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Objective:

Glycemic variability increases oxidative stress and may trigger the

inflammation and coagulation cascades (1). Variability may be

associated with increase morbidity and mortality in ICU patients (2)

Results:

Eight patients with T2DM and 17 patients without diabetes were analyzed.

There was no difference in sex, age, ASA status, duration of surgery and length

of ICU stay between the groups (Table 1) Patients underwent aortic valve

Methods:

After institutional IRB approval, 28 patients undergoing abdominal

surgery with an anticipated ICU stay for at least 24 hours were enrolled
associated with increase morbidity and mortality in ICU patients (2).

We analyzed glycemic variability after major surgery in diabetic

(DM) and non-diabetic (NDM) patients using an automated

intravenous blood glucose monitor (IVBG). (Figure 1)

of ICU stay between the groups (Table 1). Patients underwent aortic valve

replacement surgery (2), pancreas resection or Whipple procedure (19), liver

resection (1), and esophageal resection (3). DM patients had a significantly

higher mean BG than NDM patients (164.7±16.2 vs. 131.6±14.6 mg/dl,

respectively, p<0.001), pre-op HbA1c (7.5±1.1 vs. 5.8±0.4 %, p=0.006) and

BMI (39.5±5.1 vs. 29.0±9.0 kg/m2, p=0.013) (Table 1). Glycemic variability was

significantly increased in DM patients compared with NDM patients (Figure 2).

Average glucose SD for each patient’s IVBG measurements was 38.0±15.2 vs.

24.3±9.4 mg/dl, respectively, p=0.042 (Table 2).

in a prospective, blinded, observational study. An investigational

Intravenous Blood Glucose Monitoring System (Edwards Lifesciences,

Irvine, CA) was used for continuous blood glucose (BG) monitoring.

The IVBG sensor was inserted into the lumen of a peripheral venous

catheter and attached to a bedside monitor prior to surgery. The BG

concentration was automatically measured every 7 to 8 minutes for a

maximum of 72 hours by the IVBG monitor in a blinded fashion. IVBG

measurements were compared with reference BG analyzer

measurements (YSI-STAT 2300).

Table 1. Descrive statistics

Non DM DM Type 2 P

Number of subjects 17 8
The IVBG monitor and YSI measurements compared closely (6.5 % mean

absolute relative difference, 95.2% BG values within 15/20 ISO 15197 and

94.3% of paired data in Clarke Error Grid zone A and 5.7% in zone B).(3)

( )

Glycemic variability was calculated using standard deviation (SD). Data

were analyzed using 2-tailed t-test.

Figure 2. Automated blood glucose data from diabetic and non-diabetic subjects

j
Sex (M/F) 9/8 3/5 0.497

Age (year) 59.2±12.3 63.4±4.4 0.234
BMI (kg/m2) 29.0±5.0 39.5 ±9.0 0.013*
ASA Physical Status 2.7 ±0.5 3.0 ±0.5 0.139

HbA1c 5.8 ±0.4 7.5 ±1.1 0.006*
Surgery time (hours) 5.7 ±4.0 5.4 ±2.7 0.850
ICU time (hours) 32.7 ±24.8 36.4 ±12.3 0.631
Study Duration (hours) 59.7±14.5 66.4±7.8 0.148

Non DM DM Type 2 P
Number of subjects 17 8
Mean Glucose (mg/dL) 131.6 ±14.6 164.7 ±16.1 <0.001*

M di Gl ( /dL) 128 1±13 5 163 9 ±27 6 0 008*

Table 2. Blood glucose data 

C l i

Data are mean±SD. 
*  P < 0.05
DM – Diabetes Mellitus, BMI – Body Mass Index, ASA – American Society 
of Anesthesiologist, ICU – Intensive Care Unit, IQR – Interquartile Range

Figure 1. Automated blood glucose monitor set up B
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) Median Glucose (mg/dL) 128.1±13.5 163.9 ±27.6 0.008*

Average Glucose SD (mg/dL) 24.3 ±9.4 38.0 ±15.2 0.042*

IQR (mg/dL) 38.6 ±19.8 49.0 ±24.0 0.308

Data are mean±SD. 
*  P < 0.05
DM – Diabetes Mellitus, IQR – Interquartile Range

Conclusion:

DM patients had a significantly higher mean BG and glycemic variability. A

prospective study is needed to evaluate if minimizing hyperglycemia,

hypoglycemia, and glycemic variability with an automated glucose monitor and

insulin can influence clinical outcome after major surgery.

References:

B
lo

o
d

 g
lu

co
se

 (
m

g
/d

L
)

F

C

D

E

System Configuration

Glucose SensorA

Tubing SetB

Calibration SolutionC

EV 900 M onitorD

Flow Control Valve UnitE

EV 900 Patient CableF

References:
1. Monnier L. et al. Activation of Oxidative Stress by Acute Glucose Fluctuations Compared 

With Sustained Chronic Hyperglycemia in Patients With Type 2 Diabetes. JAMA 2006; 295: 
1681-7

2. Egi M et al. Reducing Glycemic Variability in Intensive Care Unit Patients:A New 
Therapeutic Target?JDST 2009; 3: 1302-8

3. Joseph J, et al. Performance of an Automated Blood Glucose Monitor in the Operating 
Room and Intensive Care Unit. ASA meeting 2010. A885.

Disclosure: This study was supported by Edwards Lifesciences, Irvine, CA, USA

Time (hours)

A

B



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


