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THE CLINICAL SIGNIFICANCE OF ST-SEGMENT DEVIATION
AND T WAVE CHANGES IN CHILDREN.

G.Chakhunashvili1,N.Jobava2,K.Chakhunashvili3.
Pediatric Clinic of Tbilisi State Medical University1,
Prophylactic Centre for Mother an Child2,
Treating-Prophylactic Centre3, Tbilisi, Georgia.

Aims. The study objective was to examine the prognostic predictive information of T-
wave abnormalities in children. The T-wave abnormality criterion was based on a new set
of normal T-wave amplitude limits differentiated by gender, age, electrocardiographic
lead, and QRS axis.

Methods: Total of 658 patients in the age of 0 to 15 were analyzed during the period of
1979-2006 years suspected of an acute ischemic incident Thirteen categories of T-wave
abnormalities were tested prospectively. Patients with following diseases were studied:
115 cases of juvenile rheumatic arthritis (:83 -with artricular and 32- Extra-articular form)
71 - Acute Non-rheumatoid carditis, 125 - recurrent tonsilo- pharyngitis and 60 - congen-
ital heart disease, 96 - mitral valve prolapse (MVP) and 85 - myocardial dystrophy. We
have included 205 children in control group.

Results: Quantitative T-wave analysis in an electrocardiographic core laboratory
revealed 6 of 13 pre-specified categories of T-wave abnormalities that were significantly
associated with an adverse outcome. T-wave abnormalities had no prognostic value
when ST-segment depression was also present, but this occurred in only 7.9% of
patients. T-wave abnormalities as the sole manifestation of ischemia were common
(74.4%). Patients with abnormal T waves in 1 of 6 selected abnormality categories
(70.3%) had a significantly higher risk of death, acute myocardial infarction, and refrac-
tory angina (11% vs 3%; P = 0.018).

Conclusion: Thus, T-wave abnormalities in patients presenting with non ST-segment
elevation acute coronary syndromes are common and should not automatically be
regarded as benign phenomena. Quantitative T- wave analysis provides optimal risk
stratification.
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MITRAL VALVE PROLAPS

Resident ROSTOM AMIREJIBI

Mitral valve prolapse syndrome has been given many
names, including the systolic click murmur syndrome,
Barlow syndrome, billowing mitral cusp syndrome, myxo-
matous mitral valve, floppy valve syndrome, and redundant
cusp syndrome. It is a common but variable clinical syn-
drome that results from a diverse pathologenic mechanisms
of one or more portions of the mitral apparatus, the valve
leaflets, chordea tendineae, papillary muscle, and valve annu-
lus. MVP usually associated with myxomatous degenaretion,
affect up to 2-3% of adults in industrialized countries, with a
2:1 female predominance.

The condition was first described by John Breleton
Barlow in 1966, and was subsequently termed mitral valve
prolapse by J. Michael Criley.

MVP has been observed in all ages.

Most frequenty non-classic mitral valve prolapse occurs
as a primary condition unassociated with other diseases.
Patients present with a mid-systolic click or clicks, mild bil-
lowing of non-thickened mitral valve leaflet, the mitral valve
leaflet coaptation point on the ventricle side of the mitral
annulus and no or minimal mitral regurgitation.

However, classic mitral valve prolapse has been reported
to be associated with many condition. It is characterized by
increased redundancy or thickening (myxomatous changes)
of varying portions of the mitral valve leaflets. There is sur-
face fibrosis of the mitral valve leaflets, mitral annular dilata-
tion, chordal redundancy and lengthening and fibrin deposits.
MVP occurs quite commonly inheritable disorders of con-
nective tissue that increase the size of the mitral leaflets and
apparatus, including the Marfan syndrome, Ehlers-Danlos
syndrome, osteogenesis imperfects, Ebstein’s anomaly, atrial
septal defect and the Holt-Oram syndrome. Classic mitral
valve prolapse may be familial, non-familial. There appears
to be a high incidence of MVP in patients with asthenic habi-
tus and a variety of congenital thoracic deformities, including
a straight back, a pectus excavatum and a shallow chest.

Secondary mitral valve prolapse can appear in coronary
artery disease due to a relative displacement of the ischemic
papillary muscle.

Functional mitral valve prolapse results from a dispropor-
tion of the mitral valve leaflets and chordate in relation to the
internal left ventricle dimension. A reduction or alteration in
left ventricular cavity size or shape may cause normal mitral
valve leaflets to move past the mitral valve annulus during
ventricular systole.

The myxomatous appearance of the leaflets in MVP is
due to a loss or dissolution of the normal dense

collagen fibers (fibrosa), with replacement and invasion
of a less sturdy type of connective tissue (spongiosa). The
leaflets, chordae tendineae, and annulus all may be affected
by myxomatous proliferation. The leaflets are thickened and
redundant, and the chordae tendineac become elongated.
Both mitral leaflets can be affected in MVP, but the posterior
leaflet is more commonly involved.

Myxomatous proliferation, although most commonly
affecting the mitral valve, is not limited to this valve but has
been described in the tricuspid, aortic, and pulmonic valves,
particularly in patients with Marfan syndrome, and may lead
to regurgitation of these valves.
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Prolapse represents abnormal superior systolic displace-
ment of the mitral valve leaflets; one or both of the leaflets
extend beyond the normal systolic coaptation point, allowing
MR to occur. During systole, individual scallops or an entire
leaflet may billow excessively into the left atrium. For severe
MR to be present, both leaflets must be affected or one leaflet
may be flail, such as in the case of a ruptured chordae
tendinea. The stress on the ballooning leaflets during ejection
may result in additional stretching of the valve tissue and
chordae. Thus, prolapse may be get greater prolapse.

Mitral valve prolapse is often diagnosed from the physi-
cal examination, when the classic auscultatory finding of a
mid-to-late systolic click and/or murmur is appreciated.
Alternatively, it may be incidentally diagnosed during routine
echocardiography or discovered when complications of
MVP manifest.

Most patients are asymptomatic. Symptomatic patients
with MVP are separated into 3 categories: (1) those with
symptoms related to autonomic dysfunction; (2) those with
symptoms related to the progression of mitral regurgitation;
and (3) those with symptoms that occur as a result of an asso-
ciated complication (ie, stroke, endocarditis, or arrhythmia).

. Symptoms related to autonomic dysfunction are
usually associated with genetically inherited MVP and
include the following:

0o  Anxiety
Panic attacks
Arrhythmias
Exercise intolerance
Palpitations
Atypical chest pain
Fatigue
Orthostasis
Syncope or presyncope
Neuropsychiatric symptoms

. Symptoms related to progression of mitral regurgi-
tation include the following:

o  Fatigue
Dyspnea
Exercise intolerance
Orthopnea
Paroxysmal nocturnal dyspnea (PND)

Progressive signs of congestive heart failure (CHF)

. ECG usually is normal, but can show nonspecific
ST-segment and T wave abnormalities especially in leads II,
III, aVF.

. MVP is also commonly seen in patients with inher-
itable connective tissue disorders.

Clinical characteristics are typically benign in young
women, whereas men older than 50 years tend to have seri-
ous consequence of mitral regurgitation.

