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1  |  INTRODUC TION

Augmented renal clearance (ARC) is a phenomenon that is com-
monly described in critically ill patients and is characterized by in-
creased creatinine clearance and enhanced renal function.1 This 
condition has been described over the first 5 days of ICU admission 

and has been associated with increased excretion of renally elimi-
nated drugs, such as antimicrobials, resulting in reduced levels and 
potentially therapeutic failure.2- 5

The mechanism for ARC in critically ill patients is not clearly 
understood. It appears that the systemic inflammatory response 
resulting in increased cytokines and pro- inflammatory mediators, 
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Abstract
Augmented renal clearance (ARC) is a phenomenon that has been associated with en-
hanced excretion of renally eliminated drugs, such as antimicrobials, which may result 
in subtherapeutic levels and potentially therapeutic failure. There has been limited data 
on ARC in critically ill patients with cancer. This study aimed to evaluate the prevalence 
of ARC and to identify risk factors associated with ARC in this patient population. This 
was a prospective study at an oncologic intensive care unit (ICU) which included adult 
patients	with	normal	renal	 function,	defined	as	serum	creatinine	≤1	mg/dl	and	urine	
output >0.5 ml/kg/hr. The 24- hour creatinine clearance (ClCr) study was used to deter-
mine ClCr, starting on day 1 of ICU admission, for 5 days or until ICU transfer or death. 
ARC was defined as ClCr >130 ml/min/1.73 m2. Univariate and multivariate logistic re-
gression analyses were performed to identify risk factors for ARC. Over the study pe-
riod, 363 patients were enrolled who completed an average of 2.8 ± 1.5(SD) days in the 
study and contributed 977 ClCr measurements. The mean age was 52 ± 16(SD) years 
old, the majority had solid tumors (n = 264, 73%), mean APACHE II was 21 ± 8(SD), 
and the major admission diagnosis was respiratory failure (n = 165, 45%). ARC was re-
ported in 116 (32%) patients on at least one of the study days. Over the study period, 
the incidence of ARC ranged between 15.6% and 24.3%. Age was the only risk factor 
significantly associated with ARC (OR 1.028, 95% CI 1.005– 1.051).
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as well as the aggressive fluid and hemodynamic treatments con-
tribute to alterations in glomerular filtration, renal tubular secretion, 
and tubular reabsorption observed in patients with augmented renal 
clearance.5,6

Although several studies have evaluated ARC in critically ill pa-
tients, none of the studies have specifically evaluated the critically 
ill	 patient	 population	 with	 cancer.	 Febrile	 neutropenia	 has	 been	
reported as an independent risk factor for ARC.7 In addition, neu-
tropenia and hematological malignancies have been associated with 
increased clearance of several antimicrobials, suggesting augmented 
renal clearance.8- 10 However, those studies had relatively small sam-
ple sizes and evaluated non- critically ill patients. In addition, the 
renal function was determined based on the mathematical equations 
for estimating renal function rather than measured creatinine clear-
ance, which is a methodology that is recognized as being inaccurate 
in estimating renal function and augmented renal clearance in the 
critically ill patient population.11- 15

This study aimed to evaluate the prevalence of ARC among crit-
ically ill patients with cancer, as determined by the measured cre-
atinine clearance, and to identify predictors associated with this 
phenomenon.

2  |  MATERIAL S AND METHODS

2.1  |  Setting

This was a prospective observational study conducted in the adult 
intensive care unit (ICU) at King Hussein Cancer Center (KHCC) be-
tween July 2017 and March 2020. KHCC is a 350- bed comprehen-
sive cancer center in Amman, Jordan, with an oncologic ICU that 
treats around 800 patients per year with solid and hematologic ma-
lignancies who are admitted for the management of cancer as well 
as non- cancer- related critical illnesses. The ICU has a closed- unit 
model, with the most common admission diagnosis being respiratory 
failure and sepsis and an overall ICU mortality of 35%.16

2.2  |  Ethics Approval

Ethical approval was obtained from the Institutional Review Board 
at King Hussein Cancer Center (research project #17KHCC22). The 
requirement for informed consent was waived for this study.

