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IntroductIon Permanent cardiac stimula‑
tion is a method commonly used in modern car‑
diology. The available data show that approxi‑
mately 18,000 of pacing devices are implanted 
each year in Poland (a mean of 471 per 1 million 
of inhabitants).1

Patients who require permanent heart stimula‑
tion are at high risk of subsequent cardiovascular 
events. It is usually related to their advanced age, 
coexistence of atrial fibrillation or heart failure, 

to prior myocardial infarction, and to the stim‑
ulation itself.

Identification of patients who are at risk for 
developing cardiovascular complications would 
certainly allow for intensifying pharmaco logical 
treatment and optimizing the para meters of heart 
stimulation.

B‑type natriuretic peptide (BNP) and the 
N‑terminal fragment of BNP prohormone 
(NT‑proBNP) have been established as predictors 
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AbstrAct

IntroductIon Several reports confirmed the prognostic value of the N‑terminal fragment of B‑type 
natriuretic peptide prohormone (NT‑proBT) in various patient populations. Patients with medical in‑
dications for implantation of an artificial cardiac pacemaker are at high risk of cardiovascular events. 
There is limited data assessing the prognostic value of NT‑proBNP in this group.
objEctIvEs The aim of the study was to establish the prognostic value of NT‑proBNP in patients 
scheduled for the implantation of a cardiac stimulator.
PAtIEnts And mEthods The study included 59 patients (average age 79.8 ±6.3 years) with indi‑
cations for implantation of a permanent pacemaker. NT‑proBNP was measured in each patient on 
admission and 46 patients had their NT‑proBNP measured 1 month after implantation. All patients 
were followed up for 4 years. We examined the incidence of cardiovascular events as endpoints. 
Finally, we analyzed the relationship between the initial concentration of NT‑proBNP measured on 
admission and at 1 month and the risk of the occurrence of the endpoint (analysis in the group in 
whom events occurred vs. group without the endpoint).
rEsuLts NT‑proBNP values at baseline and at 1 month (NT‑proBNP1month) were significantly higher in 
patients who experienced cardiovascular events than in those who were free of such events (NT‑proBNP: 
2310.6 ±2657.7 pg/ml vs. 1177.6 ±1364.6 pg/ml, P <0.2; NT‑proBNP1month: 2538 ±3341.4 pg/ml 
vs. 1139.4 ±1294.1 pg/ml, P <0.03, respectively). A cut‑off point of the initial NT‑proBNP value 
of 577 pg/ml was estimated as the most accurate prognostic risk factor for cardiovascular events 
within a 4‑year follow‑up (sensitivity 77%, specificity 52%).
concLusIons The level of NT‑proBNP prior to as well as 1 month after cardiac pacemaker implanta‑
tion can be useful in identifying patients with higher risk of future cardiovascular events. We suggest 
using the baseline NT‑proBNP concentration of 577 pg/ml as a cut‑off value for assessing the risk 
for such events.
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check‑up visits. Patients who missed scheduled 
visits were contacted by mail or phone.

The following cardiovascular events were an‑
alyzed in this study: cardiac death, acute coro‑
nary syndrome (myocardial infarction or unsta‑
ble angina), acute decompensated heart failure, 
and stroke.

Patients were divided into 2 groups and 2 ad‑
ditional subgroups: group 1 (n = 30) included pa‑
tients who experienced a cardiovascular event; 
group 2 (n = 29) comprised patients who did not 
experience a cardiovascular event; subgroup 1 
(n = 23) with patients who experienced cardiovas‑
cular event and who had NT‑proBNP levels mea‑
sured 1 month after implantation; and subgroup 2 
(n = 23) with patients who did not experience car‑
diovascular event and who had NT‑proBNP levels 
measured 1 month after implantation.