. Common general physical features associated with
MVP include the following:

Asthenic body habitus

Low body weight or body mass index (BMI)
Straight-back syndrome

Scoliosis or kyphosis

Pectus excavatum

Hypermobility of the joints

Arm span greater than height (which may be indica-
tive of Marfan syndrome)

. The classic auscultatory finding is a mid-to-late sys-
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tolic click, which is present due to the leaflets prolapsing into
the left atrium resulting in tensing of the mitral valve appara-
tus. It may or may not be followed by a high-pitched, mid-to-
late systolic murmur at the cardiac apex.

o  The midsystolic click can vary in intensity and tim-
ing, primarily depending on left ventricular volume.

o  End-diastolic volume can be reduced by performing
a Valsalva maneuver or by having the patient stand. These
maneuvers result in an early click, which is close to the first
heart sound, and a prolonged murmur. In the supine position,
especially with the legs raised for increased venous return,
left ventricular diastolic volume is increased, resulting in a
click later in systole and a shortened murmur.

. Patients with MVP most frequently have symptoms
of autonomic dysfunction, including easy fatigability, dizzi-
ness, and atypical chest pain. This pain is perhaps related to
papillary muscle strain (ie, excessive pulling on the left ven-
tricular wall with prolapsed leaflets in the left atrium).

Differential Diagnoses — Mitral regurgitation

Workup

. Echocardiography

o  Findings

. Classic MVP: The parasternal long-axis view
shows > 2 mm superior displacement of the mitral leaflets
into the left atrium during systole, with a leaflet thickness of
at least 5 mm.

. Nonclassic MVP: Displacement is > 2 mm, with a
maximal leaflet thickness of <5 mm.

. Other: Other echocardiographic findings that
should be considered as criteria are leaflet thickening, redun-
dancy, annular dilatation, and chordal elongation.

. Contrast ventriculography: This study can also help
in defining MVP with or without mitral regurgitation.
However, with the advent of echocardiography, contrast ven-
triculography is rarely necessary.

. Chest radiography: Radiographs may demonstrate
the progression from asymptomatic to chronic, severe mitral
regurgitation with the development of cardiomegaly second-
ary to left atrial and left ventricular dilatation and evidence of
heart failure.

Treatment

. Asymptomatic patients with minimal disease

o  These patients should be strongly reassured of their
benign prognosis.

o  They should undergo initial echocardiography for
risk stratification. If no clinically significant mitral regurgita-
tion and thin leaflets are observed, clinical examinations and
echocardiographic studies can be scheduled every 3-5 years.

o  These patients are encouraged to pursue a normal,
unrestricted lifestyle, including vigorous exercise.

. Patients with symptoms of autonomic dysfunction

o A trial of beta-blockers for symptomatic relief can
be recommended.

o  Abstinence from stimulants such as caffeine, alco-
hol, and cigarettes is also recommended. An ambulatory 24-
hour monitor may be useful to detect supraventricular and/or
ventricular arrhythmias.

. Patients with evidence of or progression to severe
mitral regurgitation

o  Close follow-up and referral for surgical repair are
indicated early, before left ventricular dilatation and systolic
dysfunction develop.

o  Asymptomatic patients with moderate-to-severe
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mitral regurgitation and left ventricular enlargement, espe-
cially those with atrial fibrillation and/or pulmonary hyper-
tension, should undergo surgery before left ventricular func-
tion deteriorates.

o  If the physician is unsure if the patient is asympto-
matic, a treadmill stress test for exercise tolerance can be per-
formed. That is, have the patient demonstrate that he or she
can walk vigorously without symptoms.

. Patients with MVP and neurologic findings

o  After atrial fibrillation and left atrial thrombus are
excluded, these patients should be given daily aspirin thera-
py at a dosage of 80-325 mg/d.

o  Cessation of smoking and oral contraceptive use to
prevent a hypercoagulable state should be recommended.

o  Warfarin should be used when patients older than
65 years have atrial fibrillation, especially if they have asso-
ciated risk factors of a previous stroke or TIA, clinically sig-
nificant valvular heart disease, hypertension, diabetes, left
atrial enlargement, or a history and/or findings of heart fail-
ure.

. Patients with a mid-systolic click and late-systolic
mitral regurgitation murmur

o  Consider antibiotic prophylaxis in these patients,
including those with increased leaflet thickening or redun-
dancy.

o  Antibiotic prophylaxis is not recommended for the
patient with an isolated mid-to-late systolic click without a
murmur, unless the echocardiogram demonstrates significant
leaflet redundancy and/or thickness.

Mitral valve prolapse associated with severe mitral regur-
gitation can be treated with repair or surgical replacement of
the mitral valve. Repair of the mitral valve is always prefer-
able to replacement and should be performed by surgeons
that are skilled in the procedure. Current ACC/AHA guide-
lines suggest that early repair of mitral valve, performed in
centers of surgical excellence, should be considered even in
patients without symptoms of heart failure. Symptomatic
patients, those with evidence of diminished left ventricular
function or left ventricular dilatation need urgent attention.
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USE OF BNP AND NT-PROBNP IN EARLY STAGE
DIAGNOSIS OF ATHLETE’S CARDIOVASCULAR
PATHOLOGIES: LITERATURE OVERVIEW,.
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AIETI Highest Medical School

GEORGE CHAKHUNASHVILI MD, PhD. -
TSMU Pediatric Clinic Director Substitute

Brain natriuretic peptide (BNP), now known as B-type
natriuretic peptide(also BNP) or GC-B, is 32 amino acid
polypeptide secreted by the ventricles of the heart in
response to excessive stretching of heart muscle cells (car-
diomyocytes). BNP, originally termed brain natriuretic
peptide, was discovered in 1988 from porcine brain by T.
Sudoh et al. in 1988, but it was soon discovered that the
highest concentration of the peptide is found in the atria,
with the total ventricular amount of BNP being even high-
er due to greater mass (Minamino et al.1988).

BNP is co-secreted along with the remaining part of
the prohormone, a 76 amino acid N-terminal fragment
(NT-proBNP) which is biologically inactive. BNP binds to
and activates the atrial natriuretic factor receptors
Natriuretic peptide receptor A/guanylate cyclase A NPRA,
or NPR1, and to a lesser extent NPRB, in a fashion simi-
lar to atrial natriuretic peptide (ANP) but with 10-fold
lower affinity. NRP1 is a single membrane-spanning
receptors with intrinsic guanylate cyclase activity. The
vast majority of natriuretic peptide-dependent effects are
mediated by elevations of intracellular cGMP concentra-
tions. cGMP will then stimulate cGMP-dependent pro-tein
kinase (PKG) which will then induce smooth muscle
relaxation. This relaxation will decrease total periph-eral
resistance which will in turn decrease venous return to the
heart. The decrease in venous return to the heart will
reduce the preload and will result in the heart having to do
less work.

The physiologic actions of BNP are similar to ANP and
include increase in natriuresis, decrease in systemic vascu-
lar resistance and central venous pressure, inhibition of
renin and aldosterone production and of cardiac and vascu-
lar myocyte growth. Thus, the net effect of BNP and ANP
is a decrease in blood volume and a de-crease in cardiac
output.

The biological half-life of BNP, however, is twice as
long as that of ANP, and that of NT-proBNP is even longer,
making these peptides better targets than ANP for diagnos-
tic blood testing. BNP accurately reflects cur-rent ventric-
ular status. The half-life of NT-ProBNP is 1 to 2 hours vs.
20 minutes for BNP.

CLINICAL USE

The BNP assay has become one of the most important
blood tests in cardiology.

The BNP test as well as the NT-proBNP one have
already proved to be extremely useful in screening and
diag-nosis of Congestive Heart Failure, and in establishing
prognosis for heart failure patients. In addition, BNP helps
physicians to make decisions hospitalization and evaluate
effectiveness of therapy. A synthetic formula-tion of BNP
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(nesiritide) is used to treat decompensated heart failure,
resulting in improved hemodynamics and symptoms.

