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COMMENTARY
Measuring glomerular filtration rate in the
intensive care unit: no substitutes please
Bruce A Molitoris
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Abstract

Acute kidney injury (AKI), due to its increasing
incidence, associated morbidity and mortality, and
potential for development of chronic kidney disease
with acceleration to end-stage renal disease, has
become of major interest to nephrologists and critical
care physicians. The development of biomarkers to
diagnose AKI, quantify risk and predict prognosis is
receiving considerable attention. Yet techniques to
accurately assess functional changes within patients
still rely on the use of an insensitive marker
(creatinine), creatinine-based estimating equations and
unreliable urinary tests. Therefore, it is critical that
functional tests be developed and used in
combination with biomarkers, thus allowing improved
care in AKI and chronic kidney disease patient
populations.
nephrectomy or progressive loss of kidney function [5].
Bragadottir and colleagues found utilization of glomeru-
lar filtration rate (GFR) estimating equations of limited
value, no value or perhaps even negative value in inten-
sive care unit (ICU) acute kidney injury (AKI) patients
[1]. They confirmed the limited, inaccurate and highly
variable data obtained from urinary creatinine collec-
tions to quantify the GFR. They acknowledge this had
been shown before and point to inaccurate urine collec-
tions and variable release of creatinine from muscle as
problems [2-4]. Unfortunately, the available tests to
quantify the GFR utilize a single-compartment model
that requires several hours for equilibration between the
plasma volume and extracellular fluid space. In addition,
they require laboratory determinations that are complex,
sensitive to user error, time consuming and expensive.
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The use of serum creatinine, and the accompanying
equations to estimate the GFR in patients with stable
kidney function, has been beneficial in longitudinal
population studies where trends are followed and the
known wide variation between calculated and deter-
mined GFRs is acceptable. The necessity of a plasma
equilibrium state for creatinine, based on the stable re-
lease of creatinine from muscle and stable removal by
the kidney via the GFR, is well known in these situa-
tions. In states of AKI, however, these necessary parame-
ters do not hold and thus it is predictably impossible to
use serum creatinine or equations based on serum
creatinine.
Further complicating the use of these parameters in

the acute situation is the availability of renal reserve.
The renal reserve represents the ability of the normal
kidney to increase the GFR following specific challenges
such as a high-protein meal, early diabetes, unilateral

Renal reserve can be >50% of baseline unstimulated
kidney function, thus increasing the GFR from 100 ml/
minute/1.73 m2 to >150 ml/minute/1.73 m2. Renal re-
serve may therefore be one reason why the GFR can fall
to 50% of normal values prior to detection based on a
rise in serum creatinine. This observation has made the
use of serum creatinine insensitive as a marker of devel-
opment of chronic kidney disease and is in part why the
estimating equations for the GFR are not useful above a
GFR of 50 to 60 ml/minute/1.73 m2. In theory, therefore, a
patient could have lost up to 67% of their baseline total
GFR, going from a potential GFR of 150 ml/minute/1.73 m2

to one of 50 ml/minute/1.73 m2 prior to a change in serum
creatinine (Figure 1). We know very little about renal
reserve in AKI.
An additional problem with serum creatinine as a

marker of kidney function in cases of AKI is the slow
rate of rise to an equilibrium state. In a noncatabolic
70 kg patient, if you were to remove both kidneys the
serum creatinine would rise by only 1 mg/dl/day. Thus,
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Figure 1 Serum creatinine is an insensitive marker of the glomerular filtration rate. With loss of the glomerular filtration rate (GFR) the
renal reserve may be first lost, reducing the maximally stimulated GFR. Thereafter, as the GFR is lost the serum creatinine (SCr) does not rise until
the GFR is reduced to around 50 to 60 ml/minute/1.73 m2. Therefore, up to two-thirds of the patient’s original GFR has been lost before changes
in SCr occur.
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1 day post bilateral nephrectomy the patient’s serum cre-
atinine would be 2 mg/dl, on day 2 it would be 3 mg/dl,
and so on, even though the patient has zero GFR. Pa-
tients with severe AKI therefore sit in the ICU waiting
for blood chemistries, or their volume status, to rise to
renal replacement levels, all the while being in a state we
believe requires renal replacement therapy for appropri-
ate support. Add to this the other factors known to con-
found serum creatinine as a marker of the GFR and is
there any wonder why its use in the ICU, where accurate
quantitative data are a must, is resulting in less than
maximal care of the patient [6-10].
On a brighter note, commercial attempts have been

initiated to develop a rapid, sensitive, reproducible, af-
fordable and user-friendly GFR technique [9,11]. Clear-
ance of a freely filterable water-soluble molecule is being
used with either noninvasive or minimally invasive ap-
proaches. Both one-compartment and two-compartment
models are being developed, with two-compartment ap-
proaches offering a more rapid result because equilibra-
tion with the extracellular fluid is not needed [12]. FAST
BioMedical (Indianapolis, IN, USA) has recently com-
pleted a phase I, single-blind, dose escalation study in
normal patients with satisfactory results (unpublished
observation; see Competing interests statement).
Perhaps a more intriguing question for the clinician to

