one or more physiological parameters of a
patient from one or more sensors, communicating the param-
eters to a processor, wherein the processor utilizes an algo-
rithm to determine the probability of a ventricular arrhythmia.
[0194] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the physiological
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parameters used for the method can be any one of tissue
impedance, the number of spontaneous ventricular tachycar-
dia and ventricular fibrillation events per day, time spent in
atrial fibrillation, and information about the dialysis status
data.

[0195] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, at least one of the
physiological parameters can be obtained from a sensor that
integrated into an implantable medical device. In any embodi-
ment of the first, second, third, fourth, fifth and sixth aspects
of the invention, the processor can have a signaling mecha-
nism to signal if the probability of ventricular arrhythmia is
greater than a pre-set value.

[0196] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the method can also
have a step for treating the patient with a pharmaceutical such
as anti-arrhythmia drugs if the probability of ventricular
arrhythmia is greater than a pre-set value.

[0197] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the algorithm in any
system, method or device of the invention can calculate for
each of the one or more physiological parameters, an indi-
vidual hazard estimate given by y,(t)=h, (t)@x (D), wherein
h1(t)=k,e"”, tistime, y1(t)is the individual hazard estimate at
time t, k1 and k2 are constants for the given parameter, x1(t)
is the physiological parameter at time t and (x) is a convolu-
tion operator.

[0198] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the convolution opera-
tor in any system, method or device of the invention can be
defined by [h,()x,1(n)=E, __..**h, (m)x,(n-m), wherein n
is time, h1(n)=k ", x1(n) is the physiological parameter at
time n, and k1 and k2 are constants for the given parameter.
[0199] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the algorithm in any
system, method or device of the invention can calculate a total
hazard function: f(t)=X, _,"ym(t), wherein f(t) is the total
hazard at time t, ym(t) is an individual hazard estimate for
parameter m at time t, and n is the number of physiological
parameters used.

[0200] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the algorithm can
calculate a total hazard function:

1
14+ & Che it

f(l‘):( ]+k9

wherein f(t) is the total hazard at time t, ym(t) is an individual
hazard estimate for parameter m at time t, k9 is an offset
coefficient, and n is the number of physiological parameters
used.

[0201] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the device, systems or
method can also have the steps of entering actual results at
time t for the patient into the processor, and the algorithm can
also calculate a total error as the difference between the total
hazard and the actual results at time t, and the algorithm can
further adjust each of the coefficients to minimize the total
error.

[0202] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the algorithm in any
system, method or device of the invention can also utilize an
adaptive filter to alter each of the coeflicients for each patient
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periodically. In another embodiment of the first invention, the
algorithm can utilize the adaptive filter to alter each of the
coefficients for each patient every 14 days.

[0203] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the information about
the patient’s dialysis status data can be determined by assum-
ing the patient underwent dialysis when the sensor measures
a periodic rise in tissue impedance. In any embodiment of the
first, second, third, fourth, fifth and sixth aspects of the inven-
tion, the information about the patient’s dialysis status data
can be entered manually.

[0204] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the information about
the patient’s dialysis status data can be communicated to the
processor from a patient’s electronic medical record. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, the method can also have the step of
communicating the probability of a ventricular arrhythmia to
the patient or a health care professional. In any embodiment
of the first, second, third, fourth, fifth and sixth aspects of the
invention, the actual results can be whether or not the patient
has been hospitalized.

[0205] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the method can also
have the step of entering actual results at time t for a group of
patients into the processor, and the algorithm further calcu-
lates a total error as the difference between the total hazard
and the actual results for the group of patients at time t, and the
algorithm further adjusts each of the coefficients for each
patient to minimize the error.

[0206] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, a system can have one
or more sensors in electronic communication with a proces-
sor, the sensors obtaining one or more physiological param-
eters of a patient and communicating the one or more physi-
ological parameters to a processor; and the processor has an
algorithm to determine a probability of a ventricular arrhyth-
mia based on the physiological parameters wherein the pro-
cessor can be component of an implantable medical device or
be a separate stand-alone unit such as contained in a desktop
computer or base module.

Computing Unit and Algorithm

[0207] Unless specifically stated otherwise, as apparent
from the foregoing discussions, it should be appreciated that
throughout the specification discussions utilizing terms such
as “processing,” “computing,” “calculating,” “determining,”
or the like, refer to the action and/or processes of a computer
or computing system, or similar electronic computing device,
that manipulate and/or transform data represented as physi-
cal, such as electronic, quantities within the computing sys-
tem’s registers and/or memories into other data similarly
represented as physical quantities within the computing sys-
tem’s memories, registers or other such information storage,
transmission or display devices. In a similar manner, the term
“processor” may refer to any device or portion of a device that
processes electronic data from registers and/or memory to
transform that electronic data into other electronic data that
may be stored in registers and/or memory. A “computing
platform” may comprise one or more processors.

[0208] Embodiments of the first, second and third aspects
of the invention may include apparatuses and/or devices for
performing the operations herein. An apparatus may be spe-
cially constructed for the desired purposes, or it may com-
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prise a general purpose device selectively activated or recon-
figured by a program stored in the device. In any embodiment
of the first, second and third aspects of the invention, the
invention may be implemented using a combination of any of,
e.g., but not limited to, hardware, firmware, and software, etc.
[0209] The methods, software and hardware described
herein can be embodied in or use transitory or non-transitory
computer readable media with instructions that cause a pro-
grammable processor to carry out the techniques described
herein. A “computer-readable medium” includes but is not
limited to read-only memory, Flash memory, EPROM and a
magnetic or optical storage medium. A non-transitory com-
puter readable medium includes all computer readable media
except for a transitory, propagating signal.

[0210] The first, second, third, fourth, fifth and sixth
aspects of the invention can detect an increase in the likeli-
hood of a Ventricular Arrhythmia, such as LTVA, to provide
prophylactic treatment to a patient in need thereof, such as by
the administration of a pharmaceutical to alleviate the condi-
tion or by hemodialysis or dialysis. In general, functional
kidneys remove excess fluids, electrolytes and other mol-
ecules. One of the physiological parameters of kidney func-
tion can be measured by one or more sensor in the present
invention to provide an input of information into the methods
described herein for calculating the likelihood of Ventricular
Arrhythmia. In particular, a processor or electronic circuit can
use an algorithm to calculate an individual hazard estimate
having a physiological parameter obtained from a patient, a
time variable, and constants for a given physiological param-
eters.

[0211] The hazard function can use any number of physi-
ological parameters unique to the patient. For example, the
hazard function can use tissue impedance, which is directly
affected by the amount of fluid being retained by the patient:
as fluid retention increases, the electrical impedance mea-
sured by an implantable device decreases. In one exemplary
algorithm, a decrease in the electrical impedance can indicate
an increase in fluid retention and an increased propensity
toward a LTVA, and can indicate need for dialysis or admin-
istration of pharmaceutical based on the methods for calcu-
lating the likelihood of LTVA described herein, including but
not limited to administration of anti-arrhythmic drugs. It will
be understood that many such parameters and combinations
thereof can be used wherein the present invention can deter-
mine a number of such parameters to be advantageously used.
[0212] The first, second, third, fourth, fifth and sixth
aspects of the invention also provide methods for monitoring
various bodily functions that can than lead to better abilities to
predict Ventricular Arrhythmia in patients with cardiac dis-
ease, and/or in dialysis patients. The methods can also reduce
the chances for Ventricular Arrhythmia patients suffer by
monitoring and forwarding data for analysis according to the
methods described herein.

[0213] The processing of the information collected by the
sensors is carried out by a computing unit that can contain a
processor or an electronic circuit. It will be understood that
any special purpose machine or computer implementing the
algorithms contemplated by the present invention are encom-
passed by the broadly intended interpretation of the term
computing unit. In particular, an algorithm processes signals
from all of the sensors to produce an estimation of the risk for
an arrhythmia using a mathematical model. In any embodi-
ment of the first, second, third, fourth, fifth and sixth aspects
of the invention, the algorithm processes information unique
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to the patient that is entered manually into the computing unit
such as patient weight, age, gender, etc. In any embodiment of
the first, second, third, fourth, fifth and sixth aspects of the
invention, a non-limiting, and non-exhaustive list of physi-
ological parameters can include AF burden, tissue imped-
ance, ambulatory HRV, respiratory rate, sleep pattern (noc-
turnal activity), body temperature, heart rate change during
dialysis, HRV during the dialysis session, BP reduction dut-
ing dialysis, mixed venous oxygen saturation, fluid removed
during dialysis session, dialysis markers known to those of
ordinary skill in the art such a sodium, potassium, etc. mea-
sured periodically, patient weight measured, medications and
their dosage, and patient supplied data such as (discomfort).
The performance of the model is monitored by comparing its
predictions to the actual patient outcomes and necessary
modifications are made to the model parameters to improve
its performance using the algorithms of the present invention.
[0214] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, four of the input
variables, which are daily impedance, spontaneous VI/VE,
time in AT/AF, and hemodialysis, can influence a patient
outcome. Further, the effect that any input variable has on the
patient outcome can decrease exponentially as time passes,
which will be expressed in the form of a hazard function as
shown in Eq. 1:

hy(0)=k e
where
[0215] h1(t) is the hazard function,
[0216] k1 and k2 are constants,
[0217] tis time in days.
[0218] For each of the input parameters, the hazard func-

tion can include two constants. For the first input parameter,
the constants can be k1 and k2. For the second input param-
eter, the constants can be k3 and k4, for the third input param-
eter the constants can be k5 and k6, for the fourth input
parameter the constants can be k7 and k8, for the fifth input
parameter the constants can be k9 and k10, for the sixth input
parameter the constants can be k11 and k12, for the seventh
input parameter the constants can be k13 and k14, for the
eighth input parameter the constants can be k15 and k16, and
for the ninth input parameter the constants can be k17 and
k18. Itwill be understood that additional input parameters can
be included having constants kx and ky where x represents an
iteration of a first constant and y represents an iteration of a
second constant.

[0219] Individual hazard estimates can be calculated as the
convolution of the input variable and the corresponding haz-
ard function shown in Eq. 2:

POR NGOG [Eq. 2]
where
[0220] y1(t) is the individual hazard estimate,
[0221] h1(t) is the hazard function
[0222] x1(t) is the input function,
[0223] @ is the convolution operator.
[0224] The convolution can be carried out in the discrete

time domain using Eq. 3:

10T G 1) ey (s (=) [Eq. 3]
[0225] It should be noted that the hazard function h1(t) and
the input function x1(t) representing the data, i.e., physiologi-
cal parameters, from the patient have both limited lengths, 1.e.

they are finite. Hence, the calculation shown in Eq. 3 can be
finite.
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[0226] The total hazard can be estimated as the summation

of the individual hazard estimates as shown in Eq. 4:
YO O320).y3(0).340)] [Eq. 4]

where

[0227] yT(1) is the total hazard estimate,

[0228] y1(t),v2(1), y3(t) and y4(t) are the individual hazard

estimates, and

[0229] fis the summation function.

[0230] The summation function, f, may take the form of a

linear summation or a non-linear summation, as shownin Eq.
5and 6.

Sont 1O 3203300017 (OO +y3(D)4p4(0) [Eq. 5]
Ss160310)92(0) 33 (2),y4(1)]=Sigmoidal{y () +y>(0)+v3
(D+yati+ho} [Eq. 6]
where the Sigmoidal function is given by Eq. 7:
Sigmoidalw) = = [Ea. 7]

[0231] The constant k9 shown in Eq. 6 can be added to
provide any necessary offset for the operation of the Sigmoi-
dal function.

[0232] FIG. 1 shows a block diagram for the calculation of
the total hazard function in any embodiment of the first,
second, third, fourth, fifth and sixth aspects of the invention.
Four input parameters: tissue impedance 1, ventricular tachy-
cardia and ventricular fibrillation 2, atrial fibrillation 3, and
dialysis information 4, can be received by the computing unit.
The computer can calculate the individual hazard estimates
according to the equations described herein. The hazard esti-
mates based on tissue impedance 5, ventricular tachycardia
and ventricular fibrillation 6, atrial fibrillation 7, and dialysis
information 8§ can be processed by the total hazard estimation
function 9, according to either the linear summation or non-
linear summation equations as described herein to generate a
total risk estimate. If the non-linear summation equation is
utilized, then the off-set coefficient k9 10 can be added to the
total hazard estimation function 9.

[0233] Inany embodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, any discrepancy
between the estimated hazard and the actual patient outcome
can be used for the calculation of the estimation error shown
in Bq. 8:

error(n)=z(n)-y(n) [Eq. 8]
where
[0234] error(n) is the estimation error at time index n,
[0235] z(n) is the actual patient outcome at time index n,
and
[0236] yT(n) is the total hazard estimate at time index n.
[0237] Finally, the total error can be calculated as the sum

of squared errors shown in Eq. 11:

n n

ess(n) = Z error? (m) = Z [

m=—o00 m=—c0

[Eq. 11]

=\
2
|

1]
~
5

[0238] When the total error, ess (n), is minimized, the esti-
mator can produce an output as close as possible to the actual
patient outcome.
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[0239] FIG. 2 shows the overall block diagram of the pre-
dictive model. The four input parameters: tissue impedance
21, ventricular tachycardia and ventricular fibrillation 22,
atrial fibrillation 23 and dialysis information 24, are received
by the computing unit. The computer calculates the indi-
vidual hazard estimates according to the equations described
herein. The hazard estimates based on tissue impedance 25,
ventricular tachycardia and ventricular fibrillation 26, atrial
fibrillation 27 and dialysis information 28 are processed by
the total hazard estimation function 29, according to either the
linear summation or non-linear summation equations as
described herein to generate a total risk estimate 30. This total
risk estimate can be transmitted to the user. Additionally, the
actual patient outcome 31 is entered, and the computing unit
performs the error determination by the equations described
herein 32 to generate the total error at time t 33. The computer
can then use the error determination to correct the coefficients
k1 through k9 34, and feeds the new coefficients back into the
individual hazard functions.

