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Description
BACKGROUND OF THE INVENTION

[0001] Despite significant advances in hemodialysis
(HD) technology, the mortality risk of chronic HD patients
remains well above that seen in the general population.
The average remaining life expectancy in the general
population is about 4 times higher than in dialysis pa-
tients, and the adjusted rates of all-cause mortality are
6.7 to 8.5 times higher for dialysis patients than in the
general population. Cardiovascular disease and infec-
tious disease are among the leading causes of mortality,
and the overall annual mortality rate in dialysis patients
is about 20% in the United States. See United States
Renal Data System, USRDS 2009 Annual Data Report,
National Institutes of Health.

[0002] Currentepidemiologic studies seeking to inves-
tigate the determinants of mortality risk in dialysis pa-
tients usually consider either cross-sectional baseline
characteristics (e.g., mean systolic blood pressure in the
first 3 months after start of dialysis, serum albumin levels
after 6 months) or time-dependent analyses, most com-
monly time-dependent Cox regression models. Patients
are frequently stratified into groups based on descriptive
characteristics such as tertiles. In many of these studies,
the first date of dialysis is taken as the reference point.
[0003] Despite such improvements in hemodialysis
technology and patient tracking, chronic hemodialysis
patients continue to experience an inordinately high mor-
tality rate. Therefore, there is a need for an improved
method of identifying hemodialysis patients at increased
risk of death, in order to trigger earlier diagnostic and
therapeutic interventions and consequently reduce pa-
tient mortality.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to a method
of identifying a patient undergoing periodic hemodialysis
treatments at increased risk for death. The method in-
cludes determining serum potassium concentration lev-
el, periodically while the patient is undergoing hemodial-
ysis treatments, and identifying a patient as having an
increased risk for death if the patient has a significant
change in the rate of change of at least one of these
clinical or biochemical parameters. A significant change
can be determined by using a statistical method, or de-
fined as a change from a steady level to an increase or
decrease, or a change in character of the rate of change
of the parameter. Identifying the patient as having an
increased risk of death is accomplished within a sufficient
lead time to allow for a therapeutic intervention to de-
crease the patient’s risk of death, followed by a suitable
therapeutic intervention.

[0005] The presentinventionis also directed to a meth-
od of identifying an increased mortality risk factor for a
patient undergoing periodic hemodialysis treatment. The
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method includes analyzing data of deceased patients
that were previously undergoing periodic hemodialysis
treatments by performing a longitudinal analysis back-
wards in time of changes in a clinical or biochemical pa-
rameter of the patients, and identifying a significant
change in the rate of decline or the rate of increase of
one or more clinical or biochemical parameters before
death of the patients.

[0006] The methods of this invention enable physi-
cians and/or other health-care professionals to initiate
timely diagnostic and therapeutic interventions to hemo-
dialysis patients at increased risk of death and thereby
reduce mortality of such patients.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing will be apparent from the follow-
ing more particular description of example embodiments
of the invention, as illustrated in the accompanying draw-
ings. The drawings are not necessarily to scale, empha-
sis instead being placed upon illustrating embodiments
of the present invention.

FIG. 1 is a graph of linear splines of post-dialysis
body weight of hemodialysis patients as a function
of time before death; knot point at 12 weeks before
death.

FIG. 2 is a graph of linear splines of serum albumin
concentration levels of hemodialysis patients as a
function of time before death; knot point at 3 months
before death.

FIG. 3 is a graph of linear splines of systolic blood
pressure of hemodialysis patients as a function of
time before death; knot point at 12 weeks before
death.

FIG.4isagraph oflinear splines of body temperature
of hemodialysis patients (age>60 years old at death)
as a function of time before death; knot point at 12
weeks before death.

FIG. 5 is a graph of linear splines of serum bicarbo-
nate concentration levels of hemodialysis patients
as a function of time before death; knot point at 3
months before death.

FIG.6is agraph of linear splines of serum potassium
concentration levels of hemodialysis patients as a
function of time before death; knot point at 3 months
before death.

FIG. 7 is a graph of linear splines of serum calcium
concentration levels of hemodialysis patients as a
function of time before death; knot point at 3 months
before death.

FIG. 8 is a graph of linear splines of hemoglobin
(Hgb) concentration levels of hemodialysis patients
as a function of time before death; knot point at 3
months before death.

