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Epidemiological Facts

• One half of ICU patients (44.9%) receive diuretics
• Furosemide is the most commonly used diuretic (95% of patients) 

in the ICU
• Median furosemide dose is 20 mg
• 14% receive continuous infusion (a third of them without bolus)

McCoy IE et al , Plos One  2019, 14(5):e0217911, 
McMahon BA & Chawla LS, Ren Fail (2021) 43 (1):830-9
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Myth #1

Furosemide causes AKI

No, it does not…

unless you cause severe hypovolemia



Rationale for Loop Diuretics in AKI

• Direct renal vasodilator

• Attenuate medullary hypoxia by inhibiting Na+/K+/2Cl-
pump to reduce tubular O2 demand

• Attenuate ischemic/reperfusion-induced apoptosis and 
associated gene transcription

• Mitigate/treat fluid overload/accumulation
• Caveat: Ototoxicity/Pancreatitis at doses > 800mg/day

Kramer et al KI 1980; Aravindan et al Ren Fail 2007; Aravindan et al Ren Fail 2006; Grams et al CJASN 2011



Myth #2

Furosemide and fluids together can prevent AKI in 
high-risk patients

Probably not



Intermittent furosemide administration in patients with or at risk for acute kidney injury: 
Meta-analysis of randomized trials

Bove T et al, PLoS ONE 13(4): e0196088. 2018

28 studies randomizing 3,228 patients were included
No difference overall mortality between the two

groups (OR = 0.84; 95% CI 0.63 to 1.13; p-value = 0.25; I2 = 0%)

CM trials



The effect of low-dose furosemide in critically ill patients with early
acute kidney injury: A pilot randomized blinded controlled trial

(the SPARK study)

Bagshaw SM et al, Journal of Critical Care 42 (2017) 138–146

Creatinine

Potassium

Sodium

Bicarbonate

2000 mg of furosemide in 500 mL of 0.9% saline 



Myth #3

Furosemide is contraindicated in AKI. 

No, it is not



Intermittent furosemide administration in patients with or at risk for acute kidney injury: 
Meta-analysis of randomized trials

Bove T et al, PLoS ONE 13(4): e0196088. 2018

28 studies randomizing 3,228 patients were included
No difference overall mortality between the two

groups (OR = 0.84; 95% CI 0.63 to 1.13; p-value = 0.25; I2 = 0%)

Treatment trials



Myth #4

Frusemide can kick-start kidney function.

No, this is not the case



Physiology of Furosemide

Implies Integrity of the 
Renal Tubule

Diuresis



Chawla LS et al, Crit Care 2013, 17:R207

Development and standardization of a furosemide stress test to predict 
the severity of acute kidney injury

Urinary Output response to 1.0-1.5 mg/kg furosemide in patients with AKI stage I or II

Sensitivity 84%

Sensitivity 87%

UO < 200ml/2h means high probability for AKI progression



Myth #5

Frusemide works better if given together with albumin.

It depends



Furosemide with or without albumin in 
hypoproteinemic patients with ALI

Martin G et al, Crit Care Med. 2005 Aug; 33(8):1681-7.

RCT (n=40): furosemide 3-5 mg/h (max.10 mg/h) + albumin 25g q8h vs. placebo

Cumulative fluid balance Change in paO2/FiO2



Diuretic effect of co-administration of furosemide and albumin in 
comparison to furosemide therapy alone: 

An updated systematic review and meta-analysis

Lee TH et al, PLoS ONE 16(12): e0260312, 2021 

13 studies with 422 patients

Treatment effect of co-administration furosemide with albumin on urine output rate.



Myth #6

Furosemide infusion is more effective than furosemide 
bolus.

Not really



Continuous versus intermittent administration of furosemide in acute decompensated 
heart failure: a systematic review and meta-analysis

Kuriyama A et al, Heart Failure Reviews 2018

Body weight reduction

No differences in hypokalemia, hyponatremia, increased serum creatinine 
level, and hypotension were noted.

No effect on mortality or 24h urinary output!



