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Ventricular natriuretic peptide (BNP) in heart
transplantation: BNP correlation with
endomyocardial biopsy, laboratory and
hemodynamic measures
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Hospital La Fe, Valencia, Spain

A prospective study of 81 heart transplant (HT) patients was carried out in order to evaluate the evolution of
brain natriuretic peptide (BNP) levels in HT patients and compare them with the degree of rejection as
determined by endomyocardial biopsy. All patients were subjected to endomyocardial biopsy (532), and
determination of BNP and creatinine levels as well as hemodynamic parameters. A control group of 36
volunteers was included. BNP values were significantly greater in HT patients than in healthy volunteers. In the
first 3 months, BNP levels in patients with treatable rejection were significantly greater than in patients without
graft rejection, although evident overlapping was observed in both distributions and discriminatory potential
was low. After the third month, BNP values were similar in patients with and without rejection. Creatinine levels
were observed to increase over time after transplantation, but no correlation was observed between the
creatinine and BNP levels. A significant positive correlation was observed between BNP and right ventricle and
pulmonary arterial pressures.
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Heart transplantation (HT) improves the quality of
life and prolongs survival among patients with end-
stage myocardiopathy. The current gold standard for
diagnosing graft rejection is an endomyocardial
biopsy, which requires invasive cardiac catheteriza-
tion. Despite their useful contributions, noninvasive
techniques such as echocardiography,”* Tl scinti-
graphy,® antimyosin monoclonal antibody scintigra-
phy,* and magnetic resonance imaging (MRI)® are
unable to replace or serve as guides to biopsy
performance.

Brain natriuretic peptide (BNP) was first identi-
fied in porcine brain by Sudoh et al’° in 1988, and
later isolated by Kambayashi et al” from the human
atrium in 1990. It belongs to the group of natriuretic
peptides. BNP is thought to participate in the normal
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homeostatic mechanisms that maintain the composi-
tion and volume of extracellular fluid.®® BNP is
known to have natriuretic, diuretic and vasorelaxant
properties; may have antagonistic effects on the
rennin—angiotensin—aldosterone system;*'®'* and
plays an important role in fluid homeostasis and
blood pressure."'~* Atrial natriuretic peptide (ANP)
and BNP have similar properties, but the half-life of
BNP is five- to six-fold longer, and BNP is mainly
secreted from the ventricles in the heart, whereas
ANP mainly derives from the atria."™"”

There is great interest in the diagnostic use of BNP
for detection of ventricular dysfunction. Several
authors have suggested that determination of BNP
levels could be used as a screening technique for
cardiac disease. Because patients with ventricular
dysfunction and moderate heart disease could
benefit from early treatment, and since clinical
assessment of these patients is not a very reliable
method for diagnosis, several authors have sug-
gested that natriuretic peptides be used to predict
ventricular dysfunction.”'®" In addition, an in-
crease in serum BNP concentrations proportional to



the clinical severity of heart failure has been
demonstrated.*®

High BNP values have also been found in patients
with high blood pressure, ventricular hypertrophy,
ischemic heart disease and other heart diseases,?'2¢
renal failure subjected to hemodialysis,"**” and in
heart transplantation.?®**° The utility of BNP in the
diagnosis of heart transplant rejection has not been
thoroughly investigated to date; the studies were
generally limited to few cases with a short follow-up
duration and sometimes contradictory results.*"** In
this context, the simple laboratory assessment of
BNP could be very useful in selecting patients for
subsequent invasive techniques such as biopsy.

The aim of this study was to evaluate the
evolution of BNP concentrations in heart transplant
patients and its relationship to the degree of graft
rejection, as determined by endomyocardial biopsy,
and to study the correlation between BNP concen-
tration, laboratory variables, and hemodynamic
pressures.

Materials and methods

A prospective study was conducted on 81 consecu-
tive patients (71 men, 10 women) subjected to
orthotopic HT in our institution between January
1999 and January 2002. Retransplantations were
excluded, as were those with combined kidney, liver
or lung transplants; pediatric transplantations; and
deaths before first biopsy performance. The mean
patient age at the time of transplantation was 54 +10
years (range 15—66 years). The indication for HT was
advanced ischemic heart disease in 61.3% of cases,
idiopathic dilated myocardiopathy in 21.3%, myo-
carditis in 10%, and valve disease in 7.5%.