FIG. 9is a graph of linear splines of serum phospho-
rus concentration levels of hemodialysis patients as
afunction of time before death; knot pointat 3 months
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before death.

FIG. 10 is a graph of linear splines of neutrophil to
lymphocyte ratio of hemodialysis patients as a func-
tion of time before death; knot point at 3 months be-
fore death.

FIG. 11 is a graph of linear splines of enPCR of he-
modialysis patients as a function of time before
death; knot point at 3 months before death.

FIG. 12 is a graph of linear splines of eKdrt/V of he-
modialysis patients as a function of time before
death; knot point at 3 months before death.

FIG. 13 is a graph of linear splines of EPO resistance
index of hemodialysis patients as a function of time
before death; knot point at 3 months before death.
FIG. 14 is a graph of linear splines of transferrin sat-
uration index of hemodialysis patients as a function
of time before death; knot point at 3 months before
death.

FIG. 15 is a graph of linear splines of serum ferritin
concentration levels of hemodialysis patients as a
function of time before death; knot point at 3 months
before death.

FIG. 16 is a graph of linear splines of serum creati-
nine concentration levels of hemodialysis patients
as a function of time before death; knot point at 3
months before death.

FIG. 17 is a graph of linear splines of platelet counts
of hemodialysis patients as a function of time before
death; knot point at 3 months before death.

FIG. 18 is a graph of linear splines of Aspartat-Ami-
notransferase (AST) levels of hemodialysis patients
as a function of time before death; knot point at 3
months before death.

FIG. 19 is a graph of linear splines of Alanin-Ami-
notransferase (ALT) levels of hemodialysis patients
as a function of time before death; knot point at 3
months before death.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The present invention is directed to a method
of identifying a patient at increased risk for death when
the patient is undergoing periodic hemodialysis treat-
ments. The method includes determining at least one of
the patient’s clinical or biochemical parameters associ-
ated with an increased risk of death, consisting of serum
potassium concentration at periodic hemodialysis treat-
ments. The patient is identified as having an increased
risk for death if the patient has a significant change in the
rate of change of at least one of these clinical or biochem-
ical parameters. A significant change can be determined
by using a statistical method, such as using Student’s ¢
as the test statistic (e.g., p<0.05), or defined as a change
from a steady level (e.g., no significant deviation form an
average of the measured levels) to an increase or de-
crease, or a change in character (e.g., a change from
increase to decrease or vice versa, or a change from a
steadyleveltoincrease or decrease) in the rate of change
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of the at least one clinical or biochemical parameter. The
measurement of at least one of these clinical or biochem-
ical parameters includes the measurement of any com-
bination of them. In a preferred embodiment, a determi-
nation that the rate of change of a clinical or biochemical
parameter of the patient has changed character is em-
ployed to identify a patient at increased risk of death.
[0009] The method is applied to a patient that is un-
dergoing periodic hemodialysis treatments. Typically,
periodic hemodialysis treatments are performed several
days apart, for example, three times per week. The time
period between treatments is not necessarily constant,
however, because, for example, the patient can receive
treatment after a shorter time period since the last treat-
ment if the patient needs to shed excess fluid. The time
period between treatments can be longer because of, for
example, missed treatments or an iliness acquired since
the last treatment.

[0010] The methods of this invention apply to human
patients that are undergoing hemodialysis treatment.
The hemodialysis treatment of the patient is a treatment
that replaces or supplements the normal function of the
kidneys of a patient, due to the patient having a disease
or condition that affects kidney function such as, for ex-
ample, renal insufficiency, renal failure, or kidney dis-
ease.

