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Abstract

Purpose To examine the effect of landiolol on cerebral

blood flow in patients with normal or deteriorated cardiac

function.

Methods Thirty adult patients who were diagnosed with

angina pectoris and who underwent elective off-pump

coronary artery bypass surgery were studied. Patients were

divided into two groups, one with a preoperative left

ventricular ejection fraction (EF) of 50% or higher (normal

EF group; n = 15) and the other with an EF of less than

50% (low EF group; n = 15). The mean cerebral blood

flow velocity (Vmca) and pulsatility index (PI) in the

middle cerebral artery were recorded using transcranial

Doppler ultrasonography (TCD). Individual hemodynamic

data were obtained using a pulmonary arterial catheter.

Results In both groups, landiolol produced a significant

decrease in heart rate (HR), which then returned to baseline

15 min after administration was completed. A significant

decrease in mean arterial pressure occurred in the low EF

group, but the decrease was within 30% of the baseline. In

the normal EF group, there was no decrease in cardiac

index (CI), whereas in the low EF group, CI significantly

decreased along with the decrease in HR. There were no

significant differences in Vmca and PI between the two

groups.

Conclusion Continuous administration of landiolol at a

dose of 0.04 mg/kg/min after 1 min rapid IV administration

at a dose of 0.125 mg/kg/min decreases HR without

causing aggravation of CBF during treatment of intraop-

erative tachycardia in patients with normal and deteriorated

cardiac function.

Keywords Landiolol � Cerebral blood flow � Transcranial

Doppler ultrasonography � Hemodynamics � Off-pump

coronary artery bypass

Introduction

Intraoperative tachycardia in patients with coronary artery

disease (CAD) is one of the major risk factors for intra-

operative myocardial ischemia due to a reduction in oxy-

gen supply, which is attributed to decreased coronary blood

flow associated with shortening of the left ventricular

diastole and increased oxygen demand [1–3]. b-Blockers

can reduce myocardial oxygen consumption by promoting

more efficient utilization of oxygen in the myocardium.

Therefore, these drugs are considered useful for the peri-

operative management of patients with CAD [4–8].

Moreover, in cardiac surgery patients, b-blockers have

been shown to result in a significant decrease in the inci-

dence of postoperative neurologic complications [9].

However, some reports have recently raised questions

about the perioperative use of b-blockers. In the Periop-

erative Ischemia Study Evaluation (POISE trial) published

in The Lancet in 2008, the incidence of stroke, which was

assumed to be associated with hypotension, increased

despite the incidence of cardiac complications being

reduced by the perioperative administration of metoprolol,

and the prognosis was aggravated [10, 11]. Therefore, we

investigated the cerebral effects of the b-blocker landiolol

in cardiac surgery patients.

K. Goto (&) � S. Hagiwara � S. Hidaka � S. Yamamoto �
J. Kusaka � N. Yasuda � C. Shingu � T. Noguchi

Department of Anesthesiology and Intensive Care,

Faculty of Medicine, Oita University,

Idaigaoka 1-1, Hasama, Yufu, Oita 879-5593, Japan

e-mail: ko.goto@med.oita-u.ac.jp

123

J Anesth (2010) 24:11–16

DOI 10.1007/s00540-009-0849-x



Landiolol is an ultrashort-acting b1-receptor-selective

blocker for intravenous (IV) injection that was developed in

Japan [12]. Landiolol is a derivative of esmolol, a typical

short-acting b1-receptor-selective b-blocker. Modifying the

molecular structure of esmolol to produce landiolol resulted

in augmented b1-receptor affinity in the latter. Landiolol also

has less of an effect on blood pressure compared with

esmolol [13]. We previously investigated the influence of

landiolol on hemodynamics and left ventricular function in

patients with normal and deteriorated cardiac function, and

found that the heart rate of intraoperative tachycardia could

be reduced without aggravating hemodynamics in patients

with normal cardiac function, but that attention should be

paid to a decrease in blood pressure and a reduction in car-

diac function in patients with a preoperative EF of less than

50% [12]. Accordingly, cerebral blood flow may decrease

due to landiolol-induced aggravation of hemodynamics in

patients with deteriorated cardiac function, but its influence

has not yet been investigated. Therefore, we investigated the

effects of landiolol on hemodynamics and cerebral blood

flow in patients judged to have normal and deteriorated

cardiac function, based on differences in preoperative EF

using a thermodilution pulmonary artery catheter and

transcranial Doppler ultrasonography (TCD).

