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Abstract Landiolol is a new ultra-short-acting beta
1-selective adrenoreceptor antagonist, which is metabo-
lized rapidly by plasma cholinesterase (PCHE). Metoclo-
pramide has been shown to inhibit PCHE in vitro.
Therefore, metoclopramide might prolong beta blocking
effects of landiolol and spoil its ultimate-short-acting
property. Just before induction of anesthesia, gynecological
patients were randomly assigned to receive 0.2 mg/0.1 ml/kg
landiolol and 2 ml saline (Landiolol group; n = 20),
0.2 mg/0.1 ml/kg landiolol and 10 mg metoclopramide/
2 ml solution (Landiolol-M group; n = 20), or 0.1 ml/kg
saline and 2 ml saline (Control group; n = 20). Tracheal
intubation was performed 3 min after induction of anes-
thesia. Heart rate and blood pressure were recorded.
Landiolol with or without metoclopramide similarly
inhibited increase in heart rate after induction of anes-
thesia and tracheal intubation. However, changes in blood
pressure were not affected. Metoclopramide at induction
of anesthesia did not prolong duration of action of lan-
diolol attenuating the hemodynamic response to induction
of anesthesia and tracheal intubation.
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Introduction

Landiolol is a new ultra-short-acting beta 1-selective
adrenoreceptor antagonist, which is now being widely used
in Japan. It has a shorter plasma half-life (4 min) and less
cardioselectivity than esmolol and has also been reported to
effectively stabilize hemodynamic response during anes-
thetic induction [1-4]. It has been shown to be metabolized
rapidly by plasma cholinesterase (PCHE) [5]. Metoclo-
pramide has been shown to inhibit PCHE in vitro [6-9]. Its
use for preventing postoperative nausea and vomiting in
perioperative settings is popular among anesthesiologists
although the effect of this drug for that purpose is con-
troversial [10]. Neuromuscular block caused by succinyl-
choline and mivacurium, which are also metabolized by
PCHE, has been shown to be prolonged by 23 and 30%
after metoclopramide 10 mg iv before induction of anes-
thesia [7, 11]. Therefore, metoclopramide might prolong
beta blocking effects of landiolol and spoil its ultimate-
short-acting property. In this study, we investigated whe-
ther co-administration of metoclopramide at induction of
anesthesia can prolong duration of action of landiolol
attenuating the hemodynamic response to induction of
anesthesia and tracheal intubation.

After institutional approval and informed consent, 60
patients scheduled for gynecological procedures in the
supine position were enrolled. Patients with symptomatic
ischemic heart disease, or who were administered vasodi-
lator were excluded.

No patients were premedicated. On arrival in the oper-
ating room, routine monitors were applied, including elec-
trocardiogram, noninvasive blood pressure cuff, pulse
oximetry, and capnogram. A 20-gauge catheter was inserted
into a left forearm vein for fluid and drug administration.
Acetate  Ringer’s solution was administered at
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10 ml kg~" h™' during the study period. Before induction of
anesthesia, an epidural catheter was inserted at the 11-12th
thoracic interspace and placed 5 cm beyond the introducer
needle tip. Three milliliters of epinephrine-containing
(1:100000) 1% lidocaine was used to deny unintentional
intravascular or intrathecal catheter placement. No more
local anesthetic was used during the study period. Just before
induction of anesthesia, patients were randomly assigned
(closed envelope technique) to receive 0.2 mg/0.1 ml/kg
landiolol and 2 ml saline (Landiolol group; n = 20),
0.2 mg/0.1 ml/kg landiolol and 10 mg metoclopramide/
2 ml solution (Landiolol-M group; n = 20), or 0.1 ml/kg
saline and 2 ml saline (Control group; n = 20). These doses
were determined on the basis of previous studies which
investigated effects of beta-blockers on laryngoscopy and
tracheal intubation (0.1-0.3 mg/kg for landiolol) [1-4].
Attendant anesthesiologists were unaware of the test drugs.
Subsequently, anesthesia was induced with propofol
1.5-2.5 mg/kg, fentanyl 1-2 ng/kg, and vecuronium
0.1 mg/kg. Atropine 0.01 mg/kg was simultaneously
administered to prevent cholinergic response. Anesthesia
was maintained with 3% end-tidal sevoflurane in oxygen
until tracheal intubation, which was performed 3 min after
induction of anesthesia. Anesthesia was then maintained
with 2% end-tidal sevoflurane in 40% oxygen, supple-
mented with doses of fentanyl and vecuronium.

Heart rate and blood pressure were measured just before
induction of anesthesia and every 1 min afterward for
10 min. During the following 10 min, these values were
recorded every 5 min.

Statistical analysis
The study population size was determined on the basis of
the following hypothesis. We assumed that the depressive

effect of landiolol against tracheal intubation can be pro-
longed by 25% after metoclopramide injection. Based on

Table 1 Patient characteristics

the formula for normal theory and assuming a type I error
protection of 0.05 and a power of 0.9, 18 patients in each
group were required. Thus, we included 20 patients in each
group for the study population size.