[0011] The measurements of the patient’s systolic
blood pressure, serum albumin concentration level, body
weight, body temperature, serum bicarbonate concen-
tration level, serum potassium concentration level, serum
calcium concentration level, hemoglobin concentration
level, serum phosphorus concentration level, neutrophil
to lymphocyte ratio, equilibrated normalized protein cat-
abolic rate (enPCR), equilibrated fractional clearance of
total body water by dialysis and residual kidney function
(eKdrt/V), Erythropoietin (EPO) resistance index, trans-
ferrin saturation index (TSAT), serum ferritin concentra-
tion level, serum creatinine concentration level, platelet
count, Aspartat-Aminotransferase level, and Alanin-Ami-
notransferase level are obtained using methods well
known in the art. The measurements of the aforemen-
tioned clinical or biochemical parameters can be per-
formed either before or after each hemodialysis treat-
ment, or both, or only performed after a certain time pe-
riod, or at every certain number of treatments, or at ir-
regular intervals. For example, the measurement of
systolicblood pressure is usually taken before each treat-
ment, but can also be taken after each treatment, or both
before and after each treatment. The measurement of
serum albumin concentration level is usually taken once
a month, but can also be taken more often. The meas-
urement of body weightis usually taken before each treat-
ment, but can also be taken after each treatment. The
measurement of body temperature is preferentially taken
before each treatment, but can also be taken after each
treatment. Of course, the measurements of the patient’s
clinical and biochemical parameters could also be taken
between hemodialysis treatments.
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[0012] The importance of determining a significant
change inthe rate of change of the patient’s systolic blood
pressure, serum albumin concentration level, body
weight, body temperature, serum bicarbonate concen-
tration level, serum potassium concentration level, serum
calcium concentration level, hemoglobin concentration
level, serum phosphorus concentration level, neutrophil
to lymphocyte ratio, equilibrated normalized protein cat-
abolic rate (enPCR), equilibrated fractional clearance of
total body water by dialysis and residual kidney function
(eKdrt/V), Erythropoietin (EPO) resistance index, trans-
ferrin saturation index (TSAT), ferritin, serum creatinine
concentration level, platelet count, Aspartat-Aminotrans-
ferase level, and Alanin-Aminotransferase level was un-
covered by focusing specifically on the time-course of
these clinical or biochemical parameters before death in
a large sample of hemodialysis patients. In this analysis,
the reference point for the analysis was the patient’s date
of death, and the analysis looked back in time from that
point, in order to uncover what changes in clinical or bi-
ochemical parameters preceded demise. This retrospec-
tive record review included a data set of 2,462 in-center
maintenance HD patients who expired between July 1,
2005 and April 30, 2008. Patients’ monthly serum albu-
min concentration levels were compiled for the 24 months
preceding the date of death. Similarly, the median weekly
post-dialysis weight was compiled for the 104 weeks prior
to death. Causes of death (COD), recorded using ICD-9
codes, were retrieved from patient record sheets. See
The International Classification of Diseases, 9th Revi-
sion, Clinical Modification, (ICD-9-CM), National Center
for Health Statistics and Centers for Medicare & Medicaid
Services (2007). Three broad COD categories (cardio-
vascular, cerebrovascular, and infectious) were included
in the analyses. Going back in time allowed an analysis
of events occurring in the days, weeks, and months prior
to demise. Thisis, in principle, alongitudinal data analysis
backwards in time with death as the common end point.
The defining feature of such a longitudinal analysis is that
measurements of the same individual are taken repeat-
edly over time, thereby allowing the direct study of
change over time. Measurement variability stems from
three sources: between-subject heterogeneity, within-
subject variability, and (random) measurement errors.
With repeated measurements available, the individual
patients’ changes in responses over time can be studied.
In addition, the mean response of a group of parameters
(for example, gender, race, co-morbidities) can be mod-
eled.

[0013] The longitudinal analysis of patient clinical or
biochemical parameters was conducted using linear
mixed effects models (LMMs). LMMs form a broad class
of models which handle longitudinal datain a very general
setting (e.g., the data can be unbalanced and mis-timed).
See G. M. Fitzmaurice, N. M. Laird, and J. H. Ware, Ap-
plied Longitudinal Analysis, (2004). In the LMMs em-
ployed, individual patient effects can be separated from
population effects by treating the individual effects as ran-
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dom, while the population effects are regarded as fixed;
the full model combines the random and the fixed effects.
A powerful resultis that subject response trajectories can
be estimated in addition to the population response tra-
jectory. Inthis application, a random intercept model was
used. In this model, each subject has a distinct level of
response which persists over time. The patient serves
as his or her own control insofar as the dynamics between
observed time periods are compared. To determine
which random effects should be included in the models,
the Bayesian information criterion (BIC) was used; this
measure rewards amodel with higher explanatory power,
while penalizing for the inclusion of additional parame-
ters. In this data analysis, the data were fit by linear spline
functions, because these simple parametric curves can
provide a parsimonious description of longitudinal trends.
See D. Ruppert, M. P. Wand, and R. J. Carroll, Semipar-
ametric Regression, (2003). Linear spline functions with
a knot point at 12 weeks before death were employed
for systolic blood pressure, body weight, and body tem-
perature. A knot pointis the pointin time where two spline
functions intersect. The choice of the location for the knot
pointis important with this kind of analysis. The knot point
(12 weeks before death) was chosen by separating the
data into two sets for processing, one data set including
all the data up to 12 weeks before death, and the other
data set including the data from 12 weeks before death
to the patient’s demise. The knot point (12 weeks before
death) was chosen for the following reasons: (a) based
on pilot descriptive data analysis which revealed an ac-
celerated deterioration of body weight in the 12 weeks
preceding death, and (b) because it was deemed that a
lead time of 12 weeks was probably sufficient to intervene
in many patients.

