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ABSTRACT

Objectives: We aimed to study the prevalence of augmented renal clearance (ARC) and validate the utility of ARC and ARCTIC scores. We also
aimed to assess the correlation and agreement between estimated GFR (eGFR-EPI) and 8-hour measured creatinine clearance (8 hr-mCL_,).
Study design and methodology: This was a prospective, observational study done in the mixed medical-surgical intensive care unit (ICU) and
90 patients were recruited. 8 hr-mCL,,, ARC, and ARCTIC scores and eGFR-EPI were calculated for all patients. ARC was said to be present if
8 hr-mCLcr was = 130 mL/min.

Results: Four patients were excluded from the analysis. The prevalence of ARC was 31.4%. The sensitivity, specificity, and positive and negative
predictive values of ARC and ARCTIC scores were found to be 55.6, 84.7, 62.5, 80.6, and 85.2, 67.8, 54.8, and 90.9 respectively. AUROC for ARC
and ARCTIC scores were 0.802 and 0.765 respectively. A strong positive correlation and poor agreement were observed between eGFR-EPI and
8 hr-mCL,.

Conclusion: The prevalence of ARC was significant and the ARCTIC score showed good potential as a screening tool to predict ARC. Lowering
the cut-off of ARC score to =5 improved its utility in predicting ARC. Despite its poor agreement with 8 hr-mCL_,, eGFR-EPI with a cut-off

=114 mL/min showed utility in predicting ARC.
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HIGHLIGHTS

Augmented renal clearance (ARC) is a phenomenon wherein the
kidneys display a creatinine clearance (CL.,) 2130 mL/min/1.73 m2.
In this prospective, observational study, we aimed to study the
prevalence of ARC, the utility of ARC/ARCTIC scores and correlation/
agreement between 2021 CKD-EPI creatinine formula and 8-hour
measured CL.,.

BACKGROUND AND OBJECTIVES

Augmented renal clearance (ARC) is a pathologic phenomenon
wherein the kidneys display increased glomerular filtration beyond
what is expected under normal physiological conditions of renal
function.! Patients in this state often have a creatinine clearance
(CL,) of 2130 mL/min/1.73 m%!

Increased cardiac output and enhanced blood flow to major
organs have been postulated to be major reasons for ARC in
patients admitted to the intensive care unit (ICU).%3 Severe trauma,
infection, inflammation, burns, surgery, and pancreatitis can all
potentiate a systemic inflammatory response syndrome, which
resultsinincreased cardiac output and vasodilatation, both of which
lead to amplified renal blood flow and increased renal clearance
of hydrophilic medications.? Administration of crystalloids or
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vasopressors may also contribute to ARC by increasing preload
and thus cardiac output.?*

Commonly identified risk factors for ARC include trauma,
young age, male sex, and less severe illness."” Elevated CL,, has
been reported in patients with burns, traumatic brain injury,
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poly-trauma, sepsis, and ventilator-associated pneumonia.>® Other
factors associated with ARC are a higher initial glomerular filtration
rate (GFR), absence of diabetes, and nil to low-dose vasopressor
requirement as opposed to a higher dose.’

Augmented renal clearance, if present, can potentially lead to
inadequate treatment due to sub-optimal antimicrobial dosing,
development of resistance to antimicrobials, increased risk of
treatment failure, and increased in-hospital mortality in critically
ill patients.-1°

Augmented renal clearance scoring system (ARC score) and
augmented renal clearance in trauma intensive care scoring system
(ARCTIC score) (Appendix I) have been proposed as tools to predict
the likelihood of ARCin patients admitted to the general mixed ICU
and to the trauma ICU respectively.*!" Cutoff scores of =7 for ARC
score and =6 for ARCTIC score suggest a high risk for the occurrence
of ARC. Augmented renal clearance can be ascertained only by
measuring the creatinine clearance (CL.,) of a patient. However,
estimated GFR (eGFR) calculated using formulae such as Cockcroft
- Gault, modification of diet in renal disease (MDRD), 2009 chronic
kidney disease epidemiology collaboration (2009 CKD - EPI),
etc., perform well in non-critically ill patients with a steady state
serum creatinine, but are inaccurate in the critical care setting.'>""7
Prior studies have found a poor correlation and/or agreement
between eGFR calculated using the above-mentioned formulae
and the measured CL_, (mCL_,) using continuous urinary collection
methods.">"7 Though a consensus regarding the most accurate
duration for continuous urine collection for measuring CL , does not
exist, an 8-hour urine collection measurements, seems to provide a
good balance between accuracy and feasibility in clinical practice.'®

