
• In the setting of early acute kidney injury (AKI), no test has been shown to definitively predict

the progression to more severe stage of AKI.

• The Furosemide Stress Tess (FST) is a novel dynamic assessment of tubular function that

has been shown in preliminary studies to predict patients who will progress to advanced

stage AKI resulting in the need for renal replacement therapy in a substantial proportion of

patients1.

INTRODUCTION

1 Division of Nephrology, Johns Hopkins University School of Medicine, Baltimore, MD, USA, 2 Section of Nephrology, Department of Medicine, University of Chicago, Chicago, IL, USA, 3 Osler Medical Residency Program, Johns Hopkins 
University School of Medicine, Baltimore, MD, USA, 4 Comprehensive Renal Transplantation Unit, Johns Hopkins University School of Medicine. 5 Department of Anesthesiology and Critical Care Medicine, Baltimore, MD, USA, 6 

Department of Medicine, Division of Intensive Care Medicine and Division of Nephrology, Washington DC Veterans Affairs Medical Center

Blaithin A. McMahon1, Jay L. Koyner2, Tessa Novick3 Edward Kraus4, Niraj Desai4, 
William T. Merritt5, Promise Ariyo5, Lakhmir S. Chawla6, Bonnie E. Lonze4.

The Prognostic Value of the Furosemide Stress Test in Predicting 
Delayed Graft Function Following Kidney Transplantation

• To investigate if the urinary response to a single intraoperative dose of furosemide predicts

delayed graft function (DGF) in patients undergoing deceased donor kidney transplantation

(DDKT).

OBJECTIVE

METHODS

• This is a single center retrospective cohort analysis of 200 patients undergoing DDKT from

01/2010 to 06/2015.

• As standard of care at Johns Hopkins Hospital, all patients undergoing DDKT receive a

single dose of intraoperative furosemide (100MG) after the anastomosis of the renal vessels

and their urine output (UO) was measured hourly via a Foley catheter.

• Inclusion criteria for the study were: 1) DDKT, 2) age ≥ 18 years, 3) patients who received

100mg of furosemide intraoperatively.

• Living kidney donation and double organ transplantation including kidney were excluded

from the study.

• Institutional Review Board approved the study at the Johns Hopkins Hospital

• Clinical variables were obtained from the institutional transplant database and anesthesia

information management system (Metavision)

• DGF was defined as the need for renal replacement therapy (RRT) during the transplant

hospitalization.

• Recipient baseline urinary flow rate (UFR) was established from medical records or from

observed urinary output prior to transplantation. Recipient UO was indexed to evaluate the

exact UO at 2 and 6 hours post furosemide administration (post transplantation).

• Multiple logistical regression (MLR) analysis was used to predict DGF based on different

values for recipient UO at 2 and 6hrs post transplantation. Area under the receiver operator

curves (ROC) that predicted DGF for different values of UO at 2 and 6hrs were calculated.

• Both the MLR and the ROC were adjusted for recipient age, race, gender, weight, baseline

urinary flow rates (UFR) and cold ischemic time (CIT) prior to transplantation.

RESULTS

• A total of 803 patients met the inclusion criteria. Preliminary analysis of a random subsample

of 200 patients was performed.

• Table 1 displays the patient clinical characteristics at the time of DDKT.

• The UO associated with the greatest AUC at 2 and 6hrs were, 200 mls and 600mls,

respectively.

• The adjusted OR for DGF in patients who had a UO of ≥600mls compared to patients who

had a UO of <600mls at 6 hours was 9.6 (95%CI:4.4-21.0, p<0.001).

Table 2: Furosemide stress test effect on urine flow

Measurement 

Time Point post 

Furosemide

Combined Cohort, mL

(SE)

n=200

Non-DGF Cohort, mL

(SE)

n=104

DGF Cohort, mL

(SE)

n=96

P Value

Hour 2 265 (26) 395 (45) 124 (17) <0.0001

Hour 6 874 (74) 1338 (119) 371 (43) <0.0001

Urine volume in ml is shown as mean (standard error). n, number of patients. DGF, Delayed Graft Function.

Hour two is the first two hours after the furosemide stress test (FST) and is the sum of the urine from the first and second hour

after the FST. Hour six is the first six hours after the furosemide stress test (FST) and is the sum of the urine from the first,

second, third, fourth, fifth, and six hour after the FST.

Data are presented as mean ± standard error unless otherwise stated.

Other Race refers to Hispanic, European or Asian descent. Glomerular diseases includes membranous nephropathy, HSP, Ig A

nephropathy, HIVAN, Fibrillary GN, Alports Disease. Miscellaneous Renal Disease includes lithium toxicity, renal cancer, familial

nephropathy. Nephrotoxicity refers to Calcineurin toxicity or Analgesic nephropathy. Lowest K+ and MAP first 24hrs is defined as

lowest potassium and MAP in the recipient in the first 24 hrs post furosemide administration (and transplantation).

