
Jamme and Geri Critical Care  (2016) 20:105 
DOI 10.1186/s13054-016-1281-x
LETTER Open Access
Multiple imputation is better than KDIGO
guidelines to estimate unknown baseline
renal function

Mathieu Jamme* and Guillaume Geri
See related research by Wang et al., http://ccforum.biomedcentral.com/articles/10.1186/s13054-015-1085-4.
Recently in Critical Care, we read with great interest the
study by Wang et al. [1], who assessed the fluid balance
impact on acute kidney injury (AKI) in critically ill pa-
tients. Fluid overload was independently associated with
the outcome in this large prospective Chinese cohort.
As recommended by international KDIGO (Kidney

Disease: Improving Global Outcomes) guidelines, AKI
was defined as an increase of serum creatinine (SCr)
within 48 hours from baseline SCr or urine output or
both [2]. For patients without a known baseline SCr, the
same KDIGO guidelines recommend the use of a hypo-
thetical value of SCr assuming a “normal” estimate
glomerular filtration rate (eGFR) of 75 ml/min per
1.73 m2 [3]. This “simple imputation” could be an at-
tractive method but tends to distort the distribution of
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variables and the association between them, which can
lead to a biased estimation [4].
The multiple imputation method has been proposed

and nowadays is considered one of the best methods for
analyzing data sets with missing data values. Indeed, this
method adequately estimates the unknown parameters
whereas biases have been found with single imputation.
Unfortunately, this method is not frequently used in the
intensive care unit (ICU) literature. However, in the spe-
cific case of unknown baseline SCr in AKI study, some
authors had observed that the multiple imputation
method had a lower rate of AKI misclassification than
the “eGFR 75 simple imputation” [5]. We hope Wang
et al. will comment on their choice of imputation
method.
Authors’ response
Na Wang, Li Jiang and Xiuming Xi
We read with great interest the letter from Mattieu
Jamme and Guillaume Geri and agree that the multiple
imputation method is one of the best methods for ana-
lyzing data sets with missing data values.
In our research, the AKI severity was classified accord-

ing to the KDIGO guidelines [2] because an article pub-
lished before we found the KDIGO criteria identified
more patients as AKI than RIFLE (Risk, Injury, Failure,
Loss of kidney function, and End-stage kidney disease)
and AKIN (Acute Kidney Injury Network) did [6]. In
that article, missing baseline SCr values were estimated
by using the Modification of Diet in Renal Disease
(MDRD) Study equation assuming that baseline eGFR is
75 ml/min per 1.73 m2; we know that this “simple im-
putation” could lead to a biased estimation. But the pur-
pose of our study was not to compare which method
can more accurately estimate the baseline SCr, and we
do not know whether the multiple imputation method
will produce different conclusions, but we are very will-
ing to try it.
Some authors had observed that the multiple imput-

ation method had a lower rate of AKI misclassification
in comparison with the “eGFR 75 simple imputation”
[5]. In this research, the subjects were inpatients and,
compared with ICU patients, had different homogeneity.
If this method is used to evaluate the population of crit-
ically ill patients, we do not know what indicators should
be included in the multiple imputation model and
whether the full multiple imputation in the study of Siew
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ED et al (sex, race, dialysis, admission service and so on)
are sufficient and appropriate for ICU patients so far, no
studies give us enough information. Whether multiple
imputation is applicable to critically ill patients needs
further confirmation.
The quality of multiple imputation depends on the

judgment of the data missing mechanism, the setting of
the filling model, and selection of filling times. The miss-
ing data mechanism is the process that generates miss-
ing values, which generally fall into three categories:
missing completely at random, missing at random, and
missing not at random. Multiple imputation generally
assumes that the data is at least missing at random
[7].We can establish the rationality only based on the
general theory of missing values; we cannot combine the
specific circumstances of the data to accurately deter-
mine whether the multiple imputation results in our re-
search is really more reasonable. Multiple imputation is
a difficult thing for inexperienced researchers, so we did
not choose this method. But we are also very grateful for
the valuable comments from Jamme and Geri and are
preparing to compare the ability of multiple imputation
approaches with eGFR 75 in estimating actual baseline
creatinine values in critically ill patients.
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