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Introduction

The gastrointestinal complications (GICs) after coronary
artery bypass graft (CABG) surgery are often difficult to
diagnose and are associated with high mortality and mor-
bidity rates.1–10) Moreover, the incidence of GICs increases
hospital costs resulting from specific treatments such as
intravenous fluid replacement, blood transfusion, and en-
doscopic ablation and/or clipping.11) Thus an early diag-
nosis of GICs following CABG is of immense impor-
tance.
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The clinician should suspect GICs in any patient with
abdominal pain and tenderness following CABG. Accord-
ingly, several authors have suggested resuming a low
threshold for proceeding to exploratory laparatomy for
early recognition of these complications, which com-
monly include gastroduodenal ulcer, entrocolitis, and is-
chemic colitis.12–14)

Gastrointestinal perforation (GIP) is an uncommon
GIC after CABG. Despite our knowledge of the risk fac-
tors involved in the development of major GICs after
CABG, literature on the identification of the risk factors
associated with GIP contains little information about it.

The present work was initiated as a regional-level study
with the aim of determining independent risk factors as-
sociated with the development of GIP after CABG in the
population of patients in Tehran, Iran.
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Background:  Gastrointestinal perforation after coronary artery bypass graft (CABG) surgery
is often difficult to diagnose and is associated with high morbidity and mortality rates. The aim
of this study was to determine risk factors for this complication in the studied population to
further improve prophylaxis and diagnosis in the region of study.
Methods:  Of 8,975 consecutive patients undergoing CABG during 10 years (1995–2005), 15
(0.16%) developed gastrointestinal perforation requiring laparatomy. Data from patients who
experienced gastrointestinal perforation were analyzed using univariate tests in a controlled
retrospective design.
Results:  Prolonged bypass time and preoperative heparin administration were found to be
significant (P<0.05) risk factors.
Conclusion:  Low splanchnic blood flow and vasoconstriction might be underlying factors asso-
ciated with both predictors. With current findings, however, clear inference about preoperative
and postoperative predictors and their relation is not possible. With more information, the next
step would be to build a prediction model in recognition of gastrointestinal perforation after
CABG on the basis of the predisposing factors. (Ann Thorac Cardiovasc Surg 2007; 13: 251–
253)
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Methods

The data set comprised information on 8,975 patients who
had undergone CABG from January 1995 to August 2005
in Modarress Hospital, one of the two university hospi-
tals to perform CABG in Tehran, Iran. The case group is
represented by 15 patients who were reported to have
postoperative GIP confirmed by exploratory laparatomy.
These 15 patients were compared with 30 patients who
had undergone CABG surgery without any GICs in a ret-
rospective matched case-control design. Table 1 lists the
variables that were considered possible risk factors. The
data for groups were summarized as mean ± SD or as a
percentage. Differences between groups were tested for
significance with Fisher’s exact test for categorical data
and t-test for continuous data after being tested for the
assumption of normal distribution. P values of less than
0.05 (two-tailed) were considered significant.

Results

For patients undergoing CABG with cardiopulmonary
bypass, various risk factors were compared between those
who developed GIP (case group, GIP, n=15) and those
who did not (control group, n=30). A total of 187 of the
patients who underwent CABG surgery had GIC postop-
eratively. Fifteen were registered as having GIP and peri-
tonitis after exploratory laparatomy (incidence: 0.16%).

The variables representing preoperative conditions and
operative/postoperative factors are listed in Table 1. Pa-
tients with GIP had significantly prolonged bypass time
and preoperative heparin administration (P<0.05). There
were nonsignificant differences in other variables between
the control and GIP groups.

Discussion

The data set used in this study is assumed to be a fair

Table1.  Comparison variables representing preoperative conditions and operative/postoperative factors
between the two groups

GIP (n=15) Control (n=30) Statistics P-value 95% CI
Preoperative

Age+ 57.7±6.7 55.8±10.2 NS 0.52 –4.0–7.8
Gender (male/female) 8/7 13/17 NS 0.75
Weight 68.2±8.9 70.4±9.7 NS 0.48 –8.2–3.9
DM 7 (46.6%) 7 (23.3%) NS 0.17
HTN 6 (40%) 16 (53.3%) NS 0.59
Hypercholestrolemia 4 (26.6%) 11 (36.6%) NS 0.73
Smoking 9 (60%) 10 (33.3%) NS 0.16
PVD 3 (20%) 10 (33.3%) NS 0.49
MI <30 days 6 (40%) 5 (16.6%) NS 0.14
NYHA III–IV 9 (60%) 16 (53.3%) NS 0.91
EF <40% 9 (60%) 15 (50%) NS 0.75
Heparin 10 (66.6%) 8 (26.6%) 0.02*
COPD 4 (26.6%) 6 (20%) NS 0.71
PU 1 (6.6%) 5 (16.6%) NS 0.64

Operative/postoperative
No. of ANAS+ 2.6±0.6 2.5±0.6 NS 0.72 –0.3–0.4
BT+ 139±18.5 110.5±33.3 0.001* 12.8–44.1
ACT+ 60±7.79 54.9±14.7 NS 0.08 –0.83–12.7
PT+ 96.4±21.5 86.6±14.7 NS 0.12 –3.0–22
IABP 1 (6.6%) 2 (6.6%) NS 1.00
Ventilation >24 h 2 (13.3%) 6 (20%) NS 0.69
ICU+ admission 3.53±1.64 3.03±1.54 NS 0.32 –0.5–1.5
Renal failure 3 (20%) 5 (16.6%) NS 1.00