We analyzed the relationship between NT‑  
‑proBNP measured at the  day of the procedure and 
1 month after implantation and a risk of achieving 
the endpoint (analysis in the group with an end‑
point vs. group without any endpoint).

statistical analysis Values were expressed as 
mean values ± standard deviation. Proportions 
were given as the number/percentage of persons. 
Comparison of mean values obtained in 2 groups 
was performed using the Student’s t‑test for in‑
dependent samples. The Shapiro‑Wilk test was 
used to confirm normal distribution of data with‑
in the group.

Comparison of mean values within the same 
group (e.g., NT‑proBNP concentration at base‑
line and at 1 month) was performed using the 
Student’s t‑test for related samples. Linear de‑
pendence between constant variables was es‑
timated using the Pearson’s correlation coeffi‑
cient (Pearson’s r). Correlation coefficient test 
was also used to verify statistical significance of 
an r‑value.

The χ2 test for 2 × 2 contingency table with 
Yates’ correction for continuity was used to eval‑
uate the independence of variables. P <0.05 was 
considered statistically significant.

The discriminating NT‑proBNP variables were 
plotted against their accuracy of predicting the oc‑
currence of an endpoint in receiver operating 
characteristic (ROC) curve analysis. The value 
of 577 pg/ml was selected as the one providing 
the highest accuracy level. Subsequently, the area 
under the ROC curve (AUROC) was calculated as 
an indication of diagnostic value of the test – in 
this case, NT‑proBNP as an endpoint indicator. 
Confidence inter val (CI) for AUROC was 95%.

Next, we constructed Kaplan‑Meier survival 
curves reflecting the relationship between the  
time of follow‑up and probability of survival with‑
out reaching the endpoint. Survival curves for 
NT‑proBNP values below and above 577 pg/ml 
were compared.

We assessed sensitivity, specificity, positive 
predictive value (PPV), and negative predictive 

of cardiovascular events in patients with heart 
failure, after an episode of acute coronary syn‑
drome, in patients with stable coronary heart dis‑
ease, and in asymptomatic individuals.2‑4 In con‑
trast, data concerning such prognostic value of 
natriuretic peptide in patients with permanent 
artificial heart stimulation is still limited. Re‑
sults obtained in individuals without permanent 
heart stimulation should not, by any means, be 
extrapolated to the pacemaker population. Heart 
stimulation induces the release of BNP by trig‑
gering hemo dynamic changes leading to distur‑
bance in intraventricular synchronicity. Moreover, 
nonphysio logical single chamber pacing such as 
VVI may disturb the proper sequence of contrac‑
tions of atria and ventricles, which will result in 
impaired influx of blood into the left ventricle 
and consequential increase in BNP.5,6

The aim of this study was to test the prognos‑
tic value of serum NT‑proBNP concentration in 
a population of patients after implantation of 
a permanent pacemaker.

PAtIEnts And mEthods The current study in‑
cluded 59 patients scheduled for the pacemaker 
implantation. Detailed medical records were col‑
lected and all patients underwent a physical exam‑
ination. The extent of heart failure in each patient 
was classified according to the New York Heart 
Association Functional Classification (NYHA). On 
the last day of hospitalization, echocardiogram 
was performed in each case (Vivid46E machine). 
Left ventricular ejection fraction (EF) was esti‑
mated using biplane Simpson’s analysis. The test 
was performed according to the guidelines of 
the Polish Society of Cardiology.7

Serum was collected from all patients on the 
day of the implantation procedure. NT‑proBNP 
levels were measured by an electrochemilumines‑
cence immunoassay using Elecsys 2010 system 
(Roche Diagnostics). All tests were performed 
in Synevo Laboratories, LLC, Łódź, Poland. 
The method had sensitivity of 5 pg/ml. Forty‑six 
patients were tested again at the 1‑month rou‑
tine follow‑up visit (NT‑proBNP1month). The re‑
maining 13 patients did not attend their 1‑month 
follow‑up visit. No pacemaker adjustments were 
necessary during first month in any of the 59 
participating patients.