All patients were subjected to endomyocardial
biopsy via protocol-based percutaneous femoral
right catheterization (two in the first month,
monthly until the sixth month, and after 9, 12, and
15 months). Parallel blood tests (4+24h) were
performed for basic parameters with creatinine and
BNP levels. At the time of biopsy, measurements
were made of right ventricle systolic and diastolic
pressures (RVS, RVD), and mean pulmonary arterial
pressure (MPA).

The degree of graft rejection was defined accord-
ing to the classification of the International Society
for Heart and Lung Transplantation (ISHLT).*®
Treatable rejection was considered to be >2 in the
first 90 days, and >3 thereafter. The sample was
differentiated in time (before and after 3 months
post-HT), since the treatment requirements differed
in the two periods according to the biopsy results.
Since the aim was to determine whether BNP can
serve as a guide to biopsy performance, this time
distinction appears advisable.

For comparison of BNP concentration in the HT
patients with respect to the general population, 36
healthy individuals, matched by age, were used
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(mean 51 years; range 15—64 years). Control subjects
were required to be free of heart, kidney, or thyroid
disease.

BNP Determination

After drawing blood, the samples were centrifuged
for 5min. The plasma was aspirated and stored in
plastic tubes at —30°C until analysis. Plasma BNP
concentrations were measured in duplicate with a
specific solid-phase ‘sandwich’ immunoradiometric
assay (Shionora BNP Cis®) with two monoclonal
antibodies were prepared against sterically remote
sites: the first was coated on the beads as solid
phase, and the second was radiolabelled with **°I
and used as the tracer. BNP molecules are ‘sand-
wiched’ between the two antibodies. Excess un-
bound tracer is easily removed during the washing
step, and the bead solid phase retains only the
absorbed antibody/antigen/tracer antibody combina-
tion. The amount of radioactivity bound to the solid
phase is proportional to the amount of BNP present
at the beginning of the assay.

The detection limit (defined as the smallest
concentration different from zero, with a probability
of 95%) was 2 pg/ml. Crossreaction with ANP and
CNP was less than 0.001% for both. The BNP values
defined as normal by the manufacturer were less
than 18.4 pg/ml.

Statistical Analysis

BNP levels are expressed as the mean with the
standard deviation (s.d.) and the median. The
Mann-Whitney U-test was used to analyze the
differences in BNP in the groups with and without
graft rejection. The time course of BNP concentra-
tion was graphically represented, with its relation to
the existence or absence of rejection and its
discriminatory potential, based on the plotting of
receiving operator characteristic (ROC) curves.

Evaluations were likewise made of the correlation
between BNP concentration, creatinine and pul-
monary pressures (based on the Pearson’s correla-
tion coefficient), and of the relation between
pulmonary pressures and the existence of graft
rejection (Student’s t-test). Statistical significance
was considered to be P<0.05.

Results

A total of 532 cardiac biopsies were performed on
the 81 patients, and complete data (ie, assessable
biopsy result (sufficient biopsy sample), pulmonary
arterial pressure, creatinine levels, and BNP) were
obtained for 410 samples. There were no major
complications related with the procedure.

The BNP values were significantly greater in the
HT patients (258+316 pg/ml, median 153 pg/ml)
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than in the healthy controls (17 +16 pg/ml, median
9pg/ml), with statistical significance (P<0.001)
observed at all time intervals. Figure 1 shows
histograms for the control population.

On average, maximum BNP concentration was
reached within the first post—transplantation month
(first 2 weeks mean: 369.27 pg/ml, median: 267.5 pg/
ml; first month 358 pg/ml, median 259 pg/ml), with
the existence of extreme values a common observa-
tion. Subsequently, the concentrations decreased
and stabilized towards the fifth month, with values
in the range of 60-120 pg/ml (Figure 2).

The relationship between BNP levels and graft
rejection, as determined by endomyocardial biopsy,
is shown in Figure 2a and b. In the first 90 days, 89
biopsies showed evidence of rejection > 2 according
to the ISHLT classification, of which 52 were scored
>3. Although BNP levels in patients with treatable
rejection (494 +462, n=89; median 310 pg/ml) were
significantly greater than in patients without graft
rejection (268+245, n=96; median 222 pg/ml)
(P<0.0001), evident overlapping was observed in
both distributions. As can be seen from the ROC
curve (area under the curve, AUC: 0.667; Figure 3
and Table 1), no BNP cutoff point presented
sufficient discriminatory capacity, with acceptable
sensitivity and specificity, for diagnosing graft
rejection.

