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ARTICLE INFO ABSTRACT

Purpose: Baseline urinary creatinine excretion (UCE) is associated with ICU outcome, but its time course is not

known.

Materials and methods: We determined changes in UCE, plasma creatinine, measured creatinine clearance (mCC)
Keywords: and estimated glomerular filtration (eGFR) in patients with an ICU-stay >30d without acute kidney injury stage 3.
Urinary creatinine excretion The Cockcroft-Gault, MDRD (maodification of diet in renal disease) and CKD-EPI (chronic kidney disease epidemi-
Creatinine ology collaboration) equations were used.

Glomerular filtration rate
Creatinine clearance

Results: In 248 patients with 5143 UCEs hospital mortality was 24%. Over 30d, UCE absolutely decreased in male
survivors and non-survivors and female survivors and nonsurvivors by 0.19, 0.16, 0.10 and 0.05 mmol/d/d (all

Muscle mass P < 0.001). Relative decreases in UCE were similar in all four groups: 1.3, 1.4, 1.2 and 0.9%/d respectively. Over
SMUSCIe wasting 30d, mCC remained unchanged, but eGFR rose by 31% (CKD-EPI) and 73% (MDRD) and creatinine clearance es-
drcopenia

timated by Cockcroft-Gault by 59% (all P < 0.001).

Conclusions: Over 1 month of ICU stay, UCE declined by >1%/d which may correspond to an equivalent decline in
muscle mass. These rates of UCE decrease were similar in survivors, non-survivors, males and females
underscoring the intransigent nature of this process. In contrast to measured creatinine clearance, estimates of

Urinary urea excretion
Urea:Creatinine ratio

eGFR progressively rose during ICU stay.

© 2020 Published by Elsevier Inc.

1. Introduction

ICU patients typically display considerable muscle loss during critical
illness, and lower muscle mass is associated with an increased mortality
and morbidity [1-3]. However, the time course of muscle mass loss dur-
ing ICU admission remains poorly explored.

Urinary creatinine excretion (UCE) is a non-invasive and low-cost
method to estimate muscle mass. Recently, baseline UCE, as a marker
for muscle mass, was demonstrated to be strongly associated with mor-
tality in a large cohort of ICU patients [4]. Additionally a decreased UCE

Abbreviations: AKI, acute kidney injury; APACHE, acute physiology and chronic health
evaluation; BSA, body surface area; CI, confidence interval; CKD-EPI, chronic kidney
disease - epidemiology collaboration; eGFR, estimated glomerular filtration rate; ICU, in-
tensive care unit; IQR, interquartile range; LOS, length of stay; mCC, measured creatinine
clearance; MDRD, modification of diet in renal disease; UCE, urinary creatinine excretion;
UUE, urinary urea excretion.
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at ICU discharge in patients with a prolonged ICU admission has been
reported [5]. However, the time course of UCE and related parameters
during ICU admission has not been described.

UCE measurements are routinely performed in our ICU to deter-
mine measured creatinine clearance (mCC), because this may be a
more accurate indicator of renal function than creatinine alone or
formulas that estimate the glomerular filtration rate (eGFR) [5-7].
Moreover, the assessment of renal function with eGFR could be con-
founded during prolonged critical illness as loss of muscle mass can
lead to decreases in plasma creatinine [5,6,8]. Consequently, the use
of eGFR equations in patients with a prolonged ICU stay might result
in both overestimation and underestimation of renal function and
so-called augmented renal clearance [9,10], possibly leading to in-
adequate drug dosing [11].

The objective of this study was to describe the time course of UCE in
critically ill patients with an ICU stay of at least 30 days. We also com-
pared the changes of mCC with estimated creatinine clearance accord-
ing to Cockcroft-Gault and eGFR to identify potential underestimation
or overestimation of renal function.
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2. Patients and methods
2.1. Study setting, patient selection and outcome

This study was a sub-analysis of a recently published study in 6151
patients admitted for 224 h to our ICU between 2002 and 2016 [4].
From these patients, we selected those with an ICU-stay of >30 days
and for whom sufficient 24 h urine samples were available. Sufficient
was defined as having at least 4 UCE measurements of which the first
measurement was performed at ICU day 1-3 and the last measurement
in the final week of ICU admission. Patients with acute kidney injury
(KDIGO-AKI) stage 3 (i.e. an increase of plasma creatinine to >300%
from baseline, or > 354 pumol/L or requiring RRT [12]) during the first
30 days were excluded. UCE was calculated by multiplying the urinary
creatinine concentration in the 24 h urine with the 24 h urine volume.
In case of missing UCEs, values were linearly interpolated over a maxi-
mum of 4 missing UCEs. Plasma creatinine values were not interpolated.
As males are known to have a considerably higher UCE than females, we
separately examined the UCE time courses for the two sexes. For com-
parison we also recorded plasma urea and urinary urea excretion
(UUE).