[0240] In order to correctly reduce the estimation error, the
coefficients ki are to be adjusted. Since there is more than one
coefficient, this process requires the utilization of a multi-
dimensional optimization function, where the goal is to mini-
mize the total error, ess (11). Many algorithms can be used for
this task such as Nelder-Mead’s downhill simplex method,
which is also known as the Amoeba algorithm. In one pre-
ferred embodiment, Amoeba algorithm is used, because it
does not require the computation of the derivative of the error,
ess (n). [Ref: Numerical Recipes in Fortran, The Art of Sci-
entific Computing, W.H. Press, S. A. Teukolsky, W. T. Vetter-
ling and B. P. Flannery]. The described model can be referred
to as the non-adaptive model as it does not customize itself to
each patient or does not adapt when the patient condition
changes. This can be expected because a model using a fixed
set of coefficients is not likely to be able account for patient-to
-patient variations. Moreover, a model using a fixed set of
coeflicients cannot adapt to changes that are taking place in
the physiological conditions of a given patient. To address
these issues, one advanced version of the model that is con-
templated in any embodiment of the first, second, third,
fourth, fifth and sixth aspects of the invention, can be built
using an adaptive filter.

[0241] As used in any embodiment of the first, second,
third, fourth, fifth and sixth aspects of the invention, an adap-
tive filter based predictor can be illustrated in FIG. 3a and
plotted against time 111. The input parameters: tissue imped-
ance 101, ventricular tachycardia and ventricular fibrillation
102, atrial fibrillation 103 and dialysis information 104 are
fed into the computing unit or processor, which then performs
the individual hazard calculations and the hazard summation
described above 105 to give the total hazard estimate at time
t106. The actual patient outcome at time t 107 is then entered
into the computing unit to calculate the error at time t 108. The
error at time t can then be entered into the adaptive filter 109
to obtain new values for the constants k2, k3, k4, k5, k6, k7,
k8, k9 110. It will be understood that the number of constants
k2,k3,k4, kS, k6, k7, k8, k9 are not limited to nine and range
from any number of required constants, including any one of
additional k10 k11, k12, k13, k14 k15, k16, k17, etc. For
initialization, the model can be started using some initial
values for the parameters k2, k3, k4, k5, k6, k7,k8, k9, which
can be determined using the non-adaptive model described
herein. However, this new adaptive model can then recalcu-
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late the error value at each step using the data from any
number of days, e.g., the last 14 days as shown in Eq. 12.

[Eq.12]

[0242] Once the error, gerror (n), is calculated, its behavior
can be studied as a function of each parameter, k2,k3, k4, kS5,
k6, k7, k8, k9. This can be accomplished by varying each
parameter, one by one, while keeping the remaining param-
eters fixed. This can be shown by the curve in FIG. 3b. The
graph shows the plot of the total error function gerror (n) 112
against the value of k1 113. The parameters k2, k3, k4, k5, k6,
k7, k8, k9 are kept constant, while the parameter k1 may vary.
One can then plot the error, gerror, as a function of k1 only.
For illustration, assume that the current value of k1 corre-
sponds to the point labeled as 114 on the graph. To reduce the
error function gerror, k1 must be moved toward the left, i.e.
the value ofk1 must be reduced, perhaps by an amount of 115.
This process is repeated for the remaining parameters, k2, k3,
k4, k3, k6, k7, k8, k9, to determine the new values for each
parameter, which 1s used during the next iteration. The adap-
tive filter can be used for the dynamic determination of the
coefficients, k2, k3, k4, k5, k6, k7, k8, k9, individually for
each subject at each step. In the case of fourteen days, the set
of representative calculations can be shown by Eq.’s 13-16.

by (g oo, )=y €% [Eq.13]
il Ry 1=k Ko £, ) [Eq.14]
Estimate(ky, . . ., ko, D)=y (1) [Eq.15]
gzrror kL - - s ko, )=, 14 [Actual (t)-Estimate(t)’dv [Eq.16]

[0243] One skilled in the art will understand that the adap-
tive filter may be set to calculate new constants at time inter-
vals other than fourteen days. It may calculate more or less
often depending on the needs of the patients. In any embodi-
ment of the first, second, third, fourth, fifth and sixth aspects
of the invention, the algorithm can utilize the adaptive filter to
alter the coefficients for each patient for any one of 1, 2, 3, 4,
5,6,7,8,9,10,11, 12,13, 14, 15,16, 17,18, 19, 20, 21, 22,
23,24, 25,26, 27, 28, 29, 30, and 31 days.

[0244] Inany embodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the methods predict
Ventricular Arrhythmia in a patient whereupon a physician
can administer one or more commonly prescribed antiar-
rhythmic drugs. A non-limiting, partial list of antiarrhythmic
drugs can include any one of Amiodarone (Cordarone, Pac-
erone), Bepridil Hydrochloride (Vascor), Disopyramide
(Norpace), Dofetilide (Tikosyn), Dronedarone (Multaq),
Flecainide (Tambocor), Ibutilide (Corvert), Lidocaine (Xy-
locaine), Procainamide (Procan, Procanbid), Propafenone
(Rythmol), Propranolol (Inderal), Quinidine, Sotalol (Beta-
pace), or Tocainide (Tonocarid). The drugs can be given intra-
venously in an emergency situation or orally for long-term
treatment. Depending on clinical practice, in patients with
atrial fibrillation, a blood thinner (anticoagulant or antiplate-
let agent such as aspirin) can also be added to reduce the risk
of blood clots and stroke. However, the particular therapies
are not critical to the first, second, third, fourth, fifth and sixth
aspects of the invention and will depend on a physician’s or
clinical judgment; whereas the likelihood of a Ventricular
Arrhythmia can be determined according to the methods of
the first, second, third, fourth, fifth and sixth aspects of the
invention.
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Processor and Communication System

[0245] The computing unit can be a specially adapted unit
in order to carry out the purposes and steps described herein.
In any embodiment of the first, second, or third aspect of the
invention, the sensors described herein can operate in com-
bination or conjunction with circuitry specially adapted to the
purposes or steps described herein, or in combination or
conjunction with more than one such processor, or in combi-
nation or conjunction with one or more elements of each type,
such as for distinct steps or portions thereof. The computing
unit and the sensors which detect the data in each of the
categories are specifically adapted computers and processors
configured or a medical or healthcare setting. The computers
or processors can have shielded circuitry to prevent electric
shock to a patient or operator. In any embodiment of the first,
second, and third aspects of the invention, the computers and
processors of the present invention are not general purpose
computers and can have regulatory approval for approved
medical use on patients.

[0246] One skilled in the art will recognize that the proces-
sor or an electrical circuit used for calculating the methods of
the first, second, third, fourth, fifth and sixth aspects of the
invention can be integrated into an implantable medical
device or can be external to a patient. The methods of con-
structing such a processor based on the methods described
herein are well known and can be fabricated by those of
ordinary skill depending on the specific application. It is
noted that the present method can be advantageously used in
the application of biomedical devices such as ICD and pace-
makers, or any other biomedical device having an electrode
thatcan be used as a sensor. Where the processor is external to
a device in which the battery is used, the detection of physi-
ological parameters may be made either wirelessly or wired,
to the processor. In any embodiment of the first, second, third,
fourth, fifth and sixth aspects of the invention, the processor
may be a component of a separate device, and may determine
the algorithms of the invention upon receiving the physiologi-
cal parameters. For example, an implantable pacemaker, car-
dioverter, and/or defibrillator that provide therapy to the heart
of a patient via electrodes can be advantageously monitored
by the methods and apparatuses of the first, second, third,
fourth, fifth and sixth aspects of the invention. In any con-
figuration, the algorithm can use electrical excitation charges
used in biomedical electrical stimulation devices to obtain
physiological parameters or can passively receive data on
such parameters.

[0247] The present methods and systems can assist a pro-
grammer or clinician to schedule treatment such as adminis-
tration of a pharmaceutical, dialysis or hemodialysis or deter-
mine the dosing or length of time of such procedures. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, the physiological parameters
whether obtained by a sensor, manually entered, or from an
electronic record or database, can be entered into a processor
or computer unit. From the obtained parameters, the value of
the hazard function can be determined by the processor or
computing unit. The processor or computing unit can then
estimate the probability of a ventricular arrhythmia. The pro-
cessor or computing unit can then use an obtained result at
time t for the patient, and further calculate a total error as the
difference between the total hazard and the actual results at
time t. In any embodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the algorithm can
further adjust each of the coefficients to minimize the error.
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The algorithm can also utilize an adaptive filter of any type
known to those of skill in the art to alter the coefficients for
each patient periodically. In any embodiment of the first,
second, third, fourth, fifth and sixth aspects of the invention,
the processor or computing can transmit the results to an
output display. In any embodiment of the first, second, third,
fourth, fifth and sixth aspects of the invention, the systems and
methods of the system can transmit the results to a program-
mer, server, clinician decision tool, 3rd party software, phy-
sicianor clinician. The obtained results can be transmitted via
email, wirelessly, wired transmission, facsimile, or any suit-
able means for transmitting such information whether via a
graphical user interface, iPad or smartphone, or tablet appli-
cation.

[0248] Inany embodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the processor contem-
plated may include any one or more of a microprocessor, a
controller, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field-programmable gate
array (FPGA), or equivalent discrete or integrated logic cir-
cuitry adapted for using the method of the first, second, third,
fourth, fifth and sixth aspects of the invention. In any embodi-
ment of the first, second, third, fourth, fifth and sixth aspects
of the invention, the processor can include multiple compo-
nents, such as any combination of one or more microproces-
sors, one or more controllers, one or more DSPs, one or more
ASICs, or one or more FPGAs, as well as other discrete or
integrated logic circuitry. The functions attributed to the pro-
cessor may be embodied as software, firmware, hardware or
any combination thereof. In particular, any processor contem-
plated by the first, second, third, fourth, fifth and sixth aspects
of the invention can have a microprocessor configured to
obtain the physiological parameters and make the necessary
calculations for the hazard function stored in memory. In
particular, the processor may receive data from sensors con-
tained in an implantable biomedical device while operating in
a patient and described by the present formulae of the inven-
tion and provide alerts or messaging via wireless control to
base module connected wirelessly to the implantable device.
In any embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, the device may provide an
audible alert or signal an alert during a routine monitoring
session. In any embodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, a user and/or clinician
can interface and receive the results of the algorithm includ-
ing the probability of Ventricular Arrhythmia and the calcu-
lated hazard function. In any embodiment of the first, second,
third, fourth, fifth and sixth aspects of the invention, the
adaptive filter can be used to calculate the optimal number
and type of physiological parameters.

[0249] Inany embodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the communication
system allows transferring any data, including the data from
the sensors to the processing unit. The communication system
also allows the communication of the estimated arrhythmia
risks and patient outcomes. In any embodiment of the first,
second, third, fourth, fifth and sixth aspects of the invention,
a telemetry module having any suitable hardware, firmware,
software or any combination thereof known to those of ordi-
nary skill for communicating with another device, can trans-
mit the probability of Ventricular Arrhythmia and the calcu-
lated hazard function or any other calculation obtained from
the medical device or data records. Under the control of the
processor, the telemetry module can receive downlink telem-
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etry from and send uplink telemetry to a programmer or a base
module with the aid of an antenna, which may be internal
and/or external. The processor can also provide the data to be
uplinked and the control signals for the telemetry circuit
within the telemetry module via an address/data bus. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, the telemetry module can provide
received data to the processor via a multiplexer or any other
suitable methods and systems. In any embodiment of the first,
second, third, fourth, fifth and sixth aspects of the invention,
a telemetry module can communicate with the processor in
the implanted biomedical device using RF communication
techniques supported by telemetry modules known to those of
ordinary skill

[0250] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the processor can
transmit the probability of Ventricular Arrhythmia and the
calculated hazard function and any other obtained measure-
ment or calculated values to a programmer or base module. In
any embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, the programmer or base module
may electrically interrogate the processor or implantable bio-
medical device as needed. The processor and/or implanted
biomedical device can store the probability of Ventricular
Arrhythmia and the calculated hazard function and/or calcu-
lated values within memory and retrieve the stored values
from memory upon receiving an instruction from a program-
mer or base module. The processor may also generate and
store data containing the obtained calculations based on the
measurements collected from the sensors or data records and
transmit the data to programmer or base module upon receiv-
ing instructions. In any embodiment of the first, second, third,
fourth, fifth and sixth aspects of the invention, data from the
sensors, the processor, or implanted biomedical device may
be uploaded to a remote server on a regular or non-regular
basis where a clinician or program may access the data to
determine whether a potential life threatening or hazardous
event due to the probability of Ventricular Arrhythmia and the
calculated hazard function exists. An example of a remote
server includes the CareLink Network, available from
Medtronic, Inc. of Minneapolis, Minn.

[0251] The technical benefits of the real-time monitoring
described herein provide for immediate adjustments to the
hazard functions that cannot be accomplished with pen and
paper. The changes to the parameters and therefore the
changes to the hazard level occur constantly in order to con-
tinuously update the hazard level of the patient. These
changes occur too quickly for the calculations to be per-
formed with the use of pen and paper.

