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Amino Terminal Pro-B-Type Natriuretic
Peptide and Late Left Ventricular Reverse

Remodeling in Coronary Artery
Bypass Grafting Patients with

Low Ejection Fraction

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Left ven tri cu lar re mo de ling ac ce le ra tes the co ur se of car di ac fa i lu re by ag-
gra va ting ven tri cu lar dysfunc ti on fol lo wing myo car di al in farc ti on. Thus, pre dic ti on and pre ven ti -
on of left ven tri cu lar re mo de ling is cru ci al. The aim of this study was to eva lu a te  the pre dic ti ve
va lu e of pe ri o pe ra ti ve plas ma NT-proBNP le vels for pos to pe ra ti ve left ven tri cu lar re ver se re mo de -
ling and ejec ti on frac ti on in pa ti ents who un der went co ro nary ar tery bypass graf ting. MMaa  ttee  rrii  aall  aanndd
MMeett  hhooddss:: Forty pa ti ents with myo car di al in farc ti on inprevious thre e months we re en rol led in the
study. All pa ti ents with mo de ra te left ven tri cu lar dysfunc ti on (EF ≤40%) un der went on pump co -
ro nary ar tery bypass graf ting (CABG) ope ra ti on. Pa ti ents’ pre o pe ra ti ve left ven tric le vo lu mes and
in de xes, ejec ti on frac ti ons, and NT-proBNP le vels we re com pa red to the pos to pe ra ti ve va lu es. RRee--
ssuullttss::  Pre o pe ra ti ve NT-proBNP le vels we re sig ni fi cantly re la ted to pre o pe ra ti ve and pos to pe ra ti ve
ejec ti on frac ti ons, and pos to pe ra ti ve left ven tri cu lar re ver se re mo de ling (p= 0.037, p= 0.033, p=
0.014, res pec ti vely). CCoonncc  lluu  ssii  oonn::  The pre o pe ra ti ve N-ter mi nal proBNP may help to as sess the pos t-
o pe ra ti ve ejec ti on frac ti on and ven tri cu lar re mo de ling. Ami no ter mi nal proBNP is a sa fe, ava i lab -
le and ef fec ti ve to ol to pre dict the pos to pe ra ti ve func ti o nal and struc tu ral chan ges of the left
ven tric le.

KKeeyy  WWoorrddss::  Pro-bra in nat ri u re tic pep ti de (1-76); ven tri cu lar re mo de ling; 
co ro nary ar tery bypass; ec ho car di og raphy; stro ke vo lu me 

ÖÖZZEETT  AAmmaaçç::  İnfark tüs son ra sı dö nem de ki sol ven tri kü lün ye ni den şekil len me si (re mo del ling)
kalp yet mez li ği ne gö tü ren kö tü prog noz için güç lü bir gös ter ge dir. Bu ça lış ma nın ama cı pe ri o pe -
ra tif plaz ma NT-proBNP dü ze yi nin cer ra hi re vas kü la ri zas yon son ra sı sol ven tri kül re vers re mo -
del lin gi ve ejek si yon frak si yo nu  yö nün den pre dik tif de ğe ri ni in ce le mek tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::
Son üç ay için de mi yo kard en fark tü sü ge çi ren ve or ta dü zey de sol ven tri kül (LV) dis fonk si yo nu
olan 40 has ta ça lış ma ya alın dı. Bü tün has ta la ra pom pa yar dım lı ko ro ner ar ter bay pas greft le me
(CABG) ope ras yo nu ya pıl mış tı. Has ta lar da pre o pe ra tif sol ven tri kül ha cim le ri ve in deks le ri, ejek -
si yon frak si yon la rı ve NT-proBNP dü zey le ri pos to pe ra tif de ğer ler le kar şı laş tı rıl dı. BBuull  gguu  llaarr::  Pre -
o pe ra tif NT-ProBNP dü zey le ri pre o pe ra tif ve pos to pe ra tif ejek si yon frak si yon la rı ve pos to pe ra tif
sol ven tri kül re vers re mo del ling ile (sı ra sıy la p= 0.037, p= 0.033, p= 0.014) an lam lı dü zey de iliş -
ki liy di. SSoo  nnuuçç::  Pre o pe ra tif N-ter mi nal pro-BNP dü ze yi pos to pe ra tif ejek si yon frak si yo nu ve ven -
tri kü ler re mo del lin gi de ğer len dir me de yar dım cı ola bi lir. Ami no ter mi nal pro-BNP sol ven tri kü lün
fonk si yo nel ve ya pı sal de ği şik lik le ri ni be lir le mek için gü ven li, ko lay ca bu lu na bi len ve et ki li bir
araç tır. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Be yin ön ce si nat ri ü re tik pep tid (1-76); ven tri kü ler ye ni den ya pı lan ma; 
ko ro ner ar ter bay pas; eko kar di yog ra fi; atım hac mi
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e a su re ment of bra in nat ri u re tic pep ti des
(BNP) as bi oc he mi cal mar kers of car di ac
fa i lu re is a wi dely ac cep ted ap pro ach.1-10

