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(57) ABSTRACT

The disclosure relates to the use of cardiac hormones, par-
ticularly natriuretic peptides, for assessment of risk of suffer-
ing from a cardiovascular complication, particularly heart
disease or acute coronary syndrome, as a consequence of
intravasal volume overload. In particular, the disclosure
relates to a method for diagnosing the risk of a patient whose
intravasal volume is increased or will be increased of suffer-
ing from a cardiovascular complication as a consequence of
the increase of intravasal volume, comprising the steps of (a)
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Grp. 1 (n=8) Grp. 2 (n=8)

Pos. SUP FD SUP HD SUP FD SUP HD

T 10:00 | 12:00 | 14:00  16:00 | 10:00 | 12:00 1400 | 16:00

SABP (mmHg) | 12147 | 12147 | 126£7 12526 | 113&11 | 11211 11613 | 11710

DABP (mmHg) | 636 | 65£5 | 656 = 6745 619 | 6011 63£12 | 6349

MAP (mmHg) | 83+6 | 865 | 85+7 @ 8546 7947 | 78+8 8049 | 824§

HR (bpm) 65+5 | 63+5 | 636 | 6243 | 68%12 | 678 678 | 72+10

LAD (%BL) 100 | 9245 | 98+6 106+10* 100 | 112416 9848 88+4
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Figure 1
Grp. 1 (n=8) Grp. 2 (n=S)
Pos. SUP FD SUP HD SUP FD SUP HD
T 10:00 | 12:00 | 14:00  16:00 10:00  12:00 | 14:00 | 16:00

SABP (mmHg) | 12147 | 12147 | 12647 12546 | 113+11 112+11 | 116+13 | 117+10

DABP (mmHg) | 6346 | 65+5 | 65+6 6745 619  60+11 | 63x12 | 659

MAP (mmHg) | 836 | 86+5 | 857  B85%6 7947 | 7848 | 809 | 8248

HR (bpm) 6545 | 63+5 | 6346 6243 68+12 6748 678 | 72410

LAD (%BL) 100 | 9245 | 986 106+10* | 100  112+16| 9828 | 88+4
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Figure 2
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Figure 3

T 9:00 | 10:00 | 11:00 | 12:00 | 14:00 | 16:00 | 18:00
MAP (mmHg)

Control 83+6 | 83+5 | 8l+6 | 79+8 | 85+7 | 85+£2 | 8547
Na" 835 | 83+7 | 81x6 | 82+#3 | 806 | 806 | 864
HR (bpm)

Control 6710 | 6448 | 6848 | 638 | 667 | 68+11 | 60+22
Na' 67+8 | 655 | 67+£5 | 657 | 68+6 | 6448 | 6616
LAD (mm)

Na" 3.7404 | 3.9+0.4 | 3.8+0.4 | 3.720.4 | 3.6£0.3 | 3.6+£0.3 | 3.620.4




Patent Application Publication

NTpruANP
Ipreal¥i]

LR

456 7

By 07 194670 13 |

464 7

5

E--«i
Sy

3586

360 7

%,
<

,_Nz.g‘"
ME
L R
[
4

2587

e
&

bt
S

Sep. 22,2011 Sheet 4 of 28

Figure 4
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Figure §
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Figure 6
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Figure 7
Uv Few,

Pl. Ur. Pl. Ur.
NT-proANP | 0.34* | m.s. | 0.42*  m.s
NT-proBNP | n.s. | 0.85% | 0.27% | 0.42%
RLX ns. | 0.80% | ns. | 0.5%
URO m.s. | 0.47% | m.s n.s.
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Figure 8
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Figure 9

Age (y) |18-49|18-49/18-29 18-29|30-39 30-3940-49/40-49|50-59/50-59 > 60 | > 60

Gender | m f m f m f m

[\]
oo

N 964 | 574 | 278 232 | 379 | 194 | 307 | 148 | 211 | 94 | 110

Median | 20.0 | 39.3  20.0  37.0 | 20.0 | 36.9 | 20.0 | 49.8 1 27.4 | 65.8 42.0 61.4

97.5 %
Percentile| 84.2 [146.2) 64.7 129.7

88.1 13221 94.6 |230.7/178.5,270.3278.01261.7
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Figure 10
NT-proBNP NT-proBNP
N male 7 14
N female 7 20
N total 14 34
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Figure 11
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Figure 12
Creatinine N};F&P Creatinine er;[I;IP Creatinine NI;FI-\'P
Ase [mg/dL] pro [mg/dL] pro [mg/dL] pro
i median [pg/ml] | N median lpg/ml] N median [pg/mi]
distribution median median median
total male female
total 880 0.79 253 |528 0.80 200 352 0.66 47.0
<20 7 0.81 20.0 2 0.90 20.0 5 0.72 20.0

21-30 192 0.78 200 109 0.87 200 83 0.66 43.4
31-40 1264 078 220 |155) 080 20.0 109 0.66 372
41-50 205 0.79 255 (121 0.89 200 84 0.66 532
51-60 1157 0.80 376 |100) 083 253 57 0.67 61.4
61-65 55 0.79 437 | 41 0.83 416 14 0.63 723
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Figure 13
Patients t m f
N 473 258 215
Age [median] 66.0 64.5 68.0
Symptoms & Indication N N N
Arterial Hypertension 280 144 136
Blood pressure, systolic 182 96 80
Blood pressure, diastolic 78 34 44
Dyspnea 208 102 106
Edema 45 20 25
Arrhythmia 32 16 16
Angina Pectoris 122 64 58
AMI Anamnese 163 59 ‘ 106
Classification N N N
NYHA 308 176 132
NYHA T 12 52 60
NYHA III 50 27 23
NYHA IV 3 3 0
NYHA [I-1V 165 82 83
LVEF < 30% 27 18 9
LVEF 30-50% 86 56 30
LVEF> 50% 360 184 76
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Figure 14
LVEF <30% 30-50% >50%
NYHA N, total 27 86 361
1 N 2 27 280
NT-proBNP
[pg/ml] 2848.8 506.4 302.1
mean
1T N 6 36 70
NT-proBNP
[pg/ml] 1896.5 862.5 488.5
mean
I N 16 23 11
NT-proBNP
[pg/ml] 2467.9 1946.3 698.4
mean
v N 3 0 0
NT-proBNP
|pg/ml] 16223.2 0 0
mean
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Figure 15
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Figure 16
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Figure 17
LVEF <30% 30-50% >50%
N, total 27 86 361
NYHA male female male female male female
I N 0 0 2 0 29 11
§f N 0 0 0 3 | 5
1x N 0 0 0 0 0 0
v N 0 0 0 0 0 0
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Figure 18
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Atrial Fibrillation No Atrial Fibrillation p-Value

N, total 32 442

Age [median] 68.0 66.0

NT-proBNP [pg/ml} 1055.0 4017 0.0002 *+ *
median
N % N %

NYHA1 22 68.8 % 287 64.9 % >=0.05
NYHAII 6 18.8 % 106 24.0 % >=0.05
NYHA III 4 125 % 46 104 % >= (.05
NYHA IV 0 0 3 0.7 % >=0.05
LVEF < 30% 0 0 27 6.1 % >= (.05
LVEF 30-50% 6 18.8 % 30 18.1 % >=0.05
LVEF > 50% 26 8§1.3 % 335 758 % >=0.05
Arterial Hypertension 13 40.6 % 267 60.4 % >=0.05
Blood pressure, systolic 12 375 % 170 385 % >=0.05
Blood pressure, diastolic 7 219 % 71 16.1 % >= (.05
Dyspnea 13 40.6 % 195 4.1 % >=0.05
Edema 3 9.4 % 42 9.5 % >= (.05
Angina Pectoris 18.8 % 116 262 % >=0.05
AMI Anamnese 0 78 17.6 % 0.0154*
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Figure 19
AMI No AMI p-Value
N, iotal 78 381
Age [median] 67.5 66.0
NT-proBNP [pg/ml] 797.0 3708 0.0001 **
median
N % N %

NYHA | 33 423 % 266 69.8 % 0.007 **
NYHAII 31 39.7 % 79 20.7 % 0.001 **
NYHA IIL 14 17.9 % 33 8.7% 0.001 **
NYHA IV 0 0 3 0.8 % 0.001 **

LVEF < 30% 7 9.0 % 19 5.0% 0.001 **
LVEF 30-50% 37 474 % 47 123 % 0.001 **
LVEF > 50% 34 43.6 % 315 82.7 % 0.001 #*
Arterial Hypertension 45 57.7 % 234 61.4 % >=0.05
Blood pressure, systolic 21 269 % 154 40.4 % >=0.05
Blood pressure, diastolic 4 51 % 72 18.9 % >= (.05
Dyspnea 51 65.4 % 156 40.9 % 0.000 1% %=
Edema 10 12.8 % 35 9.2 % >=0.05
Angina Pectoris 32 41.0 % 89 234 % 0.0015%*
Arrhythmia 0 0 27 71 % 0.0154%*
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Figure 20
Angina Pectoris No Angina Pectoris p-Value
N 122 335
Age [median] 69.5 64.0
NT-proBNP [pg/ml] 589.5 360.3 0.009 #*
median
N % N %
NYHA I 55 45.1 % 242 72.2% | 0.00001 ##%
NYHA I 50 41.0 % 60 17.9 % | 0.00001 ***
NYHAIII 16 13.1 % 31 93% | 0.00001 ***
NYHA IV 1 0.8 % 2 0.6% | 0.00001 #=**
LVEF < 30% 6 49 % 12 36 % >=(0.05
LVEF 30-50% 30 24.6 % 62 185 % >=0.03
LVEF > 50% 86 70.5 % 261 719 % >=0.05
Arterial Hypertension 87 MN3% 191 57.0% 0.0056%*
Blood pressure, systolic 45 36.9 % 129 385% >=(.03
Blood pressure, diastolic I8 14.8 % 57 17.0 % >=0.05
Dyspnea 81 66.4 % 125 313 % 0.001#%*
Edema 20 164 % 25 7.5 % 0.0042%*
AMI Anamnese 32 262 % 46 13.7% 0.0015%*
Arrhythmia 6 4.9 % 21 6.3 % >=(.05
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Figure 21
Creatinin normal elevated p-Value
0.66-1.1 mg/dl > 1.1 mg/dl
N, total 140 253
Age [median] 66.0 65.0
NT-proBNP [pg/ml] 289.7 456.5 0.0003 ##%
median
N % N %

NYHA1 99 70.7 % 176 69.6 % >=0.05
NYHA I 3 221 % 49 194 % >=(.05
NYHA II 10 7.1% 25 9.9 % >=0.05
NYHA IV 0 0 3 1.2 % >=0.05
LVEF £30% 3.6 % 15 5.9 % >=0.05
LVEF 30-50% + > 50 % 135 964 % 238 9.1 % >=0.05
Arterial Hypertension 92 65.7 % 141 55.7 % >=0.05
Blood pressure, systolic 66 47.1 % 94 372 % >=0.05
Blood pressure, diastolic 32 229 % 41 16.2 % >=0.05
Dyspnea 57 40.7 % 97 B83% >=0.05
Edema 16 114 % 19 7.5 % >=(.05
Angina Pectoris 31 221 % 58 229 % >=0.05
Arrhythmia 8 5.7 % 24 9.5 % >=(0.05
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Figure 22

Euthyreose Dyz?t};:;zlt?(m p-Value

N, total 139 167

Age [median] 66.0 66.0
NT-proBNP [pgml] 397.2 555.5 0.048*

median
N % N %

NYHAI 97 69.8 % 109 65.3 % >=0.05
NYHAII 30 216 % 38 228 % >=0.05
NYHA I 12 8.6 % 19 114 % >=0.05
NYHA LV 0 0 I 0.6 % >=0.05
LVEF < 30% 6 43 % 8 4.8 % >=0.05
LVEF 30-50% 24 173 % 37 222 % >=0.05
LVEF > 50% 109 78.4 % 122 731 % >=0.05
Arterial Hypertension 83 597 % 96 575 % >=0.05
Blood pressure, systolic 54 388 % 53 31.7% >=0.05
Blood pressure, diastolic 24 173 % 23 13.8 % >=0.05
Dyspnea 53 381 % 76 455 % >=0.05
Edema 13 9.4 % 18 10.8 % >=0.05
Angina Pectoris 37 26.6 % 41 24.6 % >=0.05
AMI Anamnese 22 15.8 % 29 174 % >=0.05
Arrhytmia 6 43 % 12 7.2 % >=0.05
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Figure 23