2.2. Formulas

The mCC was calculated as 694.44-UCE/(plasma creatinine) mL/min
(694.44 equals 1000-1000/1440 to convert mmol to pmol, L to mL and
days to minutes respectively). We also used the Cockcroft-Gault for-
mula to estimate creatinine clearance, with sex, age and weight as
input variables [13]. Estimated glomerular filtration rate (eGFR) was
calculated according to the Modification of Diet in Renal Disease
(MDRD) formula and according to the Chronic Kidney Disease-
Epidemiology Collaboration (CKD-EPI) formula [14,16] which both use
plasma creatinine, sex, and age as input variables.

Body surface area (BSA) was calculated as 0.007184 - (weigh
height®72%),

Augmented renal clearance was defined as an mCC >130 mL/min/
1.73m?. As we analyzed UCE in 24 h urine collections, we expressed
the changes in UCE per day as changes in mmol per day per day
(mmol/d/d).

{0425 |

2.3. Statistical analysis

Normally distributed data is expressed as mean (SD) and skewed
data as median (IQR). A chi-square test for categorical variables, t-test
for normally distributed continuous variables or a Mann-Whitney U
test for skewed distributed continuous variables was performed to de-
termine differences between two groups. When more groups were
compared, a one-way ANOVA was performed where appropriate.

The time course of UCE and renal function was estimated by a linear
regression model. In particular to obtain more accurate estimates of the
initial values at ICU day 0 and subsequent other days, not the actual
mean of measured values but the linear regression function was used
to estimate the baseline and subsequent changes in of UCE, glomerular
filtration and creatinine clearance.

Additionally, changes in UCE and UUE over the first 90 days of ICU
admission were studied. As not all patients had an ICU stay of more
than 90 days, not all patients fully contributed to the 90 days. Further
subgroup analyses were performed in patients who developed AKI, in
patients who did not develop AKI and for the incidence of augmented
renal clearance. Also patients admitted to the ICU directly from home
were compared with those who were first admitted at the ward. We
also conducted analyses in which we analyzed UCE per kg body weight.

P-values were considered to be significant when they were less than
0.05. Data was analyzed with R version 3.5.1. (R Foundation for Statisti-
cal Computing, Vienna, Austria). Differences between parameters of lin-
ear regressions were compared with the emmeans package in R.
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3. Results

Of a total of 6151 patients, 5823 patients (Supplementary SFig. 1)
were excluded because of an ICU admission shorter than 30 days, subse-
quently 66 patients were excluded because of insufficient UCEs and fi-
nally 14 patients were excluded because of AKI stage 3 during the first
30 ICU days. In the remaining 248 patients (Table 1), a total of 6641
UCEs were used, of which 1498 (23%) were interpolated. 7170 plasma
creatinine values (28.9 per patient) were used for the same period. In ad-
dition, another 1026 UCE values were measured between day 30 and 90.

The median age was 60 (47-70) years and 87 (35%) patients were
female. The median ICU LOS was 41 (35-54) days and the hospital
LOS was 63 (48-83) days, with a hospital mortality of 24%. 85 (34%) pa-
tients were admitted to another hospital before transfer to our hospital.
The median time that the hospital non-survivors died after ICU admis-
sion was 50 (39-74) days, with a range of 30-222 days.

3.1. Time course of UCE

The mean UCE estimated with linear regression at admission was
11.6 (95%CI 11.3-11.8) compared to an estimated UCE of 7.1 mmol/d
atday 30(6.9-7.3), P < 0.001). Based on linear regression, the estimated
mean UCE at baseline was 57% higher in males compared to females:
13.6 (95%CI 13.3-13.8) vs 7.7 (7.4-8.0) mmol/d (P < 0.001) as was
the estimated UCE at day 30: 8.1 (95%CI 7.9-8.4) vs. 5.0 (4.7-5.3)
mmol/d (P < 0.001).

Linear regression analysis showed that UCE decreased by 0.18 (95%
C10.17-0.19) in males and by 0.09 (0.07-0.11) mmol/d/d in females, re-
spectively (P < 0.001), equivalent to an 1.2-1.3%/d decrease of UCE for
both sexes.