There is also more and more evidence that the BNP test
may play a major role in critical care medicine, in : pul-
monary embolism, cardio-renal syndrome, septic shock,
subarachnoid hemorrhage,

Cardiologic Pathologies: Congenital heart diseases,
cardiomyopathies, mitral regurgitation, aortic stenosis,
atrial fibrillation, acute coronary syndrome, myocardial
infarction, chronic stable angina, rheumatic fever, aortic
aneurism repair, cervical spine surgery,

Non-cardiologic pathologies: COPD, pulmonary
hypertension, fibrotic lung disease, oncology (radiothera-
py)s

B-type natriuretic peptide appears to be a reliable pre-
dictor of future cardiac and all-cause mortality in diabetic
patients. Bhalla et al. showed that combining BNP with
other tools like ICG can improve early diagnosis of heart
failure and advance prevention strategies. Utility of BNP
has also been explored in various settings like preeclamp-
sia, shock and End Stage Renal Disease.

TEST FEATURES

Biostatistics:

Negative predictive value is 96%, so heart failure can
confidently be ruled out for patients in the normal range.

When BNP is over 100 pg per milliliter - sensitivity =
90% ; specificity = 76%

When BNP is over 50 pg per milliliter - sensitivity =
97% ; specificity = 62%

For patients with CHF, BNP values will generally be
above 100 pg per milliliter; however, a more conservative
interpretation of the BNP is that normal values are less than
50 pg per milliliter in order to achieve adequate sensitivi-
ty. There is a diagnostic ‘gray area’, often defined as
between 100 and 500 pg/mL, for which the test is consid-
ered inconclusive. Values above 500 pg/mL are generally
considered to be positive. This so called gray zone has
been addressed in several studies and using clinical histo-
ry or other available simple tools can help make the diag-
nosis.

The effect or race and gender on value of BNP and its
utility in that context has been studied extensively

Results

BNP levels below 100 pg/mL indicate no heart failure

BNP levels of 100-300 suggest heart failure is present

BNP levels above 300 pg/mL indicate mild heart fail-
ure

BNP levels above 600 pg/mL indicate moderate heart
failure.

BNP levels above 900 pg/mL indicate severe heart fail-
ure.

3000 During Nesiritide Infusion

BNP levels rise with age. Mean BNP levels are:

26.2 pg/ml in those aged 55-64 years.
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31.0 pg/ml in those aged 65-74 years.

63.7 pg/ml in those aged 75 years and older.

Women without CHF tend to have higher BNP levels
than males of the same age.

A small difference was noted between the white and
black racial groups (area under the curve = 0.888 and
0.903, respectively). In patients presenting to the ED with
heart failure, the disconnect between perceived sever-ity of
CHF and severity as determined by BNP levels is most
pronounced in African Americans.

METHODS AND EQUIPMENT

A wide array of products now allows rapid measure-
ment of BNP (or NT-proBNP) on a point-of-care or labo-
ra-tory basis. These products use whole blood or serum
samples and employ ELISA methods with photometric
readout. They differ mainly on points of hardware size,
CLIA-waived status, sample preparation, automation etc.

Usually, to test the BNP level, a small amount of blood
(in case of the Montgomery et al. study it was fifteen mil-
liliters of venous blood) is taken and placed in a machine
that detects the level of BNP in blood. Blood thin-ner
EDTA is used to prevent blood from clotting. The test takes
about 15 minutes. Different machines can de-tect such low
concentrations as 5pg/ml.

We conclude that the BNP test is a quick, inexpensive
test which enhances current diagnostic assessment tools,
and enables doctors to make the correct diagnosis of heart
failure, prognosis and decisions regarding treatment.
Future research is evaluating the use of BNP test to deter-
mine its role in many other conditions for screening, diag-
nosis, prognosis and treatment strategy determination pur-
poses.

Cardiac enlargement in athletes was first reported over
a century ago. But the debate whether this adaptation to
regular high intensity exercise training is a purely physio-
logical condition or has pathological consequences contin-
ues to this day. We are uncomfortable with widely accept-
ed view that athletic left ventricular hypertrophy is a pure-
ly physiological adaptation with no pathological conse-
quences, for several reasons. Firstly, although sudden car-
diac death in competitive athletes under the age of 35 years
is rare (according to the Minneapolis Heart Institute
Foundation, which tracks deaths of young athletes in a reg-
istry, about 125 athletes under 35 die in the U.S. each year,
mainly from cardiovascular problems), up to 18%of post-
mortems of athletes dying dur-ing sport suggest a condi-
tion which has been termed idiopathic left ventricular
hypertrophy, where no clear rea-son has been found for the
increase in left ventricular mass. Some studies were not
controlled for cardiovascular risk factors. The fact that left
ventricular hypertrophy caused by endurance training
regresses on cessation of regular exercise, merely confirms
that athletic left ventricular hypertrophy acts the same way
as other pathologi-cal conditions. Recent reports speculate
that structural adaptations to exercise, particularly of the
right ventricle (RV), may predispose to tachyarrhythmias
and sudden cardiac death.

At present, the risk of myocardial damage by
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endurance exercise is under debate because of reports on
exercise-associated increases in cardiac biomarkers tro-
ponin and B-type natriuretic peptide. Based on the deter-
mination of cardiac troponin (cTnT), brain natriuretic pep-
tide (BNP), and echocardiographic measurements, recent
inves-tigations have reported myocardial damage and
reversible cardiac dysfunction after prolonged endurance
exer-cise in apparently healthy subjects. Exercise-associat-
ed elevations of cardiac biomarkers can be present in elite
and in recreational athletes, especially after prolonged and
strenuous endurance exercise bouts (e.g., cycling, rowing,
marathon, ultra triathlon and cross-country skiing).
Athletic left ventricular hypertrophy does also occur in
people with other kind of strenuous activities. However, it
is still unclear if the exercise-associated appear-ance or
increase in cardiac biomarkers in obviously healthy ath-
letes represents clinically significant cardiac in-sult or is
indeed part of the physiological response to endurance
exercise. In addition, elevations in cardiac bio-markers in
athletes after exercise may generate difficulties for clini-
cians in terms of differential diagnosis and may result in
inappropriate consequences.

Although the idea of using the BNP or NT-proBNP test
to assess athlete’s heart was suggest some years ago, the
present topic is still not studies well. It was noted by a
number of authors that strenuous exercise leads to a plas-
ma BNP/NT-proBNP concentration increase. (Table # 1)
Some researches also shown, that the peptides’ concentra-
tion is also elevated in healthy control individuals after
physical exercise. Though the first such obser-vations and
hypotheses about the exact mechanism of this elevation
where done over a decade ago, there is still no commonly
accepted insight on this problem. Different researches try
to clear the meaning of these findings as well as explain
them theoretically and experimentally. Recent echocardio-
graphic investigations have shown a reversible diastolic
and systolic dysfunction after long-lasting endurance
events in trained individuals. It can be speculated that this
exercise-induced myocardial dysfunction is pathogeneti-
cally responsible for an increase in BNP after such types of
exercise. Thus, there is a reasonable background to claim
for more information regard-ing the exercise-induced
myocardial stress reaction in athletes, particularly with the
third-generation assay for cTnT. Moreover, different exer-
cise intensities and durations have to be considered. Aside
from the already men-tioned problem regarding the cross-
reactivity of the ¢cTnT assay, an increase in postexercise
cTnT levels or the marked rise in BNP were mostly
observed after extreme ultra-endurance events. Although
the authors reported that the majority of subjects investi-
gated were well-trained endurance athletes, the question
arises in how far any form of training can prepare the
human organism and particularly the heart for such forms
of exercise. In addition, some events took place under
extreme environmental conditions or high altitude, thereby
imposing additional cardiovascular stress.