2.3  |  Participants

The	study	included	adult	patients	(≥18	years	old)	who	had	normal	
renal function upon admission to the ICU. Normal renal function 
was	defined	as	 serum	creatinine	of	≤1	mg/dl	and	urine	output	of	
≥0.5	ml/kg/hour.	Eligibility	criteria	included	the	presence	of	an	in-
dwelling urinary catheter within 6 hours of admission and an ex-
pected ICU length of stay greater than 24 hours. Patients with acute 

kidney injury were excluded, which was defined as an increase in 
serum creatinine of greater than 0.3 mg/dl from baseline. In addi-
tion, patients were excluded if an indwelling urinary catheter was 
not clinically indicated or if there was greater than 6 hours delay in 
inserting the catheter. In addition, on days in which the laboratory 
testing was not indicated for a study patient, the measured creati-
nine clearance (ClCr) was not performed since the serum creatinine 
is necessary to determine the measured ClCr. Patients who were 
admitted for non- critical illnesses such as observation post- surgery 
or observation during high- risk oncology- related therapies were 
also excluded.

2.4  |  Study procedure and endpoints

All patients admitted to the ICU were screened on a daily basis. 
Patients who met the eligibility criteria had their ClCr measured, 
starting on day 1 of their ICU admission and for a total of 5 days or 
until	 ICU	 transfer	or	death,	whichever	occurred	 first.	For	patients	
who developed acute kidney injury during the study period, the 
study was terminated for that patient and no further urine samples 
were taken. Acute kidney injury was defined as an increase in serum 
creatinine of greater than 0.3 mg/dl and/or a decrease in urine out-
put to less than 0.5 ml/kg/hr for at least 6 hours.

The 24- hour ClCr study was used to determine the patient's daily 
ClCr. Urine collection started within 6 hours of ICU admission. The 
patient's nurse recorded the time of initiating urine collection, and 
every 24 hours, the collected urine was sent to the hospital's labo-
ratory to determine the ClCr. The 24- hour ClCr (ml/min) was calcu-
lated according to the following formula: [urinary creatinine (mg/dl)  × 
 urinary output (ml/min)]/ plasma creatinine (mg/dl). The plasma creat-
inine concentration measured on the day of the measured ClCr was 
used in the ClCr formula. The measured creatinine clearance was then 
adjusted for body surface area, using the height and weight recorded 
upon admission. ARC was defined as a measured ClCr >130 ml/
min/1.73 m2.

Demographics and baseline characteristics were recorded pro-
spectively, which included age, gender, height, weight (actual and 
ideal), body surface area, type of malignancy, metastatic disease, 
Acute Physiology and Chronic Health Evaluation (APACHE) II score, 
admission diagnosis, thrombocytopenia, neutropenia, serum cre-
atinine, fever, lactic acid, presence of nephrotoxic medications, 
mechanical ventilation, and the administration of vasopressors. In 
addition, we recorded ICU length of stay as well as ICU and hospital 
mortality.

2.5  |  Statistical analysis

A priori sample size of at least 300 patients was deemed appropriate 
for exploratory analysis. The sample size was chosen based on the 
sample sizes in other similar studies as well as what was considered 
as a feasible sample to achieve in our setting over the study period.5 



    |  3 of 6NAZER Et Al.

No assumptions were made for ClCr samples that were missed. 
Patients who had missing samples were still included in the study 
but were not counted on the days in which the creatinine clearance 
was	not	measured.	For	patients	in	whom	the	study	was	terminated	
due to acute renal failure, the ClCr measurements on the days prior 
to developing renal failure were included in the analysis but subse-
quent measurements, if any, were excluded.

Continuous data were reported as mean and standard deviation 
or median and interquartile range, while nominal data were reported 
as a percentage. Univariate analysis was performed to compare the 
characteristics of patients who developed ARC and those who did 
not develop ARC on the first day of ICU admission. The Student's 
t- test or Mann– Whitney U test was used to compare continuous 
data,	whereas	the	Chi-	Square	test	or	the	Fisher	Exact	test	was	used	
to	 compare	nominal	data.	For	 factors	 that	were	 significant	 in	uni-
variate analysis, multivariate logistic regression was performed to 
identify significant risk factors for ARC on the day of ICU admission. 
The goodness of fit of the regression model was performed using 
R- square. A two- sided p- value of less than 0.05 was considered as 
statistically significant, and all analyses were performed using SAS 
version 9.4.