0.54d Id 24d 4d 6d 8d

Glucose (mg/dl) n 483.0 | 4430 | 93.0 109.0 | 200.0 191.0
Kreatinin (mg/dl) 0.9 1.2 1.3 1.6 2.4 2.5 23
Hb (g/dl) 137 1 43 10.0 11.0 9.0 10.9 10.9

Leukozyten (x1000/uly | 12.0 | 7.3 15.1 238 234 14.5 15.9

CKMB (U/) 23.0 | 2420 | 3460 n 41.0 30.0 21.0

CRP {(mgfl) 23 <2 12.5 157.2 | 387.7 306.8 301.3

NT proBNP (pg/ml) 825.9 | 2735.2 | 5498.5 | 11354.3 | 33418.6 | 28867.9 | 31457.5

BNP (pg/ml) 121.8 | 274.3 | 1443.7 | 2013.6 | 47923 | 4511.1 | 39395
Troponin T (ug/L) 118 | 11.63 | 7.20 6.72 7.19 9.35 11.34
PLGF (pg/ml) 282 1 217 | 251 36.6 6.6 44.2 4.8

PAPP-A (mIU/L) 0.67 3.18 4.8 4.57 8.65
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Figure 24

[ ¥ [ £ ten] o [ ] [} [ o
o} ) L ) ) [ ] L] ¥ ) ]
L o] L{¥ (] Y 3 T ] [ H
ho ) =T i © nt} e t o -
e gyaadagy



Patent Application Publication  Sep. 22,2011 Sheet250f28  US 2011/0229907 A1

Figure 25
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Figure 26
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Figare 27
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Figure 28

12000
10000
BOOO
&000
4000
2000

whid anmondkin

R
P



US 2011/0229907 Al

USE OF CARDIAC HORMONES TO ASSESS
RISK OF CARDIOVASCULAR
COMPLICATION FROM VOLUME
OVERLOAD

RELATED APPLICATIONS

[0001] This application is a divisional of U.S. Ser. No.
11/079,162 filed Mar. 14, 2005 and claims priority to EP
04006080.8 filed Mar. 15, 2004.

FIELD OF THE INVENTION

[0002] The present invention relates to the use of cardiac
hormones for assessing the risk of suffering from a cardio-
vascular complication as a consequence of intravasal volume
overload.

BACKGROUND

[0003] An aim of modern medicine is to provide personal-
ized or individualized treatment regimens. Those are treat-
ment regimens which take into account a patient’s individual
needs orrisks. A particularly important risk is the presence of
a cardiovascular complication, particularly an unrecognized
cardiovascular complication.

[0004] Cardiovascular complications, particularly heart
diseases, are the leading cause of morbidity and mortality in
the Western hemisphere. Cardiovascular complications can
remain asymptomatic for long periods of time. Therefore,
reliable diagnosis of the presence of a cardiovascular compli-
cation is more difficult and error-prone than generally
believed (Svendstrup Nielsen, L., et al. (2003). N-terminal
pro-brain natriuretic peptide for discriminating between car-
diac and non-cardiac dyspnea. The European Journal of Heart
Failure)

[0005] It has been noted recently that a small increase in
intravasal volume (volume overload) can lead to a cardiovas-
cular complication, possibly followed by cardiac decompen-
sation and even death. Many pharmaceutical drugs cause fluid
retention, either as wanted effects or unwanted side-effects.
This canlead to intravasal volume increase, which in turn can
lead to a cardiovascular complication or to deterioration of a
pre-existing cardiovascular complication. For example, a dia-
betes drug, pioglitazone, has caused heart failure and build-up
of fluid in lungs in 6 men with poor kidney or poor heart
function (Reuters Health E-line Sep. 9, 2003).

[0006] Ithas also been reported that transfusion of a single
unit of erythrocytes (red blood cells) was sufficient to pre-
cipitate acute respiratory stress (dyspnea) in patients with an
underlying but unrecognized cardiac or pulmonary disease.
Similarly, platelet or plasma transfusions have been reported
to cause volume overload (Kleinman, S., Chan, P., et al.
(2003). Risks associated with transfusion of cellular blood
components in Canada. Transfusion Medicine Reviews
17(2): 120-162).

[0007] Currently, only patients with a known history of
heart disease or hypertension receive a closer monitoring, in
case of a treatment resulting in an increase in intravasal vol-
ume. In particular, general practitioners and non-cardiolo-
gists have no means to identify a previously unrecognized
cardiovascular problem.

[0008] In the prior art, no hint is given how the risk of a
cardiovascular complication associated with volume over-
load can be diagnosed. Particularly, no reference has been

Sep. 22,2011

made how such diagnosis can be made in patients that have no
known history of cardiovascular complications.

[0009] Therefore, there is a need to for a method or means
to identify risk patients before they receive treatment that
results in volume overload. Particularly, there is a need to
provide a suitable diagnostic means. Particularly, there is a
need for a diagnostic means that allows identifying risk
patients that have no history ofa cardiovascular complication.
In particular, the diagnostic means should be reliable and
suited for use by general practitioners and non-cardiologists.

SUMMARY OF THE INVENTION

[0010] The object of the invention is attained by a method
for diagnosing the risk of a patient of suffering from a car-
diovascular complication as a consequence of an increase of
intravasal volume, comprising the steps of:

[0011] (a) measuring, preferably in vitro, the patient’s
level of a cardiac hormone, particularly a natriuretic
peptide,

[0012] (b) diagnosing the risk of the patient by compar-
ing the measured level to known levels associated with
different grades of risk in a patient.

[0013] The method may also comprise the step of taking a
body fluid or tissue sample of the patient. Within the present
invention, taking of the body fluid or tissue sample can pref-
erably be carried out by non-medical staff (i.e. not having an
education necessary for carrying out the profession of a phy-
sician). This applies in particular when the body sample is
blood.

[0014] The object of the invention is also attained by use of
a diagnostic means for measuring, preferably in vitro, a
patient’s level of a cardiac hormone, particularly a natriuretic
peptide, for diagnosing the patient’s risk of suffering from a
cardiovascular complication as a consequence of an increase
of intravasal volume. Preferably the level is determined in a
body fluid or tissue sample of the patient.

[0015] The present invention provides simple and inexpen-
sive methods and means to screen patients, who are present-
ing with volume overload or are about to receive medication
or treatment resulting in volume overload, for their risk to
develop a cardiovascular complication as a consequence of
said volume overload. The present invention also provides
levels of cardiac hormones indicating the existence or sevet-
ity of a cardiovascular complication in patients with or with-
out obvious symptoms of a cardiovascular complication.

BRIEF DESCRIPTION OF THE FIGURES

[0016] FIG. 1: Homodynamic data in 16 healthy volunteers
undergoing tilting maneuvers. Data are meanzstandard
deviation. SABP, DABP, and MAP systolic, diastolic, and
mean arterial blood pressure; HR: heart rate; LAD: left atrial
diameter; Data for LAD are given in percent of baseline (BL).
*: between group differences p<0.05; ANOVA repeated mea-
sures.

[0017] FIG. 2: The course of plasma levels of NT-proANP
(upper panel), NT-proBNP (middle panel), and relaxin
(RLX) in 16 healthy volunteers subjected to sequential tilting
maneuvers in two groups of n=8. Circles denote subjects
positioned into the feet-down position first and in the head-
down position afterwards; squares denote subjects subjected
to an opposite tilting sequence. Data are given as percent of
baseline values set to 100% as mean+SEM. *: between group
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difference p<0.05; ANOVA repeated measures. @ : significant
(p<0.05) difference in comparison with baseline values
(paired student’s t-test).

[0018] FIG.3: Homodynamic data in 10 healthy volunteers
in the control and the sodium loading (intravasal volume
increase, Na+) group. Data are meansstandard deviation (ab-
solute data). MAP: mean arterial blood pressure; HR: heart
rate; LAD: left atrial diameter; T: time; *: between group
differences p<0.05; Friedman’s test followed by Wilcoxon’s
matched pairs test. § intraindividual difference in comparison
with baseline levels p>0.05.

[0019] FIG. 4: The course of plasma levels of NT-proANP
(upper panel), NT-proBNP (middle panel), and relaxin
(RLX) in 10 healthy volunteers during the control-protocol
(circles) and the sodium-loading (intravasal volume increase)
protocol (squares). Data are given as mean+SEM. *: between
group difference p<0.05; &: significant (p<0.05) difference
in comparison with baseline values (Wilcoxon’s matched
pairs test).

[0020] FIG. 5: The course of urine flow (UV), fractional
excretion of sodium (FENa), and creatinine clearance
(CCrea) in 10 healthy volunteers during the sodium-loading
(intravasal volume increase) protocol. Data are given as
mean=SEM. T: significant (p<0.05) difference in comparison
with baseline values. §: significant (p<0.05) difference in
comparison with 10:00 values (before sodium infusion); Wil-
coxon’s matched pairs test.

[0021] FIG. 6: The course of urinary excretion of
NT-proBNP (UNT-proBNP), urinary excretion of relaxin
(URLX), and urodilatin (UURQ) in 10 healthy volunteers
during the sodium-loading (intravasal volume increase) pro-
tocol. Data are given as mean=SEM and are expressed as the
ratio between hormone concentration per pmol creatinine. §:
significant (p<0.05) difference in comparison with baseline
values. §: significant (p<0.05) difference in comparison with
10:00 values (before sodium infusion); Wilcoxon’s matched
pairs test.

[0022] FIG.7: Correlation analyses between urine flow and
fractional excretion of sodium versus plasma and urinary
hormone excretion of NT-proANP, NT-proBNP, and relaxin
in healthy volunteers throughout the observation period.
Spearman’s rank correlation test calculated on the pooled
data from 10 healthy volunteers during an observation period
of ten hours after an infusion of 20 m1*kg-1 isotonic saline.
UV, urine flow; FENa: fractional excretion of sodium; pl.,
plasma; ur., urine. Correlations are given as “Spearman’s
rho”. m.s. analysis was not feasible due to missing samples.
n.s. not significant. *: p<0.05

[0023] FIG.8: Frequency distribution of NT-proBNP levels
(median) in blood donors (n=2948) at the age of 18-65 years
(18-29 years, 30-39 years, 40-49 years, 50-59 years, 60-65
years). M, male; F, female.

[0024] FIG. 9: Age group classified and gender-specific
NT-proBNP levels in blood donors. N, number of blood
donors. m, male; f, female.

[0025] FIG. 10: Follow-up (12 month) of N=48 blood
donors with elevated NT-proBNP levels.

[0026] FIG.11: NT-proBNP levels in blood donors and the
relation to hemoglobin levels. m, male (diamonds); f, female
(squares), t, total (triangles).

[0027] FIG. 12: Age-group and gender-specific
NT-proBNP levels (median) in blood donors in relation to
creatinine levels. N, number of blood donors.
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[0028] FIG. 13: Characteristics of the study population of
patients presenting with suspected cardiac disorders. t, total;
m, male; f, female.

[0029] FIG. 14: NT-proBNP levels in patients according to
LVEF and NYHA classification.

[0030] FIG. 15: NT-proBNP levels in males according
LVEF.
[0031] FIG. 16: NT-proBNP levels in females according
LVEF.
[0032] FIG. 17: Patients with NT-proBNP levels below cut-

off (male: 84 pg/ml; female 155 pg/ml) with reduced LVEF.
[0033] FIG. 18: NT-proBNP levels in patients with atrial
fibrillation compared to patients without atrial fibrillation.
[0034] FIG. 19: NT-proBNP levels in patients with myo-
cardial infarct anamnesis (AMI) in comparison to patients
without AMI anamnesis.

[0035] FIG. 20: NT-proBNP levels in patients with angina
pectoris in comparison to patients without angina pectoris
[0036] FIG. 21: NT-proBNP levels in patients with elevated
creatinine levels.

[0037] FIG. 22: NT-proBNP levels in patients with regular
thyroid function in comparison to patients with thyroid dys-
function.

[0038] FIG. 23: NT-proBNP and BNP levels in a patient
with septic infarction and subsequent pulmonary congestion.
Hb, hemoglobin; Leukozyten, leukocytes,

[0039] FIG. 24: NT-proBNP levels in patient 005 of
Example 8. Pat., patient.