[0014] The time point chosen as the knot point gener-
ally depends on the clinical or biochemical parameter
being analyzed, to provide sufficient time for an effective
diagnostic or therapeutic patient intervention. The knot
point was chosen at 3 months for the other clinical or
biochemical parameters discussed below, because the
measurements of those parameters are typically ob-
tained at one month intervals.

[0015] Turning now to FIG. 1, the results for post-dial-
ysis body weight, typically measured in kg, are shown
for the data set. Four groups of dialysis patients, black
and white males and females, all showed an increase in
the rate of decrease of post-dialysis body weight in the
final 12 weeks of life, from about 0.03 kg/week to over
about 0.1 kg/week. Therefore, in this study, for post-di-
alysis body weight, the rate of decrease increased by a
factor of about 3 in the final 12 weeks of life.

[0016] Turning now to FIG. 2, the results for serum
albumin concentration levels, typically measured in g/dL,
are shown for the data set. The four groups of dialysis
patients showed an increase in the rate of decline of se-
rum albumin levels in the final 3 months of life, from about
0.008 g/dL/month to over about 0.08 g/dL/month. There-
fore, in this study, for serum albumin levels, the rate of
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decrease increased by a factor of about 10 in the final 3
months of life.

[0017] Turning now to FIG. 3, in a separate study of
1,799 hemodialysis patients, it was found that the aver-
age pre-dialysis systolic blood pressure of patients, typ-
ically measured in mmHg, showed an increase in the rate
of decrease in the final 12 weeks of life, from about 0.16
mmHg/week to about 0.56 mmHg/week. Therefore, in
this study, for pre-dialysis systolic blood pressure, the
rate of decrease increased by a factor of about 3 in the
final 12 weeks of life.

[0018] Turning now to FIG. 4, in another study of he-
modialysis patients over 60 years old at death, it was
found that the pre-dialysis body temperature of patients,
typically measured in °C, showed an increase in the rate
of decline in the final 12 weeks of life, from about 0.00017
°C/week to about 0.0012 °C/week. Therefore, in this
study, for body temperature, the rate of decrease in-
creased by a factor of about 7 in the final 12 weeks of life.
[0019] Turning now to FIG. 5, in another study of he-
modialysis patients, it was found that the serum bicarbo-
nate concentration levels of patients, typically measured
in mmol/L, showed an increase in the rate of increase in
the final 3 months of life, from about 0.040 mmol/L/month
to about 0.101 mmol/L/month. Therefore, in this study,
for serum bicarbonate level, the rate of increase in-
creased by a factor of over 2 in the final 3 months of life.
Bicarbonate is a crucial component of the body’s acid-
base metabolism. Higher bicarbonate concentration lev-
els may point toward a metabolic alkalosis, which could
be caused by reduced ingestion of protein.

[0020] Turning now to FIG. 6, it was found that the se-
rum potassium concentration levels of patients, typically
measured in mmol/L, showed a change in the rate of
change in the final 3 months of life, from an increase of
about 0.003 mmol/L/month to a decrease of about 0.033
mmol/L/month. Therefore, in this study, for serum potas-
sium concentration level, the rate of change altered char-
acter (from increase to decrease) in the final 3 months
of life. Potassium is crucial for the electrical potential of
cells. Adecrease in potassium concentration is seen with
poor nutrition and with metabolic alkalosis.