In the set ting of vo lu me ex pan si on or pres su re
over lo ad, in cre a sing wall stress sti mu la tes synthe -
sis of pre –p roBNP in the ven tri cu lar myo car di um.
The re le a se of BNP re sults in furt her myo car di al
re la xa ti on and exerts an im por tant re gu la tory ro le
in res pon se to an acu te in cre a se in ven tri cu lar vo l-
u me by op po sing the va so cons tric ti on, so di um re-
ten ti on, and an ti di u re tic ef fects of the ac ti va ted
re nin-an gi o ten sin-al dos te ro ne system.2 Pre-
proBNP is cle a ved first to proBNP, then to the bi-
o lo gi cally ac ti ve BNP and the inac ti ve ami no-ter -
mi nal frag ment (NT-proBNP). The slightly wi der
de tec ti on ran ge and the mo re stab le struc tu re of
NT-proBNP may fa vor its use over BNP in the eva l-
u a ti on of pa ti ents with left ven tri cu lar systo lic dys-
func ti on.1,2 In the last de ca de, va ri o us stu di es
emp ha si zed the use of nat ri u re tic pep ti des for the
di ag no sis and tre at ment mo ni to ring of he art fa i lu -
re.1,5,6,10-18 Cur rently, BNP and NT-proBNP are ro -
u ti nely used as di ag nos tic pa ra me ters in many
cli nics’ emer gency and in ten si ve ca re units.Re mo -
de ling des cri bes struc tu ral chan ges of he art af ter
myo car di al in farc ti on, and can be di vi ded to early
and la te pha ses. Early pha se oc curs wit hin the first
thre e days fol lo wing myo car di al in farc ti on (MI),
and the la te pha se oc curs af ter the third day of MI.

Early re mo de ling af fects ma inly the in farct and pe -
ri-in farct zo nes, whe re as la te re mo de ling inc lu des
chan ges in the sha pe and si ze of the en ti re left ven-
tric le.21 Ec ho car di og rap hi cally, left ven tri cu lar
(LV) re mo de ling was de fi ned as mo re than 15% in-
cre a se in left ven tric le end-systo lic di a me ter,22 and
a dec re a se of ≥15% in the left ven tric le end-systo -
lic di a me ter (LVESD) is ter med as left ven tri cu lar
re ver se re mo de ling (LVRR).23 The aim of this study
was to as sess the cor re la ti on bet we en plas ma NT-
proBNP le vels and LVRR in pa ti ents with low ejec-
ti on frac ti on (EF ≤40%) and re cent myo car di al
in farc ti on (wit hin thre e months be fo re the CABG
ope ra ti on), un der go ing CABG, and the pos si ble use
of NT-proBNP le vel as a fol low-up mar ker of
LVRR fol lo wing CABG.

MA TE RI AL AND MET HODS 

STUDY PO PU LA TI ON

Forty con se cu ti ve pa ti ents with myo car di al in farc -
ti on in previous thre e months, with mo de ra te LV
dysfunc ti on (EF of ≤40%), and with an in di ca ti on
for a CABG ope ra ti on we re en rol led in study be-
tween from Ja nu ary and Ju ne 2008 (Tab le 1). The
study was ap pro ved by the lo cal et hi cal com mit te -
e, and all pa ti ents pro vi ded in for med con sent. Ex-
c lu si on cri te ri a we re; con co mi tant val vu lar di se a se,
LV ane urysm, pe ri o pe ra ti ve MI, pre vi o us car di ac

Group I Group II P Value Test

Age (y) 61.85 ± 9.22 62.45 ± 7.81 0.825 t test

Gender (f/m) 4/20 4/20 1 Fisher test

Diabetes  mellitus 13/20 7/20 0.102 Fisher test

Preoperative EF (%) 38.20 ± 5.71 40.55 ± 6.14 0.218 t test

Preoperative LVESVI (ml/m2) 48.51 ±17.87 48.81  ± 17.04 0.956 t test

Preoperative NT proBNP (pg/ml) 1315.12 ± 1495. 78 1244.00 ± 1093.70 0.481 t test

Postoperative EF (%) 42.95 ± 8.82 42.95 ± 10.93 1 t test

Postoperative LVESVI (ml/m2) 52.70  ± 16.15 38.01  ± 12.37 0.003 t test

Postoperative NT proBNP (pg/ml) 1532.21 ± 2080.58 817.40 ± 749.64 0.01 t test

Mean graft number (n) 3.45 ± 1.05 3.70 ± 0.80 0.327 Mann Whitney U 

Mean CPB time (min) 124.70 ± 37.11 146.05±30.15 0.053 t test

Mean cross clamp time (min) 60.25 ± 25.97 74.30 ± 19.40 0.061 t test

TABLE 1: Demographic, echocardiographic, and surgical data of the patients. (Patients were grouped and 
named according to LVVR occurrence, based on LVESVI values.)

LVRR: Left ventricular reverse remodeling, LVESVI: Left ventricle end-systolic volume index, EF: Ejection Fraction, CPB: Cardiopulmonary bypass.
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sur gery or PCI, and re nal in suf fi ci ency. Pre o pe ra -
ti ve physi cal exa mi na ti on, func ti o nal clas si fi ca ti on
(NYHA), bi oc he mi cal tests and trans tho ra cic ec ho -
car di og raphy (TTE) re sults we re re cor ded. All 
pa ti ents we re gi ven be ta-bloc kers, an gi o ten sin-
con ver ting-enz yme in hi bi tor and sta tin du ring the
fol low-up, but no ne re ce i ved spi ro no lac ton the r-
apy in the pos to pe ra ti ve pe ri od. 

Pa ti ents we re not al lo ca ted to any gro up pre-
o pe ra ti vely. Study was comp le ted fol lo wing the
pos to pe ra ti ve sixth-month con trol exa mi na ti on.
Da ta were analy zed in two dif fe rent to pics ac cor -
ding to; (a) LVRR oc cur ren ce and (b) EF chan ge.

