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Introduction: Estimating the risk of postoperative complications of 
large ventral hernia repair remains challenging. Usually only general 
risk factors such as age, Body Mass Index (BMI), and smoking are used 
to estimate the postoperative risk of complications. It has been hypothe­
sized that the hernia volume is directly related to postoperative complica­
tions because the volume of the hernia sac is reduced into the abdominal 
cavity, creating tension on the abdominal wall and the diaphragm, thus 
increasing the risk for wound and pulmonary complications. The pri­
mary aim of this study was to analyze the relationship between hernia 
volume and postoperative complications, the secondary aim was to vali­
date a mathematical formula for calculating hernia volume. 

Methods: From 2011 to 2014 all patients with large ventral hernias 
(width equal or exceeding 6cm) and loss-of-domain that underwent open 
or endoscopic components separation technique at an expert centre for 
abdominal wall reconstructions were prospectively registered during 
inpatient and outpatient care. Using preoperative abdominal CT-scans 
without Valsalva manoeuvre Hernia Sac Volume (HSV) and Abdominal 
Cavity Volume (ACV) were calculated by two methods; (I) 3D com­
puter tomography outlining with Multi Plane Reconstruction (MPR), (2) 
Mathematical volume calculation as introduced by Tanaka et al.I based 
on ellipsoid volume (Pi*V,A *V,B*V,C). Hernia Volume Ratio (HVR) was 
calculated by dividing HSV by ACV. All postoperative complications 
were scored using the Clavien Dindo classification for surgical complica­
tions. Follow-up consisted of 3-6 monthly visits to outpatient clinic. 

Results: Thirty patients (10 female, 20 male) with median age of 
63 years (range 39 to 77), mean body mass index (BMI) of26.9 (SD6.4) 

kg/m2 and median American ASA 2 (range I to 3) underwent ECST 
(n = 16) or CST (n = 14). Two patients had COPD gold II and one 
patient had Asthma, all three received perioperative pulmonary prepa­
ration. The median defect volume was 473.8 (range 114 to 2086) cm" 
the average width 12.7 (SD3.8)cm. All but three patients received an 
intra-abdominal mesh. Six patients underwent concomitant enteros­
tomy takedown. 

Overall 16 patients had 20 mild (grade 1-2) postoperative compli­
cations (seroma n = 4; abscess n = 2; wound dehiscence n = 1; pneu­
monia n = 5; pulmonary infiltrate n = 2; exacerbation of COPD n = I, 
urinary tract infection n = 2, gastroparesis n = 1, mild anaphylactic 
shock n = I, deep venous thrombosis n = 1). Five patients had 5 severe 
(grade 3-5) postoperative complications (skin necrosis n = 1, aspira­
tion pneumonia requiring mechanical ventilation n = 2, anastomotic 
leak after concomitant enterostomy takedown n = I, acute respiratory 
distress syndrome n = 1). One patient died due to sepsis caused by 
aspiration pneumonia. Median duration of hospital stay was 7 days 
(range 3-103 days). 

The mean difference between mathematical and exact hernia 
volume was -3.6% (SD 27.2). Paired Wilcoxon Ranks test (Z=-0.227, 
p = 0.820 2-tailed) showed no statistically significant difference 
between both methods. 

A multivariate logistic regression analysis was performed to ascer­
tain the effect of 'age', 'type of operation' and 'volume ratio' on the 
likelihood that patients have postoperative complications. The logistic 
regression model explains 62% of postoperative complications (Nagel­
kerke R2) and correctly classified 86% of patients. Both 'age' (BO.118, 
p = 0.042, Odds ratio 1.125) and 'volume ratio' (B0.442, p = 0.048, 
Odds ratio 1.555) were significant predictors for postoperative com­
plications. Using an ROC-curve (area under the curve 0.838) a volume 
ratio cut-off point of 0.06 was optimal for predicating complications 
(sensitivity 0.71, specificity 0.83, relative risk 2.8) 

Conclusions: Hernia volume is a useful factor for estimating 
patient-specific postoperative complications after large ventral hernia 
repair with endoscopic or open components separation technique. Sec­
ondly, hernia volume can be accurately measured with the mathemati­
cal formula for ellipsoid volume. 

~ Springer 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