[0252] The processors described herein can be medical
device processors. Medical device processors can control the
collection of external or implantable medical device data,
control the collection of metadata based on the collected data,
and synchronize the data on a timeline. The computing unit
and the sensors which detect the data in each of the categories
are specific purpose computers and processors configured or
amedical or healthcare setting. The computers or processors
can have shielded circuitry to prevent electric shock to a
patient or operator. In any embodiment of the first, second or
third aspects of the invention, the computers and processors
of the present invention are not general purpose computers
and can have regulatory approval for approved medical use on
patients. The processors also have communication systems,
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hardware and software that protect patient privacy by protect-
ing the information obtained from the patient.

[0253] The systems described herein can also obtain his-
torical data from electronic medical records or other sources.
The hardware configurations of the system allow for trans-
mission of the data obtained to the patient’s electronic medi-
cal records, or to a hospital data hub, handheld device, or
monitor. The computers or processors described herein are
specially adapted to receive patient data from the sensors and
immediately perform the necessary calculations to determine
the probability of a life threatening ventricular arrhythmia.

Sensors

[0254] The first, second, third, fourth, fifth and sixth
aspects of the invention can have a set of sensors on implant-
able or external devices to gather physiological parameters
from the patient. The sensors can be in communicated or be a
part of communication system, which relays information and
data between the device, the processing unit, and optionally
the patient and the medical care personnel, and a computing
unit to process the information. In any embodiment of the
first, second, third, fourth, fifth and sixth aspects of the inven-
tion, the device can be either implantable or non-implantable
depending on the therapy being delivered or the availability of
a particular device to obtain data for use in the algorithms of
the first, second, third, fourth, fifth and sixth aspects of the
invention. For example, an external blood pressure cuff
obtaining a digital reading during a therapy session can be
used to collect blood pressure data for use by the processor
whereas an implanted pacemaker can obtain ECG data in
vivo. In any embodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the device may be
specially designed to obtain specific types of data such as an
EMG and in other cases can be obtained from non-specifi-
cally designed devices such as from the electrodes of an ICD.
In general, it will be understood that the sensors used in the
first, second, third, fourth, fifth and sixth aspects of the inven-
tion can be integral, separate, specially designed or not spe-
cially designed to obtain the physiological parameters con-
templated by the first, second, third, fourth, fifth and sixth
aspects of the invention. The only requirement is that the
sensors in whatever form, provide the sources of data neces-
sary for the processing unit to interpret. In one specific
example, an implantable medical device, such as cardiac
pacemakers, implantable defibrillators and implantable loop
recorders can be used to collect data from patients and search
for correlations between the physiological signals and patient
outcomes, such as a Ventricular Arrhythmia. Electrical
impedance of the tissue, number of spontaneous Ventricular
Tachycardia (VT) and Ventricular Fibrillation (VF) events per
day, time spent in Atrial Fibrillation (AF), and information
about the patient’s dialysis situation can all be used as factors
contributing to the patient’s outcome.

[0255] The number of spontaneous Ventricular Tachycar-
dia (VT) and Ventricular Fibrillation (VF), collectively
defined as VI/VF events, experienced by the patient in a
given day can be correlated to the parasympathetic stimulus
that the patient has been receiving: the parasympathetic ner-
vous system (PNS) controlling certain aspects of bodily
excretion. An increase in the number of spontaneous VT/VF
events experienced by the patient in a given day can also
indicate an increased trend toward a LTVA. Moreover, Atrial
Fibrillation (AF) canalso lead to Ventricular Arrhythmias that
can be life threatening, e.g. LTVA. An increase in the amount
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of time spent in AF in a given day, also known as AF burden,
can also indicate an increased trend toward a LTVA. More-
over, high levels of potassium in the blood can lead to an
increased occurrence of Ventricular Arrhythmias.

[0256] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the electrical imped-
ance of a tissue can be measured by an implantable device.
The impedance can be measured by any of one, two, three,
four or more electrodes. In an exemplary one electrode sys-
tem, the single electrode can be used for both excitation and
measurement such as a pacemaker with a bipolar pacing lead.
In the case of a pacemaker having a bipolar pacing lead,
excitation can be applied between a ring electrode. The mea-
surement can be then taken between the electrode tip and the
case wherein the pacemaker case serves as the common elec-
trode. An example of a pacemaker with a bipolar pacing lead
is described in U.S. Pat. No. 5,843,135, the contents of which
are incorporated herein in their entirety. As shown in F1G. 10,
apacemaker device 1100 can be connected at an output 1107
to alead 1101. The lead 1101 can extend into the heart and has
atip electrode 1104 and a sensor 1105. The lead 1101 only has
a single conductor 1102 to send pacing pulses to tip electrode
1104. The lead 1101 can have a casing 1103 which runs the
length of the lead 1101 from the proximal end where it con-
nects to the output 1107 to the distal end where it connects to
the tip electrode 1104. The pacemaker provides output pulses
from a pulse generator 1106 to the lead 1101. The pulse
generator 1106 can be controlled by a timing logic and control
block 1109. This block 1109 can be in two way communica-
tion with a transmit and receive circuit 1111, which is in
telemetric or electrical communication with an external pro-
grammer (not shown). Sense processing circuitry 1108 can
receive signals from the lead 1101. This circuitry 1108
receives signals and contains other circuitry for the separation
of cardiac and sensor information. A square wave current
generator 1110 can also be in electrical communication with
the timing logic and control block 1109.

[0257] In an exemplary two electrode system, such as an
implantable loop recorder, e.g. Medtronic Reveal, two elec-
trodes can be used both for excitation and for measurement of
electrical signals. Aspects of the Reveal insertable loop
recorder are disclosed in commonly assigned U.S. Pat. Nos.
5,987,352 and 6,230,059, the contents of which are incorpo-
rated herein in their entirety. As shown in FIG. 11, a medical
device can have a monitor 1201 implanted in the upper tho-
racic region of the patient’s body, displaced from the patient’s
heart 1206. The device can have a non-conductive header
module 1202 attached to a hermetically sealed enclosure
1205. The enclosure 1205 can contain the operating system of
the device. A first subcutaneous electrode 1203 can be formed
on the header module 1202, and a second subcutaneous elec-
trode 1204 can be formed by an exposed portion of the enclo-
sure. The conductive housing electrode 1204 can be directly
connected to sensing circuitry, while a feed through extends
through the mating surfaces of the header module 1202 and
the enclosure 1205 to connect the first electrode 1203 to
sensing circuitry.

[0258] In exemplary three electrode systems, two elec-
trodes can be used for excitation and one can be used for
measurement. A three electrode system capable of measuring
impedance is shown in FIG. 13. Lead 1401 can have elec-
trodes 1402, 1403, and 1404, and can attach to an impedance
measurement module 1407. The electrodes 1402, 1403, and
1404, and impedance measurement module 1407 can be in
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electronic communication with and can be controlled by a
switching system 1405. The switching system 1405 can be in
electronic communication with a stimulation circuit 1406 and
a processor 1408. In any embodiment of the first, second,
third, fourth, fifth and sixth aspects of the invention, the
processor 1408 can be connected directly to the switching
system 1405. For measuring impedance, two of the electrodes
1403 and 1404 can be used for stimulation connected to the
impedance measurement module 1407. The lead 1401 can be
connected to both the impedance measurement module 1407
as well as the switching system 1405. The third electrode
1402 can be used for measurement and can be connected to
the lead 1401 wherein the impedance measurement module
1407 collects data from the third electrode 1402.

[0259] In an exemplary four electrode system, a separate
pair of electrodes can be used for both excitation and mea-
surement; such systems can be more commonly used in exter-
nal devices. One example of a four electrode system is shown
in FIG. 14. Lead 1501 contains four electrodes, 1502, 1503,
1504, and 1505. The electrodes 1502, 1503, 1504, and 1505
can be electronically connected to switching arrays 1506 and
1507 located within the impedance measurement module
1509. A source generator 1508 can be in direct electrical
communication with the switching array 1507. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, the source generator 1508 can be in
direct electrical communication with the switching array
1506, the particular arrangement depending upon which pair
of electrodes is being used to provide electrical stimulation.
The impedance can be measured between any two of the
electrodes as determined by the switching arrays 1506 and
1507. The information from the impedance measurements
from impedance measurement module 1509 can then be
transferred to the processor 1510. In any embodiment of the
first, second, third, fourth, fifth and sixth aspects of the inven-
tion, the processor 1510 can be connected directly to the
switching system 1506.

[0260] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, electrical excitation
can be in the form of a sinusoidal or in the form of a step
function, e.g. pulse. The frequencies for such signals can
range from 16 Hz to 200 KHz, with a current amplitude of 10
micro-Amps or more. In any embodiment of the first, second,
third, fourth, fifth and sixth aspects of the invention, excita-
tion can be generated by a constant current or a constant
voltage source, and can be applied continuously or periodi-
cally to prolong the battery life. Circuitry within the implant-
able device can measure the response from the tissue and
calculate the magnitude of the electrical impedance, which
has a base value usually in the range of 100 Ohms to 1,000
Ohms. In any embodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the electrical imped-
ance can range from any of 25 to 100, 25 t0 250, 25 to 500, 25
to 1,000, 25 to 1,250, 50 to 100, 50 to 250, 50 to 500, 50 to
1,000, 50 to 1,250, 100 to 250, 100 to 500, 100 to 1,250, 100
to 1,500, 500 to 1,000, 500 to 1,500, 500 to 2,000, 750 to
1,250, 750 to 1,500, 750 to 2,000, 1,000 to 1,250, 1,000 to
1,500, 1,000 to 2,000, 1,000 to 2,500, and 1,500 to 2,000
Ohms. The expected changes in the tissue impedance are
usually less than 10% of its base value. Any such expected
changes of a calculated value are contemplated by the first,
second, third, fourth, fifth and sixth aspects of the invention.
An implantable device can store an entire impedance trace or
a representative value, such as a daily average, for further
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processing by the computing unit. Alternatively, the implant-
able device may transmit the raw data to an external unit, and
the external unit may store and process that data.

[0261] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, a spontaneous VT/VF
event can be detected by an ECG processing circuitry of the
device. The ECG can be sensed by the electrodes on the
device as performed by an implantable loop recorder such as
Medtronic Reveal and leadless pacing systems that can be
deployed in the right ventricle, or with the aid of electrodes on
the leads as in the case of implantable pacemakers, defibril-
lators, cardiac resynchronization devices or subcutaneous
defibrillators. In any embodiment of the first, second, third,
fourth, fifth and sixth aspects of the invention, ventricular
rhythm can be classified by the device or processor based on
certain programming parameters. For example, a physician or
programmer may program the device to classify three or more
sequential beats that originate from the ventricle at a rate of
more than 100 beats per minute as a Ventricular Tachycardia
(VT). An implantable device may record the entire electro-
gram trace for the Ventricular Arrhythmic (VA) event, or
some information such as the rate and duration of the arrhyth-
mia, or simply the number of arrhythmic events in a given day.

[0262] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, Atrial Tachycardia
(AT) and Atrial Fibrillation (AF) can be detected by the ECG
processing circuitry of the implantable device. As described
above, the ECG can be sensed solely by the electrodes placed
on the device or with the aid of electrodes that are on the leads
attached to the implantable medical device. In any configu-
ration, a lead can be attached to the atrium where the implant-
able medical device senses the electrical activity of the atrium
and processes the signals to detect atrial arrhythmias such as
AT and AF. When there is no atrial lead, the detection of AT
can use a pseudo ECG recorded by the electrodes on the
implantable medical device by searching for P-waves or
monitoring a ventricular electrogram for irregularities caused
by atrial arrhythmias conducted from an atrium to a ventricle.
In any embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, the implantable device can
record the entire electrogram trace for the atrial arrhythmic
event, or obtain information such as the rate and duration of
the arrhythmia, or the total time spent in AT/AF during a given
day.

[0263] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, information related to
whether hemodialysis treatment was received during a day
can be entered manually, communicated electronically from a
medical system, such as an electronic health record or the
dialysis management system, or imputed by the implantable
medical device. Although manual entry and the retrieval from
an electronic system are simple options, they may not be
always available. In that situation, the implantable medical
device can inspect the daily impedance values and interpret a
rise in the impedance value as an indication of a reduction of
the fluid volumes resulting from a dialysis session. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, the processing unit can check the
calendar to determine if the patient is scheduled to receive
dialysis on a particular day. Insofar as most dialysis patients
maintain a fixed schedule, such as receiving three dialysis
sessions per week on either Monday, Wednesday, and Friday
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or Tuesday, Thursday, and Saturday of each week, the pro-
cessing unit can store data according to such schedules or any
combination of days thereof.