Pacemaker was implanted through the left 
subclavian artery under local anesthesia. Ven‑
tricular electrode was placed in the right ventri‑
cle apex, while in case of dual chamber pacing de‑
vice, atrial lead was introduced into the right atri‑
al appendage. Pacemakers and electrodes used in 
this study were manufactured by Biotronik, Inc. 
(Berlin, Germany) and Medtronic, Inc. (Minne‑
apolis, United States).

Patients were monitored for a period of 4 
years after the implantation, particularly for 
the occurrence of cardiovascular episodes. Every 
6 months, performance of the implanted device 
was assessed in each participant during routine 
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nt‑probnP A mean concentration of NT‑proBNP 
in serum before the implantation procedure 
(NT‑proBNP) in the whole patient population 
(n = 59) was 1753.7 ±2181 pg/ml, while a mean 
concentration of NT‑proBNP measured 1 month 
after the procedure (NT‑proBNP1month) in a sub‑
group of 46 patients was 1839 ±2603 pg/ml.

The obtained values of NT‑proBNP and NT‑  
‑proBNP1month did not differ significantly between 
men and women (NT‑proBNP: 1522.8 ±2253.9 
pg/ml vs. 2046.7 ±2105.1 pg/ml, P = 0.18 and 
NT‑proBNP1month: 1592 ±1194 pg/ml vs. 2189 
±3829 pg/ml, P = 0.52, respectively). These val‑
ues were also comparable in patients with im‑
paired (<50%) and normal (≥50%) left ventricular 
EF (NT‑proBNP: 2439.3 ±3571.2 pg/ml vs. 1571 
±1787.1 pg/ml, P = 0.22 and NT‑proBNP1month: 
1619 ±1037 pg/ml vs. 1668 ±2864 pg/ml, P = 0.93). 
There was no difference in NT‑proBNP levels be‑
tween patients with single and dual chamber stim‑
ulation (1616 ±1347 pg/ml vs. 1507 ±2849 pg/ml, 
P = 0.86); however, NT‑proBNP1month was signifi‑
cantly higher in patients with VVIR stimulation 
as compared with DDDR subgroup (2564 ±3184 
pg/ml vs. 896 ±1029 pg/ml, P <0.01).

nt‑probnP and cardiovascular events During 
a 4‑year follow‑up, 30 out of 59 patients expe‑
rienced a cardiovascular event (patients identi‑
fied as group 1), 15 patients died (cardiac death), 
while 22 were hospitalized as a result of acute 
coronary syndrome (11 patients), stroke (3 pa‑
tients), and acute decompensating heart failure 
(8 patients).

Patients assigned to group 1 were characterized 
by significantly higher values of initial NT‑proBNP 
as compared with group 2 (2310.6 ±2657.7 pg/ml 
vs. 1177.6 ±1364.6 pg/ml, P <0.02).

NT‑proBNP1month levels were also significantly 
higher in subgroup 1 as compared to subgroup 2 
(2538 ±3341.4 pg/ml vs. 1139.4 ±1294.1 pg/ml, 
P <0.03).

All obtained measurements are detailed in 
tAbLEs 3 and 4.

Analysis of ROC curve (FIGurE 1) indicated 
that the cut‑off point for initial concentration 
of NT‑proBNP that is most accurate in predicting 
the future cardiovascular events is 577 pg/ml (with 
test sensitivity of 77% and specificity of 52%). 
PPV was calculated at 62%, while NPV at 68%. 
AUROC value was 0.656 (CI = 0.521–0.775). Re‑
sults obtained in ROC curve were subsequently 
used to plot Kaplan‑Meier curves for initial value 

tAbLE 2 Comparison of right ventricle stimulation 
within the study groups

Stimulation 
mode

% right ventricular stimulation P

group 1 
(n = 30)

group 2 
(n = 29)