Methods

Forty-two adults were recruited for this study; they were all

patients who received a diagnosis of angina pectoris and

underwent elective off-pump coronary artery bypass sur-

gery at Oita University Hospital (Oita, Japan). After

approval of the study by the hospital ethics review board,

written informed consent was obtained from each of the

patients. Patients were excluded from the study if they met

one of the following criteria: age younger than 18 years,

diabetes mellitus, uncontrolled hypertension, cerebrovas-

cular disease, preoperative EF lower than 40%, recent

myocardial infarction, continuous IV injection of cate-

cholamines, or a need for mechanical assistance to breathe.

Patients taking b-blockers as part of their regular thera-

peutic regimen were also excluded from the study.

All patients received morphine hydrochloride (0.1 mg/kg)

and hydroxyzine (0.5 mg/kg) intramuscularly approxi-

mately 30 min prior to entering the operating room, and

also underwent routine monitoring before off-pump coro-

nary artery bypass surgery. Standard bedside measure-

ments were used for coronary revascularization, including

recording of a five-lead electrocardiogram, radial artery

cannulation, pulse oximetry, capnography, and body

temperature. Anesthesia was induced by midazolam

(0.1 mg/kg) and fentanyl (5 lg/kg), and tracheal intubation

was facilitated with vecuronium bromide (0.1 mg/kg).

After intubation, a central venous catheter and an 8 Fr

thermodilution pulmonary arterial catheter (CCOmbo

catheter; Edwards Lifesciences, Irvine, CA, USA) were

inserted into the right external jugular vein and the right

internal jugular vein, respectively. Right middle cerebral

artery (MCA) mean flow velocity (Vmca) and pulsatility

index (PI) were monitored from beat to beat using a 2 MHz

pulsed Doppler probe (Multidop P; DWL, Sipplingen,

Germany). The right MCA was insonated by the transtem-

poral approach at a depth of approximately 35–60 mm using

standard criteria [14], and the probe was secured with a

headband. The signal quality was determined based on both

its characteristic high-pitched sound and the waveform of

the displayed sonogram. The Vmca and PI were calculated

automatically by tracing the waveforms every 5 s. Regard-

ing the ventilation conditions, normal carbon dioxide partial

pressure (about 40 mmHg) was maintained on end-tidal

capnography under controlled respiration, and measure-

ments were performed in the supine position. All TCD

measurements were performed by one anesthesiologist and

all images were videotaped for further analysis. The study

was performed in a blinded manner, with the TCD practi-

tioner unaware of the preoperative EF of the patients.

Anesthesia was maintained with appropriate additional

administration of fentanyl (total dose: 10–15 lg/kg), vecu-

ronium bromide, and sevoflurane (not more than 2%). The

sevoflurane concentration was adjusted to maintain the

bispectral index (BIS) at 40–60, as measured by a BIS

monitor (A-2000; Aspect Medical Systems, Newton, MA,

USA). Nitroglycerine was also continuously administered at

0.5 lg/kg/min after inducing anesthesia.

The study was performed from the initiation of surgery

to the completion of graft dissection during conditions in

which the heart rate (HR) was 80 beats/min or higher, BIS

was 40–60, and a sufficient depth of anesthesia was

maintained [15]. Twelve patients who experienced heart

rates of under 80 beats/min before the completion of the

graft dissection were not given landiolol and were thus

excluded from the study. We divided the remaining 30

patients into two groups according to cardiac function.

Based on the preoperative EF (obtained from preoperative

angiography or transthoracic echocardiography), a normal

EF group (EF C 50%, n = 15) and a low EF group

(EF \ 50%, n = 15) were established for comparison.

Landiolol was administered through the central venous

catheter for 1 min at a rate of 0.125 mg/kg/min, followed

by continuous infusion at 0.04 mg/kg/min. Administration

of landiolol was terminated after a total of 5 min to assess

hemodynamic changes. Measurements of hemodynamics,

Vmca, and PI were made at three time points: before lan-

diolol administration (T1), immediately before completion

of landiolol administration (T2), and 15 min after com-

pletion of landiolol administration (T3) (Fig. 1). Neither an
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additional dose of landiolol nor administration of other

drugs that might affect hemodynamics were needed for any

of the patients in the study. Phenylephrine was adminis-

tered if the mean arterial pressure (MAP) decreased by

30% or more compared with the value at T1.