Example 1

[0264] A database containing transmissions from patients
with implantable medical devices was used. In this database,
a search was carried out to search for individuals having a
weekly pattern in their electrical impedance trace as shown in
FIG. 4a, which shows the daily impedance 201 plotted
against time in days 202. Without being limited to any theory,
it is hypothesized that mild fluid overloads are experienced
during the long interdialytic period of the hemodialysis
patients, usually on the weekends, manifest themselves as
drops in the impedance values on Sundays. The presence of a
weekly pattern in the daily impedance was confirmed by a
peak at a frequency of 1/7 reciprocal days in the power spec-
trum, as shown in FIG. 4b, which plots the power 203 against
reciprocal days 204. The arrow at 205 corresponds to a peak
frequency at 1/7 days. At the end, 1,257 patients with a
weekly impedance pattern were identified in the dataset. FIG.
5 shows a plot of the number of patients 308 against the day
of the week the patient had the lowest impedance value 309.
301 refers to Sunday, 302 to Monday, 303 to Tuesday, 304 to
Wednesday, 305 to Thursday, 306 to Friday, and 307 to Sat-
urday. The graph shows that majority of these patients, 616,
have their lowest impedance value corresponding to a volume
overload at the end of the weekend, i.e. on Sundays. This fact
allows us to infer that for these patients, Sunday corresponds
to the longest time period since their last dialysis session.
[0265] A closer review of the data from the 616 patients
having their lowest daily impedance values on Sundays
showed that some patient had missing data which would
negatively impact the analysis. Once those patients were
removed from the population, a group comprising 593
patients was obtained for the final analysis. Amoeba algo-
rithm applied to the data extracted from all 593 patients
selected for the analysis to build a non-adaptive predictive
model. One set of values for the nine coefficients, k1 through
k9, was determined by minimizing the prediction error for
each patient. Afterwards, mean and median values were
determined for each of the nine coefficients, k1 through k9.
Finally, the model was run with these fixed coefficients and
the outcomes were inspected. Results of this evaluation are
shown in FIGS. 6a, 65 and 6c¢.

[0266] FIG. 6a shows the results where the mean values of
the nine coefficients were used. The box labeled 401 shows
the number of true positive results, 402 shows the number of
false positive results, 403 shows the number of the false
negative results, and 404 shows the number of the true nega-
tiveresults. FIG. 60 shows the results when the median values
of the nine coefficients are used. The box labeled 501 shows
the number of true positive results, 502 shows the number of
false positive results, 503 shows the number of the false
negative results, and 504 shows the number of the true nega-
tiveresults. FIG. 6¢ shows the present situation where hemo-
dialysis patients do not receive device based treatments.
[0267] To help interpret the performance of the non-adap-
tive algorithm, the current medical treatment option was also
evaluated, and is shown in FIG. 6c. The box labeled 601
shows the number of true positive results, 602 shows the
number of false positive results, 603 shows the number of
false negative results and 604 shows the number of true nega-
tive results. Because under the current situation patients do
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notreceive device based treatments, all the patients are placed
in the negative boxes, 603 and 604. This gives a sensitivity,
defined as Sensor equals the number of true positives divided
by the sum of true positives and the number of false negatives
of 0%. This can give a specificity defined as Specificity equals
the number of true negatives divided by the sum of the number
of true negatives and the number of false positives of 100%.
The positive predictive value of the current treatment option,
defined as PPV equals the number of true positives divided by
the sum of the number of true positives and the number of
false positives is undefined, as no patient is selected for treat-
ment. The negative predictive value, defined as the number of
true negatives divided by the sum of the number of true
negatives and the number of false negatives can be 81.2%.
[0268] By contrast, and in one specific example, the sensi-
tivity when using the mean values of the coefficients is
37.96%, and the specificity is 72.96%. This method gives a
positive predictive value of 23.16% and a negative predictive
value of 16.11%. When the median values of the coefficients
are used, the sensitivity is 71.30%, with a specificity of
30.52%. This gives a positive predictive value of 18.60% and
a negative predictive value of 17.32%.

[0269] Inthistrivial case, sensitivity ofthe test is zero, as no
patient is selected for treatment. In addition, specificity was
shown to be 100%, as all the patients who do not need treat-
ment are correctly denied therapy. These observations bring
out few important points:

[0270] (1) by doing no test, one can achieve 100% speci-
ficity because no patient is selected for treatment. Therefore,
any new test would have a difficult time measuring up to the
status quo if the goal improves specificity; and (2) Since the
no test results in the selection of no patients, sensitivity value
is zero, meaning that none of the patients needing treatment
can be being identified. Hence, improvements in patient iden-
tification can be achieved easily by almost any test.

[0271] Once the model using the adaptive filter was applied
to the data from the group of 593 patients, the results shown
in FIGS. 7a and 7b were obtained. Briefly, when the initial
values given to the model were the mean values of the param-
eters determined earlier, the results shown in FIG. 7a were
obtained. The box labeled 701 shows the number of true
positive results, 702 shows the number of false positive
results, 703 shows the number of false negative results and
704 shows the number of true negative results. Similarly,
when the median values of the parameters determined earlier
were used as the starting values, the results shown in FIG. 7
were found. The box labeled 801 shows the number of true
positive results, 802 shows the number of false positive
results, 803 shows the number of false negative results and
804 shows the number of true negative results.

[0272] Using the mean values of the coefficients as the
initial values give a sensitivity of 39.81% and a specificity of
73.40%. This method had a positive predictive value of
25.00% and a negative predictive value of 15.14%. Using the
median values of the coefficients as the initial values gave a
sensitivity 67.59% and a specificity of 67.27%. This method
had a positive predictive value of 28.52% and a negative
predictive value of 10.39%.

[0273] Results shown in FIG. 7 can be interpreted by focus-
ing on the data shown in FIG. 75. In that case, the model was
started with a fixed set of values for the parameters k1, k2,k3,
k4,k5,k6,k7,k8, and k9, any of which could vary at each step
along the way to reduce the error at the time. This method
produced a test with sensitivity and specificity values over

May 28, 2015

60%. As mentioned earlier, the focus can be on the sensitivity
measure, which was calculated to be 67.58% in this example.
However, the number needed to treat (NNT) to save a life is
(73+183)/73=3.5, which is a reasonable number for a lifesav-
ing therapy. The NNT value is significantly lower than what it
would have been if all the patients were to be treated, that is
(108+485)/108=5.5.

[0274] The study was carried out using electrical imped-
ance of the tissue, number of spontaneous ventricular tachy-
cardia and ventricular fibrillation events per day. time spent in
atrial fibrillation and information about patient’s dialysis situ-
ation as the input parameters. The information about the
patient’s dialysis situation was inferred by the periodic fall of
the tissue impedance measurements.

[0275] The information obtained by the sensors and algo-
rithm can be integrated into a system for remote monitoring
and analysis, allowing easier use for the patient and caregiv-
ers. One example of such a system is the Medtronic
CareLink® Network and DWAS system. This system is
described in FIG. 8. The information from the implantable
device 905 can be transmitted to a remote monitor 906, which
can then upload the information into the system. This data can
then be stored with information from all data sources 901,
including enrollment data 907, follow-up data 908, device
and registrant tracking data 909, consumer data 910, and
other data sources 911. The data can then be transferred to a
data collection subsystem 902. This subsystem can extract,
transform and load the data 912, into a source warehouse 913.
Copies of the data subsets 914 can be distributed by the data
distribution subsystem 903, taking into account appropriate
business rules 915 and privacy laws 916. This information can
then be transferred to data marts 917. The data from the data
marts 917 can then be transferred to a data analysis subsystem
904. The data analysis subsystem then makes data inferences
918, for each of the data marts to give the analyzable data 919,
920 and 921. The data can then be analyzed, including any
analytics applications 925, to give analyzed information 922,
923, and 924. All of this can be done utilizing the Data
Warehousing and Analytics Services (DWAS) components
926.

[0276] One benefit of utilizing a system such as the
Medtronic CareLink® Network is the ease of access to infor-
mation. FIG. 9 shows a screen shot of a search of patients
using the system. The user need only enter the information
required, such as patient age 1001, type of device 1002, or
device model 1003, and the length of time for which to search
1004, and a DWAS system can select the patients that match
the criteria and provide the necessary data. This allows for
analysis of trends, and data necessary for calculating the
coefficients based on an aggregate group of similar patients.
[0277] Oneskilled in the art will realize that it is possible to
use less than four parameters to estimate the risk of a life
threatening ventricular arrhythmia. The first, second, third,
fourth, fifth and sixth aspects of the invention can work with
fewer parameters, albeit with some loss in sensitivity and
selectivity. Additionally, other factors that correlate to a
higher risk ofa life threatening ventricular arrhythmia may be
added to the first, second, third, fourth, fifth and sixth aspects
of the invention without going beyond its scope.

[0278] Real time information from a patient 1301 may be
obtained during a dialysis session as shown in FIG. 12. The
patient 1301 may have an implantable medical device 1302,
examples of which are described herein. The dialysis system
1305 can be connected to the patient via blood lines 1303 and
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1304. The dialysis system 1305 may include sensors detect-
ing any number of combination of physiological parameters
contemplated by the first, second, third, fourth, fifth and sixth
aspects of the invention including, but not limited to mixed
venous oxygen saturation, the amount of fluid removed, and
dialysis markers such as sodium or potassium using any of the
sensors described herein or known to one of ordinary skill for
its intended purpose for collecting the relevant data. The
information detected by the dialysis system 1305 can be
directly uploaded to a processor 1306 wirelessly or through a
wired connection, or the information can be read by a user
(not shown) and manually entered into the processor 1306. In
any embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, information can be obtained
from the implanted medical device 1302 and collected by a
receiver 1308 and either directly uploaded into the processor
1306 wirelessly or through a wired connection, or the infor-
mation read by the user and manually entered into the com-
puter.

[0279] It will be apparent to one skilled in the art that
various combinations and/or modifications and variations can
be made in the dialysis system depending upon the specific
needs for operation. Features illustrated or described as being
part of one embodiment may be used on another embodiment
to yield a still further embodiment.

Medical Monitoring System

[0280] The first, second, third, fourth, fifth and sixth
aspects of the invention provide for medical monitoring sys-
tem having one or more implantable medical devices capable
of detecting and monitoring a variety of patient medical
parameters, as defined herein. Several of these parameters,
such as fluid level and incidence of arrhythmia can be affected
by dialysis. In order to provide more efficient and precise
dialysis treatment and avoid the incidence and/or risk of
arrhythmia, the effects of a dialysis session on a patient’s
physiological parameters can be monitored, analyzed, and
displayed. The first, second, third, fourth, fifth and sixth
aspects of the invention can accomplish this by providing at
least one output from an implantable or non-implantable
medical device collecting patient data, which can then be
synchronized and/or simultaneously presented with at least
one medical parameter and the occurrence of a dialysis ses-
sion. The dialysis systems or method of the first, second or
third inventions can also display dialysis parameter data
related to the occurrence of arrhythmia, in conjunction with
any medically and clinically pertinent information such as a
patient’s name, age, electronic medical number. In particular,
the relationship between dialysis and physiological data can
be especially important and require computation using spe-
cific dialysis algorithms.

[0281] The synchronized and/or simultaneous presentation
of data allows for the analysis and detection of arrhythmia due
to the effects of dialysis. The first, second, third, fourth, fifth
and sixth aspects of the invention can lead to improved clini-
cal assessment, personalization or customization of therapy
delivery, improved therapeutic delivery, and better clinical
outcomes and provides significantly more than simply aggre-
gating information. The systems and methods of the first,
second, third, fourth, fifth and sixth aspects of the invention
further provide for computer-assisted methods for dialysis
algorithms capable of implementing clinical action on net-
worked health systems in a secure, HIPAA compliant envi-
ronment based on any of the collected data. The systems and
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methods of the first, second, third, fourth, fifth and sixth
aspects of the invention can further connect patient data to an
Electronic Medical Record (EMR) providing historical data
to assist in future dialysis sessions, or can call and receive
information from the EMR.

[0282] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the inventions, data can be collected
from a patient in between dialysis sessions. The data can be
collected continuously or in pre-programmed time intervals.
The first, second, third, fourth, fifth and sixth aspects of the
invention provide for collecting medical parameter data
including the non-limiting group consisting of electromyo-
gram (EMG), an electroencephalogram (EEG), an electrocar-
diogram (ECG), tissue impedance, blood pressure, the level
of specific ions in the blood of a patient, or other data con-
cerning the health of the patient. In any embodiment of the
first, second, third, fourth, fifth and sixth aspects of the inven-
tion, the systems and methods can analyze the collected data
and provide or recommend adjustment of a patient’s dialysis
prescription. The adjustment can be provided in the form of
computer instructions to specially adapted dialysis systems
configured to effectuate a change in any number of dialysis
parameters such as time of dialysis, flow rate, ion or solute
concentration in the dialysis, time in between or number of
dialysis sessions, or any parameter impacting a patient’s
physiological response to dialysis known to those of ordinary
skill

[0283] Thecollected data can be presented in synchronized
and/or simultaneous form wherein the collection, presenta-
tion, and analysis of such data can assist in evaluation and
possible subsequent modification of dialysis induced stres-
sors to reduce incidence and risk of arrhythmia and/or sudden
cardiac death (SCD). Aggregating such data, e.g., ECG, is
non-trivial and cannot be performed by pencil and paper. The
dialysis systems and methods of the first, second, third,
fourth, fifth and sixth aspects of the inventions are imple-
mented on specifically adapted computers and processors
configured for amedical or healthcare setting. The computers
and processors can have shielded circuitry to prevent electric
shock to a patient or an operator. In any embodiment of the
first, second, third, fourth, fifth and sixth aspects of the inven-
tions, the computers and processors are not general purpose
computers and can have regulatory approval for approved
medical use on patients. The computer and processors can be
use secure communication channels specially adapted to a
particular medical device.