After the first 90 days, 18 biopsies were observed
as rejection >3 (ISHLT classification). The BNP
values were similar in the patients with and without
rejection (163+289, n=18; median 59pg/ml vs
137+199, n=207; median 76 pg/ml) (P=NS). The
area under the ROC curve (0.45, Figure 4 and Table
1), likewise reflects the incapacity of BNP to

12
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Figure 1 Histograms for the control population.
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discriminate the existence of graft rejection. A BNP
cutoff point of 400 pg/ml, in this period, would only
detect two of the 18 cases of rejection (sensitivity
11%), with a likewise very low positive predictive
value (three out of 18: 17%). Upon lowering the
cutoff point to 100 pg/ml, sensitivity increases yet
remains low (28%), with an important loss of
specificity.

The creatinine levels were shown to increase over
time after transplantation (Figure 5). In the first 4
months, the creatinine concentrations were
1.0+0.5mg/dl; this was followed by additional
increases, reaching 1.5+0.6mg/dl at the end of
follow-up (P<0.001). No correlation was observed
between the creatinine and BNP levels (r=0.15,
P=0.7).

The RVS, RVD and MPA were similar in the
patients with and without rejection. Although the
differences in RVS and MPA were statistically
significant, they were clinically irrelevant (RVS-
rejection >3: 40+8mmHg, n=70, rejection <3:
37+9mmHg, n=340; P=0.01; MPA-rejection >3:
25+5mmHg, n=70, rejection <3: 22+5mmHg,
n=2340; P=0.01). For this analysis, no sample time
division was used; 52 of the 70 biopsies indicating
rejection >3 were in the first 90 days, and 18 of the
70 were after 90 days. When biopsies, RVS, RVD and
MPA were analyzed on the basis of time after
transplantation (rejection >2; 89 in the first 90 days
and 62 after 90 days), similar clinically irrelevant
results were obtained.
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Figure 2 Time course of BNP concentration in heart transplant
patients. The BNP levels were significantly higher than in the
control group in all periods analyzed.
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Figure 3 BNP levels and rejection at endomyocardial biopsy (ISHLT classification) in the first 90 days after transplantation. In this
period, treatable rejection was defined as >2. The BNP values were greater in the patients with graft rejection, although without

discriminatory capacity, as shown by the ROC curve.

Table 1 Sensitivity and specificity values in diagnosing graft
rejection for the different BNP cutoff points

<90 days: Rejection >2 > 90 days: Rejection >3

A significant positive correlation was observed
between BNP and the right ventricle and pulmonary
arterial pressures (BNP-MPA, r= +0.54, P< 0.0001;
BNP-RVS, r= + 0.46, P<0.0001; BNP-RVD, r= + 0.20,
P<0.0001).

BNP  Sensitivity Specificity Sensitivity Specificity
100 94 9 28 61
200 71 44 17 85 Discussion
300 52 77 11 91
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Figure 4 BNP levels and rejection at endomyocardial biopsy (ISHLT classification) after the third month of HT. Treatable rejection was
considered for >3. In this period, no significant differences were observed in BNP levels between patients with and without rejection.
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Figure 5 Time course of creatinine concentration in HT (left). Relation between BNP and creatinine concentrations (right).

dysfunction can also result from restrictive physiol-
ogy of the denervated heart, which causes diastolic
dysfunction in the absence of rejection®® and right
ventricular dysfunction with tricuspid regurgitation,
both a common occurrence after transplantation.®”
BNP has the potential to serve as a useful screening
measure for the presence of cardiac allograft func-
tion, independent of the underlying structural
abnormality.®® Previous studies of BNP in HT
patients have shown baseline elevations compared
with BNP levels in nontransplanted controls.

The time course of BNP concentration after HT
was investigated by Ationu et al*® in 14 patients
subjected to 68 biopsies between 1 and 74 weeks
after transplantation (although after the sixth month,
only eight biopsies were analyzed). These authors
observed a significant positive correlation between
the time elapsed from transplantation and BNP
concentration (r=0.65, P<0.05), which is incon-
sistent with our observation that the BNP concen-
tration tended to stabilize after the fourth or fifth
month. The same authors also published a study
outlining the evolution of BNP in seven pediatric
patients, reporting that the values measured be-
tween 2.5 and 3 years post-transplantation were
significantly lower than those recorded in the first
year.’® This observation is more in line with our
findings. In agreement with our study, most authors
have found that BNP concentration remained high
after transplantation, and were significantly higher
than in healthy controls.?*3°

