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During conventional coronary artery by-
pass grafting (CABG) with cardiopulmonary by-
pass (CPB), the development of systemic inflam-
matory response syndrome, hypothermia, forma-
tion of microemboli, and desensitization of beta-
adrenoceptors could extend postoperative recov-
ery (1,2). On the other side, off-pump coronary ar-
tery bypass grafting (OPCABG) achieves better
inhospital outcomes, similar completeness of
revascularization, and shorter lengths of stay com-
pared with conventional CABG (3,4).
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Heart displacement during OPCABG is
necessary to expose target coronary arteries. This
manipulation of the beating heart, especially on
the lateral and posterior left ventricular wall, may
cause significant fluctuation in the patient’s hemo-
dynamic state (5,6). The major cause of hemo-
dynamic changes is transitory biventricular sys-
tolic and diastolic dysfunction, and disturbance of
diastolic filling of the right ventricle, primarily by
direct ventricular compression (7). Inotropic sup-
port and use of vasoconstrictors are frequently es-
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spective studies in CABG surgery have shown Table 1. Preoperative and operative characteristics of patients

beneficial hemodynamic effects Of levosimendan underwent off-pump coronary artery bypass grafting
in patients with normal LV function (13,14). Treatment
H H H placebo  levosimendan
. The aim of our study was t(? determlne if Characteristics re12) 12) pr
levosimendan could produce beneficial prolong- Preoperative data (mean+SD):
ed effects on left ventricular systolic function dur- age (years) 61153 606454 0.747
. . . . . body surface area (m?2) 2.0+0.1 2.0+0.1 0.563
ing OPCABG in patients with normal LV function. ejection fraction (%) 536424 557445 0196
Medication (n):
Patients and Method nitrates _ 5 4
B-adrenoceptor antagonists 4 4
. calcium channel blockers 2 0
Patients Coronary occlusion time (min., 15.4+5.4 16.845.7 0.522
Out of 98 patients admitted to the De- mean+SD)t
. . No. of grafts (mean+SD) 2.6+0.5 2.7+0.5 0.591
partment of Anesthesiology, Reanimatology and : —
. . . . *Mann-Whitney test. SD - standard deviation.
Intensive Care, UanGI’SIty Hospltal Dubrava, Za- 1The sum of single coronary occlusions.
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brillation with rapid ventricular response, signifi-
cant valvular stenosis or regurgitation, or pulmo-
nary hypertension. Patients with myocardial in-
farction or stroke within 6 months, diabetes mel-
litus, end-stage of obstructive or restrictive pulmo-
nary disease, severe kidney (serum creatine >115
mmol/L) or hepatic disease (bilirubin 1.5 times
above the upper limit of normal), or sepsis were
also excluded. Patients taking antiarrhythmic or
digoxin therapy and requiring inotropic support
before surgery were also excluded from the study.
Exclusion criteria during surgery were myocardial
ischemia (depression or elevation of the ST-seg-
ment for more than 1 mm on 12-lead electrocardi-
ography) and hemodynamic instability (heart rate
> 100 beats/min, systolic blood pressure <90
mm Hg, or need for cardiac pacing). One patient
randomized into the placebo group was subse-

0.1 mg/kg IM (Mo s--' erck®, Merck KgaA,
Darmstadt, Germany) an hour before surgery. An-
esthesia was induced by 0.1 mg/kg IV midazolam
(Dormicum®, F. Hoffman-La Roche Ltd., Basel,
Switzerland), 5-7 ug/kg IV fentanyl (Fentanyl®,
Janssen Pharmaceutica, Beerse, Belgium), and 0.1
mg/kg IV pancuronium-bromide (Pavulon®, N.V.
Organon, Oss, the Netherlands). After endotra-
cheal intubation, the lungs were mechanically
ventilated by positive pressure (tidal volume of 8
mL/kg and ventilatory frequency of 12/min) (Cato,
Dréger, Libeck, Germany). Tidal volume and re-
spiratory rate were adjusted to maintain acid-base
status and arterial CO, pressure within physiologi-
cal limits. Anesthesia was maintained with a ni-
trous-oxide mixture (60% oxygen and 40% nitrous
oxide) and sevoflurane (Sevorane®, Abbott Labo-

ratories S.A., Abbott Park, IL, USA) in doses of
1.0-1.3 minimal alveolar concentration (MAC).
Additional doses of pancuronium-bromide (0.1
mg/kg) were administered as required to maintain
neuromuscular blockade during surgery.

Hemodynamic Monitoring

American Society of Anesthesiologists
(ASA) standard monitors were applied on the ad-
mission to the operating room. In the operating
room, an arterial catheter (Arrow International,
Reading, PA, USA) was inserted into the left radial
artery at the angle of 35% to the plane of the wrist,
to measure direct arterial blood pressure.
Seldinger’s technique (16) was used for the central

(PAC) (Arrow Int
jugular vein. PA
vein across the
branch controlle

ressure trans-
n, \Germany)

nous, radial and pulmonary arterial
ducers (Peter von Ber

were zeroed a left atrium. Electro-
io aphlc ea 5, heart rate, central
|aI nd pulm yartery pressure

c rve and values=wére monitored on the same
e same way through the study.