[0284] In the implanted sensors of the first, second, third,
fourth, fifth and sixth aspects of the invention, a critical issue
can be battery life. The more sensing and data streaming is
required, the faster a battery may be depleted. As such, the
first, second, third, fourth, fifth and sixth aspects of the inven-
tion can use specially adapted computers, processors and
systems to preserve battery life, and to reduce or otherwise
optimize an amount of time required for recharging. In any
embodiment, the first, second, third, fourth, fifth and sixth
aspects of the invention contemplate a safety window for
battery life wherein data sensed from a patient having an
implantable sensor is not lost. In particular, a prioritization
schedule of parameters can be implemented to sense and
stream data in order to maintain a battery reserve. For
example, as a battery charge reaches a certain minimum
threshold, the sensing performed by the implanted sensor can
be reduced or performed intermittently at a reduced rate to
preserve charge.
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[0285] FIG. 15 shows one, non-limiting embodiment of the
first, second, third. fourth, fifth and sixth aspects of the inven-
tions. The output from the medical monitoring system in FIG.
15 is a chart showing the time a patient spent in arrhythmia
and the occurrence of a dialysis session. Each hash on the
x-axis of the chart corresponds to a period of about 30 min-
utes. The y-axis shows the time spent in arrhythmia in each
time period. As can be seen in FIG. 15, the incidence of
arrhythmia was increased for the patient in the time period
following dialysis. Such data is important to the health care
providers, as the data shows how the patient responds to the
dialysis session. If the patient experiences abnormal amounts
of arrhythmia events in the time period after a dialysis ses-
sion, a need to change dialysis parameters and or drug regi-
mens in order to improve patient outcome may be indicated.
If the patient experiences abnormal amounts of arrhythmia
events in the time period immediately before dialysis, the
arrhythmia events could indicate that the patient was experi-
encing fluid overload between dialysis sessions, possibly
indicating that not enough fluid was removed from the patient
during the previous dialysis session. The length of time before
and after dialysis could be increased or decreased based on
the particular time period of interest of the health care pro-
vider, and need not be six hours. In any embodiment of the
first, second, third, fourth, fifth and sixth aspects of the inven-
tion, the data for about 1-4 hours before a dialysis session can
be displayed if this data is of more value to the user. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, up to 8 hours of data after dialysis can
be displayed. In any embodiment of the first, second, third,
fourth, fifth and sixth aspects of the invention, the user can
select the time period before or after each dialysis session to
be displayed. In any embodiment of the first, second, third,
fourth, fifth and sixth aspects of the invention, the monitoring
of the specific parameters can be constant, but the display can
show only the time periods the user is interested in. In any
embodiments of the first, second, third, fourth, fifth and sixth
aspects of the invention, further arrhythmia information can
be collected and displayed on the same chart. For example,
the height of the bars shown in FIG. 15 can represent the total
number of times an arrhythmia started and stopped during the
time period, or the number of minutes out of the time period
that the patient spent in arrhythmia. The arrhythmia rate can
also be included in the data. Further information can include
the number of arrhythmia events, the types of arrhythmia or
the arrhythmia rate. This information can be included on the
same chart by using colors or symbols to indicate the data.

[0286] The output shown in FIG. 15 includes a four hour
dialysis session. Four hours is a common length of time for a
dialysis session. However, one skilled in the art will under-
stand that a dialysis session of any length of time can be
shown in the output of the first, second, or third invention. For
at-home dialysis, sessions may often be longer, including in
the range of 6-8 hours. No matter the length of the dialysis
session, the entire session can be shown using the display of
the first, second, third, fourth, fifth and sixth aspects of the
invention.

[0287] By using the data shown in FIG. 15, the user can
determine if the previous dialysis session resulted in arrhyth-
mias. If the previous dialysis session resulted in arrhythmias,
the system of the first, second, third, fourth, fifth and sixth
aspects of the invention can warn the health care provider if
the patient started over the target fluid level, had excess fluid
removed, if the session ended below the target fluid level or
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any other parameters that may be out of range. In any embodi-
ment of the first, second, third, fourth, fifth and sixth aspects
of the invention, these parameters can be included in the same
output as arthythmia data. For example, out of range param-
eters can be noted by a symbol or color change in the chart.
The output can also note whether arrhythmias have occurred
Jjustprior to the current dialysis session. Ifhigh fluid levels are
noted as well, the high fluid levels could inform or warn the
health care provider that extra fluid may have caused arrhyth-
mias in the patient, and that the patient should fluid removed
to a new target level.

[0288] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the frequency of
measurements of arrhythmia or any other medical parameter
can be adjusted based on the observed frequency of arrhyth-
mia events. That is, if the frequency of arrhythmia is found to
be increased during a specific time period, the frequency of
measurements taken by one or more other medical param-
eters can be increased during the same time period. This can
provide additional data on the underlying cause of the
arrhythmia events.

[0289] FIG. 16 shows an output including the hours spent in
atrial fibrillation per day. The dark lines on the chart in FIG.
16 show the occurrence of a dialysis session. Data from
multiple dialysis sessions can be analyzed and the relative
risk of arrhythmic event can be displayed for each period of
time. As can be seen in F1G. 16, the incidence of atrial fibril-
lation is increased in the time soon after each dialysis session.
The chart in FIG. 16 also shows that the patient had a long
interdialytic window during the week, going three days with-
out receiving dialysis, from day 4 to day 7. This can be a
common occurrence in dialysis patients, as routine dialysis is
often not performed on weekends. After going three days
without dialysis, the incidence of atrial fibrillation increased
significantly. By providing the medical parameters in this
fashion, a care giver can observe the increased incidence of
atrial fibrillation due to a longer period without dialysis. The
information can provide clinically relevant information con-
cerning the optimal frequency of dialysis for the particular
patient, by allowing physicians to see the temporal link
between the dialysis and observed arrhythmias. A physician
can take steps to reduce the occurrence of arrhythmia. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, the specially adapted computer and
processors used for dialysis can be programmed with algo-
rithms that can adjust one or more dialysis parameters in
response to the observed synchronized data. Observation of
arrhythmia occurrences before a dialysis session coupled
with higher than normal pre-dialysis fluid levels could trigger
alonger dialysis session to remove excess fluid. Arrhythmias
before a dialysis session without higher than normal pre-
dialysis fluid levels could trigger use of lower potassium (or
other ion) dialysate concentrations in response to a probable
high potassium (or other ion) blood concentration. An
observed increase in heart rate or arrhythmia occurrence after
the previous session may signal a need to not remove as much
fluid as the previous session or to not remove fluid to the same
level as in the previous session.

[0290] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the frequency of
measurements of medical parameters such as blood ion con-
centration or fluid level can be adjusted based on the time
duration of arrhythmia events. If the observed arrhythmia
events are of a longer time, then the frequency of measure-
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ments of other medical parameters can be increased to pro-
vide additional information as to the cause of the arrhythmia.
[0291] If the incidence of atrial fibrillation is increased
during the time periods immediately before or after a dialysis
session, the increase in atrial fibrillation would indicate that
the events are linked to the dialysis sessions. This information
can prompt the health care provider to adjust dialysis session
parameters, such as the rate of ultrafiltration or the concen-
tration of solutes provided to the patient during the session. If
the incidence of atrial fibrillation is increased during the
longer interdialytic window, as shown in FIG. 16, the atrial
fibrillation may be caused by fluid overload, and the health
care provider may add extra dialysis sessions each week in
order to avoid long interdialytic windows.

[0292] Changes to dialysis parameters can be selected by
choosing a less aggressive method to achieving dry weight,
such as a lower blood flow or lower ultrafiltration rate, and
then determining the effect of changing the dialysis parameter
on arrhythmic events or incidence of atrial fibrillation. If dry
weight is determined by fluid measurement, such as by sens-
ing the impedance ofa patient, a closed loop optimization can
be created to create a smoother fluid removal profile and/or
stop therapy if there is a spike in impedance or rise in heart
rate driven by volume depletion. In any embodiment of the
first, second, third, fourth, fifth and sixth aspects of the inven-
tion, changes to dialysis parameters can be determined by a
computer. One skilled in the art will understand that algo-
rithms can be created to highlight trends in the medical
parameters due to dialysis parameters. Based on the timing of
arrhythmic events with respect to dialysis, the computer can
automatically cause the dialysis system to change the ultra-
filtration rate, blood flow rate or fluid removal target. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, a computer can make suggestions to
the health care providers based on the data.

[0293] FIG. 17 shows a sample output including the inci-
dence of arrhythmia. The stars on the chart are the times when
an arrhythmia was detected. The dark bars show the occur-
rence of a dialysis session. As can be seen in FIG. 17, after a
longer interdialytic window, that is, after three days without
dialysis, between days 4 and 7, the incidence of arrhythmia
was increased. This display allows the doctors to determine
the effect of alonger period of time between dialysis sessions.
Arrhythmias may be linked to factors resulting from dialysis,
or arrhythmias can be linked to factors that are not related to
dialysis. Providing the arrhythmia data with the occurrence of
dialysis sessions allows the health care providers to determine
the link between the patient’s arrhythmias and the dialysis.
An increase in arthythmia prior to a dialysis session, espe-
cially after a long interdialytic window, may mean that the
arrhythmias are being caused by fluid overload or excessive
ion or metabolite build-up during these periods. As a result,
the frequency of dialysis could be increased to reduce the
occurrence of arrhythmia. Alternatively, more fluid can be
removed from the patient during dialysis. The patient’s esti-
mated dry weight can be altered in order to remove additional
fluid and decrease fluid overload between dialysis sessions.
This is especially true if the patient is not experiencing
arrhythmias in the periods after dialysis. If the patient is
experiencing arrhythmia during or after dialysis, the dialysis
parameters can be adjusted to reduce the amount of fluid
removed, or reduce the rate at which fluid is removed.
[0294] FIG. 18 shows a sample output according to another
embodiment of the first, second, third, fourth, fifth and sixth
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aspects of the invention. The output from the medical moni-
toring system in FIG. 18 shows the relative fluid level of a
patient for a time period including the six hours before a
dialysis session, during the dialysis session, and in the six
hours after a dialysis session, shown as the inverse of imped-
ance. In any embodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the relative fluid level
of the patient can also be determined by the pre-dialysis and
post-dialysis weight of the patient. As is shown in FIG. 18,
and as expected, the occurrence of a dialysis session caused a
marked change in the relative fluid level of the patient. Fluid
in the patient accumulated slowly before the dialysis session,
and then quickly dropped during the dialysis session, before
slowly increasing after dialysis. In any embodiment of the
first, second, third, fourth, fifth and sixth aspects of the inven-
tion, arrhythmia or other data such as patient reported symp-
toms can be superimposed over the fluid level data shown in
FIG. 18. Including arrhythmia data on the same chart as fluid
level can be useful for clinical diagnosis because the addi-
tional information can help to show the link between fluid
level and arrhythmia for the particular patient.

[0295] In any embodiment of the s first, second, third,
fourth, fifth and sixth aspects of the invention, the frequency
of measurements by the medical monitoring system can be
adjusted based on the fluid level of the patient. For example,
if the patient fluid level is significantly higher or lower than
the expected patient fluid level, the frequency of measure-
ments for other medical parameters can be increased.
Because the patient fluid level can effect arrhythmia or other
medical parameters, the frequency of measurements of these
medical parameters can be changed when the fluid level of the
patient changes.

[0296] FIG. 19 shows the effect of fluid level on the mea-
sured impedance of a subject. The charts in FIG. 19 show the
results of a study measuring the normalized impedance on
two different animals with respect to fluid level over the
course of several weeks. In each of the charts shown, 1 L of
fluid was given to each of the animals each week. As can be
seen, after the addition of fluid, the impedance levels dropped
dramatically. As urine was excreted by the animals, the
impedance levels began to rise back to the normalized level,
shown as 1.0 on each of the charts. FIG. 19 shows that the
relative fluid level of a patient can be determined based on the
measured impedance. Drops in impedance correspond to
increases in the relative fluid level of the patient.

[0297] FIGS. 20a-20e show a similar study, measuring
impedance with respect to the fluid level of the animal. As
with FIG. 19, the subjects shown in FIG. 20 experienced a
drop in impedance as fluid was given to the subjects, and then
experienced a rise in impedance as fluid was subsequently
removed. The charts in FIG. 20 show the actual impedance
values obtained in chms with the Reveal LINQ system. In
each of the charts in FIG. 6, 2 L of fluid was infused into the
subject over the course of approximately 20 minutes. This
corresponds with the initial downward slope of the imped-
ance graphs. The time to remove the 2 L of fluid depends on
the rate of fluid removal from the dialysis machine. In FIG.
20c, this rate was 1000 mL/hour removed. For all of the other
graphs in FIG. 20, the fluid removal rate was 750 mL/hour.
The rate of fluid removal did not alter the fact that the imped-
ance values obtained increased with decreasing fluid of the
subject. This can be seen by comparing F1G. 20¢, with a fluid
removal rate of 1000 mL/hour with the other figures showing
fluid removal rates of 750 mL/hour. Likewise, the starting
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fluid level of the subject did not change the fact that the
impedance varied with the fluid level. For example, in FIG.
20d, the starting impedance value with the LINQ system was
about 1220 ohms. The effect on impedance due to fluid level
for the subject of FIG. 204 was similar to that shown in FIG.
205, where the starting impedance value was about 890 ohms.

[0298] The peak and trough of the charts in FIGS. 19-20 are
important to health care providers. These points show the
maximum and minimum fluid levels achieved by the subject
during the dialysis session. Failure to reach the optimum fluid
level for a patient during dialysis may show that the patient is
in a non-optimal, or a wet state after dialysis. If the fluid level
drops below the optimum level for the patient, there may be an
increased risk of arrhythmias, hypotension, HF or other nega-
tive symptoms.

