
Introduction: Recently, urine output (UO) 

response after furosemide administration has been 

studied for development of a furosemide stress test 

(FST) to predict the progression of acute kidney 

injury (AKI) (1).  Although this test requires a 

standardized dose of furosemide, in a clinical 

setting the dosing of furosemide varies based on 

the severity of illness. This study is a sub-analysis 

of a prospective observational study we developed 

using real-time electronic UO monitoring to 

identify the oliguric patient in the intensive care 

unit (ICU). We compared real-time response to 

standard of care furosemide administration in 

patients with and without AKI.  

  
                    
 
                                                                         
 
 
 
 
 
 
 
 
 

 
                                                                                                                        
 
 
 
 
 
                                                                                                     
 
 
 
    
 
 
 
                                                                                                                                                                                                                                                                                                                    

Conclusion: Identifying AKI in the ICU patient is vital. Studies 

have shown worse outcomes in patients that fulfill KDIGO criteria 

for both SCr and UO versus SCr alone (3). Severity of kidney 

injury is related to patient response to furosemide administration 

(4). In our study we have shown real-time urine output response to 

standard clinical furosemide doses as it relates to the AKI status of 

the ICU patient. Further studies using real-time monitoring of 

urine output identifying groups at risk for kidney injury may 

provide information to set new protocols for furosemide and fluid 

administration in the ICU patient with AKI.  

Study design: 96 catheterized General ICU patients in Hadassah-

Hebrew University Medical Center, Israel were electronically 

monitored for hourly UO using The RenalSense Clarity RMS™ 

sensor kit (Pic 1), and its technology is described elsewhere (2). 

Out of 96 patients, 53 received furosemide while connected to our 

device and 50 patients with 179 doses administered overall were 

successfully analyzed during their ICU stay. The KDIGO (Kidney 

Disease Improving Global Outcomes) criteria were used to define 

AKI patients according to UO, serum creatinine (SCr) or both in 

our original study, and the doses were divided according to those 

groups: AKI UO-only, AKI SCr-only, AKI UO+SC (both criteria), 

and non-AKI (Table 1). Furosemide doses were compared between 

the groups for urine output response over 3 hours after 

administration (Fig 1). Patients in each group with multiple 

furosemide doses administered were analyzed accordingly. 

Statistical analysis was done using SAS statistical software v9.4, 

SAS Institute, USA. Least square means (Lsmeans) were computed 

based on the ANOVA models for repeated measures analysis). 
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Results: There was no significant difference in age, weight or  

gender between the study groups. Furosemide doses ranged 

between  5-40mg (median 10mg) in all groups. Mean time to peak 

after furosemide administration in patients with AKI UO-only(67 

doses), AKI SCr-only(13 doses), AKI SCr+UO(50 doses), and 

non-AKI(49 doses), was 87(+/-50), 121(+/-49), 87(+/-51), and 

84(+/-48) min, respectively; 6%, 8% and 18%, and 2%, 

respectively, had no peak response (Fig 2). The UO total at the 

peak hour in the AKI UO-only and AKI SCr-only groups did not 

differ significantly from the non-AKI patients (LSmean= 4.41, 

4.97, and 4.77 ml/kg/hr, respectively). AKI UO+SCr patients had a 

significantly smaller UO at the peak response time, (LSmean= 2.12 

ml/kg/hr) (p<0.0010), than non-AKI patients (Fig 3). The change 

in UO from baseline to peak after furosemide administration for 

AKI UO-only, AKI SCr-only, AKI UO+SCr and non-AKI groups 

was LSmean= 3.78, 3.51, 1.51, and 3.97 ml/kg/hr respectively; 

AKI UO+SCr patients had a significantly smaller increase in UO 

as compared to the non-AKI group (p<0.0016) (Fig 4).  
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Fig 1. Real-time  hourly urine output response to diuretic and fluid bolus Fig 1. Kaplan-Meier Curve showing  time to peak  of furosemide response 
in each study group. 

Fig 2. UO peak response (ml/kg/hr) to furosemide administration in each 
study group. 

Fig 3. UO change from baseline to peak (ml/kg/hr) in response to 
furosemide administration in each study group. 

Furosemide doses: division by KDIGO 

study groups 

AKI 

UO-Only 

AKI 

SCr-Only 

AKI 

UO+SCr non-AKI 

                    
number of patients 

 (number of doses) 
 19 (67) 3 (13) 15 (50) 13 (49) 
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Surgical 14 (50) 2 (8) 10 (28) 9 (36) 

Oncological 2 (6) . 2 (3) 2 (5) 

Burns  2 (11) . . . 

Trauma 7 (27) . 2 (8) 6 (21) 

Neurological 1 (1) 1 (1) 4 (18) 3 (9) 

Infection/Sepsis 2 (2) . 4 (11) 1 (3) 

Other . 1 (5) 4 (19) 3 (11) 
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Diabetes Mellitus  7 (24) . 8 (30) 3 (11) 

Hypertension 8 (32) 1 (7) 5 (17) 5 (18) 

Morbid Obesity 1 (3) . 2 (6) 1 (1) 

Chronic Liver Disease . . 2 (2) 2 (7) 

Congestive Heart Failure 2 (8) . 4 (17)  1 (3) 

Chronic Lung Disease 1 (5) 1 (7) 5 (16) . 

Chronic Kidney disease . . 1 (5) . 

Ischemic Heart Disease 4 (16) . 3 (13) 3 (17) 

Mechanical Ventilation 15 (53) 1 (5) 14 (44) 10 (41) 

Ianotropes 10 (43) 1 (1) 9 (22) 3 (15) 

Medication history  includes furosemide 3 (9) . 7 (23) 1 (1) 

p<0.0010 p<0.0016 