Continuous Infusion versus Intermittent Bolus Injection of Furosemide in Critically Ill 
Patients: A Systematic Review and Meta-analysis

Ng K T et al,  J Cardiothorac Vasc Anesth 32 (2018) 2303–2310

Urine Output in the first 24 h

No difference in mortality but increased LOS for 
continuous infusion



Myth #7

Furosemide can prevent RRT.

No, it can´t



Grams M E et al. CJASN 2011;6:966-973ARDS Clinical Network Trial, NEJM 2006

CVP Furosemide

Fluid balance, diuretic use, and mortality in 
acute kidney injury Fluid and Catheter Treatment Trial (FACTT)

Fluid balance / week
Conserv. Strategy (n=503): Liberal Strategy (n=498):
-136  (+ 491) ml + 6992 (+502) ml

Pat. on RRT: conservative 10%      liberal 14%     (p=0.06)

Diuretics for control of hypervolemia may improve 
outcome.......  



Grissom C et al, Critical Care Medicine. 43(2):288-295, 2015

Fluid Management With a Simplified Conservative Protocol for the 
Acute Respiratory Distress Syndrome

Furosemide:  ~70 mg/d   ~140 mg/d ~25 mg/d



Myth #7

Furosemide can prevent RRT.

No, it can´t

but it may allow for better fluid management 
and buy the patient time to recover



Myth #8

Furosemide helps to wean anuric patients from RRT.

No, it does not



Furosemide does not improve renal recovery after hemofiltration for acute renal failure in 
critically ill patients: a double blind randomized controlled trial

Van der Voort PH, et al, Crit Care Med 2009 37(2):533-8.

Single centre RCT,
N=72 ICU patients



Association between diuretics and successful discontinuation of continuous
renal replacement therapy in critically ill patients with acute kidney injury

Jeon et al. Critical Care (2018) 22:255

Urine Output

Serum Creatinine



Myth #9

Frusemide-induced diuresis after AKI
implies full renal recovery.

No, it does not



Uchino et al, Crit Care Medicine 2009

Discontinuation of continuous renal replacement therapy
(B.E.S.T kidney)

2330 ml/d
w diuretics

436 ml/d
w/o diuretics



Physiology of Furosemide

UO = 2400 ml/h (40 ml/min)

normal GFR=90-120 
ml/min

Reduced GFR=50 ml/min 
still is sufficient UO



Myth #10

Frusemide should be stopped if serum creatinine is 
increasing, indicating worsening

renal function 

No, not necessarily



Furosemide Doses and Changes in Serum 
Creatinine During the FACTT Trial

ARDS Clinical Network Trial, NEJM 2006

Furosemide Dose

Grams M E et al. CJASN 2011;6:966-973

AKI ?

Biomarker?

Serum Creatinine

Pseudo worsening renal function ?



Diuretic response in acute heart failure: clinical characteristics 
and prognostic significance

Valente MAE et al, European Heart Journal (2014) 35, 1284–1293



Worsening renal function in acute heart failure
in the context of diuretic response

Emmens JE et al, European Journal of Heart Failure (2022) 24, 365–374

Secondary analysis of
PROTECT (n=1698) 
and RELAX_AHF-2 (n=5586) 
investigating impact of WRF 
(increase in Serum creatinine >
0.3 mg/dl – day 4) by diuretic
response (kg weight loss/40 mg 
furosemide equivalent 
baseline—day 4) with regard to 
(cardiovascular) death 



Utility of Urine Neutrophil Gelatinase-Associated Lipocalin for Worsening Renal Function during 
Hospitalization for Acute Heart Failure: Primary Findings of the Urine N-gal Acute Kidney Injury N-gal 

Evaluation of Symptomatic Heart Failure Study
(AKINESIS)

Murray PT et al, J Card Fail 2019 Aug;25(8):654-665. 

Mean values of creatinine and uNGAL in patients with and without primary outcome (WRF or initiation of 
RRT within 5 days of hospitalization compared to the first measured serum creatinine level)



Use of Furosemide
Summary

Intensive Care Med (2019) 45:545–548
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