Linear regression also showed that survivors had higher initial UCEs
than non-survivors. UCE decreased in survivors by 0.16 (95%CI

Table 1
Patient characteristics and outcome.

Survivors  Non-survivors P-value
N 189 59
Sex, female 70 (37%) 17 (29%) 0.318
Age, years 58[42,68] 65[53.5,74] 0.003
Reason for admission (%) 0.042
Medical 24 (13%) 7 (11%)
Abdominal/vascular surgery 46 (24%) 13 (22%)
Neurosurgery 4(2%) 1(2%)
Transplant 8 (4%) 2 (3%)
Cardiothoracic surgery 19 (10%) 7 (12%)
Trauma 33 (18%) 1(2%)
Miscellaneous 55 (29%) 28 (48%)
Location before current hospital admission 0.35
Hospital admission
Home 121 (64%) 42 (71%)
Other institution 68 (36%) 17 (29%)
LOS before ICU, days 0[0,1] 1[0,3.5] 0.006
ICU LOS, days 41[35,53] 4335, 65] 0.155
Hospital LOS, days 64 [52,83] 56 [40, 76] 0.039
APACHE-IV 65([52,77] 83[63,96] 0.006
Length, cm 175[170, 178[170, 0.616
182] 185]
Weight, kg 80[70,90] 76 [65,90] 0.169
BMI kg/m? 26.1[23.1, 23.9]22.1, 0.038
29.4] 27.7]
BSA m? 1.97[1.82, 1.92[1.75, 0.379
2.14] 2.11]
Acute kidney injury® 0.414
No AKI 89 (47%) 22 (37%)
Stage 1 61 (32%) 23 (39%)
Stage 2 39 (21%) 14 (24%)
Stage 3 0 0

¢ Acute kidney injury was determined for the whole study period (i.e. the first 30 days
of ICU admission) All patients with AKI stage 3 were excluded from analysis. Mean (SD),
medians [IQR] or numbers (%) are presented.
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0.14-0.17) and in non-survivors by 0.13 (0.10-0.16) mmol/d/d (P =
0.07), equivalent to a 1.3%/d decrease in both groups.

The change in UCE in survivors and non-survivors was also sepa-
rately studied in males and females (Fig. 1). Admission UCE estimated
by linear regression was higher in surviving female patients 8.3 (95%
Cl 7.9-8.6) vs. 5.5 (4.8-6.3) mmol/d respectively (P < 0.001). UCE at
day 30 remained different with a mean UCE of 5.2 (95%Cl 4.9-5.5)
mmol/d for female survivors and a mean UCE of 4.0 (95%CI 3.3-4.7)
mmol/d for female non-survivors (P = 0.003). In female survivors,
UCE showed a linear decrease of 0.10 (95%CI 0.08-0.12), whereas in fe-
male non-survivors, UCE showed a decrease of 0.05 (0.01-0.09) mmol/
d/d (P = 0.033).

Also in male patients, admission UCE estimated by linear regression
was higher in survivors: 14.3 (95%CI 14.0-14.5) vs. 11.4 (11.0-11.9)
mmol/d respectively (P < 0.001). At day 30, the difference in UCE be-
tween male survivors and non-survivors remained: 8.7 (95%CI
8.4-9.0) compared to 6.5 (6.0-6.9) mmol/d (P < 0.001). UCE showed
a decrease of 0.19 (95%CI 0.17-0.20) in male survivors and of 0.17
(0.14-0.19) mmol/d/d in male non-survivors (P = 0.19).

The relative decreases in UCE were similar for male survivors, male
non-survivors, female survivors and female non-survivors:1.3, 1.5, 1.2
and 0.9%/d, respectively (P = 0.42).

