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Abstract
Background Augmented renal clearance is increasingly recognized in critically ill patients. This condition may lead to 
suboptimal dosing of renally excreted medications.
Aim Our primary objective was to identify demographic and clinical factors associated with augmented renal clearance in 
a mixed critically ill population.
Method This retrospective single center observational cohort study evaluated patients admitted in a mixed adult intensive 
care unit for augmented renal clearance, defined as a creatinine clearance of ≥ 130 ml/min/1.73m2

, through weekly 24-h 
urine collection. Variables associated with augmented renal clearance were identified using univariate analysis, then served 
as covariates in a backward stepwise logistic regression. Goodness-of-fit of the model was assessed and receiver operating 
characteristic curve was generated.
Results Augmented renal clearance was observed in 25.3% of the study cohort (n = 324). Age below 50 years (adjusted odds 
ratio 7.32; 95% CI 4.03–13.29, p < 0.001), lower serum creatinine at intensive care admission (adjusted odds ratio 0.97; 95% 
CI 0.96–0.99, p < 0.001) and trauma admission (adjusted odds ratio 2.26; 95% CI 1.12–4.54, p = 0.022) were identified as 
independent risk factors. Our model showed acceptable discrimination in predicting augmented renal clearance (Area under 
receiver operating characteristic curve (0.810; 95% CI 0.756–0.864, p < 0.001)).
Conclusion We identified age below 50 years, lower serum creatinine upon intensive care admission and trauma as inde-
pendent risk factors for augmented renal clearance, consistent with the literature suggesting that patients with low serum 
creatinine upon admission could have a higher risk of developing augmented renal clearance.
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Impact statements

• Clinical pharmacists should recognize patients affected 
by augmented renal clearance to ensure adequate dos-
ing of affected drugs. Empiric dosing adjustment may be 
required for renally cleared drugs to prevent suboptimal 
dosing.

• Our study consolidated previous findings of risk factors 
for augmented renal clearance and added precision in 
terms of the timing of low serum creatinine as an inde-
pendent risk factor. The results allow the application of 
risk factors in a broader ICU population (medical, surgi-
cal and trauma) and help clinical pharmacists to detect 
more rapidly potential at-risk patients admitted in a criti-
cally ill condition.
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• At present, there is limited data for dosing adjustment 
in augmented renal clearance. Pharmacists can con-
tribute to optimal patient care with their knowledge of 
pharmacokinetic changes in augmented renal clearance.

• Pharmacists should not rely on commonly used cre-
atinine clearance estimations based on mathematical 
formulas to assess patients for augmented renal clear-
ance as they tend to under-estimate renal function. A 
timed-measured creatinine clearance with urine collec-
tion has a better accuracy to screen for augmented renal 
clearance.

Introduction

Augmented renal clearance (ARC) has become increas-
ingly recognized in critically ill patients. ARC is a physi-
ological condition generally defined by creatinine clearance 
(CrCl) ≥ 130 mL/min/1.73m2 [1–13]. Although not fully 
understood, the mechanism underlying ARC likely involves 
the systemic inflammatory response syndrome during which 
inflammatory markers released in critical illness cause vari-
ous physiological changes leading to development of ARC. 
These changes include increased cardiac output, systemic 
vasodilation, increased capillary permeability and renal 
blood flow [2, 14–19].

The prevalence of ARC in general intensive care unit 
(ICU) patients varies from 20 to 65% [1, 3–5, 7, 9, 11–14, 
20–26]. Some data suggest it can reach 85% in patients with 
traumatic brain injury (TBI) and up to 100% in those with 
subarachnoid hemorrhage [27, 28]. ARC develops early on 
following ICU admission, generally within the first week, 
but may occur later [2, 3, 19, 20]. Its duration remains uncer-
tain from lasting one day to persisting for 2–3 weeks [4, 7, 
12, 21].