Ationu et al *® and El Gamel et al*® likewise found
no relation between BNP plasma levels and the
existence of heart rejection as determined by biopsy.
Masters et al** analyzed 77 biopsies in 10 patients
between 4 and 40 weeks post-HT. They defined the
existence of rejection as grade >2 according to the
biopsy evidence and, in the first 3 months, found
patients with rejection to have significantly higher
BNP values (544 +116) than subjects without rejec-
tion (198 +12). These results are in good agreement
with our study. Since none of the six patients
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without rejection presented BNP levels of
>400 pg/ml at any time in the course of monitoring;
as a result, the authors arbitrarily chose this cutoff
value, believing it would entail few false-positive
results. However, despite the fact that the BNP
levels among the patients without rejection episodes
were under 400 pg/ml, the data presented by the
authors showed that BNP concentrations above
400 pg/ml were relatively frequent and coincided
with biopsies reported as rejection 0, 1A or 1B.

In our study, during the period comparable to that
described in the study by Masters et al (first 3
months, with rejection defined as >2), 14 biopsies
in 14 different patients revealing no rejection
occurred BNP values above 400 pg/ml. Moreover,
six of these patients never presented rejection
according to the serial biopsy results, despite the
fact that on some occasions BNP concentrations
were >400pg/ml. The sensitivity and specificity
values reflected in Table 1, for different BNP cutoff
points in the diagnosis of rejection, suggest that
isolated or individual BNP determination lacks the
discriminatory capacity to either replace or serve as
a guide to endomyocardial biopsy performance. We
also observed that BNP levels immediately follow-
ing transplantation were frequently low, suggesting
some undersecretion by the failing heart immedi-
ately prior to transplantation. Unfortunately our
protocol, as described in ‘Materials and methods’,
only included endomyocardial biopsy and BNP
determination 15 days and 1 month post-HT, and
we could not corroborate all the findings described
by Masters et al, in particular, serum BNP values
immediately following transplantation.

In this prospective study, BNP concentrations
increased following HT, reaching peak values in
the first 2 months. The levels subsequently de-
creased and stabilized after the fifth post-HT month,
with concentrations in the range of 60-100 pg/ml,
which is high, compared to the general population.
Despite the fact that the BNP levels in the first 3
post-HT months were higher in the graft rejection



group on average, no BNP cutoff point afforded
sufficient predictive or discriminatory capacity to
diagnose or serve as a screening tool for rejection.
This was particularly manifest after the third month.
In contrast, a significant positive correlation was
identified between BNP and the right ventricle and
pulmonary arterial pressure values.

We found no relationship between BNP levels and
creatinine concentration, with the latter increasing
over time. E] Gamel et al* obtained similar results
in a group of 40 HT patients. Earlier studies had
shown that patients with chronic renal failure
enrolled in a hemodialysis program exhibited
increased BNP levels.’>?” Akiba et al** analyzed
the relation between BNP and creatinine in a group
of healthy controls (creatinine 0.5—1.2mg/dl; BNP
12+22pg/ml), in patients with isolated chronic
glomerulonephritis (creatinine >1.2mg/dl; BNP
17 +23pg/ml), and in patients on dialysis (BNP
91+ 93 pg/ml). These authors concluded that BNP is
not directly related to renal failure but probably to
the hemodynamic stress of dialysis. The results of
Cataliotti et al** and Mallamaci et al** in heart
failure patients on hemodialysis showed BNP to
increase almost exclusively in the presence of
ventricular hypertrophy or systolic dysfunction. In
the subgroup of patients on dialysis without
ventricular hypertrophy or associated cardiovascu-
lar disease, the BNP concentration was similar to
that recorded in the controls. The authors thus
concluded that BNP does not increase because of
renal dysfunction or dialysis considered isolatedly.
Since in our patients renal damage fundamentally
occurred as a result of the nephrotoxic action of
cyclosporine, the mentioned lack of a BNP—creati-
nine correlation appears logical.

The relationship between BNP concentration and
hemodynamic parameters has been controversial.
Ationu et al’?® found no correlation between ven-
tricular BNP (closely related to plasma BNP) and the
right ventricular pressures or any other hemody-
namic variable, while in contrast El Gamel et al*®
obtained a good positive correlation to the transpul-
monary gradient—although in both cases the num-
ber of patients involved was relatively small.