3.2. Measures of renal function during 30 ICU days
To assess potential overestimation of kidney function, we examined

various methods of kidney function assessment (Fig. 2). Over the course
of 30 days, measured creatinine clearance (mCC) remained similar with

-e— Male survivors
Male nonsurvivors

Female survivors
-e— Female nonsurvivors

mmol/day

13 15 17 19 21 23 25 27 29

ICU day

13 5 7 9 11

Fig. 1. Course of UCE in surviving and non-surviving males and females during the first
30 days of ICU stay. Males are depicted in blue and females in red. The dots represent
the mean values, whereas the light shaded errors bars represent the 95%CI. The
respective regression formulas are: male survivors: UCE = —0.19 (95%CI —0.20 to
—0.17) ICUday +14.34(95%CI 14.01 to 14.67), male non survivors: UCE = —0.16(95%CI
—0.19 to —0.14) ICUday +11.52(95%CI 11.10 to 11.94), female survivors: UCE = —0.10
(95%CI —0.11 to —0.09) ICUday +8.26 (95%CI 8.01 to 8.52), female nonsurvivors:
UCE = —0.05 (95%Cl —0.07 to —0.02) ICUday +5.56(95%CI 5.18 to 5.93).
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a rate of change of +0.01 mL/min/d (95% CI —0.22 to +0.20; P = 0.20).
In contrast the kidney function estimates all showed pronounced time-
dependent changes. Plasma creatinine showed a decrease of
—1.17 pmol/L/d (95%Cl —1.36 to —0.97). eGFR according to CKD-EPI
showed an increase of +0.86 mL/min/1.73m?/d (95%CI +0.66 to
+1.06). Creatinine clearance predicted according to the Cockcroft-
Gault formula displayed a stronger increase of +2.08 mL/min/d (95%
CI +1.88 to +2.28). When the MDRD eGFR was determined, the ob-
served increase was even more pronounced at +2.23 mL/min/1.73m?/
d (95%CI +2.03 to +2.42). All slopes except that for mCC differed signif-
icantly from O (STable 1; P < 0.001). Mutual comparisons between mCC,
Cockroft-Gault, MDRD and CKD-EPI showed that the slopes significantly
differed from each other P < 0.001).

3.3. Additional analyses and sensitivity analyses

Fig. 3 demonstrates the course of UCE and UUE over the first
12 weeks of ICU admission of the included ICU patients. As some ICU pa-
tients had shorter ICU stays, not all 248 patients fully contributed to the
90 days. Note that on a molar basis UUE is approximately one or two or-
ders of a magnitude higher than UCE. Except that UUE was relatively
lower in the first week, UCE and UUE showed a similar steady decrease
that became less pronounced after the first ICU month.

SFig. 2 shows that the decrease in UCE in patients with no AKI, AKI-1
and AKI-2 was similar during the first 30 ICU days. SFig. 3 shows the

2001
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=
©°
§ 1251
£
£
E
N—100-
S
™
= —
£ 751
£
[S
501 -~ Cockcroft-Gault
-~ MDRD
- -e- CKD-EPI
-~ mCC
-e- Serum creatinine
i
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

ICU day

Fig. 2. Different measures of kidney function over the course of 30 ICU days. eGFR
according to the CKD-EPI and MDRD formula are depicted in mL/min/1.73m?. Measured
creatinine clearance (mCC) and creatinine clearance according to the Cockcroft-Gault
formula are depicted in mL/min. Information on weight was not available for the whole
study cohort, this figure depicts the renal function of 196 (79%) patients with available
information on weight. The dots represent the mean values, whereas the light shaded
errors bars represent the 95%Cl. The respective regression formulas are: Cockcroft-
Gault = 2.07(95%CI 1.80 to 2.35) ICUday+105.71 (95%CI 100.85-110.56) (mL/min),
MDRD = 2.22 (95%CI 1.97 to 2.47) ICU day +91.3 (95%CI 86.9 to 95.7) (mL/min/
1.73m?), CKD = 0.85 (95%CI 0.74 to 0.95) ICU day +81.3 (95%CI 79.4 to 83.2) (mL/min/
1.73m?), mCC = 0.004 (95%CI —0.18 to +0.19) ICU day +102.3 (95%CI 99.0 to 105.5)
(mL/min), plasma creatinine = —1.11 (95%Cl —1.24 to —0.98) ICU day +93.8 (95%CI
91.5to 96.1) (umol/L).
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Fig. 3. Course of UCE and UUE over the first 90 days of ICU admission. There appears to be a rapid decline in UCE in the first weeks with later a gradual diminishment of this rate of decline.
After the first week the time course of UUE is similar to that of UCE. Week 5 consists of day 32-day 38, etc. Note that as UUE is more than an order of magnitude higher than UCE, units are
separately shown on two Y-axes. Also note that the number of UUE measurements is lower than UCE measurements and that the number of patients contributing to these data rapidly

decreases after the first 4 ICU weeks.

overall differences between males and females in the time course of UCE
when corrected for weight. Here also, females showed a considerably
lower UCE/kg than males.