[0299] FIG. 21 shows a sample output showing the relative
fluid level of a patient between dialysis sessions. The dark
bars at the start and end of the chart show the occurrence of a
dialysis session. As can be seen, the relative fluid level of the
patient increased in the time period between the sessions. An
output such as shown in FIG. 21 allows the health care pro-
viders to see the rate and amount of increase in fluid level
between dialysis sessions. This, in turn, can allow the health
care providers to change the dialysis schedule for the patient,
counsel the patient on managing their fluid intake or to change
the fluid removal prescription. The data in FIG. 21 shows the
fluid level of the patient at the end of the previous dialysis
session. From this data, the health care provider can deter-
mine if the patient arrived at the target weight after the pre-
vious dialysis session. The data in FIG. 21 also shows how
quickly the fluid level in the patient increased between ses-
sions, and the fluid status of the patient before beginning the
current dialysis session. If the patient shows a higher than
normal fluid level, orif the patient did not reach the dry weight
after the previous dialysis session, the rate of fluid removal
can be increased to ensure that the dry weight is reached
during the current session. In any embodiment of the first,
second, third, fourth, fifth and sixth aspects of the invention,
this can be done automatically by a computer in communica-
tion with the dialysis machine. In a typical dialysis session,
about 2 L of fluid may be removed from a patient. Some larger
or non-compliant patients can have more fluid removed,
including 6-7 L or more. The output shown in FIG. 21 will
enable the physician to determine how much fluid was
removed in the previous dialysis session, and to set the target
fluid removal amounts and rates accordingly. The rate of fluid
increase between dialysis sessions may be due to other fac-
tors, such as diet. The ability to see this information clearly
can enable the health care provider to identify causes of fluid
accumulation and educate the patient on a healthier lifestyle.
In any embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, longer time periods shown in
the output display are contemplated. For example, the output
display can show the entire week, including if there is a long
interdialytic window.

[0300] FIG. 22 shows the relative fluid level of a patient
over aperiod of 13 days. The dark bars on the chart show the
occurrence of dialysis. The estimated dry weight of the
patient is also shown on the graph as “EDW”, and taken by the
fluid level achieved by the patient during dialysis. Outputs
such as shown in FIG. 22 allow the health care providers to
determine long-term trends for medical parameters such as
the relative fluid level of the patient. The effect of each dialy-
sis session can be quickly noted on the chart because the two

May 28, 2015

variables are presented together. Long term data concerning
the fluid level of the patient with respect to dialysis can be
used by the health care providers in order to determine
whether the patient is approaching the target fluid level after
each dialysis session. The rate at which fluid level increases
between sessions can be used for determining the optimal
schedule for dialysis. For example, if the fluid level of the
patient rises quickly between dialysis sessions, the rapid fluid
level rise may signal a need to increase dialysis frequency. If
the patient is having issues with large fluid gains between
dialysis sessions, the large fluid gains may mean that the
target fluid levels need to be changed. One skilled in the art
will understand that a time period for the chart can be longer
or shorter than the 13 days shown in FIG. 22. A long time
period shown on the chart can help the health care providers
assess whether enough fluid is being removed each dialysis
session, if there are any recurring problems with large gains in
fluid, or whether the target fluid level of the patient should be
altered.

[0301] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the systems described
herein can use the data shown in FIG. 22, or in displays with
longer time windows to determine the average fluid level
achieved after dialysis over the particular time window. This
time window can be any window of interest. In any embodi-
ment of the second, third, and fourth inventions, the time
window chosen may be two dialysis sessions. In any embodi-
ment of the second, third, and fourth inventions, the time
window can be between any of two dialysis sessions to 1 year
or longer, one week to two weeks, one week to one month,
two weeks to two months, one month to six months, or six
months to a year. After determining the average fluid level
achieved over the time period of interest, the user can deter-
mine how this particular dialysis session compares with
respect to the average dialysis session over the time period.
The user can also determine how close to the target weight the
patient has gotten over the time period, or warn the user if the
patient is starting out in a wet state, or if they did not get to a
completely dry state during the last dialysis session. The
displays, such as shown in FIG. 22, show a long term dialysis
efficiency index.

[0302] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the frequency of
measurements of other medical parameters can be adjusted
based on the patient fluid level relative to the patient’s esti-
mated dry weight. For example, if the patient fluid level is far
above the estimated dry weight, the frequency of monitoring
other medical parameters can be increased during this time
period.

[0303] One skilled in the art will understand that other
medical parameters can be included in the output of the first,
second, third, fourth, fifth and sixth aspects of the invention.
In any embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, the medical parameters can
include arrhythmia information, heart rate, fluid level, blood
pressure, or potassium or other blood ion levels. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, multiple parameters can be included
on a single chart. By way of example, a single chart can
include both fluid level and the incidence of arrhythmia along
with the occurrence of dialysis sessions.

[0304] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the dialysis parameters
shown on the output can include more than the time that



US 2015/0148697 A1l

dialysis took place. The amount of fluid removed, the ultra-
filtration rate, or the concentration of solutes in the dialysate
can be included on the same chart.

[0305] One skilled in the art will understand that continu-
ous monitoring of every medical parameter is not necessary.
Certain medical parameters, such as dialysis symptoms,
potassium level, calcium level, or blood pH, can be monitored
periodically. Dialysis symptoms can include whether the
patient experienced pain, cramping, light headedness, and the
severity of the symptoms. The output provided by the system
can still show the occurrence of dialysis and the periodically
monitored medical parameter. In any embodiment of the first,
second, third, fourth, fifth and sixth aspects of the invention,
parameters that are measured to be outside of a predetermined
range can be highlighted, or shown with a specific symbol.

[0306] One skilled in the art will also understand that the
particular time period provided in the output of the first,
second, third, fourth, fifth and sixth aspects of the invention is
flexible. The time period can be selected based on the needs of
the researchers or health care providers. For example, at the
start of a dialysis session, understanding how the health status
of the patient changed from the start to the end of the previous
dialysis session, along with how the patient responded physi-
ologically to the dialysis, can be important. Fluid levels and
arrhythmia information from the previous week can be valu-
able to the dialysis clinic for determining the effectiveness of
the particular dialysis sessions. A longer period of time, such
as week or months, may be valuable in order to determine
long term trends. If the user needs to see the effects of dialysis
on a particular medical parameter over a long period of time,
the output can be shown for weeks, months or years. The
output can be shown for lengths of time between 1 hour and 1
year, 1-2 hours, 1 hour-1 day, 4 hours-7 days, 1 day-1 month,
7 days-30 days, 30 days-6 months, 4 months-1 year, or for
longer than one year. Trending the information enables phy-
sicians to see patterns between dialysis session parameters
and patient health episodes. By placing sequential dialysis
sequences next to one another, the physician can determine
the effectiveness of interventions in preventing futures symp-
toms. Typically, nephrologists will conduct a comprehensive
review of the patient each month. The ability to look at data
concerning fluid levels, arrhythmias and blood pressure
across 1, 2 or 4 weeks can enable the nephrologists to deter-
mine long term trends and if necessary change the dialysis
prescription, anti-arthythmic medications, dialysis frequency
or any other corrective action. If a shorter time period is
needed, the output can be selected for hours or days. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, the output can show one dialysis
session, or a small portion, such as one hour or less, of a
dialysis session. In any embodiment of the first, second, third,
fourth, fifth and sixth aspects of the invention, the user can
select the time period to be displayed. In any embodiment of
the first, second, third, fourth, fifth and sixth aspects of the
invention, the display can be generated for months or years,
but allow the user to select the particular window of interest.
For example, if an output display shows the incidence of
arrhythmia corresponding to dialysis sessions for an entire
year, the user can select only the previous week. The data for
the previous week can then be shown larger, and in greater
detail. In any embodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the user can pre-select
the time intervals for data to be shown. The user can enter in
the specific hours, days, weeks, months, or years to be dis-
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played. In any embodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, a sliding bar or other
interface can be used for the user to be able to set the interval
to be displayed.

[0307] Other dialysis information in addition to the occur-
rence of a dialysis session can be included in the output of the
second, third, and fourth first, second, third, fourth, fifth and
sixth aspects of the invention. Dialysis parameters such as the
time a dialysis session takes place, the length of a dialysis
session, the amount of fluid removed, symptoms experienced
by the patient, and the dialysis session prescription can also
be included. These parameters can be included in the outputs
described herein. Providing specific parameters from each
dialysis session in the output will allow the health care pro-
viders to determine the effects of each dialysis parameter, and
the effects of changing the dialysis parameters, on the moni-
tored medical parameters.

[0308] The exact appearance of the output can be changed
without departing from the scope of the first, second, third,
fourth, fifth and sixth aspects of the invention. Although many
of the charts shown in FIGS. 15-22 include the dialysis ses-
sions as darkened bars, the dialysis sessions can instead be
shown as any suitable character or symbol. Further, the occur-
rence of a dialysis session need not be shown on a single
display or chart with the monitored medical parameter.
Instead, a second display chart showing the occurrence of
dialysis sessions can be included, wherein the two displays or
charts are synchronized in time. For instance a chart showing
when dialysis occurs along with the fluid removed during
dialysis could be shown in one panel, with arrhythmia infor-
mation, blood pressure, and heart rate each shown in separate
panels below the dialysis chart. The chart can be created on a
computer monitor, handheld device, programmer, dialysis
machine display, or formatted for a paper printout.

[0309] Theoutputdisplays of the first, second, third, fourth,
fifth and sixth aspects of the invention can enable physicians
or other users to see the temporal link between the dialysis
and observed arrhythmias or other medical parameters. This
can enables the physician to take actions to reduce the occur-
rence of negative dialysis effects.

[0310] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, an output can be
generated showing a medical parameter with regards to dialy-
sis treatment over the course of weeks, months, or years. The
data can be compiled to show the average effects of dialysis
on a medical parameter. An example, showing the percentage
over dry weight for a patient with respect to dialysis sessions
is shown in FIG. 23. In FIG. 23 the percent over dry weight is
shown in 12 hour periods, with dialysis occurring at periods 1,
5,and9. As is shown in FIG. 23, the % over dry weight for the
patient was generally at or near 0% immediately following
dialysis, shown in period numbers 1, 5, and 9. After each
dialysis session, the percent over dry weight increases, reach-
ing a maximum of between 2 and 4 percent just prior to the
next dialysis session during the short interdialytic windows.
The percent over dry weight increased to above 4% after the
longer dialytic window, as shown in period number 14. The
data presented in FIG. 23 shows the health care providers how
effectively the dialysis works to keep the patient near the dry
weight over the course of a longer period of time. Heart rate
variability is significantly linked to the patient’s percent over
dry weight. Higher excess fluid levels are associated with
reductions in heart rate variability.
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[0311] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the data presented can
be used to generate risk factors for a patient with respect to the
timing of dialysis, as shown in FIG. 24. FIG. 24 shows a
negative binomial regression model of the relative risk of any
review-confirmed arrhythmic episodes during the dialytic
week computed across many patients. A similar display could
be computed for a single patient once data has been collected
for an extended period of time. Each block refers to a twelve
hour period with respect to the previous dialysis session. The
dependent variable of the negative binomial regression is the
number of arrhythmic events the subject experienced during
the each period. Clinically significant arrhythmias were
defined as bradycardia of <40 bpm for =6 seconds, asystole of
=3 seconds, sustained ventricular tachycardia of =130 bpm
for =30 seconds, and symptomatic arrhythmias. The analysis
includes all 12 hour periods, regardless of whether the period
contained any arrhythmic events. The estimated model
includes a fixed event for each of the 14 time periods shown in
FIG. 24. Estimates of these period risks were used to calculate
the relative risks shown in the figure. The model also includes
a full set of patient-specific fixed effects that (1) improve the
estimated time period risk effects by controlling for variation
across patients in fixed characteristics (age, sec, comorbidity
conditions, etc) and (2) allow for the dependence across
repeated observations on the same subject. This is critical in
obtaining useful standard error and confidence interval esti-
mates for the estimated relative risks.

[0312] The white error bars within each of the bars of FIG.
24 indicate the lower bound of a one-sided 95% confidence
interval for each relative risk estimate. The interpretation of
these estimates is that there is a 95% confidence that the true
relative risk for the time interval lies above the lower edge of
the white error bars. For periods where the lower edge of the
white bar is above the reference, shown by the dashed line,
there is a statistically significant (p<0.05) risk of arrhythmia
in that period relative to the reference period, which is set as
the period starting 12 hours after the first dialysis session of
the dialytic week. As is shown in FIG. 24, for most periods
with a statistically significant elevated risk, the lower bound
of the error bar is significantly above the reference, and that
the p-values in this time period would therefore be signifi-
cantly smaller than the 0.05 level.

[0313] As is noted in FIG. 24, the mean arrhythmic event
rate for the reference interval is 0.244 events per 12 hours.
Multiplying this factor by the relative risk for a time interval
provides an estimate of the arrhythmic event rate in that
interval.

[0314] As can be seen in FIG. 24, the arrhythmic risk is
concentrated in the 24 hours centered on the start of each
dialysis session. In particular, arthythmic risk peaked during
the 12 hour intervals beginning with each dialysis session.
The risk in these time periods is about three times as great as
during the reference period. The arrhythmic risk falls sharply
after the first 12 hours of the interdialytic window, before
rising again towards the end of the window. These results are
consistent with the findings of Foley, et al, N Engl ] Med.
2011; 365(12):1099-1107, on variation in the risk of CVD
related hospitalization and death over the dialytic week in
USRDS hemodialysis patients. The results shown in FIG. 24
are also consistent with the results of Bleyer, et al, Kidney
international. June 2006; 69:(12)2268-2273 and Genovesi et
al, Nephrology, Dialysis, Transplantation 2009; 24(8):2529-
2536, onvariation in the risk of sudden cardiac death in ESRD
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patients with time elapsed since the last hemodialysis session,
and show that arrhythmias are frequent during dialysis and
strongly associated with the dialysis schedule.