Several independent risk factors of ARC have been iden-
tified, which include younger age (≤ 50 years), male sex, 
trauma or polytrauma and lower severity of illness [1, 2, 6, 
9, 11, 13, 21, 22, 29]. Other risk factors such as ethnicity, 
duration of mechanical ventilation, protein intake and use of 
diuretics or vasopressors are reported but their association 
with ARC is not well-established [3, 7, 20, 25–27, 30].

Presence of ARC may result in lowered serum concentra-
tions of renally cleared medications, increasing the risk of 
treatment failure and development of antibiotic resistance 
[21, 31–33]. The role of clinical pharmacists is crucial to 
ensure optimal drug dosing in the critically ill population 
presenting ARC. Dosing adjustments should take into con-
sideration drug characteristics, and pharmacokinetic altera-
tions in ARC. In addition, close renal function and thera-
peutic drug monitoring, if available, are often necessary for 
adequate adjustments.

Aim

This retrospective cohort study aims to identify demo-
graphic and clinical factors associated with ARC in criti-
cally ill patients to better predict at-risk patients and docu-
ment renally excreted medications likely impacted by this 
condition.

Ethics approval

The study obtained approval from the McGill University 
Health Center (MUHC) Research ethics board (Reference 
# 2021-7455).

Method

Study design and setting

This retrospective single center observational cohort study 
was undertaken in a mixed (medical, surgical and trauma) 
adult ICU of the Montreal General Hospital (MGH) affili-
ated to MUHC. Patient distribution over a 5-year period 
from 2016 to 2020 based on reasons of admission was medi-
cal (38%), surgical (27%) and trauma (35%). Patient consent 
was waived given its retrospective design.

Participants

Patients aged 18 years or older, admitted to ICU between 
January 1st, 2016 to December 31st, 2020 with a 24-h urine 
collection were eligible for this study. Patients were excluded 
if they had a baseline serum creatinine (SrCr) ≥ 120 μmol/L 
upon ICU admission. At the MGH, a 24-h once weekly urine 
collection is requested from the nutrition service for patients 
receiving enteral or parenteral nutrition and admitted for at 
least 3 days in the ICU. Collections are typically performed 
from Sunday 7:00 a.m. to Monday 7:00 a.m.

Procedures

All data were obtained from medical records. Demo-
graphics including age, sex, anthropometric measure-
ments, comorbidities, reason for admission, ICU length 
of stay (LOS), duration of mechanical ventilation, number 
of days in the ICU at the time of 24-h urine collection, 
SrCr upon ICU admission, presence of co-treatments 24-h 
before and during urine collection period, renally excreted 
medications administered during urine collection, Acute 
Physiologic Assessment and Chronic Health Evaluation II 
(APACHE II) and Sequential Organ Failure Assessment 
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(SOFA) scores were collected. Injury Severity Score (ISS) 
for patients admitted for trauma was obtained from our 
trauma registry. If the patient was readmitted in the ICU 
within the same hospitalization, only the first admission 
was considered. In case of multiple hospitalizations within 
the study time frame, we proceeded as follows: (1) If a 
24-h urine sample was performed at each admission, data 
from the most recent admission was used. (2) If the patient 
had only one urine collection among the several admis-
sions, the admission with the collection was recorded. (3) 
If the patient had no urine collection at each admission, the 
most recent episode was considered. In addition, age, sex, 
ICU LOS, duration of mechanical ventilation, APACHE 
II score and reason for admission were also collected for 
all excluded patients admitted within the study time frame. 
All anonymized data were entered into the REDCap® soft-
ware [34, 35].

Presence of ARC was defined as CrCl ≥ 130  mL/
min/1.73m2 and was calculated based on 24-h urine col-
lection with the following formula:

CrCl = 24-h urine creatinine clearance (ml/s), converted 
in mL/min and adjusted for body surface area (BSA) using 
the Dubois and Dubois formula.