The prevalence of ARC in Indian ICUs is unknown and we
sought to assess the prevalence of this phenomenon in our mixed
medical-surgical ICU. We chose the 8-hour-measured creatinine
clearance (8 hr-mCL,,) as the primary estimate of GFR in order to
ascertain ARC. In addition, we sought to explore the utility of ARC
and ARCTIC scores in predicting ARC in our mixed medical-surgical
ICU. In order to compare estimated GFR (eGFR) with 8 hr-mCL, we
chose the “Refit 2021 CKD-EPI Creatinine” formula to calculate the
eGFR, which isin accordance with the current recommendations of
the NKF-ASN task force.'”?° To the best of our knowledge, among
all the studies done previously comparing eGFR and mCL,, in the
critically il none have employed the “Refit 2021 CKD-EPI Creatinine”
formula for calculating eGFR.

METHODOLOGY

Study Design and Setting

This is a prospective, observational, single-center study done
between July 2021 to April 2022, in the 24-bed mixed medical-
surgical ICU of Tertiary Care Hospital, in Chennai, India. The
approval for our study and a consent waiver was obtained from
the Institutional Ethics Committee prior to the commencement of
the study. An institutional grant/aid was obtained from the finance
department of our hospital in order to estimate urinary creatinine,
thereby avoiding an addition to the patients’ cost burden.

Sample Size Estimation

In the study done by Andrew A Udy et al.,’ the prevalence of ARC
was found to be 65.1%. Using the following formula n = ZA2pqg/
dA2, where Z = 1.96 (standard normal variate value with 95% Cl),
p=65.1% (prevalence of ARC), g =34.9% (1 - p) and d = 10% (clinical
allowable error), the required sample size was calculated to be 90.
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Screened: 208

118 patients excluded

a) Pregnant: 1

b) CPK > 5000: 1

c) AKI: 39

d) CKD: 23

e) RRT: 16

f) Not catheterized: 26
g)S.Cr>13:12

v

v

Recruited: 90

2 patients: Discharged against medical advice
2 patients: Protocol violation

v
Analyzed: 86

Fig. 1: Screening, recruitment and analysis of patients

Study Population
Patients above the age of 18 years and those who were expected to
stay in the ICU for more than 24 hours were included in the study.
The exclusion criteria for patients were as follows: (A) Pregnancy;
(B) Clinical suspicion of rhabdomyolysis or an admission creatinine
kinase of >5000 IU/L; (C) Patients with a baseline creatinine of
greater than 1.3 mg/dL; (D) Acute Kidney Injury of any stage
according to KDIGO criteria; (E) Patients requiring renal replacement
therapy; (F) Diagnosis of chronic kidney disease (CKD); and
(G) Patients without an indwelling urinary catheter.

A total of 208 patients were screened and 90 patients were
recruited into the study (Fig. 1).

Data Collection and Calculations

Data collection began within 48 hours of admission to the ICU. Data
including age, sex, admission diagnosis, co-morbid conditions,
Modified SOFA score (Appendix Il) and Acute Physiology and
Chronic Health Evaluation IV (APACHE IV) scores (Appendix lll),
presence/absence of mechanical ventilation and requirement of
vasopressors/inotropes were recorded. The cumulative vasopressor
index (Appendix IV) was calculated for patients who were on
vasopressor/inotrope infusion.