3  |  RESULTS

Over the study period, 363 patients were enrolled, who completed 
an average of 2.8 ± 1.5 (SD) days in the study, and contributed a total 
of 977 individual ClCr measurements. Patients who did not com-
plete the 5 days of the study included 173 who were transferred to 
the floors, 47 who died, 45 who had lost samples due to accidentally 
being discarded by the bedside nurse, 18 patients who developed 
acute kidney injury, and eight who did not have serum creatinine 
ordered on certain days of the study.

Table 1 outlines the characteristics of the patients enrolled in 
the study. The mean age was 52 ± 16 (SD) years old, the majority 
had solid tumors (n = 264, 73%), mean APACHE II was 21 ± 8 (SD), 
and the major admission diagnosis was respiratory failure (n = 165, 
45%). The median ICU length of stay was 3 days (IQR 2– 6) and ICU 
mortality was reported in 115 (32%) patients.

3.1  |  Prevalence of ARC

Among the enrolled patients, 116 (32%) had ARC reported on at 
least one of the study days. Over the study period, the incidence 
of ARC ranged between 15.6% and 24.3%, as demonstrated in 
Figure	1.

On day 1 of ICU admission, ARC was reported in 67 (18.9%) of 
the patients with measured ClCr, and among those patients with 
ARC who had additional ClCr measurements beyond day 1 (n = 48), 
26 (54%) had at least another day with ARC. New cases of ARC were 
also identified on subsequent days (on day 2, 12% (n = 28); on day 3, 
6% (n = 11); on day 4, 3% (n = 4); on day 5, 7.5% (n = 6)).

3.2  |  Predictors for ARC

In the univariate analysis, there were statistically significant differ-
ences between patients who developed ARC and those who did not 
develop ARC on their first day of ICU admission in the following: age, 
height, ideal body weight, neutropenia upon admission, fever on day 
1, seem creatinine on day 1, and mechanical ventilation during the 
study period. (Table 1) However, in multivariate logistic regression, 
only the age was significantly associated with ARC (OR 1.028, 95% 
CI 1.005– 1.051).

4  |  DISCUSSION

In this paper, we report the findings of the ARCCAN study, a pro-
spective observational study evaluating ARC in critically ill patients 
with cancer. The study reports two important findings; the first 
being that ARC is common among cancer patients over the first 
5 days of their ICU stay. The second finding is related to identifying 
patient- related factors and baseline characteristics that may help cli-
nicians in predicting ARC in patients admitted to the ICU. Similar to 
other studies conducted in non- cancer patients, age was identified 
as a predictor associated with ARC in the study cohort.5 However, 
the study did not identify any other predictors of ARC which makes 
it challenging for the clinician to predict early on, upon admission, 
which patients may have ARC and may potentially require higher 
than normal doses of antimicrobial therapy.

In the ARCCAN study, ARC was reported at least once in one- 
third of patients with solid and hematological malignancies over the 
first 5 days of their ICU stay. We are not aware of other studies that 
have specifically described the incidence of ARC in the critically ill 
cancer population, but the incidence reported in critically ill patients 
has generally ranged between 14% and 80%.5,17

Among patients who developed ARC on the first day of their 
ICU admission, the majority (75%) had at least one additional day 
with reported ARC. This is similar to what has been reported in a 
multicenter study which included 281 patients and 1,660 creatinine 
clearance measurements.18 Over 65% of the patients manifested 
ARC on at least one occasion during the 7- day study period, the ma-
jority (74%) of whom had ARC reported in at least half of the creat-
inine clearance measurements. Other studies have reported similar 
findings suggesting that patients with ARC on one day are likely to 
have ARC on additional days.19,20

The literature recommends the use of measured creatinine clear-
ance using urinary collection to identify patients with ARC since the 
commonly utilized formulas to calculate the creatinine clearance 
are imprecise in identifying ARC.11- 15,17 However, this would result 
in delays in identifying patients with ARC who may require higher 
doses of antimicrobial therapy. In the immunocompromised criti-
cally ill patient, such delay may negatively impact patient outcomes. 
Therefore, identifying patient- related risk factors associated with 
ARC is essential to predict patients who may have ARC and manage 
accordingly until the results of the measured creatinine clearance 
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TA B L E  1 Patient	characteristics

Variable
All Patients
(n = 363)a 

Day 1 No ARC
(n = 287)