VVIR 69 ±33.2 50 ±30.8 NS

DDDR 66.7 ±56.9 83.1 ±19.7 NS

Abbreviations: see tAbLE 1

tAbLE 1 Patient characteristics

Variable Group 1 (n = 30) Group 2 (n = 29) P

age (years) 82 ±6 77.6 ±5.8 <0.003

men/women, n 21/9 12/17 <0.03

high blood pressure 25 (80%) 25 (86%) NS

type 2 diabetes 6 (21%) 2 (7%) NS

CAD 29 (97%) 24 (86%) NS

stroke 4 (13%) 5 (17%) NS

myocardial infarction 9 (30%) 3 (10%) NS

heart failure 26 (87%) 24 (83%) NS

NYHA

I 10 (33%) 17 (59%) NS

II 11 (37%) 5 (17%) NS

III 4 (13%) 2 (7%) NS

IV 1 (3%) 0 (0%) NS

indications for implantation

AV block (II/III) 12 (4%) 9 (32%) NS

SSS 13 (43%) 13 (46%) NS

AF‑bradycardia 5 (17%) 7 (25%) NS

clinical indications for implantation

syncope 13 (43%) 12 (41%) NS

presyncopal syndrome 13 (43%) 13 (45%) NS

bradycardia 1 (3%) 0 (0%) NS

prophylaxis 3 (10%) 4 (14%) NS

stimulation device

single chamber VVIR 18 (60%) 16 (55%) NS

dual chamber DDDR 12 (40%) 13 (45%) NS

EF (%) 49.4 ±11 59.6 ±8.9 <0.01

Data are given as mean ± standard deviation or number/percentage of individuals.

Abbreviations: AF – atrial fibrillation, AV – atrioventricular, CAD – coronary artery 
disease, EF – ejection fraction, NS – nonsignificant, NYHA – New York Heart 
Association, SSS – sick sinus syndrome

value (NPV) for different discriminating vari‑
ables of NT‑proBNP.

All calculations were performed using statisti‑
cal analysis packets available in Excel 2007 tem‑
plates and in MedCalc 11 computer program. Dif‑
ferences that did not reach statistical significance 
(P >0.05) were considered as nonsignificant.

rEsuLts characteristics of the patients A to‑
tal of 59 patients (26 women, 33 men) with in‑
dications for implantation of a pacemaker were 
included in this study. The average age of the pa‑
tients was 79.8 ±6.3 years. Characteristics of 
the patients are presented in tAbLE 1.

heart stimulation procedures Two main stud‑
ied groups did not differ in respect to electro‑
cardiographic and clinical indications for pace‑
maker implantation. In both groups similar per‑
centage of patients underwent VVIR and DDDR 
stimulation.

Percentage of right ventricle stimulation dur‑
ing a 4‑year follow‑up did not differ in both 
groups (tAbLE 2).
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of NT‑proBNP below and above 577 pg/ml. As 
seen in FIGurE 2, the 2 curves begin to diverge af‑
ter a few months of follow‑up. The observed dif‑
ference is statistically significant (P = 0.03).

changes in nt‑probnP during the first month of  
follow‑up No significant changes in NT‑proBNP 
levels were observed during the first month af‑
ter implantation. Neither stimulation mode nor 
varying indications for the procedure influenced 
NT‑proBNP values (tAbLEs 5 and 6).

dIscussIon Natriuretic peptide was discovered 
over 20 years ago when Sudoh et al.8 isolated it for 
the first time from the porcine brain. Three years 
later, it was reported that it was also produced 
by ventricular myocardium.9 An active form of 
the hormone (BNP) is released into the circula‑
tion with N‑terminal fragment of the prohormone 
(NT‑proBNP). Blood concentration levels of the lat‑
ter are more stable than those of BNP itself.

Increased serum BNP concentrations are one 
of compensatory mechanisms triggered by heart 
failure. Main effects of BNP include natriure‑
sis, diuresis, vasodilatation, as well as blocking 
the renin‑angiotensin‑aldosterone cascade and 
sympathetic nervous system. They all constitute 
a counterbalance for neurohormonal mechanisms 
typical for progressive heart failure.