[0315] One skilled in the art will understand that the choice
of 12-hour periods in the graph shown in FIG. 24 can be
longer or shorter in any of the first, second, third, fourth, fifth
and sixth aspects of the invention. The risk periods used in the
current invention are flexible. Further, the choice of the first
12-24 hour interval as the reference can be changed. This
period was chosen because the period is near the nadir of the
risk for the entire week, but other periods can be chosen as the
reference.

[0316] The relative risks shown in FIG. 24 allow the health
care providers to see if there is a need to change dialysis
parameters, such as if the relative risk is highest immediately
after dialysis, or schedule extra dialysis sessions, such as if
the relative risk is highest immediately before dialysis ses-
sions.

[0317] FIG. 25 shows one embodiment of a system that can
be used for medical monitoring in accordance with the first,
second, third, fourth, fifth and sixth aspects of the invention.
In any embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, an Implantable Medical Device
(IMD) 1601 can be implanted in a patient 1602, The IMD can
measure impedance and/or ECG measurements. The IMD
can be a pacemaker or implantable cardioverterdefibrillator
(ICD). In embodiments where sensing is external the patient,
a wireless electrode patch and system for measuring the
physiological condition of a subject can be used. The elec-
trode patch for ECG monitoring can include related methods
for sensing, analyzing and/or transmitting or relaying a physi-
ological signal to a processor or computer configured to
receive the data. The wireless electrode patch and system can
be lightweight, compact and reusable. The wireless electrode
patch can also provide a low, power system for extended
battery life and use. The wireless electrode can be applied as
a single patch but can be configured as more than one patch.
[0318] The IMD 1601 can comprise one or more sensors
that can monitor at least one medical parameter as explained
herein. The IMD 1601 can be configured to receive a signal
alerting the device that a dialysis session has begun, or that a
dialysis session is ongoing, such as signal 1604 sent from
transmitter 1605 on dialysis machine 1606. A processor, as
may be included in computer 1603 in electronic communica-
tion with the IMD 1601 through signal 1607 can obtain the
medical data from the IMD 1601 and display an output show-
ing both the dialysis sessions for the patient and the monitored
medical parameter for the same time period. In any embodi-
ment of the first, second, third, fourth, fifth and sixth aspects
of the invention, the IMD 1601 can be configured to transmit
the medical information to an electronic health record or
other system using signal 1607. The processor can collect the
data from the IMD and the dialysis data from a dialysis
machine or by manual entry, and synchronize the data while
recording the time of the dialysis session. In any embodiment
of the first, second, third, fourth, fifth and sixth aspects of the
invention, the data collected and synchronized by the proces-
sor in computer 1603 can transmit the data to the patient’s
medical records or any other receiver. In any embodiment of
the first, second, third, fourth, fifth and sixth aspects of the
invention, the processor can be a part of the dialysis machine
1606, the IMD 1601 or any other component, and need not be
inside ofan external computer. Inany embodiment of the first,
second, third, fourth, fifth and sixth aspects of the invention,
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the IMD 1601 can be configured with a receiver to receive
data on the dialysis session or from the patient’s electronic
medical records. This enables the processor to be configured
as part of the IMD 1601. The IMD 1601 can then consolidate
the data and send the data to a receiver, programmer, com-
puter, handheld system, or any other system known in the art
with the data in consolidated form.

[0319] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, more than one set of
data can be provided on a single chart. The processor can
synchronize multiple sets of data, such as arrhythmia infor-
mation, blood solute levels, blood pressure, or others with the
dialysis information. This can be sent to the patient’s EMD or
ahandheld device as described herein and provided as one or
more charts showingall the information of interest to the user.

[0320] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the processor can
receive the dialysis information directly from a source other
than the IMD. For example, a user can manually input the
dialysis information into a computer or a patient could enter
symptom data into a handheld which synchronizes with the
EMR or IMD. In any embodiment of the first, second, third,
fourth, fifth and sixth aspects of the invention, the dialysis
machine can transmit the dialysis information to the proces-
sor through either wired or wireless means.

[0321] The IMD 1601 can send and receive data through
any standard communication protocol, including Bluetooth
Low Energy, radio frequency, cellular or any other type of
communication known in the art. In any embodiment of the
first, second, third, fourth, fifth and sixth aspects of the inven-
tion, the IMD 1601 can be configured so that the IMD 1601
begins to send and receive data as soon as the IMD 1601 is
proximity to the dialysis machine 1606 or processor 1603.
The IMD 1601 can be configured to detect a magnetic field or
triggering radio frequency signal sent by the dialysis machine
1606 or processor 1603. This would enable the IMD to refrain
from transmitting information when the IMD 1601 is not
within range of a receiver. In any embodiment of the first,
second, third, fourth, fifth and sixth aspects of the invention,
the IMD 1601 can be configured to automatically record the
start of a dialysis session in response to the trigger signal
detected from dialysis machine 1606. In any embodiment of
the first, second, third, fourth, fifth and sixth aspects of the
invention, the communication between the dialysis machine,
IMD and processor can be encrypted to protect patient pri-
vacy.

[0322] FIG.26 shows a chart with possible signal transmis-
sions from each of the components of a medical monitoring
system. External medical devices 1701, such as EKGs, blood
pressure cuffs, hematocrit measurement machines, or other
medical devices, can be configured to transmit patient health
data to the central processor 1706. An implantable medical
device 1702 can transmit data such as impedance, heart rate or
arrhythmia information to the processor 1706. Other infor-
mation, such as how the patient feels can be transmitted by
manual entry through user interface 1703. In any embodiment
of the first, second, third, fourth, fifth and sixth aspects of the
invention, the dialysis information can also be transmitted to
the processor by manual entry through user interface 1703. In
any embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, the dialysis information can be
directly obtained from a dialysis machine 1704. In any
embodiment of the first, second, third, fourth, fifth and sixth
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aspects of the invention, the timing and prescription of a
dialysis session can be obtained from the patient’s electronic
medical records 1705.

[0323] The processor 1706 shown in FIG. 26 can in any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention can be a part of any of the devices
described. The processor 1706 can be integral to the IMD, any
external diagnostic device or the dialysis machine. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the inventions the processor can be in an external
computer, such as is shown in FIG. 25.

[0324] The processor 1706 of FIG. 26 can be configured to
synchronize the inputs received from each of the sources. In
this way, the processor 1706 can create an output showing the
medical and dialysis parameters of interest simultaneously.
[0325] Inany embodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the processor 1706 can
be configured to communicate with a network hub 1707, such
as the CareLink Network Hub. The network hub 1707 can
organize and store the data from the processor 1706 and
prepare and transmit the data in the desired output form. In
any embodiment, the network hub 1707 can transmit the data
to a handheld device 1708, a web browser based application
1709 or to a programmer 1710.

[0326] Not all of the sources shown in FIG. 26 are neces-
sary for the first, second, or third inventions. In any embodi-
ment of the first, second, third, fourth, fifth and sixth aspects
of the invention, any of the sources can be removed. For
example, the dialysis information can be obtained from a
dialysis machine 1704, and the system need not be configured
to obtain this information from the electronic medical records
1705. Similarly, the user interface 1703 can be eliminated if
all parameters of interest can be monitored with sensors.
[0327] The network hub 1707 is not necessary for the first,
second, or third inventions. In any embodiment of the first,
second, third, fourth, fifth and sixth aspects of the invention,
the processor 1706 can perform the functions described
herein as being performed by the network hub 1707. The
output can be transmitted to any device or application capable
of receiving the data. Other possible embodiments of the first,
second, third, fourth, fifth and sixth aspects of the invention
for the output receiver are known in the art and are within the
scope of the first, second, third, fourth, fifth and sixth aspects
of the invention. In any embodiment of the second, third, and
fourth inventions, the output can be sent directly to a receiver
on the dialysis machine. The dialysis machine can automati-
cally suggest or implement changes to the dialysis session
based on the received data, as explained herein.

[0328] One skilled in the art will understand that any IMD
capable of sensing and transmitting data concerning patient
medical parameters is within the scope of the first, second,
third, fourth, fifth and sixth aspects of the invention. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, medical parameters can be sensed
and transmitted by hemodialysis machines, drug delivery
devices, ILRs, blood panels, or the system may use a micro-
fluidics based ambulatory blood composition monitor, which
would allow physicians to see the post-dialysis session physi-
ology (and normalization curves/oscillations) as the body
seeks to rebalance post intervention.

[0329] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the invention, the dialysis informa-
tion can automatically be transmitted to the IMD. A dialysis
machine can include a transmitter, and the IMD can include a
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receiver. The transmitter can transmit a trigger signal, which
can automatically be received by the IMD. Upon receipt of
the trigger signal, the IMD can automatically record the
occurrence and duration of the dialysis session. Non-limiting
examples of technology capable of transmitting the trigger
signal include radio frequency transmission, Bluetooth, cel-
lular transmission, magnetic fields, and mechanical vibration
(e.g. tapping of the device).

[0330] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention the trigger signal can be
caused by proximity to the dialysis machine. In any embodi-
ment of the first, second, third, fourth, fifth and sixth aspects
of the invention, when the patient is within a certain distance
of the dialysis machine, the system can assume that the prox-
imity is because the patient is receiving dialysis. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, the trigger signal can be sent by the
dialysis machine when a dialysis session begins and ends.
The transmitter need not be on the dialysis machine itself, and
can instead be located away from the dialysis machine, but in
electronic communication with the dialysis machine. Any
system wherein the transmitter can determine if dialysis is
occurring is within the scope of the first, second, third, fourth,
fifth and sixth aspects of the invention.

[0331] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the proximity of the
patient to the processor can automatically cause the transmis-
sion of the medical data to the processor. The transmission of
dialysis data to the processor can be caused by the same
trigger, or the information can manually be entered by the
user.

[0332] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, a user interface can be
included in the system to allow the entry of patient reported
medical parameters and symptoms. For example, the user can
input whether the patient experienced pain or cramping in the
period since the last dialysis session. The user can also input
the severity of any symptoms experienced by the patient. In
any embodiment of the first, second, third, fourth, fifth and
sixth aspects of the invention, the approximate timing and
severity of the symptoms can be entered, such as shortly after
the last dialysis session, or shortly before the current dialysis
session. The output shown can include these non-measured
symptoms along with the symptoms measured by sensors,
which can allow the health care providers to adjust dialysis
parameters in order to maximize the patient’s quality of life.
[0333] The medical monitoring of the first, second, third,
fourth, fifth and sixth aspects of the invention can be adapted
to determine the proper course of action in response to medi-
cal parameters of the patient. FIG. 27 shows the traditional
approach to treating dialysis patients experiencing arrhyth-
mia or atrial fibrillation. If an atrial fibrillation event is
observed in a patient at step 1801, the patient or data can be
referred to a cardiologist 1802. In response, the cardiologist
can recommend ablation, anticoagulation medication, atrial
appendage occlusion, or change the rate of ultrafiltration
1803. However, because there is no reliable method to deter-
mine if the atrial fibrillation event is due to dialysis factors,
the correct course of action is difficult to determine.

[0334] FIG. 28 shows how the first, second, third, fourth,
fifth and sixth aspects of the invention can result in better
accuracy in determining the correct course of action. If the
system detects an atrial fibrillation or arrhythmia event in step
1901, the system can determine if the event is a new onset
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event in step 1902. That is, because the system is monitoring
and recording the atrial fibrillation or arrhythmia events, the
system can automatically determine if there is an increase in
the amount of time spent in atrial fibrillation or arrhythmia
events as compared to a previous time window. If the system
determines that the detected atrial fibrillation or arrhythmia
event is not a new onset event, the system can also determine
whether there has been an increase in the amount of atrial
fibrillation or arrhythmia during the previous week at step
1903. If there has been an increase, the event can be reported
to a cardiologist in step 1904, and the cardiologist can take
steps to reduce the occurrence of the events in step 1905. The
step of reporting or referring the events to a cardiologist can
be accomplished by any means known in the art. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, the reporting or referring can be
accomplished by automatically sending a report to the
patient’s electronic medical records, to a medical data hub, or
to a handheld device.

[0335] The system of the first, second, third, fourth, fifth
and sixth aspects of the invention can also determine whether
the atrial fibrillation or arrhythmia events are related to the
occurrence of a dialysis session in step 1906. Whether the
atrial fibrillation or arrhythmia event is related to the occur-
rence of a dialysis session can mean that the arrhythmia or
atrial fibrillation is related temporally to the occurrence of the
dialysis session or mathematically to any dialysis parameter.
The process to determine whether the events are linked to
dialysis is described herein. An increase in events before,
during, or shortly after dialysis sessions could show that the
events are tied to the dialysis. In any embodiment of the first,
second, third, fourth, fifth and sixth aspects of the invention,
this determination can be made automatically by the medical
monitoring system. One skilled in the art will understand that
algorithms can be programmed into the medical monitoring
system to determine how the timing of the atrial fibrillation or
arrhythmia events relate to the timing of dialysis.

