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INTRODUCTION

Acute kidney injury (AKI) is the most common problem encountered
in critical care patients which is associated with significant morbidity
and mortality."? Incidence of AKI has doubled in the past decade
and is projected to increase in near future.> Management of AKl in
the critical care setting is challenging and involves a wide spectrum
of treatment options ranging from conservative supportive care to
renal replacement therapy (RRT). Once AKI occurs, the course and
consequences vary. There are no clear markers that can be used to
predict the progression of AKl or the need for RRT. Moreover, when
AKl progresses, there is no clear consensus on the timing of initiation
of RRT.* Multiple biomarkers have been evaluated to predict onset
and worsening of AKI and the need for RRT. Biomarkers indicate
some structural damage, and elevated biomarkers even in the
absence of elevation in serum creatinine have been shown to
indicate more severe disease. However, most of these biomarkers
are not routinely available for clinical use, and their utility in
clinical practice is unclear. The levels of biomarkers also change
with severity and timing of injury which make their interpretation
difficult.’ Intravenous diuretic administration is often employed to
augment urine output in oliguric patients with AKl prior to initiation
of RRT. Recently, clinicians have used the response to furosemide to
stratify AKl and predict its progression and need of RRT.

Furosemipe STRESS TEST (FST)—RATIONALE

Furosemide, a loop diuretic, is not effectively filtered by the
glomerulus, and hence, the tubular concentration of furosemide
does not depend on the glomerular filtration rate. Furosemide is
transported to the proximal tubule via the peritubular capillaries
and then gains access to tubular lumen by active secretion
via human organic anionic transporter system in the proximal
convoluted tubule. Furosemide then reaches the thick ascending
loop of Henle where itinhibits luminal chloride transport decreasing
sodium reabsorption leading to natriuresis and increased urine
flow. Hence, the presence of brisk diuretic response to furosemide
indicates reasonably intact renal blood flow, proximal tubular
secretory capacity, and function of thick ascending loop of Henle
and indicates good functional reserve of the kidneys in patients
with AKI. Hence, the increase in urine output after administration of
furosemide can be used to assess the integrity of tubular function
in patients with early AKI.

FST—EVIDENCE

In 2013, Chawla et al.” in a single-center study evaluated the
utility of diuretic response to a standardized dose of furosemide
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and attempted to predict the progression of AKI and need for
RRT based on the presence or absence of diuresis. Patients with
stage | or Il AKI [Acute Kidney Injury Network (AKIN) criteria] were
administered a standardized dose of furosemide. Patients who
were loop-diuretic naive received 1.0 mg/kg of furosemide, while
patients previously exposed to furosemide within the previous
7 days received 1.5 mg/kg of furosemide as an intravenous bolus.
Post furosemide administration, urine output was measured hourly
for 6 hours and in total for 24 hours (Flowchart 1). The treating
team could choose to replace the first 6 hours of urine output
after furosemide administration with either equal volumes of
Ringer’s lactate or normal saline to prevent hypovolemia. Primary
outcome evaluated was progression to AKIN stage Il within
14 days of FST. Out of 77 patients studied, those with progressive
AKI had a significantly lower urine output following FST in each of
the first 6 hours (p < 0.001). The area under the receiver operating

Flowchart 1: Furosemide stress test
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characteristic curve (AuROC) for the total urine output over the
first 2 hours following FST to predict progression to AKIN-IIl was
0.87 (p = 0.001). The authors determined that the ideal cutoff for
predicting AKI progression during the first 2 hours following FST
was a urine volume of <200 mL (100 mL/hour) with a sensitivity of
87.1% and a specificity of 84.1%. In other words, patients who did
not have urine output of 200 mL within 2 hours after furosemide
administration were more likely to progress to AKIN-III.

Subsequently, Koyner et al. compared the performance of FST
to a multitude of biomarkers for predicting the severity of AKI.®
They demonstrated that biomarkers did not perform significantly
better than the FST for predicting progression to stage Ill AKl, the
need for RRT, or mortality. However, when FST was combined with
the other biomarkers of AKI, there was an improvement in risk
prediction for all outcomes.

More recently, Rewa et al.’ performed a multicenter, prospective,
observational study in patients with stage | or Il AKI. After performing
FST, the investigators observed that urine flow rate during the first 2
hours was the most predictive of progression to stage lll AKI (AuROC
= 0.87), with an ideal cutoff of less than 200 mL, with a sensitivity
of 73.9% and a specificity of 90.0%. In another multicenter study,
patients were administered FST and FST nonresponders were then
randomized to either standard or early RRT.'® In the early group, RRT
was carried out within 6 hours of randomization. In the standard
group, RRT was initiated only if prespecified indications were met.
The study demonstrated that among FST responsive patients, only
13.6% ended up needing RRT. Among 118 patients who did not
respond to FST, 98.3% in the early RRT group and 75% in the standard
RRT group needed RRT. Furosemide stress test seems to be a good
strategy to identify patients who may benefit from early RRT.

CoNcLUSION

Considering the wide spectrum of factors contributing to AKI in
the intensive care unit and its impact on morbidity and mortality,
strategies to help understand its course early and guide therapy
accordingly are lacking for most part. Some of the newer biomarkers
although promising and validated in large studies are not widely
available for clinical use and may be cost-ineffective when done
frequently. Furosemide stress test seems to be a simple bedside
tool that performs reasonably well in identifying patients at high

risk of AKI progression and need for RRT. Moreover, the utility of
biomarkers may be enhanced when combined with FST response.
Further studies exploring the utility of FST in AKl stratification and
as a tool to target interventions and RRT in high-risk patients are
warranted.
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