Nowadays, assessment of serum concentration 
levels of both BNP and NT‑proBNP is a common 
clinical practice, and current inter national guide‑
lines emphasize its value in the diagnostic evalu‑
ation of heart failure.10,11

Several scientific reports demonstrated the es‑
sential role of BNP and NT‑proBNP measure‑
ment as a prognostic factor in patients suffer‑
ing from heart failure, acute coronary syndrome, 
stable coronary artery disease, as well as in as‑
ymptomatic individuals.2,3,12 BNP was also es‑
tablished as a valuable marker of myocardial 
asynchrony.13,14

In recent years, serum BNP levels became use‑
ful in monitoring the population of patients with 
permanent heart stimulation. It was demonstrat‑
ed that BNP could be of value in screening for 
heart failure or a prognostic factor of develop‑
ing heart failure in patients after pacemaker im‑
plantation.15,16 Moreover, BNP was able to pre‑
dict chronic atrial fibrillation after VVIR pacemak‑
er in patients with sick sinus syndrome (SSS).17 
In 2000, when the abovementioned study was 
published, the unfavorable effects of VVIR stim‑
ulation were not yet fully understood. Current‑
ly, rather than VVIR, SSS patients are receiving 
AAIR and DDDR pacemakers.

The effect of pacemaker implantation on se‑
rum concentrations of atrial natriuretic peptide 
was examined before.18

To our knowledge, little is known regarding 
the use of NT‑proBNP in predicting the occur‑
rence of cardiovascular events in patients receiv‑
ing implantable pacemakers. This is in contrast to 
the population without permanent pacing devices, 

tAbLE 3 Comparison of NT‑proBNP values obtained in the study groups

Parameter Mean value ± standard deviation P

NT‑proBNP 
(pg/ml)

women (n = 26) men (n = 33)

2046.7 ±2105.1 1522.8 ±2253.9 NS

EF <50% (n = 14) EF ≥50% (n = 45)

2439.3 ±3571.2 1571 ±1787.1 NS

single chamber 
stimulation VVIR 
(n = 34)

dual chamber 
stimulation DDDR 
(n = 25)

1616 ±1347 1507 ±2849 NS

group 1 (n = 30) group 2 (n = 29)

2310.6 ±2657.7 1177.6 ±1364.6 <0.02

Abbreviations: NT‑proBNP – N‑terminal fragment of B‑type natriuretic peptide 
prohormone at baseline, others – see tAbLE 1

tAbLE 4 Comparison of NT‑proBNP1month values obtained in the study groups

Parameter Mean value ± standard deviation P

NT‑proBNP1month 
(pg/ml)

women (n = 19) men (n = 27)

2189 ±3829 1592 ±1194 NS

EF <50% (n = 9) EF ≥50% (n = 37)

1619 ±1037 1668 ±2864 NS

single chamber 
stimulation VVIR 
(n = 26)

dual chamber 
stimulation DDDR 
(n = 20)

2564 ±3184 896 ±1029 <0.01

subgroup 1 (n = 23) subgroup 2 (n = 23)

2538 ±3341.4 1139.4 ±1294.1 <0.03

Abbreviations: NT‑proBNP1month – N‑terminal fragment of B‑type natriuretic peptide 
prohormone at 1 month, others – see tAbLE 1

NT‑proBNP (pg/ml) sensitivity (%) specificity (%) PPV (%) NPV (%)

427 80 48 62 70

527 77 48 61 67

577 77 52 62 68

721 70 52 61 65

873 70 55 60 63

FIGurE 1 Receiver 
operating characteristic 
curve for NT‑proBNP 
value in predicting 
cardiovascular events 
Abbreviations: NPV – 
negative predictive 
value, PPV – positive 
predictive value, others – 
see tAbLE 3
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pg/ml, 80% develop severe heart failure during 
a 6‑year follow‑up.16

Importantly, the mode of stimulation itself has 
an impact on the future occurrence of cardiovas‑
cular events. Saccomanno et al.19 reported high‑
er rate of such events in VVI mode as compared 
with DDD stimulation. Horie et al.17 observed 
that the level of BNP predicts chronic atrial fibril‑
lation in patients with VVI stimulation mode. In 
this case, prognostic value was only established 
for the BNP measured a few months after the im‑
plantation procedure. BNP levels measured prior 
to the procedure did not show a significant prog‑
nostic potential.