An 8-hour measured creatinine clearance (8 hr-mCL_,) was the
primary method of assessing the GFR of all patients inducted into
the study. Urine was collected from the indwelling urinary catheter
over 8 hours and the volume of urine collected over this duration
was noted down prior to sending the sample to the biochemistry lab
for estimation of urinary creatinine. Concurrent plasma creatinine
levels were also estimated by collecting blood samplesimmediately
after the completion of the 8-hour urine collection period. Eight
hour measured creatinine clearance (8-hr mCL_,) was calculated by
the formula: 8 hr—mCL (mL/min) = U, x V /P x 480,

wherein:

U, Urine creatinine

P..: Plasma creatinine after the 8 hr urine collection period
V: Volume of urine collected in 8 hours

Augmented renal clearance and ARCTIC scores were calculated
immediately prior to or during the 8-hour urine sample collection.
Use of diuretics and nephrotoxic agents (mainly radiocontrast
agents and antibiotics), prior to or during the 8-hour urine collection
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period were documented. Augmented renal clearance was said to
be present when the 8 hr-mCL_, was more than or equal to 130 mL/
min. Patients with an ARC score of =7 and/or ARCTIC score of >6
were said to be at a higher risk for developing ARC.

Estimated GFR using the “Refit 2021 CKD-EPI Creatinine”
formula was calculated for all patients (eGFR-EPI):'*2°
142 x (S.Cr/A)® x 0.9938%9¢ x (1.012 if female) where A and B are

the following:

Female Male

S.Cr<0.7 S.Cr<09
A=0.7 A=0.9
B=-0.241 B=-0.302

S.Cr>0.7 S.Cr>09
A=0.7 A=0.9
B=-1.2 B=-1.2

The same value of plasma creatinine was used for the
calculation of both 8-hr mCL_, and eGFR-EPI.

Statistical Analysis

Continuous variables were tested for the normality using Shapiro-
Wilk’s test and were expressed as mean * standard deviation or
median + inter quartile range based on the normality of their
distribution. Categorical variables were represented as percentages.
Sensitivity, specificity, positive and negative predictive values of
ARC score (cut-off =7), ARCTIC score (cut-off =6), and eGFR-EPI (cut-
off > 130 mL/min) were calculated. ROC curves were drawn to find
the optimal cut-off values to predict the occurrence of ARC for each
score. Correlation between measured 8 hr-mCL_ and eGFR-EPl was
assessed using Spearman correlation coefficient (rho) and degree
of agreement, using the Bland Altman plot and linear regression
analysis. Data entry was done on Microsoft Excel 2016 spreadsheet
and data analysis was carried out on IBM SPSS Statistics for Windows
V26.0. All ‘p" values <0.05 were considered statistically significant.

REesuLTs

A total of 90 patients were recruited, of which four were excluded
from analysis and the data of 86 patients was available for analysis
(Fig. 1). The baseline characteristics of patients included for analysis
are shown in Table 1. The age of patients ranged from 18 to 86
years, with a median age of 57 years (IQR: 38-68) and the gender
distribution was almost equal with 44 females (51.2%) and 42 males
(48.8%). The most common reasons for ICU admission were sepsis
(33.7%), post-operative care (20.9%), cerebrovascular accident
(11.6%), trauma (11.6%), and subarachnoid hemorrhage (7%). Among
the 86 patients, 67 (77.9%) were discharged after treatment while
8(9.3%) had expired. Ten patients (11.6%) were discharged against
medical advice and the hospital outcome data for one patient was
unavailable.

While the overall 8-hr mCL, was 91.7 mL/min (IQR: 55.2-141.4),
the median 8-hr mCL, in patients with and without ARC was
168 mL/min (IQR: 146.7-200) and 66.2 mL/min (43.6-95.1)
respectively (p < 0.05). The prevalence of ARC was 31.4% (27 out of
86 patients). It was observed to be highest in patients with trauma
(40%) followed by sepsis (34.5%). The median age of patients who
exhibited ARC was 33 years (IQR: 24-43) as opposed to 64 years
(IQR: 55-72) in patients who did not exhibit ARC (p < 0.05) (Fig. 2).
Among patients who required vasopressors, the median cumulative
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vasopressor index was 2 (IQR 2-3) in patients who manifested ARC
while it was 4 (IQR 3-4) in those who did not (p < 0.05) (Fig. 3).

