CUN. CHEM. 40/1, 96-100 (1994) #{149}
Endocrinology

Clinical Significance of Urinary Cyclic Guanosine Monophosphate in Diagnosis
of Heart Failure
Gabi Jakob,’ Johannes Mair,1 Karl-Paul
Max Pichler,3 and Bernd Puschendorf”4

Vorderwinkler,’

We measured concentrations of guanosine 3’,5’-monophosphate (cGMP) in plasma and urine of healthy subjects and patients with congestive heart failure, renal impairment, neoplastic disease, and hepatic cirrhosis.There
was no correlation between cGMP concentrationsin urine
and in plasma. In all patients except those with renal
impairment, urinary cGMP concentrations were significantly higher than in healthy persons. Only patients with
heart failure or renal impairment showed significantlyincreased plasma CGMP concentrations. In contrast, CGMP
in urine does not relate to the clinically assessed severity
of heart failure (New York Heart Association functional
classes). Determination of cGMP in plasma results in
higher sensitivity and specificityfor diagnosing heart failure than measurement of CGMP in urine.
IndexIngTerms: liver disease/kidney disease/cancer/atrial natiluretic peptide
Heart failure is not simply a hemodynamic
disorder,
and its physiologic
abnormalities
cannot be assessed
only by measurement
of pressure,
volume, and flow. It is
also the interplay
of neurohormonal
and hemodynamic
forces (1). Any change in atrial filling pressures leads to
the release of atrial natriuretic peptides (ANP) from the
heart.5 Once released, atrial peptides exert potent direct
vasodilator
and natriuretic
actions
by virtue of their
ability to increase their intracellular
second messenger,
cyclic guanosine
monophosphate
(cGMP) (2). Because
cGMP egresses rapidly from target cells after ANP binding to particulate
guanylate
cyclase-linked
receptors,
extracellular
cGMP may be a useful biological marker
for the action of ANP in vivo under pathophysiological
conditions
(3). Exogenously administered
ANP
was
found to increase
the plasma cGMP concentration
in
accordance with its physiologic
effects (4). Moreover,
an
increase
of urinary excretion of cGMP after an ANP
bolus injection in men was reported by Gerzer et al. (5).
Increased
cGMP concentrations
in urine of patients
with heart failure have been reported as well (6). Studies of ANP in heart failure hinted at problems with
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storing ANP, because this peptide is highly susceptible
to degradation
and nonspecific
influences
in blood (7).
Instead
of ANP, plasma cGMP concentrations
can be
used to monitor patients with heart failure (8). Earlier,
we demonstrated
that plasma cGMP yields high sensitivity (94%) and specificity (94%) for cardiac diseases in
the absence of severe renal impairment
(9). In patients
with heart failure, close correlations
have been found
between cGMP and ANP plasma
concentrations.
Both
plasma
ANP and cGMP correlated
closely with the severity of congestive heart failure (10).
The recommendation
for ethanol extraction
of plasma
samples prior to measurement
of cyclic nucleotides
(11)
hampers
the use of plasma cGMP as a substitute
for
ANP in routine laboratories,
because this procedure
is
time consuming
and cannot be automated
easily. In
urine there is no need for extraction,
and urine is easy to
collect from patients by noninvasive
means. Therefore,
we investigated
the use of urinary
cGMP measurements
for the diagnosis of heart failure.
Subjects

and Methods

Methods
Specimen collection. The procedures
followed were in
accordance
with the Helsinki
Declaration of 1975, as
revised in 1983. Single urine or plasma specimens were
collected from healthy individuals
and patients at random times. All blood samples were collected into tubes
containing
EDTA (1.5 gIL blood). After centrifugation
for 10 miii at room temperature,
plasma was stored at
-20#{176}C
until assayed. Urine was collected and also

stored at -20#{176}C
until cGMP measurement.
cGMP determination.
For plasma extraction
1000 pL of ethanol and 250 &L of plasma,