Heart rate, MAP, pulmonary capillary wedge pressure

(PCWP), central venous pressure (CVP), cardiac index

(CI), and systemic vascular resistance index (SVRI) were

measured using a catheter for open arterial pressure mea-

surement and a thermodilution pulmonary artery catheter

for cardiac output measurement (Vigilance Monitor;

Edwards Lifesciences). The cardiac output was taken as the

average of three measurements using 10 ml of cold

(\10�C) 5% dextrose solution. PaCO2 and hematocrit

(Hct) were recorded at the same time.

Values are presented as the mean ± SD. Differences

between groups were examined for statistical significance

using unpaired t-tests for single comparisons and analysis

of variance followed by Scheffé’s post hoc test, using

statistical software (StatView; Abacus Concepts Inc.,

Berkeley, CA, USA). A P-value of less than 0.05 was

considered statistically significant.

Results

Demographic and operative data are shown in Table 1. The

mean preoperative EF values of the normal EF and low EF

groups were 58 ± 5% (range, 52–65%) and 46 ± 2%

(range, 43–49%), respectively (P \ 0.05). Heart rate,

MAP, CI, and SVRI data are shown in Fig. 2. In both

groups, landiolol produced significant decreases in HR

(P \ 0.05), but these values returned to their respective

baseline levels at T3. No significant difference from

baseline was found for MAP in the normal EF group, but

MAP significantly decreased at T2 in the low EF group.

There were no significant differences in HR and MAP

between the two groups at each time point. None of the

patients developed severe hypotension, and treatment with

phenylephrine was not required. The cardiac index in the

low EF group was significantly lower than that in the

normal EF group at T1, T2 and T3. No significant changes

in CI were observed in the normal EF group, but in the low

EF group, the CI decreased significantly at T2 compared

with the baseline level. No changes in SVRI from baseline

occurred in either group. There were also no significant

differences in PCWP and CVP between the two groups or

among patients in each group (data not shown). No adverse

effects occurred throughout the study. None of the patients

developed stroke after surgery.

Transcranial Doppler ultrasonography data are shown in

Fig. 3. No significant changes in Vmca and PI were

observed between the two groups or among patients in each

group. The PaCO2, Hct and BIS data are shown in Table 2.

No significant changes were noted in either group

throughout the study.

Discussion

Our results show that landiolol can be used to rapidly

decrease HR without an adverse influence on cerebral

blood flow (CBF) in patients with normal cardiac function,

as well as those with poor cardiac function (preoperative

EF \ 50%). We previously reported that attention should

be paid to hypotension and cardiac dysfunction in patients

Fig. 1 Method of landiolol

administration and time points

when measurements were taken

Table 1 Demographic and operative data

Normal EF group Low EF group p Value

Age (year) 65 ± 8 67 ± 7 0.49

Gender (male/female) 11/4 12/3 0.68

Body weight (kg) 60 ± 11 61 ± 12 0.91

Height (cm) 159 ± 7 158 ± 8 0.87

Body surface area (m2) 1.61 ± 0.16 1.61 ± 0.18 0.98

Preoperative EF (%) 58 ± 5 46 ± 2 \0.05

Operation time (min) 241 ± 67 235 ± 49 0.79

Number of grafts 2.5 ± 0.6 2.7 ± 0.7 0.43

Left ventricular EF based on preoperative angiography or transtho-

racic echocardiography

Values are presented as the mean ± SD
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with poor cardiac function and a preoperative EF less than

50% [12]. In the present study, landiolol-induced hypo-

tension and cardiac dysfunction were noted in patients with

poor cardiac function, but CBF was not reduced on TCD.

In the POISE trial, perioperative administration of meto-

prolol reduced the incidence of cardiac complications, but

the incidence of stroke, assumed to be associated with

hypotension, was increased, and the prognosis was aggra-

vated [10, 11]. Since this report was published, active

perioperative administration of b-blocker has been ques-

tioned, but our study showed that landiolol is a b-blocker

that does not affect CBF. In another study of coronary

artery bypass graft patients, Amory et al. reported that the

use of b-blockers during the operation reduced postopera-

tive cerebral complications [9]. In addition, the adminis-

tration of b-blockers improved the survival rate of patients

with cerebral injury [16–18]. Thus, b-blocker use during

cardiac operation may have exerted a cerebral protective

effect.