Day 1 ARC
(n = 67) p-  value

Age, year, mean (SD) 52 (16) 54.2 (15.7) 44.5 (15.9) <.001

Gender, male, n (%) 203 (56) 155 (54) 41 (61) .287

Height, cm, mean (SD) 166 (9) 165 (9.1) 168 (9.3) .019

Weight, kg, mean (SD)

Actual 71 (17) 70 (18) 72 (16) .683

Ideal 61 (9) 60 (8.8) 63 (9.8) .034

Type of malignancy

Solid, n(%) 264 (73) 213 (74) 44 (66) .098

Lung cancer 61 (23) 54 (25) 7 (16)

Genitourinary cancers 42 (16) 33 (16) 7 (16)

Head and neck cancers 40 (15) 36 (17) 3 (7)

Gastrointestinal cancers 40 (15) 32 (15) 6 (14)

Breast cancer 36 (14) 25 (12) 10 (23)

Brain tumor 21 (8) 15 (7) 6 (13)

Sarcoma 13 (5) 9 (4) 3 (7)

Others 11 (4) 9 (4) 2 (4)

Hematologic, n(%) 99 (27) 74 (26) 23 (34)

Lymphoma 44 (45) 32 (43) 12 (52)

Acute myeloid leukemia 28 (28) 21 (28) 5 (22)

Acute lymphocytic leukemia 11 (11) 8 (11) 3 (13)

Chronic myelogenic leukemia 3 (3) 3 (4) 0 (0)

Chronic lymphocytic leukemia 2 (2) 2 (3) 0 (0)

Myelodysplastic syndrome 6 (6) 3 (4) 3 (13)

Others 5 (5) 5 (7) 0 (0)

Metastatic solid tumor, n (%) 147 (40) 118 (41) 28 (42) .919

APACHE II, mean (SD) 21 (8) 21 (8) 20 (7) .108

Admission diagnosis, n (%)

Respiratory 165 (45) 144 (50) 19 (28) .006

Infectious 86 (24) 64 (22) 19 (28)

Cardiac 41 (11) 35 (12) 6 (9)

Neurologic 28 (8) 17 (6) 10 (15)

Hematologic 21 (6) 13 (5) 6 (9)

Others 22 (6) 14 (5) 7 (11)

Thrombocytopenia upon admission, 
n(%)

121 (33) 103 (36) 18 (27) .156

Neutropenia upon admission, n(%) 42 (12) 27 (10) 13 (19) .023

Serum creatinine on day 1, mg/dl 
mean (SD)

0.62 (0.2) 0.60 (0.2) 0.60 (0.2) .008

Fever	on	day	1,	n(%) 61 (17) 43 (15) 17 (25) .041

Lactic acid on day 1, mean (SD) 2.9 (2.5) 2.9 (2.6) 2.9 (2.3) .153

Patients on nephrotoxic medications 
upon admission, n(%)

272 (75) 217 (76) 49 (73) .673

Patients on nephrotoxic medications 
during study, n(%)

288 (80) 225 (79) 56 (85) .301

Mechanical Ventilation upon 
admission, n(%)

153 (42) 131 (46) 18 (27) .005

(Continues)
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are available. In our study, age was the only significant predictor, but 
the association between age and ARC was poor. Other studies have 
also identified age as a predictor for ARC.21,22

Unlike previous studies, hematological malignancies, neutrope-
nia, gender, and the severity of illness were not significant predic-
tors in the ARCCAN study.7,9,10,17,21,22 This makes it challenging for 
clinicians to predict who may have ARC upon admission to the ICU 
among a patient population in which sepsis is a common admission 
diagnosis and in whom the timely administration of appropriate 
doses of antimicrobial therapy is critical. This calls for the need of 
additional studies to better understand ARC in this unique popula-
tion. We hypothesize that there may be other cancer- specific risk 
factors that may better predict ARC in this patient population, such 
as the specific type of malignancy, prior chemotherapy, type of che-
motherapy, and performance status.

To our knowledge, this represents the first study evaluating 
ARC in critically ill patients with cancer. The large sample size, the 
prospective design of the study, and the inclusion of both solid and 
hematological malignancies, as well as the assessment of ARC based 
on the measured creatinine clearance, are strengths of the study. 
However, there were several limitations that should be addressed 
in future studies. The first was being a single- center study and 
therefore multi- center studies are necessary to evaluate the gener-
alizability of the findings. We did not record certain cancer- related 

characteristics such as the specific stage of malignancy as well as 
chemotherapy and other cancer- related treatments received prior to 
ICU admission, which may have helped in identifying other potential 
risk	 factors	 for	ARC.	Finally,	 the	 impact	of	ARC	on	the	concentra-
tions of renally excreted medications as well as the impact on clinical 
outcomes was not assessed.