(a) LVRR Oc cur ren ce

As LVRR was cal cu la ted with both LVESD and
LVES VI me a su re ments, the num ber of pa ti ents 
al lo ca ted to each gro ups dif fe red, ba sed on the pa-
ra me ter used. Gro ups cre a ted with LVESD me a su -
re ments we re cal led as; gro up I (with LVRR) and
gro up II (wit ho ut LVRR). Gro ups cre a ted with
LVES VI me a su re ments we re na med as; gro up Ia
(with LVRR) and gro up II a (wit ho ut LVRR).

(b) EF Chan ge

LVEF was cal cu la ted with mo di fi ed Simp son’s ru -
le: Left ven tri cu lar ejec ti on frac ti on= [(end-di as to -
lic-end-systo lic)/end-di as to lic] x 100(%).

TWO-DI MEN SI O NAL EC HO CAR DI OG RAPHY

A sa me car di o lo gist (IU) who was blind for study
gro ups and de sign eva lu a ted the pa ti ents for pre-
and pos to pe ra ti ve EF, LVESD and LVEDD, ven-
tri cu lar vo lu mes in systo le and di as to le with TTE,
and cal cu la ted the left ven tri cu le end-systo lic vo l-
u me in dex (LVES VI). LVRR was con si de red sig-
ni fi cant if the dec re a se in LVESD was ³15% in the
sixth  month TTE con trol, com pa red to the ini ti -
al ec ho car di og rap hic me a su re ments. Glo bal left
ven tri cu lar systo lic func ti on was as ses sed by the
mo di fi ed Simp son met hod using api cal fo ur-
cham ber vi ew. Ec ho car di og rap hic end-systo lic
and end-di as to lic vo lu mes we re cal cu la ted by the
sa me car di o lo gist using ma nu al tra cing with Si e -
mens Acu son CV70 car di o vas cu lar ima ging sys-
tem. 

ANEST HE TIC TECH NI QU E

Fol lo wing pre me di ca ti on gi ven 30 mi nu tes be fo -
re sur gery (0.05 mg/ kg in tra mus cu lar mi da zo -
lam), pa ti ents we re ad mit ted to the ope ra ting
ro om and re ce i ved 6 L/min oxy gen vi a fa ce-
mask. Mo ni to ring con sis ted of ECG, in va si ve blo -
od pres su re, pul se oxi metry, cap nog raphy,
esop ha ge al tem pe ra tu re, cen tral ve no us and pul-
mo nary ar tery pres su res. Anest he si a was in du ced
with li do ca i ne 1 mg/kg, mi da zo lam 0.05 mg /kg,
fen tanyl 25-30 mcg/ kg, ke taminer (20:1 ra ti o vs
dor mi cum), eto mi da te 0.2 mg/kg and pan cu ro ni -
um 0.1 mg /kg, and was ma in ta i ned with pro po -
fol 0.05 mg/kg/min and re mi fen ta nil 25
mcg/kg/min in fu si ons, and 2 mg of pan cu ro ni um
ad mi nis tred every two ho urs.

SUR GI CAL TECH NI QU E

All ope ra ti ons we re per for med by the sa me sur gi -
cal te am. Fol lo wing me di an ster no tomy, all pa ti -
ents re ce i ved left in ter nal tho ra cic ar tery and
sap he no us ve in grafts as con du its. Ex tra cor po re al
cir cu la ti on was con duc ted at 32ºC with a mem bra -
ne oxy ge na tor (Di de co Com pact flo EVO, Di de co,
So rin Gro up, USA) and a rol ler pump (Ma qu et Jos-
tra HL20, Ma qu et, CA, USA). Pro xi mal anas to mo -
ses we re cre a ted un der par ti al cross clamp du ring
the re-war ming pha se. Ope ra ti ons we re comp le ted
in the stan dard fas hi on. 

SAMP LE COL LEC TI ON

Plas ma NT-proBNP, blo od ure a nit ro gen and cre-
a ti ni ne le vels we re stu di ed from se ri al blo od sam-
p les ob ta i ned from pe rip he ral blo od samp les; (1)
on the day be fo re sur gery, (2) on the third pos to -
pe ra ti ve day and, (3) at the sixth pos to pe ra ti ve
month. For plas ma NT-proBNP me a su re ments,
blo od samp les we re ob ta i ned thro ugh an in tra ve -
no us can nu la that was pla ced 30 mi nu tes be fo re
samp ling, with the pa ti ent res ting qu i etly whi le
se mi-re cum bent position. Samp les we re col lec ted
in chil led Vac cu ta i ners that con ta i ned eth yle ne di -
a mi ne tet ra a ce tic acid, pla ced on ice, and cen tri fu -
ged 20 mi nu tes at -4ºC. Plas ma was sto red at -80ºC
un til as say. Cre a ti ni ne cle a ran ce was cal cu la ted for
each pa ti ent.



ME A SU RE MENT OF NT-proBNP

Plas ma NT-proBNP me a su re ments we re per for med
with IM MU LI TE 1000 Tur boNT-proBNP which is
a so lid pha se two si te che mi lu mi nes cent im mu no -
met ric as say kit (SI E MENS He alt hca re Di ag nos tic
Pro ducts Ltd. UK. Ca ta log#: LSKNT1, ma nu fac tu -
red un der li cen se from ROC HE Di ag nos tic GmbH). 