we mixed

and after

the mixture
for 15 mm collected the supernatant.
The precipitate
was washed with 500 L of
ethanol and centrifuged
again for 15 miii. The supernatants were combined and evaporated to dryness at 56#{176}C
under a stream of nitrogen. The residues were redissolved in 1000 iL of assay buffer, and 500 pL of this was
used in the assay for acetylation.
Urine samples were diluted 100-fold in distilled water
before assay. cGMP concentrations
in urine were expressed as micromoles of cGMP excreted per gram of
creatinine.
Both in urine and in plasma, concentrations
of immunoreactive cGMP were measured
by RIA (cGMP assay
RPA 525; Amersham,
Bucks, UK). Creatinine
concentrations in plasma and in urine were determined enzymatically
(12) with reagents from Boehringer
Mannheim (Mannheim, Germany).
centrifuging

Radionuclide
ventriculography.
Supine electrocardiogram-gated
equilibrium
radionucide
ventriculography
was performed after an in vitro/in vivo labeling of erythrocytes with 20-25 mCi of Tc.
We used an Elscunt
(Haifa, Israel) Apex SR camera interfaced to an Elscint
Apex 1 computer with a semiautomatic
operator-interactive ejection fraction program. Resting scintigrams
were obtained in the anterior, 40#{176}
left anterior oblique,
and left lateral positions for a preset time of 4 min.
Scintigraphic
evaluation of left ventricular ejection fraction (LVEF) in our laboratory correlated
well with that
obtained angiographically
(r = 0.9). Normal LVEF values in our laboratory
are >0.55 (13, 14).

chronic pyelonephritis,
1 had had a nephrectomy,
and 1
had diabetic nephropathy.
Patients
with malignant
tumors.
This group comprised 50 patients (15 female, 35 male), ages 24-87
years (58 ± 14 years). The composition of this group was
10 patients with chronic lymphocytic
leukemia (CLL),
12 patients with Hodgkin
disease (n
3) or nonHodgkin lymphoma
(n = 9), 8 patients with multiple
myeloma, 15 patients with neoplasms of the lung, and 5
patients with malignant
tumors of the gastrointestinal
tract. In all patients the tumors were progressive
despite anticancer treatment.
Plasma creatinune concentrations were within the normal
reference range in all
patients (77 ± 11 mol/L,
range 54-100 jmol/L.
=

Subjects

Healthy individuals.

To establish a reference interval
for cGMP in urine, we took urine samples from 76
healthy
volunteers
(29 female, 47 male), ages 19-60
years (mean ± SD =33± 10 years). For the comparison
of plasma cGMP concentrations
of controls with those of
different patient populations,
we used previously published values for healthy
individuals
(9) that were obtained
with the same analytical
procedure.
Patients with heart failure. Diagnostic
sensitivity
of
cGMP in urine was determined
in a group of 50 patients
(16 female, 34 male), ages 43-78 years (62 ± 10 years),
with congestive
heart failure. According
to New York
Heart Association
(NYHA) classification,
this group
consisted of 14 patients in functional class 11,21 patients
in class III, and 15 patients in class W insufficiency.
The
underlying
causes were ischemic heart disease (n = 25),
valvular heart disease (n = 9), cardiomyopathy (n = 12),
and congestive heart failure of unknown origin (n
4).
At blood withdrawal,
edema was present in 32%, pulmonary congestion
in 39%, tachycardia
in 16%, orthopnea in 16%, dyspnea in 42%, and cardiac hypertrophy
in
13%. In 32 patients, LVEF was measured
by radionicide ventriculography.
LVEF of patients ranged from
15% to 66% (33% ± 13%). Plasma creatinine concentrations were 90 ± 27 mol/L
(range 35-150
pmol/L).
Patients were treated
with nitrovasodilators
(32%), angiotensin-converting
enzyme
(ACE) inhibitors
(13%),
digitalis
(55%), diuretics
(77%), calcium antagonists
(13%), or various
combinations of these substances
(9 1%). Patients who had more than one disease or who
received more than one therapeutic agent were listed in
each group separately.
Patients with hepatic cirrhosis. This group consisted
of nine patients (six female, three male), ages 34-69
years (57 ± 13 years), of whom four already
had
ascites.
Plasma
creatinine
concentrations
in these
patients were within the normal reference range (78 ±
10 mol/L).
Patients with renal impairment.
This group consisted
of 29 individuals
(12 female, 17 male), 34-80 years (55
± 12 years), all with increased
plasma creatinine
concentrations ranging from 283 to 919 mol/L
(mean ± SD
= 504 ± 150 p.mol/L).
Of these patients, 11 had chronic
glomerulonephritis,
5 had renal cysts, 1 had hepatorenal syndrome,
1 had chronic interstitial
nephritis,
1 had
=