Park et al®® recently published a prospective
analysis of 87 HT patients with the evaluation of
clinical and echocardiographic data, biopsies and
BNP levels (237 determinations). Their results are
practically analogous to our own, and curiously the
mean BNP values are nearly identical (258 +276 pg/
ml, median 153 mg/dl). Based on the median, they
decided to divide the series into two groups (low
BNP: <150 pg/ml and high BNP: >150 pg/ml). The
degree of rejection as evidenced by endomyocardial
biopsy and creatinine concentration was similar in
both groups—the mean time elapsed from trans-
plantation being significantly less in the high BNP
group, thus reflecting the mentioned tendency of
BNP concentration to decrease over time. The high
BNP group presented significantly greater right
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atrial, pulmonary arterial, and pulmonary capillary
pressures—this observation is similar to our own
identified positive correlation between BNP levels
and right pressure values.

Natriuretic peptides possess diuretic, natriure-
tic, and vasodilatory properties (by inhibiting
endothelin and antagonizing the angiotensin—aldos-
terone system), as well as mneuromodulatory
effects (by reducing sympathetic tone).">"*** These
properties underlie their release and increase in
plasma in situations of heart failure of any cause
and secondary to either systolic or diastolic fail-
ure.”®**** Such peptides are therefore of great
diagnostic and prognostic value in non-transplanta-
tion settings.

In contrast, in HT, situations of increased pul-
monary pressure (prior to transplantation) may be
observed, along with restrictive physiology®® (due to
cardiac denervation or cyclosporine). This may lead
to diastolic dysfunction or a degree of right ventricle
failure and a variable degree of tricuspid valve
insufficiency, and thereby producing increased BNP
in the absence of rejection. Likewise, it is common
to identify treatable rejection at biopsy without
aberrant clinical, echocardiographic, or hemody-
namic features. Thus, normal-range BNP concentra-
tions may occur in these HT patients in the presence
of rejection. On the other hand, patients sometimes
present clinical and echocardiographic criteria of
rejection where high BNP values are often seen,
which moreover improve after immunosuppressive
therapy, where ‘true’ rejection can be assumed and
in which the biopsy (logically performed on a
patchy basis) is unable to identify rejection. This
situation could be regarded as a false-negative
biopsy result, despite the fact that biopsy is
considered the gold standard for diagnosing rejec-
tion. All these considerations may in part justify the
lack of a relationship between BNP concentration
and the degree of graft rejection as determined by
endomyocardial biopsy. The lack of discriminatory
capacity in diagnosing rejection need not lessen the
value of monitoring BNP in the follow-up of these
patients.

In conclusion, BNP levels remain high at all times
after HT with respect to the general population, and
tend to stabilize at around 60-120 pg/ml after the
fourth month. BNP levels are discretely higher
among patients with treatable graft rejection, parti-
cularly in the first 90 days, although they lack
discriminatory capacity to serve as a guide to
endomyocardial biopsy. A direct correlation exists
between BNP and the right ventricle and pulmonary
arterial pressure values.

Acknowledgement

We thank La Fe University Hospital for financial
support in conducting the present study.

143

Laboratory Investigation (2004) 84, 138—145



Ventricular natriuretic peptide (BNP) in heart transplantation
[ Hervas et al

144

References

1

10

11

12

13

14

15

16

17

Ciliberto GR. Doppler echocardiography after heart
transplantation. Ital Heart ] 2000;11(Suppl):1411—
1416.

Stengel SM, Allemann Y, Zimmerli M, et al. Doppler
tissue imaging for assessing left ventricular diastolic
dysfunction in heart transplant rejection. Heart
2000;86:432—-437.

Puig M, Ballester M, Matias-Guiu X, et al. Burden of
myocardial damage in cardiac allograft rejection:
scintigraphic evidence of myocardial injury and
histologic evidence of myocyte necrosis and apoptosis.
J Nucl Cardiol 2000;7:132—139.

Bello P, Almenar L, Marti JF, et al. Evaluation of the
usefulness of the antimyosin monoclonal antibody
(AMA) uptake in the diagnosis of heart transplant (HT)
rejection. Rev Esp Med Nucl 1999;18:190-196.

Marie PY, Angioi M, Carteaux JP, et al. Detection and
prediction of acute heart transplant rejection with the
myocardial T2 determination provided by a black-
blood magnetic resonance imaging sequence. ] Am Coll
Cardiol 2001;37:825—-831.

