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Dear Editor,

Diagnosis of acute kidney injury
(AK]I) is, largely, defined by changes
in plasma creatinine (pCr); however,
such changes can be delayed and
attenuated in critically illness [1].
Some authors have speculated that
dilution of serum after volume
expansion may be a primary factor in
limiting the ability of pCr changes to
diagnose AKI. Consequently, a pCr
correction formula (Eq. 1) for relative
volume expansion has been proposed,
providing an estimate of pCr at a
notional even fluid balance (FB)
seeking to unmask hitherto ‘missed’
AKI [2].

Use of corrected pCr from diag-
nosis of AKI has now been employed
in a number of other AKI studies [3—
5]. However, this method essentially
treats all cumulative volume expan-
sion as occurring instantaneously at
the point of pCr measurement, failing
to account for the actual kinetics of
creatinine excretion. Creatinine
excretion (Cr,) is principally excreted
by unselective glomerular ultrafiltra-
tion, so Cr, & GFR x pCr. Thus,
when volume expansion acutely
reduces pCr, Cr, will fall in parallel,
and if one assumes that creatinine
generation (G) remains constant,
creatinine will then accumulate in the
body water until pCr rises again to its
baseline value, when Cr, = G. The
only circumstance when this will not
occur will be if GFR is zero and
excretion cannot be reduced further
by dilution; however, in this instance,
AKI diagnosis is usually
unambiguous.

The effect of dilution of creatinine
excretion can be appreciated by
modelling pCr changes after volume
expansion using the analytical solu-
tion to a single compartment, a fixed-
volume model for creatinine kinetics
(Eq. 2) [1].

G G Kt
Cr, = z + (Cro — E) eV (2)

in which K = glomerular filtration
rate (L/min), G = creatinine genera-
tion rate (Lmol/min), t = time (min),
Cry = baseline plasma creatinine
concentration (umol/L),

Cr, = plasma creatinine concentra-
tion at time, V = total body water
(L), and e = base of natural loga-
rithmic function.

In this model, volume expansion is
treated as occurring at baseline with
no net gain or loss of fluid thereafter.
Immediately after volume expansion,
the published correction formula
(Eq. 1) accurately predicts pCr prior
to volume expansion; however, over
time, pCr progressively rises (due to
reduced excretion with unchanged
generation), so that a large volume
expansion (25 % of TBW) results in a
24-h pCr only 2 % below baseline,
while the correction formula pro-
gressively over-estimates true
creatinine prior to volume expansion
(Fig. 1). Thus, unless GFR is extre-
mely low, any dilution effect on pCr
concentration is likely to be transient.
As a single compartment model, the
effect of the composition of the fluid
administered is not assessed; how-
ever, as greater relative plasma
dilution will cause greater reduction
in creatinine excretion, we would
predict that, over hours, the effects of
colloids and crystalloids are would be
similar.
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Corrected pCr = pCr x
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Despite a lack of clear physiolog-
ical basis, formula correction of pCr
for cumulative FB has been applied in
a number of publications over periods
of 7 days or more [2-5]. The validity
of this approach has been imputed by
a higher mortality seen when new
AKI diagnosis was made using cor-
rected pCr [2, 4]. However, any
changes in AKI classification using
corrected pCr must be associated with
a more positive FB, which is, in its
own right, a marker of illness severity
and risk factor for adverse outcomes.
Similarly, reductions in creatinine
generation may occur in sicker
patients, potentially obscuring AKI
diagnosis; however, this process is
mechanistically distinct from plasma
dilution and should be considered as a
distinct entity not directly related to
FB.

We believe that applying the cor-
rection factor for cumulative FB over
periods longer than a few hours after
volume expansion lacks physiological
rationale or any objective evidence to
support its accuracy. We suggest that
investigators should discard use of the
fluid correction formula in studies of
AKI diagnosis.

References

1. Waikar SS, Bonventre JV (2009)
Creatinine kinetics and the definition of
acute kidney injury. J Am Soc Nephrol
20(3):672-679

2. Macedo E, Bouchard J, Soroko SH et al
(2010) Fluid accumulation, recognition
and staging of acute kidney injury in
critically-ill patients. Crit Care
14(3):R82

3. Horiguchi Y, Uchiyama A, Iguchi N et al
(2014) Perioperative fluid balance affects
staging of acute kidney injury in
postsurgical patients: a retrospective
case-control study. J Intensive Care
2(1):26

4. Liu KD, Thompson BT, Ancukiewicz M
et al (2011) Acute kidney injury in
patients with acute lung injury: impact of
fluid accumulation on classification of
acute kidney injury and associated
outcomes. Crit Care Med
39(12):2665-2671

115 =
10| 25% Volume Applying correction
Expansion formula for fluid balance

105

—1 100 4

=

g

3 95 4

()

£

£ 90 ‘

3

6 — Kinetic formula with
85 stable GFR and

Creatinine Generation

80 4
75 A
70 T L] L] L] L] L] L] 1

0 6 12 18

24 30 36 42 48

Time hr

Fig. 1 Predicted plasma creatinine changes over 48 h in an 80-kg,
60-year-old man (baseline total body water 48 kg) with a baseline
creatinine of 90 pmol/L. A 25 % acute volume expansion is
applied at + =0 (12 L) with fluid intake equal to fluid losses
thereafter. GFR and creatinine generation rate are assumed to be
unchanged and creatinine distributed evenly in a single compart-
ment. A 20 % (12 pymol/L) decrease in pCr occurs acutely;
however, half of this fall is recovered by 7 h and, by 24 h, pCr is
98 % of baseline despite a cumulative 12 L +ve fluid balance.
Application of the correction formula [1] for fluid balance results in
a 22 % over-estimation of baseline creatinine at 24 h
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