Comparisons of changes in hemodynamic variables and
temperatures among the groups were performed by using
analysis of variance for repeated measures followed by
Bonferoni test. Other comparisons among the groups were
carried out using analysis of variance followed by the
Bonferoni test for continuous variables, and the Chi-square
test for nominal data. Data are expressed as
mean =+ standard deviation (SD) of the mean; differences
were considered significant when p < 0.05.

Because of failure of measurement of hemodynamic
valuables, 1 patient in the control group and 1 in the
Landiolol group were excluded from the study. Patient
characteristics are shown in Table 1. The values were
similar among the three groups. Figures 1 and 2 show the
intraoperative changes in heart rate and mean arterial blood
pressure. Landiolol with or without metoclopramide simi-
larly inhibited increase in HR after induction of anesthesia
and tracheal intubation (from 1 to 6 min after induction of
anesthesia). However, landiolol with or without metoclo-
pramide did not affect changes in MAP.

The results from this study showed that landiolol with or
without metoclopramide similarly affected the hemody-
namic response to induction of anesthesia and tracheal
intubation. Therefore, the hypothesis was rejected that co-
administration of metoclopramide at induction of anes-
thesia can prolong the duration of action of landiolol
attenuating the hemodynamic response to induction of
anesthesia and tracheal intubation.

Landiolol is a newly developed highly cardioselective
beta-blocker with a high potency ratio (beta-1/beta-2). In
addition, landiolol has a short duration of activity (a half-
life of 4 min), enabling rapid recovery after cessation of
administration, through rapid hydrolysis of its ester linkage
[5]. There was, therefore, a possibility that its duration of

Control (n = 19) Landiolol (n = 19) Landiolol-M (n = 20) p value
Age (years) 59 + 15 54 + 14 54 + 14 0.414
Weight (kg) 56 + 10 60 + 8 58 + 10 0.365
Height (cm) 156 + 7 159 £ 7 160 + 6 0.266
Hemoglobin (g/dl) 10.1 £ 0.9 10.2 £ 0.8 10.2 £ 0.9 0.919
Anesthesia time (min) 146 + 28 151 £ 28 157 + 23 0.463
Operation time (min) 106 £ 24 112 £ 25 123 £+ 30 0.132
Infusion (ml) 1467 £ 208 1440 + 206 1551 £+ 204 0.223
Transfusion (ml) 263 £ 171 316 £+ 108 282 + 146 0.264
Urine (ml) 240 £ 110 236 +£ 93 266 £+ 96 0.519
Blood loss (ml) 292 £ 115 292 £ 166 267 £ 167 0.605
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Fig. 1 Changes in heart rate. The data are expressed as

mean =+ standard deviation (SD). *p < 0.05 or 0.01, the control
group versus the landiolol and landiolol-M groups
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Fig. 2 Changes in mean arterial pressure. The data are expressed as
mean = standard deviation (SD)

beta-blocking action was prolonged by inhibiting PCHE
activity. As mentioned before, metoclopramide has been
shown to inhibit PCHE in vitro and in vivo [6-9]. In fact,
neuromuscular block caused by succinylcholine and
mivacurium, which are also metabolized by PCHE, has
been shown to be prolonged by 23 and 30% after meto-
clopramide administration before induction of anesthesia
[7, 11]. Thus, we initially hypothesized that metoclopra-
mide would prolong the duration of action of landiolol at
least by 25%; however, prolongation of its duration of
action by metoclopramide was not observed in this study.

From previous studies, it can be expected that PCHE
activity should be inhibited by 10-20% after administration
of 10 mg metoclopramide [6-9]. Therefore, it is reasonable
to think that PCHE activity in this study was inhibited by
10 mg metoclopramide to the same extent as in previous
reports, although PCHE activity was not determined in this

study. Why was the duration of action of landiolol not
prolonged at all in this study? The most likely reason is that
co-administered anesthetics could mask the after effects of
landiolol, attenuating the hemodynamic response to
induction of anesthesia and tracheal intubation. Propofol,
fentanyl, and sevoflurane, which have more or less nega-
tive circulatory effects, were used as induction drugs. In
addition, the hemodynamic response to induction of anes-
thesia and tracheal intubation usually lasts very briefly.
Actually, HR and MAP in the control group in this study
returned to the baseline values in 4-5 min after tracheal
intubation. At this time point, effects of induction drugs
might have affected hemodynamic status more than lan-
diolol if duration of action of landiolol could have been
prolonged by metoclopramide. To address this concern,
effects of metocroplamide on duration of action of lan-
diolol might have to be evaluated in the absence of these
induction drugs. Otherwise, as another explanation, the
effect of metoclopramide on prolongation of landiolol’s
action (i.e. decrease in heart rate) could be masked by
another action of this compound—it can increase heart rate
independently of levels of plasma cholinesterase, because
previous studies have demonstrated that, in an animal
model, metoclopramide exaggerates stress-induced tachy-
cardia [12] and that it induced supraventricular tachycardia
in clinical practice [13]. However, we cannot provide an
appropriate answer regarding this concern because we did
not evaluate a sole effect of metoclopramide in this study.