ARC score (cut-off of >7) predicted a high risk for the
development of ARC in 24 out of 86 patients (27.9%) and ARCTIC
score (cut-off =6) predicted the same in 42 out of 86 patients
(48.8%). The sensitivity, specificity, and positive and negative
predictive values of ARC and ARCTIC scores are mentioned in
Table 2.

ROC curves for ARCand ARCTIC scores were plotted, in order to
estimate their utility in predicting ARC (Fig.4). The AUROC of ARCand
ARCTIC scores were 0.802 (95% Cl, 0.695-0.908) and 0.765 (95% Cl,
0.663-0.866) respectively. Based on the ROC curves, the optimal
cut-offs of ARC and ARCTIC scores for predicting augmented renal
clearance were found to be five and six respectively. A cut-off of
five for the ARC score improved its sensitivity to 81.5% while the
specificity was 83.1%.

eGFR-EPI (cut-off > 130 mL/min) predicted the occurrence of
ARC in 14 out of the 86 patients (16.3%) and median eGFR- EPl was
103 mL/min (IQR: 87-119.25). The true positives identified by eGFR-
EPl were 12 out of 27 (44.4%). Its sensitivity, specificity, and positive
and negative predictive values in predicting ARC are mentioned in
Table 2.ROC curve plotted for eGFR- EPl in relation to the occurrence
of ARC revealed an AUROC of 0.899 (95% Cl, 0.832-0.965) (Fig.4) and
a cut-off of 114 mL/min was shown to predict ARC with a sensitivity
of 81.5% and specificity of 84.7%.

Spearman correlation coefficient (rho) between eGFR-EPI and
8 hr-mCL_, was found to be 0.733, suggesting a strong positive
correlation (p < 0.05) (Fig. 5). However, a Bland-Altman plot drawn
between the two variables revealed a bias of -2.29 mL/min with
the 95% limits of an agreement being +100.61 mL/min and -105.19
mL/min. This revealed a wide variation between eGFR- EP| and
8hr-mCL, (Fig. 6). In addition to this, linear regression analysis done
between the two variables detected the presence of a proportional
bias, indicating a poor agreement between eGFR- EPland 8 h-mCL ..

Discussion

A wide range has been reported in literature, with regard to the
prevalence of ARC, ranging from 28 to 67%. Multiple studies have
alsofound anincreased prevalence of ARCin younger patients and
in patients with trauma.*%""'3 Stéphanie Ruiz et al.”” reported an
ARC prevalence of 33% among 360 patients admitted to their ICU
with its prevalence being more common among trauma patients.
The overall mean age of patients in their study was 50 years, while
patients exhibiting ARC were found to be significantly younger
than the rest (mean of 39 years vs 55 years). Yasumasa Kawano
etal.?’ and Campassi ML et al.?? reported an ARC prevalence of 38%
(among 111 patients) and 28% (among 363 patients) respectively.
Yasumasa Kawano et al. found ARC to be most prevalent among
trauma patients (62.5%). Patients manifesting ARC were noted to
be significantly younger than those who did not, in the studies
conducted by both Yasumasa Kawano et al. (median of 55 years
vs72 years) and Campassi ML et al. (mean of 48 vs 65 years). Our study
found similar results with the prevalence of ARC being 31.4% and
patients manifesting ARC were found to be significantly younger
too. ARC was also most commonly noted among patients admitted
with trauma and sepsis.