Data Analysis
All results were expressed as mean ± SD. The association between continuous variables was analyzed by
the Spearman
rank correlation test. Statisticnl
analysis
was performed
with the Mann-Whitney
U-test. P values <0.05 were considered significant.
Sensitivity,
specificity, efficiency, positive pre#{228}ictive
value, negative predictive
value, pre-odds, post-odds,
likelihood
ratio, and Youden index (15) (sensil ,.vity,
and specificity
1) were calculated
to describe the
performance
of cGMP in urine in the diagnosis of heart
failure.

Results
cGMP Concentrationsin Urine
Healthy volunteers. In 76 healthy volunteers,
neither
sex nor age influenced cGMP concentrations
in urine
significantly.
cGMP concentrations
in urine
ranged
from 0.002 to 1.28 /LmolJg creatinune (0.39 ± 0.24 j.molJ
g). The distribution of cGMP values in healthy controls
is shown in Fig. 1. For determination
of the upper cutoff
value we calculated
the 97.5th percentile
for urine
cGMP concentration,
which was 0.86 Lmol/g creatinine.
The performance of this cutoff value in diagnosing heart
failure is characterized
in Table 1.
Patients with heart failure. In patients with heart
failure
(n = 50), cGMP
concentrations
in urine were
significantly
higher (1.49 ± 1.43 molJg
of creatinune,
range 0.14-8.63
mol/g,
P = 0.0001) than in healthy

Table 1. Performances
cGMP concentrations

of two cutoff values for urinary
in diagnosing
heart failure.
97.5th percentIle

of controls, 0.86
iimollg creatinlne
0.78

Efficiency

Sensitivity
Specificity
Pos.predictive
value
Neg. predictive value
Youdenindex
Ukelihood ratio
Pre-odds
Post-odds

0.64
0.83
0.56
0.87
0.47

Maximum Vouden
0.50 molIg
creatlnlne

Index,

0.71
0.88
0.64
0.46
0.94
0.1,2

3.66

2.47

0.35

0.35

1.28

0.86
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The distribution
of urinary cGMP values in
these patients is shown in Fig. 1. There was no relation
between cGMP concentrations
in urine and the severity
of heart failure according to NYHA functional classes
(Fig. 2A). In plasma, by contrast, there was a clear
correlation between cGMP concentrations
and the severity of heart failure (Fig. 2B). cGMP plasma concentrations in patients with congestive heart failure were
volunteers.
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significantly
higher
than in healthy
persons
(P =
0.000 1). Plasma cGMP concentrations
in patients with
congestive heart failure in NYHA stages III or W were
significantly
higher than in those with heart failure in
stage II (P = 0.01 and 0.008, respectively).
There was no
significant difference between plasma cGMP concentrations in stage III and stage IV patients (P = 0.69).
Although
cGMP plasma concentrations
and urinary
cGMP tended to be higher in patients with low LVEF,
there were no significant
correlations
between
LVEF
and plasma (r = 0.246, P = 0.174) or urinary (r = 0.114,
P = 0.53) cGMP concentrations.
Grouping of patients
according to either etiologr of heart failure or clinical
symptoms
revealed no significant
influence
of these
variables on plasma or urinary cGMP concentrations.
Plasma and urinary cGMP concentrations
were significantly lower in patients who received ACE inhibitors (P
= 0.018 and P = 0.025,
respectively;
n = 4) and significantly higher in patients who received diuretics
(P =
0.047 and P = 0.042, respectively;
n = 22).
For determination
of diagnostic sensitivity
and specificity of urinary
cGMP excretion in cardiovascular
disease, we quantified cGMP in urine in 50 patients with
congestive heart failure and in 143 patients with noncardiac diseases.
The upper cutoff value for urinary
cGMP that gave the maximal Youden index (15) for
diagnosis
of heart failure was 0.5 mol/g
creatinine
(Fig. 3). This cutoff value provided efficiency of 0.705
with diagnostic specificity of 64% and sensitivity of 88%
(Table 1).
Patients with renal impairment.
In these patients (n =
29), cGMP concentrations
in urine were significantly
lower (P = 0.017) than they were in healthy volunteers
(0.39 ± 0.5 tmoUg creatinine, range 0.07-2.09 i.moIJg).
The distribution of cGMP values is shown in Fig. 1. cGMP
concentrations in plasma are significantly higher in those
patients than in healthy persons (P = 0.0001). There was
no significant correlation between plasma creatinine
concentrations and cGMP concentrations
in plasma
(r =
0.048, P = 0.8) or in urine (r = -0.159, P = 0.42).
Patients
with malignancies.
Except for one patient
with CLL who had a cGMP concentration
in plasma of