Correct interpretation of the test could open new quick
and easy ways to diagnose and screen for heart diseases in
athletes. Some of the authors suggest that BNP/NT-
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proBNP tests can be very useful for differentiation be-
tween physiological and pathological cardiac hypertrophy.
Better knowledge of BNP behavior under physio-logical
conditions should be useful for proper assessment of load
in athletes as well as for correct interpretation of BNP
results after physical exercise..

Article Peptide Sports Pre-Training Post-Training
Concentration Concentration
Effect of Professional BNP Football 26.3 +/-12.9 48.5+/-18.4
Exercises on BNP
(Sheikhani Shahin et al.) Volleyball 19.14/-11.8 43.4+/- 30.6
Water Polo 9.5 +/-2.1 124 +/-43
Bodybuilding | 12.0 +/-5.9 15.7 +/-5.6
pg/ml pg/ml
Elevation of serum NT- | NT-proBNP 58.37+/-19.48
proBNP after exercise is
an index of myocardial 22.93+-10.22
damage or cytoprotective ng/L
reflection? (Faviou et al.)
GDF-15, endoglin and NT-proBNP | Ultramarathon | 38.1+/-4.8 pg/ml | 1280.6 +/- 259.0
NT-proBNP induction in Foot Race pg/ml
athletes participating in
an ultramarathon foot
race. (Tchou et al.)
Myocardial response to a | Pro-BNP Triathlon T+1-2 27+/-21
triathlon in male athletes
evaluated by Doppler tis- pmol/L pmol/L
sue imaging and bio-
chemical parameters
(Leetmaa et al.)
Myocardial Stress after | BNP Road Cycling | 47.5+/-37.5 75.3 +/-55.3
Competitive Exercise in pg/ml pg/ml
Professional Road Cy-
clists (Koning et al)
Magnitude, Reproduci- | NT-proBNP | Running 42ng/L 191ng/L
bility, and Association
With Baseline Cardiac
Function of Cardiac
Biomarker Release in
Long-Distance Runners
Aged >55 Years
(Sahlen et al.)
Effect of Competitive NT-proBNP |Road Cycling 28+/-21 ng/L 278 +/- 152 ng/LL
marathon cycling on
plasma NT-proBNP and
CTnT in healthy recrea-
tional cyclists (Neu-
mayr et al.)
Independent elevation | NT-proBNP | Running mara- Increased by:
of NT proBNP and thon 200ng/L
cardiac troponins in en-
durance athletes after Mountain bike 9Tng/L
prolonged strenuous marathon 78ng/L
exercise (Scharhag et
al.)
Predisposing factors NT-proBNP | Running 53ng/L 121ng/L
and consequences of
elevated biomarker lev-
els in long-distance
runners aged >or=55
years
Biochemical and func- | BNP Triathlon 12.2 etag/L. 42.5 etag/L.
tional abnormalities of
left and right ventricular
function following ul-
tra-endurance exercise.
(La Gerche et al.)
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Article

Peptide Sports Before Train- | Post-Training
ing  Concen- |Concentration

tration

The impact of exercise dura- | NT-proBNP | Running 21-32 ng/L 38-67 ng/L
tion and intensity on the re-

lease of cardiac biomarkers

(Serrano-Ostariz et al.)

Effect of short-term maxi- BNP Bicycle Spiroer- |19.4+/-2.5 30.6+/-4.7
mal exercise on BNP plasma gometry pg/ml pg/ml

levels in healthy individuals
(Krupicka et al.)

Table #1| BNP test results before and after exercise, as
obtained by some authors. Note we do not add exercise
duration time and time past after the exercise, when the
blood samples were taken.

It’s interesting that at least one published work states
that the NT-proBNP test can be useful in senior endurance
runners screening. Sahlen et al. published two articles
related to the problem: “Predisposing factors and conse-
quences of elevated biomarker levels in long-distance run-
ners aged >or=>55 years” (2009) and “Magnitude, re-pro-
ducibility, and association with baseline cardiac function
of cardiac biomarker release in long-distance run-ners
aged > or =55 years” (2008). The aim of both studies was
to assess the magnitude and reproducibility of biomarker
release in athletes aged > or =55 years. One hundred
eighty-five participants where included (61.1 +/- 5 years;
29% women) at a 30-km cross-country race who were
self-reportedly in excellent health. Before and after the
race, the creatinine, N-terminal pro-brain natriuretic pep-
tide (NT-proBNP), and troponin T were analyzed, and par-
ticipation in the number of previous races and the race
duration were recorded. NT-proBNP increased from 53
ng/L (interquartile range 31 to 89) to 121 ng/L (interquar-
tile range 79 to 184) and troponin T from undetectable to
0.01 microg/L (interquartile range 0.01 to 0.04). The inde-
pendent predictors of a large NT-proBNP increase were
(1) greater levels present at baseline, (2) a greater increase
in creatinine (both p <0.001), (3) older age (p = 0.01), and
(4) a longer race duration (p <0.05). Troponin T elevation
was independently pre-dicted by (1) older age (p = 0.01),
(2) a greater increase in creatinine, and (3) participation in
fewer previous races (both p <0.05). Of the 15 runners
with an elevated (>194 ng/L) baseline NT-proBNP level
(8.1% of 185), 4 were found to have serious cardiovascu-
lar disease (2.2% of whole sample). Of these 4 patients, 1
died from sudden cardiac death within months after the
race. In conclusion, biomarker elevation occurs common-
ly in sen-ior runners. A high baseline NT-proBNP is pre-
dictive of a large release during exercise, suggesting that
the fac-tors that control the at rest levels also determine its
release with exertion. Troponin T elevation was seen in
less-experienced participants. A small group of very ill
runners were identified by NT-proBNP analysis. Long-
distance runners aged > or =55 years released NT-proBNP
and troponin T in a reproducible fashion. The mag-nitude
of NT-proBNP release during the race was correlated
strongly with NT-proBNP baseline levels and was associ-
ated with left ventricular mass and age. These findings
may suggest a potential adverse effect of long-distance
running on cardiac function in certain participants in this
age group.
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Whether the observed elevation represents a physio-
logical adaptation reaction or a pathology is not clear
yet. Here are some suggested hypotheses regarding this
question.

Among authors who claim the BNP/NT-proBNP eleva-
tion is a physiological response are J. Scharhag, A. Ur-
hausen et al., who published the article titled “No differ-
ence in N-terminal pro-brain natriuretic peptide (NT-
proBNP) concentrations between endurance athletes with
athlete’s heart and healthy untrained controls” in 2004.
They still find that NT-proBNP and BNP tests can have
important value as a tool to differentiate between patholog-
ical and physiological cardiac hypertrophy. Ten triathlets, 5
road cyclists and 5 long distance runners (age, 28 (4) years;
height, 178(7) cm; weight, 69 (8) kg; heart volume, 14.5
(1.1) ml/kg; aerobic capacity VO2max, 68 (6) ml/min/kg;
endurance training volume per week, 17 (6) hours; training
history, 8 (4) years) and a control group of 20 healthy
untrained males (group C) (age, 26 (4) years; height, 179
(6) cm; weight, 73 (8) kg; heart volume, 10.9 (0.6) ml/kg;
VO2max, 42 (5) ml/min/kg) matched for age, weight and
height with no his-tory of physical activity were included
into the study. VO2max, CMR, and echocardiographic
parameters were determined as described previously.5
Diastolic function was determined by pulsed Doppler spec-
tral recordings in the four chamber view at the tips of the
mitral leaflets and an E/A ratio > 1 was considered to be
normal.