A few studies have reported a higher prevalence of ARC. Udy
AA etal.* noted the prevalence of ARC to be 57.7% among 71 septic
and trauma patients admitted to their general adult ICU. Jeffrey
F Barletta et al."" in 2016, reported the presence of ARC in 67% of
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Table 1: Demographic data

Variable(s) All patients (n=86)  Patients with ARC (n=27)  Patients without ARC (n=59)  p-value
Age in years (median, IQR) 57 (38-68) 33(24-43) 64 (55-72) 0.000
Gender (females/males) 44 (51.2%)/ 4 (51.8%)/ 30 (50.8%)/ 0.931
42 (48.8%) 3 (48.2%) 29 (49.2%)
Measured CL, 91.7 mL/min 168 (146.7-200) 66.2 (43.6-95.1) 0.000
(mL/min) (median, IQR)
APACHE 4 (mean + SD) 34.4(14.1) 30.56 (13) 36.15(14.3) 0.08
mSOFA (median, IQR) (1 -6) 3(2-5) (1 -6) 0.360
Intubation 8 (44.2%) 3(48.1%) 5 (42.4%) 0.617
Vasopressor requirement 0 (34.9%) 11 (40.7%) 9(32.2%) 0.441
Cumulative vasopressor index (median, IQR) 3(2-4) 2 (2-3) 4 (3-4) 0.002
Nephrotoxic agents 24 (27.6%) 7 (25.9%) 17 (28.8%) 0.782
Diuretics 9 (10.3%) 2 (7.4%) 7 (11.9%) 0.531
Augmented renal Table 2: Sensitivity, specificity, PPV and NPV of ARC score, ARCTIC
score and eGFR-Epi
No Yes
120 120 Score Sensitivity Specificity PPV~ NPV
ARC 55.6% 84.7%  62.5% 80.6%
100 100
ARCTIC 85.2% 67.8%  54.8% 90.9%
i e Refit 2021 CKD-EPI 444%  966%  85.7% 79.2%
o 60 60 o creatinine derived eGFR-EPI
< 40 40 <
20 20 tothese studies, our study had slightly older patients and only 11.6%
0 0 of the patients recruited were trauma patients.
Udy AA et al.? put forth the ARC scoring system and observed
-20 -20 that patients with an ARC score of =7 had the highest risk of
10 8 6 4 2 0 2 4 6 8 10 developing ARC. A.ugmented renal clearancg score Predicted the
Frequency Frequency occurrence ofABC in45 o.u.t gf 71 (63.3%) patients with 36 of t.hem
being true positives (sensitivity of 87%) and ROC curve analysis for

Fig. 2: Age characteristics of patients with and without ARC; p < 0.05

Augmented renal

No Yes

Cumulative vasopressor index
w

w
Cumulative vasopressor index

12 10 8 6 4 2 0 2 4 6 8 10 12

Frequency Frequency

Fig. 3: Cumulative vasopressor index of patients with and without ARC;
p <0.05

133 patients admitted to their trauma ICU. The higher rates could be
related to differences in patient characteristics (lower age), disease
types (predominantly trauma patients), and/or severity. In contrast
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ARC score revealed an AUC of 0.89 in their study. Conversely, in our
study, ARC score >7 predicted a high risk for the occurrence of ARC
in fewer patients (24 out of 86 patients), and only 15 were found
to be true positives (sensitivity of 55.6%). Age and the presence of
trauma are two important components of the ARC score and the
lower predictive ability of the ARC score in our population might
likely be from the higher age and lower proportion of trauma
patients in our study. Akers et al.?® assessed the utility of the ARC
score (cut-off 27) in patients admitted to their trauma/surgical ICU
and extrapolated this to evaluate antibiotic clearance rates with
higher ARC scores. Augmented renal clearance score of >7 in their
study, was found to have a sensitivity, specificity, PPV, and NPV of
100%, 71.4%, 75%, and 100% respectively, in detecting increased
antibiotic clearance, increased volume of drug distribution and sub-
therapeutic plasma antibiotic levels. The results they had reported
with regard to the sensitivity and negative predictive value of ARC
score could be unreliable due to the very low sample size of their
study (n = 13) and also due to a high proportion of trauma patient
recruitment (>60%).

