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Right coronary artery spasms triggered by mechanical compression
during off-pump coronary artery bypass grafting surgery
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right coronary artery and 90% stenosis of the left ante-
rior descending coronary artery (segment 7) and the left
circumflex artery (segment 13). The left ventriculogram
showed a normal ejection fraction of 67%. OPCABG
surgery was determined to be performed in advance of
Y-graft replacement surgery. Under general anesthesia
with sevoflurane inhalation (end-tidal concentration of
sevoflurane, 1.2%–2.5%) and IV fentanyl (22 mg·kg-1), a
median sternotomy was performed, and the left internal
thoracic artery (LITA) and the right gastroepiploic ar-
tery (GEA) were dissected and mobilized over their
entire length. Heparin 100 U·kg-1 was administered in-
travenously 5 min before distal transection of the LITA,
which was a very large conduit with excellent flow
characteristics.

Isosorbid dinitrate (0.5mg·kg-1·min-1) and nicorandil
(0.5 mg·h-1) were infused intravenously throughout
surgery, and noradrenaline (0.05–0.2 mg·kg-1·min-1) was
also infused to keep systolic arterial blood pressure at
more than 100mmHg during the graft anastomosis. The
patient underwent double CABG: a LITA graft to the
left descending coronary artery and a GEA graft to
the left circumflex artery. The graft anastomosis was
achieved uneventfully, and normal wall motion was as-
sessed by transesophageal echocardiography (TEE)
(ProSound SSD-5500SV; Aloka, Tokyo, Japan).

At closure of the sternum, blood pressure and heart
rate fell immediately to 65/36 mmHg and 53bpm, asso-
ciated with ST-segment elevation over the inferior leads
(Fig. 1). Subsequently, bradycardia progressed (HR,
33 bpm), and atrial pacing failure due to the second-
degree atrioventricular (AV) block was diagnosed in
the ECG (Fig. 2A). M mode on the transgastric view by
TEE showed a severe hypokinesis on the inferior wall,
and the fraction area change was calculated as about
28%. About 5 min before closure of the sternum, arte-
rial blood gas analysis revealed a normal acid–base
balance and electrolyte concentration (pH, 7.39; PaCO2

,
39.3 mmHg; PaO2

, 148.2mmHg; SaO2
, 99.8%; Na+,

Abstract
In this case report, we describe recurrent spasms of the right
coronary artery with no apparent preexisting abnormal angio-
gram that caused second-degree atrioventricular (AV) block
and inferior wall hypokinesis. These hemodynamic changes
were induced by mechanical compression of the right coro-
nary artery by a pericardium drain tube. From our experience,
we should be aware that mechanical compression may trigger
an exaggerated vasomotor response, leading to severe coro-
nary artery spasms.
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Coronary artery spasm has been recognized as a pos-
sible cause of perioperative myocardial ischemia during
and after coronary artery bypass grafting surgery and
can be associated with circulatory collapse and death
[1,2]. We report a rare case of spasms of the right coro-
nary artery with no apparent preexisting abnormal
angiogram in off-pump coronary artery bypass grafting
(OPCABG) that were triggered by mechanical com-
pression by a drain tube, inducing electrocardiographic
and transesophageal echocardiographic changes. This
case was successfully treated with replacement of the tip
of this tube and intravenous diltiazem.

Case report

A 69-year-old man, 155 cm in height and 58kg in body
weight, with an abdominal aortic aneurysm was admit-
ted for elective Y-graft replacement surgery. He some-
times presented with angina even at rest. Preoperative
cardiac catheterization revealed normal features of the

Address correspondence to: M. Kakinohana
Received: April 20, 2005 / Accepted: August 2, 2005

Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.3 785.2 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice



M. Kakinohana et al.: Severe coronary artery spasms induced by mechanical compression to a coronary artery 31

142mEq/l; K+, 4.6mEq/l). According to those findings,
we diagnosed spasms of the right coronary artery
triggered by closure of the sternum. After reopening
the sternum, ventricular pacing was performed to
keep HR as 70bpm, and 2.5 mg diltiazem was injected
intravenously followed by continuous infusion
(2.5mg·kg-1·min-1). Reopening the sternum and intrave-
nous infusion of diltiazem effectively resolved the
coronary artery spasms with rapid electrocardiographic
improvement. Simultaneously, the left ventricle wall
motion recovered, and atrial pacing started to work
effectively (Fig. 2B). However, at 10min after recovery
of hemodynamical electrocardiographic changes, clo-
sure of sternum had induced ST-segment elevation over

the inferior leads again. In spite of again reopening the
sternum, this ST-segment elevation persisted and first-
degree A-V block occured. A transgastric view by TEE
showed severe hypokinesis on the inferior wall (Fig.
2C). Because hemodynamic and electrocardiographic
changes could not be improved several minutes
after the sternum was reopened, an additional 2.5mg
diltiazem was injected intravenously. Then, these elec-
trocardiographic changes were resolved and the left
ventricular wall motion improved dramatically.