Quantitative determination of urine creatinine was per-
formed by the local clinical laboratory using the Olympus 
AU5800 analyzer (Beckam Coulter Inc, Brea, CA). The 
Enzymatic Creatinine method was performed and the urine 
calibrator creatinine value is traceable to Isotope Dilution 
Mass Spectroscopy method via National Institute of Stand-
ards and Technology Standard Reference Material 967.

Missing data

Mean values for weight, height and SOFA score were cal-
culated for all patients with urine collection. Single mean 
imputation was applied to missing data in order to deter-
mine the patient’s ARC status. This method was deemed 
acceptable and unlikely to lead to biased estimates as the 
percentage of missing data was less than 5% [36].

Study size

A convenience sample was used for this study. It was 
estimated that weekly, 4 patients out of 24 available beds 
in MGH ICU would have a 24-h urine collection, corre-
sponding to around 200 patients per year, which translates 
into 900–1000 patients over a 5-year period. Assuming a 
conservative prevalence of 20% of ARC stated in the lit-
erature, we estimated that around 150–200 patients would 
present ARC.

Statistical methods

Continuous data were expressed as means with standard 
deviation (SD) or as medians with interquartile range (IQR) 
for non-normally distributed variables and categorical data 
as frequencies (%). All measured variables were compared 
between patients with and without ARC. Comparison of 
normally distributed continuous data was performed using 
Student t test. Mann–Whitney U test was used for skewed 
data. Categorical data was compared using Pearson’s chi-
squared test or Fisher’s exact test, where appropriate.

Based on current literature, age, sex, reason for admis-
sion and SOFA score were directly included in the logistic 
regression model as independent risk factors. A comorbidity 
score was computed for each patient by assigning a value 
of 0.25 to each of the four comorbidities assessed. Univari-
ate analysis was used to identify other variables potentially 
associated with the development of ARC. Variables with a 
p-value < 0.10 in the univariate analysis served as covariates 
in the logistic regression analysis using a backward step-
wise selection to identify independent risk factors of ARC. 
Correlation tables were used to assess collinearity between 
variables. Goodness-of-fit of the model was assessed using 
the Hosmer–Lemeshow test. A receiver operating character-
istic (ROC) curve was generated to examine the accuracy of 
the model to distinguish between patients with and without 
ARC. All data analysis were performed using IBM SPSS 
Statistics version 27 (IBM Corporation, Chicago, IL).

Results

A total of 2670 patients admitted to the MGH ICU were 
retrospectively screened for eligibility and 324 patients 
met inclusion criteria. The remaining 2346 patients were 
excluded and reasons for exclusion included lack of urine 
collection during the ICU stay (n = 2241), a SrCr ≥ 120 
umol/L (n = 103) and missing urine collection results (n = 2) 
(Fig. 1).

Baseline characteristics of included and excluded patients 
are shown in Supplemental material 1. Significant differ-
ences were observed between included and excluded patients 
for median ICU LOS and median duration of mechanical 
ventilation (16 vs. 3 days and 11 vs. 2 days, respectively) 
despite similar severity of illness as expressed by the 
APACHE II score (19.7 ± 6.7 points vs. 18.5 ± 8.3 points). 
More patients were admitted for trauma in the included 
group (52.8% vs. 32.3%).

Demographic and clinical data of ARC and non-ARC 
patients are presented in Table 1. Patients with ARC were 
younger (42.5 ± 13.9 years old vs. 60.9 ± 18.1 years old; 
p < 0.001), had a lower mean SrCr (69.9 ± 19.7 umol/L vs. 
78.1 ± 20.9 umol/L, p = 0.002), a significantly lower SOFA 
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score (7.3 ± 2.5 points vs. 8.1 ± 2.9 points; p = 0.028) and 
a lower APACHE II score (16.9 ± 6.3 points vs. 20.7 ± 6.5 
points; p < 0.001). The number of days in ICU at the time 
of 24-h urine collection was comparable between groups 
with an overall mean of 7.4 ± 5.8 days. Mean adjusted CrCl 
was 161.5 ± 37.8 ml/min/1.73m2 in the ARC group ver-
sus 78.7 ± 29.4 ml/min/1.73m2 in the group without ARC 
(p < 0.001). Median ICU LOS was also significantly shorter 
for patients presenting ARC (14 vs. 17 days; p = 0.05). With 
respect to presence of comorbidities (hypertension, diabe-
tes, coronary artery disease and active cancer), patients 
with ARC had less comorbidities, shown by a significantly 
lower comorbidity score (0.09 ± 0.17 points vs. 0.21 ± 0.24 
points, p < 0.001). Most patients with ARC were admitted 
for trauma (70.7%) and appeared to have received less co-
treatments in the 24 h prior and during urine collection than 
patients without ARC.