[0040] FIG. 25: NT-proBNP levels in patient 025 of
Example 8. Pat., patient.

[0041] FIG. 26: NT-proBNP levels in patient 047 of
Example 8. Pat., patient.

[0042] FIG. 27: NT-proBNP levels in patient 066 of
Example 8. Pat., patient.

[0043] FIG. 28: NT-proBNP levels in patient 085 of
Example 8. Pat., patient.

DETAILED DESCRIPTION OF THE INVENTION

[0044] The use of natriuretic peptides as molecular or bio-
chemical markers is known as such, In WO 02/089657, it has
been suggested to measure brain natriuretic peptide (BNP) to
diagnose myocardial infarction. In WO 02/083913 ithas been
suggested to use BNP to predict near-term morbidity or mor-
tality in patients with non-ST-elevated acute coronary syn-
dromes.

[0045] The present invention is particularly advantageous
to general practitioners, specialized physicians, and special-
ized wards, departments, or clinics which frequently have no
access to extensive cardiological examination by cardiolo-
gists. The present invention provides means and methods to
such non-cardiologists for simple and reliable screening of
patients for those patients who are posed at risk of suffering
from a cardiovascular complication as a consequence of an
increase of intravasal volume.

[0046] The invention takes advantage of certain biochemi-
cal or molecular markers. The terms “biochemical marker”
and “molecular marker” are known to the person skilled in the
art. In particular, biochemical or molecular markers are gene
expression products which are differentially expressed (i.e.
upregulated or downregulated) in presence or absence of a
certain condition, disease, or complication. Usually, a
molecular marker is defined as a nucleic acid (such as an
mRNA), whereas a biochemical marker is a protein or pep-
tide. The level of a suitable biochemical or molecular marker
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can indicate the presence or absence of the condition, disease,
or complication, and thus allow diagnosis.

[0047] The present invention particularly takes advantage
of cardiac hormones, more particularly natriuretic peptides,
as biochemical markers. Also taking advantage of combina-
tions of any cardiac hormones or natriuretic peptides as bio-
chemical markers is considered in the context of the present
invention.

[0048] The cardiac hormones according to the present
invention comprise natriuretic peptides and urotensin. Par-
ticularly, cardiac hormones according to the present invention
are natriuretic peptides.

[0049] Natriuretic peptides according to the present inven-
tion comprise ANP-type and BNP-type peptides and variants
thereof (see e.g. Bonow, R. O. (1996). New insights into the
cardiac natriuretic peptides. Circulation 93: 1946-1950).
[0050] ANP-type peptides comprise pre-proANP, proANP,
NT-proANP, and ANP.

[0051] BNP-type peptides comprise pre-proBNP, proBNP,
NT-proBNP, and BNP.

[0052] The pre-pro peptide (134 amino acids in the case of
pre-proBNP) comprises a short signal peptide, which is enzy-
matically cleaved off to release the pro peptide (108 amino
acids in the case of proBNP). The pro peptide is further
cleaved into an N-terminal pro peptide (NT-pro peptide, 76
amino acids in case of NT-proBNP) and the active hormone
(32 amino acids in the case of BNP, 28 amino acids in the case
of ANP).

[0053] Preanalytics are more robust with NT-proBNP
allowing easy transportation of the sample to a central labo-
ratory (Mueller T, Gegenhuber A, Dieplinger B, Poelz W,
Haltmayer M. Long-term stability of endogenous B-type
natriuretic peptide (BNP) and amino terminal proBNP (N'T-
proBNP) in frozen plasma samples. Clin Chem Lab Med
2004; 42: 942-4.). Blood samples can be stored at room
temperature for several days or may be mailed or shipped
without recovery loss. In contrast, storage of BNP for 48
hours at room temperature or at 4° Celsius leads to a concen-
tration loss of at least 20% (Mueller T, Gegenhuber A, et al.,
Clin Chem Lab Med 2004; 42: 942-4, supra; Wu A H, Packer
M, Smith A, BijouR, Fink D, Mair J, Wallentin L, Johnston N,
Feldcamp C S, Haverstick D M, Ahnadi C E, Grant A,
Despres N, Bluestein B, Ghani F. Analytical and clinical
evaluation of the Bayer ADVIA Centaur automated B-type
natriuretic peptide assay in patients with heart failure: a mul-
tisite study. Clin Chem 2004; 50: 867-73.).

[0054] Preferred natriuretic peptides according to the
present invention are NT-proANP, ANP, NT-proBNP, BNP,
and variants thereof. ANP and BNP are the active hormones
and have a shorter half-life than their respective inactive
counterparts, NT-proANP and NT-proBNP. Therefore,
depending on the time-course that is of interest, either mea-
surement of the active or the inactive forms can be advanta-
geous. The most preferred natriuretic peptides according to
the present invention are NT-proBNP and variants thereof.
[0055] The term “variants” in this context relates to pep-
tides substantially similar to said peptides. The term “sub-
stantially similar” is well understood by the person skilled in
the art. In particular, a variant may be an isoform or allele
which shows amino acid exchanges compared to the amino
acid sequence of the most prevalent peptide isoform in the
human population. Preferably, such a substantially similar
peptide has a sequence similarity to the most prevalent iso-
form of the peptide of at least 80%, preferably at least 85%,
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more preferably at least 90%, most preferably at least 95%.
Substantially similar are also proteolytic degradation prod-
ucts which are still recognized by the diagnostic means or by
ligands directed against the respective full-length peptide.
[0056] Theterm “variant” also relates to a post-translation-
ally modified peptide such as glycosylated peptide. A “vari-
ant” is also a peptide which has been modified after collection
of the sample, for example by covalent or non-covalent
attachment of a label, particularly a radioactive or fluorescent
label, to the peptide.

[0057] Other embodiments of the invention include the
measuring of different cardiac hormones in combination,
simultaneously or non-simultaneously. For example, measur-
ing different cardiac hormones can yield important additional
information, e.g. on the time course of an intravasal volume
increase. For example, the level of NT-proBNP rises more
slowly than the level of NT-proANP. On the other hand, after
a volume increase, the level of NT-proBNP remains elevated
for a longer period of time than the level of NT-proANP (see
Example 2). Therefore, the present invention also relates to
measuring both an ANP-type peptide, or a variant thereof, and
a BNP-type peptide, or a variant thereof. The present inven-
tion also relates to measuring the level of NT-proBNP at least
6 hours after onset of the intravasal volume increase. The
present invention also relates to measuring the level of NT-
proANP between 2 and 5 hours after onset of the intravasal
volume increase.

[0058] Diagnosing according to the present invention
includes monitoring, confirmation, subclassification and pre-
diction of the relevant disease, complication, or risk. Moni-
toring relates to keeping track of an already diagnosed dis-
ease, or complication, e.g. to analyze the progression of the
discase or the influence of a particular treatment on the pro-
gression of disease or complication. Confirmation relates to
the strengthening or substantiating a diagnosis already per-
formed using other indicators or markers. Subclassification
relates to further defining a diagnosis according to different
subclasses of the diagnosed disease, e.g. defining according
to mild and severe forms of the disease. Prediction relates to
prognosing a disease or complication before other symptoms
or markers have become evident or have become significantly
altered.

[0059] Individuals suffering from a cardiovascular disease
can be individuals suffering from stable angina pectoris
(SAP) and individuals with acute coronary syndromes
(ACS). ACS patients can show unstable angina pectoris
(UAP) or these individuals have already suffered from a myo-
cardial infarction (MI). MI can be an ST-elevated MI or a
non-ST-elevated MI. The occurring of an M1 can be followed
by aleft ventricular dysfunction (LVD). Finally, LVD patients
undergo congestive heart failure (CHF) with a mortality rate
of roughly 15%.

[0060] Cardiovascular diseases have been classified into a
functional classification system according to the New York
Heart Association (NYHA). Patients of Class I have no obvi-
ous symptoms of cardiovascular disease. Physical activity is
not limited, and ordinary physical activity does not cause
undue fatigue, palpitation, or dyspnea (shortness of breath).
Patients of class II have slight limitation of physical activity.
They are comfortable at rest, but ordinary physical activity
results in fatigue, palpitation, or dyspnea. Patients of class 111
show a marked limitation of physical activity. They are com-
fortable at rest, but less than ordinary activity causes fatigue,
palpitation, or dyspnea. Patients of class IV are unable to
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carry out any physical activity without discomfort. They
show symptoms of cardiac insufficiency at rest. If any physi-
cal activity is undertaken, discomfort is increased.

[0061] Accordingly, patients can be divided into individu-
als showing no clinical symptoms and those with symptoms
(e.g. dyspnea).

[0062] Another characteristic of cardiovascular diseases
can be the “left ventricular ejection fraction” (LVEF) which is
also known as “ejection fraction”. People with a healthy heart
usually have an unimpaired LVEF, which is generally
described as above 50%. Most people with a systolic heart
disease which is symptomatic generally have an LVEF of
40% or less.

[0063] The present invention relates to “cardiovascular
complications™ developing as a consequence of intravasal
volume increase.

[0064] A “cardiovascular complication” according to the
present invention relates to any cardiovascular disease, event,
or any secondary complication, e.g. pulmonary congestion or
congested lung (which can result e.g. from left ventricular
insufficiency).

[0065] Particularly, “cardiovascular complication” relates
to coronary heart disease, SAP, ACS, UAP, M, ST-elevated
MI, non-ST-elevated MI, LVD, CHF, and pulmonary conges-
tion.

[0066] More particularly, “cardiovascular complication”
relates to ACS, UAP, M1, ST-elevated MI, non-ST-elevated
MI, LVD, CHF, and pulmonary congestion.

[0067] A cardiovascular complication according to the
present invention may cause symptoms, particularly symp-
toms according to NYHA class II-IV, more particularly
according to NYHA class [1I-IV.

[0068] A cardiovascular complication may be associated
with an LVEF of 40% or less.

[0069] A cardiovascular complication may either be “com-
pensated” or “decompensated”. Compensated means that the
regular oxygen need of the body can still besatisfied, whereas
decompensated means that the regular oxygen need of the
body is not satisfied anymore.

[0070] “Suffering from a cardiovascular complication”
according to the present invention also includes deterioration
of a pre-existing cardiovascular complication.

[0071] The term “patient” according to the present inven-
tion relates to a healthy individual, an apparently healthy
individual, or particularly an individual suffering from a dis-
ease. Particularly, the patient is suffering from or treated for
diabetes, (diabetes type I or type IT), rheumatism, rheumatoid
arthritis, inflammatory diseases, or cancer. Even more pat-
ticularly, the patient has no known history of cardiovascular
complication, and/or no or little (NYHA class I or II) symp-
toms of a cardiovascular complication, and/or he is not being
treated for a cardiovascular complication. However, also
healthy volunteers who have no signs or history of a cardio-
vascular complication are considered to be patients according
to the present invention.

[0072] Preferably, the patient is a patient whose intravasal
volume is increased or will be increased. The intravasal vol-
ume increase may be present or it may be going to take place
in the future.

[0073] Intravasal volume relates to the total volume of the
cellular (e.g. erythrocytes) and non-cellular (blood plasma)
blood components. The intravasal volume of an adult indi-
vidual is typically in the range from 4 to 6 liters.
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[0074] According to the present invention, a intravasal vol-
ume increase relates to an increase in intravasal volume of at
least 5%, particularly at least 10% and more particularly at
least 20% of the intravasal volume of the patient. For
example, an increase of a single unit of blood (500 ml, which
roughly equals a 10% increase of intravasal volume), particu-
larly at least two units, more particularly at least 3 units, is
considered to be aintravasal volume increase according to the
present invention.

[0075] A “transient” intravasal volume increase is an intra-
vasal volume increase present only once within a given period
of time. It is characterized by an increase and subsequent
decrease in intravasal volume to a near-normal value within a
short time period, particularly within 12 hours, more particu-
larly within 6 hours, and most particularly within 30 minutes
after onset of the intravasal volume increase.

[0076] An intravasal volume increase is considered to be
“sustained” if it manifests itself more slowly than a “tran-
sient” intravasal volume increase and/or ifit is present over a
longer period of time, e.g. one day, several days, or weeks.
[0077] Examples for typical transient intravasal volume
increases include oral application of liquids, and infusions or
transfusions. E.g. drinking of water, soup, infusion of plasma,
parenteral administration of nutrients and blood transfusions
typically cause a transient increase of intravasal volume.
[0078] “Infusions” include, but are not limited to parenteral
or intravenous infusions of blood, plasma, erythrocytes,
thrombocytes, electrolytes, antibiotics or other medicaments,
or nutrients. “Transfusions” particularly include transfusions
of'blood, plasma, erythrocytes, thrombocytes, or electrolytes.
[0079] Examples for a sustained increase include the con-
stant intravenous application of liquids, and particularly the
administration of drugs that cause water retention.