As a result of the research, no difference was found in
diastolic or systolic function between groups. There was no
difference in NT-proBNP values between endurance ath-
letes and untrained control subjects (p = 0.56); endurance
athletes, 24.7 pg/ml (10th, 25th, 75th, and 90th centiles:
9.9, 14.1, 37.3, and 49.4 pg/ml, respectively) and untrained
control subjects, 28.9 pg/ml (10th, 25th, 75th and 90th cen-
tiles: 14.1, 16.7, 32.5, and 41.2 pg/ml, respectively)

It was stated, that NT-proBNP represents BNP in an
equimolar manner. There was no difference between BNP
concentrations in a small group of eight cyclists and their
age matched controls. relation between LV mass and rest-
ing NT-proBNP concentration even when examining a
greater number of subjects was not found.

The authors discuss relation of their findings to those of
Montgomery at al. (which we will discuss next):
“Therefore, the present results do not support the findings
of Montgomery and colleagues, who observed an in-crease
in BNP concentrations in angiotensin converting enzyme
D-allele-positive healthy male British Army recruits with
an increase in LV mass after 10 weeks of intensive strength
and endurance training.3 As a marker of myocardial
growth,3 the raised BNP concentrations reported by
Montgomery might reflect acute cardiac stress and a begin-
ning myocardial adaptation to the training stimulus (acute
effect), whereas in endurance ath-letes with a longer histo-
ry of training, the myocardium might be already adapted to
endurance exercise bouts without further induction of rele-
vant cardiomyocyte growth. Consequently, BNP concen-
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trations do not remain elevated in endurance athletes with
athlete’s heart at rest (chronic effect).”

Scharhag et al. concluded, that repeated bouts of
endurance exercise do not chronically alter myocardial
integ-rity and that myocardial wall stress is not elevated in
endurance athletes with athlete’s heart. The results confirm
the assumption that the athlete’s heart represents a physio-
logical hypertrophy to an increased volume load with-out
ventricular overload. Therefore, under resting conditions,
NT-proBNP (and BNP) might be a useful addi-tional tool
to differentiate between physiological and pathological
cardiac hypertrophy.

One of the first studies which pointed out, that BNP is
elevated after strenuous physical load was the one by
Montgomery et al. Although it was not focused on athletes,
but army recruits, it gave some first vision of the present-
ed problem. And it was also one of the first research proj-
ects, which used the BNP test not to diagnose CHF, but to
describe the heart features related to the extremely strenu-
ous long-term physical exercises.

Although the main aim of the project was determining
the genotype, which is the most associated with the LV
mass increase, it was there, where BNP test was used to
assess cardiologic features and functions related to ex-
treme exercise, among such others as Electrocardiography
and Echocardiography.

“The study population comprised all 460 consecutive
males recruited to the Army Training Regiment Bassing-
bourn, UK, over a 9-month period. All were normotensive
and free of cardiovascular disease and underwent an iden-
tical 10-week period of intensive strength and endurance
training. At entry, height, weight, and the time taken to
complete a standard 1.5-mile run at maximal exertion were
recorded, and venous blood samples were drawn. On the
first day of training (pretraining data) and again 10 weeks
later (post-training data), BP (mean of three manual meas-
urements after S-minute supine rest, each 1 minute apart)
was documented, and transtho-racic echocardiography was
performed. In one random training cohort, blood was taken
for assay of BNP, and a 12-lead ECG recording was per-
formed before and after training. Only subjects who com-
pleted training without interruption were included in fol-
low-up.”

The results were:

One cohort of 84 participants was randomly selected at
entry for assay of plasma BNP, of whom 49 completed
training. Pretraining plasma BNP levels did not differ
between genotypes. Levels increased significantly with
training in the whole group (n=49; mean+SEM, 44.64+2.5
versus 66.4+4.7 pg/mL; P<.001), an effect strongly associ-
ated with ACE genotype ( for rise in BNP levels,P<.05).
Levels did not rise significantly for those of II genotype
(47.0£5.6 versus 58.4+6.3 pg/mL), rising significantly
only among those with 1 D allele (n=35; pretraining,
43.7+2.8 pg/mL; post-training,69.6+6.1 pg/mL; P<.0001).
The rise was greatest for those of DD genotype (mean rise,
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11.5+6.3 versus 56.0+17.3 pg/mL for II versus DD geno-
type, respectively; P<.01). Post-training BNP levels, unlike
pretraining levels, were associated with ACE genotype
(DD>ID and DD>II; P<.001 for both comparisons).

The data obtained by Montgomery et al. strongly sup-
port the association of ACE genotype with LV growth, with
the rise in BNP levels with training being ACE genotype
dependent. Confounding factors (eg, cardiac dis-ease)
were eliminated.

The authors write: “Exercise has little influence on
plasma BNP concentration; all blood samples were taken
in the absence of recent exercise, and any such effect of
exercise is likely to be short-lived due to the very short
plasma half-life of BNP.” This was later observed by the
most researches of this topic. But the short-time eleva-tion
in BNP levels rose even more questions later.

On the basis of the above mentioned BNP test results as
well as electrocardiographic and echocardiography ones
(which we don’t add into our overview), the authors con-
cluded that, exercise-induced LV growth in young males is
strongly associated with the ACE I/D polymorphism.

“Does Cardiac Morphology Predict Plasma Brain
Natriuretic Peptide Levels in Adolescent Athletes?” - the
ar-ticle by authors Nilsson, Womack and co-authors, who’s
research found that plasma BNP levels in healthy ado-les-
cent athletes have no correlation to body mass index or LV
mass, even when corrected for body surface area. Thirty
healthy male adolescent high school football players (16.0
+ 1.1 years) were examined. Plasma BNP for this popula-
tion was 11.9 + 10.2 pg/mL. There was no correlation
between BNP and mean arterial pressure (r = -0.09, P =
0.64), body mass index (r = 0.11, P = 0.57), interventricu-
lar septal thickness (r = -0.15, P = 0.44), left ventricular
(LV) wall thickness (r = 0.00, P =0.99), relative wall thick-
ness (r =-0.04, P =0.84), LV mass (r = 0.05, P=0.79), or
LV mass index (r = 0.11, P = 0.55).

Other articles: “B-Type Natriuretic Peptide Is Related
to Left Ventricular Mass in Hypertensive Patients but Not
in Athletes” by Susana S. Almeida et al. and “Plasma Brain
Natriuretic Peptide In Endurance Trained Ado-lescents” by
Nilsson et al., does also find no relation between BNP lev-
els and LVM in athletes.

Mechanism of exercise induces BNP/NT-proBNP level
elevation.

Despite the availability of some tens of published
works related to the problem we study, there is not clear
an-swer, what is the mechanism behind the BNP elevation.

Here is our overview of the article “Exercise-induced
increases in NT-proBNP are not related to the exercise-
induced immune response”, J. Scharhag, T. Meyer and oth-
ers.

Fourteen cyclists and triathletes (mean (SD) age 25 (5)
years; height 180 (7) cm; weight 72 (9) kg; body fat 10.8
(2.5)%; heart volume 13.8 (1.7) ml/kg; VO2peak 67 (6)
ml/min/kg) represented the study population. Inflamma-
tory and cardiovascular diseases were excluded by physi-
cal examinations, routine blood parameters, an electro-car-
diogram at rest and during cycle ergometry, and an
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echocardiography at rest.

In randomised order, athletes had to perform three 4-h
constant load trials at an intensity of 70% of their indi-vid-
ual anaerobic threshold on a 400 m track on three different
days, using different carbohydrate beverages (6% or 12%
carbohydrate or placebo; 50 ml fluid per kg body weight
for each trial). In all three trials (placebo, 6% carbohydrate,
12% carbohydrate), 13 of 14 athletes demonstrated an
exercise-induced increase in NT-proBNP concentrations,
with a significant effect over time (p<<0.001). No difference
was found between trials for exercise-induced increases in
NT-proBNP concentrations.