The surgeons realized the possibility that the right
coronary artery was mechanically compressed by a
drainage tube (Thoracic LCV-UK catheter 5730–10
UE; Tyco Healthcare, Tokyo, Japan) into the pericar-
dium space, and they placed the tip of this tube apart
from the right coronary artery. Thereafter, closure of
the sternum did not induce ST-segment elevation over
the inferior leads. After completion of surgery, the pa-
tient was admitted into the intensive care unit. No el-
evation of creatine kinase MB levels was detected
postoperatively, and the patient was extubated 18h
later. The patient’s recovery was uneventful thereafter.

Discussion

Although sudden circulatory collapse during coronary
artery bypass may be caused by several factors, previous
reports have emphasized the importance of an early
diagnosis of coronary spasm, which can be the cause of
severe, life-threatening hypotension soon after coro-
nary artery revascularization [3,4]. In our case, electro-
cardiographic and TEE findings consistently indicated
segmental dysfunction in the area of the right coronary
artery. Because a normal right coronary artery was
identified by preoperative cardiac catheterization, a se-
vere spasm of the right coronary artery was diagnosed.
Indeed, intravenous diltiazem injection improved ST-
segment elevation and severe hypokinesis over the infe-
rior wall.

The factors responsible for the spasm include coro-
nary artery trauma due to surgical manipulation or to
compression by chest drain tubes, alkalotic blood pH,
alpha-adrenergic stimulation, low body temperature,
and release of vasospastic factors by platelets damaged
during cardiopulmonary bypass [5]. The feature of our
case was the spasms triggered by closure of the sternum
and resolved by diltiazem injection. However, these
spasms occurred whenever the sternum was closed and
were resolved after replacement of a pericardium drain
tube apart from the right coronary artery. Therefore, we
failed to identify any of these factors in the pathogenesis
of the spasm in our patient, except for an external com-
pression to the right coronary artery by the pericardium
drain tube.

Fig. 1. Electrocardiogram in lead II and pulse wave recorded
by pulse oxymeter at closure of the sternum. Heart rate fell
immediately to 53bpm associated with ST-segment elevation
in leads II

Fig. 2. Electrocardiograms in lead II and left ventricular
wall motion in M mode by transesophageal echocardiography
(TEE) transgastric view. A Bradycardia with second-degree
atrioventricular (AV) block progressed (HR, 33bpm)
with severe hypokinesis on the inferior wall. B Rapid
electrocardiographic improvement occurred with successful
atrial pacing, and left ventricle wall motion recovered after
reopening the sternum and intravenous infusion of diltiazem.
C In spite of reopening the sternum, ST-segment elevation
with first-degree AV block and severe hypokinesis on the
inferior wall occurred
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Severe spasm with circulatory collapse after mul-
tivessel OPCABG surgery has been reported [6]. Ves-
sels with endothelial injury and dysfunction are subject
to coronary artery spasms [7]. Although coronary
angiography in our case displayed a normal coronary
artery, endothelial dysfunction that could not be de-
tected by angiography may have be present. Recently,
Trimboli et al. reported a case in which trauma caused
by external traction and compression on the coronary
arterial wall might induce diffuse coronary spasm,
which was treated with nitroglycerin infusion for several
days [8]. In our case, because a single intravenous
administration of diltiazem dramatically resolved this
coronary artery spasm induced by mechanical compres-
sion by a pericardium drain tube, it is unlikely that
trauma of the coronary arterial wall might trigger this
spasm.

In summary, we experienced recurrent spasms of the
right coronary artery with no apparent preexisting ab-
normal angiogram, which were induced by mechanical
compression by a pericardium drain tube. From our
experience, we should be aware that mechanical com-
pression may trigger an exaggerated vasomotor re-
sponse, leading to severe coronary artery spasms.
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