According to the definition of augmented renal clearance (ARC) of
mCC > 130 mL/min/1.73m?, 21% of the patients had ARC after admis-
sion, and 21% had ARC as well at day 30 (P = 0.747). Not surprisingly,
ARC was most prevalent in patients with no AKI (SFig. 4).

We also examined the time course of the plasma urea: creatinine
ratio (UCR) which is associated with active catabolism and muscle
wasting in trauma patients [17]. In our patients UCR showed rapid rise
without any decrease during the first 30 days (SFig. 5), underscoring a
sustained catabolic state.

When the potential impact of pre-ICU hospital time on baseline
UCE as defined in [4] was examined (STable 1) we found a 14-20%
(P = 0.022 and P = 0.017) lower UCE at ICU-admission in patients
who had already been in the our hospital or another hospital before
ICU admission.

4. Discussion

This study shows that urinary creatinine excretion (UCE) - as an in-
dicator of muscle mass - steadily decreased over the first 30 days of
prolonged ICU admission. The observed relative decrease in UCE of
>1% per day was similar in survivors, non-survivors, males and females,
although estimated baseline UCE was clearly different between these
groups. Since creatinine levels also decreased over this period, this re-
sulted in progressively higher estimates of renal function by the
Cockcroft-Gault, MDRD and CKD-EPI equations. In contrast to these es-
timates, the measured creatinine clearance remained stable.

Our current study is the first to detail the time course of UCE during
prolonged ICU admission. The absolute rate of change in UCE appeared
to be primarily dependent on the absolute baseline value, as reflected by
the stronger absolute decline in males compared to females and a stron-
ger decline in survivors than non-survivors. Apparently, those with
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more muscle mass have more potential to lose muscle mass. When
the relative decrease in UCE was computed, the mean value varied be-
tween 0.9 and 1.4%/d between the four mentioned groups (P = 0.39).
In a long-term follow-up study of patients with chronic kidney disease
stage 3 and 4, UCE also steadily decreased at a fixed - albeit much slower
- relative rate [20]. In this study UCE was independently related to kid-
ney failure and mortality and patients showed an approximate decline
in UCE of 1.5% per year [20]. Other studies in critically ill patients,
most of which measured muscle mass by ultrasonography, reported a
decrease in muscle mass between 1 and 3%/d [1,21-24].

The rate of decrease in UCE in patients who were still in the ICU after
30 days appeared to diminish although it did not stabilize during the
first 12 ICU weeks (Fig. 3). Such a plateau phase or even an increase of
the UCE might appear earlier in patients with only a brief ICU stay and
clear clinical recovery afterwards, but this assumption should be veri-
fied in further studies. Except for the first 2 weeks, the time course of
urinary urea excretion (UUE) mirrored that of UCE. The time course of
the plasma urea: creatinine ratio (UCR) is a known marker of muscle ca-
tabolism in trauma patients [17]. UCR also showed elevated and rising
levels in our patients during the first 30 ICU days (SFig. 5), compatible
with pronounced catabolism.

Apparently, ongoing loss of muscle mass is difficult to inhibit or even
modify during critical illness [26]. We also performed a sub-analysis
where we compared ‘direct’ admissions from home through the emer-
gency department to the ICU with ‘indirect’ admissions from patients
who had been longer in the hospital before ICU admission. Indirect ad-
missions had a 18% lower UCE (STable 1), compatible with muscle loss
that occurred preceding ICU admission. Although muscle wasting obvi-
ously is strongly related with outcome, our results do not point to a
novel clinical intervention strategy. Unfortunately we currently do not
possess the tools to inhibit muscle wasting despite our best efforts to
optimally feed the patients [2,27-30]. If future interventions would be
able to decrease muscle wasting, UCE would be a useful surrogate pa-
rameter to quantify such an effect. On the other hand, UCE could help
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to quantify the effect of specific interventions that are known to in-
crease muscle loss, such as prolonged muscular paralysis.

Probably because it reflects muscle mass [31], UCE shows a strong
association with mortality in both critically ill and non-critically ill pa-
tient groups [4,32,33]. More direct methods to measure muscle mass
have been used in ICU patients [34]. Bioelectrical impedance represents
a non-invasive method, but is not very suitable in ICU patients due to its
requirement for fluid homeostasis [35]. “°K scintigraphy, the golden
standard to measure body cell mass, could also be an accurate method
to assess muscle mass and thus muscle wasting [31,37]. Repeated ultra-
sonography can detect muscle wasting [21-24], but because of the lack
of a common protocol, interpretation remains difficult [36]. Future stud-
ies in which changes in UCE are compared with ultrasonography in a
larger study population would be interesting.