GIP, gastrointestinal perforation; DM, diabetes Mellitus; HTN, hypertension; PVD, peripheral vascular dis-
ease; MI, myocardial infarction; NYHA, NewYork Heart Association; EF, ejection fraction; COPD, chronic
obstructive pulmonary disease; PU, peptic ulcer; No. of ANAS, number of anastomoses; BT, bypass time;
ACT, aortic clamp time; PT, pump time; IABP, intra-aortic balloon pump; ICU, intensive care unit; NS,
nonsignificant; 95% CI, 95% confidence interval; continuous data are presented as mean±SD (standard
deviation); *, P<0.05.
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representation of the population of interest because
Modarress Hospital is the major hospital to perform
CABG in the region. The incidence of GIP revealed in
this study warrants attention with respect to the overall
incidence rate of GICs after CABG (0.3–3.7%).1–9)

The present paper is the first report of risk factors as-
sociated with GIP in the studied population. An immedi-
ate implication of these findings would therefore be an
improvement of prophylaxis and an accuracy of diagno-
sis by demonstrating the risk factors in the region of study.

Prolonged bypass time and preoperative heparin ad-
ministration were identified as predictors of GIP after
CABG. It is thought that these two predictors are related
to low splanchnic blood flow. Another contributing fac-
tor might be vasoconstriction, which is often associated
with low cardiac output and may be aggravated by the
use of vasopressors during extra corporeal circulation in
the postoperative period.15) However, more studies are
needed on postoperative and preoperative predictors to
confirm and validate the current results.

Although many studies in the literature have investi-
gated risk factors for GICs after CABG,10,11,15) they have
not been implicitly concentrated on GIP. The current find-
ings could further be used in building a predictive model
for the recognition of GIP after CABG on the basis of the
predisposing factors. It should be noted, however, that
the variables in this study were defined with respect to
the information available on the patients. This informa-
tion might differ in other regions and might include data
such as the history of cerebrovascular accidents, arterial
fibrillation, embolic disease (mesenteric, peripheral), al-
cohol ingestion, prior abdominal operation, endocarditis,
sepsis, and reoperation.

References

1. Ohri S, Desai J, Gaer J, et al. Intra-abdominal compli-

cations after cardiopulmonary bypass. Ann Thorac Surg
1991; 52: 826–31.

2. Sakorafas G, Tsiotos G. Intra-abdominal complications
after cardiac surgery. Eur J Surg 1999; 165: 820–7.

3. Ghosh S, Roberts N, Firmin R, et al. Risk factors for
intestinal ischemia in cardiac surgical patients. Eur J
Cardiothorac Surg 2002; 21: 411–6.

4. Zacharias A, Schwann T, Parenteau G, et al. Predictors
of gastrointestinal complications in cardiac surgery. Tex
Heart Inst J 2000; 27: 93–9.

5. Moriyama Y, Toyohira H, Shimokawa S, et al. Gas-
trointestinal complications after open cardiac opera-
tion. Kyobu Geka 1993; 46: 1122–5.

6. Huddy S, Joyce W, Pepper J. Gastrointestinal compli-
cations in 4473 patients who underwent cardiopulmo-
nary by pass surgery. Br J Surg 1991; 78: 293–6.

7. Reath D, Maull K, Wolfgang T. General surgical com-
plications following cardiac surgery. Am Surgeon 1983;
49: 11–4.

8. Gonzalez OA, Orozco MA, Barrera ZL, et al. Abdomi-
nal complications resulting from cardiopulmonary deri-
vation. Rev Gastroenterol Mex 1999; 64: 61–9.

9. Aouifi A, Pirio V, Bastien O, et al. Severe digestive
complications after heart surgery using extracorporeal
circulation. Can J Anaesth 1999; 46: 114–21.

10. Christenson J, Schmuziger M, Maurice J, et al. Gas-
trointestinal complications after coronary artery bypass
grafting. J Thorac Cardiovasc Surg 1994; 108: 899–906.

11. Kazunori Y, Masahiko M, Takaaki S, et al. Gastrointes-
tinal complications in patients undergoing coronary
artery bypass grafting. Ann Thorac Cardiovasc Surg
2005; 11: 25–8.

12. Tsiotos G, Mullany C, Zietlow S, et al. Abdominal
complications following cardiac surgery. Am J Surg
1994; 167: 553–7.

13. Simic O, Strathausen S, Hess W, et al. Incidence and
prognosis of abdominal complications after cardiop-
ulmonary bypass. Cardiovasc Surg 1999; 7: 419–24.

14. Sanisoglu I, Guden M, Bayramoglu Z, et al. Does off-
pump CABG reduce gastrointestinal complications?
Ann Thorac Surg 2004; 77: 619–25.

15. Andersson B, Nilsson J, Brandt J, et al. Gastrointesti-
nal complications after cardiac surgery. Br J Surg 2005;
92: 326–33.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