There are two issues about which we have to make
comments. Obviously, the question will no doubt be raised
whether there is a clinical significance regarding 25%
prolonged action of landiolol. In answer to this question,
we have to say “no” because duration of action of landiolol
can be similar to that of esmolol, which is also a short-
acting cardioselective beta-blocker, even though its action
would be prolonged by 25% [3, 14]. However, we believe
that most anesthesiologists are interested in the possibility
that a commonly used drug can have an interaction with a
newly developed ultra-short acting beta-blocker. The other
fundamental issue though, is that the study implies a
pharmacokinetic effect yet no serum samples were mea-
sured. Instead the pharmacodynamic response of HR is
used as a surrogate measure in this study. The final concern
is that we did not have any answer to the question whether
metoclopramide prolonged the duration of landiolol. As
mentioned above, further studies are required; however, we
believe that it is clinically significant that our report
showed no effect of metoclopramide on the action of lan-
diolol during anesthesia induction and tracheal intubation.

In conclusion, landiolol with or without metoclopramide
similarly affected the hemodynamic response to induction
of anesthesia and tracheal intubation. Therefore, we con-
cluded that metoclopramide at induction of anesthesia did
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not prolong duration of action of landiolol attenuating the
hemodynamic response to induction of anesthesia and
tracheal intubation.

Acknowledgments This study was supported by departmental
source.

References

1. Kitamura A, Sakamoto A, Inoue T, Ogawa R. Efficacy of an
ultrashort-acting  beta-adrenoceptor blocker (ONO-1101) in
attenuating cardiovascular responses to endotracheal intubation.
Eur J Clin Pharmacol. 1997;51:467-71.

2. Yamazaki A, Kinoshita H, Shimogai M, Fujii K, Nakahata K,
Hironaka Y, Iranami H, Hatano Y. Landiolol attenuates tachy-
cardia in response to endotracheal intubation without affecting
blood pressure. Can J Anaesth. 2005;52:254-7.

3. Oda Y, Nishikawa K, Hase I, Asada A. The short-acting betal-
adrenoceptor antagonists esmolol and landiolol suppress the bi-
spectral index response to tracheal intubation during sevoflurane
anesthesia. Anesth Analg. 2005;100:733-7.

4. Sugiura S, Seki S, Hidaka K, Masuoka M, Tsuchida H. The
hemodynamic effects of landiolol, an ultra-short-acting betal-
selective blocker, on endotracheal intubation in patients with and
without hypertension. Anesth Analg. 2007;104:124-9.

5. Iguchi S, Iwamura H, Nishizaki M, Hayashi A, Senokuchi K,
Kobayashi K, Sakaki K, Hachiya K, Ichioka Y, Kawamura M.
Development of a highly cardioselective ultra short-acting
p-blocker, ONO-1101. Chem Pharm Bull. 1992;40:1462-9.

@ Springer

10.

11.

12.

13.

14.

. Kambam JR, Parris WC, Franks JJ, Sastry BV, Naukam R, Smith

BE. The inhibitory effect of metoclopramide on plasma cholin-
esterase activity. Can J Anaesth. 1988;35:476-8.

. Kao YJ, Tellez J, Turner DR. Dose-dependent effect of meto-

clopramide on cholinesterases and suxamethonium metabolism.
Br J Anaesth. 1990;65:220-4.

. Graham SG, Crossley AW. The characteristics of the inhibition of

serum cholinesterase by metoclopramide. Eur J Clin Pharmacol.
1995;48:225-8.

. Rao SS, Kaveeshwar U, Mishra PK. Difference in the inhibition

of plasma cholinesterase activity by anti-emetic metoclopramide
in humans and mice. Pharmazie. 1992;47:66-7.

Henzi 1, Walder B, Tramer MR. Metoclopramide in the preven-
tion of postoperative nausea and vomiting: a quantitative sys-
tematic review of randomized, placebo-controlled studies. Br J
Anaesth. 1999;83:761-71.

Skinner HJ, Girling KJ, Whitehurst A, Nathanson MH. Influence
of metoclopramide on plasma cholinesterase and duration of
action of mivacurium. Br J Anaesth. 1999;82:542-5.

Eisenach JC, Dewan DM. Metoclopramide exaggerates stress-
induced tachycardia in pregnant sheep. Anesth Analg.
1996;82:607-11.

Bevacqua BK. Supraventricular tachycardia associated with
postpartum metoclopramide administration. Anesthesiology.
1988;68:124-5.

Saito S, Nishihara F, Akihiro T, Nishikawa K, Obata H, Goto F,
Yuki N. Landiolol and esmolol prevent tachycardia without
altering cerebral blood flow. Can J Anaesth. 2005;52:1027-34.



	Metoclopramide does not prolong duration of action of landiolol attenuating the hemodynamic response to induction of anesthesia and tracheal intubation
	Abstract
	Introduction
	Statistical analysis
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