Our study clearly demonstrated prognos‑
tic value of both initial and post‑implantation 
NT‑proBNP measurements. However, in contrast 
to the study cited above, our assessment focused 
on the risk of cardiovascular events; the risk of 
chronic atrial fibrillation was beyond the scope 
of our study. Therefore, we cannot reliably com‑
pare the results of these 2 studies.

The choice of the mode of stimulation, as well as 
the percentage of ventricular simulation directly 
affects the levels of natriuretic peptides. Wu et al.20 
observed higher values of BNP in VVIR mode than 
in DDDR mode. Ichiki et al.21 confirmed this ob‑
servation in patients whose ventricular stimula‑
tion was above 50%. The patient groups analyzed 
in our study were comparable with respect to VVIR 
and DDDR stimulation and percentage of ven‑
tricular stimulation in each group. However, the 
NT‑proBNP concentration measured  1 month after 
the procedure was significantly higher in patients 
with VVIR stimulation mode; moreover, during 
a 1‑month follow‑up, we observed an increase of 
NT‑proBNP in VVIR and a decrease in DDDR pop‑
ulation. Such results are in agreement with previ‑
ously published data.22 The differences observed in 
our study did not, however, reach statistical signif‑
icance, possibly due to the small sample size.

Our study has several limitations. For exam‑
ple, the studied population sample was small, and 
the groups were not homo genous in respect to 
age, gender, and left ventricular EF, which could 
possibly lead to higher than expected NT‑proBNP 
levels. Similarly, several medications that were 
taken by the patients are able to influence both 
the level of NT‑proBNP as well as the prognosis, 
but were not analyzed in this study.

clinical implications Despite some limitations, 
our study suggests that NT‑proBNP measured 
prior to and after the implantation of a pacemak‑
er can be helpful in identifying the patient popu‑
lation that is at an increased risk for future car‑
diovascular events.

Measurements of NT‑proBNP before the im‑
plantation procedure and its monitoring after‑
wards seems to be a valuable diagnostic option 
in a clinical care of patients who are scheduled for 
this type of procedure. The cost‑effectiveness ra‑
tio does not seem to be too high for this partic‑
ular analytical test.

in whom such prognostic value of BNP cannot 
be denied.

The current study demonstrated the prognos‑
tic value of NT‑proBNP in predicting cardiovas‑
cular events in patients after the implantation of 
cardiac pacemaker. The initial concentration of 
NT‑proBNP was higher in individuals who later 
experienced a cardiovascular event. The cut‑off 
value of the greatest accuracy in predicting such 
events was found at 577 pg/ml. The value of 
AUROC for NT‑proBNP calculated in this study 
was significantly smaller (0.656) as compared 
with the values published for other populations, 
e.g., with heart failure (0.888).4 This could sug‑
gest a lower discriminating value of NT‑proBNP 
in patients with permanent pacemaker as com‑
pared to other patient populations. Neverthe‑
less, it seems that NT‑proBNP can ultimately be‑
come a useful tool in identifying permanent pace‑
maker patients who require more intense fol‑
low‑up and prophylaxis. Some of the previous‑
ly published studies confirmed this hypothesis. 
For example, it was shown that increased levels 
of BNP could be helpful in screening pacemak‑
er patients who are at risk of developing heart 
failure. Indeed, among patients with BNP >151 

tAbLE 5 Changes in NT‑proBNP levels in groups with different modes  
of stimulation during a 1‑month follow‑up

Stimulation mode Mean value ± standard deviation P

NT‑proBNP 
(pg/ml)

NT‑proBNP1month 

(pg/ml)