Bolus thermodilution with the PAC is
presently the method for measuring cardiac output
in our clinical setting. By this method, multiple
cardiac output measurements can be obtained at
intervals by using an inert indicator. A 10mL bolus
of 5% glucose was injected into the right atrium as
the indicator of the room temperature; the follow-
ing temperature changes were detected by the
thermistor on the top of pulmonary catheter. Dur-
ing the patient’s exhalation, an indicator was in-
jected over 4 seconds throughout the proximal
port of the catheter. The thermodilution curve was
monitored on the thermodilution monitor (Cardiac
Output Computer; Arrow International). Five re-
peated measurements were done. The cardiac out-
put mean value was calculated from the three of
five measurements not differing reciprocally by
more than 10%. Other hemodynamic parameters,
such as mean arterial pressure, central venous pres-

@M



Croat Med J

2005;46(6):950-956

sure, mean pulmonary arterial pressure, pulmo-
nary capillary wedge pressure, were followed up.

Immediately after the induction of anes-
thesia, the transesophageal echo with 5.0 MHz bi-
plane probe of the Ultrasound Scanner (Hitachi
EUB-555®; Hitachi Medical Corporation, Tokyo,
Japan) was inserted and positioned in the stomach.
Superior angulation (flexing the scope) in the 0°
image plane yielded the transgastric mid short-axis
view. At this level, we determined both the left
ventricular end-systolic dimension and left ven-
tricular end-diastolic dimension. By recording the
left ventricle cross-sectional view, we measured
the percent fractional shortening and calculated
the EF by Teichholz’s method.

Study Design
The patients were randomized into two

dding dose of levosimendan (Simdax®,
nd) durmg a pe-
st investigators were

phosphate 0.4\mg, ethanol 100 mg, and 5% glu-

cose yleldmg a yeIIow color \r:g@
fusion

Graseb

¢ anesthesia, |nfu-
sion of 500 mL hyd yethylstarch 6% solution
(HAES-sterile 6% in saline 0.9%, Fresenius Kabi,
Bad Homburg, Germany) was administered in all
patients to optimize preload.

Heart rate, cardiac index (Cl), stroke vol-
ume index (SVI), and left ventricular EF were mea-
sured before and 10 and 60 minutes after levo-
simendan administration. The same surgical team
performed surgery in all investigated patients.

Statistical Analysis

Numerical data were presented as
mean +standard deviation (SD) or median with
interquartile range. Qualitative data were de-
scribed by frequencies. We used Mann-Whitney
test to find differences between the two groups,
and Friedman test to compare parameters mea-
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sured at different time points within each group.
Wilcoxon Signed Rank test was applied to find the
differences in time-dependent variable pairs be-
tween the two groups. For statistical analysis, SAS
System for Windows Release 6.12 software (SAS
Institute Inc., Cary, NC, USA) was used. Changes
were considered statistically  significant at
P<0.05.

Results

Patients in both groups had similar de-
mographic characteristics, preoperative left ven-
tricular EF, medications, and operative data (Table
1). No differences in the heart rate (P=0.323) were
observed between the baseline measurements
i inutes (83.6+4.0
beats/miny;"and 60 minutes (8217 + 5.1 beats/min)
after placebo admi
heart rate (P=0.
Line measurement

0 minutes
after the ad-

No dlfferen es between
the groups in t es ofthemodynamic
cardi d stroke yolume in-

rlcular EF

Table 2. Hemodynamic parameters (median, interquartile
range) of myocardial contractility after 15-minute infusion of
either placebo) or 12 pg/kg levosimendan in off-pump coro-
nary artery bypass

Hemodynamic Treatment

parameters placebo (n=12) levosimendan (n=12) P*

Cardiac index (L/min/m2):
baseline 2.21(1.26) 2.18(0.32) 0.949
10 min 2.25(0.98) 2.90 (0.98) 0.035
60 min 2.16 (0.20) 2.84 (1.56) 0.002
Pt 0.368 0.004

Stroke volume index

(mL/beat/m2):
baseline 29.5(5.5) 30.3(7.0) 0.201
10 min 29.1 (10.0) 41.2 (18.3) 0.035
60 min 28.3(10.0) 34.8(12.5) 0.055
Pt 0.368 0.028

Left ventricular ejection

fraction (%):
baseline 60.0 (9.0) 57.0 (10.0) 0.898
10 min 56.0(7.0) 71.0 (13.0) 0.004
60 min 57.0 (7.0) 67.0 (13.0) 0.015
Pt 0.021 0.002

*Mann-Whitney test.
tFriedman test.
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points. In the levosimendan group, cardiac index
was significantly higher 10 and 60 minutes
(P=0.018 for all) after the administration of the
drug than at the baseline measurement.