In conclusion, about one- third of critically ill patients with cancer 
had ARC at least once during the first 5 days of ICU admission. Age 
was	 identified	 as	 a	 significant	 factor	 associated	with	ARC.	 Future	
studies should aim to evaluate cancer- specific risk factors and to 
evaluate the impact of ARC on drug levels and outcomes in this pa-
tient population.

ACKNOWLEDG MENTS
The authors thank Dr. Lama Shaikha for her help in patient recruit-
ment and data collection. We also thank the ICU nurses and physi-
cians for their support of this project and their great contributions to 
ordering, gathering, and sending all the necessary samples.

CONFLIC T OF INTERE S T
The authors declare no conflict of interest.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

ORCID
Lama H. Nazer  https://orcid.org/0000-0002-7550-4751 

R E FE R E N C E S
 1. Cook AM, Hatton- Kolpek J. Augmented renal clearance. 

Pharmacotherapy. 2019;39:346- 354.
 2. Carrie C, Petit L, d’Houdain N, et al. Association between aug-

mented renal clearance, antibiotic exposure and clinical outcome 
in critically ill septic patients receiving high doses of B- lactams ad-
ministered by continuous infusion: A prospective. Int J Antimicrob 
Agents. 2018;51:443- 449.

 3. Besnard T, Carrié C, Petit L, Biais M. Increased dosing regimens of 
piperacillin- tazobactam are needed to avoid subtherapeutic expo-
sure in critically ill patients with augmented renal clearance. Crit 
Care. 2019;23(1): https://doi.org/10.1186/s1305 4- 019- 2308- x

	 4.	 Jacobs	A,	Taccone	FS,	Roberts	JA,	et	al.	B-	lactam	dosage	regimens	
in septic patients with augmented renal clearance. Antimicrob 
Agents Chemother. 2018;62:e02534- e2617.

Variable
All Patients
(n = 363)a 

Day 1 No ARC
(n = 287)

Day 1 ARC
(n = 67) p-  value

Mechanical ventilation during study, 
n(%)

165 (45) 138 (48) 22 (33) .030

Vasopressors upon admission, n(%) 142 (39) 117 (41) 23 (35) .376

Vasopressors during study period, 
n(%)

163 (45) 133 (46) 26 (39) .264

aTotal number of patients with creatinine clearance measurements on day 1 was less than the total number of patients enrolled in the study. On day 
1, 12 patients did not have measured creatinine clearance because samples were accidentally discarded. 

TA B L E  1 (Continued)

F I G U R E  1 Number	of	patients	with	augmented	renal	clearance	
(ARC) versus no ARC over the study period

 

67 57 43 20 18

287

178
137

108

62

0

75

150

225

300

375

Day1 Day2 Day3 Day4 Day5

ARC (ClCr>=130 mL/min/1.73m2)
No ARC (ClCr<130 mL/min/1.73m2)

https://orcid.org/0000-0002-7550-4751
https://orcid.org/0000-0002-7550-4751
https://doi.org/10.1186/s13054-019-2308-x


6 of 6  |     NAZER Et Al.

 5. Bilbao- Meseguer I, Rodriguez- Gascon A, Barrasa H, Isla A, Solinis 
MA. Augmented renal clearance in critically ill patients: A system-
atic review. Clin Pharmacokinet. 2018;57:1107- 1121.

 6. Udy AA, Jarrett P, Stuart J, et al. Determining the mechanisms un-
derlying augmented renal drug clearance in the critically ill: Use of 
exogenous marker compounds. Crit Care. 2014;18:657. https://doi.
org/10.1186/s1305 4- 014- 0657- z

 7. Hirai K, Ishii H, Shimoshikiryo T, et al. Augmented renal clearance in 
patients with febrile neutropenia is associated with subtherapeutic 
concentrations of vancomycin. Ther Drug Monit. 2016;38:706- 710.

 8. Haeseker MB, Cross S, Nerf C, Bruggeman CA, Stolk LML, 
Verbon A. Vancomycin dosing in neutropenic patients. PLoS One. 
2014;9:e112008.