[0080] Even a small but sustained increase in intravasal
volume can put considerable strain on the cardiovascular
system. Therefore, a sustained increase can be particularly
dangerous to the patient. A sustained increase may be termi-
nated or treated for example by application of diuretics. Fur-
ther examples for treatment options are given below.

[0081] It is known to the person skilled in the art, under
what circumstances a cardiovascular complication can be
considered to occur “as a consequence” of the intravasal
volume increase. Particularly, a cardiovascular complication
is considered to occur as a consequence of the intravasal
volume increase, if it occurs within one day, particularly
within 12 hours, more particularly within 4 hours after onset
of a transient intravasal volume increase. Alternatively, a
cardiovascular complication is considered to occur as a con-
sequence of the intravasal volume increase, if occurs within a
day, a few days or a few weeks after onset of a sustained
intravasal volume increase.

[0082] The intravasal volume increase may be caused by
disease or artificially. Examples for diseases causing intra-
vasal volume increase include sepsis and diseases which
cause an increase of intravasal protein concentrations (e.g.
gammopathies).

[0083] Sepsis, or blood poisoning, can lead to serious dis-
turbance of the water balance. Decreases of intravasal volume
can be followed by increases of intravasal volume and vice
versa, frequently in rapid succession. Additionally, treatment
may require the infusion of large amounts of liquid (up to
several liters). The present invention allows closely monitor-
ing any risks of a cardiovascular complication to develop as a
consequence of increases in intravasal volume. Thus, treat-
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ment of the primary disease can be adapted to this risk, or it
canbe accompanied by cardiovascular medication. The effect
of a substitution oflost intravasal volume or an administration
of vasopressive drugs can be closely monitored by measuring
the level of a cardiac hormone according to the present inven-
tion.

[0084] Artificial intravasal volume increase may be due to
medical treatment or experimental treatment.

[0085] Medical treatment leading to intravasal volume
increase includes oral administration of liquids, infusions,
transfusions, and administration of drugs which cause water
retention.

[0086] Intravasal volume increase caused by administra-
tion of drugs usually takes longer to develop than an increase
caused by infusions, transfusions, or orally administered lig-
uids. Therefore, drugs typically induce a slow but sustained
volume increase, whereas infusions, transfusions, or orally
administered liquids cause a rapid but transient volume
increase.

[0087] Drugs causing water retention are known to the pet-
son skilled in the art. Particularly, such drugs include anti-
inflammatory drugs (including non-steroid anti-rheumatics,
Cox-2 inhibitors, particularly selective Cox-2 inhibitors, cor-
ticosteroids), diabetes drugs, estrogens, and TNF inhibitors.
[0088] Examples for anti-inflammatory drugs (including
non-steroidal anti-rheumatics (also referred to as non-steroi-
dal anti-inflammatory drugs) include Alclofenac; Alclometa-
sone Dipropionate; Algestone Acetonide; Alpha Amylase;
Amcinafal; Amcinafide; Amfenac Sodium; Amiprilose
Hydrochloride; Anakinra; Anirolac; Anitrazafen; Apazone;
Balsalazide Disodium; Bendazac; Benoxaprofen; Benzy-
damine Hydrochloride; Bromelains; Broperamole; Budes-
onide; Carprofen; Cicloprofen; Cintazone; Cliprofen; Clobe-
tasol  Propionate; Clobetasone Butyrate; Clopirac;
Cloticasone Propionate; Cormethasone Acetate; Cortodox-
one; Cox-2 inhibitors (particularly specific Cox-2 inhibitors,
more particularly Celecoxib, Rofecoxib (VIOXX)); Deflaza-
cort; Desonide; Desoximetasone; Dexamethasone Dipropi-
onate; Diclofenac; Diclofenac Potassium; Diclofenac
Sodium; Diflorasone Diacetate; Diflumidone Sodium;
Diflunisal; Difluprednate; Diftalone; Dimethyl Sulfoxide;
Drocinonide; Endrysone; Enlimomab; Enolicam Sodium;
Epirizole; Etodolac; Etofenamate; Felbinac; Fenamole; Fen-
bufen; Fenclofenac; Fenclorac; Fendosal; Fenpipalone; Fen-
tiazac, Flazalone; Fluazacort; Flufenamic Acid; Flumizole;
Flunisolide Acetate; Flunixin; Flunixin Meglumine; Fluocor-
tin Butyl; Fluormetholone Acetate; Fluquazone; Flurbipro-
fen; Fluretofen; Fluticasone Propionate; Furaprofen;
Furobufen; Halcinonide; Halobetasol Propionate; Halopre-
done Acetate; Ibufenac; Ibuprofen; Ibuprofen Aluminium;
Ibuprofen Piconol; Ilonidap; Indomethacin; Indomethacin
Sodium; Indoprofen; Indoxole; Intrazole; Isoflupredone
Acetate; Isoxepac; Isoxicam; Ketoprofen; Lofemizole
Hydrochloride; Lornoxicam; Loteprednol Etabonate;
Meclofenamate Sodium; Meclofenamic Acid; Meclorisone
Dibutyrate; Mefenamic Acid; Mesalamine; Meseclazone;
Methylprednisolone Suleptanate; Morniflumate; Nabume-
tone; Naproxen; Naproxen Sodium; Naproxol; Nimazone;
Olsalazine Sodium; Orgotein; Orpanoxin; Oxaprozin,
Oxyphenbutazone; Paranyline Hydrochloride; Pentosan
Polysulfate Sodium; Phenbutazone Sodium Glycerate; Pir-
fenidone; Piroxicam; Piroxicam Cinnamate; Piroxicam Ola-
mine; Pirprofen; Prednazate; Prifelone; Prodolic Acid; Pro-
quazone; Proxazole; Proxazole Citrate; Rimexolone;
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Romazarit; Salcolex; Salnacedin; Salsalate; Salycilates; San-
guinarium Chloride; Seclazone; Sermetacin; Sudoxicam;
Sulindac; Suprofen; Talmetacin; Talniflumate; Talosalate;
Tebufelone; Tenidap; Tenidap Sodium; Tenoxicam; Tesicam;
Tesimide; Tetrydamine; Tiopinac; Tixocortol Pivalate; Tol-
metin; Tolmetin Sodium; Triclonide; Triflumidate;
Zidometacin; Zomepirac Sodium.

[0089] Examples for corticosteroids include cortisone;
fluocortolone; hydrocortisone; methyl-prednisolone; pred-
nisolone; prednisone; prednylidene.

[0090] Examples for diabetes drugs include thiazo-
lidinedones, for example glitazone; medione; pioglitazone;
rosiglitazone; troglitazone. Also combinations of such drugs
with insulin, sulfonylurea, and metformin are diabetes drugs
according to the present invention.

[0091] Estrogens can be natural or synthetic, conjugated or
unconjugated. Examples for estrogens include estradiol,
estriol; estradiolvalerate; estrone; ethinylestradiol; mestra-
nol.

[0092] Examples for TNF inhibitors include Etanercept
and Infliximab.
[0093] Tt has been noted recently, that selective Cox-2

inhibitors can lead to cardiovascular complications, possibly
followed by cardiac decompensation and even death. In a
recent study (APPROVE study (Adenomatous Polyp Preven-
tion On VIOXX)) even in the early post-observation phase
higher blood pressure levels had been noticed with 25 mg
rofecoxib than with a placebo. Only patients without any
recognisable cardiovascular risk were included in that study
for the secondary prevention of colon adenomas.

[0094] The term “non-steroidal anti-rheumatics” (also
referred to as non-steroidal anti-inflammatory drugs or
NSAIDs) is known to the person skilled in the art. NSAIDs
inhibit cyclooxygenases (also known as prostaglandin-H-
synthetases). Cyclooxygenases catalyze the reaction from
arachidonic acid to prostaglandin H2 (a cyclic endoperoxide),
which 1s the precursor of prostaglandin 12 (also known as
prostacycline), thromboxane A2, and other prostaglandins.
Prostaglandins play a significant role in pain, fever, and
inflammatory reactions. There are two isoforms of cyclooxy-
genases, Cox-1 and Cox-2. The Cox-2 gene is an immediate
early gene and is induced under conditions of tissue damage,
pain reactions, or inflammatory reactions. Thus, NSAIDs
include Cox-1 inhibitors and Cox-2 inhibitors. The NSAIDs
may inhibit both isoforms or they may be selective for one
isoform (i.e. they inhibit only one of the two isoforms at the
therapeutic dosage).

[0095] Examples for unspecific NSAIDs include Ibupro-
fen; Flurbiprofen; Naproxen; Flufenamic Acid; Mefenamic
Acid, Piroxicam; Diclofenac; Phenbutazone Sodium Glycer-
ate; Indometacin; Tenoxicam.

[0096] Selective Cox-2 inhibitors according to the present
invention are compounds which, under therapeutic condi-
tions, do inhibit expression or, preferably, the enzymatic
function of Cox-2, whereas not significantly inhibiting
expression or, preferably, the enzymatic function of Cox-1.

[0097] Examples for selective Cox-2 inhibitors include
coxibes (e.g. celecoxib, rofecoxib, etoricoxib, valdecoxib,
parecoxib (a pro-drug of wvaldecoxib), lumiracoxib),
meclofenatmate, sulindac sulphide, diclofenac, nimesulide,
meloxicam, etodolac, NS398, [.-745,337, DFP (3-(2-propy-
loxy)-4-(4-methylsulphonylphenyl)-5,5-dimethylfuranone).
The latter three compounds are described in Warner, T. D., et
al., 1999).
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[0098] Theenzymatic function of the two cyclooxygenases
can be measured according to methods known in the art,
including suitable in vivo orin vitro tests. A typical marker for
the enzymatic function of Cox-1 is the formation of throm-
boxane A2, whereas a typical marker for the enzymatic func-
tion of Cox-2 is the formation of prostaglandins (e.g. pros-
taglandin E2 from macrophages.

[0099] Examples for a suitable test systems have been pub-
lished (e.g. Warner, T. D., Giuliano, F., Vojnovic, 1., et al.
(1999). Nonsteroid drug selectivities for cyclo-oxygenase-1
rather than cyclo-oxygenase-2 are associated with human
gastrointestinal toxicity: A full in vitro analysis. Proceedings
of the National Academy of Sciences USA, vol. 96., pp.
7563-7568, a relevant erratum has been published in vol.
96(17), p. 9966d). This assay will be referred to as the Will-
iam Harvey Modified Assay. The assay is described in detail
in Warner T. D., et al. supra, on page 7563-4, the description
of which is expressly incorporated herein by reference.

[0100] Preferably, a selective Cox-2 inhibitor according to
the present invention is more than 5-fold Cox-2 selective
according to the William Harvey Modified Assay, more pref-
erably more than 50-fold Cox-2 selective according to the
William Harvey Modified Assay (see Warner, T. D. et al.,
supra, FIG. 3 on page 7567).

[0101] Alternatively, the selective Cox-2 inhibitor accord-
ing to the present invention is a compound preferably being
more selective for Cox-2 than diclofenac, more preferably
being more selective for Cox-2 than nimesulide, even more
preferably at least as selective as for Cox-2 as celecoxib under
therapeutic conditions.

[0102] Inanother preferred embodiment, the present inven-
tion relates to means and methods for diagnosing the risk of a
patient of suffering from a cardiovascular complication as a
consequence of the increase of intravasal volume, wherein the
increase of intravasal volume is caused artificially, by infu-
sion or transfusion of liquids, or by administration of a “cox-
ibe”. Examples for coxibes include celecoxib (CELEBREX,
Pfizer), rofecoxib (VIOXX, Merck), etoricoxib, valdecoxib,
parecoxib (a pro-drug of valdecoxib), lumiracoxib (PREX-
IGE, Novartis). Other similar compounds, several of which
are under development and examination, are also included in
the scope of the present invention.