Landiolol was developed as an agent with highb1-

receptor affinity and sensitivity by modifying the molecular

structure of esmolol [19]. This agent has a much higher

cardioselectivity (b1/b2 = 225) than esmolol (b1/b2 = 32)

and is also shorter-acting: the elimination half-life of

landiolol is 4 min, whereas that of esmolol is 9 min. The

ultrashort-acting duration of landiolol is due to the rapid

hydrolysis of its ester bond, which is primarily mediated by

carboxylesterase and pseudocholinesterase in liver and

plasma, respectively [20]. Landiolol has previously been

reported to have no influence on changes in CBF in patients

who underwent electroconvulsive therapy (ECT), similar to

esmolol [21], but none of the previous reports investigated

changes in CBF induced by perioperative administration of

landiolol in patients with cardiac complications. In

Fig. 2 Time course of changes

in HR (a), MAP (b), CI (c), and

SVRI (d). HR heart rate, MAP
mean arterial pressure, CI
cardiac index, SVRI systemic

vascular resistance index, T1,

before landiolol administration,

T2 immediately before

completion of landiolol

administration, T3 15 min after

completion of landiolol

administration. Values are

presented as the mean ± SD.

*P \ 0.05 versus T1; #P \ 0.05

versus normal EF group

Fig. 3 Time courses of changes

in Vmca (a) and PI (b) using

TCD. Vmca right middle

cerebral artery mean flow

velocity, PI pulsatility index,

TCD transcranial Doppler

ultrasonography, T1 before

landiolol administration, T2
immediately before completion

of landiolol administration, T3
15 min after completion of

landiolol administration. Values

are presented as the mean ± SD
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addition, changes in CBF on landiolol administration to

patients with deteriorated cardiac function have not been

investigated, and thus the safety of landiolol in such

patients is unclear. We performed a comparative study to

examine the effects of landiolol on hemodynamics and

CBF in patients with normal and deteriorated cardiac

function.

CBF measurement methods include IV xenon, the Kety–

Schmidt method, the Fick principle, and magnetic reso-

nance imaging (MRI), but the procedures of these methods

are complex, not readily applicable to the bedside, or

expensive. Thus, the TCD method may be useful to esti-

mate CBF changes under anesthesia for cardiac surgery

[14]. The CBF rate is affected by PaCO2 and hemodilution

[22], but the influences of these on the findings of this study

were likely small. The major cerebral arteries, such as the

middle cerebral artery, were maintained at relatively con-

stant vascular diameters, and the vascular diameters did not

change in response to drug-induced changes in blood

pressure and PaCO2 [23]. Accordingly, changes in the

blood flow rates in the main cerebral arteries reflected

changes in CBF [24].

Heart rate decreased significantly at T2 compared with

baseline, but then rapidly recovered at T3 in patients with

normal and deteriorated cardiac function. This recovery of

HR after completion of landiolol administration shows that

landiolol is a highly controllable agent. MAP and CI did

not change significantly from the baseline in the normal

cardiac function group, nor were there significant changes

in Vmca or PI. PI is widely used as an index of vascular

resistance of regions below the measurement site [14, 25],

suggesting that landiolol does not directly affect CBF or

the vascular diameter of cerebral arterioles. In the deteri-

orated cardiac function group, MAP and CI decreased

significantly from the baseline, but no significant changes

were noted in Vmca or PI. The MAP at T2 in the deteri-

orated cardiac function group was approximately

75 mmHg, less than a 30% decrease from the baseline, and

the CI was approximately 2.2 L/min/m2, and was relatively

well maintained, suggesting that the indirect reduction of

CBF was avoided. Based on these findings, it was sug-

gested that landiolol is a b-blocker that does not affect

CBF, even when administered for intraoperative tachy-

cardia during off-pump coronary artery bypass surgery.

Vmca corresponds to the blood flow of one pulse, but

cerebral blood flow per minute is influenced by pulse rate.

Thus, landiolol not only reduced HR, but may also have

reduced cerebral blood flow per minute in both groups.

Bangalore et al. reported that treating tachycardia with

b-blockers increased the risk of stroke [26], so we thought

that reducing rapid HR with b-blockers required caution.

For maintenance anesthesia, fentanyl (total dose:

10–15 lg/kg) and sevoflurane (not more than 2%) were

used. When opioids or volatile anesthetic agents are used, it

is necessary to consider their influence on CBF, but it has

been reported that moderate doses of opioids and sevoflu-

rane do not significantly affect Vmca [14], suggesting that

the influence is small. Nitroglycerine was used to maintain

the coronary arterial blood flow, but its influence may have

also been small because the dose was not changed

throughout the study.

There are several limitations regarding the study design.