Weight and height data were missing for 1 and 8 patients, 
respectively. Additionally, SOFA score could not be calcu-
lated (n = 6) because of missing data. Information on co-
treatments and renally excreted medication were not avail-
able for 1 patient.

ARC was identified in 25.3% (n = 82) of the cohort. As 
shown in Fig. 2, most patients presented ARC within the 
first 10 days following ICU admission. Only one patient with 
ARC had a first 24-h urine collection performed 36 days 
after ICU admission, which was a 76-year-old patient with 
an active cancer with a SrCr of 52 umol/L and a CrCl of 
169.03 ml/min/1.73m2.

Age, sex, reason for admission and SOFA score were 
included in the logistic regression model as defined a priori. 

Other variables identified with a p-value < 0.10 in univari-
ate analysis included height, ICU LOS, APACHE II score, 
SrCr upon admission, hypertension, coronary artery dis-
ease, active cancer, use of vasopressors and use of diuretics 
24-h before urine collection. Height was not included in the 
model considering the difference between groups is unlikely 
to be clinically significant. ICU LOS was excluded because 
of the lack of value as a predictive risk factor. APACHE 
II score was not included in the multivariable analysis due 
to collinearity with SOFA score, an approach also used by 
Udy et al. [22]. Age was dichotomized because it was found 
to be non-linear with the linearity of the logit. A cut-off of 
50 years old was chosen based on visual inspection of a box 
plot of ARC status versus age (Supplemental material 2). 
As performed by Barletta et al. comorbidities were inputted 
in the model as a single continuous variable defined by the 
comorbidity score [9].

Eight variables were entered into a backward step-
wise regression model: age < 50  years old, sex, SrCr 
upon ICU admission, SOFA score, reason for admis-
sion, comorbidity score, use of vasopressors and diu-
retics 24-h prior urine collection. Multivariate logis-
tic regression analysis identified risk factors for ARC, 
namely age < 50 years old (Adjusted Odds Ratio (AOR) 
7.315; 95% CI 4.028–13.286, p < 0.001), lower SrCr 
upon ICU admission (AOR 0.970; 95% CI 0.955–0.985, 
p < 0.001) and admission for trauma (AOR 2.257; 95% CI 
1.122–4.540, p = 0.022). Although included in the model, 
male sex (AOR 1.946; 95% CI 0.90–3.945, p = 0.065) and 
admission for surgery (AOR 0.644; 95% CI 0.226–1.833, 
p = 0.410) were not significantly associated with ARC 

Fig. 1  Study flow diagram. Abbreviations: ARC, augmented renal clearance; SrCr, Serum creatinine upon admission. *APACHE II score miss-
ing for 16 patients
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Table 1  Demographic and clinical characteristics of patients

All data are presented as mean ± SD or as frequency (%), except for ICU length of stay and duration of mechanical ventilation, which are pre-
sented as median [interquartile range]
BSA Body surface area, SOFA Sequential organ failure assessment, APACHE II Acute physiology and chronic health evaluation II, ISS Injury 
severity score, SrCr Serum creatinine, CrCl Creatinine clearance; TBI Traumatic brain injury
*As 2 patients did not require mechanical ventilation during their ICU stay, the reported median used data obtained from N = 240 patients with-
out ARC and N = 322 of all patients
˜ISS scores for trauma patients only (N = 171, 58 and 113 respectively for each column)
†Co-treatments usage was unavailable for 1 patient with ARC due to missing ICU flowsheet in electronic medical record, percentages were 
adjusted accordingly using N = 81 for patients with ARC and N = 323 for all patients
‡p value calculated with Fisher’s exact test