[0021] Turning now to FIG. 7, it was found that the se-
rum calcium concentration levels of patients, typically
measured in g/dL, showed a change in the rate of change
in the final 3 months of life, from a steady level to a sig-
nificant decrease of about 0.049 g/dL/month. Therefore,
in this study, for serum calcium concentration level, the
rate of change significantly increased in the final 3 months
oflife. Calcium is an essential componentfor muscle con-
traction. Adecrease in total calcium concentrationis seen
with a decrease in serum albumin concentration levels.
[0022] Turning now to FIG. 8, it was found that the he-
moglobin (Hgb) concentration levels of patients, typically
measured in g/dL, showed a change in the rate of de-
crease in the final 3 months of life, from a decrease of
about 0.014 g/dL/month to a decrease of about 0.123
g/dL/month. Therefore, in this study, for hemoglobin con-
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centration level, the rate of decrease increased by a fac-
tor of about 8 in the final 3 months of life. Hemoglobin
concentration levels describe the degree of anemia. A
decrease in hemoglobin concentration level is associat-
ed with inflammation, bleeding, or iron deficiency.
[0023] Turning now to FIG. 9, it was found that the
phosphorus concentration levels of patients, typically
measured in mg/dL, showed a change in the rate of de-
crease in the final 3 months of life, from a decrease of
about 0.012 mg/dL/month to a decrease of about 0.072
mg/dL/month. Therefore, in this study, for phosphorus
concentration level, the rate of decrease increased by a
factor of about 6 in the final 3 months of life. Phosphorus
is a surrogate for nutritional intake of protein and an im-
portant component of bone and mineral metabolism.
[0024] Turning now to FIG. 10, it was found that the
neutrophil to lymphocyte ratio of patients, a dimension-
less number, showed a change in the rate of increase in
the final 3 months of life, from a increase of about 0.042
per month to aincrease of about 0.381 per month. There-
fore, in this study, for neutrophil to lymphocyte ratio, the
rate of increase increased by a factor of about 9 in the
final 3 months of life. The neutrophil to lymphocyte ratio
increases with inflammation.

[0025] Turning now to FIG. 11, it was found that the
enPCR of patients, typically measured in g/kg body
weight/day, showed a change in the rate of decrease in
the final 3 months of life, from a decrease of about 0.003
per month toadecrease of about 0.023 per month. There-
fore, in this study, for enPCR, the rate of decrease in-
creased by a factor of about 7 in the final 3 months of
life. The enPCR is an estimate of daily protein intake.
[0026] Turning now to FIG. 12, it was found that the
eKdrt/V of patients, a dimensionless number, showed a
change in the rate of decrease in the final 3 months of
life, from a steady level to a decrease of about 0.017 per
month. Therefore, in this study, for eKdrt/V, the rate of
decrease significantly increased in the final 3 months of
life. The eKdrt/V is a measure of the clearance of urea
and other low-molecular weight unbound solutes, taking
the dialytic and renal component into account.

[0027] Turning now to FIG. 13, it was found that the
EPO resistance index of patients, typically measured in
U/kg body weight per week, showed a change in the rate
of increase in the final 3 months of life, from an increase
of about 0.145 per month to an increase of about 1.169
per month. Therefore, in this study, for EPO resistance
index, the rate of increase increased by a factor of about
8inthe final 3 months of life. A high EPO resistance index
is an indication of inflammation.

[0028] Turning now to FIG. 14, it was found that the
transferrin saturation index (TSAT) of patients, typically
measured in %, showed a change in the rate of decrease
in the final 3 months of life, from a decrease of about
0.059% per month to a decrease of about 0.419% per
month. Therefore, in this study, for transferrin saturation
index, the rate of decrease increased by a factor of about
7 in the final 3 months of life. A low TSAT is seen with
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iron deficiency or inflammation.

[0029] Turning now to FIG. 15, it was found that the
serum ferritin concentration levels of patients, typically
measured in ng/mL, showed a change in the rate of in-
crease in the final 3 months of life, from an increase of
about 7.018 ng/mL/month to an increase of about 77.162
ng/mL/month. Therefore, in this study, for ferritin concen-
tration level, the rate of increase increased by a factor of
about 11 in the final 3 months of life. A high serum ferritin
concentration level is indicative of inflammation.

[0030] Turning now to FIG. 16, it was found that the
serum creatinine concentration levels of patients, typi-
cally measured in mg/dL, showed a change in the rate
of decrease in the final 3 months of life, from a decrease
ofabout0.010 mg/dL/month to a decrease of about 0.215
mg/dL/month. Therefore, in this study, for serum creati-
nine concentration level, the rate of decrease increased
by a factor of about 21 in the final 3 months of life. A
decrease in serum creatinine concentration level is in-
dicative of a loss of muscle mass.