Sudoh T, Kangawa K, Minamino N, et al. A new
natriuretic peptide in porcine brain. Nature
1988;332:78-81.

Kambayashi Y, Nakao K, Mukoyama M, et al. Isolation
and sequence determination of human brain natriure-
tic peptide in human atrium. FEBS Lett 1990;259:341—
345.

Lang CC, Coutie WJ, Khong TK, et al. Dietary sodium
loading increases plasma brain natriuretic peptide
levels in man. J Hypertens 1991;9:779-782.

Suga S, Nakao K, Hosoda K, et al. Receptor selectivity
of natriuretic peptide family, atrial natriuretic peptide,
brain natriuretic peptide and C-type natriuretic pep-
tide. Endocrinology 1992;130:229-239.

Wambach G, Koch ]. BNP plasma levels during acute
volume expansion and chronic sodium loading in
normal men. Clin Exp Hypertens 1995;17:619-629.
Florkowski CM, Richards AM, Espiner EA, et al. Renal,
endocrine, and hemodynamic interactions of atrial and
brain natriuretic peptides in normal men. Am J Physiol
1994;266:R1244—-R1250.

Jensen KT, Carstens J, Pedersen EB. Effect of BNP on
renal hemodynamics, tubular function and vasoactive
hormones in humans. Am J Physiol 1998;274:F63-F72.
Sagnella G. Measurement and significance of circulat-
ing natriuretic peptides in cardiovascular disease. Clin
Sci 1998;95:519-529.

Valli N, Gobinet A, Bordenave L. Review of 10 years of
the clinical use of brain natriuretic peptide in
cardiology. ] Lab Clin Med 1999;134:437—-444.

Hosoda K, Nakao K, Mukoyama M, et al. Expression of
brain natriuretic peptide gene in human heart Produc-
tion in the ventricle. Hypertension 1991;17:1152—
1155.

Nakamura S, Naruse M, Naruse K, et al. Atrial
natriuretic peptide and brain natriuretic peptide
coexist in the secretory granules of human cardiac
myocites. Am ] Hypertens 1991;4:909-912.

Yasue H, Yoshimura M, Sumida H, et al. Localization
and mechanism of secretion of B-type natriuretic
peptide in comparison with those of A-type natriuretic
peptide in normal subjects and patients with heart
failure. Circulation 1994;90:195-203.

Laboratory Investigation (2004) 84, 138—145

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Mukoyama M, Nakao K, Hosoda K, ef al. Brain
natriuretic peptide as a novel cardiac hormone in
humans. Evidence for an exquisite dual natriuretic
peptide system, atrial natriuretic peptide and brain
natriuretic peptide. J Clin Invest 1991;87:1402—-1412.
Clerico A, Iervasi G, Mariani G. Pathophysiologic
relevance of measuring the plasma levels of cardiac
natriuretic peptide hormones in humans. Horm Metab
Res 1999;31:487-498.

Osca J, Quesada A, Arnau MA, et al. Péptido cerebral
natriurético. Valor diagndstico en la insuficiencia
cardiaca. Rev Esp Cardiol 2002;55:7—15.

Hervas I, Osca ], Perez-Pastor JL, et al. Radioimmuno-
metric assay of natriuretic peptide type-B (BNP) in
heart failure. Nucl Med. Commun 2003;24:61—-69.
Kohno M, Horio T, Yokokawa K, et al. Brain natriuretic
peptide as a cardiac hormone in essential hyperten-
sion. Am ] Med 1992;92:29-34.

Sirgurdsson A, Swedberg K. The role of neurohormo-
nal activation in chronic heart failure and postmyo-
cardial infarction. Am Heart ] 1996;132:229-234.
Richards AM, Nicholls MG, Yandle TG, et al. Neu-
roendocrine prediction of left ventricular function and
heart failure after acute myocardial infarction. Heart
1999;81:114-120.

de Lemos J, Morrow D, Bentley J, et al. The prognostic
value of B-type natriuretic peptide in patients with
acute coronary syndromes. N Engl ] Med
2001;345:1014-1021.

Sabatine M, Morrow D, de Lemos J, et al. Multimarker
approach to risk stratification in non-ST elevation
acute coronary syndromes: simultaneous assessment
of troponin I, C-reactive protein, and B-type natriuretic
peptide. Circulation. 2002;105:1760-1763.