[0103] Also experimental treatment can lead to intravasal
volume increase. Notably, also tilting of the body can simu-
late increase of intravasal volume and lead to a release of
cardiac hormones. Thus, the present invention also relates to
amethod for diagnosing the risk of a patient of suffering from
a cardiovascular complication as a consequence of an
increase of intravasal volume, said method comprising the
additional step of tilting the patient before the cardiac hor-
mone, preferably a natriuretic peptide, is measured. Tilting,
combined with a method of diagnosis according to the present
invention, allows to diagnose the risk in a carefully controlled
medical environment. As the strain on the cardiovascular
system by tilting is reversible, a tilting procedure can provide
valuable diagnostic information in a safe experimental set-
ting.

[0104] Tilting may also serve to assess a healthy volun-
teer’s risk of suffering from a cardiovascular complication. In
particular, the tilting procedure may be advantageous in
physical examinations of persons experiencing sudden
changes in blood pressure or blood distribution, such as
pilots, skydivers, bungee jumpers, and astronauts.
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[0105] According to the present invention, tilting relates to
any means capable of redistributing blood to the upper body
as compared to theblood distribution in the standing or supine
position. Examples include tilting of the body head down, the
use of gravitational or centrifugal force, and the use of pres-
sure suits.

[0106] In particular, tilting relates to tilting the body of the
patient, head down, by 5-90°, preferably 10-30°, more pref-
erably 10-20°, most preferably 15°. As a control, the tilting
protocol may include tilting the body of the patient feet down
by the respective degrees of tilt.

[0107] Diagnosis according to the present invention is pref-
erably done by use ofa diagnostic means. A diagnostic means
is any means that allows to measure the level amount, or
concentration of a substance of interest, particularly a peptide
or polypeptide of interest, more particularly a cardiac hor-
mone.

[0108] In another embodiment, the present invention
relates to a method of deciding about administering to a
patient an infusion, a transfusion, or a drug causing volume
overload, comprising (a) measuring, preferably in vitro, the
level of a cardiac hormone in the patient, (b) comparing the
measured level with at least one known level(s) associated
with different grades of risk in a patient, (¢) optionally initi-
ating an examination of the patient by a cardiologist, (d)
recommending or refraining from administering the infusion,
transfusion, or drug, optionally in consideration of the result
of the patient’s examination by the cardiologist. It is evident
that this method may be adapted according to all embodi-
ments of the invention as mentioned earlier in this specifica-
tion. Particularly, the method is for deciding about adminis-
tering to a patient a drug causing volume overload and the
drug being a selective Cox-2 inhibitor. Furthermore, the pre-
ferred cardiac hormone is a BNP-type peptide, particularly
BNP or NT-proBNP.

[0109] Recommending or refraining from administering
the infusion, transfusion, or drug is preferably based upon the
risk indicated by comparing the measured level to the at least
known level. As already laid out earlier, if the measured level
indicates no increased risk, then treatment may be recom-
mended. Recommending administration of the infusion,
transfusion, or drug will preferably be done if other cardio-
vascular risk factors (e.g. the Framingham score, which is
well-known to the cardiologist) also indicate a low risk of
suffering from a cardiovascular complication. If the mea-
sured level indicates an increased risk, then administering
may be recommended, but it is preferably accompanied (or
“monitored”) by further measuring of the level of the cardiac
hormones of the invention and by further diagnosis, such as
electrocardiography, echocardiography, or any other suitable
methods known to the skilled cardiologist. If the measured
level indicates a highly or very highly increased risk, then it is
preferably refrained from administering the infusion, trans-
fusion, or drug.

[0110] Optionally, the patient is examined by a cardiolo-
gist. This examination is preferably done if the measured
level indicates an increased, highly increased, or very highly
increased risk. The cardiologist may examine the patient
according to any methods or means known and deemed
appropriated. Recommending or refraining from administer-
ing the infusion, transfusion, or drug may be made in consid-
eration of the risk as indicated according to the present inven-
tion and the result of an examination by a cardiologist.
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[0111] Methods and diagnostic means which can be used to
determine the levels of the respective peptides are known to
the person skilled in the art. These methods include micro-
plate ELISA-based methods, fully-automated or robotic
immunoassays (available for example on ELECSYS analyz-
ers), CBA (an enzymatic Cobalt Binding Assay, available for
example on Roche/Hitachi analyzers), and latex agglutina-
tion assays (available for example on Roche/Hitachi analyz-
ers).

[0112] Furthermore, the person skilled in the art is familiar
with different methods of measuring the level of a peptide or
polypeptide. The term “level” relates to amount or concen-
tration of a peptide or polypeptide in a patient or a sample
taken from a patient.

[0113] The term “measuring” according to the present
invention relates to determining the amount or concentration,
preferably semi-quantitatively or quantitatively, of the
nucleic acid, peptide, polypeptide, or other substance ofinter-
est. Measuring can be done directly or indirectly. Indirect
measuring includes measuring of cellular responses, bound
ligands, labels, or enzymatic reaction products.

[0114] In the context of the present invention, amount also
relates to concentration. It is evident, that from the total
amount of a substance of interest in a sample of known size,
the concentration of the substance can be calculated, and vice
versa.

[0115] Measuring can be done according to any method
known in the art. Preferred methods are described in the
following.

[0116] In apreferred embodiment, the method for measur-
ing the level of a peptide or polypeptide of interest, particu-
larly a cardiac hormone, comprises the steps of (a) contacting
acell capable of a cellular response to the peptide or polypep-
tide with the peptide or polypeptide for an adequate period of
time, (b) measuring the cellular response.

[0117] In another preferred embodiment, the method for
measuring the level of a peptide or polypeptide of interest,
particularly a cardiac hormone, comprises the steps of (a)
contacting a peptide or polypeptide with a suitable substrate
for an adequate period of time, (b) measuring the amount of
product.

[0118] In another preferred embodiment, the method for
measuring the level of a peptide or polypeptide of interest,
particularly a cardiac hormone, comprises the steps of (a)
contacting a peptide or polypeptide with a specifically bind-
ing ligand, (b) (optionally) removing non-bound ligand, (c)
measuring the amount of bound ligand.

[0119] Preferably, the peptide or polypeptide is contained
in a sample, particularly a body fluid or tissue sample, and the
amount of the peptide or polypeptide in the sample is mea-
sured.

[0120] Peptides and polypeptides (proteins) can be mea-
sured in tissue, cell, and body fluid samples, i.e. preferably in
vitro. Preferably, the peptide or polypeptide of interest is
measured in a body fluid sample.

[0121] A tissue sample according to the present invention
refers to any kind of tissue obtained from the dead or alive
human or animal body. Tissue samples can be obtained by any
method known to the person skilled in the art, for example by
biopsy or curettage.

[0122] Body fluids according to the present invention may
include blood, blood serum, blood plasma, lymph, cerebral
liquor, saliva, and urine. Particularly, body fluids include
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blood, blood serum, blood plasma, and urine. Samples of
body fluids can be obtained by any method known in the art.
[0123] Methods to obtain cell samples include directly pre-
paring single cells or small cell groups, dissociating tissue
(e.g. using trypsin), and separating cells from body fluids, e.g.
by filtration or centrifugation. Cells according to the present
invention comprise also platelets and other non-nuclear cells,
e.g. erythrocytes.

[0124] Ifnecessary, the samples may be further processed.
Particularly, nucleic acids, peptides or polypeptides may be
purified from the sample according to methods known in the
art, including filtration, centrifugation, or extraction methods
such as chloroform/phenol extraction.

[0125] Formeasuring cellular responses, the sample or pro-
cessed sample is added to a cell culture and an internal or
external cellular response is measured. The cellular response
may include the expression of a reporter gene or the secretion
of a substance, e.g. a peptide, polypeptide, or a small mol-
ecule.

[0126] Other preferred methods for measurement may
include measuring the amount ofa ligand binding specifically
to the peptide or polypeptide of interest. Binding according to
the present invention includes both covalent and non-covalent
binding.

[0127] A ligand according to the present invention can be
any peptide, polypeptide, nucleic acid, or other substance
binding to the peptide or polypeptide of interest. It is well
known that peptides or polypeptides, if obtained or purified
from the human or animal body, can be modified, e.g. by
glycosylation. A suitable ligand according to the present
invention may bind the peptide or polypeptide also via such
sites.

[0128] Preferably, the ligand should bind specifically to the
peptide or polypeptide to be measured. “Specific binding”
according to the present invention means that the ligand
should not bind substantially to (“cross-react” with) another
peptide, polypeptide or substance present in the sample inves-
tigated. Preferably, the specifically bound protein or isoform
should be bound with at least 3 times higher, more preferably
at least 10 times higher and even more preferably at least 50
times higher affinity than any other relevant peptide or
polypeptide.

[0129] Non-specific binding may be tolerable, particularly
if the investigated peptide or polypeptide can still be distin-
guished and measured unequivocally, e.g. according to its
size on a Western Blot, or by its relatively higher abundance
in the sample.

[0130] Binding of the ligand can be measured by any
method known in the art. Preferably, the method is semi-
quantitative or quantitative. Suitable methods are described in
the following.

[0131] First, binding of a ligand may be measured directly,
e.g. by NMR or surface plasmon resonance.

[0132] Second, if the ligand also serves as a substrate of an
enzymatic activity of the peptide or polypeptide of interest, an
enzymatic reaction product may be measured (e.g. the
amount of a protease can be measured by measuring the
amount of cleaved substrate, e.g. on a Western Blot).

[0133] For measurement of enzymatic reaction products,
preferably the amount of substrate is saturating. The substrate
may also be labeled with a detectable label prior to the reac-
tion. Preferably, the sample is contacted with the substrate for
an adequate period of time. An adequate period of time refers
to the time necessary for an detectable, preferably measurable
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amount of product to be produced. Instead of measuring the
amount of product, the time necessary for appearance of a
given (e.g. detectable) amount of product can be measured.
[0134] Third, the ligand may be coupled covalently or non-
covalently to a label allowing detection and measurement of
the ligand.

[0135] Labeling may be done by direct or indirect methods.
Direct labeling involves coupling of the label directly (co-
valently or non-covalently) to the ligand. Indirect labeling
involves binding (covalently or non-covalently) of a second-
ary ligand to the first ligand. The secondary ligand should
specifically bind to the first ligand. Said secondary ligand
may be coupled with a suitable label and/or be the target
(receptor) of tertiary ligand binding to the secondary ligand.
The use of secondary, tertiary or even higher order ligands is
often used to increase the signal. Suitable secondary and
higher order ligands may include antibodies, secondary anti-
bodies, and the well-known streptavidin-biotin system (Vec-
tor Laboratories, Inc.)

[0136] The ligand or substrate may also be “tagged” with
one or more tags as known in the art. Such tags may then be
targets for higher order ligands. Suitable tags include biotin,
digoxigenin, His-Tag, Glutathione-S-Transferase, FLAG,
GFP, myc-tag, influenza A virus haemagglutinin (HA), mal-
tose binding protein, and the like. In the case of a peptide or
polypeptide, the tag is preferably at the N-terminus and/or
C-terminus.

[0137] Suitable labels are any labels detectable by an
appropriate detection method. Typical labels include gold
particles, latex beads, acridan ester, luminol, ruthenium,
enzymatically active labels, radioactive labels, magnetic
labels (“e.g. magnetic beads”, including paramagnetic and
superparamagnetic labels), and fluorescent labels.

[0138] Enzymatically active labels include e.g. horseradish
peroxidase, alkaline phosphatase, beta-Galactosidase,
Luciferase, and derivatives thereof. Suitable substrates for
detection include diaminobenzidine (DAB), 3,3'-5,5"-tetram-
ethylbenzidine, NBT-BCIP (4-nitro blue tetrazolium chloride
and 5-bromo-4-chloro-3-indolyl-phosphate, available as
ready-made stock solution from Roche Diagnostics), CDP-
Star (Amersham Biosciences), ECF (Amersham Bio-
sciences). A suitable enzyme-substrate combination may
result in a colored reaction product, fluorescence or chemilu-
minescence, which can be measured according to methods
known in the art (e.g. using a light-sensitive film or a suitable
camera system). As for measuring the enzymatic reaction, the
criteria given above apply analogously.

[0139] Typical fluorescent labels include fluorescent pro-
teins (such as GFP and its derivatives), Cy3, Cy5, Texas Red,
Fluorescein, and the Alexa dyes (e.g. Alexa 568). Further
fluorescent labels are available e.g. from Molecular Probes
(Oregon). Also the use of quantum dots as fluorescent labels
is contemplated.

