
Editorial

Augmented renal clearance: A real phenomenon with an uncertain
cause

Unfortunately, the primary pathophysiology underlying many
clinical conditions remains largely unknown. Nevertheless, the
lack of such information does not mean treatment should be
abandoned, or clinical management not tailored accordingly. On
the contrary, critical care medicine is most notable for examples
where the absence of a precise diagnosis or mechanism of injury
does not preclude intervention. Of course, supportive measures
typically only ‘‘buy’’ time, and an accurate understanding of the
underlying aetiology is still often required to achieve a definitive
solution.

Augmented renal clearance (ARC) has been increasingly
reported in adult and paediatric critically ill patients [1,2]. This
condition describes the physiological response of the kidney to a
variety of stimuli, and is thought to result from use of the
‘redundant’ capacity of the normal kidney, also known as renal
reserve. As a consequence, glomerular filtration is enhanced, and
the elimination of circulating solutes subject to glomerular
filtration is increased, including drugs such as renally-cleared
antibiotics [3–5]. The main consequence is therapeutic under-
exposure, which can lead to treatment failure and a greater risk of
antibiotic resistance [1]. Of note, the precise sequence of factors
leading to ARC is poorly understood and under-studied [1,6–8].

In this issue of Anaesthesia, Critical Care, and Pain Medicine,
Carrie et al report the results of a single centre retrospective cohort
study in a surgical and trauma intensive care unit (ICU). Thirty
critically ill trauma patients were included, providing of 121 days
of paired creatinine clearance (CLCR), renal Doppler vascular index
(RVI) and cardiac index (CI) data [9]. Doppler ultrasound was
employed to measure blood flow velocity, providing information
on renal vascular resistance and autoregulation10. A 24-hour CLCR

was used to identify ARC (based on a value � 130 mL/min/
1.73m2), and CI estimated from echocardiography findings. The
major conclusions of the study were as follows:

� ARC was highly prevalent (20 of the 30 patients [67%] manifest
ARC on at least one occasion);

� after adjustment for confounding covariates, there was no
association between RVI or CI and ARC;

� age remained the only independent variable associated with
CLCR over time; and the ARCTIC Score had greater discrimination
in identifying ARC, as compared with RVI [11].

The second conclusion is perhaps the most interesting, as
arguably this was not expected, given the proposed pathophysiol-
ogy of ARC. Indeed, RVI has been used for many years in renal
vascular disease, hypertension, acute kidney injury and renal
transplant. A high RVI (> 0.70) is usually associated with a poor
prognosis, limited therapeutic response, or a more rapid decline in
renal function in patients with acute or chronic kidney disease. On
the other hand, a low RVI (< 0.70) has been associated with an
improvement in renal function (following specific therapeutic
interventions [12]) or in patients with acute pre-renal conditions
[10]. As such, assessing RVI as a means to identify arteriolar
vasodilatation (and loss of renal autoregulation) as an important
mechanism underlying ARC, appears well justified. In this respect,
although Carrie et al found an association between CLCR and RVI on
day one, this relationship was modest, with only 25% (r2 = 0.245)
of the variability in CLCR explained by variation in RVI. This
reinforces the multifactorial aetiology of ARC and the need for
larger sample sizes to more conclusively establish associations
between pathophysiological changes and ARC.

A further possible explanation for these results is the inherent
variability in physiological parameters over time, resulting in
substantial intra-patient heterogeneity in haemodynamics and
CLCR. As such, by utilising 24h-CLCR as the reference method, while
performing RVI and CI measurements only once a day, the authors
were perhaps unlikely to observe a robust correlation between
these parameters. Alternatively, the use of shorter intervals for the
evaluation of CLCR and serial measurements might have provided
greater clarity. In this respect, prior literature suggests a weak
correlation between CI and CLCR (r = 0.34, P = 0.003) when using
2h-CLCR and pulse contour arterial waveform analysis [7]. Of
interest, this was primarily due to the relationship observed in
septic patients, with no correlation observed in the trauma group.

Importantly, the study by Carrie et al consolidates recent data
[13–15] concerning ARC, and suggests this phenomenon is highly
prevalent in the critical care setting, particularly in trauma
patients. In addition, their finding that age was the only
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independent risk factor associated with 24-CLCR fits nicely with the
concept of ‘‘renal reserve’’, presumably being greater in younger
people due to better glomerular preservation and function
[16]. That the ARCTIC score provided better discrimination
compared with RVI in this cohort, also reinforces this assertion
[11].

While these data do not provide greater clarity as to the
mechanism underlying ARC, they remind the reader of the
importance of assessing renal function in the critically ill, as
opposed to focusing on the development of kidney injury. Indeed,
the implications of ARC primarily relate to the impact on drug-
handling, where enhanced renal elimination may result in sub-
therapeutic drug exposure. While this has been most frequently
reported in reference to antibiotics, a similar paradigm applies to
any renally cleared agent (such as some low-molecular-weight
heparins or anti-epileptic drugs like levetiracetam). As such, in
addition to a deeper understanding of the underlying pathophysi-
ology, pragmatic clinical guidance is also required, particularly
given the ubiquitous use of these drugs. We would therefore
suggest the following three priorities in tailoring treatment in ARC
patients:

� daily measurement of CLCR (as opposed to the use of estimates
[17]) so as to accurately identify high-risk patients;

� consideration of higher empirical doses, adapted to augmented
renal function and with consideration of the safety window of
the drug [18];

� the more frequent use of therapeutic drug monitoring, so as to
optimize drug exposure [19].

Although these strategies have a limited evidence base, they
offer sensible clinical guidance while further studies investigating
the mechanisms responsible and clinical consequences of ARC in
the critically ill are forthcoming.
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