[0336] Ifthe atrial fibrillation or arrhythmia event is linked
to dialysis, the system can also determine whether the event is
linked to fluid management in step 1907. Fluid management
refers to the fluid levels of the patient, including the pre-
dialysis or post-dialysis weight, the change in fluid levels of
the patient during a dialysis session or during an interdialytic
window, or the rate of fluid level change in the patient. Using
the data described above, the system can compare the patient
fluid level over a recent time period to the historical fluid level
for the patient in step 1908. The system can also determine a
correct course of action to take in response to the patient fluid
level in step 1909. If the patient fluid level is higher than the
historical fluid level for the same patient, the system can
lower the patient dry weight. If the patient’s fluid level is less
than the historical fluid level for the same patient, the system
can increase the patient dry weight. The adjustments to
patient dry weight can be made automatically by the medical
monitoring system, or can be in the form of suggestions to the
health care professionals.

[0337] The system can also compare the rate and magni-
tude of the decrease in patient fluid level during dialysis to the
historical trend for the patient in step 1910. A rate increase
over previous dialysis sessions in fluid level of the patient
may indicate that the new onset arrhythmia or atrial fibrilla-
tion events are due to the rate of fluid removal. The data from
the previous dialysis sessions can be stored in a memory
device. In any embodiment of the first, second, third, fourth,
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fifth and sixth aspects of the invention, the memory device can
be a non-transitory memory configured to receive and store
the data. An increase in the magnitude of the fluid drop
compared to the historical levels for the patient may indicate
that the new onset arrhythmia or atrial fibrillation events are
due to the magnitude of ultrafiltration. In either case, the
system can determine a course of action in step 1911. If the
ultrafiltration rate is the cause of the arthythmia or atrial
fibrillation, the system can reduce the ultrafiltration rate. If
the ultrafiltration magnitude is the cause of the arrhythmia or
atrial fibrillation, the system can reduce the ultrafiltration
magnitude. The changes to ultrafiltration described in step
1911 can be made automatically by the medical system, or
can be in the form of suggested courses of action to the health
care professionals in the form of electronic additions to the
patient’s electronic medical records, an electronic-mediated
communication to a handheld data receiver or hospital data
hub, or the suggestions can be transmitted electronically to
the health care professionals.

[0338] In addition to determining whether the new onset
arrhythmia or atrial fibrillation event is due to fluid manage-
ment in step 1907, the system of the first, second, third,
fourth, fifth and sixth aspects of the invention can also deter-
mine if the events are due to electrolyte management in step
1912. Electrolyte management refers to the concentration of
any electrolyte in the patient’s blood or in the fluids used
during dialysis. In any embodiment of the first, second, third,
fourth, fifth and sixth aspects of the invention, the system can
determine whether the events are due to both electrolyte man-
agement fluid management. As explained herein, the system
can monitor electrolyte or other blood solutes in the patient
and determine the effect of dialysis on the concentration of
these solutes. If the system determines that there is a signifi-
cant change in potassium, calcium or other electrolyte levels
in the patient due to dialysis, and that these changes corre-
spond to the new onset arrhythmia or atrial fibrillation events
in the patient in step 1912, the system can determine possible
course of action in step 1913. For example, if the events are
linked to increases or decreases in patient potassium level, the
system can increase or decrease the concentration of potas-
sium ions in the dialysate as indicated by the term “potassium
bath,” which describes the dialysate potassium concentration.
If the events are linked to increases or decreases in calcium
levels, the system can increase or decrease the amount of
calcium added to the dialysate. The dialysate concentration of
any ion can be adjusted in response to data showing that the
new onset arrhythmia or atrial fibrillation events are due to
electrolyte management. The changes described in step 1913
can be done automatically by the system, or can take the form
of suggestions to the health care professionals in the form of
electronic additions to the patient’s electronic medical
records, an electronic-mediated communication to a hand-
held data receiver, hospital data hub or medical server, or the
suggestions can be transmitted electronically to the health
care professionals.

[0339] Often, arrhythmia or atrial fibrillation events can be
due to both electrolyte and fluid management. As such, the
system can determine both of whether there are fluid man-
agement factors and whether there are electrolyte manage-
ment factors. If both electrolyte management and fluid man-
agement factors are present, the system can take any of the
actions described above, alone or in combination.

[0340] Inanyembodiment of the first, second, third, fourth,
fifth and sixth aspects of the invention, the system or user can
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take other actions in response to dialysis linked arrhythmia or
atrial fibrillation events in step 1914. In any embodiment of
the first, second, third, fourth, fifth and sixth aspects of the
invention, the patient can be switched to home dialysis. If the
events are due to a longer interdialytic window, as described
herein, the system can add an extra dialysis session. If the
patient is not reaching the estimated dry weight, the length of
the dialysis session can be increased. This is especially true if
the rate of ultrafiltration needs to be decreased. The system
can also change the ultrafiltration speed or magnitude. The
system can optimize patient medicines or electrolytes. The
system can suggest alternative anticoagulation medications.
In any embodiment, the system can suggest the use of medi-
cations to control heart rate, such as beta blockers. The system
can also suggest nutritional counseling or possibly more
aggressive arrhythmia management. Examples of drugs that
can be delivered or suggested for the patient include Amio-
darone (Cordarone, Pacerone), Bepridil Hydrochloride (Vas-
cor), Disopyramide (Norpace), Dofetilide (Tikosyn), Drone-
darone (Multaq), Flecainide (Tambocor), Ibutilide (Corvert),
Lidocaine (Xylocaine), Procainamide (Procan, Procanbid),
Propafenone (Rythmol), Propranolol (Inderal), Quinidine,
Sotalol (Betapace), or Tocainide (Tonocarid), or any other
drug known in the art. Any of these changes can be made
automatically to the dialysis system, be automatically
imported electronically into the patient’s electronic medical
records, an electronic-mediated communication to a hand-
held data receiver, hospital data hub or medical server, or can
be electronically transmitted as suggestions to the health care
professionals.

[0341] Inanyembodiment ofthe first, second, third, fourth,
fifth and sixth aspects of the inventions, the system can also
adjust monitoring in response to dialysis linked arrhythmias
in step 1915. For example, the system can automatically
suggest an increase in the rate of blood lab work. In any
embodiment of the first, second, third, fourth, fifth and sixth
aspects of the invention, the system can continue to monitor
the atrial fibrillation or arrhythmia burden and timing with
respect to dialysis in order to determine the effectiveness of
the interventions described.

[0342] One skilled in the art will understand that various
combinations and/or modifications and variations can be
made in the dialysis system depending upon the specific
needs for operation. Moreover, features illustrated or
described as being part of an aspect of the invention can be
included in the aspect of the invention, either alone or in
combination.

We claim:

1. A medical system, comprising:

one or more external or implantable sensor configured to

detect at least one medical parameter;

an input configured to receive at least one dialysis session

parameter; and

a processor in electronic communication with the one or

more external or implantable sensor and the input,
wherein the processor is configured to synchronize the
medical parameter to the at least one dialysis session
parameter to determine whether an arrhythmia is related
to an occurrence of dialysis.

2. The medical system of claim 1, wherein the processor
receives fluid management data and electrolyte management
data, and determines whether an arrhythmia is due to any one
of fluid management, electrolyte management, or both fluid
management and electrolyte management and wherein the
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system provides an electronic-mediated communication to a
medical server based on the determination of whether the
arrhythmia is due to any one of fluid management, electrolyte
management, or both fluid management and electrolyte man-
agement or the system provides an electronic-mediated com-
munication to a medical server to adjust monitoring.

3. The medical system of claim 2, wherein the electronic-
mediated communication is electronically transmitted to one
or more of a data hub, a handheld data receiver, or a patient
electronic medical record and wherein the sensor is implanted
and electronically transmits data via any one of Bluetooth
Low Energy, radio frequency, and cellular technologies.

4. The medical system of claim 1, wherein the medical
parameter is selected from the group consisting of arrhythmia
information, heart rate, fluid level, blood ion levels, blood
pressure, post-dialysis weight, and pre-dialysis weight and
wherein the dialysis session parameter is selected from the
group consisting of an occurrence of dialysis, fluid removal
rate, dialysate electrolyte composition, and dialysate pH.

5. The medical system of claim 1, further comprising a
non-transitory memory configured to receive and store the
synchronized data from the processor.

6. The medical system of claim 1, wherein the processor is
amedical device processor using an algorithm to determine a
probability of a ventricular arrhythmia based on the physi-
ological parameters, and wherein the algorithm, for each of
the one or more physiological parameters of a patient, calcu-
lates an individual hazard estimate given by
v, (0)=h, (t)@x (1), wherein h, (t)=k, &, t is time, y, (1) is the
individual hazard estimate at time t, k, and k, are constants for
the given parameter, x,(t) is the physiological parameter at
time t, and (x) is a convolution operator.

7. A medical monitoring system, coniprising:

amedical device comprising one or more sensors config-
ured to sense at least one medical parameter;

an input configured to receive at least one parameter of a
dialysis session;

a processor in electronic communication with the medical
device and the input configured to obtain the data from
the medical device and the input, and to synchronize the
data from the medical device and the input; and

an output configured to output the at least one medical
parameter and the at least one parameter of a dialysis
session, wherein the output is configured to display the
at least one medical parameter and at least one parameter
of a dialysis session simultaneously.

8. The medical monitoring system of claim 7, wherein the
system provides an electronic-mediated communication to a
medical server based on a determination of whether the
arrhythmia is due to any one of fluid management, electrolyte
management, or both fluid management and electrolyte man-
agement or the processor provides an electronic-mediated
communication to the medical server to adjust monitoring
and wherein the at least one medical parameter is selected
from the group consisting of arrhythmia information, heart
rate, fluid level, blood ion levels, and blood pressure, post-
dialysis weight, and pre-dialysis weight.

9. The medical monitoring system of claim 8 wherein the
arrhythmia information comprises at least one parameter
selected from the group consisting of arrhythmia timing,
arrhythmia duration, arrhythmia rate, arrhythmia burden, and
arrhythmia type.

10. The medical monitoring system of claim 7 wherein the
output comprises a chart showing at least one medical param-
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eter and at least one dialysis parameter on the same chart, and
wherein the medical device is configured to continuously
monitor the at least one medical parameter.

11. The medical monitoring system of claim 7 wherein the
medical device is an implantable medical device and wherein
the atleast one parameter of a dialysis sessionis selected from
the group consisting of an occurrence of dialysis, dialysis
initiation time, a dialysis time length, and a dialysis session
prescription.

12. The medical monitoring system of claim 7, wherein the
output shows the at least one medical parameter for a preset
time before a dialysis session, during the dialysis session and
for a preset time after the dialysis session.

13. The medical monitoring system of claim 12 wherein a
user can select the preset time before the dialysis session and
the preset time after the dialysis session.

14. The medical monitoring system of claim 12 wherein
the preset period is selected from between: 1 hour-1 year, 1-2
hours, 1 hour-1 day, 4 hours-7 days, 1 day-1 month, 7 days-30
days, 30 days-6 months, or 4 months-1 year.

15. The medical monitoring system of claim 7 wherein the
output shows the at least one medical parameter for a period
of time including multiple dialysis sessions and wherein the
input is configured to automatically receive the at least one
parameter of a dialysis session.

16. The medical monitoring system of claim 15, wherein
the input is configured to receive the at least one parameter of
a dialysis session from a dialysis machine or a device in
communication with a dialysis machine.

17. The medical monitoring system of claim 7 further
comprising an interface, wherein the interface is configured
to allow for input of at least one parameter of a dialysis
session.

18. A method, comprising:

obtaining at least one set of data of at least one medical

parameter from a sensor;

obtaining at least one dialysis parameter from a dialysis

session performed on a subject;

associating the at least one medical parameter and the at

least one dialysis parameter with a time corresponding
to the time of obtaining the at least one medical param-
eter and at least one dialysis parameter.

19. The method of claim 18, further comprising the step of
providing a synchronized output showing the at least one set
of data of at least one medical parameter and the at least one
dialysis parameter as a function of the time and wherein the
processor determines whether an arrhythmia is due to fluid
management by one or both of:

comparing a fluid level of the patient to a fluid level of the

patient before, during or after previous dialysis sessions,
wherein the previous dialysis sessions did not result in
arrhythmia; and

comparing the rate and magnitude of fluid level drop dur-

ing a dialysis session within a set time period of the
arrhythmia to a rate and magnitude of fluid level drop
during a previous dialysis session of the patient, wherein
the previous dialysis session did not result in arrhythmia.

20. The method of claim 18, further comprising continu-
ously monitoring the at least one medical parameter for a
period of time over multiple dialysis sessions, and wherein
the output is a display showing the at least one set of data of
at least one medical parameter for a period of time including
multiple dialysis sessions, and comprising providing an out-
put showing the at least one set of data of at least one medical
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parameter for a set time period before the dialysis session,
during the dialysis session and after the dialysis session.

21. The method of claim 18 wherein the set time period
before the dialysis session and the set time period after a
dialysis session are between any of: 1 hour-1 year, 1-2 hours,
1 hour-1 day. 4 hours-7 days, 1 day-1 month, or 7 days-30
days, 30 days-6 months, or 4 months-1 year.

22. The method of claim 18, wherein the at least one set of
data of at least one medical parameter is obtained from an
implantable medical device, and wherein the at least one
dialysis parameter from a dialysis session is obtained auto-
matically from a dialysis machine.

23. The method of claim 18, further comprising adjusting a
measurement frequency based any one of an occurrence of
arrhythmia, patient fluid level, post-dialysis weight, pre-di-
alysis weight, or a time duration of arrhythmia.
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