[0140] Typical radioactive labels include 35S, 1251, 32P,
33P and the like. A radioactive label can be detected by any
method known and appropriate, e.g. alight-sensitive film ora
phosphor imager.

[0141] Suitable measurement methods according the
present invention also include precipitation (particularly
immunoprecipitation), electrochemiluminescence (electro-
generated chemiluminescence), RIA (radioimmunoassay),
ELISA (enzyme-linked immunosorbent assay), sandwich
enzyme immune tests, electrochemiluminescence sandwich
immunoassays (ECLIA), dissociation-enhanced lanthanide
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fluoroimmunoassay (DELFTA), scintillation proximity assay
(SPA), turbidimetry, nephelometry, latex-enhanced turbidim-
etry or nephelometry, or solid phase immune tests. Further
methods known in the art (such as gel electrophoresis, 2D gel
electrophoresis, SDS polyacrylamide gel electrophoresis
(SDS-PAGE), Western Blotting, and mass spectrometry), can
be used alone or in combination with labelling or other detec-
tion methods as described above.

[0142] Preferred ligands include antibodies, nucleic acids,
peptides or polypeptides, and aptamers, e.g. nucleic acid or
peptide aptamers. Methods to such ligands are well-known in
the art. For example, identification and production of suitable
antibodies or aptamers is also offered by commercial suppli-
ers. The person skilled in the art is familiar with methods to
develop derivatives of such ligands with higher affinity or
specificity. For example, random mutations can be introduced
into the nucleic acids, peptides or polypeptides. These deriva-
tives can then be tested for binding according to screening
procedures known in the art, e.g. phage display.

[0143] The term “antibody” as used herein includes both
polyclonal and monoclonal antibodies, as well as fragments
thereof, such as Fv, Fab and F(ab), fragments that are capable
of binding antigen or hapten. The present invention also
includes “humanized” hybrid antibodies wherein amino acid
sequences of a non-human donor antibody exhibiting a
desired antigen-specificity are combined with sequences of a
human acceptor antibody. The donor sequences will usually
include at least the antigen-binding amino acid residues ofthe
donor but may comprise other structurally and/or function-
ally relevant amino acid residues of the donor antibody as
well. Such hybrids can be prepared by several methods well
known in the art.

[0144] In another preferred embodiment, the ligand, pref-
erably chosen from the group consisting of nucleic acids,
peptides, polypeptides, more preferably from the group con-
sisting of nucleic acids, antibodies, or aptamers, is present on
an array.

[0145] Said array contains at least one additional ligand,
which may be directed against a peptide, polypeptide or a
nucleic acid of interest. Said additional ligand may also be
directed against a peptide, polypeptide or a nucleic acid of no
particular interest in the context of the present invention.
Preferably, ligands for at least three, preferably at least five,
more preferably at least eight peptides or polypeptides of
interest in the context of the present invention are contained
on the array.

[0146] According to the present invention, the term “array”
refers to a solid-phase or gel-like carrier upon which at least
two compounds are attached or bound in one-, two- or three-
dimensional arrangement. Such arrays (including “gene
chips”, “protein chips”, antibody arrays and the like) are
generally known to the person skilled in the art and typically
generated on glass microscope slides, specially coated glass
slides such as polycation-, nitrocellulose- or biotin-coated
slides, cover slips, and membranes such as, for example,
membranes based on nitrocellulose or nylon.

[0147] Thearray may include a boundligand or at least two
cells expressing each at least one ligand.

[0148] Itisalso contemplated to use “suspension arrays” as
arrays according to the present invention (Nolan J P, Sklar L
A. (2002). Suspension array technology: evolution of the
flat-array paradigm. Trends Biotechnol. 20(1):9-12). In such
suspension arrays, the carrier, e.g. a microbead or micro-
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sphere, is present in suspension. The array consists of differ-
ent microbeads or microspheres, possibly labeled, carrying
different ligands.

[0149] The invention further relates to a method of produc-
ing arrays as defined above wherein at least one ligand is
bound to the carrier material in addition to other ligands.
[0150] Methods of producing such arrays, for example
based on solid-phase chemistry and photo-labile protective
groups, are generally known (U.S. Pat. No. 5,744,305). Such
arrays can also be brought into contact with substances or
substance libraries and tested for interaction, for example for
binding or change of confirmation. Therefore, arrays com-
prising a peptide or polypeptide as defined above may be used
for identifying ligands binding specifically to said peptides or
polypeptides.

[0151] Themethod according to the present invention com-
prises the step of diagnosing the risk of the patient by com-
paring the measured level to known levels associated with
different grades of risk in a patient.

[0152] The person skilled in the art is able to determine
known levels of cardiac hormones which are associated with
different grades of risk of suffering from a cardiovascular
complication as a consequence of an increase of intravasal
volume.

[0153] According to the present invention, the term “risk”
relates to the probability of a particular incident, more par-
ticularly a cardiovascular complication, to take place. The
grade of risk can be increased, highly increased, or very
highly increased. The grade of risk can also not be increased.
“No increased risk” means that there is apparently no risk of
suffering from a cardiovascular complication as a conse-
quence of an increase of intravasal volume.

[0154] Guidance as to what levels are associated with
which grad of risk can be drawn from levels of cardiac hor-
mones known to be associated with the presence or severity of
a cardiovascular disease. For example, based on a 97.5 per-
centile obtained in individuals below the age of 50, a plasma
level of 125 pg/ml of NT-proBNP was considered a normal
level (see Example 3). Higher levels of NT-proBNP correlate
for example with the level of symptoms according to the
NYHA classification and with the level of impairment of
LVEF. The term “plasma level” relates to levels of
NT-proBNP measured in blood plasma.

[0155] Below, plasma levels of NT-proBNP are given
which are typically considered to be associated with the indi-
cated grades of risk of suffering from a cardiovascular com-
plication as a consequence of an increase of intravasal vol-
ume.

[0156] It is evident, that the levels given below can serve
only as a first classification of the risk of a patient. For
example, the risk is also dependent on the spare pumping
capacity of heart of the particular patient.

[0157] Furthermore, the person skilled in the art is able to
determine other relevant levels from the Examples shown
further below, particularly levels which are relevant in certain
patient populations, such as elderly patients or patients with a
increased or decreased levels of markers for thyroid function
(e.g. TSHor FT4).

[0158] Typically, a plasma level of less than 50 pg/ml of
NT-proBNP is associated with no increased risk of suffering
from a cardiovascular complication as a consequence of an
increase of intravasal volume. Particularly, in male patients a
plasma level of less than approximately 60 to 100 pg/ml is
associated with no increased risk, whereas in female patients
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aplasma level of less than approximately 120 to 150 pg/ml is
associated with no increased risk. The average value is 125
pg/ml.

[0159] Typically, a plasma level higher than the plasma
level for no increased risk but lower than 1000 pg/ml of
NT-proBNP is associated with an increased risk of suffering
from a cardiovascular complication as a consequence of an
increase of intravasal volume.

[0160] Typically, a plasma level from 1000 to 5000 pg/ml
of NT-proBNP is associated with a highly increased risk of
suffering from a cardiovascular complication as a conse-
quence of an increase of intravasal volume.

[0161] Typically, a plasma level of more than 5000 pg/ml of
NT-proBNP is associated with a very highly increased risk of
suffering from a cardiovascular complication as a conse-
quence of an increase of intravasal volume.

[0162] Once therisk in a patient has been diagnosed, it may
have consequences for the subsequent treatment as described
below. The grades of risk mentioned below particularly refer
to the grades of risk associated with the above described
levels of NT-proBNP.

[0163] Ifa method according to the present invention indi-
cates no increased risk, then treatment may be continued as
planned.

[0164] Ifa method according to the present invention indi-
cates an increased risk, then treatment may be adapted. Pref-
erably, treatment will be accompanied by further measuring
of the level of the cardiac hormones of the invention and by
further diagnosis, such as electrocardiography, echocardio-
graphy, or any other suitable methods known to the skilled
cardiologist.

[0165] Ifa method according to the present invention indi-
cates a highly increased risk, then treatment may be adapted
as described for increased risk. However, it may also be
reconsidered if any intravasal volume increase can be toler-
ated, for example whether an artificial increase of intravasal
volume shall be evoked at all.

[0166] Ifamethod according to the present invention indi-
cates a very highly increased risk, then treatment may be
adapted as described for highly increased risk. However, also
immediate hospitalization and/or intensive cardiac treatment
may be considered.

[0167] Adapting treatment may include measures such as
limitation of any intravasal volume increase present or
planned, restriction of salt intake, regular moderate exercise,
avoidance of non-steroidal anti-inflammatory agents, provid-
ing influenzal and pneumococcal immunization, administer-
ing drugs such as diuretics (including co-administration of
more than one diuretic), ACE inhibitors, [f-adrenergic block-
ers, angiotensin-receptor blockers, digitalis and any other
measures known and deemed appropriate by the person
skilled in the art. Therefore, the present invention also pro-
vides a method of treating a patient whose intravasal volume
is increased or will be increased.

[0168] The following examples illustrate the invention and
are not intended to limit its scope in any way.

Example 1

Measurement of NT-proBNP:
[0169] NT-proBNP was determined by an electrochemilu-
minescence immunoassay (ELECSYS proBNP sandwich

immunoassay; Roche Diagnostics, Mannheim, Germany) on
ELECSYS 2010. The assay works according to the electro-
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chemiluminescence sandwich immunoassay principle. In a
first step, the biotin-labeled IgG (1-21) capture antibody, the
ruthenium-labeled F(ab")2 (39-50) signal antibody and 20
microliters of sample are incubated at 37° C. for 9 minutes.
Afterwards, streptavidin-coated magnetic microparticles are
added and the mixture is incubated for additional 9 minutes.
After the second incubation, the reaction mixture is trans-
ferred to the measuring cell of the system where the beats are
magnetically captured onto the surface of an electrode.
Unbound label is removed by washing the measuring cell
with buffer.

[0170] Inthe last step, voltage is applied to the electrode in
the presence of a tri-propylamine containing buffer and the
resulting electrochemiluminescent signal is recorded by a
photomultiplier. All reagents and samples are handled fully
automatically by the instrument. Results are determined via a
calibration curve which is instrument-specifically generated
by 2-point calibration and a master curve provided via the
reagent barcode. The test was performed according to the
instructions of the manufacturer.

Example 2

[0171] Following approval by the Institutional Review
Board and informed written consent, 16 healthy male, non-
smoking volunteers (age: 27+4 years; weight: 82+11 kg;
height: 184+6 cm) on a customary sodium diet were studied.
All subjects participated in the tilting protocol and 10 of the
volunteers were additionally enrolled in the sodium loading
protocol. The sodium loading protocol caused an increase in
intravasal volume, a volume overload. The studies were per-
formed in a temperature controlled laboratory after an over-
night fast. After arrival at the laboratory at 8:00, subjects were
placed in a supine position and equipped with a 16-gauge
venous cannula allowing blood sampling without congestion.
All subjects received a standard breakfast at 9:15 (2 slices of
toast, marmalade, 3 ml¥*kg-1 water).

Tilting-Protocol:

[0172] 16 volunteers were randomly divided into two
groups of n=8 and studied in different body positions of 2
hours each: Following a resting period in the supine position,
subjects were either tilted to a 15° head-down position (HD)
or to the feet-down position (FD), were brought back into the
supine position and afterwards tilted into the opposite direc-
tion.

[0173] Hemodynamics (heart rate (HR): electrocardio-
gram; mean arterial blood pressure (MAP: automated oscil-
lometric sphygmomanometer) were recorded every 15 min.
and averaged for respective time periods. The endsystolic left
atrial diameter (LAD) was determined by transthoracic
echocardiography (ATL Ultrasound, Apogee; CX 100-150)
in the long parasternal view. LAD measurements were pet-
formed after one hour in the respective body position and are
given as the mean of 3 measurements. Blood for determina-
tion of blood chemistry and hormones was sampled every
hour; beginning at 9:00.

Sodium Loading Protocol:

[0174] 10 volunteers were randomly studied during an
observation period of 10 hours (control group) in the supine
position or were subjected to an intravenous infusion of 15
ml*kg-1 NaCl 0.9% applied during 60 min. with an infusion
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pump from 10:00 to 11:00 (volume group). Studies were
performed on different days at least two weeks apart.