DM, Diabetes Mellitus (Type 1 or Type 2); FSGS, Focal Segmental Glomerular Sclerosis; UFR, baseline urinary flow rate; CIT,

Cold Ischemic Time; K+, potassium; MAP, mean arterial pressure

CONCLUSION

LIMITATIONS

CORRESPONDANCE
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• FST is a novel dynamic functional assessment of tubular function that appears to have

good predictive capacity to identify those patients who will require RRT after DDKT.

• Further validation studies of the FST are warranted to assess the role of FST in patients

undergoing kidney transplantation.

• Small study population from a single institution

• Retrospective study and lack of prospective data

Table 3 Furosemide stress test receiver operation characteristics for development of

DGF at 2 and 6 hours post furosemide administration

Urinary Output at measured time point Adjusted AUC

n= 96

2 hour UO (mL)

<100 mL 0.77

<200 mL 0.78

<300 mL 0.77

<400 mL 0.75

<500 mL 0.75

<600 mL 0.73

6 hour UO (mL)

<100 mL 0.76

<200 mL 0.79

<300 mL 0.78

<400 mL 0.80

<500 mL 0.81

<600 mL 0.82

<700 mL 0.82

<800 mL 0.81

Table 4 Odd ratio for development of DGF requiring renal replacement therapy based on 

6 hour urine thresholds following the Furosemide Stress Test. 

OR for development of DGF based on 6 hour urine thresholds 

following the FST

Unadjusted Adjusted*

Total UOP over 6 hours OR (95%CI) OR (95%CI) p

<200 mL 9.4 (4.4 to 20.2) 7.3 (3.2 to 16.5) <0.0001

<300 mL 6.3 (3.3 to 12.0) 4.7 (2.3 to 9.6) <0.0001

<400 mL 7.6 (4.0 to 14.4) 6.3 (3.0 to 13.1) <0.0001

<500 mL 8.1 (4.3 to 15.3) 7.4 (3.6 to 15.5) <0.0001

<600 mL 9.8 (5.0 to 19.0) 9.6 (4.4 to 21.0) <0.0001

<700 mL 10.5 (5.2 to 21.0) 8.7 (4.1 to 18.6) <0.0001

<800 mL 11.4 (5.3 to 24.4) 9.6 (4.2 to 22.3) <0.0001

<900 mL 10.4 (4.9 to 22.3) 9.6 (4.1 to 22.4) <0.0001

<1000 mL 14.3 (5.7 to 35.5) 12.3 (4.6 to 32.8) <0.0001

<1100 mL 12.4 (5.0 to 30.8) 10.9 (4.0 to 29.3) <0.0001

*Adjusted for age, sex, race, mg/kg of Lasix, cold ischemic time and baseline urinary flow rate

Table 1 : Patient Clinical Characteristics

Combined 

n=200

Non-DGF Cohort

n=104

DGF cohort

n=96

p-value

Age, years 55.0 56.2 53.7 0.20

Gender, male (%) 127 (64) 58 (56) 69 (72) 0.02

Race, n (%)

- Caucasian, (%) 72 (36) 38 (37) 34 (35) 0.98

- African American, (%) 105 (53) 54 (52) 51 (53)

- Other, (%) 23 (12) 12 (12) 11 (11)

Weight, kgs 81.5 (1.4) 80.8 (1.9) 82.4 (2.1) 0.58

Primary etiology 

- Hypertension, n (%) 48 (24) 23 (22) 25 (26) 0.86

- DM, n (%) 59 (30) 28 (27) 31 (32)

- FSGS, n (%) 19 (9.5) 9 (9) 10 (10)

- Glomerular Diseases 18 (9) 10 (10) 8 (8)

- Polycystic kidneys 10 (5) 6 (6) 4 (4)

- Graft Failure 8 (4) 4 (4) 4 (4)

- Lupus Nephritis 6 (3) 5 (5) 1 (1)

- Obstruction 5 (2.5) 3 (3) 2 (2)

- Nephrotoxicity 6 ((3) 3 (3) 3 (3)

- Miscellaneous renal disease 21 (10.5) 13 (13) 8 (8)

Clinical Data

Baseline UFR, ml/hr 20 (2.0) 13 (3.1) 27 (2.3) 0.0003

CIT, minutes 1662 (48.8) 1522 (58.9) 1814 (76.4) 0.003

Furosemide dose, mg/kg 0.82 (0.01) 0.81  (0.02) 0.82 (0.02) 0.58

Lowest K+ first 24hrs, mEq/L 4.3 (0.19) 4.1 (0.05) 4.5 (0.39) 0.29

Lowest MAP first 24hrs, mmHg 79 (1.2) 80 (1.6) 77 (1.7) 0.08

*Adjusted for age, sex, race, mg/kg of Lasix, cold ischemic time and baseline urinary flow rate