It is known, that in cardiovascular patients, levels of
BNP and NT-proBNP are elevated due to a pathological
increase in myocardial wall stress and, in addition, have
been shown to be related to immune reactions.

Authors of the discussed article did not find signifi-
cant correlations for increases between NT-proBNP and
IL-6 (r=0.18; p=0.25), CRP (R=0.28; p=0.12), leuco-
cytes (R=0.10; p=0.54), neutro-phils (R=0.13; p=0.40),
monocytes (r=0.05; p=0.77), natural killer cells (R=
—0.18; p=0.27), lactate (r=—0.02; p=0.92), blood glucose
(r=—0.16; p=0.32) or cortisol (r=0.16; p=0.32), or
between the exercise-induced increase in NT-proBNP and
the exercise heart rate at the end of exercise (r=0.09; p=
0.60) or the heart volume (r=—0.42; p=0.14). A signifi-
cant relationship was found between the exercise-induced
increases in IL-6 and CRP (R=0.68; p<0.001), and there
was a trend between blood glucose and IL-6 (r=-0.49; p
=0.088).

The following text discusses the problem very well, so
we place it here closely to the original one:

Although prolonged exercise in the present study
induced a typical immune response (which could be
attenu-ated by CHO supplementation), and a typical
increase in NT-proBNP in healthy and well-trained
endurance ath-letes after 4 h of moderate but strenuous
exercise, no relationship between the exercise-induced
immune re-sponse and the increase in NT-proBNP could
be demonstrated. Therefore, exercise-induced increases in
NT-proBNP or BNP in healthy athletes must be differenti-
ated from increases in cardiovascular patients with sys-
temic inflammation.

First, it has to be noted that the exercise-induced
immune response in athletes is only transient and mild
com-pared with the chronic systemic inflammation in car-
diovascular patients with heart failure, cardiac allograft re-
jection or other diseases. Although mean exercise-induced
concentrations in IL-6 reached about 5 pg/ml in the present
study, which is as high as resting values in patients with
worsening heart failure, resting values in ath-letes were
normal. Nevertheless, IL-6 has been shown to induce BNP
gene expression in cardiac myocytes in vitro, and it has
been assumed that the exercise-induced increase in IL-6
(which is produced by the contracting muscle to regulate
substrate delivery and to maintain the metabolic homeosta-
sis for glycogen-depleted myo-cytes during exercise in
healthy athletes) is responsible for the exercise-induced
2010 Bgmo
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release in BNP. However, in the present study, no relation-
ship between the exercise-induced increase in IL-6 or other
exercise-induced im-mune reactions and the release in NT-
proBNP was found. Consequently, other reasons for the
exercise-induced release of BNP in healthy athletes have to
be considered.

Owing to the increase in cardiac work and arterial
blood pressure during exercise, elevated left ventricular
wall stress on cardiomyocytes could be one stimulus for
the exercise-induced increase in BNP release. In addition,
it has been shown that catecholamines induce an increase
in the gene expression and release of BNP in vitro and in
patients with sepsis. As epinephrine and norepinephrine
during 4 h of cycling at an intensity of 70% individ-ual
anaerobic threshold are elevated about 1.5 to 2-fold,
increases in catecholamines could further explain the exer-
cise-induced increases in BNP or NT-proBNP in healthy
athletes.

In conclusion, the exercise-induced immune response
does not contribute to the exercise-induced increase in
BNP or NT-proBNP in healthy athletes, which therefore
has to be differentiated from (NT-pro)BNP elevations
modulated by pro-inflammatory cytokines in cardiovascu-
lar patients with systemic inflammation.

In an other article “Independent elevations of N-termi-
nal pro-brain natriuretic peptide and cardiac troponins in
endurance athletes after prolonged strenuous exercise”,
Scharhag et al suggest, that the release of BNP during and
after exercise may not result from myocardial damage but
may have cytoprotective and growth-regulating effects.
This conclusion was made after the researches “examined
exercise-induced changes in NT-proBNP, cTnl, and cTnT
in 105 obviously healthy endurance athletes (40 +/- 8
years) before and after prolonged strenu-ous exercise.
Blood samples were taken before, 15 minutes, and 3 hours
after a marathon (n = 46), a 100-km run (n = 14), and a
mountain bike marathon (n = 45). RESULTS: Eighty-one
of 105 athletes exceeded the upper reference limit of NT-
proBNP (males/females 88:153 ng/L) after exercise. NT-
proBNP increased in all 3 events (P <.001) with the high-
est increase in the 100-km runners (median increase 200
ng/L; 25th/75th percentile 115/770 ng/L), which differed
from the increase in the marathon (97 ng/L; 36/254 ng/L)
or the mountain bike marathon (78 ng/L; 37/196 ng/L) (P
<.01). Cardiac troponin I exceeded 0.04 microg/L in 74%;
cTnT exceeded 0.01 microg/L in 47% of athletes after
exercise. NT-proBNP was not related to exercise-induced
increases in ¢Tnl or ¢TnT, but correlated with exercise
time (r = 0.55, P <.001).

In the article “Effect of Professional Exercises on Brain
Natriuretic Peptide”, H Sheikhani Shahin et al. (20 healthy
professional athletes were studied, test results are in table
1) suggest four possible mechanism of BNP concentration
rise. First it is “Myocardial Cell Injury”, as the increase in
BNP correlated to the elevation in cardiac Troponin-T after
the run and was interpreted as the result of exercise-
induced subclinical myocardial cell damage. Second ver-
sion is — hemoconcentration, which is a result of exercise
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induced trans-capillary water passage. But as the authors
write themselves, due to a quick Hct correction but longer
BNP high levels, some other causes and factors should be
suggested. The third hypothesis is ACE gene polymor-
phism which we have already discussed under
Montgomery’s article overview. And the final possible
mechanism suggested by Ira-nian scientists is “Volume-
related stimulus”. The authors also have same theory as
that of Scharhag et al., that the elevation may represent a
cyto-protective mechanism.

La Gerche does also conclude that BNP rise is due to
myocardial damage (article “Biochemical and functional
abnormalities of left and right ventricular function fol-
lowing ultra-endurance exercise”). This study was aimed
to quantify the extent and duration of post-exercise car-
diac injury with particular attention to right ventricular
(RV) dysfunction. The team tested 27 athletes (20 male, 7
female) one week before, immediately after, and one
week following an ultra-endurance triathlon. Tests
included cardiac troponin I (cTnl), B-type natri-uretic
peptide (BNP) and comprehensive echocardiographic
assessment. Results 26 athletes completed the race and
testing procedures. Post-race, cTnl was elevated in 15
athletes (56%) and the mean value for the entire co-hort
increased (0.17 vs 0.49microg/L, p<0.01). BNP rose in
every athlete and the mean increased significantly (12.2
vs 42.5 etag/L, p<0.001). Left ventricular ejection frac-
tion (LVEF) was unchanged (60.4 vs 57.5%, p=0.09), but
integrated systolic strain decreased (16.9% vs 15.1%,
p<0.01). New regional wall motion abnor-malities devel-
oped in 7 athletes (27%) and LVEF was reduced in this
sub-group (57.8% vs 45.9%, p<0.001). RV function was
reduced in the entire cohort with decreases in fractional
area change (0.47 vs 0.39, p<0.01) and tricuspid annular
plane systolic excursion (21.7 vs 19.1mm, p<0.01). At
follow-up, all parameters returned to baseline except for
one athlete with persisting RV dysfunction. Conclusion
was made, that myocardial dam-age occurs during intense
ultra-endurance exercise and, in particular, there is a sig-
nificant reduction in RV func-tion. Almost all abnormali-
ties resolve within 1 week.