STA TIS TICAL ANALYSIS

Samp le si ze was cal cu la ted with po wer analy sis and
no ran do mi za ti on met hod was used. In bi os ta tis ti -
cal analy sis; da ta were pre sen ted as me an ± stan dard
de vi a ti on. Pa i red t test was used for com pa ri sons of
pre o pe ra ti ve and pos to pe ra ti ve sco res, stu dent’s t
test (in de pen dent samp le test) and Fis her’s exact test
we re used for com pa ri son of gro ups. Bon fer ro ni test
was per for med as post-hoc test for pa ir -wi se com pa -
ri son of gro up dif fe ren ces. Kol mo go rov-Smir nov test
was app li ed to test for a nor mal dis tri bu ti on. Cor re -
la ti on cal cu la ti ons we re do ne with Pe ar son test for
da ta with nor mal dis tri bu ti on, and with Spe ar man
test for da ta wit ho ut nor mal dis tri bu ti on. P va lu e
was con si de red sig ni fi cant when <0.05. Sta tis ti cal
analy sis was per for med with SPSS 11.5 for Win dows
TM soft wa re (SPSS Inc., Chi ca go IL, USA).

RE SULTS
LVESD da ta sho wed that, LVRR oc cur red in 17 pa-
ti ents (gro up I) but not in 23 (gro up II). Me an pre-
o pe ra ti ve BNP va lu e was 1119.83 ± 910.47 pg/ml in

gro up I and 1341.67 ± 1548.78 pg/ml in gro up II (p=
0.574). Me an pos to pe ra ti ve third day BNP va lu e
was 3912.35 ± 2051.51 pg/ml in gro up I, whe re as
5821.39 ± 5631.50 pg/ml in gro up II (p= 0.145). The
me an BNP va lu e at the sixth pos to pe ra ti ve month
was 629.05 ± 526.30 pg/ml in gro up I and 1578.18 ±
1963.26 pg/ml in gro up II (p= 0.036). BNP va lu e in-
cre a sed dra ma ti cally in the early pos to pe ra ti ve pha -
se, and dec re a sed gra du ally in both gro ups. The
me an BNP va lu e at the sixth pos to pe ra ti ve month
was lo wer than the pre o pe ra ti ve le vels in gro up I
(Fi gu re 1). Chan ge of BNP (∆BNP) was cal cu la ted
for both gro ups; 490.77 ± 630.90 pg/ml for gro up I
and -236.50 ± 1097.05 pg/ml for gro up II. ∆BNP was
fo und to be cor re la ted with LVESD in gro up I (p=
0.012) but not in gro up II (p= 0.190).

BNP chan ge was con si de red sig ni fi cant if
≥15% dec re a se oc cur red. In 18 pa ti ents BNP chan -
ge was sig ni fi cant. Of the se, 15 we re as LVRR. The -
re fo re, po si ti ve pre dic ti ve va lu e was 0.83 and
ne ga ti ve pre dic ti ve va lu e was 0.91, sen si ti vity was
0.88, spe ci fi city 0.87, ac cu racy ra ti o was 0.87, and
con fi den ce in ter val (CI) was 95% (0.73-0.96).

LVES VI da ta sho wed that LVRR oc cur red in
20 pa ti ents (gro up Ia) but not in 20 pa ti ents (gro -
up II a). The me an pre o pe ra ti ve BNP va lu e was
1244.00 ± 1093.70 pg/ml in gro up Ia and 1315.12
± 1495.78 pg/ml in gro up II a (p= 0.865). The me -
an BNP va lu e on the third pos to pe ra ti ve day was
4245.75 ± 2212.1 pg/ml in gro up Ia and 5774.35 ±
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FI GU RE 2: Diagram showing serum BNP levels of Group Ia and Group IIa.
(Patients were grouped and named according to LVRR occurrence based on
LVESVI values.)
LVRR: Left ventricular reverse remodeling, LVESVI: Left ventricle end-systolic volume

index, ml/m2, BNP0: Preoperative BNP level, BNP1: BNP level on the third postopera-

tive day, BNP2: BNP level at the sixth postoperative month. 

FI GU RE 1: Di ag ram sho wing se rum BNP le vels of Gro up I and Gro up II. (Pa-
ti ents we re gro u ped and na med ac cor ding to LVRR oc cur ren ce ba sed on
LVESD va lu es.)
LVRR: Left ventricular reverse remodeling, LVESD: Left ventricle end-systolic dimension,

BNP0: Preoperative BNP level, BNP1: BNP level on the third postoperative day, BNP2:

BNP level at the sixth postoperative month.
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5852.46 pg/ml in gro up II a (p= 0.161). The me an
BNP va lu e at the sixth pos to pe ra ti ve month was
817.40 ± 749.64 pg/ml in gro up Ia and 1532.21 ±
2080.58 pg/ml in gro up II a (p= 0.161) (Fi gu re 2).
Chan ge of BNP (∆BNP) was cal cu la ted for both
gro ups; 426.60 ± 706.90 pg/ml for gro up Ia and -
217.09 ± 1089.80 pg/ml for gro up II a. ∆BNP did
not cor re la te with LVES VI in gro up II a (p= 0.384)
but cor re la ted with LVES VI in gro up Ia (p=
0.014).

In 21 pa ti ents BNP chan ge was sig ni fi cant and
of the se, 16 we re di ag no sed as LVRR. Po si ti ve pre-
dic ti ve va lu e was 0.76, ne ga ti ve pre dic ti ve va lu e was
0.79, sen si ti vity was 0.80, spe ci fi city 0.75, and ac cu -
racy ra ti o was 0.77 with a CI of 95% (0.62-0.89).