now consider is, when available, how will a GFR test be
used to advance care in the hospitalized patient? To
commercialize such a product there must be defined
clinical pathways resulting in meaningful, cost-effective
and patient-beneficial outcomes that can be standardized
for general use. In AKI, functional confirmation and
quantification of the severity of injury would allow the
physician to determine the immediate need for renal re-
placement therapy. Additionally, the response to hydra-
tion or pressor therapy could be quantified with a
second test post-therapy. Weaning from continuous
veno-venous hemofiltration therapy or movement of the
patient to the ward, based on the return of kidney func-
tion that is now quantifiable, may minimize valuable
days in the ICU. Knowing the actual GFR for drug dos-
ing of renally cleared drugs or nephrotoxins may provide
more reliable serum levels. Accurate GFRs would also
accurately identify patients with low GFRs requiring pre-
ventative therapies prior to use of agents such as
radiocontrast or gadolinium.
The field of nephrology has lagged in the development of

diagnostic technology. However, it now seems time to turn
attention to the care of the AKI and chronic kidney disease
patient in an effort to minimize, or at least forestall, the de-
velopment of end-stage renal disease and requirement for
chronic renal replacement therapy. Individualization of pa-
tient care will come through innovation and its careful ap-
plication. The cost of such development and utilization can
be easily rationalized based on the patient and societal costs
of end-stage renal care of chronic dialysis patients.

Abbreviations
AKI: Acute kidney injury; GFR: Glomerular filtration rate; ICU: Intensive care unit.

Competing interests
BAM is a co-founder, part owner, and medical director of FAST Biomedical
(Indianapolis, IN, USA).

Published: 04 Sep 2013

http://ccforum.com/content/17/5/181


Molitoris Critical Care Page 3 of 32013, 17:181
http://ccforum.com/content/17/5/181
References
1. Bragadottir G, Redfors B, Ricksten SE: Assessing glomerular filtration rate

(GFR) in critically ill patients with acute kidney injury – true GFR versus
urinary creatinine clearance and estimating equations. Crit Care 2013,
17:R108.

2. Cherry RA, Eachempati SR, Hydo L, Barie PS: Accuracy of short-duration
creatinine clearance determinations in predicting 24-hour creatinine
clearance in critically ill and injured patients. J Trauma 2002, 53:267–271.

3. Herrera-Gutierrez ME, Seller-Perez G, Banderas-Bravo E, Munoz-Bono J,
Lebron-Gallardo M, Fernandez-Ortega JF: Replacement of 24-h creatinine
clearance by 2-h creatinine clearance in intensive care unit patients: a
single-center study. Intensive Care Med 2007, 33:1900–1906.

4. Stevens LA, Levey AS: Measured GFR as a confirmatory test for estimated
GFR. J Am Soc Nephrol 2009, 20:2305–2313.

5. Thomas DM, Coles GA, Williams JD: What does the renal reserve mean?
Kidney Int 1994, 45:411–416.

6. Dagher PC, Herget-Rosenthal S, Ruehm SG, Jo SK, Star RA, Agarwal R,
Molitoris BA: Newly developed techniques to study and diagnose acute
renal failure. J Am Soc Nephrol 2003, 14:2188–2198.

7. Doi K, Yuen PS, Eisner C, Hu X, Leelahavanichkul A, Schnermann J, Star RA:
Reduced production of creatinine limits its use as marker of kidney
injury in sepsis. J Am Soc Nephrol 2009, 20:1217–1221.

8. Molitoris BA: Measuring glomerular filtration rate in acute kidney injury:
yes, but not yet. Crit Care 2012, 16:158.

9. Molitoris BA, Wang E, Sandoval RM, Sheridan E, Strickland JS: Quantifying
glomerular filtration rates: kidney function analysis method and
apparatus. Recent Pat Biomark 2012, 2:209–218.

10. Pickering JW, Frampton CM, Walker RJ, Shaw GM, Endre ZH: Four hour
creatinine clearance is better than plasma creatinine for monitoring
renal function in critically ill patients. Crit Care 2012, 16:R107.

11. Poreddy AR, Neumann WL, Freskos JN, Rajagopalan R, Asmelash B, Gaston
KR, Fitch RM, Galen KP, Shieh JJ, Dorshow RB: Exogenous fluorescent tracer
agents based on pegylated pyrazine dyes for real-time point-of-care
measurement of glomerular filtration rate. Bioorg Med Chem 2012,
20:2490–2497.

12. Wang E, Meier DJ, Sandoval RM, Von Hendy-Willson VE, Pressler BM, Bunch
RM, Alloosh M, Sturek MS, Schwartz GJ, Molitoris BA: A portable fiberoptic
ratiometric fluorescence analyzer provides rapid point-of-care
determination of glomerular filtration rate in large animals. Kidney Int
2012, 81:112–117.

Cite this article as: Molitoris: Measuring glomerular filtration rate in the
intensive care unit: no substitutes please. Critical Care

10.1186/cc12876

2013, 17:181

http://ccforum.com/content/17/5/181

	Abstract
	Abbreviations
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 0.1000
  /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 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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