[0175] Inboth groups, blood sampling for determination of
blood chemistry and hormones as well as echocardiographic
determinations of LAD were performed at 9:00, 10:00, 11:00,
12:00, 14:00, 16:00, and 18:00. In the volume group, urine
was sampled by spontaneous voiding at 8:00, 10:00, 11:00,
12:00, 14:00, 16:00, and 18:00. Hemodynamics were deter-
mined every 15 min. and averaged for respective time peri-
ods.

Analysis:

[0176] Blood for hormone analysis was sampled in EDTA-
tubes containing 5000 U aprotinine (Trasylol, Beyer, Ger-
many) and Lithium-Heparin-tubes (for clinical chemistry), as
appropriate. Blood and urine samples were immediately spun
for 10 min. at 3400 rpm at 4° C. Supernatants were stored at
-80° C. until analysis.

[0177] Determination of NT-proANP: NT-proANP was
determined by a competitive-binding radioimmuno assay
with magnetic solid phase technique in a modification of
Sundsfjord, J. A., Thibault, G., et al. (1988). Identification
and plasma concentrations of the N-terminal fragment of
proatrial natriuretic factor in man. J Clin Endocrinol Metab
66:605-10., using the same rabbit-anti-rat proANP poly-
clonal serum, human proANP (1-30) from Peninsula Lab
(Bachem Ltd, St. Helene, UK) as the standard, and iodined,
proANP 1-30 purified by HPLC for radio labelling. In order
to achieve high sensitivity and good precision, Dynabeads
M280 with sheep-anti-rabbit IgG (Dynal Biotech, Oslo, Nor-
way) as solid phase and second antibody were used. The
coeflicient of variance, at 425, 1163, and 2490 pmol*1-1 was
7.5,3.7, and 3.4%, respectively. The detection limit was 30
pmol/l.

Determination of NT-proBNP:

[0178] NT-proBNP was determined by an electrochemilu-
minescence immunoassay (ELECSYS proBNP sandwich
immunoassay; Roche Diagnostics, Basel, Switzerland) on
ELECSYS 2010 (Mueller, T., Gegenhuber, A. (2003). Com-
parison of the Biomedica NT-proBNP enzyme immunoassay
and the Roche NT-proBNP chemiluminescence immunoas-
say: implications for the prediction of symptomatic and
asymptomatic structural heart disease. Clin. Chem. 49:976-
9), see also Example 1. The mean intra-assay variance was
4.3% (range: 2.7 to 5.9% for plasma samples with a concen-
tration between 7.6 to 2732 pmol*1-1 with an interassay vari-
ance of 3.2%. The lower detection limit was 0.6 pmol*1-1.

Statistical Analyses:

[0179] Significance was set to p<0.05.

[0180] Tilting-protocol: With respect to variance at base-
line, hormone and LAD data were normalized according to
baseline levels (set to 100%) and analyzed by ANOVA for
repeated measures. Bonferoni correction was not used. Intra-
individual differences in comparison with normalized base-
line values were analyzed with paired Student’s t-test.
[0181] Sodium-loading-protocol: Intra-individual differ-
ences between the control and the volume group were ana-
lyzed by Friedman’s test followed by Wilcoxon’s matched
pairs test. With respect to the number of measurements and
the sample size, Bonferoni correction was not used. Intra-
individual differences during the observation period were
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determined by Wilcoxon’s matched pairs test. For correlation
analyses Spearman’s rank correlation test was used.

Results of the Tilting-Protocol:

[0182] Hemodynamics: Neither heart rate nor arterial
blood pressure showed significant intra- or inter-individual
changes throughout the observation period (FIG. 1). A sig-
nificant difference in LAD was observed during the second
tilting period (FIG. 1).

[0183] Clinical Chemistry: Plasma sodium, potassium,
creatinine at baseline were not different between both tilting
groups (plasma sodium: group I: 138+2 mmol*1-1; group 1I:
139+2 mmol*1-1; plasma potassium: group I: 3.8+0.3; group
II: 3.6+0.2 mmol*1-1; plasma creatinine: group I: 75+9
umol*1-1; group II: 81x8 umol*1-1. No significant between-
group-variations in these parameters were observed through-
out the observation period.

[0184] The course of normalized levels of NT-proANP and
NT-proBNP is depicted in FIG. 2. Additionally shown are
levels of relaxin (RLX). NT-proANP levels were higher dur-
ing the HD than during FD in the second tilting period.
NT-proBNP levels increased over time until 15:00 but were
not different between both groups. No significant inter-indi-
vidual variations were observed in plasma RLX levels. The
intra-individual course of this hormone was comparable in
both groups, showing a search in normalized RLX levels at
15:00 in comparison with baseline and an increase from
15:00 to 16:00 back to baseline levels.

Results of the Volume-Loading Protocol:

[0185] Hemodynamics: No significant within-and-be-
tween-group differences were observed in HR and MAP
(FIG. 3). A small albeit significant increase in LAD was
observed after fluid loading from 11:00 to 12:00. Thereafter,
LAD decreased back to baseline levels (F1G. 3).

[0186] Clinical chemistry: plasma sodium, potassium,
creatinine and hematocrit at baseline were not different
between the control and the sodium-loading protocol (plasma
sodium: control: 139£2 mmol*1-1; sodium-loading: 140+2
mmol*1-1; plasma potassium: control: 3.6+0.3 mmol*I-1;
sodium-loading: 3.4£0.7 mmol*1-1; plasma creatinine: con-
trol: 80£11 pmol*l-1; sodium-loading: 76x9 pmol*l-1;
hematocrit:  control:  40.7£2.0%;  sodium-loading:
40.1+1.8%). Plasma hormone levels: the plasma levels of
NT-proANP, NT-proBNP. and RLX are depicted in F1G. 4. In
the sodium-loading group, NT-proANP increased immedi-
ately after sodium-loading with a peak 2 hours after the infu-
sion. A moderate increase was also observed in the control
group. However, after 12:00, NT-proANP levels in this group
were not different from baseline levels. NT-proBNP showed
aprotracted increase up to the end of the observation period in
both groups. NT-proBNP levels in the sodium infusion group
were significantly higher than in the control group after
13:00. No significant variations or between-group differences
in RLX levels were observed.

[0187] Renal function parameters: urine flow and fractional
sodium excretion showed a moderate increase from 8:00 to
10:00. After sodium infusion, a further and more pronounced
increase was observed (FIG. 5). Thereafter, UV increased
back to pre-infusion levels while FENa remained elevated
until the end of the observation period. Creatinine clearance
did not change throughout the observation period (FIG. 5).
Urinary excretion of hormones: urinary excretion of NT-
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proBNP, RLX, and urodilatin is given in FIG. 6. Measure-
ment of NT-proANP was only possible in a minority of urine
samples; hence no calculations on this parameter were per-
formed. UNT-proBNP and URLX increased significantly
from 8:00 to 10:00 and further to reach a peak at 12:00.
Thereafter, urinary hormone excretion decreased but
remained elevated above baseline levels. UURO showed a
comparable course like UNT-proBNP and URLX, however,
due to a high variance and the fact, that UURO concentrations
in tool subjects were below the detection limit, the course of
this peptide after infusion did not reach statistical signifi-
cance. However, UURO levels at 14:00 were significantly
higher than baseline levels.

[0188] Correlation analyses: correlation analyses of
plasma hormone levels at baseline between the control and
the sodium-loading group for determination of the reliability
of the measurements revealed the following significant cor-
relations: NT-proANP: rho=0.91; NT-proBNP: rho=0.82;
RLX: rho=0.91. Correlation analyses between urinary func-
tional parameters and hormonal plasma levels and urinary
excretion of these hormones are given in FIG. 7. These analy-
ses reveal minor relationships between the plasma levels of
NT-proANP and N'T-proBNP on one hand and FENa on the
other hand. However, better correlations were observations
between the urinary excretion of NT-proBNP, RLX, and URO
and UV and between NT-proBNP and RLX and FENa.

Example 3

A Study of NT-proBNP Levels in Blood Donors:

[0189] A total of 1981 blood donors were recruited from
the blood transfusion service of the University of Mainz,
Germany. The majority of the blood donors were repeat
donors and repeat donors do receivea physical examination at
yearly interval. Based on this examination all blood donors
included into the study were considered clinically healthy. At
the time of blood donation hemoglobin levels as well as
creatinine levels were taken. All determinations were done
before blood donation. The study was conducted according to
the Declaration of Helsinki and was approved by a local
ethical committee.

[0190] As depicted in FIG. 8 individual NT-proBNP values
are plotted in relation to age and sex. As becomes evident
from FIG. 7, NT-proBNP levels (median) were higher in
women than in men. Outliers were more frequently observed
in elderly individuals (above the age of 50 years) whereas in
younger individuals (below 50 years of age) individual deter-
minations clustered. Age and sex-related reference values
based on the 97.5 percentile were calculated and found to be
84.2 pg/ml for males and 146.2 pg/ml for females respec-
tively under the age of 50 years (FIG. 9).

[0191] A second sample at an approximately 12 months
interval was collected from all individuals who were outside
the above range as can be seen from table FIG. 10, the major-
ity of samples remained outside the respective reference
range suggesting that these elevated values were constant
findings. A small subset of individuals with initial values
outside the range described in the second sample had values
that were considered to be within the defined reference
ranges.

[0192] In order to assess whether NT-proBNP values were
independent on hemoglobin levels, hemoglobin concentra-
tions were determined in males and females and found to be
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in average 1.5 g/ml lower in females than in males (FIG. 10).
Hemoglobin levels did not depend on age.

[0193] When NT-proBNP values were compared between
males and females at the same hemoglobin levels and in
age-matched groups there was still a difference between
males and females in terms of NT-proBNP levels suggesting
that hemoglobin levels did not explain the different concen-
trations found for NT-proBNP between males and females. It
also became apparent that NT-proBNP levels were in fact
hemoglobin-dependent, NT-proBNP levels increased with
decreasing hemoglobin concentration (FIG. 11).

[0194] In a subset of individuals creatinine levels were
compared to NT-proBNP levels. In the group studied creati-
nine levels were in the normal range for all individuals tested.
Creatinine levels did not increase with age, in contrast, NT-
proBNP levels increased with age suggesting that kidney
function might not trigger increase of NT-proBNP with
increasing age (FIG. 12).

[0195] The study was initiated to determine normal and
reference NT-proBNP values in an apparently healthy popu-
lation. As shown, individual NT-proBNP levels clustered up
to the age of 50 years with only few outliers. This finding is
consistent with the assumption that cardiac and specifically
cardiovascular diseases are rare in this age group, therefore
values obtained in individuals below the age of 50 were
considered based on a 97.5 percentile as normal values. These
values were also found to be different between males and
females. It could also be shown that in fact hemoglobin levels
affected the level of NT-proBNP in that individuals with
lower hemoglobin had higher NT-proBNP levels. When look-
ing at the same hemoglobin levels there were still differences
between men and women. Thus, hemoglobin levels did not
explain for the differences in NT-proBNP levels seen between
both sexes.

[0196] This study showed that a substantial number of indi-
viduals had NT-proBNP levels exceeding the 97.5 percentile
of individuals below the age of 50. The number of these
outliers increased with age. Determination of NT-proBNP
levels was done by the ELECSYS immunoassay as described
in Example 1.

Example 4

[0197] A Study of NT-proBNP Levels in Patients Present-
ing with Suspected Cardiac Disorders:

[0198] A totalof473 patients presenting to 18 cardiologists
were recruited for the study. They received a medical history,
a physical examination and an echocardiogram where left
ventricular ejection fraction was recorded. In addition, 10 ml
of blood was drawn, centrifuged and stored at =20° C. until
analyzed. Major demographic variables of the patients
included in this study are depicted in FIG. 13. The study was
approved by alocal ethical committee and conducted accord-
ing to the Declaration of Helsinki

[0199] The following tests were done in all or the majority
of the patients: Creatinine levels, TSH, FT4, and NT-proBNP.
The tests were conducted according to the instructions of the
manufacturer (Roche Diagnostics, Mannheim, Germany).
NT-proBNP was analyzed using a newly developed immu-
noassay (Roche Diagnostics, Mannheim, Germany) using an
ELECSYS 2010 instrument (see Example 1).