EF Chan ge

Left ven tri cu lar EF in cre a sed in 25 pa ti ents at the
sixth pos to pe ra ti ve month, dec re a sed in 12 pa ti ents
and did not chan ge in thre e pa ti ents. The me an
pre o pe ra ti ve BNP le vels (1279.5 ± 61293.85 pg/ml)
cor re la ted with pre o pe ra ti ve and pos to pe ra ti ve EF
va lu es (p= 0.037 and, p= 0.033, res pec ti vely). Ho w-
e ver, me an pos to pe ra ti ve BNP le vels (1177.30 ±
1515.67 pg/ml) cor re la ted ne it her with the me an
pre o pe ra ti ve EF va lu es (39% ± 5.9%) (p= 0.234),
nor the me an pos to pe ra ti ve EF va lu es (43% ± 9.7%)
(p= 0.085). 

DIS CUS SI ON
Ven tri cu lar re mo de ling (VR) that oc curs af ter my-
o car di al in farc ti on con sists of adap ti ve and ma la -
dap ti ve res pon ses to chan ges in he mody na mics, as
less myo car di um at tempts to ma in ta in the sa me car-
di ac out put. The se res pon ses inc lu de car di ac di la ta -
ti on and hyper trophy, scar for ma ti on, ne u ro-
hor mo nal chan ges, cyto ki ne ac ti va ti on and oxi da ti -
ve stress.21 Car di ac fib rob lasts (CF), his to lo gi cally
key com po nent of VR, which com po se 60-70% of
the he art, al so re gu la te myo car di al struc tu re, or ga -
ni ze mec ha ni cal, che mi cal, and elec tri cal sig nals be-
t we en cel lu lar and non-cel lu lar car di ac com po-
nents. In the post in farc ti on pro cess, CF be co me
highly pro li fe ra ti ve even in va si ve, and re mo del the
car di ac in ters ti ti um by in cre a sing sec re ti on of ex-
tra cel lu lar mat rix (ECM) deg ra ding me tal lop ro te i -

na se and in cre a sing col la gen tur no ver. Alt ho ugh
the se chan ges ser ve ini ti ally as an im por tant re pa -
ra ti ve wo und he a ling res pon se, in the lon ger term
they be co me ma la dap ti ve le a ding to col la gen ac cu -
mu la ti on, car di ac fib ro sis, and fi nally loss of car di -
ac func ti on. Nat ri u re tic pep ti des work aga inst this
ma la dap ti ve pro cess. Re cent stu di es sug gest that the
in tra car di ac nat ri u re tic pep ti des/cGMP system
plays a co un ter-re gu la tory ro le aga inst the in tra-
car di ac re nin-an gi o ten sin-al dos te ro ne system and
TGF-be ta me di a ted path way, and thus pro tects the
he art aga inst re mo de ling.24,25 Cli ni cally, nat ri u re tic
pep ti des and CF in te rac ti on re sults as ‘re mo de ling’
or ‘re ver se re mo de ling’. This in te rac ti on cons ti tu -
ting the mo le cu lar ba sis of re mo de ling, exp la ins the
strong cor re la ti on bet we en left ven tric le si ze and
BNP le vels cle arly shown by our da ta.

Left ven tri cu lar re mo de ling is ge ne rally a po or
prog nos tic sign and is strongly as so ci a ted with car-
di ac fa i lu re. Pa ti ents with LV re mo de ling ha ve a hig -
her risk for car di o vas cu lar mor bi dity and mor -
ta lity.26 The re fo re, pre ven ti on of LV re mo de ling is
cru ci al for sur vi val. The tre at ment op ti ons for pre-
ven ti on of left ven tric le di la ta ti on or re mo de ling in-
c lu de me di cal tre at ment, per cu ta ne o us co ro nary
in ter ven ti on, and co ro nary sur gery with or wit ho ut
sur gi cal ven tri cu lar res to ra ti on. The open ar tery hy-
pot he sis dec la red that, res to ra ti on of an teg ra de blo -
od flow to the pe ri-in farct are a is be ne fi ci al to the
myo car di um even la te to pre vent  myo car di al nec -
ro sis.27 A pos sib le mec ha nism for the exp la na ti on of
la te re per fu si on ad van ta ge may be ‘apop to sis in hi bi -
ti on’ which is res pon sib le for the la te pha se of re mo -
de ling.28 Nat ri u re tic pep ti des block the apop to sis
pro cess and thus ce a se la te re mo de ling prog res si on.
Wu et al sho wed that BNP-me di a ted at te nu a ti on of
apop to sis was as so ci a ted with in cre a sed ex pres si on
of an an ti-apop to tic pro te in Bcl-2 and re du ced ex-
pres si on of a pro-apop to tic pro te in Bax.29 BNP can
be con si de red as an an ti-re mo de ling pep ti de and se -
rum BNP le vels sho uld be di rectly pro por ti o nal with
the re mo de ling pro cess and LVES VI. 

In this study we plan ned to show that; (1) BNP
is a mar ker of LV re ver se re mo de ling which was
do cu men ted with va ri o us stu di es in dif fe rent pa ti -
ent gro ups (es pe ci ally in pa ti ents with val vu lar he -