In contrast to measured creatinine clearance (mCC) which utilizes
UCE and plasma creatinine, estimates that are only based on plasma or
serum creatinine are still used far more often. The Cockcroft-Gault equa-
tion was developed to predict creatinine clearance without laboratory
determination of urinary creatinine excretion [13]. The MDRD study
equation was developed for the assessment of GFR in CKD patients
[14]. This was followed by the design of the CKD-EPI equation, which
was meant to be an improved method for the assessment of GFR in pa-
tients with and without CKD, since the earlier developed MDRD study
formula tended to underestimate measured GFRs at higher levels [16].
In our patients, the estimated GFR and estimated creatinine clearance
equations falsely indicated an incremental rise in GFR which was most
prominent for the Cockroft-Gault and MDRD equations (Fig. 2). The
Cockroft-Gault formula was developed in 1976 when obesity was not
as prevalent as today [25]. Although the inaccuracy of estimated renal
function has long been known [5,7,26], our data underscore that the es-
timates of GFR markedly increase during prolonged ICU admission that
is accompanied by decreasing muscle mass and creatinine production.
Whereas Cockroft-Gault and MDRD progressively overestimated the
mCC over time, CKD-EPI instead underestimated the mCC initially with
the difference becoming smaller over time (Fig. 2). The overall incidence
of augmented renal clearance as assessed by mCC corrected for BSA was
21% and did not change during ICU stay (SFig. 4).

Our study confirms that glomerular filtration equations should not
be used in critically ill patients. Although the MDRD and CKD-EPI
eGFR formulas are still frequently used in ICU patients they were not de-
signed for evaluating renal function in such patients [14,16]. They do not
only falsely suggest progressive renal recovery, but may also put pa-
tients at risk for drug dosing errors [5]. Measured creatinine clearance
through UCE in the 24 h urine is thus the most reliable method to assess
renal function in this patient group. To our knowledge, only few ICUs
routinely measure UCE.

Routine UCE measurement is an easy, non-invasive and inexpensive
method that once correctly implemented does not entail a significant
additional workload.

A limitation of our study is its post hoc design. Also, we chose to se-
lect a specific and small subset of patients from a much larger cohort [4].
However, we believe that patients with a prolonged ICU stay of 30 days
or more were best suited to clearly demonstrate the time course of UCE
and plasma creatinine. Information on comorbidities such as sepsis,
heart disease or liver disease was not available. Another potential limi-
tation are the common changes in glomerular filtration rate in ICU pa-
tients which influence UCE [10,38]. UCE might also increase as a
consequence of augmented renal clearance, but the persistent linear de-
crease we observed in UCE did not indicate this. Frequently prescribed
drugs, such as diuretics and vasopressors may alter glomerular filtration
rate [39,40]. Because UCE cannot be assessed in anuric patients, we ex-
cluded patients with AKI stage 3. Estimated GFR values were compared
to measured creatinine clearance, which is not the golden standard for
GFR assessment but is reliable in ICU patients when overestimation
caused by possible increased tubular creatinine excretion is taken into
account [7]. Measurement of UCE requires a complete 24 h urine
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collection. Because a large majority of ICU patients have urine catheters
and our ICU nurses collect 24 h urine in all patients on a daily basis, the
risk of collecting errors is low. Creatinine levels can be increased by
meat intake. However, this was not a potential confounding factor in
our study, since all our patients received enteral or parenteral feeding
without any meat or added creatine.

In conclusion, UCE steadily decreases during the first month of ICU
admission. During this period males, females, survivors and non-
survivors showed the same relative decrease in UCE, underscoring the
difficulty in reducing catabolism during ICU treatment. Decreased en-
dogenous creatinine production, related to muscle loss, leads to pro-
gressively higher estimates of creatinine clearance or GFR when
compared to the actually measured creatinine clearance. We believe
that use of the UCE may improve the assessment of muscle mass and
that mCC constitutes a superior tool to monitor renal function.

Ethics approval and consent to participate

This study was approved by our hospital's medical ethical commit-
tee and since it concerned an analysis of anonymized laboratory and
clinical data, all collected during standard clinical care, informed con-
sent was not required (METc 2011/132).

Availability of data and materials

The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Funding
There was no external funding for this work.
Authors' contributions

LH, RP and MN analyzed the data. MV, LH and MN interpreted the
data. All authors contributed in writing the manuscript. All authors
read and approved the final manuscript.