VVIR (n = 26) 1616 ±1347 2564 ±3184 NS

DDDR (n = 20) 1507 ±2849 896 ±1029 NS

Abbreviations: see tAbLEs 1, 3, and 4.

tAbLE 6 Changes of NT‑proBNP levels in groups with different indications for 
the pacemaker implantation during a 1‑month follow‑up

Indications Mean value ± standard deviation P

NT‑proBNP 
(pg/ml)

NT‑proBNP1month 

(pg/ml)

AV block (n = 18) 2142 ±3015 2086 ±3816 NS

SSS (n = 18) 939 ±895 1294 ±1150 NS

AF‑bradycardia (n = 10) 1668 ±1433 2374 ±1687 NS

Abbreviations: see tAbLEs 1, 3, and 4.

FIGurE 2 Kaplan‑ 
‑Meier curves reflect 
a probability of survival 
without cardiovascular 
event within time 
(months). Two curves: 
for NT‑proBNP above and 
below 577 pg/ml are 
compared in this figure. 
Abbreviations: see 
tAbLE 3
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strEszczEnIE

wProwAdzEnIE W licznych pracach wykazano, że N‑końcowy fragment peptydu natriuretycznego 
typu B (NT‑proBNP) ma wartość rokowniczą w różnych populacjach chorych. Pacjenci ze wskazaniami 
do implantacji rozrusznika serca są obciążeni dużym ryzykiem wystąpienia incydentów sercowo‑

‑naczyniowych. Dotychczas powstało niewiele prac oceniających wartość rokowniczą NT‑proBNP 
w tej grupie pacjentów.
cELE W niniejszym badaniu podjęto próbę wykazania znaczenia rokowniczego stężenia NT‑proBNP 
w grupie osób zakwalifikowanych do zabiegu implantacji kardiostymulatora.
PAcjEncI I mEtody Badaniem objęto 59 pacjentów w wieku 79,8 ±6,3 roku ze wskazaniami do implan‑
tacji kardiostymulatora. U każdego pacjenta w dniu przyjęcia dokonywano pomiaru stężenia NT‑proBNP, 
a w podgrupie 46 pacjentów oznaczano również stężenie NT‑proBNP po miesiącu od zabiegu. Osoby 
badane poddano 4‑letniej obserwacji. Oceniano występowanie incydentów sercowo‑naczyniowych 
(punktu końcowego). Następnie zbadano zależność między wyjściowym stężeniem NT‑proBNP i stę‑
żeniem NT‑proBNP uzyskanym po miesiącu a ryzykiem wystąpienia punktu końcowego (grupa osób 
z punktem końcowym vs grupa bez punktu końcowego).
wynIKI U pacjentów, u których wystąpił incydent sercowo‑naczyniowy, wyjściowe stężenie 
NT‑proBNP i wartość NT‑proBNP uzyskana po miesiącu od zabiegu (NT‑proBNP1msc) była istotnie 
większa w porównaniu z pacjentami, u których nie obserwowano punktu końcowego (odpowiednio, 
NT‑proBNP: 2310,6 ±2657,7 pg/ml vs 1177,6 ±1364,6 pg/ml; p<0,02; NT‑proBNP1msc: 2538 ±3341,4 
pg/ml vs 1139,4 ±1294,1 pg/ml; p <0,03). Wyjściowe stężenie NT‑proBNP wynoszące 577 pg/ml 
charakteryzowało się największą trafnością w przewidywaniu wystąpienia incydentów sercowo‑

‑naczyniowych w trakcie 4‑letniej obserwacji (czułość 77% i swoistość 52%).
wnIosKI Stężenie NT‑proBNP oznaczone w dniu zabiegu i miesiąc po zabiegu implantacji rozrusznika 
serca może być pomocne w identyfikacji pacjentów zagrożonych większym ryzykiem wystąpienia 
incydentu sercowo‑naczyniowego w przyszłości. Stężenie wyjściowe NT‑proBNP 577 pg/ml wydaje 
się dobrym punktem odcięcia dla prognozowania tych incydentów.
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