art di se a se and di la ted car di om yo pathy) (2) a low
BNP va lu e ref lects go od out co me fol lo wing CABG
in pa ti ents with myo car di al in farc ti on. The re la ti -
ons hip of BNP and re mo de ling was pre vi o usly do -
cu men ted by nu me ro us stu di es in pa ti ents
un der went PCI fol lo wing MI.30,31 Brugada et al.
noted prevention of LV remodeling after MI can be
achieved with early PCI in 62% of patients and
BNP value at admission and follow-up can predict
LV dilatation.31 Si mi larly, nu me ro us stu di es we re
pub lis hed re por ting a cor re la ti on bet we en BNP le -
vels and LV func ti on or out co me fol lo wing
CABG.4,8,10,18,22,32-71 The ef fects of co ro nary bypass
on ven tric le di a me ters and sha pe ha ve not be en
well-do cu men ted with lar ge stu di es. Sur gi cal Tre -
at ment for Isc he mic He art Fa i lu re (STICH) in ves ti -
ga tors re por ted 6% re duc ti on in left ven tri cu lar end
systo lic vo lu me in dex at the fo urth pos to pe ra ti ve
month fol lo wing CABG in pa ti ents with isc he mic
car di om yo pathy.49 Si mi larly, we fo und 6.7% me an
re duc ti on in the LVES VI at the sixth pos to pe ra ti ve
month (48.65 ± 3.04 vs. 45.37 ± 3.23). LVES VI de-
c re a sed in 27 of 40 pa ti ents, in ot her words, LV re-
mo de ling was pre ven ted in 67.5% of pa ti ents with
CABG. In gro up Ia, LVES VI dec re a sed 10.80 ml/m2,
but in gro up II a it in cre a sed 4.20 ml/m2. ∆BNP was
cor re la ted with LVES VI in gro up Ia. 

Bri efly; (1) CABG pre vents the LV re mo de ling
fol lo wing myo car di al in farc ti on, (2) BNP chan ges
are di rectly pro por ti o nal with LVES VI and thus
can pre dict and ref lect suc cess of the re vas cu la ri -
za ti on pro ce du re. 

An ti ci pa ting the cor re la ti on of LVEF and BNP
chan ge is not sur pri sing, sin ce LVEF cal cu la ti on re-
li es on ven tri cu lar vo lu mes and a strong as so ci a ti -
on bet we en ven tric le si ze and BNP was well
do cu men ted.5,7,12,31,50,51 Ejec ti on frac ti on is con si de -
red as a po wer ful in di ca tor of ope ra ti ve out co mes
by most of the sur ge ons, and re cent stu di es in ves -
ti ga ting pre dic ti ve va lu e of BNP, Eu ros co re and
LVEF sho wed si mi lar re sults.36,40 The uti lity of na-
t ri u re tic pep ti des le vels to op ti mi ze ope ra ti on ti me
af ter myo car di al in farc ti on sho uld be in ves ti ga ted. 

Evi den ce in di ca tes that a re ver se re mo de ling
ef fect ac hi e ved by car di ac sur gery may be mir ro -
red by a re duc ti on in BNP re le a se. Furt her stu di es
are ne e ded to de fi ne the ro le of NT-proBNP de ter -
mi na ti on in as ses sing the long-term prog no sis of
pa ti ents re ce i ving car di ac sur gery.43

In conc lu si on; BNP ref lects left ven tri cu lar re-
ver se re mo de ling and func ti on af ter co ro nary ar-
tery bypass sur gery in pa ti ents who had myo car di al
in farc ti on.

1. Vanderheyden M, Bartunek, Claeys G,
Manoharan G, Beckers JF, Ide L. Head to
head comparison of N-terminal pro-B-type
natriuretic peptide and B-type natriuretic pep-
tide in patients with/without left ventricular
systolic dysfunction. Clin Biochem 2006;39
(6):640-5.

2. Daniels LB, Maisel AS. Natriuretic pepti-
des. J Am Coll Cardiol 2007;50(25):2357-
68.

3. Palazzuoli A, Carrera A, Calabria P, Pastore
M, Quatrini I, Vecchiato L, et al. Brain natri-
uretic peptide levels during cardiac reperfu-
sion: comparison between percutaneous
coronary angioplasty and aorto-coronaric
bypass. Clin Chim Acta 2004;342(1-2):87-
92.

4. Hutfless R, Kazanegra R, Madani M, Bhalla
MA, Tulua-Tata A, Chen A, et al. Utility of B-
type natriuretic peptide in predicting pos-

toperative complications and outcomes in pa-
tients undergoing heart surgery J Am Coll Car-
diol 2004;43(10):1873-9.

5. Vasan RS, Benjamin EJ, Larson MG, Leip EP,
Wang TJ, Wilson PW, et al. Plasma natriuretic
peptides for community screening for left ven-
tricular hypertrophy and systolic dysfunction:
the Framingham heart study. JAMA 2002;
288(10):1252-9.

6. Hinderliter AL, Blumenthal JA, O'Conner C,
Adams KF, Dupree CS, Waugh RA, et al. In-
dependent prognostic value of echocardiog-
raphy and N-terminal pro-B-type natriuretic
peptide in patients with heart failure. Am Heart
J 2008;156(6):1191-5.

7. Krittayaphong R, Boonyasirinant T, Saivi-
roonporn P, Thanapiboonpol P, Nakyen S,
Udompunturak S. Correlation Between NT-pro
BNP levels and left ventricular wall stress,
sphericity index and extent of myocardial dam-

age: a magnetic resonance imaging study. J
Card Fail 2008;14(8):687-94.

8. Avidan MS, Meehan N, Ponte J, El-Gamel A,
Sherwood RA. Changes in brain natriuretic
peptide concentrations following open cardiac
surgery with cardioplegic cardiac arrest Clin
Chim Acta 2001;303(1-2):127-32.

9. Yoshimura N, Henaine R, Ootaki Y, Matsuhisa
H, Misaki T. Why does the preoperative BNP
level predict the degree of postoperative BNP
elevation? Ann Thorac Surg 2008;86(2):694.

10. Cerrahoglu M, Iskesen I, Tekin C, Onur E,
Yildirim F, Sirin BH. N-terminal ProBNP levels
can predict cardiac failure after cardiac sur-
gery. Circ J 2007;71(1):79-83.

11. Bredin F, Liska J, Franco-Cereceda A.
Changes in natriuretic peptides following pas-
sive containment surgery in heart failure pa-
tients with dilated cardiomyopathy. Interact
Cardiovasc Thorac Surg 2009;8(2):191-4.