Declaration of competing interest
The authors declare that they have no competing interests.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jcrc.2020.09.017.

References

[1] Puthucheary ZA, Rawal ], McPhail M, Connolly B, Ratnayake G, Chan P, et al. Acute
skeletal muscle wasting in critical illness. JAMA 2013;310:1591-600.

[2] Herridge MS, Tansey CM, Matté A, Tomlinson G, Diaz-Granados N, Cooper A, et al.
Functional disability 5 years after acute respiratory distress syndrome. N Engl |
Med 2011;364:1293-304.

[3] Ali NA, O'Brien Jr JM, Hoffmann SP, Phillips G, Garland A, Finley ]C, et al. Acquired
weakness, handgrip strength, and mortality in critically ill patients. Am ] Respir
Crit Care Med 2008;178:261-8.

[4] Hessels L, Koopmans N, Gomes Neto AW, Volbeda M, Koeze ], Oude Lansink-
Hartgring A, et al. Urinary creatinine excretion is related to short-term and long-
term mortality in critically ill patients. Intensive Care Med 2018;44:1699-708.

[5] Schetz M, Gunst ], van den Berghe G. The impact of using estimated GFR versus cre-
atinine clearance on the evaluation of recovery from acute kidney injury in the ICU.
Intensive Care Med 2014;40:1709-17.

[6] Prowle JR, Kolic I, Purell-Lewis ], Taylor R, Pearse RM, Kirwan CJ. Serum creatinine
changes associated with critical illness and detection of persistent renal dysfunction
after AKI. Clin ] Am Soc Nephrol 2014;9:1015-23.

[7] Carlier M, Dumoulin A, Janssen A, Picavet S, Vanthuyne S, Van Eynde S, et al. Com-
parison of different equations to assess glomerular filtration in critically ill patients.
Intensive Care Med 2015;41:427-35.



M. Volbeda, L. Hessels, R.A. Posma et al.

[8] Cartin-Ceba R, Afessa B, Gajic O. Low baseline serum creatinine concentration pre-
dicts mortality in critically ill patients independent of body mass index. Crit Care
Med 2007;35:2420-3.

[9] Bilbao-Meseguer I, Rodriguez-Gascon A, Barrasa H, Isla A, Solinis MA. Augmented
renal clearance in critically ill patients: a systematic review. Clin Pharmacokinet
2018;57:1107-21.

[10] Udy AA, Baptista JP, Lim NL, Joynt GM, Jarrett P, Wocknet L, et al. Augmented renal
clearance in the ICU: results of a multicenter observational study of renal function
in critically ill patients with normal plasma creatinine concentration. Crit Care
Med 2014;42:520-7.

[11] Morbitzer KA, Jordan JD, Dehne KA, Durr EA, Olm-Shipman CM, Rhoney DH. En-
hanced renal clearance in patients with hemorrhagic stroke. Crit Care Med 2019;
47:800-8.

[12] Kellum JA. Lameire N for the KDIGO AKI Guideline Work Group. Diagnosis, evalua-
tion, and management of acute kidney injury: a KDIGO summary (Part 1). Crit
Care 2013;17(1):204.

[13] Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum creatinine.
Nephron 1976;16:31-41.

[14] Levey AS, Bosch JP, Lewis ]B, Greene T, Rogers N, Roth D. A more accurate method to
estimate glomerular filtration rate from serum creatinine: a new prediction equa-
tion. Modification of Diet in Renal Disease Study Group. Ann Intern Med 1999;
130:461-70.

[16] Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro 3rd AF, Feldman HI, et al. A new
equation to estimate glomerular filtration rate. Ann Intern Med 2009;150:604-12.

[17] Haines RW, Zolfaghari P, Wan Y, Pearse RM, Puthucheary Z, Prowle JR. Elevated
urea-to-creatinine ratio provides a biochemical signature of muscle catabolism
and persistent critical illness after major trauma. Intensive Care Med 2019;45:
1718-31.

[20] Di Micco L, Quinn RR, Ronksley PE, Bellizzi V, Lewin AM, Cianciaruso B, et al. Urine
creatinine excretion and clinical outcomes in CKD. Clin ] Am Soc Nephrol 2013;8:
1877-83.

[21] Annetta MG, Pittiruti M, Silvestri D, Grieco DL, Maccaglia A, La Torre MF, et al. Ultra-
sound assessment of rectus femoris and anterior tibialis muscles in young trauma
patients. Ann Intensive Care 2017;7:104.