First, the study was performed in a small patient population

at a single medical facility. Second, the potential for bias

was created by not blinding the investigators to the study

group assignment. However, the TCD data should be

unbiased since the preoperative EF data were not known by

the TCD practitioner. Within these limitations, our data

indicated different effects of landiolol on hemodynamics in

patients with an EF of 50% or higher and lower than 50%.

The mean HR and MAP measured before the administra-

tion of landiolol (T1) were approximately 90 beats/min and

approximately 90 mmHg, respectively, in both groups;

therefore, MAP was maintained, even in the low EF group.

Because maintenance of LV volume was confirmed by

transesophageal echocardiography and anesthetic depth

was controlled with the BIS values used as an indicator in

the study, it is unlikely that hypovolemia or light anesthesia

affected HR and blood pressure at T1. However, when HR

and blood pressure are maintained by compensated sym-

pathetic activity in patients who have hypovolemia in

addition to deteriorated cardiac function, care is required,

because landiolol may induce greater aggravation of

hemodynamics compared with those observed in this study.

In such cases, attention should be paid to the potential for

indirect reduction of CBF due to an excess blood pressure

decrease and aggravation of cardiac function.

Our study population may have affected our results. We

excluded patients with diabetes mellitus, uncontrolled

hypertension, and cerebrovascular disease from this study

Table 2 Values of PaCO2, Hct and BIS

T1 T2 T3

PaCO2

Normal EF group 38 ± 3 38 ± 3 38 ± 3

Low EF group 38 ± 3 37 ± 3 37 ± 3

Hct

Normal EF group 35 ± 4 35 ± 4 34 ± 4

Low EF group 36 ± 5 36 ± 5 36 ± 5

BIS

Normal EF group 47 ± 6 46 ± 6 47 ± 6

Low EF group 46 ± 6 46 ± 6 47 ± 6

Hct hematocrit, BIS bispectral index

Values are presented as the mean ± SD
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because they exhibit altered cerebral blood responses to

b-blockers. Thus, additional studies are needed to under-

stand the response to b-blockers in patients with these

complications. In this study, we examined the short dura-

tion effect of the b-blocker landiolol in patients undergoing

off-pump coronary artery bypass surgery, specifically

patients with EF under 50%. We determined cerebral blood

flow and hemodynamics after a 5-min administration of

the b-blocker landiolol. Thus, the long-term effect of

b-blockers and the effects of the different b-blocker doses

on cerebral blood flow require further study.

In conclusion, we have shown that continuous admin-

istration of landiolol at a dose of 0.04 mg/kg/min after 1

min rapid IV administration at a dose of 0.125 mg/kg/min

decreases HR without causing aggravation of CBF during

treatment of intraoperative tachycardia in patients with

normal and deteriorated cardiac function.

References

1. Viljoen JF, Estfanous FG, Lellner GA. Propranolol and cardiac

surgery. J Thorac Cardiovasc Surg. 1972;64:826–30.

2. Safwat AM, Reitan JA, Misle GR, Hurley EJ. Use of propranolol

to control rate pressure product during cardiac anesthesia. Anesth

Analg. 1981;60:732–5.

3. Menkhaus PG, Reves JG, Kissin I, Alvis JM, Govier AV, Sam-

uelson PN, et al. Cardiovascular effects of esmolol in anesthe-

tized humans. Anesth Analg. 1985;64:327–34.

4. Eagle KA, Berger PB, Calkins H, Chaitman BR, Ewy GA, Fle-

ischmann KE, et al. ACC/AHA guideline update for perioperative

cardiovascular evaluation for noncardiac surgery—executive

summary. Anesth Analg. 2002;94:1052–64.

5. Kloner RA, Kirshenbaum J, Lange R, Antman EM, Braunwald E.

Experimental and clinical observations on the efficacy of esmolol

in myocardial ischemia. Am J Cardiol. 1985;56:F40–8.

6. Beanlands RS, Nahmias C, Gordon E, Coates G, deKemp R,

Firnau G, et al. The effects of b1-blockade on oxidative metab-

olism and the metabolic cost of ventricular dysfunction. A dou-

ble-blind, placebo-controlled, positron-emission tomography

study. Circulation. 2000;102:2070–5.

7. Abramson DC, Pivalizza EG, Gottschalk LI. Drug management

for coronary revascularization without cardiac standstill: the use

of high-dose esmolol. J Cardiothorac Vasc Anesth. 1995;9:184–8.