0

18

16

-i-s

14

12
IC

#{149}90%
S

75%
50%
25%

S

8

6
4

L1
NYHA II
(n-12)

NYHA III

NYHA N

(n.21)

O.S

(n-15)

FIg. 2. Distributionof urinary (A) and plasma ( CGMP concentrations in patients with heart failure, according to NYHA stage.
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Fig. 3. Sensitivity,specificity, and Youdenindexof urinary cGMP
determination
fordiagnosis
ofheartfailure,anddependence
ofthese
resultson the cutoff value used.

7.4 nmolJL, all patients with malignant
tumors had
plasma cGMP concentrations
within the normal reference range
[3.83 ± 1.27 nmol/L,
range
0.78-6.32
mnol/L, upper cutoff value 6.6 nmol/L (9); data not
shown].
In two patients with CLL, three patients with nonHodgkin lymphoma, three patients
with multiple myeloma, nine patients with neoplasm of the lung, and four
patients with gastrointestinal
tumors,
we simultaneously measured
cGMP concentrations
in urine (0.908 ±
0.561 pmol/g creatinine,
range 0.061-2.428
pmoI/g). Of
the 21 investigated
patients (Fig. 1), 11 (1 with CLL, 2
with non-Hodgkin
lymphoma,
2 with multiple
myeloma, 5 with carcinoma
of the lung, and 1 with tumor
of the gastrointestinal
tract) had increased
cGMP concentrations
in urine (>0.86 molJg creatinine)
despite
normal
cGMP concentrations
in plasma.
Patients with hepatic cirrhosis. In these patients (n
9), cGMP concentrations
in urine were significantly
higher (P
0.0001) than in healthy volunteers (1.65 ±
1.56 mol/g
creatinine,
range 0.46-4.86
pmol/g). The
distribution
is shown in Fig. 1. cGMP plasma concentrations were within the normal
range in all these patients (3.19 ± 1.98 nmol/L, range 0.5-6.24 nmol/L).

=

=

Correlation Between CGMP Concentrations

in Plasma and

in Urine
When we compared
cGMP concentrations
in plasma
and in urine in 114 patients (50 with heart failure, 29
with renal impairment,
29 with malignancies,
6 with
hepatic cirrhosis) we found no significant
correlation
(r
-0.111, P
0.24).