Characteristics All patients
N = 324

Patients with ARC 
N = 82 (25.3%)

Patients without ARC 
N = 242 (74.7%)

P value

Age, y 56.3 ± 18.9 42.5 ± 13.9 60.9 ± 18.1  < 0.001
Male sex, n (%) 225 (69.4) 61 (74.4) 164 (67.8) 0.261
Actual weight at ICU admission, kg 78.0 ± 20.4 77.2 ± 19.1 78.2 ± 20.9 0.682
Height, m 1.71 ± 0.11 1.73 ± 0.11 1.70 ± 0.10 0.026
BSA,  m2 1.89 ± 0.26 1.90 ± 0.25 1.88 ± 0.26 0.670
ICU length of stay, d 16.00 [1–25] 14.00 [10–20] 17.00 [10–27.25] 0.050
Duration of mechanical ventilation, d 11.00 [7–19]* 11.00 [7–15.25] 12.00 [7–20]* 0.185
Number of days in ICU at the time of 24 h 

urine collection, d
7.4 ± 5.8 6.7 ± 4.9 7.6 ± 6.1 0.230

Minimum value, d 1 1
Maximum value, d 36 40
SOFA score 7.9 ± 2.9 7.3 ± 2.5 8.1 ± 2.9 0.028
APACHE II score 19.7 ± 6.7 16.9 ± 6.3 20.7 ± 6.5  < 0.001
ISS score ~ 28.9 ± 11.0 29.2 ± 9.4 28.8 ± 11.8 0.788
SrCr upon admission, μmol/L 76.0 ± 20.9 69.9 ± 19.7 78.1 ± 20.9 0.002
Adjusted CrCl, ml/min/1.73m2 100.2 ± 48.7 163.6 ± 37.7 78.7 ± 29.4  < 0.001
Comorbidities, n (%)
Hypertension 105 (32.4) 12 (14.6) 93 (38.4)  < 0.001
Diabetes type 1 or 2 51 (15.7) 10 (12.2) 41 (16.9) 0.308
Coronary artery disease 28 (8.6) 1 (1.2) 27 (11.2) 0.006
Active cancer 47 (14.5) 5 (6.1) 42 (17.4) 0.012
Comorbidities score 0.18 ± 0.23 0.09 ± 0.17 0.21 ± 0.24  < 0.001
Reason of admission, n (%)
Surgical 64 (19.8) 7 (8.5) 57 (23.6)
Medical 89 (27.5) 17 (20.7) 72 (29.8)
Trauma 171 (52.8) 58 (70.7) 113 (46.7)
Isolated TBI (n, % trauma)
Polytrauma (n, % trauma)
Polytrauma and TBI (n, % trauma)

51 (29.8)
42 (24.6)
78 (45.6)

19 (32.8)
13 (22.4)
26 (44.8)

32 (28.3)
29 (25.7)
52 (46.0)

Co-treatments 24 h before urine collection†, n (%)
Vasopressors 65 (20.1) 11 (13.6) 54 (22.3) 0.090
Diuretics 67 (20.7) 11 (13.6) 56 (23.1) 0.066
Inotropes 3 (0.9) 0 3 (1.2) 0.576‡
Co-treatments during the 24 h urine collection†
Vasopressors 50 (15.5) 9 (11.1) 41 (16.9) 0.209
Diuretics 82 (25.4) 16 (19.8) 66 (27.3) 0.178
Inotropes 3 (0.9) 0 3 (1.2) 0.576‡
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(Table 2). The Hosmer–Lemeshow test was non-signifi-
cant (χ2(8) = 9.536, p = 0.299), suggesting an acceptable 
fit between the regression model and observed data. Like-
wise, the area under the ROC curve (AUC 0.810; 95% CI 
0.756–0.864, p < 0.001) also suggested that the model was 
able to discriminate well patients with ARC from those 
without (Fig. 3).