Ishizaka Y, Yamamoto Y, Fukunaga T, et al. Plasma
concentration of human brain natriuretic peptide in
patients on hemodialysis. Am ] Kidney Dis
1994;24:461-472.

Ationu A, Burch M, Singer D, et al. Cardiac transplan-
tation affects ventricular expression of brain natriure-
tic peptide. Cardiovasc Res 1993;27:188-191.

El Gamel A, Yonan NA, Keevil B, ef al. Significance of
raised natriuretic peptides after bicaval and stan-
dard cardiac transplantation. Ann Thorac Surg
1997;63:1095-1100.

Buckley MG, Yacoub MH, Singer DR. Investigation of
the plasma concentrations and circulating forms of
BNP and ANP in orthotopic cardiac transplant reci-
pients. ] Hum Hypertens 1998;12:825—-826.

Masters R, Davies R, Vainot J, et al. Discoordinate
modulation of natriuretic peptides during acute cardi-
ac allograft rejection in humans. Circulation
1999;100:287-291.

Almenar L, Hervas I, Martinez-Dolz L, et al. The value
of brain natriuretic peptide for the diagnosis of heart
transplant rejection. Transplant Proc 2002;34:174-175.
Billingham ME, Carry NR, Hammond ME, et al. A
working formulation for the standardization of no-
menclature in the diagnosis of heart and lung rejection:
Heart Rejection Study Group: The International So-
ciety for Heart Transplantation. ] Heart Transplant
1990;9:587-593.

Izrailtyan I, Kresh JY, Morris RJ, et al. Early detection
of acute allograft rejection by linear and noninvasive
analysis of heart rate variability. ] Thorac Cardiovasc
Surg 2000;120:737-745.



35

36

37

38

39

Rubin Hartman JJ, Hasapes JP, Bakke JE, et al
Detection of cardiac transplant rejection with *"'In-
labelled lymphocytes and gamma scintigraphy. Circu-
lation 1996;94:11-298-11-303.

Hausmann B, Muurling S, Stauch C, et al. Detection of
diastolic dysfunction: acoustic quantification (AQ) in
comparison to Doppler echocardiography. Int J Card
Imaging 1997;13:301-310.

Bhatia SJ, Kirshenbaum JM, Shemin R], et al. Time
course of resolution of pulmonary hypertension and
right ventricular remodeling after orthotopic cardiac
transplantation. Circulation 1987;76:819—826.

Park M, Scott R, Uber P, et al. Usefulness of B-type
natriuretic peptide levels in predicting hemodynamic
perturbations after heart transplantation despite pre-
served left ventricular systolic function. Am J Cardiol
2000;90:1326-1329.

Ationu A, Sorensen K, Whitehead B, et al. Ventricular
expression of brain natriuretic peptide gene following
orthotopic cardiac transplantation in children. A
three-year follow wup. Cardiovasc Res 1993;27:
2135-2139.

Ventricular natriuretic peptide (BNP) in heart transplantation
[ Hervas et al

40

41

42

43

44

45

Akiba T, Tachibana K, Togashi K, et al. Plasma human
brain natriuretic peptide in chronic renal failure. Clin
Nephrol 1995;44(Suppl 1):S61-S64.

Cataliotti A, Malatino LS, Jougasaki M, et al. Circulat-
ing natriuretic peptide concentrations in patients with
end-stage renal disease: role of brain natriuretic
peptide as a biomarker for ventricular remodeling.
Mayo Clin Proc. 2001;76:1111-1119.

Mallamaci F, Zoccali C, Tripepi G, et al. Diagnostic
potential of cardiac natriuretic peptides in dialysis
patients. Kidney Int 2001;59:1559-1566.

Florkowski CM, Richards AM, Espiner EA, et al. Renal,
endocrine, and hemodynamic interactions of atrial and
brain natriuretic peptides in normal men. Am J Physiol
1994;266:R1244—-R1250.

Yu CM, Sanderson JE, Shum IO, et al. Diastolic dysfunc-
tion and natriuretic peptides in systolic heart failure.
Higher ANP and BNP levels are associated with the
restrictive filling pattern. Eur Heart ] 1996;17:1694—1702.
Lang CC, Prasad N, McAlpine HM, et al. Increased plasma
levels of brain natriuretic peptide in patients with isolated
diastolic dysfunction. Am Heart ] 1994;127:1635-1636.

145

Laboratory Investigation (2004) 84, 138—145



