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Risk factors associated with acute kidney injury in a cohort

of 20,575 arthroplasty patients

Sir,—With interest we read the article of Jamsi et al. (Acta
Orthop 2017; 88:3 70-6) assessing risk factors associated with
postoperative acute kidney injury (AKI) in 20,575 arthroplasty
patients. By multivariable logistic regression analysis, they
show that preoperative estimated glomerular filtration rate,
ASA classification, body mass index, and duration of opera-
tion are independent risk factors for AKI. Strengths of this
study are a large sample and its use of appropriate statistical
methods to identify risk factors of postoperative AKI. How-
ever, this study is a retrospective analysis, which potentially
introduces a number of confounding variables. Other than the
limitations described in the discussion, we note other issues of
this study making interpretation of their results questionable.

First, the mean age of patients included in this study was 69
years, but perioperative albumin levels were not included in
patients’ data. The available evidence indicates that preopera-
tive hypoalbuminemia is associated with AKI after noncardiac
surgery (Kim et al. 2013). Furthermore, early postoperative
albumin level < 3.0 g/dL is an independent risk factor for
AKI in patients undergoing total knee arthroplasty (Kim et
al. 2016).

Second, the readers were not provided with intraoperative
risk factors affecting the occurrence of postoperative AKI. It
has been shown that both vast blood loss and massive blood
transfusions during surgery are independent risk factors of
AKI after noncardiac surgery (Kheterpal et al. 2007). Further-
more, intraoperative hypotension, use of noradrenaline and
low urine output are independently associated with increased
risk of postoperative AKI (Sun et al. 2015). Actually, even
short duration of an intraoperative mean arterial pressure <
55 mmHg can result in postoperative AKI, with an indepen-
dent graded relationship between duration of intraoperative
hypotension and postoperative AKI (Walsh et al. 2013a).
Especially, combination of intraoperative anemia, transfusion
and hypotension can synergistically act to increase the risk of
postoperative AKI (Sun et al. 2015).

Third, other than preoperative anemia, postoperative anemia
is also strongly associated with AKI after noncardiac surgery.
Compared with patients who do not have a decrease in postop-
erative hemoglobin, a decrement of 1.1 to 2.0 g/dL is associ-
ated with an adjusted hazard ratio of 1.5 (95% CI, 1.2-2.0),
and a decrement of > 4.0 g/dL with an hazard ratio of 4.7 (95%
CI, 3.6-6.2) for AKI (Walsh et al. 2013b).

It must be emphasized that a limitation of multivariable
logistic regression analysis is the assumption of a particular
mathematical relation between intervention and measured
outcome. To obtain the true inferences of multivariable logis-
tic regression analysis for adjusted hazard ratios of mea-
sured outcome, all of known risk factors affecting measured
outcome must be taken into account within the model. If an
important risk factor is missed, the multivariate adjustment for
hazard ratios of measured outcome can be biased and even
a spurious association between intervention and outcome of
interest may be obtained (Xue et al. 2017). Thus, we argue
that not taking the above intraoperative and postoperative risk
factors into account would have tampered with the inferences
of multivariable logistic regression analysis for risk factors of
postoperative AKI.

Gui-Zhen Yang, Fu-Shan Xue, Hui-Xian Li, Ya-Yang Liu
Department of Anesthesiology, Plastic Surgery Hospital,
Chinese Academy of Medical Sciences and Peking Union
Medical College, Beijing, People’s Republic of China.
Email: xuefushan@aliyun.com, fushan.xue @ gmail.com

Sir—Yang et al. bring up some risk factors that have been
shown to be associated with postoperative AKI in non-cardiac
patients. They claim that not taking these factors into account
would compromise our results. In their opinion, our multivari-
able model is biased, as we did not adjust it for preoperative
hypoalbuminemia, blood loss, blood transfusions, intraopera-
tive hypotension, use of noradrenaline, low urine output, and
postoperative anemia. Due to the retrospective nature of our
study, we did not report any of these in our article. Yang et al.
suggest that our multivariable analysis should be performed
adjusting with all known risk factors including the factors
they introduced. However, we have used a different strategy
to minimize bias and we think that lack of above-mentioned
mainly intraoperative factors does not bias our results.

Our multivariable model was built with an aim to define,
whether duration of the operation had any effect to incidence
of AKI. We created a directed acyclic graph as a tool to pick
correct variables to the multivariable model to minimize bias.
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It is known that the preferred strategy for multivariable mod-
elling is not taking all possible factors causing outcome but
rather avoiding conditional associations (Greenland et al.
1999, Shrier et al. 2008).

Concerning the specific factors that Yang et al. suggested
should be included in our model, we would like to make the
following remarks.