REFERENCES

Turkiye Klinikleri J Med Sci 2011;31(4) 795

Cardiovascular Surgery Hatemi et al



Turkiye Klinikleri J Med Sci 2011;31(4)796

Hatemi ve ark. Kalp ve Damar Cerrahisi

12. Thompson LO, Skrabal CA, Loebe M, La-
fuente JA, Roberts RR, Akgul A, et al. Plasma
neurohormone levels correlate with left ven-
tricular functional and morphological improve-
ment in LVAD patients. J Surg Res 2005;
123(1):25-32.

13. Bové T, Van Belleghem Y, Vandenplas G,
Caes F, François K, De Backer J, et al.
Short-term systolic and diastolic ventricular
performance after surgical ventricular
restoration for dilated ischemic cardiomy-
opathy. Eur J Cardiothorac Surg 2009;35(6):
995-1003.

14. Miller WL, Hartman KA, Grill DE, Burnett JC
Jr, Jaffe AS. Only large reductions in con-
centrations of natriuretic peptides (BNP and
NT-proBNP) are associated with improved
outcome in ambulatory patients with chronic
heart failure. Clin Chem 2009; 55(1): 78-
84.

15. Bruch C, Fischer C, Sindermann J, Stypmann
J, Breithardt G, Gradaus R. Comparison of the
prognostic usefulness of N-terminal pro-brain
natriuretic Peptide in patients with heart fail-
ure with versus without chronic kidney dis-
ease. Am J Cardiol 2008;102(4):469-74.

16. Norozi K, Wessel A, Buchhorn R, Alpers V,
Arnhold JO, Zoege M, et al. Is the Ability index
superior to the NYHA classification for as-
sessing heart failure?: comparison of two clas-
sification scales in adolescents and adults with
operated congenital heart defects. Clin Res
Cardiol 2007;96(8):542-7.

17. Miller WL, Hartman KA, Burritt MF, Grill DE,
Rodeheffer RJ, Burnett JC Jr, et al. Serial bio-
marker measurements in ambulatory patients
with chronic heart failure: the importance of
change over time. Circulation 2007;116(3):
249-57.

18. Provenchère S, Berroeta C, Reynaud C,
Baron G, Poirier I, Desmonts JM, et al. Plasma
brain natriuretic peptide and cardiac troponin
I concentrations after adult cardiac surgery:
association with postoperative cardiac dys-
function and 1-year mortality. Crit Care Med
2006;34(4):995-1000.

19. Detaint D, Messika-Zeitoun D, Avierinos JF,
Scott C, Chen H, Burnett JC Jr, et al. B-type
natriuretic peptide in organic mitral regurgita-
tion: determinants and impact on outcome.
Circulation 2005;111(18):2391-7.

20. Arat-Ozkan A, Kaya A, Yigit Z, Balci H, Okçün
B, Yazicioglu N, et al. Serum N-terminal pro-
BNP levels correlate with symptoms and
echocardiographic findings in patients with mi-
tral stenosis. Echocardiography 2005;22
(6):473-8.

21. Tiyyagura SR, Pinney SP. Left ventricular re-
modeling after myocardial infarction: past,
present, and future. Mt Sinai J Med
2006;73(6):840-51.

22. Temporelli PL, Scapellato F, Corrà U, Pistono
M, Eleuteri E, Imparato A, et al. Perioperative
and postoperative predictors of outcome in pa-
tients with low ejection fraction early after
coronary artery bypass grafting: the additional
value of left ventricular remodeling. Eur J Car-
diovasc Prev Rehabil 2008;15(4):441-7.

23. Magne J, Dubois M, Champagne J, Dumesnil
JG, Pibarot P, Philippon F, et al. Usefulness
of NT-pro BNP monitoring to identify echocar-
diographic responders following cardiac re-
synchronization therapy. Cardiovasc Ultra-
sound 2009;7:39.

24. Görmüş U, Özmen D. [cGMP and its clinical
importance]. Turkiye Klinikleri J Med Sci
2005;25(5):678-87.

25. Nishikimi T, Maeda N, Matsuoka H. The role
of natriuretic peptides in cardioprotection. Car-
diovasc Res 2006;69(2):318-28.

26. White HD, Norris RM, Brown MA, Brandt PW,
Whitlock RM, Wild CJ. Left ventricular end-
systolic volume as the major determinant of
survival after recovery from myocardial infarc-
tion. Circulation 1987;76(1):44-51.

27. Kim CB, Braunwald E. Potential benefits of
late reperfusion of infarcted myocardium. The
open artery hypothesis. Circulation 1993;88(5
Pt 1):2426-36.

28. Abbate A, Biondi-Zoccai GG, Baldi A. Patho-
physiologic role of myocardial apoptosis in
post-infarction left ventricular remodeling. J
Cell Physiol 2002;193(2):145-53.

29. Wu B, Jiang H, Lin R, Cui B, Wen H, Lu Z.
Pretreatment with B-type natriuretic peptide
protects the heart from ischemia-reperfusion
injury by inhibiting myocardial apoptosis. To-
hoku J Exp Med 2009;219(2):107-14.

30. Hirayama A, Kusuoka H, Yamamoto H,
Sakata Y, Asakura M, Higuchi Y, et al. Use-
fulness of plasma brain natriuretic peptide
concentration for predicting subsequent left
ventricular remodeling after coronary angio-
plasty in patients with acute myocardial in-
farction. Am J Cardiol 2006;98(4):453-7.