There are also other points of view. For example, the
article “Effects of a long-distance run on cardiac markers
in healthy athletes” by M. Leers et al. suggests that the
increase could be partially attributed to cardiac stress. The
transient increases in BNP, NT-pro-BNP and troponin T are
more likely to reflect myocardial stunning than cardiomy-
ocyte damage. They also write, that the magnitude of the
increase in BNP could serve as a marker of the biological
age of the myocardium.

In their study 25 male and 2 female runners (age 34-64
years) who were running the Visii-Maastricht-Visi
marathon. Blood samples were drawn just before and
immediately after finishing the marathon. An additional
blood sample was collected 24 h later. As a result, running
the marathon led to a significant increase in cortisol. This
returned to baseline values 24 h after the marathon. There
was a slight increase in brain natriuretic peptide (BNP);
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however, this was not statistically significant. On the con-
trary, the N-terminal fragment of BNP (NT-pro-BNP) was
significantly increased immediately after the run and was
normalized 24 h later in 26 out of 27 runners (96%). The
magnitude of the transient elevations in BNP and NT-pro-
BNP increased with the age of the athletes. Furthermore, in
9 out of 27 runners there was a significant increase in tro-
ponin T. However, in all these runners this increase was
transient and troponin-T levels returned to baseline values
24 h after the marathon.

It is possible the elevation represents hypertrophic car-
diomyopathy, as suggested by article “Athlete’s heart or
hypertrophic cardiomyopathy: Usefulness of N-Terminal
pro-Brain Natriuretic Peptide” by P. Godon, V. Griffet et al.

In Godon’s study, NT-proBNP levels were measured at
rest and after effort in trained athletes referred for sus-pect-
edly abnormal (> 13 mm) left ventricular hypertrophy.
Seventeen patients were included, 10 of whom were diag-
nosed with hypertrophic cardiomyopathy (group I) while
the other 7 presented typical signs of athlete’s heart (group
II). NT-proBNP levels did not significantly differ between
groups, whether at rest or after effort. NT-proBNP levels
were, however, significantly elevated in 3 subjects in group
I, while being consistently nor-mal in group II.

Authors conclude, that in active athletes presenting
with ambiguous left ventricular hypertrophy, abnormal
NT-proBNP levels indicate hypertrophic cardiomyopathy,
whereas normal values are inconclusive. The article makes
it obvious that the NT-proBNP test is extremely useful in
differentiation of athletes heart from hypertro-phic car-
diomyopathy.

The article “Hypertrophic Cardiomyopathy vs. Athletes
Heart” by T. Cheng. also puts NT-proBNP test as one of the
most important tools for the two conditions differentiation.

A Greek/Swiss research based article “Growth-differ-
entiation factor-15, endoglin and N-terminal pro-brain na-
triuretic peptide induction in athletes participating in an
ultramarathon foot race” by I. Tchou, A. Margeli, M.
Tsironi, Katerina Skenderi, I. Papassotiriou et al. states that
elevated circulating GDF-15, endoglin and NT-pro-BNP
levels reflect a transient endothelial dysfunction in these
athletes who participated in a foot race con-sisting of con-
tinuous, prolonged and brisk exercise. Here is a short
abstract data of their research, which repre-sents the base
for the conclusion made: “The actions of growth-differen-
tiation factor (GDF)-15, endoglin and N-terminal pro-brain
natriuretic peptide (NT-pro-BNP) was investigated in 15
male athletes who participated in the ultradistance foot
race of the 246 km ‘Sparthathlon’. Measurements were
performed before (phase I), at the end of the race (phase 11)
and 48 h post-race (phase III). GDF-15 and endoglin serum
concentrations were de-termined with enzyme-linked
immunosorbent assay and NT-pro-BNP plasma levels by
electrochemilumines-cence. GDF-15 levels were increased
from phase I (563.9 + 57.1 pg ml—1) to phase II (2311.1 +
462.3 pg ml—1) and decreased at phase III (862.0 = 158.0
pg ml—1) (p <0.0002). NT-pro-BNP levels followed a sim-
ilar pattern to that of GDF-15 from 38.1 + 4.8 pg ml—1 at
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phase I to 1280.6 + 259.0 pg ml—1 at phase II and 89.8 +
13.6 pg ml—1 at phase III (p < 0.0001) and at the same time
points, endoglin levels were 4.7 = 0.2 ng ml—1 at phase I,
5.8 £ 0.2 ng ml—1 at phase II and 4.3 + 0.2 ng ml—1 at
phase III (p < 0.002).”

Koning and co-workers wrote (article: “Myocardial
Stress after Competitive Exercise in Professional Road Cy-
clists”, also discussed earlier) that, strenuous endurance
exercise in professional road cyclists does not result in
structural myocardial damage. The rise in BNP in older
athletes may reflect a reversible, mainly diastolic left ven-
tricular dysfunction. This needs to be confirmed by larger
trials including different intensities, sports, and age groups.
They examined 11 highly trained male professional road
cyclists (age 27 + 4 yr; VO2peak 67 + 5 mLekg-1*min-1;
training workload 34,000 + 2,500 kmeyr-1). None of the
athletes showed pathological findings in the cardiac exam-
ination. CK (P < 0.01), CKMB (P < 0.05), and Myo (P <
0.01) were increased after the race. Normal postexercise
c¢TnT levels indicate that the increase in CK, CKMB, and
Myo was of noncardiac origin. In contrast, BNP rose sig-
nificantly from 47.5 + 37.5 to 75.3 £ 55.3 pgemL-1 (P <
0.01). Pre- and postexercise values of BNP as well as the
individual exercise-induced increase in BNP were signifi-
cantly correlated with age.

It was supposed that the increased BNP and ¢TnT lev-
els represent cardiac fatigue and not myocardial damage
(“Effect of competitive marathon cycling on plasma N-ter-
minal pro-brain natriuretic peptide and cardiac tro-ponin T
in healthy recreational cyclists”, Neumayr et al.). Neumayr
and his measured BNP and ¢TnT in recrea-tional cyclists
(n = 29) during the Otztal Radmarathon 2004. In all sub-
jects, NT-pro-BNP significantly in-creased from 28 +/- 21
to 278 +/- 152 ng/L immediately after the race (p <0.001),
decreased again on the fol-lowing day, and returned to
baseline values 1 week later. The mean percentage increase
in NT-pro-BNP was 1,128 +/- 803%. CTnT, negative in all
subjects before the race, increased transiently in 13 athletes
(45%), with levels ranging from 0.043 to 0.224 mug/L in 8
of them (28%). One day after competition, cTnT had nor-
malized in all athletes.

It becomes quite clear that the BNP and NT-proBNP
tests can be very useful in athletes heart assessment, but a
lot of further research is needed, as suggested by Scharhag,
Koning Kupricka, Almeida, Serrano-Ostariz, Legas-Arrese
and others in their articles.

Nounopoulos and others, recommend a routine check-
up of plasma NT-proBNP before and after exercise as a
screening test, and state that elevated levels warrant further
evaluation.