Barletta et al."" developed the ARCTIC score based on a study
conducted in a trauma ICU among 133 patients and put forth
that the score predicted the occurrence of ARC with a sensitivity,
specificity, PPV, and NPV of 84.3%, 68.2%, 84.3%, and 68.2%
respectively. The optimal cut-off for the ARCTIC score was proposed
to be >6. In addition, they reported the AUC to be 0.813 for the
ARCTIC score using ROC curve analysis. In our study, the sensitivity,

Indian Journal of Critical Care Medicine, Volume 27 Issue 6 (June 2023)
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AUROC
ARC score: 0.802

ARCTIC score: 0.765
eFGR-EPI: 0.899

ROC curve
1.0
—
0.8 /
=/ /
'S 0.6
.~§
o 04
o
0.2
0.0
00 02 04 06 038 1.0
1-specificity

Source of the curve

ARC score —ARCTIC score —eGFR EPI —Reference line

Fig. 4: ROC curves for ARC score, ARCTIC score and “2021 CKD-EPI Refit” eGFR-Epi

displayed high sensitivity (85.2%) and negative predictive value
500 | (90.9%) in our study. To the best of our knowledge, no other
§ R’ linear = 0.457 study has assessed the validity of the ARCTIC score in predicting
S 400 . ARC among patients admitted to a mixed medical-surgical ICU.
ES . ARCTIC score, unlike the ARC score, incorporates baseline serum
° E creatinine which may intrinsically make it a more effective score
g E 300 L considering patients with a normal serum creatinine have a higher
= . predisposition to augmented renal clearance.
g % 200 y=-6836+1.69°% o2 Literature is replete with studies that have compared the eGFR
°2 R S / calculated using various formulae such as Cockcroft-Gault (CG),
5 100 .,‘ Sos et |0 . MDRD, and CKD-EPI, with measured CL, estimated by collecting
(%) o |® . ® . . . .
b e 0 I . urine over various time durations (8 hours, 16 hours, or 24 hours)."*™"”
= 0 ° e ) : Udy et al."* evaluated the correlation and agreement between
8-hr mCL,, and eGFR calculated using CKD-EPI and CG formula in
25 50 75 100 125 150 a Tertiary Care ICU. Despite finding a moderate correlation, further
eGFR EPI analysis revealed poor agreement between 8-hr mCL, and eGFR
(using both CKD-EPI and CG formula) due to a significant bias with
Fig. 5: Correlation between eGFR-Epi and mCL, a presence of a proportional error. Stéphanie Ruiz et al.”* compared
100 e Mean + 1.96
- SD: +100.6
Cew s ?:...;. . s
0 L Bias: —2.29
° : o.. °.:
g ~100 b Mean —-1.96
SD: -105.2
—200
-300 :
0 50 100 150 200 250 300
Mean

Fig. 6: Bland-Altman plot to measure the degree of agreement between eGFR-Epi and mCL,

specificity, AUROC, and cut-off for the ARCTIC score were similar to
the results reported in this study. The ARCTIC score with a cut-off
>6, which has been validated only in the setting of a trauma ICU,

Indian Journal of Critical Care Medicine, Volume 27 Issue 6 (June 2023)

24-hr mCL_, with eGFR calculated using CKD-EPl among 360 patients
admitted to their ICU and found a poor agreement between the
two values. While screening for ARC, they reported an AUC of
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0.79 for the CKD-EPI formula with an optimal cut-off of 108.11 mL/
min/1.73 m? to predict ARC with a sensitivity and specificity of
75% each. In concordance with the previous studies, in our study,
we found a strong correlation but a poor agreement between
8-hrmCL_,and eGFR-EPI. However, ROC analysis revealed an AUC of
0.899 for eGFR-EPI, and a cut-off of 114 mL/min was found to predict
ARC with a sensitivity of 81% and specificity of 84%.