Data on renally excreted medications administered to 
patients are provided in Table 3. The three most common 
medications given to patients with ARC were dalteparin, 
piperacillin-tazobactam and meropenem (75.3%, 42.0% 
and 29.6% respectively).

Discussion

In our study, age < 50 years old, trauma and lower SrCr 
at ICU admission were identified as independent risk 
factors for ARC, consistent with current literature using 
multivariate analysis. Age has been consistently identi-
fied as a risk factor of ARC among studies [6, 8, 9, 21, 
22, 25, 26, 37, 38]. In addition, trauma is also strongly 
associated with ARC. Recently, Dickerson et al. found 
that in ICU patients receiving enteral or parenteral nutri-
tion, severe TBI was a predictor of ARC [26]. Minville 

Fig. 2  Timing of detected augmented renal clearance. Abbreviations: ARC, augmented renal clearance; ICU, intensive care unit, Std. Dev, stand-
ard deviation

Table 2  Multivariate logistic 
regression model for augmented 
renal clearance prediction

Hosmer–Lemeshow goodness-of-fit test: χ2(8) = 9.536, p = 0.299; CI Confidence interval

Variables Regression coef-
ficient

Adjusted odds ratio (95% CI) P value

Age < 50 1.990 7.315 (4.028–13.286)  < 0.001
Male sex 0.666 1.946 (0.960–3.945) 0.065
Serum creatinine at admission − 0.031 0.970 (0.955–0.985)  < 0.001
Reason for admission 0.007
Trauma versus Medical 0.814 2.257 (1.122–4.540) 0.022
Surgical versus Medical − 0.440 0.644 (0.226–1.833) 0.410
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et al. reported that polytrauma (odds ratio (OR) 3.33; 95% 
CI 1.8–6, p = 0.0001) was independently correlated to a 
CrCl ≥ 120 ml/min/1.73m2 when compared to a medical/
surgical population [37]. In contrast to these studies, our 
univariate results did not show a statistically significant 
difference between trauma subgroups (i.e. isolated TBI, 
polytrauma and polytrauma with TBI) and therefore sub-
categories were not included in our regression model. In a 
larger (n = 442) mixed ICU population (i.e. trauma, medi-
cal and surgical patients), Baptista et al. identified trauma 
as an independent risk factor (AOR of 2.0; 95% CI 1.1–3.7, 
p < 0.05) [6]. Udy et al. showed that trauma was a predic-
tor of ARC in a population of septic and traumatized criti-
cally ill patients (AOR 28.6; 95% CI: 4.4–187.2). The high 
OR reported is likely explained by the specificity of their 
included population [22].

Low SrCr has previously been identified as a significant 
risk factor for ARC [9, 26]. Although the specific patho-
physiological mechanism is not well understood, ARC has 
been associated with systemic inflammatory process result-
ing in an increase of renal blood flow, that positively impacts 
glomerular filtration rate (GFR), and the activation of renal 
function reserve [1, 26, 39, 40]. As for creatinine, it is a 
waste product derived from creatine that is mostly cleared 
through glomerular filtration but also tubular secretion and 

Fig. 3  Receiver operating characteristic curve for multivariate logis-
tic regression model. Abbreviations: AUC, area under the curve, CI, 
confidence interval

Table 3  Renally excreted 
medication administered to 
patients during urine collection

ARC, augmented renal clearance
*Use of co-treatments was unavailable for 1 patient with ARC due to missing ICU flowsheet in electronic 
medical record, percentages were adjusted accordingly (n = 81 patients)

Renally eliminated medications All patients
N = 324*

Patients with ARC 
N = 82* (25.3%)