Pagourelias also suggests that, BNP might be useful as
a pre-participation screening test in athletes, in his and his
co-authors recently published article “Brain natriuretic
peptide and the athlete’s heart: a pilot study”

The group of Greek scientists used an integrated M
mode, two-dimensional B mode and Doppler echocardio-
graphical study and plasma BNP levels test to examine 25
strength athletes, 25 patients with established hyper-troph-
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ic cardiomyopathy (HCM) and 25 healthy volunteers.
Among athletes, BNP levels correlated negatively with the
total training time (r = —0.79, p = 0.002) and positively
with ejection fraction (r = 0.58, p = 0.049) and fractional
shortening (r = 0.57, p = 0.049). A BNP cut-off value of
11.8 pg/ml had 88% specificity and 74% negative predic-
tive value for the exclusion of HCM.

As already mentioned, exercise-induced BNP increase
was shown to be significantly correlated with athletes’ age.
Some of the articles, such as the one by Leers et al. suggest
that NT-pro BNP can be used as a marker for biological age
of myocardium. At the same time some others, as
Krupicka’s article “Effect of short-term maxi-mal exercise
on BNP plasma levels in healthy individuals” did not find
any such correlation, putting this possi-ble usefulness
under question and need of further research.

Reports of BNP response to exercise in healthy control
individuals are also controversial and different mecha-
nisms of BNP elevation where suggested (Krupicka et al.,
Scharhag et al.)

CONCLUSION: Having made a general overview of
the present problem and related literature, we consider that
the topic is quite important and it is necessary to conduct
further investigations. Of course not all related articles are
discussed in this text. You can find some of those not dis-
cussed but considered in our article in the literature list.
Sports medicine, particularly cardiology problems and a
new possibility of using BNP and NT-proBNP tests to
assess athletes heart made us decide to start our own orig-
inal research program which is now being managed. We
propose a project of some stages, with possible develop-
ments according to results got in our original pilot study,
which considers testing 10 experienced rowers of the
Georgian national rowing team, before and after exercise,
as well as control group of healthy individuals. We decid-
ed to make BNP tests and not NT-proBNP as both are
shown to be elevated in the below mentioned articles, and
in our conditions it would be more suitable to test BNP and
not NT-proBNP. Further studies may consider different
sports activi-ties, age and exercise duration, as well as
comparing the results with echocardiography and electro-
cardiography data, as well as clinical histories, general
examination, capillaroscopy and possibly other assessment
methods.
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RESUME:

Patent Foramen Ovale -
Contemporary View

IMIMINOSHVILI, G.RUKHADZE

To review the Literature of “Patent
Foramen Ovale” giving to authoress to do
conclusion, that “Patent Foramen Ovale” in
early age of child’'s is not pathology, but in
age of adults in case of persist it can be the
reason of fatal or heavy complication. Co-
ming from the up mentioned big size of
“Patent Foramen Ovale” needs observation
in dynamic.
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ADVERSE DRUG REACTIONS
MONITORING IN GEORGIA

RUSUDAN G. JASHI MD. PHD

Georgian Society of Clinical Pharmacology and
Rational Pharmacotherapy

PRIMUM NON NOCERE

Department of Pharmacology Georgian
National Section of EuroScience

During the last decades it has been demonstrat-
ed by a number of studies that medicine morbidity
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and mortality is one of the major health problems
which is beginning to be recognized by health pro-
fessionals and the public. It has been estimated that
such adverse drug reactions (ADRs) are 4th to 6th
largest cause for mortality in the USA. They result in
the death of several thousands of patients each
year, and many more suffer from ADRs. The per-
centage of hospital admissions due to adverse drug
reactions in some countries is about or more than
10%: Norway 11.5%, France 13.0, UK 16.0%
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In addition suitable services to treat ADRs
impose a high financial burden on health care due to
the hospital care of patients with drug related prob-
lems. Some countries spend up to 15-20% of their
hospital budget dealing with drug complications.
Beside ADRs, medicine-related problems include
also drug abuse, misuse, poisoning, therapeutic
failure and medication errors.

Drug monitoring researches focusing on
adverse drug reactions, rationalization of drug
prescription and consumption, promotion of con-
cept of essential drugs and precise reporting sys-
tem are likely to be particularly cost-effective.
There is very limited information available on ADRs
in developing countries and countries in transi-
tion. However, one may expect that the situation is
worse rather than better. This problem is also
caused by a lack, in some countries, of legislation
and proper drug regulations, including ADR
reporting, a large number of substandard and
counterfeit products circulating in their markets, a
lack of independent information and the irrational
use of drugs that absolutely coincides with
Georgian situation. There are developed publica-
tions with this regard both for Georgian and inter-
national scientific editions.

We don t have statistically reliable data concern-
ing ADRs in Georgia, but several studies confirm
that the situation is quite poor and sometimes mor-
bidity and mortality is disguised by the name of
nosology ADR had caused. Due to existing in our
country epidemiological situation it is of urgent
necessity implementation of pharmacovigilance
system in our country.

WHO defines pharmacovigilance as the science
and activities relating to the detection, assessment,
understanding and prevention of adverse effects or
any other medicine_ related problem

Our aim is establish and maintain country specif-
ic, scientifically proved ADRs control system - the
system of Pharmacovigilance in Georgia, based on
WHO and Uppsala recommendations on ADR man-
agement .The pharmacovigilance system, estab-
lished by the recommendations of European coun-
tries will improve the treatment of the patients and
will help to reveal, evaluate and prevent ADRs. Our
aim is establish and maintain country specific, sci-
entifically proved ADRs control system - the system
of Pharmacovigilance in Georgia, based on WHO
and Uppsala recommendations on ADR manage-
ment.

The main aim will be reached by resolving the
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following problems: reveal new (not known) ADRs;
reveal the rising the incidence of (known) serious
ADRs; identify the risk-factors and reveal the mech-
anisms which cause ADRs; evaluate the quantita-
tive indicators of the risk and benefit of drugs,
which is necessary for State regulation and
improvement of quality of prescriptions; search of
social aspects of drug provision; prepare special-
ists in the field of pharmacovigilance; patient edu-
cation on ADR risk-factors and expected complica-
tions;

The major sources of information will patient s
medical record. Hospitals and physicians will be
guaranteed with the confidentiality of the data and
all publications. The clinics will receive the reports
on ADRs. The evaluation of questionnaires will be
carried out using methodologies, recommended by
WHO and tested in European countries, which are
simple for implementation, cheap and optimally
informative.

we reckon to create the center of
Pharmacovigilance Scientific-Research-Methodology
Center together with Department of Pharmacology
Georgian National Section of EuroScience and
Society Promotion of Clinical Pharmacology and
Rational Pharmacotherapy Primum non Nocere
(PNN) for the implementation of adverse drug reac-
tions monitoring in Georgia.

For the first time in Georgian clinics it will be eval-
uated the real situation concerning ADRs. Data
derived from this may have greater relevance, edu-
cational value and will be used to increase aware-
ness of medical society, medical students and the
population. Thus the potential users of results will be
health professionals and the population of Georgia.
This may encourage national regulatory decision-mak-
ing to make National Center of Pharmacoviligance in
Georgia.

The management Pharmacoviligilance will be
studying in Medical Universities and during post-
graduate education. The obtained data will inspire
graduate students to elaborate new ideas. The
physicians will be given methodological guidelines,
treatment protocols and standards, including
schemes of new drugs application. This will help to
reveal ADRs on early stages, decrease drug-caused
morbidity and mortality, and correspondingly

Governmental and individual expenditures will be
reduced.

It will promote achievement of the general goal
provide patients with safe, effective and affordable
treatment.
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Chlamydia trachomatis

Respiratory syncytial virus

Parainfluenza virus

Klebsiella spp/

Serratia marcescens

Staph.aureus

Esch.coli

Entrobacter chloace

Citrobacer diversus
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Streptococcus pneumoniae
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