Though CKD-EPI derived eGFR has been compared with
measured CL, in the above-mentioned studies, they have utilized
the original “2009 CKD-EPI” formula put forth by Levey et al.?* We
used the “Refit 2021 CKD-EPI Creatinine” formula as per the current
recommendation of the NKF-ASN.'>2° None of the previous studies
comparing eGFR with measured CL, have used the “Refit 2021
CKD-EPI Creatinine” formula in their methodology and hence, no
comparison can be made between our study results comparing
eGFR and 8-hr mCL, with those done previously.

Our trial is among the first to evaluate the prevalence of ARCin
an Indian ICU setting. Moreover, we have assessed the utility of the
ARCTIC score and “2021 Refit CKD-EPI” derived eGFR in predicting
ARC in a mixed medical-surgical ICU setup. To the best of our
knowledge, this association has never been studied previously.
Our study was conducted robustly and patients were screened
consecutively for enroliment.

There were a few limitations to our study. This was a single-
center study that had a limited number of patients recruited for the
study. Prevalence of ARC was not assessed beyond 48 hours from
the time of admission of a patient, despite its occurrence having
been reported beyond this time duration in previous studies.5'* The
gold standard for the estimation of GFRis by assessing the clearance
of an exogenous substance like inulin.*® Instead, we utilized the
8-hr mCL,, as a surrogate of GFR to identify ARC, due to its ease of
measurement. This could have overestimated the GFR marginally
due to increased tubular secretion of creatinine. GFR calculated
both by 8-hr mCL_, and eGFR- EPI was not corrected for the body
surface area of patients in our study.

Our study has important clinical implications. Recognizing
augmented renal clearance (ARC) is of utmost importance as it
has been associated with sub-therapeutic levels of medications,
sub-optimal treatment, and failure to attain pharmacodynamic
targets, resulting in treatment failure and increased risk of anti-
microbial resistance.’?>?° Antibiotic activity is either a function of
time or concentration.?® Antibiotics that display time-dependent
activity (e.g., B lactams) do so as a function of time spent at a
concentration above the MIC of the causative organism [%fT >
MIC]. Concentration-dependent (e.g., Vancomycin) antibiotic
goals are expressed in terms of a ratio between the maximum
achieved concentration and the MIC (C,,,/MIC) or the area under
the concentration curve and the MIC (AUC/MIC). Achieving these
targets in patients exhibiting ARC has proven to be difficult and
increased mortality has been noted in patients with sub-therapeutic
plasma antibiotic levels 892%27-29

CONCLUSION

The prevalence of ARC in patients with preserved GFR was
significant at 31.4%, within the initial 48 hours of admission to
our ICU. ARCTIC score with a cut-off score of =6, displayed high
sensitivity and negative predicting value in our mixed medical-
surgical ICU and showed good potential for use as a screening tool
to predict the risk of ARC. Lowering the cut-off of the ARC score
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to 5 increased its sensitivity and seemingly improved its utility in
predicting ARC. eGFR-EPI calculated using the “Refit 2021 CKD-EPI
Creatinine” formula showed poor agreement with 8-hr measured
creatinine clearance, yet shows potential for use as a screening
tool to predict ARC if its cut-off were to be lowered to 114 mL/min.
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Appendix

APPENDIX |

ARC AND ARCTIC SCORES!#°!

ARC SCORE™

Age <50 6
Trauma 3
Modified SOFA < 4 1

Interpretation: 0-3: Low Risk; 4-6: Intermediate Risk; = 7: High Risk
ARCTIC SCORE!”

Age <56 4
Age b/w 56 - 75 3
S.Cr < 0.7 mg/dL 3
Male patient 2

Interpretation: > 6: Increased risk for augmented renal clearance
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Appendix

Mobpiriep SOFA Score

APPENDIX II

Modified Sequential Organ Failure Assessment (MSOFA) Score

Organ System 0 1 2 3 4
Respiratory =400 <400 <315 <235 <150
SpO2/Fi02
Liver No scleral Scleral icterus or
icterus or jaundice
jaundice
Cardiovascular, | No hypo- | MAP <70 | dopamine<5 | dopamine>5 dopamine>15
hypotension tension mmHg |or epinephrine<0.1 epinephrine>0.1
dobutamine | norepinephrine<0.1 | norepinephrine>0.1
any dose
CNS, Glasgow 15 13-14 10-12 6-9 <6
Coma Score
Renal, <12 1.2-19 2.0-34 3549 >5.0
Creatinine mg/dL
MAP=mean arterial pressure

dopamine, dobutamine, epinephrine, and norepinephrine doses in micrograms per kilogram per minute