[0031] Turning now to FIG. 17, it was found that the
platelet count of patients, typically measured in 1000 per
pL of blood, showed a change in the rate of increase in
the final 3 months of life, from an increase of about 0.030
per month to an increase of about 4.361 per month.
Therefore, in this study, for platelet count, the rate of in-
crease increased by a factor of about 145 in the final 3
months of life. An increase in platelet count is seen in
inflammation.

[0032] Turning now to FIG. 18, it was found that the
Aspartat-Aminotransferase (AST) level of patients, typi-
cally measured in U/L, showed a change in the rate of
increase in the final 3 months of life, from an increase of
about 0.007 per month to an increase of about 1.585 per
month. Therefore, in this study, for Aspartat-Aminotrans-
ferase level, the rate of increase increased by a factor of
about 226 in the final 3 months of life. An increase in
Aspartat-Aminotransferase levelis seeninliver and mus-
cle disorders.

[0033] Turning now to FIG. 19, it was found that the
Alanin-Aminotransferase (ALT) level of patients, typically
measured in U/L, showed a change in the rate of change
in the final 3 months of life, from a decrease of about
0.088 permonth to an increase of about 1.270 per month.
Therefore, in this study, for Alanin-Aminotransferase lev-
el, the rate of change showed a change in character (from
decrease to increase) in the rate of change in the final 3
months of life. An increase in Alanin-Aminotransferase
level is seen in liver and muscle disorders.

[0034] There are anumber of other clinical or biochem-
ical parameters that can be used to identify a hemodial-
ysis patient at increased risk of death. Generally, these
parameters can be grouped into four domains, the car-
diovascular, nutrition, inflammatory, and anthropometric
domains. Examples in the cardiovascular domain include
the diastolic and mean blood pressure, and the pulse
pressure (systolic blood pressure minus diastolic blood
pressure) and heart rate. Examples in the inflammatory
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domain include the IL-6 level, and the C-reactive protein
level. Examples in the anthropometric domain include
body mass index and body composition indices.

[0035] An "alert" level, notifying a physician that a pa-
tient is at increased risk of death, can be established by
detecting a substantial change in the rate of decline or
the rate of increase of at least one of the clinical and
biochemical parameters discussed above, or any com-
binations of them. The substantial change that triggers
a physician notification can a substantial change in the
same direction, that is, a substantial increase in the rate
of increase or a substantial decline in the rate of decline,
or, alternatively, a substantial change in the opposite di-
rection (e.g., adecrease in the serum potassium concen-
tration level, or an increase in the Alanin-Aminotrans-
ferase level).

[0036] When a patient is "alert" flagged, certain diag-
nostic procedures can be triggered. These includes, but
are not limited to: 1) the taking of a thorough history and
physical examination with the specific aim to search for
cardiovascular, inflammatory, and infectious conditions,
2) blood tests, including C-reactive protein (CRP), albu-
min, red and white cell blood counts, troponin, blood cul-
tures, 3) echocardiogram, electrocardiogram, 4) chest x-
ray, 5) imaging, in particular ultrasound, computer tom-
ography and /or magnetic resonance imaging, 6) endos-
copy, and 7) bacterial cultures and swabs.

[0037] Three broad categories of diagnoses can ac-
count for > 80% of all diagnoses: cardiovascular disease
(especially congestive heart failure (CHF) and coronary
artery disease (CAD)), inflammation, and infection.
[0038] In cases of CHF and/or CAD, therapeutic inter-
ventions include but are not limited to: strict volume con-
trol, which includes avoidance of intradialytic administra-
tion of sodium and sodium loading via the dialysate, di-
etary salt intake below 6 g/day, increased dialysis fre-
quency, drug therapy (angiotensin converting enzyme
inhibitors (ACEI), angiotensin receptor blockers (ARB),
beta blockers (BB)), lipid lowering drugs, replacement of
deficient hormones, valve repair, and percutaneous
transluminal coronary angioplasty.

[0039] In cases of inflammation without evidence of
infection, therapeutic interventions include but are not
limited to: removal ofin-dwelling lines and catheters, ther-
apy with anti-inflammatory drugs, broad spectrum anti-
biotic therapy, treatment of periodontal disease, and re-
moval of rejected transplants and non-functioning vas-
cular access.

[0040] In cases of infection, therapeutic interventions
include but are not limited to: antibiotic therapy, mechan-
ical and chemical debridement, and removal of in-dwell-
ing lines and catheters.