[22] Pardo E, El Behi H, Boizeau P, Verdonck F, Alberti C, Lescot T. Reliability of ultrasound
measurements of quadriceps muscle thickness in critically ill patients. BMC
Anesthesiol 2018;18:205.

[23] Nakanashi N, Oto J, Tsutsumi R, Iuchi M, Onodera M, Nishimura M. Upper and lower
limb muscle atrophy in critically ill patients: an observational ultrasonography
study. Intensive Care Med 2018;44:263-4.

[24] Parry SM, El-Ansary D, Cartwright MS, Sarwal A, Berney S, Koopman R, et al. Ultra-
sonography in the intensive care setting can be used to detect changes in the quality
and quantity of muscle and is related to muscle strength and function. ] Crit Care
2015;30:1151.e9-e14.

166

Journal of Critical Care 63 (2021) 161-166

[25] M1 Froissart, Rossert ], Jacquot C, Paillard M, Houillier P. Predictive performance of
the modification of diet in renal disease and Cockcroft-Gault equations for estimat-
ing renal function. ] Am Soc Nephrol 2005;16:763-73.

[26] Bragadottir G, Refors 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.

[27] Puthucheary ZA, Astin R, Mcphail MJW, Saeed S, Pasha Y, Bear DE, et al. Metabolic
phenotype of skeletal muscle in early critical illness. Thorax 2018;73:926-35.

[28] Herridge MS, Cheung AM, Tansey CM, Matte-Martyn A, Diaz-Granados N, Al-Saidi,
et al. One-year outcomes in survivors of the Acute Respiratory Distress Syndrome.
N Engl ] Med 2003;348:683-93.

[29] Casaer MP, Mesotten D, Hermans G, Wouters PJ, Schetz M, Meyfroidt G, et al. Early
versus late parenteral nutrition in critically ill adults. N Engl ] Med 2011;365:
506-17.

[30] Bear DE, Wandrag L, Merriweather JL, Connolly B, Hart N, Grocott MPW, et al. The
role of nutritional support in the physical and functional recovery of critically ill pa-
tients: a narrative review. Crit Care 2017;21:226.

[31] Forbes GB, Bruining G. Urinary creatinine excretion and lean body mass. Am ] Clin
Nutr 1976;29:1359-66.

[32] Oterdoom LH, Gansevoort RT, Schouten JP, de Jong PE, Gans RO, Bakker SJ. Urinary
creatinine excretion, an indirect measure of muscle mass, is an independent predic-
tor of cardiovascular disease and mortality in the general population. Atherosclero-
sis 1999;207:534-40.

[33] IxJH, de Boer IH, Wassel CL, Criqui MH, Shlipak MG, Whooley MA. Urinary creatinine
excretion rate and mortality in persons with coronary artery disease: the Heart and
Soul study. Circulation 2010;121:1295-303.

[34] Looijaard WGPM, Molinger J, Weijs PJM. Measuring and monitoring lean body mass
in critical illness. Curr Opin Crit Care 2018;24:241-7.

[35] Matthie JR. Bioimpedance measurements of human body composition: critical anal-
ysis and outlook. Expert Rev Med Devices 2008;5:239-61.

[36] Mourtzakis M, Parry S, Connolly B, Puthucheary Z. Skeletal muscle ultrasound in crit-
ical care: a tool in need of translation. Ann Am Thorac Soc 2017;14:1495-503.

[37] Savalle M, Gillaizeau F, Maruani G, Puymirat E, Bellenfant F, Houillier P, et al. Assess-
ment of body cell mass at bedside in critically ill patients. Am J Physiol Endocrinol
Metab 2012;303:E389-96.

[38] Udy AA, Roberts JA, Shorr AF, Boots R], Lipman J. Augmented renal clearance in septic
and traumatized patients with normal plasma creatinine concentrations: identifying
at-risk patients. Crit Care 2013;17:R35.

[39] Bellomo R, Kellum JA, Ronco C, Wald R, Martensson J, Maiden, et al. Acute kidney in-
jury in sepsis. Intensive Care Med 2017;43:816-28.

[40] Lankadeva YR, Kosaka J, Evans RG, Bailey SR, Bellomo R, May CN. Intrarenal and uri-
nary oxygenation during norepinephrine resuscitation in ovine septic acute kidney
injury. Kidney Int 2016;90:100-8.