 9. Izumisawa T, Kaneko T, Soma M, et al. Augmented renal clearance 
of vancomycin in hematologic malignancy patients. Biol Pharm Bull. 
2019;42:2089- 2094.

 10. Saito K, Kamio S, Ito K, Suzuki N, Abe K, Goto T. A simple scoring 
method to predict augmented renal clearance in hematologic malig-
nancies. J Clin Pharm Ther. 2020. https://doi.org/10.1111/jcpt.13193

 11. Baptista JP, Udy AA, Sousa E, et al. A comparison of estimates of glo-
merular filtration in critically ill patients with augmented renal clear-
ance. Crit Care. 2011;15:R139. https://doi.org/10.1186/cc10262

 12. Grootaert V, Willems L, Debaveye Y, Meyfroidt G, Spriet I. 
Augmented renal clearance in the critically ill: How to assess kidney 
function. Ann Pharmacother. 2012;46:952- 959.

	13.	 Udy	AA,	Morton	FJA,	Nguyen-	Pham	S,	et	al.	A	comparison	of	CKD-	
EPI estimated glomerular filtration rate and measured creatinine 
clearance in recently admitted critically ill patients with normal 
plasma creatinine concentrations. BMC Nephrol. 2013;14:250.

 14. Ruiz S, Minville V, Asehnoune K, et al. Screening of patients with 
augmented renal clearance in ICU: taking into account the CKD- EPI 
equation, the age, and the cause of admission. Ann Intensive Care. 
2015;5(1):49.

	15.	 Martin	JH,	Fay	MF,	Udy	A,	et	al.	Pitfalls	of	using	estimations	of	glo-
merular filtration rate in an intensive care population. Intern Med J. 
2011;41:537- 543.

	16.	 Hawari	FI,	Nazer	LH,	Addassi	A,	Rimawi	D,	Jamal	K.	Predictors	of	
ICU admission in patients with cancer and the related character-
istics and outcomes: A 5- year registry- based study. Crit Care Med. 
2016;44:548- 553.

 17. Mahmoud SH, Shen C. Augmented Renal Clearance in Critical 
Illness: An Important Consideration in Drug Dosing. Pharmaceutics. 
2017;9(3):36. https://doi.org/10.3390/pharm aceut ics90 30036

 18. Udy AA, Baptista JP, Lim NL, et al. Augmented renal clearance in 
the ICU. Results of a multicenter observational study of renal func-
tion in critically ill patients with normal plasma creatinine concen-
trations. Crit Care Med. 2014;42:520- 527.

 19. De Waele JJ, Dumoulin A, Janssen A, Hoste EA. Epidemiology 
of augmented renal clearance in mixed ICU patients. Minerva 
Anestesiol. 2015;81:1079- 1085.

 20. Claus BOM, Hoste EA, Colpaert K, Robays H, Decruyenaere J, De 
Waele JJ. Augmented renal clearance is a common finding with 
worse clinical outcome in critically ill patients receiving antimicro-
bial therapy. J Crit Care. 2013;28:695- 700.

 21. Baptista JP, Martins PJ, Marques M, Pimentel JM. Prevalence 
and	 Risk	 Factors	 for	 Augmented	 Renal	 Clearance	 in	 a	
Population of Critically Ill Patients. J Intensive Care Med. 2018. 
101177/0.885066618809688

	22.	 Mulder	 MB,	 Eidelson	 SA,	 Sussman	 MS,	 et	 al.	 Risk	 Factors	 and	
Clinical Outcomes Associated With Augmented Renal Clearance in 
Trauma Patients. J Surg Res. 2019;244:477- 483.

How to cite this article: Nazer LH, AbuSara AK, Kamal Y. 
Augmented renal clearance in critically ill patients with 
cancer (ARCCAN Study): A prospective observational study 
evaluating prevalence and risk factors. Pharmacol Res 
Perspect. 2021;9:e00747. https://doi.org/10.1002/prp2.747

https://doi.org/10.1186/s13054-014-0657-z
https://doi.org/10.1186/s13054-014-0657-z
https://doi.org/10.1111/jcpt.13193
https://doi.org/10.1186/cc10262
https://doi.org/10.3390/pharmaceutics9030036
https://doi.org/10.1002/prp2.747