[0041] In all "alert" flagged patients a comprehensive
nutritional assessment is usually warranted. In cases of
poor nutritional status, therapeutic interventions can in-
clude but are not limited to intradialytic parenteral nutri-
tion and oral supplements.

[0042] All of the previously described diagnostic and
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therapeutic interventions on patients are more effective
with earlier identification that the hemodialysis patient is
at an increased risk of death, with 12 weeks or 3 months
of lead time being sufficiently early for an effective inter-
vention.

[0043] While this invention has been particularly
shown and described with references to preferred em-
bodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may
be made therein without departing from the scope of the
invention encompassed by the appended claims.

Claims

1.  Anexvivo method of identifying a patientundergoing
periodic hemodialysis treatments at increased risk
for death, comprising:

a) determining the serum potassium concentra-
tion level while the patient is undergoing hemo-
dialysis treatments; and

b) identifying the patient as having an increased
risk for death if the patient has a significant
changeinthe rate of change of serum potassium
concentration.

2. Themethod of Claim 1, wherein a significant change
is a change from a steady level to an increase or a
decrease in the rate of change of the serum potas-
sium concentration level.

3. Themethod of Claim 1, wherein a significant change
is a change in character of the rate of change of the
serum potassium concentration level.

4. The method of any of the preceding claims, wherein
identifying the patient as having an increased risk of
death is accomplished within a sufficient lead time
to allow for a therapeutic intervention to decrease
the patient’s risk of death.

5. The method of any of the preceding claims, wherein
a significant change is determined by using a statis-
tical method.

Patentanspriiche

1. Ex-vivo-Verfahren zum ldentifizieren, wenn ein Pa-
tient, der regelmaRigen Hamodialysebehandlungen
unterzogen wird, ein erhdhtes Sterberisiko aufweist,
umfassend:

a) Bestimmen des Serum-Kalium-Konzentrati-
onsgrades, wahrend der Patient Hamodialyse-
behandlungen unterzogen wird; und

b) Identifizieren des Patienten als ein erhéhtes
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Sterberisiko aufweisend, wenn der Patient eine
maRgebliche Anderung der Anderungsrate der
Serum-Kalium-Konzentration aufweist.

2. Verfahren nach Anspruch 1, wobei eine mafRgebli-
che Anderung eine Anderung von einem stabilen Zu-
stand zu einem Anstieg oder Abfall der Anderungs-
rate des Serum-Kalium-Konzentrationsgrades ist.

3. Verfahren nach Anspruch 1, wobei eine mafgebli-
che Anderung eine Anderung der Art der Anderungs-
rate des Serum-Kalium-Konzentrationsgrades ist.

4. Verfahren nach einem der vorangehenden Anspri-
che, wobei das Identifizieren des Patienten als ein
erhohtes Sterberisiko aufweisend mit einer ausrei-
chenden Vorlaufzeit erreicht wird, um eine therapeu-
tische Intervention zu ermdglichen, um das Sterbe-
risiko des Patienten zu verringern.

5. Verfahren nach einem der vorangehenden Anspri-
che, wobei eine maRgebliche Anderung unter Ver-
wendung eines statistischen Verfahrens bestimmt
wird.

Revendications

1. Procédé exvivo pouridentifier si un patient subissant
des traitements d’hémodialyse périodique présente
un risque accru de déces, qui comprend :

a) la détermination du niveau de concentration
sérique de potassium pendant que le patient su-
bit des traitements d’hémodialyse ; et

b) l'identification du patient comme présentant
un risque accru de déces si le patient manifeste
un changement significatif du taux de variation
de la concentration sérique de potassium.

2. Procédé selon la revendication 1, dans lequel un
changement significatif est un changement d’un ni-
veau stable a une augmentation ou a une diminution
du taux de variation du niveau de la concentration
sérique de potassium.

3. Procédé selon la revendication 1, dans lequel un
changement significatif est un changement des ca-
ractéristiques du taux de variation du niveau de la
concentration sérique de potassium.

4. Procédé selon 'une quelconque des revendications
précédentes, dans lequel I'identification du patient
comme présentant un risque accru de décés a lieu
dans un délai suffisant qui permet une intervention
thérapeutique ayant pour but de diminuer le risque
de décés du patient.
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Procédé selon I'une quelconque des revendications
précédentes, dans lequel un changement significatif
est déterminé par utilisation d’'une méthode statisti-
que.
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