Preoperative hypoalbuminemia is not related to duration
of the operation and therefore it should not be added to our
model.

In our experience, most of the bleeding in hip or knee arthro-
plasty arises from the bone marrow and trabecular bone after
bone resections, not from muscular or subcutaneous tissues.
Subcutaneous or muscular tissue bleeding is rarely massive
and hemostasis for this tissue is usually occurs quickly and
therefore only small volume is lost. However, the bone resec-
tion bleeds more and most of this bleeding ceases when com-
ponents are placed. While bleeding from the bone does not
increase duration of the operation, however, prolonged opera-
tion can cause more bleeding and blood transfusions. Adjust-
ment with a factor that is in the causal path would have biased
our results (Schisterman et al. 2009).

In our opinion, intraoperative hypotension, which is an
anesthesiological problem, does not increase the duration
of arthroplasty (incision to closure time) and therefore it is
unnecessary to make adjustments with hypotension or use of
vasoactive agents in order to define if duration of the operation
is a risk factor for AKI.

Low urine output does not cause AKI, but AKI itself, vice
versa, causes low urine output and therefore it is not meaning-
ful to adjust the model with consequence of our outcome (low
urine output).

Postoperative anemia might be caused be prolonged opera-
tion (see above) but definitely postoperative anemia does not
have effect on duration of the operation. Therefore it is unnec-
essary to make adjustments with it in our model.

In conclusion, although hypoalbuminemia, blood loss, blood
transfusions, intraoperative hypotension, use of noradrenaline,
low urine output, and postoperative anemia are risk factors for
AKI, adding these to our multivariable model would have

introduced more bias into our analysis. Thus, we think that we
have used sound methods and provided the reader with valid
results concerning the risk factors for AKI after hip and knee
arthroplasty.

Pyry Jimsi, Esa Jimsen, Leo-Pekka Lyytikéinen,
Jarkko Kalliovalkama, Antti Eskelinen, and Niku Oksala
Email: Pyryjamsa@fimnet.fi

Greenland S, Pearl J, Robins J M. Causal diagrams for epidemiologic
research. Epidemiology 1999; 10 (1): 37-48.

Jamsd P, Jamsen E, Lyytikdinen LP, Kalliovalkama J, Eskelinen A, Oksala
N. Risk factors associated with acute kidney injury in a cohort of 20,575
arthroplasty patients. Acta Orthop 2017; 88(4): 370-76.

Kheterpal S, Tremper K K, Englesbe M J, O’Reilly M, Shanks A M, Fetter-
man D M, Rosenberg A L, Swartz R D. Predictors of postoperative acute
renal failure after noncardiac surgery in patients with previously normal
renal function. Anesthesiology 2007; 107(6): 892-902.

Kim C S, Oak CY, Kim HY, Kang Y U, Choi J S, Bae E H, Ma S K, Kweon
S S, Kim S W. Incidence, predictive factors, and clinical outcomes of acute
kidney injury after gastric surgery for gastric cancer. PLoS One 2013;
8(12): e82289.

Kim H J, Koh W U, Kim S G, Park H S, Song J G, Ro Y J, Yang H S. Early
postoperative albumin level following total knee arthroplasty is associ-
ated with acute kidney injury: A retrospective analysis of 1309 consecu-
tive patients based on kidney disease improving global outcomes criteria.
Medicine 2016; 95(31): e4489.

Schisterman E F, Cole S R, Platt R W. Overadjustment bias and unnecessary
adjustment in epidemiological studies. Epidemiol 2009; 20: 488-95.

Shrier I, Platt R W. Reducing bias through directed acyclic graphs. BMC Med
Res Methodol 2008; 8: 70.

Sun LY, Wijeysundera D N, Tait G A, Beattie W S. Association of intraopera-
tive hypotension with acute kidney injury after elective noncardiac surgery.
Anesthesiology 2015; 123(2): 307-19.

Walsh M, Devereaux P J, Garg A X, Kurz A, Turan A, Rodseth RN, Cywinski
J, Thabane L, Sessler DI. Relationship between intraoperative mean arterial
pressure and clinical outcomes after noncardiac surgery: toward an empiri-
cal definition of hypotension. Anesthesiology 2013a; 119(3): 507-15.

Walsh M, Garg A X, Devereaux P J, Argalious M, Honar H, Sessler D I. The
association between perioperative hemoglobin and acute kidney injury in
patients having noncardiac surgery. Anesth Analg 2013b; 117(4): 924-31.

Xue F S, Liu G P, Sun C, Yang G Z. Association of preoperative cardiovas-
cular drugs with short-term mortality after coronary artery bypass grafting.
Eur J Anaesthesiol 2017; 34(1): 30-1.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /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 0.76
    /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /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 0.76
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug true
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