8. Warltier DC, Pagel PS, Kersten JR. Approaches to the prevention

of perioperative myocardial ischemia. Anesthesiology. 2000;

92:253–9.

9. Amory DW, Grigore A, Amory JK, Gerhardt MA, White WD,

Smith PK, et al. Neuroprotection is associated with b-adrenergic

receptor antagonists during cardiac surgery: evidence from 2,575

patients. J Cardiothorac Vasc Anesth. 2002;16:270–7.

10. POISE Study Group. Effects of extended-release metoprolol

succinate in patients undergoing non-cardiac surgery (POISE

trial): a randomised controlled trial. Lancet. 2008;371:1839–47.

11. Fleisher LA, Poldermans D. Perioperative beta blockade: where

do we go from here? Lancet. 2008;371:1813–4.

12. Goto K, Shingu C, Miyamoto S, Miyakawa H, Noguchi T. The

effect of landiolol on hemodynamics and left ventricular function

in patients with coronary artery disease. J Clin Anesth. 2007;

19:523–9.

13. Sasao J, Tarver SD, Kindscher JD, Taneyama C, Benson KT,

Goto H. In rabbits, landiolol, a new ultra-short-acting b-blocker,

exerts a more potent negative chronotropic effect and less effect

on blood pressure than esmolol. Can J Anesth. 2001;48:985–9.

14. Moppett IK, Mahajan RP. Transcranial Doppler ultrasonography

in anaesthesia and intensive care. Br J Anaesth. 2004;93:710–24.

15. Lehmann A, Karzau J, Boldt J, Thaler E, Lang J, Isgro F.

Bispectral index-guided anesthesia in patients undergoing aorto-

coronary bypass grafting. Anesth Analg. 2003;96:336–43.

16. Inaba K, Teixeria PG, David JS, Chan LS, Salim A, Brown C,

et al. Beta-blockers in isolated blunt head injury. J Am Coll Surg.

2008;206:432–8.

17. Cotton BA, Snodgrass KB, Fleming SB, Carpenter RO, Kemp

CD, Arbogast PG, et al. Beta-blocker exposure is associated with

improved survival after severe traumatic brain injury. J Trauma.

2007;62:26–35.

18. Arbabi S, Campion EM, Hemmila MR, Barker M, Dimo M,

Ahrns KS, et al. Beta-blocker use is associated with improved

outcomes in adult trauma patients. J Trauma. 2007;62:56–62.

19. Kitamura A, Sakamoto A, Inoue T, Ogawa R. Efficacy of an

ultrashort-acting b-adrenoceptor blocker (ONO-1101) in attenu-

ating cardiovascular responses to endotracheal intubation. Eur

J Clin Pharmacol. 1997;51:467–71.

20. Iguchi S, Iwamura H, Nishizaki M, Hayashi A, Senokuchi K,

Kobayashi K, et al. Development of a highly cardioselective ultra

short-acting beta-blocker, ONO-1101. Chem Pharm Bull. 1992;

40:1462–9.

21. Saito S, Nishihara F, Akihiro T, Nishikawa K, Obata H, Goto F,

et al. Landiolol and esmolol prevent tachycardia without altering

cerebral blood flow. Can J Anesth. 2005;52:1027–34.

22. Bruder N, Cohen B, Pellissier D, Francois G. The effect of he-

modilution on cerebral blood flow velocity in anesthetized

patients. Anesth Analg. 1998;86:320–4.

23. Giller CA, Bowman G, Dyer H, Mootz L, Krippner W. Cerebral

arterial diameters during changes in blood pressure and carbon

dioxide during craniotomy. Neurosurgery. 1993;32:737–42.

24. Weyland A, Stephan H, Kazmaier S, Weyland W, Schorn B,

Grune F, et al. Flow velocity measurements as an index of

cerebral blood flow. Validity of transcranial Doppler sonographic

monitoring during cardiac surgery. Anesthesiology. 1994;

81:1401–10.

25. Czosnyka M, Richards HK, Whitehouse HE, Pickard JD. Rela-

tionship between transcranial Doppler-determined pulsatility

index and cerebrovascular resistance: an experimental study.

J Neurosurg. 1996;84:79–84.

26. Bangalore S, Sawhney S, Messerli FH. Relation of beta-blocker-

induced heart rate lowering and cardioprotection in hypertension.

J Am Coll Cardiol. 2008;52:1482–9.

16 J Anesth (2010) 24:11–16

123


	The effect of landiolol on cerebral blood flow in patients undergoing off-pump coronary artery bypass surgery
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