CNS=central nervous system

Interpretation

mSOFA Score 30-day mortality

0-7 4%

8-11 31%

>11 58%
REFERENCE

1. Grissom CK, Brown SM, Kuttler KG, Boltax JP, Jones J, Jephson AR, et al. A modified sequential organ failure assessment score for critical care triage.
Disaster Med Public Health Prep 2010;4(4):277-284. DOI: 10.1001/dmp.2010.40.
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Appendix

APPENDIX IlI

APACHE IV score

The APACHE IV score for all patients using the APACHE IV calculator available on https://intensivecarenetwork.com/Calculators/Files/
Apache4.html. The estimated mortality rate and estimated length of stay in ICU would therefore be calculated using the APACHE IV scores.

APACHE IV Score

ICU Calculators-RNSH

Age (ans) | | Chronic Health Condition :

Temperature (°C) 37 | O CRF/HD J Lymphoma

MAP (mmHg) | 70 | | O Cirrhosis (J Leukemia / Myeloma
HR (/min) ,80:| (J Hepatic I.-'ailurel (J Immunosuppression
RR (/min) |15:| [J Metastatic Carcinoma J AIDS

Mecanical Ventilation O No O Yes B L

FiO2 (%) | | Pre-ICU LOS (days) | |

pO2 (mmHg) |90 | Origin \Othew7\/\
pCO2 (mmHg) 407| Readmission @® No O Yes
Arterial pH [7.4 | Emergency Surgery ® No O Yes

Na+ (mEq/L) ? - ; )

Urine Output (inl./24h) |7| ‘g’?\i:in z;ati!'leos(l)s :Posto erative

Creatinine (mg/dL) L ‘WT 3

Urea (mEq/L) | 4 | ’@I

BSL (mg/dL) | 100 | Thrombolysis No Yes
Albumin (g/L) | 40 | .

Bilirubin (mg/dL) | 1 |

Ht (%) 40 ‘ Calculate

WBC (x1000/mm3) | 10 |

~ L APACHEIV'S
GCS: (J Not available -

=
-Eyes (4 Spontaneous ] apsscre  [HEEEE %
- Verbal [ 5. Oriented v| Estimated Mortality Rate I:_
- Motor [6. On Command v| Estimated Length of Stay

Change values used for AaDO? calculation

REFERENCE

1. Zimmerman JE, Kramer AA, McNair DS, Malila FM. Acute physiology and chronic health evaluation (APACHE) IV: Hospital mortality assessment for
today’s critically ill patients. Critical Care Medicine 2006;34(5):1297-1310. DOI: 10.1097/01.CCM.0000215112.84523.FO0.
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Appendix

APPENDIX IV

CumuLATIVE VASOPRESSOR INDEX

Vasoactive Agent Dose Range

1 point 2 points 3 points 4 points
Dopamine O<doses5 5S<doses=10 10 <dose = 15 >15
Epinephrine 0<dose=<005 005<dose=0.1 >0.1
Norepinephrine 0<dose=0.05 0.05<dose=0.1 >0.1
Phenylephrine O<dose=<04 04 <dose<0.8 >0.8
Vasopressin --- Any dose

All doses in mcg/kg/min except vasopressin, which is U/min
REFERENCE

1. VallabhajosyulaS, Jentzer JC, Kotecha AA, Murphree DH, Barreto EF, Khanna AK, et al. Development and performance of a novel vasopressor-driven
mortality prediction model in septic shock. Ann Intensive Care 2018;8(1):1-9. DOI: 10.1186/513613-018-0459-6.
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