Patients without ARC 
N = 242 (74.7%)

Antibiotics, n (%)
Amikacin 1 (0.3) 0 (0) 1 (0.4)
Cefazolin 10 (3.2) 3 (3.7) 7 (3)
Cefepime 0 (0) 0 (0) 0 (0)
Ciprofloxacin 6 (1.9) 1 (1.2) 5 (2.1)
Daptomycin 2 (0.6) 1 (1.2) 1 (0.4)
Gentamicin 1 (0.3) 0 (0) 1 (0.4)
Imipenem 0 (0) 0 (0) 0 (0)
Linezolid 3 (0.9) 0 (0) 3 (1.3)
Meropenem 69 (21.4) 24 (29.6) 45 (19.1)
Piperacillin-Tazobactam 134 (41.5) 34 (42.0) 100 (42.6)
Tobramycin 2 (0.6) 0 (0) 2 (0.9)
Vancomycin 58 (18.0) 20 (24.7) 38 (16.2)
Anticoagulants, n (%)
Dalteparin 209 (64.7) 61 (75.3) 148 (63)
Enoxaparin 4 (1.2) 0 (0) 4 (1.7)
Antifungal, n (%)
Fluconazole 13 (4.0) 2 (2.5) 11 (4.7)
Anticonvulsant, n (%)
Levetiracetam 22 (6.8) 5 (6.2) 17 (7.2)
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is commonly used as a biomarker to estimate renal func-
tion. This suggests that GFR could be inversely associated 
to SrCr levels as there is a more rapid excretion by glo-
merular filtration. Thus, low SrCr could be correlated with 
ARC [26, 39, 40]. Barletta et al. observed that patients with 
a SrCr ≤ 62 μmol/L were at higher risk of developing ARC 
(OR 12.3; 95% CI 2.9–52.1, p = 0.001) [9]. In both studies, 
the population was limited to trauma patients and the tim-
ing of the measured SrCr was not well-defined. We found 
a significant correlation between SrCr upon ICU admission 
and ARC in our mixed ICU cohort. This observation is most 
likely driven by the higher proportion of trauma patients 
included in our study (71%). This finding adds further evi-
dence that low SrCr upon ICU admission could be a predic-
tor of ARC in a broader range of critically ill patients.

Although several studies identified male sex as an inde-
pendent risk factor for ARC, we did not find a significant 
association between these two variables in our model, poten-
tially due to our small sample size (n = 82) [6, 9, 21, 26].

ARC was identified in 25.3% of included patients which 
is within the lower range of prevalence of ARC reported 
[5–7, 12, 13, 22, 24, 26, 28, 41]. Most developed within 
10 days of ICU admission, consistent with published data. 
One patient presented ARC on day 36 of ICU admission. He 
was admitted for pneumosepsis and had lung cancer with 
liver and bone metastases accompanied by severe weight 
loss. We hypothesize that the underlying hypermetabolism 
and inflammatory process may have contributed to persistent 
or late-onset ARC but cannot determine if it was a persis-
tent phenomenon as only one urine collection was recorded. 
Besides, risk factors for sustained or late-onset ARC remain 
largely unknown. Nazer et al. reported an incidence of ARC 
ranging from 15.6 to 24% in critically ill patients with cancer 
over the first 5 days of ICU admission [38]. Recent studies 
have included the number of days since ICU admission as 
a predictive factor for ARC given the likelihood of its pres-
ence shortly after admission [13, 41]. However, this variable 
was not included in our model because 24-h weekly urine 
collection did not allow us to fully capture the time course 
of ARC. Including this time-related variable would mislead 
result interpretation and inaccurately suggest later onset of 
ARC.