[0200] Significancies were calculated based on Wilcoxon
Score method and Pearson Chi-Square test: Significance is
present at p-values *P<0.05, **P<0.01, *** P<0.001. The
probability of error should not exceed 5%.
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[0201] Patients were separated into three groups according
to left ventricular injection fraction (LVEF), namely under
30% LVEF, 30-50% LVEF, and over 50% LVEF. The patients
were also graded according to NYHA classification in grade
LIV

[0202] As depicted in FIG. 14, NT-proBNP levels were
recorded based on the level of left ventricular ejection frac-
tion and based on symptoms. The majority of individuals had
increased NT-proBNP levels ifa cut-off of 84 pg/ml for males
and 146 pg/ml for females were used, this discriminates
between normal and abnormal cardiac function (see Example
1). The mean NT-proBNP levels increased with the level of
symptoms as assessed by NYHA classification and with the
level of impaired ejection fraction as measured by echo. The
dependency of NT-proBNP on left ventricular injection frac-
tion is also summarized in FIGS. 15 and 16 for males and
females respectively. As can be seen from the figures, NT-
proBNP levels (median) increased with decreasing ejection
fraction.

[0203] As shown in FIG. 17, only a minority of individuals
recruited for the study in the cardiologists centers had normal
NT-proBNP levels based on cut-offs made from a study in
blood donors below the age of 50 (see Example 3). Normal
NT-proBNP values clustered in individuals with unimpaired
left ventricular fraction and without symptoms, only few
outliers were identified.

[0204] A total of 32 individuals had atrial fibrillation as
indicated by electrocardiogram (ECG) while the majority of
individuals had no evidence of atrial fibrillation. As can be
seen from FIG. 18, median values in the atrial fibrillation
group were higher than in the non-atrial fibrillation group.
Major demographic valuables for these patient groups are
depicted. Individuals who had no atrial fibrillation had more
frequently a history of myocardial infarction and Angina
Pectoris. The data suggest that atrial fibrillation represents an
independent contributor for elevated NT-proBNP levels (P:
0.0002).

[0205] A total of 78 individuals had a history of myocardial
infarction (MI) while the majority had no history of MI.
Individuals with the history of myocardial infarction had
higher NT-proBNP levels than those who had no history of
MI (FIG. 19).

[0206] NT-proBNP values were higher in individuals with
a history of angina pectoris than in those who had no history
of angina pectoris (FIG. 20). Patients with a history of angina
pectoris were not frequently symptomatic, had more fre-
quently heart diseases and more frequently of history of myo-
cardial infarction (FIG. 19).

[0207] Creatinine was determined in 470 individuals. Only
152 individuals had creatinine levels in the normal range, 318
were outside of the normal range. Individuals with elevated
creatinine levels had higher NT-proBNP levels than those
with normal creatinine levels. Demographic variables sug-
gest that individuals with elevated creatinine levels had more
frequently a history of myocardial infarction. The data sug-
gest that impaired kidney function per se might contribute the
elevation of NT-proBNP levels when patients with a history
of MI (AMI) were excluded from assessment (FIG. 21).
[0208] In a subgroup of 306 individuals thyroid function
was measured. Based on TSH and FT4 levels the patients
were classified in individuals with normal thyroid function
and in those with abnormal thyroid function. The majority of
the individuals with abnormal thyroid function had elevated
TSH levels, but normal FT4, suggesting compensated
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hypothyroid function. Median NT-proBNP levels were
higher in individuals with abnormal thyroid function than in
those with normal thyroid function. This suggest that thyroid
dysfunction represents a contributor to elevated NT-proBNP
levels most likely associated with impaired cardiac function
through impaired thyroid function (FI1G. 22).

[0209] The present data suggest that when compared to
data obtained in blood donors (Example 3) the majority of
patients presenting to cardiologists has elevated NT-proBNP
levels. NT-proBNP levels increased with levels of symptoms
and with impairment of left ventricular ejection fraction. The
fact that elevated NT-proBNP levels were recorded in asymp-
tomatic individuals and in individuals with unimpaired ejec-
tion fraction indicates that NT-proBNP recognizes cardiac
complication earlier than current gold standard methodology
used by cardiologists. In the present study it was found that
kidney function was frequently impaired based on creatinine
levels in a group of patients with evidence of cardiac compli-
cation. This is in contrast to a study in blood donors where
significantly lower and normal creatinine levels were found in
a population of similar age (see Example 3). The study sug-
gests that both components, kidney function and cardiac com-
plication, need to be considered, and the data also indicate
that mild to moderate renal dysfunction does notinfluence the
interpretation of NT-proBNP values in the diagnosis and
assessment of cardiac complication.

[0210] The data also indicate that thyroid dysfunction
might be associated with cardiac dysfunction and might con-
tribute to elevated NT-proBNP levels.

Example 5

[0211] A 76-year old female patient with an acute septic
event was hospitalized (FIG. 23). During the course of the
discase, the patient developed fever and required large vol-
ume infusions as well as antibody therapy. Nevertheless the
patient developed a septic shock and the blood pressure fell
although she received infusion treatment. During the course
of the disease CRP and NT-proBNP gradually increased, the
latter as a sign of fluid overload and progressive heart failure.

Example 6

[0212] A 70-year-old man with a known history of type
1I-diabetes and known coronary heart disease presents at his
general practitioner. He complains of pain in the region of his
right knee. The pain causes particular discomfort during
climbing of stairs. At the time of presentation no dyspnea,
which is a sign of a manifest heart sufficiency, is evident.
Having performed an X-ray examination of the knee, the
general practitioner considers the administration of non-ste-
roid anti-rheumatics. The NT-proBNP value, which was
determined at first presentation, amounts to 1800 pg/ml, indi-
cating an asymptomatic cardiac complication. The treatment
with non-steroid anti-rheumatics is initiated at simultaneous
administration of cardiac medication and at close clinical
surveillance and following measurements of NT-proBNP.

Example 7

[0213] A 76-year-old female patient with operable colon
carcinoma without significant history of other diseases is
admitted to a surgical ward. The value of NT-proBNP is 1200
pg/ml. The colon carcinoma is removed surgically. Subse-
quently parenteral nutrition is initiated until resumption of
intestinal function. The need of liquid amounts to 3000 ml per
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day. At careful equilibration during subsequently positive
equilibration, a treatment with diuretics is initiated to re-
establish an equilibrated water balance.

Example 8

[0214] Atotal of 120 patients in an intensive care unit were
diagnosed in regular intervals according to standard criteria.
NT-proBNP was analyzed retrospectively. In connection with
infusion therapy and/or termination of treatment with diuret-
ics, an increase of NT-proBNP was observed a total of 5
patients with subsequent clinical diagnosis of cardiac insuf-
ficiency. Increased levels of NT-proBNP were also observed
before initiating infusion therapy, indicating cardiovascular
risk.

[0215] Patient 005: 45 year-old patient with known coro-
nary heart disease and pneumonia. The NT-proBNP level
began to increase on day 4 and cardiac insufficiency was
diagnosed on day 6.

[0216] Patient 025: 66 year-old patient with status after
myocardial infarction and anemia with infusions/transfu-
sions briefly after hospitalization. The NT-proBNP level
began to increase between day 1 and day 2. Pulmonary edema
was observed on day 3 and the patient was treated with
diuretics.

[0217] Patient 047: 76 year-old patient with known angina
pectoris, known coronary heart disease and exsiccosis (dehy-
dration) at the time of admission to the hospital. Exsiccosis
was treated with approximately 2 liters per day. NT-proBNP
increased continuously, diagnosis of cardiac insufficiency on
day 5 after hospitalization.

[0218] Patient 066: A 64 year-old female patient with
known three-vessel-disease and verified coronary heart dis-
ease, suffering from hypercholesterolemia, depression and
anemia. Aggravation after the first day and treatment with
diuretics until day 5. Subsequently increase of NT-proBNP
until day 8 and manifestation of cardiac insufficiency as a sign
of a rebound of cardiac insufficiency with volume overload.
[0219] Patient 085: 78 year-old patient with cardiac insuf-
ficiency followed by treatment with diuretics and decrease of
the NT-proBNP level (at high start levels). Subsequently infu-
sion treatment in the context of nutrition (approximately 2.5
liters/day). Increase of the NT-proBNP level on day 12, diag-
nosis of cardiac insufficiency on day 18.

1. (canceled)

2. (canceled)

3. A method for diagnosing a risk of a patient of suffering
from a cardiovascular complication as a consequence of an
increase in intravasal volume, wherein the patient shows no
symptoms of'a cardiovascular disease according to New York
Heart Association (NYHA) classification and has no known
history of cardiovascular complication, and wherein the
increase of intravasal volume is caused by infusion or trans-
fusion of liquids, the method comprising

measuring in a sample from the patient a level of a natri-

uretic peptide selected from the group consisting of
atrial natriuretic peptide (ANP), N-terminal pro-atrial
natriuretic peptide (NT-proANP), brain natriuretic pep-
tide (BNP), N-terminal pro-brain natriuretic peptide
(NT-proBNP), and variants of ANP, NT-proANP, BNP,
and NT-proBNP,

whereby a risk is diagnosed if the measured level of the

natriuretic peptide is greater than a control level of the
natriuretic peptide associated with a risk of suffering
from the cardiovascular complication.
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4. The method of claim 3 wherein the sample is selected
from the group consisting of blood, serum, plasma, and urine.

5. The method of claim 3 wherein the cardiovascular com-
plication is selected from the group consisting of coronary
heart disease, acute coronary syndrome, myocardial infarc-
tion, left ventricular dysfunction, and congestive heart fail-
ure.

6. The method of claim 3 wherein the natriuretic peptide is
BNP, NT-proBNP. or a variant of BNP or NT-proBNP.

7. The method of claim 6 wherein the natriuretic peptide is
NT-proBNP or a variant thereof.

8. The method of claim 7 wherein a plasma level of more
than 60 and less than 1000 pg/ml of NT-proBNP or a variant
thereofin amale patient is associated with an increased risk of
suffering from a cardiovascular complication.

9. The method of claim 7 wherein a plasma level of more
than 120 and less than 1000 pg/ml of NT-proBNP or a variant
thereof'in a female patient is associated with an increased risk
of suffering from a cardiovascular complication.

10. The method of claim 7 wherein a plasma level from
1000 to 5000 pg/ml of NT-proBNP or a variant thereof is
associated with a highly increased risk of suffering from a
cardiovascular complication.

11. The method of claim 7 wherein a plasma level of more
than 5000 pg/ml of NT-proBNP or a variant thereof is asso-
ciated with a very highly increased risk of suffering from a
cardiovascular complication.

12. The method of claim 3 wherein the liquids are selected
from the group consisting of blood, plasma, erythrocytes,
thrombocytes, electrolytes, antibiotics and other medica-
ments, and nutrients.

13. A method for deciding about administering to a patient
atreatment selected from the group consisting of infusion and
transfusion of liquids, wherein the patient shows no symp-
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toms of a cardiovascular disease according to New York Heart
Association (NYHA) classification and has no known history
of cardiovascular complication, the method comprising
measuring in a sample from the patient a level of a natri-
uretic peptide selected from the group consisting of
atrial natriuretic peptide (ANP), N-terminal pro-atrial
natriuretic peptide (NT-proANP), brain natriuretic pep-
tide (BNP), N-terminal pro-brain natriuretic peptide
(NT-proBNP), and variants of ANP, NT-proANP, BNP,
and NT-proBNP,

whereby a decision is made to recommend administering

the treatment if the measured level of the natriuretic
peptide is less than a control level of the natriuretic
peptide associated with a risk of suffering from a car-
diovascular complication, and a decision is made to
refrain from administering the treatment if the measured
level of the natriuretic peptide is greater than the control
level of the natriuretic peptide.

14. The method of claim 13 wherein the sample is selected
from the group consisting of blood, serum, plasma, and urine.

15. The method of claim 13 wherein the cardiovascular
complication is selected from the group consisting of coro-
nary heart disease, acute coronary syndrome, myocardial inf-
arction, left ventricular dysfunction, and congestive heart
failure.

16. The method of claim 13 wherein the natriuretic peptide
is BNP, NT-proBNP, or a variant of BNP or NT-proBNP.

17. The method of claim 16 wherein the natriuretic peptide
is NT-proBNP or a variant thereof.

18. The method of claim 13 wherein the liquids are selected
from the group consisting of blood, plasma, erythrocytes,
thrombocytes, electrolytes, antibiotics and other medica-
ments, and nutrients.
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