Similar alterations in stroke volume in-
dex were observed within the placebo group.
Compared with baseline measurement, stroke vol-
ume index was significantly higher 10 (P=0.018),
but not 60 minutes (P=0.063) after the administra-
tion of levosimendan.

Significant decrease in the left ventricu-
lar EF was obtained after the administration of pla-
cebo (P=0.021). In comparison with the baseline
measurement, the left ventricular EF was signifi-
cantly lower 10 minutes (P=0.042) after the ad-
ministration of placebo. In contrast to these find-
ings, the left ventricular EF significantly increased
in patients who received levosimend
(P=0.002). When compared with baseli
this parameter was sign' i

1
\
|
|

e left ventricular systollc
Unllke/Nljhawan et al

still increased 60 minutes after the applicatl MO
the loading dose of lev05|men ’
was noted after the p ra i0

volume index also i inutes after ad
ministration of levosi endan whereas™it remain-
ed unchanged in the plaeeb6 group. As some au-
thors previously reported (13,17), lower loading
doses of levosimendan (12 ug/kg) do not increase
heart frequency. There was no evidence of tachy-
cardia in our patients, with the highest mean value
of 86 beats/min. The lack of tachycardia in patients
with coronary artery disease decreases the inci-
dence of myocardial ischemia, and on the other
hand, guarantees better operation field to surgeon.
Estimated increase in cardiac index was only the
consequence of a positive effect of levosimendan
on the stroke volume index.

In contrast to our results, Lilleberg et al
(14) used the high doses of levosimendan, and re-
corded an increase in the cardiac output as the re-
sult of increased stroke volume, but with a conse-
quently increasing heart rate. Because of that,

n dose that we used had a

lower loading dose of levosimendan is necessary
in patients with coronary artery disease in cardiac
surgery. Values of EF, compared with the basic val-
ues, increased in the levosimendan group by 14%
and 10% after 10 and 60 minutes, respectively. In
the placebo group, the both measurements had
shown reduced EF.

To test if levosimendan could improve
heart function after cardiopulmonary bypass,
Nijhawan et al (13) administered continued levo-
simendan infusion (0.1-0.3 ug/kg/min), after the
low and high loading doses, up to 6 hours after the
weaning from cardiopulmonary bypass. However,
they followed up the hemodynamic effect only by
thermodilution and did not use transesophageal

tlonaHy, accompanled increasing
pressures could Iead to a decrease j

a ve m o se durln s OPCABG
a -adrenoceptoer<agonists could impair
yocardial function by increased oxygen con-

mption, and their positive chronotropic effect
can make surgeon’s job more difficult. As arterial
grafts (radial and mammary arteries) allow for
better flow than veins grafts, they are increasingly
used in surgery (18). In patients who received arte-
rial grafts, alternative use of vasoconstrictors can
produce vasospasm and lead to dramatic hemo-
dynamic deterioration (19). Furthermore, vaso-
constrictors can additionally decrease cardiac in-
dex as they increase afterload (19). The brief pe-
riod of ischemia during direct coronary occlusion
is characterized by reversibly impaired posti-
schemic systolic and diastolic function (20). The
mechanism of myocardial stunning is connected
directly with decreased calcium sensitivity of
myofibrils (21). Because of the unfortunate effects
of the previously mentioned vasoconstrictors and
beta-adrenoceptor agonists, levosimendan could
be an alternative agent during OPCABG. Levosi-
mendan is a calcium sensitizer that enhances the
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contractile force of the myocardium by binding to
troponin C without increasing intracellular cal-
cium concentration at therapeutic doses (22). It ex-
erts cardioprotective effects, including coronary
artery vasodilatation via activation of triphospha-
te-regulated potassium channels at a dose that en-
hances myocardial contractility (23). On the other
hand, there is still no protocol for use of inotropic
medications. In Europe, they are used in 30% to
100% of cardiosurgery procedures (24). Due to
potential adverse effects of catecholamine inotro-
pic medications, some authors report a potentially
higher risk of complications (24).

The limitations of this study were a small
number of patients and specific surgery procedure
(cardiopulmonary bypass was not performed). A
possible shortcoming of levosimendan usage in
cardiosurgery patients could be the fall of blood

ecause wel‘.l)séd a

u

ten the healing and de-

preted with caution in patients with preoperative

left-sided heart'failure and hemodynami c@:
for low cardiac qutput s gas
vosimendan offe

In conglu
promising therapeutic'choice for the-management
of patients with opti odynamic stability. It
also enhances left ventricular performance during
OPCABG in patients with good preoperative left
ventricular function. Further clinical investigations
should include patients with low cardiac output
syndrome in early postoperative period and those
with diastolic myocardial dysfunction, and should
provide answers to questions about oxygen bal-
ance in the myocardium and potential unfavorable
effects of levosimendan on intrapulmonary shunt.
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