Comparison between included and excluded patients 
revealed that included patients were mainly admitted for 
trauma, had a longer median ICU LOS and duration of 
mechanical ventilation (Supplemental material 1). It can be 
noted that 95.5% of subjects were excluded because of una-
vailable urine collection, which is explained predominantly 
by the short ICU LOS shown (Fig. 1). This once-weekly fre-
quency selects patients with longer ICU stay and our results 
may not be generalizable to patients with lower illness sever-
ity and shorter ICU stay. Yet, our study aimed to detect ARC 
using a more precise tool of CrCl measurement and such 

differences were expected between included and excluded 
patients. Thus p-values were not calculated to demonstrate 
between-group differences.

Lastly, in patients displaying ARC, dalteparin, piperacil-
lin-tazobactam and meropenem were the most frequently 
administered medications. Reports of lower serum concen-
trations support the importance of close monitoring of renal 
function and therapeutic drug monitoring to optimize anti-
microbial and antithrombotic therapy in patients exhibiting 
ARC [5, 10, 11, 21, 23, 25, 31]. Clinical pharmacists play 
a significant role in assessing the appropriateness of phar-
macotherapy in this population. With conventional dosing, 
enhanced renal clearance patients are more susceptible to 
experience subtherapeutic medication dosing and therapeu-
tic failure, which highly correlates with clinical outcomes. 
They should be familiar with the pharmacological proper-
ties (e.g. hydrophilicity, molecular size, elimination routes, 
etc.) of commonly used renally cleared molecules in their 
respective center in order to estimate the impact of ARC on 
drug dosing. For these drugs, a shorter half-life, a lower peak 
serum concentration (Cmax) and smaller AUC are expected 
[1]. Pharmacists should conduct a risk assessment for ARC 
using risk factors to rapidly detect at-risk patients and should 
optimize dosing empirically based on clinical presentation. 
For those at risk, Hefny et al. recommended at least one 
measured CrCl on admission using urine collection for fur-
ther evaluation as we know that mathematical estimations 
of CrCl may lose accuracy in ARC [42].

This study has several limitations. First, due to its ret-
rospective design, some variables could not be studied 
(e.g. ethnicity, cardiac index). Information bias is possible 
because some variables required clinical interpretation (e.g. 
reason for admission). Our method can also lead to a poten-
tial selection bias as more severely ill patients with a longer 
stay in the ICU were selected (Supplemental material 1) due 
to the lack of systematic urine collection for every admitted 
patient. Urine collections are conducted on those in a more 
critical condition requiring longer ICU length of stay as the 
test is ordered for nutritional support consults, suggesting a 
prioritization of the procedure by illness severity. Therefore, 
it may be less likely for patients with favorable clinical out-
comes and short ICU stay to get a urine collection. Although 
prospectively gathered data is generally associated with 
fewer bias, both retrospective and prospective studies pro-
vide consistent and complementary results [3, 5–9, 11, 12, 
21, 24, 25, 27, 31, 43]. Second, being a single-center study, 
our results may not apply to other settings. Third, conveni-
ence sampling using weekly urine collection, and not daily, 
may under-represent ARC patients and dilute our results. 
Our sampling method can be explained by the unavailabil-
ity of 24 h urine collection for all patients, but we chose 
the preferred method for measuring CrCl given its clinical 
feasibility and greater accuracy over CrCl estimations with 
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SrCr [14, 18, 42]. It also prevented assessment of onset and 
duration of ARC. Although recently, Dickerson et al. found 
that African American ethnicity and protein intake were 
significantly associated with ARC, neither were assessed 
in our study [26]. Further investigations should aim to iden-
tify risk factors for ARC in older patients as they are not 
well-elucidated.

Conclusion

In our mixed ICU cohort with a weekly 24-h urine collec-
tion, 25.3% of patients developed ARC within 10 days of 
ICU admission. Age < 50 years old, lower SrCr upon ICU 
admission and trauma were identified as independent risk 
factors for the development of ARC. To our knowledge, this 
is the first study identifying SrCr upon admission as an inde-
pendent risk factor for ARC in a mixed critically ill popula-
tion. Antimicrobials and antithrombotics are likely affected 
by ARC and require therapeutic drug monitoring.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11096- 022- 01458-9.
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