=

=

Discussion
cGMP is cleared from the circulation
by the kidneys
(16). Thus, in patients with renal failure, we found high
plasma and low urinary cGMP values. There was no
significant
correlation between
cGMP values of blood
and urine samples. Urinary
excretion
of cGMP cannot
be used as a reliable
index for either plasma
cGMP
generated
by circulating
ANP or for the cGMP generated within the kidneys. it is likely that urinary cGMP
is derived partly from circulating
cGMP and partly from
cGMP formed in the kidney as a consequence
of intrarenal urodilatin activity (17).
We found increased urinary cGMP concentrations
in
some patients with progressive
tumors and in some patients with hepatic cirrhosis. Urinary
cGMP has been
proposed
as a tumor marker (18-21). Increased
cGMP
concentrations
in urine have been reported in children
with malignancies
(18), in adults
with acute and
chronic leukemia
(19) or epithelial ovarian cancer (20,
21), and also in patients with nonmalignant
tumors
(22). Urinary
cGMP may relate to tumor growth rate
(23). In patients
with raised pretreatment
concentrations, urinary cGMP excretion is reported
to drop to
near normal values during remission
of the disease,
whereas recurrences
are accompanied
or preceded by a
rise in cGMP excretion (18, 20). However, the mechanism responsible for the increase in urinary cGMP in

tumor patients remains obscure. Increased
activity of
guanylate
cyclase and depressed activity of phosphodiesterase
have been demonstrated
in tumors. Additionally, it has been shown that the activity
of blood phosphodiesterase
is considerably
suppressed
in cancer
patients, compared with normal individuals (22).
In human malignancies,
the plasma and urine patterns of cyclic nucleotides
are variable
(24). We found
increased urinary cGMP in 52% of patients with progressive tumor, but none had increased
cGMP plasma
concentrations.
There was no significant
difference
in
urinary cGMP values between the various types of
neoplasms
studied. The low sensitivity
for cancer, in
addition to the overlap of values from cancer patients
with those from controls (25) and from patients with
other diseases
(poor specificity),
renders this marker
unsuitable
for screening
purposes
(23). It is also unlikely that urinary cGMP excretion will be used as a
tumor marker. However, because urinary
cGMP may
be increased
in some patients
with progressive
neoplasms, the specificity of this marker for diagnosing
heart failure is reduced.
In accordance
with previous reports
(26) we also
found increased
urinary
cGMP in some patients (56%)
with hepatic cirrhosis, whereas cGMP concentrations
in
plasma were within the normal reference range in all
patients.
This divergence
between urine and plasma
cGMP concentrations
remains to be investigated;
however, it reduces the specificity
of cGMP concentration
in
urine for diagnosis of heart failure.
cGMP measurement
in urine provides a sensitivity
of 88% and a specificity of 64.3% for diagnosing
heart
failure, which was lower than the corresponding
values
(sensitivity
94%, specificity
94%) obtained
with determination in plasma samples (9). In heart failure, right
atrial pressure is reported to correlate positively with
urinary cGMP concentrations
and excretion rate (6). In
contrast
to plasma cGMP, in our patients
urinary
cGMP was not related to the severity
of heart failure
assessed
clinically
according
to the NYHA. Plasma
cGMP concentrations
did not differ significantly
between stage III and stage N patients. In severe heart
failure there is an uncoupling
of plasma ANP concentrations and cGMP production
in the pulmonary
and
peripheral
circulation,
probably caused by receptor
down-regulation
(4, 8). In patients treated with diifent therapeutic
agents, plasma and urinary cGMP
concentrations
differed significantly.
Because
of the
relatively
small number studied and the overlap between treatment
and severity of congestive
heart failure, it is not possible to attribute these observations
to
the effect of different drugs. However, the use of medications that may affect plasma ANP or CGMP concentrations (ACE inhibitors
and diuretics,
respectively)
may have affected the outcome
of this study and thus
limited the applicability
of these results to pretreated
heart failure patients.
In summary,
measurement
of cGMP in plasma
is superior to measurement
of this cyclic nucleotide
in urine
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for diagnosing and monitoring heart failure. However,
simultaneous
determination
of cGMP in a patient’s
urine and plasma allows one to identify the causes of an
increase in plasma cGMP concentrations,
i.e., impaired
renal clearance
or increased
systemic production.
We dedicate

this paper to Prof. Dr. Franz Dienstl of Innsbruck,

Austria, on the occasion

of his

65th birthday.
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