31. Garcia-Alvarez A, Sitges M, Delgado V, Ortiz
J, Vidal B, Poyatos S, et al. Relation of plasma
brain natriuretic peptide levels on admission
for ST-elevation myocardial infarction to left
ventricular end-diastolic volume six months
later measured by both echocardiography and
cardiac magnetic resonance. Am J Cardiol
2009;104(7):878-82.

32. Fox AA, Shernan SK, Collard CD, Liu KY,
Aranki SF, DeSantis SM, et al. Preoperative
B-type natriuretic peptide is as independent
predictor of ventricular dysfunction and mor-
tality after primary coronary artery bypass
grafting. J Thorac Cardiovasc Surg 2008;
136(2):452-61.

33. Mekontso-Dessap A, Tual L, Kirsch M, D'Hon-
neur G, Loisance D, Brochard L, et al. B-type
natriuretic peptide to assess haemodynamic

status after cardiac surgery. Br J Anaesth
2006;97(6):777-82.

34. Jeong DS, Kim KH, Kim CY, Kim JS. Rela-
tionship between plasma B-type natriuretic
peptide and ventricular function in adult car-
diac surgery patients. J Int Med Res 2008; 36
(1):31-9.

35. Berendes E, Schmidt C, Van Aken H, Hartlage
MG, Rothenburger M, Wirtz S, et al. A-type
and B-type natriuretic peptides in cardiac sur-
gical procedures. Anesth Analg 2004;98 (1):
11-9.

36. Attaran S, Sherwood R, Desai J, Langworthy
R, Mhandu P, John L, et al. Brain natriuretic
peptide a predictive marker in cardiac surgery.
Interact Cardiovasc Thorac Surg 2009;9(4):
662-6.

37. Cuthbertson BH, Croal BL, Rae D, Gibson PH,
McNeilly JD, Jeffrey RR, et al. N-terminal pro-
B-type natriuretic peptide levels and early out-
come after cardiac surgery: a prospective
cohort study. Br J Anaesth 2009;103(5):647-
53.

38. Wei M, Ren S, Liu J, Li P, Qian H, Tarkka M.
Perioperative plasma brain natriuretic peptide
and cardiotrophin-1 in off-pump coronary ar-
tery bypass. Scand Cardiovasc J 2008;42(6):
399-404.

39. Knobloch K, Spies M, Vogt PM. Nt-pro-BNP
monitoring in cardiac surgery patients--is there
more to consider? Interact Cardiovasc Thorac
Surg 2008;7(3):424.

40. Elíasdóttir SB, Klemenzson G, Torfason B,
Valsson F. Brain natriuretic peptide is a
good predictor for outcome in cardiac sur-
gery. Acta Anaesthesiol Scand 2008;52
(2):182-7.

41. Danová K, Pechán I, Olejárová I, Líska B.
Natriuretic peptides and endothelin-1 in pa-
tients undergoing coronary artery bypass
grafting. Gen Physiol Biophys 2007;26(3):
194-9.

42. Guerin V, Ayed SB, Varnous S, Golmard JL,
Leprince P, Beaudeux JL, et al. Release of
brain natriuretic-related peptides (BNP, NT-
proBNP) and cardiac troponins (cTnT, cTnI)
in on-pump and off-pump coronary artery by-
pass surgery. Surg Today 2006;36(9):783-
9.

43. Sinha AM, Breithardt OA, Schmid M, Stellbrink
C. Brain natriuretic peptide release in cardiac
surgery patients. Thorac Cardiovasc Surg
2005;53(3):138-43.

44. Moazami N, Oz MC. Natriuretic peptides in the
perioperative management of cardiac surgery
patients. Heart Surg Forum 2005;8(3):E151-
7.

45. Bail DH, Kofler M, Ziemer G. Brain natriuretic
peptide (BNP) in patients undergoing coronary
artery bypass grafting. Thorac Cardiovasc
Surg 2004;52(3):135-40.



46. Watanabe M, Egi K, Hasegawa S, Tanaka H,
Ohshima H, Sakamoto T, et al. Significance
of serum atrial and brain natriuretic peptide re-
lease after coronary artery bypass grafting.
Surg Today 2003;33(9):671-3.

47. Chello M, Mastroroberto P, Perticone F, Cir-
illo F, Bevacqua E, Olivito S, et al. Plasma lev-
els of atrial and brain natriuretic peptides as
indicators of recovery of left ventricular sys-
tolic function after coronary artery bypass. Eur

J Cardiothorac Surg 2001;20(1):140-6.

48. Morimoto K, Mori T, Ishiguro S, Matsuda N,
Hara Y, Kuroda H. Perioperative changes in
plasma brain natriuretic peptide concentra-
tions in patients undergoing cardiac surgery.
Surg Today 1998;28(1):23-9.

49. Jones RH, Velazquez EJ, Michler RE, Sopko G,
Oh JK, O'Connor CM, et al. Coronary bypass sur-
gery with or without surgical ventricular recon-
struction. N Engl J Med 2009;360 (17):1705-17.

50. Güneş Y, Okçün B, Kavlak E, Erbaş C, Karcier
S. Value of brain natriuretic peptide after acute
myocardial infarction. Anadolu Kardiyol Derg
2008;8(3):182-7.

51. Cuthbertson BH, McKeown A, Croal BL,
Mutch WJ, Hillis GS. Utility of B-type natri-
uretic peptide in predicting the level of peri-
and postoperative cardiovascular support re-
quired after coronary artery bypass grafting.
Crit Care Med 2005;33(2):437-42.

Turkiye Klinikleri J Med Sci 2011;31(4) 797

Cardiovascular Surgery Hatemi et al


